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Electrons, Electrodes
and Electron Tubes

HE electron tube is a marvelous

device. It makes possible the per-
forming of operations, amazing in con-
ception, with a precision and a certainty
that are astounding. It is an exceedingly
sensitive and accurate instrument—the
product of coordinated efforts of engi-
neers and craftsmen. Its construction
requires materials from every corner
of the earth. Its use is world-wide.

The importance of the electron
tube lies in its ability to control almost
instantly the flight of the millions of
electrons supplied by the cathode. It
accomplishes this control with a mini-
mum of energy. Because it is almost
instantaneous in its action, the electron
tube can operate efficiently and accu-
rately at extremely high electrical fre-
quencies.

Electrons

All matter exists in the solid,
liquid, or gaseous state. These three
forms consist entirely of minute divi-
sions known as molecules, which, in
turn, are composed of atoms. Atoms
have a nucleus which is a positive
charge of electricity, around which re-
volve tiny charges of negative electricity
known as electroms. Scientists have es-
timated that electrons weigh only 1/30-
billion, billion, billion, billionths
(149 x 10-®) of an ounce, and that they
may travel at speeds of thousands of
miles per second.

Electron movement may be accele-
rated by the addition of energy. Heat is
one form of energy which can be con-
veniently used to speed up the electron.

For example, if the temperature of a
metal is gradually raised, the electrons
in the metal gain velocity. When the
metal becomes hot enough, some elec-
trons may acquire sufficient speed to
break away from the surface of the
metal. This action, which is accelerated
when the metal is heated in a vacuum,
is utilized in most electron tubes to
produce the necessary electron supply.

An electron tube consists of a
cathode, which supplies electrons, and
one or more additional -electrodes,
which control and collect these elec-
trons, mounted in an evacuated en-
velope. The envelope may be made of
glass, metal, ceramic, or a combination
of these materials.

Cathodes

A cathode is an essential part of an
clectron tube because it supplies the
electrons necessary for tube operation.
When energy in some form is applied
to the cathode, electrons are released.
Heat is the form of energy generally
used. The method of heating the cath-
ode may be used to distinguish between
the different forms of cathodes. For ex-
ample, a directly heated cathode, or
filament-cathode, is a wire heated by
the passage of an electric current. An
indirectly heated cathode, or heater-
cathode, consists of a filament, or
heater, enclosed in a metal sleeve. The
sleeve carries the electron-emitting ma-
terial on its outside surface and is
heated by radiation and conduction
from the heater.

A filament, or directly heated cath-
ode, such as that shown in Fig. 1 may
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be further classified by identifying the
filament or electron-emitting material.
The materials in regular use are tung-
sten, thoriated tungsten, and metals
which have been coated with alkaline-
earth oxides. Tungsten filaments are
made from the pure metal. Because
they must operate at high temperatures
(a dazzling white) to emit sufficient
electrons, a relatively large amount of
filament power is required.

Thoriated-tungsten filaments are
made from tungsten impregnated with
thorium oxide. Due to the presence of
thorium, these filaments liberate elec-
trons at a more moderate temperature
of about 1700°C (a bright yellow) and
are, therefore, much more economical
of filament power than are pure tung-
sten filaments.

Alkaline earths are usually applied
as a coating on a nickel-alloy wire or
ribbon. This coating, which is dried in
a relatively thick layer on the filament,
requires only a relatively low tempera-
ture of about 700-750°C (a dull red)
to produce a copious supply of elec-
trons. Coated filaments operate very
efficiently and require relatively little
filament power. However, each of these
cathode materials has special advan-
tages which determine the choice for a
particular application.

Directly heated filament-cathodes
require comparatively little heating
power. They are used in tube types de-
signed for battery operation because it
is, of course, desirable to impose as
small a drain as possible on the bat-
teries. They are also used in rectifiers
such as the 1G3GTA/IB3GT and the
5Y3GT.

An indirectly heated cathode, or
heater-cathode, consists of a thin metal
sleeve coated with electron-emitting ma-
terial such as alkaline-earth oxides. The
emissive surface of the cathode is main-
tained at the required temperature
(approximately 1050°K) by resistance-
heating of a tungsten or tungsten-alloy
wire which is placed inside the cath-
ode sleeve and electrically insulated
from it. as shown in Fig. 2. The heater
is used only for the purpose of heat-
ing the cathode sleeve and sleeve coat-
ing to an electron-emitting temperature.
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Useful emission does not take place
from the heater wire. )
A new dark heater insulating coat-
ing developed by RCA has better heat
transfer than earlier aluminum-oxide
coatings, and makes it possible to oper-
ate heaters at lower temperatures for
given power inputs. Because the tensile
strength of the heater wire increases
at the lower operating temperatures,
tubes using dark heaters have increased
reliability, stability, and life.

HLAMENT

Fig. 2—Indirectly
heated cathode or
heater-cathode.

Fig. 1—Fiiament
or directly heated
cathode.

The heater-cathode construction is
well adapted for use in electron tubes
intended for operation from ac power
lines and from storage batteries. The
use of separate parts for emitter and
heater functions, the electrical insula-
tion of the heater from the emitter,
and the shielding effect of the sleeve
may all be utilized in the design of the
tube to minimize the introduction of
hum from the ac heater supply and to
minimize electrical interference which
might enter the tube circuit through the
heater-supply line. From the viewpoint
of circuit design, the heater-cathode
construction offers advantages in con-
nection flexibility because of the elec-
trical separation of the heater from the
cathode.

Another advantage of the heater-
cathode construction is that it makes
practical the design of a rectifier tube
having close spacing between its cath-
ode and plate, and of an amplifier tube
having close spacing between its cath-
ode and grid. In a close-spaced rectifier
tube, the voltage drop in the tube is
low, and, therefore, the regulation is
improved. In an amplifier tube, the
close spacing increases the gain obtain-
able from the tube. Because of the
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advantages of the heater-cathode con-
struction, almost all present-day receiv-
ing tubes designed for ac operation
have heater-cathodes.

Generic Tube Types

Electrons are of no value in an
electron tube unless they can be put to
work. Therefore, a tube is designed
with the parts necessary to utilize elec-
wrons as well as those required to pro-
duce them. These parts consist of a
cathode and one or more supplemen-
tary electrodes. The electrodes are en-
closed in an evacuated envelope having
the necessary connections brought out
through air-tight seals. The air is re-
moved from the envelope to allow free
movement of the electrons and to pre-
vent injury to the emitting surface of
the cathode,

When the cathode is heated, elec-
trons leave the cathode surface and
form an invisible cloud in the space
around it. Any positive electric poten-
tial within the evacuated envelope of-
fers a strong attraction to the electrons
(unlike electric charges attract; like
charges repel). Such a positive electric
potential can be supplied by an anode
(positive electrode) located within the
tube in proximity to the cathode.

Diedes

The simplest form of electron tube
contains two electrodes, a cathode and
an anode (plate), and is often called a
diode, the family name for a two-elec-
trode tube. In a diode, the positive
potential is supplied by a suitable elec-
trical source connected between the
plate terminal and a cathode terminal,
as shown in Fig. 3. Under the influence
of the positive plate potential, electrons
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Fig. 3—Basic diode circuit.

flow from the cathode to the plate and
return through the external plate-bat-
tery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons
is known as the plate current.

If a negative potential is applied to
the plate, the free electrons in the space
surrounding the cathode will be forced
back to the cathode and no plate cur-
rent will flow. If an alternating voltage
is applied to the plate, the plate is al-
ternately made positive and negative
Because plate current flows only during
the time when the plate is positive, cur-
rent flows through the tube in only one
direction and is said to be rectified.
Fig. 4 shows the rectified output current
produced by an alternating input volt-

age.
f RECTIFIED
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Fig. 4—Current characteristics of rectifier
circuit.

Diode rectifiers are used in ac re-
ceivers to convert the ac supply voltage
to dc voltage for the electrodes of the
other tubes in the receiver. Rectifier
tubes having only one plate and one
cathode, such as the 35W4, are called
half-wave rectifiers, because current
can flow only during one-half of the
alternating-current cycle. When two
plates and one or more cathodes are
used in the same tube, current may be
obtained on both halves of the ac cycle.
The 6X4, 5Y3GT, and SU4GB are ex-
amples of this type and are called
full-wave rectifiers.

Not all of the electrons emitted by
the cathode reach the plate. Some re-
turn to the cathode, while others re-
main in the space between the cathode
and plate for a brief period to produce
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an effect known as space charge. This
charge has a repelling action on other
electrons which leave the cathode sur-
face and impedes their passage to the
plate. The extent of this action. and the
amount of space charge depend on the
cathode temperature, the distance be-
tween the cathode and the plate, and
the plate potential. The higher the plate
potential, the less is the tendency for
electrons to remain in the space-charge
region and repel other electrons. This
effect may be noted by applying increas-
ingly higher plate voltages to a tube
operating at a fixed heater or filament
voltage. Under these conditions, the
maximum number of available electrons
is fixed, but increasingly higher plate
voltages will succeed in attracting a
greater proportion of the free electrons.

Beyond a certain plate voltage,
however, additional plate voltage has
little effect in increasing the plate cur-
rent because all of the electrons emitted
by the cathode are already being drawn
to the plate. This maximum current,
illustrated in Fig. 5, is called saturation
current. Because it is an indication of
the total number of electrons emitted,
it is also known as emission current or
simply emission.
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Fig. 5—Current characteristic of diode
tube.

Although tubes are sometimes
tested by measurement of their emission
current, it is generally not advisable to
measure the full value of emission be-
cause this value would be sufficiently
large to cause change in the tube char-
acteristics or even to damage the tube.
Consequently, while the test value of
emission current is somewhat larger
than the maximum current which will
be required from the cathode in the
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use of the tube, it is ordinarily less
than the full emission current. The
emission test, therefore, is used to in-
dicate whether the cathode can supply
a sufficient number of electrons for
satisfactory operation of the tube.

If space charge were not present to
repel electrons coming from the cath-
ode, the same plate current could be
produced at a lower plate voltage. One
way to make the effect of space charge
small is to make the distance between
plate and cathode small. This method
is used in rectifier types having heater-
cathodes, such as the 5V4GA and the
6AXS5GT. In these types, the radial dis-
tance between cathode and plate is only
about two hundredths of an inch,

Another method of reducing space-
charge effect is utilized in mercury-
vapor rectifier tubes. When such tubes
are operated, a small amount of mer-
cury contained in the tube is partially
vaporized, filling the space inside the
bulb with mercury atoms. These atoms
are bombarded by electrons on their
way to the plate. If the electrons are
moving at a sufficicntly high speed, the
collisions tear off electrons from the
mercury atoms. The mercury atom is
then said to be “ionized,” i.e., it has lost
one or more electrons and, therefore,
has a positive charge. Ionization is evi-
denced by a bluish-green glow between
the cathode and plate. When ionization
occurs, the space charge is neutralized
by the positive mercury atoms so that
increased numbers of electrons are
made available. Mercury-vapor tubes
are used primarily for power rectifiers.

Ionic-heated-cathode rectifiers de-
pend on gas ionization for their opera-
tion. These tubes are of the full-wave
design and contain two anodes and a
coated cathode sealed in a bulb con-
taining a reduced pressure of inert gas.
The cathode becomes hot during tube
operation, but the heating effect is
caused by bombardment of the cath-
ode by ions within the tube rather than
by heater or filament current from an
external source.

The internal structure of an ionic-
heated-cathode tube is designed so that
when sufficient voltage is applied to the
tube, ionization of the gas occurs be-
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tween the anode which is instan-
taneously positive and the cathode.
Under normal operating voltages, ioni-
zation does not take place between the
anode that is negative and the cathode,
so that the requirements for rectifica-
tion are satisfied. The initial small flow
of current through the tube is sufficient
to raise the cathode temperature quickly
to incandescence, whereupon the cath-
ode emits electrons. The voltage drop
in such tubes is slightly higher than
that of the usual hot-cathode gas rec-
tifiers because energy is taken from the
ionization discharge to keep the cath-
ode at operating temperature. Proper
operation of these rectifiers requires a
minimum flow of load current at all
times to maintain the cathode at the
temperature required to supply sufficient
emission.

Triodes

When a third electrode, called the
control grid, is placed between the cath-
ode and plate, the tube is known as a
triode, the family name for a three-
electrode tube. The grid usually consists
of relatively fine wire wound on two
support rods (siderods) and extending
the length of the cathode. The spacing
between turns of wire is large compared
with the size of the wire so that the
passage of electrons from cathode to
plate is practically unobstructed by the
grid. In some types, a frame grid is used.
The frame consists of two siderods sup-
ported by four metal straps. Extremely
fine lateral wire (diameter of 0.5 mil or
less) is wound under tension around the
frame. This type of grid permits the
use of closer spacings between grid
wires and between tube electrodes, and
thus improves tube performance.

The purpose of the grid is to con-
trol the flow of plate current. When a
tube is used as an amplifier, a negative
dc voltage is usually applied to the
grid. Under this conditon the grid does
not draw appreciable current.

The number of electrons attracted
to the plate depends on the combined
effect of the grid and plate polarities, as
shown in Fig. 6. When the plate is posi-
tive, as is normal, and the dc grid volt-

age is made more and more negative,
the plate is less able to attract electrons
to it and plate current decreases. When
the grid is made less and less negative
(more and more positive), the plate
more readily attracts electrons to it and
plate current increases. Hence, when
the voltage on the grid is varied in ac-
cordance with a signal, the plate cur-
rent varies with the signal. Because a
small voltage applied to the grid can
control a comparatively large amount
of plate current, the signal is ampli-
fied by the tube. Typical three-electrode
tube types are the 6C4 and 6AF4A.
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Fig. 6—Basic triode circuit.

The grid, plate, and cathode of a
triode form an electrostatic system, each
electrode acting as one plate of a small
capacitor. The capacitances are those
existing between grid and plate, plate
and cathode, and grid and cathode.
These capacitances are known as inter-
electrode capacitances. Generally, the
capacitance between grid and plate is
of the most importance. In high-gain
radio-frequency amplifier circuits, this
capacitance may act to produce unde-
sired coupling between the input circuit,
the circuit between grid and cathode,
and the output circuit, the circuit be-
tween plate and cathode. This coupling
is undesirable in an amplifier because
it may cause instability and unsatisfac-
tory performance.

Tetrodes

The capacitance between control
grid and plate can be made small by
mounting an additional electrode, called
the screen grid (grid No. 2), in the tube.
With the addition of the grid No. 2,
the tube has four electrodes and is, ac-
cordingly, called a tetrode. The screen
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grid or grid No. 2 is mounted between
the grid No. 1 (control grid) and the
plate, as shown in Fig. 7, and acts as
an electrostatic shield between them,
thus reducing the grid-to-plate capaci-
tance. The effectiveness of this shield-
ing action is increased by a bypass
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Fig. 7—Basic tetrode circuit.

capacitor connected between screen grid
and cathode. By means of the screen
grid and this bypass capacitor, the grid-
plate capacitance of a tetrode is made
very small. In practice, the grid-plate
capacitance is reduced from several
picofarads (pF) for a triode to 0.01 pF
or less for a screen-grid tube.

The screen grid has another desir-
able effect in that it makes plate current
practically independent of plate voltage
over a certain range. The screen grid is
operated at a positive voltage and,
therefore, attracts electrons from the
cathode. However, because of the com-
paratively large space between wires of
the screen grid, most of the electrons
drawn to the screen grid pass through
it to the plate. Hence, the screen grid
supplies an electrostatic force pulling
electrons from the cathode to the plate.
At the same time, the screen grid shields
the electrons between cathode and
screen grid from the plate so that the
plate exerts very little electrostatic
force on electrons near the cathode.

So long as the plate voltage is
higher than the screen-grid voltage,
plate current in a screen-grid tube de-
pends to a great degree on the screen-
grid voltage and very little on the plate
voltage. The fact that plate current in
a screen-grid tube is largely independ-
ent of plate voltage makes it possible
to obtain much higher amplification
with a tetrode than with a triode. The
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low grid-plate capacitance makes it
possible to obtain this high amplifica-
tion without plate-to-grid feedback and
resultant instability. In receiving-tube
applications, the tetrode has been re-
placed to a considerable degree by the
pentode.

Pentodes

In all electron tubes, electrons
striking the plate may, if moving at suf-
ficient speed, dislodge other electrons.
In two- and three-electrode types, these
dislodged electrons usually do not cause
trouble because no positive electrode
other than the plate itself is present to
attract them. These electrons, therefore,
are drawn back to the plate. Emission
caused by bombardment of an electrode
by electrons from the cathode is called
secondary emission because the effect is
secondary to the original cathode emis-
sion.

In the case of screen-grid tubes, the
proximity of the positive screen grid to
the plate offers a strong attraction to
these secondary electrons, and particu-
larly so if the plate voltage swings lower
than the screen-grid voltage. This effect
reduces the plate current and limits the
useful plate-voltage swing for tetrodes.

The effects of secondary emission
are minimized when a fifth electrode is
placed within the tube between the
screen grid and plate. This fifth elec-
trode is known as the suppressor grid
(grid No. 3) and is usually connected
to the cathode, as shown in Fig. 8. Be-
cause of its negative potential with
respect to the plate, the suppressor grid
retards the flight of secondary electrons
and diverts them back to the plate.

ELECTRON
FLOW
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Fig. 8—Basic pentode circuit.
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The family name for a five-elec-
trode tube is “pentode.” In power-out-
put pentodes, the suppressor grid makes
possible higher power output with lower
grid-driving voltage; in radio-frequency
amplifier pentodes, the suppressor grid
makes possible high voltage amplifica-
tion at moderate values of plate volt-
age. These desirable features result
from the fact that the plate-voltage
swing can be made very large. In fact,
the plate voltage may be as low as,
or lower than, the screen-grid voltage
without serious loss in signal-gain capa-
bility. Representative pentodes used for
power amplification are the 6CL6 and
6K6GT; representative pentodes used
for voltage amplification are the 6AUGA,
6BA6, and 5879.

Beam Power Tubes

A beam power tube is a tetrode or
pentode in which directed electron
beams are used to increase substantially
the power-handling capability of the
tube. Such a tube contains a cathode,
a control grid (grid No. 1), a screen
grid (grid No. 2), a plate, and, op-
tionally, a suppressor grid (grid No. 3).
When a beam power tube is designed
without an actual suppressor grid, the
electrodes are so spaced that secondary
emission from the plate is suppressed
by space-charge effects between screen
grid and plate. The space charge is
produced by the slowing up of electrons
traveling from a high-potential screen
grid to a lower-potential plate. In this
low-velocity region, the space charge
produced is sufficient to repel second-
ary electrons emitted from the plate
and to cause them to return to the
plate.

Beam power tubes of this design
employ beam-confining electrodes at
cathode potential to assist in producing
the desired beam effects and to prevent
stray electrons from the plate from re-
turning to the screen grid outside of the
beam. A feature of a beam power tube
is its low screen-grid current. The screen
grid and the control grid are spiral wires
wound so that each turn of the screen
grid is shaded from the cathode by a
grid turn. This alignment of the screen

grid and control grid causes the elec-
trons to travel in sheets between the
turns of the screen grid so that very
few of them strike the screen grid.
Because of the effective suppressor ac-
tion provided by space charge and be-
cause of the low current drawn by the
screen grid, the beam power tube has
the advantages of high power output,
high power sensitivity, and high effi-
ciency.

Fig. 9 shows the structure of a
beam power tube employing space-
charge suppression 2nd illustrates how
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Fig. 9—Structure of beam power tube
showing beam-confining action.

the electrons are confined to beams.
The beam condition illustrated is that
for a plate potential less than the
screen-grid potential. The high-density
space-charge region is indicated by the
heavily dashed lines in the beam. Note
that the edges of the beam-confining
electrodes coincide with the dashed por-
tion of the beam. In this way the
space-charge potential region is ex-
tended beyond the beam boundaries
and stray secondary electrons are pre-
vented from returning to the screen
grid outside of the beam. The space-
charge effect may also be obtained by
use of an actual suppressor grid. Ex-
amples of beam power tubes are
6AQ5A, 6L6GC, 6V6GTA, and 50CS.

Multi-Electrode and
Multi-Unit Tubes

Early in the history of tube devel-
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opment and application, tubes were de-
signed for a general service; that is, a
single tube type—a triode—was used as
a radio-frequency amplifier, an inter-
mediate-frequency amplifier, an audio-
frequency amplifier, an oscillator, or a
detector. Obviously, with this diversity
of application, one tube did not meet all
requirements to the best advantage.

Later and present trends of tube
design are the development of *spe-
cialty” types. These types are intended
either to give optimum performance in
a particular application or to combine
in one bulb functions which formerly
required two or more tubes. The first
class of tubes includes such examples
of specialty types as the 6CB6A and
6BY6. Types of this class generally
require more than three electrodes to
obtain the desired special characteristics
and may be broadly classed as multi-
electrode types. The 6BY6 is an espe-
cially interesting type in this class.
This tube has an unusually large num-
ber of electrodes, namely seven, ex-
clusive of the heater. Plate current in
the tube is varied at two different fre-
quencies at the same time. The tube is
designed primarily for use as a com-
bined sync separator and sync clipper
in television receivers.

The second class includes multi-
unit tubes such as the twin-diode triodes
6CN7 and 6AV6, as well as triode-pen-
todes such as the 6EA8 and 6GHSA.
This class also includes class A twin
triodes such as the 6FQ7/6CG7 and
12AX7A, and types such as the 6CM7
containing dissimilar triode units used
primarily as combined vertical oscilla-
tors and vertical deflection amplifiers
in television receivers. Full-wave rec-
tifiers are also multi-unit types.

A third class of tubes combines fea-
tures of each of the other two classes.
Typical of this third class are the penta-
grid-converter types 6BE6 and 6SAT7.
These tubes are similar to the multi-
clectrode types in that they have seven
electrodes. all of which affect the elec-
iron stream; and they are similar to the
multi-unit tubes in that they perform
simultaneously the double function of
oscillator and mixer in superheterodyne
receivers.
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Receiving Tube Structure

Receiving tubes generally utilize a
glass or metal envelope and a base.
Originally, the base was made of metal
or molded phenolic material. Types
having a glass envelope and a molded
phenolic base include the “octal” types
such as the SU4GB and the 6SN7GTB.
Types having a metal envelope and
molded phenolic octal base include the
6V6 and the 6L.6. Many modern types
utilize integral glass bases. Present-day
conventional tube designs utilizing glass
cnvelopes and integral glass bases in-
clude the seven-pin and nine-pin mini-
ature types, the nine-pin novar and
neonoval types, and the twelve-pin duo-
decar types. Examples of the seven-pin
miniature types are the 6AU6A and
6AV6. Examples of the nine-pin mini-
ature types are the 12AU7A and 6EAS.
Examples of the novar types are the
6CJ3 and 7868. The nine-pin base for
the novar types has a relatively large
pin-circle diameter and long pins to
insure firm retention of the tube in its
socket.

The nuvistor concept provided a
new approach to electron tube design.
Nuvistor tubes utilize a light-weight
cantilever-supported cyclindrical elec-
trode structure housed in a ceramic-
metal envelope. These tubes combine
new materials. processes, and fabrica-
tion techniques. Examples of the nu-
vistor are the 6CW4 and the 6DV4,

Television Picture Tubes

The picture tube, or kinescope, is
a multi-electrode tube used principally
in television receivers for picture dis-
play. It consists essentially of an elec-
tron gun, a glass or metal-and-glass
envelope and faceplate combination,
and a fluorescent screen.

The electron gun includes a cath-
ode for the production of tree elec-
trons, one or more control electrodes
for accelerating the electrons in the
beam, and, optionally, a device for
“trapping” unwanted ions out of the
electron beam.

Focusing of the beam is accom-
plished either electromagnetically by
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means of a focusing coil placed on the
neck of the tube, or electrostatically,
as shown in Fig. 10, by means of a
focusing electrode (grid No. 4) within
the envelope of the tube. The screen
is a white-fluorescing phosphor P4 of
either the silicate or the sulfide type.

Deflection of the beam is accom-
plished either electrostatically by means
of deflecting electrodes within the enve-
lope of the tube, or electromagnetically
by means of a deflecting yoke placed
on the neck of the tube. Fig. 10 shows
the structure of the gun section of a
picture tube and illustrates how the
electron beam is formed and how the
beam is deflected by means of an elec-
tromagnetic deflecting yoke. In this
type of tube, ions in the beam are
prevented from damaging the fluores-
cent screen by an aluminum film on
the gun side of the screen. This film
not only “traps” unwanted ions, but
also improves picture contrast. In many
types of non-aluminized tubes, ions
are separated from the electron beam
by means of a tilted-gun and ion-trap-
magnet arrangement.

Color television picture tubes are
similar to black-and-white picture tubes,
but differ in three major ways: (1) The
light-emitting screen is made up of trios

of phosphor dots deposited in an inter-
laced pattern. Each dot of a trio is capa-
ble of emitting light in one of the three
primary colors (red, greem, or blue).
(2) A shadow mask mounted near the
screen of the tube contains over 300,-
000 apertures, one for each of the
phosphor dot trios. This mask provides
color separation by shadowing two of
the three phosphor dots of each trio.
(3) Three closely spaced electron guns,
built as a unit, provide separate beams
for excitation of the three different
color-phosphor-dot arrays. Thus it is
possible to control the brightness of
each of the three colors independently
of the other two. Fig. 11 shows a cut-
away view of a color television picture
tube.

The three electron guns are
mounted with their axes tilted toward
the central axis of the envelope, and
are spaced 120 degrees with respect to
each other. The focusing electrodes of
the three guns are interconnected in-
ternally, and their potential is adjusted
to cause the separate beams to focus
at the phosphor-dot screen. All three
beams must be made to converge at
the screen while they are simultaneously
being deflected. Convergence is accom-
plished by the action of static and
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Fig. 10—Structure of television-picture-tube electron gun.
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dynamic magnetic fields set up by
the radial-converging magnet assembly
mounted on the neck of the tube.
These fields are coupled into the radial-
converging pole pieces within the tube.
Another pair of pole pieces in the
tube is activated by the lateral-converg-
ing magnet also mounted on the neck
of the tube. These pole pieces permit
lateral shift in position of the blue
beam in opposition to the lateral shift
of the green and red beams.

A purifying magnet is used with
color picture tubes to provide a mag-
netic field, adjustable in magnitude and
direction, to effect register over the en-
tire area of the screen. A magnetic
shield is used to minimize the effects
of the earth’s magnetic field.

Deflection of the three beams is
accomplished simultaneously by a de-
flecting yoke using four electromagnetic
coils similar to the deflecting yoke used
for black-and-white picture tubes.

A totally new concept in color
television display systems utilizing an
advanced design of electron gun, de-
flection yoke, and picture tube has

FUNNEL SECTION.
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RED BEAM

ELECTRON
GUN
ASSEMBLY

XTERNAL

E
CONDUCTIVE—
COATING
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been developed by RCA. Instead of
dots, this tube utilizes a screen con-
sisting of continuous vertical phos-
phor lines of alternating green, red,
and blue emitting phosphors. The mask
apertures are vertical slits with small
cross ties to provide strength. This
line-screen arrangement has the ad-
vantage of reducing beam-to-phosphor
misregister, enhancing color purity, and
improving white uniformity

The electron gun of this tube uses
a horizontal in-line structure rather
than the 120° spacing of the phos-
phor-dot tube and is designed for use
with a precision static toroid line-
focus-type deflecting yoke. With this
structure, the three beams and the de-
flecting field are in precise alignment.
As a result, this precision in-line tube
assembly is inherently self-converging
and does not require dynamic con-
vergence correction or its associated
circuitry Consequently, the deflecting
yoke and neck components can be pre-
adjusted and permanently attached to
the picture tube by the tube manufac-
turer.

Fig. 11—Cutaway view of color televiston picture tube.



HE term “characteristics” is used to

identify the distinguishing electrical
teatures and values of an electron tube.
These values may be shown in curve
form or they may be tabulated. When
the characteristics values are given in
curve form, the curves may be used for
the determination of tube performance
and the calculation of additional tube
factors.

Tube characteristics are obtained
from electrical measurements of a tube
in various circuits under certain definite
conditions of voltages. Characteristics
may be further described by denoting
the conditions of measurements. For
example, Static Characteristics are the
values obtained with different dc po-
tentials applied to the tube electrodes,
while Dynamic Characteristics are the
values obtained with an ac voltage on
a control grid under various condi-
tions of dc potentials on the electrodes.
The dynamic characteristics. therefore.
are indicative of the performance capa-
bilities of a tube under actual working
conditions.

Static characteristics may be shown
by plate characteristics curves and
transfer (mutual) characteristics curves.
These curves present the same informa-
tion, but in two different forms to
increase its usefulness. The plate char-
acteristic curve is obtained by varying
plate voltage and measuring plate cur-
rent for different grid-bias voltages.
while the transfer-characteristic curve
is obtained by varying grid-bias voltage
and measuring plate current for differ-
ent plate voltages. A plate-characteristic
family of curves is shown in Fig. 12.
Fig. 13 gives the transfer-characteristic
familv of curves for the same tube.

Dynamic characteristics include
amplification factor, plate resistance.
control - grid—plate transconductance.
and certain detector characteristics, and
may be shown in curve form for varia-
tions in tube operating conditions.
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The amplification factor, or u, is
the ratio of the change in plate voltage
to a change in control-electrode voltage
in the opposite direction, under the
condition that the plate current remains
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unchanged and that all other electrode
voltages are maintained constant, For
example, if, when the plate voltage
is made 1 volt more positive, the con-
trol-electrode (grid-No. 1) voltage must
be made 0.1 volt more negative to hold
plate current unchanged, the amplifica-
tion factor is 1 divided by 0.1, or 10.
In other words, a small voltage varia-
tion in the grid circuit of a tube has
the same effect on the plate current as
a large plate-voltage change—the lat-
ter equal to the product of the grid-
voltage change and amplification factor.
The ¢ of a tube is often useful for
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calculating stage gain. This use is dis-
cussed in the Electron Tube Applica-
tions section.

Plate resistance (r;) of an electron
tube is the resistance of the path be-
tween cathode and plate to the flow of
alternating current. It is the quotient
of a small change in plate voltage di-
vided by the corresponding change in
plate current and is expressed in ohms,
the unit of resistance. Thus, if a change
of 0.1 milliampere (0.0001 ampere) is
produced by a plate-voltage variation of
1 volt, the plate resistance is 1 divided
by 0.0001, or 10000 ohms.

Control grid-to-plate transconduct-
ance, or simply transconductance (g.),
is a factor which combines in one term
the amplification factor and the plate
resistance, and is the quotient of the
first divided by the second. This term
has also been known as mutual conduct-
ance. Transconductance may be more
strictly defined as the quotient of a small
change in plate current (amperes) di-
vided by the small change in the con-
trol-grid voltage producing it, under
the condition that all other voltages
remain unchanged. Thus, if a grid-
voltage change of 0.5 volt causes a
plate-current change of 1 milliampere
(0.001 ampere), with ail other voltages
constant, the transconductance is 0.001
divided by 0.5, or 0.002 mho. A “mho”
is the unit of conductance and was
named by spelling ohm backwards. For
convenience, a millionth of a mho, or
a micromho (umho), is used to express
transconductance. Thus, in the exam-
ple, 0.002 mho is 2000 micromhos.

Conversion transconductance (g.)
is a characteristic associated with the
mixer (first detector) function of tubes
and may be defined as the quotient of
the intermediate-frequency (if) current
in the primary of the if transformer di-
vided by the applied radio-frequency
(rf) voltage producing it; more pre-
cisely, it is the limiting value of this
quotient as the rf voltage and if current
approach zero. When the performance
of a frequency converter is determined,
conversion transconductance is used in
the same way as control grid-to-plate
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transconductance is used in single-fre-
quency amplifier computations.

The plate efficiency of a power am-’
plifier tube is the ratio of the ac power
output (P,) to the product of the aver-
age dc plate voltage (Ew) and dc plate
current (I,) at full signal, or

Plate efficiency — Po watts
% Ev volts X In amperes

The power sensitivity of a tube is
the ratio of the power output to the
square of the input signal voltage (E,.).
and is expressed in mhos as follows:

Po watts

Power sensitivity (mhos) = {BErn rms)?

X-RADIATION
CHARACTERISTICS OF
TELEVISION PICTURE TUBES

X-rays are produced when the atoms
of a material are bombarded by eléc-
trons (or ions). The relative intensity
and spectral energy distribution of the
X-radiation at the source are deter-
mined by the accelerating voltage, the
electron (or ion) current, and the
atomic number of the bombarded ma-
terials. Because of the selective filter-
ing effect of the glass bulb and/or of
other tube components, the relative in-
tensity externmal to the tube is given by
the following relationship:

Relative Intensity a iV*Z

where
i = current
V = accelerating voltage

atomic number of the “target™

In present monochrome and color
picture tubes, which use high absorp-
tion glass, “n” is the order of 20.

X-radiation also may be produced in
the neck by stray electrons (or ions)
that are accelerated by voltages that
may be as high as the anode voltage.
This radiation is independent of that
produced by the beam and, in fact, may
be produced when there is no beam
current; it is dependent upon voltages
that are related to interelectrode po-
tential differences or charge patterns
on the glass, and upon leakage currents.

Z=



HE diversified applications of an

electron receiving tube have, within
the scope of this section, been treated
under seven headings: Rectification;
Detection; Amplification; TV Scanning,
Sync, and Deflection; Oscillation: Fre-
quency Conversion; and Tuning Indica-
tion with Electron-Ray Tubes. Although
these operations may take place at
either radio or audio frequencies and
may involve the use of different cir-
cuits and different supplemental parts.
the general considerations of each kind
of operation are basic.

General System Functions

When speech. music. or video in-
formation is transmitted from a radio
or television station. the station radiates
a modulated radio-frequency (rf) car-
rier, The function of a radio or tele-
vision receiver is simply to reproduce
the modulating wave from the modu-
lated carrier.

As shown in Fig, 14, a superhetero-
dyne radio receiver picks up the trans-
mitted modulated rf signal, amplifies it.
converts it to a modulated intermediate-
frequency (if) signal, amplifies the
modulated if signal, separates the
modulating signal from the basic car-
rier wave (Detection), and amplifies the
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resulting audio signal to a level suffi-
cient to produce the desired volume
in a speaker. In addition, the receiver
usually includes some means of produc-
ing automatic gain control (agc) of the
modulated signal before the audio in-
formation is separated from the carrier.

The transmitted 1f signal picked up
by the radio receiver may contain either
amplitude modulation (AM) or fre-
quency modulation (FM). (These mod-
utation techniques are described later
in the section on Detection.) In either
case, amplification prior to the detector
stage is performed by tuned amplifier
circuits designed for the proper fre-
quency and bandwidth. Frequency con-
version is performed by mixer and
oscillator circuits or by a single con-
verter stage which performs both mixer
and oscillator functions. Separation of
the modulating signal is normally ac-
complished by one or more diodes in
a detector or discriminator circuit. Am-
plification of the audio signal is then
performed by one or more audio am-
plifier stages.

Audio-amplifier systeras for phono-
graph or tape recordings are similar to
the stages after detection in a radio
receiver. The input to the amplifier is a
low-power-level audio signal from the

.

.

RF IF
CONVERTER _4 DETECTOR
ANTENNA "'J AMPLIFIER o AMPLIFIER
. —«  AGC J
AUDIO AUDIO POWER | ol peaver
AMPLIFIER AMPLIFIER

Fig. 14—Simplified block diagram for a broadcast-band receiver.
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phonograph or magnetic-tape pickup
head. This signal is usually amplified
through a preamplifier stage, one or
more low-level (pre-driver or driver)
audio stages, and an audio power am-
plifier. The system may also include
frequency-selective circuits which act
as equalization networks and/or tone
controls.

The operation of a television re-
ceiver is more complex than that of
a radio receiver, as shown by the sim-
plified block diagram in Fig. 15. The
tuner section of the receiver selects the
proper rf signals for the desired channel
frequency, amplifies them, and converts
them to a lower intermediate frequency.

RCA RECEIVING TUBE MANUAL

formation to the television picture tube
and thus controls instantaneous “spot”
brightness. At the same time, deflection
circuits cause the electron beam of the
picture tube to move the “spot” across
the faceplate horizontally and vertically.
Special “sync” signals derived from
the video signal assure that the hori-
zontal and vertical scanning are timed
so that the picture produced on the re-
ceiver exactly duplicates the picture
being viewed by the camera or pickup
tube.

A communications transceiver con-
tains transmitting circuits, as well as
receiving circuits similar to those of a
radio receiver. The transmitter portion

LOCAL
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"1 AMPLIFIER
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L
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! AND DISCRIMINATOR AMPLIFIER “'I SPEAKER l
|
i
VIDED o L . PICTURE
AMPLIFIER — : — TUBE

SYNC
CIRCUITS

—

DEFLECTION
CIRCUITS

Fig. 15—Simplified block diagram for a black-and-white television receiver.

As in a radio receiver, these functions
are accomplished in rf-amplifier, mixer,
and local-oscillator stages. The if sig-
nal is then amplified in if-amplifier
stages which provide the additional
gain required to bring the signal level
to an amplitude suitable for detection
of the video information.

After detection, the video signal is
amplified and separated into sound and
picture information. The sound signal
is amplified and processed to provide an
audio signal which is fed to an audio
amplifier system similar to those de-
scribed above. The picture (video) sig-
nal is passed through a video amplifier
stage which conveys beam-intensity in-

of such a system consists of two sections.
In one section, the desired intelligence
(voice, code, or the like) is picked up
and amplified through one or more
amplifier stages (which are usually com-
mon to the receiver portion) to a high-
level stage called a modulator. In the
other section, an rf signal of the desired
frequency is developed in an oscillator
stage and amplified in one or more
rf-amplifier stages. The audio-frequency
(af) modulating signal is impressed on
the rf carrier in the final rf-power-
amplifier stage (high-level modulation),
in the rf low-level stage (low-level mod-
ulation), or in both, Fig. 16 shows a
simplified block diagram of the trans-
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Fig. 16—Simplified block diagram for the transmitter portion of a 27-MHz communi-
cations receiver.

mitter portion of a citizens-band trans-
ceiver that operates at a frequency of
27 MHz (megacycles per second). The
transmitting section of a communica-
tions system may also include fre-
quency-multiplier circnits which raise
the frequency of the developed rf signal
as required.

Rectification

The rectifying action of a diode
finds important applications in supply-
ing a receiver with dc power from an
ac line and in supplying high dc voltage
from a high-voltage pulse. A typical
arrangement for converting ac to dc in-
cludes a rectifier tube, a filter, and a
voltage divider. The rectifying action
of the tube is explained briefly under
Diodes, in the Electrons, Electrodes,
and Electron Tubes section. High-
voltage pulse rectification is described
later under Horizontal Qutput Circuits.

The function of a filter is to
smooth out the ripple of the tube out-

TRANSFORMER
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PLATE Nt|
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VOLTAGE
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OC VOLTAGE
AVAILABLE FOR
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Fig. 17—Voltage waveforms of full-wave
rectifier circuit.

put, as indicated in Fig. 17, and to
increase rectifier efficiency. The action
of the filter is explained in the Electron
Tube Installation section under Filters.
The voltage divider is used to cut
down the output voltage to the values
required by the plates and the other
electrodes of the tubes in the receiver.

A half-wave rectifier and a full-
wave rectifier circuit are shown in Fig.
18. In the half-wave circuit, current

HALF -WAVE RECTIFIER

i

INPUT o
voLTS ‘
i
i

oo
ouTPUT
TO
FILTER

FULL-WAVE RECTIFIER

Fig. 18—Half-wave and full-wave rectifier
circuits.
flows through the rectifier tube to the
filter on every other half-cycle of the ac
input voltage when the plate is positive
with respect to the cathode. In the full-
wave circuit, current flows to the filter
on every half-cycle, through plate No. 1
on one half-cycle when plate No. 1 is
positive with respect to the cathode,
and through plate No. 2 on the next
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half-cycle when plate No. 2 is positive
with respect to the cathode.

Because the current flow to the
filter is more uniform in the full-wave
circuit than in the half-wave circuit,
the output of the full-wave circuit re-
quires less filtering. Rectifier operating
information and circuits are given under
each rectifier tube type and in the
Circuits section, respectively.

Parallel operation of rectifier tubes
furnishes an output current greater than
that obtainable with the use of one
tube. For example, when two full-
wave rectifier tubes are connected in
parallel, the plates of each tube are
connected together and each tube acts
as a half-wave rectifier. The permis-
sible voltage and load conditions per
tube are the same as for full-wave
service but the total load-current-
handling capability of the complete rec-
tifier is approximately doubled.

When mercury-vapor rectifier tubes
are connected in parallel, a stabilizing
resistor of 50 to 100 ohms should be
connected in series with each plate
lead in order that each tube will carry
an equal share of the load current. The
value of the resistor to be used will de-
pend on the amount of plate current
that passes through the rectifier. Low
plate current requires a high value; high
plate current, a low value. When the
plates of mercury-vapor rectifier tubes
are connected in parallel, the corre-
sponding filament leads should be simi-
larly connected. Otherwise, the tube
drops will be considerably unbalanced
and larger stabilizing resistors will be
required.

Two or more vacuum rectifier
tubes can also be connected in parallel
to give correspondingly higher output
current and, as a result of paralleling
their internal resistances, give some-
what increased voltage output. With
vacuum types, stabilizing resistors may
or may not be necessary depending on
the tube type and the circuit.

A voltage-doubler circuit of simple
form is shown in Fig. 19. The circuit
derives its name from the fact that its
dc voltage output can be as high as
twice the peak value of ac input. Basic-
ally, a voltage doubler is a rectifier cir-
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cuit arranged so that the output voltages
of two half-wave rectifiers are in series.

The action of a voltage doubler
can be described briefly as follows. On
the positive half-cycle of the ac input,
that is, when the upper side of the ac
input line is positive with respect to
the lower side, the upper diode passes
current and feeds a positive charge
into the upper capacitor. As positive
charge accumulates on the upper
plate of the capacitor, a positive volt-
age builds up across the capacitor. On
the next half-cycle of the ac input,
when the upper side of the line is
negative with respect to the lower side,
the lower diode passes current so that

AC ]
INPUT -t": l

o T

o¢
_[_ OUTPUT
-

Fig. 19—Full-wave voltage-doubler circuit.

a negative voltage builds up across the
lower capacitor.

So long as no current is drawn at
the output terminals from the capacitor,
each capacitor can charge up to a volt-
age of magnitude E, the peak value of
the ac input. It can be seen from the
diagram that with a voltage of 4+-E on
one capacitor and —E on the other,
the total voltage across the capacitors
is 2E. Thus the voltage doubler supplies
a no-load dc output voltage twice as
large as the peak ac input voltage.
When current is drawn at the output
terminals by the load, the output volt-
age drops below 2E by an amount that
depends on the magnitude of the load
current and the capacitance of the
capacitors. The arrangement shown in
Fig. 19 is called a full-wave voltage
doubler because each rectifier passes
current to the load on each halt of the
ac input cycle.

A rectifier type especially designed
for use as a voltage doubler is the
25Z6GT. This tube combines two
separate diodes in one tube. As a volt-
age doubler, the tube is used in “trans-
formerless” receivers. In these receiv-
ers, the heaters of all tubes in the set
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Fig. 20—Full-wave and half-wave voltage-doubler circuits showing heater-supply
connections.

are connected in series with a voltage-
dropping resistor across the line. The
connections for the heater supply and
the voltage-doubling circuit are shown
in Fig. 20.

With the full-wave voltage-doubler
circuit in Fig. 20, it will be noted that
the dc load circuit cannot be connected
to ground or to one side of the ac supply
line. This circuit presents certain dis-
advantages when the heaters of all the
tubes in the set are connected in series
with a resistance across the ac line.
Such a circuit arrangement may cause
hum because of the high ac potential
between the heaters and cathodes of the
tubes.

The half-wave voltage-doubler cir-
cuit in Fig. 20 overcomes this difficulty
by making one side of the ac line com-
mon with the negative side of the dc
load circuit. In this circuit, one half of
the tube is used to charge a capacitor
which, on the following half cycle, dis-
charges in series with the line voltage
through the other half of the tube.
This circuit is called a half-wave volt-
age doubler because rectified current
flows to the load only on alternate
halves of the ac input cycle. The volt-
age regulation of this arrangement is
somewhat poorer than that of the full-
wave voltage doubler.

Detection

When speech, music, or video in-
formation is transmitted from a radio
or television station, the station radiates
a radio-frequency (rf) wave which is
of either of two general types. In one
type, the wave is said to be amplitude
modulated when its frequency remains
constant and the amplitude is varied.
In the other type, the wave is said
to be frequency modulated when its
amplitude remains essentially constant
but its frequency is varied.

The function of the receiver is to
reproduce the original modulating wave
from the modulated rf wave. The re-
ceiver stage in which this function is
performed is called the demodulator or
detector stage.

AM Detection

The effect of amplitude modula-
tion on the waveform of the rf wave is
shown in Fig. 21. There are three differ-
ent basic circuits used for the detection
of amplitude-modulated waves: the di-
ode detector, the grid-bias detector, and
the grid-resistor detector. These circuits
are alike in that they eliminate, either
partially or completely, alternate half-
cycles of the rf wave. With alternate
half-cycles removed, the audio varia-
tions of the other half-cycles can be
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Fig. 21—Waveforms showing effect of amplitude modulation on an rf wave.
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amplified to drive headphones or a loud-
speaker.

A diode-detector circuit is shown
in Fig. 22. The action of this circuit
when a modulated rf wave is applied is

AF
OUTPUT

Fig, 22—Basic diode-detector circuit.

illustrated by Fig. 23. The rf voltage
applied to the circuit is shown in light
line; the output voltage across capacitor
C is shown in heavy line.

Between points (a) and (b) on the
first positive half-cycle of the applied rf
voltage, capacitor C charges up to the
peak value of the rf voltage. Then as
the applied rf voltage falls away from
its peak value, the capacitor holds the
cathode at a potential more positive
than the voltage applied to the anode.

IR
‘WI' m
Fig. 23—Waveforms showing modulated rf

input (light line) and output voltage (heavy
line) of diode-detector circuit.

The capacitor thus temporarily cuts off
current through the diode. While the
diode current is cut off, the capacitor
discharges from (b) to (c) through the
diode load resistor R.

When the rf voltage on the anode
rises high enough to exceed the potential
at which the capacitor holds the cath-
ode, current flows again and the capaci-
tor charges up to the peak value of the
second positive half-cycle at (d). In this
way, the voltage across the capacitor
follows the peak value of the applied rf
voltage and reproduces the af modu-
lation.

The curve for voltage across the
capacitor, as shown in Fig. 23, is some-
what jagged. However, this jaggedness,
which represents an rf component in
the voltage across the capacitor, is
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exaggerated in the drawing. In an actual
circuit the rf component of the voltage
across the capacitor is negligible. Hence,
when the voltage across the capacitor
is amplified, the output of the amplifier
reproduces the speech or music originat-
ing at the transmitting station.

Another way to describe the action
of a diode detector is to consider the
circuit as a half-wave rectifier. When
the rf signal on the plate swings posi-
tive, the tube conducts and the rectified
current flows through the load resistance
R. Because the dc output voltage of a
rectifier depends on the voltage of the
ac input, the dc voltage across C
varies in accordance with the amplitude
of the rf carrier and thus reproduces
the af signal. Capacitor C should be
large enough to smooth out rf or if
variations, but should not be so large
as to affect the audio variations. Two
diodes can be connected in a circuit
similar to a full-wave rectifier to pro-
vide full-wave detection. However, in
practice, the advantages of this con-
nection generally do not justify the
extra circuit complication.

The diode method of detection
produces less distortion than other
methods because the dynamic character-
istics of a diode can be made more
linear than those of other detectors.
The disadvantages of a diode are that
it does not amplify the signal, and that
it draws current from the input circuit
and therefore reduces the selectivity of
the input circuit. However, because the
diode method of detection produces less
distortion and because it permits the
use of simple avc circuits without the
necessity for an additional voltage sup-
ply, the diode method of detection is
most widely used in broadcast receivers.

A typical diode-detector circuit
using a diode—triode tube is shown
in Fig. 24. R, is the diode load resistor.
A portion of the af voltage developed
across this resistor is applied to the
triode grid through the volume control
Ra. In a typical circuit, resistor R: may
be tapped so that five-sixths of the
total af voltage across R, is applied to
the volume control. This tapped con-
nection reduces the af voltage output
of the detector circuit slightly, but it
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Fig. 24—Typical diode-detector circuit
using a twin diode—triode tube.

reduces audio distortion and improves
the rf filtering.

DC bias for the triode section is
provided by the cathode-bias resistor R
and the audio bypass capacitor Cs. The
function of capacitor C: is to block the
dc bias of the cathode from the grid.
The function of capacitor C, is to by-
pass any rf voltage on the grid to cath-
ode. A diode—pentode may also be
used in this circuit. With a pentode,
the af output should be resistance-
coupled rather than transformer-cou-
pled.

Another diode-detector circuit,
called a diode-biased circuit, is shown
in Fig. 25. In this circuit, the triode grid

IF
INPUT

Fig. 25—Diode-biased detector circuit.

is connected directly to a tap on the
diode load resistor. When an rf signal
voltage is applied to the diode, the dc
voltage at the tap supplies bias to the
triode grid. When the rf signal is modu-
lated, the af voltage at the tap is applied
to the grid and is amplified by the
triode.

The advantage of the circuit shown
in Fig. 25 over the self-biased arrange-
ment shown in Fig. 24 is that the
diode-biased circuit does not employ a
capacitor between the grid and the
diode load resistor, and consequently
does not produce as much distortion of
a signal having a high percentage of
modulation.

However, there are restrictions on
the use of the diode-biased circuit. Be-
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cause the bias voltage on the triode de-
pends on the average amplitude of: the
rf voltage applied to the diode, the
average amplitude of the voltage ap-
plied to the diode should be constant
for all values of signal strength at the
antenna. Otherwise there will be differ-
ent values of bias on the triode grid
for different signal strengths and the
triode will produce distortion. Because
there is no bias applied to the diode-
biased triode when no rf voltage is
applied to the diode, sufficient resist-
ance should be included in the plate
circuit of the triode to limit its zero-
bias plate current to a safe value.
These restrictions mean, in prac-
tice, that the receiver should have a
separate-channel automatic-volume-con-
trol (avc) system. With such an avc
system, the average amplitude of the
signal voltage applied to the diode can
be held within very close limits for all
values of signal strength at the antenna.
The tube used in a diode-biased
circuit should be one which operates at.
a fairly large value of bias voltage. The
variations in bias voltage are then a
small percentage of the total bias and
hence produce small distortion. Tubes
taking a fairly large bias voltage are
types such as the 6BF6 or 6SR7 having
a medium-mu triode. Tube types having
a high-mu triode or a pentode should
not be used in- a diode-biased circuit.
A grid-bias detector circuit is
shown in Fig. 26. In this circuit, the
grid is biased almost to cutoff, ie.,
operated so that the plate current with
zero signal is practically zero. The bias
voltage can be obtained from a cathode-
bias resistor, a C-battery, or a bleeder
tap. Because of the high negative bias,
only the positive half-cycles of the rf
signal are amplified by the tube. The

signal is, therefore, detected in the
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Fig. 26—Grid-bias detector circuit.
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plate circuit. The advantages of this
method of detection are that it am-
plifies the signal, besides detecting it,
and that it does not draw current from
the input circuit and therefore does not
reduce the selectivity of the input
circuit.

The grid-resistor-and-capacitor
method, illustrated in Fig. 27, is some-
what more sensitive than the grid-bias
method and gives its best results on
weak signals. In this circuit, there is no
negative dc bias voltage applied to the
grid. Hence, on the positive half-cycles
of the rf signal, current flows from grid
to cathode. The grid and cathode thus
act as a diode detector, with the grid
resistor as the diode load resistor and
the grid capacitor as the rf bypass
capacitor. The voltage across the capac-
itor then reproduces the af modulation
in the same manner as has been ex-
plained for the diode detector. This
voltage appears between the grid and
cathode and is therefore amplified in

GRIO
CAPACITOR

RF_CHOKE

GRID
RESISTOR

RF
BYPASS = AF
CAPACITOR]  oyTpur

INPUT
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Fig. 27—Detector circuit using grid-resistor-
and-capacitor bias.
the plate circuit. The output voltage
thus reproduces the original af signal.
In this detector circuit, the use of
a high-resistance grid resistor increases
selectivity and sensitivity. However, im-
proved af response and stability are ob-
tained with lower values of grid-circuit
resistance. This detector circuit ampli-
fies the signal, but draws current from
the input circuit and therefore reduces
the selectivity of the input circuit.

FM Detection
The effect of frequency modulation
on the waveform of the rf wave is
shown in Fig. 28. In this type of trans-
mission, the frequency of the rf wave
deviates from a mean value, at an audio-
frequency rate depending on the modu-

B+
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AF MODULATING WAVE

FREQUENCY-MODULATED RF WAVE;

Fig. 28—W aveforms showing effect of
freq 'y modulation on an rf wave.
lation, by an amount that is determined
in the transmitter and is proportional
to the amplitude of the af modulation

signal.

For this type of modulation, a de-
tector is required to discriminate be-
tween deviations above and below the
mean frequency and to translate those
deviations into a voltage whose ampli-
tude varies at audio frequencies. Since
the deviations occur at an audio fre-
quency, the process is one of demodula-
tion, and the degree of frequency devia-
tion determines the amplitude of the
demodulated (af) voltage.

A simple circuit for converting fre-
quency variations to amplitude varia-
tions is a circuit which is tuned so that
the mean radio frequency is on one
slope of its resonance characteristic, as
at A of Fig. 29. With modulation, the

VOLTAGE

FREQUENCY
Fig. 29—Resonance curve of a tuned cir-
cuit showing desired operating range for
frequency-modulation converter.
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Fig, 30—Balanced phase-shift discriminator circuit.

frequency swings between B and C, and
the voltage developed across the circuit
varies at the modulating rate. In order
that no distortion will be introduced in
this circuit, the frequency swing must
be restricted to the portion of the slope
which is effectively straight. Since this
portion is very short, the voltage de-
veloped is low. Because of these limita-
tions, this circuit is not commonly used
but it serves to illustrate the principle.

The faults of the simple circuit are
overcome in a push-pull arrangement,
such as that shown in Fig. 30, called a
balanced phase-shift discriminator. In
this detector, the mutually coupled
tuned circuits in the primary and sec-
ondary windings of the transformer T
are tuned to the center frequency. A
characteristic of a double-tuned trans-
former is that the voltages in the primary
and secondary windings are 90 degrees
out of phase at resonance, and that the
phase shift changes as the frequency
changes from resonance. Therefore, the
signal applied to the diodes and the RC
combinations for peak detection also
changes with frequency.

Because the secondary winding of
the transformer T is center-tapped, the
applied primary voltage E, is added
to one-half the secondary voltage E,
through the capacitor C.. The addition
of these voltages at resonance can be
represented by the diagram in Fig. 31(a);
the resultant voltage E; is the signal
applied to one peak-detector network
consisting of one diode and its RC load.
When the signal frequency decreases
(from resonance), the phase shift of
E./2 becomes greater than 90 degrees,
as shown at (b) in Fig. 31, and E. be-
comes smaller. When the signal fre-

quency increases (above resonance), the
phase shift of E./2 is less than 90 de-
grees as shown at (c), and E: becomes

E
|

Ess2
90°

Ep
{a)

(b}

Fig. 31—Diagram illustrating phase shift

in double-tuned transformer (a) at reso-

nance, (b) below resonance, and (c) above
resonance.

larger. The curve of E; as a function of

frequency in Fig. 32 is readily identified

as the response curve of an FM detector.
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Fig. 32—Diagram showing resultant volt-
age E, in Fig. 31 as a function of frequency.

Because the discriminator circuit
shown in Fig. 30 uses a push-pull con-
figuration, the diodes conduct on alter-
nate half-cycles of the signal frequency
and produce a plus-and-minus output
with respect to zero rather than with

RESULTANT VOLTAGE
APPLIED TO DIODE
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respect to E; The primary advantage
of this arrangement is that there is no
output at resonance. When an FM sig-
nal is applied to the input, the audio
output voltage varies above and below
zero as the instantaneous frequency
varies above and below resonance. The
frequency of this audio voltage is de-
termined by the modulation frequency
of the FM signal, and the amplitude of
the voltage is proportional to the fre-
quency excursion from resonance. (The
resistor R in the circuit provides a dc
return for the diodes, and also maintains
a load impedance across the primary
winding of the transformer.)

One disadvantage of the balanced
phase-shift discriminator shown in Fig.
30 is that it detects audio modulation
(AM) as well as frequency modulation
(FM) in the if signal because the cir-
cuit is balanced only at the center fre-
quency. At frequencies off resonance,
any variation in amplitude of the if
signal is reproduced to some extent in
the audio output.

The ratio-detector circuit shown in
Fig. 33 is a discriminator circuit which
has the advantage of being relatively
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placed “back-to-back” (in series, rather
than in push-pull) so that both halves
of the circuit operate simultaneously
during one-half of the signal frequency
cycle (and are cut off on the other half-
cycle). As a result, the detected voltages
E. and E: are in series, as shown for
the instantaneous polarities that occur
during the conduction half-cycle. When
the audio output is taken between
the equal capacitors C; and C,, there-
fore, the output voltage is equal to
(Es—E))/2 (for equal resistors R, and
R.).

The dc circuit of the ratio detector
consists of a path through the secondary
winding of the transformer, both diodes
(which are in series), and resistors R,
and R.. The value of the electrolytic
capacitor C, is selected so that the time
constant of Ri, R:, and C; is very long
compared to the detected audio signal.
As a result, the sum of the detected
veltages (E; + E.) is a constant and the
AM components on the signal frequency
are suppressed. This feature of the ratio
detector provides improved AM rejec-
tion as compared to the phase-shift
discriminator circuit shown in Fig. 30.

:C3}E|+E2
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Fig. 33—Ratio-detector circuit.

insensitive to amplitude variations in
the FM signal. In this circuit, E, is
added to E,/2 through the mutual
coupling M: (this voltage addition may
be made by either mutual or capacitive
coupling). Because of the phase-shift
relationship of these voltages, the re-
sultant detected signals vary with fre-
quency variations in the same manner
as described for the phase-shift discrimi-
nator circuit shown in Fig. 30. However,
the diodes in the ratio detector are

Amplification

The amplifying action of an elec-
tron tube was mentioned under Triodes
in the section on Electrons, Electrodes,
and Electron Tubes. This action can
be utilized in electronic circuits in a
number of ways, depending upon the
results desired. Four classes of am-
plifier service recognized by engineers
are covered by definitions standardized
by the Institute of Electrical and
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Electronics Engineers. This classifica-
tion depends primarily on the fraction
of input cycle during which plate cur-
rent is expected to flow under rated
full-load conditions. The classes are
class A, class AB, class B, and class C.
The term “cutoff bias” used in these
definitions is the value of grid bias at
which plate current is very small (i.e.,
approaches zero).

Classes of Service

A class A amplifier is an amplifier
in which the grid bias and alternating
grid voltages are such that plate current
in a specific tube flows at all times.

A class AB amplifier is an ampli-
fier in which the grid bias and alter-
nating grid voltages are such that plate
current in a specific tube flows for ap-
preciably more than half but less than
the entire electrical cycle.

A class B amplifier is an amplifier
in which the grid bias is approximately
equal to the cutoff value, so that the
plate current is approximately zero
when no exciting grid voltage is applied,
and so that plate current in a specific
tube flows for approximately one-half
of each cycle when an alternating grid
voltage is applied.

A class C amplifier is an amplifier
in which the grid bias is appreciably
greater than the cutoff value, so that the
plate current in each tube is zero when
no alternating grid voltage is applied,
and so that plate current flows in a
specific tube for appreciably less than
one-half of each cycle when an alter-
nating grid voltage is applied.

The suffix 1 may be added to the
letter or letters of the class identifica-
tion to denote that grid current does
not flow during any part of the input
cycle. The suffix 2 may be used to
denote that grid current flows during
part of the cycle.

For radio-frequency (rf) amplifiers
which operate into a selective tuned
circuit, as in radio transmitter applica-
tions, or under requirements where dis-
tortion is not an important factor, any
of the above classes of amplifiers may
be used, either with a single tube or
with a push-pull stage. For audio-
frequency (af) amplifiers in which dis-
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tortion is an importaat factor, only
class A amplifiers permit single-tube
operation. In this case, operating con-
ditions are usually chosen so that dis-
tortion is kept below the conventional
5 per cent for triodes and the con-
ventional 7 to 10 per cent for tetrodes
or pentodes. Distortion can be reduced
below these figures by means of special
circuit arrangements such as that dis-
cussed under inverse feedback. With
class A amplifiers, reduced distortion
with improved power performance can
be obtained by using a push-pull stage
for audio service. With class AB and
class B amplifiers, a balanced stage
using two tubes is required for audio
service.

Class A Voltage Amplifiers

As a class A voltage amplifier, an
electron tube is used to reproduce grid-
voltage variations across an impedance
or a resistance in the plate circuit.
These variations are essentially of the
same form as the input signal voltage
impressed on the grid, but their am-
plitude is increased. This increase is
accomplished by operation of the tube
at a suitable grid bias so that the
applied grid input voltage produces
plate-current variations proportional to
the signal swings. Because the voltage
variation obtained in the plate circuit
is much larger than that required to
swing the grid, amplification of the
signal is obtained.

Fig. 34 gives a graphical illustra-
tion of this method of amplication and
shows, by means of the grid-voltage vs.
plate-current characteristics curve, the
effect of an input signal (S) applied to
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Fig. 34—Current characteristics of class A
amplifier.
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the grid of a tube. The output signal (O)
is the resulting amplified plate-current
variation.

The plate current flowing through
the load resistance (R) of Fig. 35
causes a voltage drop which varies di-
rectly with the plate current. The ratio
of this voltage variation produced in the
load resistance to the input signal volt-
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Fig. 35—Triode amplifier circuit.
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age is the voltage amplification, or gain,
provided by the tube. The voltage am-
plification due to the tube is expressed
by the following convenient formulas:
# X Ru

Ru + 1p

or gm X 1p X Ru
1000000 X (r» + RL)

where u is the amplification factor of
the tube, R is the load resistance in
ohms, r, is the plate resistance in ohms,
and gm is the transconductance in
micromhos.

From the first formula, it can be
seen that the gain actually obtainable
from the tube is less than the tube
amplification factor, but that the gain
approaches the amplification factor
when the load resistance is large com-
pared to the tube plate resistance. Fig.
36 shows graphically how the gain ap-
proaches the amplification factor of the
tube as the load resistance is increased.

Voltage amplification =
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From the curve it can be seen that a
high value of load resistance should be
used to obtain high gain in a voltage
amplifier.

In a resistance-coupled amplifier,
the load resistance of the tube is ap-
proximately equal to the resistance of
the plate resistor in parallel with the
grid resistor of the following stage.
Hence, to obtain a large value of load
resistance, it is necessary to use a plate
resistor and a grid resistor of large
resistance. However, the plate resistor
should not be too large because the
flow of plate current through the plate
resistor produces a voltage drop which
reduces the plate voltage applied to the
tube. If the plate resistor is too large,
this drop will be too large, the plate
voltage on the tube will be too small,
and the voltage output of the tube will
be too small. Also, the grid resistor
of the following stage should not be
too large, the actual maximum value
being dependent on the particular tube
type. This precaution is necessary be-
cause all tubes contain minute amounts
of residual gas which cause a minute
flow of current through the grid resistor.
If the grid resistor is too large, the posi-
tive bias developed by the flow of this
current through the resistor decreases
the normal negative bias and produces
an increase in the plate current. This
increased current may overheat the tube
and cause liberation of more gas which,
in turn, will cause further decrease in
bias. The action is cumulative and re-
sults in a runaway condition which can
destroy the tube.

A higher value of grid resistance
is permissible when cathode-resistor bias
is used than when fixed bias is used.
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Fig. 36—Gain curve for triode amplifier circuit.
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When cathode-resistor bias is used, a
loss in bias due to gas or grid-emission
effects is almost completely offset by an
increase in bias due to the voltage drop
across the cathode resistor. Typical val-
ues of plate resistor and grid resistor
for tube types used in resistance-coupled
circuits, and the values of gain obtain-
able, are shown in the Resistance-
Coupled Amplifier section.

The input impedance of an elec-
tron tube (that is, the impedance be-
tween grid and cathode) consists of
(1) a reactive component due to the
capacitance between grid and cathode,
(2) a resistive component resulting from
the time of transit of electrons between
cathode and grid, and (3) a resistive
component developed by the part of
the cathode lead inductance which is
common to both the input and output
circuits. These components are de-
pendent on the frequency of the in-
coming signal. The input impedance is
very high at audio frequencies when
a tube is operated with its grid biased
negative. In a class A, or AB, trans-
former-coupled audio amplifier, there-
fore, the loading imposed by the grid
on the input transformer is negligible.
As a result, the secondary impedance
of a class A: or class AB, input trans-
former can be made very high because
the choice is not limited by the input
impedance of the tube; however, trans-
former design considerations may limit
the choice.

At the higher radio frequencies,
the input impedance may become very
low even when the grid is negative, due
to the finite time of passage of elec-
trons between cathode and grid and to
the appreciable lead reactance. This
impedance drops very rapidly as the
frequency is raised, and increases input-
circuit loading. In fact, the input im-
pedance may become low enough at
very high radio frequencies to affect
the gain and selectivity of a preceding
stage appreciably. Tubes such as the
“acorn” and “pencil” types and the
high-frequency miniatures have been
developed to have low input capac-
itances, low electron-transit time, and
low lead inductance so that their input
impedance is high even at the ultra-

27

high radio frequencies. Imput ad-
mittance is the reciprocal of input
impedance.

A remote-cutoff amplifier tube is
a modified construction of a pentode
or a tetrode type designed to reduce
modulation-distortion and cross-modu-
lation in radio-frequency stages. Cross-
modulation is the effect produced in a
radio or television receiver by an in-
terfering station “riding through” on
the carrier of the station to which the
receiver is tuned. Modulation-distortion
is a distortion of the modulated carrier
and appears as audio-frequency distor-
tion in the output. This effect is pro-
duced by a radio-frequency amplifier
stage operating on an excessively curved
characteristic when the grid bias has
been increased to reduce volume. The
offending stage for cross-modulation is
usually the first radio-frequency am-
plifier, while for modulation-distortion
the cause is usually the last interme-
diate-frequency stage. The character-
istics of remote-cutoff types are sucn
as to enable them to handle both large
and small input signals with minimum
distortion over a wide range of signal
strength,

Fig. 37 illustrates the construction
of the grid No. 1 (control grid) in a
remote-cutoff tube. The remote-cutoff
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Fig. 37—Structure of remote-cutoff grid.

action is due to the structure of the grid
which provides a variation in amplifica-
tion factor with change in grid bias. The
grid No. 1 is wound with open spacing
at the middle and with close spacing
at the ends. When weak signals and
low grid bias are applied to the tube,
the effect of the non-uniform turn spac-
ing of the grid on cathode emission and
tube characteristics is essentially the
same as for uniform spacing. As the
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grid bias is made more negative to
handle larger input signals, the electron
flow from the sections of the cathode
enclosed by the ends of the grid is
cut off. The plate current and other
tube characteristics are then dependent
on the electron flow through the open
section of the grid. This action changes
the gain of the tube so that large
signals may be handled with minimum
distortion due to cross-modulation and
modulation-distortion.

Fig. 38 shows a typical plate-cur-
rent vs. grid-voltage curve for a remote-
cutoff type compared with the curve

PLATL MILLIAMPERES
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Fig. 38—Plate-current curves for triodes
having remote-cutoff and uniformly spaced
grids.

for a type having a uniformly spaced
grid. It will be noted that while the
curves are similar at small grid-bias
voltages, the plate current of the re-
mote-cutoff tube drops quite slowly
with large values of bias voltage. This
slow change makes it possible for the
tube to handle large signals satisfac-
torily. Because remote-cutoff types can
accommodate large and small signals,
they are particularly suitable for use
in sets having automatic volume con-
trol. Remote-cutoff tubes also are
known as variable-mu types.

Class A Power Amplifiers

As a class A power amplifier, an
electron tube is used in the output stage
of a radio or television receiver to sup-
ply a relatively large amount of power
to the loudspeaker. For this applica-
tion, large power output is of more
importance than high voltage amplifica-
tion; therefore, gain possibilities are
sacrificed in the design of power tubes
to obtain power-handling capability.

Triodes, pentodes, and beam power
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tubes designed for power amplifier serv-
ice have certain inherent features for
each structure. Power tubes of the
triode type for class A service are
characterized by low power sensitivity,
low plate-power efficiency, and low dis-
tortion. Power tubes of the pentode
type are characterized by high power
sensitivity, high plate-power efficiency
and, usually, somewhat higher distor-
tion than class A triodes. Beam power
tubes have higher power sensitivity and
efficiency than triode or conventional
pentode types.

A class A power amplifier is also
used as a driver to supply power to a
class AB: or a class B stage. It is
usually advisable to use a triode, rather
than a pentode, in a driver stage be-
cause of the lower plate impedance
of the triode.

Power tubes connected in either
parallel or push-pull may be employed
as class A amplifiers to obtain increased
output. The parallel connection (Fig.
39) provides twice the output of a
single tube with the same value of grid-
signal voltage. With this connection,
the effective transconductance of the
stage is doubled, and the effective plate
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Fig. 39—Power amplifier with tubes
connected in parallel.
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resistance and the load resistance re-
quired are halved as compared with
single-tube values.

The push-pull connection (Fig. 40),
although it requires twice the grid-
signal voltage, provides increased power
and has other important advantages
over single-tube operation. Distortion
caused by even-order harmonics and
hum caused by plate-voltage-supply
fluctuations are either eliminated or
decidedly reduced through cancellation.
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Because distortion for push-pull opera-
tion is less than for single-tube opera-
tion, appreciably more than twice
single-tube output can be obtained with
triodes by decreasing the load resist-
ance for the stage to a value approach-
ing the load resistance for a single tube.

For either parallel or push-pull
class A operation of two tubes, all elec-
trode currents are doubled while all dc
electrode voltages remain the same as
for single-tube operation. If a cathode
resistor is used, its value should be
about one-half that for a single tube.
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Fig. 40—Power amplifier with tubes
connected in push-pull.

If oscillations occur with either type of
connection, they can often be elimi-
nated by the use of a non-inductive
resistor of approximately 100 ohms
connected in series with each grid at
the socket terminal.

Operation of power tubes so that
the grids run positive is inadvisable
except under conditions such as those
discussed in this section for class AB
and class B amplifiers.

Power-Output Calculations

Calculation of the power output of
a triode used as a class A amplifier with
either an output transformer or a choke
having low dc resistance can be made

29

without serious error from the plate
family of curves by assuming a resist-
ance load. The proper plate current,
grid bias, optimum load resistance, and
per-cent second-harmonic distortion can
also be determined. The calculations are
made graphically and are illustrated in
Fig. 41 for given conditions. The pro-
cedure is as follows:

(1) Locate the zero-signal bias
point P by determining the zero-signal
bias Ec. from the formula:

Zero-signal bias (Eco) = —(0.68 X Eb)/n

where E, is the chosen value in volts of
dc plate voltage at which the tube is to
be operated, and u is the amplification
factor of the tube. This quantity is
shown as negative to indicate that a
negative bias is used.

(2) Locate the value of zero-signal
plate current, I.,, corresponding to
point P.

(3) Locate the point 2I.,, which is
twice the value of I, and corresponds to
the value of the maximum-signal plate
current Imax.

(4) Locate the point X on the dc
bias curve at zero volts, E. = 0, corre-
sponding to the value of Imax.

(5) Draw a straight
through X and P.

Line XY is known as the load re-
sistance line. Its slope corresponds to
the value of the load resistance. The
load resistance in ohms is equal to
(Emex — Ewin) divided by (Imax — Imin),
where E is in volts and I is in amperes.

It should be noted that in the case
of filament types of tubes, the calcula-
tions are given on the basis of a dc-
operated filament. When the filament is
ac-operated, the calculated value of dc

line XY

PLATE VOLTS
Fig. 41—Graphic calculations for class A amplifier using a power triode.
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bias should be increased by approxi-
mately one-half the filament voltage
rating of the tube.

The value of zero-signal plate cur-
rent I, should be used to determine the
plate dissipation, an important factor
influencing tube life. In a class A am-
plifier under zero-signal conditions, the
plate dissipation is equal to the power
input, i.e., the product of the dc plate
voltage E. and the zero-signal dc plate
current I,. If it is found that the plate-
dissipation rating of the tube is exceeded
with the zero-signal bias Ec, calculated
above, it will be necessary to increase
the bias by a sufficient amount so that
the actual plate dissipation does not ex-
ceed the rating before proceeding fur-
ther with the remaining calculations.

For power-output calculations, it
is assumed that the peak alternating
grid voltage is sufficient (1) to swing the
grid from the zero-signal bias value Ec,
to zero bias (B. = 0) on the positive
swing and (2) to swing the grid to a
value twice the zero-signal bias value
on the negative swing. During the
negative swing, the plate voltage and
plate current reach values of En.. and
Imin; during the positive swing, they
reach values of Emin and Im.. Because
power is the product of voltage and
current, the power output P, as shown
by a watt-meter is given by

Po = (Imax—Imin) X (Emnx—-Emln)
° = 8

where E is in volts, I is in amperes,
and P, is in watts.

In the output of power-amplifier
triodes, some distortion is present. This
distortion is due predominantly to sec-
ond harmonics in single-tube amplifiers.
The percentage of second-harmonic dis-
tortion may be calculated by the follow-
ing formula:

Imax + Imin 1
———1o

% distortion = X 100

T Imax— Imin

where I, is the zero-signal plate current
in amperes. If the distortion is exces-
sive, the load resistance should be in-
creased or, occasionally, decreased
slightly and the calculations repeated.

Example: Determine the load re-
sistance, power output, and distortion
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of a triode having an amplification fac-
tor of 4.2, a plate-dissipation rating of
15 watts, and plate-characteristics curves
as shown in Fig. 41, Th~ tube is to be
operated at 250 volts on the plate.
Procedure: For a first approxima-
tion, determine the operating point P
from the zero-signal bias formula, Ec.
—(0.68 x 250) /4.2 = —40.5 volts.
From the curve for this voltage, it is
found that the zero-signal plate current
is 0.08 ampere and, therefore, the plate-
dissipation rating is exceeded (0.08 X
250 = 20 watts). Consequently, it is
necessary to reduce the zero-signal
plate current to 0.06 ampere at 250
volts. The grid bias is then —43.5 volts.
Note that the curve was taken with a
dc filament supply; if the filament is
to be operated on an ac supply, the
bias must be increased by about one-
half the filament voltage, or to —45
volts, and the circuit returns made to
the mid-point of the filament circuit.
Point X can then be determined.
Point X is at the intersection of the dc
bias curve at zero volts with Im.., where
Imax = 2L, = 2 X 0.06 = 0.12 ampere.
Line XY is drawn through points P and
X. Emax, Emin, and Imin are then found
from the curves. When these values
are substituted in the power-output for-
mula, the following result is obtained:

P, ©12— 0.012)8>< (365 —105) _ 2 o oies
The resistance represented by load
line XY is
(365 —105)
.12 0,013 — 2410 ohms

When the values from the curves
are substituted in the distortion for-
mula, the following result is obtained:

01240012 _ o oo

% distortion = X 100 =5.5%

0.12 — 0.012

It is customary to select the load
resistance so that the distortion does not
exceed five per cent. When the method
shown is used to determine the slope of
the load-resistance line, the second-har-
monic distortion generally does not ex-
ceed five per cent. In the example,
however, the distortion is excessive and
it is desirable, therefore, to use a slightly
higher load resistance. A load resistance
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of 2500 ohms will provide a distortion
of about 4.9 per cent. The power out-
put is reduced only slightly to 3.5 watts,
Operating conditions for triodes in
push-pull depend on the type of opera-
tion desired. Under class A conditions,
distortion, power output, and efficiency
are all relatively low. The operating bias
can be anywhere between that specified
for single-tube operation and that equal
to one-half the grid-bias voltage re-
quired to produce plate-current cutoff
at a plate voltage of 1.4E,, where E, is
the operating plate voltage. Higher bias
than this value requires higher grid-
signal voltage and results in class AB;
operation, which is discussed later.
The method for calculating maxi-
mum power output for triodes in push-
pull class A operation is as follows:
Erect a vertical line at 0.6 E, (see Fig.
42), intersecting the E. = 0 curve at the
point Ime:. Then, Im.x is determined
from the curve for use in the formula

Po = (Imax X Eo)/5

If Im.x is expressed in amperes and E,
in volts, power output is in watts.

o
Eg=2,5VOLTS DC ¥

0.2

PLATE AMPERES
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Example: Assume that the plate
voltage (E,) is to be 300 volts, and. the
plate-dissipation rating of the tube is 15
watts. Then, for class A operation, the
operating bias can be equal to, but not
more than, one-half the grid bias for
cutoff with a plate voltage of 1.4 X 300
= 420 volts. (Since cutoff bias is ap-
proximately —115 volts at a plate volt-
age of 420 volts, one-half of this value
is —357.5 volts bias.) At this bias, the
plate current is found from the plate
family to be 0.054 ampere and, there-
fore, the plate dissipation is 0.054 X
300 or 16.2 watts. Since —57.5 volts
is the limit of bias for class A opera-
tion of these tubes at a plate voltage
of 300 volts, the dissipation cannot be
reduced by increasing the bias and it
becomes necessary to reduce the plate
voltage.

If the plate voltage is reduced to
250 volts, the bias will be found to be
—43.5 volts. For this value, the plate
current is 0.06 ampere, and the plate
dissipation is 15 watts. Then, following
the method for calculating power out-
put, erect a vertical line at 0.6E, = 150

Fig. 42—Graphic calculations for push-pull class A amplifier using a power triode.

The method for determining the
proper load resistance for triodes in
push-pull is as follows: Draw a load line
through Im.: on the zero-bias curve and
through the E, point on the zero-current
axis. Four times the resistance repre-
sented by this load line is the plate-to-
plate load (R,;) for two triodes in a
class A push-pull amplifier. Expressed
as a formula,

Rpp =4 X (Eo — 0.6Eo) /Imax

where E. is expressed in volts, Imae in
amperes, and R;, in ohms.

volts. The intersection of the line with
the curve E. = 0 is I'ma: or 0.2 ampere.
When this value is substituted in the
power formula, the power output is
(0.2 x 250)/5 = 10 watts. The load
resistance is determined from the load
formula: Plate-to-plate load (Ry;) = 4
X (250 — 150)/0.2 = 2000 ohms.
Power output for a pentode or a
beam power tube as a class A amplifier
can be calculated in much the same
way as for triodes. Calculations can be
made graphically from a special plate
family of curves, as shown in Fig. 43.
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Fig. 43—Graphic calculations for class A amplifier using a pentode or beam power tube.

From a point A at or just below
the knee of the zero-bias curve, draw
arbitrarily selected load lines to inter-
sect the zero-plate-current axis. These
lines should be on both sides of the
operating point P, whose position is
determined by the desired operating
plate voltage, E., and one-half the
maximum-signal plate current. Along
any load line, say AA, measure the
distance AO,. On the same line, lay
off an equal distance, O,A.. For opti-
mum operation, the change in bias from
A to O, should be nearly equal to the
change in bias from O, to A.. If this
condition can not be met with one line,
as is the case for the line first chosen,
then another should be chnsen. When
the most satisfactory line has been se-
lected, its resistance may be determined
by the following formula:

Emsx — Bmin

Imax — Imin
The value of R;, may then be sub-

stituted in the following formula for
calculating power output.

Load resistance (RL) =

po — [Tmax— Tmin 4 141 (e — L) }# Ry
= 32

In both of these formulas, I is in
amperes, E is in volts, Ry, is in ohms,
and P, is in watts. Iz and I, are the cur-
rent values on the load line at bias volt-
ages of Ec, = V — 0.707V = 0.293V

and Ea = V 4 0.707V = 1.707V, re-

spectively.
Calculations for distortion mav be
made by means of the following formu-

las. The terms used have already been
defined.

% 2nd-harmonic distortion =
Im:x + Imin—21o

Torr — Tmtn & 141 (e —Ty) X190
% 3rd-harmonic distortion =
Imax — Imin — 141 (Ix —_ Iy) % 100

Imlx — Imin + 1.41 (Ix —_ Iy)
% total (2nd and 3rd) harmonic distortion =
V(% 2nd)3 4+ (% 3rd)?

Conversion Factors

Operating conditions for voltage
values other than those shown in the
published data can be obtained by use
of the momograph shown in Fig. 44
when all electrode voltages are changed
simultaneously in the same ratio. The
nomograph includes conversion factors
for current (F:), power output (F,),
plate resistance or load resistance (F:).
and transconductance (Fgm) for voltage
ratios between 0.5 and 2.0. These fac-
tors are expressed as functions of the
ratio between the desired or new volt-
age for any electrode (Es..) and the
published or original value of that volt-
age (E,w). The relations shown are ap-
plicable to triodes and multigrid tubes
in all classes of service.

To wuse the nomograph, simply
place a straight-edge across the page so
that it intersects the scales for E4.. and
E,» at the desired values. The desired
conversion factor may then be read
directly or estimated at the point where
the straight-edge intersects the F, F,
F:, or Fgu scale.
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For example, suppose it is desired
to operate two 6L6GC’s in class A,
push-pull, fixed bias, with a plate volt-
age of 200 volts. The nearest published
operating conditions for this class of
service are for a plate voltage of 250
volts. The operating conditions for the
new plate voltage can be determined
as follows:

The voltage conversion factor, F.,
is equal to 200/250 or 0.8. The dashed
lines on the nomograph of Fig. 44 indi-
cate that for this voltage ratio F, is
approximately 0.72, F, is approximately
0.57, F. is 1.12, and Fgn is approxi-
mately 0.892. These factors may be
applied directly to operating values
shown in the tube data, or to values
calculated by the methods described
previously.

Because this method for conversion
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of characteristics is necessarily an ap-
proximation, the accuracy of the nomo-
graph decreases progressively as the
ratio Euea/Epue departs from unity. In
general, results are substantially correct
when the value of the ratio Eaes/Epus is
between 0.7 and 1.5. Beyond these lim-
its, the accuracy decreases rapidly, and
the results obtained must be considered
rough approximations.

The nomograph does not take into
consideration the effects of contact po-
tential or secondary emission in tubes.
Because contact-potential effects be-
come noticeable only at very small dc
grid-No. 1 (bias) voltages, they are
generally negligible in power tubes.
Secondary emission may occur in con-
ventional tetrodes, however, if the plate
voltage swings below the grid-No. 2
voltage. Consequently, the conversion
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Fig. 44—Nomograph of tube conversion factors.
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factors shown in the nomograph apply
to such tubes only when the plate volt-
age is greater than the grid-No. 2 volt-
age. Because secondary emission may
also occur in certain beam power tubes
at very low values of plate current and
plate voltage, the conversion factors
shown in the nomograph do not apply
when these tubes are operated under
such conditions.

Class AB Power Amoplifiers

A class AB power amplifier em-
ploys two tubes connected in push-pull
with a higher negative grid bias than is
used in a class A stage. With this higher
negative bias, the plate and screen-
grid voltages can usually be made
higher than for class A amplifiers be-
cause the increased negative bias holds
plate current within the limit of the
tube plate-dissipation rating. As a result
of these higher voltages, more power
output can be obtained from class AB
operation.

Class AB amplifiers are subdivided
into class AB, and class AB.. In class
AB,, there is no flow of grid current.
That is, the peak signal voltage applied
to each grid is not greater than the
negative grid-bias voltage. The grids
therefore are not driven to a positive
potential and do not draw current. In
class AB., the peak signal voltage is
greater than the bias so that the grids
are driven positive and draw current.

ola
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Fig. 45—Graphic calculations for class AB, amplifier Fig. 46—Instantaneous curve
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Because of the flow of grid current
in a class AB, stage, there is a loss of
power in the grid circuit. The sum of
this loss and the loss in the input trans-
former is the total driving power re-
quired by the grid circuit. The driver
stage should be capable of a power
output considerably larger than this re-
quired power in order that distortion
introduced in the grid circuit be kept
low. The input transformer used in a
class AB. amplifier usually has a step-
down turns ratio.

Because of the large fluctuations of
plate current in a class AB, stage, it is
important that the plate power supply
have good regulation. Otherwise the
fluctuations in plate current cause fluc-
tuations in the voltage output of the
power supply, with the result that power
output is decreased and distortion is in-
creased. To obtain satisfactory regula-
tion, it is usually advisable to use a
low-drop rectifier, such as the 5V4GA,
with a choke-input filter. In all cases,
the resistance of the choke and trans-
formers should be as low as possible.

Class AB: Power Amplifiers

In class AB: push-pull amplifier
service using triodes, the operating
conditions may be determined graphi-
cally by means of the plate family if
E,, the desired operating plate voltage,
is given. In this service, the dynamic
load line does not pass through the
operating point P as in the case of the
single-tube amplifier, but through the
point D in Fig. 45. Its position is not
affected by the operating grid bias pro-
vided the plate-to-plate load resistance
remains constant.

Under these conditions, grid bias
has no appreciable effect on the power

~60 —45 <20
GRID VOLTS

%

for class AB, amplifier.
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output. Grid bias cannot be neglected,
however, since it is used to find the
zero-signal plate current and, from it,
the zero-signal plate dissipation. Be-
cause the grid bias is higher in class
AB; than in class A service for the same
plate voltage, a higher signal voltage
may be used without grid current be-
ing drawn and, therefore, higher power
output is obtained.

In general, for any load line
through point D, Fig. 45, the plate-to-
plate load resistance in ohms of a push-
pull amplifier is R,; = 4E./I’, where
I’ is the plate-current value in am-
peres at which the load line as pro-
jected intersects the plate-current axis,
and E, is in volts. This formula is an-
other form of the one given under push-
pull class A amplifiers, R, = 4(B, —
0.6E,)/Imax, but is more general. Power
output = (Imax/V2)* X Ryp/4, where
Imax is the peak plate current at zero
grid volts for the load chosen. This
formula simplified is (Imax)® X Rys/8.
The maximum-signal average plate cur-
rent is 2Imax/ 7 Or 0.636 Imax; the maxi-
mum-signal average power input is
0.636 Imex X E..

It is desirable to simplify these
formulas for a first approximation. This
simplification can be made if it is as-
sumed that the peak plate current, Imas,
occurs at the point of the zero-bias
curve corresponding approximately to
0.6 E,, the condition for maximum
power output. The simplified formulas
are:

Po (for two tubes) = (Imax X Eo)/5
Rpp = 1.6Eo/Imax

where E, is in volts, I.x is in amperes,
R,p is in ohms, and P, is in watts.

It may be found during subsequent
calculations that the distortion or the
plate dissipation is excessive for this ap-
proximation; in that case, a different
load resistance must be selected, using
the first approximation as a guide, and
the process repeated to obtain satisfac-
tory operating conditions.

Example: Fig. 45 illustrates the
application of this method to a pair of
power triodes operated at E. = 300
volts. Each tube has a plate-dissipation
rating of 15 watts. The method is to
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erect a vertical line at 0.6E., or at 180
volts, which intersects the E. = 0 curve
at the point Im:x = 0.26 ampere. Using
the simplified formulas, the following
values are obtained:

Rpp = (1.6 X 300)/0.26 = 1845 ohms
Po = (0.26 X 300)/5 = 15.6 watts

At this point, it is well to determine
the plate dissipation and to compare
it with the maximum rated value.
From the average-plate-current formula
(0.636 Imi.x) mentioned previously, the
maximum-signal average plate current
is 0.166 ampere. The product of this
current and the operating plate voltage
is 49.8 watts, the average input to the
two tubes. From this value, subtract
the power output of 15.6 watts to ob-
tain the total dissipation for both tubes,
which is 34.2 watts. Half of this value,
17 watts, is in excess of the 15-watt
rating of the tube and it is necessary,
therefore, to assume another and higher
load resistance so that the plate-dissipa-
tion rating will not be exceeded.

It will be found that at an operat-
ing plate voltage of 300 volts the tubes
require a plate-to-plate load resistance
of 3000 ohms. From the formula for
R;p, the value of I is found to be 0.4
ampere. The load line for the 3000-
ohm load resistance is then represented
by a straight line from the point I’ —=
0.4 ampere on the plate-current ordi-
nate to the point E, = 300 volts on
the plate-voltage abscissa. At the inter-
section of the load line with the zero-
bias curve, the peak plate current, Lmax.
can be read at 0.2 ampere. Then

Po Imlx/ \/2)2 X RPD/4

=
= (0.2/1.41)2 X 3000/4
= 15 watts

Proceeding as in the first approxima-
tion, it is found that the maximum-
signal average plate current, 0.636Ia.,,
is 0.127 ampere, and the maximum-
signal average power input is 38.1 watts.
This input minus the power output is
38.1 — 15 = 23.1 watts. This value is
the dissipation for two tubes; the value
per tube is 11.6 watts, a value well
within the rating of this tube type.
The operating bias and the zero-
signal plate current may then be found
by use of a curve which is derived from
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the plate family and the load line. Fig.
46 is a curve of instantaneous values of
plate current and dc grid-bias voltages
taken from Fig. 45, Values of grid bias
are read from each of the grid-bias
curves of Fig. 45 along the load line
and are transferred to Fig. 46 to pro-
duce the curved line from A to C. A
tangent to this curve, starting at A, is
drawn to intersect the grid-voltage
abscissa. The point of intersection, B,
is the operating grid bias for fixed-bias
operation. In the example, the bias is
—60 volts. Refer back to the plate
family at the operating conditions of
plate volts = 300 and grid bias = —60
volts; the zero-signal plate current per
tube is seen to be 0.04 ampere.

This procedure locates the operat-
ing point for each tube at P. The plate
current must be doubled, of course, to
obtain the zero-signal plate current for
both tubes. Under maximum-signal con-
ditions, the signal voltage swings from
zero-signal bias voltage to zero bias for
each tube on alternate half cycles.
Hence, in the example, the peak of sig-
nal voltage per tube is 60 volts, or the
grid-to-grid value is 120 volts.

As in the case of the push-pull class
A amplifier, the second-harmonic dis-
tortion in a class AB; amplifier using
triodes is very small and is largely can-
celed by virtue of the push-pull con-
nection. Third-harmonic  distortion,
however, which may be larger than
permissible, can be found by means of
composite characteristic curves. A com-
plete family of curves can be plotted,
but for the present purpose only the one
corresponding to a grid bias of one-half
the peak grid-voltage swing is needed.
In the example, the peak grid voltage
per tube is 60 volts, and the half value
is 30 volts. The composite curve, since
it is nearly a straight line, can be con-
structed with only two points (see Fig.
45). These two points are obtained from
deviations above and below the operat-
ing grid and plate voltages.

In order to find the curve for a
bias of —30 volts, a deviation of 30
volts from the operating grid voltage
of —60 volts is assumed. Next assume
a deviation from the operating plate
voltage of, say, 40 volts. Then at 300

RCA RECEIVING TUBE MANUAL

—40 = 260 volts, erect a vertical line
to intersect the (—60) — (—30) = —30-
volt bias curve and read the plate cur-
rent at this intersection, which is 0.167
ampere; likewise, at the intersection
of a vertical line at 300 4+ 40 — 340
volts and the (—60) 4 (—30) = —90-
volt bias curve, read the plate current.
In this example, the plate current is
estimated to be 0.002 ampere. The dif-
ference of 0.165 ampere between these
two currents determines the point E
on the 300 — 40 = 260-volt vertical.
Similarly, another point F on the same
composite curve is found by assuming
the same grid-bias deviation but a
larger plate-voltage deviation, say, 100
volts.

These steps provide points at 260
volts and 0.165 ampere (E), and at 200
volts and 0.045 ampere (F). A straight
line through these points is the com-
posite curve for a bias of —30 volts,
shown as a long-short dash line in Fig.
45. At the intersection of the composite
curve and the load line, G, the instan-
taneous composite plate current at the
point of one-half the peak signal swing
is determined. This current value, desig-
nated I.s and the peak plate current,
Imax. are used in the following formula
to find the peak value of the third-
harmonic component of plate current.

Tha = (2Io.5 — Imax)/3

In the example, where L, s is 0.097 am-
pere and Im.c is 0.2 ampere, In =
(2 X 0.097 —- 0.2)/3 = (0.194 — 0.2)/3
= —0.006/3 = —0.002 ampere. (The
fact that I.s is negative indicates that the
phase relation of the fundamental (first-
harmonic) and third-harmonic com-
ponents of the plate current is such as
to result in a slightly peaked wave form.
I.s is positive in some cases, indicating
a flattening of the wave form.)

The peak value of the fundamental
or first-harmonic component of the plate
current is found by the following
formula: :

I =2/3 X (Imax + o.5)

In the example, [m = 2/3 X (0.2 +
0.097) = 0.198 ampere. Thus, the per-
centage of third-harmonic distortion is
Ius/Inr) X 100 = (0.002/0.198) x 100
= | per cent approx.
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Class AB: Power Amplifiers

A class AB; amplifier employs two
tubes connected in push-pull as in the
case of class AB, amplifiers. It differs
in that it is biased so that plate cur-
rent flows for somewhat more than half
the electrical cycle but less than the
full cycle, the peak signal voltage is
greater than the dc bias voltage, grid
current is drawn, and, consequently,
power is consumed in the grid circuit.
These conditions permit high power out-
put to be obtained without excessive
plate dissipation.

The sum of the power used in the
grid circuit and the losses in the input
transformer is the total driving power
required by the grid circuit. The driver
stage should be capable of a power out-
put considerably larger than this re-
quired power in order that distortion
introduced in the grid circuit be kept
low. In addition, the internal impedance
of the driver stage as reflected into or
as effective in the grid circuit of the
power stage should always be as low as
possible in order that distortion may be
kept low. The input transformer used
in a class AB: stage usually has a step-
down ratio adjusted for this condition.

Load resistance, plate dissipation,
power output, and distortion determina-
tions are similar to those for class AB:.
These quantities are interdependent
with peak grid-voltage swing and driv-
ing power; a satisfactory set of operat-
ing conditions involves a series of
approximations. The load resistance and
signal swing are limited by the per-
missible grid current and power and the
distortion. If the load resistance is too
high or the signal swing is excessive, the
plate-dissipation rating will be exceeded,
distortion will be high, and the driving
power will be unnecessarily high.

Class B Power Amplifiers

A class B amplifier employs two
tubes connected in push-pull, so biased
that plate current is almost zero when
no signal voltage is applied to the grids.
Because of this low value of no-signal
plate current, class B amplification has
the same advantage as class AB,, ie.,
large power output can be obtained
without excessive plate dissipation,
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Class B operation differs from class AB,
in that plate current is cut off for a
larger portion of the negative grid
swing, and the signal swing is usually
larger than in class AB. operation.

Because certain triodes used as
class B amplifiers are designed to op-
erate very close to zero bias, the grid
of each tube is at a positive potential
during all or most of the positive half-
cycle of its signal swing. In this type of
triode operation, considerable grid cur-
rent is drawn and there is a loss of
power in the grid circuit. This condi-
tion imposes the same requirement in
the driver stage as in a class AB. stage;
i.e., the driver should be capable of de-
livering considerably more power out-
put than the power required for the
grid circuit of the class B amplifier so
that distortion will be low. Similarly,
the interstage transformer between the
driver and the class B stage usually has
a step-down turns ratio. Because of the
high dissipations involved in class B
operation at zero bias, it is not feasible
to use tetrodes or pentodes in this type
of class B operation.

Determination of load resistance,
plate dissipation, power output, and dis-
tortion is similar to that for a class AB,
stage.

Power amplifier tubes designed for
class A operation can be used in class
AB: and class B service under suitable
operating conditions. There are several
tube types designed especially for class
B service. The characteristic common to
all of these types is a high amplifica-
tion factor. With a high amplification
factor, plate current is small even when
the grid bias is zero. These tubes, there-
fore, can be operated in class B service
at a bias of zero volts so that no bias
supply is required. A number of class B
amplifier tubes consist of two triode
units mounted in one tube. The two
units can be connected in push-pull so
that only one tube is required for a
class B stage.

Cathode-Drive Circuits
The preceding text has discussed
the use of tubes in the conventional
grid-drive type of amplifier—that is,
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where the cathode is common to both
the input and output circuits. Tubes
may also be employed as amplifiers in
circuit arrangements which utilize the
grid or plate as the common terminal.
Probably the most important of these
amplifiers are the cathode-drive circuit,
which is discussed below, and the cath-
ode-follower circuit, which will be dis-
cussed later in connection with inverse
feedback.

A typical cathode-drive circuit is
shown in Fig. 47. The load is placed in

0
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Fig. 47—Cathode-drive circuit.
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the plate circuit and the output voltage
is taken off between the plate and
ground as in the grid-drive method of
operation. The grid is grounded, and
the input voltage is applied across an
appropriate impedance in the cathode
circuit. The cathode-drive circuit is par-
ticularly useful for vhf and uhf applica-
tions, in which it is necessary to obtain
the low-noise performance usually asso-
ciated with a triode, but where a con-
ventional grid-drive circuit would be
unstable because of feedback through
the grid-to-plate capacitance of the
tube. In the cathode-drive circuit, the
grounded grid serves as a capacitive
shield between plate and cathode and
permits stable operation at frequencies
higher than those in which conventional
circuits can be used.

The input impedance of a cathode-
drive circuit is approximately equal to
1/gm when the load resistance is small
compared to the r, of the tube. A cer-
tain amount of power is required, there-
fore, to drive such a circuit. However,
in the type of service in which cathode-
drive circuits are normally used, the
advantages of the grounded-grid con-
nection usually outweigh this disad-
vantage.
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Inverse Feedback

An inverse-feedback circuit, some-
times called a degenmerative circuit, is
one in which a portion of the output
voltage of a tube is applied to the 1*?-
put of the same or a preceding tube in
opposite phase to the signal applied to
the tube. Two important advantages of
feedback are (1) reduced distortion from
each stage included in the feedback cir-
cuit and (2) reduction in the variations
in gain due to changes in line voltage,
possible differences between tubes of the
same type, or variations in the values of
circuit constants included in the feed-
back circuit.

Inverse feedback is used in audio
amplifiers to reduce distortion in the
output stage where the load impedance
on the tube is a loudspeaker. Because
the impedance of a loudspeaker is not
constant for all audio frequencies, the
load impedance on the output tube
varies with frequency. When the output
tube is a pentode or beam power tube
having high plate resistance, this varia-
tion in plate load impedance can, if not
corrected, produce considerable fre-
quency distortion. Such frequency dis-
tortion can be reduced by means of
inverse feedback. Inverse-feedback cir-
cuits are of the constant-voltage type
and the constant-current type.

The application of the constant-
voltage type of inverse feedback to a
power-output stage using a single beam
power tube is illustrated in Fig. 48. In
this circuit, Ry, R, and C are connected
as a voltage divider across the output of
the tube. The secondary winding ot the
grid-input transformer is returned to a
point on this voltage divider. Capacitor

INPUT
SIGNAL

.||| '

Fig. 48—Power-output stage using constant
voltage inverse feedback.
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C blocks the dc plate voltage from the
grid. However, a portion of the tube
af output voltage, approximately equal
to the output voltage multiplied by the
fraction R./(R: + R.), is applied to the
grid. This voltage reduces the source im-
pedance of the circuit and a decrease in
distortion results which is explained in
the curves of Fig. 49.
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nent of plate current i’p:. It is evident
that the irregularity of the waveform of
this component of plate current would
act to cancel the original irregularity
and thus reduce distortion.

After inverse feedback has been ap-
plied, the relations are as shown in the
curve for i,. The dotted curve shown by
'pr is the component of plate current

Fig. 49—Voltage and current waveforms showing effect of inverse feedback.

Consider first the amplifier without
the use of inverse feedback. Suppose
that when a signal voltage e, is applied
to the grid the af plate current i’, has
an irregularity in its positive half-cycle.
This irregularity represents a departure
from the waveform of the input signal
and is, therefore, distortion. For this
plate-current waveform, the af plate
voltage has a waveform shown by ¢’;.
The plate-voltage waveform is inverted
compared to the plate-current wave-
form because a plate-current increase
produces an increase in the drop across
the plate load. The voltage at the plate
is the difference between the drop across
the load and the supply voltage; thus,
when plate current goes up, plate volt-
age goes down; when plate current goes
down, plate voltage goes up.

Now suppose that inverse feedback
is applied to the amplifier. The voltage
fed back to the grid has the same wave-
form and phase as the plate voltage. but
is smaller in magnitude. Hence, with a
plate voltage of waveform shown by
¢'p, the feedback voltage appearing on
the grid is as shown by e’;,. This voltage
applied to the grid produces a compo-

due to the feedback voltage on the grid.
The dotted curve shown by i, is the
component of plate current due to the
signal voltage on the grid. The algebraic
sum of these two components gives the
resultant plate current shown by the
solid curve of i,. Since i, is the plate
current that would flow without inverse
feedback, it can be seen that the appli-
cation of inverse feedback has reduced
the irregularity in the output current.
In this manner inverse feedback acts to
correct any component of plate current
that does not correspond to the input
signal voltage, and thus reduces dis-
tortion.

From the curve for i, it can be
seen that, besides reducing distortion,
inverse feedback also reduces the ampli-
tude of the output current. Conse-
quently, when inverse feedback is
applied to an amplifier there is a de-
crease in gain or power sensitivity as
well as a decrease in distortion. Hence,
the application of inverse feedback to
an amplifier requires that more driving
voltage be applied to obtain full power
output, but this output is obtained with
less distortion.
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Inverse feedback may also be ap-
plied to resistance-coupled stages, as
shown in Fig. 50. The circuit is conven-
tional except that a feedback resistor,

Cc- B+

B+C+

Fig. 50—Resistance-coupled stages using
feedback resistor.

R, is connected between the plates of
tubes Ty and T.. The output signal volt-
age of T, and a portion of the output
signal voltage of T. appear across R..
Because the distortion generated in the
plate circuit of T is applied to its grid
out of phase with the input signal, the
distortion in the output of T. is com-
paratively low. With sufficient inverse
feedback of the constant-voltage type
in a power-output stage, it is not neces-
sary to employ a network of resistance
and capacitance in the output circuit to
reduce response at high audio frequen-
cies. Inverse-feedback circuits can also
be applied to push-pull class A and class
AB,; amplifiers.

Constant-current inverse feedback
is usually obtained by omitting the by-
pass capacitor across a cathode resistor.
This method decreases the gain and the
distortion but increases the source im-
pedance of the circuit. Consequently,
the output voltage rises at the resonant
frequency of the loudspeaker and ac-
centuates hangover effects.

Inverse feedback is not generally
applied to a triode power amplifier be-
cause the variation in speaker imped-
ance with frequency does not produce
much distortion in a triode stage hav-
ing low plate resistance. It is sometimes
applied in a pentode stage, but is not
always convenient. As has been shown,
when inverse feedback is used in an
amplifier, the driving voltage must be
increased in order to provide full power
output. When inverse feedback is used
with a pentode, the total driving voltage
required for full power output may be
inconveniently large, although still less
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than that required for a triode. Because
a beam power tube gives full power
output on a comparatively small driving
voltage, inverse feedback is especially
applicable to beam power tubes. By
means of inverse feedback, the high
efficiency and high power output of
beam power tubes can be combined with
freedom from the effects of varying
speaker impedance.

Cathode-Follower Circuits

Another important application of
inverse feedback is in the cathode-fol-
lower circuit, an example of which is
shown in Fig. 51. In this application, the
load has been transferred from the plate
circuit to the cathode circuit of the tube.
The input voltage is applied between
the grid and ground, and the output
voltage is obtained between the cathode
and ground. The voltage amplification
(V.A)) of this circuit is always less than
unity and may be expressed by the fol-
[owing convenient formulas.

For a triode:
V.A=_—BX2L X Ry
fp + [Ru X (& + 1)]
For a pentode:
gm X RL

VoA = e
+ (gm X Rr)

In these formu]as, 4 is the amplifi-
cation factor, Ry is the load resistance
in ohms, r, is the plate resistance in
ohms, and g.. is the transconductance
in mhos.

The use of the cathode follower
permits the design of circuits which
have high input resistance and high out-
put voltage. The output impedance is

INPUT

SIGNAL >—O0
LOAD OUTPUT
RESISTANCE| VOLTAGE

T—«ngh wi ]

Fig. 51—Cathode-follower circuit.

quite low and very low distortion may
be obtained. Cathode-follower circuits
may be used for power amplifiers or as
impedance transformers designed either
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to match a transmission line or to pro-
duce a relatively high output voltage at
a low impedance level.

In a power amplifier which is trans-
former coupled to the load, the same
output power can be obtained from the
tube as would be obtained in a conven-
tional grid-drive type of amplifier. The
output impedance is very low and pro-
vides excellent damping to the load,
with the result that very low distortion
can be obtained. The peak-to-peak sig-
nal voltage, however, approaches 14
times the plate supply voltage if maxi-
mum power output is required from the
tube. Some problems may be encoun-
tered, therefore, in the design of an
adequate driver stage for a cathode-
follower output system.

When a cathode-follower circuit is
used as an impedance transformer, the
load is usually a simple resistance in
the cathode circuit of the tube. With
relatively low values of cathode resistor,
the circuit may be designed to supply
significant amounts of power and to
match the impedance of the device to
a transmission line. With somewhat
higher values of cathode resistor, the
circuit may be used to decrease the out-
put impedance sufficiently to permit the
transmission of audio signals along a
line in which appreciable capacitance
is present.

The cathode follower may also be
used as an isolation device to provide
extremely high input resistance and low
input capacitance as might be required
in the probe of an oscilloscope or
vacuum-tube voltmeter. Such circuits
can be designed to provide effective
impedance transformation with no sig-
nificant loss of voltage.

Selection of a suitable tube and its
operating conditions for use in a cath-
ode-follower circuit having a specified
output impedance (Z,) can be made, in
most practical cases, by the use of the
following formula to determine the ap-
proximate value of the required tube
transconductance.

Required gm (gmhos) = %

Once the required transconductance
is obtained, a suitable tube and its oper-
ating conditions may be determined
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from the technical data given in the
Technical Data section. The tube se-
lected should have a value of transcon-
ductance slightly lower than that
obtained from the above expression to
allow for the shunting effect of the cath-
ode load resistance. The conversion
nomograph given in Fig. 44 may be
used for calculation of operating condi-
tions for values of transconductance not
included in the tabulated data. After
the operating conditions have been de-
termined, the approximate value of the
required cathode load resistance may be
calculated from the following formulas.
For a triode:

Zo X Ip
th = ——
Cathode Ri. = 7 (T + 0]
For a pentode:
Cathode Rr. = Zo

1—(gm X Zo)

Resistance and impedance values are in
ohms; transconductance values are in
mhos.

If the value of the cathode load re-
sistance calculated to provide the re-
quired output impedance does not
provide the required operating bias, the
basic cathode-follower circuit can be
modified in a number of ways. Two of
the more common modifications are
shown in Figs. 52 and 53.

In Fig. 52 the bias is increased by
adding a bypassed resistance between

It
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Fig. 52—Cathode-follower circuit modified
for increased bias.

the cathode and the unbypassed load
resistance and returning the grid to the
low end of the load resistance. In Fig.
53 the bias is reduced by adding a by-
passed resistance between the cathode
and the unbypassed load resistance but,
in this case, the grid is returned to the
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junction of the two cathode resistors
so that the bias voltage is only the dc
voltage drop across the added resistance
The size of the bypass capacitor should
be large enough so that it has negligible
reactance at the lowest frequency to be
handled. In both cases the B-supply
should be increased to make up for the
voltage taken for biasing.

Fig. 53—C arhode-/?llower circuit modified
for reduced bias.

Example: Select a suitable tube
and determine the operating conditions
and circuit components for a cathode-
follower circuit having an output im-
pedance that will match a 500-ohm
transmission line.

Procedure: First, determine the ap-
proximate transconductance required.

1,000,000

Required gm = 500 = 2000 xmhos

A survey of the tubes that have a
transconductance in this order of mag-
nitude shows that type 12AX7A is among
the tubes to be considered. Referring to
the characteristics given in the technical
data section for one triode unit of high-
mu twin triode 12AX7, we find that for
a plate voltage of 250 volts and a bias
of —2 volts, the transconductance is
1600 micromhos, the plate resistance is
62500 ohms, the amplification factor is
100, and the plate current is 0.0012 am-
pere. When these values are used in the
expression for determining the cathode
load resistance, the following result is
obtained:

500 X 62500
62500—500 (100-4+1)

The voltage across this resistor for
a plate current of 0.0012 ampere is
2600 x 0.0012 = 3.12 volts. Because

Cathode R1.= =2600 ohms
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the required bias voltage is only —2
volts, the circuit arrangement given in
Fig. 53 is employed. The bias is fur-
nished by a resistance that will have a
voltage drop of 2 volts when it carries
a current of 0.0012 ampere. The re-
quired bias resistance, therefore, is
2/0.0012 = 1670 ohms. If 60 Hz is
the lowest frequency to be passed, 20
microfarads is a suitable value for the
bypass capacitor. The B-supply, of
course, is increased by the voltage drop
across the cathode resistance which, in
this example, is approximately 5 volts.
The B-supply, therefore, is 250 4 §
= 255 volts.

Because it is desirable to eliminate,
if possible, the bias resistor and bypass
capacitor, it is worthwhile to try other
tubes and other operating conditions to
obtain a value of cathode load resist-
ance which will also provide the re-
quired bias. If the triode section of twin
diode-—high-mu triode 6 AT6 is operated
under the conditions given in the tech-
nical data section with a plate voltage
of 100 volts and a bias of —1 volt, it
will have an amplification factor of 70,
a plate resistance of 54000 ohms, a
transconductance of 1300 micromhos,
and a plate current of 0.0008 ampere.
Then,

Cathode RL =
500 X 54000
54000 — 500 X (70 + 1) = 1460 ohms

The bias voltage obtained across
this resistance is 1460 x 0.0008 = 1.17
volts. Since this value is for all practical
purposcs close enough to the required
bias, no addition bias resistance will
be required and the grid may be re-
turned directly to ground. There is no
need to adjust the B-supply voltage to
make up for the drop in the cathode
resistor. The voltage amplification
(V.A)) for the cathode-follower circuit
utilizing the triode section of type
6AT6 is

V.A.

_ 70 X 1460
T 54000 + 1460 X (70 + 1)
For applications in which the cath-
ode follower is used to isolate two cir-
cuits—for example, when it is used
between a circuit being tested and the
input, stage of an oscilloscope or a
vacuum-tube voltmeter—voltage output

= 0.65
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and not impedance matching is the pri-
mary consideration. In such applica-
tions it is desirable to use a relatively
high value of cathode load resistance,
such as 50,000 ohms, in order to get the
maximum voltage output. In order to
obtain proper bias, a circuit such as
that of Fig. 53 should be used. With a
high value of cathode resistance, the
voltage amplification will approximate
unity.

Corrective Filters

A corrective filter can be used to
improve the frequency characteristic of
an output stage using a beam power
tube or a pentode when inverse feed-
back is not applicable. The filter consists
of a resistor and a capacitor connected
in series across the primary of the out-
put transformer. Connected in this way,
the filter is in parallel with the plate
load impedance reflected from the voice-
coil by the output transformer. The
magnitude of this reflected impedance
increases with increasing frequency in
the middle and upper audio range. The
impedance of the filter, however, de-
creases with increasing frequency. It
follows that, by use of the proper values
for the resistance and the capacitance
in the filter, the effective load impedance
on the output tubes can be made prac-
tically constant for all frequencies in
the middle and upper audio range. The
result is an improvement in the fre-
quency characteristic of the output
stage.

The resistance to be used in the
filter for a push-pull stage is 1.3 times
the recommended plate-to-plate load re-
sistance; or, for a single-tube stage, is
1.3 times the recommended plate load
resistance. The capacitance in the filter
should have a value such that the volt-
age gain of the output stage at a fre-
quency of 1000 Hz or higher is equal
to the voltage gain at 400 Hz.

AMPLIFIER
STAGE

R
[+
It

43

A method of determining the
proper value of capacitance for the fil-
ter is to make two measurements of the
output voltage across the primary of
the output transformer: first, when a
400-Hz signal is applied to the input,
and second, when a 1000-Hz signal
of the same voltage as the 400-Hz
signal is applied to the input. The cor-
rect value of capacitance is the one
which gives equal output voltages for
the two signal inputs. In practice, this
value is usually found to be in the order
of 0.05 microfarad.

Phonograph and Tape Preamplifiers

The frequency range and dynamic
range* which can be recorded on a
phonograph record or on magnetic tape
depend on several factors, including the
composition, mechanical characteristics,
and speed of the record or tape, and
the electrical and mechanical character-
istics of the recording equipment., To
achieve wide frequency and dynamic
ranges, manufacturers of commercial
recordings use equipment which intro-
duces a nonuniform relationship be-
tween amplitude and frequency. This
relationship is known as a “recording
characteristic.” To assure proper re-
production of a high-fidelity recording,
therefore, some part of the reproducing
system must have a frequency-response
characteristic which is the inverse of
the recording characteristic. Most manu-
facturers of high-fidelity recordings use
the RIAA characteristic for discs and
the NARTB characteristic for mag-
netic tape.

The simplest type of equalization
network is shown in Fig. 54. Because
the capacitor C is effectively an open
circuit at low frequencies, the low fre-
quencies must be passed through the
resistor R and are attenuated. The ca-
pacitor has a lower reactance at high

AMPLIFIER
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Fig. 54—Simple RC frequency-compensation network.

¢ The dynamic range of an amplifier is a measure of its signal-handling capability. The
dynamic range expresses in dB the ratio of the maximum usable output signal (generally
for a distortion of about 10 per cent) to the minimum usable output signal (generally for
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable;
a value of 70 dB is exceptional for any audio system.
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frequencies, however, and bypasses
high-frequency components around R so
that they receive negligible attenuation.
Thus the network effectively “boosts”
the high frequencies. This type of equal-
ization is called “attenuative.”

Some typical preamplifier stages
are shown in the Circuits section. The
location of the frequency-compensating
network or “equalizer” in the repro-
ducing system will depend on the types
of recordings which are to be repro-
duced and on the pickup devices used.

A ceramic high-fidelity phonograph
pickup is usually designed to provide
proper compensation for the RIAA re-
cording characteristic when the pickup
is operated into the load resistance spec-
ified by its manufacturer. Because this
type of pickup also has relatively high
output (0.5 to 1.5 volts), it does not
require the use of either an equalizer
network or a preamplifier, and can be
connected directly to the input of a
tone-control amplifier and/or power
amplifier.

A magnetic high-fidelity phono-
graph pickup, on the other hand, usually
has an essentially flat frequency-re-
sponse characteristic and very low out-
put (1 to 10 millivolts). Because a
pickup of this type merely reproduces
the recording characteristic, it must be
followed by an equalizer network, as
well as by a preamplifier having suf-
ficient voltage gain to provide the input
voltage required by the tone-contro]
amplifier and/or power amplifier. Many
designs include both the equalizing and
amplifying circuits in a single unit.

A high-fidelity magnetic-tape pick-
up head, like a magnetic phonograph
pickup, reproduces the recording char-
acteristic and has an output of only a
few millivolts. This type of pickup de-
vice, therefore, must also be followed
by an equalizing network and pream-
plifier, or by a preamplifier which pro-
vides “built-in” equalization for the
NARTB characteristic.,
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Feedback networks may also be
used for frequency compensation and.
for reduction of distortion. Basically,
a feedback network returns a portion
of the output signal to the input circuit
of an amplifier. The feedback signal
may be returned in phase with the input
signal (positive or regenerative feed-
back) or 180 degrees out of phase with
the input signal (megative, inverse, or
degenerative feedback). In either case,
the feedback can be made proportional
to either the output voltage or the out-
put current, and can be applied to either
the input voltage or the input current.
A negative feedback signal proportional
to the output current raises the output
impedance of the amplifier; negative
feedback proportional to the output
voltage reduces the output impedance.
A negative feedback signal applied to
the input current decreases the input
impedance; negative feedback applied
to the input voltage increases the input
impedance. Opposite effects are pro-
duced by positive feedback.

A simple negative or inverse feed-
frequency boost is shown in Fig. 55.
back network which provides high-
This network provides equalization
comparable to that obtained with Fig.
54, but is more suitable for low-level
amplifier stages because it does not re-
quire the first amplifier stage to provide
high-level low frequencies. In addition,
the inverse feedback improves the dis-
tortion characteristics of the amplifier.

Some preamplifier or low-level
audio amplifier circuits include variable
resistors or potentiometers which func-
tion as volume or tonme controls. Such
circuits should be designed to minimize
the flow of dc currents through these
controls so that little or no noise will
be developed by the movable contact
during the life of the circuit. Volume
controls and their associated circuits
should permit variation of gain from
zero to maximum, and should attenuate
all frequencies equally for all positions

R| Rz
AA— I’\/\/v—]
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Fig. 55—Negative-feedback frequency-compensation network.
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of the variable arm of the control. Sev-
eral examples of volume controls and
tone controls are shown in the Circuits
section.

Tone Controls

A tone control is a variable filter
(or one in which at least one element is
adjustable) by means of which the user
may vary the frequency response of an
amplifier to suit his own taste. In radio
receivers and home amplifiers, the tone
control usually consists of a resistance-
capacitance network in which the resist-
ance is the variable element.

The simplest form of tone control
is a fixed tone-compensating or “equaliz-
ing” network such as that shown in
Fig. 56. This type of retwork is often

i
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Fig. 56—Tone-control circuit for fixed tone
compensation or “equalizing”.

used to equalize the low- and high-fre-
quency response of a crystal phono-
graph pickup. At low frequencies the
attenuation of this network is 20.8 dB.
As the frequency is increased, the
100-picofarad capacitor serves as a
bypass for the 5-megohm resistor, and
the combined impedance of the resistor-
capacitor network is reduced. Thus,
more of the crystal output appears
across the 0.5-megohm resistor at high
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frequencies than at low frequencies, and
the frequency response at the grid is
reasonably flat over a wide frequency
range. Fig. 57 shows a comparison be-
tween the output of the crystal (curve
A) and the output of the equalizing
network (curve B). The response curve
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Fig. 57—Curve showing output from

crystal phonograph pickup (A) and from
equalizing network (B).

can be “flattened” still more if the
attenuation at low frequencies is in-
creased by changing the 0.5-megohm
resistor to 0.125 megohm.

The tone-control network shown in
Fig. 58 has two stages with completely
separate bass and treble controls. Fig.
59 shows simplified representations of
the bass control of this circuit when the
potentiometer is turned to its extreme
variations (usually labeled “Boost” and
“Cut”). In this network, as in the crys-
tal-equalizing network shown in Fig.
56, the parallel RC combination is the
controlling factor. For bass “boost,” the
capacitor C: bypasses resistor R, so that
less impedance is placed across the out-
put to grid B at high frequencies than
at low frequencies. For bass “cut,” the
parallel combination is shifted so that
C. bypasses Ri, causing more high-
frequency than low-frequency output.
Essentially, the network is a variable-
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Fig. 58—Two-stage tone-control circuit incorporating separate bass and treble controls.
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frequency voltage divider. With proper
values for the components, it may be
made to respond to changes in the R,
potentiometer setting for only low fre-
quencies (below 1000 Hz).

BASS BOOST BASS CUT
A Rj BARII!EQB
O
R3
R3 c2
>
R2
R2
o 0 O 0

Fig. 59—Simplified representations of bass-
control circuit at extreme ends of
potentiometer,

Fig. 60 shows extreme positions of
the treble control. The attenuation of
the two circuits is approximately the
same at 1000 Hz. The treble *“boost”
circuit is similar to the crystal-equaliz-
ing network shown in Fig. 56. In the
treble “cut” circuit, the parallel RC ele-
ments serve to attenuate the signal volt-
age further because the capacitor by-
passes the resistance across the output.

TREBLE BOOST TREBLE CuT
Rg Rg4
Cc D C I IE D
Caq cq4 Re
Rg, Rs 4
C5"'" R5
Csg T
o, T —0 O ’ O

Fig. 60—Simplified representations of
treble-control circuit at extreme ends of
potentiometer.

The effect of the capacitor is negligible
at low frequencies; beyond 1000 Hz,
the signal voltage is attenuated at a
maximum rate of 6 dB per octave.

The location of a tone-control net-
work is of considerable importance. In
a typical radio receiver, it may be
inserted in the - plate circuit of the
power tube, the coupling circuit be-
tween the first af amplifier tube and
the power tube, or the grid circuit of
the first tube. In an amplifier using a
beam power tube or pentode power
amplifier without negative feedback, it
is desirable to connect a resistance-
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capacitance filter across the primary of
the output transformer. This filter may
be fixed, with a supplementary tone
control elsewhere, or it may form the
tone control itself. If the amplifier in-
corporates negative feedback, the tone
control may be inserted in the feedback
network or else should be connected to
a part of the amplifier which is ex-
ternal to the feedback loop. The over-
all gain of a well designed tone-control
network should be approximately unity.

Automatic Volume or
Gain Control

The chief purpose of automatic
volume control (ave) or automatic gain
control (age) in a radio or television
receiver is to prevent fluctuations in
loudspeaker volume or picture bright-
ness when the audio or video signal at
the antenna is fading in and out.

An automatic volume control cir-

. cuit regulates the receiver rf and if gain
so that this gain is less for a strong sig-
nal than for a weak signal. In this way,
when the signal strength at the antenna
changes, the avc circuit reduces the re-
sultant change in the voltage output of
the last if stage and consequently re-
duces the change in the speaker output
volume.

The avc circuit reduces the rf and
if gain for a strong signal usually by in-
creasing the negative bias of the rf, if,
and frequency-mixer stage when the
signal increases. A simple avc circuit is
shown in Fig. 61. On each positive half-
cycle of the signal voltage, when the
diode plate is positive with respect to
the cathode, the diode passes current.

Fig. 61-—Automatic-volume-control (avc)
circuit.

Because of the flow of diode current
through R, there is a voltage drop
across R: which makes the left end of
R negative with respect to ground. This
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voltage drop across R: is applied,
through the filter R; and C, as negative
bias on the grids of the preceding stages.
When the signal strength at the antenna
increases, therefore, the signal applied
to the avc diode increases, the voltage
drop across R, increases, the negative
bias voltage applied to the rf and if
stages increases, and the gain of the rf
and if stages is decreased. Thus the in-
crease in signal strength at the antenna
does not produce as much increase in
the output of the last if stage as it
would produce without ave.

When the signal strength at the
antenna decreases from a previous
steady value, the avc circuit acts, of
course, in the reverse direction, apply-
ing less negative bias, permitting the rf
and if gain to increase, and thus reduc-
ing the decrease in the signal output of
the last if stage. In this way, when the
signal strength at the antenna changes,
the avc circuit acts to reduce change in
the output of the last if stage, and thus
acts to reduce change in loudspeaker
volume.

The filter, C and R., prevents the
avc voltage from varying at audio fre-
quency. The filter is necessary because
the voltage drop across R, varies with
the modulation of the carrier being re-
ceived. If avc voltage were taken di-
rectly from R, without filtering, the
audio variations in avc voltage would
vary the receiver gain so as to smooth
out the modulation of the carrier. To
avoid this effect, the avc voltage is taken
from the capacitor C. Because of the
resistance R; in series with C, the capa-
citor C can charge and discharge at only
a comparatively slow rate. The avc volt-
age therefore cannot vary at frequencies
as high as the audio range but can vary
at frequencies high enough to compen-
sate for most fading. Thus the filter
permits the avc circuit to smooth out
variations in signal due to fading, but
prevents the circuit from smoothing out
audio modulation.

It will be seen that an avc circuit
and a diode-detector circuit are much
alike. It is therefore convenient in a re-
ceiver to combine the detector and the
ave diode in a single stage. Examples of
how these functions are combined in
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receivers are shown in Circuits section.

In the circuit shown in Fig. 61, a
certain amount of avc negative bias is
applied to the preceding stages on a
weak signal. Because it may be desir-
able to maintain the receiver rf and if
gain at the maximum possible value for
a weak signal, avc circuits are designed
in some cases to apply no avc bias untif
the signal strength exceeds a certain
value. These avc circuits are known as
delayed ave or dave circuits.

A davc circuit is shown in Fig. 62.
In this circuit, the diode section D, of
the 6ALS5 acts as detector and avc diode.

OUTPUT
OF LAST
IF STAGE

DAVC
~3V{MIN.)
T0 AF
AMPLIFIER

Fig. 62—Delayed avc (davc) circult,

R. is the diode load resistor and R. and
C: are the avc filter. Because the cath-
ode of diode D. is returned through a
fixed supply of —3 volts to the cathode
of D, a dc current flows through R,
and R. in series with D.. The voltage
drop caused by this current places the
avc lead at approximately —3 volts (less
the negligible drop through D.). When
the average amplitude of the rectified
signal developed across R, docs not ex-
ceed 3 volts, the avc lead remains at
—3 volts. Hence, for signals not strong
enough to develop 3 volts across R..
the bias applied to the controlled tubes
stays constant at a value giving high
sensitivity,

However, when the average ampli-
tude of rectified signal voltage across
R: exceeds 3 volts, the plate of diode
D: becomes more negative than the
cathode of D: and current flow in diode
D. ceases. The potential of the avc
lead is then controlled by the voltage
developed across Ri. Therefore, with
further increase in signal strength, the
avc circuit applies an increasing ave
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bias voltage to the controlled stages. In
this way, the circuit regulates the re-
ceiver gain for strong signals, but per-
mits the gain to stay constant at a maxi-
mum value for weak signals.

It can be seen in Fig. 62 that a por-
tion of the —3 volts delay voltage is
applied to the plate of the detector
diode D,, this portion being approxi-
mately equal to R,/(R; 4+ R,) times —3
volts. Hence, with the circuit constants
as shown, the detector plate is made
negative with respect to its cathode by
approximately one-half volt. However,
this voltage does not interfere with de-
tection because it is not large enough
to prevent current flow in the tube.

Automatic gain control (agc) com-
pensates for fluctuations in rf picture
carrier amplitude. The peak carrier level
rather than the average carrier level is
controlled by the agc voltage because
the peaks of the sync pulses are fixed
when inserted on a fixed carrier level.
The peak carrier level may be deter-
mined by measurement of the peaks of
the sync pulses at the output of the
video detector.

A conventional agc circuit, such as
that shown in Fig. 63, consists of a diode

AGC
FROM ¢, R VOLTAGE TO
LAST 2
IF T4 AAA IF AND RF
STAGE I o STAGES
Ry =rC2

Fig. 63—Automatic-gain control (agc)
circuit.

detector circuit and an RC filter. The
time constant of the detector circuit is
made large enough to prevent the pic-
ture content from influencing the mag-
nitude of the agc voltage. The output
voltage (agc voltage) is equal to the
peak value of the incoming signal.
The diode detector receives the in-
coming signal from the last if stage of
the television receiver through the ca-
pacitor C,. The resistor R, provides the
foad for the diode. The diode conducts
only when its plate is driven positive
with respect to its cathode. Electrons
then flow from the cathode to the plate
and thence into capacitor C,, where the
negative charge is stored. Because of the
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low impedance offered by the diode dur-
ing conduction, C. charges up to the
value of the peak applied voltage.

During the negative excursion of
the signal, the diode does not conduct,
and C, discharges through resistor R..
Because of the large time constant of
R.C;, however, only a small percentage
of the voltage across C, is lost during
the interval between horizontal sync
pulses. During succeeding positive
cycles, the incoming signal must over-
come the negative charge stored in C;
before the diode conducts, and plate
current flows only at the peak of each
positive cycle. The voltage across C,,
therefore, is determined by the level of
the peaks of the positive cycles, or the
sync pulses.

The negative voltage developed
across resistor R, by the sync pulses is
filtered by resistor R. and capacitor C,
to remove the 15,750-cycle ripple of
the horizontal sync pulse. The dc out-
put is then fed to the if and rf ampli-
fiers as an agc voltage.

This agc system may be expanded
to include amplification of the agc sig-
nal before detection of the peak level, or
amplification of the dc output, or both.
A direct-coupled amplifier must be used
for amplification of the dc signal. The
addition of amplification makes the sys-
tem more sensitive to changes in carrier
level.

A “keyed” age system such as that
shown in Fig. 64 is used to eliminate
flutter and to improve noise immunity
in weak signal areas. This system pro-
vides more rapid action than the con-
ventional agc circuits because the filter
circuit can employ lower capacitance
and resistance values.

VIDEO
——*OUTPUT
KEYED AGC
AMPLIFIER

= TRANSFORMER
S WINDING FOR
KEYING PULSE

FROM LAST = = =
IF STAGE

Fig. 64— Keyed” agc circuit.
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In the keyed agc system, the nega-
tive output of the video detector is fed
directly to the grid No. 1 of the first
video amplifier. The positive output of
the video amplifier is, in turn, fed di-
rectly to the grid No. 1 of the keyed agc
amplifier. The video stage increases the
gain of the agc system and, in addition,
provides noise clipping. The plate volt-
age for the agc amplifier is a positive
pulse obtained from a small winding on
the horizontal output transformer which
is in phase with the horizontal sync
pulse obtained from the video amplifier.
The polarity of this pulse is such that
the plate of the agc amplifier tube is
positive during the retrace time. The
tube is biased so that current flows only
when the grid No. 1 and the plate are
driven positive simultaneously. The
amount of current flow depends on the
grid-No. 1 potential during the pulse.
These pulses are smoothed out in the
RC network in the plate circuit (R.Cy).
Because the dc voltage developed across
R, is negative, it is suitable for appli-
cation to the grids of the rf and if tubes
as an agc voltage.

High-Fidelity Amplifiers

Several high-fidelity amplifiers are
shown in the Circuits section. The per-
formance capabilities of such amplifiers
are usually given in terms of frequency
response, total harmonic distortion,
maximum power output, and noise
level.

To provide high-fidelity reproduc-
tion of audio program material, an am-
plifier should have a frequency response
which does not vary more than 1 dB
over the entire audio spectrum. General
practice is to design the amplifier so
that its frequency response is flat within
1 dB from a frequency below the low-
est to be reproduced to one well above
the upper limit of the audible region.

Harmonic distortion and inter-
modulation distortion produce changes
in program material which may have
adverse effects on the quality of the
reproduced sound. Harmonic distortion
causes a change in the character of an
individual tone by the introduction of
harmonics which were not originally
present in the program material. For
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high-fidelity reproduction, total har-
monic distortion (expressed as a per-
centage of the output power) should not
be greater than about 1 per cent at the
desired listening level. Types such as
the 6973, 7027A and 7868 are designed
to provide extremely-low harmonic dis-
tortion in suitably designed push-pull
amplifier circuits.

Intermodulation distortion is a
change in the waveform of an individual
tone as a result of interaction with an-
other tone present at the same time in
the program material. This type of dis-
tortion not only alters the character of
the modulated tone, but may also result
in the generation of spurious signals at
frequencies equal to the sum and dif-
ference of the interacting frequencies.
Intermodulation distortion should be
less than 2 per cent at the desired listen-
ing level. In general, any amplifier
which has low intermodulation distor-
tion will have very low harmonic dis-
tortion.

The maximum power output which
a high-fidelity amplifier should deliver
depends upon a complex relation of sev-
eral factors, including the size and
acoustical characteristics of the listen-
ing area, the desired listening level, and
the efficiency of the loudspeaker sys-
tem. Practically, however, it is possible
to determine amplifier requirements in
terms of room size and loudspeaker
efficiency.

The acoustic power required to re-
produce the loudest passages of orches-
tral music at concert-hall level in the
average-size living room is about 0.4
watt. Because high-fidelity loudspeakers
of the type generally available for home
use have an efficiency of only about 5
per cent, the output stage of the ampli-
fier should therefore be able to deliver
a power output of at least 8 watts. Be-
cause many wide-range loudspeaker sys-
tems, particularly those using frequency-
divider networks, have efficiencies of
less than 5 per cent, output tubes used
with such systems must have corre-
spondingly larger power outputs. The
6973, 7027A, 7189, and 7868 can pro-
vide ample output for most systems
when used in suitable push-pull circuits.

The noise level of a high-fidelity
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amplifier determines the range of
volume the amplifier is able to repro-
duce, i.e., the difference (usually ex-
pressed in decibels) between the loudest
and softest sounds in program material.
Because the greatest volume range util-
ized in electrical program material at
the present time is about 60 dB, the
noise level of a high-fidelity amplifier
should be at least 60 dB below the sig-
nal level at the desired listening level.

Limiters

An amplifier may also be used as
a limiter. One use of a limiter is in
receivers designed for the reception of
frequency-modulated signals. The lim-
iter in FM receivers has the function of
eliminating amplitude variations from
the input to the detector. Because in
an FM system amplitude variations are
primarily the result of noise disturb-
ances, the use of a limiter prevents
such disturbances from being repro-
duced in the audio output. The limiter
usually follows the last if stage so
that it can minimize the effects of dis-
turbances coming in on the rf carrier
and those produced locally.

The limiter is essentially an if volt-
age amplifier designed for saturated
operation. Saturated operation means
that an increase in signal voltage above
a certain value produces very little in-
crease in plate current. A signal voltage
which is never less than sufficient to
cause saturation of the limiter, even on
weak signals, is supplied to the limiter
input by the preceding stages. Any
change in amplitude, therefore, such as
might be produced by noise voltage
fluctuation, is not reproduced in the
limiter output. The limiting action, of
course, does not interfere with the re-
production of frequency variations.

Plate-current saturation of the lim-
iter may be obtained by the use of grid-
No. 1 resistor-and-capacitor bias with
plate and grid-No. 2 voltages which are
low compared with customary if-ampli-
fier operating conditions.

As a result of these design features,
the limiter is able to maintain its output
voltage at a constant amplitude over a
wide range of input-signal voltage varia-
tions. The output of the limiter is fre-
quency-modulated if voltage, the mean
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frequency of which is that of the if
amplifier. This voltage is impressed on
the input of the detector.

The reception of FM signals with-
out serious distortion requires that the
response Of the receiver be such that
satisfactory amplification of the signal
is provided over the entire range of fre-
quency deviation from the mean fre-
quency. Since the frequency at any
instant depends on the modulation at
that instant, it follows that excessive
attenuation toward the edges of the
band, in the rf or if stages, will cause
distortion. In a high-fidelity receiver,
therefore, the amplifiers must be capa-
ble of amplifying, for the maximum
permissible frequency deviation of 75
kHz, a band 150 kHz wide. Suitable
tubes for this purpose are the 6BA6 and
6BJ6.

Volume Compressors and Expanders

Volume compression and expan-
sion are used in FM transmitters and
receivers and in recording devices and
amplifiers to make more natural the
reproduction of music which has a very
large volume range. For example, in the
music of a symphony orchestra the
sound intensity of the soft passages is
very much lower than that of the loud
passages. When this low volume level
is raised above the background noise
for transmitting or recording, the peak
level of the program material may be
raised to an excessively high volume
level. It is often necessary, therefore, to
compress the volume range of the pro-
gram content within the maximum capa-
bilities of the FM transmitter or the
recording device. Exceeding a maximum
peak volume level for FM modulation
corresponds to exceeding the allowed
bandwidth for transmission. In some re-
cording devices, excessive peak volume
levels may cause overloading and dis-
tortion.

Volume compression may be ac-
complished by either manual or auto-
matic control. The types of compression
used include peak limiters, volume limi-
ters, and volume compressors. A peak
limiter limits the peak power to some
predetermined level. A volume limiter
provides gain reduction based on an
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average signal level above a prede-
termined level. A volume compressor
provides gain reduction for only the
sustained loud portions of the sound
level. Only volume compressors can be
correctly compensated for with volume
expanders.

For faithful reproduction of the
original sound, the volume expander
used in the FM receiver or audio ampli-
fier should have the reverse characteris-
tic of the volume compressor used in
the FM transmitter or recording device.
In general, the basic requirements for
either a volume compressor or expander
are shown in the block diagram of
Fig. 65. In a volume compressor, the

T Vi OUTPUT
INFY VARIABLE-GAIN |————»
AMPLIFIER
V2 V3
AMPLIFIER RECTIFIER

Fig. 65—Block diagram of volume com-
pressor or expander circuit.

variable-gain amplifier V. has greater
gain for a low-amplitude signal than for
a high-amplitude signal; therefore, soft
passages are amplified more than loud
ones. In an expander, the gain is greater
for high-amplitude signals than for low-
- amplitude signals; therefore, loud pas-
sages are amplified more than soft ones
and the original amplitude ratio is re-
stored.

In the diagram shown in Fig. 65,
the signal to be amplified is applied to
V,, and a portion of the signal is also
applied to V.. The amplified output
from V; is then rectified by Vs, and ap-
plied as a negative (for compressors) or
positive (for expanders) bias voltage to
V.. As this bias voltage varies with
variations in signal amplitude, the gain
of V, also varies to produce the de-
sired compression or expansion of the
signal.

Tubes having a large dynamic
range provide the best results in volume
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compressor or expander applications.
An example of this type is the 6BJ6.
Push-pull operation is generally de-
sired for the variable-gain amplifier to
prevent high distortion and other un-
desirable effects which may occur in
volume compressors and expanders.

Phase Inverters

A phase inverter is a circuit used
to provide resistance coupling between
the output of a single-tube stage and the
input of a push-pull stage. The neces-
sity for a phase inverter arises because
the signal-voltage inputs to the grids
of a push-pull stage must be 180 de-
grees out of phase and approximately
equal in amplitude with respect to each
other. Thus, when the signal voltage
input to a push-pull stage swings the
grid of one tube in a positive direction,
it should swing the grid of the other
tube in a negative direction by a simi-
lar amount. With transformer coupling
between stages, the out-of-phase input
voltage to the push-pull stage is sup-
plied by means of the center-tapped
secondary. With resistance coupling, the
out-of-phase input voltage is obtained
by means of the inverter action of a
tube.

Fig. 66 shows a push-pull power
amplifier, resistance-coupled by means
of a phase-inverter circuit to a single-
stage triode T:. Phase inversion in this
circuit is provided by triode T.. The out-
put voltage of T is applied to the grid
No. 1 of tetrode Ts. A portion of the
output voltage of T is also applied
through the resistors Ra and Rs to the
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Fig. 66—Push-pull power amplifier resist-
ance-coupled to triode by means of phase
inverter.
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grid of T.. The output voltage of T.
is applied to the grid No. 1 of tetrode
T..

When the output voltage of T,
swings in the positive direction, the
plate current of T: increases. This action
increases the voltage drop across the
plate resistor R; and swings the plate of
T. in the negative direction. Thus, when
the output voltage of T, swings positive.
the output voltage of T. swings negative
and is, therefore, 180 degrees out of
phase with the output voltage of Ti.

In order to obtain equal voltages at
E. and E., (Rs 4+ R:)/Rs should equal
the voltage gain of T.. Under the con-
dition where a twin-type tube or two
tubes having the same characteristics are
used as T, and T:, R, should be equal
to the sum of R; and Rs The ratio of
R: 4+ R:s to Rs should be the same as
the voltage gain ratio of T. in order to
apply the correct value of signal voltage
to T.. The value of Rs is, therefore,
equal to R, divided by the voltage gain
of Tz; R, is equal to R, minus Rs. Values
of R,, R:, R: plus Rs, and R, may be
taken from the chart in the Resistance-
Coupled Amplifiers section. In the prac-
tical application of this circuit, it is con-
venient to use a twin-triode tube com-
bining T: and T..

Tuned Amplifiers

In radio-frequency (rf) and inter-
mediate-frequency (if) amplifiers, the
bandwidth of frequencies to be amplified
is usually only a small percentage of
the center frequency. Tuned amplifiers
are used in these applications to select
the desired bandwidth of frequencies
and to suppress unwanted frequencies.
The selectivity of the amplifier is ob-
tained by means of tuned interstage
coupling networks.

The properties of tuned amplifiers
depend upon the characteristics of
resonant circuits. A simple parallel reso-
nant circuit (sometimes called a “tank”
because it stores energy) is shown in
Fig. 67. For practical purposes the
resonant frequency of such a circuit
may be considered independent of the
resistance R, provided R is small com-
pared to the inductive reactance Xu.
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The resonant frequency f. is then given
by
1

2/LC
For any given resonant frequency, the
product of L and C is a constant; at low
frequencies LC is large; at high fre-
quencies it is small,

The Q (selectivity) of a parallel
resonant circuit alone is the ratio of
the current in the tank (I.. or I¢c) to the
current in the line (I). This unloaded Q,
or Q., may be expressed in various
ways, for example:

f.

_ Ie Xz, R,
=5 = 3 Xc
where X is the inductive reactance

(= 2+fL), X. is the capacitive reactance
(= 1/[2+fC]), and R, is the total im-
pedance of the parallel resonant circuit

o I—>»
I
lg
I
Rp —» C= lc
(= @%Rg) Rs
o,

Fig. 67—Simple parallel resonant circuit.
(tank) at resonance. The Q varies in-
versely with the resistance of the induc-
tor. The lower the resistance, the higher
the Q and the greater the difference
between the tank impedance at frequen-
cies off resonance compared to the tank
impedance at the resonant frequency.
The Q of a tuned interstage cou-
pling network also depends upon the
impedances of the preceding and follow-
ing stages. The output impedance of
a tube can be considered as consist-
ing of a resistance R, in parallel with a
capacitance C., as shown in Fig. 68.
Similarly, the input impedance can be
considered as consisting of a resistance
Ri in parallel with a capacitance Ci. Be-
cause the tuned circuit is shunted by
both the output impedance of the pre-
ceding tube and the input impedance of
the following tube, the effective selec-
tivity of the circuit is the loaded Q (or
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Fig. 68—Equivalent output and input circuits

Q..) based upon the total impedance of
the coupled network, as follows:

total loading on
{coil at resonance

Qu=—
Xu or Xc

The capacitances C, and C; in Fig.
68 are usually considered as part of the
coupling network, For example, if the
required capacitance between terminals
1 and 2 of the coupling network is cal-
culated to be 500 picofarads and the
value of C, is 10 picofarads, a capacitor
of 490 picofarads is used between ter-
minals 1 and 2 so that the total capa-
citance is 500 picofarads. The same
method is used to allow for the capa-
citance C, at terminals 3 and 4.

When a tuned resonant circuit in
the primary winding of a transformer
is coupled to the nonresonant secondary
winding of the transformer, as shown
in Fig. 69, the effect of the input im-
pedance of the following stage on the
Q of the tuned circuit can be deter-
mined by considering the values reflected
(or referred) to the primary circuit by
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Fig. 69—Equivalent circuit for transformer-
coupling network having tuned primary
winding.

transformer action. The reflected re-
sistance r, is equal to the resistance
R: in the secondary circuit times the
square of the effective turns ratio
between the primary and secondary
windings of the transformer T:
nh = R1 (Nx/Nz):,

where N./N:. represents the electrical
turns ratio between the primary winding

of tubes connected by a coupling network.

and the secondary winding of T. If there
is capacitance in the secondary circuit
(C,), it is reflected to the primary cir-
cuit as a capacitance C.,, and is given
by

C., = C, = (N'l/N'z)2

The loaded Q, or Qu, is then calculated
on the basis of the inductance L,, the
total shunt resistance (R. plus 1 plus
the tuned-circuit impedance Z; = Q.X.
= Q.X.), and the total capacitance
(C, + Cs) in the tuned circuit.

Fig. 70 shows a coupling network
which consists of a single-tuned circuit
using mutual inductive coupling. The

OUTPUT OF INPUT OF
PRECEDING == | FOLLOWING
TUBE TUBE

Fig. 70—Equivalent circuit for transformer-
coupling network using inductive coupling.

capacitance C,. includes the effects of
both the output capacitance of the pre-
ceding tube and the input capacitance
of the following tube (referred to the
primary of transformer T:). The band-
width of a single-tuned transformer is
determined by the half-power points on
the resonance curve (—3 dB or 0.707
down from the maximum). Under these
conditions, the band pass Af is equal
to the ratio of the center or resonant
frequency f. divided by the loaded (ef-
fective) Q of the circuit, as follows:

Af = f.—/QL

In high-frequency tuned amplifiers,
where the input impedance is typically
low, mutual inductive coupling may be
impracticable because of the small
number of turns in the secondary wind-
ing. It is extremely difficult in practice
to construct a fractional part of a turn.
In such cases, capacitance coupling may
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Fig. 71—Single-tuned coupling network using capacitive division.

be used, as shown in Fig. 71. This ar-
rangement, which is also called capaci-
tive division, is similar to tapping
down on a coil at or near resonance.
Impedance transformation in this net-
work is determined by the ratio between
capacitors C, and C.. Capacitor C, is
normally much smaller than C;; thus the
capacitive reactance Xec: is normally
much larger than Xc.. Provided the in-
put resistance of the following tube is
much greater than Xc., the effective
turns ratio from the top of the coil to
the input of the following tube is (C: +
C.)/C.. The total capacitance C; across
the inductance L is given by

C.Cs
C=5 + G
The resonant frequency f. is then given

by
1

b =c

Double-tuned interstage coupling
networks are often used in preference to
single-tuned networks to provide flatter
frequency response within the pass
band, a sharper drop in response im-
mediately adjacent to the ends of the
pass band, or more attenuation at fre-
quencies far removed from resonance.
In synchronous double-tuned networks,
both the resonant circuit in the input
of the coupling network and the reson-
ant circuit in the output are tuned to
the same resonant frequency. In “stag-
ger-tuned” networks, the two resonant
circuits are tuned to slightly different
resonant frequencies to provide a more
rectangular band pass with sharper
selectivity at the ends of the pass band.
Double-tuned or stagger-tuned networks
may use capacitive, inductive, or mutual
inductance coupling, or any combina-
tion of the three.

Television Tuners

The vhf tuner of a television re-
ceiver selects the desired frequency

channel in the range from 55 to 216
MHz, amplifies it, and converts it to a
lower intermediate frequency. These
functions are accomplished in rf-ampli-
fier, mixer, and local-oscillator stages
employing tube types that are designed
specifically for these applications. The
rf-amplifier stage uses a high-transcon-
ductance tube that has small dimensions
to maintain low interelectrode capa-
citances, particularly between grid and
plate. The mixer and oscillator stages
usually employ a dual-unit triode-pen-
tode unit and a medium-mu triode unit.

Fig. 72 shows a simplified sche-
matic diagram of a typical vhf televi-
sion tuner. The balun converts the 300-
ohm balanced antenna impedance to an
unbalanced impedance of 75 ohms. The
high-pass filter eliminates lower-fre-
quency interference signals. The tuner
is set to the desired frequency by simul-
taneous adjustment of the inductances
indicated by the several sets of arrows
in Fig. 72. The inductances are either
replaced completely or incremental
amounts of inductance are added as
the tuner is switched from high fre-
quencies to lower frequencies. Some
tuners use a combination of the two
methods.

Because noise generated in the first
amplifier stage is often the controlling
factor in determining the over-all sensi-
tivity of a radio or television receiver,
the “front end” is designed with special
attention to both gain and noise char-
acteristics. The input circuit of an am-
plifier inherently contains some thermal
noise contributed by the resistive ele-
ments in the input device. When an
input signal is amplified, therefore, the
thermal noise generated in the input
circuit is also amplified. If the ratio of
signal power to noise power (signal-to-
noise ratio, S/N) is the same in the
output circuit as in the input circuit,
the amplifier is considered to be “noise-
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Fig. 72—Simplified schematic of typical vhf television tuner.

less,” and is said to have a noise figure
of unity, or zero dB.

In practical circuits, however, all
amplifier stages generate a certain
amount of noise as a result of thermal
agitation of electrons in resistors and
other components, minute variations in
the cathode emission of tubes (shot
effect), and minute grid currents in the
amplifier tubes. As a result, the ratio
of signal power to noise power is in-
evitably impaired during amplification.
A measure of the degree of impairment
is called the noise figure (NF) of the
amplifier, and is expressed as the ratio
of signal power to noise power at the
input (Si/N;) divided by the ratio of
signal power to noise power at the out-
put (So/N.), as follows:

_ (Si/Ny)
NF = (8elNo)

The noise figure in decibels (dB) is
equal to ten times the logarithm of this
power ratio. For example, a one-dB
noise figure in an amplifier decreases
the signal-to-noise ratio by a factor of
1.26, a 3-dB noise figure by a factor
of 2, a 10-dB noise figure by a factor

of 10, and a 20-dB noise figure by a
factor of 100.

The over-all noise figure of a re-
ceiver is affected by the total number
of stages, as shown by the following
relationship:

NFrecelver = NF1 + ‘(—Nﬂ-'-—l)
(NFs + 1)
+ GGz
where G represents power gain and the
subscripts indicate the number of each
stage. This relationship indicates that
the contribution of the second-stage
noise factor to that of the over-all re-
ceiver is reduced by the gain of the
first stage. Therefore, it is important
that the rf amplifier have enough gain
to make the effect of the second stage
negligible. The third stage will then
have even less effect. The maximum
available power gain G of an rf stage is
given by
G

For maximum gain, therefore, the rf-
amplifier tube should have high trans-
conductance and high input and output
impedances. At frequencies in the vhf

_ gm? Rin Rout
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1
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television band, the input resistance is
small enough to affect the gain. As
mentioned previously, the rf tube is
designed to have low interelectrode ca-
pacitances, small interelectrode spac-
ings, and low lead inductances (par-
ticularly the cathode lead).

The gain of the rf stage must be
reduced as the incoming-signal ampli-
tude changes to prevent overload dis-
tortion in the following stages. As the
signal amplitude increases, an auto-
matic-gain-control (agc) circuit biases
the rf tube to decrease its gain. The rf
tube usually employs a semiremote-
cutoff grid to reduce cross-modulation
distortion.

Either a triode or a pentode can
be used in the rf-amplifier stage of
tuner input circuits of vhf television
receivers. Such stages are required to
amplify signals ranging from 55 to 216
MHz and having a bandwidth of 4.5
MHz (the tuner is usually aligned for a
bandwidth of 6 MHz to assure complete
coverage of the band). In early rf
tuners, pentodes rather than triodes were
used because the grid-plate capacitance
of triodes created stability problems,
However, the use of twin triodes in
direct-coupled cathode-drive circuits
makes it possible to obtain stable opera-
tion along with the low-noise character-
istics of triodes.

Pentodes or tetrodes do not pro-
vide the useful sensitivity of triodes
because of the “partition noise” intro-
duced by the screen grid. The direct-
coupled cathode-drive circuit provides
both the gain and the stability capabili-
ties of the pentode, as well as the ad-
vantages of a low-noise triode input
stage. Because the cathode-drive stage
provides a low-impedance load to the
grounded-cathode stage, the gain of the
latter stage is very low and there is no
necessity for neutralizing the grid-plate
capacitance. An interstage impedance,
usually an inductance in series with
the plate of the first stage and the cath-
ode of the second stage, is often used
at higher frequencies to provide a de-
gree of impedance matching between
the units. The cathode-drive portion of
the circuit is matched to the input net-
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work and provides most of the stage
gain. Because the feedback path of the
cathode-drive circuit is the plate-cath-
ode capacitance, which in most cases
is very small, excellent isolation is pro-
vided between the antenna and the
local oscillator.

Development of single triodes hav-
ing low grid-plate capacitance, such
as the 6BN4A has made possible the
design of neutralized triode rf circuits.
Tubes such as the 6GKS5 and 6CW4
are specially designed to minimize grid-
plate capacitance to permit easier neu-
tralization of a grounded-cathode cir-
cuit over the wide frequency band.
Bridge-neutralized rf-amplifier stages
are widely used in television tuners;
in this arrangement, a portion of the
output signal is returned to the grid
out of phase with the feedback signal
from the grid-plate capacitance. This
circuit provides excellent gain and noise
performance with stable operation
across the band.

The mixer stage of a vhf tuner
usually employs a pentode tube, or the
pentode unit of a triode-pentode tube.
Although triodes such as the 6J6A were
used as mixers in early receivers, they
have been replaced by pentodes because
the higher output impedance of a pen-
tode provides a higher mixer gain than
can be obtained with a triode.

The amplified signal from the rf
stage in Fig. 72 is applied to the mixer
grid along with a local-oscillator signal
of much larger amplitude. The local-
oscillator signal varies the mixer grid
voltage from cutoff into the grid-current
region. This signal develops a grid-
resistor bias, called the injection voltage,
which is a measure of the local-oscillator
voltage. Because the transfer curve of
the mixer tube is nonlinear, mixing
action between the rf signal and the
local-oscillator signal produces sum and
difference frequencies. The output cir-
cuit of the mixer is tuned to the dif-
ference frequency (about 44 MHz) and
rejects all other frequencies. This signal
is then fed to the intermediate-frequency
amplifier.

The mixer gain is a function of
the amplitude of the local-oscillator
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signal. The gain has a broad maximum
over a range of injection voltages from
—2.5 to —5.0 volts for conventional-
grid mixers and slightly lower for
frame-grid mixers. Good impedance
matching between the rf-amplifier plate
and the mixer grid, consistent with
bandpass requirements, is important to
achieve maximum signal power trans-
fer. A slight amount of regeneration is
provided by a small screen-grid induct-
ance. This regeneration effectively in-
creases the mixer-grid input impedance
and thus improves power gain.

The local-oscillator stage shown
in Fig. 72 is a Colpitts type in which
the tuned circuit is located between
the grid and plate and the feedback
path is through the tube interelectrode
capacitances. A large signal is devel-
oped in the local oscillator and coupled
loosely to the mixer grid to minimize
the effects of changes in the mixer in-
put on the frequency of oscillation.
The circuit is designed to keep fre-
quency shift within a very narrow range
with supply-voltage and temperature
changes. Fine tuning is provided by a
variable inductance or capacitance
across the tuned circuit. Tubes com-
monly used in local-oscillator and mixer
circuits are the 6EAS8, 6KZ8, and 6KES.

Television IF Amplifiers

The intermediate-frequency (if)
amplifier stages in a television receiver
provide the additional gain required to
bring the signal level to an amplitude
suitable for final detection. A constant
peak signal of about three to five volts
is required at the input to the detector.
The mixer output signal is passed
through two or three stages of ampli-
fication to attain this level. High-trans-
conductance pentodes having low grid-
No.1-to-plate capacitances are normally
used in if amplifiers. The coupling cir-
cuits are usually tuned transformers
which may be single- or double-tuned.
The transformers are either synchro-
nously (same frequency) tuned or
stagger-tuned, depending on circuit re-
quirements. The over-all bandwidth
varies from a maximum of 3.58 MHz
at the 6-dB points for color receivers to
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values in the order of 2.0 to 2.5 MHz
for the most inexpensive receivers. An
expression for the figure of merit for a
single tuned if-amplifier tube is the gain-
bandwidth product G X B, which is
given by

— Bm

GXxB= 27C
where C is the total tuning capaci-
tance. This relationship again demon-
strates the need for high transconduct-
ance and low interelectrode capacitance.

The first stage (or first two stages
in the case of a three-stage if) is gain-
controlled like the rf amplifier. How-
ever, the bias applied to the if-amplifier
tube varies the input resistance and
capacitance of the tube and thus de-
tunes the circuit. It is important for
proper reception to maintain the fre-
quency response of the if stages con-
stant, particularly in the case of the
color receiver. Therefore, a small un-
bypassed cathode resistor is used which
provides degenerative feedback to min-
imize the effect of bias changes. In
addition, the effects on input impedance
caused by the grid-plate capacitance
are reduced by use of a partial bypass
capacitor at the screen grid to provide
neutralization of the grid-to-plate ca-
pacitance.

Tubes used in the gain-controlled
stages of the if amplifier have remote-
or semiremote-cutoff characteristics to
reduce cross-modulation or intermodu-
lation interference. Tube types com-
monly used in this application include
the 6BZ6, 6GM6, 6JH6, 6JD6A, and
6KT6.

The last if-amplifier stage is a
relatively-large-signal amplifier. For
this reason, the tube must be biased so
that it will operate over a region of
linear operation for large voltage ex-
cursions. Because such a quiescent op-
erating point provides a transconduct-
ance somewhat below the maximum
value for the tube, the selection of the
operating point involves a compromise
between signal-handling capacity and
gain. For purposes of linearity, the
final if-amplifier stage is not gain-con-
trolled, and operates with the cathode
bypassed to ground. Because fixed bias
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is used, a sharp-cutoff tube is used to
provide higher transconductance than
could be obtained with an equivalent
remote- or semiremote-cutoff tube. Ex-
amples of types used in this stage are
the 6EW6 and 6JC6A.

Wideband (Video) Amplifiers

In some applications, it is neces-
sary for a circuit to amplify signals
ranging from very low frequencies (sev-
eral hertz) to high frequencies (tens of
megahertz) with a minimum of fre-
quency and time-delay distortion. For
example, very exacting requirements are
demanded for such applications as tele-
vision camera chains, ac voltmeters,
and vertical amplifiers for oscilloscopes.
In response to these demands, circuit
compensation techniques have been de-
veloped to minimize the amplitude and
time-delay variation as the upper or
lower frequency limits of the amplifier
are approached.

The need for such compensation is
evident when many identical stages of
amplification are employed. If ten cas-
caded stages are used, a variation of
0.3 dB per stage results in a total
variation of 3 dB. In an uncompensated
amplifier, this total variation occurs
two octaves (a frequency ratio of
four) prior to the half-power point. Be-
cause two octaves are lost from both
the high and low frequencies, the band-
width of ten cascaded uncompensated
amplifies stages is only one-sixteenth
that of a single amplifier stage. Fig. 73
shows the amplitude response charac-
teristics of various numbers of identical
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uncompensated amplifiers.

In general, the output of an ampli-
fier may be represented by a current
generator i,.. and a load resistance
Ri, as shown in Fig. 74(a). Because the
signal current is shunted by various
capacitances at high frequencies, as
shown in Fig. 74(b), there is a loss in
gain at these frequencies. If an induc-
tor L is placed in series with the load
resistor Ry, as shown in Fig. 74(c), a
low-Q circuit is formed which some-
what suppresses the capacitive loading.
This method of gain compensation,
called shunt peaking, can be effective
for improving high-frequency response.
Fig. 74 shows the frequency response
for the circuits in Fig. 74(a), (b), and (c).
If the inductor L in Fig. 74(c) is made
self-resonant approximately one octave
above the 3-dB frequency of the circuit
of Fig. 74(b), the amplifier response is
extended by about another 30 per cent.

If the stray capacitance C shown
in Fig. 74(b) is broken into two parts
C’ and C” and an inductor L, is placed
between them, a heavily damped form
of series resonance may be employed
for further improvement. This form
of compensation, called series peaking,
is shown in Fig. 75(a). If C’ and C” are
within a factor of two of each other,
series peaking produces an appreciable
improvement in frequency response as
compared to shunt peaking. A more
complex form of compensation em-
bodying both self-resonant shunt peak-
ing and series peaking is shown in
Fig. 75(b).

The effects of various high-fre-
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Fig. 73—Amplitude response characteristics of various numbers (N) of identical uncom-
pensated amplifiers.



ELECTRON TUBE APPLICATIONS

59

4 | ]
/\
R )
-

@
T (0} / %
w | I IJ/LJusrneur e
»w 0 T T P
z L ]
4 ~ o s
2 | RL =<CSTRAY %,
@ O Z
w <
> -2t |
": (b) [} L] 1 w
3
2 " )

-4 @'our =<CSTRAY -o\

L
-6 {c)
la"' 4 5 8“')3 2 4 6 BK')-’ 4 5 I0°

FREQUENCY—Hz
Fig. 74—Equivalent circuits and frequency response of uncompensated and shunt-peaked
amplifiers.

quency compensation systems can be
demonstrated by consideration of an
amplifier consisting of three identical
stages. If each of the three stages is
down 3 dB at 1 MHz, and if a total
gain variation of plus 1 dB and minus
3 dB is allowed, the bandwidth of the
amplifier is 0.5 MHz without compen-
sation. Shunt peaking raises the band-
width to 1.3 MHz. Self-resonant shunt

y
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Fig. 75—Circuits using (a) series peaking,
and (b) both self-resonant shunt peaking
and series peaking.
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peaking raises it to 1.5 MHz. An in-
finitely complicated network of shunt-
peaking techniques could raise it to
2 MHz. If the distribution of capaci-
tance permits it, series peaking alone
can provide a bandwidth of about 2
MHz, while a combination of shunt
and series peaking can provide a band-

width of approximately 2.8 MHz. If
the capacitance is perfectly distributed,
and if an infinitely complex network
of shunt and series peaking is em-
ployed, the ultimate capability is about
4 MHz.

The frequency response of a wide-
band amplifier is influenced greatly by
variations in component values due to
temperature effects, variation of tube
parameters with voltage and cur-
rent (normal large-signal excursions),
changes of stray capacitance due to re-
located lead wires, or other variations.
A change of 20 per cent in any of the
critical parameters can cause a change
of 0.7 dB in gain per stage over the
last half-octave of the response for
the most simple case of shunt peaking.
As the bandwidth is extended by more
complex peaking, a circuit becomes
substantially more critical. (Measure-
ment probes generally alter circuit per-
formance because of their capacitance;
this effect should be considered during
frequency-response measurements.

In the design of wideband ampli-
fiers using many stages of amplifica-
tion, it is necessary to consider time-
delay variations as well as amplitude
variation. When feedback capacitance
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is a major contributor to response limi-
tation, the more complex compensa-
ing networks may produce severe
ringing or even sustained oscillation. If
feedback capacitance is treated as input
capacitance produced by the Miller
effect, the added input capacitance C,’
caused by the feedback capacitor C¢
is given by

Ce = Ct (1 — VG)

where VG is the input-to-output volt-
age gain. The gain VG, however, has
a phase angle that varies with fre-
quency. The phase angle is 180 degrees
at low frequencies, but may fead or
lag this value at high frequencies; the
magnitude of VG then also varies. In
the design of very wideband amplifiers
(20 MHz or more), the phase of the
transconductance gn» must be consid-
ered.

The video amplifier stage in a tele-
vision receiver usually employs a pen-
tode-type tube specially designed to
amplify the wide band of frequencies
contained in the video signal and, at
the same time, to provide high gain
per stage. Pentodes are more useful
than triodes in such stages because
they have high transconductance (to
provide high gain) together with low
input and output interelectrode ca-
pacitances (to permit the broadband
requirements to be satisfied). An approx-
imate “figure of merit” for a particular
tube for this application can be deter-
mined from the ratio of its transcon-
ductance, gm, to the sum of its input
and output capacitances, Cia and Cou,
as follows:

gm
Cin + Cout

Typical values for this figure are in the
order of 500 x 10® or greater.

Figure of Merit =

A typical video amplifier stage,
such as that shown in Fig. 76, is con-
nected between the second detector of
the television receiver and the picture
tube. The contrast control, R,, in this
circuit controls the gain of the video
amplifier tube, The inductance, L., in
series with the load resistor, Ry, main-
tains the plate load impedance at a rela-
tively constant value with increasing
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frequency. The inductance L, isolates
the output capacitance of the tube so
that only stray capacitance is placed

Fig. 76—Typical video amplifier stage.

across the load. As a result, a higher-
value load resistor is used to provide
higher gain without affecting frequency
response or phase relations. The de-
coupling circuit, C;R;, is used to im-
prove the low-frequency response.
Tubes used as video amplifiers include
types 6CL6 and 12BY7A, or the pen-
tode sections of types 6AWSA and
6ANSA.

The luminance amplifier in a color-
television receiver is a conventional
video amplifier having a bandwidth of
approximately 3.5 MHz. In a color re-
ceiver, the portion of the output of
the second detector which lies within
the frequency band from approxi-
mately 2.4 to 4.5 MHz is fed to a
bandpass amplifier, as shown in the
block diagram in Fig. 77. The color

SECOND
DETECTOR
LUMINANCE
AMPLIFIER

DELAY LINE

TO CAT OF
COLOR PICTURE TUBE
TO GRIDS OF
COLOR PICTURE TUBE

[}
BANDPASS I | TORS
;rmpunzn DEMODULA 1
BURST KEYER
AND AMPLIFIER
—{ELOR KILLER I

Fig. 77—Block diagram of video-amplifier
section of color television receiver.

3.58 MHz
OSCILLATOR

synchronizing signal, or “burst,” con-
tained in this signal may then be fed
to a “burst-keyer” tube. At the same
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time, a delayed horizontal pulse may
be applied to the keyer tube. The out-
put of the keyer tube is applied to the
burst amplifier tube and the signal is
then fed to the 3.58-MHz oscillator
and to the “‘color-killer” stage.

The color killer applies a bias volt-
age to the bandpass amplifier in the ab-
sence of burst so that the color section,
or chrominance channel, of the receiver
remains inoperative during black-and-
white broadcasts. A threshold control
varies the bias and controls the burst
level at which the Kkiller stage operates.

The output of the 3.58-MHz os-
cillator and the output of the bandpass
amplifier are fed into phase and ampli-
tude demodulator circuits. The output
of each demodulator circuit is an elec-
trical representation of a color-differ-
ence signal, i.e.,, an actual color signal
minus the black-and-white, or Iumi-
nance, signal. The two color-difference
signals are combined to produce the
third color-difference signal; each of
the three signals then represents one of
the primary colors.

The three color-difference signals
are usually applied to the grids of the
three electron guns of the color picture
tube, in which case the black-and-white
signal from the luminance amplifier may
be applied simultaneously to the cath-
odes. The chrominance and luminance
signals then combine to produce the
color picture. In the absence of trans-
mitted color information, the chromi-
nance channel is cut off by the color
killer, as described above, and only the
luminance signal is applied to the pic-
ture tube, producing a black-and-white
picture.

TV Scanning,
Sync, and Deflection
For reproduction of a transmitted
picture in a television receiver, the

A
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face of a cathode-ray tube is scanned
with an electron beam while the inten-
sity of the beam is varied to control
the emitted light at the phosphor
screen. The scanning is synchronized
with a scanned image at the TV trans-
mitter, and the black-through-white
picture areas of the scanned image
are converted into an electrical signal
that controls the intensity of the elec-
tron beam in the picture tube at the
receiver.

Scanning Fundamentals

The scanning procedure used in
the United States employs horizontal
linear scanning in an odd-line inter-
laced pattern. The standard scanning
pattern for television systems includes
a total of 525 horizontal scanning lines
in a rectangular frame having an aspect
ratio of 4 to 3. The frames are re-
peated at a rate of 30 per second, with
two fields interlaced in each frame. The
first field in each frame consists of all
odd-number scanning lines, and the
second field in each frame consists of
all even-number scanning lines. The
field repetition rate is thus 60 per sec-
ond, and the vertical scanning rate is
60 Hz.

The geometry of the standard odd-
line interlaced scanning pattern is illus-
trated in Fig. 78. The scanning beam
starts at the upper left corner of the
frame at point A, and sweeps across
the frame with uniform velocity to
cover all the picture elements in one
horizontal line. At the end of each
trace, the beam is rapidly returned to
the left side of the frame, as shown
by the dashed line, to begin the next
horizontal line. The horizontal lines
slope downward in the direction of
scanning because the vertical deflecting
signal simultaneously produces a verti-
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Fig. 78—The odd-line interlaced scanning procedure.
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cal scanning motion, which is very slow
compared with the horizontal scanning
speed. The slope of the horizontal line
trace from left to right is greater than
the slope of the retrace from right to
left because the shorter time of the re-
trace does not allow as much time for
vertical deflection of the beam. Thus,
the beam is continuously and slowly
deflected downward as it scans the
horizontal lines, and its position is suc-
cessively lower as the horizontal scan-
ning proceeds.

At the bottom of the field, the ver-
tical retrace begins, and the beam is
brought back to the top of the frame
to begin the second or even-number
field. The vertical “flyback” time is
very fast compared to the trace, but
is slow compared to the horizontal
scanning speed; therefore, some hori-
zontal lines are produced during the
vertical flyback.

All odd-number fields begin at
point A in Fig. 78 and are the same.
All even-number fields begin at point
C and are the same. Because the be-
ginning of the even-field scanning at
C is on the same horizontal level as
A, with a separation of one-half line,
and the slope of all lines is the same,
the even-number lines in the even fields
fall exactly between the odd-number
lines in the odd field.

Sync

In addition to picture information,
the composite video signal from the
video detector of a television receiver
contains timing pulses to assure that
the picture is produced on the face-
plate of the picture tube at the right
instant and in the right location. These
pulses, which are called sync pulses,
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control the horizontal and vertical
scanning generators of the receiver.

Fig. 79 shows a portion of the de-
tected video signal. When the picture
is bright, the amplitude of the signal
is low. Successively deeper grays are
represented by higher amplitudes until,
at the “blanking level” shown in the
diagram, the amplitude represents a
complete absence of light. This “black
level” is held constant at a value equal
to 75 per cent of the maximum ampli-
tude of the signal during transmission.
The remaining 25 per cent of the signal
amplitude is used for synchronization
information. Portions of the signal in
this region (above the black level) can-
not produce light.

In the transmission of a television
picture, the camera becomes inactive
at the conclusion of each horizontal
line and no picture information is
transmitted while the scanning beam
is retracing to the beginning of the
next line. The scanning beam of the
receiver is maintained at the black level
during this retrace interval by means
of the blanking pulse shown in Fig. 79.
Immediately after the beginning of the
blanking period, the signal amplitude
rises further above the black level to
provide a horizontal-synchronization
pulse that initiates the action of the
horizontal scanning generator. When
the bottom line of the picture is
reached, a similar vertical-synchroniza-
tion pulse initiates the action of the
vertical scanning generator to move the
scanning spot back to the top of the
pattern.

The sync pulses in the composite
video signal may be separated from the
video information in the output of the
second or video detector by means of

— — — MAXIMUM LEVEL

— - BLACK LEVEL OR
BLANKING LEVEL

PICTURE
INFORMATION

— — MAXIMUM WHITE
LEVEL

Fig. 79—Detected video signal.
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the triode circuit shown in Fig. 80. In
this circuit, the time constant of the
network R.C; is long with respect to the
interval between pulses. During each
pulse, the grid is driven positive and
draws current, thereby charging ca-
pacitor C.. Consequently, the grid de-
velops a bias which is slightly greater

[ TO
SCANNING
— CIRCUITS
FROM
SECOND g
DETECTOR !

= B+
Fig. 80—Sync-separator circuit.

than the cutoff voltage of the tube.
Because plate current flows only dur-
ing the sync-pulse period, only the
amplified pulse appears in the output.
This sync-separator stage discriminates
against the video information. Because
the bias developed on the grid is pro-
portional to the strength of the in-
coming signal, the circuit also has the
advantage of being relatively inde-
pendent of signal fluctuations.

After the synchronizing signals are
separated from the composite video
signal, it is necessary to filter out the
horizontal and vertical sync signals so
that each can be applied to its respec-
tive deflection generator. This filtering
is accomplished by RC circuits designed
to filter out all but the desired syn-
chronizing signals. Although the hori-
zontal, vertical, and equalizing pulses
are all rectangular pulses of the same
amplitude, they differ in frequency and
pulse width, as shown in Fig. 81. The
horizontal sync pulses have a repetition
rate of 15,750 per second (one for

HORIZ. EQUALIZING
l;gLSES PULSES

VERTICAL PULSE
190.5 us

63

each horizontal line) and a pulse width
of 5.1 microseconds. The equalizing
pulses have a width approximately half
the horizontal pulse width, and a repe-
tition rate of 31,500 per second; they
occur at half-line intervals, with six
pulses immediately preceding and six
following the vertical synchronizing
pulse. The vertical pulse is repeated at
a rate of 60 per second (one for each
field), and has a width of approxi-
mately 190 microseconds. The serra-
tions in the vertical pulse occur at
half-line intervals, dividing the complete
pulse into six individual pulses that
provide horizontal synchronization dur-
ing the vertical retrace. (Although the
picture is blanked out during the verti-
cal retrace time, it is necessary to keep
the horizontal scanning generator syn-
chronized.)

All the pulses described above are
produced at the transmitter by the
synchronizing-pulse  generator; their
waveshapes and spacings are held
within very close tolerances to pro-
vide the required synchronization of
receiver and transmitter scanning.

The horizontal sync signals are
separated from the total sync in a dif-
ferentiating circuit that has a short
time constant compared to the width
of the horizontal pulses. When the total
sync signal is applied to the differen-
tiating circuit shown in Fig. 82, the
capacitor charges completely very soon
after the leading edge of each pulse,
and remains charged for a period of
time equal to practically the entire
pulse width. When the applied voltage
is removed at the time corresponding
to the trailing edge of cach pulse, the
capacitor discharges completely within
a very short time. As a result, a posi-
tive peak of voltage is obtained for
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Fig. 81 —Waveform of TV synchronizing pulses (H = horizontal line period of 1/15,750
seconds, or 63.5 us).
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Fig. 82—Separation of the horizontal sync signals from the total sync by a differentiating
circuit,

each leading edge and a negative peak
for the trailing edge of every pulse.
One polarity is produced by the charg-
ing current for the leading edge of the
applied pulse, and the opposite polar-
ity is obtained from the discharge cur-
rent corresponding to the trailing edge
of the pulse.

As mentioned above, the serrations
in the vertical pulse are inserted to
provide the differentiated output needed
to synchronize the horizontal scanning
generator during the time of vertical
synchronization. During the vertical
blanking period, many more voltage
peaks are available than are necessary
for horizontal synchronization (only
one pulse is used for each horizontal
line period). The check marks above
the differentiated output in Fig. 82 in-
dicate the voltage peaks used to syn-
chronize the horizontal deflection
generator for one field. Because the
sync system is made sensitive only to
positive pulses occurring at approxi-
mately the right horizontal timing, the
negative sync pulses and alternate dif-
ferentiated positive pulses produced by
the equalizing pulses and the serrated
vertical information have no effect on
horizontal timing. It can be seen that
although the total sync signal (includ-
ing vertical synchronizing information)
is applied to the circuit of Fig. 82, only
horizontal synchronization information
appears at the output.

The vertical sync signal is sepa-
rated from the total sync in an integrat-
ing circuit which has a time constant
that is lecng compared with the duration
of the 5-microsecond horizontal pulses,
but short compared with the 190-micro-
second vertical pulse width. Fig. 83
shows the general circuit configuration

INPUT T

Fig. 83—Separation of vertical sync signals

from the total sync for odd and even fields

with no equalizing pulses. (Dashed line in-

dicates triggering level for vertical scanning
generator.)

used, together with the input and out-
put signals for both odd and even fields.
The period between horizontal pulses,
when no voltage is applied to the RC
circuit, is so much longer than the hori-
zontal pulse width that the  capacitor
has time to discharge almost down to



ELECTRON TUBE APPLICATIONS

zero. When the vertical pulse is ap-
plied, however, the integrated voltage
across the capacitor builds up to the
value required for triggering the verti-
cal scanning generator. This integrated
voltage across the capacitor reaches its
maximum amplitude at the end of the
vertical pulse, and then declines prac-
tically to zero, producing a pulse of
the triangular wave shape shown for
the complete vertical synchronizing
pulse. Although the total sync signal
(including horizontal information) is
applied to the circuit of Fig. 83, there-
fore, only vertical synchronization in-
formation appears at the output.

The vertical synchronizing pulses
are repeated in the total sync signal
at the field frequency of 60 per sec-
ond. Therefore, the integrated output
voltage across the capacitor of the RC
circuit of Fig. 83 can be coupled to
the vertical scanning generator to pro-
vide vertical synchronization. The six
equalizing pulses immediately preced-
ing and following the vertical pulse
improve the accuracy of the vertical
synchronization for better interlacing.
The equalizing pulses that precede the
vertical pulses make the average value
of applied voltage more nearly the
same for even and odd fields, so that
the integrated voltage across the capa-
citor adjusts to practically equal values
for the two fields before the vertical
pulse begins. The equalizing pulises that
follow the vertical pulse minimize any
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difference in the trailing edge of the
vertical synchronizing signal for even
and odd fields.

In fringe areas, two conditions
complicate the process of sync separa-
tion. First, the incoming signal available
at the antenna is weak and susceptible
to fading and other variations; second,
the receiver is operating at or near
maximum gain, which makes it ex-
tremely susceptible to interference from
pulse-type noise generated by certain
types of electrical equipment, ignition
systems, switches, or the like. Some
type of noise-immunity provision is
almost essential for acceptable per-
formance. Noise may be reduced or
eliminated from the sync and agc cir-
cuits by gating or by a combination of
gating, inversion, and cancellation. An
example, of the latter method is shown
in Fig. 84. In this circuit the 6GY6,
which has two independent control
grids, serves the dual function of agc
amplifier and noise inverter. Because
the sync tips of the video signal at
grid No. 1 of the 6GY6 drive the tube
near its cutoff region, any noise signal
extending above the tip level will ap-
pear inverted across the grid-No.2 load
resistor R. This inverted noise signal is
re-combined with the video signal and
fed to the sync separator at point “A”
in Fig. 84, where noise cancellation
takes place. This process leaves the
sync pulses relatively free of disturbing
noise and results in a stable picture.

AGC

TO RF T\/\/V‘—-v——J\N\'IV TO IF
STAGES STAGES

N Ve

VIDEQ
INPUT

AGC
CONTROL
VIDEO
INPUT

Fig. 84—Typical noise-cancellation circuit.
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To prevent reduction of receiver gain
due to the effect of noise on the agc
amplifier, a portion of the inverted
noise signal is fed to the second con-
trol grid, grid No.3, of the 6GY6 to
cut off or gate the agc amiplifier when
a noise pulse occurs.

Horizontal Deflection

In the horizontal-deflection stages
of a television receiver, a current that
varies linearly with time and has a
sufficient peak-to-peak amplitude must
be passed through the horizontal-de-
flection-yoke winding to develop a
magnetic field adequate to deflect the
electron beam of the television picture
tube. (This type of deflection is differ-
ent from that used in a cathode-ray
oscilloscope, where the beam is de-
flected electrostatically.) After the
beam is deflected completely across the
face of the picture tube, it must be
returned very quickly to its starting
point. (As explained previously, the
beam is extinguished during this re-
trace by the blanking pulse incorporated
in the composite video signal, or in
some cases by additional external
blanking derived from the horizontal-
deflection system.)

The simplest form of a deflection
circuit is shown in Fig. 85. In this cir-
cuit, the yoke impedance L is assumed
to be a perfect inductor. When the

|
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Fig. 85—Simplest form of deflection circuit.

switch is closed, the yoke current starts
from zero and increases linearly. At
any time t, the current i is equal to
Et/L, where E is the applied voltage.
When the switch is opened at a later
time t,, the current instantly drops from
a value of Et./L to zero.

Although the basic circuit of Fig.
85 crudely approaches the requirements
for deflection, it presents some obvious
problems and limitations. The voltage
across the switch becomes extremely
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high, theoretically approaching infinity.
In addition, if very little of the total
time is spent at zero current, the circuit
would require a tremendous amount of
dc power. Furthermore, the operation
of the switch would be rather critical
with regard to both its opening and its
closing. Finally, because the deflection
field would be phased in only one di-
rection, the beam would have to be
centered at the extreme left of the
screen for zero yoke current.

If a capacitor is placed across the
switch, as shown in Fig. 86, the yoke
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Fig. 86—Addition of capacitor to permit
flyback ringing, and yoke-current (upper)
and switch-voltage (lower) waveforms.
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current still increases linearly when the
switch is closed at time t = 0. How-
ever, when the switch is opened at time
t — t, a tuned circuit is formed by
the parallel combination of L and C.
The resulting yoke currents and switch
voltages are then as shown in Fig. 86.
The current is at a maximum when
the voltage equals zero, and the volt-
age is at a maximum when the current
equals zero. If it is assumed that there
are no losses, the ringing frequency
fosc is equal to 1/(2m/LC).

If the switch is closed again at any
time the capacitor voltage is not equal
to zero, an infinite switch current flows
as a result of the capacitive discharge.
However, if the switch is closed at the
precise moment t. that the capacitor
voltage equals zero, the capacitor cur-
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rent effortlessly transfers to the switch,
and a new transient condition results.
Fig. 87 shows the yoke-current and
switch-voltage waveforms for this new
condition.

If the switch is again opened at
ti, closed at t;, and so on, the desired

+
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0 4| 12 t3 t4 15
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Fig. 87—Yoke-current (upper) and switch-
voltage (lower) waveforms when switch is

closed at t,.

sweep results, the peak switch voltage
is finite, and the average supply cur-
rent is zero. The deflection system is
then lossless and efficient and, because
the average yoke current is zero, beam
decentering is avoided. The only fault
of the circuit of Fig. 86 is the critical
timing of the switch, particularly at
time t = t.. However, if the switch is
shunted by a damper diode, as shown
in Fig. 88, the diode acts as a closed
switch as soon as the capacitor voltage
reverses slightly. The switch may then
be closed at any time between t. and ta.

(91 L

Fig. 88—Incorporation of damper diode.

Fig. 89 shows a typical horizontal-
output-and-deflection circuit used in tele-
vision receivers. In addition to supply-
ing the deflection energy required for
horizontal deflection of the picture-tube
beam, this circuit provides the high dc
voltage required for the ultor (anode) of
the picture tube and the “boosted” B vol-
tage for other portions of the receiver.
The horizontal-output tube is usually a
beam power tube such as the 6JB6A,
6JG6A, or 6L.Q6/6JE6C.
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In this circuit, a sawtooth voltage
from the horizontal-oscillator tube is
applied to the grid No. 1 of the horizon-
tal-output tube. When this voltage rises
above the cutoff point of the output
tube, the tube conducts a sawtooth of
plate current which is fed through the
auto-transformer to the horizontal-de-
flecting yoke. At the end of the horizon-
tal-scanning cycle, which lasts for 63.4
microseconds, the sawtooth voltage on
the grid suddenly cuts off the output
tube. This sudden change sets up an
oscillation of about 50 to 70 kHz in
the output circuit, which may be consid-
ered as an inductor shunted by the stray
capacitance of the circuit. During the first
half of this oscillation, a positive voltage
appears across the transformer. In the

HIGH-VOLTAGE
RECTIFIER
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QUTPUT TUBE
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T
= WIDTH  EFFICIENCY
CONTRCL NETWORK

~BoOSTED
B+
Fig. 89—Typical horizontal-deflection and
high-voltage circuit.

second half of the cycle, the voltage
swings below the plate supply voltage,
and the damper diode conducts, damp-
ing out the oscillation. At the same time,
the current through the deflecting yoke
reverses and reaches its negative peak.
As the damper-diode current decays to
zero, the output tube begins to conduct
again. The yoke current, therefore, is
composed of current resulting from
damper-diode conduction followed by
output-tube conduction.

When the output tube is suddenly
cut off, the high-voltage pulse produced
is increased by means of an extra wind-
ing on the transformer. This high-
voltage pulse charges a high-voltage
capacitor through the high-voltage rec-
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tifier. The output of this circuit is the
dc high-voltage supply for the picture
tube. The high-voltage rectifier also ob-
tains its filament power through a sepa-
rate winding on the horizontal-output
transformer.

Current flowing through the damper
diode charges the “boost” capacitor
through the damper portion of the trans-
-former winding. The polarity of the
charge on the capacitor is such that the
voltage at the low end of the winding
is increased above the plate supply volt-
age, or B+. This higher voltage or
“boost” is used for the output-tube
plate supply, and may also supply the
deflection oscillators and other low-
current-drain circuits in the receiver.

Vertical Deflection

The vertical-deflection circuit in a
television receiver is essentially a class
A audio amplifier with a complex load
line, severe low-frequency requirements
{much lower than 60 Hz), and a need
for controlled linearity. The equivalent
low-frequency response for a 10-percent
deviation from linearity is 1 Hz.

The required performance can be
obtained in a vertical-deflection circuit
in any of three ways. The amplifier
may be designed to provide a flat re-
sponse down to 1 Hz. This design,
however, requires an extremely large
output transformer and immense ca-
pacitors. Another arrangement is to
design the amplifier for fairly good
low-frequency response and predistort
the generated signal.
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The third method is to provide ex-
tra gain so that feedback techniques
can be used to provide linearity. If
loop feedback of 20 or 30 dB is used,
tube gain variations and nonlinearities
become fairly insignificant. The feed-
back automatically provides the neces-
sary “predistortion” to correct low-
frequency limitations. In addition, the
coupling of miscellaneous signals (such
as power-supply hum or horizontal-
deflection signals) in the amplifying
loop is suppressed.

A modified multivibrator in which
the vertical-output tube is part of the
oscillator circuit is used in the vertical-
deflection stage of many television re-
ceivers. This stage supplies the deflec-
tion energy required for vertical
deflection of the picture-tube beam. A
simplified combined vertical-oscillator-
output stage is shown in Fig. 90. Wave-
shapes at critical points of the circuit
are included to illustrate the develop-
ment of the desired current through the
vertical-output transformer and deflect-
ing yoke.

The current waveform through the
deflecting yoke and output transformer
should be a sawtooth to provide the de-
sired deflection. The grid and plate volt-
age waveforms of the output tube could
also be sawtooth except for the effect of
the inductive components in the yoke
and transformer. The effect of these in-
ductive components must be taken into
consideration, however, particularly
during retrace. The fast rate of current
change during retrace time (which is
approximately 1/15 as long as trace

VCE,RTICAL
TRANSFORMER

e

VERTICAL
WINDINGS OF
DEFLECTING YOKE

Fig. 90—Simplified combined vertical-oscillator-and-output stage.
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time) causes a high-voltage pulse at
the plate which could give a trapezoi-
dal waveshape to the plate voltage and
cause increased plate current, excess
damping, and lengthened retrace time.
However, the grid voltage is made suf-
ficiently negative during retrace to keep
the tube close to cutoff, as described
below.

The frequency, and the relative de-
viation of the positive and negative por-
tions of each cycle, are dependent on
the values of resistors R, and R; and
the RC combination RsC., as explained
in the section on multivibrators. The
desired trapezoidal waveshape at the
grid of V. is created by capacitor C,
and resistor R.. If R. were equal to
zero, C; would cause the grid-voltage
waveshape to take the form shown in
Fig. 91(a). When R is sufficiently large,
C, does not discharge completely when
V. conducts. When V; is cut off, there-
fore, the voltage on the grid of V. im-
mediately rises to the voltage across
C:. The resulting waveshape is shown
in Fig. 91(b). The negative-going pulse
of the grid-voltage waveshape prevents
the high plate pulse from causing ex-
cess conduction, and thereby prevents
overdamping.

d b

Fig. 91—Waveforms showing effect of R,
in Fig. 90.

This vertical-deflection stage uti-
lizes twin-triode tubes such as the 6DR7
and 6GF7A. The 6GF7A is particularly
suitable for this application because it
incorporates dissimilar units to provide
for the different operating requirements
of the oscillator and output sections.

High-Voltage Regulation

In color television receivers, it is
very important to regulate the high-
voltage supply for the picture tube.
Poor regulation of the high voltage can
adversely affect the performance of the
focusing and convergence circuits so
that picture blooming results. In addi-
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tion, excessive voltage or current may
be applied to the high-voltage rectifier,
horizontal-output tube, and horizontal-
output (flyback) transformer so that
the useful life of these components is
substantially shortened. In modern color
television receivers, regulation of the
high voltage is accomplished by use of
a shunt-type electronic voltage regulator
connected across the output of the high-
voltage power supply or by use of a
pulse-type regulator connected in shunt
with the flyback transformer.

Shunt Regulator Circuit—Fig. 92
shows the schematic diagram of a typi-
cal shunt regulator circuit. This circuit
uses a 6BK4C/6EL4 or 6EN4 sharp-
cutoff beam triode for the regulator
tube and is suitable for regulation of
the output of a high-voltage, high-
impedance supply. The cathode of the
regulator beam triode is held at a fixed
positive potential with respect to
ground. Because the grid potential is
kept slightly less positive by the volt-
age drop across resistor R., the tube
operates in the negative grid region
and no grid current is drawn.

When the output voltage, e, rises
as a result of a decrease in load current,

Rs i.o —
e eo
(UNREGULATED (REGULATED
INPUT) OUTPUT)

Fig. 92—High-voltage regulator circuit for
color television.

a small fraction of the additional volt-
age is applied to the grid of the tube by
the voltage-divider circuit consisting of
R: and R.. This increased grid voltage
causes the tube to draw an increased
current from the unregulated supply.
The increased current, in turn, causes
a voltage drop across the high internal
impedance of the unregulated supply,
R., which tends to counteract the origi-
nal rise of the voltage. If desired, the
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grid may be connected to a variable
point on the voltage divider to allow
some adjustment of the output-voltage
level.

The grid voltage for the regulator
can also be obtained from a tap on the
B-boost voltage supply. The use of this
lower voltage (about 375 volts) elimi-
nates the need for costly and trouble-
some high-voltage resistors. In this
arrangement, variations in high voltage
also vary the tapped-down B-boost volt-
age at the regulator grid, and the result-
ing variations in conduction of the
regulator increase or decrease the load-
ing of the high-voltage supply so that
the total load remains nearly constant.

The shunt regulator circuit, in ef-
fect, presents a variable load impedance
to the output of the high-voltage rec-
tifier. Because the regulator is connected
directly across the output of the recti-
fier, the regulator tube is required to
handle the full amount of the high
voltage (approximately 25 Kkilovolts)
applied to the picture tube. The tube
area, therefore, must be well shielded
to provide adequate X-ray protec-
tion, and a relatively large area is
required for voltage insulation. In addi-
tion, the high-voltage rectifier is re-
quired to conduct full-load current
continuously. The shunt regulator main-
tains a constant high voltage by sensing
changes in the B Boost voltage, which
are indicative of changes in beam
current, and increasing or decreasing
conduction accordingly.

Pulse Regulator Circuit—In a
pulse-regulator system, the regulator
circuit is effectively shunted across part
of the horizontal winding of the hori-
zontal-output transformer. During oper-
ation, the pulse-regulator circuit main-
tains a substantially constant pulse
amplitude in the primary winding of
the horizontal-output transformer with
changing loads on the high-voltage
power supply. A constant-amplitude,
stepped-up pulse is then applied to the
high-voltage rectifier tube, and the high
voltage developed from this pulse is
maintained at a constant value. In the
pulse-regulator system, regulator con-
trol is achieved by sampling the picture-
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tube current by means of a special
winding on the fly-back transformer
and use of the resultant voltage drop
(across a resistor) to control the grid
circuit of the regulator tube.

Fig. 93 shows the schematic dia-
gram and significant waveforms for a
circuit that uses a 17KV6A beam-power
pentode for the regulator tube. During
trace and retrace, the cathode of the
17KV6A is held at B4. During the trace
period, the screen grid of the 17KV6A
is biased well below the cathode volt-
age and is unaffected by the beam cur-
rent drawn by the picture tube. The
control-grid bias is determined by the
resistive  voltage-divider network R.,
Rs, Ry, and R; and is directly dependent
on the beam current of the picture
tube. The damper tube conducts during
the trace period and holds the plate
potential of the 17KV6A at B4. With
the plate-to-cathode potential at zero
and the screen grid negative with re-
spect to the cathode, the regulator tube
is completely cut off during the trace
period. At the start of the retrace
period, however, the damper tube be-
comes reverse-biased, and the voltage
on the plate of the regulator tube be-
gins to rise. This increasing voltage is
coupled to the screen grid through
C, and R, and to the control grid
through the interelectrode capacitance
of the tube.

The waveforms in Fig. 93 show
that at the start of retrace the plate
and screen grid of the 17KV6A have
both been driven positive with respect
to the cathode and the control grid
has become less negative with respect
to the cathode. The regulator tube then
begins to conduct. The pulses impressed
on the screen and control grids are
short in duration so that the screen
grid remains positive with respect to
the cathode and the control grid re-
mains near cathode potential for only
a short time. The regulator tube is
driven into conduction for approxi-
mately 2 to 4 microseconds at the start
of retrace and is then cut off. As the
beam current - increases or decreases,
the voltage developed across the re-
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Fig. 93—Schematic diagram and significant waveforms for a typical pulse-regulator
circuit.

sistive voltage-divider network R:, Rs,
R,, and Rs tracks these changes and is
applied to the control grid of the regu-
lator tube. In this way, the conduction
of the regulator tube is increased or
decreased as required to maintain a
constant high-voltage output. By re-

moval of the energy from the rising
edge of the flyback pulse in this fash-
ion, the height of the pulse used to
develop the high voltage is controlled.
At the same time interference with the
shape of the deflection pulse is held
to a minimum.
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Color Demodulation

In the transmission of picture sig-
nals for color-television receivers, all
the color information is contained in
three signals, a luminance (black-and-
white) or monochrome signal and two
chrominance signals. The luminance
signal, which is called the Y signal, con-
tains brightness information only. The
voltage response of the Y signal is
made similar to the brightness response
of the human eye by use of a composite
signal that contains definite propor-
tions of the red, green, and blue signals
from the color-television camera (30
per cent red, 59 per cent green, and
11 per cent blue). This Y signal, which
includes sync and blanking pulses, pro-
vides a correct monochrome picture in
a conventional black-and-white televi-
sion receiver.

For the generation of color-televi-
sion signals, the Y signal is subtracted
from the red, green, and blue signals
to provide a new set of color-difference
signals, which are designated as R-Y,
B-Y, and G-Y. All of the original pic-
ture information is contained in the Y
signal, the R-Y signal, and the B-Y
signal. Therefore, the G-Y signal is not
contained in the transmitted signal, but
is synthesized in the receiver by proper
combination of the R-Y and B-Y sig-
nals.

(Color signals transmitted under
present color-television standards are
not R-Y and B-Y, but a similar pair of
signals designated as I and Q. In the
color-television receiver, R-Y and B-Y
signals are demodulated directly from
the I and Q signals with negligible loss
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of color quality. For purposes of sim-
plicity, only R-Y and B-Y signals are
considered in this explanation. In addi-
tion, a 90-degree phase-shift network
is shown; the phase-shift angle could
be, and often is, some other value.)

Because the luminance signal and
the two color-difference signals must
be transmitted with a standard 6-MHz
channel, the two color signals are
combined into one signal at the trans-
mitter and are independently recovered
at the receiver by proper detection
techniques. A color subcarrier of ap-
proximately 3.58 MHz is used for
transmitting the color information
within the 6-MHz spectrum of the tele-
vision station. As shown in Fig. 94,
the 3.58-MHz subcarrier and one of the
color-difference signals are applied di-
rectly to a balanced AM modulator.
The other color-difference signal is ap-
plied directly to a second balanced AM
modulator, and the 3.58-MHz subcarrier
is applied to this second modulator
through a 90-degree phase-shifting net-
work. The balanced modulators effec-
tively cancel both the individual color-
difference signals and the subcarrier
signal, and the output contains only
the sidebands of the combined chromi-
nance signal.

Recovery of the color information
at the receiver involves a process called
synchronous detection. In this process,
two separate detectors are used to re-
cover the separate color information,
just as two separate modulators were
used to combine the information at the
transmitter. The 3.58-MHz subcarrier,
which was suppressed during transmis-
sion, must be reinserted at the receiver
for recovery of the color information.

p
COLOR-DIFFERENCE BALANCED
SIGNAL A MODULATOR
COLOR- S
- DIFFERENCE D6
3.58-MHz PHASE COMBINED _  SIGNAL A (’o\“qﬁ
SUBCARRIER [ | ‘giFy COLOR SIGNAL 5>
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MODULATOR R-
SIGNAL B COLOSIG?IIKEESENCE

Fig. 94—Formation of combined color signal for transmission.
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Fig. 95—Separation of combined color signal into two signals at the receiver.

The basis of synchronous detection is
the phase relationship of this reinserted
3.58-MHz subcarrier.

For example, the original color in-
formation is represented in Fig. 94 by
the color-difference signals A and B.
At the receiver, the combined color
signal is fed to two demodulators A
and B, as shown in Fig. 95. At the same
time, a 3.58-MHz subcarrier is also
fed to the two demodulators, with
the same phase relationship that was
used in the modulators at the trans-
mitter. This locally generated subcar-
rier essentially duplicates or replaces
the original subcarrier, which was re-
moved at the transmitter.

The local 3.58-MHz oscillator in
the color-television receiver is made
to function at the proper frequency and
phase by means of a synchronizing sig-
nal sent out by the transmitter. This
synchronizing signal consists of a short
burst of 3.58-MHz signals transmitted
during the horizontal blanking inter-
val, immediately after the horizontal
sync pulse, as shown in Fig. 96.

BURST OF 3.58 MHz
/(8 CYCLES MIN)

HORIZONTAL

HORIZONTAL
be— BLANKING INTERVAL—|

Fig. 96—Waveform for synchronizing
signal.

Fig. 97 shows a simplified diagram
of a low-level color demodulator fre-

quently used in color-television receiv-
ers. The locally generated 3.58-MHz
signal is applied to the grid No. 3
of the pentode. The transmitted color
signal containing the 3.58-MHz side-
bands is applied to grid No. 1. The
phase of the 3.58-MHz color signal
constantly changes in accordance with
its color content. For example, the fol-
lowing table shows six variations in color
(hue) as a function of subcarrier phase:

Subcarrier Phase-dégrees
(with respect to 3.58-MHz

local signal in phase with burst) Hue
13 Yellow
77 Red
119 Magenta
193 Blue
257 Cyan
299 Green

The basic operating principle of
the color demodulator shown in Fig.
97 is that plate current from the pen-
tode is zero (or quite low) unless both
grid No. 1 and grid No. 3 are simul-
taneously positive. For example, when
the signals applied to the two grids
are in phase, plate current can be ex-
pected to flow for 180 degrees of
each ac cycle. Conversely, when the
signals are 180 degrees out of phase,
plate current is cut off. The output sig-
nal from the detector, therefore, is a
function of the phase relationship be-
tween the transmitted color signal and
the locaily generated subcarrier.

In a typical color-television re-
ceiver, two color demodulators of the
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type shown in Fig. 97 are required.
In one demodulator, the 3.58-MHz
subcarrier signal is applied directly to
the pentode grid No. 3 from the local
“burst” oscillator. In the other demodu-
lator, the 3.58-MHz signal from the

LOCALLY GENERATED
3,68-MHz SIGNAL.

TRANSMITTED
COLOR SIGNALS
3.58-MHz SIDEBANDS

B+

B+

Fig. 97—Low-level color demodulator.

burst oscillator is shifted 90 degrees
in phase before it is applied to the
pentode grid No. 3. As shown previ-
ously in Fig. 95, the demodulator B
produces R-Y signals. These B-Y and
R-Y signals are then combined (ma-
trixed) to produce the G-Y signal, as
discussed earlier. The complete lumi-
nance signal is then amplified to the
required level in a conventional video-
amplifier circuit.

In some color-television receivers,
the demodulators are designed so that
the color output signals can be applied
directly to the color picture tube. In
the diagram shown in Fig. 98, for ex-
ample, the 6JH8 shest-beamn demodula-

TYPE 6JHO
BANDPASS 8-y + o
™1 AMPLIFIER DEMODULATOR [ 8=
3.58- MH2 MATRIX
~>10SCILLATOR NETWORK [~ &Y
y TYPE 6JH8 |-
PHASE- .
3 R"Y .
NEPUORK |—»| DEMODULATOR [~ R™Y

Fig. 98—Block diagram of demodulator
circuit used to apply signals directly to
color picture tube.

tors produce both positive and negaiive
B-Y and R-Y signals. The positive sig-
nals are applied directly to the control
grids (grid No. 1) of the blue and red
guns of the color picture tube. At the
same time, the negative color-difference
signals are addéd (matrixed) in the
correct proportions to produce the G-Y
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signal, which is applied to grid No. 1 of
the green gun.

Oscillation

As. an oscillator, an electron tube
can be employed to generate a continu-
ously alternating voltage. In present-
day radio broadcast receivers, this
application is limited practically to
superheterodyne receivers for supplying
the heterodyning frequency. Several cir-
cuits (represented in Fig. 99) may
be utilized, but they all depend on
feeding more energy from the plate cir-
cuit to the grid circuit than is required
to equal the power loss in the grid cir-
cuit. Feedback may be produced by
electrostatic or electromagnetic coupling
between the grid and plate circuits.
When sufficient energy is fed back to
more than compensate for the loss in
the grid circuit, the tube will oscillate.

E

HEATER 8%
TRANSFORMER
Fig. 99—Tuned-grid triode oscillator circuit:
(a) using filament-type tube; (b) using
heater-cathode-type tube.

8~

The action consists of regular surges
of power between the plate and the
grid circuit at a frequency dependent
on the circuit constants of inductance
and capacitance. By proper choice of
these values, the frequency may be ad-
justed over a very wide range.
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Multivibrators

Relaxation oscillators, which are
widely used in present-day electronic
equipment, are used to produce non-
sinusoidal waveshapes such as rectangu-
lar and sawtooth pulses. Probably the
most common relaxation oscillator is
the multivibrator, which may be con-
sidered as a two-stage resistance-coupled
amplifier in which the output of each
tube is coupled into the input of the
other tube.

Fig. 100 is a basic multivibrator
circuit of the free-running type. In this
circuit, oscillations are maintained by
the alternate shifting of conduction from
one tube to the other. The cycle usually
starts with one tube, V,, at zero bias,
and the other, V., at cutoff or beyond.
At this point, the capacitor C, is charged
sufficiently to cut off V.. C, then begins
to discharge through the resistor R,, and
the voltage on the grid of V, rises until
V: begins to conduct. The voltage on the
plate of V. then decreases, causing V, to
conduct less and less. At the same time,
the plate voltage of V. begins to rise,
causing V. to conduct still more heavily.
Because of the amplification, this cumu-
lative effect builds up extremely fast,
and conduction switches from V, to V.

7

Ebb

Ry Cl

%

Fig. 100—Basic multivibrator circuit of
the free-running type.

within a few microseconds, depending
on the circuit components.

In this circuit, therefore, conduc-
tion switches from V; to V. over the
interval during which C, discharges
from the voltage across R, to the cutoff
voltage for V. The actual transfer of
conduction does not occur until cutoff
is reached. Conduction switches back to
V, through a similar process to com-
plete the cycle. The plate waveform is
essentially rectangular in shape, and
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may be adjusted as to symmetry, fre-
quency, and amplitude by proper choice
of circuit constants, tubes, and voltages.

Although this type of multivibrator
is free-running, it may be triggered by
pulses of a given amplitude and fre-
quency to provide a frequency-stabilized
output. Multivibrator circuits may also
be designed so that they are not free-
running, but must be triggered ex-
ternally to shift conduction from one
tube to the other. Depending on the
type of circuit, conduction may shift
back to the first tube after a given time
interval, or the second tube may con-
tinue conducting until another trigger
signal is applied.

Synchroguide Circuits

The “synchroguide” is a controlled
type of oscillator used in television re-
ceivers to generate and control the syn-
chronized sawtooth voltage necessary
for adequate line- or horizontal-fre-
quency scanning. A simplified synchro-
guide circuit is shown in Fig. 101. This
circuit provides stable, noise-free control
of a blocking oscillator which generates
a horizontal-frequency signal. It permits
comparison of the received sync pulses
and the generated sawtooth voltages so
that properly locked-in horizontal scan-
ning results.

The triode V. in Fig. 101 is a con-
ventional blocking oscillator which en-
ables a sawtooth voltage to be developed
across the capacitor C.. A portion of
this sawtooth is fed back to the grid of

TO
HORIZONTAL
> >~ SCANNING

AMPLIFIER

Fig. 101—Simplified synchroguide circuit.

the control tube, V;. The positive sync
pulses are also applied to the grid of
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V.. The waveforms shown in Fig. 102
illustrate the sawtooth and sync pulses
(A and B) and their proper “in-sync”

"IN-SYNC"”
COMBINATION
et

CUTOEE - - (OWER THAN

0 SYNC-PULSE

FREQUENCY
Fig. 102—Sawtooth and sync pulses in
synchroguide circuit.

combination (C). The sync pulse occurs
partly during the portion of the saw-
tooth voltage in which the triode V,
draws current. Any shift in sync pulse
as it is superimposed on the sawtooth,
therefore, will affect the amount of
conduction of the control tube. A
change in control-tube conduction ulti-
mately affects the bias on the oscillator-
tube grid by changing the voltage to
which the capacitor C: in the cathode
circuit may charge. An increase in the
positive bias increases the frequency of
oscillation.

For example, waveform D in Fig.
102 illustrates a condition in which the
sawtooth voltage is advanced in phase
with respect to the sync pulses. The
widening of the pulse which occurs at
the corner of the sawtooth waveform
allows the control tube to conduct more
current and, consequently, allows the
capacitor C, to charge to a higher volt-
age. This increased reference voltage
also appears in the grid circuit of V.
and makes the grid more positive. The
increased grid voltage then speeds up
the freauency of oscillations until proper
synchronization results.

The blocking oscillator can be
made more immune to changes in fre-
quency and noise if V. is brought out of
cutoff very sharply. This effect is ob-
tained by sine-wave stabilization. The
tuned circuit LsCs in the plate circuit
of Fig. 101 superimposes a shock-excited
sine wave on the plate and grid wave-
forms, as shown in Fig. 103.

Automatic Frequency Control

An automatic frequency control
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GRID CUTOFF

GRADUAL APPROACM;
TUBE CAN BE DRIVEN
OUT OF CUTOFF BY
SLIGHT CIRCUIT
VARIATIONS.

SHARPER APPROACH

- MAKES O SCILLATOR LESS
SUSCEPTIBLE TO

B FREQUENCY CHANGES,

Fig. 103—Waveforms showing effect of
tuned circuit L,C, in Fig. 101.

a =

(afc) circuit provides a means of cor-
recting automatically the intermediate
frequency of a superheterodyne receiver
when, for any reason, it drifts from the
frequency to which the if stages are
tuned. This correction is made by ad-
justing the frequency of the oscillator.
Such a circuit will automatically com-
pensate for slight changes in rf carrier
or oscillator frequency as well as for
inaccurate manual or push-button tun-
ing.

An afc system requires two sec-
tions: a frequency detector and a vari-
able reactance. The detector section may
be essentially the same as the FM de-
tector illustrated in Fig. 30 and dis-
cussed under Detection. In the afc
system, however, the output is a dc
control voltage, the magnitude of which
is proportional to the amount of fre-
quency shift. This dc control voltage is
used to control the grid bias of an elec-
tron tube which comprises the variable
reactance section (Fig. 104).

, [
DC CONTROL
VOLTAGE
FROM FREQ.
DETECTOR

Fig. 104—Automatic-frequency-control
(afc) circuit.

The plate current of the reactance
tube is shunted across the oscillator tank
circuit. Because the plate current and
plate voltage of the reactance tube -are
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almost 90 degrees out of phase, the con-
trol tube affects the tank circuit in the
same manner as a reactance. The grid
bias of the tube determines the magni-
tude of the effiective reactance and, con-
sequently, a control of this grid bias can
be used to control the oscillator fre-
quency.

Automatic frequency control is also
used in television receivers to keep the
horizontal oscillator in step with the
horizontal-scanning frequency (15,750
Hz) at the transmitter. A widely used
horizontal afc circuit is shown in Fig.
105. This circuit, which is often referred
to as a balanced-phase-detector or
phase-discriminator circuit, is usually
employed to control the frequency of
a multivibrator-type horizontal-oscilla-
tor circuit. The 6AL5 detector supplies
a dc control voltage to the grid of the
horizontal-oscillator tube which counter-
acts changes in its operating frequency.
The magnitude and polarity of the con-
trol voltages are determined by phase
relationships in the afc circuit at a
given moment.

The horizontal sync pulses obtained
from the sync-separator circuit are fed
through a single-triode phase-inverter
or phase-splitter circuit to the two diode
units of the 6ALS. Because of the action
of the phase-inverter circuit, the signals
applied to the two diode units are equal
in amplitude but 180 degrees out of

SYNC U ot
SIGNALS U
FROM PHASE o
INVERTER +J_L £ !
TYPE
6ALS
N\
T

REFERENCE VOLTAGE
FROM HORIZONTAL
OUTPUT CIRCUIT

___1:_——-)

DC CORRECTION
VOLTAGE TO GRID
OF HORIZONTAL
OSCILLATOR
Fig. 105—Balanced phase-detector or
phase-discriminator circuit for
horizontal afc.
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phase. A reference sawtooth voltage ob-
tained from the horizontal output cir-
cuit is also applied simultaneously to
both units. Any change in the oscillator
frequency alters the phase relationship
between the reference sawtooth and the
incoming horizontal sync pulses, caus-
ing one diode unit of the 6ALS to con-
duct more heavily than the other, and
thus producing a correction signal. The
system remains balanced at all times,
therefore, because momentary changes
in oscillator frequency are instantane-
ously corrected by the action of the
control voltage.

The diode units of the 6ALS are
biased so that conduction takes place
only during the tips of the sync pulses.
The relative position of the sync pulses
on the retrace portion of the sawtooth
waveform at any given instant deter-
mines which diode unit conducts more
heavily, and thereby establishes the
magnitude and polarity of the control
voltage. The network between the diode
units and the grid of the horizontal-
oscillator tube is essentially a low-pass
filter which prevents the horizontal sync
pulses from affecting the horizontal-
oscillator performance.

Frequency Conversion

Frequency conversion is used in
superheterodyne receivers to change the
frequency of the rf signal to an inter-
mediate frequency. To perform this
change in frequency, a frequency-con-
verting device consisting of an oscillator
and a frequency mixer is employed. In
such a device, shown diagrammatically
in Fig. 106, two voltages of different
frequency, the rf signal voltage and the
voltage generated by the oscillator, are
applied to the input of the frequency
mixer. These voltages beat, or hetero-
dyne, within the mixer tube to produce
a plate current having, in addition to

RADIO
INTERMEDIATE
'Rf::lf:c' FREQUENCY FREQUENCY
MIXER OUTPUT

OSCILLATOR

FREQUENCY CONVERTER

g. 106—Block diagram of simple fre-
quency-converter circuit.

F
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the frequencies of the input voltages,
numerous sum and difference frequen-
cies.

The output circuit of the mixer
stage is provided with a tuned circuit
which is adjusted to select only one beat
frequency, i.e., the frequency equal to
the difference between the signal fre-
quency and the oscillator frequency
The selected output frequency is known
as the intermediate frequency, or if.
The output frequency of the mixer tube
is kept constant for all values of sig-
nal frequency by tuning the oscillator
to the proper frequency.

Important advantages gained in a
receiver by the conversion of signal fre-
quency to a fixed intermediate frequency
are high selectivity with few tuning
stages and a high, as well as stable, over-
all gain for the receiver.

Several methods of frequency con-
version for superheterodyne receivers
are of interest. These methods are alike
in that they employ a frequency-mixer
tube in which plate current is varied at
a combination frequency of the signal
frequency and the oscillator frequency.
These variations in plate current pro-
duce across the tuned plate load a volt-
age of the desired intermediate fre-
quency. The methods differ in the types
of tubes employed and in the means of
supply input voltages to the mixer tube.

A method widely used before the
availability of tubes especially designed
for frequency-conversion service, and
currently used in many FM, television,
and standard broadcast receivers, em-
ploys as mixer tube either a triode, a
tetrode, or a pentode, in which oscillator
voltage and signal voltage are applied to
the same grid. In this method, coupling
between the oscillator and mixer circuits
is obtained by means of inductance or
capacitance.

A second method employs a tube
having an oscillator and frequency mixer
combined in the same envelope. In one
form of such a tube, coupling between
the two units is obtained by means of
the electron stream within the tube.
Because five grids are used, the tube is
called a pentagrid converter.

Grids No. 1 and No. 2 and the
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cathode are connected to an external
circuit to act as a triode oscillator. Grid
No. 1 is the grid of the oscillator and
grid No. 2 is the anode. Grid No. 2
is connected within the tube to the
screen grid (grid No. 4). The com-
bined two grids, Nos. 2 and 4, shield
the signal grid (grid No. 3) and act
as the composite anode of the oscillator
triode. Grid No. 5 acts as the suppres-
sor grid.

Converter tubes of this type are de-
signed so that the space charge around
the cathode is unaffected by electrons
from the signal grid. Furthermore, the
electrostatic field of the signal grid also
has little effect on the space charge. The
result is that rf voltage on the signal
grid produces little effect on the cath-
ode current. There is, therefore, little
detuning of the oscillator by avc bias
because changes in avc bias produce
little change in oscillator transconduct-
ance or in the input capacitance of grid
No. 1.

Examples of the pentagrid conver-
ters discussed in the preceding para-
graph are the single-ended types IRS
and 6BE6. A schematic diagram illus-
trating the use of the 6BE6 with self-
excitation is given in Fig. 107. The
6BE6 may also be used with separate
excitation. A complete circuit is shown
in the Circuits section.

TYPE 68BE6
RF o RF
INPUT OuTPUT
PLATE
GRID'N2 3 GRID N2 5
{RF SIGNAL) {SUPPRE SSOR)
2z
GRID N2 =3 IGRIDS N2 2& 4
(OSCILLATOR GRID) (SCREEN)
HEATER
OSCILLATOR CATHODE
CIRCUIT )

Fig. 107—Frequency-converter circuit using
the 6BEG pentagrid converter with self-
excitation.

A further method of frequency con-
version employs a tube called a penta-
grid mixer. This type has two independ-
ent control grids and is used with. a
separate oscillator tube. RF signal volt-
age is applied to one of the control grids
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and oscillator voltage is applied to the
other. It follows, therefore, that the
variations in plate current are due to
the combination of the oscillator and
signal frequencies.

The tube contains a heater-cathode,
five grids, and a plate. Grids Nos. 1 and
3 are control grids. The rf signal volt-
age is applied to grid No. 1. This grid
has a remote-cutoff characteristic and is
suited for control by avc bias voltage.
The oscillator voltage is applied to grid
No. 3. This grid has a sharp-cutoff char-
acteristic and produces a comparatively
large effect on plate current for a small
amount of oscillator voltage. Grids Nos.
2 and 4 are connected together within
the tube. They accelerate the electron
stream and shield grid No. 3 electro-
statically from the other electrodes.
Grid No. 5, connected within the tube
to the cathode, functions similarly to
the suppressor grid in a pentode.

In the converter or mixer stage of
a television receiver, stable oscillator
operation is most readily obtained when
separate tubes or tube sections are used
for the oscillator and mixer functions.
A typical television mixer-oscillator cir-
cuit is shown in Fig. 108. In such cir-
cuits, the oscillator voltage is applied to
the mixer grid by inductive coupling, ca-
pacitive coupling, or a combination of
the two. Tubes containing electrically
independent oscillator and mixer units
in the same envelope, such as the
6EA8 and 6KE8 are designed especially
for this application.

RF INPUT

OSCILLATOR 1

RF
TUBE OUTPUT

MIXER
TUBE

Fig. 108—Typical television mixer-oscillator
circuit.

Tuning Indication With
Electron-Ray Tubes

Electron-ray tubes are designed to
indicate visually by means of a fluores-
cent target the effects of a change in
controlling voltage. One application of
them is as tuning indicators in radio
receivers. Types such as the 6US5 and
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the 6ES contain two main parts: (1) a
triode which operates as a dc amplifier
and (2) an electron-ray indicator which
is located in the bulb as shown in Fig.
109. The target is operated at a positive
voltage and, therefore, attracts electrons
from the cathode. When the electrons
strike the target they produce a glow
on the fluorescent coating of the tar-
get. Under these conditions, the target
appears as a ring of light.

A ray-control electrode is mounted
between the cathode and target. When
the potential of this electrode is less
positive than the target, electrons flow-
ing to the target are repelled by the
electrostatic field of the electrode, and
do not reach that portion of the target
behind the electrode. Because the target
does not glow where it is shiclded from
electrons, the control electrode casts a

CATHODE FLUORESCENT
LIGHT— .~ COATING
RAY-CONTROL
—= ELEGTRODE
TARGET~ TRIODE
—=PLATE
TRIODE ~~~CATHODE
]

Fig. 109—Structure of electron-ray tube.

shadow on the glowing target. The ex-
tent of this shadow varies from approxi-
mately 100 degrees of the target when
the control electrode is much more nega-
tive than the target to 0 degrees when
the control electrode is at approximately
the same potential as the target.

In the application of the electron-
ray tube, the potential of the control
electrode is determined by the voltage
on the grid of the triode section, as can
be seen in Fig. 110. The flow of the
triode plate current through resistor R
produces a voltage drop which de-
termines the potential of the control
electrode. When the voltage of the triode
grid changes in the positive direction,
plate current increases, the potential of
the control electrode goes down because
of the increased drop-across R, and the
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shadow angle widens. When the poten-
tial of the triode grid changes in the
negative direction, the shadow angle
narrows.

ELECTRON-
RAY TUBE

| MEG

TO CONTROLLING

VOLTAGE B+

Fig. 110—Indicating circuit using an
electron-ray tube.

Another type of indicator tube is
the 6AF6G. This tube contains only an
indicator unit but employs two ray-con-
trol electrodes mounted on opposite
sides of the cathode and connected to
individual base pins. It employs an ex-
ternal dc amplifier. (See Fig. 111.)
Thus, two symmetrically opposite
shadow angles may be obtained by con-
necting the two ray-control electrodes
together; or, two unlike patterns may
be obtained by individual connection of
each ray-control electrode to its re-
spective amplifier.
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In radio receivers, avc voltage is
applied to the grid of the dc amplifier.

TYPE

TYPE 6K7 BAF6-G

TRIODE
CONNECTED
%

AVC
VOLTAGE

_ B+

R:TYPICAL VALUE 15 0.5 MEGOHM
Fig. 111—Indicating circuit using 6AF6G
electron-ray tube and external dc amplifier.

Because avc voltage is at maximum
when the set is tuned to give maximum
response to a station, the shadow angle
is at minimum when the receiver is
tuned to resonance with the desired
station.

The choice between electron-ray
tubes depends on the ave characteristic
of the receiver. The 6E5 contains a
sharp-cutoff triode which closes the
shadow angle on a comparatively low
value of avc voltage. The 6US5 has a
remote-cutoff triode which closes the
shadow on a larger value of avc
voltage than the 6E5. The 6AF6G
may be used in conjunction with
dc amplifier tubes having either re-
mote- or sharp-cutoff characteristics.
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requires care if reliable perform-
ance is to be obtained from the asso-
ciated circuits. Installation suggestions
and precautions which are generally
common to all types of tubes are cov-
ered in this section. Additional per-
tinent information is given under each
tube type and in the Circuits section.

Filament and Heater
Power Supply

The design of electron tubes allows
for some variation in the voltage and
current supplied to the filament or
heater, but most satisfactory results are
obtained from operation at the rated
values. When the voltage is low, the
temperature of the cathode is below
normal, with the result that electron
emission is limited. The limited emis-
sion may cause unsatisfactory operation
and reduced tube life. On the other
hand, high heater voltage may cause
rapid evaporation of cathode material
and shorten tube life.

To insure proper tube operation, it
is important that the filament or heater
voltage be checked at the socket termi-
nals by means of a high-resistance volt-
meter while the equipment is in opera-
tion. In the case of series operation of
heaters or filaments, correct adjustment
can be checked by means of an ammeter
in the heater or filament circuit.

The filament or heater voltage sup-
ply may be a direct-current source (a
battery or a dc power line) or an alter-
nating-current power line, depending on
the type of service and type of tube.
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Electron Tube
Installation

Ordinarily, a step-down transformer is
used with an ac supply to provide the
proper filament or heater voltage. Re-
ceivers intended for operation on both
dc and ac power lines have the heaters
connected in series with a suitable re-
sistor and supplied directly from the
power line.

Mobile and marine receivers have
the heaters of the tubes connected di-
rectly across the battery supply.

Parallel heater operation usually
requires a step-down transformer to
reduce the 120 Vac line voltage to
typically 6.3 Vac. Care must be taken
to prevent excessive voltage drop in
the heater circuit wiring which would
result in incorrect voltage at the tube
terminals.

Series heater operation eliminates
the need for a step-down transformer
and is economical when a number of
tubes rated at the same heater current
have a total heater voltage drop which
adds up to an available supply volt-
age. A voltage-dropping resistor in
series with the heaters and the supply
line is usually required. This resistance
should be of such value that for normal
line voltage the tubes will operate at
their rated heater current. The resis-
tor value is calculated by the follow-
ing formula.

Required resistance (ohms) =

supply volts — total rated volts of tubes
rated amperes of tubes

The power dissipation of the re-
sistor (in watts) is equal to the volt-
age drop of the resistor multiplied by
the series string current in amperes.
A resistor having a wattage rating well
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in excess of this value should be
chosen.

A convenient means exists for ob-
taining a heater supply voltage drop
without the disadvantage of a power-
dissipating resistor. A diode in series
with the 120 Vac line provides a half
wave rectified sine wave of 84 V

(x/Z x RMS input). The diode po-

2
larity should be such as to operate the
heaters negative. (See heater-cathode
voltage below.) In TV receivers de-
signed for instant-on operation such
a series-connected diode can be used
for stand-by operation (70% of rated
heater voltage) of a 120 Vac series
string.

Heater-Cathode Voltage

When the series-heater connection
is used in equipment, it is advisable
to arrange the heaters in the circuit so
that tubes most sensitive to hum dis-
turbances are at or near ground poten-
tial of the circuit. This arrangement
reduces the amount of AC heater-
cathode voltage of these tubes and
minimizes hum interference. Other
tubes operated with grounded cathode,
such as horizontal deflection ampli-
fiers or tube insulated for high heater
cathode voltage, such as damper, are
more immune to heater-cathode leak-
age.
Typical orders of series-string
connections, by tube function, are
shown below.

Heater-type tubes may produce

RCA RECEIVING TUBE MANUAL

hum as a result of conduction between
heater and cathode or between heater
and control grid, or by modulation of
the eiectron stream by the alternating
magnetic field surrounding the -heater.
When a large resistor is used between
heater and cathode (as in series-con-
nected heater strings), or when one side
of the heater is grounded, even a minute
pulsating leakage current between heater
and cathode can develop a small volt-
age across the cathode-circuit imped-
ance and cause objectionable hum. The
use of a large cathode bypass capacitor
is recommended to minimize this source
of hum.

Much lower hum levels can be
achieved when heaters are connected in
parallel systems in which the center-tap
of the heater supply is grounded or,
preferably, connected to a positive bias
source of 15 to 80 volts dc to reduce the
flow of alternating current. The heater
leads of the tubes should be twisted and
kept away from high-impedance circuits.
The balanced ac supply provides almost
complete cancellation of the alternat-
ing-current components.

The balanced arrangement de-
scribed above also minimizes heater-
grid hum. High grid-circuit impedances
should be avoided, if possible. High
heater voltages should also be avoided
because heater-cathode hum rises sharply
when the heater voltage is increased
above the published value.

Certain tube types are designed
especially to minimize hum in high-
quality, high-fidelity audio equipment.
Examples are the 5879, 7025, and 7199.

FIRST RF VOLTAGE
AUDIO CON- POWER RECTI~-
AF AND 1F DROPPING
OETECTOR [ | supiirier| | VERTER STAGES | | AMPLIFIER FIER RESISTOR
4. L J2v. |
~ ACOR DC

Fig. 112A—O0Order of series heater-string connection, by tube function, to minimize
hum in a radio receiver.
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Fig. 112B—Order of series heater-string connection, by tube function, to minimize
hum in a TV receiver.

Plate Voltage Supply

The plate voltage for electron tubes
is obtained from batteries, rectifiers,
direct-current power lines, and small
local generators. The maximum plate-
voltage value for any tube type should
not be exceeded if most satisfactory
performance is to be obtained. Plate
voltage should not be applied to a tube
unless the corresponding recommended
voltage is also supplied to the grid.

It is recommended that the primary
circuit of the power transformer be
fused to protect the rectifier tube(s), the
power transformer, filter capacitor, and
chokes in case a rectifier tube fails.

Grid Voltage Supply

The recommended grid voltages for
different operating conditions have been
carefully determined to give the most
satisfactory performance. Grid voltage
may be obtained from a fixed source
such as a separate C-battery or a tap on
the voltage divider of the high-voltage
dc supply, from the voltage drop across
a resistor in the cathode circuit, or from
the voltage drop across a resistor in the
grid circuit. The first method is called
“fixed bias”; the second is called “cath-
ode bias” or “self bias”; the third is
called “grid-resistor bias” and is some-
times incorrectly referred to in re-
ceiving-tube practice as “zero-bias
operation.”

In any case, the object is to make
the grid negative with respect to the
cathode by the specified voltage. When
a C-battery is used, the negative termi-
nal is connected to the grid return and
the positive terminal is connected to the
negative filament socket terminal, or to
the cathode terminal if the tube is of
the heater-cathode type. If the filament
is supplied with alternating current, this
connection is usually made to the cen-
ter-tap of a low resistance (20 to 50
ohms) shunted across the filament ter-
minals. This method reduces hum dis-
turbances caused by the ac supply. If
bias voltages are obtained from the
voltage divider of a high-voltage dc
supply, the grid return is connected to
a more negative tap than the cathode.

The cathode-biasing method uti-
lizes the voltage drop produced by the
cathode current flowing through a re-
sistor connected between the cathode
and the negative terminal of the B-sup-
ply. (See Fig. 113.) The cathode current
is, of course, equal to the plate current
in the case of a triode, or to the sum
of the plate and grid-No. 2 currents
in the case of a tetrode, pentode, or
beam power tube. Because the voltage
drop along the resistance is increas-
ingly negative with respect to the cath-
ode, the required mnegative grid-bias
voltage can be obtained by connecting
the grid return to the negative end of
the resistance.
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Fig. 113—Typical grid-voltage supply circuits.

The value of the resistance tor
cathode-biasing a single tube can be de-
termined from the following formula:

Resistance (ohms) =
desired grid-bias voltage X 1000

rated cathode current in milliamperes
Thus, the resistance required to pro-
duce 9 volts bias for a triode which
operates at 3 milliamperes plate current
is 9 x 1000/3 = 3000 ohms. If the
cathode current of more than one tube
passes through the resistor, or if the
tube or tubes employ more than three
electrodes, the total current determines
the size of the resistor.

Bypassing of the cathode-bias re-
sistor depends on circuit-design require-
ments. In rf circuits the cathode resistor
usually is bypassed. In af circuits the
use of an unbypassed resistor will re-
duce distortion by introducing degene-
ration into the circuit. However, the
use of an unbypassed resistor decreases
gain and power sensitivity, When by-
passing is used, it is important that the
bypass capacitor be sufficiently large to
have negligible reactance at the lowest
frequency to be amplified.

In the case of power-output tubes
having high transconductance, such as
beam power tubes, it may be necessary
to shunt the bias resistor with a small
mica capacitor (approximately 0.0014F)
in order to prevent osciilations. The
usual af bypass may or may not be
used, depending on whether or not
degeneration is desired. In tubes having
high values of transconductance, such
as the 6BA6, 6CB6A, and 6AC7, input
capacitance and input conductance
change appreciably with plate current.

When such a tube having a separate
suppressor-grid connection is used as an
rf amplifier, these changes may be mini-
mized by leaving a certain portion of
the cathode-bias resistor unbypassed. In
order to minimize feedback when this
method is used, the external grid-No. 1-
to-plate (wiring) capacitances should be
kept to a minimum, the grid No. 2
should be bypassed to ac ground, and
the grid No. 3 should be connected to
ac ground.

The use of a cathode resistor to
obtain bias voltage is not recommended
for amplifiers in which there is appre-
ciable shift of electrode currents with
the application of a signal. In such
amplifiers, a separate fixed supply is
recommended.

The grid-resistor biasing method
is also a self-bias method because it
utilizes the voltage drop across the grid
resistor produced by small amounts of
grid current flowing in the grid-cathode
circuit. This current is due to (1) an
electromotive potential difference be-
tween the materials comprising the grid
and cathode and (2) grid rectification
when the grid is driven positive. A large
value of resistance is required in order
to limit this current to a very small
value and to avoid undesirable loading
effects on the preceding stage.

Examples of this method of bias
are given in the Circuits section. In
these circuits, the audio amplifier type
1US or 12AV6 has a 10-megohm resistor
between the grid and the negative fila-
ment or cathode to furnish the required
bias, which is usually less than 1 volt.
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This method of biasing is used prin-
cipally in the early voltage-amplifier
stages (usually employing high-mu
triodes) of audio amplifier circuits,
where the tube dissipation will not be
excessive under zero-signal conditions.

A grid resistor is also used in many
oscillator circuits for obtaining the re-
quired bias. In these circuits, the grid
voltage is relatively constant and its
magnitude is usually in the order of 5
volts or more. Consequently, the bias
voltage is obtained only through grid
rectification. A relatively low value
of resistor, 0.1 megohm or less, is
used. Oscillator circuits employing this
method of bias are given in the Circuits
section.

Grid-bias variation for the rf and
if amplifier stages is a convenient and
frequently used method for controlling
receiver volume. The variable voltage
supplied to the grid may be obtained:
(1) from a variable cathode resistor-as
shown in Figs. 114 and 115; (2) from a
bleeder circuit by means of a poten-
tiometer as shown in Fig. 116; or (3)
from a bleeder circuit in which the
bleeder current is varied by a tube

14

Fig. 114—Amplifier stage using a variable
cathode-bias resistor for volume control.

used for automatic volume control.
The latter circuit is shown in Fig 61.

In all cases it is important that
the control be arranged so that at no
time will the bias be less than the
recommended minimum grid-bias volt-
age for the particular tubes used. This
requirement can be met by providing
a fixed stop on the potentiometer, by
connecting a fixed resistance in series
with the variable resistance, or by con-
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necting a fixed cathode resistance in
series with the variable resistance used
for regulation. Where receiver gain is

VARIABLE

8- B

Fig. 115—Amplifier stage similar to Fig.
114 but using heater-cathode-type tube.

controlled by grid-bias variation, it is
advisable to have the control voltages
extend over a wide range in order to
minimize cross-modulation and modula-
tion-distortion. A remote-cutoff type of
tube should, therefore, be used in the
controlled stages.

Av A~ B-
Fig. 116—Amplifier stage using a bleeder

circuit and potentiometer for volume
control.

In most tubes employing a unipo-
tential cathode, a positive grid current
begins to flow when the grid is slightly
negative and increases rapidly as the
grid is made more positive, as shown
in Fig. 117. The value of grid voltage
at which the grid-current curve inter-
cepts the horizontal axis is determined
by several different physical processes,
including an electrothermal effect due
to the differences in temperature and
in material composition of the grid
and the cathode, and by the positive
grid current. For values of grid poten-
tials- which are larger than this inter-
cept, the direction of the grid current
is positive (i.e., from the cathode to
the grid). At smaller values of grid po-
tential, the direction of the grid current
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is negative (i.e., from the grid to the
cathode).

Positive grid current consists of
electrons emitted from the cathode
which are intercepted by the control
grid. Negative grid current, which be-
comes appreciable only when the grid
potential is more negative than the
value of the intercept, is a result of
the emission of electrons from the
heated control grid to the cathode, the
effect of gas molecules in the tube,
and the influence of leakage currents
between the grid and cathode and the
grid and the plate.

The value of grid potential at the
intercept of the grid-current curve on
the horizontal axis (often mistakenly
called contact potential) may be as high
as 1% volts. If the operating bias of the
tube is less than this intercept, it is
found that two effects are present.
Direct current flows in the grid circuit,
and the dynamic input resistance of the
tube may be relatively low. It is gen-
erally desirable to supply the tube with
a value of bias sufficiently high so that
the operating point of the tube is not
near the value of this intercept. If the
value of the operating bias is near the
value of the intercept, care should be
taken to avoid undesirable effects in
the grid circuit due to grid current or
low input resistance.

&9

CURRENT

7
GRID VOLTS +

Fig. 117—Curves showing flow of positive
grid current in tubes employing unipotential
cathodes.

|
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Screen-Grid Voltage Supply

The positive voltage for the screen
grid (grid No. 2) of screen-grid tubes
may be obtained from a tap on a volt-
age divider, from a potentiometer, or
from a series resistor connected to a
high-voltage source, depending on the
particular tube type and its application.
The screen-grid voltage for tetrodes
should be obtained from a voltage
divider or a potentiometer rather than
through a series resistor from a high-
voltage source because of the character-
istic screen-grid current variations of
tetrodes. Fig. 118 shows a tetrode with
its screen-grid voltage obtained from a
potentiometer.

When pentodes or beam power
tubes are operated under conditions
where a large shift of plate and screen-
grid currents does not take place with
the application of the signal, the screen-
grid voltage may be obtained through
a series resistor from a high-voltage

Fig, 118—Tetrode circuit in which screen-
grid voltage is obtained from a
potentiometer.

source. This method of supply is pos-
sible because of the high uniformity
of the screen-grid current characteristic
in pentodes and beam power tubes.
Because the screen-grid voltage rises
with increase in bias and resulting de-
crease in screen-grid current, the cutoff
characteristic of a pentode is extended
by this method of supply.

This method is sometimes used to
increase the range of signals which can
be handled by a pentode. When used
in resistance-coupled amplifier circuits
employing pentodes in combination
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with the cathode-biasing method, it
minimizes the need for circuit adjust-
ments. Fig. 119 shows a pentode with
its screen-grid voltage supplied through
a series resistor.

When power pentodes and beam
power tubes are operated under condi-
tions such that there is a large change
in plate and screen-grid currents with
the application of signal, the series-
resistor method of obtaining screen-grid
voltage should not be used. A change
in screen-grid current appears as a

8- B
Fig. 119—Pentode circuit in which screen-

grid voltage is supplied through a series
resistor.

change in the voltage drop across the
series resistor in the screen-grid circuit;
the result is a change in the power
output and an increase in distortion.
The screen-grid voltage should be ob-
tained from a point in the plate-voltage-
supply filter system having the correct
voltage, or from a separate source.

It is important to note that the
plate voltage of tetrodes, pentodes, and
beam power tubes should be applied
before or simultaneously with the
screen-grid voltage. Otherwise, with
voltage on the screen grid only, the
screen-grid current may rise high
enough to cause excessive screen-grid
dissipation.

Screen-grid voltage variation for
the rf amplifier stages has sometimes
been used for volume control in older-
type receivers. Reduced screen-grid volt-
age decreases the transconductance of
the tube and results in reduced gain
per stage. The voltage variation is ob-
tained by means of a potentiometer
shunted across the screen-grid voltage
supply. (See Fig. 118.) When the screen-
grid voltage is varied, it must never
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exceed the rating of the tube. This
requirement can be met by providing
a fixed stop on the potentiometer.

Shielding

In high-frequency stages having
high gain, the output circuit of each
stage must be shielded from the input
circuit of that stage. Each high-fre-
quency stage also must be shielded
from the other high-frequency stages.
Unless shielding is employed, undesired
feedback may occur and may produce
many harmful effects on receiver per-
formance.

To prevent this feedback, it is a
desirable practice to shield separately
each unit of the high-frequency stages.
For instance, in a superheterodyne re-
ceiver, each if and rf coil may be
mounted in a separate shield can.
Baffle plates may be mounted on the
ganged tuning capacitor to shield each
section of the capacitor from the other
section. The oscillator coil may be es-
pecially well shielded by being mounted
under the chassis.

The shielding precautions required
in a receiver depend on the design of
the receiver and the layout of the parts.
In all receivers having high-gain high-
frequency stages, it is necessary to
shield separately each tube in high-
frequency stages. When metal tubes,
and in particular the single-ended types,
are used, complete shielding of each
tube is provided by the metal shell
which is grounded through its ground-
ing pin at the socket terminal. The
grounding connection should be short
and sturdy. Many modern tubes of glass
construction have internal shields, us-
ually connected to the cathode; where
present, these shields are indicated in
the socket diagram.

Dress of Circuit Leads

At high frequencies such as are en-
countered in FM and television re-
ceivers, lead dress, that is, the location
and arrangement of the leads used for
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connections in the receiver, is very im-
portant. Because even a short lead
provides a large impedance at high fre-
quencies, it is necessary to keep all
high-frequency leads as short as pos-
sible. This precaution is especially im-
portant for ground connections and for
all connections to bypass capacitors
and high-frequency filter capacitors.
The ground connections of plate and
screen-grid bypass capacitors of each
tube should be kept short and made
directly to cathode ground.

Particular care should be taken
with the lead dress of the input and
output circuits of high-frequency stages
so that the possibility of stray coupling
is minimized. Unshielded leads con-
nected to shielded components should
be dressed close to the chassis. As the
frequency increases, the need for care-
ful lead dress becomes increasingly
important.

In high-gain audio amplifiers, these
same precautions should be taken to
minimize the possibility of self-oscilla-
tion.

Filters

Feedback effects also are caused in
radio or television receivers by coupling
between stages through common volt-
age-supply circuits. Filters find an im-
portant use in minimizing such effects.
They should be placed in voltage-supply
leads to each tube in order to return
the signal current through a low-im-
pedance path direct to the tube cathode
rather than by way of the voltage-
supply circuit. Fig. 120 illustrates several
forms of filter circuits. Capacitor C
forms the low-impedance path, while
the choke or resistor assists in diverting
the signal through the capacitor by
offering a high impedance to the power-
supply circuit.

The choice between a resistor and
a choke depends chiefly upon the per-
missible dc voltage drop through the
filter. In circuits where the current is
small (a few milliamperes), resistors are
practical; where the current is large or
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Fig. 120—Typical filter circuits.

regulation important, chokes are more
suitable.

The minimum practical size of the
capacitors may be estimated in most
cases by the following rule: The imped-
ance of the capacitor at the lowest fre-
quency amplified should not be more
than one-fifth of the impedance of the
filter choke or resistor at that frequency.
Better results will be obtained in special
cases if the ratio is not more than one-
tenth,

Radio-frequency circuits, particu-
larly at high frequencies, require high-
quality capacitors. Mica or ceramic ca-
pacitors are preferable. Where stage
shields are employed, filters should be
placed within the shield.

Another important application of
filters is to smooth the output of a
rectifier tube. (See Rectification.) A
smoothing filter usually consists of ca-
pacitors and iron-core chokes. In any
filter-design problem, the load imped-
ance must be considered as an integral
part of the filter because the load is
an important factor in filter perform-
ance. Smoothing effect is obtained from
the chokes because they are in series
with the load and offer a high imped-
ance to the ripple voltage. Smoothing
effect is obtained from the capacitors
because they are in parallel with the
load and store energy on the voltage
peaks; this energy is released on the
voltage dips and serves to maintain
the voltage at the load substantially
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constant. Smoothing filters are clas-
sified as choke-input or capacitor-input
according to whether a choke or ca-
pacitor is placed next to the rectifier
tube. (See Fig. 121.)
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plate and transformer winding and to
connect high-voltage, rf bypass capaci-
tors between the outside ends of the
transformer winding and the center
tap. (Sze Fig. 122.) The rf chokes should

CAPACITOR FILTER

U0 1

L

O

INPUT

FROM I
RECTIFIER e oVTRuT
TuBE

C3FILTER CAPACITOR

Fig. 121—Typical smoothing filters for rectifier tubes.

The Circuits section gives a num-
ber of examples of rectifier circuits
with recommended filter constants.

If an input capacitor is used, con-
sideration must be given to the instan-
taneous peak value of the ac input volt-
age. This peak value is about 1.4 times
the rms value as measured by an ac
voltmeter. Filter capacitors, therefore,
especially the input capacitor, should
have a rating high enough to withstand
the instantaneous peak value if break-
down is to be avoided. When the input-
choke method is used, the available dc
output voltage will be somewhat lower
than with the input-capacitor method
for a given ac plate voltage. However,
improved regulation together with lower
peak current will be obtained.

Mercury-vapor and gas-filled recti-
fier tubes occasionally produce a form
of local interference in radio receivers
through direct radiation or through the
power line, This interference is gen-
erally identified in the receiver as a
broadly tunable 120-Hz buzz (100
Hz for 50-Hz supply line, etc.).
It is usually caused by the formation
of a steep wave front when plate cur-
rent within the tube begins to flow on
the positive half of each cycle of the ac
supply voltage.

There are several ways of elimi-
nating this type of interference. One is
to shield the tube. Another is to insert
an rf choke having an inductance of
one millihenry or more between each

be placed within the shielding of the
tube. The rf bypass capacitors should
have a voltage rating high enough to
withstand the peak voltage of each half
of the secondary, which is approxi-
mately 1.4 times the rms value.
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Fig. 122—Filter circuit used to eliminate
interference produced by mercury-vapor or
gas-filled rectifier tubes.

Transformers having electrostatic
shielding between primary and second-
ary are not likely to transmit rf disturb-
ances to the line. Often the interference
may be eliminated simply by making
the plate leads of the rectifier extremely
short. In general, the particular method
of interference elimination must be se-
lected by experiment for each instal-
lation.

Output Coupling Devices

An output-coupling device is used
in the plate circuit of a power output
tube to keep the comparatively high dc
plate current from the winding of an
electromagnetic speaker and, also, to
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transfer power efficiently from the out-
put stage to a loudspeaker of either the
electromagnetic or dynamic type.

Output-coupling devices are of two
types, (1) choke-capacitor and (2) trans-
former. The choke-capacitor type ‘in-
cludes an iron-core choke having an
inductance of not less than 10 henries
which is placed in series with the plate
and B-supply. The choke offers a very
fow resistance to the dc plate current
component of the signal voltage but op-
poses the flow of the fluctuating com-
ponent. A bypass capacitor of 2 to 6
microfarads supplies a path to the
speaker winding for the signal voltage.
The choke-coil output coupling device,
however, is now only of historical
interest.

The transformer type is constructed
with two separate windings, a primary
and a secondary wound on an iron core.
This construction permits designing
each winding to meet the requirements
of its position in the circuit. Typical
arrangements of each type of coupling
device are shown in Fig. 123, Examples
of transformers for push-pull stages are
shown in several of the circuits given
in the Circuits section.
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Fig. 123—Typical output-coupling devices.

High-Fidelity Systems

The results achieved from any
high-fidelity amplifier system depend to
a large degree upon the skill and care
with which the system is constructed.
Improper placement of transformers.
other components, and wiring, and at-
tempts to achieve excessive compact-
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ness, can only result in instability,
oscillation, hum, and other operating
difficulties, as well as in damage to
components by overheating. It is im-
portant, therefore, that construction of
high-fidelity amplifier systems be under-
taken only by persons who have had
some experience in the layout, mechan-
ical construction, and wiring of audio
equipment.

It is impractical to give specific
construction data for various amplifiers
and supplementary units because the
best arrangement for each unit or com-
bination of units will depend on the
requirements of the user. It is possible,
however, to list some general consid-
erations which should be observed in
the construction of any high-fidelity
amplifier system.

Any amplifier having two or more
stages should be constructed with a
straight-line layout so that maximum
separation is provided between the
signal input and output circuits and ter-
minals. Power-supply connections, par-
ticularly those carrying ac, should be
isolated as far as possible from signal
connections, especially from the input
connection. Signal-carrying conductors,
even when shielded, should not be
cabled together with power-supply con-
ductors. Internal wiring for ac-operated
tube heaters, switches, pilot-light sock-
ets, and other devices, should be twisted
and placed flat against the chassis. All
connections to the ground side of the
circuit in each unit should be made to
a common bus of heavy wire. This bus
should be connected to the chassis
only at the point of minimum signal
voltage, i.e., at the signal-input terminal
of the unit.

All internal wiring that carries sig-
nal voltages should be as short as pos-
sible, and as far as possible above the
chassis, to minimize losses at the higher
audio frequencies due to stray shunt
capacitance. All connections between
units should be made with shielded
cable having a capacitance of not more
than 30 picofarads per foot, such as
Alpha Type 1249 or 1704, Belden Type
8401 or 8410, or equivalent cable.
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Because power amplifiers and pow-
er-supply units of high-fidelity systems
normally dissipate large amounts of
heat, they should be constructed and
installed in such a manner as to assure
adequate ventilation for the tubes and
other components. A beam power tube
or rectifier tube should be separated
from any other tube or component on
the same side of the chassis by at least
1142 tube diameters.

Power amplifiers and power-supply
units which are to be installed horizon-
tally (i.e., with the tubes vertical) in
cabinets or on shelves should be pro-
vided with mounting feet, perforated
bottom covers, and a number of small
holes around each tube socket to permit
relatively cool air to enter from below
and provide ventilation for the under
side of the chassis and tubes.

If a power amplifier, tone-control
amplifier, and one or more pream-
plifiers are to be constructed on the
same chassis, the mechanical layout
should be planned so that the circuits
operating at the lowest signal levels
are farthest from the output stage and
power supply. Amplifier units which
normally operate at comparable signal
levels but are not used simultaneously
(such as preamplifiers for tape pickup
heads and magnetic phonograph pick-
ups) may be installed side by side on
the same chassis without danger of
interaction. Units which operate si-
multaneously, however (such as the
channels of a stereophonic system),
should not be installed side by side
on the same chassis without careful
consideration to placement of com-
ponents and wiring, and the possible
use of shielding to prevent interaction.

When an amplifier, preamplifier,
mixer, or other unit requiring heater
power is located more than five or six
feet from its power-supply unit, the
heater-current conductors in the power-
supply cable must be large enough to
assure that each tube receives its rated
heater voltage. In cases where very
large heater currents or very long
power-supply cables are involved, it
may be desirable to install a heater-
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supply transformer on or near the am-
plifier unit. If such a transformer: is
installed on or near a preamplifier for
a magnetic-tape pickup head, a mag-
netic phonograph pickup, or a dynamic
microphone, the transformer should
be completely shielded and positioned
to prevent its field from inducing hum
in the pickup device.

Considerations for
Television Picture Tubes

Like other high-voltage devices,
television picture tubes require that cer-
tain precautions be observed to mini-
mize the possibility of failure caused
by humidity, dust, and corona.

Humidity Considerations. When-
humidity is high, a continuous film of
moisture may form on the glass bulb
immediately surrounding the anode cav-
ity cap of all-glass picture tubes or
on the glass part of the envelope of
metal picture tubes. This film may per-
mit sparking to take place over the
glass surface to the external conductive
coating or to the metal shell. Such
sparking may introduce noise into the
receiver. To prevent such a possibility,
the uncoated bulb surface around the
cap and the glass part of the envelope
of metal picture tubes should be kept
clean and dry.

Dust Considerations. The accumu-
lation of dust on the uncoated area of
the bulb around the anode cap of all-
glass picture tubes or on the glass part
of the envelope or insulating supports
for metal picture tubes will decrease
the insulating qualities of these parts.
The dust usually consists of fibrous
materials and may contain soluble salts.
The fibers absorb and retain moisture;
the soluble salts provide electrical leak-
age paths that increase in conductivity
as the humidity increases. The resulting
high leakage currents may overload the
high-voltage power supply.

It is recommended, therefore, that
the uncoated bulb surface of all-glass
picture tubes and the coated glass sur-
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face and insulating supports for metal
picture tubes be kept clean and free
from dust or other contamination such
as finger-prints. The frosted Filterglass
faceplate of the metal picture tubes
may be cleaned with a soapless deter-
gent, such as Dreft, then rinsed with
clean water, and immediately dried.
Corona Considerations. A high-
voltage system may be subject to co-
rona, especially when the humidity is
high, unless suitable precautions are
taken. Corona, which is an electrical
discharge appearing on the surface of
a conductor when the voltage gradient
exceeds the breakdown value of air,
causes deterioration of organic insulat-
ing materials through formation of
ozone, and induces arc-over at points
and sharp edges. Sharp points or other
irregularities on any part of the high-

RCA RECEIVING TUBE MANUAL

voltage system may increase the pos-
sibility of corona and should be avoided.
In the metal-shell picture tubes,
the metal lip at the maximum diameter
has rounded edges to prevent corona.
Adequate spacing between the lip and
any grounded element in the receiver,
or between the small end of the metal
shell and any grounded element, should
be provided to preclude the possibility
of corona. Such spacing should not be
less than 1 inch of air. Similarly, an
air space of 1 inch, or equivalent,
should be provided around the body
of the metal shell. As a further pre-
caution to prevent corona, the deflect-
ing-yoke surface on the end adjacent
to the shell should present a smooth
electrical surface with respect to the
small end of the metal shell or the
anode terminal of all-glass tubes.
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Safety Precautions

Shock Hazard and
High Voltage Warning—
Receiving Tubes

Most electron tubes present a shock
hazard in use because of the voltages
at which they operate. This hazard ap-
plies to all applications and is not re-
stricted to high-voltage circuits. There-
fore, precautions should be taken
when servicing equipment in which
electron tubes are used.

Some electron tubes, such as high-
voltage rectifiers and those used in the
high-voltage regulators of television re-
ceivers, operate with very high electrode
voltages. Extreme care should be taken
during testing or adjustment of circuits
in which such tubes are employed.
Precautions must be exercised during
the replacement or servicing of these
tubes in equipment to assure that the
high voltage output terminal is prop-
erly grounded when the tube is being
removed from or inserted into its socket
or when the top cap connector is being
disconnected or connected. The tube
and its associated apparatus, especially
all parts which may be at high-poten-
tial with respect to ground, should be
housed in a protective enclosure. The
protective housing should be designed
with interlocks so that personnel can-
not possibly come in contact with any
high-potential point in the electrical
system.

It should be noted that high volt-
ages may appear at normally low-
potential points in the circuit as a
result of capacitor breakdown or in-
correct circuit connections. Therefore,
before any part of the circuit is
touched, the power supply switch
should be turned off and both termi-
nals of any capacitor should be
grounded.

X-Radiation Warning—
Receiving Tubes

Electron tubes that are operated
at potentials exceeding several thou-
sand volts may emit X-radiation. The
X-radiation is generated when elec-
trons (or ions) which are accelerated
to high velocities impact with high en-
ergy on various parts of the tube’s
structure. Tube types which specify an
X-radiation characteristic in their pub-
lished data are designed and controlled
for this characteristic.

X-Radiation is measured in accord-
ance with JEDEC Publication No. 67A,
“Recommended Practice for Meas-
urement of X-Radiation from Receiving
Tubes”, and controlled in accordance
with JEDEC Publication No. 73A,
“Recommended Practice for Quality
Control of X-Radiation from High
Voltage Rectifier and Shunt Regulator
Receiving Tubes”. These publications
are available from the Electronic In-
dustries Association, 2001 Eye St.,
N.W., Washington, D.C. 20006.

Operation of these devices above the
maximum values indicated in their
Maximum Ratings may result in either
temporary or permanent changes in
the X-radiation characteristic of the
tube. Equipment design must be such
that these maximum values are not
exceeded.

The high voltages associated with
these devices result in production of
X-radiation which may constitute a
health hazard on prolonged exposure
at close range unless the tube is ade-
quately shielded. Equipment design
must provide for this shielding.

Precautions must be exercised dur-
ing the servicing of equipment employ-
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ing these devices to assure that the
high voltage is adjusted to the recom-
mended value and that any shielding
components are replaced to their in-
tended positions before the equipment
is operated.

Shock Hazard Warning—
Picture Tubes

The high voltage at which picture
tubes are operated may be very dan-
gerous. Design of the TV receiver
should include safeguards to prevent
the user from coming in contact with
the high voltage. Extreme care should
be taken in the servicing or adjust-
ment of any high-voltage circuit.

Caution must be exercised during
the replacement or servicing of the
picture tube since a residual electrical
charge may be contained on the high
voltage capacitor formed by the ex-
ternal and internal conductive coat-
ings of the picture tube funnel. To
remove any undesirable residual high
voltage charges from the picture tube,
“bleed oft” the charge by shorting the
anode contact button, located in the
funnel of the picture tube, to the ex-
ternal conductive coating before han-
dling the tube. Discharging the high
voltage to isolated metal parts such
as cabinets and control brackets may
produce a shock hazard.

Tube Handling Precaution—
Picture Tubes

Picture tubes should be kept in the
shipping box or similar protective con-
tainer until just prior to installation,
Wear heavy protective clothing, in-
cluding gloves and safety goggles with
side shields, in areas containing un-
packed and unprotected tubes to prevent
possible injury from flying glass in the
event a tube breaks. Handle the pic-
ture tube with extreme care. Do not
strike, scratch, or subject the tube to
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more than moderate pressure. On types
having an integral safety panel, par-
ticular care should be taken to pre-
vent damage to the seal area and the
edge of the integral safety panel.

Implosion Protection—
Picture Tubes

Picture tubes which employ integral
implosion protection must be replaced
with a tube of the same type number
or an RCA recommended replacement
to assure continued safety.

X-Radiation Warning—
Picture Tubes

High-voltage electron tubes that
operate at potentials exceeding several
thousand volts may emit X-radiation.
Operation of a television picture tube
at abnormal conditions may produce
X-radiation in excess of design limits.

X-Radiation is measured in accord-
ance with JEDEC Publication No.
64C, “Recommended Practice for
Measurement of X-Radiation from
Direct-View Television Picture Tubes.”
This publication is available from the
Electronics Industries Association, 2001
Eye St., N.W., Washington, D. C.
20006.

For radiation safety when servicing
a television receiver, it is essential to ad-
just the high voltage, using an accurate
and reliable high-voltage meter, to the
value specified by the set manufacturer
following his recommended procedure.
It is also essential that all external
shields are properly replaced. In servic-
ing a television receiver that requires
a replacement picture tube, a tube
with the same type number or an
RCA recommended replacement tube
type should be used to assure the same
or improved integral X-radiation shield-
ing.



HE tube data given in the follow-

ing Technical Data section include
ratings, typical operation values, char-
acteristics, and characteristic curves.

The values for grid-bias voltages,
other electrode voltages, and electrode
supply voltages are given with refer-
ence to a specified datum point as fol-
lows: For types having filaments heated
with dc, the negative filament terminal
is taken as the datum point to which
other electrode voltages are referred.
For types having filaments heated with
ac, the mid-point (i.e., the center tap
on the filament-transformer secondary,
or the mid-point on a resistor shunting
the filament) is taken as the datum
point. For types having unipotential
cathodes indirectly heated, the cathode
is taken as the datum point.

Ratings are established on electron
tube types to help equipment designers
utilize the performance and service ca-
pabilities of each tube type to best
advantage. Ratings are given for those
characteristics which careful study and
experience indicate must be kept within
certain limits to insure satisfactory per-
formance.

Three rating systems are in use by
the electron-tube industry. The oldest
is known as the Absolute Maximum
system, the next as the Design Center
system, and the latest and newest as the
Design Maximum system. Definitions
of these systems have been formulated
by the Joint Electron Device Engineer-
ing Council (JEDEC) and standardized
by the National Electrical Manufactur-
ers Association (NEMA) and the Elec-
tronic Industries Association (EIA) as
follows:
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Interpretation
of Tube Data

Absolute Maximwm ratings are
limiting values which should not be
exceeded with any tube of the specified
type under any condition of operation.
These ratings are not used too often
for receiving types, but are generally
used for transmitting and industrial
types.

Design Center ratings are limiting
values which should not be exceeded
with a tube of the specified type having
characteristics equal to the published
values under normal operating condi-
tions. These ratings, which include al-
lowances for normal variations in both
tube characteristics and operating con-
ditions, were used for most receiving
tubes prior to 1957.

Design Maximum ratings are lim-
iting values which should not be ex-
ceeded with a tube of the specified type
having characteristics equal to the pub-
lished values under any conditions of
operation. These ratings include allow-
ances for normal variations in tube
characteristics, but do not provide for
variations in operating conditions. De-
sign Maximum ratings were adopted
for receiving tubes in 1957.

Electrode voltage and current rat-
ings are in general self-explanatory, but
a brief explanation of other ratings will
aid in the understanding and interpre-
tation of tube data.

Heater warm-up time is defined as
the time required for the voltage across
the heater to reach 80 per cent of the
rated value in the circuit shown in Fig.
124, The heater is placed in series with a
resistance having a value 3 times the
nominal heater operating resistance
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(R = 3 E./Iy), and a voltage having a
value 4 times the rated heater voltage
(V = 4 Eo) is then applied. The warm-
up time is determined when E = 0.8 Ex.

SUPPLY VOLTS

RMS OR DC=4E ¢ E=08Ef

S:ATER

E¢=RATED HEATER VOLTAGE
I¢=RATED HEATER CURRENT

Fig. 124—Test circuit for measuring heater
warm-up time.

Plate dissipation is the power dissi-
pated in the form of heat by the plate
as a result of electron bombardment
it is the difference between the power
supplied to the plate of the tube and the
power delivered by the tube to the load.

Peak heater-cathode voltage is the
highest instantaneous value of voltage
that a tube can safely stand between its
heater and cathode. This rating is ap-
plied to tubes having a separate cathode
terminal and used in applications where
cxcessive voltage may be introduced be-
tween heater and cathode.

Maximum dc outfput current is the
highest average plate current which can
be handled continuously by a rectifier
tube. Its value for any rectifier tube
type is based on the permissible plate
dissipation of that type. Under operat-
ing conditions involving a rapidly re-
peating duty cycle (steady load), the
average plate current may be measured
with a dc meter.

The nomograph shown in Fig. 125
can be used to determine tube voltage
drop or plate current for any diode
unit when values for a single plate-
voltage, plate-current condition are
available from the data. It can also be
used to compare the relative perveance
(G = I,/ Eu 8/2) of several diodes. Perve-
ance can be considered a figure of merit
for diodes; high-perveance units have
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lower voltage drop at a fixed current
level. .

Tube voltage drop or plate current
for a specific diode unit can be deter-
mined as follows: First, convenient val-
ues are selected for the plate-voltage
and plate-current scales of the nomo-
graph. The published plate-current and
plate-voltage values are then located on
the scales and connected with a straight
edge. The intersection of the connect-
ing line with the perveance scale is then
used as a pivot point to determine the
value of tube voltage drop correspond-
ing to a desired current value, or the
value of plate current corresponding to
a desired tube voltage drop. Because
the pivot point for a specific diode

. -1
of I
(.28
7
61
s 12
4
3 r
4

2t 5$
*3
[

a 7>

© w o w

o 2o * <

$r «|z R ]

< 9% WG a

Soef zig

]

=27 Wiee

= Lo

w ¢ z

S

< 2

a
4

3
3 3
4
24 s
.
L4
.
9
(B8 1)

S2CM- 11244

Fig. 125—Diode perveance nomograph.

unit represents its perveance, the pivot
points for several units (plotted to the
same scales) can be used to compare
their relative perveance.
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For example, type SU4GB has a
tube voltage drop (per plate) of 44 volts
at a plate current of 225 milliamperes.
Convenient scales for this type are from
1 to 100 volts for plate voltage and
from 10 to 1000 milliamperes for plate
current. The points 44 volts and 225
milliamperes are then connected with a
straight line to determine the pivot
point. Using this pivot point, it is easy
to determine such values as a plate
current of 150 milliamperes at a tube
voltage drop of 33 volts, or a voltage
drop of 25 for a current of 100 mil-
liamperes.

For readings in the order of one
volt and/or one milliampere, the nomo-
graph is not accurate because of the
effects of contact potential and injtial
electron velocity.

Maximum peak plate current is
the highest instantaneous plate current
that a tube can safely carry recurrently
in the direction of normal current flow.
The safe value of this peak current in
hot-cathode types of rectifier tubes is a
function of the electron emission avail-
able and the duration of the pulsating
current flow from the rectifier tube in
each half-cycle.

The value of peak plate current in
a given rectifier circuit is fargely deter-
mined by filter constants. If a large
choke is used at the filter input, the
peak plate current is not much greater
than the load current; but if a large
capacitor is used as the filter input, the
peak current may be many times the
load current. In order to determine
accurately the peak plate current in any
rectifier circuit, measure it with a peak-
indicating meter or use an oscillograph.

Maximum peak inverse plate volt-
age is the highest instantaneous plate
voltage which the tube can withstand
recurrently in the direction opposite to
that in which it is designed to pass cur-
rent. For mercury-vapor tubes and gas-
filled tubes, it is the safe top value to
prevent arc-back in the tube operating
within the specified temperature range.

Referring to Fig. 126, when plate A
of a full-wave rectificr tube is positive,
current flows from A to C, but not from
B to C. because B is negative. At the
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instant plate A is positive, the filament
is positive (at high voltage) with respect
to plate B. The voltage between the
positive filament and the negative plate
B is in inverse relation to that causing
current flow. The peak value of this
voltage is limited by the resistance and
nature of the path between plate B and
filament. The maximum value of this
voltage at which there is no danger of
breakdown of the tube is known as
maximum peak inverse voltage,

Fig. 126—Schematic diagram of full-wave
rectifier tube and circuit connections.

The relations between peak inverse
voltage, rms value of ac input voltage,
and dc output voltage depend largely
on the individual characteristics of the
rectifier circuit and the power supply.
The presence of line surges or any
other transient., or wave-form distortion,
may raise the actual peak voltage to a
value higher than that calculated for
sine-wave voltages. Therefore, the actual
inverse voltage, and not the calculated
value, should be such as not to exceed
the rated maximum peak inverse volt-
age for the rectifier tube. A calibrated
cathode-ray oscillograph or a peak-
indicating electronic voltmeter is useful
in determining the actual peak inverse
voltage.

In single-phase, full-wave circuits
with sine-wave input and with no ca-
pacitor across the output, the peak in-
verse voltage on a rectifier tube is ap-
proximately [.4 times the rms value of
the plate voltage applied to the tube.
In single-phase, half-wave circuits with
sine-wave input and with capacitor in-
put to the filter, the peak inverse volt-
age may be as high as 2.8 times the
rms value of the applied plate vollage. .
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In polyphase circuits, mathematical de-
termination of peak inverse voltage re-
quires the use of vectors.

The Rating Chart for full-wave
rectifiers presents graphically the rela-
tionships between maximum ac voltage
input and maximum dc output current
derived from the fundamental ratings
for conditions of capacitor-input and
choke-input filters. This graphical pres-
entation provides for considerable lati-
tude in choice of operating conditions.

The Operation Characteristics for
a full-wave rectifier with capacitor-input
filter show by means of boundary line
the limiting current and voltage rela-
tionships presented in the Rating Chart.

The Operation Characteristics for
a full-wave rectifier with choke-input
filter not only show by means of bound-
ary line the limiting current and volt-
age relationships presented in the Rating
Chart, but also give some information
as to the effect on regulation of various
sizes of chokes. The solid-line curves
show the dc voltage outputs which
would be obtained if the filter chokes
had infinite inductance. The long-dash
lines radiating from the zero position
are boundary lines for various sizes of
chokes as indicated. The intersection of
one of these lines with a solid-line
curve indicates the point on the curve
at which the choke no longer behaves
as though it had infinite inductance.
To the left of the choke boundary line,
the regulation curves depart from the
solid-line curves as shown by the rep-
resentative short-dash regulation curves.

Typical Operation Values, Values
for typical operation are given for many
types in the Technical Data section.
These typical operating values are given
to serve as guiding information for
the use of each type. These values
should not be confused with ratings,
because a tube can be used under any
suitable conditions within its maxi-
mum ratings, according to the appli-
cation,

The power output value for any
operating condition is an approximate
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tube output—that is, plate input minus
plate loss. Circuit losses must be sub-
tracted from tube output in order to
determine the useful output.

Characteristics are covered in the
Electron Tube Characteristics section
and such data should be interpreted in
accordance with the definitions given
in that section. Characteristic curves
represent the characteristics of an aver-
age tube. Individual tubes, like any
manufactured product, may have char-
acteristics that range above or below
the values given in the characteristic
curves.

Although some curves are extended
well beyond the maximum ratings of the
tube, this extension has been made only
for convenience in calculations. Do
NOT operate a tube outside of its
maximum ratings.

Interelectrode capacitances are di-
rect capacitances measured between
specified elements or groups of elements
in electron tubes. Unless otherwise indi-
cated in the data, all capacitances are
measured with filament or heater cold,
with no direct voltages present, and with
no external shields. All electrodes other
than those between which capacitance
is being measured are grounded. In
twin or multi-unit types, inactive units
are also grounded.

The capacitance between the input
electrode and all other electrodes, ex-
cept the output electrode, connected.
together is commonly known as the
input capacitance. The capacitance
between the output electrode and all
other electrodes, except the input elec-
trode, connected together is known as
the output capacitance.

Hum and noise characteristics of
high-fidelity audio amplifier tube types
such as the 7025 and the 7199 are tested
in an amplifier circuit such as that
shown in Fig. 127. The output of the
test circuit is fed into a low-noise am-
plifier. The bandwidth of this amplifier
depends on the characteristic being
measured. If hum alone is being tested,
a relatively narrow bandwidth is used
to include both the line frequency and
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the major harmonics generated by the
tube under test. In noise or combina-
tion hum-and-noise measurements, the
bandwidth is defined in the registration

of the tube type.

TRUE RMS
VACUUM-TUBE
VOLTMETER

Fig. 127—Test circuit for measuring hum
and noise characteristics of high-fidelity
audio-amplifier tubes.

The amplifier gain is calibrated so
that the vacuum-tube voltmeter meas-
ures hum and noise in microvolts refer-
enced to the grid of the tube under test.
A pentode can also be evaluated in
this manner by the addition of a screen-
grid supply adequately bypassed at the
tube screen-grid pin connection. Power-
supply ripple at the plate of the tube
under test must be negligible compared
to its hum and noise output. Extraor-
dinary shielding of both the test socket
and the associated operating circuit is
required to minimize capacitances be-
tween heater leads and high-impedance
connections.
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The test-circuit components are de-
termined by the tube type being tested
and the type of hum to be ¢ontrolled.
Heater-cathode hum can be eliminated
from the measurement by closing the
switch S. The circuit can also be made
more or less sensitive to heater-grid
hum by increasing or decreasing the
grid resistance R;. No circuit changes
affect the component of magnetic hum
generated by the tube.

Grid-No. 2 (Screen-grid) Input is
the power applied to the grid-No. 2
electrode and consists essentially of the
power dissipated in the form of heat
by grid No. 2 as a result of electron
bombardment. With tetrodes and pent-
odes, the power dissipated in the screen-
grid circuit is added to the power in
the plate circuit to obtain the total
B-supply input power.

When the screen-grid voltage is
supplied through a series voltage-drop-
ping resistor, the maximum screen-grid
voltage rating may be exceeded, pro-
vided the maximum screen-grid dissipa-
tion rating is not exceeded at any
signal condition, and the maximum
screen-grid voltage rating is not ex-
ceeded at the maximum-signal condi-
tion. Provided these conditions are
fulfilled, the screen-grid supply voltage
may be as high as, but not above, the
maximum plate voltage rating. The
rating chart on page 300 shows the re-
lationship between the maximum per-
missible input power to the screen grid
and the screen-grid supply voltage.
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Electron Tube Testing

HE electron-tube user—service-

man, experimenter, or non-technicat
radio listener—is interested in know-
ing the condition of his tubes, since
they govern the performance of the
device in which they are used. In or-
der to determine the condition of a
tube, some method of test is necessary.
Because the operating capabilities and
design features of a tube are indicated
and descrited by its electrical charac-
ieristics, a tube is tested by measuring
its characteristics and comparing them
with values established as standard for
that type. Tubes which read abnorm-
ally high with respect to the standard
for the type are subject to criticism
just the same as tubes which are too
low.

Certain practical limitations are
placed on the accuracy with which a
tube test can be correlated with actual
tube performance. These limitations
make it impractical for the service man
and deater to employ complex and
costly testing equipment having labora-
tory accuracy. Because the accuracy of
the tube-testing device need be no
greater than the accuracy of the correla-
tion between test results and receiver
performance, and since certain funda-
mental characteristics are virtually fixed
by the manufacturing technique of lead-
ing tube manufacturers, it is possible to
employ a relatively simple test in order
to determine the serviceability of a tube.

In view of these factors, dealers
and servicemen will find it econom-
ically expedient to obtain adequate
accuracy and simplicity of operation by
employing a device which indicates the
status of a single characteristic. Whether
the tube is satisfactory or unsatisfactory
is judged from the test result of this
single characteristic. Consequently, it is
very desirable that the characteristic se-
lected for the test be one which is truly
representative of the tube’s over-all con
dition.

The following information and cir-

cuits are given to describe and illustrate
general theoretical and practical tube-
tester considerations and not to provide
information on the construction of a
home-made tube tester. In addition to
the problem of determining what tube
characteristic is most representative of
performance capabilities in all types of
receivers, the designer of a home-made
tester faces the difficult problem of de-
termining satisfactory limits for his par-
ticular tester. Getting information of
this nature, if it is to be accurate and
useful, is a big job. It requires the test-
ing of many tubes of each type, testing
of many types, and correlation of the
data with performance in many Kkinds
of equipment.
Short-Circuit Test
The fundamental circuit of a short

circuit tester is shown in Fig. 128. Al-
though this circuit is suitable for tet-
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Fig. 128—Fundamental circuit of a short
circuit tester.
rodes and types having less than four
electrodes, tubes of more electrodes may
be tested by adding more indicator
lamps to the circuit. Voltages are ap-
plied between the various electrodes
with lamps in series with the electrode
leads. The value of the voltages applied
will depend on the type of tube being
tested and its maximum ratings. Any
two shorted electrodes complete a cir-
cuit and light one or more lamps. Since
two electrodes may be just touching to
give a high-resistance short, it is de-
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sirable that the indicating lamps operate
on very low current. It is also desirable
to maintain the filament or heater of the
tube at its operating temperature during
the short-circuit test, because short-
circuits in a tube may sometimes occur
only when the electrodes are heated.
However, a short-circuit tester having
too high a sensitivity may indicate very-
high-resistance shorts that do not ad-
versely affect tube operation.

Selection of a Suitable
Characteristic for Test

Some characteristics of a tube are
far more important in determining its
operating worth than are others. The
cost of building a device to measure
any one of the more important charac-
teristics may be considerably higher
than that of a device which measures a
less representative characteristic. Conse-
quently, three methods of test will be
discussed, ranging from relatively sim-
ple and inexpensive equipment to morc
elaborate, more accurate, and more
costly devices.

An emission test is perhaps the
simplest method of indicating a tube’s
condition. (Refer to Diodes, in Elec-
trons, Electrodes, and Electron Tubes
section, for a discussion of elec-
tron emission.) Since emission falls
off as the tube wears out, low emis-
sion is indicative of the end of tube
serviceability. However, the emission
test is subject to limitations because
it tests the tube under static conditions
and does not take into account the ac-
tual operation of the tube. On the one
hand, coated filaments, or cathodes.
often develop active spots from which
the emission is so great that the rela-
tively small grid area adjacent to these
spots cannot control the electron stream.
Under these conditions, the total emis-
sion may indicate the tube to be normal
although the tube is unsatisfactory. On
the other hand, coated types of fila-
ments are capable of such large emis-
sion that the tube will often operate
satisfactorily after the emission has
fallen far below the original value.

Fig. 129 shows the fundamental
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circuit diagram for an emission test. All
of the electrodes of the tube, except the
cathode, are connected to the plate. The
filament, or heater, is operated at rated
voltage; after the tube has reached con-

DIRECT-
CURRENT
METER o

Fig. 129—Fundamental circuit of an
emission tester

stant temperature, a low positive volt-
age is applied to the plate and the
electron emission is read on the meter.
Readings which are well below the
average for a particular tube type in-
dicate that the total number of available
electrons has been so reduced that the
tube is no longer able to function
properly.

A transconductance test takes into
account a fundamental operating prin-
ciple of the tube. (This fact will be seen
from the definition of transconductance
in the Section on Electron Tube Char-
acteristics.) It follows that transcon-
ductance tests, when properly made,
permit better correlation between test
results and actual performance than
does a straight emission test.

There are two forms of transcon-
ductance test which can be utilized in a
tube tester. In the first form (illustrated
by Fig. 130 giving a fundamental circuit
with a tetrode under test), appropriate
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Fig. 130—Fundamental circuit of a trans-
conductance tester using the “grid-shift”
method.
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operating voltages are applied to the
electrodes of the tube. A plate current
depending upon the electrode voltages
will then be indicated by the meter. If
the bias on the grid is then shifted by
the application of a different grid volt-
age, a new plate-current reading is ob-
tained. The difference between the two
plate-current readings is indicative of
the transconductance of the tube. This
method of transconductance testing is
commonly called the “grid-shift” meth-
od, and depends on readings under static
conditions. The fact that this form of
test is made under static conditions im-
poses limitations not encountered in the
second form of test made under dy-
namic conditions.

The dynamic transconductance test
illustrated in Fig. 131 gives a funda-
mental circuit with a tetrode under test.
This method is superior to the static
_transconductance test in that ac voltage

Fig. 131—Fundamental circuit of a
dynamic transconductance tester.

is applied to the grid. Thus, the tube is
tested under conditions which approxi-
mate actual operating conditions. The
alternating component of the plate cur-
rent is read by means of an ac ammeter
of the dynamometer type. The trans-
conductance of the tube is equal to the
ac plate current divided by the input-
signal voltage. If a one-volt rms signal
is applied to the grid, the plate-current-
meter reading in milliamperes multiplied
by one thousand is the value of trans-
conductance in micromhos.

The power-output test probably
gives the best correlation between test
results and actual operating perform-
ance of a tube. In the case of voltage
amplifiers, the power output is indica-
tive of the amplification and output
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voltages obtainable from the tube. In
the case of power-output tubes, the per-
formance of the tube is closely checked.
Consequently, although more compli-
cated to set up, the power-output test
will give closer correlation with actual
performance than any other single test.

Fig. 132 shows the fundamental
circuit of a power-output test for class
A operation of tubes. The diagram illus-
trates the method for a pentode. The ac
output voltage developed across the
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Fig. 132—Fundamental circuit of a power-
output tester for class A operation of tubes.

plate-load impedance (L) is indicated by
the current meter. The current meter is
isolated as far as the dc plate current is
concerned by the capacitor (C). The
power output can be calculated from
the current reading and known load
resistance. In this way, it is possible to
determine the operating condition of the
tube quite accurately.

Fig. 133 shows the fundamental
circuit of a power-output test for class

L—-.-I-I-l'l.'—wl

Fig. 133—Fundamental circuit of a power-
aoutput tester for class B operation of tubes.

B operation of tubes. With ac voltage
applied to the grid of the tube, the
current in the plate circuit is read on
a dc milliammeter. The power output
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of the tube is approximately equal to:
(Iv? X Rw)/0.405,

where P. is the power output in watts,
1. is the dc current in amperes, and Ry,
is the load resistance in ohms.

Essential Tube-Tester
Reqguirements

1. The tester should provide for
making a short-circuit test before meas-
urement of the tube’s characteristics.

2. It is important that some means
of controlling the voltages applied to the
clectrodes of the tube be provided. If
the tester is ac operated, a line-voltage
control permits the supply of proper
electrode voltages.

3. It is essential that the rated volt-
age applied to the filament or heater be
maintained accurately.

4. Tt is suggested that the char-
acteristics test follow one of the meth-
ods described. The method selected and
the quality of the parts used in the test
will depend upon the user’s require-
ments.

Tube-Tester Limitations

A tube tester can only indicate the
difference between a tube characteris-
tic and those which are standard for
that type. Because the operating condi-
tions imposed upon a tube may wvary
within wide limits, it is impossible for
a tube tester to evaluate tubes for all
applications.

Commercially available tube check-
ers vary widely in purpose, perform-
ance, and significance of results. They
range from relatively inexpensive port-
able units to costly laboratory-quality
instruments. Design trade-offs are made
by tube checker manufacturers to pro-
vide a product simple to operate,
capable of testing a wide variety of
tube types, and in some cases, low in
cost. Accuracy of readings, complete-
ness of testing, and even proper testing
conditions for certain tube types are
sometimes sacrified in these trade-offs.
Recognition of the individual tester
limitations are absolutely necessary be-
fore valid judgments on tube quality
can be made from test results.

Tube checkers generally make two
types of evaluations: tests for inter-
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element shorts (leakage) and an elec-
trical test of quality that is either an
ac cathode-emission test or a more
complex large-signal transconductance
test.

The shorts or leakage tests are
often more sensitive than those of the
tube manufacturer and also, in some
cases more stringent than circuit appli-
cation requirements. Leakage sensitiv-
ity of 100 megohms between elements
is available in some tube checkers.
Some can be adjusted by the user to
even higher sensitivities, Many tube
checkers tie several elements together
to test many parallel paths in a single
test position. As a result, multiple paths
having individual inter-element leakage
resistances which are acceptable re-
sult in parallel combinations which
cause the tube to read as defective.

Quality-test interpretations must be
tempered by knowledge of the character
of the quality test. Large-signal trans-
conductance (gm) often does not corre-
late with small-signal transconductance,
or the control limits for applications
that require this characteristic. Cathode
emission, as read on many tube check-
ers, is a function of both the emitting
capability of the cathode and the me-
chanical spacing of the tube’s internal
parts. While  high cathode emitting
capability is generally desirable for all
tubes, a high emission reading obtained
by close mechanical spacing of parts
can result in a false indication of good
quality. In addition, high or low indi-
cations in a tube checker are often
caused by compromise test conditions
rather than the quality of the tube be-
ing tested.

The set-up instruction and charts
furnished by the tester manufacturer
establish the conditions and limits
which the tester manufacturer consid-
ers adequate for the tube types evalu-
ated. These conditions and limits are
usually established independently of
the tube manufacturer and without con-
sideration of application requirements.

The tube tester cannot be looked
upon as a final authority in determin-
ing whether or not a tube is satisfac-
tory. An actual operating test in the
application will give the best possible
indication of a tube’s worth.
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Application Guide
for RCA Receiving Tubes

In the Application Guide on the
following pages, RCA receiving tubes
are classified in two ways: (a) by func-
tion, and (b) by structure (diode, triode,
etc.). The functional classification covers
27 principal types of application, as
listed below.

Tube types are grouped by struc-
ture under each classification; they are
also keyed to indicate miniature, octal,
nuvistor, duodecar, and novar types.

Triodes are designated as low-,
medium-, or high-mu types on the fol-
lowing basis: low, less than 10; medium,
10 or more, but less than 50; high, 50

or more. Where applicable, tubes are
designated as sharp-, semiremote-, or
remote-cutoff on the basis of the ratio,
in per cent, of the negative control-grid
voltage to the screen-grid voltage (or,
for triodes, the plate voltage) for cut-
off, as given in the characteristics or
typical operation values. These terms
are defined as follows: sharp, less than
10 per cent; semiremote, 10 or more,
but less than 20 per cent, remote, 20
per cent or more.

For more complete data on these
types, refer to the Technical Data For
RCA Receiving Tubes.

APPLICATIONS

1. Audio-Frequency
Amplifiers

2. Automatic Gain Control
Circuits (AGC and AVC)

3. Blankers

4. Burst Amplifiers

5. Chroma Amplifiers

6. Color Killers

7. Color Matrixing Circuits
8. Dampers

9. Demodulators (Color TV)
10. Detectors (AM)

11. Discriminators (Detectors)
12. Horizontal-Deflection

13. Intermediate-Frequency Amplifiers
14. Limiters

15. Pentagrid Converters

16. Mixer-Oscillators—RF

17. Multivibrators

18. Oscillators

19. Phase Splitters

20. Radio-Frequency
Amplifiers

21. Reactance Circuits

22. Rectifiers (Vacuum)

23, Regulators (High Voltage)

24. Sync Separators and Amplifiers

25. Tuning Indicators

26. Vertical-Deflection
Circuits (Oscillator and
Amplifier)

27. Video Amplifiers

1. AUDIO-FREQUENCY
AMPLIFIERS

Voltage Amplifiers
Medium-Mu Triode—Sharp-Cutoff Pentode

Twin Diode—High-Mu Triode

* 4AV6 * 6BNS o [2AVE
* 7199¢ * 6AT6 « 8BNS ¢ 14GT8
* 6AV6 * 12AT6
Medium-Mu Twin Triode
© 6SNTGTB o I12SN7GTA Triple Diode—High-Mu Triode
¢ 12AU7TA/ECC82 * 5T8 « 6T8A ¢ 19T8
* Miniature  Octal + For high-fidelity equipment
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High-Mu Twin Triode

* 6EU7Y ¢ 12AXTA/ o 12SL7GT
@ 6SLTIGT ECC83t o 7025+%
Sharp-Cutoff Pentode

* 6AUGA * 58791

* GHS6 o 75431

Power Amplifiers

Beam Power Tube

* SAQS ©6Y6GA/6Y6G < 25CS
e 6AQ5A * 11DS5 * 35C5
® GASS ¢ 12ABS * 50CS
* 6CUS * 12AQ5 @ SOL6GT
* 6DSS ¢ 12CAS ¢ 6973t
* 6GC5 o 12CU5/12C5  * T027A%
o 6L6 o 12V6GT o 7355t
o 6L6GCH o 12W6GT O 7408%
0 6V6GTA e 17CUS/17CS  © T581A¢F
© 6W6GT
Beam Power Tube—Sharp-Cutoff Pentode
1 6ADIO } 6T10% } 12BF11*
F6ALI1L 3 12AL1 § 17BF11*
{ 6BF11*
Power Pentode
*« 6BQS/EL34 + 10BQS * 3SEHS
* GEHS * 10GK6 * SOEHS
o 6F6 * 12FXS * 60FXS
* 6GK6 * 16GK6 . 7189%
© 6K6GT * 19FXS A 78681
« 8BQS * 25EHS © 7591A

2. AUTOMATIC GAIN CONTROL
CIRCUITS (AGC & AVC)

Twin Diode—High-Mu Triode
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3. BLANKERS
Medium-Mu Triode—Sharp-Cutoff Pentode
* SGHSA * 6MQ$ * 9GHSA
* 6GHBA
Medium-Mu Twin Triode
* 6FQ7/6CG7 +8FQ7/8CG7 « 12BH7A
* 6GU7 * 8GU7 * 12FQ7

Medivm-Mu Triode—Semiremote-Cutoff
Pentode
s 6LMS8

High-Mu Triode—Sharp-Cutoff Pentode
* 6KT8

4. BURST AMPLIFIERS

Medium-Mu Triode-—Sharp-Cutoff Pentode

e SEAS * 6EAS * 9GHBA
e SGHSA e 6GHSA ¢ 19EA8

Medinm-Mu Triode—Semiremote-Cutoff

Pentode
* 6LMS$ e 6MUS
Twin Diode—High-Mu Triode
* 6BNS * 8BNS

Sharp-Cuteff Pentode

* 3CB6/3CF6 + 4EW6 * 6CB6A/6CF6
¢ 3JC6A * 4JC6A * 6EW6
* 4CB6 * SEW6 * 6JC6A

5. CHROMA AMPLIFIERS

Medium-Mu Triode—Sharp-Cutoff Pentode

s 4AV6 * 6AV6 e 12AV6 * SGHSA * 6HLS * 9GHSA
* 6AT6 * 12AT6 *» 6GHSA ¢ 6MQ8
Mediom-Mu Triode-—Sharp-Cutoff Pentode High-Mu Triode—Sharp-Cutoff Pentode
o SANS * 6AZS8 * 6GHSA
* SGHSA * 6BASA + 9GHSA * 6AWSA -+ 6LF8
« 6ANSA * 6KT8 ¢ BAWSA
Medium-Mu Twin Triode
High-Mu Triode—Sharp- F
.'46 A“:; A rlode .sszgc"“’ "f';‘;‘rs » 6FQ7/6CQ7T +8FQT/8CGT  « I2BHTA
* 6GU7 - 8GU7 . 12FQ7
* 6HF8 * BAWSA * 8LC8
* 6JVS * 8JV8 ¢ 10HF8
* SKAS 6. COLOR KILLERS
Sharp-Cutoff Twin Peutode
Quadruple Diode
* s pririA * 6HS8 . 6JUSA « 8JUSA
Sharp-Cutoff Pentode* Medium-Mu Triode—Sharp-Cutoff Pentode
* 6GY6/6GX6 * SGHSA * 6MOQS * 9GHSA
* 6GHSA
Pentagrid Amplifier
« 3BY6 « 4CS6 . 6CS6 High-Mu Triode—Sharp-Cutoff Pentode
* 3CS6 * 6BY6 * 6KT8
+ Miniature 1 Duodecar © Octal 4 Novar # Dual-control grids T For high-fidelity

equipment
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7. COLOR MATRIXING CIRCUITS
Medium-Mu Twin Triode

¢ 6FQ7/6CG7 +8GU7 ¢ 12FQ7
* 6GU7 * 12AZ7

« 8FQ7/8CG7 * 12BH7A
Medium-Mu Triode—Sharp Cutoff Pentode

* SGHSA o 6GHSA « 9GHSA
Medium-Mu Triple Triode

A 6MDS8 i 6MJ8 A 12MD8
High-Mu Triple Triode

1 6MINS
Twin Pentode

* 6LES * 10LES * 15LES
Quadruple Diode

* 6JUSA

* 8JUSA

Sharp-Cutoff Pentode
* JCB6/3CF6 + 6CBG6A/6CF6
* 4CB6

8. DAMPERS
Half-Wave (Diode)
© 6AUAGTA © 6DM4A/ 1 17BE3/
© 6AX4GTB 6DA4 17BZ3
4.6BA3 4 6DN3 * 17BR3/
1 6BE3 4 6DW4RB 17RK19
A 6BS3A * 12AF3/ A 17BS3A/
4 6CE3/6CD3/ 12BR3/ 17DW4A
6DT3 12RK19 + 17BW3
$6CG3/6BW3/ o 12AX4GTB . 17CT3
6DQ3 A 12AY3A © 17DE4
4 6CI3/ 4 12BE3 © 1TDM4A
6CH3 A 12BS3A/ 4 19DK3
A 6CL3/ 12DW4A £ 22BW3
6CK3 4 12CL3 © 22DE4
A 6CM3 A 12CM3 * 25CT3
o t‘il)l“l;::/o4 4 12DL3 425DL3
sopi® qlAMagTA daces

Half-Wave (Diode)—Horizontal-Deflection

Amplifier
1 33GY7A } 38HK7 1 53HK7
3 38HE7 ¥ 50GY7A

9. DEMODULATORS (COLOR TV)

RCA RECEIVING TUBE MANUAL

Pentagrid Amplifier
* 6BY6

Twin Pentode

« AMKSA * 6MKSA * 1SLES
* 6LES o 10LES
Beam Deflection Tube

* 6JHS * 6MES
10. DETECTORS (AM)
Diode—Sharp-Cutoff Pentode

* SAMS * 6AMSBA * 6AS8
Twin Diode

* 3ALS * GALS * 12ALS
Twin Diode—High-Mu Triode

¢ 4AV6 * 6BNS * 12AT6

* 6AT6 e 6CN7 * 12AV6

* 6AV6 « SBNS e 14GT8
Triple Diode—High-Mu Triode

* 5T8 * 6T8A * 1978
Quadruple Diode

* 6JUSA * 83JUBA

11. DISCRIMINATORS

(DETECTORS)
FM

Twin Diode

¢ 3ALS * 6ALS * 12ALS
Twin Diode—High-Mu Triode

* 6BNS
Triple Diode—High-Mu Triode

* 5T8 * 6T8A * 19T8
Beam Tube

* 3BN6 * 4BN6 * 6BN6/

6KS6

Beam Power Tube—Sharp-Cutoff Pentode

. } 6AD10 £ 6T10 4 12BF11
N{Cf;lll;;li-nl TWi.“ 1';'101"7; 3 6AL11 1 6Z10/6J10 £ 13Z10/13J10
$ 6BF11 % 12AL11 $17BF11
Medium-Mu Triode—Sharp-Cutoff Pentode
* SGHSA e 6MQ8 s 9GHSA -G'ri
Lacmea Q FM Quadrature-Grid
Sharp-Cutoff Pentode*
High-Mu Twin Triode » 3DT6A + SHZ6 » 6GY6/6GX6
s 12AZ7A * 4DT6A *« 6DT6A * 6HZ6
Sharp-Cutoff Pentode*
* SHZ6 . Y6/6GX6 i 12BVI11 Beam Tube
$ 6BVI1L * 6HZ6 « 3BN6 o 4BN6 * 6BN6/
6KS6
* Miniature 2 Octal 2 Nuvistor A Novar 1 Duodecar * Dual control grids
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Horizontal AFC
Twin Diode—High-Mu Triode

* 6BN8 * 8BNS
¢ 6CN7

* 8CN7

Twin Diode—Medium-Mu Twin Triode
$ 6B10 1 8B10

Twin Diode—Sharp Cutoff Pentode
o 6LT8 * SLTS8 * 11LTS

12. HORIZONTAL-DEFLECTION
Oscillators

Medium-Mu Triode—Sharp-Cutoff Pentode
e SGHSA *» 6GHSA * 9GHSA

Twin Diode—Medium-Mu Twin Triode
3 6B10 8B10

Three Unit Triode
1 6U10

Medium-Mu Twin Triode
» 6FQ7/6CG7 » 12AU7TA/
o 6SN7GTB ECC82
* 8FQ7/8CG7 « 12BH7A

e 12FQ7
@ 12SN7GTA

Horizontal-Deflection Amplifiers

Beam Power Tube

96AUSGT & 6KN6 4 22)F6
©@6AVSGA  §6LB6 A22JG6A
0 6BQ6GTB/ i 6LR6 4 22IR6
6CU6 4 6ME6 4 22KMS§
o 6CBSA A 6MJ6/ 4241Q6/
@ 6CD6GA 6LQ6/ 24JE6C
© 6DOS 6IEGC 225AVSGA
: m)sﬁ ©12AVSGA © 25306(6;1'“/
cows o 12BQSGTR/ 80,
° / 12CU6  ©25CDE
ceme  A1B6A § F86C
+ 6IF6 S1T6A T30S
4 6IG6A 4 17GISA A'31LZ6
6IM6A 4 17GTSA 35LR6
o o1gwe|  f
17DQ6B ¥ 36KD6/
1 63S6C A 17JB6A 40KD6
4 6IT6A 4 ITIG6A 4 36MC6
16JU6 £ 17IM6A { 38HK7
4 6KM6 4 17JT6A + 2KN6

13. INTERMEDIATE-FREQUENCY
AMPLIFIERS

Medium-Mu Triode-—Sharp-Cutoff Pentode
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High-Mu Triode—Sharp-Cutoff Pentode
¢ GAWSA * 6KV8 +» 10GN8
* GEBS * 6MVS * 10HF8
* 6GNS§ o SAWSA * 10JA8/
* GHF8 » 8GN8/ 10LZ8
* 6JVS SEBS8 * 11IKVS
e 6KT8 * 8JV8
Sharp-Cutoff Pentode
* 3AU6 * 4dEW6 * 6DC6
* 3BC5/ « 4JC6A « 6DEG
3CES * 4ID6 * 6DK6
* 3CB6/ * SEW6 « 6EJ7/
3CF6 * 6AG5 EF184
'.%?&f‘ « 6AKS/ + 6EW6
. EF95 * 6HS6
i ;l‘))z « 6AUGA * 6JC6A
« 6BCS/ * 6ID6
* 4CR6 6CES ¢ 12AU6
* 4DE6 * 6CB6A/ ¢ 12DK6
¢ 4DK6 6CF6
Diode—Sharp-Cutoff Pentode
e SAMS * 6AMSA * GASS
Semiremote-Cutoffi Pentode
* 3BZ6 * 4JHG6 * 6GM6
« 3EH7/ ¢ 4KT6 * 6HR6
XF183 * SGM6 * 6JH6
. 2;(;: *» 6BZ6 « 6KT6
® « 6EH7/ * 12BZ6
* 4EH7/ EF183
LF183 * [9HR6
Remote-Cutoff Pentode
* 6BAG/ * 12BAG
EF93
14. LIMITERS
- 3AU6 * 43D6 » 6DE6
* 3BCS5/3CES +« SEW6 * 6DK6
* 3CB6/3CF6 » 6AGS s 6EJ7/
* 3JDK6 * 6AKS/ EF184
* 3JC6A EF95 * 6GEW6
* 4AU6 « 6AUGA * GHS6
* 4CB6 * 6BCS/ * 6JC6A
* 4DE6 6CES * 6JD6
* 4DK6 * 6CB6A/ * 12AU6
* 4dEW6 6CF6 * 12DKé6
* 4JC6A * 6DC6

15. PENTAGRID CONVERTERS

* 6BA7 * 6BEG * 12BE6

16. MIXER-OSCILLATORS—RF

+ SANS ¢ 6AZS8 « 6MQ8

« SGHSA . 6BASA « SAUSA Medium-Mu Triode—Sharp-Cutoff Tetrode

o GANSA « 6HLS « 9GHSA * 5CL8A * 6CL8A « 19JN8/

* 6AUBA * 6GHSA * 6CQ8 19CLSA
* Miniature © Octal A Novar t Duodecar * Dual-control grids
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Medium-Mu Triode—Sharp-Cutoff Pentode High-Mu Triede—Sharp-Cutoff Pentode
e 4JKES8 * S5US s 6KZ8 s GAWSA * SAWSA » 10GNS
* 5ATS * 5X8 e 6USA/ * 6ERS ¢ 8GN8/ + 10HF8
* 5B8 * 6ATSA 6KDS8 * 6GNS SERS e 10JA8/
* SBR8/ * 6BRSA/ * 6X8A * 6HF8 10LZ8
SFVS 6FVSA * 9KZ8
. SCEB * 6EAS . :ygzx High-Mu Twin Triode
« SEAS * 6FG7 .
* SFG? « GHB? . 19X8 © 6SLIGT * 12AX7A/ o 12SL7GT
* SKES8 ¢ 6KES8 ECCs83 . 7028
High-Mu Twin Triode Megll;m-Mu Triode—Sharp-Cutoff Pentode
* 6DT8 « 12AT7/ « 12DT8 : sc';‘x% A * 6GHEBA * 7199+
* * SGHSA .
ECCs81 e 6EAS 19EAS
17. MULTIVIBRATORS 20. RADIO-FREQUENCY
Medivm-Mu Triode—Sharp-Cutoff Pentode AMPLIFIERS
*5GHSA  +6GHBA - 9GHSA Medium-Mu Triode
Medium-Mu Twin Triode * 2BN4A * 6BC4 ¢ 6BN4A
. 536 s BEQ7/8CGT + 12BHTA * 3BN4A
6FQ7/6CGT * 8 o 128N7-
. 6GQU7/ * 9AU7 GTA Medium-Mu Triode—Sharp-Cutoff Tetrode
* GJ6A * 12AUTA/ .« 12FQ7 * 6CQ8
2 6SN7GTB ECC82 * 19J6
¢ JAU? Medivm-Mu Twin Triode
i . * 4BC8 * SBQ7A * 6BQTA
High-Mu Twin Triode *« 4BQIA/ « 6BCS/ SBZ'I//
* 12AX7A/ ECC83 4B27 5BZ8 6BS8
¢ SBK7A * 6BK7B
18. OSCILLATORS High
. gh-Mu Triode
Radio Frequency—UHF 22CW4 « IFH5 » 6DS4
Medium-Mu Triode a g:’(s;: . 330!(5 * 6ERS
* 2AF4B, * 3AF4A 4 6DV4 4 * JHM5/3HAS + 6FHS
2DZ‘{ 3DZ4/ « 6DZ4 * 2FHS * 3HQS * 6GK5/
42DV4 e 6AF4A/ *2GK5/  « 4GKS 6FQ5A
6DZA4 2FQ5A  + 4HMS/ * 6HMS5/6HAS
* 2HMS/ 4HAS * 6HQS
. . 2HAS + 4HQS 4 13CW4
Radio Frequency—VHF . 2HQS « GAB4
Medium-Mu Twin Triode o 3JERS 2 6CW4
. 536 * 6J6A * 1936
High-Mu Twin Triode
High-Mu Triode * 6DTS « 12DT8
¢ 6AB4
Power Triode Power Triode
* 6C4 (Class O * 6C4 (Class C)
3.58-MHz (Color TV) Sharp-Cutoff Tetrode
Medium-Mu Triode—Sharp-Cutoff Pentode *« 2CYS ¢ 3CYS . 6CYS
¢ SGHSA ¢ 6GHSA * 9GHSA
Sharp-Cutoff Pentode
High-Mu Triode—Sharp-Cutoff Pentode « 3AU6 o 6AGS « 6CB6A/
« 6KT8 « 3CB6/ o 6AKS/ 6CF6
* IBCS/3CES EF95 * 6DC6
. E SPLITTERS 3CF6 * 6AUGA * 6DE6
19. PHASE SPL e 4AU6 * 6BCS/ * 12AU6
Medium-Mu Twin Triode * 4CBé6 6CES
“SEQT/6CGT < 8FQU/SCGT + 2BHIA © 4DE6 * 6BH6
* 6GU * 8GU7 * 12F
o 6SN7GTB * 9AU7 ° ,25,3;’, Remote-Cutoff Pentode
* TAU7 e 12AU7A/ GTA * 6BAG/ * 6BJ6 + 12BA6
ECC82 EF93
* Miniature © Octal » Nuovistor % Dvodecar 1 for high-fidelity equipment
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21. REACTANCE CIRCUITS
Medium-Mu Triode—Sharp-Cutoff Pentode

o SANS * 6AZS * 6GHSA
* SGHSA * 6BASA ¢ 9GHSA
* 6ANSA

Twin Diodes—High-Mu Triode
e 6CN7 * 8CN7

High-Mu Triode—Sharp-Cutoff Pentode
* 6AWSA * SAWSA
22. RECTIFIERS (VACUUM)

Power-Supply Types
Half-Wave (Diode)

. 35W4 © ISZSGT

Full-Wave (Twin Diode)
o 3DG4 © 5V4GA . 6X4
o SAS4A o 5Y3GT © 6X5G1
ASBC3A *« 6CA4 . 12X4
o SU4GB

High-Voliage Types
Half-Wave (Diode)

* 1AY2A % 2BU2/ » 3CN3B
o IG3GTA/ 2AH2 » 3CU3A
IB3GT ¢ 3A2 2 3CZ3A
o 1K3A/ 9 3A3C 5 3DA3/
133 % 3AT2B 3DH3
¢ 1V2 i JAW2A © 3DB3/
o 1X2C +3BN2A 3CY3
i 2A82A + 3BW2/ ® 3DC3
* 2AV2 3BS2A/  © 3DJ3
3BT2
23. REGULATORS
(HIGH VOLTAGE)
Beam Triode—Shunt Type
o 6BK4C/ © 6LIGA/ < 6MAG
6EL4A 6LHGA
9 6EN4
Beam Power Tube—Pulse Type
$ 6HSS A 1TKV6A 422KV6A
A GKV6A

24. SYNC SEPARATORS
AND AMPLIFIERS

High-Mu Twin Triode
* 12BZ7

Medlum-Mu Triode—Sharp-Cutoff Tetrode
* 6CQ8

Sharp-Cutoff Twin Pentode
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Pentagrid Amplifier

* 3BY6 * 4CS6
* 3CS6 * 6BY6

* 6CS6

High-Mu Triode—Sharp-Cutoff Pentode
* 6KT8 ¢ 6MVS

Medium-Mu Triode—Sharp-Cutoff Pentode
(Video Output)

* 6CX8 * 8CX8 + 11LQS
* 6LQS
Mediuvm-Mu Triode—Sharp-Cutoff Pentode
e SANS * 6AZS e GHLS
¢ SGHSA * 6BASA e 6MQ38
* 6ANSA * 6CUS e 8AUS
* GAUSA * 6GHSA * 9GHSA

Medivm-Mu Twin Triode
* 6FQ7/6CG7 e 12AU7A/ « 12FQ7
* 8FQ7/8CG7 ECC82

Twin Diode—High-Mu Triode
¢ 6CN7 * 8CN7

High-Mu Triode—Sharp-Cutoff Pentode
(Video Output)

* 6AWSA * 6KT8 e 8KAS

* 6EB8 e 6KV8 * 8LC8

* 6GN8 * 6LC8 * I0GNS

* 6GW8/ e BAWSA * 10HF8
ECL86 * 3GN8/ * 10JA8/

* 6HF8 SEBS 10LZ38

* 6JV8 * 8JV8 ¢ JIKVS

* 6KAS

25. TUNING INDICATORS

Indicator with Triode Unit
6ES 6US

Twin Indicator Units
© 6AF6G

26. VERTICAL-DEFLECTION
CIRCUITS
Oscillators and Amplifiers (Combined)

Medium-Mu Triode—Low-Mu Triode

* 6DE7 « 10EW7 * 13DE7
« 6EW7 ¢ 10DE?
Medium-Mu Dual Triode
* 6CM7 * 8CM?7 * 8CS7
* 6CS7

Medivm-Ma Twin Triode

* 3BUS/ * 4HS8 * 6HS8
3GS8 « 6BUS * 6FQ7/6CG7 + 8FQ7/8CGT + 12FQ7
¢ Miniature @ Octal 4 Novar + Duodecar
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High-Mu Triode—Low-Mu Triode Power Pentode
* 6CY? ¢ 10DR7 © 13FM7/ * 6GK6 * 10GK6 * 16GK6
* 6DR? o 10EM7 1SFM7 © 6K6GT
© 6EM7/ 4 10GF1A 4 13FD7
6EA7 « 13DR7 4 13GF7A .
s 6FD7 @ 13EM7/ 27. VIDEO AMPLIFIERS
4 6GFIA 15EA7
Medium-Mu Triode—Sharp-Cutoff Pentode
High-Mu Triode—Beam Power Tube « SANS . 6AZS « 6MQS
4 6KYSA $ 6LUS $ 16LUS « SGHSA e 6BASA « 8AUS
A 6LRS 4 ISKYSA 4 21LR8 * 6ANSA * 6GHBA » 9GHSA
+ 21LUS « 6AUSA « 6HLS
A 31LRS
Medivm-Mu Triode—Sharp-Cutoff Pentode
Dual Triode (Video Output)
© 6EM7/ A 6GF7A © 1JEM7/ * 6CX8 + 8CX8 « 11LQ8
6EAT 1SEA7 * 6LQS8
Dual Triode—Beam Power Tube High-Mu Triode—Sharp (Cv"l:,o:: l(’)e:‘:,o.:lg
2329 ¢ GAWSA * 6LF8 . 103113:
* 6EBS o BAWSA * 10
Medium-Mu Triode—Power Pentode « 6GNS « SGN8/ « 10JA8/
% 6JZ8 1t 17328 t 251z8 o 6HF8 SEBS 10LZ8
% 13028 ¥ 24)28 ¢ 6JVS e 8JVS « 10LYS
* 6KV8 * 11KV8
Amplifiers Sharp-Cutoff Pentode (Video Output)
arp-Cutoff Pentode eo ul
Low-Mu Triode * 6AG7 * 10GK6 « 12HG?
* 12B4A *+ 6CL6 « 11IHM7 « 12HG7/
¢ 6GK6 = 12BY7A/ 12GN7A
Medium-Mn Triode * 6JG5 12BV7/ < 12HL7
o 6S4A * 7KY6 12DQ7
Beam Power Tube Diode—Sharp-Cutoff Pentode
* SAQS { 6IBS/ * 11DSS * 5AMS8 * GAMBA * 6ASS8
« 5CZ8 GHES * 12AQ5
*.6AQSA * 6JQ6# * 12JQ6# High-Mu Triode—Sharp-Cutoff Pentode
. 6CZS @ 6V6 © 12V6GT ¢ 6KT8
* 6DS5 © 6V6GTA * 173Q6#
* 6EMS * SEMS Sharp-Cutofi Pentode
1 6JAS i 10JAS * 3JC6A +» 4JC6A * 6JC6A
o Miunfature @ Octal A Novar 3 Duodecar # With an integral diode
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Technical Data for RCA
Receiving Tubes

Entertainment and

Industrial Types

This section contains technical data for RCA receiving tubes, intended
for use in many diverse entertainment and industrial applications such as
standard broadecast, FM, television receiver, audio amplifier, on-off control,
voltage regulator, and voltage reference. Detailed data are presented on
popular types. Essential information on less active types and on discon-
tinued types in which there still may be some interest is given in chart
form at the end of the section.

Tube types are listed in this section according to the numerical-
alphabetical-numerical sequence of their type designations. Tube types
which have superseding versions are cross-referenced to active types. In
addition, an alpha-numeric listing of foreign type designations is included
at the end of this data section.

A grid-No. 2 input rating chart for certain voltage-amplifier types, as
specified in the technical data, is shown on page 300. Safety Precautions
are given on page 93. Characteristics for RCA television picture tubes for
replacement use are given in RCA Picture Tube Characteristics Charts.

When choosing types for the design of new electronic equipment, the
designer should refer to the Application Guide for RCA Receiving Tubes
which starts on page 104,

To expedite the preliminary search for interchangeable tube types, the
section Terminal Diagrams, which starts on page 594, includes a compre-
hensive listing of domestic and foreign tube types having the same basing
arrangement. The Key To Terminal Diagrams is given on page 612.

Two replacement guides are also included. A Replacement Guide—
Entertainment Receiving Types and a Replacement Guide—Industrial Re-
ceiving Types are given on pages 650 and 657 respectively.
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OA2 VOLTAGE REGULATOR
INDUSTRIAL
TYPE
Miniature type cold-cathode, glow-discharge tube used
in voltage regulator applications. Outlines section, 5D;
requires miniature 7-contact socket.
MAXIMUM RATINGS (Absolute-Maximum Values)

Average Starting Current® .............. ... . . .. i i, ;lg mﬁ
m.

DC Cathode Current ...............ciiriiiiiniarinininerannnnanens 5 min mA
3 1 s+ o 2 0 Hz
Ambient-Temperature Range ................cciviiieiiiniininnsn —55 to 190 °C
MAXIMUM CIRCUIT VALUES

Shunt Capacitor ..............coiiiiniinerrinn i 0.1 uF
Series Resistor ...............c.iiuiiiiiniiinaiiiieaananns See Operating Considerations

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN
Min. Av. Max.
DC Anode-Supply Voltage 1858 — _ volts
Anode Breakdown Voltage .. .. —_ 156 185* volts
Anode Voltage Drop ............... 140@ 151 168* volts
Regulation (5 to 30 mA) 2 6* volts
¢ Averaged over starting period not exceeding 10 seconds. This starting period must be fol-
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will
be impaired.
'g‘gt ]ﬁs than indicated supply voltage should be provided to insure “starting” throughout
ube life.
* Maximum individual tube value during useful life.
©® Minimum individual tube value during useful life.

Operating Considerations

Sufficient resistance must always be used in series with the tube to limit
the current through the tube. The value for the series resistor is dependent
on the maximum anode-supply voltage and the ratio of the current through
the load to the operating current of the tube, and should be chosen to limit
the operating current through the tube to the maximum rated value at all
times after the starting period.

The maximum load current that can be regulated by the tube is de-
termined by the minimum and maximum values of the supply voltage. After
the value of series resistor for the maximum supply voltage has been cal-
culated as indicated above, it is then in order to determine if this value will
permit adequate starting voltage when the supply voltage falls to its mini-
mum value. If adequate starting voltage is not obtained, a new load current
of lower value must be used and the calculations repeated. It will be apparent
from such calculations that the higher the minimum supply voltage and the
smaller the difference between its minimum and maximum values, the higher
will be the load current that can be regulated.

When equipment utilizing the tube is “turned on”, a starting current
in excess of the average operating current is permissible as indicated under
Maximum Ratings. When the tube is subjected to such high starting cur-
rents, the regulated voltage may require up to 20 minutes to drop to its
normal operating value. This performance is characteristic of voltage-regu-
lator tubes of the glow-discharge type. Similarly, the regulation is affected
by changes in current within the operating current range.

In order to handle more load current, two or more tubes may be oper-
ated in parallel, but such parallel operation requires that a resistance of
approximately 100 ohms be used in series with each tube in order to equal-
ize division of the current between the paralleled tubes. The disadvantage
of this method, of course, is that the use of resistors impairs the regulation
which can be obtained.
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If the associated circuit has a capacitor in shunt with the tube, the ca-
pacitor should be limited in value to 0.1 xF. A larger value may cause the
tube to oscillate and thus give unstable regulation performance.

SERIES Jyee
adEfES 0A2 OR 0B2
4 ] T O
- +8
6 REGULATED
SUPPLY VOLTAGE
TO LOAD
VOLTAGE TYPE VOLTS(APPROX.)
SUPPLY) i 0A2 150
l og2 ‘ 108 -
92C5-6511RI

Typical circuit to provide regulated supply voltage of approximately 150 or 108 volts to
load. Removal of tube from socket removes voltage from load.

SERIES TYPE
RESISTOR 0A2 OR 082

TO VOLTS
FILTER TYPE APPROX.
oAz 300
{DC +By
VOLTAGE 0B2 4216
SUPPLY)

VOLTS
6 TYPE APPROX.
0A2 150

; 082 | 108

! - -8
S-65) [——)>£._/// REGULATED
92CS-6512R2 EGULATE

TO LOAD

Typical' circuit using two OA2’s or two OB2’s to provide regulated supply voltages of
approximately 300 or 216 volts and 150 or 108 volts to load. Socket connections are so
made that voltage on load is removed when either tube is taken from its socket.

TYPE
IES TO CATHODE
R§%$s$on OA2 OR 0B2 OF TUBE
S
REGULATED +
BIAS
VOLTAGE

TYPE VOLTS (APPROX.)
0A2 150
oB2 ; 108

92CS-65I13R2

-0

TO GRID

. OF TUBE

Typical circuit for bias-supply regulation. Removal of tube from socket opens B-supply
circuit of regulated tubes.
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OA2WA Refer to chart at end of section.
OA3 Refer to chart at end of section.
OA3A Refer to chart at end of section.
OA4G Refer to chart at end of section.
OB2 VOLTAGE REGULATOR

INDUSTRIAL
TYPE

Miniature type cold-cathode, glow-discharge tube used
in voltage regulator applications. Outlines section, 5D;
requires miniature 7-contact socket.

MAXIMUM RATINGS (Absolute-Maximum Values)
Average Starting Current¢
DC Cathode Current ............ ... 00 iiiiiiiieiinaannnninn

Frequeney .....................
Ambient-Temperature Range

MAXIMUM CIRCUIT VALUES

Shunt Capacitor .......... . ... . ... s
Series Resistor .......... ... ... ... .. iiiiiieiiiiiiieee

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN
Min. Av. Max.

DC Anode-Supply Voltage ......................... 133m — — volts
Anode Breakdown Voltage ........................ — 115 133* volts
Anode Voltage Drop . .......... .........cccoueun.. 1010 108 114+ volts

1 4+ volts

Regulation (5 to 830 mA) .......................... —

¢ Averaged over starting period not exceeding 10 seconds. This starting period must be fol-
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will

be impaired.
INgt lleis than indicated supply voltage should be provided to insure “‘starting’” throughout
tube life.

* Maximum individual tube value during useful life.
® Minimum individual tube value during useful life.

Operating Considerations
Refer to type QA2.

OB2WA Refer to chart at end of section.
0C2 Refer to chart at end of section.
4
O,
JPR
0C3 VOLTAGE REGULATOR {
INDUSTRIAL @ (7)
TYPE K VPR
Glass octal type cold-cathode, glow-discharge tube used N c
in voltage regulator applications. Outlines section, 22;
requires octal socket. 4AJ
MAXIMUM RATINGS (Absolute-Maximum Values)
Average Starting Current® ... ... .. .. .. .. ... .. ... ... .. ... ... 100 mA
DC Cathode CUITent ..................coiieiiuansiian i, {4(5) min. :ﬁ
Frequency . ........ ... ... e e Hz

Ambient-Temperature Range ......................oooiiiiinunnnn. —55 to 490 °C
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MAXIMUM CIRCUIT VALUES

Shunt Capacitor ........ ... ... . ... 6.1 . k¥
Series Resistor ........... ... ... ... .. ... ..ol See Operating Considerations

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN
Min, Av. Max.

DC Anode-Supply Voltage .......................... 133 — — volts
Anode Breakdown Voltage ........................ — 115 133* volts
Anode Voltage Drop ............... .. ....coovinnn 103@ 108 116* volts

2 4* volts

Regulation (5 to 40 mA) .......................... —

¢ Averaged over starting period not exceeding 10 seconds. This starting period must be fol-
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will
be impaired.

= Not less than indicated supply voltage should be provided to insure “starting” throughout
tube life.

* Maximum individual tube value during useful life.

® Minimum individual tube value during useful life.
Operating Considerations

Refer to type OA2. For circuit diagrams refer to next page.

Refer to chart at end of section. OC3A
P
PR O
©
VOLTAGE REGULATOR OD3
Y ) VPR
e\/ JPR .
ORIO, Glass octal type cold-cathode, glow-discharge tube used
NG NC in voltage regulator applications. Outlines section, 22;
4A) requires octal socket.
MAXIMUM RATINGS (Absolute-Maximum Values)
Average Starting Current® .......... ... ... ... ... ... .. ... ... 100 mA
DC Cathode Current .......... ... ...ttt {4g min. :ﬁ
FrequUency . ... . ... ... i ittt e e 0 Hz
Ambient-Temperature Range ...................c.cciviuiirineein.. —b55 to +90 °C
MAXIMUM CIRCUIT VALUES
Shunt Capacitor ............ ... ... ... . ... .. 0.1 uF
Series Resistor ........... ... ...... ... ... ... ... .. . See Operating Considerations
CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN
Min. Av. Max.

DC Anode-Supply Voltage ......................... 1858 — — volts
Anode Breakdown Voltage ........................ — 160 185* volts
Anode Voltage Drop  .............ccoviiuunannn.. 1420 153 165* volts
Regulation (5 to 40 mA) .......................... —_— 4 5.5* volts

¢ Averaged over starting period not exceeding 10 seconds. This starting period must be fol-
low_ed by a steady-state operating condition of at least 20 minutes, or tube performance will
be impaired.

lg‘l’%i lle'? than indicated supply voltage should be provided to insure “‘starting” throughout
u ife.

* Maximum individual tube value during useful life.

® Minimum individual tube value during useful life.

Operating Considerations
Refer to type OA2. For circuit diagrams refer to next page.

Refer to chart at end of section. OD3A
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o
RECTIFIER

” AND FILTER
OF B-SUPPLY
XX
SERIES
RESISTOR
A ¥ P
TYPE OA3, 5 REGULATED +B
To ©OC3,0R 003 SUPPLY VOLTAGE
F,(,_TER TO LOAD
bC TYPE VOLTS(APPROX.
VOLTAGE 0A3 (75 =
SUPPLY) oc3 105
- X op3 150 -8
—0
92€S$-19183

Typical circuit to provide regulated supply voltage of approximately 75, 105, or 150
volty to load. Removal of tube from socket removes voltage from load.

SERIES
RESISTOR
s AYAYA —0
+ +B2
TO VOLTS
FILTER TYPE TYPE (APPROX.}
oc —0 oc3 210%
VOLTAGE 0C3 OR 0D3 _:J T +B) 0Dp3 300#
SUPPLY) VOLTS
TYPE (APPROX)
0C3 105 %
oD3 150 %
_ | .
- —0
92CM-8963 *REGULATED
SUPPLY VOLTAGE
TO LOAD

Typical circuit using two OC3’s, or two OD3’s to provide regulated supply voltages of
approximately 210 or 300 volts and 105 or 150 volts to load. Socket connections are so
made that voltage on load is removed when either tube is taken from its socket.
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Refer to chart at end of data section. 0Z4
Refer to type OZ4A/0Z4. OZ4A
2o FULL-WAVE GAS RECTIFIER QZ4A/OZ4

ling tubes, should be adequately ventilated.

4R

Full-Wave Rectifier
MAXIMUM AND MINIMUM RATINGS (Design-Center Values)

Peak Inverse Plate Voltage (Per Plate) .................... .. 880 max
Peak Starting-Supply Voltage (Per Plate) . 3004 min
Peak Plate Current (Per Plate) ............................ . 330 max
DC Output Current ..............iiiiiiiiiiii i, { 1}33‘ :;f
TYPICAL OPERATION WITH VIBRATOR-TYPE POWER SUPPLY

AND CAPACITOR INPUT TO FILTER
Peak Plate Supply Voltage (Per Plate): ........................ 440
Filter-Input Capacitor . .............. . . . .. ... . cciiiiiiiniia.. 8
Total Effective Plate Supply Impedance (Per Plate) .............. 600
DC Qutput at Input to Filter .................................... 310
DC Qutput Current ................ooiiiiirinieeenaneneareenaans 100
CHARACTERISTICS
Tube Voltage Drop for current of 110 mA (Per Plate) ............ 24
MINIMUM CIRCUIT VALUE

Total Effective Plate-Supply Impedance (Per Plate) .............. 300

Metal type used as a power rectifier in equ.ipment with

vibrator-type power supplies. Outlines section, 2A; re-

(7) quires octal socket. This tube, like other power-hand-
NG

voltr.s‘
o
ohms
volts
mA

volts

ohms

4 Absolute value. Under no circumstances should the tube be operated below the value shown.

} Open-circuit voltage (flat portion of transformer voltage wave).

Refer to chart at end of section. 0Z4G
Refer to chart at end of section. 1A3

Refer to chart at end of section. 1A4P
Refer to chart at end of section. 1A5GT
Refer to chart at end of section. 1A6

Refer to chart at end of section. 1A7GT
Refer to chart at end of section. 1AC5
Refer to chart at end of section. 1AD2

VAcJ'lfblFl‘zAI’z%‘ﬁnER 1AD2A

12GV page 93.

Duodecar type used as a rectifier in high-voltage pulse
circuits of color and black-and-white television receiv-
ers. Outlines section, 9A; requires duodecar 12-contact
socket. Socket terminals 4 and 10 may be used as tie
points for components at or near filament potential. For
high-voltage and X-ray safety considerations, refer to
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Filament Voltage (ac/de) ..................................
Filament Current .............. .. ... ... .. .. .. ottt 16225 am;‘e)l:
Direct Interelectrode Capacitance (Approx.): ’

Plate to Filament ...................0......cc....c...... ... 16 pF

Pulsed Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ........................ .. .

Peak Plage Current o ooer. e 26000 “mi

Average Plate Current .............................. ... 0.5 mA

Filament Voltage: )
Absolute-maximum value .................................... 1.45 volts
Absolute-minimum value ..................... .. .. ... .. ... 1.06 volts

CHARACTERISTIC, Instantaneous Value

Tube Voltage Drop for plate current of T mA .................... 225 volts

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum :

Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr
# Pulse duration must not exceed 159% of a horizontal i i
* The dc component must not exceed (7.‘2)2000 volts.w seanning cyele (10 microseconds).
Caution—Operation of this tube outside of the maximum values indicated bo 1
in either temporary or permanent changes in the X-radiation characteri:ticvifm:lre r’t;get
Equipment design must be such that these maximum values are not exceeded.

1ADS Refer to chart at end of section.
TAX2 Refer to chart at end of section.
1AY2 Refer to chart at end of section.
-I AY2 A HALF-WAVE p
VACUUM RECTIFIER

Miniature type used to supply high voltage to the anode
of the picture tube in television receivers. Outlines sec-

tion, 33A; requires 2-contact socket. For high-voltage F A
and X-ray safety conside®ations, refer to page 93.
Filament Voltage (ac/de) ..........cooiiiiiiiiiinerenranennnanas 1.26 volts
Filament Current .............. . .ciiiiiiiiiiiiirirenniiannnanans 0.2 ampere
Direct Interelectrode Capacitances:

Plate to Filament ..........cooiiiiiiiiiiiiiiiriiiianineaans 1.4 pF

Fiyback Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# 26000 volts
Peak Plate Current ............ 50 mA
Average Plate Current ........... ... ... .. . i iiiiiiieieennan 0.5
Filament Voltage:

Absolute-maximum value 1.45 volts

Absolute-minimum value 1.05 volts
CHARACTERISTIC, Instantaneous Value

100 volts

Tube Voltage Drop for plate current of 7TmA ....................

X-RADIATION CHARACTERISTIC

X-Radiation Maximum:
Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr

# Pulse duration must not exceed 159% of a horizontal scanning cycle (10 microseconds).

* The dc component must not exceed 22000 voits.

Caution—Operation of this tube outside of the maximum values indicated above may result

in either temporary or permanent changes in the X-radiation characteristic of the tube.

Equipment design must be such that these maximum values are not exceeded.

Refer to chart at end of section.
1B3GT For replacement use type 1G3GTA/1B3GT.
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Refer to chart at end of section. 1B4P
Refer to chart at end of section. 1B5/25S
Refer to chart at end of section. 1B7GT
Refer to chart at end of section. 1BC2

HALF-WAVE
VACUUM RECTIFIER 1BC2A
Miniature type used as a high-voltage rectifier to sup-
ply power to the anode of the television picture tube.
Outlines section, 7E. For high-voltage and X-ray safety
considerations, refer to page 93. Heater: volts (ac/de),
1.25; amperes, 0.2,

Flyback Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ............. ... ... 180004 volts
Peak Plate Current ...............c..ooiiiiiiiiiii.., e 45 mﬁ
. 0.5 m

Average Plate Current ................ . ...,
Filament Voltage:
Absolute-maximum value .
Absolute-minimum value

1.45 volts
1.06 volts

CHARACTERISTIC, Instantaneous Value

Tube Voltage Drop for plate current of TmA .................... 80 volts
X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis ............ 0.5 mR/hr

# Pulse duration must not exceed 159% of a horizontal scanning cyele (10 microseconds).

4 The de component must not exceed 15000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Refer to chart at end of section. 'IIBE:;zA
Refer to chart at end of section. 1C5GT
Refer to chart at end of section. 1Cé6
Refer to chart at end of section. 1C7G
Refer to chart at end of section. 1C21
Refer to chart at end of section. :gggg
Refer to chart at end of section. 1D7G
Refer to chart at end of section. 1D8GT

Refer to chart at end of section. 1DG3
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1 DG3 A HALF-WAVE
VACUUM RECTIFIER

Glass octal type used as a high-voltage rectifier to
supply power to the television picture tube. QOutlines
section, 14J; requires octal socket. Socket terminals 1
and 7 may be used as tie points for components at or
near filament potential. For high-voltage and X-ray
safety considerations, refer to page 93. Filament:
volts (ac/dc), 1.25; ampere, 0.2.

Flyback Rectifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage#
Peak Plate Current ................
Average Plate Current . ... .. ... ... . .. . .. .. ...
Filament Voltage:
Absolute-maximum value ............ ... ... ... .
Absolute-minimum value ... ... .. ... . ... ... ... ..

CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 7T mA ................ ...

X-RADIATION CHARACTERISTIC

X-Radiation, Maximum
Statistical value controlled on a lot sampling basis ..........

# Pulse duration must not exceed 155, of a horizontal scanning cycle.

® The dc component must not exceed 22000 volts.

0.5

volts
mA
mA

volts
volts

volts

mR/hr

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

T1DN5 Refer to chart at end of section.
1E5GP Refer to chart at end of section.
1E7GT Refer to chart at end of section.
1E8 Refer to chart at end of section.
1F4 Refer to chart at end of section.
1F5G Refer to chart at end of section.
1F6 Refer to chart at end of section.
1F7G Refer to chart at end of section.
1G3GT/ Refer to chart at end of section.
1B3GT For replacement use type 1G3GTA/1B3GT.
1G3GTA For replacement use type 1G3GTA/1B3GT.
/ HALF-WAVE
1G3GTA VACUUM RECTIFIER PR

1B3GT

Glass octal type used as a high-voltage rectifier to sup-
ply power to the anode of the television picture tube.
Outlines section, 14B; requires octal socket. Socket
terminals 4 and 6 may be used as tie points for com-
ponents at or near filament potential. For high-voltage
and X-ray safety considerations, refer to page 93.
Filament: volts (ac/dec), 1.25; ampere, 0.2.
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Flyback Rectifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# .................................... 26000* volts
Peak Plate Current ............... .. ..o ittt 50 mA
Average Plate Current .............. ...t aeiiiianarans 0.5 mA
Filament Voltage:

Absolute-maximum value ................. . ... ... . . 1.45 volts

Absolute-minimum value ............ ... ... ... ...l 1.05 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of TmA ... ................. 100 volts
X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis .. .......... 0.5 mR/hr

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).

* The de¢ component must not exceed 21000 volts,

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Refer to chart at end of section. 1G4GT
Refer to chart at end of section. 1G5G
Refer to chart at end of section. 1G6GT
Refer to chart at end of section. 1H4G
Refer to chart at end of section. T1H5GY
Refer to chart at end of section. 1H6G
Refer to chart at end of section. 1J3
Refer to chart at end of section. 1J5G
Refer to chart at end of section. "JJ:GGT
Refer to chart at end of section. "(lalf:: i3
fo¥-10} HALF-WAVE
O ON VACUUM RECTIFIER ] K3A/.I J3

Glass octal type used as a high-voltage rectifier to sup-
Qwﬂ ply power to the anode of the television picture tube.
Outlines section, 14B; requires octal socket. Socket
e c terminals 4 and 6 may be used as tie points for com-
3c ponents at or near filament potential. For high-voltage
and X-ray safety considerations, refer to page 93.

Filament: volts (ac/dc), 1.25; ampere, 0.2.

Flyback Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ... ... ... ... ... ... ... .............. 26000* volts
Peak Plate Current .......... ... ... ... ... ... 50 mA
Average Plate Current ........... ... ... . ... ... ... 0.5 mA
Filament Voltage:

Absolute-maximum value ....... ... ... ... ... ... .. ... ... 1.45 volts

Absolute-minimum value ... ... ... ... ... ... ... 1.06 volts
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CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of TmA .................... 225 volts
X-RADIATION CHARACTERISTIC ’
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).
* The de component must not exceed 22000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in e_lther tempprary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

114 Refer to chart at end of section.
L6 Refer to chart at end of section.
HLA4 Refer to chart at end of section.
1LA6 Refer to chart at end of section.
1184 Refer to chart at end of section.
1LC5 Refer to chart at end of section.
1LCé Refer to chart at end of section.
1LD5S Refer to chart at end of section.
1LE3 Refer to chart at end of section.
1LG5 Refer to chart at end of section.
1LH4 Refer to chart at end of section.
1LNS Refer to chart at end of section.
IN2A Refer to chart at end of section.
IN5GT Refer to chart at end of section.
1N6G Refer to chart at end of section.
1P5GT Refer to chart at end of section.
1Q5GT Refer to chart at end of section.
1R5 Refer to chart at end of section.
152A/DY87 Refer to chart at end of section.
154 Refer to chart at end of section.
185 Refer to chart at end of section.
174 Refer to chart at end of section.
1T5GT Refer to chart at end of section.
176 Refer to chart at end of section.

1U4 Refer to chart at end of section.
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1U5
v

Refer to chart at end of section.
Refer to chart at end of section.

HALF-WAVE
VACUUM RECTIFIER 1V2

Miniature type used as a doubler in high-voltage pulse
rectifier circuits of black-and-white television receivers
and as a focus rectifier in color television receivers.
The very low power required by the filament permits
the use of a rectifier transformer having small size and
light weight. Outlines section, 6B; requires miniature

9-contact socket.

0.625= volt
0.3

Filament Voltage (a8c) ..............ciiiiriiiiiiiiiaiiinnnnnn.
ampere

Filament Current . ......... ... . .. i ittt
Direct Interelectrode Capacitance:
Plate to Filament (ADDrox.) ...........ccoiiviniivrrnnniennnn 0.8 pF

® Under no circumstances should the filament voltage be less than 0.525 volt or greater than
0.725 volt.
Pulsed Rectifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# .................................... 8250« volts

Peak Plate Current ..............c..viieiveiiiiiineanniieiaaannis 11 mA
0.6 mA

# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).
* The de component must not exceed 7000 volts.

Refer to chart at end of section. 1X2A
. 1X2B
Refer to chart at end of section. 1X28/ 1X2A

HALF-WAVE 1 x2c

VACUUM RECTIFIER

Miniature type used as a rectifier in high-voltage pulse
circuits of black-and-white television receivers and as a
focus rectifier in color television receivers. Outlines
section, TA; requires miniature 9-contact socket. Socket
terminals 3 and 7 may be used as tie points for com-
ponents at or near filament potential. For high-voltage
and X-ray safety considerations, refer to page 93.

Filament Voltage (8€) ...........iiiiiiirereiiinnerernnenennnnnn 1.25 volts
Filament Current ................iiiiiiiiiiiiiiiiienanrennannenn 0.2 ampere
Direct Interelectrode Capacitance: 1 -

)

Plate to Filament and Internal Shield (Approx.) ............
Flyback Rectifier ‘
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# .........................cciivuvinn 22000* volts
Peak Plate Current ................iiiiiiiiiiiiiiiiiiiiiiieaaa, 45 mA
Average Plate Current ............... ... . . i, 0.5 mA
Filament Voltage:

bsolute-maximum value .. 1.45 volts
Absolute-minimum value 1.05 volts

CHARACTERISTIC, Instantaneous Value
80 volts

Tube Voltage Drop for plate current of 7 mA ....................



124 RCA RECEIVING TUBE MANUAL

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum :

Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr:
# Pulse duration must not exceed 15¢% of a horizonial scanning ecycle (10 microseconds),
* The dec component must not exceed 18000 volts.

.Callt'ion—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

2A3 Refer to chart at end of section.
2A5 Refer to chart at end of section.
2A6 Refer to chart at end of section.
2A7 Refer to chart at end of section.
2AF4A Refer to chart at end of section.
2AF4B Refer to chart at end of section.
2AF4B/2D24 Refer to type 6AF4A.
2AH2 Refer to chart at end of section.
For replacement use type 2BU2/2AH2.
2AS2 Refer to chart at end of section.
2 AS2A VAC lll.lli\lb-le“é%‘!rElFl ER

Duodecar type used as a rectifier in high-voltage pulse
circuits of color television receivers. Outlines section,
9B; requires duodecar 12-contact socket. Socket termi-
nals 4, 7, and 10 may be used as tie points for com-
ponents at or near heater potential. For high-voltage
and X-ray safety considerations, refer to page 93.
Heater: volts (ac/de), 2.6; amperes, 0.33.

Pulsed Rectifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ............ ... ... . ..cviiiiinn 30000+ volts
Peak Plate Current ........... .. ... . ... it 90 mA

Average Plate Current ....... ... ... ... ... ... il 1.7 mA
CHARACTERISTIC, instantaneous Value
Tube Voltage Drop for plate current of 7T mA .................. 75 volts
X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis .......... 25 mR/hr

# Pulse duration must not exceed 159 of a horizontal scanning eycle (10 microseconds).

s The dec component must not exceed 24000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.
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HALF-WAVE
VACUUM RECTIFIER 2AV2
Miniature type used as a high-voltage, low-current
pulse-operated focus rectifier in color television re-
ceivers. The filament of the tube can be operated
directly across the filament winding of the horizontal-
output transformer without a series voltage-dropping

TECHNICAL DATA

P gk . A s A
9U k resistor. Qutlines section, 6B; requires miniature 9-
contact socket.
Filament Voltage (Ac) ... ... ... 1.8% volts
Filament Current ... ... .. .. ... ... . . . i e 0.225 ampere
Direct Interelectrode Capacitance (Approx.):
Plate to Filament ... . ... . . .. .. i e 0.8 pF
Pulsed Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ... ... ... . . . .. . ... 8250%* volts
Peak Plate Current .. ........ ... ... . ... . . .. . e 50 mA
Average Plate Current .......... .. ... ... ... .. . iiiiiiiaa 0.6 mA
CHARACTERISTIC, Instantaneous Value
20 volts

Tube Voltage Drop for plate current of 1 mA ....................
# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).
#% Under no circumstances should this absolute value be exceeded; the dc component must

not exceed 7000 volts.
* Under no circumstances should the filament voltage be less than 1.53 volts or greater than

2.07 volts.

Refer to chart at end of section. 2B7
Refer to chart at end of section. 2BA?2
Refer to chart at end of section. 22;]"22‘\

Refer to chart at end of section. 2BN4

Refer to type 6BN4A. 2BN4A
Refer to type 2BU2/2AH2 2BU2

HALF-WAVE
VACUUM RECTIFIER 2AH2
Duodecar type used as a high-voltage rectifier to sup-
ply power to the anode of the picture tube in television
receivers. Qutlines section, 9B; requires 12-contact
socket. Socket terminals 4, 10, and 11 may be used as
tie points for components at or near heater potential.

For high-voltage and X-ray safety considerations, refer
128 to page 93. Heater: volts (ac/dc), 2.5; ampere, 0.33.
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Flyback Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ....... ... ... ... ... ................ 30000+ volts
Peak Plate Current ............ ... . . ... ... ... ... 80 mA
Average Plate Current ... ... ... ....... ... ... ... ... . 0 1.5 mA
Heater Voltage:
Absolute-maximum value ............. ... ... ... ... ... ... 2.9 volts
Absolute-minimum value ... . ... ... ... ... ... . L. 2.1 volts
CHARACTERISTIC, Instantaneous Value
Tube Voitage Drop (Approx.), for plate current of 7 mA ........ 60 volts

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis .......... 0.5 mR/hr
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).
* The d¢ component must not exceed 24000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

2CN3A Refer to chart at end of section.
2CwW4 Refer to type 6CW4.
2CY5 Refer to type 6CY5.
2D2] GAS THYRATRON
INDUSTRIAL
TYPE

Miniature type gas-tetrode thyratron intended for relay
applications. Qutlines section, 5C; requires miniature
T-contact socket.

Heater Voltage (ac/de) ......... ... ... .. ... . . ... i
Heater Current ... ...... ... ... ... ... .. ... ... .. ... il
Cathode:

Heating time prior to tube conduction ..................... ...
Heater-Cathode Voltage:

Peak value ... .. ... ... —100 +25 volts
Direct Interelectrode Capacitances (Approx.):

Grid No. 1 to anode 0.026 pF
Input 2.4 pF
Output 1.6 pF
lomzatmn Time (Approx.
For conditions: dc anode volts = 100; grid-No. 1 square-pulse
volts = 50: peak anode amp. durmg conduction = 0.5 ...... 0.5 us
Deionization Time (Approx.) :
For conditions: dc anode volts = 125; grid-No. 1 volts — —100,
grid-No. 1 resistor (ohms) = 1000; a¢ anode amp, = 0.1 .. .. 35 us
For conditons: de anode volts = 125; grid-No. 1 volts = —10;
grid-No. 1 resistor (ohms) = 1000, dc anode amp. — 0.1 75 us
Maximum Critical Grid-No. 1 Current with an anode-supply volts
(rms) = 460, and average anode amp. = 0.1 ......... ..... 0.5 A
Anode Voltage Drop (ADDProx.) . ... i 8 volts
Grid-No. 1 Control Ratio (Approx) with grid-No. 1 resistor (meg-
ms) = 0; grid-No. 2 volts = 0 ...... . ..................... 250
Gnd-No 2 Control Ratio (Approx.) with grid-No. 1 resistor (meg-
obhms) = 0; grid-No. 2 resistor (megohms) = 0; grid-No. 1
VOIS = 0 .. e 1000

Relay and Grid-Controlled Rectifier Service
MAXIMUM RATINGS (Absolute-Maximum Values)
Peak Anode Voltage:

Forward ... ... ... . .. 650 volts

Inverse .. ... ...... ... ... 1300 volts
Grid-No. 2 (Shield-Grid) Voltage:

Peak, before anode conduction .. ................... ... .... —100 volts

Average, during anode conduction® ... . ... . ... .. .. ... . . .. —10 volts
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Grid-No. 1 (Control-Grid) Voltage:

Peak, before anode conduction e —100
Average, during anode conduction® ... ... .. .. . .. . . .. . . —10
Cathode Current:
eRK L, 0.5
Average® . .. ... . ... ....... . e 0.1
Fault, for duration of 0.1 sec. max. ................... ... ... 10
Grid-No. 2 Current:
Averagel . ... +-0.01
Grid-No. 1 Current:
Average® ... ... ... .. ... +0.01
Ambient Temperature Range —175 to 490
Operational Range of Critical Grid-No. 1
Voltage.
TYPE 2D2| GRID-No.2 VOLTS=0
RANGES SHOWN ARE FOR TWO VALUES
OF GRID-No.! RESISTOR-0.1 MEG AND 10 MEG
—-AND TAKE INTO ACCOUNT INITIAL
DIFFERENCES BETWEEN INDIVIDUAL TUBES
6 SUBSEQUENT DIFFERENCES DURING
TUBE LIFE, FOR A HEATER VOLTAGE RANGE
OF 5.7 TO 6.9 VOLTS
RANGE FOR RANGE FOR
~ |lOMEGOHMS __ OJMEGOHM __ _
N e ——— e ——
Ts00— ’ =
WU
L2400 Y
= N \
z Mo L
g3 < \
e AN \
>
l“.20('2 “<{ \ l
g ~
101 <Y
b
-8 -7 -6 -5 -4 -3 -2 =~| ]
DC GRID-No.i SUPPLY VOLTS 92CM-6534T4
TYPICAL OPERATING CONDITIONS FOR RELAY SERVICE
RMS Anode Voltage ........................... ... ....... 117 400
Grid-No.2 Voltage ........ ... ... ... ... ... ... ... ... ... 0 0
RMS Grid-No.1 Bias Voltaged .................... ... . ... 5 —
DC Grid-No.1 Bias Voltage .................. ... ... . .. .. — —6
Peak Grid-No.l Signal Voltage .............. ... .. . .. 5 6
Grid-No.1-Circuit Resistance ...................... ... ... 1.0 1.0
Anode-Circuit Resistance# ....... .. ... ... . ... ... . . . .. 1200 2000
MAXIMUM CIRCUIT VALUE ‘
Grid-No.1-Circuit Resistance .............................. 10

¥ Averaged over any interval of 30 seconds maximum.
O Approximately 180° out of phase with the anode voltage.

127

volts
volts

ampere
ampere
amperes

ampere

ampere
°C

volts
volts
volts
volts
volts
megohm
ohms

megohms

# Sufficient resistance, including the tube load, must be used under any conditions of opera-

tion to prevent exceeding the current ratings.

Refer to chart at end of section.
Refer to type 6DS4.
Refer to type 6DV4.

Refer to chart at end of section.
For replacement use type 2AF4B/2DZ4.

Refer to chart at end of section.

2D21wW

2054

2Dv4

2D24

2E5
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2EG4 HIGH-MU TRIODE

Nuvistor type used as a grounded-cathode, neutralized
rf amplifier in vhf tuners of television and FM re-

ceivers. Outlines section, 1; requires nuvistor socket. INDEXsLARGE LUG
®=SHORT PIN—IC
12AQ
Heater Voltage (ac/de) ... ... ... ittt 1.7 volts
Heater Current .. ...... ... .ot i 0.6 ampere
Heater Warm-up Time (Average) ................................ 8 seconds
Peak Heater-Cathode Voltage ....................... ... ......... +100 volts
l TYP
"2
E
a. 2!
3 15
=
g
]
a
o 50 K0 150 200 250
PLATE VOLTS  sacs-itéosTi
Direct Interelectrode Capacitances (Approx.):
Grid to Plate ... ... ... ... i 0.92 pF
Grid to Cathode, Heater, and Shell ........................... 4.3 pF
Plate to Cathode, Heater, and Shell .......................... 1.8 pF
Plate to Cathode ..........c..orvemneinioineiniii i iaaaes 0.18 pF
Heater to Cathode .............. ... c.iimeunnrnnnnnnennns 1.6 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Supply Voltage ............c.i i 300° volts
Plate Voltage ... ... ...\t 185 volts
Grid Voltage:
Negative-bias value ................ ... ... 55 volts
Peak or dc¢ positive value ........ ... .. ... 0 volts
Plate DissiDBLION ... ...ountret s 1.5 watts
Cathode CUrrent ...........oiuuiiiiiiinrniemeeenannaneiinaanoos 15 mA
Typical
CHARACTERISTICS AND TYPICAL OPERATION Characteristics Operation
Plate Supply Voltage ..................... . 110 10 volts
Grid Supply Voltage ... ................ . — 0 volts
Cathode-Bias Resistor ................ 130 — ohms
Grid Resistor ........... — 47000 ohms
Amplification Factor 63 68
Plate Resistance (Approx.) S 7000 5440 ohms
Transconductlnee ... ...............oinarzniiiias 9000 12500 #mhos
Grid Voltage (Approx.) for plate current of 100 uA . —b — volts
Grid Voltage (Approx.) for plate current of 10 zA .. —6.8 — volts
Plate Current .. ........ ... ... 6.5 7 mA
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:®
For fixed-bias operation ..... .. ... ... . ... .. ... ... ... 2.2 megohms
0.5 megohm

For cathode-bias operation ................... ... ... ... .....
° A plate supply voltage of 300 volts may be used provided that a sufficiently large resistor is
used in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of
operation.
® For operation at metal-shell temperatures up to 135° C.
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Refer to chart at end of section. 2ENS
Refer to chart at end of section. 2ER5
Refer to type 6FHS. 2FH5
Refer to chart at end of section. 2FQ5A
For replacement use type 2GK5/2FQ5A.
Refer to type 6FSb. 2FS5
Refer to chart at end of section. 2GK5
Refer to type 6GK5. 2GK5/2FQ5A
Refer to chart at end of section. 2GUS
For replacement use type 2FS5.
For replacement use type 2ZHM5/2HAS5. 2HAS
Refer to type 6HM5/6HAS5. 2HM5/ 2HAS
Refer to type 6HQ5. 2HQS5
3A2

Refer to chart at end of section.

HALF-WAVE
VACUUM RECTIFIER 3A2A

Miniature type used in high-voltage rectifier circuits of
small-screen black-and-white television receivers. Qut-
lines section, 7A; requires miniature 9-contact socket.
Socket terminals 1, 3, 4, 6, and 7 may be connected to
terminal 9 or to a corona shield which connects to
terminal 9. Terminals 3 and 7 may be used as tie points
at or near cathode potential. For high-voltage and X-ray safety considera-
tions, refer to page 93.

T

Heater Voitage (mc/dc) ... ... ... .. .. .. ... . ... ... 3.15 volts
Heater Current ...... ... ... .. ... ... ... 0.22 ampere
Direct Interelectrode Capacitances:

Plate to Cathode, Heater, and Internal Shield ......... ... .. 1 pF

Puised Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Ratings)
Peak Inverse Plate Voltage# ..... ... ... ... ... ............... 200000 volts
Peak Plate Current ... ... ... ... .. ... 805 m{\A
1. m

Average Plate Current

Heater Voltage:
Absolute-maximum wvalue ........ ... ... ... il 3.65 volts
Absolute-minimum value ........ ... ... ... .. ...l 2.65 volts
CHARACTERISTIC, instantaneous Value
Tube Voltage Drop for plate current of 7 mA .................. 70 volts
X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:
Statistica) value controlled on a Jot sampling basis .......... 0.5 mR/hr

# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).

® The de component must not exceed 18000 volts.

Cauntion—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.
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3A3 Refer to chart at end of section.
3A3/3B2 Refer to chart at end of section.
3 A:;AA3/282 Refer to chart at end of section.
3A3B Refer to chart at end of sectior
3 A3C HALF-WAVE
VACUUM RECTIFIER

Glass octal type used as a rectifier in high-voltage
pulse circuits of color television receivers. Outlines
section, 14F; requires octal socket. Socket terminals
1, 8, 4, 5, 6, and 8 may be connected to terminal 7.
Socket terminals 4 and 6 may be used as tie points at
or near cathode potential. For high-voltage and X-ray
safety considerations, refer to page 93.

Heater Voltage (RC€) . ............ oot 3.16 volts
Heater Current ... ........ ... ... .. . . . .. 0.22 ampere
Direct Interelectrode Capacitances:

Plate to Heater, Cathode, and Internal Shield ...... .. ... ... .. 1.5 pF

Pulsed Rectifier
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ................... .. ... .. ..... ... 38000¢ volts
Peak Plate Current ............. .. ... ... i 100 mA
Average Plate Current ....... ... ... ... .. ... ... ... 2 mA
Heater Voltage:
Absolute-maximum valwe ......... ... ... .. ... ... ... ... 3.65 volts
Absolute-minimum value ................. ... ... ... 2,65 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop (Approx.) for plate current of 7T mA ........ 100 volts

X-RADIATION CHARACTERISTIC

X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis .......... 25 mR/hr
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).
* DC component must not exceed 30000 volts,
Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

3A4 Refer to chart at end of section.
3A5 H-F TWIN TRIODE i &
INDUSTRIAL ) o OO .

TYPE 2(3) T
Miniature type twin triode used as a A-F power ampli- . \ ),
fier or an R-F power amplifier or oscillator. Each triode SERES
can be used independently of the other. Outlires section, hS CPARALLEL
BC; requires miniature 7-contact socket. 7BC
Filament Arrangement Series* Parallel**

Filament Voltage (de) ............................ 2.8 1.4 volts

Filament Curréent ...... ... ... ... ... .. .. .. ........ 0.11 0.22 ampere
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Direct Interelectrode Capacitances: Unit No.1 Unit No. 2
Grid to Plate . . ... e s 3.2 3.2 pF
Grid to Filament .. 0.9 0.9 pF
Plate to Filament . 1.0 1.0 pF
Plate to Plate .......................... e 0.32 pF
A-F Power Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Center Values)
Plate VOILAZE . ... .ottt et riaann 135 volts
Plate Current ............ ... ... i i i i, 5 mA
Plate Dissipation ............ . ... . .. e 0.5 watt
CHARACTERISTICS
Plate VOAZE ... ... it e 90 volts
Grid VOIBEE ... ...ttt e i s —2.5 volts
Amplifiecation Factor ............... ... i i, 15
Plate ReSiStance ..............coviiaieiiiniaiii i, 8300 ohms
TransconQUCLANICE ... .. .o.tn e ettt 1800 umhos
Plate Current . ....... ...ttt i e 3.7 mA
R-F Power Amplifier and Oscillator—Class C Telegraphy
Key-down conditions per tube without modulation
MAXIMUM RATINGS (Design-Center Values)
DC Plate Voltage ..... ... .. i 135 volts
DC Grid Voltage ............. ... B —30 volts
DC Plate Current (per unit) ......... .. .. ... . ... .. ... . 15 mA
DC Grid Current (per unit) ... ...... .. .. .. ... ... .. .. ... 2.5 mA
Plate Input (per unit) .......... ... .. . it 2.0 watts
Plate Dissipation (per unit) ........... ... ... ... ... . il 1.0 watt
TYPICAL OPERATION (At 40 MHz With Both Units In Push-Pull)
DC Plate Voltage .. ... ... .. 135 volts
-—20 volts
DC Grid Voltage® ... ... .. 4000 ohms
570 ohms
Peak R-F Grid-to-Grid Voltage .......... ... ... ... ... ... ....... 90 volts
DC Plate Current .................... ... ... i 30 mA
DC Grid Current (approx.) . .................ioiiiiiiiiiiaan 5 mA
Driving Power (8PDIrOX.) ... ...ttt iins 0.2 watt
Power Qutput (approx.) . ............ ... i 2 watts

* Filament voltage applied across two sections in series between pins No. 1 and No. 7. Grid
voltage is referred to pin No. 1. For series filament operation, a shunting resistor must be
connected across the section between pins No. 1 and No. 4, to by-pass excess cathode cur-
rent in this section. The value of the shunting resistor should be adjusted to make the
voltage across the shunted section equal to the voltage across the section between pins
No. 4 and No. 7. When other tubes in series-filament arrangement contribute to the fila-
ment current of the 3A5, an additional shunting resistor may be required between pins
No. 1 and No. 7.

*# Filament voltage applied across the two sections in parallel between pin No. 4 and pins
go.tlhand No. 7 connected together. Grid voltage is referred to pins No. 1 and No. 7 tied

gether.

® Obtained by grid resistor (4000), cathode resistor (570), or fixed supply.

Refer to chart at end of section. 3A8GT

Refer to chart at end of section. 3AF4A
Refer to type 6AF4A. 3AF4A/3DZ4
Refer to type 6ALS. 3ALS

Refer to chart at end of section. 3AT2
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HK
H IS b NC

3AT2B HALF-WAVE
VACUUM RECTIFIER
Duodecar type used as a high-voltage rectifier to sup-
ply power to the anode of the television picture tube.
Qutlines section, 9B; requires duodecar 12-contact
socket. Socket terminals 4, 7, and 10 may be used as tie
points for components at or near filament potential.
For high-voltage and X-ray safety considerations, re-
fer to page 93. Heater: volts (ac/dec), 3.15; ampere, 0.22.

Flyback Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# . .............. ... . ... ... ... ... 38000* volts
Peak Plate Current ............. ... ... ... ....... ... iiiiia., 88 mA
Average Plate Current ..... ... ... ... .. .. . . .. ... .. .. 1.7 mA
Heater Voltage:
Absolute-maximum value ............. ... ... ... ... ... 3.65 volts
Absolute-minimum value .............. .. ... .. ... ..., 2.65 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of T mA .................... 60 volts

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis .......... 26 mR/hr
# Pulse duration must not exceed 159 of a horizontal scanning cyele (10 microseconds).
* The dc component must not exceed 30000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

3AU6 Refer to type 6AUBA.
3AVé Refer to chart at end of section.
3AW?2 Refer to chart at end of section.
’ 3AW2A HALF-WAVE e
VACUUM RECTIFIER

Duodecar type used as a high-voltage rectifier to sup-
ply power to the anode of the picture tube in color and
black-and-white television receivers. QOutlines section,
9B; requires duodecar 12-contact socket. Socket termi-
nals 4, 7, and 10 may be used as tie points at or near
heater potential. For high-voltage and X-ray safety
considerations, refer to page 93. Heater: volts (ac/de),
3.15; ampere, 0.35.

Pulsed Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ... ....... ... . ... .. ... ... .. . .. .... 38000 volts
Peak Plate Current ... ....... ... ... .. . ... 110 mA
Average Plate Current .. .... ... .. . ... . . . ... ... ... ... ... ... 2.2 mA
Heater Voltage:
Absolute-maximum value ............ ... ... ... .. ... ... ... 3.65 volts
Absolute-minimum value ............. ... ... ... .. .o .. 2.65 volts

CHARACTERISTIC, Instantaneous Value
Tube Voitage Drop for plate current of T mA ....... ... ........... 60 volts
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X-RADIATION CHARACTERISTIC

X-Radiation, Maximum: '
Statistical value controlled on a lot sampling basis ............ 25 mR/hr

# Pulse duration must not exceed 15¢% of a horizontal scanning cycle (10 microseconds).

* The d¢ component must not exeed 30000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Refer to chart at end of section. 3AW3
Refer to chart at end of section. 3B2
Refer to chart at end of section. 3B4WA
Refer to chart at end of section. 3BA6
Refer to chart at end of section. 3BCS
Refer to type 6BC5. 3BC5/3CES
Refer to chart at end of section. 3BE6
Refer to chart at end of section. 3BL2
Refer to chart at end of section. 3BL2A
Refer to chart at end of section. 3BM2
Refer to chart at end of section. 3BN2
Refer to chart at end of section. 3BN2A
Refer to chart at end of section. 3BN4
Refer to type 6BN4A. 3BN4A
Refer to type 6BNG6. 3BN6
Refer to chart at end of section.
For replacement use type 3BW2/3BS2A/3BT2. 3BS2A
For replacement use type 3BW2/3BS2A/3BT2. 3BT2
Refer to chart at end of section. 3BUS
Refer to type 6BUS. 3BU8/3GS8
For replacement use type 3BW2/3BS2A/3BT2. 3BW2
3BW2/
3BS2A/
HKis_ (oS VAC\?l?ll\;IF-RVE:YI'EIFIER 3BT2

ux Duodecar type used as a high-voltage rectifier to supply
()5 power to the anode of the picture tube in color tele-
N¢ vision receivers. Outlines section, 9B; requires octal
O, (0 socket. Socket terminals 4 and 10 may be used as tie
(i2) points for components at or near heater potential. For

H high-voltage and X-ray safety considerations, refer to
12HY page 93.
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Heater Voltage (8c/de) ... ... i 3.15
Heater CUITeNt ... ... ..o it it e 0.48
Direct Interelectrode Capacitance (Approx.):

Plate to Cathode, Heater, and Internal Shield ................ 1.6

Fiyback Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ........... .. ... ... ... ... 38000®
Peak Plate Current ... ... ... .. ... i 110
Average Plate Current .............. ...t 2.2
Heater Voltage:
Absolute-maximum value ........... ... .. ..., 3.65
Absolute-minimum value ... ... ... 2.65
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop (Approx.), for plate current of 7 mA ...... .. 70

X-RADIATION CHARACTERISTIC

X-Radiation, Maximum:
Statistical value controlled on a lot sampling basis .......... 25

# Pulse duration must not exceed 159 of a horizontal scanning cycle.
@ The dc component must not exceed 30000 volts.

volts
ampere

pF

volts
mA
mA
volts
volts

volts

mR/hr

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Refer to chart at end of section.

38Y6 For replacement use type 3CS6.
3BZ6 Refer to type 6BZ6.
3CA3 Refer to chart at end of section.
3CA3A HALF-WAVE
VACUUM RECTIFIER

Glass octal type used as a rectifier in high-voltage pulse
circuts of color television receivers. Outlines section,
14E; requires octal socket. Socket terminals 1, 3, 4, b, 6,
and 8 may be connected to terminal 7 or to a corona
shield which connects to terminal 7. Socket terminals
4 and 6 may be used as tie points at or near cathode
potential. For high-voltage and X-ray safety considera-
tions, refer to page 93.

Heater Voltage (B€) ........ ... ... ittt 3.6
Heater Current ........ ... ... ... .. .. ... ittt 0.225
Direct Interelectrode Capacitance (Approx.):

Plate to Heater, Cathode, and Internal Shield ................ 1.6

Pulsed Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ............... ... .. .........c.... 380008
Peak Plate Current .......... . ... ... ... .. .. it 100
Average Plate Current ....... .. ... ... ... .. .. .. i 2

Heater Voltage:
Absolute-maximum value
Absolute-minimum value

CHARACTERISTIC, Instantaneous Value

Tube Voltage Drop for plate current of 11 mA ... ... ... .......... 60

X-RADIATION CHARACTERISTIC

X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis ............ 25

# Pulse duration must not exceed 159 of a horizontal scanning cycle (10

® The de component must not exceed 30000 volts.

.................................... 4.14

.................................... 3.06

volts
ampere

pF

volts
mA
mA

volts
volts

volts

mR/hr
microseconds).

_Clnt'ion—()peration of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.
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For replacement use type 3CB6/3CF6. 3CB6
Refer to type 6CB6A. 3CB6/3CF6
Refer to chart at end of section.
For replacement use type 3BC5/3CES5. 3CES5
Refer to chart at end of section.
For replacement use type 3CB6/3CF6. 3CF6
Refer to chart at end of section. 3CN3A
HALF-WAVE
VACUUM RECTIFIER 3CN3B

Glass octal type used as a high-voltage rectifier to
supply power to the anode of the picture tube in color
and black-and-white television receivers. Qutlines sec-
tion, 14F; requires octal socket. Socket terminals 4 and
6 may be used as tie points for components at or near
heater potential. For high-voltage and X-ray safety
considerations, refer to page 93.

Heater Voltage (Be/de) ... ... . i 3.156 volts
Heater Current . ....... ... .. ..ttt e 0.48 ampere

Flyback Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ............. ... ... . ... ..ii.nn 38000 volts
Peak Plate Current .................iiiiiiiniiiierreaniennenians 110 mA
Average Plate Current ...... ... .. ... . ... . . iiiiiiiaiiens 2.2 mA
Heater Voltage:
Absolute-maximum value .......... ... ... .. ... ... 3.65 volts
Absolute-minimum value .. ......... ... . ... .. ... .. L. 2.65 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of T mA .................... 60 volts

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:
Statistical value controlled on a lot sampling basis .......... 25 mR/hr
# Pulse duration must not exceed 159% of a horizontal scanning cycle (10 microseconds).
* The d¢ component must not exceed 30000 volts.
Caution—Operation of this tube outside of the maximum values indicated above may result

in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Refer to type 6CS6. 3Cs6
HALF-WAVE
" VACUUM RECTIFIER 3CU3A
Ic T Glass octal type used as a rectifier in high-voltage

circuits of color and black-and-white television receivers.

Because of its fast warm-up time it is particularly

owo suited for transistorized systems. Qutlines section, 14F;
(ywTle ' requires octal socket. Socket terminals 4 and 6 may

1€ (- be used as tie points, For high-voltage and X-ray safety

8MK considerations, refer to page 93.
Filament Voltage: 3.15 volts
Filament Current (ac) . ... ... . ... ... .. .. ... 0.28 ampere

Direct Interelectrode Capacitance:
Plate to Filament and Shield ..... ... ... ... ............ ... .. 1.5 pF
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Pulsed Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ................. ... ... ... ......... 33000m volts
Peak Plate Current .. ... ... ... ... ... ... . ... ... . 100 mA
Average Plate Current . ... ... .. ... ... ... ... ... 2 mA
Filament Voltage:
Absolute-maximum value ......... ... ... ... ... ... ... ... 3.65 volts
Absolute-maximum value ... ... ... .. ... .. ... .. ... 2.65 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 7 mA ... ... .. ... ... ... ... 50 volts

X-RADIATION CHARACTERISTIC

X-Radiation, Maximum:
Statistical value controlled on a Jot sampling basis ... ... ... . 25 mR/hr

# Pulse duration must not exceed 159 of a horizontal scanning eycle (10 microseconds).
* The dc component must not exceed 30000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Refer to chart at end of section.

3cx3 For replacement use type 3DA3/3DH3.

3CY3 For replacement use type 3DB3/3CY3.

3CY5 Refer to type 6CY&.

3CZ3 For replacement use type 3CZ3A.
3CZ3A VACl}‘UAPIiF.RvéAC‘!I'EIF IER

Glass octal type for use in the high-voltage rectifier
circuits of television receivers and in other high voltage
applications. Outlines section, 34A; requires octal socket.
Socket terminals 1, 3, 4, 5, 6, and 8 may be connected to
socket terminal 7. Socket terminals 4 and 6 may be used
as tie points for components at or near heater potential.
For high-voltage and X-ray safety considerations, refer

to page 93. 8EZ

Heater Voltage ... ... ... ... .. .. . e 3.16 volts
Heater Current ...... ... ... .. .. ... .. ... ... ..ol 0.48 ampere
Heater Warm-up Time .. ...... ... . ... ... ... ... ... ............. 4 seconds

Direct Interelectrode Cag:cihnce:
Piate to Heater, Cathode, and Internal Shield ... ... ... ... .. .. 1.6 pF

Pulsed Rectifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ... .. . ... ... .. ... ... ........ 38000« volts
Peak Plate Current ....... ... ... ... . ... . .. ... ... i 110 mA
Average Plate Current ...... .. .. ... . ... .. ... ... ... 2.2 mA
Heater Voltage:
Absolute-maximum value ... ... ... .. ... ... ... ... . ... 3.65 volts
Absolute-minimum value . ... ... ... .. ... ... ... ... ... ... 2.65 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of T mA ... ... ... .. .. ... .. 60 volts

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis ... ....... 25 mR/hr
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).
* The dc component must not exceed 30000 volts.
Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.
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Refer to chart at end of section. 3DA3/3DH3
Refer to type 3DB3/3CY3. 3DB3

vacoum rectirier  3DB3/3CY3

Octal type used as a high-voltage rectifier to supply
power to the anode of the television picture tube.
Outlines section, 14F; requires octal socket. Socket
terminals 3, 4, 5, 6, and 8 should not be used as tie
points although terminals 3, 5, and 8 may be connected
to terminal 7. For high-voltage and X-ray safety con-
siderations, refer to page 93.

Heater Voltage ... .. ... ... . . .. 3.16 volts
Heater Current ............. ... . ... .. ... 0.245 ampere
Direet Interelectrode Capacitance (Approx.):

Plate to Heater, Cathode, and Internal Shield ... ... ... ... .. .. 1.5 pF

Flyback Rectifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ...... .. ... ... ... ... .............. 380000 volts
100

Peak Plate Current ............................. ... mA
Average Plate Current ....... ... ... ... ... ... ..o 2 mA
Heater Voltage:
Absolute-maximum value ................. ... . 3.65 volts
Absolate minimum value ....... ... ... ... . ... . ... 2.65 volts
CHARACTERISTIC, Instantaneous Vaiue
Tube Voltage Drop for plate current of 7 mA ... ... ........ ... 100 volts

X-RADJATION CHARACTERISTIC

X-Rediation, Maximum:
Statistical value controlled on a lot sampling basis .......... 26 mR/hr

# Pulse duration must not exceed 159% of a horizontal scanning cycle (10 microseconds).
® The dc component must not exceed 30000 volts.

Cautlon—Operation of this tube outside of the maximum values indicated above may resuilt
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Mo Lt HALF-WAVE
s VACUUM RECTIFIER 3DC3

270 M Glass octal type used as a rectifier in high-voltage
circuits of color and black-and-white television receiv-
F,1g €TS- Because of its fast warm-up time it is particularly
suited for transistorized systems. Qutlines section, 14F;
FIs NC requires octal socket. Socket terminals 4, 6, and 8 may
sMZ be used as tie points. For high-voltage and X-ray safety
considerations, refer to page 93. This type is identical

with type 3CU3A except for the following items:

Pulsed Rectifier

For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Plate Current . ... .. ... 110 mA
Average Plate Current ... ... ... ... .. ... ... ..o 2.2 mA
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3DF3 HALF-WAVE
VACUUM RECTIFIER
3DF3A

Glass octal types used as a high-voltage rectifier to
supply power to the anode of the picture tube in tele-
vision receivers. Outlines section, 14G and 14H, respec-
tively; requires octal socket. Socket terminals 1 and 7
may be used as tie points for components at or near
heater potential. For high-voltage and X-ray safety
considerations, refer to page 93. Heater: volts (ac/dc),
3.15; ampere, 0.48.

Flyback Rectifier

For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ....... ...... ... ... .. ... ... .. .... 38000@ volts
Peak Plate Current ......... ... ... ... ... ... 110 mA
Average Plate Current ......... ... ...... . ... ... ... ... ... . .... 2.2 mA
Heater Voltage:
Absolute maximum value ......... ... .. ... ... . ... ... 3.65 volts
Absolute-minimum value ............. ... ... ... ... ... ...... 2.65 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 7T mA ... ... ... ... ... . .... 60 volts

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:
3DF3 3DF3A
Statistical value controlled on a lot sampling basis 25 8 mR/hr
# Pulse duration must not exceed 15% of a horizontal scanning cycle,
® The dc component must not exceed 30000 volts.

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

3DG4 FULL-WAVE og
3DH3 VACUUM RECTIFIER (3

Glass octal type used in power supplies of color and G
black-and-white television receivers and other equip-

ment having high de requirements. Outlines section, ©, (7P
19E; requires octal socket. It is especially important '

that this tube, like other power-handling tubes, be ade- ¢

quately ventilated. For discussion of Rating Chart, SDE

refer to Interpretation of Tube Data. Filament: volts

(ac/dc), 3.3; amperes, 3.8.

Full-Wave Rectifier
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage .............. ... ... . cciiiienunans 1050 volts
Peak Plate Current (Per Plate) ................. ... ............ 1.2 amperes
Hot-Switching Transient Plate Current (Per Plate) .............. 6.6 amperes
AC Plate Supply Voltage (Per Plate, yms) ...................... See Rating Chart
DC Output Current (Per Plate) ........ ....................... ee Rating Chart
Bulb Temperature (At hottest point on bulb surface) ............ 200 °C
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER
AC Plate-to-Plate Supply Voltage (rms) ........................ 550 volts
Filter-Input Capacitor® ... ... . ... ... .. ... iiriiiiiiiiniinnnn 40 uF
Effective Plate-Supply Impedance per Plate ...................... 32 ohms
DC Output Voltage at Input to Filter (Approx.):

At full-losd current of 350 mA ........ . ... ... ............... 300 volts
CHARACTERISTICS
Tube Voltage Drop for plate current of 350 mA (per plate) ...... 25 volts

* Higher values of capacitance than indicated may be used, but the effective plate-supply
impedance may have to be increased to prevent exceeding the maximum peak-plate-current
rating.
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RATING CHART

i T
@ TYPE_3DG4 I l l l I I
s £33 VOLTS AC
& MAXMUM OPERATING VALUES WITH:
CHOKE-INPUT FILTER
« rf—CAPAcITOR-INPUT FILTER
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© sol—t t
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AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
92C5-10982T

For replacement use type 3DA3/3DH3.

HALF-WAVE
VACUUM RECTIFIER

Flyback Rectifier

139

3DH3

3DJ3

For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# ................. .. ... ... ...
Peak Plate Voltage .......... ... .. .. . ... . ... i i

Average Plate Current . ... ... ... ... ... ... .. . ... ... ...

Heater Voltage:

Absolute maximum value ............ ... ... ... ... ... ......

Absolute-minimum value . ...... ... .. .. .. ... .. ...
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 7T mA . ... . ... .. .....

X-RADIATION CHARACTERISTIC

X-Radiation, maximum:
Statistical value controlled on a lot sampling basis ... ....

# Pulse duration must not exceed 159, of a horizontal scanning
® The dec component must not exceed 30000 volts,

25

cycle.

Glass octal type used as a high-voltage rectifier to
supply power to the anode of the picture tube in color
television receivers. Outlines section, 14H; requires octal
socket. Socket terminals 4 and 6 may be used as tie
points for components at or near heater potential. For
high-voltage and X-ray safety considerations, refer to
page 93. Heater: volts (ac/de), 3.15; ampere, 0.3.

volts
mA

volts
volts

voits

mR/hr

Cauntion—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

Refer to type 6DKS.
Refer to chart at end of section.

Refer to chart at end of section.
For replacement use type 3DTGA.
Refer to type 6DT6A.
Refer to chart at end of section.
For replacement use type 3AF4A/3DZ4.
Refer to chart at end of section.
For replacement use type SEH7/XF183.

3DK6
3DR3
3DS3

3DT6
3DT6A

3DZ4

3EAS
3EH7
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3EH7/XF183
3EJ7

3EJ7/XF184
3ERS
3FH5
3FS5
3GK5

3GS8
3GS8/3BU8
3HAS

3HMS5/3HA5
3HQS5
3HS8
3JC6
3JC6A
3JDé6
3KTé6
3LF4
3Q4
3Q5GT
354
3v4
4AVU6
4AV6
4BC5
4BC8
4BL8
4BL8/XCF80
4BN6

4BQ7A

RCA RECEIVING TUBE MANUAL

Refer to type 6EH7/EF183.
Refer to chart at end of section.
Refer to type 6EJ7/EF184.
Refer to type 6ERS5.
Refer to chart at end of section.
Refer to type 6FS5.

Refer to type 6GKS5.

Refer to chart at end of section.
For replacement use type 3BU8/3GSS.

Refer to chart at end of section.

Refer to chart at end of section.
For replacement use type 3HM5/3HAS.

Refer to type 6HM5/6HASD.
Refer to type 6HQ5.

Refer to chart at end of section.
Refer to chart at end of section.
Refer to type 6JC6A.
Refer to type 6JD6.
Refer to type 6KT6.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to type 6AUGA.
Refer to type 6AVE.
Refer to chart at end of section.
Refer to type 6BCS.

Refer to chart at end of section.

Refer to type 6BL8/ECF80.
Refer to type 6BNG6.

For replacement use type 4BQ7A/4BZ7.
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Refer to type 6BQ7A/6BZ7/6BS8.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to type 6BUS.
Refer to type 6BZ6.

Refer to chart at end of section.

For replacement use type 4BQ7A/4BZ7.

Refer to type 6CB6A.
Refer to type 6CS6.
Refer to chart at end of section.
Refer to type 6DES6.
Refer to type 6DKS6.
Refer to chart at end of section.
Refer to type 6DT6A.
Refer to chart at end of section.

Refer to type 6EHT/EF183.
Refer to chart at end of section.
Refer to type 6EJ7/EF184.
Refer to chart at end of section.

Refer to chart at end of section.
For replacement use type 4KN8.

Refer to chart at end of section.
For replacement use type 4LUS6.

Refer to type 6GKS5.
Refer to type 6GJ7/ECF801.
Refer to chart at end of section.

Refer to chart at end of section.

For replacement use type 4BU8/4GS8.

Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.

Refer to chart at end of section.

For replacement use type 4HM5/4HAS.

Refer to chart at end of section.

For replacement use type 4HM5/4HAS.

Refer to chart at end of section.
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4BQ7A/4BZ7
4BS8
4BUS
4BU8/4GS8
4BZ6

4B727

4CB6
4CS6
4CY5
4DE6
4DKé6
4DT6
4DT6A
4EH7
4EH7/LF183
4EJ7
4EJ7/LF184
4ES8

4ES8/XCC189

4EW6

4GK5

4GJ7/XCF801
4GMé6

4GS8

4GS8/4BU8
4GX7
4GZ5

4HAS

4HA5/PC900
4HA7
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4HA7/4HC7
4HC7
4HM5/4HAS
4HM6
4HQ5
4HsS8
4HT6
4JC6
4JC6A
4JD6
4JH6
4KES
4KN8/4RHHS
4KT6
4L8
4LU6
4MKs8
4RHH2
4RHHS
5AMS
5ANS
5AQ5

S5AR4/
GZ34

RCA RECEIVING TUBE MANUAL

Refer to chart at end of section.

Refer to chart at end of section.

Refer to type 6HM5/6HAS.

Refer to chart at end of section.

Refer to type 6HQ5.
Refer to type 6HSS.

Refer to chart at end of section.

Refer to chart at end of section.

Refer to type 6JC6A.
Refer to type 6JD6.
Refer to type 6JHS6.

Refer to type 6KES.

Refer to chart at end of section.

Refer to type 6KT6.
Refer to type 6LJS8.

Refer to chart at end of section.

Refer to type 6MK8A.

For replacement use type 4BQ7A/4BZ7
For replacement use type 4dKN8/4RHHS.

Refer to type 6AMSA.
Refer to type 6ANSA.
Refer to type 6AQ5A.

FULL-WAVE

VACUUM RECTIFIER

Glass octal type used in power supply of television re-
ceivers and other equipment having high dc require-

ments. Qutlines section, 13F'; requires octal socket. It
is especially important that this tube, like other power-
handling tubes, be adequately ventilated. Heater: volts

(ac/dc), 5; amperes, 1.9.

Full-Wave Rectifier

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage
Peak Plate Current (Per Plate)

................................ 825
Hot-Switching Transient Plate Current (Per Plate) ..... 3.7
AC Plate-Supply Voitage (Per Plate, rms, without load)

Average Output Current (Per Plate) ............................

1700

volts
mA
amperes

See Rating Chart
See Rating Chart
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TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER

AC Plate-to-Plate Supply Voltage (rms) .......... 450 550 volts

Effective Plate-Supply Impedance per Plate 160 200 ohms
225 160 mA

Average Output Current ....................

DC Output Voltage at Input to Filter ............ 475 620 volts
TYPICAL OPERATION WITH CHOKE INPUT TO FILTER

AC Plate-to-Plate Supply Voltage (rms) . .. 450 560 volts
Filter Input Choke ...................... .. 10 10 henries
Average Output Current ............... .. 250 225 mA
DC Output Voltage at Input to Filter .............. 376 465 volts

CHARACTERISTIC, [nstantaneous Value

Tube Voltage Drop for plate current of 225 mA
(Per Plate) .........coivcieuinonncnane cueann —_ 17 volts

RATING CHART

TYPE 5AR4/GZ34
p FLAISTY +& Ege5VoLTS
123 i ¢
Eng-i_-__.__.._._-- EN_
& I waxmuw operarvel | | | \
00 VALUES WITH: i
e CHOKE-INPUT FILTER -
| APACITOR-INPUT FILTER- |
!n1u_.__.__ — _.{...._ [
Al |
so ll }
H I
= I |
B el
o 1 T
e B | |
128 1473 _le
° 100 200 300 400 500 600 700

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)

92CS-1328TT
Refer to chart at end of section. 5AS4
Po, NC FULL-WAVE
OO . VACUUM RECTIFIER 5AS4A
WO (©” Glass octal type used in power supplies of television

receivers having high dc requirements. Outlines section,

g‘ e IQD; r‘equires octal socket. This type may be sqpplied

0 with pins 3, 5, and 7 omitted. Vertical mounting is pre-

ferred, but horizontal mounting is permissible if pins

2 and 4 are in vertical plane. It is especially important

ST that this tube, like other power-handling tubes, be ade-

quately ventilated. Heater: volts (ac), b; amperes, 3. For maximum
ratings, typical operation, and curves, refer to type 5U4GB.

NC F

Refer to chart at end of section. 5AS8
Refer to type 6ATSA. 5AT8

Refer to chart at end of section. 5AU4

For replacement use type 5V3A/5AU4.

Refer to chart at end of section. 5AVS

Refer to chart at end of section. 5AW4
Refer to chart at end of section. 5AZ4
Refer to chart at end of section. 5B8

Refer to chart at end of section. 5BC3
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FULL-WAVE
5BC3A VACUUM RECTIFIER

Novar types used in power supplies of radio equip-
ment and television receivers having high dc¢ require-
ments. Outlines section, 31C; requires novar 9-contact
socket. Vertical operation is preferred, but tubes may be operated in hori-
zontal position if pins 2 and 7 are in vertical plane. It is especially im-
portant that these tubes, like other power-handling tubes, be adequately
ventilated. Filament: volts (ac), 5; amperes, 3.

Full-Wave Rectifier
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage .................... ... e, 1700 volts
Peak Plate Current (Per Plate) ................................ 1 ampere
Hot-Switching Transient Plate Current (Per Plate)® ............ 5 amperes
AC Plate-Supply Voltage (Per Plate, rms) ...................... See Rating Chart
Average Output Current (Per Plate) ........................... See Rating Chart
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER
AC Plate-to-Plate Supply Voltage (rms) ........ 600 900 1100 volts
Filter-Input Capaecitors . ....................... 40 40 40 aF
Total Effective Plate-Supply Impedance per Plate 21 67 97 ohms
DC Output Voltage at Input to Filter (Approx.):
At Joad current of: 300 mA .............. 230 — — volts
276 mA .............. — 460 — volts
162 mA .............. — — 630 volts
160 mA .............. 335 — — volts
13756 mA .............. . —_ 520 — volts
8l mA .............. — — 680 volts
TYPICAL OPERATION WITH CHOKE INPUT TO FILTER
AC Plate-to-Plate Supply Voltage (rms) ........... 900 1100 volts
Filter-Input Choke ...................... e 10 10 henries
DC Output Voltage at Input to Filter (Approx.):
At load current of: 348 mA .................... 340 — volts
276 mA ...l — 440 volts
174 mA ... ... ... 355 — volts
1378 mA ... ... .. — 445 volts

°If hot switching is regularly required in operation, the use of choke-input circuits s
recommended. Such circuits limit the hot-switching current to a value no higher than that
of the peak plate current. When capacitor-input circuits are used, a maximum peak eurreat
value per plate of 56 amperes during the initial cycles of the hot-switching transient should
not be exceeded.

= Higher values of capacitance than indicated may be used, but the effective plate-supply
impedance may have to be increased to prevent exceeding the maximum rsting for pesk
plate current.

RATING CHARY

TYPE SBC3A

MAXIMUM OPERATING VALVES WITH: —
“~CHOKE—~INPUT FILTER
{~CAPACITOR-INPUT FILTER

—~_ | °

3 C

LT x T 1 |

DC OUTPUT MILLIAMPERES PER PLATE
a

) 100 200. 300 400 500 @00
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD}
9269-11200T3
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Refer to chart at end of section.
Refer to type 6BK7B.
Refer to type 6BQT7A.

For replacement use type 5BR8/5FV8.
Refer to type 6BRSA.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to type 6CGBA.
Refer to chart at end of section.
Refer to type 6CLSA.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to type 6CZ5.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to type 6EAS.

Refer to chart at end of section.

Refer to chart at end of section.
Refer to type 6EWG.
Refer to type 6FGT.

Refer to chart at end of section.

For replacement use type 5BR8/5FV8.

Refer to type 6GHBA.
Refer to chart at end of section.
Refer to 6GJ7/ECF801.
Refer to type 6GMS6.
Refer to type 6GS7.

Refer to chart at end of section.
For replacement use type 5HZ6.

Refer to chart at end of section.
Refer to chart at end of section.

Refer to type 6HB7.
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5BES
5BK7A
5BQ7A
5BR8
5BR8/5FV8
5878
5BwW8
5CG8
5CL8
5CL8A
5CM8
5CQs8
5CZ5
5DH8
5DJ4
5EAS8

5ES8
5ES8/YCC189

5EU8
SEWé
5FG7

5Fvs

S5GHEA
5GJ7
5GJ7/1CF801
5GMé
5GS7

5GXé

5GX7
S5HA7
5HB7
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5HGS Refer to chart at end of section.
5HG8/LCF86 Refer to type 6HG8/ECF86.
5HZ6 Refer to type 6HZ6.
5J6 Refer to type 6J6A.
5JKé Refer to chart at end of section.
5JL6 Refer to chart at end of section.
5JW8 Refer to type 6JW8/ECF802,

5KD8 MEDIUM-MU TRIODE—

SHARP-CUTOFF PENTODE
Miniature type used as combined vhf oscillator and
mixer tube in television receivers. QOutlines section,
6B; requires miniature 9-contact socket.

Heater Voltage (ac/de) ................. . 5.6
Heater Current ............. . 0.45
Heater Warm-up Time .... .. 11
Heater-Cathode Voltage:

Peak value ......... .. . ... ... #+200 max

Average value ....... ... e 100 max

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage ............ ... it iiriiiernenrnnens 330 330
Grid-No.2 (Screen-Grid) Supply Voltage ........... — 330
Grid-No.2 Voltage ....... .. .. ... . ... cciiinnanen — See curve page
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 1}
Plate Dissipation ................ ... .. ... 0o 2.6 3
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ........ — 0.55

For grid-No.2 voitages between 165 and 330 voits — See curve page
CHARACTERISTICS
Plate Voltage ................ .. ... ciiiiiiiiiies 126 125
Grid-No.2 Voltage ...................cocovminnin —_ 110
Grid-No.1 Voltage ... ...................cioevvinnn —1 —1
Amplification Factor .............................. 40 —
Plate Resistance (Approx.) ........................ — 0.2
Transconduetance ..................c.oceieiiaaiiaian 7500 5000
Plate Current ... ... ... ... ... 13.5 9.6
Grid-No.2 Current ................... . ccoiuiiirnn.. -— 3.5
Grid-No.l Voltage (Approx.) for plate current of

20 HA e e -—9 —8

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ..... . 0.6
For cathode-bias operation L

5KE8 Refer to type 6KES.

5KZ8 Refer to type 6KZ8.

volts
ampere
seconds

volts
volts

volts
volts
300
volts
watts

watt
300

volts
volts
volt

megohm
pmhos

mA

volts

megohm
megohm
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Refer to type 6LJ8. 5L)8
Refer to type 6MBS. 5MB8
For replacement use type 5J6. 5MHH3
Refer to type 6MQ8. 5MQ8
Pp,
O
Ol
FULL-WAVE 5R4GB
6‘ VACUUM RECTIFIER INDUSTRIAL
0,
NC Glass octal type for industrial and military applica-
5T tions. Outlines section, 19D; requires octal socket.
b volts

Filament Voltage (ac/de) ......... ... .o i

Filament Curremt ....................... ... Leree e amperes
Operating Position ............................ .. Vertical, base down or up, or Horizontal

with pins 2 and 4 in vertical plane

Full-Wave Rectifier
MAXIMUM RATINGS (Absolute-Maximum Values)

For altitudes up to 40000 20000 feet
Peak Inverse Plate Voltage ... ... ... ... ... ............ 2650 3100 volts
AC Plate Supply Voltage Per Plate (RMS, without load) See Rating Chart
Peak Plate Current Per Plate . ... ... .................. 715 715 mA
DC Output Current Per Plate ... ....................... See Rating Chart
Hot-Switching Transient Plate Current Per Plate . ... .. hd *

Bulb Temperature (At hottest point on bulb surface) .. 230 230 °C
TYPICAL OPERATION (With Capacitor-input Filter)

For altitudes up to 40000 20000 feet
AC-Plate-to-Plate Supply Voltage (RMS, without load) 1400 1500 2000 volts
Filter-Input Capacitor . .................... .. ......... 20 20 20 uF
Total Effective Plate Supply Impedance Per Plate** .. .. 225 250 375 ohms
DC Ouptut Voltage at Input tIo 7Filteg (approx.}: 0

BmA.......... . ... ... — 91 1210 volts
At half-load current of ‘[i§5 mﬁ _________________ 750 " i volts
OmA. .. ... ....... ... — 800 1040 volts
At full-load current of yo5q ma 111 TN 605 — e volts
Voltage Regulation (approx.):
Half-load to fuli-load current ...................... 145 110 170 volts
DC Quput Current ............... ... ... ... ... ... 250 150 150 mA
TYPICAL OPERATION (With Choke-input Filter)

For altitudes up to 40000 20000 feet
AC Plate-to-Plate Supply Voltage (RMS, without load) 1500 1900 volts
Filter-Input Choke .. ......... ... ... ... .....c........ 5 10 henries
DC Output Voltage at Input to Filter for de output

(approx.) :

870 MA ... — 800 volts

126 MA . 600 — volts

116 MA e — 160 volts

260 MA .. 560 -—_ volts
Voltage Regulation (Approx.):

Half-load to full-load current ................. .. ... 40 40 volts
DC Output Current ......... ... ... ... ... ... ... .. ... 250 176 mA

* If hot-switching is required in operation, choke-input circuits are recommended. Such
circuits limit the hot-switching current to a value no higher than that of the peak plate
current. When capacitor-input circuits are used, a maximum value of 3 amperes should
not be exceeded.

*¢ Indicated values for conditions shown will limit peak plate current to the maximum-rated
value. When a filter-input capacitor larger than 20 uf is used, it may be necessary to in-
crease plate-supply impedance to a higher value than that shown in the data to limit the
peak plate current to the maximum-rated value.
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RATING CHART

TYPE SR4AGYB  MAXMUM VOLTAGE RATING

F UP TO 20600 FEET
Ef=5 VOLTS AC AT 40000 FEET

MAXIMUM OPERATING VALUES WITH:

CHOKE-INPUT FILTER
CAPACITOR-INPUT FILTER

E Al N

8

Tt IC

Nb

150

G
0 200 400 600 80O 000 1200
AC PLATE SUPPLY VOLTS (RMS)

PER PLATE (WITHOUT LOAD) goem-g043Tt

DC OUTPUT MILLIAMPERES PER PLATE
8

5R4GY
5R4GYB For replacement use type 5R4GB.
574 Refer to chart at end of section.
5718 Refer to type 6T8A.
5U4G Refer to chart at end of section.
5U4GB FULL-WAVE .
VACUUM RECTIFIER Ne
Glass octal type used in power supplies of radio and e ®
color and black-and-white television receivers having () OK

high de¢ requirements. Outlines section, 19E; requires
octal socket. This type may be supplied with pins 3, 9‘ e

5, and 7 omitted. Vertical mounting is preferred, but OXI0
horizontal mounting is permissible if pins 2 and 4 are NE ,-
in vertical plane. The coated filament is designed to 5T

operate from the ac line through a step-down transformer. The voltage at
the filament terminals should be 5 volts at an average line voltage of 117
volts. It is especially important that this tube, like other power-handling
tubes, be adequately ventilated. For discussion of Rating Chart and Opera-
tion Characteristics, refer to Interpretation of Tube Data. Filament: volts
(ac), b; amperes, 3.

Full-Wave Rectifier
MAXIMUM RATINGS {Design-Maximum Values}

Peak Inverse Plate Voltage .................................... 1550 volts
Peak Plate Current (Per Plate) ................................ 1 ampere
Hot-Switching Transient Plate Current (Per Plate) .............. #
AC Plate Supply Voltage (Per Plate, rms) ...................... See Rating Chart
Average Output Current (Per Plate) ............................ See Rating Chart
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER
AC Plate-to-Plate Supply Voltage (rms) ...... 600 900 1100 volts
Filter-Input Capacitor* ........................ 40 40 40 uF
Total Effective Plate-Supply Impedance per Plate 21 67 97 ohms
DC Output Voltage at Input to Filter (Approx.):
150 mA ... 335 — — volts
At full-load current of — 520 — volts
— -_— 680 volts
290 — — volts
At half-load current of - 460 — volts
— — 630 volts

Voltage Regulation (Approx.):
Half-load to full-load current ................ 45 60 50 volts
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RATING CHART

T T
TYPE SU4GB
Eg+5 VOLTS AC

»
(=3
(=]

MAXIMUM OPERATING
CHOKE - INPUT FILTER
[ r CAPACITOR - INPUT FILTER

VALUES WITH:

3
o

[
=3

N IS UGS RN L A
!

OC OUTPUT MILLIAMPERES PER PLATE
I3
O

|
|
1450 4950

0

500

o 00 200 300 40 600
AC PLATE SUPPLY VOLTS (RMS) PER PLATE {WITHOUT LOAD}

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER

AC Plate-to-Plate Supply Voltage (rms) .........
Filter-Input Choke .................... e

DC Output Voltage at Input to Filtelr (Agﬂ{ox.)

4 mA ......
At half-load current of 137.5 mA

At full-load current of { 348 mA ...

276 mA ...

Voltage Regulaton (Approx.):
Half-load to full-load current

92CS-8450T/

900 1100 volts
10 10 henries
355 — volts
—_ 455 volts
340 — volts
— 440 volts
15 15 volts

#If hot switching is regularly required in operation, the use of choke-input circuits is
recommended. Such circuits limit the hot-switching current to a value no higher than that
of the peak plate current. When capacitor-input circuits are used, a maximum peak current
value per plate of 4.6 amperes during the initial cyeles of the hot-switching transient should

not be exceeded.

* Higher values of capacitance than indicated may be used, but the effective plate-supply
impedance may have to be increased to prevent exceeding the maximum rating for peak

plate current.

OPERATION CHARACTERISTICS
FULL~WAVE CIRCUIT, CHOKE INPUT TO FILTER

T T T T T :
TYPE 5U46B
E£=50VOLTS AC  SUPPLY FREQUENCY=60CPS
I SOLID-LINE CURVES=CHOKES OF INFINITE
INDUCTANCE
LONG-DASH LINES=BOUNDARY LINES FOR
- CHOKE SIZES AS SHOWN
SHORT-DASH CURVES=REGULATION CURVES
R REPRESENTATIVE
8 CHOKE SIZES N
CURRENT-AND-VOLTAGE BOUNDARY LINE 'CBA
IS THE SAME AS SHOWN ON RATING CHART

L
AS SHown CT 1647

e

OC OUTPUT VOLTS AT INPUT TO FILTER

400

0 200 300
DC LOAD MILLIAMPERES
92CM-8447T71

OPERATION CHARACTERISTICS
FULL-WAVE CIRCUIT. CAPACITOR INPUT TO FUTER
T i i T

T 7
TYPE_5U468
£=50 VOLTS AC
|- SUPPLY FREQUENCY = 80 CPS
CAPACITOR (C) INPUT TO FILTER: 40 U
TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCE
- PLATE: -
CURVE|l 2 3 4 5 6 7 8
OHMS 1111120 36 52 67 82 97 .
[ CURRENT- AND - VOL.TAGE BOUNDARY LINE ‘DEA’=
SEE RATING CHART

/."Ag

Vs
/ /// /

bC OUTPUT VOLYS AT INPUT TO FILTER

™.
=2 e
paed T [
P——
g [T\
T

Y

A
° 0 LonB L LAMPERES o3
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5uU8 Refer to type 6UBA.
5U9/LCF201 Refer to chart at end of section.
5V3 Refer to chart at end of section.
For replacement use type 5V3A/5AU4.
5V3A For replacement use type 5V3A/5AU4.
5V3A/5AU4 FULL-WAVE Poz  we
VACUUM RECTIFIER OO
Glass octal type used in power supplies of color and Ne3) (&)

black-and-white television receivers and other equip-
ment having high dc requirements. Qutlines section, O | Q"

19E; requires octal socket. Vertical mounting is pre-
ferred, but horizontal mounting is permissible if pins
2 and 4 are in vertical plane. It is especially important 5T

that this tube, like other power-handling tubes, be ade-
quately ventilated. For discussion of Rating Chart, refer to Interpretation
of Tube Data. Filament: volts (ac/de), 5; amperes, 3.

Full-Wave Rectifier
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage ................ccoiiiiiiiiniiiinans 1560 volts
Peak Plate Current (Per Plate) .......................cvunues 1.4 amperes
Hot-Switching Transient Plate Current (Per Plate) .. ......... 6.6 amperes
AC Plate-Supply Voltage (Per Plate, rms, without load) ......... 550 volts
Average Output Current (Per Plate) ........................... 415° mA

* With capacitor-input filter for ac plate-supply volts (rms, per plate, without load) = 470.
TYPICAL OPERATION

Filter Input Capacitor Choke

AC Plate-to-Plate Supply Voltage (rms) .......... 850 1000 volts
Filter-Input Capacitor® ....................... .00 40 — uF
Effective Plate-Supply Impedance per Plate ........ 50 —_ ochms
Minimum Filter-Input Choke ...................... — 10 henries
Average Output Current .......................... 350 350 mA
DC Output at Input to Filter (Approx.) ............ 440 390 volts
CHARACTERISTIC

Tube Voltage Drop for plate current of 350 mA (per plate) .... 42 volts

= When capacitor values greater than 40 pF are used, the effective plate-supply impedance
should be increased so that the maximum rating for peak plate current is not exceeded.

RATING CHART
TYPE SV3A  MAXIMUM OPERATING VALUES WITH:

€45 VOLTS AC CHOKE—-INPUT FILTER
[— —CAPACITOR—INPUT FILTER

iR |

R

wof 1
|
[}
|

n
@
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]

1~

1
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t
i
1

DC OUTPUT MILLIAMPERES PER PLATE
@
o

85 425
1 (]

o 00 200 300 400 300 600 700 800

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
92¢3-1023112

5V4AG Refer to chart at end of section.
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FULL-WAVE
VACUUM RECTIFIER SV4GA

Glass octal type used in full-wave power supplies hav-
ing high dc requirements. Outlines section, 19B; requires
octal socket. The heater is designed to operate from
the ac line through a step-down transformer. The volt-
age at the heater terminals should be 5 volts under
operating conditions at an average line voltage of 117 volts. It is especially
important that these tubes, like other power-handling tubes, be adequately
ventilated. Heater: volts (ac/dc) 5; amperes, 2.

Fuli-Wave Rectifier
MAXIMUM RATINGS (Design-Center Values)

Peak Inverse Plate Voltage .................cciiiiiiiiiinrennans 1400 volts
AC Plate-Supply Voltage (Per Plate, rms):

With capacitor-input filter ............ ... ... . . i, 375 volts

With choke-input filter ............. ... . ... .. . . iiiiiaa.. 500 volts
Peak Plate Current (Per Plate) .........................c..c... 525 mA
Average Output Current ........... ... .. coiiiiiiiiiiiiiinnnnnas 176 mA
TYPICAL OPERATION

Filter Input Capacitor Choke
AC Pilate-to-Plate Supply Voltage (rms) ........ 750 1000 volts
Filter-Input Capacitor®* ................. ... ...c.u. 10 — uF
Total Effective Plate-Supply Impedance per Plate .. 100 — ohms
Filter-Input Choke .... ... ... ... ... .c.ciivinivanes — 4 henries
DC Output Voltage at Input to Filter (Approx.):
At output current of 176 mA ................ 410 410 volts

* Higher values of capacitance than indicated may be used, but the effective plate-supply
impedance may have to be increased to prevent exceeding the maximum rating for peak
plate current.

OPERATION CHARACTERISTICS
FULL-WAVE RECTIFIER CIRCUIT

TYPE SVAGA
E£=5.0 VOLTS
SUPPLY FREQUENCY= 60 CPS
== CHOKE{L)INPUT TO FILTER: .
L =4 HENRIES (MIN.)
" 1CAPACITOR (C)INPUT TO FILTER? }
"""" TOT.EFFECT. PLATE -SUPPLY
« | IMPEDANCE PER PLATE=
w EYS 100 OHMS ]
] 78
= 500 S0 yo
o %ﬂ"ﬂ PE;
- <220 TSR PLare "
[ - LT vt
5 400 0 Yol
N 47’:"%\ a0y
< O .
z vy P
<300 +— B
" 300, 4
0 -
- -t -
2
> 200
-
2
[
5 100
3
8
0
o 30 100 150° 200
DC LOAD MILLIAMPERES
92CM-6090T2
Refer to chart at end of section. 5V6GT
Refer to chart at end of section. sw4
5W4GT

Refer to chart at end of section. 5X4G
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5X8 Refer to type 6X8A.
55yY33éGA For replacement use type 5Y3GT.
5Y3GT FULL-WAVE Poa e
VACUUM RECTIFIER *)
Glass octal type used in power supplies of radio and “c Ok

television equipment having moderate dc requirements.
Outlines section, 13E; requires octal socket. Vertical @) Q
mounting is preferred, but horizontal mounting is per- =~ N\ ne

missible if pins 2 and 8 are in horizontal plane. It is ORIO
especially important that this tube, like other power- ne F
handling tubes, be adequately ventilated. For discussion 5T

of Rating Chart and Operating Characteristics, refer to Imterpretation of
Tube Data. Filament: volts (ac), 5; amperes, 2.

Full-Wave Rectifier

MAXIMUM RATINGS (Design-Center Values)

Peak Inverse Plate Voltage .................. .. .. . i iiiiiienns 140 volts
Peak Plate Current (Per Plate) .................. . 440 mA

Hot-Switching Transient Plate Current (Per Plate) . 2.6 amperes
AC Plate Supply Voltage (Per Plate, rms) ................ . See Rating Chart
DC Output Current (Per Plate) ..................... ... . ... See Rating Chart

TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER

AC Pilate-to-Plate Supply Voltage (xms) .......... K 1009 voits
Filter Input Capacitor* .......................... % 10 »aF
Effective Plate-Supply Impedance per Plate ...... ] 140 ohms
DC Output Voltage at Input to Filtet;m({\pprox.): ..

300

626 mA .. ........ — volts
At half-load current of 12 ::AA .......... it 610 '°=“
126 e 300 — volts
At full-load eurrent of 84 mA ...l — 560 volts
Voitage Regulation (Approx.):
Half-load to full-load current ................. 40 50 volts
TYPICAL OPERATION WITH CHOKE INPUT TO FILTER
AC Plate-to-Plate Supply Voltage (xms) .......... 700 1000 volts
Filter Imput Choke# .............................. 10 10 henries
DC Output Voltage at Input to 71!;ilterA(Approx.): 210 Its
m — vo
At half-load eurrent of 62.56 mA ’__ 406 vo{:
| 160 mA 46 -— vo!
At full-load current of 125 mA o 380 volts
Voltage Regulation (Approx.):
Half-load to full-load current ................. 25 16 volts
RATING CHART
w TYPE SY3GT
> E¢=5 VOLTS AC
& MAXIMUM OPERATING VALUES WITN:
« CHOKE ~INPUT FILTER
u I [ CAPACITOR-(NPUT FILTER
80—
g | '\J\ 8y N
W le25 | !
z sof—F——F——= b'&
= i ]
)
2 | |
E P2 oo denofbd-d
2 t 1
E ) 1
3 20f—-#—t-mn t
¢! :
162 35 e
o 100 200 300 400 800

AC PLATE SUPPLY VOLTS (RMS] PER PLATE (WiTHOUT LOAD)
PCI-TINIT2
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* Higher values of capacitance than indicated may be used but the effective plate supply

impedance may have to be increased to prevent exceeding the maximum rating for

switching transient plate current.

hot-

# This value is adequate to maintain optimum regulation in the region to the right of
line L = 10H on curve OPERATION CHARACTERISTICS with Choke Input to Filter,
provided the load currents are not less than 35 mA and 50 mA, respectively, for plate-to-

plate supply voltages of 700 and 1000 volts (rms).
OPERATION CHARACTERISTICS

OPERATION CHARACTERISTICS

7

d r .
s pea f | W

FULL - WAVE CIRCUIT, CAPACITOR INPUT TQ FILTER FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
TYPE 5Y3GT E£=50 VOLTS AC TYPE SY3GT €£=50 VOLTS AC
EIILOLEgﬂNPUT CAPACITOR —cHOKf-? O(F:EINFINITE
700 = INDUCTA
7 JOTAL EFFECT, PLATE - o0 [___.. CHOKES OF VALUES
8 SUPPLY IMPEDANCE PER h SHOWN
N oo T T 50 OPMRVESR-5 3 —BOUNDARY LINE FOR
\ PLATE 4 0 oHus For W\ CHOKE VALUES SHOWN
so0l- 7 N URVES™ 6-8 R\ CEK=SEE RATING
[ ™~ ADK = SEE RATING 600 AN CHART —
CHART S
\\'é{ '\ A | | ‘\\\‘ \ N O_Jm'\__r__
« o - e Sl Sl 1y N [ =
.‘:‘ I~ 3\ P VA As srowN T '6#F
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DC OUTPUT VOLTS AT INPUT TO FILTER

1
3001\# 350 7
=/ T Tr
‘u6“ 300, L
200 "‘4\ 7‘: #7
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\\il' 7L / 72\,\/ 1
00
100 i / = /74
) I'o/z/ g4
I O R S A
Cl P \ A =<
l 30 ;o \Kleo 1- I
D] [}
DC LOAD MILLIAMPERC;sz—7395T ° 4!;)(: LOAD hszIAMPEREIggzo(:M_7394f0
Refer to chart at end of section. 5Y4G
. 5Y4GA

Refer to chart at end of section. 5Y4GT
Refer to chart at end of section. 523
Refer to chart at end of section.

For replacement use type 5Y3GT. 524
Refer to chart at end of section. 6A3
Refer to chart at end of section. 6A6
Refer to chart at end of section. 6A7
Refer to chart at end of section. 6A7S
Refer to chart at end of section. 6A8

6A8G

Refer to chart at end of section.

6ABGT
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6AB4 HIGH-MU TRIODE

Miniature type used as cathode-drive amplifier, fre-
quency converter, or oscillator at frequencies up to
300 MHz in television and FM receivers. Qutlines sec-
tion, 5C; requires miniature 7-contact socket. Heater:
volts (ac/dc), 6.3; amperes, 0.15. For operation as re-
sistance-coupled amplier, refer to Resistance-Coupled
Amplifier section. For maximum ratings, characteris-
tics, and curves refer to type 12AT7.

RCA RECEIVING TUBE MANUAL

6AB5/6N5 Refer to chart at end of section.
6AB7 Refer to chart at end of section.
6AC5GT Refer to chart at end of section.
6AC7 Refer to chart at end of section.
6AC7W Refer to chart at end of section.

6ACI10

SACI0, 12ACI0A HIGH-MU TRIPLE TRIODE
Duodecar type used in matrixing (color-difference)
circuits of color television receivers. Qutlines section,
8B; requires duodecar 12-contact socket. Types 8AC10
and 12AC10A are identical with type 6AC10 except for
heater ratings.

6AC10 8AC10
Heater Voltage (ac/dc) .................. 6.3 8.4
Heater Current ... ....................... 0.6 0.45

11 11

Heater Warm-up Time (Average)
Heater-Cathode Voltage:
Peak value
Average value

+200 max =200 max
100 max 100 max

Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage
Plate Dissipation
CHARACTERISTICS

Plate Voltage
Cathode-Bias Resistor
Amplification Factor
Plate Resistance (Approx)
Transconductance
Plate Current

Grid Voltage (approx.) for plate current of 100 pA
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance

6AD6G
6AD7G

BEAM POWER TUBE—
6ADI10 SHARP-CUTOFF PENTODE

Duodecar type used as FM detector and audio-fre-
quency output amphﬁer in color and black-and-white
television receivers. Qutlines section, 8B; requires
duodecar 12-contact socket.

12FE

12AC10A
12.5 volts
0.3 ampere
11 seconds
+200 max volts
100 max volts
330 volts
2 watts
200 volts
160 ohms

62

10700 ohms
5800 pumhos
9 mA
—5 volts
0.5 megohm

Refer to chart at end of section.
Refer to chart at end of section.
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Heater Voltage {(ac/de) ......... ..o o iiiiiiiii s 6.3 volts
Heater Current ................ ...ttt iiaaaniiaaneanns 1.05 amperes
Heater-Cathode Voltage:
Peak value ......... ... i *+200 max volts
Average value .. . ... 100 max volts
Direct Interelectrode Capac:tances :
Beam Power Unit:
Grid No.l to Plate ...... ... ... .. .. e 0.26 pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield .. ..... ... ... ... .. ... ... . ... 11 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ...... .. ... ... . ... .. L. i 11 pF
Pentode Unit:
Grid No.1 to Plate ........ ... ... i i 0.024 pF
Grid No.3 to Plate ....... ... ... . . .. . .. ... ... 3.4 pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield .. . .. ... .. .. ... . ... ... ... 8 pF
Grid No.3 to Cathode. Heater, Grid No.1, Grid No.2, Plate.
and Internal Shield ........... ... ... ... .. ..o 9.5 pF
Grid No.l to Grid No.3 . ... ... . .. .. i iy 0.12 pF
Plate of Beam Power Unit to Plate of Pentode Unit ........... 0.34 pF
Beam Power Unit as Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Volta8Ze . ... .. . . ... . . ettt 275 volts
Grid-No.2 (Screen-Grid) Voltage .......... .. ... ... ... iiiaanen 275 volts
Plate Dissipation ............ .. . . . . e 10 watts
Grid-No.2 Input . ... . ... e 2 watts
TYPICAL OPERATION
Plate Voltage . ....... .. ... . ... . i e 250 volts
Grid-No.2 Voltage ... .. ... ...ttt ittt iaaanananns 250 volts
Grid-No.1 (Control-Grid) Voltage ............... ... ............ —8 volts
Peak AF Grid-No.1 Voltage ... ... .. ... ... .. ccciiiiiiiiiennn 8 volts
Zero-Signal Plate Current .. ....... .. .. .. ... ... ... .. ... o 35 mA
Maximum-Signal Plate Current ..... ... ... .. ... ... ... ... .. ..... 39 mA
Zero-Signa: Grid-No.2 Current . ... . ........ ... .. ......... .. ...... 2.5 mA
Maximum-Signal Grid-No.2 Current ........ .. .................... T mA
Plate Resistance (Approx.}) .......... ... .. ... .. o0 i 0.1 megohm
Transcon@UeLBIICE . ... ... ... 6500 jsumhos
Load Resistance .. .. ... ....... .. ... ... ... 5000 ohms
Total Harmonic Distortion ..... . . 10 per cent
Maximum-Signal Power OQutput 4.2 walts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation .... .. ... .. ... ... ... ... . ... . ... .. 0.25 megohm
For cathode-bias operation ......... .. ... ... ... .. ............. 0.5 megohm
Pentode Unit as Class A, Amplifier
CHARACTERISTICS
Plate Supply Voltage .. ... ... .. . . ... .. ... 150 volts
Grid No.3 (Control Grid) .................... Connected to negative end of cathade resistor
Grid-No.2 (Screen-Grid) Voltage .............. ... ... ............ volts
Grid No.l1 (Control Grid) .................... Connected to negative end of cathode resistor
Cathode-Bias Resistor ............... ...t 180 ohms
Plate Resistance (ADPDrox.) .. ... . ...t 0.11 megohm
Transconductance, Grid No.1 to Plate 3400 umhos
Transconductance, Grid No.3 to Plate . 600 pmhos
Plate Current ........................ 3.2 mA
Grid-No.2 Current ....... ... ... . .. .. i i 3.2 mA
Grid-No.1 Voltage (Approx.) for plate current of 20 gA ... ... ... —4.5 volts
Grid-No.3 Voltage (Approx.) for plate current of 20 pA .. . ... .... -—17 volts
Pentode Unit as FM Sound Detector
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ... ... ... .. ... e 300 volts
Grid-No.3 Voltage:
Negative-bias value .. ... ... .. ... .. ... .. ... ... ... 100 volts
Positive-bias value ... ... ... .. .. ... ... 25 volts
Grid-No.2 Supply Voltage . ... ... .. ... ... .. ... .. i 300 volts
Grid-No.2 Voltage ... ... .. ittt et
Grid-No.1 Voltage: See curve page 300
Negative-bias value —50 volts
Positive-bias value 0 volts
Plate Dissipation ....... 1.7 watts
Grid-No.3 Input . ... . ... e 0.1 watt
Grid-No.2 Input:
¥or grid-No.2 voltages up to 150 volts .. ... .. .. ... ......... 1 watt
See curve page 300

For grid-No.2 voltages between 150 and 300 volts ..............
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MAXIMUM CIRCUIT VALUES

Grid-No.3-Circuit Resistance ............. .. ... ... ... .. ... ..., 0.68 megohm
Grid-No.1-Circuit Resistance:
For fixed-bias operation ............ .. . ... ... iiiiiiiiiiaen 0.22 megohm
For cathode-bias operation .................. ... ... ... .. .. 0.47 megohm
6AESGT Refer to chart at end of section.
6AE6G Refer to chart at end of section.
6AE7GT Refer to chart at end of section.

6AF3 HALF-WAVE

12AF3/ 130K 12RK19 VACUUM RECTIFIER

Miniature type used as a damper tube in horizontal-
deflection circuits of television receivers. Outlines sec-
tion, 7C; requires miniature 9-contact socket. Socket
terminals 1, 2, 3, 6, 7, and 8 should not be used as tie
points. It is especially important that this tube, like
other power-handling tubes, be adequately ventilated.
Types 12AF3 and 12AF3/12BR3/12RK19 are identical
with type 6AF3 except for heater ratings.

6AF3 12AF3
12AF3/12BR3/
12RK19
Heater Voltage (ac/de) .............ccccvvviine, 6.3 12.6 volts
Heater Current ................ .. 1.2 0.6 amperes
Heater Warm-up Time (Average) — 11 seconds
Damper Service
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# .......... ... ..ceieiironeeeirnnenns 4500 volts
Peak Plate Current ................ciiiiiiiiiiiiiiiiiiiiinneens 150 mA
Average Plate Current ..............c.ccoviiiiiiiiiiininreninianen 185 mA
Bulb Temperature (At hottest point) ............................ 210 °C
Heater-Cathode Voltage:
Peak value ................ ..o, 4300 —4500 volts
Average value ...............iiiiiiiiiiiienans +-100 —1000 volts

# Pulse duration must not exceed 159 of a horizontal scanning eycle (10 microseconds).

6AF4

6AF4A MEDIUM-MU TRIODE
2AF4B/2DZ4,
3AF4A/3DZ4

Miniature types used as local oscillators in uhf tele-

vision receivers covering the frequency range of 470
to 890 MHz. Outlines section, 5C and 5B, respectively; DK

requires miniature 7-contact socket. Types 2AF4B/2DZ4 and 3AF4A/3DZ4
are identical with type 6AF4A except for heater and heater-cathode ratings.

2AF4B/ 3AF4A/  6AF4
2DZ4 DZ4"  GAFAA

Heater Voltage (ac/de) ...................... 2.35 3.15 N volts
Heater Current ...................ccciiiivnnns 0.6 0.45 0.225 ampere
Heater Warm-up Time (Average) .............. 11 1 — seconds
Heater-Cathode Voltage:
Peak value ............... ... .o +180 max =50 max =50 max volts
Average value ................ ... ... 100 max 25 max 25 max volts
Direct Interelectrode Capacitances:e
Grid to Plate ... ... . ... ... 1.9 pF
Grid to Cathode and Heater ..............c.c.cceniivumennnennanns 2.2 pF
Plate to Cathode and Heater ................................ 1.4 pF
Heater to Cathode (External Shield connected to plate) ...... 2.2 pF

* With external shield connected to cathode, except as noted.
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CHARACTERISTICS
Plate Supply Voltage ........... ... . ...ciiiiiiiiiiiiiiiiinann. 80 volts
Cathode-Bias Resistor ............ .. ... . oottt 150 ohms
Amplification Factor ... ... . . ... . . . . 13.5
Plate Resistance (ADDroX.) . .........co.iiiuiiiiiinminnnnnananens 2100 ohms
TransconductBNCe .. ........ .. .itiieit ittt 6500 pmhos
Plate Current . .........c.coiiiiioiiiiorenienroeneenenenanennins 17.6 mA
UHF Oscillator
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage .. .... .. ... . ittt ittt 150 volts
Grid Voltage, Negative-bias value .......................... ... 50 volts
Grid CUurrent ...............c.eeieieeunronennenioetnneneneanens 2 mA
Plate Dissipation .......... ... .. . . it 2.5 watts
Average Cathode Current ........... ... ... .cciiiiiiiiiiiainnnn, 24 mA
TYPICAL OPERATION AS OSILLATOR AT 1000 MHz
Plate Supply Voltage ............ .. ..t 100 volts
Plate Resistor ................iiiiiiiiiiiiirieiniieieneiiiienns 220 ohms
Grid Resistor . ............iiieiiiierii i e 10000 ohms
Plate Current . ............viutuniaeniuniniinae i 17 mA
Grid Current (ADDProX.) ... ... . ittt i %0 nA
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:
For fixed-bias operation ........ e Not recommended
For cathode-bias operation ................ ... ..ot 0.6 megohm
TYPE 6AF4A

o

w

[

]

[

-

<

=]

=

=

o

<

3

a

|
150 200 250
PLATE VOLTS  92Cs-7756T!
ELECTRON-RAY TUBE 6AF6G

1AG
socket. Heater: volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indi-

cator service: fluorescent-target volts, 250 max, 125 min; ray-control-
electrode supply volts, 250 max; peak heater-cathode volts, 90 max. Typical
operation: fluorescent-target volts, 250; fluorescent-target mA, 3.75; ray-
contact-electrode volts (approx. for 0° shadow angle), 155; ray-control-
electrode volts (approx. for 100° shadow angle), 0.

Glass octal type used to indicate visually, by means of
two shadows on the fluorescent target, the effects of
changes in the controlling voltages. It is a twin-indi-
cator type and is used as a convenient means of indi-
cating accurate radio-receiver tuning. This type may
be supplied with pin No. 1 omitted. Tube requires octal
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6AF9 DUAL PENTODE

11AF9
Miniature type used in television receiver applications.
Unit No.l1 is used as a video output pentode, and unit
No.2 as a sound if amplifier, age amplifier, or sync
separator. Outlines section, 6L, except has 10-pin base;
requires miniature 10-contact socket. Type 11AF9 is
identical with type 6AF9 except for heater ratings.

6AF9 11AF?
Heater Voltage (ac/de} ........................... 6.3 11.5 volts
Heater Currvent . ......................0........... 0.85 0.45 ampere
Peak Heater-Cathode Voltage .................... +200 max +200 max volts
Direct Interelectrode Capacitances: Unit No.1 Unit Ne.2
Plate to All Other Electrodes (except grid No.l) 7 11 pF
Grid No.1 to All Other Electrodes (except plate) 12 10 pF
Plate to Grid No.l ... .................... ... 0.105 0.140 pF
Grid No.l to Heater .......................... — 0.140 pF
Plate of Unit No.1 to Plate of Unit No. 2 ...... 0.150 max pF
Grid Nol of Unit No.l1 to Grid No.l of Unit
No. 2 e 0.010 max pF
Plate of Unit No.1 to Grid No.1 of Unit No.2 . 0.100 max pF
Plate of Unit No.2 to Grid No.1 of Unit No.1 .. 0.005 max pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Unit No.l  Unit No.2
Plate Supply Voltage ......... ... .........coivunl.. 550 550 volts
Plate Voltage ................ . ............ .. ... 250 250 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ 550 550 volts
Grid-No.2 Voltage ............. ... ..ccoiviianieen.. 250 250 volts
Cathode Current .................. ..... .. ......... 60 15 mA
Plate Dissipation ................. ... ... ool 5.1 1.5 watts
Grid-No.2 Input .............. ... ..o, 2.5 0.5 watts
CHARACTERISTICS
Plate Voltage . ......... ... ... ... .. .. i iiiiiniiaann. 170 150 volts
Grid-No.2 Voltage ....... ... ... ... ............... 170 150 volts
Grid-No.1 (Control-Grid) Voltage .................. —2.6 —2.1 volts
Mu Factor, Grid No.l to Grid No.2 .............. .. 38 38
Internal Resistance ......... ... ... .. .... .. ... .. 0.032 0.16 megohm
Transconductance .....................coviununn..n. 22000 8500 umhos
Plate Current .. ........... . ... ... ... ... ... 30 10 mA
Grid-No.2 Current ................. ... c.ciinnn. 7.2 3 mA
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance ...................... 1 1 megohm
K2
en s
6AF11 DUAL TRIODE— N

1SAF11 SHARP-CUTOFF PENTODE *r;

Duodecar type used in television receiver apphcatlons.

The high-mu triode unit is used for agc keyer service, Gr:
the medium-mu triode unit for sync separator service,
and the pentode unit for video amplifier service. Out-
lines section, 8C; requires duodecar 12-contact socket. H H
Type 15AF11 is identical with type 6AF11 except for 120P

heater ratings.

4

6AF11 15AF11

Heater Voltage (ac/de) .................ciian.. 6.3 14.7 volts

Heater Current .................¢c.cieevunanansenss 1.05 0.45 amperes

Heater Warm-up Time (Average) ................. — 11 seconds
Heater-Cathode Voltage:

Peak value .............coiiiiiiiiiniareanaaaas +200 max =200 max volts

100 max 100 max volts

Average value ................iiieiiiiiiieennn
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Class A, Amplifier
Triode Triode Pentode
Unit No.1 Unit No.2 Unit

MAXIMUM RATINGS (Design-Maximum Values)
. 330 330 330 volts

Plate Voltage ..........................
Grid-No.2 (Screen-Grid) Supply Voltage . — — 330 volts
Grid-No.2 Voltage ............................. — — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-
bias value ............ ... ... ..., 0 0 0 volts
Plate Dissipation .............................. 1.1 2 5 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ...... — — 1.25 watts
For grid-No.2 voltages between 165 and 330
VOlts ... e — —_ See curve page 300
CHARACTERISTICS
Plate Supply Voltage .......................... 200 200 250 volts
Grid-No.2 Supply Voltage ...................... — — 150 volts
Grid-No.1 Voltage ............................. —2 — — volts
Cathode-Bias Resistor .......................... — 220 100 ohms
Amplifieation Factor ........................... 68 41 —_
Plate Resistance (Approx.) ..................... 12400 9400 68000 ohms
Transconductance .......................0...... 5500 4400 11000 amhos
Plate Current ................................. 7 9.2 24 mA
Grid-No.2 Current ............................. — — 4.8 mA
Grid-No.1 Voltage (Approx.) for plate current
of 100 A ...... ... ... ... ... — —6.5 —10 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation .................... 0.5 0.5 0.25 megohm
1 1 1 megohm

For cathode-bias operation .................

Miniature type used in compact radio equipment as an
rf or if amplifier up to 400 MHz. Outlines section, 5C;
requires miniature 7-contact socket. For typical opera-

W 3
@6
( °2 SHARP-CUTOFF PENTODE 6AG5

(v h : : .
) tion as a resistance-coupled amplifier, refer to Resist-
18D ance-Coupled Amplifier section.
Heater Voltage (Bc/de) ....... ...ttt iiiiiinriernnrennreirennenn 6.3 volts
Heater Current ....... ... ... ... ... it iiiniiiieaneranonaranennns 0.3 ampere
Direct Interelectrode Capacitances:
Pentode Unit:
Grid No.l to Plate ........ ... ... ... . . i i ciiiininennss 0.030 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ............... ... ... ... . ... . .. i i00.. 6.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ........... ... ... ... .. ... ... ... .. ... 1.8 pF
Triode Unit:
Grid No.1 to Plate and Grid No.2 .......................... 2.5 pF
Grid No.l to Cathode, Heater, Grid No.3, and Internal Shield 3.6 pF
Grid No.2 to Cathode, Heater, Grid No.3, and Internal Shield 3 pF
Plate to Cathode, Heater, Grid No.3, and Internal Shield ... 3 pF
Class A, Amplifier
Triode Pentode
MAXIMUM RATINGS (Design-Center Values) Connection* Connection
Plate Voltage ...............cciiivieriiinnneina, 300 300 volts
Grid-No.2 {Screen-Grid) Supply Voltage .......... — 300 volts
Grid-No.2 Voltage ... ............... ... ccvunn.. —_ See curve page 300
Grid-No.1 (Control-Gud) Voltage, Positive-bias value 0 (1} volts
Plate Dissipation .............. .. ... .. ... ... .. 2.5 2 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 150 volts ......... —_ 0.5 watt
For grid No.2 voltages between 150 and 300 volts —_— See curve puage 300
CHARACTERISTICS
Plate Supply Voltage .............. .. ............. 180 250 100 125 250 volts
Grid-No.2 Supply Voltage — — 100 125 150 volts
Cathode-Bias Resistor 330 820 180 100 180 ohms
Amplification Factor .... 45 42 —
Pilate Resistance (Approx.} e 0.008 0.01 0.6 0 5 0. megohm
TranscondUCtBNCE . .. ... .o 5760 3800 4500 5100 5000 pmhos
7T 55 45 7.2 6.5 mA

Plate Current .......... ... ... ... ... .
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Triode Pentode
Connection* Connection
Grid-No.2 Current ....................cc.ccienvnnn, — — 14 21 2 mA
Grld-Nol Voltage (Approx.) for plate current of
- — —5 —6 —8 volts

* Grid No.2 connected to plate.

6AG7 POWER PENTODE

Metal type used in output stage of video amplifier of
color and black-and-white television receivers. Outlines
section, 2B; requires octal socket.

Heater Voltage (ac/de) .............ciiii it 6.3 volts
Heater Current .......... ... ... .. i iiiitiiiiinrinrnnenens 0.65 ampere
Peak Heater-Cathode Voltage ................................. . +90 max volts
Direct Interelectrode Capacitances:e
Grid No.l to Plate ....... .. ... ... ... ... .. ..ciiruiiuia.. 0.06 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, Shell,
and Internal Shield ............ ... .. .. i iiiiiiiiiiinnn. 13 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, Shell,
and Internal Shield ............... ... ... i iiiiiiiinnrnans 1.6 pF

e Pins 1 and 3 connected to Pin No.5.

Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Voltage ......... ... . .0 (iiiiiiiiiann ettt 300 volts
Grid-No.2 Voltage ... ........ ... . ..ottt 300 volts
Grid-No.1 Voltage, Positive-bias value .......................... 0 volts
Plate Dissipation ............. . ittt ittt it 9 watts
Grid-No.2 Input ................iiiiiiiiiiaaienrininnnnnnnnnnns 1.5 watts
CHARACTERISTICS

Plate Voltage ... ... ... .. .. ittt 300 volts
Grid No.3 (Suppressor Grid) ...... e e e Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage ................................ 150 volts
Grid-No.1 (Control-Grid) Voltage ................................ —3 volts
Peak AF Grid-No.1 Voltage . ... ........... ... .. viirninunnn 3 volts
Zero-Signal Grid-No.2 Current .................................. 30 mA
Maximum-Signal Grid-No.2 Current .............................. 30.5 mA
Zero-Signal Grid-No.2 Current .................................. ki mA
Maximum-Signal Grid-No.2 Current ............................. 9 mA
Plate Resistance .............. ... ittt 0.13 megohm
TranscondUCtRNCE ... ... ..ttt i i e 11000 xmhos
Load Resistance .............. ..ottt 10000 ohms
Total Harmonie Distortion ............ .. ... .. ... c.0iiiiinnnn, 7 per cent
Maximum-Signal Power Output ................................. 3 watts

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ........................ ... ..., 0.26 megohm
For cathode-bias operation ................................ .. 1 megohm
6AG7Y Refer to chart at end of section.
6A69 MEDIUM-MU TRIODE— kro by
SHARP-CUTOFF PENTODE M NONOP
Duodecar type with frame grid pentode unit used in @ OM
color and black-and-white television receiver applica- y @G o2,
tions. The pentode unit is used as a video amplifier; the 2 O
triode unit is used as an agc amplifier. Qutlines section, P»~ () ) p
8C; requires duodecar 12-contact socket. Heater: volts H
(ac/dc), 6.3; amperes, 0.82; maximum heater-cathode 12HE

volts, =200 peak, 100 average.
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MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit .
Plate Voltage .........cccovvvveiiiinneccnnnns 330 330 volts
Grid-No.2 (Screen-Grid) Voltage ................ — 200 volts
Grid-No.1 (Control-Grid) Voltage, Positive-bias
wvalue ... ... 0 0 volts
Plate Dissipation .......................... ... 1.1 10 watts
Grid-No.2 Imput .........cccviivennnenn. reees ve — 1.5 watts
CHARACTERISTICS
Plate Voltage ........................c.ioiiinn, 150 55 250 volts
Grid-No.2 Voltage . .................. . ..ovvinnn — 125 160 volts
Grid-No.1 Voltage .............................. — 0 — volts
Cathode-Bias Resistor .......................... 350 —_ 56 ohms
Amplification Factor ............................ 39 b —
Plate Resistance (Approx.) 8500 — 40000 ohms
Transconductance 4600 — 30000 pmhos
Plate Current ....... 6.2 56 28 mA
Grid-No.2 Current — 21 5.6 mA
Grid-No.1 Voltage (Approx.) for plate current of
20 uA —7 — — volts
Grld-No 1 Voltage (Approx.) for plate current of
nA — — —b4 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation .................... 0.5 0.1 megohm
For cathode-bias operation .. .. RN 1 0.25 megohm
Refer to chart at end of section. 6AG11
Refer to chart at end of section. 6AHAGT
Refer to chart at end of section. 6AH6
Refer to chart at end of section. 6AHY9
Refer to chart at end of section. 6AJ8/ECHS1
For replacement use type 6AK5/EF95. 6AKS

SHARP-CUTOFF PENTODE

6AKS5/
EF95

Miniature types used as rf or if amplifiers especially
in high-frequency wide-band applications at frequen-
cies up to 400 MHz. Outlines section, 5B; require min-

iature 7-contact socket.

Heater Voltage (ac/de) .. ... ittt cie et iiiannns 6.3 volts
Heater CUTrent . .............iiiititauneennsnneonnonannnenanns 0.175 ampere
Peak Heater-Cathode Voltage .................................. 90 max volts
Direct Interelectrode Capacitances (Approx.):s

Grid No.1 to Plate ... ... ... . . i i iiiiiiininnnns 0.02 max pF

Grid No.l1 to Cathode, Heater, Gl‘ld N. i

Internal Shield .......... . .. 4 pF
Plate to Cathode, Heater, Gr
Internal Shield ........... ... ... .. . iiiiiiiie. 2.8 pF
* With external shield connected to pin 2 or 7.
Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values)
Plate Voltage ....... ... ittt it et eeinrnnas . 180 volts
Grid-No.2 (Screen-Grid) Voltage ............. ... ... iiiieierannn See curve page 300
Grid-No.2 Supply Voltage ........ . ... ittt con 180 volts
Grid-No.1l Voltage, Positive-bias value ........................... [} volts
Plate Dissipation .. ... ... ... .. ... . . i e 1.7 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 90 volts ....................... 0.5 watt

For grid-No.2 voltages between 920 and 180 volts ............ ng curve page 30A0

m

Cathode Current .......... ... ... . ... i ittt
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CHARACTERISTICS 120 150 e
Plate Supply Voltage ..................ccc0viees . 2 vo
Grid-No.2 Supply Voltage ..........c.cccvveevenes ve- 120 120 vhom
Cathode-Bias Resistor ................. vesearerren 180 })83 oohm
Plate Resistance (APProX.) .........cocvvnvveesnse 0.3 5160 mthou
Transconductance ..............c.cccveveeranconronen 5000 100 I hos
Pln;eNCurr(e:nt T ;:g m mA
Grid-No.2 Current ................ccoveerenrnarsnas »

Grid-No.1 Voltage for plate current of 10 szA ..... . —8.5 —8.6 volts

6AK6 POWER AMPLIFIER PENTODE

INDUSTRIAL
TYPE

Miniature type for use as a power output pentode'in
compact equipment. Outlines section, 5C; requires minia-
ture T-contact socket.

Heater Voltage (ae/de) ... ... ... .. . . .. . .. . i iiiiiiiiiiirrnnnnnn 6.3 volts
Heater Current  .......... ... .. i ittt e, .. 0.15 ampere
Heater-Cathode Voltage ............. ... ... ... .. ... . ciiiviinn. 100 max volts
Direct Interelectrode Capacitaneces (Approx.):
Grid to Plate . .......... ... it i 0.12 pF
D 411 <172 3.6 pF
OUEDUL . e et e e, 4.2 pF
A-F Power Amplifier
MAXIMUM RATINGS (Design-Center Values)
Plate Voltage ....................c.cc0vvunnn. FE 300 volts
Screen Voltage (Grid No. 2) ... ... ... ... ... ... .iiiiiiiiinnnns 2560 volts
Plate Dissipation .......... . .. ... .. .. ... . .. 2.756 watts
Sereen Dissipation . ........ ... . e, 0.75 watt

CHARACTERISTICS AND TYPICAL OPERATION
Plate Voltage .................. . . ittt e 180 volts

Suppressor (Grid No. 8) ............................... cathode at socket
Sereen Voltage .......... ... ... ... ... ... ... 0 volts
Grid Voltage (Grid No. 1) ... ... ... . ittt iinenennnnn volts
Peak A-F Grid Voltage ......................0oiiiniirninunnnn. volts
Zero-Signal Plate Current ........................... ... ... .. mA
Zero-Signal Screen Current .................... ... ...cc.cc.ii.iununn. mA
Plate Resistance ................... . ... .. ittt .. megohm
Transconductance . ............... .. ... ..., pmbos
Load Resistance ........ ... ... .. .. ... . ..., ohms
Total Harmomiec Distortion ...................................... o
Max.-Sig. Power OQutput ............ ... .. ... .. ... ... . watts

MAXIMUM CIRCUIT VALUES

Grid-No.1 Circuit Resistance:
For fixed-biae operation .................................... 0.1 megohm

For cathode-bias operation ............. . .0 1111110000 0.5 megohm
6AK8/EABCS80 Refer to chart at end of section.
6AK10 Refer to chart at end of section.
6AL3 Refer to chart at end of section.

6AL3/EY88 |, e

Miniature type used as damper tube in horizontal-de-
flection circuits of black-and-white television receivers.
Outlines section, 7D; requires miniature 9-contact
socket. Socket terminals 1, 2, 3, 6, 7, and 8 should not
be used as tie points. It is especially important that
this tube, like other power-handling tubes, be ade-
quately ventilated. Heater: volts (ac/dc), 6.3; amperes,
1.55.
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Damper Service
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Center Values)

Peak Inverse Plate Voltage# (Absolute maximum) 7500° volts
Peak Plate Current .................ccoveionnnn. 550 mA
Average Plate Current ............ ...t 220 mA
Plate Dissipation .......... ... ... . i il 5 watts
Peak Heater-Cathode Voltage ....................... ...t 6600 volts

® Under no circumstances should this absolute value be exceeded.
# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).

6ALS

TWIN DIODE 3ALS, 12ALS

Miniature, high-perveance type used as detector in FM
and television circuits, especially as a ratio detector in
ac-operated FM receivers. Each diode section can be
used independently of the other, or the two sections
can be combined in parallel or full-wave arrangement.

6BT Resonant frequency of each unit is approximately 700
MHz. Outlines section, 5B; requires miniature 7-contact socket. Types 3ALS
and 12AL5 are identical with type 6AL5 except for heater ratings.

3AL5 6ALS 12ALS

Heater Voltage (ac/de) .................... 3.15 6.3 12.6 volts
Heater Current ............................. 0.6 0.3 0.15 ampere
Heater Warm-up Time (Average) ........... 11 — — seconds
Peak Heater-Cathode Voltage ................ #+330 max =+=330 max =+330 max volts
Direct Interelectrode Capacitances:

Plate No.1 to Cathode No.l, Heater, and Internal Shield .... 2.5 pF

Plate No.2 to Cathode No.2, Heater, and Internal Shield .... 2.5 pF

Cathode No.l to Plate No.l, Heater, and Internal Shield .... 3.4 pF

Cathode No.2 to Plate No.2, Heater, and Internal Shield .... 3.4 pF

Plate No.1 to Plate No.2 ... ... ... . i iaiiiaes 0.068 max pF

Half-Wave Rectifier
MAXIMUM RATINGS (Design-Center Values)
Peak Inverse Plate Voltage ............ ... . .. ... iiiiiiiias 330 volts
Peak Plate Current (Per Plate) ........... ... ... ... .. ..ues 54 mA
Average Output Currvent (Per Plate) ............................ 9 mA
TYPICAL OPERATION
AC Plate Voltage per Plate (rms) ........... ... ... ..cccioiins 117 volts
Min. Total Effective Plate-Supply Impedance per Plate .......... 300 ohms
Average Output Current per Plate .. ..... ... ... ... .. .. ciianns 9 mA
Refer to chart at end of section. 6AL7GT
Pp G2p
&
o ©&  BEAM POWER TUBE— 6AL11
O) SHARP-CUTOFF PENTODE 10ALI11, 12AL11

;625 Duodecar type used as FM detector and audio-fre-

GIp . . P .
e Pa quency output amplifier in television receivers. Qutlines
() section, 8C; requires duodecar 12-contact socket. Types
H H 10AL11 and 12AL11 are identical with type 6AL11 ex-

128U cept for heater ratings,
6AL11 10AL11 12AL11
Heater Voltage (ac/dc) . 6.3 9.8 12.6 volts
Heater Current .. ... .. .. ... .._. 0.9 0.6 0.45 ampere
Heater Warm-up Time (Average) — 11 11 seconds
Heater-Cathode Voltage:

Peak value ... ... .. . ... ... ... ..., *200 max =200 max =200 max volts

Average value ... ... . ....... .. ....... 100 max 100 max 100 max volts
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Direct Interelectrode Capacitance:
Beam Power Unit:

RCA RECEIVING TUBE MANUAL

Grid No.l to Plate ... ... ... ... i 0.26
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield .............. .. ... .. .. e 11
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield 12
Pentode Unit:
Grid No.l to Plate 0.034
Grid No.3 to Plate 3.2
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ........ ... ... ... ... .. .. .. ... .. i 6.5
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2,
Plate, and Internal Shield ................... .. ... ... ... 7.5
Grid No.1 to Grid No.3 ... ... ... ... .. i, 0.24
Pentode Plate to Beam Power Plate .......................... 0.12
Beam Power Unit as Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ..............¢c0iviieiiiuaneanans 275
Grid-No.2 (Screen-Grid) Voltage 275
Plate Dissipation ......... ... ... ittt i 10
Grid-No.2 Input ........ . ... .. e 2
TYPICAL OPERATION
Plate Voltage ..........ccoiiivviienersvennraas Cetieaesesann 250
Grid-No.2 VOoItBEe ............ociiiiiiviinoneinioionanannannnnnn: 250
Grid-No.1 (Control-Grid) Voltage ..................... ... o0t —8
Peak AF Grid-No.1 Voltage ................cciiiiiiiiirvnnniarenn 8
Zero-Signal Plate Current ..................iiiiiiiiiiiieiaaan 35
Maximum-Signal Plate Current .................. ... ... ... ..., 39
Zero-Signal Grid-No.2 Current ............... ... ... ...coune. 2.5
Maximum-Signal Grid-No.2 Current ............................ 7
Plate Resistance (APProx.) .............c..iiiiiiiiiiiiaaaiaans 0.1
TransconductBNCE . ..........orirnniruiiinarenronientiirnanoanaans 6500
Load Resistance ............ ... .. ..l 5000
Total Harmonie Distortion ................ ... .. ... iiiiiinn.. 10
Maximum-Signal Power Output .............. .. ... iviiniinn 4.2
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance:
For fixed-bias operation ................. ... ... . s 0.25
For cathode-bias operation .................... ... ... ... 0.5
Pentode Unit as Class A, Amplifier
CHARACTERISTICS
Plate Supply Voltage ......... ... .. it 150
Grid-No.3 (Suppressor-Grid) Voltage ............................ [}
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 100
Cathode-Bias Resistor .................. ... .. ... ... 560
Plate Resistance (Approx.) 0.15
Transconductance, Grid No.1 to Plate .......... . 1000
Transconductance Grid No.3 to Plate ...... ... .................. 400
Plate Current ......................... 1.3
Grid-No.2 Current 2.1
Grid-No.1 Voltage (Approx.) for plate current of 30 pA ........ —4.5
Grid-No.3 Voltage (Approx.) for plate current of 50 pgA ... ... . .. —4.5
Pentode Unit as FM Detector
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ....................... . 330
Grid-No.3 Voltage .................. 28
330

Grid-No.2 Supply Voltage
Grid-No.2 Voltage ..............
Grid-No.1 (Control-Grid) Voltage,

Positive-bias value ..........

pF.
pF
pF

pF
pF

pF
pF
pF

megohm
megohm

volts
volts
volts

volts

See curve page 300
0

Plate Dissipation ......... ... ... . .. . e 1.7 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts . ............. ......... 1.1 watts
For grid-No.2 voltages between 165 and 330 volts ............. See curve page 300

6AM4

6AM6/EF91

Refer to chart at end of section.

Refer to chart at end of section.
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Refer to chart at end of section. 6AMS8

DIODE— 6AMSA
SHARP-CUTOFF PENTODE sAMS

0 Miniature type used in television receiver applications.

The pentode unit is used as an if amplifier, video am-
e, plifier, or age amplifier. The high-perveance diode is
used as an audio detector, video detector, or dc re-
storer. Outlines section, 6B; requires miniature 9-con-
tact socket. Type HAMS8 is identical with type 6AMSA
except for heater ratings.

5AMS G6AMSA
4.7 6.3

Heater Voltage (ac/dc) ........................... volts
Heater Current ................ ... ... coiion... 0.6 0.45 ampere
Heater Warm-up Time (Average) .................. 100 max 100 max volts
Heater-Cathode Voltage:

Peak value ............... ... ... +200 max £200 max volts

Average value ........... ... ... ... . ... ...... 100 max 100 max volts
Direct Interelectrode Capacitances:

Diode Unit:
Plate to Cathode and Heater ......................... e 1.8 pF
Cathode to Plate and Heater ................................ 3 pF
Pentode Unit:
Grid No.l to Plate ........ ... .. . ... . . . . i 0.015 pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3 and
Internal Shield . ..... ... ... ... ... .. . i 6.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ...... ... . .. .. ... .. ... ..o, . 2.6 pF
Pentode Grid No.1 to Diode Plate .............................. 0.006 pF
Pentode Plate to Diode Cathode ................................ 0.15 pF
Pentode Plate to Diode Piate ........ ... ... .. ... ... .. ... ... 0.1 pF
Pentode Unit as Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ........ ... ... . . ... e 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............ 0 volts
Grid-No.2 (Screen-Grid) Supply Veltage .......... .. ... ... ...... 330 volts
Grid-No.2 Voltage ... ... ... ...t See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value .......... .. 1] volts
Plate Dissipation ... ....... ... ... 3.2 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ...................... 0.55 watt

For grid-No.2 voltages between 165 and 330 volts .......... See curve page 300
CHARACTERISTICS
Plate Supply Voltage ....... . ... ... ... . ... . .. ... ... 125 volts
Grid No.3 e Connected to cathode at socket
Grid-No.2 Supply Voltage ...... .. ... .. . ... .. ... . .. 125 volts
Cathode-Bias Resistor . ... ...... .. ... . .. .. ... i 56 ohms
Plate Resistance (ADPDProX.) . ...... ..ttt 0.3 megohm
Transconductance . ...... ... .. .. ... i 7800 umhos
Plate Current ... ... . . ... .. 12.5 mA
Grid-No.2 Current ........... .. ... ... ... 3.2 mA
Grid-No.1 Voltage (Approx.) for plate current of 20 pgA ... ... —6 volts
Grid-No.1 Voltage (Approx.) for plate current of 2 mA ... ... .... —3 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ............ . . .. .... .. ... .. .. .. ... 0.25 megohm

For cathode-bias operation .............. ... ...... ... ... ... 1 megohm

Diode Unit

MAXIMUM RATING (Design-Maximum Value)
Average Plate Curvent .............. . ... ... ... . ... .. ... ... . 5 mA



166 RCA RECEIVING TUBE MANUAL

TYPE 6AMBA PENTODE UNIT

GRID No.3 AND INTERNAL SHIELD
[~ CONNECTED TO CATHODE AT SOCKET, -
GRID-Noa.2 VOLTS =150

20 7] €c=0
\
15 =

\ GRID-No.| VOLTS Ec|=-2

\l_cz EC=0 I
5 - == =3

—

PLATE (Ip) OR GRID-No.2 (Icp)
MILLIAMPERES

SHib~pe — =L -2 -g
(o] 50 100 150 200 250 300
PLATE VOLTS 92CS-8505T2

6AN4 Refer to chart at end of section.
6AN5 Refer to chart at end of section.
6ANS Refer to chart at end of section.

6ANSA MEDIUM-MU TRIODE—

SANS SHARP-CUTOFF PENTODE WA
Miniature type used in color television receiver ap- 4 6
plications. The pentode unit is used as an intermediate- *75 NG
frequency amplifier, a video amplifier, an age amplifier, 2
or a reactance tube. The triode unit is used in low- Darp
frequency oscillator, sync-separator, sync-clipper, and A A
phase-splitter circuits. Outlines section, 6B; requires Py G3p_Kp
miniature 9-contact socket. Type 5ANS8 is identical DA L]
with 6AN8A except for heater ratings. 9

5ANS 6ANSA
Heater Voltage (ac/dc) ............ ... ... ....... 4.7 6.3 volts
Heater Current . ...... . ... .. ... ... ... .......... 0.6 0.45 ampere
Heater Warm-up Time (Average) .......... ........ 11 11 seconds
Heater-Cathode Voltage:
Peak value ....... ... ... ... ... .. .. ... .. ... *+200 max =200 max volts
Average value . ... ...... ... ... ... ... ... .. . 100 max 100 max volts

Direct Interelectrode Capacitances:
Triode Unit:
Grid to Plate ............... ... 1.5 p¥

Grid to Cathode and Heater 2 pF
Plate to Cathode and Heater 0.26 pF
Pentode Unit:
Grid No.l to Plate ... ... ... ... ... ...... ... ... .. .... .. .... 0.04 max pF
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield . ......... ... .. . ... . ... ... ... .. ... ... ... 7 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... .. .. ... . . ... ... .. e 2.4 pF
Triode Grid to Pentode Plate ......................... . .. 0.02 pF
Pentode Grid No.l to Triode Plate ...... .. ..... ... ........ ..... 0.02 pF
Pentode Plate to Triode Plate ................. . ..cciiiniive... 0.15 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage ................c..0iiiiiiiinon.. 330 330 volts
Grid-No.2 Supply Voltage ........ _ 330 volts
Grid-No.2 (Screen-Grid) Voltage — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 [ volts

Plate Dissipation ............ ... ... .. ... ... 2.8 2.3 watts
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Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ........ — 0.55 watt
For grid-No.2 voltages between 165 and 330 volts — See curve page 300
CHARACTERISTICS
Plete Supply Voltage ............................ 150 125 volts
Grid-No.2 Supply Voltage ........................ — 125 volts
Grid-No.1 Voltage ........................c.cvuu... —3 — volts
Cathode-Bias Resistor ............................. — 56 ohms
Amplification Factor .............................. 21 —
Plate Resistance (Approx.) ........................ 4700 170000 ohms
Transconductance ....................cc.uiuininii.. 4500 7800 umhos
Plate Curvent ....... ... ... ... .. ... ... ........... 15 12 mA
Grid-No.2 Current ................................. — 3.8 mA
Gnd-Nol Voltage (Approx.) for plate current of
........................................ —17 —6 volts
Grld-Nol Voltnge (Approx.) for plate current of
...................................... — -—3 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:*
For fixed-bias operation ...................... 0.5 0.25 megohm
For cathode-bias operation .................... 1 1 megohm

* Jf either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for
both units should not exceed the stated values.

TYPE 6ANBA PENTODE UNIT TYPE GANBA
3oL SRID-No.2 VOLTS =150 % TRIODE UNIT
0 ™~ | Ecir0 @ N
u -05 w & ’
28 & 25 -
9 I
5 -1.0 & ~ ©
=20 T =20 _@’ﬁ A
3 s GRID-Nol VOLTS EC|=-L5 = of A 9
z N
w 20 " 7 / / / /"\u
L 28— £ o—1/ A /,,\y
& s i“.’ 5 _ | & 5 / /// ” ////) ’%'L —
3 @ /]}
| ~ 4 ////// /)é
0 100 200 300 400 o 700 300 400
PLATE VOLTS 92¢5-8206T PLATE VOLTS 92¢5-8209T

Refer to chart at end of section. 6AQS5

BEAM POWER TUBE 6AQ5A

5AQ5, 12AQ8

Miniature type used as output amplifier primarily in
automobile receivers and in ac-operated receivers and,
triode-connected, as a vertical-defiection amplifier in
television receivers. Outlines section, 5D; requires

B2 miniature 7-contact socket. Within its maximum rat-
ings, the performance of this type is equivalent to that of larger types 6V6
and 6V6GTA. Types 5AQ5 snd 12AQ5 are identical with type 6AQ5A
except for heater ratings.

5AQ5 GAQ5A 12AQ5
2

Heater Voltage (ac/de) ..................... 4.7 12.6 volts
Heater Current ............................. 0.6 0. 45 0.225 ampere
Heater Warm-up Time (Average) .......... 11 11 — seconds
Heater-Cathode Voltage:
Peak value ............................. *200 max =200 max =200 max volts
Average value ......................... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ................ . . ... ... iiiiiiui.. 0.4 pF
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 8 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 .... . .... 8.5 oF
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Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate VoltaBe ... . ... it e e 276
Grid-No.2 (Screen-Grid) Voltage ................... ... civunnns 276
Plate Dissipation ...... ... .. .. .. ... i 12
Grid-No.2 Input .. ... ... e 2
Bulb Temperature (At hottest point) ............. ... ... ... ..., 260
CHARACTERISTICS (Triode Connection)

Plate Voltage ......... e e e 250
Grid-No.1 Voltage .. —12.6
Amplification Factor ............. . 9.5
Plate Resistance (Approx.) .................... 1970
Transconductance .............. e .. 4800
Plate Current ......... .. ... . ... . . i i 49.5
Grid-No.1 Voltage (Approx.) for plate current of 0.5 mA ......... —37

TYPICAL OPERATION
Same as for type 6V6GTA within the limitations of the maximum ratings.

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation .................. ... . .. el 0.1
For cathode-bias operation .................................. 0.5

Vertical Deflection Amplifier (Triode Connection)®
For operstion in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate VoltBge ........ ... ... .. iiieriiiiaiaiiiinannan, 275
Peak Positive-Pulse Plate Voltage# ............................ 1100
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... 276
Peak Cathode Current ............... 116
Average Cathode Current 40
Plate Dissipation ............. 10
Bulb Temperature (At hottest p 250

MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance, for cathode-bias operation ........ 2.2
° Grid No.2 connected to plate.

volts
volts
watts
watts
°C

volts
volts

ohl:ns
pmhos
A

volts

megohm
megohm

megohms

# Pulse duration must not exceed 159 of a vertical scanning cycle (2.5 milliseconds).

150 Ps / o TYPE 6AQSA
~ TYPE 6AQ5A » Y TRIODE CONNECTION
K | PENTODE CONNECTION W3 28 | _GRID No.2 CONNECTED
= GRID-No. 2 VOLTS » 250 wod TO PLATE
- =
. = 3
s, 250 . \ I Zoioo
=0 L | 45 3 Su
2 200 +10 Z W
Eg J X% %15
6z \ +5 20 xg '°
x < |50 - +5 os 935
R i i s L
—— . vz
3% 100 A -No.| YOLTS EC =25 :‘z° w
~ L- ¢
w ic -9 -2 2 3 25
k50 =R IS mam &
a = 0 -30
0 100 200 300 400 500 0 100 200 300 400 500
PLATE VOLT! "
PLATE VOLTS 92¢5-4807T2 OLTS  92¢s-6333T1
6AQ6 Refer to chart at end of section.
6AQ7GT Refer to chart at end of section.

6AQ8

Refer to chart at end of section.
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6AQ8/

‘" HIGH-MU TWIN TRIODE
ECC85

"I Miniature types used as rf amplifier and self-oscillat-
ing mixer in FM/AM radio receivers. Outlines section,
6B; requires miniature 9-contact socket.

Heater Voltage (ac/de) ........ ... ... .. iiiiiiniiinnnnnn., 6.3 volts
Heater Current .. ............... .0 ittt 0.435 ampere
Peak Heater-Cathode Voltage ..................cciiiiiiinnnn, =+90 max volts
Direct Interelectrode Capacitances: Unit No.1 Unit No.2
Grid to Plate ........... 1.6 1.6 pF
Cathode to Plate 0.18 0.18 pF
Grid to Cathode, Heater, and Internal Shield .. 3 3 pF
Plate to Cathode, Heater, and Internal Shield .. 1.2 1.2 pF
Plate to Grid of Other Unit .................. 0.008 max 0.008 max pF
Plate to Cathode of Other Unit ... 0.008 max 0.008 max pF
Grid to Cathode of Other Unit 0.003 max 0.003 max pF
Plate of Unit No.1 to Plate of Unit No.2 .................. 0.04 max pF
Grid of Unit No.l to Grid of Unit No.2 .................... 0.003 max pF

Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values, Each Unit)

Plate Supply Voltage .......... ... . ... .. it 550 volts
Plate Voltage . ... ... .. .. i i e e 300 volts
Grid Voltage, Negative-bias value ............................... 100 volts
Cathode Current ........ ... .. . .. ...ttt 15 mA
Plate Dissipation:

For either plate .......... ... ... . . .. . .. ... . . ... 2.5 watts

For both plates with both units operating .................... 4.5 watts
CHARACTERISTICS
Plate Voltage ... ... .. ... . . . . ... 250 volts
Grid Voltage, Negative-bias value .............................. 2.3 volts
Plate Current ....... ... ... ... 10 mA
TransconductAnece .. ... ... ... ... 5900 pmhos
Amplification Factor ......... ... ... ... ... . i 67

RF
TYPICAL OPERATION (Each Unit) Amplifier Converter
Plate Supply Voltage ............................. 250 250 volts
Plate Voltage ............... ... . ... . i, 230 — volts
Plate Resistor .................. .. .c.coviiiiinaian 1800 12000 ohms
Grid Resistor ............. .. ... ... ... .. .. ... — 1 megohm
Grid Voltage ... .. ... ... ... .. .. it —2 — volts
RMS Oscillator Voltage ........................... — 3 volts
Cathode-Bias Resistor .......... .. e 200 — ohms
iate Resistance (Approx.) .. 9700 22000 chms
Transconductance . .. ..... .. 6000 — umhos
Conversion Transconductance .............. - 2300 pmhos
Input Resistance at frequency of 100 MHz .. 6000 15000 ohms
Plate Current ............................. . 10 5.2 mA
Equivalent Noise Resistance ...................... 500 — ohms
MAXIMUM CIRCUIT VALUES (Each Unit)
Grid-Circuit Resistance ... ................ .. 1 megohm
Resistance between Cathode and Heater 20000 ohms
Refer to chart at end of section. 6AR5

Refer to chart at end of section. 6ARS8
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G
ey &
SFz_ (&) (7 Ppy
5 8
6AR'” SEMIREMOTE-CUTOFF “’P‘ S2p,
TWIN PENTODE =2 2N
8ARI11, 11ARI1 D
Duodecar type used as if-amplifier tube in television 225 ]
receivers. Outlines section, 8A; requires duodecar 12- PP27() 12) M
contact-socket. Types 8AR11 and 11AR11 are identical H H
with type 6AR11 except for heater ratings. 12DM
6ARI11 8ARI11 11ARI1
Heater Voltage (ac/de) 6.3 8.4 11.2 volts
Heater Current .. ............. 0.8 0.6 0.45 ampere
Heater Warm-up Time (Average) — 11 11 seconds
Heater-Cathode Voltage:
Peak value .......................... ... +200 max =200 max =200 max volts
Average value ................. . ... ..., 100 max 100 max 100 max volts
Direct Interelectrode Capacitances: Unit No.1 Unit No.2
Grid No.l to Plate ............................ 0.026 0.026 pF
Grid No.l to Cathode, Heater, Grid No.2, Grid
No. 3, and Internal Shield ... ... ............ 10 10 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ...................... .. 2.8 3 pF
Grid No.1 to Plate of Other Unit .... ... ... .. . 0.002 0.002 pF
Plate of Unit No.l1 to Plate of Unit No.2 .... .. 0.02 pF

Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values, Each Unit)

Plate Voltage ... ... ... . ... .. i 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ........ . ... [} volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 330 volts
Grid-No.2 Voltage . ... ... .. ... ... ... . . ... See curve page 300
Grid-No.l (Control-Grid) Voltage, Positive-bias value .... ...... 0 volts
Plate Dissipation ......... .. ... ... .. . . e 3.1 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ... ................... 0.65 watt

For grid-No.2 voltages between 165 and 330 volts ............ See curve page 300
CHARACTERISTICS (Each Unit)
Plate Supply Voltage ............... ... .. . . ... ... 125 volts
Grid No3 ........... ..... . . . Connected to cathode at socket
Grid-No.2 Supply Voltage ... i, 125 volts
Cathode-Bias Resistor ........... . ... . ... ... .. ... it 56 ohms
Plate Resistance (APDProX.) . ..........c.ciiuiiieini 0.2 megohm
Transconductance 10500 pmhos
Plate Current ........ 11 mA
Grid-No.2 Current 3.5 mA
Grid-No.1 Voltage (Approx.) for transconductance of 50 umhos .. —15 volts

6AS5 BEAM POWER TUBE

Miniature type used as output amplifier primarily in
automobile and in ac-operated receivers. Outlines sec-
tion, 5D; requires miniature 7-contact socket. For
curves of average plate characteristics, refer to type
35C5.

Heater Voltage (ac/de) ... .. ... . . ... . . . . .. 6.3 volts
Heater Current . ..... .. ... .. . . . . . . .. e 0.8 ampere
Peak Heater-Cathode Voltage .................. ... .. ........... #+100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ....... ... . . ... . ... ... ... ... .. ....... 0.6 pF
Grid No.l1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 12 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 9 pF
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Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values)

Plate Voltage ...............ciiiiuriin e 150 volts
Grid-No.2 (Screen-Grid) Voltage ................................ 117 volts
Plate Dissipation . .... . ....... .. .. ... .. 5.5 watts
Grid-No.2 Input ...... .. . ... ... ... ... ... ... ..... .. 1.0 watt
Bulb Temperature (At hottest point) 250 °C
TYPICAL OPERATION
Plate Voltage ........ ... . . .. . 150 volts
Grid-No.2 Voltage ... . .. .. ... . i 110 volts
Grid-No.1 (Control-Grid) Voltage .............................. —8.5 volts
Peak AF Grid-No.l Voltage .................. ... . ccviiiiinini. 8.6 volts
Zero-Signal Plate Current ... .............. ... ... ... ... .00...... 35 mA
Maximum-Signal Plate Current .. ............................... 36 mA
Zero-Signal Grid-No.2 Current (Approx.}) . ..................... 2 mA
Maximum-Signal Grid-No.2 Current (Approx.) .................. 6.5 mA
Transconductance ............. ... ... ... ... 5600 pmhos
Load Resistance .............. .. ... ... ... ... . i 4500 ohms
Total Harmonie Distortion ........... .. . .. ... .. .. .. ... ... ...u.. 10 per cent
2.2 watts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:

For fixed-bias operation ... ... ... ... ... ... ... ............ 0.1 megohm
For cathode-bias operation 0.5 megohm
Refer to chart at end of section. 6AS6
LOW-MU TWIN POWER TRIODE 6AS7G
R

Glass octal type used as a regulator tube in dc power
supply units and in projection television booster scan-
ning applications. Qutlines section, 27B; requires octal
socket. Refer to type 6080 for average plate character-

8BD istics curves.

Heater Voltage (ac/dc) 6.3 volts
Heater Current . ...... o 2.5 amperes
Heater-Cathode Voltage:

Peak values . ... ... ... ... ... ... ... =300 max. volts
Direct Interelectrode Capacitances (Approx.) each unit:

Grid to plate ... .. .. e 10.5 pF

Grid to heater and cathode ....... ... ... ... ... ............. 6.8 pg

p.

Plate to heater and cathode 2

Heater to ecathode ...... ... .. ... ... ... ... .. .. ... . ... ..., 11.0

Grid of unit No. 1 to grid of unit No. 2 ... .. ... ... ... ........ 0.70 pF
Plate of unit No. 1 to plate of unit No. 2 ................. ... 1.65

Class A, Amplifier (Each Unit)

CHARACTERISTICS
Plate-Supply Voltage 135 volts
Cathode-Bias Resistor® 250 ohms
Amplification Factor 2
Plate Resistance (Approx.) 280 ohms
Transconduetance . ... .......... 7000 umhos
Plate Current ... ... .. . .. ... 125 mA
DC Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Center Values)
Plate Voltage . ... . . ... . e 250 volts
Plate Current P 125 mA
Plate Dissipation ....... . ... .. ... ... 13 watts
® Operation with fixed bias is not recommended.
Booster Scanning Service (Each Unit)
For operation in a 525-line, 30-frame system0!
MAXIMUM RATINGS (Design-Center Values)
Peak Negative-Pulse Plate Voltage® 1700 volts
DC Plate Current .......... 125 mA
13 watts

Plate Dissipation ........... .




172 RCA RECEIVING TUBE MANUAL

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For cathode-bias operation ...... R 1.0 megohm
For fixed-bias operation ... .. ... ... ... . ... ... ... ... . Not recommended
0 As described in “Standards of Good Engineering Practice Concerning Television Broadcast
Stations’’, Federal Communications Commission.
® The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning
eycle. In a 525-line, 30-frame system, 15 per cent of one horizontal scanning cyecle is 10
microseconds.

6AS7GA Refer to chart at end of section.

6 ASS DIODE—
SHARP-CUTOFF PENTODE

Miniature type used in television and radio receiver
applications. The pentode unit is used as an if ampli-
fier, video amplifier, or age amplifier. The high-per-
veance diode is used as an audio detector, video de-
tector, or dc restorer. Outlines section, 6B; requires
miniature 9-contact socket. For curve of average plate
characteristics of pentode unit, see type 6ANSA.

Heater Voltage (ac/de) ... ... ... ... i 6.3 volts
Heater Current ... ..... . .. ... .. .. 0.45 ampere
Heater Warm-up Time (Average) ..................... ........... — seconds
Heater-Cathode Voltage:
Peak value ... .. . ... ... =+200 max volts
Average value ... .. .. ... ... 100 max volts

Direct Interelectrode Capacitances:
Diode Unit:
Plate to Cathoe, Heater, Pentode Grid No.3, and

Internal Shield .......... . ... .. ... i 3 plF
Pentode Unit:
Grid No.1 to Plate ........ ... .. . . . .. .. ... 0.03 pl
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ........ ... ... . ... ... ... .. ... 7 plF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... ... ... . . .. ... 2.4 pF
Pentode Grid No.l to Diode Plate ............................ 0.005 max pF
Pentode Plate to Diode Cathode .............................. 0.15 max pF
Pentode Plate to Diode Plate ............... ... ... ... ......... 0.10 max pF

Pentode Unit as Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Voltage ... .. .. . . . 300 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ...... .. ..... 0 volts

Grid-No.2 Supply Voltage .. ... . . .. .. i 300 volts
Grid-No.2 {Screen-Grid) Voltage .. See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 volts

Plate Dissipation ......... ... ... ... ... 2.5 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 150 volts ...... ... ... ... ....... 0.5 watt

For grid-No.2 voltages between 150 and 300 volts ............. See curve page 300
CHARACTERISTICS
Plate Supply Voltage .. ... ... . . . . ... 200 volts
Grid No.3 ... e Connected to cathode at socket
Grid-No.2 Supply Voltage ......... .. ... ... i, 150 volts
Cathode-Bias Resistor .......... .. ... ... .. ... i 180 ohms
Plate Resistance (APProX.) . ... .ottt 300000 ohms
TranscondUetance .. ... .. ...t s 6200 pmhos
Plate Current ... ... . ... ... .. 9.5 mA
Grid-No.2 Current .. ... ... ... ... i 3 mA
Grid-No.1 Voltage (Approx.) for plate current of 10 uA ... .. .. —8 volts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ............ ... . ... ... .. ... .. .o 0.25 megohm
For cathode-bias operation ................. ... .. .. ... . ..... 1 megohm
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Diode Unit
MAXIMUM RATINGS (Design-Center Values)

Peak Inverse Plate Voltage ............... ... ... ... ... .. .... 330 volts
Peak Plate Current ............... ... ... ... . ... .. iiiiiiiis 50 mA
Average Plate Current . ... ......... .. .. . . . ... i 5 mA
Refer to chart at end of section. 6AS11T
TWIN DIODE— 6AT6
HIGH-MU TRIODE 12AT6

Miniature type used as a combined detector, amplifier,
and ave tube in automobile and ac-operated radio re-
ceivers. Qutlines section, 5C; requires miniature 7-con-
tact socket. For typical operation as resistance-coupled
amplifier refer to Resistance-Coupled Amplifier sec-
tion. Type 12AT6 is identical with type 6AT6 except
for heater ratings.

6ATS6 12ATé6
6.3 12.6 volts

Heater Voltage (ac/de) ........... .. ... ... ........

Heater Current ....... ... ... ... . i iiiiritiinnons 0.3 0.15 ampere
Peak Heater-Cathode Voltage ..................... *+90 max =90 max volts
Direct Interelectrode Capacitances:
Triode Grid to Triode Plate ................................ 2 pF
Triode Grid to Cathode and Heater ......................... 2.2 pF
Triode Plate to Cathode and Heater .............. .......... 0.8 pF
Plate of Diode Unit No.2 to Triede Grid ................. .. 0.04 max pF

Triode Unit as Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Voltage .. ... . . ... ... . e 300 volts
Plate Dissipation .................... . - 0.5 watts
Grid Voltage, Positive-bias value . 0 volts
CHARACTERISTICS
Plate Voltage ...............ccciiiiiiiierninenenn, 100 250 volts
Grid Voltage ...... . —1 —3 volts
Amplification Factor 70 70
Plate Resistance . . 54000 58000 ohms
Transconductance ............................ .. 1300 1200 pmhos
Plate Current ............. .. ... .. ... .. ... ... .. 0.8 1 mA
Diode Units

MAXIMUM RATING (Design-Center Value)

1 mA

Plate Current (Each Unit) .............. ... ... ... ... ........
The two diode plates are placed around a cathode whose sleeve is common to the triode unit.
Each diode plate has its own base pin. For diode operation curves, refer to type 6AVG6.

Refer to chart at end of section. 6ATS8

" MEDIUM-MU TRIODE—
() SHARP-CUTOFF PENTODE 6A5];§A

*GY \ °2r  Miniature types used as combined oscillator and mixer
tubes in television receivers utilizing an intermediate
c,, frequency in the order of 40 MHz. Outlines section,
6B; requires miniature 9-contact socket. Except for

Cip interlectrode capacitances and basing arrangement, this
IDW type is identical with miniature type 6X8. The basing
arrangement is particularly suitable for connection to the coils of certain
designs of turret tuners. Type 5AT8 is identical with type 6AT8A except
for heater ratings.
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SATS GATSA
4.7 6.3

Heater Voltage (ae/de) .......................... volts
Heater Current ............. ..............ccvoen.. 0.6 0.45 ampere
Heater Warm-up Time (Average) .................. 11 11 seconds
Direct Interelectrode Capacitances:
Triode Unit: Unshielded Shieldeds
Grid to Plate ................................ 1.5 1.5 pF
Grid to Cathode and Heater .................. 2 2.4 pF
Plate to Cathode and Heater .................. 0.5 1 pF
Pentode Unit:
Grid No.l to Plate ............................ 0.06 max  0.03 max pF
Grid No.1 to Cathode, Heater, Grid No.2 and
Grid No.3 ...... ... ... . ... . ... ... ... . . ..., 4.6 4.8 pF
Plate to Cathode, Heater, Grid No.2, and
Grid No.3 ... ... .. ... . ... 0.9 1.6 pF
Pentode Grid No.1 to Triode Plate ................ 0.05 max  0.04 max pF
Pentode Plate to Triode Plate ..................... 0.05 max 0.008 max pF
Heater to Cathode ................................ 6 6t pF

= With external shield connected to cathode except as noted.
t With external shield connected to plate.

6AU4GT Refer to chart at end of section.

6AUAGTA  ycyum RecTiFIER

Glass octal type used as damper tube in horizontal- "G)
deflection circuits of color and wide-angle picture-tube
television receivers. Outlines section, 13G; requires 6,

octal socket. Type may be supplied with pin No. 1 OLIO
omitted. Socket terminals 1, 2, 4, and 6 should not be i H
used as tie points. This tube, like other power-handling 4C6
tubes, should be adequately ventilated.
Heater Voltage (ac/de) ............. i, 6.3 volts
Heater Current .. ........ . .. .. .. .. e 1.8 amperes
Direct Interelectrode Capacitances (Approx.):
Plate to Heater and Cathode 8.5 pF
Cathode to Heater and Plate 11.5 pF
Heater to Cathode ............... 4 pF
Damper Service
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ........................cccoon. 4500 volts
Peak Plate Current ........ ... ... . . .. .. i 1300 mA
Average Plate Current ... ........ .. ... .. ... ... .. .. ... 210 mA
Plate Dissipation . ......... .. . it e 6.5 watts
Heater-Cathode-Voltage:
Peak wvalue ....................... ... 4-300 —4500 volts
Average value ............. ... ..ciiiiiiiieian 4100 —900 volts

# Pulse duration must not exceed 159, of a horizontal scanning eycle (10 microseconds).

6AUSGT BEAM POWER TUBE

Glass octal type used as horizontal-deflection ampli-
fier in low-cost, high-efficiency deflection circuits of
television receivers. Outlines section, 13D; requires
octal socket.
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Heater Voltage (8c/de) ... ..coiiriiiiiiiiiiiiiienenrnnenns ene 6.3 volts
Heater Current .............ciiiiieuiiiiniuioirrenainirarnnanan 1.25 amperes
Heater-Cathode Voltage:
Peak value ... ... .. ... . e e 200 max volts
Average value ... . ... ... ..l 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ........... ... . .. ..o iiiiiiiaann, 0.5 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... Il.% Dg
) o

Plate to Cathode, Heater, Grid No.2, and Grid No3 ........

Class A, Amplifier
Pentode Triodet

CHARACTERISTICS Connection Connection

Plate Voltage .............. ... .ciiiiiiininraninns 118 110 volts
Grid-No.2 (Screen-Grid) Voltage .................. 175 100 volts
Grid-No.1 (Control-Grid) Voltage .................. —20 —4.5 volts
Plate Resistance ................ ... ... il 6000 —_ ohms
Transconduetance .............. ... ...l 5600 —_ umhos
Plate Current .............cc.c.iiiiiaiiaiiiieaiae ng — mA

Grid No.2 Current ...............ciiviiiiinnnnnn
t Grid No.2 connected to plate.

Horizontal-Deflection Amplifier

For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Center Values)

DC Plate Voltage .. ... ... ... ... .ttty 550 volts
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ...... 5500° volts
Peak Negative-Pulse Plate Voltage ............................ 1250 volts
DC Grid-No.2 (Screen-Grid) Voltages .......................... 200 volts
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... 300 volts
Peak Cathode Curremt ...................ccciiiiiierornnens 400 mA
Average Cathode Current ................. ... . iiiiiiinne, 110 mA
Grid-No.2 Input ...... J N 2.5 watts
Plate Dissipationtf ................ 10 watts
Bulb Temperature (At hottest point) ...................... 210 °C
MAXIMUM CIRCUIT VALUE

0.47 megohm

Grid-No.1-Circuit Resistance .............. ... ... ... ... ...t
# Pulse duration must not exceed 15¢% of a horizontal scanning cycle (10 microseconds).
® Under no circumstances should this absolute value be exceeded.

« Obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2

input to the rated maximum value.
41 A bias resistor or other means is required to protect the tube in absence of excitation.

Refer to chart at end of section. 6AU6

H 4
o6 6AUGA
9‘ °2 SHARP-CUTOFF PENTODE 3aus, 4aus, 12aUs
‘ (‘ Miniature type used in compact radio equipment as rf

oM amplifier especially in high-frequency, wide-band ap-

plications; also used as limiter tube in FM equipment.

& Outlines section, 5C; requires miniature 7-contact

socket. For a discussion of limiters, refer to Electron

18K Tube Applications section. For typical operation as

resistance-coupled amplifier, refer to Resistance-Coupled Amplifier section.

Types 3AU6, 4AU6, and 12AU6 are identical with type 6AUBA except for
heater ratings.

3AUG 4AU6 6AUGA 12AU6
Heater Voltage (ac/dec) ....... 3.15 4.2 6.3 12,6 volts
Heater Current ................ 0.6 0.45 0.3 0.15 ampere
Heater Warm-up Time (Aver-
11 11 11 — seconds

Peak value ................ +200 max =200 max 3200 max +200 max volts
Average value ............ 100 max 100 max 100 max 100 max volts
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Direct Interelectrode Capacitances:
Pentode Connection:

Grid No.l to Plate . ................ ... .. ... ... 0.0035 max pF.
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... ....... .. ... .. . ... . . 5.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ............. ... ... . ... ... ... ... ...... 5 pF
Triode Connection :}
Grid No.1 to Plate, Grid No.2, Grid No.3, and Internal Shield 2.6 pF
Grid No.1 to Cathode and Heater ...................... ... .. 3.2 pF
Plate, Grid No.2, Grid No.3, and Internal Shield to Cathode
and Heater .............. ... ... . ... . . .. ... 1.2« pF
t Grid No.2, grid No.3, and internal shield connected to plate.
= Value is 8.5 pF with external shield connected to cathode.
Class A, Amplifier
X Triodet Pentode
MAXIMUM RATINGS (Design-Maximum Values) Connection Connection
Plate Voltage ........... ... ..................... 275 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value — [} volts
Grid-No.2 (Screen-Grid) Voltage .................. See curve page 300
Grid-No.2 Supply Voltage ......... .............. .. —_ 330 volts
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts
Plate Dissipation .............. ... ... ... ... . ..., 3.5 3.5 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ......... — 0.75 watt
For grid-No.2 voltages between 165 and 330 volts See curve page 300
Triode}
CHARACTERISTICS Connection Pentode Connection
Plate Supply Voltage 250 100 250 150 volts
Grid No.3 ................ .. — Connected to cathode at socket
Grid-No.2 Supply Voltage — 100 12 150 volts
Cathode-Bias Resistor ............... 330 150 100 68 ohms
Amplification Faetor ................ 36 — — —_
Plate Resistance (Approx.) .......... — 0.5 1.5 1 megohms
Transconduetance ................ ... 4800 3900 4500 5200 pmhos
Plate Current ....... ... ........ ..., 12.2 5 7.6 10.6 mA
Grid-No.2 Current ............... .. .. — 2.1 3 4.3 mA
Grid-No.1 Voltage for plate current
of 10 A .. ... .. .. .. ... .. — —4.2 —5.5 —6.5 volts

t Grid No.2, grid No.3, and internal shield connected to plate.

TYPE 6AUGA | l [
PENTODE CONNECTION

| GRID No.3 CONNECTED. TO CATHOD

: D No.2 VOLTS=100
Cy*0)

ca!
&
[

S

-0.5

GRID-No VOLTS[EC,=-1

I

1, 22
I -2.5 _3
o 100 200 300 400 500
PLATE VOLTS 92¢S-6611T3

MILLIAMPERES
o B

n
o

PLATE (Ip) OR GRID-No.2 (I

6AU7 Refer to chart at end of section.

6AUS8 Refer to chart at end of section.
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MEDIUM-MU TRIODE— ‘
sHarP-cuToFF pENTobE  OAUSA
Miniature type used in television receiver applications.
Pentode unit is used as video amplifier, if amplifier,
and agc amplifier. Triode unit is used in sync-amplifier,
sync-separator, sync-clipper, and phase-inverter cir-

9DX cuits. Outlines section, 6E; requires 9-contact socket.

Heater Voltage (amc/de) ....... .. .. it 6.3 volts

Heater Current ......... ... ... ... ... . it 0.6 ampere

Heater Warm-up Time (Average) ............................... 11 seconds
Heater-Cathode Voltage:

Peak value ..... ... ... ... +200 max volts

100 max volts

Average value ... ... ... ... e
Direct Interelectrode Capacitances:

Triode Unit:
Grid to Plate ... ... .. ... . .. ... 2.2 ol
Grid to Cathode and Heater ............................... 2.6 pF
Plate to Cathode and Heater ................................ 0.34 rF
Pentode Unit:
Grid No.l to Plate .......... ... .. ... ... e 0.06 pF
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ...... ... ... ... ... . ... . .. ... .. 1.5 pF
Plate to Cathode,, Heater, Grid No.2, Grid No.3, and
Internal Shield ... .. ... ... ... .. .. . . ... ... ... ... 3.4 pF
Triode Grid to Pentode Plate .................................. 0.022 max pF
Pentode Grid No.l to Triode Plate ............................ 0.006 max pF
0.12 max pF

Pentode Plate to Triode Plate ................................

MAXIMUM RATINGS (Design-Maximum Values)

Class A, Amplifier
Triode Unit Pentode Unit
330 330 volts

Plate Voltage ....................ccc0ciiiiiiiin.
330 volts

Grid-No.2 (Screen-Grid) Supply Voltage ............

See curve page 300

Grid-No.2 Voltage . ................c.c.iveeenenii...
i 0 0 volts

Grid-No.1 (Control-Grid) Voltage, Positive-bias value
Plate Dissipation ............ ... .. ................

2.8 3.3 watts

Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ...... .. — 1 watt

For grid-No.2 voltages between 165 and 330 volts See curve page 300
CHARACTERISTICS
Plate Supply Voltage .............................. 150 200 volts
Grid-No.2 Supply Voltage — 126 volts
Cathode-Bias Resistor 150 82 ohms
Amplification Factor 43 —
Plate Resistance (Appro ) 8100 100000 ohms
Transconductance ... ........... . ... ... ... .. 5300 8000 pmhos
Plate Current 9.5 17 mA
Grid-No.2 Current — 3.4 mA
Grid-No.1 Voltage (Approx.) for plate current of

0 LA e e —6.5 —1.5 volts

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ... ................ . 0.5 0.25 megohm

For cathode-bias operation ... .. .......... 1 1 megohm

p
R G
. 6AV5GA
G BEAM POWER TUBE 12AV5GA. 25AVSGA
l Glass octal type used as horizontal-deflection ampli-

e“/o fier in television receivers. Qutlines section, 19C; re-

(®) quires octal socket. Types 12AV5GA and 25AV5GA
& %2 are identical with type 6AV5GA except for heater
6CK ratings. ]
6AV5GA 12AV5GA 25AV5GA
Heater Voltage (ae/de) .................... 6.3 12.6 25 volts
Heater Current ........... ... ... ............ 1.2 0.6 0.3 amperes
— 11 — seconds

Heater Warm-up Time (Average) ...........
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Heater-Cathode Voltage:

Peak value ............................. *200 max +200 max =+200 max volts

Average value ........ ... ... ... ....... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.)

Grid No.l to Plate . ... ... .. ... . . ... . .. .. .. ... ..... 0.5 pF

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.2 .... 14 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.8 .. .. . .. 7 pF

Class A, Amplifier
Pentode Triode

CHARACTERISTICS Connection Connection
Plate Voltage .. . P 60 250 150 volts
Grid-No.2 (Screen-Grid) oltage .. ... ... .. ... .. 150 1560 150 volts
Grid-No.1 (Control-Grid) Voltage .............. 0 —22.5 —22.5 volts
Plate Resistance ......... ...................... — 14500 — ohms
Transconductance ............................. — 5900 — umhos
Plate Current ........... ... ... ... ............ 260 57 —_ mA
Screen Current .......................... ..... 26 2.1 _ mA
Grid-No.1 Voltage (Approx.) for plate current of

1 mA — —43 — volts
Amplifieation Factor ... ... ... .. ... . . ... — — 4.3
* Grid No.2 connected to plate.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Center Values)
DC Plate Voltage ..............ccoiueiiiniii .. 550 volts
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ...... ... 5500° volts
Peak Negative-Pulse Plate Voltage ............................... 1250 volts
DC Grid-No.2 Voltage ... . ......................... ... ......... 176 volts
Peak Negative-Pulse Grid-No.1 Voltage ........................... 300 volts
Peak Cathode Current ........................................... 400 mA
Average Cathode Current .................................... ... 110 mA
Grid-No.2 Input ... ... .. .. .. . ... .. i 2.5 watts
Plate Dissipationtt ........ ... ... .. ... ... . ... o 11 watts
Bulb Temperature (At hottest point) ............................ 210 °C
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistanee .................................... 0.47 megohm

# Pulse duration must not exceed 159, of a horizontal scanming cycle (10 microseconds),
° Under no circumstances should this absolute value be exceeded.
1 A bias resistor or other means is required to protect the tube in absence of excitation.

6AV5GT Refer to chart at end of section.

6AV6 TWIN DIODE—

4AVS, 12AV6 HIGH-MU TRIODE

Miniature type used as combined detector, amplifier,
and avc tube in automobile and ac-operated radio re-
ceivers. The 6AV6 may be substituted directly for the
6AT6 in applications where the higher amplification
of the 6AV6 is advantageous. Qutlines section, 5C; re- 1BT

quires miniature 7-contact socket. Types 4AV6, and 12AV6 are identical
with type 6AV6 except for heater ratings.

4AVE CAVS 12AVE
Heater Voltage (ac/de)} ................ 4.2 6.3 12.6 volts
Heater Current ........................ 0.45 0.3 0.15 ampere
Heater Warm-up Time (Average) ...... 11 — — seconds
Heather-Cathode Voltage:
Peak value ........ ... ... ... ... ... #200 max =200 max *+200 max volts
Average value ........ .. ... ... ... .. 100 max 100 max 100 max volts
Direct Interelectrode Capacitances:
Triode Grid to Triode Plate ... ........ ... .................. 2 pF
Triode Grid to Cathode and Heater .......................... 2.2 pF
Triode Plate to Cathode and Heater .. ......... ... ....... 0.8+ pF
Plate of Diode Unit No.2 to Triode Grid ...................... 0.04 max pF

® This value is 1.2 pF with external shield connected to cathode.
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Triode Unit as Class A, Amplifier
MAXIMUM RATING {Design-Maximum Value)

Plate Voltage ......... ... ... ..., 330 volts
Grid Voltage, Positive-bias value ............. ... ................ 1} volts
0.55 watt

Plate Dissipation .......... ........ . .. . ... ... ..,

AVERAGE DIODE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE UNIT

TYPE 6AVE 'E,z's.a :VOL'TS .
oldla] |
2\ o0
TYPE 6AV6 / /
TRIODE UNIT f of _, o
3 Of—7 120
@ ; E 8
w O o i <
x ) / v 100%
@ SV VY 3 3
=2 o A > o
< S ¥/ g o &
3 9 / Hy g 803
VIV T, ‘ :
Y z
B LA A L AN A A e o}
3 Yav4 ; g \ :
] . w
a A A 2 9
. E 40
VY o ‘0
0 100 200 300 400 20
PLATE VOLTS 92CS-6679T ~J20
A / 4
—40 -30 -20 -10 o
©C VOLTS DEVELOPED 8Y DIODE
92CM-6875T
CHARACTERISTICS
Plate Voltage ....... . . ... ... ... . 0.0 ' uiiiuuiiun. 100 250 volts
Grid Voltage ........ ... ... ... ... .. .. ... ... —1 —2 volts
Amplification Factor .............................. 100 100
Plate Resistance ........................... . ...... 80000 62500 ohms
Transconductance ................................. 1250 1600 umhos
Plate Current ..... .. .............. .. ... ........ 0.50 1.2 mA
Diode Units
MAXIMUM RATING (Design-Maximum Value)
1 mA

Plate Current (Each Unit) ............ ... ... .......ccccieuiun..
The two diode plates are placed around a cathode, the sleeve of which is common to the
triode unit. Each diode plate has its own base pin. Diode biasing of the triode unit is not
recommended.

Installation and Application

The triode unit of the 6AV6 is recommended for use only in resistance-
coupled circuits. Refer to the Resistance-Coupled Amplifier section for
typical operating conditions. Grid bias for the triode unit of the 6AVé6
may be obtained from a fixed source, such as a fixed-voltage tap on the dc
power supply, or from a cathode-bias resistor. It should not be obtained
by the diode-biasing method because of the probability of plate-current
cutoff, even with relatively small signal voltages applied to the diode circuit.

Refer to chart at end of section. 6AV11

Refer to chart at end of section. 6AWS
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6AWSA HIGH-MU TRIODE—

SAWSA SHARP-CUTOFF PENTODE

Miniature type used in television receiver applications.
The pentode unit is used as an if amplifier, video am-
plifier, agec amplifier, or reactance tube. The triode
unit is used in low-frequency oscillator, sync-separa-
tor, sync-clipper, and phase-splitter circuits. Qutlines
section, 6E; requires miniature 9-contact socket. Type
8BAWBA is identical with type 6AWSA except for DX
heater ratings.

6AWSBA SAWSBA
6.3 8.4

Heater Voltage (ac/de} ............................ . volts
Heater Current ....... ... . ... ... ... ............. 0.6 0.45 ampere
Heater Warm-up Time (Average) .................. 11 11 seconds
Heater-Cathode Voltage:
Peak value ............. ... ... ... +200 max =200 max volts
Average value ... ............. 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded
Triode Unit:
Grid to Plate ...................... ... ... ...... 2.2 2.2 pF
Grid to Cathode, Pentode Cathode, Pentode
Grid No.3, Internal Shield, and Heater ...... 3.2 3.4 pF
Plate to Cathode, Pentode Cathode, Pentode
Grid No.3, Internal Shield, and Heater ...... 1.8 3 pF
Pentode Unit:
Grid No.l to Plate .......................... .. 0.06 max 0.05 max pF
Grid No.1 to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield ...... ... . .. 10 10 pF
Plate to Cathode, Heater, Griid No.2, Grid
No.3, and Internal Shietd ............... .. .. 3.6 4.5 pF
Pentode Grid No.l to Triode Plate ........... ... 0.008 max 0.005 max pF
Pentode Plate to Triode Plate ............ ........ 0.15 max 0.025 max pF
® With external shield connected to pins 4 and 5.
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage ............. ... .................. .. 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ — 330 volts
Grid-No.2 Voltage ... ... ... ... .. . ............. —_ See curve page 300
Grid-No.1 (Control-Grid) Voltage, positive-bias value 0 0 volts
Plate Dissipation ............ ... .......... ... ..... 1.1 3.75 watts
Grid-No.2 Input: .
For grid-No.2 voltages up to 165 volts ........ - 1.1 watts
For grid-No.2 voltages between 165 and 330 volts - See curve page 300
CHARACTERISTICS
Plate Supply Voltage .............................. 200 150 volts

Grid-No.2 Supply Voltage — 150 volts

Grid-No.1 Voltage ..................... . —2 — volts
Cathode-Bias Resistor . . — 150 ohms
Amplification Factor 70 —
TYPE GAWBA -~ TYPE 6AWBA
TRIODE UNIT © PENTODE UNIT
5 H GRID-No.2 VOLTS =150
[S)
. ~Y o J
S s s0 3 o
& da e
10 &, a, a0
X . S W =1
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A Vi ) 230 .1
@ 4 25 GRID-No.| VOLTS Egj*-2
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Plate Resistance (Approx.) ........................ — 0.2 megohm
Transconductance ......................cccovieauinn. 4000 9500 pmhos
Plate Current . .......... .. .. ... ... i 4 15 mA
Grid-No.2 Current .................. ..., — 3.5 mA
Grid-No.1 Voltage (Approx.) for plate current of

O LA e —5 —8 volts

MAXIMUM CIRCUIT VALUES
Grid-No.1-Cireuit Resistance:

For fixed-bias operation ........................ 0.5 0.25 megohm
For cathode-bias operation ................ ... . 1 megohm
HALF-WAVE 6AX3
VACUUM RECTIFIER 12AX3, 17AX3

Duodecar type used as damper tube in horizontal-de-
flection circuits of television receivers. Qutlines section,
8C; requires 12-contact socket. Socket terminals 5, 6,
8, and 9 should not be used as tie points. This tube,
like other power-handling tubes, should be adequately
ventilated. Types 12AX83 and 17AX38 are identical with
type 6AX3 except for heater ratings.

6AX3 12AX3 17AX3

Heater Voltage (ac/de) ............. .. ......... 6.3 12.6 16.8 volts
Heater Current ................................ 1.2 0.6 0.45 umperes
Heater Warm-up Time (Avelage) .............. —- 11 11 seconds
Direct Interelectrode Capacitances:

Plate to Cathode and Heater .......... ... .. ................. 5.5 pF

Cathode to Plate and Heater ............ ......... . 7.5 pF

Heater to Cathode ................................ 2.8 pF

Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# RN 5000 volts
Peak Plate Current ........ . . 1000 mA
Average Plate Current ... ........... .. . 165 mA
Plate Dissipation ............ 5.3 watts
Heater-Cathode Voltage:

Peak value ............... .. .. ... ... ... ... —+300 —5000 volts

Average value .. ....... .. ... .. .. ... .. ..o, —+100 -—-900 volts
CHARACTERISTIC
Tube Voltage Drop for plate current of 250 mA .................. 32 volts
# Pulse duration must not exceed 15¢, of a horizontal scanning cycle (10 microseconds).

Refer to chart at end of section. 6AX4AGT
) HALF-WAVE 6AX4GTB
© VACUUM RECTIFIER 12AX4GTB, 17AX4GTA

Glass octal type used as damper tube in horizontal-

|C vo deflection circuits of color and black-and-white tele-

O vision receivers. Outlines section, 13D; requires octal

I H socket. May be supplied with pin No. 1 omitted. Socket

4CG terminals 1, 2, 4, and 6 should not be used as tie

points. This tube, like other power-handling tubes, should be adequately

ventilated. Types 12AX4GTB and 17AX4GTA are identical with type
6AX4GTB except for heater ratings.

GA%H- 12A)l§4- 17AX4-

GTB GT. TA
Heater Voltage (ae/de) ............ ... ........ 6.3 12.6 16.8 volts
Heater Current ................. ... ... .o, 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) .............. — 11 11 seconds
Dirvect Interelectrode Capacitances (Approx.):
Cathode to Plate and Heater ................................ 8.5 pF
Plate to Cathode and Heater ................................ b5 pF

Heater to Cathode ........... ... ... ... ... .. .iiiieuann . 4 F
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Damper Service
For operation in a 525-line, 30-frame systiem

MAXIMUM RATINGS (Design-Maximum Values) .
Peak Inverse Plate Voltage# .................................... 5000 volts

Peak Plate Current ............. .. ...... ... ... ... ... ..., 1000 mA
Average Plate Current ........ .. ... ....... .. ... ... ....... . ... 165 mA
Plate Dissipation . ......... ... ... . ... .. 5.3 watts
Heater-Cathode Voltage:

Peak value ............. ... . . .oiiiiieia, -+-300 —b5000 volts

Average value ................................ +100 —900 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 250 mA .. . . ... .. .. . .. 32 volts
# Pulse duration must not exceed 159% of a horizontal scanning cyele (10 microseconds).

6AX5GT UM RECTI @

VACUUM RECTIFIER
2

o
Glass octal type used in power supplies of radio equip- Q)
ment having moderate dc requirements. Outlines sec-

tion, 13D; requires octal socket. This type may be sup- (3 "0

plied with pin No. 1 omitted. This tube, like other oxzo il
power-handling tubes, should be adequately venti- NC (3
lated. Heater: volts (ac), 6.3; amperes, 1.2. 6S

Full-Wave Rectifier

MAXIMUM RATINGS (Design-Center Values)

Peak Inverse Plate Voltage ...................... ........ 1250 volts
Peak Plate Current (Per Plate) 375 mA
Hot-Switching Transient Plate Current:

For duration of 0.2 second maximum ........................ 2.6 amperes
AC Plate Supply Voltage (Per Plate, rms) ........ ... ........... See Rating Chart
Average Qutput Current (Per Plate, rms) ....... ... ...... ..... See Rating Chart
Peak Heater-Cathode Voltage ...................... ... ......... 450 volts
TYPICAL OPERATION WITH CAPACJTOR INPUT TO FILTER
AC Plate-to-Plate Supply Voltage (rmsj .. ........ 700 800 volts
Filter Input Capacitor®* .......................... 10 10 uF
Effective Plate-Supply Impedance Per Plate ....... 50 105 ohms
DC Output Voltage at Input to F;ltgr (AApprox)
. 2.6 mA ... .. ... 295 — volts
At half-load current of 40 mﬁ _______ i 540 volts
- 125 mA ... . ..., 350 — volts
At full-load current of 80 mA ... b 490 volts
Voitage Regulation (Approx.):
Half-load to full-load current ....... . ........ 45 50 volts
TYPICAL OPERATION WITH CHOKE INPUT TO FILTER
AC Plate-to-Plate Supply Voltage (rms) . 700 900 volts
Filter Input Choke ............ ... ................. 10# 10## henries
DC Output Voltage at Input to Filter (Approx)
% mA ... 270 volts
At half-load current of 62.5 mA ________ i 365 volts
. 150 mA ........ 250 volts
At full-load current of 1 125 mA .. ..., T 350 volts

RATING CHART

w TYPE 6AX5GT
= Ey*6.3 VOLTS
3
a MAXIMUN OPERATING VALUES WITH:
= CHOKE - INPUT FILTER
& [ CAPAC{TOR ~ INPUT FILTER
a 80}c—a v 11
« T8 Tt~ BING
& le2.5 £ ¢
L o=t d-—"F +
< T T
3 1 \
2 |
f_ 40f—p- 1 o
2 i t
(= 1 '
3 20—+ t
o ] I
o ) ¢
38, 1350 G450
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AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD)
92¢5-73837]
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Voltage Regulation (Approx.):

Half-load to full-load eurrent .................. 20 16 volts
* Higher values of capacitance than indiecated may be used but the effective plate-supply
impedance may have to be increased to prevent exceeding the maximum rating for hot-
switching transient plate current.
# This value is adequate to maintain optimum regulation provided the load current is not
less than 30 mA. For load currents less than 30 mA, a larger value of inductance is required
for optimum regulation.
## This value is adequate to maintain optimum regulation provided the load current is not
less than 35 mA. For load currents less than 35 mA, a larger value of inductance is required

for optimum regulation.

Refer to chart at end of section. 6AX8
Refer to chart at end of section. 6AY3
HALF-WAVE
VACUUM RECTIFIER 6AY3B

12AY3A, 17AY3A

Novar type used as damper tube in horizontal-de-
flection circuits of black-and-white television receivers.

9HP Outlines section, 30B; requires novar 9-contact socket.
Socket terminals 1, 3, 6, and 8 should not be used as tie points, It is es-
pecially important that these tubes, like other power-handling tubes, be
adequately ventilated. Types 12AY3A and 17AY3A are identical with type
6AY3B except for heater ratings.

6AY3B 12AY3A 17AY3A

Heater Voltage (ac/de) ........................ 6.3 12.6 16.8 volts
Heater Current ............................... 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) .............. — 11 11 seconds

Direct Interelectrode Capacitances (Approx.):
Plate to Cathode and Heater ................................ 6.5 pF
Cathode to Plate and Heater .............. ................ 9 pF
2.8 pF

Heater to Cathode ................ ... ... ... .. iiionn..
Damper Service
For operation in a 525.line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# .......... ... ... .. ... ........... 5000 volts
Peak Plate Current ........... . ... ... ... ... ... 1100 mA
Average Plate Current .................... .. ... ... 175 mA
Plate Dissipation ... ....... .. . ... ... 6.5 watts
Heater-Cathode Voltage:
Peak value .......... .. ... . ... +300 —5000 volts
Average value ......... .. ... ... ... ... ... ... 4100 —900 volts
CHARACTERISTIC, Instantaneous Value
32 volts

Tube Voltage Drop for plate current of 350 mA ............... ...
# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).

Refer to chart at end of section, 6AY11

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE 6AZ8

Miniature type used in color and black-and-white tele-
vision receiver applications. The pentode unit is used
O as an if amplifier, video amplifier, age amplifier, or

PT reactance tube. The triode unit is used in low-frequency
oscillator, sync-separator, sync-clipper, and phase-
splitter circuits. Qutlines section, 6B; requires minia-

H.C3p.15

Ky

9ED ture 9-contact socket.
Heater Voltage (ac/de) ......... ... .. i 6.3 volts
Heater Current ..... . . . 0.45 ampere
Heater-Cathode Voltag
Peak value ..... 200 max volts
100 max volts

Average value ........... .. 0iiiiiiiiieiiii i
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Direct Interelectrode Capacitances:
Triode Unit:
Grid to Plate ... ... ... ... ... .. .. i
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield
Pentode Unit:
Grid No.l to Plate ...................iuuineiiininnsnnns
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ........... ... ... .. ... . i oiiiiiie
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .. ... ... ... ... ... ... ... ... .. i,
Triode Grid to Pentode Plate .....................
Pentode Grid No.l1 to Triode Plate
Pentode Plate to Triode Plate .....

L7

2

1.7
0.02 max

8.6

2.2
0.027 max

0.020 max
0.045 max

4 The heater-cathode voltage of the pentode unit should not exeeed the value of the operating
cathode bias. Grid No.3 will be made negative with respect to cathode if this value is ex-

ceeded, and thus possibly cause a change in tube characteristics.
Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values) Triede Unit Pentode Unit
Plate Voltage ....... ... ... ... .. . it 300 300 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........... — 300 volts
Grid-No.2 Voltage . ......... ... ... coviieiiiinii . —_— See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value [} [} volts
Plate Dissipation ............... ... ... ... ... . ..., 2.6 2 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 160 volts . ... ... ... - 0.5 watt

For grid-No.2 voltages between 150 and 300 volts —_ See curve page 300
CHARACTERISTICS Triede Unit Pentode Unit
Plate Supply Voltage ............... ... ... ... .. ... 200 volts
Grid-No.2 Voltage ......... ... ... .. ............. —_ 150 volts
Grid-No.1 Voltage ................ ... ...c0oiiunnn —6 — volts
Cathode-Bias Resistor ............................. — 180 ohms
Amplification Factor .............................. 19 —
Plate Resistance (Approx.) ........................ 5750 300000 ohms
Transconductance .................... ... .. ... 3300 6000 pmhos
Plate Current ...... ... ... ... .. .. ... ... ... ... .. 13 9.5 mA
Grid-No.2 Current ................... ... ... ...... —_ 3 mA
Grid-No.1 Voltage (Approx.) for plate current of

10 wA e —19 — volts
Grid-No.1 Voltage (Approx.) for transconductance

of 100 umhos ...... .. ... .. .. ... . ... ... — —12.5 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:*

For fixed-bias operation .............! e 0.5 0.25 megohm

1 megohm

For cathode-bias operation ....................

* If either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for

both units should not exceed the stated values.

6B4G Refer to chart at end of section.
6B5 Refer to chart at end of section.
6B6G Refer to chart at end of section.
6B7 .
6B7S Refer to chart at end of section.
6B8 .
6B8G Refer to chart at end of section.
6B10 TWIN DIODE—
8B10 MEDIUM-MU TWIN TRIODE

Duodecar type used in television receiver applications;
diode units are used in horizontal-phase-detector cir-
cuits, and triode units are used in horizontal-oscillator
circuits. Qutlines section, 8A; requires duodecar 12-
contact socket. Type 8B10 is identical with type 6B10
except for heater ratings.
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6B10 8B10
Heater Voltage (ae/de) .................. 6.3 8.5 volts
Heater Current .......................... 0.6 0.45 ampere
Heater Warm-up Time (Average) 11 11 seconds
Heater-Cathode Voltage:
Peak value .................... ... iiiieaan +200 max =*200 max volts
100 max 100 max volts

Average value ................ ... .. .. ...,

Class A, Amplifier (Each Triode Unit)
MAXIMUM RATING (Design-Maximum Value)

Plate Voltage ... ... ... i e 330 volts
Average Cathode Current ...................cciiiiiiiiiirernnnnns 20 mA
Plate Dissipation ....... .. ... . ... . . i 3 watts
CHARACTERISTICS
Plate Voltage ................. . 250 volts
Grid Voltage ................. — volts
Amplification Factor ................... 18
Plate Resistance (Approx.) 7200 ohms
TranscondUCLBNICE . ... .. .. ..ttt ettt ity 2500 pmhos
Plate Current . .......... ... ...ttt 10 mA
Grid Voltage (Approx.) for plate current of 50 pA .............. —20 volts
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:

For fixed-bias operation ...................... ... .. .. ... 0.26 megohm

For cathode-bias operation .................................. 1 megohm

Diode Units (Each Unit)
MAXIMUM RATING (Design-Maximum Value)
Plate Current ... ... ... . ... .. i s 5 mA
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 20 mA .................. 5 volts
Refer to chart at end of section. 6BA3
For replacement use type 6BA6/EF93. 6BA6

e‘ Oki
) REMOTE-CUTOFF PENTODE

N 6BA6/EF93

1S o
Gy 12BA6

1BK Miniature types used as rf amplifiers in standard broad-

cast and FM receivers, as well as in wide-band, high-

frequency applications. The low value of grid-No.l-to-plate capacitance

minimizes regenerative effects, while the high transconductance makes pos-

sible high signal-to-noise ratio. Outlines section, 5C; require miniature

T-contact socket. Type 12BA6 is identical with type 6BA6/EF93 except for
heater ratings.

r

6BAG/EF93 12BA6
6.3 12.6

Heater Voltage (ac/de) .......... ... ... ... ... ... . volts
Heater Current .. ......... ... ... . ... .ciiivirvuinan.n 0.3 0.15 ampere
Heater-Cathode Voltage:
Peak value ... ... ... ... ... .. .. ... ... ... ... *200 max *200 max volts
Average value ... .. ... ... ... ... ... .. ... ..., 100 max 100 max volts
Direct Interelectrode Capacitances:
Grid No.l to Plate ......... ... ... . . ... .. ..o ... 0.0035 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... ... .. . . .. .. .. . ... . ... . ... ... ... 5.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .......... ... .. ... ... i be pF

= This value is 5.5 pF with external shield connected to cathode.
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Class A, Amplifier

MAXIMUM RATINGS {Design-Maximum Values)

Plate Voltage ......................... 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, 0 volts

Grid-No.2 (Screen-Grid) Voltage See curve page 300

Grid-No.2 Supply Voltage ..... 330 volts
Plate Dissipation ..................... .. .. 3.4 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ................ .. 0.7 watt

For grid-No.2 voltages between 165 and 330 volts ............ See curve page 300
Grid-No.1 (Control-Grid) Voltage:

Negative-bias value ........... ... ..ol 56 volts

Positive-bias value .......... ... ... ... ... L., 0 volts
CHARACTERISTICS
Plate Supply Voltage ............................ 100 250 volts
Grid No.3 and Internal Shield .................... Connected to cathode at socket
Grid-No.2 Supply Voltage ......................... 100 100 volts
Cathode-Bias Resistor ............................ 68 68 ohms
Plate Resistance (Approx.) ....................... 0.28 1 megohm
Transconductance ................... oo, 4300 44060 pmhos
Plate Current .............. ... ... ciiiiiiiin, 10.8 11 mA
Grid-No.2 Current .............. .. ... viiivnn. 44 4.2 mA
Grid-No.1 Voltage (Approx.) for transconductance

of 40 pmhos . ... ... ... ... —20 —20 volts

TYPE 6BA6
|. GRID-No.2 VOLTS =100
GRID-No.3 VOLTS=0

ot ub L

o

GRID-No.| VOLTS ECy=-1

Eci=0 |-20
c2 -J- T+

===ty !

Ci==4 \;9
5 A
0 100 200 300 400
PLATE VOLTS

~

(L

PLATE (Ip) OR GRID-No.2 (Icp)
MILLIAMPERES
vt

92C5-6609T

Installation and Application

Control-grid. bias variation is effective in changing the volume of the
receiver. To obtain adequate volume control, an available grid-No.l-bias
voltage of approximately 50 volts is required. The exact value depends upon
the circuit design and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed
supply voltage, from a variable cathode-bias resistor, from the ave system,
or from a combination of these methods.

The grid-No.2 (screen-grid) voltage may be obtained from a poten-
tiometer or bleeder circuit across the B-supply source, or through a drop-
ping resistor from the plate supply. The use of series resistors for obtaining
satisfactory control of grid-No.2 voltage in the case of four-electrode tubes
is usually impossible because of secondary-emission phenomena. In the
6BA6, however, because grid No.3 practically removes these effects, it is
practical to obtain grid-No.2 voltage through a series-dropping resistor from
the plate supply or from some high intermediate voltage, provided the
source does not exceed the plate-supply voltage. With this method, the
grid-No.2-to-cathode voltage will fall off very little from minimum to
maximum value of the resistor controlling cathode bias. In some cases, it
may actually rise. This rise of grid-No.2-to-cathode voltage above the nor-
mal maximum value is allowable because both the grid-No.2 current and the
plate current are reduced simultaneously by a sufficient amount to prevent
damage to the tube. It should be recognized that, in general, the series-
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resistor method of obtaining grid-No.2 voltage from a higher voltage supply
necessitates the use of the variable cathode-resistor method of controlling
volume in order to prevent too high a voltage on grid No.2. When grid-No.2
and control-grid voltage are obtained in this manner, the remote “cutoff”
advantage of the 6BA6 can be fully realized. However, it should be noted
that the use of a resistor in the grid-No.2 circuit has an effect on the
change in plate resistance with variation in grid-No.3 (suppressor-grid)
voltage in case grid No.3 is utilized for contro! purposes.

PENTAGRID CONVERTER 6BA7

Miniature type used as converter in AM and FM re-
ceivers. Outlines section, 6E; requires miniature 9-

8CT contact socket.
Heater Voltage ............ .. . ittt iinennennn 6.3 volts
Heater Current ...... . ....... .. ... . it 0.3 ampere
Peak Heater-Cathode Voltage ....................... .. ... ..., +99 volts
Direct Interelectrode Capacitances:
Grid No. 3 to All Other Electrodes .......................... 9.5 pF
Plate to All Other Electrodes .....................c...cc0uun. 8.3 pF
Grid No. 1 to All Other Electrodes ........................... 6.7 pF
Grid No. 3 to Plate ....... ... ... ... .. . .. . ciiriiiiiiinanann. 0.19 max pF
Grid No. 3 to Grid No. 1 .. .. .. ... ... . .. ... . . . . i, ¢.1 max pF
Grid No. 1 to Plate . ....... ... ... .. . .. . . . . iiiiiiiinann, 0.05 max pF
Grid No, 1 to All Other Electrodes, except Cathode ............ 3.4 pF
Grid No. 1 toCathode . ............. ... .. ... . ... .. ccceuun. 33 pF
Cathode to All Other Electrodes except Grid No, 1 ............ 4 pF
Converter Service
MAXIMUM RATINGS (Design-Center Values)
Plate VoltBZe .. ... ittt ittt i iereriaananeses 300 volts
Grid-No.5-and-Internal-Shield Voltagea ... ...... . ................. 0 volts
Grids-No.-2-and-No.4 (Screen-Grid) Voltage ....................... 100 volts
Grids-No.2-and-No.4 Supply Voltage . ......... ... ... ......ooouns 300 volts
Plate Dissipation ......... ... ... ... e 2 watts
Grids-No.2-and-No.4 Input .......... ... .. .. ... iiimirininnnnns. 1.5 watts
Total Cathode Current ........ ... ... ... ... 0iiiiiiiiinreinnvenn 22 mA
Grid-No.3 Voltage:
Negative-bias value ......................c00uns evreeseene .. 100 volts
Positive-bias value .... ... .iiiiiiiiiiiiiiiienan. erresases 0 volts
CHARACTERISTICS (Separate Excitation)*
Plate Voltage ......... .. ... . ... ..o, 100 250 volts
Grid No.5 and Internal Shielda .................... Connected directly to ground
Grids-No.2-and-No.4 (Screen-Grid) Voltage ... ... 100 100 volts
Grid-No.3 (Control-Grid) Voltage ................... —1 —1 volt
Grid-No.1 (Oscillator-Grid) Resistor 20000 20000 ohms
Plate Resistance (Approx.) ........... 0.5 1 megohm
Conversion Transconductance ....................... 900 950 p#mhos
Conversion Transconductance (Approx.)** .......... 3.5 3.5 umhos
Plate Current . ........ ... .. ... i 3.6 3.8 mA
Grids-No.2-and-No.4 Current ............ .. .......... 10.2 10 mA
Grid-No.1 Current .......... ... ... .......... ... .... 0.35 0.35 mA
Total Cathode Current . ........ . ... ... .. ............ 14.2 14.2 mA

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate
(not oscillating) is approximately 8000 zmhos under the following conditions: signal applied to
grid No.1 at zero bias ; grids No.2 and No.4 and plate at 100 volts ; grid No.3 grounded. Under
the same conditions, the plate current is 32 milliamperes, and the amplification factor is 16.5.
* The characteristics shown with separate excitation correspond very closely with those ob-
tained in a self-excited oscillator circuit operating with zero bias.

** With grid-No.3 bias of —20 volts.

a Internal Shield (pins No.6 and No.8) connected directly to ground.
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6BASA

SBABA

Miniature type used in color and black-and-white tele-
vision receivers. The pentode unit is used as a video
amplifier, an agc amplifier, or a reactance tube. The
triode unit is used in low-frequency oscillator and 67
phase-splitter circuits. Outlines section, 6E; requires
miniature 9-contact socket. Type 8BA8A is identical

RCA RECEIVING TUBE MANUAL

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

with type 6BA8SA except for the heater ratings.

6BASA BBASA
6.3

Heater Voltage (ac/de) ............................ volts
Heater Current ............ ... ... .. .. .. iivriunnn 0.3 0. 45 ampere
Heater Warm-up Time (Average) .................. 11 — seconds
Heater-Cathode Voltage:
Peak value ............. ...t +200 max *=200 max volts
Average value ..................... ... ... ... 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):
Triode Unit:
Grid to Plate ............ ... .. ... ... ... ... 0. 2.2 2.2 pF
Grid to Cathode and Heater .................... 2.5 2.7 pF
Plate to Cathode and Heater .. ............... ... 0.4 1.9 pF
Pentode Unit:
Grid No.1 to Plate .. ... .. .......... ............ 0.06 0.05 pF
Grid No.l to Cathode, Heater, Grid No.2, Grid
No.3, and Internal Shield ... ............ ... 10 10 pF
Plate to Cathode, Heater, Grid 'No.2, Grid No.3,
and Internal Shield .............. ... ... ... 3.6 4.5 pF
Triode Grid to Pentode Plate ....... ... ... ........ 0.016 0.006 pF
Pentode Grid No.l to Triode Plate ................ 0.006 0.003 pF
Pentode Plate to Triode Plate .................... 0.15 0.023 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit
Plate Voltage ..... ... ... .. ........................ 300 300 volts
Grid-No.2 (Screen-Grid) Supply Voltage ... .......... — 300 volts
Grid-No.2 Voltage . ... ... ... ... ... ............... — See curve page 300
Grid-No.1 (Control- Gnd) Voltage:
Negative-bias value ...................... ... ... — —50 volts
Positive-bias wvalue ........................ ..., — 0 volts
Plate Dissipation ................... .. ............ 2 3.25 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 150 volts .......... — 1 watt
For grid-No.2 voltages between 150 and 300 voits — See curve page 300
CHARACTERISTICS
Plate-Supply Voltage ............. ... ............ 200 200 volts
Grid-No.2 Supply Voltage .......................... — 150 volts
Grid-No.1 Voltage ................. ... ............ —8 — volts
Cathode-Bias Resistor .............................. — 180 ohms
Amplifieation Faetor .. ... .................. ... ... 18 —
Plate Resistance (ApPDProx.) . ...........c..ovevennn.. 6700 400000 ohms
Transconduetance .................. . ... .. ... ..., 2700 9000 pmhos
Plate Current ............ .. ... ... .. . .. 8 13 mA
Grid-No.2 Current ................. ... ....ccoions — 3.5 mA
Grid-No.1 Voltage (Approx.) for plate current of
O BA s —16 —10 voits
MAXIMUM CJRCUIT VALUES
Grid-No.1-Cireuit Resistance:
For fixed-bias operation ........................ 0.5 0.25 megohm
1 1 megohm

For cathode-bias operation .......... ... .......

6BATI1

8BA1l

Duodecar type used as vertical-deflection oscillator
and for combined sync-age apphcatlons in color and
black-and-white television receivers. Outlines section,
8B; requires duodecar 12-contact socket. Type 8BA1l is
identical with type 6BA1l except for heater ratings.

TRIODE—TWIN PENTODE
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6BA11
Heater Voltage (ac/dc) 6.3
Heater Current ..... 0.6
Heater Warm-up Time 11
Heater-Cathode Voltage
Peak value ...... #+200 max
100 max

Average value ...............
Direct Interelectrode Capacitances:
Triode Unit:
Grid to Plate ...............
Grid to Cathode and Heater . .
Plate to Cathode, Heater, and Internal Shield
Pentode Unit
Grid No.3 to Plate (Each Unit) ............................
Grid No.3 to all Other Electrodes (Each Grid) ..............
Grid No.1 to all Other Electrodes) .. . .......................
Plate to all Other Electrodes (Each ‘Plate)
Grid No.3 of Pentode 1 to Grid No.3 of Pentode 2 ......

Triode Unit as Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage . ........... ... it s
Average Cathode Current ................................ ..
Plate Dissipation ................. . ... ...
CHARACTERISTICS

Plate Voltage .......... ... ... ... ... i e
Grid Voltage . ... ... ... . . . ... . e
Amplification Factor ............ ... ... ... ... ... ... oo
TransconductBnee . .............o ottt
Plate Current . ... ... .. ... ..
Grid Voltage (Approx.) for plate current of 100 puA ....... .......

MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:
For fixed-bias operation ...
For cathode-bias operation

Pentode Unit as Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage (Each Unit) .......... ... ... . ... .. ... .....cvuuus.
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit):
Peak positive value ...... ... ... ... ... .. L
DC negative value ... ... .. ... . ... . ...
DC positive value . ... ...... .. ... .
Grid-No.2 (Screen-Grid) Voltage
Grid-No.1 (Control-Grid) Voltage, Negative bias value
Cathode Current . ... . ....... .. ... .0 .uiiiiiinninnrennnanniis

Plate Dissipation (Each Unit) ... ..........................
Grid-No.2 Imput ... ... ... . . . e
CHARACTERISTICS (With Both Units Operating)s

Plate Voltage (Each Unit) ........................ 100
Grid-No.3 Voltage (Each Unit) .................... —10
Grid-No.2 Voltage ... ... ................. ... 67.5

Grid-No.1 Voltage .... .. ...... ... ... .. ... ..c..c.....

Plate Current (Each Unit) ........................ 0
Grid-No.2 Current ............ . ..... ... ..ccooo... T
CHARACTERISTICS (With One Unit Operating)

Plate Voltage ....... .. ... .. .. ... ... . ... 100
Grid-No.3 Voltage ................................. 0
Grid-No.2 Voltage ................................. 67.5
Grid-No.1 Voltage ............. ... i, 0
Grid-No.3 Transconductanee ........................ —
Grid-No.1 Transconductance ........................ 1700

Plate Current . ...... .. .. ... .. ... .. . .ciiiiiia.
Gnd-Noz Voltage (Approx.) for plate current of

MAXIMUM CIRCUIT VALUES

Grid-No.3-Circuit Resistance (Each Unit) ........................
Grid-No.1-Circuit Resistance ....................................
* Adjusted to provide a dc grid-No.1 current of 100 microamperes.
+ With plate and grid No.3 of the other unit connected to ground.
B Voltages and plate current apply to each section.

SBAII

045
11

+200 max
100 max

100
0
67.5
*
450
2.5
3.2

oo
cron
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volts
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pF
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watt
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6BC4 MEDIUM-MU TRIODE

Miniature type used as an rf amplifier in the cathode-
drive circuits of uhf television tuners covering the fre-
quency range of 470 to 890 MHz. Qutlines section, 6A;
requires miniature 9-contact socket.

Heater Voltage (ac/de) ........ . ... ... ..
Heater Current ...........................
Peak Heater-Cathode Voltage
Direct Interelectrode Capacitances (Approx.):
Grid to Plate ....... ... ... ... . ... ..ot R
Grid to Heater and Cathode ..................................
Plate to Heater and Cathode .................................
Heater to Cathode ............ ... .. ... iiiiiiiiiianoi.. 2.7 pF

Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Voltage .. ... ... ... i e e, 260 volts
Cathode Current ................ ... ..c.uiiuiiimnriineiennneanannn 25 mA
Plate Dissipation ...... .. ... ... .. ... oo 2.6 watts
CHARACTERISTICS

Plate Supply Voltaze ......... .. .. ...ciiiiini it 150 volts
Cathode-Bias Resistor .................. . ... .. ..o veiiiiiieo. . on 100 ohms
Amplification Factor ...... ... ... ... ... ... ... . i 48

Plate Resistance (APProx.) . ..........couiiiiiiiiniiiianaenns 4800 ohms
Transconductanee ................ ... it 10000 umhos
Plate Current . ........ .. ... i, 14.56 mA
Grid Voltage (Approx.) for plate current of 10 A ... ... ... ... ... —10 volts

MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:

For fixed-bias operation ............. .. .. .. ... .. .. ... ....... Not recommended
For cathode-bias operation .................................. 0.5 megohm
6BC5 Refer to chart at end of section.
6BC5/6CE5 sHARP-CUTOFF PENTODE

3BCS5/3CES

Miniature type used in compact radio equipment as an
rf or if amplifier at frequencies up to 400 MHz. Out-
lines section, 5C; requires miniature 7-contact socket.
For typical operation as resistance-coupled amplifier,
refer to Resistance-Coupled Amplifier section. Type
3BC5/3CES5 is identical with type 6BC5/6CES5 except for
heater ratings.

3BC5/3CE5 6BC5/6CES

Heater Voltage (ac/de) ......... ... ... ............ 3.16 6.3 volts
Heater Current ........... ... ... ... .ccviiiiiiinns 0.6 0.3 ampere
Heater Warm-up Time (Average) ................... 11 — seconds
Heater-Cathode Voltage:
Peak value ...... ... ... ... ... ... ..o, +200 max £90 max volts
Average value ......... ... ... ... .. ... 100 max — volts

Direct Interelectrode Capacitances:
Pentode Connection :

Grid No.l to Plate .. ........ ... .. ... ... .. ... . . ... ... 0.030 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield . ... ... . ... ... .. L. 6.5 pF
Plate to Cathode, Heater, Grid NoZ " Grid No.3, and Internal

Shield O PN 1.8 pF

Triode Connection :*

Grid No.1 to Plate and Grid No.2 ... ......................... 2.5 pF
Grid No.1 to Cathode, Heater, Grid No. 3, and Internal Shield . 3.9 pF
Plate and Grid No.2 to Cathode, Heater, Grid No.3, and

Internal Shield ............. ... ... ... ... .l 3 pF

* Grid No.2 connected to plate.
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Class A, Amplifier
. Trioc‘l!e . (‘Pentoille

MAXIMUM RATINGS (Design-Center Values) :
Plate Voltage .....................cccovuiiiiiaia., 300 300 voits

Grid-No.2 (Screen-Grid) Supply Voltage ............. — 300 volts
Grid-No.2 Voltage . ................ .. ... .coeuinnn — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value. 0 0 volts
Plate Dissipation ............... .. ... ... ... ...... 2.5 2 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 150 volts .......... — 0.5 watt
For grid-No.2 voltages between 160 and 300 volts. -— See curve page 300
Triode Pentode
CHARACTERISTICS Connection* C tion
Plate Supply Voltage .............................. 180 250 100 125 250 volts
Grid-No.2 Supply Voltage .......................... — — 100 125 150 volts
Cathode-Bias Resistor .............................. 330 820 180 100 180 ohms
Amplification Factor ............................... 42 40 — — —
Plate Resistance (Approx.) ........................ 0.006 0.009 0.6 0.5 0.8 megohm
Transconduetance ............................... . 6000 4400 4900 6100 5700 gmhos
Plate Current ..................................... 8 6 4.7 8 15 mA
Grid-No.2 Current ..................ccouieiiina..ns — — 14 24 21 mA
Grid-No.1 Voltage (Approx.) for plate current of
0 A e - - —5 —6 —8 volts
* Grid No.2 connected to plate.
Refer to chart at end of section. 6BC7
For replacement use type 6BC8/6BZS8. 6BCS8

MEDIUM-MU TWIN TRIODE 4BCS

Miniature type used as a cascode amplifier in vhf tele-
vision tuners and in push-pull cathode-drive rf ampli-
fiers. Qutlines section, 6B; requires miniature 9-contact
socket. Type 4BC8 is identical with type 6BC8/6BZ8
9A) except for heater ratings.

4BC8 6BC8/6BZS8

Heater Voltage (ac/de) 4.2 6.3 volts
Heater Current .. ................ . 0.6 0.4 ampere
Heater Warm-up Time (Average) .. . 11 —_— seconds
Heater-Cathode Voltage:

Peak value .... +200*max *200*max volts
Average value 100 max 100 max volts
Direct Interelectrode Capacitances®: Unit No.1 Unit No.2
Grid to Plate ......... ... ... ... i il 1.2 1.2 pF
Grid to Cathode, Heater, and Internal Shield . ... 2.6 — pF
Cathode to Grid, Heater, and Internal Shield . ... — 5.5 pF
Plate to Cathode, Heater, and Internal Shield . ... 1.3 — pF
Plate to Grid, Heater, and Internal Shield ...... — 2.4 pF
Plate to Cathode ............................... _— 0.12 pF
Heater to Cathode ............................. 2.8 2.8 pF
Plate of Unit No.1 to Plate of Unit No.2 ... ..... 0.02 max pF
Plate of Unit No.2 to Plate and Grid of Unit No.1 0.04 max pF

* Rating may be as high as 800 volts under cutoff conditions, when tube is used as a cascode
amplifier, the two units are connected in series, and heater is negative with respect to cathode.
* With external shield connected to internal shield.

Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ... 250* volts
Cathode Current ........ .. ... ... .. ... .. ... ... ... ... ... 22 mA
Plate Dissipation .............. ... .o, 2.2 watts
CHARACTERISTICS

Plate Supply Voltage . 150 volts
Cathode-Bias Resistor .......................c.c.viiiiininennn..n.. 220 ohms
Plate Resistance (ApPDProx.) ................ ... 5300 ohms
Amplification Factor ............ ... . . . ... 35
Transconductance ............... .. ... ... ... ... .. ... 6200 #mhos
Plate Current ...... ........... 0. i 10 A

m,
Grid Voltage (Approx.) for transconductance of 50 zmhos . ........ —13 volts
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MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance .......................................... 0.5 megohm
* Rating may be as high as 300 volts under_cutoff conditions, when tube is used as a cascode
amplifier, the two units are connected in series, and heater is negative with respect to cathode.

6éBBDD44A Refer to chart at end of section.
6BD6 Refer to chart at end of section.
6BD11 Refer to chart at end of section.
6BE3 For replacement use type 6BE3/6BZ3.

HALF-WAVE
6BE3/ 6523 VACUUM RECTIFIER

l7BE3/l7BZJ
Duodecar type used as damper tube in horizontal-de- ne(3) (10)s
flection circuits of color and black-and-white television () ‘ (n)
receivers. Outlines section, 8D; requires duodecar 12- Ne NC

contact socket. Types 12BE3 and 17BE3/17BZ3 are u u
identical with type 6BE3/6BZ3 except for heater ratings. 12GA
17BE3/
6BE3/6BZ3 12BE3 17BZ3

Heater Voltage (ac/de) ........ ... ... ... ... 6.3 12.6 16.8 volts
Heater Current = ...................... .. 1.2 0.6 0.46 ampere
Heater Warm-up Time (Average) ....... — 1 11 seconds
Direct Interelectrode Capacitances (Appro;

Plate to Cathode, and Heater e 10 pF

Cathode to Heater, and Plate 8 pF

Heater to Cathode .............. . 3.4 pF

Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# . e s 5000 volts
Peak Plate Current . ce 1200 mA
Average Plate Current 200 mA
Plate Dissipation 6.5 watts
Heater-Cathode Voltage:

Peak value ........... ..ot +300 —5000 volts

Average value ......... ... ... +100 —9800 volts
CHARACTERISTIC Instantaneous Value
Tube Voltage Drop for de plate current of 350 mA ................ 26 volts

# Pulse duration must not exceed 15% of a horizontal scanning eycle (10 microseconds).

6BE6 PENTAGRID CONVERTER
12BE6

Miniature type used as converter in AM and FM re-
ceivers. Outlines section, 5C; requires miniature 7-con-
tact socket. For general discussion of pentagrid types,
see Frequency Conversion in Electron Tube Applications
section. Type 12BE6 is identical with type 6BE6 except
for heater ratings.

Heater Voltage (ac/dc)
Heater Current ............... . ... ... .. ... ... ... 0.3
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Heater-Cathode Voltage:

Peak value ......... . +200 max ==200'max volts
Average value 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded®
Grid No.3 to Plate ............................ 0.30 max  0.25 max pF
Grid No.3 to Grid No.1 ........................ 0.16 max  0.16 max pF
Grid No.l to Plate ......................... ... 0.10 max  0.05 max pF
Grid No.3 to All Other Electrodes ............. 7 7 pF
Grid No.1 to All Other Electrodes .............. 5.5 5.5 pF
Plate to All Other Electrodes ................ > 8.0 13.0 pF
Grid No.1 to Cathode and Grid No.b .......... 3 3 pF

Cathode and Grid No.5 to All Other Electrodes
except Grid Nol .............. ... civenn.. 15 20 pF

® With external shield connected to cathode and grid No.5.

Converter

MAXIMUM RATINGS (Design-Maximum Vaiues)
Plate Voltage . ....... ... ...ttt iiiiaannan. 330 volts
Grids-No.2-and-No.4 (Screen-Grid) Voltage ...................... i10 volts
Grids-No.2-and-No.4 Supply Voltage ............................ 330 volts
Cathode Current [ P 156.5 mA
Plate Dissipation ........ i1 watts
Grids-No.2-and-No.4 Input .... 1.1 watts
Grid-No.3 Voltage:

Negative-bias value 85 volts

Positive-bias value . 0 volts
Heater-Cathode Voltage:

Peak value ................ . 200 volts

Average VABIUE ... ... e 100 volts
TYPICAL OPERATION (Separate Excitation)*
Plate Voltage .............. it iiiiiineanranrnn 100 250 volts
Grids-No.2-and-No.4 (Screen-Grid) Voltage ........ 100 100 volts
Grid-No.1 (Oscillator-Grid) Voltage (rms) ........ 10 10 volts
Grid-No.3 (Control-Grid) Voltage ................. —1.5 —1.5 volts
Grid-No.1 (Oscillator-Grid) Resistor ............... 20000 20000 ohms
Plate Resistance (Approx.) ...............c.cvvu.us 0.4 1 megohm
Conversion Transconductance ...................... 455 475 pmhos
Plate Current ............. ... .00 oo, 2.6 2.9 mA
Grids-No.2-and-No.4 Current 7.0 6.8 mA
Grid-No.1 Current 0.5 0.5 mA
Cathode Current e 10.1 10.2 mA
Grid-Nn.3 Voltage for conversion transconductance

—30 —30 volts

of 10 umhos

NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate
(not oscillating) is approximately 7260 umhos under the following conditions: grids No.1
and No.3 at 0 volts; grids No.2 and No.4 and plate at 100 volts. Under the same conditions,
the cathode current is 25 mA, and the amplification factor is 20. Grid-No.1 voltage (Approx.)
for plate current of 10 uA is —11 volts.

% The characteristics shown with separate excitation correspond very closely with those ob-
tained in a self-excited circuit operating with zero bias.

Installation and Application

Because of the special structural arrangement of the 6BE6, a change
in signal-grid voltage produces little change in cathode current. Conse-
quently, an rf voltage on the signal grid produces little modulation of the
electron current flowing in the cathode circuit. This feature is important
because it is desirable that the impedance in the cathode circuit should
produce little degeneration or regeneration of the signal-frequency input
and intermediate-frequency output. Another important feature is that,
because signal-grid voltage has very little effect on the space charge near
the cathode, changes in ave bias produce little change in oscillator trans-
conductance and in the input capacitance of grid No.l. There is, therefore,
little detuning of the oscillator by avc bias.

A typical self-excited oscillator circuit employing the 6BE6 is given
in the Circuits section.

In the 6BE6 operation characteristics curves with self-excitation, Ey is
the voltage across the oscillator-coil section between cathode and ground;
E; is the oscillator voltage between cathode and grid.
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OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS

WITH SELF-EXCITATION WITH SEPARATE OSCILLATOR EXCITATION
1vPe BBE6 TYPE 6BE6
| E¢=6.3 VOLTS  PLATE VOLTS=250 | €¢-8.3 voLrs i
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6BF5 Refer to chart at end of section.
6BF6 Refer to chart at end of section.

12BFL, 178F11, 24F11 SHARP-CUTOFF PENTODE

Duodecar type used as combined detector and amplifier
tube in color and black-and-white television receivers.
The dual-control, sharp-cutoff pentode unit is used as
an FM detector and the beam power unit as an af output
amplifier. Outlines section, 8C; requires duodecar 12-
contact socket. Types 12BF11, 17BF11 and 24BF11 are
identical with type 6BF11 except for heater ratings.

6BF11 12BF11 178BF11 24BF11
Heater Voltage (ac/de) ........ 6.3 12.6 16.8 24.2 volts
Heater Current ................ 1.2 0.6 0.45 0.315 amperes
Heater Warm-up Time (Average) — 11 11 11 seconds
Heater-Cathode Voltage:
Peak value ............... *200 max =200 max =200 max *200 max volts
Average value ........... 100 max 100 max 100 max 100 max volts
Direct Interelectrode Capacitances:
Pentode Unit:
Grid No.l to Plate ... ... ... ... .. ... . i iiiiiiiieeenannanns 0.36 pF
Grid No.3 to Plate .. ............. i oot 3.2 pF
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ........ ... ... .. ... .. ... .. ... ... ..., 6.5 pF
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2, Plate,
and Internal Shield .......... ... ... ... ... .. .. ... .. 8 pF
Grid No.1l to Grid No.3 ........ ... ... iiiiiiiiiinann 0.11 pF
Beam Power Unit:
Grid No.L to Plate ... .. ... .. .. . . . .. iiiiiiiaiinnnnas 0.24 pF
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield .......... . ... ... .. ... ... ... . ... 13 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ....... ... ... .. ... ... ... ... . ... 10 pF

Pentode Plate to Beam Power Plate ........................... 0.13 pF
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Beam Power Unit as Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Va!ues) .
. 165 volts

Plate Voltage ............. ..., .
Grid-No.2 (Screen-Grid) Voltage 150 volts
Average Cathode Current . 65 mA
Plate Dissipation . 6.5 watts
Grid-No.2 Input .......... ... .ttt iireeeaenanns 1.8 watts
TYPICAL OPERATION
Plate Voltage ........ ... ... . ittt 145 volts
Grid-No.2 Voltage ... ........... ...ttt 110 volts
Grid-No.1 (Control-Grid) Voltage ................................ —6 volts
Peak AF Grid-No.l Voltage .........................cccciiiun.. 6 volts
Zero-Signal Plate Current .......................iiiiiiiiiiie.a, 36 mA
Maximum-Signal Plate Current .................................. 40 mA
Zero-Signal Grid No.2 Current ................................... 3 mA
Maximum-Signal Grid-No.2 Current .............................. 9 mA
Plate Resistance (ADDProxX.) ...............c.oviiiuiiiannneianain. 0.03 megohm
Transeonductanee ................ . 8600 umhos
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PLATE VOLTS 92CS-13742T
Load Resistance .............. .. .. . . . ..., 3000 ohms
Total Harmonic Distortion ........... . ... ... ... ................. 10 per cent
Maximum-Signal Power OQutput .............................. Ceee 2.4 watts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation .............. ... ... .. ... L 0.25 megohm
For cathode-bias operation ......................... .. .c.o... 0.5 megohm
Pentode Unit as Class A, Amphf‘ er
CHARACTERISTICS
Plate Supply Voltage ....... ... ... ... 0 i, 150 volts
Grid No.2 (Control-Grid) .................. Connected to negative end of cathode resistor
Grid-No.2 (Screen-Grid) Supply Voltage .......................... 0 volts
Grid No.1 (Control Grid) .................... Connected to negative end of eathode resistor
Cathode-Bias Resistor .............. .. ... .. . i iiiiiiierannnnnns 560 ohms
Plate Resistance (APProx.) ........... ... iiiieiireriannainnann 0.15 megohm
Transconductance, Grid No.l to Plate ............................ 1000 pmhos
Transconductance, Grid No.3 to Plate ... ... ...... ... ........... 400 umhos
Plate Current ....... ... ... . .. ... 1.3 mA
Grid-No.2 Current .. ......... ... . i 2 mA
Grid-Neo.1 Voltage (Approx.) for plate current of 10 pgA ........ —4.5 volts
Grid-No.3 Voltage (Approx.) for plate current of 10 pA ... ... .. —45 volts
Pentode Unit as FM Sound Detector
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ....... .. ... ... ... i i e 330 volts
Grid-No.3 Voltage ....... s . . 28 volts
Grid No.2 Supply Voltage . . 330 volts
Grid-No.2 Voltage ........ See curve page 300
Grid-No.1 (Control Grid) Volt.age Posi 0 volts
Plate Dissipation .......... ... ... ... .. .. .. ... ... 1.7 watts
Grid-No.2 Input:
1.1 watts

For grid-No.2 voltages up to 165 volts ..... ... ..

For grid-No.2 voltages between 165 and 330 volts ............. See curve page 300
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MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ........................... RN 0.26 megohm
For cathode-bias operation ..................... ... c..ciiians 0.5 megohm

TYPE 6BFII

PENTODE UNIT

DC GRID-No.3 VOLTAGE (EC3)=0 V
OC GRID-No.2 VOLTAGE(Ec,)*00V

3
LT |
=T

|
[ L

N
=]

&

DC PLATE (Ip) MILLIAMPERES

10 € SRP (Ecy=0
LT L=
. ST
-2 -4
o 0
PLATE vOLTS
6BG6G Refer to chart at end of section
6BG6GA
6BH3 Refer to chart at end of section.
6BH3A Refer to chart at end of section.
6BHé6 '@ @
SHARP-CUTOFF PENTODE OO
Miniature type used as rf amplifier particularly in «() (6)ca
ac/de receivers and in mobile equipment where low \ ‘

heater-current drain is important. It is particularly  GEXYCA | XD,
useful in high-frequency, wide-band applications. IS o 3

Outlines section, 5C; requires miniature 7-contact S
socket. ICM
Heater Voltage (ac/dc) 6.3 volts
Heater Current .............. P 0.15 ampere
Peak Heater-Cathode Voltage ................................... +90 max volts
Direct Interelectrode Capacitances:s

Grid No.l to Plate ... ... ... .. ... ... .. ... .. ...cici.uuu. 0.0035 max pF

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield ..... ... .. ... . ... ... ... ... .. 5.4 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ..... ... ... .. .. .. ... ... . ... ... .. ....... 4.4 pF
= Without external shield, or with external shield connected to cathode.
Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values)
Plate Voltage . ...ttt 300 volts
Grid-No.2 (Screen-Grid) Voltage ................................ See curve page 300
Grid-No.2 Supply Voltage ............. ... . .c..ciiiiiiiinininnnnn. 300 volts
Grid-No.1 (Control-Grid) Voltage:

Negative-bias value ............... ... ... ... ... 0. 50 volts

Positive-bias value ....... ... ... .. .. .. .. iiiciiiiiiie... 0 volts
Plate Dissipation .......... .. . e 3 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 150 volts ...................... 0.5 watt

For grid-No.2 voltages between 150 and 300 volts ............ See curve page 300
CHARACTERISTICS
Plate Voltage ..................c.coiviiiiiiiann., 100 250 volts
Grid No3 ... ... ... . ... Connected to cathode at socket
Grid-No.2 Voltage ............................c... 100 150 volts
Grid-No.1 Voltage .....................cccuveeni... —1 —1 volt
Plate Resistance (Approx.) ....................... 0.7 1.4 megohms
Transconductance ....................cccenniinn... 3400 4600 pmhos
Plate Current ................... ... i 3.6 7.4 mA
GrideNo.2 Current ...................c.......0v... 1.4 2.9 mA

0 BA e e —&b —7.7 volts
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Refer to chart at end of section. 6BHS8
_— MEDIUM-MU TWIN TRIODE— '
w @@ %  SHARP-cUTOFF PENTopE  OBHI1

(3)°2p Duodecar type used in color and black-and-white tele-

vision receiver applications. The triode units are used

12716, 9re for general-purpose applications, and the pentode unit

(Dge,05,i used for horizontal-deflection service. Outlines sec-

is  tion, 8B; requires duodecar 12-contact socket. Heater:

volts (ac/dec), 6.3; amperes, 0.8; maximum heater-
cathode volts, =200 peak, 100 average.

H

H
12FP

Pentode Unit as Horizontal-Deflection Oscillator
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ........... . .. . ... i 350 volis
Grid-No.2 (Screen-Grid) Voltage ................................ 330 volts
Grid-No.1 (Control-Grid) Voltage:
Positive-bias value ....... ... .. ... .. ... ... ... .. ... 0 volts
Peak negative value .......... ... ... ... ... ... ... ...l 175 volts
Peak Cathode Current ................ ... ...................... 300 mA
Average Cathode Current ...................................... 20 mA
Plate Dissipation .......... ... ... .. ... ... ... 2.5 watts
Grid-No.2 Input .. ... . 0.55 watt
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Each Triode Unit
Plate Voltage ........ ... .. ... ... . ... ... 330 volts
Grid Voltage, Positive-bias Value . .............. ... ............ 1} volts
Plate Dissipation . ... .. ... . ... ... 2.5 watts
Each
CHARACTERISTICS Pentode Unit Triode Unit
Plate Voltage .............. .. ... ... ........ ... .. 125 125 volts
Grid-No.2 Voltage .......... ... ... ................ 125 — volts
Grid-No.1 Voltage ................................ —1 —1 volt
Amplification Factor ............... . . ... ... ..... — 46
Plate Resistance (Approx.) ....................... 200000 5400 ohms
Transconductance ................................. 7500 8500 stmhos
Plate Current ................... ... .. 12 13.5 mA

Grid-No.2 Current 4 — mA
Grid-No.1 Voltage (Approx.) for plate current

of 10 wA ... . —8 —8 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ....................... 2.2 2.2 megohms
For cathode-bias operation ..................... 2.2 2.2 megohms
Refer to chart at end of section. 6BJ3

and wide-band applications. Features high transcon-
ductance and low grid-to-plate capacitance. Outlines

H P
" \‘ (] ° REMOTE-CUTOFF PENTODE 6BJ6
FOIA G3 Miniature type used as rf amplifier in high-frequency
is

0)

Gi

CM section, 5C; requires miniature 7-contact socket.
Heater Voltage (ac/de) ....... ... iiiiiiiiiriiinneinaanons 6.3 volts
Heater Current . .. .. ... ... 0.15 ampere
Peak Heater-Cathode Voltage .................. ... ... ccv.n. =90 max volts
Direct Interelectrode Capacitances:®
Grid No.l1 to Plate ........................ e 0.0035 max pF
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .. ......... e 4.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and .
Internal Shield ........... ... ... ... .. 5.5 pF

= Without external shield, or with external shield connected to cathode.
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Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Voltage ...... ... ... ... . .. .ottt i 300 volts
Grid-No.2 (Screen-Grid) Voltage ................................ See curve page 300
Grid-No.2 Supply Voltage ............. ... ... ... ... ... ... ... 300 volts
Plate Dissipation ... ... ... . ... ... e e 3 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 150 volts ...................... 0.6 watt

For grid-No.2 voltages between 150 and 300 volts ............ See curve page 300
Grid-No.1 (Control-Grid) Voltage:

Negative-bias value ......... ... ... ... ... ... . i 50 volts

Positive-bias value ........... ... . ..o, 0 volts
CHARACTERISTICS
Plate Voltage ............ . ... .0 iiiiiinniennnn 100 250 volts
Grid No.3 ... ... . Connected to cathode at socket
Grid-No.2 Voltage ..........................0ouinn 100 100 volts
Grid-No.l Voltage ...........................c.... —1 —1 volt
Plate Resistance (Approx.) . ...................... 0.25 1.3 megohms
Transconduetance ........................cniiiin. 3650 3600 pmhos
Plate Current ................ ... 0., 9 9.2 mA
Grid-No.2 Current ........ . ... ... ... ... ... ..... 3.5 33 mA
Grid-No.1 Voltage (Approx.) for transconductance of .

10 pmhos .. ... ... —20 —20 volts

Refer to chart at end of section.

6BJ6A For replacement use type 6BJ6.
68J7 Refer to chart at end of section.
6BJ8 TWIN DIODE—
MEDIUM-MU TRIODE

Miniature type used in black-and-white and color tele-
vision receiver applications. The diode units are used
in phase-detector, phase-comparator, ratio-detector or
diseriminator, and horizontal afc discriminator circuits.
The triode unit is used in phase-splitter, audio-fre-
quency amplifier, vertical-deflection amplifier, and low- 9ER
frequency oscillator applications. QOutlines section, 6E; requires miniature
9-contact socket.

Heater Voltage (ac/d¢) ..ottt iiiiiiniiiineneenunn 6.3 volts
Heater Current ................ . ittt 0.6 ampere
Heater Warm-up Time (Average) ................c.c.c.viivuninn 11 seconds
Heater-Cathode Voltage:
Peak value .. +200 max volts
Average value .., ... 100 max volts
Direct Interelectrode Capa
Triode Unit:
Grid to Plate ............. e 2.6 pF
Grid to Cathode and Heater . 2.8 pF
Plate to Cathode and Heater ................... . 0.31 pF
Diode Unita:
Plate to Cathode and Heater (Each Unit) .............. .. 1.9 pF
Cathode to Plate and Heater (Each Unit) ........... .. 4.6 pF
Plate of Unit No.l to Plate of Unit No.2 .................... 0.06 max pF
Plate of Diode Unit No.l to Triode Grid ...................... 0.07 max pF
Plate of Diode Unit No.2 to Triode Grid ...................... 0.11 max pF
Plate of Either Diode Unit to All Other Electrodes ............ 3 pF
Cathode of Either Diode Unit to All Other Electrodes .......... 4.8 pF
Triode Unit as Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Volt8ZE ........o.iiiiit ittt it 330 volts
Grid Voltage, Positive-bias value ................................ 0 volts
Average Cathode Current .......................c.cccviiiinnnns 22 mA
Plate Dissipation ......... ... .. ... 4 watts
CHARACTERISTICS
Plate Voltage ..................iiiiiiiieiiiinenn 90 250 volts
Grid Voltage ............. ... ... .. ... iiiiiaiia 0 —9 volts
Amplification Factor ............ ... ... . ... ....... 22 20
Plate Resistance (Approx.) ...................... 4700 7150 ohms

Transconduetance .....................iiiiiiiinas 4700 2800 pmhos
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Plate Current ................. .. ... ... . . ... ..... 13.5 8 mA
Plate Current for grid voltage of —12.5 volts ...... — 1.7 mA
Grid Voltage (Approx.) for plate current of 10 xA .. —17 —18 wvolts
MAXIMUM CIRCUIT VALUE

Grid-Circuit Resistance ............... ... ... ...... ... .. ......... 1 megohm

Triode Unit as Vertical-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage .. ................ . ...... ... ... ... ... .. 330 volts
Peak Positive-Pulse Plate Voltage# ....................... ...... 1200 volts
Peak Negative-Pulse Grid Voltage .............................. 275 volts
Peak Cathode Current ............. ... .. ... ............ ....... 77 mA
Average Cathode Current .............. ... ... .. .00 . ' 'ioiiiiii. 22 mA
Plate Dissipation ........... ... ... .. .. .. ..., 4 watts
MAXIMUM CIRCUIT VALUE

Grid-Circuit Resistance, for cathode-bias operation .............. 2.2 megohms

# Pulse duration must not exceed 15¢, of a vertical scanning eycle (2.5 milliseconds).

Diode Units

MAXIMUM RATINGS (Design-Maximum Values)
Plate Current (Each Unit):

Peak ... 54 mA
Average . ... i et i e 9 mA
TYPE 6BJ8
TRIODE UNIT
30
g iR
€20 s b/
Sl 1INy
) 4
T
=\ AN LS y
) 100 200 300 400
PLATE VOLTS 92€S-9531T
6BK4
Refer to chart at end of section. 6BK4A
6BK4B

6BK4C/
BEAM TRIODE 6EL4A

Glass octal type used for the voltage regulation of
high-voltage, low-current dc power supplies in color
and black-and-white television receivers. Qutlines sec-
tion, 21B; requires octal socket. Socket terminals 3, 4,
6, and 8 should not be used for tie points. For high
voltage and X-ray safety considerations, refer to page
8GC 93.

Heater Voltage (ac/dc) 6.3 volts
Heater Current ............. 0.2 ampere
Peak Heater-Cathode Voltage ............. —450* max volts
Direct Interelectrode Capacitances (Approx.):
Grid to Plate ......... ... .. .. i e i i 0.03 pF
Grid to Cathode and Heater .......................... .. ... .. 2.6 pF

Plate to Cathode and Heater ................................ 1 pF



200 RCA RECEIVING TUBE MANUAL

Shunt Voltage-Regulator Service
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage .......... ... it 27000
Unregulated DC Supply Voltage .........................c.0u... 60000
DC Grid Voltage ........... . it it —135
Peak Grid Voltage® ...... ... .. . . . . . —440
Average Plate Current . ......... .. ... ... .. . . ... 1.6
Plate Dissipation ....... ... .. ... . . . .. .. 40
TYPICAL OFERATION
Unregulated DC Supply Voltage ............... .. ... ........... 36600
11

Equivalent Resistance of Unregulated Supply ....................
Voltage Divider Values:

R1 (5 watts) 220

Ra (2 watts) .. 1

Rs (0.5 watt) 0.82
DC Reference Voltage Supply ........ ... .. ... ... ... ... ... ...... 200
Equivalent Resistance of Reference Voltage ...................... 1000
Effective Grid-Plate Transconductance ........................... 200
DC Plate Current for Load Current of 0 mA ..................... 1000
DC Plate Current for Load Current of 1 mA ...... ............... 45
Regulated DC Qutput Voltage for Load Current of 0 mA ........ . 25000
Regulated DC Qutput Voltage for Load Current of 1 mA .... . ... 24500
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance ........... ... ... ... ... ... ... i o 3

« For interval of 20 seconds maximum duration during equipment warm-up period.

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum:

Statistical value controlled on a lot sampling basis .......... 0.5
CHARACTERISTICS RANGE VALUES Note Min Max
Grid Voltage (1) ............... ... 1 -7 —
Grid Voltage (2) ............ .. .. ccoieiinn 2 — —40
Grid-Voltage Change ........................ 3. — 9

Note 1: With dc plate voltage of 30000 volts and dc plate current of 1 mA.
Note 2: With dc plate voltage of 30000 volts and dc plate current of 0.1 mA,
Note 3: Difference between grid voltage (1) and grid voltage (2}).

volts

megohms

megohms
megohm
megohm

volts
ohms
pmhos
A
uA
volts
volts

megohms

mR/hr

volts
volts
volts

Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.

Equipment design must be such that these maximum values are not exceeded.

AVERAGE TRANSFER
CHARACTERISTICS

T T T T T T
TYPE 6BK4C/6ELSA
I~ E¢= 6.3 VOLTS
2.5
N
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92C5-843273

* Series impedence should be used with the cathode to limit the cathode current under pro-

longed short-circuit conditions to 450 mA.
§ Without external shield.
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Refer to chart at end of section. 6BK5
Refer to chart at end of section. 6BK7A

MEDIUM-MU TWIN TRIODE 6BK7B
SBK7A

Miniature type used as a cascode amplifier in vhf color
and black-and-white television tuners and in push-pull
cathode-drive rf amplifiers. Outlines section, 6B; re-
quires miniature 9-contact socket. For typical opera-
tion as a resistance-coupled amplifier, refer to Resist-
ance-Coupled Amplifier section. Type 5BK7A is identi-
cal with type 6BK7B except for heater ratings.

5BK7A 6BK7B
4.7 6.3

Heater Voltage (ac/de) ............. ... ... ...... . volts
Heater Current ......................... .00 .. - 0.6 0.45 ampere
Heater Warm-up Time (Average) .................. 11 11 seconds
Heater-Cathode Voltage:
Peak value .............. ... ... ... ... .. ..., +200*max *200*max volts
Average value ... ... ... ... ... .. .. ... . .. 100 max 100 max volts
Direct Interelectrode Capacitances: Unit No.1  Unit No.2
Grid to Plate .......... ... ... ... ... ......... . 1.8 pF
Grid to Cathode, Heater, and Internal Shield .. 3 3 pF
Plate to Cathode, Heater, and Internal Shield .. 1 0.9 pF
Cathode to Grid, Heater, and Internal Shield .. 6 6 pF
Plate to Grid, Heater, and Internal Shield .... 2.4 2.4 pF
Plate to Cathode .................. ... .. ... .. 0.22 0.22 pF
Heater to Cathode . ................ ... ........ 2.8 3 pF
Grid of Unit No.l to Grid of Unit No.2 .................... 0.004 max pF
Plate of Unit No.1 to Plate of Unit No.2 .................. 0.075 max pF

* Rating may be as high as 300 volts under cutoff conditions when tube is used as a cascode
amplifier, the units are connected in series, and heater is negative with respect to cathode.

Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Center Value)

Plate Voltage .........c.ciouiiit i 300 volts
Grid Voltage, Negative-bias value ............................., 50 volts
Plate Dissipation . ... ... ... .. ... 2.7 watts
CHARACTERISTICS
Plate Supply Voltage 150 volts
Cathode-Bias Resistor 56 ohms
Amplification Factor 43
Plate Resistance (APpProx.) ............ .ttt 4600 ohms
Transconductance ........ ... . ... e 9300 umhos
Plate Current . ...... ... .. .. i 18 mA
Grid Voltage (Approx.) for plate current of 10 A ...... ........ —11 volts
Refer to chart at end of section. 6BL4
Refer to chart at end of section. 6BL7GT

MepiuM-Mu TwIN TRiope O6BL7GTA

Glass octal type used as combined vertical-deflection
amplifier and vertical-deflection oscillator in color and
black-and-white television receivers. When so operated,
it is recommended that unit No.1 (pins 4, 5, and 6) be
used as the oscillator. Outlines section, 13D; requires
octal socket.

Heater Voltage (ac/de) ... ..., 6.3 volts
Heater CUuIrent . ...................eeieiiieiine e, 1.5 amperes
Heater-Cathode Voltage:

Peak value .............. ... ... ... ... 3200 max volts

Average value .. .......... ... ... o il 100 max volts
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Direct Interelectrode Capacitances (Approx.): Unit No. 1 Unit No. 2
Grid to Plate ....... . ....... ... ... .o 6 6 pF
Grid to Cathode and Heater .................. 4.2 4.6 pF.
Plate to Cathode and Heater .................. 0.9 0.9 pF

Class A, Amplifier
CHARACTERISTICS (Each Unit)

Plate Voltage ............. ... i, 150 250 250 volts
Grid Voltage .................ccviiiiiiiinan 0 —17 —9 volts
Amplification Factor .......................... — — 15
Plate Resistance (Approx.) .................... — — 2150 ohms
Transconductance .............................. — — 7000 pmhos
Plate Current ....................... ... .. BN 65n 4 40 mA
Grid Voltage (Approx.} for plate current of

B0 mA —_ —_— —23 volts

® This value can be measured by a method involving a recurrent waveform such that
the maximum ratings of the tube will not be exceeded.

Vertical-Deflection Oscillator or Amplifiers-

For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Center Values) Oscillator Amplifier
DC Plate Voltage ........ .. .. ... . .. iieieiuninas 500 500 volts
Peak Positive-Pulse Plate Voltage#

(Absolute Maximum) ......................... — 20002 volts
Peak Negative-Pulse Grid Voltage ................ 400 250 volts
Peak Cathcde Current ............................ 210 210 mA
Average Cathode Current .......................... 60 60 mA
Plate Dissipation:

For either plate .............................. 10 10 watts

For both plates with both units operating ...... 12 12 watts
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance ............................ 4.7 4.7% megohms

¢ Unless otherwise specified, values are for each unit.

# Pulse duration must not exceed 159, of a vertical scanning cycle (2.5 milliseconds).
s Under no circumstances should this absolute value be exceeded.

1 For cathode-bias operation.

6BLS Refer to chart at end of section.
6BI'8/ MEDIUM-MU TRIODE—
ECF80 SHARP-CUTOFF PENTODE
4BL8/XCF80

Miniature type used in frequency-changer service in
color and black-and-white television receivers. Outlines
section, 6B; require miniature 9-contact socket. Type
4BL8/XCF80 is identical with type 6BL8/ECF80 ex-
cept for heater ratings.

Gip

4BLS8/ 6BLS8/
XCF80 ECF80

Heater Voltage (ac/de) ......... ... .. vivienenn.. 4.6 6.3 volts
Heater Current ......... .. ... .. ... ... ... .. 0. 0.6 0.45 ampere
Peak Heater-Cathode Voltage .................... +100 max =100 max volts
Class A; Amplifier

MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit
Plate Supply Voltage ............................. 550 550 volts
Plate Voltage ................ ... ... iviiviiiinn 250 250 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........... — 550 volts
Grid-No.2 Voltage:

With cathode current of 14 mA ............... —_ 175 volts

With cathode current less than 10 mA ........ —_ 200 volts
Cathode Current .................. ... .cciiiieinn 14 14 mA
Plate Dissipation ...................... ... ... L5 1.7 watts
Grid-No.2 Input:

With plate dissipation greater than 1.2 watts .. —_— 0.5 watt

With p.late dissipation less than 1.2 watts .... — 0.75 watt
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CHARACTERISTICS

Plate Voltage ..................... ... iiiunnnn. 100 170 volts
Grid-No.2 Voltage ............. ..., — 170 volts
Grid-No.1 Voltage .........................cc0vvnnn -2 —2 volts
Amplification Faetor ........................... ... 20 —

Mu-Factor, Grid No.2 to Grid No.l ................ — 47

Plate Resistance (AppProx.) ....................... — 0.4 megohm
Transconductance ...................uiiiiininnn 5000 6200 pmhos
Plate Current .............. ... .. .. ... ... ... 14 10 mA
Grid-No.2 Current ................................ — 2.8 mA
Input Resistance at frequenecy of 50 MHz ... ....... _— 0.01 megohm
Equivalent Noise Resistance ...................... —_ 1500 ohms

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ...................... 0.5 0.5 megohm
For cathode-bias operation ................... 0.5 1 megohm
6BM8/
HIGH-MU TRIODE— ECL82
o POWER PENTODE SoBMB/UCLS2

Miniature type used in color and black-and-white tele-
(M %vision receiver applications. The pentode unit is used
as an audio output tube, and the triode unit as an
// (®«r oscillator and af voltage amplifier. Qutlines section,

(9 6G; requires miniature 9-contact socket. Type 50BM8/
of Pr  UCLS82 is identical with type 6BM8/ECL82 except for
9EX heater ratings.
6BMS8/ 50BMS8/
ECLS82 UCLS82
Heater Voltage ......... . ... iiiiiiiiaan 6.3 50 volts
Heater Current . .................o0iriiuaianeinnnns 0.78 0.1 ampere
Peak Heater Cathode Voltage ..................... 100 max #+200 max volts
Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values) Triode Unit  Pentode Unit
Plate Supply Voltage ........... .. ........covuiunn. 550 900 volts
Plate Voltage .. ... ... ... s 300 600 volts
Grid-No.2 Supply Voltage .......................... —_ 550 volts
Grid-No.2 Voltage ............. .. .. ... .. ... ...... —_ 300 volts
Cathode Current ..................... ... ........un 15 50 mA
Plate Dissipation ................. ... .. ... . 1 7 watts
Grid-No.2 Input ........... . ... .. . . ... iiiiiann — 1.8 watts
CHARACTERISTICS
Plate Voltage ............... .. .. .. .. i, 100 200 volts
Grid-No.2 Voltage ................... ... .iiia.. — 200 volts
Grid-No.1 Voltage ........... ... .................. 0 —16 volts
Amplification Factor .......... ... .. ... ... ........ 70 9.5*
Plate Resistance (Approx.) ........................ — 0.02 megohm
Transconductance ....................¢c.ciiuiiiann, 2500 6400 umhos
Plate Current .............. ... ... ... . ... ... 3.5 35 mA
Grid-No.2 Current ................................ — 7 mA
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ..................... 1 1 megohm
For cathode-bias operation ... . ... ... ... .... 2 2 megohms
* Grid No.2 to Grid No.1
Refer to chart at end of section. 6BN4
MEDIUM-MU TRIODE 2BN4A, 3BN4A

Miniature type used as rf amplifier tube in grid-drive
circuits of vhf color and black-and-white television
tuners. Outlines section, 5C; requires miniature 7-con-
tact socket. Types 2BN4A and 3BN4A are identical
with type 6BN4A except for heater ratings.
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2BN4A 3BN4A 6BN4A
2.36 3

Heat Voltage (ac/de) ...................... . 6.3 volts
Heater Current ............................ 0.6 0.45 0.2 ampere
Heater Warm-up Time (Average) .......... 11 11 — seconds
Peak Heater-Cathode Voltage ............. *+100 max *100 max =*=100 max volts
Direct Interelectrode Capacitances (Approx.):*
Grid to Plate ... ... ... .. i 1.2 pF
Grid to Cathode and Heater ................................ 3.2 pF
Plate to Cathode and Heater ................................ 1.4 pF
* With external shield connected to cathode.
Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)
Plate Voltage ... ... ...ttt ittt ianrnerananes 75
Grid Voltage, Positive-bias value ..........................ooo.. . 2 0 ;g}tt:
Cathode Current ............... .. ... ittt 22 mA
Plate Dissipaation .............. .. .. ... i il 2.2 watts
CHARACTERISTICS
Plate-Supply Voltage .............. ... . ittt 15
Cathode-Bias Resistor ................ ..o .ciiiiiiirinnnieinnen 22(‘)) ovl?tlnt:
Amplifieation Faector ... ... ... .. i 43
Plate Resistance (APDrox.) .............coiiiiiinieiiiiniennnnenn 5400 ohms
Transconduct@NeCe . .......... ...t it 7700 pmhos
Plate Current . ... ... . ... .. ... i i e e 9 mA
Grid Voltage (Approx.) for plate current of 100 pA ............. —6 voits
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance ........... .. ... ... ... ... . . iiiiiiiin, 0.5 megohm
6BN6 Refer to chart at end of section.

6BN6/6KS6

3BN6, 4BN6 BEAM TUBE

Miniature type used as combined limiter, discriminator,
and audio-voltage amplifier in intercarrier television
and FM receivers. Outlines section, 5D; requires mini-
ature 7T-contact socket. Types 3BN6 and 4BN6 are iden-
tical with type 6BN6/6KS6 except for heater ratings.

3BN6 4BN6 6BN6/6KS6

Heater Voltage (ac/dc) 3.156 4.2 6.3 12.6 volts

Heater Current .......... 0.6 0.45 0.3 0.15 ampere
Heater Warm-up Time

BEE) .. 11 11 — — seconds
Heater-Cathode Voltage

Peak value ........ ... =200 max =200 max =200 max =200 max volts

Average value e 100 max 100 max 100 max 100 max volts

Direct Interelectrode Capacitances:
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield ........ ..ottt 4.2 pF
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, and
Internal Shield ...... ... . ....iiiiiiiiiiineiiiir i 3.3 pF
Grid No.l to Grid No.3 ... ... ... i 0.004 max pF
Limiter and Discriminator Service
MAXIMUM RATINGS (Design-Maximum Values)
Plate-Supply Voltage .......... ... it 330 volts
Grid-No.2 Voltage ..........c.iioiiiriieriuiiirrreneaaerennennses 110 volts
Grid-No.1 Voltage, Positive peak value .......................... fg vol:
m.

Cathode Current ..............c.ocivivirrivaernoerenenneancacaoans



TECHNICAL DATA 206

TWIN DIODE— 6BNS8
HIGH-MU TWIN TRIODE SBNS
Miniature type used in color and black-and-white tele-
vision receiver applications. The triode unit is used in
burst-amplifier, af amplifier, and low-frequency oscil-
lator applications. The diode units are used in phase-
detector, ratio-detector or discriminator, and horizon-
tal afc discriminator circuits. Outlines section, 6E;
requires miniature 9-contact socket. Type 8BNS8 is

9ER identical with type 6BN8 except for heater ratings.
6BNS 8BNS
Heater Voltage (ac/de) .................ccvvvenl. 6.3 8.4 volts
0.6 0.45 ampere

Heater Current ...................cccviiiveninna.

Heater Warm-up Time (Average) ................ 11 11 seeonds
Heater-Cathode Voltage:
Peak value ................ ... ..c.iiiiieann. +200 max +200 max volts
Average value ............... ... ... ool 100 max 100 max volts
Direct Interelectrode Capacitances:
Triode Grid to Triode Plate .......................c.ccoount. 2.5 pF
Triode Grid to Cathode and Heater .......................... 3.6 rF
Triode Plate to Cathode and Heater ........................ 0.25 pF
Plate of Diode Unit No.1 to Triode Grid .................... 0.06 max pF
Plate of Diode Unit No.2 to Triode Grid .................... 0.1 max pF
Plate of Diode Unit No.l to Plate of Diode Unit No.2 ...... 0.07 max pF
Diode Cathode to All Other Electrodes (Each Diode Unit) .... 5 pF
Diode Plate to Diode Cathode and Heater (Each Diode Unit) .. 1.9 pF
Diode Cathode to Diode Plate and Heater (Each Diode Unit) .. 4.8 pF
Diode Plate to All Other Electrodes (Each Diode Unit) ...... 3 pF
Triode Unit as Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ............... ittt 330 volts
Grid Voltage, Positive-bias value ............. ... ............... [) volts
Plate DisBip8LION .........ocevivriseiereveriescstasasasscaococoas 1.7 watts
CHARACTERISTICS
Plate Voltage ...............c..ccviiiiiiiinninn.. 100 250 volts
Grid Voltage ............ ... .. .. .cciiiiiiiriennanns —1 —3 volts
Amplification Factor .............................. 5 70
Plate Resistance (Approx.) ....................... 21000 28000 ohms
Transconductance ......................c.ieoiia. 3500 2500 pmhos
Plate Current .............. ... ... ... . ... 1.5 1.6 mA
Grid Voltage (Approx.) for plate current of 10 pA —2.6 —5.5 volts
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance ...................c.c.ciiiiiiiiiiieinnnannn 1 megohm
Diode Units
MAXIMUM RATINGS (Design-Maximum Values)
54 mA
9 mA
7 TYPE 6BNS
7 TRIODE UNIT
6
AEIN
B 1% .
AN
d
= ~
KL I
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238 / v
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&
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100 200 300 400
PLATE VOLTS 92C5-9363T

[<]



206 RCA RECEIVING TUBE MANUAL

N-I -I SHARP-CUTOFF

6B TWIN PENTODE
Duodecar type used as if-amplifier tube in television
receivers. Qutlines section, 8B; requires duodecar 12-
contact socket.

Heater Voltage ......... ... ... . .. ittt 6.3 volts
Heater Current . ...... . ... .. ... ... ... .. 0.8 ampere
Heater Warm-up Time ................. ... ... ... ... ... ..... —_ seconds
Heater-Cathode Voltage:
Peak value ........ ... ... i *+200 max volts
Average value ....... .. ... 100 max volts

Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage . ... ... ... .. ... i 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage .......................... 330 volts
Grid-No.2 Voltage ...... ... . ... ... . i See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ....... ... 0 volts
Plate Dissipation ......... ... ... ... . ... ... 3.1 watts
Grid-No.2 Input .. ....... . ... . e 0.65 watt
CHARACTERISTICS

Plate Voltage ..... ... ... .. . . i 125 volts
Grid No.3 (Suppressor Grid) ............................. Connected to cathode at socket
Grid-No.2 Voltage ........... ... . ... .0 e 125 volts
Cathode-Bias Resistor ... ............. ... ... iiiiiiiiiiianannnns 56 ohms
Plate Resistance (ApDroX.) . .......c.euiiiiiiiriieninnneraeinnnan 0.2 megohm
TransconductANee ... .. ... ... ...t e 13000 pmhos
Plate Current ....... ... ... ... i e 11 mA
Grid-No.2 Current ............. .. . i 3.8 mA
Grid-No.1 Voltage (Approx.) for plate current of 20 uA .......... —3 volts
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance, for cathode-bias operation .......... 0.25 megohm

6BQ5 For replacement use type 6BQ5/ELS84.
$BOS, 10805 POWER PENTODE

Miniature type used in the output stage of audio-fre-
quency amplifiers. Outlines section, 6G; requires mini-
ature 9-contact socket. Types 8BQ5 and 10BQ5 are
identical with type 6BQ5/EL84 except for heater rat-
ings.

6BQ5/ELS4 8BQ5
6.3 8

Heater Voltage (ac/de) .................. 3 10.6 volts
Heater Current ................ 0.76 0.6 0.45 ampere
Heater Warm-up Time (Average) . — 11 11 seconds
Heater-Cathode Voltage:
Peak value ....... .. +100 max *100 max =100 max volts
Average value ...................... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances:
Grid No.l to Plate ... ... ... .. ... ... ... ... ... ... ..cicuu. 0.5 max pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 10.8 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... ... ... 6.5 pF
Grid No.l to Heater ...............cccciiiiiiinnnnannennnann, 0.25 max pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)
Plate Voltage .................iiiiiiiiiiiiiiiiiiiiiiiieianas 300 volts
Grid-No.2 (Screen-Grid) Voltage ................................ 300 volts
Grid-No.1 {Control-Grid) Voltage, Positive-bias value ...... .... 0 volts

Cathode Current ... ... ... ... ... . ... i 65 mA
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Plate Dissipation 12 watts
Grid No.2 Input 2 watts
TYPICAL OPERATION
Plate Voltage ........ . ... .. .. e e 250 volts
Grid-No.2 Voltage ............. ...ttt 250 volts
Grid-No.1 (Control-Grid) Voltage ....... ... ... .. .............. —17.3 volts
Peak AF Grid No.l Voltage ................ .. ... ..., 6.2 volts
Zero-Signal Plate Current ................. ... ... ... .. ... 48 mA
Maximum-Signal Plate Current .................. ... ........... 50.6 mA
Zero-Signal Grid-No.2 Current ................... ... ... ....... 5.5 mA
Maximum-Signal Grid-No.2 Current ............................ 10 mA
Plate Resistance (ADPProx.) ........... ..t iiiumieninnaaaanns 38000 ohms
TransconductBNee .. .. ... ..t s 11300 umhos
Load Resistance ..................euiiieiuiuneieennninenennannios 4500 ohms
Total Harmonic Distortion ................. . ... ... ....cc...... 10 per cent
Maximum-Signal Power Output ............................... 5.7 watts
MAXIMUM CIRCUIT VALUES
Grid-No.-Circuit Resistance:
For fixed-bias operation .................. .. ... ... ... 0.3 megohm
For cathode-bias operation ................ e 1 megohm
Push-Pull Class AB, Amplifier
MAXIMUM RATINGS (Same as for Single-Tube Class A: Amplifier)
TYPICAL OPERATION (Values are for two tubes)
Plate Supply Voltage .............. ... . ... ... .... 250 300 volts
Grid-No.2 Supply Voltage ........................ 250 300 volts
Cathode-Bias Resistor ............................. 130 130 ohms
Peak AF Grid-No.l-to-Grid-No.1 Voltage .......... 22.6 28.3 volts
Zero-Signal Plate Current ... ...................... 62 72 mA
Maximum-Signal Plate Current .................. 75 92 mA
Zero-Signal Grid-No.2 Current .................... T 8 mA
Maximum-Signal Grid-No.2 Current ................ 15 22 mA
Effective Load Resistance (Plate-to-plate) ......... 8000 8000 ohms
Total Harmonic Distortion ........................ 3 4 per cent
Maximum-Signal Power Output ................... . 11 17 watts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ........ . ... ... ... ... ... . 0.3 megohm
For cathode-bias operation .............. ... ... ............... 1 megohm
Refer to chart at end of section. 6BQ6GT

A 6BQ6GTB

P
OJalO),
NC
3 BEAM POWER TUBE /6CU6
A b BT st
IR MM Glass octal type used as horizontal-deflection amplifier
N in color and black-and-white television receivers. QOut-
G3 lines section, 14D; requires octal socket. This type may
6AM be supplied with pin No.1 omitted. Types 12BQ6GTB/

12CU6 and 25BQ6GTB/25CU6 are identical with type 6BQEGTB/6CU6 ex-
cept for heater ratings.

6BQ6GTB/ 12BQ6GTB/ 25BQ6GTB/
6CU6 12CU6 25CU6

Heater Voltage (ac/dec) .................... 6.3 12.6 25 volts
gea::r ‘Cv\xtrent e (A ................... 1.2 0.6 0.3 ampere
eater arm-up Time verage} .......... — 1 —
Heater-Cathode Voltage: ) ! seconds
Peak value ............................ +200 max =200 max +200 max  volts
_ Average value ... ... ... ... ... ... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ............. .......................... 0.6 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 15 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 7 pF
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Class A, Amplifier

CHARACTERISTICS

Plate Voltage ... ... ...... . ... .. .. . i 60 150 250

Grid-No.2 Voltage ......... .. e e 150 150 150

Grid-No.l Voltage ... ....... .. ... ........... 0 —22.5 -—22.5

Mu-Factor, Grid No.2 to Grid No.l ............ — —
14500

4.3
Plate Resistance (Approx.} ................... — —
Transconductance ........... ... ... ... .. ....... — — 5900
Plate Current .. ............. ... ....... ... .... 260+ — 57
Grid-No.2 Current ... .................. ... .... 26e — 2.1
Grid-No.1 Voltage (Approx.) for plate mA =1 . — _— —43

MANUAL

o These values can be measured by a method involving a recurrent waveform such that the

maximum ratings of the tube will not be exceeded.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Center Values)

DC Plate Voltage ......... ... . i i e 600
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ....... 60007
Peak Negative-Pulse Plate Voltage .............................. 1250
DC Grid-No.2 (Screen-Grid) Voltage ............................ 200
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ........... 300
Peak Cathode Current ........ . ............. ... .. ... ... ... 400
Average Cathode Current ....... ... ... .. ... ........... ... . ... 110
Plate Dissipatione ... ... . ... .. L 11
Grid-No.2 Input ...................... 2.5
Bulb Temperature (At hottest point) 220
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance .......... ... .. ... ... ... ... ... .. 0.47

volts
volts
volts
volts
volts
mA
mA
watts
watts
°C

megohm

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).

+ Under no circumstances should this absolute value be exceeded.

= A bias resistor or other means is required to protect the tube in absence of excitation.

Refer to chart at end of section.

6BQ7 For replacement use type 6BQ7A /6BZ7/6BS8.
6BQ7A For replacement use type 6BQ7A/6BZ7/6BS8.

6BQ7A/
6BZ7/
6BS8

4BQ7A/4BZ7,
5BQ7A MEDIUM-MU TWIN TRIODE
Miniature type used as a cascode amplifier in vhf color
and black-and-white television tuners in push-pull
cathode-drive rf amplifiers. Outlines section, 6B; re-
quires miniature 9-contact socket. For typical opera-
tion as a resistance-coupled amplifier, refer to Resist-
ance-Coupled Amplifier section. Types 4BQT7A/4BZ7
and 5BQ7A are identical with type 6BQ7A/6BZ7/6BS8

except for heater ratings. 9A)
4BQ7A/ 6BQ7A/6BZT/
4BZ7 5BQ7A 6BS8
Heater Voltage (ac/de) ..................... 4.2 5.6 6.3
Heater Current ....................... . 0.0 0.6 0.45 0.4
Heater Warm-up Time (Average) ........... 11 11 —

Heater-Cathode Voltage:
Peak value ....
Average value

. *200*max *200*max *200*max
100 max 100 max 100 max

volts

ampere
seconds

volts
volts
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Direct Interelectrode Capacitances:® Unit No.1 Unit No.2
Grid to Plate .................................. 1.2 1.2 pF
Grid to Cathode, Heater, and Internal Shield .... 2.6 — pF
Cathode to Grid, Heater, and Internal Shield .... — 5 © pF
Plate to Cathode, Heater, and Internal Shield .. 1.2 — pF
Plate to Grid, Heater, and Internal Shield ...... — 2.2 pF
Plate to Cathode .............................. 0.12 0.12 pF
Heater to Cathode ............................. 2.6 2.6 pF
Plate of Unit No.1 to Plate of Unit No.2 . ................. 0.0106 max pF
Plate of Unit No.2 to Plate and Grid of Unit No.1 ......... 0.024 max pF

* Rating may be high as 300 volts under cutoff conditions, when tube is used as a cascode
amplifier, the two units are connected in series, and heater is negative with respect to cathode.

° With external shield connected to internal shield.

Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Center Values)

Plate Supply Voltage ............................................ 260* volts
Cathode Current ............... .o vt 20 mA
Plate Dissipation ........... ... .. . ... .. i 2 watts
CHARACTERISTICS
Plate Supply Voltage ....... ... ... ... ... .. it 150 volts
Cathode-Bias Resistor ............... ... . ... ..................... 220 ohms
Amplification Factor ............................... T 38
Plate Resistance (ApDrox.) ............... .., 5900 ohms
Transconductanee . .......... ... .. ... ...t 6400 amhos
Plate Current ... ... ... . .. .. . . . .., 9 mA
Grid Voltage (Approx.):
For plate current of 100 uA ... .. ... . . ... ... .. ... .. ~—6.5 volts
For plate current of 10 pA . ... .. .. ... ... ... . ... ..o, — volts
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance ............. ... .. ... .. .. .. ... . ... .. ..... 0.5 megohm

* Rating may be high as 300 volts under cutoff conditions, when tube is used as a cascode
amplifier, the two units are connected in series, and heater is negative with respect to cathode.

TYPE 6BQ7A
FOR EACH UNIT

)

=]

g.ﬁeo

o

w

o i) GRID VOLTS

(=] e

4 L 7

H+ [y

EL S

ot s/ /%

& 0 A 7l

4 '\.‘Z,\a.
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<] 100 200 300 400 500 600
PLATE VOLTS 92CS-~75367!

HALF-WAVE 6BR3/

VACUUM RECTIFIER 6RK19
17BR3/17RK 19
Miniature type used as damper tube in horizontal-
deflection circuits of television receivers. Outlines sec-
tion, 7D; requires miniature 9-contact socket. Type
17BR3/17TRK19 is identical with type 6BR3/6RK19 ex-

cB cept for heater ratings.
6BR3/ 17BR3/
6RK19 17RK1%
Heater Voltage (ac/de) ....... . ................... 6.3 16.8 volts
Heater Current .................................... 1.2 0.46 ampere

Heater Warm-up Time ... ...... ... ... .. ........... — 11 seconds
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Damper Service
For operation in a 525-line, 30-frame system
MAX!MUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# 5500 volts
Peak Plate Current .............. 1200 mA
Average Plate Current ........... 200 mA
Plate Dissipation ............. . 6.5 watts
Heater-Cathode Voltage:
Peak value ........ ... ... ... —5500 volts
Average value ........... ... ... ... ... . 000, —900 volts
Bulb Temperature (At hottest point) ............................ 180 °c
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 250 mA ................ 19 volts
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).
6BR8 Refer to chart at end of section.
For replacement use type 6BRSA/6FVS8A.
6BR8SA For replacement use type 6BRSA/6FV8A.
6FVS8A MEDIUM-MU TRIODE—
SBRS/SFV8 SHARP-CUTOFF PENTODE

Miniature type used in color and black-and-white tele-
vision receiver applications. Especially useful as com-
bined triode oscillator and pentode mixer in vhf tele-
vision tuners. Outlines section, 6B; requires miniature
9-contact socket. Except for basing arrangement and
grid-No.1-to-plate capacitance of pentode unit, types
5BR8/5FV8 and 6BR8BA/6FV8A are identical with
types 5U8 and 6U8A, respectively.

Refer to chart at end of section.
For replacement use type 6BS3A.

6BS3A HALF-WAVE

1IDWAA. 1BS3A VACUUM RECTIFIER “G)
17BS3A/1TDW4A

6BS3

Novar type used as damper tube in horizontal-de-
flection circuits of black-and-white television receivers. 1c (3
Outlines section, 30B; requires novar 9-contact socket. 9HP

Socket terminals 1, 3, 6, and 8 should not be used as tie points; it is recom-
mended that socket chps for these pins be removed to reduce the possibility
of arc-over and to minimize leakage. These tubes, like other power-handling
tubes, should be adequately ventilated. Types 12BS3A/12DW4A, 17BS3A,
and 17BS3A/17DW4A are identical with type 6BS3A except for heater

ratings.

BS3A
6BS3A 12BS3A/ l7BS$A/
12DW4A 17DW4A

V de) s 6.3 12.6 16.8 volts

g::::; Ct‘x):'?ef\i ("/ 'c:) .......................... 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) .............. —_ 11 11 seconds
Direct Interelectrode Capacitances (Approx.): P
Plate to Cathode and Heater 6.5 pF
Cathode to Plate and Heater 2: lx;l"

Heater to Cathode
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Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
5000 volts

Peak Inverse Plate Voltage# ..................... e
Peak Plate Current ..... . 1100 mA
Average Plate Current . 200 mA
Plate Dissipation ......... ... ... . i 6 watts
Heater-Cathode Voltage:
Peak value ......................c.iiiiiin.. 4300 —5000 volts
Average value ............ . ... .. . il +100 —900 volits
CHARACTERISTIC, Instantaneous Value
12 volts

Tube Voltage Drop for plate current of 140 mA ................
# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).

Refer to chart at end of section.
For replacement use type 6BQ7A/6BZ7/6BS8. 6BS8

SHARP-CUTOFF

TWIN PENTODE Byusass
Miniature type used as combined sync separator, sync
clipper, and age amplifier tube in color and black-and-
white television receivers. Outlines section, 6E; re-
quires miniature 9-contact socket. Types 3BU8/3GS8
and 4BU8/4GS8 are identical with type 6BU8 except

9FG for heater ratings.
3BU8/3GSS 4BUB/4GS8 6BUS
Heater Voltage (ac/de) ...................... 3.15 4.2 6.3 volts
Heater Current ..................cccoooeunn. 0.6 0.45 0.3 ampere
Heater Warm-up Time (Average) .......... 11 11 —_ seconds
Heater-Cathode Voltage:
Peak value ....... +200 max =200 max *+200 max volts
Average value . 100 max 100 max 100 max volis
Direct Interelectrode Capacitances:
Grid No.3 to Plate (Each Unit) ...... 1.9 pF
Grid No.1 to All Other Electrodes ... . 6 pF
Grid No.3 to All Other Electrodes (Each Unit) 3.6 pF
Plate to All Other Electrodes (Each Unit) . . 3 pF
Grid No.3 of Unit No.l to Grid No.3 of Unit No.2 . 0.015 max F
Class A; Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage (Each Unit) ........... ... ... ... . ... ............ 300 volts
Grid-No.3 (Suppressor-Grid) Voltage (Each Umt)
Peak positive value ... .. . ... . 50 volts
DC negative vilue ... e 50 volts
DC positive value .. .. 3 volts
Grid-No.2 (Screen-Grid) Voltage 150 volts
Grid-No.1 (Control-Grid) Voltage, Negative bias value 50 voltAs
12 m

Cathode Current .....................cccivviiion.. .
. 1.1 watts

Plate Dissipation (Each Unit) .
Grid-No.2 Input . ......... . ... ............. 0.75 watt
CHARACTERISTICS (With Both Units Operating)
Plate Voltage (Each Unit) ........................ 100 100 volts
Grid-No.3 Voltage (Each Unit) .................... —10 0 volts
Grid-No.2 Voltage ...... ... .. ... ............cu.n. 67.5 67.8 volts
Grid-No.l Voltage ... .............................. . . volts
Plate Current (Each Unit) ......................... — 2.2 mA
Grid-No.2 Current ....... ... ... .. ................. 6.5 3.3 mA
Cathode Current ....... . ... ............ . ciininn. 6.6 7.8 mA
CHARACTERISTICS (With One Unit Operating)
Plate Voltage ..................... . ciiiviiiinninnn 100 160 volts
Grid-No.3 Voltage ................ ... ......cccon.. 0 0 volts
Grid-No.2 Voltage ................................ 67.5 67.6 volts
Grid-No.1 Voltage ........................c..c.... 0 * volts
Grid-No.3 Transconductance ........................ — 180 pmhos
1500 —_ nmhos

Grid-No.1 Transconductance ........................
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Plate Current .......... ... .. ... ... c.iiiiiiilnn —
Grid-No.sAVo]tAge (Approx.) for plate current of

MAXIMUM CIRCUIT VALUES

Grid-No.3-Circuit Resistance (Each Unit) ........................
Grid-No.1-Circuit Resistance ....................... e
* Adjusted to provide a de grid-No.1 current of 100 microamperes.

+ With plate and grid No.3 of the other unit connected to ground.

G TUBE MANUAL

2.2 mA
—4.5 volts
-—2.3 volts

0.5 megohm
0.5 megohm

TYPE 6BU8 WITH EC; AS VARIABLE TYPE 6BUS PLATE AND GRID
GRID-No.3 VOLTS=0 GRID-No.2 VOLTS=67.5 g"uT;_Ec% AS VARIABLE No.3 OF OTHER
PLATE AND GRID No.3 OF OTHER UNIT 0. - GROUNDED.
o @ |GRID-No.l mA=0.[
@ | GROUNDED | VOLTS ECyri0 Y,y y Qg L
w o [ W ) ;/" -
3 S I s ST
<4 b 05 52.0 / / 6 (S 74
= / AL CTAMPERES Tors0.5 = g 5‘/ %Zj// /
x3 7 ’b”“"'\ MILL! ﬁ",‘,_oé' Z 1.5 » . oY / 4
w Q p: L'ﬂur w yAA 4 /
< 2] —= == e U < 1.0 of ‘[ A 7
2| f= o | =ML T 565y
1 201 o5 S, </ /S ja
w20 1% V7 U / 7 A
— N LA
0 200 300 400 [ 100 200 300 400
PLATE VOLTS 92C5-9420T PLATE VOLTS 92CS-9429T
efer to chart at end of section.
6BV8 Refer to chart at end of t
Gipy Gipy
6BV] 'l SHARP-CUTOFF

TWIN PENTODE
12BV11

Duodecar type used as color demodulators in color tele-
vision applications. Grid Nos. 1 and 3 may be used as
independent control electrodes. Outlines section, 8C;
requires duodecar 12-contact socket. Type 12BV11 is
identical with type 6BV11 except for heater ratings.

6BV11
Heater Arrangement ............................... Series
Heater Voltage (ac/de) ............................ 6.3
Heater Current .................................... 0.9

Heater Warm-up Time ............................ -

Direct Interelectrode Capacitances:
Grid No.l to Plate ...................
Grid No.3 to Plate ..........
Grid No.1 to Heater, Cathode, G

Internal Shield ...... ... ... ... ... .. . .....
Grid No.3 to All Other Electrodes
Grid No.l1 to Grid No.3 ........... e

Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage ................................ ... .........
Grid-No.3 (Suppressor-Grid) Voltage:
Positive-bias value ......... ... ... ... ... .. ... .. ...
Negative-bias value .......... .. ... . . .. .. ... ... ... .. ...
Grid-No.2 (Screen-Grid) Supply Voltage .................. ... ...
Grid-No.2 Voltage ...... .. . . .. ... .. ... . ...
Grid-No.1 (Control-Grid) Voltage:
Positive-bias value ............. ... ... ... ... . ... ... ...
Negative-bias value ... .................................... ..
Plate Dissipation
Grid-No.3 Input
Grid-No.2 Input:
For grid-No.2 voltages up to 150 volts ......... .. .. ...... ..
For grid-No.2 voltages between 150 and 300 volts ......... ...

12BV11
Parallel

12.6 volts
0.45 ampere
1 seconds
0.1 pF
3.2 pF

7 pF

8.5 pF
0.08 pF
300 volts
25 volts
100 volts
300 volts
See curve page 300

0 volt

50 volts
1.7 watts
0.1 watt

1 watt

See curve page 300
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CHARACTERISTICS
Plate Supply Voltage ........ ... .. ..o i 150 volts
Grid-No.3 Voltage . .......... ... . it 1] volt
Grid-No.2 Supply Veltage ............. .. ... . ... . ... ciiiaian. 100 volts
Cathode Resistor ................ . ccoviiiiiiiiiiiriiiannennans 180 ohms
Plate Current . ....... ... ... .. ... 3.1 mA
Grid-No.2 Current . .............. oottt e 2.4 mA
Transconductance, Grid No.l ......... . ... ... ................. 3200 pmhos
Transconductance, Grid No.3 ....... ... .. ... ... ... .. ....... ... 390 pmhos
Plate Resistance (ApPProxX.) . ..........oiuiiiiii i 0.17 megohm
Grid-No.1 Voltage (Approx.) for plate current of 75 pA ........ —3.5 volts
Grid-No.3 Voltage (Approx.) for plate current of 85 puA ........ —5.5 volts
Amplification Factor ... ... ... . ... .. ... 67
MAXIMUM CIRCUIT VALUES
Grid-No.3-Circuit Resistance ............ .. ... ... .. ... ........... 0.68 megohm
Grid-No.1-Circuit Resistance:
For fixed-bias operation ...................... ... ... . ... .. 0.22 megohm
For cathode-bias operation .................................. 0.47 megohm
For replacement use type 6CG3/6BW3/6DQ3. 6BW3
Refer to chart at end of section. 6BW4
Refer to chart at end of section. 6BwW8

SHARP-CUTOFF
DUAL PENTODE 6Bw"
Duodecar type used in color and black-and-white tele-

video amplifier; unit No. 2 is used in bandpass ampli-
fier, burst amplifier, or sound-if or video-if applications.
Outlines section, 8B; requires duodecar 12-contact

12HD socket, Heater: volts (ac/dc), 6.3; amperes, 0.8; maxi-
mum heater-cathode volts, =200 peak, 100 average.

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Unit No.l Unit No.2

Plate Voltage . .. .. ... .ot iienn e 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ 330 330 volts
Grid-No.2 Voltage ............ ... .. ..o o0, See curve page 300

Grid-No.1 (Control-Grid) Voltage, Positive-bias value [1] 0 volts
Plate Dissipation ............ ... ... ... iiiiien.. 4 3.1 watts
Grid-No.2 Dissipation ...................... .. ... .. 0.8 0.65 watt
CHARACTERISTICS

Plate Voltage .......... ... .. ... .. i, 125 125 volts
Grid No.3 (Suppressor Grid) ...................... Connected to cathode at socket
Grid-No.2 Voltage ....................c.iiiieeao.n. 125 volts
Cathode-Bias Resistor . . 56 656 ohms
Plate Resistance (Approx 0.12 0.2 megohm
Transconductance 8500 13000 pmhos
Plate Current . 22 11 mA
Grid-No.2 Current 4.8 3.8 mA

Grid-No.1 Voltage (Appro ) for plate current of
20 A e e —9.5 —3 volts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For cathode-bias operation ..................... 0.26 0.26 megohm

Refer to chart at end of section. 6BX7GT

Refer to chart at end of section. 6BY5GA
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6BY6 PENTAGRID AMPLIFIER

Miniature type used as a gated amplifier in color tele-
vision receivers. In such service, it may be used as a
combined sync separator and sync clipper. Outlines
section, 5C; requires miniature 7-contact socket.

Heater Voltage (ac/de) e

Heater Current ............ .. ... ..

Heater Warm-up Time (Average)
Peak value ... ... ... ... . .. ... ..
Average value ..................

Direct Interelectrode Cnpncntances
Grid No.1 to Plate ... . . .
Grid No 3 to Plate . ... ..... . .. ..
Grid No.l to Grid No.3
Grid No. 1 to All Other Electrodes ... ... ................ ..
Grd No.3 to All Other Electrodes . .. FE
Plate to Al! Other Electrodes ... .... ... ... ... .. ... .

CHARACTERISTICS

Plate Voltage ......... ... ... ... ... . .. i
Grids-No.2-and-No.4 Voltage .....................................
Grid-No.3 Voltage ......... .. ... ... .. ... .. ... .. ittt
Grid-No.1 Voltage ... ... .. ... .. .. .. ... .. . ... ... .. .
Grid-No.3-to-Plate Transconductance ....................ccueeion..
Grid-No.1l-to-Plate Transconductance .............................
Plate Current .. ... ... ...
Grids-No.2-and-No.4 Current ... ............ ... ................
Grid-No.3 Volts (Approx.) for plate current of 35 uA and
grid-No.1 volts = —4 .. ... ... .. ... .. ...
Grid- Nol Volts (Approx) for plate current of 35 uA and
grid-No.3 volts = O .. .. . ... . ... ..

Gated Amplifier

MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ... .. ... .. ... . . e
Grids-No.2-and-No.4 Voltage .............. ... ccciiiiiiiniennan..
Grids-No.2-and-No.4 Supply Voltage . .............................
Grid-No.3 Voltage:
Negative-bias value
Positive-bias value
Positive peak value
Grid-No.1 Voltage, Negative bias value ...........................
Plate Dissipation ... ....... .. ... . . .. . . .. ... i,
Grid-No.3 Imput ... .. ... .. [
Grids-No.2-and-No.4 Input:
For grids-No.2-and-No.4 voltages up to 165 volts ............
For grids-No.2-and-No.4 voltages between 165 and 330 volts .
Grid-No.l Input ........ .. .. ... . . .

CHARACTERISTICS AS SYNC SEPARATOR AND SYNC CLIPPER

Plate Voltage ....... ... ... ... .. ... .
Grid-No.3 Voltage ... ... ... ... ... . ... ... .. .. i
Grids-No.2-and-No.4 Voltage
Grid-No.1 Voltage ....... ... . .. .. .. . . i
Plate Current .................. . ...... .. ... ...,
Grids-No.2-and-No.4 Current K
Grid-No.3 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-
and-No.4 voltage of 25 volts, grid-No.1 voltage of 0 volts, and
plate current of 50 A .. ... ... ... ... ...
Grid-No.1 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-
and-No.4 voltage of 25 volts, grid-No.3 voltage of o volts, and
plate eurrent of 50 A ... ... ... ...l
MAXIMUM CIRCUIT VALUES
Grid-No.1 or Grid-No.3-Circuit Resistance:

For fixed-bias operation .................. ... ... ... ... ....
For cathode-bias operation .............. ... ... ... .. .......

e
o

—2.5

—2.3

volts
volts
volts
volts
umhos
umhos

mA
volts

volts

volts
curve page 300
volts

volts
volts
voits
volts
watts
watt

watts
curve page 300
watt

volts
volts
volts
volts
mA
mA

volts

volts

megohm
megohm
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TYPE 6BY6 GRID-Nol VOLTS»-2.5
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DIODE—
SHARP-CUTOFF PENTODE 6BY8

Miniature type used in television receiver applications.
The pentode unit is used as an rf amplifier and the
high-perveance diode as a limiter or detector. Outlines

9FN section, 6E; requires miniature 9-contact socket.
Heater Voltage (ac/de) ....... ... it 6.3 volts
Heater Current .......... ... ... . ... ... ... ... i 0.6 ampere
Heater Warm-up Time (Average) 11 seconds
Heater-Cathode Voltage:
Peak value . ....... ... ... .. ... ... ..ol . #2060 max volts
Average value .. ... .. ... e e 100 max volts
Direct Interelectrode Capacitances:®
Pentode Unit:
Grid No.l to Plate ....... ... . . .. .. .. . 0.0035 max pk
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... .. .. ... .. .. .. 5.5 pF
Plate to Cathode, Heater, " Grid No.2, Grid No.3, and
Internal Shield ......... ... .. .. ... . . .. .. .. 5 pF
Diode Plate to All Other Electrodes ........... . ...... ... ...... 4.8e pF

° With external shield connected to cathode of pentode unit (pin 9), except as noted.
= With external shield connected to ground.

Pentode Unit as Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Voltage ........ ... ... . ... ... .. i 300 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............... 0 volts
Grid-No.2 (Screen Grid) Supply Voltage .......................... 300 volts
Grid-No.2 Voltage .. ... ... ... ... i i See curve page 300
Grid-No.1 (Control-Grid) Voltage:

Negative-bias value 50 volts

Positive-bias value el 0 volts
Plate Dissipation .......... ... ... ... ... ... o S 3 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 150 volts ... ... .. .............. 0.65 watt

For grid-No.2 voltages between 150 and 300 volts .............. See curve page 300
CHARACTERISTICS
Plate Supply Voltage .............................. 100 250 volts
Grid No.3 ... ... e Connected to cathode at socket
Grid-No.2 Supply Voltage .......................... 100 150 volts
Cathode-Bias Resistor .. ............................ 150 68 ohms
Plate Resistance (Approx.) ......................... 0.5 1 megohm
Transconductanece ................................. 3900 5200 pmhos
Plate Current .............. .. ... .. ... ... ... .. 5 10.6 mA
Grid-No.2 Current ............... ......ccoceoioin. 2.1 4.3 mA
Grid-No.1 Voltage (Approx.) for plate current of

0 BA —4.2 —6.5 volts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ............ ... ... ... ... ............ 0.25 megohm
For cathode-bias operation ........ ........................... 1 megohm
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Diode Unit

MAXIMUM RATINGS (Design-Center Values)
Peak Inverse Plate Voltage ......................... ............. 430 volts

Peak Plate Current ....... . L. 180 mA
Average Plate Current .. e e 45 mA
6BY11 Refer to chart at end of section.
6BZ3 For replacement use type 6BE3/6BZ3.

6BZ6
6BZ6/6JH6 SEMIREMOTE.GUTOFF

3BZ6, 4BZ6, 12BZ6 TODE Gz
Miniature type used in gam-controlled video if stages
of color and black-and-white television receivers. Out- ‘..A
lines section, 5C; requires miniature 7-contact socket.
Types 3BZ6, 4BZ6, and 12BZ6 are identical with type

6BZ6 except for heater ratings. 7CM
6BZ6
3BZ6 4BZG GBZG/GJHG 12BZé¢
Heater Voltage (ac/de) ....... 3.16 12.6 volts
Heater Current ............... 0.6 0. 45 0 3 0.15 ampere

Heater Warm-up Time (Aver-

¥ B 11 11 — — seconds
Heater-Cathode Voltage:
Peak value ............... +200 max 200 max =200 max 200 max volts
Average value ............ 100 max 100 max 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded
Grid No.l to Plate PR 0.026 max 0.015 max pF
Grid No.1l to Cathode, Heater, Grid No.2, Grid
No.3, and Internal Shield ... ... .. ... ... .. .. 7 7 pF
Plate to Cathode, Heater, Grid No2 Grid No.3,
and Internal Shield ........................ .. 2 3 pF

4 With external shield connected to cathode.

Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ................. ... il 330 volts
Grid No.3 (Suppressor-Grid) Voltage, Positive value .............. 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage .......................... 330 volts
Grid-No.2 Voltage .. ........ . ... ... .. 0 . it iiinannii.. See curve page 300
Grid-No.1 (Control-Grld) Voltage, Positive-bias value ............ 0 volts
Plate Dissipation ........... .. ... ... . ... .. ... ... 2.3 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ..................... ... 0.55 watt
For grid-No.2 voltages between 166 and 330 volts .............. See curve page 300
" TYPE 6826
,_‘.’ GRID No. 3 AND INTERNAL SHIELD __ |
~ I~ CONNECTED TO CATHODE AT
~ SOCKET,
S4p2s |_ GRID~No.2 VOLTS=125 ]
T i T 1T T T 1
2l 2 7] GRID-No.1 VOLTS Ec;=-050|
6= {
«
[ 1 -1
318 b B
°3 \ /’ -1.5
oF > \
=~ 10 ﬁ‘:a A -2
w \ 3 - X2 A2 =15
2 5 ~ Ib—4 -1 ]|-5|/-4
z F— 1 j /1011
(o] 100 200 300 400

PLATE VOLTS 92cs-8508T3
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CHARACTERISTICS
Plate Supply Voltage ... ... ... .. ... ... .. . . e 5 volts
Grid Ns gny ...... g? ........................................ Connected to eathode at socket
Grid-No.2 Supply Voltage .......... ... .. . ... 125 volts
Cathode-Bias Resistor ..... .. ... . ... .. ... ... .. ... . ... ... 56 ohms
Plate Resistance (ApPDroX.) ................ooiiiiiiiiiiiaaianainn 0.26 megohm
Transconductance . ....... .. ... .. ... 8000 umhos
Plate Current ........ ... ... .. 14 mA
Grid-No.2 Current . ........ ... i i 3.6 mA
Grid-No.1 Voeltage (Approx.) for transconductance of 50 umhos ... —19 volts
Grid-No.1 Voltage {Approx.) for transconductance of 700 umhos .. —4.5 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ..... ... ... ... ... ... ... ool 0.25 megohm
1 megohm

For cathode-bias operation .................... ... ... ... ...

Refer to chart at end of section. 6BZ7

For replacement use type 6BQTA/6BZ7/6BS8.

Refer to chart at end of section. 6BZ8
For replacement use type 6BC8/6BZS.

POWER TRIODE 6C4

Miniature type used as a cascode amplifier in vhf color
local oscillator in FM and other high-frequency cir-
cuits and as a class C rf amplifier. Outlines section,
5C; requires miniature 7-contact socket. For typical
operation as a resistance-coupled amplifier, refer to
Resistance-Coupled Amplifier section. For additional

6BG curve of plate characteristics, refer to type 12AUTA.

Heater Voltage (ac/dc) .. .. ... ... . . . . . 6.3 volts
Heater Current ................. .. ... ... ... 0.15 ampere
Heater-Cathode Voltage:

Peak value ... ... . . . . +200 max volts

Average value ... ... .. ..., 100 max volts
Direct Interelectrode Capacitances {Approx.) Unshielded Shieldeda

Grid to Plate ....... ... ... ... ... .. ... ... 1.6 1.4 pF

Grid to Cathode and Heater ...... ... ... ... ... 1.8 1.8 pF

Plate to Cathode and Heater ...... ... ... .. ..... 1.3 2.5 pF

s With external shield connected to cathode.

Class A, Amplifier

MAXIMUM RATINGS (Desugn Center Values)

Plate Voltage 300 max volts
Plate Dissipation 3.5 max watts
CHARACTERISTICS
Plate Voltage .................................... 100 250 volts
Grid Voltage* ...................... ... ... ... ..., 0 —8.5 volts
Amplification Factor .............................. 19.6 17
Plate Resistance (Approx.) ....................... 6250 7700 ohms
Transconductance ................................. 3100 2200 umhos
Plate Current .................. ... ............... 11.8 10.5 mA
Grid Voltage (Approx.) for plate current of 10 pA .. —10 volts
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:
For fixed bias operation 0.256 megohm
For cathode-bias operation 1 megohm

* Transformer- or lmpedance-type input coupling devices are recommended to minimize
vesistance in the grid circuit.

RF Power Amplifier and Oscillator—Class C Telegraphy

MAXIMUM RATINGS (Design-Center Values)

Plate Voltage ....................ouiuia i, 300
Grid Voltage ............. ... .. .. ., 50 33:2
Plate Current ..:........... ... ... ... i 25 mA

Grid Current ... ... ..., 8 mA
Plate Dissipation .......c...... ... . 5 watts
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TYPICAL OPERATION AT FREQUENCIES UP TO 50 MHz

Plate Voltage .......... ... 300
Grid Voltage ...... ... . ... . ... . —27
Plate Current ... ... . .. ... ... 25
Grid Current (ADPDProx.) ..............iiii 7
Driving Power (ADDroX.) . ......uuniiiiiie s 0.35
Power Qutput (Approx.)® ... ...... ... ... .. 5.5

watt
watts

¢ Approximately 2.5 watts power output can be obtained when the 6C4 is used at 150 MHz
as an oscillator with grid resistor of 10,000 ohms and with maximum rated input.

“oral TYPE 6C4
o[
s 100 i
o8 f 7 22
e <9, )
¢§ L e
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- /ol % // .20 25
[¢] 100 200 300 400
PLATE VOLTS 92¢5-6378T
6C5 Refer to chart at end of section.
6C5GT Refer to chart at end of section.
6C6 Refer to chart at end of section.
6C7 Refer to chart at end of section.
6C8G Refer to chart at end of section.
6C9 SHARP-CUTOFF
17C9 DUAL TETRODE
Miniature type used as vhf rf-amplifier and autodyne
mixer tube. Outlines section, 6B; except center pin is
added to base; requires miniature 10-contact socket.
o . . CENTER PIN
Type 17C9 is identical with type 6C9 except for heater KTR2.!S
ratings. 10F
6C9 17C9
Heater Voltage (ac/de) .......................... 6.3 16.8 volts
Heater Current ................................... 0.4 0.15 ampere
Peak Heater-Cathode Voltage ..................... =100 max =100 max volts
Direct Interelectrode Capacitances: Unit No.1 Unit No. 2
Grid No.l to Plate .......................... 0.055 max  0.06 max pF
Grid No.1 to Cathode, Heater, Grid No.2, and
Internal Shieldd ......... ... ... ... .. . ...... 4.4 4.2 pF
Plate to Cathode, Heater, Grid No.2 and
Internal Shieldd ............................. 2.2 2.2 pF
Heater to Cathode .. ........ .. . .. . .. . . . .. 4.2 4.8 pF
Plate of Unit No.1 to Plate of Unit No.2 ...... 0.003 max pF
Grid No.1l of Unit No.1 to Grid No.1 of Unit No.2 0.001 max pF
Grid No.1 of Unit No.1 to Plate of Unit No.2 .. 0.001 max pF
Grid No.1 of Unite No.2 to Plate of Unit No.1 .. 0.032 max pF
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Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Maximum Values)

Plate VOItage ........ ...c....ieiiuoiiiie i 250 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 180 volts
Grid-No.2 Voltage ................................ ... ... ...... See curve page 300
Cathode Current ..............ouieviiiinennnnnnnenneenenannens 20 mA

Plate Dissipation:
Either plate ..... ... ... .. . . ... .. ... 1.5 watts
Both plates (both units operating) .......................... 2.5 watts

Grid-No.2 Input:

0.5
e

For grid-No.2 voltages up to 90 volts ....................... . watt

For grid-No.2 voltages between 90 and 180 volts See curve page 300
CHARACTERISTICS
Plate Voltage ...... . 125 volts
Grid-No.2 Voltage 80 volts
Grid-No.1 Voltage —1 volt
Plate Resistance (ApPProx.) ... .................. .. ... 0.1 megohm
Transconductance 8000 umhos
Plate Current ... ... 10 mA
Grid-No.2 Current 1.5 mA
Grid-No.1 Voltage (Approx.) for plate current of 20 pA —6 volts

Refer to chart at end of section. 6C10
FULL-WAVE 6CA4
VACUUM RECTIFIER

Miniature type used in power supply of compact audio
equipment having moderate de requirements. Qutlines
section, 6G; requires miniature 9-contact socket. This
tube, like other power-handling tubes, should be ade-
quately ventilated. Heater: volts (ac/de), 6.3; amperes,
1.

Full-Wave Rectifier
MAXIMUM RATINGS (Design-Center Values)

Peak Inverse Plate Voltage ........ ... ... ... ... ... ... ......... 1000 volts
Peak Plate Current (Per Plate) ... ...... ... ... .. ... ........... 450 mA
AC Plate Supply Voltage (Per Plate, rms) with Capacitor Input

to Filter ... . ... e 350 volts
Average OQutput Curvent . ... ... ... ... .. ... ... ... ... ... 150 mA
Hot Switching Transient Plate Current (Per Plate) ....... ... ....
Peak Heater-Cathode Voltage ........ ... .......... ... ... ........ —500 volts

OPERATION CHARACTERISTICS
FULL-WAVE CIRCUIT CAPACITOR (NPUT TO FILTER
T T T I

TYPE 6CA4 :;:L.z VOLTS
I~ SUPPLY FREQUENCY (CPS)= 60
CAPACITOR INPUT TO FILTER : S0 ¢
[— TOTAL EFFECTIVE PLATE~SUPPLY IMPEDANCE | ——]

_CURVE alc
PER PLATE  —GiMs 150 z&i{uo
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TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER

AC Plate-to-Plate Supply Voltage (rms) ...... 500 600 700 volts
Filter-Input Capacitor ......................... 50 50 50 iy
Total Effective Plate Supply Impedance

per Plate ....... ... ... ... ... ... . ... 150 200 240 ohms
DC Output Voltage at Input to Filter (Approx.)

For de output current of 150 mA .......... 245 293 347 volts

# When capacitor-input circuits are used, a maximum peak current value per plate of 1
ampere during the initial cycles of the hot-switching transient should not be exceeded.

6CA5

12CAS BEAM POWER TUBE

Miniature type used in af power output stage of radio
and television receivers. Qutlines section, 5D; requires
minjature 7-contact socket. Type 12CA5 is identical
with type 6CA5 except for heater ratings.

6CAS 12CA5
Heater Voltage (ac/de) .................... 6.3 12.6 volts
Heater Current ............................ 1.2 0.6 ampere
Heater Warm-up Time (Average) .......... —_ 11 seconds
Heater-Cathode Voltage:
Peak value ............................ +200 max +200 —300 max volts
Average value ......................... 100 max +100 -—200 max volts

Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Voltage .............. . ieuiiiiiiinniininrianrnaannnn 130 volts
Grid-No.2 (Screen-Grid) Voltage ...........................0000 . 130 volts
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ......... 0 volts
Plate Dissipation . 3 watts
Grid-No.2 Input 1.4 watts
Bulb Temperature (At hottest point) ........................... . 180 °C
TYPICAL OPERATION
Plate Voltage ..... 110 125 volts
Grid-No.2 Voltage 110 125 volts
Grid-No.1 (Control-Grid) Voltage —4 —4.5 volts
Peak AF Grid-No.l1 Voltage .. 4 4.5 volts
Zero-Signal Plate Current ....... 32 37
Maximum-Signal Plate Current ............ 31 36 mA
Zero-Signal Grid-No.2 Current (Approx.) ..... . 3.5 4 mA
Maximum-Signal Grid-No.2 Current (Approx.) ..... 7.5 11 mA
Plate Resistance (Approx.) ........................ 16000 15000 ohms
Transconductance ................. ... iiiiiaiannan 8100 9200 pumhos
Load Resistance ................... ... .ciiiiaiiae 3500 4500 ohms
Total Harmonic Distortion ....................... 5 6 per cent
Maximum-Signal Power Output .................. 1.1 L5 watts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ......................... .. ... 0.1 megohm

For cathode-bias operation ...................... ... .. ... ... 0.5 mego

6CA7 Refer to chart at end of section.

6CA7/

EL34 POWER PENTODE

Glass octal types used in the output stage of audio-
frequency amplifiers. Maximum dimensions: over-all
length, 4% inches; seated height, 3% inches; diameter,
115 inches. Tube requires octal socket.

Heater Voltage (ac/de) ..........

Heater Current ..................
Peak Heater-Cathode Voltage
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Direct Interelectrode Capacitances:

Grid No.l to Plate ................................ 1 pF
Grid No.l1 to Cathode, Heater, Grid No.2, and Grid No. 15.5 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 7.2 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)
Plate Voltage ..............c.iiiiriievniiinranrenenenunnnnnens . 800 volts
Grid-No.2 (Secreen-Grid) Voltage ...................cei's'eeeuunnn. 425 volts
Grid-No.2 Input ....... ... .. .. 8 watts
Cathode Current .......... ... ... ... ciiiiiiiiiiiiiniinnnnnns 150 mA
Plate Dissipation ... ... ... ... .. e 25 watts
TYPICAL OPERATION
Plate Voltage ............... ... oiiiiiiiii i, 265 volts
Grid-No.2 Voltage ................0iiiiiiiiir i, 250 volts
Grid-No.1 (Control-Grid) Voltage ............................... —13.5 volts
Peak AF Grid-No.l1 Voltage ........................c.ouiino.. 12.3 volts
Zero-Signal Plate Current ........................ ... i, 100 mA
Zero-Signal Grid-No.2 Current .................................. 16 mA
Transconductance ............... ... ... i 11000 pmhos
Plate Resistance ................. ... ... .. i it 15000 ohms
Load Resistance .................... e e, 2000 ohms
Maximum-Signal Power Output .............................. .. 11 watts
Total Harmonic Distortion ................... . ... ... ........... 10 per cent
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance, for cathode-bias operation .......... 0.7 megohm
Push-Pull Class AB, Amplifier
MAXIMUM RATINGS (Same as for Class A1 Amplifier)
TYPICAL OPERATION (Values are for two tubes)
Plate Supply Voltage .................... ... iiiiiiiiniinnnn. 450 volts
Grid-No.2 Supply Voltage ..............c. 0o nannninans 450 volts
Cathode-Bias Resistor ............. ... ... ... ......ccciiiviinns. 232 chms
Grid-No.2 Resistor .................ccoiiiriiuiinannaanennnnnnnnn. 1000 ohms
Peak AF Grid-No.1 to Grid-No.1 Voltage ........................ 38.2 volts
Zero-Signal Plate Current ...........................ciieiian.. 120 mA
Maximum-8ignal Plate Current ................................. 143 mA
Zero-Signal Grid-No.2 Current ..................c.ocvivinneinnn.. 20 mA
Maximum-Signal Grid-No.2 Current ............................ 44 mA
Effective Load Resistance (Plate-to-plate) ...................... 6500 ohms
Total Harmonie Distortion ...................................... 5.1 per cent
Maximum-Signal Power Qutput ................................. 40 watts
Refer to chart at end of section. 6CBS

BEAM POWER TUBE 6CBSA
Glass octal type used as horizontal-deflection ampli-
fier in color and black-and-white television receivers.

8GD Outlines section, 21B; requires octal socket.
Heater Voltage (ac/de) ......cocicniiiiiiiiiiiiiieinnanas craene 6.3 volts
Heater Cu;rzntv..l ........ tiseesecnscatssrtecnasensstesenssnarnn 2.6 amperes
! tage:
Hentlg;(l‘,(at v(;llele (T .. ge ......................................... .. +200 max volts
Average VAIUE ... ... ... ...t iiiaia i 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ........... ... . . i iiiiriineninenaennns 0.4 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 22 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 10 pF
Class A, Amplifier
CHARACTERISTICS .
Plate Voltage .................ciiiiriiiiininnnnnnn 5 175 volts
Grid-No.2 Voltage .....................c.coive.n. 150 175 volts
] —30 volts

Grid-No.1 Voltage ...................cvvviiiniian.
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Mu-Factor, Grid No.2 to Grid No.l ................ — 3.8
Plate Resistance (Approx.) ........................ _— 5000
Transconductance ...................cc0vuinnnann. — 8800
Plate Current .................. ... ... ... 0000, 4600 90
Grid-No.2 Current .................ccccviiiiiann., 420 6
Grid-No.1 Voltage (Approx.) for plate current of 1 mA — —60

® These values can be measured by a method involving a recurrent waveform such
maximum rating of the tube will not be exceeded.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage ........... ..o iiiiiiiiiiiiiaineriananninnn 880
Peak Positive-Pulse Plate Voltage# ............................ 6800
Peak Negative-Pulse Plate Voltage ............................ 1660
DC Grid-No.2 (Screen-Grid) Voltage ............................ 220
DC Grid-No.1 (Control-Grid) Voltage .......................... —b6
Peak Negative-Pulse Grid-No.1 Voltage .......................... 220
Peak Cathode Current ....... ... .. ... ... ... iiiiiiiinniainanns 850
Average Cathode Current 240
Grid-No.2 Imput .............. 4
Plate Dissipationt ... ... .. ... ... . ... . . 26
Bulb Temperature (At hottest point) ............................ 220
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance ................... . ...coiio.. 0.47

that the

volts
volts
volts
volts
volts
volts

mA

mA
watts
watts
°C

megohm

# Pulse duration must not exceed 15¢, of a horizontal scanning cyele (10 microseconds).
+ A bias resistor or other means is required to protect the tube in absence of excitation.

6CB6 Refer to chart at end of section.
For replacement use type 6CB6A /6CF6.

6CB6A For replacement use type 6CB6A /6CF6.

6CB6A/

6CFé SHARP-CUTOFF PENTODE

3CB6/3CF6, 4CB6

Miniature types used in color and black-and-white tele-
vision receivers as if amplifier at frequencies up to

about 45 MHz and as rf amplifiers in vhf television M

tuners. Outlines section, 5C; requires miniature 7-con-

tact socket. For typical operation as resistance-coupled amplifiers, refer
to Resistance-Coupled Amplifier section. Types 3CB6/3CF6, and 4CB6 are

identical with type 6CB6A/6CF6 except for heater ratings.

3CB6/3CF6¢ 4CB6 6CB6A/6CF6
Heater Voltage (ac/d¢) .................. 3.16 4.2 .3
Heater Current ....... i, 0.6 0.45 0.3
Heater Warm-up Time (Average) ........ 11 11 11
Heater-Cathode Voltage:

+200 max [ 4200 max
Peak value .............. { 2300 max 1300 max +200 max
100 max 100 max
Average value ........... 100 max 200 max
Direct Interelectrode Capacitances: Unshielded Shielded?
Grid No.l to Plate ............................ 0.025 max 0.015 max
Grid No.1 to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield .............. 6.5 6.6
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ........................ 2 3

4 With external shield connected to cathode.
Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ... ... ... ... .. . . .. i 330
Grid-No.3 (Suppressor-Grid) Voltage, Positive value . [}
Grid-No.2 (Screen-Grid) Voltage ................................ See curve

volts
ampere
seconds

volts
volts

pF
pF
pF

volts
volts
page 300
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Grid-No.2 Supply Voltage ............ . ... ... c.cioiiiiiiiiiiiinns 330 volts
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ 0 volts
Plate Dissipation ...... ......... .. ... . . . i 2.3 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ...................... 0.55 watt

For grid-No.2 voltages between 165 and 330 volts ............ See curve page 300
CHARACTERISTICS
Plate Supply Voltage ........... ... . c.iiiiiiiiiiiiiiiieannn 125 volts
Grid No.3 ... . .. Connected to cathode at socket
Grid-No.2 Supply Voltage ........... ... 0 i 125 volts
Cathode-Bias Resistor ................. . ..iiiiiiunaiinnnenanans 56 ohms
Plate Resistance (ADDrox.) ...............ceiiiiuiinnneunnnienns 0.28 megohm
Transconductance .............. ...ttt 8000 pmhos
Plate Current ... ... . ... e e 13 mA
Grid-No.2 Current .......... ... .cciiiitiiiiniirieiaiiiiiniaans 3.7 mA
Grid-No.1 Voltage (Approx.) for plate current of 20 pA ........ —6.5 volts
Grid-No.1 Voltage (Approx.) for plate current of 2.8 mA ........ —3 volts

TYPE 6CB6A

GRID No.3 AND INTERNAL SHIELD
CONNECTED TO CATHODE AT SOCKET.

+iRID- No.2 VOLTS=125

T GRID-NoJ VOLYS Eci*0[ |

\‘ 7/ ![b -0.5!'—

J

~n
[

N
(=]

-IS——-‘

o
T
e

N A PN

PLATE (Ib) OR GRID-No.2 (IC2)
MILLIAMPERES

L] 7 =2.5) _3
€ i :I::I
0 100 200 300
PLATE VOLTS szcs sesm
For replacement use type 6CE3/6CD3/6DT3. 6CD3
Refer to chart at end of section. 6CD6G
BEAM POWER TUBE 25CD6GB

Glass octal type used as horizontal-deflection amplifier
in high-efficiency deflection circuits of color and black-
and-white television receivers. Outlines section, 21B;
requires octal socket, This type may be supplied with
pins 1, 4, and 6 omitted. Vertical tube mounting is pre-
ferred, but horizontal operation is permissible if pins
No.2 and 7 are in vertical plane. Type 25CD6GB is
identical with type 6CD6GA except for heater ratings.

6CD6GA  25CD6GB

Heater Voltage (ac/de) ............... ... ... ... 6.3 25 volts
Heater Current ................... . ciiiiiuiiiinion. 2.6 0.6 amperes
Heater Warm-up Time (Average) ................ —_ 11 seconds
Heater-Cathode Voltage:
Peak value .............. ... ..o, +200 max 200 max volts
Average value ............. ... ... ... ... ..o 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ... ... ... .. ... . ... i 1.1 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 22 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 8.5 pF
Class A, Amplifier
CHARACTERISTICS
Plate Voltage .............cc..iiiiiiiiiiiinnnies 60 176 volts
Grid-No.2 (Screen-Grid) Voltage .................. 100 176 volts
Grid-No.1 (Control-Grid} Voltage ................. 1] —30 volts

Mu-Factor, Grid No.2 to Grid No.l ................ —_ 3.9
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Plate Resistance (Approx.) ........................ — 7200 ohms
Transconductanee ...................c. .. c..0ounnn — 7700 pmhos
Plate Current ..................................... 230+ 5.5 mA
Grid-No.2 Current .......................cc...0. ... 21+ 5.5 mA
Grid-No.1 Voltage (Approx.) for plate current of

I mA — —b5 volts

* This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Center Values)

DC Plate Voltage . ... ........... it 700 volts
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ..... ... 7600« volts
Peak Negative-Pulse Plate Voltage ............................ .. 1500 volts
DC Grid-No.2 (Screen-Grid) Voltage ............................ 176 volts
Peak Negative-Pulse Grid-No.l Voltage ........................ 700 volts
Peak Cathode Current .......................................... 200 mA
Average Cathode Current .......................ccccivuinnunn.. —200 mA
Plate Dissipationt ............. .. ... ... ... . . 20 watts
Grid-No.2 Input .. ... ... . . . e 3 watts
Bulb Temperature (At hottest point) ............................ 225 °C
MAXIMUM CIRCUIT VALUE

Grid-No.-Circuit Resistance, for grid-resistor-bias operation ..... 0.47 megohm

# Pulse duration must not exceed 159% of a horizontal seanning ecycle (10 microseconds).
® Under no circumstances should this absolute value be exceeded.
t A bias resistor or other means is required to protect the tube in absence of excitation.

700 : 700
TYPE 6CDEOA T TYPE 6CDEGA -

s00| 0Nl VOLTS=0 L_.L_.-Eczuns ® soo| SRD-NoZ VOLTSu78 )
A S 5 €10 B
) yd P 8 /1 -5 o
o 50 Iv W 0 50 — ; ©
S £ £ B §
%400 22, 200% &4 ] —jours Ecd 200%
) f 1 = 2 {  auodedt= 3
3 300]—# No2 VOLTS ECZ=0 150 3 J30 et ) 50 2
o] A GRID-NOS s H __2_1 / 1o — N :
:200 13 Iy 100 § w 2007 100 8
z 1

5 ool £ARhw-1c2 ST R 2550 Iy ; 100 < <‘€P -t -30is0 2
a IS s P A £ _/ . 3 3 ‘_._._:Z/__;B_’Ec'l-o X ]

° 100 00 400 ) 100 200 360 360
PLATE VOLTS 92C5-9016T PLATE VOLTS 92CS$-9017T
Refer to chart at end of section.
6CE3

For replacement use type 6CE3/6CD3/6DT3.

6CE3/ HALF-WAVE
6CD3/6DT3  VACUUM RECTIFIER

34CE3

Duodecar type used as a damper diode in the horizontal-
deflection circuit of color television receivers. Outlines
section, 8G; requires duodecar 12-contact socket. Type
34CE3 is identical with type 6CE3/6CD3/6DT3 except
for heater ratings. 12GK

6CE3/

6CD3/6DT3 34CE3

Heater Voltage (ac/dc) . . e 6.3 34.5 volts
Heater Curremt ................. 2.6 0.45 amperes

Heater Warm-up Time (Average) — 11 seconds
Direct Interelectrode Capacitances:
Plate to Cathode and Heater ................................ 13 pF
Cathode to Plate and Heater ................................ 18 pF

Heater to Cathode ......... .. ... ... ... ... . ................ 5.5 pF
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Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# .................................. 5000 volts
Peak Plate Current ................. ... ... ... ... i 1500 mA
Average Plate Current ............ 350 mA
Plate Dissipation ...................... L. 11 watts
Bulb Temperature (At hottest point) 220 °C
Heater-Cathode Voltage
Peak value ............... .. ... —b6500 volts
Average value ................. ... .. . il —900 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 680 mA .................. 20 volts

# Pulse duration must not exceed 15% of & horizontal scanning cycle (10 microseconds).

Refer to chart at end of section.

6CE5 For replacement use type 6BC5/6CES5.
6CF6 Refer to chart at end of section.
For replacement use type 6CB6A/6CF6.
6CG3 For replacement use type 6CG3/6BW3/6DQ3.
6CG3/6BW3 For replacement use type 6CG3/6BW3/6DQ3.

MALEW 6CG3/
VACUUM RECTFIER 6BW3/

6DQ3

19CG3/19DQ3, 25CG3
Duodecar type used as damper diode in horizontal-
deflection circuits of color and black-and-white tele-
vision receivers. OQutlines section, 8G, requires duodecar
12-contact socket. Types 19CG3/19DQ3 and 25CG3 are
identical with type 6CG3 except for heater ratings.

6CG3/ 19CG3/
6BW3/6DQ3 19DQ3  25CG3
6.3 19

Heater Voltage (ac/dc) 25 volts
Heater Current .......... 1.8 0.6 0.45 amperes
Heater Warm-up Time ..................... —_ 11 11 seconds

Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ......... ..ottt 5000 volts

Peak Plate Current .......... e 2100 mA
Average Plate Current . e 350 mA
Plate Dissipation ......... ... . ... .. i 6.5 watts
Heater-Cathode Voltage:
Peak value ........... ... -+300 —5000 volts
Average value ............. ... e +100 —900 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 700 mA .................. 25 volts

# Pulse duration must not exceed 159% of a horizontal scanning cycle (10 microseconds).

Refer to chart at end of section.
For replacement use type 6CG3/6BW3/6DQ3.

6CG3/6CD3

For replacement use type 6FQ/6CGT. 6CG7

Refer to chart at end of section. 6CG8
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6CGS8A MEDIUM-MU TRIODE—
scGs SHARP-CUTOFF PENTODE

Miniature type used as combined oscillator and mixer
tube in color and black-and-white television receivers
utilizing an intermediate frequency in the order of 40
MHz. When used in an AM/FM receiver, the triode
unit is used as an oscillator for both sections. In the
AM section, the pentode unit is used as a high-gain
pentode mixer; in the FM section, the pentode unit is used either as a pen-
tode mixer or as a triode-connected mixer depending on signal-to-noise
considerations. Outlines section, 6B; requires miniature 9-contact socket.
Type 5CGS8 is identical with type 6CG8A except for heater ratings. These
types are electrically identical with miniature type 6X8 except for inter-
electrode capacitances.

9GF

ECGB GCGSA
Heater Voltage (ac/de) ............................ volts
Heater Current ............. ... ... ... oviniiiien 0 6 0. 45 ampere
Heater Warm-up Time (Average) .................. 11 11 seconds
Heater-Cathode Voltage:
Peak value ................ .. ... iiiaiiaii. 200 max =200 max volts
Average value ............... ... ... 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded”
Triode Unit:
Grid to Plate .............. . ... ... ... ... ... 1.5 1.5 pF
Grid to Cathode, Heater, and Pentode Grid No.3 2 2.4 pF
Plate to Cathode, Heater, and Pentode Grid No.3 0.5 1 pF
Pentode Unit:
Grid No.l to Plate .......................... 0.04 max  0.02 max pF
Grid No.l1 to Cathode, Heater, Grid No.2, and
Grid No.3 ... . .. i 4.6 4.8 pF
Plate to Cathode, Heater, Grid No.2, and
Grid No3 ... .. ... ... ... ... 0.9 1.6 pF
Pentode Grid No.1 to Triode Plate .............. 0.05 max  0.04 max pF
Pentode Plate to Triode Plate .................. 0.05 max 0.008 max pF
Heater to Cathode ................ ... .......... 6.5 6.5e pF

° With external shield connected to cathode, except as noted.
« With external shield connected to plate.

6CH3 For replacement use type 6CJ3/6CH3.

6CHS8 Refer to chart at end of section.

6CJ3 For replacement use type 6CJ3/6CH3.
HALF-WAVE

6CJ3/6CH3  vacuuMm RECTIFIER

Novar type used as damper tube in horizontal-deflection
circuits of black-and-white television receivers. Out-
lines section, 30F; requires novar 9-contact socket.
Socket terminals 1, 3, 6, and 8 should not be used as
tie points. This tube, like other power-handling tubes,
should be adequately ventilated. Heater: volts (ac/dc),
6.3; amperes, 1.8.

Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# .......... ... ... ... i, 5500 volts
Peak Plate Current ........... ... it 2100 mA
Average Plate Current .............. ... ittt 350 mA
Plate Dissipation ........ .. ... ... . . . i e 6.5 watts
Heater-Cathode Voltage:

Peak value ...... ... it +300 —5500 volts

Average valle ... ... ... ... i +100 —900 volts
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CHARACTERISTICS, Instantaneous Value
Tube Voltage Drop for plate current of 700 mA .................. 25 volts

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).

Refer to chart at end of section.
For replacement use type 6CL3/6CK3. 6CK3
Refer to chart at end of section. 6CK4
For replacement use type 6CL3/6CKS3. 6CL3
HALF-WAVE
VACUUM RECTIFIER 6CL3/6CK3

12CL3

Novar type used as a damper tube in horizontal-de-
flection circuits of color and black-and-white tele-
vision receivers. Qutlines section, 30B; requires novar
9-contact socket. Socket terminals 1, 8, 6, and 8 should
not be used as tie points. This tube, like other power-
handling tubes, should be adequately ventilated. Type
12CL3 is identical with type 6CL3/6CK3 except for
heater ratings.

SHP

6CL3/6CK3 12CL3
6.3

Heater Voltage (ac/de) . ................oiinnn, 12.6 volts
Heater Current .............cccoviuniiiiiuneennnans, 1.2 0.6 amperes
Heater Warm-up Time (Average) .................. —_ 11 seconds

Direct Interelectrode Capacitances:

Plate to Cathode and Heater 6.5 pF
Cathode to Plate and Heater ... .. 9 pF
Heater to Cathode ........... ... . . iiiiiiiiiiininnnninns 3 pF
Damper Service
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ............ .. ... .. ................ 5500 volts
Peak Plate Current ................oiiiiiiiiiiiiii i 1300 mA
Average Plate Current ... ... ... ... .. ... .l 250 mA
Plate Dissipation ............ 0.0 it e 8.5 watts
Bulb Temperature (At hottest point) ............................ 220 °C
Heater-Cathode Voltage:
Peak value .......... ... ... ... ..., -4-300 —5000 volts
Average value ..... ... ... .. ... ... ...l 4100 —900 volts
CHARACTERISTICS, Instantaneous Vaiue
Tube Voltage Drop for plate current of 350 mA .................. 16 volts

# Pulse duration must not exceed 159% of a horizontal scanning cyecle (10 microseconds).

POWER PENTODE 6C|-6
Miniature type used in output stage of video amplifier
of color and black-and-white television receivers and
as wide-band amplifier tube in industrial and labora-
tory equipment. Outlines section, 6E; requires minia-

9BV ture 9-contact socket.
Heater Voltage (ac/de) ...... ... ... it iiaane, 6.3 volts
Heater Current ............. ... .iuiiiniernnerraarenanrneenannn 0.65 ampere
Peak Heater-Cathode Voltage .................................... +100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ... ... ... . . . . it ininiannnnn. 0.12 pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ............. ... ... ... ... .. .. e 11 pF

Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield .......... ... ... ... .. . iiiiian. 5.5 pF
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Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values) :
Plate Voltage ..............c.ciiiiiuniienanniaun. 300 volts

Grid-No.3 (Suppressor-Grid) Voltage, Positive value 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage .......... .. 300 volts
Grid-No.2 Voltage ... ... .. ... ... ... . iitiiininnann .. .. 150 volts
Grid-No.1 (Control-Grid) Voltage:

Negative-bias value 50 volts

Positive-bias value .................. 0 volts
Plate Dissipation ........................ 1.6 watts
Grid-No.2 Imput ......................... . 1.9 watts
Bulb Temperature (At hottest point) ............................. 200 °Cc
TYPICAL OPERATION
Plate Voltage .......... ... ..ttt 250 volts
Grid No.3 . ..... Connected to cathode at socket
Grid-No.2 Voltage ........... . ... ... . . . i it 160 volts
Grid-No.1 Voltage ......... . —3 volts
Peak AF Grid-No.l Voltage .... . 3 volts
Zero-Signal Plate Current ...... 30 mA
Maximum-Signal Plate Current 31 mA
Zero-Signal Grid-No.2 Current .............. 1 mA
Maximum-Signal Grid-No.2 Current .............. 7.2 mA
Plate Resistance (Approx.) ........................ 0.09 megohm
Transconductance .......................cciiiiannns 11000 pmhos
Load Resistance ..................ccoumunieminineaieinnnnn 7500 ohms
Total Harmonie Distortion .................................... .. 8 per cent
Maximum-Signal Power Qutnut .............................. .. 2.8 watts
Grid-No.1 Voltage (Approx.) for plate current of 10 zA .......... —14 volts
TYPICAL OPERATION IN MHz-BANDWIDTH VIDEO AMPLIFIER
Plate Supply Voltage .......... ... ... ... i ittt 300 volts
Grid No.8 ... ... . Connected to cathode at socket
Grid-No.2 Supply Voltage ........ ... ... ... ..ot .. 300 volts
Grid-No.1 Bias Voltage ... .............. ... ... ... .. . ..., .. —2 volts
Grid-No.1 Signal Voltage (Peak to Peak) 3 volts
Grid-No.2 Resistor 24000 ohms
Grid-No.1 Resistor 0.1 megohm
Load Resistor ... ........... ... . ittt 3900 ohms
Zero-Signal Plate Current ............ . ... ... ... ... i 30 mA
Zero-Signal Grid-No.2 Current ................ ... ... ... cciiian. 7 mA
Voltage Output (Peak to Peak) .............cciiiiiiiiiiiinn, . 132 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1 Circuit Resistance:

For fixed-bias operation ................... ..o iiiiieiia, 0.1 megohm

For cathode-bias operation .................. ... . iiiiiieans 0.5 megohm

TYPE 6CL6

GRIDO No.3 AND INTERNAL SHIELD

|- CONNECTED TO CATHODE AT
SOCKET.
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6CL8 Refer to chart at end of section.
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H MEDIUM-MU TRIODE—
P SHARP-CUTOFF TETRODE 69{3“
SG) G27p Miniature type used as combined vhf oscillator and
mixer in color and black-and-white television receivers.
O S (@xra Outlines section, 6B; requires miniature 9-contact

5 socket. For maximum ratings as class A, amplifier,
see type 6UBA. Type 5CL8BA is identical with type

Gy Gira
9FX 6CL8A except for heater ratings.
5CLSA 6CLSA
Heater Voltage (ac/de) ................. . ... 0., 4.7 6.3 volts
Heater Current ......................... .. ..0ooo0n. 0.6 0.45 ampere
Heater Warm-up Time (Average) ................. 11 11 seconds
Heater-Cathode Voltage:
Peak value .............. ... ... cooiiiioa *+200 max *200 max volts
Average value ................ ... ... ... ... 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded
Triode Unit:
Grid to Plate .................................. 1.8 1.8 pF
Grid to Cathode, Tetrode Cathode, Heater,
and Intermal Shield .. ..... .. ... ... ... ... .... 2.8 2.8 pF
Plate to Cathode, Tetrode Cathode, Heater,
and Internal Shield .......................... 1.5 2 pF
Tetrode Unit:
Grid No. 1 to Plate ............................ 0.02 max 0.01 max pF
Grid No.1 to Cathode, Heater, Grid No.2,
and Internal Shield .......................... 5 5 pF
Plate to Cathode, Heater, Grid No.2,
and Internal Shield ......................... 2 3 pF
Tetrode Grid No.1 to Triode Plate ............... 0.015 max 0.01 max pF
Tetrode Plate to Triode Plate .................... 0.15 max  0.03 max pF
Heater to Cathode (Each Unit) .................. 3 3 pF

Class A, Amplifier

CHARACTERISTICS Triode Unit Tetrode Unit
Plate Supply Voltage ... ... ... ... ... ... . .......... 125 125 volts
Grid-No.2 (Screen-Grid) Voltage ................... — 125 volts
Grid-No.1 Voltage ................................. —1 —1 volt
Amplification Factor .................... .. ....... 40 —
Plate Resistance (Approx.) ....................... 0.005 0.2 megohm
Transconductance ................................. 8000 6500 pmhos
Plate Current ....................... ... i, 14 12 mA
Grid-No.2 Current .............. .. ......cccciievenn. — 4 mA
Grid-No. 1 Voltage (Approx.) for plate current of
........................................ -9 —9 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ........................ 0.5 0.25 megohm
For cathode-bias operation ..................... 1 1 megohm

HALF-WAVE 6CM3
VACUUM RECTIFIER
Novar type used as damper tube in horizintal-deflection
circuits of color and black-and-white television receiv-
ers. Outline section, 30B; requires novar 9-contact
socket. Socket terminals 1, 3, 6, and 8 should not be
used as tie points. This tube, like other power-handling

9HP tubes, should be adequately ventilated.
Heater Voltage (ac/de) ........ ... ... 0. it 6.3 volts
Heater Current ............. ... .. .................... ..., 2.4 amperes
Direct Interelectrode Capacitances:
Plate to Cathode and Heater 20 pF
Cathode to Plate and Heater ... .... 18 pF

Heater to Cat’ de ......................... . e 4 pF
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Damper Service
For operation in a §525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Inverse Plate Voltage# .................................... 5500
Peak Plate Current .............. ... ... iiiiiiiiiiinain. RN 1700
Average Plate Current ................................. 400
Plate Dissipation ................. .. ... ... . .ol 12
Heater-Cathode Voltage:
Peak value ................... ..o, 4300 —5500
Average value ............................... +100 —800
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 850 mA .................. 10

volts

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).

6CM6 Refer to chart at end of section.
6CM7
sCM7 MEDIUM-MU DUAL TRIODE

Miniature type used as combined vertical-deflection os-
cillator and vertical-deflection amplifier in black-and-
white television receivers. Unit No.l is used as a
conventional blocking oscillator in vertical-deflection
circuits, and unit No.2 as a vertical-deflection ampli-
fier. Qutlines section, 6E; requires miniature 9-contact
socket. Types 8CM7 is identical with type 6CM7 except
for heater ratings.

6CM7

Heater Voltage (ac/de) .......... .................. 6.3 8.4
Heater Current ......... ... ...... ... ... .cc....cuns 0.6 0.45
Heater Warm-up Time (Average) .................. 11 11
Heater-Cathode Voltage:

Peak value ... ... ... ... ...l *200 max =200 max

Average value .............. ... ... ... ... 100 max 100 max
Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit Neo.2

Grid to Plate . ...... ... ... .......... . ... ..., 3.8 3

Grid to Cathode and Heater . 2 3.5

Plate to Cathode and Heater 0.5 0.4

Class A, Amplifier

CHARACTERISTICS Unit No.1 Unit No.2
Plate Voltage ............ ... ... i iiiiinennnn. 200 250
Grid Voltage ........ ... ... .. ... ... .. . . . e —7 —8
Amplification Faetor ... ... ... ... ... ... ... ......... 21 18
Plate Resistance (Approx.) ........................ 10500 4100
Transconduetance .. ....... ....... ... ... ... ....... 2000 4400
Plate Current . ...... ... ... ... ... ... . ... ... ... ... 5 20
Plate Current for grid voltage of —10 volts . ... ..., 1 —
Grid Voltage (Approx.) for plate current of 10 A . —-14 -

Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Unit No.l Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier
DC Plate Voltage .. ....... ... ... . ............... 550 550
Peak Positive-Pulse Plate Voltage# ... ............... — 2200
Peak Negative-Pulse Grid Voltage ................ .. 220 220
Peak Cathode Current ............................. 1 i
Average Cathode Current .......................... 17 22
Plate Dissipation ....................... ... ... ... 1.45 6

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For fixed-biag operation ................. . ... .. 2.2
For cathode-bias operation ..................... 2.2 2.5
For grid-resistor-bias operation ................. 2.2 —

# Pulse duration must not exceed 159, of a vertical seanning cycle (2.5 milliseconds).

volts
ampere
seconds

volts
volts

pF
pF
pF

megohms
megohms
megohms
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Refer to chart at end of section. 6CM8

TWIN DIODE-—

HIGH-MU TRIODE 6CN7
Miniature type used as combined horizontal phase de-
tector and reactance tube in color and black-and-white
television receivers. The triode unit is used in syne-
separator, sync-amplifier, or audio amplifier circuits.
Outlines section, 6B; requires miniature 9-contact

9EN socket. For typical operation of triode unit as resist-
ance-coupled amplifier, refer to Resistance-Coupled Amplifier section.

Heater Voltage (ac/dc) :
1 o T 6.3 volts
Parallel ... ... .. . . .. 3.15 volts
Heater Current:
Series ... 0.3 ampere
Parallel .. ... . . 0.6 ampere
Heater Warm-up Time (Average) ..........................c..... 11 seconds
Heater-Cathode Voltage:
Peak value ....... ... ... . .. ... *+200 max volts
Average value ......... ... . .. e 100 max volts
Direct Interelectrode Capacitances:
Triode Unit:
Grid to Plate ... ... . . ... 1.8 pF
Grid to Cathode and Heater ........ ... ...................... 1.5 pF
Plate to Cathode and Heater ... ........... . ... ............ 0.5 pF
Diode Units:
Diode-No.1 Plate to Cathode of Diodes No.l and No. 2,
Heater, and Internal Shield ... . ... . .. ... ... . ... ........ 3.6 pF
Diode-No.2 Plate to Cathode of Diodes No.l and No. 2, a6 P
P

Heater, and Internal Shield ...... ... ... .......... ... ... .
Triode Grid to Either Diode Plate ............................. 0.006 pF

Triode Unit as Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
330 volts

Plate Voltage ................. . ... .o
Grid Voltage, Positive-bias value ........................... .. ... 0 volts

Plate Dissipation ...... ... ... ... ... . . ... ... .. 1.1 watt
CHARACTERISTICS

Plate Voltage ..................................... 100 250 volts
Grid Voltage .............. ... ... ... ................ —1 —3 volts
Amplification Factor .. ... ... ... . ... ... ....... 70 70

Plate Resistance (Approx.) ........................ 540060 58000 ohms
Transconductance ................................. 1300 1200 pmhos
Plate Current .............. ... ... ... .. ........... 0.8 1 mA

Diode Units

MAXIMUM RATINGS (Design-Maximum Values)

Plate Current (Each Unit) ................... ... ............. 5.5 mA
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Refer to chart at end of section.

6CQ4 For replacement use type 6DE4/6CQ4.
MEDIUM-MU TRIODE—
6CQ8 SHARP-CUTOFF TETRODE

Miniature type used in color and black-and-white tele-
vision receiver applications. The tetrode unit is used
as a mixer, video if amplifier, or sound if amplifier
tube. The triode unit is used in vhf oscillator, phase-
splitter, sync-clipper, sync-separator, and rf amplifier
circuits. Outlines section, 6B; requires miniature 9-
contact socket.

Heater Voltage (ac/de) . ... ... ... .. ... . . i 6.3 volts
Heater Current .. ... . .. .. ... 0.45 ampere
Heater Warm-up Time (Average) ................................ 11 seconds
Heater-Cathode Voltage:
Peak value ... .. ... e *+200 max volts
Average value ....... . . ... ... 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded=
Triode Unit:
Grid to Plate . ..... ... ... ... ... ... ... ... ... ... 1.8 1.8 pF
Grid to Cathode and Heater ... ................ 2.7 2.7 pF
Plate to Cathode and Heater ................. 0.4 1.2 pF
Tetrode Unit:
Grid No.1 to Plate . ... ........... ............ 0.019 max 0.015 max pF
Grid No.1 to Cathode, Heater, Grid No.2
and Internal Shield .......................... 5 5 pF
Plate to Cathode, Heater. Grld No.2,
and Internal Shield ........................ 2.5 3.3 pF
Tetrode Plate to Triode Plate .................... 0.07 max  0.01 max pF
Heater to Cathode (Each Unit) ... ... .. ... ... .. 3 3t pF
* With external shield connected to cathode of unit under test.
t With external shield connected to ground.
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Tetrode Unit
Plate Voltage ......... .. ... ... .. ... ... .. .. ... 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ -— 330 volts
Grid-No.2 Voltage ............... ... .c.i..eiueuan. See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts
Plate Dissipation ........... ... ... ... . . ... ... o0, 3.1 3.2 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ... ... . . — 0.7 watt
For grid-No.2 voltages between 165 and '330 volts See curve page 300
Grid Input ..... . .. ... e 0.55 — watt
CHARACTERISTICS
Plate-Supply Voltage . ... ..... ... ... ... .. ...c.cvuun 125 125 volts
Grid-No.2 Supply Voltage ........... ... ........... — 125 volts
Grid-No.1 Voltage ...... ... ... ... i, — —1 volts
Cathode-Bias Resistor .............................. 56 — ohms
Amplification Faector ............... ... .. .. ... ..., 40 —
Plate Resistance (Approx.) ........................ 5000 140000 ohms
Transconductance .................iiiriinairnaian 8000 5800 pmhos
Plate Current ......... . ... .. ... iiiiiiiiaa 15 12 mA
Grid-No.2 Current ... ................. ... ........ — 4.2 mA
Grid-No.1 Voltage (Approx.) for plate current of
100 2A e —T7 —7 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ........................ 0.5 0.25 megohm
For cathode-bias operation ..................... 1 1 megohm

6CR6 Refer to chart at end of section.
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6CS6
PENTAGRID AMPLIFIER s, acss, 12cs6

Miniature type used as a gated amplifier in color and
black-and-white television receivers. In such service,
it may be used as a combined sync separator and sync
clipper. Outlines section, 5C; requires miniature 7-
contact socket. Types 3CS6, 4CS6, and 12CS6 are iden-
tical with type 6CS6 except for heater ratings.

3CS6 4CSG 6CS6 12CSé
Heater Voltage (ac/de) .............. 3.15 6.3 12.6 volts
Heater Current ......... ... .......... 0.6 0. 45 0.3 0.15 ampere
Heater Warm-up Time (Average) .... 11 11 11 -— seconds
Heater-Cathode Voltage:
Peak value ...................... *200 max +200 max =200 max +200max volts
Average value ................... 100 max 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.)
Grid No.l to Plate .......... ... ... ... ... ... ... .. ... ... ... 0.07 max pF
Grid No.3 to Plate ............ 0.36 max pF
Grid No.1 to Grid No.3 0.22 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
Grid No.4, and Grid No.5 .. ...........00oooi o, 5.5 pF
Grid No.3 to Cathode, Heater, Grid No.1, Grid No.2,
Grid No.4, and Gnd No.b .. 7 pF
Plate to Cathode, Heater, Gl‘ld No.1, Grid No.2, Grid No.3
Grid No.4, and Grid No.5 ........ ... ... . ... .. ... ...... 7.5 pF
Class A, Amplifier
CHARACTERISTICS
Plate Voltage ....... ... ... ... ... ... ... . . ......... 100 100 volts
Grids-No.2-and-No.4 Voltage ....................... 30 30 volts
Grid-No.3 Voltage .............. .. ... ... .... —1 0 volt
Grid-No.1 Voltage .................. ............. 0 —1 volt
Plate Resistance (Approx.) ........................ 0.7 1 megohm
Grid-No.3-to-Plate Transconductance ............... 1500 — umhos
Grid-No.1-to-Plate Transconductance ............... — 1100 pmhos
Plate Current ................ .. ... ... ... .0 ..0.0.0.0.. 0.8 1 mA
Grids-No.2-and-No.-4 Current ...................... 5.5 1.3 mA
Grid-No. 3 Voltage (Approx.) for plate current of
........................................ —2.2 _— volts
Gnd No 1 Voltage (Approx.) for plate current of
........................................ —_ —2.5 volts
Gated Amplifier Service
MAXIMUM RATINGS (Design-Center Values)
Plate Voltage ................ ......... ... ... . ... ... ... 300 volts
Grids-No.2-and-No.4 Supply Voltage ........ .. ... .. ... ... ......... 300 volts
Grids-No.2-and-No.4 Voltage ... .. ... ... ... ... . . i iiriunein.. See curve page 300
Cathode Current ....................... .. ... . ... .. ... .iiiiiio... 14 mA
Plate Dissipation . ... . ... .. . ... . 1 watt
Grids-No.2-and-No.4 Input:
For grids-No.2-and-No.4 voltages up to 150 volts ... .......... 1 watt
For grids-No.2-and-No.4 voltages between 150 and 300 volts ... See curve page 300
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance 0.47 megohm
Grid-No.3-Circuit Resistance 2.2 megohms

MEDIUM-MU DUAL TRIODE $CS7
Miniature type used as combined vertical-deflection os-
cillator and vertical-deflection amplifier in television
receivers. Unit No.l is used as a conventional block-

9EF ing oscillator in vertical-deflection circuits, and unit
No.2 as a vertical-deflection amplifier. Qutline section, 6E; requires minia-
ture 9-contact socket. Type 8CS7 is identical with type 6CS7 except for
heater ratings.
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6CS7 8CS7

Heater Voltage (ac/de¢) ...............coivininiins 6.3 8.4 volts
Heater Current ......................ceeevvnnionies 0.6 0.45 ampere '
Heater Warm-up Time (Average) .................. 11 11 seconds
Heater-Cathode Voltage:

Peak value ............ ... ... i, +200 max =200 max volts

Average value ... ... ... ... ... ... ...iii.oal. 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2

Grid to Plate ................... ...l 2.6 2.6 pF

Grid to Cathode and Heater .................... 1.8 3 pF

Plate to Cathode and Heater ... ................. 0.5 0.5 pF

Class A, Amplifier
Unit No.1 Unit No.2
CHARACTERISTICS Oscillator Amplifier
Plate Voltage .............. . ... . iiiiiiiniinnn. 250 250 volts
Grid Voltage ......... ... ... ... .. .iiiiiiiiiiian —8.5 —10.5 volts
Amplification Factor ..................... ... ... .. 17 15.6
Plate Resistance (Approx.) ........................ 7700 3450 ohms
Transconduetance ....................ccvevinannnan 2200 4500 umhos
Plate Current ....... ... ... . ... ... . ciiiiiiiiiiaan 10.5 19 mA
Plate Current for grid voltage of —16 volts . ...... . _ 38 mA
Grid Voltage (Approx.) for plate current of 10 uA —24 — volts
Grid Voltage (Approx.) for plate current of 50 uA — —22 volts
Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Unit No.1 Unit No.2

MAXIMUM RATINGS (Design-Center Values) Oscillator Amplifier
DC Plate Voltage ...............c..uuiirinieneann. 500 500 volts
Peak Positive-Pulse Plate Voltage# (Absoclute

Maximum) .. ... ..., — 2200~ voits
Peak Negative-Pulse Grid Voltage .................. 400 250 volts
Peak Cathode Current ............................. 70 105 mA
Average Cathode Current .......................... 20 30 mA
Plate Dissipation ................. .. ... .. ... 1.25 8.5 watts

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance ............................. 2.2 2.2 megohms
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds).

4 Under no circumstances should this absolute value be exceeded.

6CT3 Refer to chart at end of section.
6CU5 BEAM POWER TUBE
12CU5/12C5.
17CUS/17CS

Miniature type used in the audio output stage of tele-
vision receivers. Outlines section, 5D; requires minia-
ture 7-contact socket. Types 12CU5/12C5, and 17CU5/
17C5 are identical with type 6CU5 except for heater
ratings.

17CU5/
6CU5 12CU5/12C5 17C5

Heater Voltage (ac/de) ...................... 6.3 12.6 16.8 volts
Heater Current .................. ... ..c.c.u.. 1.2 0.6 0.45 ampere
Heater Warm-up Time (Average) ........... — 11 11 seconds
Heater-Cathode Voltage:

Peak value .................... ... ..... *£200 max =200 max =200 max volts

Average value ... .......... ... .. ...... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):

Grid No.1 to Plate ... . ... i 0.6 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid Ni . 13 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 .. 8.5 pF
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Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ......... ... ... ... 150 volts
Grid-No.2 (Screen-Grid) Voltage ........................ 130 volts
Grid-No.l (Control-Grid) Voltage, Positive-bias value .. 0 volts
Plate Dissipation ........... ... ... .. ... .. ., .. 7 watts
Grid-No.2 Input ... .. .. ... . i 1.4 watts
Bulb Temperature (At hottest point) ............. ... ... ... ... 220 °C
TYPICAL OPERATION
Plate Voltage ............ ...ttt ittt aaisaernannnaa. 120 volts
Grid-No.2 Voltage .......................... 110 volts
Grid-No.1 Voltage .......................... : —8 volts
Peak AF Grid-No.1 Voltage 8 volts
Zero-Signal Plate Current 49 mA
Maximum-Signal Plate Current .................................. 50 mA
Zero-Signal Grid-No.2 Current ...................ciiieiiinnnnnann 4 mA
Maximum-Signal Grid-No.2 Current ............. ... ... ... ... .. 8.5 mA
Plate Resistance (ADPDPIoX.) .. .......ouriieimriiiieaeiniincnninnns 10000 ohms
TranscondUCtaNCe . ...ttty 7500 pmhos
Load Resistance ...............cciiiiiiiiinmmiiiineanononnononnnn 2500 ohms
Total Harmonic Distortion ..................... . ... ... ... ... .. 10 per cent
Maximum-Signal Power Qutput .......... ... ... ... .. ... .0nas 2.3 watts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ................. ... ... . . iiiieiiee. 0.1 megohm

For cathode-bias operation ......................coiiiuiinann 0.5 megohm

For replacement use type 6BQ6GTB/6CU6. 6CU6
Refer to chart at end of section. 6CU8

6CW4
HIGH-MU TRIODE 2CW4, 13CW4

Nuvistor type used as a grounded-cathode, neutralized
rf amplifier in vhf tuners of color and black-and-
white television and FM receivers. Outlines section,
INDEX =L ARGE_LUG 1; requires nuvistor socket. Types 2CW4 and 13CW4

are identical with type 6CW4 except for heater ratings.

2CwW4 6CW4 13CW4
Heater Voltage (ac/de) .................... 2.1 6.3 13.5 volts
Heater Current ................. ... c.o.vnnn 0.45 0.135 0.06 ampere
Heater Warm-up Time (Average) .......... 8 — — seconds
Peak Heater-Cathode Voltage .............. *+100 max =100 max =100 max volts
Direct Interelectrode Capacitances (Approx.) ....................
Grid to Plate ... . ... ... ... i 0.92 pF
Grid to Cathode, Heater, and Shell . 4.3 pF
Plate to Cathode, Heater, and Shell 1.8 pF
Plate to Cathode 0.18 pF
Heater to Cathode 1.6 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Supply Voltage ......... ... ... .. i iiiiiiiaiiiinieonn .. 300° volts
Plate Voltage . ... ... o e 135 volts
Grid Voltage:
Negative-bias value ............ ... . ... ..o 55 volts
Peak positive value ............ .. ... ... e 0 volts
Cathode Current ............cooioiuiieiimrininaniiananrnaans 15 mA

Plate Dissipation ........ .. ... i e 1.5 watt
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Typical

CHARACTERISTICS AND TYPICAL OPERATION Characteristics Operation
Plate Supply Voltage .................. . .....c... 110 70 volts
Grid Supply Voltage .............................. 0 0 volts
Cathode-Bias Resistor ............................. 130 — ohms
Grid Resistor .............. . i — 47000 ohms
Amplification Factor .............................. 65 68
Plate Resistance (Approx.) ........................ 6600 5440 ohms
Transconductance 9800 12500 pmhos
Plate Current ................. ... . ... .. iean ki 7.2 mA
Grid Voltage (Approx.) for plate current of 10 pA . —4 — volts
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:®

For fixed-bias operation ......... ...... ... .. ... ... ... .. ..., 0.5 megohm

For cathode-bias operation .................................. 2.2 megohms

¢ A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used
in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of operation.

= For operation at metal-shell temperatures up to 135° C.
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6CW5 Refer to chart at end of section.

6CW5/

EL86 POWER PENTODE

8CWS/XL86.
10CWS/LL86,
15CWS5/PLY4

Miniature type used for vertical-deflection amplifier
service in color and black-and-white television receiv-
ers. Outlines section, 6G; requires miniature 9-contact
socket. Types 8CW5/XL86, 10CW5/LL86, and 15CW5/
PL84 are identical with type 6CW5/EL86 except for

heater ratings. acy
6CW5/ 8CW5/ 10CW§/ 15CW5/
ELS6 XL86 LL86 PL84
Heater Voltage (ac/de) ......... 6.3 8 10.6 15 volts
Heater Current ................. . 0.76 0.6 0.45 0.3 ampere
Heater Warm-up Time .......... — — 11 _ seconds
Heater-Cathode Voltage:
Pesk value .................. =330 max 330 max =330 max =330 max volts
Average value ............... =220 max *220 max =220 max =220 max volts
Direct Interelectrode Capacitances:
Grid No.l to Plate ... ... ... .. ittt iiiiraerenans 0.6 pF
Grid No.l to Heater ... .......... ... .. ... .00 v iiiiiinnn .. 0.25 max pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 13 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 6.8 pF
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Class ‘A, or Class AB, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ....... ... . . . ... i, 275 volts
Plate Supply Voltage .............. .. ... . 0 0ciiiiniiiiiinnnn, 600 volts
Grid-No.2 Voltage ... ........ ... ... .cuiiiiiiiiinn i, 220 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 600 volts
Cathode Current ................................. . .. 110 mA
Plate Dissipation ....... . .. 14 watts
Grid-No.2 Input ... ... .. ... ... .. ....... .. ... . . ... .. RN 2.1 watts
Peak Grid-No.2 Input ...... ... ... . ciiiiiiiniiinenannnnnnnn. 7 watts
CHARACTERISTICS
Plate Voltage ........... ... .. it 170 volts
Grid-No.2 Voltage . ........... ... ... . ... i, 170 volts
Grid-No.1 (Control-Grid) Voltage .. .............................. —12.5 volts
Mu Factor (Grid No.2 to Grid No.1) ..................cc.cevuun. 8
Plate Resistance ................ ... . ... ... i 26000 ohms
Transconductance ........ ... ... .. i i 11000 umhos
Plate Current ...... .. .. ... .. ... 70 mA
Grid-No.2 Current ..................c.iiiiiiiieiirenreaneinnnenn. 3.5 mA
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance ................cceviivenn.n.. even 1 megohm
Vertical-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ....... ... ... e, 275 volts
Peak Positive-Pulse Plate Voltage# ............................ 2200 volts
Grid-No.2 Voltage .. ..., 275 volts
Peak Negative-Pulse Grid-No.1 Voltage ........................ 250 volts
Peak Cathode Current .............. ... ........................ 240 mA
Average Cathode Current ............... ... ..................... 110 mA
Plate Dissipation ... ... .. ... . .. ... . 12 watts
Grid-No.2 Input ... .. ... . . it 2.1 watts
MAXIMUM CIRCUIT VALUE

2.2 megohms

Grid-No.1-Circuit Resistance .............. .. ... ... ............
# Pulse duration must not exceed 67 of a vertical scanning cycle (1.2 milliseconds).

MEDIUM-MU TRIODE— 6CX8

SHARP-CUTOFF PENTODE 8Cx8
Miniature type u=ed in television receiver applications.
Pentode unit is used as video amplifier; triode unit is
used in sound if-amplifier, sweep-oscillator, sync-sep-
arator, sync-amplifier, and sync-clipper circuits. Out-
lines section, GE; requires miniature 9-contact socket.
Type 8CX8 is identical with type 6CX8 except for
heater ratings.

6CX8 8CXs8
Heater Voltage (ac/de) ...... ... ... ... ... ..., 6.3 8 volts
Heater Current ...................... e 0.75 0.6 ampere
Heater Warm-up Time (Average) ................ —_— 11 volts
Heater-Cathode Voltage:
Peak value ................ . +200 max =200 max volts
Average value 100 max 100 max valts
Direct Interelectrode Capacitances:
Triode Unit:
Grid to Plate ... .. .. . . . . . i et e, 4.4 pF
Grid to Cathode and Heater ...........................c.0... 2.2 pF
Plate to Cathode and Heater ........ ... .................. .. 0.38 pF
Pentode Unit:
Grid No.l to Plate ... ... ... .. . . ... iiiiiiiiiieneioann. 0.06 pF
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... ... ... ... ... . . ..., 9 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .. ............. .. . .. 4.4 pF
Triode Grid to Pentode Plate ...... 0.018 max pF
Pentode Grid No.l1 to Triode Plate . 0.005 max pF
0.17 max pF

Pentode Plate to Triode Plate ... ...
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Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit

Plate Voltage ......... ... ... ... ... ... il 330 330 volts

Grid-Nc.2 (Sereen-Grid) Voltage .................. 330 volts

Grid-No.2 Voltage .........................c...... See curve page 300
0

woll

Grid-No.1 (Control-Grid) Voltage, Positive-bias value volts
Plate Dissipation ................. ... ... ... 5 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ........ ca— 1.1 watts

For grid-No. voltages between 165 and 330 volts — See curve page 300
CHARACTERISTICS
Plate Supply Voltage ..................cccoiiun.n. 150 200 volts
Grid-No.2 Supply Voltage ......................... — 125 volts
Cathode-Bias Resistor .............................. 150 68 ohms
Amplification Factor ...................... ... ..., 40 —
Plate Resistance (Approx.) ........................ 8700 70000 ohms
Transconductance 4600 10000 pmhos
Plate Current .............. ... . ... ... ... ... 9.2 24 mA
Grid-No.2 Current —_ 5.2 mA
Grid-Nc. 1 (Vo]tage Approx.) for plate current of

0 A e, —b —8.5 volts

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ..................... 0.5 0.25 megohm

For cathode-bias operation ................. 1 1 megohm

6CY5

2CYS, 3CYS SHARP-CUTOFF TETRODE

Miniature type used as rf amplifier in vhf tuners of
television receivers. OQOutlines section, 5C; requires
miniature 7-contact socket. Types 2CY5 and 3CY5 are
identical with type 6CY5 except for heater ratings.

2CY5 3CY5

Heater Voltage (ac/de) .................... 2.4 2.9 6.3 volts
Heater Current ............ ... .. ...... .. ..., 0.6 0.45 0.2 ampere
Heater Warm-up Time (Average) .......... 11 11 — seconds
Peak Heater-Cathode Voltage .............. +100 max *100 max =100 max volts
Direct Interelectrode Capacitances (Approx.)°:

Grid-No.1 to Plate ... ........ .. . .. . .. .. ... ... . .. 0.03 pF

Grid-No.1 to Cathode, Heater, Grid No.2 and Internal Shield .. 4.5 pF

Plate to Cathode, Heater, Grid No.2, and Internal Shield .... 3 pF

° With external shield connected to cathode.

Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage .......... ...t iiiiiiiiininnirininns - 180 volts
Grid-No.2 (Sereen-Grid) Supply Voltage .. 180 volts
Grid-No.2 Voltage ............ ... .. it iiiiiiiiiiiiiiiaanenn, See curve page 300
Grid-No.l (Control-Grid) Voltage, Positive-bias value ............ [1} volts
Cathode Current ......... ... .. ... .. ..ol 20 mA
Plate Dissipation ........... ... . it 2 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 90 volts ...................... 0.5 watt

For grid-No.2 voltages between 90 and 180 volts ............ See curve page 300
CHARACTERISTICS
Plate Voltage ...............c.0ciiiiinninn, 125 volts
Grid-No.2 Voltage . . 80 volts
Grid-No.1 Voltage —1 volt
Plate Resistance (APDrox.) ........c...iiiiiiiiiniiiiiiraiananns 0.1 megohm
Transconductance ........... ... ... ittt 8000 pmhos
Plate Current ......... ... . . ... . i i 10 mA
Grid-No.2 Current .......... ... ... . . .. i 1.5 mA
Grid-No.1 Voltage (Approx.) for plate current of 20 gA .......... —6 volts

MAXIMUM CIRCUIT VALUE
Grid-No.1-Cirecuit Resistance ................. .. ...coiiieinninen 0.5 megohm
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PLATE VOLTS 92¢5-95(8T

DUAL TRIODE 6CY7

Miniature type used as combined vertical oscillator
and vertical-deflection amplifier in television receivers.
Unit No.1 is used as a blocking oscillator in vertical-
deflection circuits, and unit No.2 is used as a vertical-
deflection amplifier. Outlines section, 6E; requires mini-
ature 9-contact socket.

Heater Voltage (ac/de) ........ ... .. .. .. ... .. . .. 6.3 volts
“Heater Current . ....... . . ... ... 0.75 ampere
Heater-Cathode Voltage:
Peak value .......... ... ... e, *200 max volts
Average value ... ... ... ..., 100 max volts
Class A, Amplifier
CHARACTERISTICS Unit No.1 Unit No.2
Plate Supply Voltage ............................ 250 150 volts
Grid Voltage .................. ... . ... . ... 0 00.0.. —3 — volts
Cathode-Bias Resistor ..................... . — 620 ohms
Amplification Factor ...... . 68 5
Plate Resistance (Approx.) . . . 52000 920 ohms
Transconduetance ............. e 1300 5400 mhos
Plate Current ............... tevereeresressenennns 1.2 30 mA
Plate Current for grid voltage of —30 voits ........ — 3.5 mA
Grid Voltage (Approx.) for plate current of 10 uA .. —5.5 — volts
Grid Voltage (Approx.} for plate current of 200 uA . - —40 volts

Vertical-Deflection Oscillator and Amplifier

For operation in a 523-line, 30-frame system
Unit No.1 Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier

DC Plate Voltage ............... ... ... ... 350 350 volts
Peak Positive-Pulse Plate Voltage# ... ........ .. .. — 1800 volts
Peak Negative-Pulse Grid Voltage .......... e —400 —250 volts

Peak Cathode Current .......... . .. . — 120 mA
Average Cathode Current . — 35 mA
Plate Dissipation ......................... ......... 1 5.5 watts
MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance ........................... 2.2 2.27 megohms

# Pulse duration must not exceed 159 of a vertical scanning cycle (2.5 milliseconds).
4 For cathode-bias operation,
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6CZ5

sczs BEAM POWER TUBE

Miniature type used as a vertical-deflection amplifier
in high-efficiency deflection circuits of color and black-
and-white television receivers and in the audio output
stage of television and radio receivers. Outlines sec-
tion, 6G; requires miniature 9-contact socket. Type
5CZ5 is identical with type 6CZ5 except for heater
ratings.

5CZ5 6CZ5

Heater Voltage (ac/de) ............ccciiviviunans 4.7 6.3 volts
Heater Current ................................... 0.6 0.45 ampere
Heater Warm-up Time (Average) ................. 11 11 seconds
Heater-Cathode Voltage:

Peak wvalue ............... .. .. ... i +200 max 200 max volts

Average value ............... ... ... .. 00 100 max 100 max volts
Direct Interelectrode Capacitances:

Grid No.1 to Plate ...... ... ... ... ... ... ... ... ... ... . iiin 0.4 max pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 9 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 6 pF

Class A, Amplifier
CHARACTERISTICS
Plate Voltage .. 6 250 volts
Grid-No.2 Voltage 260 250 volts
Grid-No.1 Voltage 0 —15 volts
Plate Resistance -_ 73000 ohms
Transconductance —_ 4800 pmhos
Plate Current ............. . 130e 46 mA
Grid-No.2 Current 16 4.6 mA
Grid-No.1 Voltage (Approx.) for plate current of
0 HA i — —40 volts

Vertical-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate VoltBZe ... ...ttt ettt 350 volts
Peak Positive-Pulse Plate Voltage# .. ... . ... . ... 2200 volts
Grid-No.2 (Screen-Grid) Voltage .......... ... . .. ... ... ...... 315 volts
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... 275 volts
Peak Cathode Current ....... ... ... ... ... ... ... i 155 mA
Average Cathode Current R 45 mA
Plate Dissipation .......... . . ... ... e 10 watts
Grid-No.2 Input . 2.2 watts
Bulb Temperature (At hottest point) .......................... 250 °C
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation 0.5 megohm

For cathode-bias operation 1 megohm

# Pulse duration must not exceed 159 of a vertical scanning cycle (2.5 milliseconds).
e This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

6D4 Refer to chart at end of section.
6D6 Refer to chart at end of section.
6D7 Refer to chart at end of section.
6D8G Refer to chart at end of section.
6D10 Refer to chart at end of section.
Refer to chart at end of section.
6DA4 For replacement use type 6DM4A/6DA4.

6DB5 Refer to chart at end of section.
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SHARP-CUTOFF PENTODE 6DC6

Miniature type used in the gain-controlled picture if
stages of color and black-and-white television re-
ceivers and as an rf amplifier in the tuners of such
receivers. Outlines section, 5C; requires 7-contact mini-

iCM ature socket.
Heater Voltage (ac/de) .............c.cicvnnn.. eetieneeiinan 6.3 volts
Heater Current .. ... ... ... ittt ittt 0.3 ampere
Heater-Cathode Voltage:
Peak value .......... .. ... =+200 max volts
Average value ... ... ... 100 max volts
Direct Interelectrode Capacitances:
Grid No.l to Plate ............ .. ... .. iiiiiieiiiiunnn 0.02 max pF
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .......... .. ... ... ... ... . uviiiiiiiiara. 6.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ......... ... ... .. .. .. .. iiiiiea . 2 pF
TYPE 6DC6
GRID-No.3 VOLTS=0
GRID-No.2 VOLTS=i50
25 [s]
7]
w
] 20
H
4 b |
315
e ol
w - -
B0 GRI1D~No.1 V_OLTS EC|=-2
3 |
* 3
5 T
-4
[-6]
[+] 100 200 300
PLATE VOLTS  s2cs-8330Ti
Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)
300 volts

Plate Voltage ......... . ... ... . . . . e
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .............. 0 volts
Grid-No.2 Supply Voltage ........ ... . .. . i 300 volts
Grid-No.2 (Sereen-Grid) Voltage .......................civununn See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ......... ... [/} volts

Plate Dissipation ........ .. .. . ... . 2 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 150 volts ...................... 0.5 watt

For grid-No.2 voltages between 150 and 300 volts ............ See curve page 300
CHARACTERISTICS
Plate Supply Voltage ........ . ... ... .. . i 200 volts
Grid No.3 .. e Connected to cathode at socket
Grid-No.2 Supply Voltage P 150 volts
Cathode-Bias Resistor ...... . . 180 ohms
Plate Resistance (ApPProx.) .................cooiiiiiiiiian. .. 0.5 megohm
Transconductance 5500 pmhos
Plate Current ....... .. 9 mA
Grid-No.2 Current 3 mA
Grid-No.1 Voltage (Approx.) for transconductance of 50 pmhos —12.5 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ......... . ... ... ... .. .. . . . 0.25 megohm

For cathode-bias operation ............. ... ... ... ... ... ... 1 megohm

. 6DC8
Refer to chart at end of section.
efe 6DC8/EBF89

Refer to chart at end of section. 6DE4
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HALF-WAVE 6DE4/6CQ4

VACUUM RECTIFIER 17DE4, 22DE4

Glass octal type used as damper tube in horizontal-
deflection circuits of television receivers. Outlines sec-
tion, 13G; requires octal socket. Socket terminals 1,
2, 4, and 6 should not be used as tie points. This tube,
like other power-handling tubes, should be adequately
ventilated. Types 17DE4 and 22DE4 are identical with

M
4ACG type 6DE4/6CQ4 except for heater ratings.
6DE4/6CQ4 17DE4 22DE4

Heater Voltage (ac/de) ....................... 6.3 17 22.4 volts
Heater Current ..................... ... .. ..... 1.6 0.6 0.45 amperes
Heater Warm-up Time (Average) ............. — 11 11 seconds
Direct Interelectrode Capacitances (Approx.):

Plate to Cathode and Heater 8.5 pF

Cathode to Plate and Heater .. 11.5 pF

Heater to Cathode .......... ... .. . iiiiiviiiiinnaniinnns 4 pF

Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ........ .. 5500 volts
Peak Plate Current ................ 1100 mA
Average Plate Current ... .................. . 180 mA
Plate Dissipation .. ........ ... .. it . 6.6 watts
Heater-Cathode Voltage:

Peak value ...............coiiiiiiiiaiiann N 4300 -—5500 volts

Average value ........... ... ... ... ... +100 —800 volts
CHARACTERISTIC Instantaneous Value
Tube Voltage Drop for plate current of 350 mA ... .............. 34 volts

# Pulse duration must not exceed 159 of a horizontal scanning cycie (10 microseconds).

6DE6

4DES SHARP-CUTOFF PENTODE

Miniature type used in the gain-controlled picture if
stages of television receivers utilizing an intermediate
frequency in the order of 40 MHz and as an rf am-
plifier in vhf television tuners. Outlines section, 5C; re-
quires miniature 7-contact socket. Type 4DE6 is iden-
tical with type 6DE6 except for heater ratings.

4DE6 6DE6
Heater Voltage (ac/de) ...............c...oiouuen 4.2 6.3 volts
Heater Current ................. ... .ciiniirornnnens 0.45 0.3 ampere
Heater Warm-up Time (Average) ................. 11 — seconds
Heater-Cathode Voltage:
Peak value ............ ... ... ... .ol #200 max =200 max volts
Average value ................ . ... el 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded  Shieldeds
Grid No.l to Plate ............................ 0.025 max 0.015 max pF
Grid No.1 to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield .............. 6.5 6.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ......................... 2 3 pF
4 With external shield connected to cathode.
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate VOItAZE ... ...ttt e aas 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............. [} volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 330 volts
Grid-No.2 Voltage .. ... .. . ... i s See curve page 300
Grid-No.l (Control-Grid) Voltage, Positive-bias value ............ Zg voé:s
X watts

Plate Dissipation ... ... ... ... . e
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Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ...................... 0.55 watt
For grid-No.2 voltages between 165 and 330 volts ............ See curve page 300

TYPE 6DE6 ’
GRID No.3 AND INTERNAL SHIELD
30} CONNECTED TO CATHODE AT SOCKET. }—
@ GRID—-No.2 VOLTS=i25
] et
(] [2)
1y
z 20 ~I
3
X -2
w
5 10 -3
& GRID~No.| VOLTS Ecy= -4
- 11 T [ [-5
f= e e e 6
[+ 100 200 300 400
PLATE VOLTS 92CS-8578T)
CHARACTERISTICS
Plate Supply Voltage ... ... iiiiiiiiiiiiiiiannananeaas 125 volts
Grid No.3 .............. . Connected to cathode at socket
Grid-No.2 Supply Voltage ..............iiiiiiiiiieiiiiannnenns 126 volts
Cathode-Bias Resistor ... .. 56 ohms
Plate Resistance (Approx.} . 0.25 megohm
TranscondUctBNCe . ... .. ....cunieirarresransrianozoaosaans 8000 amhos
Transconductance for grid-No.1 volts of
of 0 OhMS ... ... ittt i i 700 rmhos
Plate Current .......... ... . .. ... ... . i il 15.5 mA
Grid-No.2 Current . ...........cccooieiieiiiiniineiraaiaaienn .. 4.2 mA
. —9 volts

Grid-No.1 Voltage (Approx.) for plate current of 20 pA

6DE7
DUAL TRIODE 10DE7, 13DE7

Miniature type used as combined vertical oscillator and
vertical-deflection amplifier in television receivers.
Unit No.1 is used as a blocking oscillator in vertical-
deflection circuits, and unit No.2 is used as a vertical-

9HF deflection amplifier. Outlines section, 6E; requires mini-
ature 9-contact socket. For curve of average plate characteristics, Unit
No.2, refer to type 6DR7. Types 10DE7 and 13DE7 are identical with type

6DE7 except for heater ratings.

6DE7 10DE7 13DE7
Heater Voltage (ac/dc) FR N 6.3 9.7 13 volts
Heater Current ................ . 0.9 0.6 0.45 ampere
—_ 11 11 seconds

Heater Warm-up Time (Average)

Heater-Cathode Voltage:
Peak value ....................... +200 max *200 max =200 max volts
100 max 100 max 100 max volts

Average value
Unit Ne.1 Unit Ne.2
4 8.5

Direct Interelectrode Capacitances (Approx.):
Grid to Plate ........... ... ... it pF
Grid to Cathode and Heater .................. 2.2 5.5 pF
Plate to Cathode and Heater .................. 0.52 1 pF
Class A, Amplifier
CHARACTERISTICS Unit No.1 Unit No.2
Plate Voltage ..............ccviiviioarrminaaae s 250 150 volts
Grid Voltage .......... ... iiiiiiii i —11 —17.5 volts
Amplification Factor ........... ... ... ... ... 17.5 6
Plate Resistance (Approx.) .................c.ocvenn 8750 925 ohms
Transconductance 2000 6500 amhos
Plate Current ..... 5.5 35 ¢ mA
Plate Current for grid voltage of —24 volts ........ —_ 10 mA
Grid Voltage (Approx.) for plate current of 10 uA —20 ;‘- vo}::
— — vo

Grid Voltage (Approx.) for plate current of 50 pA
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Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Unit No.1  Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator  Amplifier

DC Plate Voltage ............ccoiniiririinnnnnnin 330 275 volts
Peak Positive-Pulse Plate Voltage# .............. — 1500 volts
Peak Nepative-Pulse Grid Voltage ................ 400 250 volts
Peak Cathode Current ............................ ki 175 mA
Average Cathode Current ....................... 22 50 mA
Plate Dissipation ................. ... ... ... ... ... 1.5 7 watts

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For grid-resistor bias or cathode-bias operation 2.2 2.2 megohms

# Pulse duration must not exceed 159% of a vertical scanning cycle (2.5 milliseconds).

TYPE 6DE7
UNIT No. 1
U)z-
w2s
£ of
32 67 o
2 o ©
- 5~ l/Q/
=I5 61 ’
= vz
w 10— 8/ 2o
3L IINY NS
o g /// 1///4/;0 —_
AL
(] 100 200 300 -400
PLATE VOLTS 922CS—9988T
G2 (]
OO
P
G
6DG6GT BEAM POWER TUBE G ~LAO,
Glass octal type used as output tube in audio-ampli- ORIO
fier applications Outlines section, 13D; requires octal NC %
socket. This type may be supplied with pin 1 omitted. 1S
Heater Voltage (ac/dc) ....... ... i 6.3 volts
Heater CUITent ... ...\ i ittt asinanneareeenn 1.2 amperes
Heater-Cathode Voltage:
Peak value . ....... ... . i e =200 max volts
Average value 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate . ... ... ... . i 0.6 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 15 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 10 pF
Class A, Audio-Frequency Power Amplifier
MAXIMUM RATINGS (Design-Center Values)
Plate VoIlAE . ....... ..ottt iiiiiaia i 200 volts
Grid-No.2 (Screen-Grid) Voltage ........... ... ... ... ... ... .. 125 volts
Plate Dissipation .............. i 10 watts
Grid-No.2 InDut ...t 1.25 watts
TYPICAL OPERATION
Plate Supply Voltage ............................. 110 200 volts
Grid-No.2 Supply Voltage ........................ 110 125 volts
Grid-No.1 (Control-Grid) Supply Voltage .......... —17.5 —_ volts
Peak AF Grid-No.1 Voltage ...................... 7.5 8.5 volts
Cathode-Bias Resistor ............................. — 180 ohms
Zero-Signal Plate Current ... ... .. .......... .. 49 46 mA
Maximum-Signal Plate Current ... ............... 50 47 mA
Zero-Signal Grid-No.2 Current ... ............... .. 4 2.2 mA

Maximum-Signal Grid-No.2 Current ... .... ......... 10 8.5 mA
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Plate Resistance (Approx.) 13000 28000 ohms
Transconductance . 8000 8000 pmhos
Load Resistance . 2000 4000 ohms
Total Harmonic Distortion ......................... 10 10 per cent
Maximum-Signal Power Output .................... 2.1 3.8 watts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ................ ... . ... .. il 0.1 megohm
For cathode-bias operation .................. ... ... ... ... ... 0.5 megohm

6DJ8/
MEDIUM-MU TWIN TRIODE  ECC88

INDUSTRIAL
TYPE

Miniature type used as a cascode amplifier in vhf color
and black-and-white television tuners. Outlines section,

9A) 6B; requires miniature 9-contact socket.
Heater Voltage (ac/dc) ..........ccoviriiinirinnnenn. 6.3 volts
Heater Current .............. ... .. .. ... ... i, 0.365 ampere
Heater-Cathode Voltage: Unit No. 1 Unit Neo. 2
Peak value ..... ... ... ... ... i —_ —150 volts
Average value .................. ... ... iiia... 50 —130 volts
Direct Interelectrode Capacitances:
Grid to Plate ........... ... .. .. ... ... ... . .. ... 1.4 1.4 pF
Grid to Cathode, Heater, and Internal Shield ...... 3.3 — pF
Cathode to Grid, Heater, and Internal Shield ...... — 6.0 pF
Plate to Cathode, Heater, and Internal Shield ...... 1.8 — pF
Plate to Grid, Heater, and Internal Shield ........ — 2.8 pF
Plate to Cathode . — 1.8 pF
Heater to Cathode .. — 2.7 pF
Grid to Heater ................. 0.13 pF
Plate of Unit No. 1 to Plate of Unit No. 2 . 0.045 pF
Grid of Unit No. 2 to Plate of Unit No. 1 ...... . 0.005 pF
Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Center Values)
Plate Supply Voltage 130 volts
Cathode Current ...... . 25 mA
Plate Dissipation ................. 1.8 watts
Negative Grid Voltage .............. 50 volts
Plate Supply Voltage (cold condition) . FE 550 volts
CHARACTERISTICS
Plate Voltage ................ ... ... ..., e 90 volts
Grid Voltage .......... —1.3 volts
Amplification Factor 33
Transconductance . ... 12250 umhos
Plate Current ........ 15 mA
Equivalent Noise Resistance .... P 300 ohms
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance ................ 1.0 megohm
Heater to Cathode Circuit Resistance 0.02 megohm

6DK6

SHARP-CUTOFF PENTODE  spke, 4pK6, 12DKé

Miniature type used as if-amplifier tube in color and
black-and-white television receivers. QOutlines section,
5C; requires miniature 7-contact socket. Types 3DKS6,
4DKS6, and 12DK6 are identical with type 6DK6 except
CM for heater ratings.
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3DK6 4DKsé 6DK6¢ 12DKé6

Heater Voltage (ac/de) .......... 3.16 4.2 6.3 12.6 volts
Heater Current ................. 0.6 0.45 0.3 0.156 ampere
Heater Warm-up Time (Average) 11 11 — —_ seconds
Heater-Cathode Voltage: 4200 max

Peak VAN «r.vnrrreenenn, {200 max 1200 max £200max 200 max volts

Average value ....... ....... 100 max 100 max 100 max 100 max volts
Direct Interelectrode Capacitances:

Grid No.l to Plate .. ... .. ... . 0 it iiriiiaeiannnneas 0.025 max pF

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3 and

Internal Shield ... ... .. .. ... 6.3 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .... ....... ... .. i, ces 1.9 pF
Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ........ ... ... .. iiiiiiiiiiiiiiitiiaian s 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .............. 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ......................... 330 volis
Grid-No.2 Voltage ......... ... .. .. .. ittt See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ 0 volts
Plate Dissipation ........ ... ... ... .. . e 2.3 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 wvolts ...................... 0.55 watt

For grid-No.2 voltages between 165 and 330 volts ............ See curve page 300

%rﬁoﬁuo INTERNAL SHIELD CONNECTED
TO CATHODE AT SOCKET.

& | omi0-Ne2 VoLTS <125

~ 25—
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I 5 n

2 § 1 Ip] . j-0f

o <5

gd iy -l

:f: 10! Yy Tc C|.°

- \’-~-- -

=] =% 5 +—=Q0.5

S_ k -21 25 _3-3.5

a r== 3

0 200 400 600
PLATE VOLTS 92€S-9651T1
CHARACTERISTICS
Plate Supply Voltage .. P A T 125 volts
Grid No3 ................ Connected to cathode at socket
Grid-No.2 Supply Voltage 126 volts
Cathode-Bias Resistor . .......... 56 ohms
Plate Resistance (Approx.) .................. 0.35 megohm
Transconductance 9800 #mhos
Plate Current ... .... 12 mA
Grid-No.2 Current 3.8 mA
—6.5 volts

Grid-No.? Voltage (Approx.) for plate current of 20 pA ... ....

6DL3 HALF-WAVE
VACUUM RECTIFIER
25DL3

Novar type used as a damper tube in television receiv-
ers. Qutlines section, 40B; requires novar 9-contact
socket. Socket terminals 1, 3, 6, 8, and 9 should not
be used as tie points. Type 25DL3 is identical with type
6DL3 except for heater ratings.
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Heater Voltage (ac/de) ......... ... ... v 6.3 25.2 volts
Heater Current .. ..........c..ciieuiniiiiareiiaeennnnnn 2.3 0.45 ampere
Heater Warm-up Time (average) ...................... — 11 seconds
Direet Interelectrode Capacitances:
Cathode to Plate and Heater ................. ... .. civuuuen 17 pF
Plate to Cathode and Heater . ............. ... ... ......... 13 pF
Heater to Cathode ............ ... ... . .iiiiiiiiiiirennnnnn 4.4 pF

Damper Service
For operation in a 525-line, 30-frame system

Peak Inverse Plate Voltage# 6500 volts
Peak Plate Current .. 1800 mA
Average Plate Current 400 mA
Plate Dissipation .................... 11 watts
Bulb Temperature (At hottest point) .. e 220 C
Heater-Cathode Voltage:
Peak value .. .. 4300 —6500 volts
Average value .............. ... il 4100 —900 volts
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 800 mA .................. 25 volts

# Pulse duration must not exceed 15% of a horizontal scanning cycle.

Refer to chart at end of section. 6DL4/EC88

Refer to chart at end of section. 6DI?SD/LE5L95

Refer to chart at end of section. . 6DM4
For replacement use type 6DM4A /6DA4. 6DM4A

6DM4A/
HALF-WAVE 6DA4

VACUUM RECTIFIER 17DM4A

K Glass octal type used as damper tube in horizontal-
© deflection circuits of television receivers. Outlines sec-

tion, 13G; requires octal socket. Socket terminals 1, 2,
, Q7 H 4, and 6 should not be used as tie points. This tube,

) like other power-handling tubes, should be adequately
H ventilated. Type 17DM4A is identical with type 6DM4A /
4CG 6DA4 except for heater ratings.
6DM4A/6DA4 17TDM4A
Heater Voltage (ac/de) ......................... ... 6.3 16.8 volts
Heater Current ......... . ... . ... . . i iiiinininnan. 1.2 0.45 amperes
Heater Warm-up Time (Average) .................. —_ 1 seconds
Damper Service
For operation in & 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ............... ... ..o v . ... 5000 volts
Peak Plate Current .................o.iveiiiniinarinnennnnnnn.ns 1200 mA
Average Plate Current ........... ... ... ..., ... ... ..., 200 mA
Plate Dissipation ......... .. ... ... ... ... e 6.5 watts

Heater-Cathode Voltage:

Peak value .............. .. ... ... ... ... +4-300 —5000 volts
Average value ... ...... ... .. ... . ... +100 —900 volts

# Pulse duration must not exceed 15¢;, of a horizontal scanning cycle (10 microseconds).
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6DN3 HALF-WAVE

VACUUM RECTIFIER
Novar type used as a damper diode in horizontal-
deflection circuits of color television receivers. Outlines
section, 8G; requires novar 9-contact socket. Terminals
1, 8, 6, and 8 should not be used as tie points for ex-
ternal-circuit components.

Heater Voltage (ac/de) 6.3
Heater Current ........ ... ... ... ... ... . .. . ... .. ... .. .. 2.4
Direct Interelectrode Capacitances:

Plate to Cathode and Heater ... ................ ... .......... 13

Cathode to Plate and Heater ................................ 16

Heater to Cathode .......... .. ... . ... ... ... .. ... 4

Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# ...... ... .. ... ... ... ... . ........... 5500
Peak Plate Current ............ .. ... ... ... ... .. ... ... ... 2100
Average Plate Current ...... ... ....... ... ... ... ... ... ... ... 350
Plate Dissipation ........... ... ... . ... .. .. ... ... ... 9
Bulb Temperature (At hottest point) ..... ... ... .. ........ .. .... 220
Heater-Cathode Voltage:

Peak value .. ....... ... ... . ... ... ... ... +-300 —5500

Average value ..................... e —+100 —900
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 350 mA .................. 14

volts
amperes

pF
pF
pF

volts
mA
mA
watts
°C

volts
volts

volts

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).

6DN6 Refer to chart at end of section.

6DN7 MEDIUM-MU DUAL TRIODE

Glass octal type used as combined vertical-deflection-
oscillator and vertical-deflection-amplifier tube in tele-
vision receivers. Outlines section, 13B; requires octal
socket. Heater: volts (ac/dc), 6.3; amperes, 0.9; maxi-
mum heater-cathode volts, +200 peak, 100 average.

Class A, Amplifier

CHARACTERISTICS Unit No.I  Unit No.2
Plate Voltage .............. .. ... . .............. 250 250
Grid Voltage ......... ... .. ... .. ... .. ............ —8 —9.5
Amplification Tactor ... ... ........................ 22.5 15.4
Plate Resistance (Approx.) ........................ 9000 2000
Transconductance ............................. ..., 2500 7700
Plate Current ....... ... ... . ... ... ... ... ... ... .. 8 41
Grid Voltage (Approx.) for plate current of 10 xA .. —18 —
Grid Voltage (Approx.) for plate current of 50 gA .. _ —23

Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system

Unit No.1  Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier
DC Plate Voltage ................................ 350 550
Peak Positive-Pulse Plate Voltage# ............... — 2500
Peak Negative-Pulse Grid Voltage ................. 400 250
Peak Cathode Curvent ............................. — 150
Average Cathode Current .......................... — 50
Plate Dissipation ................................. 1 10

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For fixed-bias operation ....................... 2.2 2.2
For cathode-bias operation ..................... 2.2 —

volts
volts

ohms
pmhos
A

volts
volts

megohms
megohms

# Pulse duration must not exceed 15¢ of a vertical scanning cycle (2.5 milliseconds).
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Refer to chart at end of section. 6DQ3
For replacement use type 6CG3/6BW3/6DQ3.
Refer to chart at end of section. 6DQ4

BEAM POWER TUBE 6DQ5

Glass octal type used as horizontal-deflection ampli-
fier in color and black-and-white television receivers.

8iC Outlines section, 21B; requires octal socket.

Heater Voltage (ac/de) ....... ...ttt 6.3 volts
Heater Current .. ...... .. ... ... . .. . it i i 2.5 amperes
Heater-Cathode Voltage:

Peak value ......... ... e e +200 max volts

Average value ... ... . ... .. 100 max volts
Divect Interelectrode Capacitances (Approx.):

Grid No.l to Plate ............... ... .. ... ...cciiiiinn... 0.5 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 23 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ..... ... .. 11 p¥F

Class A, Amplifier
Pentode Triodee

CHARACTERISTICS Connection Connection
Plate Voltage ...................ciiiiiviiinnn. 70 175 125 volts
Grid No.2 (Screen-Grid) Voltage ............... 125 125 e volts
Grid No.l (Control-Grid) Voltage ..... . 0 —25 —25 volts
Amplification Factor ............ — — 3.3
Plate Resistance (Approx.) R — 5500 — ohms
Transconductance — 10500 — pmhos
Plate Current ........ .. .. 650* 110 — mA
Grid-No.2 Current 42% 5 — mA
Grid-No.l Voltage (Approx.) for plate mA = 1 . — —55 — volts

* Grid No.2 connected to plate.

* This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

TYPE 6DQ5
TYPE 60Q5 P P GRID-No. | VOLTS =0 E
GRID—No. 2 1 @ 4} Wi
1 600| VOLTS=25 13 & & l 3
@ o [
<
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3 L—1 =10 3 3 =
4 voL TS EC 2 2 f | 125 H
= 401 o e 2003 3 . <
] RN 600| L 300
3 // -\5 ) o K 0o S
= 1 — S A /\/‘ Js 19 H
2 |\AB 1 -20 o a0 vouTs E¢ 2000
2 ME T S o et 2 VoS -
w 200 — 005 - GRIDT o $
= L — -25 =z < — |20
« 3 1 ] I I ]
3 i — To & & 200 S 2 =1 0 g
it T S E &= = o et Ec -
— == 0| -35 o © o =N 20 s ©
0 100 200 300 400 0 100 200 300 400 500
PLATE VOLTS 92C5~9309T PLATE VOLTS 92CS-93UIT

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage ... ... ... .. .. . i 990 volts
Peak Positive-Pulse Plate Voltage# ............................ 6500 volts
Peak Negative-Pulse Plate Voltage ........................... ... 1100 volts
DC Grid-No.2 (Screen-Grid) Voltage ............................ 190 volts
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage ........... 250 volts
Peak Cathode Current ............ ... ... ... ... 1100 mA
Average Cathode Current ..... .. ... ... ... ..................... 315 mA
Grid-No.2 Input ... ... ... . . .. i e 3.2 watts
Plate Dissipations .. ... ... . . . . . 24 watts
Bulb Temperature (At hottest point) ............................ 220 °C
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MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance, for grid-resistor-bias operation .... 0.47 megohm
# Pulse duration must not exceed 15% of a horizontal scanning eycle (10 microseconds). ‘
= A bias resistor or other means is required to protect the tube in absence of excitation.

6DQ6A Refer to chart at end of section.
6DQ6B For replacement use type 6GW6/6DQ6B.

10DR7, 13DR7 DUAL TRIODE

Miniature type containing high-mu and low-mu
triodes; used as combined vertical-deflection-oscillator
and vertical-deflection-amplifier tube in television re-
ceivers. Outlines section, 6E; requires miniature 9-con-
tact socket. Types 10DR7 and 13DR7 are identical with

type 6DR7 except for heater ratings. 9HF
6DR7 10DR7 13DR7
Heater Voltage (ac/de) ................... . 6.3 9.7 13 volts
Heater Current ... ......................... 0.9 0.6 0.45 ampere
Heater Warm-up Time (Average) .......... _— 11 11 seconds
Heater-Cathode Voltage:
Peak value ................ ... ..., +200 max =200 max =200 max volts
Average value ................. ... .... 100 max 100 max 100 max  volts
Direct Interelectrode Capacitances (Approx.): Unit No.1 Unrit No.2
Grid to Plate ................... ... . ... 4.5 8.5 pF
Grid to Cathode and Heater .. . 2.2 5.5 pF
Plate to Cathode and Heater ..... 0.34 1 pF
Class A, Amplifier
CHARACTERISTICS Unit No.1 Unit No.2
Plate Voltage ............ ... ... .. ... 250 150 volts
Grid Voltage .......... ... it ~3 —117.5 volts
Amplification Faector .................... ... ... ... 68 6
Plate Resistance (Approx.) ....................... 40000 925 ohms
Transconduetance ...............c.eiiirriiiinaanann 1600 6500 pmhos
Plate Current ............... .. ... . ... iiiiiii. 1.4 35 mA
Plate Current for grid voltage of —24 volts ........ — 10 mA
Grid Voltage (Approx.} for plate current of 10 pA —b5.5 — volts
Grid Voltage (Approx.) for plate current of 50 gA —_ —44 volts
14| TYPE 6DR7 140 TYPE 6DR7
UNIT No.| 5 / UNIT No.2
2 t 120 Y,
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Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

Unit No.1 Unit No.2

Oscillator Amplifier
DC Plate Voltage ... 330 275 volis
Peak Positive-Pulse Plate Voltage# ............... — 1500 volts
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Peak Negative-Pulse Grid Voltage ................. 400
Peak Cathode Current ............................. 70
Average Cathode Current ......................... 20
Plate Dissipation .......... ... ... .. ... ... 1

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For grid-resistance-bias or cathode-bias operation 2.2

250 volts
175 mA
50 © mA
T watts
2.2 megohms

# Pulse duration must not exceed 159 of a vertical scanning cycle (2.5 milliseconds).

HIGH-MU TRIODE

type 6DS4 except for heater ratings.

INDEX=LARGE LUG
o= PIN CUT OFF

12AQ

Heater Voltage (ac/de) .......... ... .. ....coooun.. .1
Heater Current ........... .. ... ... ..o iiiiiivennns 0.45
Heater Warm-up Time (Average) ................... 8
Peak Heater-Cathode Voltage ....................... =100 max

Direct Interelectrode Capacitances (Approx.)
Grid to Plate ... .. ... ... ...
Grid to Cathode, Heater, and Shell ... .. ... ................
Plate to Cathode, Heater, and Shell ..........................
Plate to Cathode ........... ... .. ... .. ... .. .. i
Heater to Cathode .......... ... ... .. ... i iiiiiiiinnnninnn

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)

Plate Supply Voltage .......... ... .ttt
Plate Voltage ... .. ... .. ... .. i i e
Grid Voltage, Negative-bias value ................................
Grid Voltage, Peak positive value ............................. ...
Cathode Current ...... ... ... ... .. . ... . ..
Plate Dissipation .. ... ... .. ... . .. ... ..

CHARACTERISTICS

Plate Supply Voltage . ... ... .. ... . ... . . . i
Grid Supply Voltage ..........cciiiineiinirieiiannennnenaanonnss
Cathode-Bias Resistor ... ... ... ... ... ... . ... c.ciiiiiiiianis
Amplification Factor ... ... ... ... ... ... . ... oo
Plate Resistance (ADPDrox.) ...............uiiuommiinn s
Transconductance ........ ... .. .. s
Plate Current . ... ... .. ... ... . e
Grid Voltage (Approx.) for plate current of 100 pA ..............
Grid Voltage (Approx.) for plate current of 10 pA ....... ... ...

TYPE 60S4

25| )

/171
|5L——-—g§ / A
N ANz,
Y. /// /%A
L=,

[+] 40 680 120 160 200 240 280
PLATE VOLYS 92C$-112097

)

PLATE MILLIAMPERES

(i)

6DS4

2DSs4

Nuvistor type used as grounded-cathode, neutralized
rf amplifier in vhf tuners of color and black-and-white
television and FM receivers. Outlines section, 1; re-
quires nuvistor socket. Type 2DS4 is identical with

6DS4

6.3 volts
0.135 ampere
— seconds
*+100 max volts
0.92 pF
4.3 pF
1.8 pF
0.18 pF
1.6 pF
300° volts
135 volts
65 volts

0 volts

15 mA
1.5 watt
110 volts

0 volts

130 ohms

63

7000 ohms
9000 pmhos
6.5 mA
—5 volts
—6.8 volts
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TYPICAL OPERATION

Plate Voltage . ....... . ... ... . e e
Grid Supply Voltage . ... .. ... .. .. .. . . . ...
Grid Resistor . ... .. ... . .. ... e
Amplification Factor ..... ... .. ... ... . ..
Plate Resistance (Approx.) ................. .. ... .. ... iiiai..
TransconductBNCe . .......... ...ttt
Plate Current ........ ... .. ... . . .. . .,

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:®
For fixed-bias operation ................ ... ... ... ... ........
For cathode-bias operation ...................................

volts
volts
ohms

ohms

pmhos

mA

megohm
megohm

° A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used
in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of operation.

® For operation at metal-shell temperatures up to 125°C.

6DS5

11DS5 BEAM POWER TUBE

Miniature type used in the audio output stages of tele-
vision and radio receivers. Outlines section, 5D; re-
quires miniature 7-contact socket. Type 11DS5 is identi-
cal with type 6DS5 except for heater ratings.

6DSS
Heater Voltage (ac/de) ........................... 6.3
Heater Current .. ... ............................. 0.8
Heater Warm-up Time ......... ................... —
Peak Heater-Cathode Voltage ...... ... ....... ... .. .. =+200 max

Direct Interelectrode Capacitances (Approx.):
Grid No.1 to Plate .. ... ... ... ... ... ... ...
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... ...
Plate to Cathode, Heater, Grid No.2, and Grid No. 3 ...

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ... . . . i e e e
Grid-No.2 (Screen-Grld) Voltage ..................... .
Grid-No.l (Control-Grid) Voltage, Positive-bias value
Plate Dissipation . ... ........ ... .. ... .. ... ..
Grid-No.2 Input .. ... .. ... ... ... .. .. ... .
Bulb Temperature (At hottest point) .......... ... ... .. ............

TYPE 60SS
- GRID-No.2 VOLTS =200
~ 100 0
S €Cy
o~ ‘!b//‘
g EOG T
g //f/ﬁc o2
& 260 e JoLTS
_NoO-
8 o L 2
= T a0l Ib =8
A
2 -0
‘s 20/{ i 0
z —=3i==="ig*
] 100 200 300
PLATE VOLTS 92C5-92927
TYPICAL OPERATION AND Cathode-Bias Fixed-Bias
CHARACTERISTICS Operation Operation
Plate Supply Voltage ........... ... .. 200 250 200
Grid-No.2 Supply Voltage ... ......... 200 200 200
Grid-No.1 Voltage ........ ........... — — —17.5

Cathode-Bias Resistor ................ 180 270 —

volts

ampere
seconds

volts

pF
pF
pF

volts
volts
volts
watts
watts
°C

volts
volts

ohms
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Peak AF Grid-No.1 Voltage ..........

7.5 .

Zero-Signal Plate Current ........... 34.5 27 35 29 mA
Maximum-Signal Plate Current ...... 32.5 25 36 32 mA
Zero-Signal Grid-No.2 Current ...... 3.5 3 3 3 mA
Maximum-Signal Grid-No.2 Current .. 9 9 9 10 mA
Plate Resistance (Approx.) .......... 28000 28000 28000 28000 ohms
Transconductance .................. 6000 5800 6000 5800 pmhos
Load Resistance ..................... 6000 8000 6000 8000 ohms
Total Harmonic Distortion ........... 10 10 9 10 per cent
Maximum-Signal Power Output ...... 2.8 3.6 3 3.8 watts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Cireuit Resistance:

For fixed-bias operation 0.1 megohm

For cathode-bias operation 1 megohm

" (S ion.
Refer to chart at end of sectio 6DT3

For replacement use type 6CE3/6CD3/6DT3.

6DT5

BEAM POWER TUBE 12DTS

Miniature type used as a vertical-deflection-amplifier
tube in television receivers employing 110-degree pic-
ture-tube systems. Outlines section, 6E; requires
miniature 9-contact socket. Type 12DT5 is identical
with type 6DT5 except for heater ratings.

6DT5 12DT5

Heater Voltage (ac/de) ............... ... ... .uts 6.3 12.6 volts
Heater Current ........ ... ... ... i iiiiinanrnnrnnn 1.2 0.6 amperes
Heater Warm-up Time (Average) .................. —_ 11 seconds
Heater-Cathode Voltage:

Peak value ............... ... . ... ... ..ol +200 max =200 max volts

Average value ................. ... ... ... .. 100 max 100 max volts

Class A, Amplifier

CHARACTERISTICS
Plate Voltage ................. . ............... 60 80 250 volts
Grid-No. 2 Voltage .. 150 250 250 volts
Grid-No.1 Voltage 0 0 —16.5 volts
Transconductance — — 6200 pmhos
Plate Current ................................. 95e 195« 44 mA
Grid-No.2 Current ............................. 8.5¢ 19¢ 1.5 mA
Grid-No.1 Voltage (Approx.) for plate current

of 100 mA ... ... ...l — — —35 volts

* These values can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Vertical-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage .. ........ . ... .o iiiiiiiiiiiiiinn N 315 volts
Peak Positive-Pulse Plate Voltage# ... BN 2200 volts
Grid-No.2 (Screen-Grid) Voltage ................. 285 volts
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage R 250 volts
Peak Cathode Current . ........ ................. ... ..... 190 mA
Average Cathode Current ... ........ R A 55 mA
Plate Dissipation ... .. S D P 9 watts
Grid-No.2 Input ... .. e e e 2 watts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation . e L 0.5 megohm
For cathode-bias operation . T . 1 megohm

# Pulse duration must not exceed 157% of a Verhcal scanning cycle (2.5 milliseconds).

Refer to chart at end of section. 6DT6
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6DT6A

3DT6A, ADT6A SHARP-CUTOFF PENTODE

Miniature type used as FM detector in color and black-
and-white television receivers. Outlines section, 5C;
requires miniature 7-contact socket. Types 3DT6A and
4DT6A are identical with type 6DT6A except for

heater ratings. 1EN

3DT6A 4DT6A 6DTGA
Heater Voltage ({(ac/dc) 3.15 4.2 6.3 volts
Heater Current ................... 0.6 0.45 0.3 ampere
Heater Warm-up Time (Average) . 11 11 — seconds

Heater-Cathode Voltage:

Peak value .. *+200 max =200 max =*200 max volts

Average value ........ ... ... ... ....... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.)*

Grid No.l to Plate ... ... ... ... . ... i, 0.02 pF

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield .......... ... .. .. ... . ... . il 5.8 pF

Grid No.3 to Plate ....................... 1.7 pF

Grid No.l1 to Grid No.3 0.1 pF

Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, and

Internal Shield ........... .. ... . .. il 6.1 pF
* External shield connected to cathode.
Class A, Amplifier
CHARACTERISTICS
Plate Supply Voltage .......... ... ... 0. iiiiiiriiiirnnneneenannn 150 volts
Grid No.3 (Suppressor Grid) ............................ Connected to cathode at socket
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 100 volts
Cathode-Bias Resistor ............ ..., .. .. ... ... . ciiiiii... 560 ohms
Plate Resistance (ADPProx.) ... ......... ... i 0.15 megohm
Transconductance, Grid No.1 to Plate ........................... 1350 umhos
Transconductance, Grid No.3 to Plate ........................... 515 pmhos
Plate Current .. ... ... ... .. ... 1.55 mA
Grid-No.2 Current . ........ ... .. . ittt e, 1.8 mA
Grid-No.1 Voltage (Approx.) for plate current of 10 A ........ —5.2 volts
Grid-No.3 Voltage (Approx.) for plate current of 10 gA ........ —4.2 volts
FM Detector

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ......... ... . i it 330 volts
Grid-No.3 Voltage ... ... ... ... . ... . . . i, 28 volts
Grid-No.2 Supply Vollage . ..... ... ... ... . ...t i, 330 volts
Grid-No.2 Voltage ... .. . ... ... ... . . . i See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ [1} volts
Plate Dissipation ............. .. ittt 1.7 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts ...................... 1.1 watts

For grid-No.2 voltages between 165 and 330 volts ............ See curve page 300
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation .................... ... ... . .ol 0.256 megohm

For cathode-bias operation .................................. 0.5 megohm

6DT8

12DTS HIGH-MU TWIN TRIODE

Miniature type used in radio and television receiver
applications and in push-pull rf amplifiers or as fre-
quency converter in FM tuners. Outlines section, 6B;
requires miniature 9-contact socket. Type 12DT8 is
identical with type 6DT8 except for the heater ratings.
Except for heater and heater-cathode ratings, inter-
electrode capacitances, and basing arrangement, these
types are identical with miniature type 12AT7.
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6DT8 12DT8
6.3 12.6

Heater Voltage (ac/de) ............................ volts
Heater Current ....................c.ciciiiiiiinn 0.3 0.15 ampere
Heater-Cathode Voltage:
Peak value ....... *+200 max *200 max volts
Average value 100 max 100 max volts
Direct Irﬁerelectmde Capacitances (Approx., Each Unit Except as
oted :
Grid to Plate ........ .. ... .. ... 1.6% pF
Grid to Cathode, Heater, and Internal Shield 2.71% pF
Plate to Cathode, Heater, and Internal Shield 1.6* pF
Heater to Cathode ................... D 3e pF
Cathode to Grid, Heater, and Internal Shield (Unit No.2) .... 5.31 pF
Plate to Grid, Heater, and Internal Shield (Unit No.2) ....... 2.8t pF
1 With external shield connected to grid of unit under test.
* With external shield connected to ground.
* With external shield connected to cathode of unit under test.
MEDIUM-MU TRIODE 6DV4

2DV4

Nuvistor type used at frequencies up to 1000 MHz in
uhf oscillator stages of color and black-and-white tele-
vision receivers. Outlines section, 1; requires nuvistor
socket. Type 2DV4 is identical with type 6DV4 except
for heater ratings.

INDEX = LARGE LUG

@ = SHORT PIN
12EA
2DV4 6DV4
Heater Voltage (ac/dc) ............. ... ... ... ... 2.1 6.3 volts
Heater Current .............. ... . .iiiiniininneionen 0.45 0.135 ampere
Heater Warm-up Time (Average) .................. 8 — seconds
Peak Heater-Cathode Voltage ...................... +100 max =100 max volts
Direct Interelectrode Capacitance (Approx.):
Grid to Plate ... ... ... .. .. 1.8 pF
Grid to Cathode, Heater, and Shell ... ... ... ................ 4.4 pF
Plate to Cathode, Heater, and Shell ... ... ... ... ... ... ..... 1.9 pF
Plate to Cathode ...... ... ... .. . ... .. .. ... ... 0.25 pF
Heater to Cathode .................... . .0ttt 1.4 pF
Grid to Cathode ...... ... ... ... .. .. 0. 0 e 3.7 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Supply Voltage ........ . ... ... .. ... . ... ... 300 volts
Plate Voltage ....... ... .. . . it 125 volts
Grid Voltage:
Negative-bias value ..... ... .. .. ..... .. ... ... .. ... .. ......... 55 volts
Peak positive value ......... .. .. .. ... .. 2 volts
Plate Dissipation ... ... . .. ... ... 1 watt
Cathode Current ...... ... ... .. ... . ... 15 mA
CHARACTERISTICS
Plate Supply Voltage ... ... ... . .. .. .. 5 volts
Cathode-Bias Resistor ................ ... ... .. ... .. . ... .. . ... 100 ohms
Amplification Factor .................. ... .. .. ... .i.o..... 35
Plate Resistance (ApPDProx.) ............... ... iiie i 3100 ohms
Transconductance .............. .. .. .. 11500 rmhos
Plate Current ... ...... ... ... .. ... . ... ... ... ... ... . 10.5 mA
Grid Voltage (Approx.) for plate current of 10 gA ... ..... ..... —7 volts
TYPICAL OPERATION AS OSCILLATOR AT 950 MHz
Plate Voltage 60 volts
Grid Voltage —2 volts
Grid Resistor 5600 ohms
Plate Current . 8 mA
350 uA

Grid Current
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TYPE 6DV4
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MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:s
For fixed-bias operation ....... ... ... ... . ... ... ... ..... 0.1
For cathode-bias operation .......... ... . ... .. .. ... ......... 0.2

* For operation at metal-shell temperatures up to 135°C.

6DW4
6DW4A

Refer to chart at end of section.

6DW4B HALF-WAVE

VACUUM RECTIFIER

Novar types used as damper tubes in horizontal-deflec-
tion circuits of color and black-and-white television
receivers. QOutlines section, 11D and 30B, respectively;
require novar 9-contact socket. Socket terminals 1, 3,
6, and 8 should not be used as tie points; it is recom- 9HP
mended that socket clips for these pins be removed to reduce the pos

megohm
megohm

sibility

of arc-over and to minimize leakage. These tubes, like other power-handling

tubes, should be adequately ventilated.

Heater Voltage (ac/de) ... ... ... . ... ... .. . . . . i 6.3
Heater Current ... ... ... .. ... . ... ..., 1.2
Direct Interelectrode Capacitances (Approx.):

Plate to Cathode and Heater ................................. 6.5

Cathode to Plate and Heater ............................ .. .. 9

Heater to Cathode ........ ... ... .. ... ... ... ... ..., 2.8

Damper Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Inverse Plate Voltage# .................................... 5500
Peak Plate Current ................ ... ... .. .. ... .. ... .. iiei.. 1300
Average Plate Current ................. ... ... . .. . . .. . .. 250
Plate Dissipation ... .. . .. . . .. .. 8.5
Heater-Cathode Voltage:

Peak value .. ... ... .. ... ... ... +300 -—5000

Average value ... ... ... .. .. ... ... 41006 —9%00
CHARACTERISTIC, Instantaneous Value
Tube Voltage Drop for plate current of 350 mA .. . ... ... ... ... .. 25

volts
amperes

pF
pF
pF

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).

6DW5 Refer to chart at end of section.
6DX8 Refer to chart at end of section.
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HIGH-MU TRIODE— 6DX8/

SHARP-CUTOFF PENTODE ECL84

10DX8/LCL84
Miniature type used in color and black-and-white tele-
vision-receiver applications. The triode unit is used as
a sync-separator, sync-amplifier, keyed-age, or noise-
suppressor tube. The pentode unit is used as a video-output tube. Outlines
section, 6E; requires miniature 9-contact socket. Type 10DX8/LCL84 is
identical with type 6DX8/ECL84 except for heater ratings.

6DX8/ECL84 10DX8/LCL84
6.3 10.2

Heater Voltage (ac/de) ............................ R volts
Heater Current ............. ... ... ... i .. 0.72 0.45 ampere
Peak Heater-Cathode Voltage ...................... #200 max =*200 max volts
Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit
Plate Supply Veltage .. ....... ... .. ... ............ 550 550 volts
Peak Plate Voltage, with maximum plate current of

0.1 mA e 600 -— volts
Plate Voltage ....... ... ... ... . ....ciiiiiiiiiiinnnn 300 300 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ — 550 volts
Grid-No.2 Voltage .......... ... .. ... ... ........ — 300 volts
Cathode Current ... ... .. .. ... ... .. ... .. ... ... 12 40 mA
Plate Dissipation ............... ... ... ... .. ... . ... 1 4 watts
Grid-No.2 Input ...... .. ... .. .. ... . i — 1.7 watts
CHARACTERISTICS Triode Unit Pentode Unit
Plate Voltage ....................... 200 170 200 220 volts
Grid-No.2 Voltage ................... — 170 200 220 volts
Grid No.l1 Voltage ... . e —1.7 —2.1 —2.9 —3.4 volts
Amplification Factor .... 65 — - —
Mu-Factor, Grid-No.2 to 1o —_ 36 36 36
Plate Resistance (Approx.) .......... —_ 0.1 0.13 0.15 megohm
Transconductance .................... 4000 11000 10400 10000 umhos
Plate Current ....................... 3 18 18 18 mA
Grid-No.2 Current ................... — 3 3 3 mA
MAXIMUM CIRCUIT VALUES
Grid-No.1- Circuit Resistance: Triode Unit Pentode Unit

For fixed-bias operation ...... ... ... ........... 1 1 megohm

For cathode-bias operation ..................... 3 2 megohms

¢ With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds.

H 3
" R MEDIUM-MU TRIODE 6DZ4
3 — ©°  Miniature type used as a local-oscillator tube in uhf
color and black-and-white television receivers covering
£ N\ 7 the frequency range from 470 to 890 MHz. Outlines
A section, 5B; requires miniature T-contact socket. For
N curve of average plate characteristics, refer to type
7DK 6AF4A.
Heater Voltage (ac/dec) ... ... ... ... i 6.3 volts
Heater Current . ... ... .. . e 0.225 ampetre
Heater-Cathode Voltage:
Peak wvalue ... .. . ... e +50 max volts
25 max volts

Average value .......... ... ...

Direct Interelectrode Capacitances (Approx.):°
Grid to Plate .. ...ttt ittt 1,8 pF.
Grid to Cathode and Heater . . .. %g gg

Plate to Cathode and Heater
® With external shield connected to cathode.
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Class A, Amplifier

CHARACTERISTICS

Plate Supply Voltage .......... ... ... ittt 80 volts
Plate Resistor .............. .. i i 2700 ohms
Amplification Factor ........... ... ... . .. ... i, 14

Plate Resistance (ADDPIoX.) ............iirirnirn e 2000 ohms
Transconduetanee ... ... ... .. 6700 umhos
Plate Current .............. .ottt 15 mA
Grid Voltage (Approx.) for plate current of 20 gA ................ —11 volts

UHF Oscillator
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage . ..... ... oo i i 135 volts
Grid Voltage, Negative-bias value ............................... 50 volts
Grid Current ........... .. ... 2 mA
Cathode Current .......... .. ... . ... . .ciiiiiiiiiiiiiiana, 20 mA
Plate Dissipation ... ..... .. .. .. .. 2.3 watts
TYPICAL OPERATION AS OSCILLATOR AT 1000 MHz
Plate Supply Voltage .. 136 volts
Plate-Circuit Resistance 2700 ohms
Grid Resistor .......... 10000 ohms
Plate Current ........ 15.5 mA
Grid Current (Approx.) .................. . 800 £A
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:
For fixed-bias operation ..................................... Not recommended
For cathode-bias operation ................................. 0.5 megohm
6DZ7 Refer to chart at end of section.
6E5 ELECTRON-RAY TUBE
TA
. . @ —(®
Glass type used to indicate the effects of a change in a
controlling voltage. It is used to indicate accurate o, /‘
radio-receiver tuning. Outlines section, 13H; requires 140 O
6-contact socket, Heater: volts (ac/dc), 6.3; amperes, ‘
0.3. For additional considerations, refer to Tuning () (o)
Indication with Electron-Ray Tubes in Electron Tube H (]
Applications section. 6R
Tuning Indicator
MAXIMUM AND MINIMUM RATINGS (Design-Center Values)
Plate-Supply Voltage ......... ... .. ... ... ... i 250 max volts
Target VOMBZE . ... .. ... e {%gg :?: :g}g‘
TYPICAL OPERATION
Plate and Target Supply Voltage .................. 200 250 volts
Series Triode-Plate Resistor ........................ 1 1 megohm
Target Current*t ... ... .. ... . ... ... .. ..c.ieiiiinnn 3 4 mA
Triode-Plate Current* 0.19 0.24 mA
Triode-Grid Voltage ( Approx ):
For shadow angle of 0° ... .................... ~—6.5 —8 volts
For shadow angle of 90° ....................... 0 0 volts
* For zero triode-grid voltage.
} Subject to wide variations,
6E6 Refer to chart at end of section.
6E7 Refer to chart at end of section.
6EA4 Refer to chart at end of section.

6EA Refer to chart at end of section.
S For replacement use type 6CY5.
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Refer to chart at end of section.

For replacement use type 6EMT7/6EAT. 6EA7

Miniature type used as combined oscillator and
in color and black-and-white television receivers
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MEDIUM-MU TRIODE— 6EAS
SHARP-CUTOFF PENTODE SEAS, 19EAS

mixer
utiliz-

ing an intermediate frequency in the order of 40 MHz.
Qutlines section, 6B; requires miniature 9-contact

socket. Types 5EA8 and 19EA8 are identical with

9AE type 6EA8 except for heater ratings.
5EAS8 6EASB 19EAS
Heater Voltage (ac/dc) .................... 4.7 6.3 18.9 volts
Heater Current ............................ 0.6 0.45 0.15 ampere
Heater Warm-up Time (Average) .......... 11 1 11 seconds
Heater-Cathode Voltage:
Peak value ............... . +200 max *200 max =200 max volts
Average value .. ................. 100 max 100 max 100 max volts
Unshielded Shielded
Direct Interelectrode Capacitances:
Triode Unit:
Grid to Plate ......... .. ... ... .............. 1.7 1.7 pF
Grid to Cathode, Heater, Pentode Cathode,
Pentode Grid No.3, and Internal Shield ...... 3 3.2 pF
Plate to Cathode, Heater, Pentode Cathode,
Pentode Grid No.3, and Internal Shield ...... 1.4 1.9 pF
Cathode to Heater ............................. 3 3= pF
Pentode Unit:
Grid No.l to Plate .......................... 0.02 max  0.01 max pF
Grid No.1 to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield .......... ... . 5 5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ... ...................... 2.6 3.4 pF
Heater to Cathode ....... ... . ... .. ............. 3 3. pF
® With external shield connected to cathode of unit under test except as noted.
= With external shield connected to ground.
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage ....... ... ... .. .. .. ... i, 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage . — 330 volts
Grid-No.2 Voltage .......... ... ... ... ............. — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts
Plate Dissipation ............. ... ... ... ... . .. 2.5 3.1 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ... ....... —_— 0.55 watt
For grid-No.2 voltages between 165 and 330 volts — See curve page 300
TYPE 6EAB - TYPE 6EA8
TRIODE UNIT 3 GRID-No0.2 VOLTS =125
=
<
50
N ou Q
40 o f ) 30_20 —”—W Y
& /, 2. / .
30 < > x4 g
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o+ A o
A
2, = 2
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CHARACTERISTICS
Plate Supply Voltage ........ ... ... ... ... ....... 150 125 volts
Grid-No.2 Voltage ............... ... .. ciiiinnn. —_ 125 volts -
Grid-No.1 Vo]tage ................................. — —1 volt
Cathode-Bias Resistor .............................. 56 — ohms
Amplification Factor ... ... . . . . 40 —
Plate Resistance (Approx.) 5000 200000 ohms
Transconductance .................. . . 8500 6400 mhos
Plate Current ......................... .. ... ... . 18 12 mA
Grid-No.2 Current .......... ... . ... ... ... ... .... — 4 mA
Grid-No.1 Voltage for plate current of 10 A ........ —12 —9 volts

6EBS HIGH-MU TRIODE—

SHARP-CUTOFF PENTODE

Miniature type used in color and black-and-white tele-
vision receiver applications. Pentode unit is used as
video output amplifier; triode unit is used in sync-
separator, sync-clipper, and phase-inverter circuits.
Outlines section, 6E; requires miniature 9-contact
socket.

Heater Voltage (ac/de) ... ... .. ... .. . . ... i 6.3 volts
Heater Current . .......... ... ... . ittt 0.75 ampere
Heater-Cathode Voltage:

Peak wvalue ....... ... .. ... . ... .. +200 max volts

Average value ... ... ... 100 max volts
Direct Interelectrode Capacitances:
Triode Unit:
Grid to PIAe ..ot 4.4 pF
Grid to Cathode and Heater ....... ... ... ... ............... 2.4 P
Plate to Cathode and Heater ..... ... ... .. ... ... ... ......... 0.36 pF
Pentode Unit:
Grid No.l to Plate . ... ... .. .. ... ... .. .. 0.1 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... ... ... .. .. ... . ... ... .. .. 11 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... ... ... ... .. .. L 4.2 pF
Triode Grid to Pentode Plate .................................. 0.018 max pF
Pentode Grid No.1 to Triode Plate ........ ... ... ............... 0.005 max pF
Pentode Plate to Triode Plate ........... .. ... ... ... ... ... 0.17 max pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage ............ ... ........... .. 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage . —_ 330 volts
Grid-No.2 Voltage . .......... .. ... ................ — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts
Plate Dissipation ............ ... . ciiiiiiieaiiiaa, 1 5 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts .. ... ..... —_ 11 watts
For grid-No.2 voltages between 165 and 330 volts — See curve page 300
CHARACTERISTICS
Plate Supply Voltage .............................. 250 200 volts
Grid-No.2 Supply Voltage .......................... — 125 volts
Grid Voltage . ........ ... ... ... . i, —2 —_ volts
Cathode-Bias Resistor ............................. — 68 ohms
Amplification Factor ............ .................. 100 —
Plate Resistance (Applox) ........................ 37000 75000 ohms
Transconductance . . . . . 2700 12500 umhos
Plate Current ... ... 2 25 mA
Grid-No.2 Current — 7 mA
Grid Voltage (Approx.) for plate current of 20 uA .. —5 — volts
Grid-No.1 Voltage (Approx.) for plate current of
0 HA . s — —9 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
¥or fixed-bias operation ... ... ... . ... .. ..... 0.5 0.25 megohm
For cathode-bias operation ....... ........... ... 1 1 megohm
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PLATE (Ip) OR GRID-No 2 (Icp)
MILLIAMPERES
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TYPE 6EBS
PENTODE UNIT TYPE 6EB6
GRID-No, 2 VOLTS = 125 TRIODE UNIT
I £cy*0
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PLATE VOLTS 92¢S-9906T PLATE VOLTS 92CS-9907TI
Refer to chart at end of section. 6EC4A/EY500
r to chart at end of section.
Refer t 6EH4

For replacement use type 6EH4A.

BEAM TRIODE 6EH4A

Duodecar type used as a shunt regulator in the high-
voltage power supply of color television receivers. Out-
lines section, 16G; requires duodecar 12-contact socket.
For high-voltage and X-ray safety considerations, refer
to page 93. This type is electrically identical with type
6EJ4A.

6EH5

POWER PENTODE 25EHS, 50EHS

Miniature type used in the audio output stage of
radio and television receivers and in phonographs.
Outlines section, 5D; requires miniature 7-contact
socket. Types 25EH5 and 50EH5 are identical with

cV type 6EH5 except for heater ratings.
Heater Voltage (ac/de) ................ 6EHS5 25EH5 50EHS
Heater Current ......................... 6.3 25 50 volts
Heater-Cathode Voltage: 1.2 0.3 0.15 ampere
Peak value ........... ... .. ... ... .. +200 max *+200 max *+200 max volts
Average value ...................... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ..... ... ... ... .. ... ................. . 0.65 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 . 17 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ ... 9 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ................... .. .. ... ... . ... .. . ... ... . 150 volts
Grid-No.2 (Screen-Grid) Voltage ............... .. .. . 130 volts
Plate Dissipation .................................. . 5.5 watts
Grid-No.2 Imput ............. ... ... ... ... . ... ... . . ..... Ce 2 watts

Bulb Temperature (At hottest point) ..... ... ....... ... .. .. . .. .. 220 °C

TYPICAL OPERATION
Plate Supply Voltage
Grid-No.2 Supply Voltage ....................cccuieuommn il 115 volts
Cathode-Bias Resistor
Peak AF Grid-No.1 Voltage ...................................... 3 volts

............................................ 110 volts
........................................... 62 ohms
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Zero-Signal Plate Current ... ........ . ... ... ... .. ... . ... .. ... 42 mA
Maximum-Signal Plate Current ... ........ ... ... .. ... .. ........ 42 mA
Zero-Signal Grid-No.2 Current . ... ......... ... ... ... ... ... ..... 11.5 mA -
Maximum-Signal Grid-No.2 Current ............. ... .............. 14,5 mA
Plate Resistance (Aporox.} .......... . ... .. ... 11000 ohms
Transconduct8NCe ... ... ...t 14600 smhos
Load Resistance ............ ... . ... . ... ... . ... ... i, 3000 ohms
Total Harmonic Distortion .......... ... ... ... ... .. ......... 7 per cent
Maximum-Signal Power Output ........ ... ... ... ... ... .......... 1.4 watts
TYPE 6EHS
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MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ........ ... ... ... ... . ... . o 0.1 megohm
For cathode-bias operation .................. ... . ........ .. 0.5 megohm

Push-Pull Class AB, Audio-Frequency Power Amplifier
MAXIMUM RATINGS (Same as for Class A1 audio-frequency power amplifier)
TYPICAL OPERATION (Values are for two tubes)

Plate Supply Voltage ... ... ... ... ... . . ... ... ... ... . 140 volts
Grid-No.2 Supply Voltage ....... ... ... ... ... ........ o 120 volts
Cathode-Bias Resistor ... ... ... ... .. . ... ... ... . ... .. .. ... 68 ohms
Peak AF Grid-No.l Voltage .......... ... ... ... .. ... ... ........ 9.4 volts
Zero-Signal Plate Current . ........... .. ... .. ... .. . ... ...... .. .. 47 mA
Maximum-Signal Plate Current ... ... ... ... .. .................. .. 51 mA
Zero-Signal Grid-No.2 Current ............. .. ... ... ... ... ........ 11 mA
Maximum-Signal Grid-No.2 Current .......... ... ... .............. 17.7 mA
Effective Load Resistance (Plate-to-plate} .................... .. .. 6000 ohms
Total Harmonic Distortion ... ... ... ... .. ... ... ... ... ... . ... 5 per cent
Maximum-Signal Power Output ....... ... . ... .. ... .. ... .. .0 ..... 3.8 watts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ....
For cathode-bias operation

0.1 megohm
0.5 megohm

Refer to chart at end of section.

6EH7 For replacement use type 6EH7/EF183.
6EH7/ SEMIREMOTE-CUTOFF
EF'I 83 PENTODE
3EH7/XF183,
4EHT/LF183

Miniature types used as if-amplifier tubes in color and
black-and-white television receivers. Qutlines section, 9AQ

6C; requires miniature 9-contact socket. Types SEH7/XF183 and 4EH7/
LF183 are identical with type 6EH7/EF183 except for heater ratings.



TECHNICAL DATA 263

3EH7/ 4EH7/ 6EH7/
XF183 LF183 EF183
Heater Voltage (ac/de) ..................... 3.4 4.4 6.3 volts
Heater Current ....... ... ... ................ 0.6 0.45 0.3 ampere
Peak Heater-Cathode Voltage .. . ..., F*150 max #*150 max =*150 max volts
Direct Interelectrode Capacitances:
Grid No.1 to Plate ... .. .. .. e 0.005 max pF
Grid No,1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ........ .. ... ... ... .. ... .. ... ..., 9 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield . ..... ... ... .. .. . . . .. ... ... 3 pF

Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Supply Voltage .. 550 volts
Plate Voltage ........ . .. ... .. ... ..ttt 250 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .............. 0 volts
Grid-No.2 {Screen-Grid) Supply Voltage ............covviununenn. 550 volts
Grid-No.2 Voltage ..... ... ... ... .. . i, 250 volts
Cathode Current ... ......... .. .. ... .. . ... . ... ciiiiiiiiiiia., 20 mA
Plate Dissipation ............... ...t 2.5 watts
Grid-No.2 Input ... .. ... i e 0.65 watt
CHARACTERISTICS
Plate Voltage ... ... ... ... . . e 200 volts
Grid No.3 ... e Connected to cathode at socket
Grid-No.2 Voltage ... ........ .. ... . ............ T 90 volts
Grid-No.1 Voltage ..... .. .. ........... —2 volts
Plate Resistance (Approx.) . .. 0.5 megohm
Transconductance . e e 12500 umhos
Plate Current ............... ... ... .. 12 mA
Grid-No.2 Current ........... ... .. . oiiiiii 4.5 mA
TYPICAL OPERATION
Plate Voltage ...... ... ... ........... 200 200 200 200 volts
Grid No.3 ... .. ..................... Connected to cathode at socket
Grid-No.2 Supply Voltage ....... .. 200 200 200 200 volts
Grid-No.2 Series Resistor ......... ... 22000 22000 22000 22000 ohms
Grid-No.1 Voltage ... ................ —19.5 —9.5 —6.5 — volts
Transconductance .................... 125 625 1250 12500 umhos
RMS Grid-No.1 Voltage, for
cross-modulation factor of 0.01 ..... 450 160 100 — mV

MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance ................................ .0, 1 megohm

Refer to chart at end of section. 6EHS8

Refer to chart at end of section. 6EJ4A

Refer to chart at end of section. 6EJ7

For replacement use type 6EJ7/EF184.

6EJ7 /

. SHARP-CUTOFF PENTODE EF184

\ 3EJ7/XF184,
3 P 4E)7/LF184

Miniature types used as if-amplifier tubes in color and

Gl (®s2  black-and-white television receivers. Outlines section,
6C; requires miniature 9-contact socket. Types 3EJ7/
K 63 XF184 and 4EJ7/LF184 are identical with type 6EJ7/
SAQ EF184 except for heater ratings.
3EJ7/ 4EJ7/ 6EJ7/
XF184 LI;ISA I%F3184 s
Heater Voltage (ac/de) ..................... gé o &3 am‘;)oere

Heater Current ....................cooooons

Peak Heater-Cathode Voltage ............... +150 max =150 max =150 max volts
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Direct Interelectrode Capacitances:

Grid No.1 to Plate .. . ... .. i 0.005 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield .. ... ... ... ... . ... e 10 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield ....... ... ... i R pF

Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)

Plate Supply Voltage ... . ... ... . e 550 volts
Plate Voltage ........ ... . . .. i e 250 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 550 volts
Grid-No.2 Voltage . ...... ... ... . .. . . i 250 volts
Cathode Current . ....... ... ... ... . .. e 25 mA
Plate Dissipation .. ...... ... .. ... e 2.5 watts
Grid-No.2 Input .. ... ... . . i i 0.9 watt
CHARACYERISTICS

Plate Voltage ..... ....... . ... . ccoiiiviionn e 190 200 volts
Grid No.3 Connected to cathode at socket
Grid-No.2 Voltage 150 200 volts
Grid-No.1 Voltage ....... ... ... ... . ... ... ... —2.35 —2.5 volts
Plate Resistance {(Approx.}) ........................ 0.35 0.35 megohm
Transconductance .................. et 15000 15000 pmhos
Plate Current .. ................ . ... aaiin 10 10 mA
Grid-No.2 Current ............ ... ... ... ........... 4.1 4.1 mA
MAXIMUM CIRCUIT VALUE

Grid-No.1-Cireuit Resistance ........ ... ... ... ..., 1 megohm

6EL4 Refer to chart at end of section.
6EL4A For replacement use type 6BK4C/6EL4A.

6EMS

8EMS5 BEAM POWER TUBE

Miniature type used as vertical-deflection amplifier in
television receivers utilizing picture tubes having di-
agonal deflection angles of 110 degrees. Outlines sec-
tion, 6G; requires miniature 9-contact socket. Type
8EM5 is identical with type 6EM5 except for heater
ratings.

6EMS

Heater Voltage (ac/de) ... ... ... . oiiiiiiiinn, 6.3 8.4 volts
Heater Current .................c.. .0 iveiiiinans 0.8 0.6 ampere
Heater Warm-up Time (Average) ................ —_ 11 seconds
Heater-Cathode Voltage:

Peak wvalue ... .......... ... .. ... ... i *+200 max 200 max volts

Average value .......... ... . . ... ... 100 max 100 max volts
Direct Interelectrode Capacitances:

Grid No.l to Plate .. ... ... .. ... .. i iiaaniaan, 0.7 max pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... .. 10 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 5.1 pF

Class A, Amplifier

CHARACTERISTICS
Plate Voltage ........... ..o oiiiiiiieiiiiiniins 60 250 volts
Grid-No.2 Voltage .. .. 250 250 volts
Grid-No.1 Voltage ............. . . .. 0 —18 volts
Mu Factor, Grid No.1 to Grid No.2 ........... .. — 8.7
Plate Resistance .................... .. .. ... ... ... — 0.05 megohm
Transconductance . ............... ... ... .. — 5100 pmhos
Plate Current .. ................ ... 00 iciiiiiaiian 180+ 40 mA
Grid-No.2 Current ............ ... ... ... .. ivann 30 3 mA
Grid-No.1 Voltage (Approx.) for plate current of

0.2 MA L e — —37 volts

e These values can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.
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Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Center Values)

DC Plate Voltage .. ........... ...ttt 315 volts
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) ........ 22004 volts
Grid-No.2 (Screen-Grid) Voltage _............. . ... ............. 285 volts
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage .......... 250 volts
Peak Cathode Current .......................................... 210 mA
Average Cathode Current ...................................... 60 mA
Plate Dissipation .......... ... .. . . . ... 10 watts
Grid-No.2 Input .. ... . 1.6 watts
Bulb Temperature (At hottest point) .............coovvviinnnn... 250 °C
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance ........................ccoiiieii.. 2.2 megohms

# Pulse duration must not exceed 15¢, of a vertical scanning cycle (2.5 milliseconds).
4 Under no circumstances should this absolute value be exceeded.

TYPE 6EMS TYPE 6EMS
WITH EC2 AS VARIABLE - GRID-No.2 VOLTS*250

250|-GRID-No. vOLTS = 0 S
g l

200 25|° S 8200 0

] 2y

[
22 150 =1

15 200 T3 TS ECr-
< Noi VOLTS ECP-2

] 3 |\ }s’__‘Rm ol vOLTS ECL
150 ) \
100 33 100 % 10
GRID-No2 VOLTS Ec2= 100 - & -15

50 - 5 %0 N ECi-0 —20

a ol Yy ) el 10
i =
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
PLATE VOLTS 92CS-9672T PLATE VOLTS 92C5-9797T!
Refer to chart at end of section. 6EM7

For replacement use type 6EM7/6EAT.

6EM7/6EAT7

10EM7,

DUAL TRIODE 13EM7/15EA7
Glass octal type used as combined vertical-deflection
amplifier and vertical-deflection oscillator in color and
black-and-white television receivers. Qutlines section, 13A; requires octal
socket, For curve of average plate characteristics, Unit No.1, refer to type
6DR7 (Unit No.l). Types 10EM7, and 13EM7/15EA7 are identical with
type 6EM7/6EAT7 except for heater ratings.
6EM7/6EAT 10EM7 13EM7/15EA7

6.3 9.7 13

Heater Voltage (ac/de) .................... R . volts
Heater Current ............................ 0.925 0.6 0.45 ampere
Heater Warm-up Time (Average) .......... — 11 11 seconds
Heater-Cathode Voltage:

Peak wvafue ............................ +200 max *200 max *200 max volts

Average value ......................... 100 max 100 max 100 max  volts
Direct Interelectrode Capacitances (Approx.): Unrit No.1 Unit No.2

Grid to Plate ............. .. 4.8 10 pF

Grid to Cathode and Heater . R 2.2 T pF
Plate to Cathode and Heater .................... 0.6 1.8 pF
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Class A, Amplifier

CHARACTERISTICS Unit No.1 Unit No.2

Plate Voltage 250 150 volts
Grid Voltage . —3 -—20 volts
Amplification Factor ... ... .. ....... .. ... ... ... 64 5.4

Plate Resistance (Approx.) 40000 750 ohms

Transconductance ............. . ......... ... ... ... 1600 7200 remhos
Plate Current ........ ... ... ..... ... .. ... ... .. 1.4 50 mA
Plate Current, for plate voltage of 60 volts and

zero grid voltage ....... . ... . ... .. ... ... .. ... — 95 mA
Plate Current, for grid voltage of —28 volts ...... — 10 mA
Grid Voltage (Approx.):

For plate current of 10 A ........ ... ... ... -—5.5 — volts

For plate current of 100 gA . ...... ... ... . .. —_ —45 volts

Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system

Unit No.1 Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier
DC Plate Voltage ................................ 330 330 volts
Peak Positive-Pulse Plate Voltage# .. ............. — 1500 volts
Peak Negative-Pulse Grid Voltage ..... ........... 400 250 volts
Peak Cathode Curvent ............. ... ... .. ... . .. ki 175 mA
Average Cathode Current .............. ... ......... 22 50 mA
Plate Dissipation ............ ... ... ..... . ... ... 1.5 10 watts
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance: Unit No.1 Unit No.2
For grid-resistor-bias operation .............. 2.2 2.2 megohms
For cathode-bias operation ....... ............. 2.2 2.2 megohms

# Pulse duration must not exceed 15, of a vertical seanning cyele (2.5 milliseconds).

TYPE 6EMT
UNIT No. 2
150
3125—!3’l
o
gloo—g L -0
3752 7 72
=137 ¥ o
w 50 $
g 25 Z / ;24\()“
VY TIR
) 00 200 300 400
PLATE VOLTS 92CS-10466T
4 SHARP-CUTOFF
6EN BEAM TRIODE

Glass octal type used as a shunt voltage-regulator tube
in the high-voltage power supply of color television re-
ceivers. QOutlines section, 21B; requires octal socket.
Socket terminals 3, 4, and 8 should not be used as tie
points. For high voltage and X-ray safety considera-
tions, refer to page 93.

Heater Voltage (ac/dc) ...................... . volts
Heater Current ... ................................ .. ampere
Peak Heater-Cathode Voltage volts
Direct Interelectrode Capacitances (Approx.):i
Grid to Plate ......... .. ... ... .. . . 0 1 pF
Plate to Cathode and Heater ........... . ... .. .............. 2.6 pF

Grid to Cathode and Heater ... ... ....... .. .. ... .. ... ..... R 1 pF
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* Series impedance should be used with the cathode to limit the cathode current under pxo-
longed short-circuit conditions to 450 mA.
i Without external shield.

Shunt Voltage-Regulater Service
MAXIMUM RATINGS (Design-Maximum Values) ~

DC Plate Voltage ... ... . . . . .. i volts
Unregulated DC Supply Voltage volts
DC Grid Voltage ................. .... volts
Peak Grid Voltage® .. ... ... mA
Average Plate Current R C .. . mA
Plate Dissipation ........ .. watts
TYPICAL OPERATION
Unregulated DC Supply Voltage .......... .. P, ... 36000 volts
Equivalent Resistance of Unregulated Supply ........... e 11 megohms
Voltage Divider Values:

R1 (5 watts) 220 megohms

Ra (2 watts) 1 megohm

Ra (0.5 watt) e 0.82 megohm
DC Reference Voltage Supply ........ ... ... ... ... 200 volts
Equivalent Resistance of Reference Voltage o 1000 ohms
Effective Grid-Plate Transconductance .......... . 200 pmhos
DC Plate Current for Load Current of 0 mA .. o 1000 RA
DC Plate Current for Load Current of 1 mA . 45 A
Regulated DC Output Voltage for Load Current of 0 mA ...... X 25000 volts
Regulated DC Output Voltage for Load Current of 1 mA ... .. . 24500 volts
Amplification Factor ... ... ... ... .. ... . ... ... ... ... .. .. 2000
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance . ..... ... ... .. .. ... ... ..o .. 3 megohms
B For interval of 20 seconds maximum dunng equlpment warm- -up period.
CHARACTERISTICS RANGE VALUES

Min Max

Grid Voltage (1) . ... ... ... . R .. —T7 — volts
Grid Voltage (2) .. .. ... . R — —40 volts
Grid-Voltage Change — 9 volts

Note 1: With de plate voltage of 30000 volts and de plate current of 1 mA.
Note 2: With dc plate voltage of 30000 volts and dec plate current of 0.1 mA.
Note 3: Difference between grid voltage (1) and grid voltage (2).

X-RADIATION CHARACTERISTIC
X-Radiation, Maximum :

Statistical value controlled on a lot sampling basis ..... .. ... 0.5 mR/hr
Caution—Operation of this tube outside of the maximum values indicated above may result
in either temporary or permanent changes in the X-radiation characteristic of the tube.
Equipment design must be such that these maximum values are not exceeded.

AVERAGE TRANSFER CHARACTERISTICS

TYPE 6EN4

E4=6.3 VOLTS
"
Ly
S &
S &
% 2
5 E|
A7 =
& w
7 =
q &

e
-20 ~15 -0 -5 0
GRID VOLTS 92¢5-8432T!

Refer to chart at end of section. 6EQ7
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6ERS

3ERS HIGH-MU TRIODE

Miniature type with frame grid used in vhf tuners of
color and black-and-white television receivers. Outlines
section 5C; requires miniature 7-contact socket. Type
3ERS5 is identical to type 6ER5 except for heater rat-
ings.

3ERS 6ERS5
Heater Voltage (ac/de) ... ... ... ... ... ... ... .......... 2.8 6.3 volts
Heater Current ........... ... ... .. ... .. ... iiiiuiinn. 0.45 0.18 ampere
Peak Heater-Cathode Voltage ............................ +100 max =100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded®
Grid to Plate ................................ 0.38 0.36 pF
Grid to Cathode, Heater, and Internal Shield .. 4.4 4.4 oF
Plate to Cathode, Heater, and Internal Shield .. 3 4 pF
Grid to Heater ................................ 0.28 max 0.28 max pF
Plate to Cathode ............................. 0.24 0.2a pF
Cathode to Grid .............................. 3.1 3.1a pF
Heater to Cathode ............................ 2.5 2.5a pF
° With external shield connected to cathode except as noted.
s With external shield connected to ground.
Class A, Amplifier
MAXIMUM RATINGS (Design-Center Values)
Plate Voltage . ...ttt 250 volts
Grid Voltage, Negative-bias value ............................... 50 volts
Cathode Current . ....... ... . ... .. ... eiiii s 20 mA
Plate Dissipation ........ ... . ... . .. .. e 2.2 watts
CHARACTERISTICS
Plate Voltage ...............0iitiiremriiiire i ninnannns 200 volts
Grid Voltage . ............ .. i i —1.2 volts
Amplifieation Factor .......... ... ... ... ... i, 80
Plate Resistance (ADDroX.) ........civuiiiiiinieinnnnnn. 8000 ohms
Transconduetance ................... .. ... . . e, 10500 pmhos
Plate Current ....... ... ... i 10 mA
Grid Voltage (Approx.) for transconductance of 500 umhos ...... —3.8 volts
Grid Voltage (Approx.) for transconductance of 100 gmhos ...... ~—b5.6 volts
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance ........... ... ... ...cciiiiiiiiiinnnn, . 1 megohm
6ES5 Refer to chart at end of section.
6ES8 Refer to chart at end of section.

6ES8/  VARIABLE-MU TWIN TRIODE

ECC189

Miniature type used as cascode-type amplifier in tuners
of television receivers. Outlines section, 6B; requires

miniature 9-contact socket. 9A)

Heater Voltage (ac/de) .............. . .. i 6.3 volts

Heater Current ... ... ... ... ... .. ... i 0.366 ampere

Direct Interelectrode Capacitances: Unshielded Shielded*
Grid to Plate (Each Unit) .................... 1.9 1.9 pF
Plate to Cathode (Each Unit) .... 0.18 0.17 pF
Heater to Cathode (Each Unit) 3 3a pF
Plate of Unit No.2 to Plate of Unit No.l .... 0.04 max 0.015 max pF
Plate of Unit No.2 to Grid of Unit No.l .... 0.003 max 0.003 max pF
Grid of Unit No.l to Cathode of Unit No.2 ... 0.002 max 0.002 max pF

* With external shield connected to cathode of unit under test except as noted.
s With external shield connected to ground.
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Class A, Amplifier (Each Unit)

CHARACTERISTICS

Plate Voltage 90 90 90 volts
Grid Voltage —1.2 —5 —9 volts
Plate Resistance (Approx.) 2500 — — ohms
Transconductance ..................0couninann 12500 625 125 umhos
Plate Current .................ccivviiiniinns .. 15 —_ —_ mA

Cascode-Type Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Supply Voltage with plate current of 0 mA ............... 560 volts
Plate Voltage (Each unit) ........... ... ... ... .. ... oiiiiu, 130 volts
Grid Voltage, Negative-bias value (Each umt) .. 50 volts
Cathode Current (Each unit) . 22 mA
Plate Dissipation (Each unit) 1.8 watts
Heater-Cathode Voltage:
Unit No.1:°

RMS voltage belween cathode and heater .................. 50 volts
Unit No.2:=

RMS voltage between cathode and heaters .................. 50 volts

DC voltage between cathode and heatere .................... 130 volts
TYPICAL OPERATION in a cascode-type circuitm
Supply Voltage 180 volts
Plate Current . . 16 mA
Transconductance . 12500 umhos
Noise Figure* .. ... .. ... . . . i e .. 6.5 dB
Grid Voltage (Approx.) for transconductance of 125 umhos .... —9 volts
Input Voltage for cross-modulation factor of 0.01 and

transconductance of 125 gumhos ............................ 500 mV
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance (Each unit) ............ ... ... .......... 1 megohm
° Grounded-cathode input unit—pins 6, 7, and 8.
® Grounded-grid output unit—pins 1, 2, and 3.
¢ Cathode positive with respect to heater.
8 With grid of output unit connected to a voltage divider.
* Measured with tube operating in a television tuner.

Refer to chart at end of section. 6ET7
HIGH-MU TWIN TRIODE 6EU7

Miniature type used in high-gain, resistance-coupled,
low-level audio-amplifier applications where low-hum
and non-microphonic characteristics are important,
such as microphone amplifiers and pre-amplifiers for
phonographs. Outlines section, 6B; requires miniature
9-contact socket. For typical operation as a resistance-
coupled amplifier, refer to Resistance-Coupled Ampli-

H KTI

LS fier section.

Heater Voltage (ac/de) ........ ... . ... iiiriiriiininnnnnnns 6.3 volts
Heater Current ....... ... ... ... . . . . . i i 0.3 ampere
Heater-Cathode Voltage:

Peak value ........ .. ... ... il *+200 max volts

Average value ... ... ... 100 max volts
Direct Interelectrode Capacitances (Each Unit, Approx.):

Grid to Plate . ... ............ 1.5 pF

Grid to Cathode and Heater 1.6 pF

Plate to Cathode and Heater 0.2 pF

Equivalent Noise and Hum Voltage (Referenced to Grid,
Each Unit) :
Average Value® ... ... ... ... il 1.8 microvolts rms
* Measured in ‘‘true rms' units under the following conditions: Heater volts (ac), 6.3:
center-tap of heater transformer grounded; plate supply volts, 250; plate load resistor,
100000 ohms: cathode resistor, 2700 ohms; cathode bypass capacitor, 100 uF; grid resistor,
0 ohms; amplifier frequency range, 25 to 10000 Hz.
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Class A, Amplifier (Each Unit)
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage .............iiiiiiitnnaetiriiiirerinaeeranaeenns 330
Grid Voltage:
Negative-bias value . 55
Positive-bias value . e e 0
Plate Dissipation ........ . ... ... .. . ... ... 1.2
CHARACTERISTICS
Plate Voltage .,..............ciiiiiieunnnnnnnnnn. 100 250
Grid Voltage .......... —1 —
Amplification Factor 100 100
Plate Resistance (ADPprox.) ....................... 80000 62500
Transconductance ................................. 1250 1600
Plate Current ................. ... ..c.iiiiiiee.. 0.5 1.2
TYPE 6EU7
| EACH UNIT
«
w
x
i
S
24 (,o y
4 \r 54N
2o T
o, N ) -5
w ) ) F —45
.& 2 Q~® A A / o r ety
j— e -
& . v A //// j Z;f.’/
L rZe 2
-I/’/- = -]
[} 100 200 300 400
PLATE VOLTS 92¢S~10470T
6EUS Refer to chart at end of section.
6Ev5 SHARP-CUTOFF TETRODE

Minijature type used as rf amplifier in vhf tuners of
television receivers. Outlines section, 5C; requires
miniature 7-contact socket.

Heater Voltage (ac/dc)
Heater Current ...............c..iiuviiiinivininen s
Heater-Cathode Voltage:

Peak value .......

Average value
Direct Interelectrode Capacitances:a

Grid No.l to Plate ..........................................

Grid No.l to Cathode, Heater, Grid No.2, and Internal Shield ..

Plate to Cathode, Heater, Grid No.2, and Internal Shield

2 With external shield connected to cathode.

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate. Voltage ... ... ... .. ... ... .. ..
Grid-No.2 (Secreen-Grid) Supply Voltage . ...
Grid-No.2 Voltage ......... ... ... ... ...,
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ...... ......
Cathode Current ............. ... .. ... ... ... ... ... ... ... ... ..
Plate Dissipation ........ ... .. .. ... . .
Grid-No.2 Input:

For grid-No.2 voltages up to 90 volts ..................

For grid-No.2 voltages between 90 and 180 volts

volts

volts
watts
watts

volts
volts

ohms
umhos
mA

6.3 volts
0.2 ampere
*+100 max volts
60 max volts
0.035 max pF
4.5 pF
2.9 pF
275 volts
180 volts
See curve page 300
0 volts

20 mA
3.25 watts
0.2 watt

See curve page 300
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CHARACTERISTICS
Plate Voltage ............ ... iiiiitiiiiiiteiiieaneannannns 250 volts
Grid-No.2 Voltage .............iiiinini it e 80 volts
Grid-No.1 Voltage ......... ... .ottt —1 volt
Plate Resistance (ADDYoOX.) ......iiiiiiiiiininieiiananinnns 0.16 megohm
TransconductBnee . ............oiiiiiii i e 8800 amhos
Plate Current ... ... ... .. ... . 11.5 mA
Grid-No.2 Current ........ .. .. ... ... ... ittt 0.9 mA
Grid-No.1 Voltage (Approx.) for transconductance of 100 zmhos .. —4.5 volts
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance ..................................... 0.5 megohm
Refer to chart at end of section. 6EV7
o o 6EW6
O, SHARP-CUTOFF PENTODE SEW6
(O (6)c Miniature type used in the gain-controlled picture-if
‘ ‘ stages of vhf color and black-and-white television re-
6, A D ceivers operating at an interemediate frequency in the
K G3 . . . . . s
0 s order of 40 MHz. Outlines section, 5C; requires minia-
o ture 7-contact socket. Type BEW6 is identical with
CM type 6EW6 except for heater ratings.
S5EWé GEW6
Heater Voltage (ac/de) ..... ... ... .. ... ... ........... 5.6 6.3 volts
Heater Current . ............... .. ....iiiviiiiiiiienaann.. 0.45 0.4 ampere
Heater Warm-up Time (Average) ........................ 11 — seconds
Heater-Cathode Voltage:
Peak value ........... .. . i *+200 max =200 max volts
Average value ............. .. ... i 100 max 100 max  volts
Direct Interelectrode Capacitances: Unshielded Shielded*
Grid No.l to Plate .......................... 0.04 max  0.03 max pF
Grid No.l to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield ............ 10 10 pF
Plate to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield .............. 2.4 3.4 pF
* With external shield connected to cathode.
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ... ... . ... .. ittt ttnanerannannenanneneeans 330 volts
Grid No.3 (Suppressor-Grid) Voltage, Positive value ............. 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 330 volts
Grid-No.2 Voltage ... ... .. ..o ittt s See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ 0 volts
Plate Dissipation ........... .. .. . ... i 3.1 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ...................... 0.65 watt
For grid-No.2 voltages between 165 and 330 volts ............ See curve page 300
TYPE GEW6
—_ GRID No.3 AND INTERNAL SHIELD
S CONNECTED TO CATHODE AY SOCKET.
S GRID-No2 VOLTS =125
t\o‘ 0 o5 I‘b ! lﬁ ‘P!
Zw —t ¥
S {[ GRID-Nal VOLTS Eci=0
242
o= \ -0.5
-l 1
°od1s ~0.75
£2
S ! Ecy=—1_]
w
=t \ = [ _E¢ro
3 s 171y 1 (-LfH
a T =2 _- -2
— — e ) S—— o K, \—— |
[+ 100 200 300 400

PLATE VOLTS 92CS-9965T!
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CHARACTERISTICS

Plate Supply Voltage ................c.0viiiiiiinianniin, 125 volts
Grid No.3 ... ... .. e Connected to cathode at socket
Grid-No.2 Supply Voltage ................ccoiiiineiiiinnnnnn.. 125 volts
Cathode-Bias Resistor ......................ciiiiiiiiinnnnnnn. 56 ohms
Plate Resistance (ADDrox.) .......co.eviiviiriiinniinaannnnannn. 0.2 megohm
Transconduetance .......... ... .. ... .. 14000 pmhos
Plate Current ............ ... .. .o 11 mA
Grid-No.2 Current ........ ... .. ... .. ... ... . . . .. .. 3.2 mA
Grid-No.1 Voltage (Approx.) for plate current of 20 A L -—3.5 volts

6EW7

10EW7, 15EW7 DUAL TRIODE

Minjature type used as combined vertical-deflection
oscillator and vertical-deflector amplifier in television
receivers. Outlines section, 6E, requires miniature 9-
contact socket. For curve of average plate characteris-
ties, Unit No.1, refer to type 6DE7 (Unit No.1). Types
10EW7 and 15EW7 are identical with type 6EW7 ex-
cept for heater ratings.

6EW?7 10EW7 15EW?7

Heater Voltage (ac/de) .................... 6.3 9.7 14.8
Heater Current ............................ 0.9 0.6 0.45
Heater Warm-up Time ...................... — 11 11
Heater-Cathode Voltage:

Peak value ............ ... ... .. ... el *200 max

Average value ................. ... . 0., 100 max 100 max
Direct Interelectrode Capacitances (Approx.): Unit Neo.1 Unit No.2

Grid to Plate ................................ 4.2 9

Grid to Cathode and Heater 2.2 7

Plate to Cathode and Heater 0.4 1.2

Class A, Amplifier

CHARACTERISTICS Unit No.1 Unit No.2
Plate Voltage ................. . ciiiiiiiiiiinnn.. 250 150
Grid Voltage . ......... ... . . i, —11 —17.5
Amplification Factor .............................. 17.56 6
Plate Resistance (Approx.) ....................... 8750 800
Transconductance ...............c.c.coiiveiiinanenans 2000 7500
Plate Current ...... . ... ... ... ..., 5.5 45
Plate Current for plate voltage of 60 volts and zero

grid voltage . ........... ... .. ... ... ... — 95
Plate Current for grid voltage of —25 volts ........ —_— 8
Grid Voltage (Approx.) for plate current of 10 uA .. —20 —
Grid Voltage (Approx.) for plate currvent of 100 pA . — —40

TYPE 6EW7
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Vertical-Deflection Oscillator and Amplifier

For operation in a 525-line, 30-frame system

Unit No.1

MAXIMUM RATINGS (Design-Maximum Values) Oscillator
DC Plate Voltage ...........c.ccociiiiiieiiniennnn, 330
Peak Positive-Pulse Plate Voltage# ................ _—
Peak Negative-Pulse Grid Voltage ................ 400
Peak Cathode Current ............................. 17
Average Cathode Current ......................... 22
Plate Dissipation ................. ... ... .. ... 1.5
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:

For cathode-bias operation .................... g%

For grid-resistor-bias operation ................

273

Unit No.2
Amplifier
330 volts
1500 volts
250 volts
175 mA
50 mA
10 watts
2.2 megohms
2.2 megohms

# Pulse duration must not exceed 159, of a vertical scanning cyele (2.5 milliseconds).

Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.
Refer to chart at end of section.

Refer to chart at end of section.
Refer to chart at end of section.

Refer to chart at end of section.
Refer to chart at end of section.

Refer to chart at end of section.

6EX6
6EY6
6EZ5
6EZ8
6F4
6F5

6F5GT

6F6
6F6G

6F6GT

6FD7

6F7
6F8G
6FA7

H

DUAL TRIODE 13FD7
"Tz ST Miniature type containing high-mu and low-mu triode
X units used as combined vertical-deflection oscillator and
GT . vertical-deflection amplifier in television receivers. Out-
' lines section, 6E; requires miniature 9-contact socket.

P12 K1
9HF heater ratings.
6FD7
Heater Voltage (ac/dc) .. 6.3
Heater Curvent ................. 0.925
Heater Warm-up Time (Average) .................. —
Heater-Cathode Voltage:
Peak value . +200 max
100 max

Average value
Direct Interelectrode Capacitances (Approx.):
Grid to Plate ................... ... . ... ....... .
Grid to Cathode and Heater ..... .............. 2.2
Plate to Cathode and Heater ................ .. 0.4

13FD7

13
0.45
1

+200
100

6.5
0.2

max
max

Unit No.1 Unit No.2
4.5 10

Type 13FD7 is identical with type 6FD7 except for

volts
ampere
seconds

volts
volts

pF
pF
pF
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Class A, Amplifier

CHARACTERISTICS Unit No.1 Unit No.2
Plate Voltage .............cciiiiiiiininiennnan, 250 60 150 volts
Grid Voltage ........... ... ... ... .. ... ... ... —3 0 —17.5 volts
Amplification Factor ........................... 64 — 6
Plate Resistance (Approx.) .................... 40000 — 800 ohms
Transconductance ......... .............c..0.... 1600 — 7500 amhos
Plate Current ................ . ... ... ......... 1.5 95e 40 mA
Grid Voltage (Approx.):
For plate current of 10 pA ... ............. —5.5 _ — volts
For plate current of 100 gA ... .. ......... — — —40 volts
Transconductance, For plate current of 1 mA .. .. — —_ 500 pmhos
Plate Current, For grid voltage of —25 volts .... —_ - 6 mA

« This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Unit No.l  Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier

DC Plate Voltage ........ ...... .. ...........c.cc... 330 330 volts
Peak Positive-Pulse Plate Voltage# ................ — 1500 volts
Peak Negative-Pulse Grid Voltage ................ 400 250 volts
Peak Cathode Current ... ......................... 70 176 mA
Average Cathode Current ......................... 20 50 mA
Plate Dissipation ................................. 1.5 10 watts

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For grid-resistor-bias or cathode-bias operation 2.2 2.2 megohms

# Pulse duration must not exceed 159 of a vertical scanning cycle (2.5 milliseconds).
6FE5 Refer to chart at end of section.

6FG6/EM84 Refer to chart at end of section.

6FG7 MEDIUM-MU TRIODE—
Pt SHARP-CUTOFF PENTODE

Miniature type used as combined oscillator and mixer
tube in vhf color and black-and-white television re-
ceivers. Outlines section, 6B; requires miniature 9-con-
tact socket. Type 5FGT is identical with type 6FG7 ex-
cept for heater ratings.

SFG7
Heater Voltage (ac/de) ........................... 4.7 6.3 volts
Heater Current ................................c... 0.6 0.45 ampere
Heater Warm-up Time (Average) ................. 11 11 seconds
Heater-Cathode Voltage:
Peak value ............ ... ... ... ... i, +200 max =200 max volts
Average value .............. ... ... ... ... 100 max 100 max volts
Direct Interelectrode Capacitances:
Triode Unit:
Grid to Plate ................................ 1.8 1.8 pF
Grid to Cathode, Pentode Grid No.3, and Heater 3 3 pF
Plate to Cathode, Pentode Grid No.3, and Heater 1.3 1.9 pF
Pentode Unit:
Grid No.l to Plate ............................ 0.02 max 0.01 max pF
Grid No.1 to Cathode, Grid No Grid No.2
and Heater ................ [ 5 5 pF
Plate to Cathode, Grid No.3, Grid No.
and Heater ........................ .. 2.4 3.4 pF
Heater to Cathode, and Pentode Grid No.3 ...... 6 6= pF

* With external shield connected to cathode except as noted.
= With external shield connected to ground.
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Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit

Plate Voltage ...........oitiunioiiniaennnnenainn 330 volts

Grid-No.2 (Screen-Grid) Supply Voltage ............ 330 volts

Grid-No.2 Voltage ....................c0v.cuiivenn. See curve page 300
1]

o
g

Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 volts
Plate Dissipation .................. ... ... oo 2.5 3 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 wvolts ........ — See curve page 300

For grid-No.2 voltages between 165 and 330 volts — 0.55 watt
CHARACTERISTICS Triode Unit  Pentode Unit
Plate Voltage ............. ... ... ..., 125 100 125 volts
Grid-No.2 Voltage ........................c..... — 100 125 volts
Grid-No.1 Voltage .............................. —1 0 —1 volts
Amplification Factor .......................... 43 — —
Plate Resistance (Approx.) .................... 5700 — 180000 ohms
Transconductance ..................¢c.ccenieeuninn 7500 7400 6000 umhos
Plate Current ............... ... ... 13 — 11 mA
Grid-No.2 Current ...................c0ecnuuun. — — 4 mA
Grid-No.1 Voltage (Approx.) for plate current

of 30 A .. ... .. —6.5 — —75 volts

HIGH-MU TRIODE 2FHS
Miniature type used as an rf amplifier in vhf tuners of

color and black-and-white television receivers. Outlines
section, 5C; requires 7-contact socket. Type 2FH5 is

1FP identical to type 6FH5 except for heater ratings.
2FHS5 6FH5
Heater Voltage (8c/de) ...........ooiiunniiiiiviniian . 2.35 6.3 volts
Heater Current . ........ ... . . ... et 0.6 0.2 ampere
Heater Warm-up Time (Average) ......................... 11 — seconds
Peak Heater-Cathode Voltage ............................. =*+100 max =100 max volts
Direct Interelectrode Capacitances (Approx.): Unshielded Shieldede
Grid to Plate .. ....... ... ... ... ... ... 0.52 0.52 pF
Grid to Cathode, Heater, and Internal Shield .. 3.2 3.2 pF
Plate to Cathode, Heater, and Internal Shield .. 3.2 4 pF
* With external shield connected to Pin 1.
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage .......... ... . . i i e 150 volts
Grid Voltage, Positive-bias value .............................. 0 volts
Cathode Current ............. ..ot 22 mA
Plate Dissipation ........ .. .. ... . i 2.2 watts
35
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CHARACTERISTICS

Plate Voltage .......... .. .. . ittt 135 volts

Grid Voltage ......... ... ..ttt e —1 volts

Plate Resistance (Approx.) 5600 ohms

TransconduetBnee ... ... ... ... .. i i e e 9000 upmhos

Amplification Factor .......................... 50

Plate Current . ........ ... ...ttt et e 11 maA

Grid Voltage (Approx.) for plate current of 100 pA ... ........... —b5.5 volts

MAXIMUM CIRCUIT VALUE

Grid-Circuit Resistance, for cathode-bias operation ................ 1 megohm

™
6EHS MEDIUM-MU TRIODE— "1yl o\ Hoem
THREE-PLATE TETRODE y

Miniature type used in complex-wave generator appli- ¢
cations and in television receiver applications. Sharp-

cutoff tetrode unit has pair of additional plates. Out- PiBTR Fzta
lines section, 6B; requires 9-contact socket. 9KP
Heater Voltage (ac/dc) 6.3 volts

Heater Current ................ .. 0.45 ampere

Direct Interelectrode Capacitances:
Triode Unit:

Grid to Plate ............ .. ... 1.4 pF
Grid to Cathode and Heater .............................. ... 2.6 pF
Plate to Cathode and Heater ...........................c.... 1 pF
Tetrode Unit:
Grid No.1 to Plate No.2 .. ..... ... . ... ... 0. iiteiiinenn.n 0.06 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Plate No.1A, and
Plate No.1B .. ... .. i ittt et 4.5 pF
Plate No.2 to Cathode, Heater, Grid No.2, Plate No.1A, and
Plate No.IB ... ... ittt i 1.4
Tetrode Grid No.l to Triode Plate ............................ 0.35 max pF
Tetrode Plate No.2 to Triode Plate ............................ 0.008 max pF
® With external shield connected to cathode.
Class A, Amplifier
CHARACTERISTICS Triode Unit
Plate Voltage 100 volts
Grid Voltage ..... —1 volt
Amplification Factor . 40
Plate Resistance (Appro ). ... . . .. 7400 ohms
TransconductaNee . . . ... ...uinenr ettt e 5400 pmhos
Plate CUITeNt ... ... .ttt iiae et erireanir e, 7.9 mA
Grid Voltage (Approx.) for plate current of 100 pA .......... ... —17 volts
Tetrode Unit with Plates No.lA and No.1B Connected to Cathode at Socket
MAXIMUM RATINGS (Design-Maximum Values)
Plate-No.2 Voltage ....... ... ... 0 i 250 volts
Grid-No.2 Voltage .............coiiiiiiiiiiiiiiiiiiiiaininannn, 250 volts
Grid-No.1 Voltage . .............iiiiruniterennnnsrcrinanerennans —2 volts
Plate-No.2 Resistance (APProx.) ..........cc.cviiereenneninnennnn 0.76 megohm
Transconductance, Grid No.l to Plate No.2 ..................... 4400 pmhos
Plate-No.2 Current ............ ... . ... . ittt 7.3 mA
Grid-No.2 Current . ...... ... ... ... . ...t 1.4 mA
Grid-No.1 Voltage (Approx.) for plate-No.2 current of 100 pA .. -7 volts
Complex-Wave Generator
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Tetrode Unit
Plate Voltage ...............c.ciiiiiiiiiiiiinne, 276 — volts
Plate-No.1A Voltage .............................. — 200 volts
Plate-No.1B Voltage ............. ... ..coiiiinieas —_ 200 volts
Plate-No.2 Voltage ........... .. ... ....... ..., 276 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........... — 275 volts
Grid-No.2 Voltage ...... ................... . ..... — See curve page 300
Grid-No.1 (Control-Grid) Voltage:
Negative-bias value ........................... —40 —40 volts
Positive-bias value ...................... . .... 0 0 volts
Plate Dissipation ........................ ... L7 — watts
Plate-No.1A Dissipation ........................... — 0.3 watt
Plate-No.1B Dissipation ........................... — 0.3 watt
- 2.3 watts

Plate-No.2 Dissipation .............................



TECHNICAL DATA 277

Grid-No.2 Input:

For grid-No.2 voltages up to 137.5 volts ... .. .. — 0.45 watt

For grid-No.2 voltages between 137.5 and 275 volts — See curve page 300
TYPICAL OPERATION WITH SEPARATE PLATE OPERATION Tetrode Unit
Plates-No.1A, No.1B, and No.2 Voltage ........................ 100 volts
Grid-No.2 Voltage ... .. ... ...t 50 volts
Grid-No.1 Voltage ........ e s —1 volts
Plate-No.1A Current .............c.c.oiiiiiiiiieenniniuinienonn. 0.04 mA
Plate-No.1B Current ...... ... .. ... ... ittt 0.04 mA
Plate-No.2 Current ... ... .. ... . iiiiiiiiiii i 1.6 mA
Grid-No.2 Current ................ i ittt 0.3 mA
Transconductance (Approx.):

Grid No.1 to Plate No.IA ... ... .. ... . .. . i, 70 umhos

Grid No.1 to Plate No.1B ............... .. .ccoriiinerenennn. 70 umhos

Grid No.1 to Plate No.2 ........... ... ... . .coiiiiniininnn. 2500 pmhos
MAXIMUM CIRCUIT VALUES Triode Unit Tetrode Unit
Grid-No.1-Circuit Resistance, for fixed-bias operation ..... 0.5 0.5 megohm

Refer to chart at end of section. 6FJ7

DUAL TRIODE 13FM7/15FM7

Duodecar type used as combined vertical-deflection os-
cillator and vertical-deflection amplifier in color and
black-and-white television receivers. Triode unit No.l
is used as an oscillator, and triode unit No.2 is used
as an amplifier. Qutlines section, 8C; requires duodecar
12-contact socket. Type 13FM7/15FM7 is identical with
type 6FMT7 except for heater ratings.

6FM7 13FM7/15FM?
6.3 13

Heater Voltage (ac/de) ................. .. ...... ... volts
Heater Current ................ . ... cciiiiiniannns 1.05 0.45 amperes
Heater Warm-up Time (Average) ................. — 11 seconds
Heater-Cathode Voltage:

Average value ................ ... ... ... ... +200 max +200 max volts

Peak value .............. . ... ... iiiiiie.., 100 max 100 max volts

Class A, Amplifier
CHARACTERISTICS Unit No.1 Unit Neo.2
Plate Voltage ............. ... ... ...l 250 175 volts
Grid Voltage .......... ... ... ... iiiiiiriinnannnn. —3 —25 volts
Amplification Factor ................. F 66 5.5
Plate Resistance (Approx.) ........................ 30000 920 ohms
Transeconductance ........................cccc.iiinn 2200 6000 pmhos
Plate Current ................coiiiriiiiiiiiaiiiian 2 40 mA
Grid Voltage (Approx.) for plate current of 20 pA .. —5.3 — volts
Grid Voltage (Approx.) for plate current of 200 pA . — —45 volts
Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Unit No.1 Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier
DC Plate Voltage .................... ..o u.. 350 500 volts
Peak Positive-Pulse Plate Voltage# ................ — 1500 volts
Peak Negative-Pulse Plate Voltage ............... .. 400 250 volts
Peak Cathode Current ............................. —_ 175 mA
Average Cathode Current .... ...................... — 50 mA
Plate Dissipationt ................................. 1 10 watts
MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance:

For fixed-bias operation ... .................. .. 1 1 megohm

For cathode-bias operation ....... .......... . ... 2.2 2.2 megohms

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds).
T A bias resistor or other means is required to protect the tube in absence of excitation.
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6FM8 Refer to chart at end of section.
FQ5A Refer to chart at end of section.

6FQ5 For replacement use type 6GK5/6FQ5A.
6FQ7 Refer to chart at end of section.

6FQ7/
6CG7

8FQ7/8CG7, 12FQ7

Miniature type used as combined vertical- and horizon-
tal-deflection oscillator in color and black-and-white
television receivers. Outlines section, 6E; requires
miniature 9-contact socket. Types 8FQ7/8CGT7 and
12FQ7 are identical with type 6FQ7/6CG7 except for heater ratings. For
typical operation as a resistance-coupled amplifier, refer to Resistance-
Coupled Amplifier section.

MEDIUM-MU TWIN TRIODE

P

6FQ7/6CG7 8FQ7/8CG7 12FQ7
Heater Voltage (ac/dc) .. 6.3 8.4 12.6 volts
Heater Current ...................... 0.6 0.45 0.3 ampere
Heater Warm-up Time (Average) .... 11 — — seconds
Heater-Cathode Voltage:
Peak value .......... ... ... ... . +200 max +200 max +200 max volts
Average value .................. 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2
Grid to Plate .. ... e e 3.6 3.8 pF
Grid to Cathode and Heater .............. P 2.4 2.4 pF
Plate to Cathode and Heater . ... ....... . ....... 0.34 0.26 pF
Plate of Unit No.l to Plate of Unit No.2 ....... 1 pF
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ....... ... e s 330 volts
Grid Voltage, Positive-bias value 0 volts
Cathode Current ............. ... ... coiiiiiiiiiiiiiaiiin 22 mA
Plate Dissipation:
For either plate ... ... .. .. .. .. .. . . . ... 4 watts
For both plates with both units operating ..................... 5.7 watts
CHARACTERISTICS
Plate Voltage .............. ... ... 90 250 volts
Grid Voltage . ... ... ... . ... ... ... i 0 —8 volts
Amplification Factor . .............................. 20 20
Plate Resistance (Approx.) ......................... 6700 7700 ohms
Transconductance .....................cccuiuueeernens 3000 2600 pmhos
Plate Curvent ......... ... .. .. ..o, 10 9 mA
Grid Voltage (Approx.) for plate current of 10 pA. .. —17 —18 volts
Plate Current for grid voltage of —12.5 volts ... ... .. — 1.3 mA
MAXIMUM CIRCUIT VALUE
Grid Circuit Resistance, for fixed-bias operation .................. 1 megohm
Oscillator
For operation in a 525-line, 30-frame system
Vertical- Horizontal-
R Deflection Deflection
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Oscillator
DC Plate Voltage .................................. 330 330 volts
Peak Negative-Pulse Grid Voltage .................. 440 660 volts
Peak Cathode Current .............................. 7 330 mA
Average Cathode Current .......................... 22 22 mA
Plate Dissipation:
For either plate ................................ 4 4 watts
For both plates with both units operating ....... 5.7 6.7 watts

MAXIMUM CIRCUIT VALUES
Grid-Circuit Resistance .... .................... ... 2.2 2.2 megohms
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TYPE 6FQ7/6CG7
FOR EACH UNIT
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PLATE VOLTS 92CS-8442T
BEAM HEXODE 6FS5

2F5S5, 3FSS

Miniature type used as rf-amplifier tube in vhf tele-
vision receivers. In this tube, grid No.l is the control
grid, grid No.2 is a focusing grid, grid No.3 is the
screen grid, and grid No.4 is the suppressor grid.
Grid No.2 is internally connected to the cathode and
grid No.4 and aligned with grid No.3 QOutlines section,
5C; requires miniature T7-contact socket. Types 2FS5
1GA and 3FS5 are identical with type 6FS5 except for
heater ratings.

2FS5 3FS85 6FS5
Heater Volitage (ac/de) ..................... 2.4 2.9 6.3 volts
Heater Current ............................ 0.6 0.45 0.2 ampere
Heater Warm-up 7Time (Average) .......... 11 11 —_ seconds
Heater-Cathode Voltage: .
Peak value ......... ... ... ... ... ..., +200 max 200 max =200 max volts
Average value ......................... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances: Shielded Unshielded»
Grid No.l to Plate ...... ... ... .. ... ......... 0.03 0.016 pF
Grid MNo.1 to Cathode, Heater, Grid No.2, Grid
No.3, and Grid No.d ....... .. ............... 4.8 4.8 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Grid No.4 ... ... ... ... ... ... .. .. ... ... 2 2.8 pF

= With external shield connected to pin 7.
Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ......... .. .. . i it i 300 volts
Grid-No.3 (Screen-Grid) Voltage .. 150 volts
Grid-No.1 (Control-Grid) Voltage:

Negative-bias value 50 volts

Positive-bias value . .. 0 volts
Cathode Current .............. 20 mA
Plate Dissipation ........ 3.25 watts
Grid-No.3 Input ......... . 0.16 watt
CHARACTERISTICS
Flate Voltage .......... ...t iiaaaann, 275 volts
Grid-No.3 Voltage ......... 135 volts
Grid-No.1 Voltage ........... —0.2 volt
Plate Resistance (Approx.) 0.24 megohm
Transconductance ......... 10000 umhos
Plate Current .... . 9 mA
Grid-No.3 Current .. ...... ... .. . .c.iuiiieit i .. 0.17 mA
Grid-No.1 Voltage (Approx.) for transconductance of 100 umhos ... —b5 volts
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance, for fixed-bias operation ............. 0.5 megohm

Refer to chart at end of section. 6FVé6
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6FV8 Refer to chart at end of section.
Refer to chart at end of section.

6FV8A For replacement use type 6BR8A/6FV8A.
6FW5 Refer to chart at end of section.
6FW8 Refer to chart at end of section.
6FY5/EC97 Refer to chart at end of section.

6FY7 DUAL TRIODE

11FY7, 15FY7
Duodecar type used as combined vertical-deflection os-
cillator and vertical-deflection amplifier in television
receivers. Triode unit No.l1 is used as an oscillator,
and triode unit No.2 is used as an amplifier. Outlines
section, 8D; requires duodecar 12-contact socket. Types
11FY7 and 15FY7 are identical with type 6FY7 except N
for heater ratings. 12E0

6FY7 11FY7 15FY7

Heater Voltage (ac/dc) ... 6.3 11 14.7 volts
Heater Current ......... 1.05 0.6 0.45 amperes
Heater Warm-up Time (Average) — 11 11 seconds
Heater-Cathode Voltage:
Peak value . +200 max =200 max =200 max volts
Average value 100 max 100 max 100 max volts
Class A, Amplifier
CHARACTERISTICS Unit No.1 Unit No.2
Plate Voltage ....... ... ... ... ... ... iiiiiiiin, 250 160 volts
Grid Voltage ............... ... ... ... ... .. —3 —17.6 volts
Amplification Factor . ... ... .. ..................... 65 6
Plate Resistance (Approx) ........................ 40500 920 ohms
Transconductance .................. ... ... ......... 1600 6500 umhos
Plate Current .............. ... ... . ... 0. iiiiiiann 1.4 35 mA
Grid Voltage (Approx.) for plate current of 30 uA .. —5.5 —_— volts
Grid Voltage (Approx.) for plate current of 50 pA .. - —36 volts
Plate Current (Approx.) for grid voltage of —25 volts —_ 6 mA

Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Unit No.1 Unit No.2

MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier

DC Plate Voltage ... ... ... . ...t 330 276 volts
Peak Positive-Pulse Plate Voltage# ... ......... .... — 2000 volts
Peak Negative-Pulse Plate Voltage ................ 400 250 volts
Peak Cathode Current .............................. 70 175 mA
Average Cathode Current .......................... 20 50 mA
Plate Dissipation ............ .. .. .. .. ... . i 1 % watts
MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance ............................ 2.2 2.2 megohms

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds).
+ A bias resistor or other means is required to protect the tube in absence of excitation.

6G6G Refer to chart at end of section.
6G11 Refer to chart at end of section.
6GB3A For replacement use type 6BQ6GTB/6CUS6.

6GB5 Refer to chart at end of section.
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6GB5/
EL500

BEAM POWER TUBE RCBY o0
27GBS/PL500
Magnoval type used as horizontal-deflection amplifier
in television receivers. Qutlines section, 35B; requires
neonoval 9-contact socket. Typical instantaneous char-
acteristics (measured with recurrent waveform such
that maximum ratings are not exceeded): plate volts,
75; grid-No.2 volts, 200; grid-No.1 volts, —10; plate
mA, 440; grid-No.2 mA, 37. Types 13GB5/XL500,
18GB5/LL500 and 27GB5/PL500 are identical with type
6GB5/EL500 except for heater ratings.

6GB5/ 13GB5/ 18GB5/ 27GB5/
EL500 XL500 LL500 PL500
Heater Voltage (ac/de) .............. 6.3 13.3 18 27 volts
Heater Current ..................... 1.38 0.6 0.45 0.3 amperes
Heater-Cathode Voltage:
Peak value ...................... *+250 max 250 max 250 max <250 max volts
Average value .................. 125 max 125 max 125 max 125 max volts

Horizontal-Deflection Amplifier
IFFor operation in a 523-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage .. ... ... .. . . . e 275 volts
Peak Positive-Pulse Plate Voltage# ... ... ... ... ... .............. 7700 volts
DC Grid-No.2 (Screen-Grid) Voltage ........ ..... ... ............. 275 volts
Average Cathode Current ........ ... ..... . . ...... ... ............. 275 mA
Plate Dissipation® ... ... ... ... . ... ... ... 17 watts
Grid-No.2 Input® ... .. ... .. 5 watts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
Without grid current ....... ... ... .. . .. . ... .. .. ... ... .. 0.5 megohm
With grid current (horizontal-output service only) .......... .. 2.2 megohms

# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).
4 A bias resistor or other means is required to pretect the tube in absence of excitation.
* Grid-No.2 input may reach 6 watts for plate-dissipation values below 11 watts.

For replacement use type 6GW6/6DQ6B. 6GB6

For replacement use type 6GW6/6DQ6B. 6GB7

BEAM POWER TUBE 6GC5H

Miniature type used in color and black-and-white tele-
vision receiver applications and as output tube in
audio-amplifier applications. Outlines section, 6E, re-

SEU quires miniature 9-contact socket.

Heater Voltage (8c/dC) . ... ...ttt et iraannenas 6.3 volts
Heater Current ........... ... .. . ... it e 1.2 amperes
Heater-Cathode Voltage:

Peak value ........ .. ... ... *+200 max volts

Average value ... ... ... ... ... Ll il 100 max volts
Direct Interelectrode Capacitances (Approx.):

Grid No.l to Plate .. ...... ... ... ... . ..., 0.9 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... . ... 18 pF

Plate to Cathode. Heater, Grid No.2, and Grid No.3 ... ......... i pF
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Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage . ... ... ... . . . . .. . .. 220 volts
Grid-No.2 (Screen-Grid) Voltage ................................ 140 volts
Plate Dissipation ....... ... ... ... ... . ... i 12 watts
Grid-No.2 Input ... ... .. .. i 1.4 watts
TYPICAL OPERATION AND CHARACTERISTICS

Plate Voltage ............... ... ... .iiiiiiiiaen, 110 200 volts
Grid-No.2 Voltage .....................ciiivivinnns 110 125 volts
Grid-No.l Voltage ................couuiiirinann.vnn — 7.5 — volts
Cathode-Bias Resistor .............................. — 180 ohms
Peak AF Grid-No.1 Voltage ........................ 7.5 8.6 volts
Zero-Signal Plate Current .. ... .. ... .............. 49 46 mA
Maximum-Signal Plate Current .................... 50 47 mA
Zero-Signal Grid-No.2 Current ..................... 4 2.2 mA
Maximum-Signal Grid-No.2 Current ................ 10 8.6 mA
Plate Resistance (Approx.}) ........................ 13000 28000 ohms
Transconductance .......................... ... ..... 8000 8000 pmhos
Load Resistance ...... ............................. 2000 4000 ohms
Total Harmonie Distortion .......................... 10 10 per cent
Maximum-Signal Power Qutput .................... 2.1 3.8 watts

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ...... .............. ... ... ... ........ 0.1 megohm
0.5 megohm

For cathode-bias operation ........ ... .. ... ..... ... ...

6GE5 BEAM POWER TUBE

12GES, 17GES
Duodecar type used as horizontal-deflection-amplifier
tube in television receivers. Outlines section, 15A; re-
quires duodecar 12-contact socket. Types 12GE5 and
17GE5 are identical with type 6GE5S except for heater
ratings.

6GE5 12GE5

Heater Voltage (ac/dec) ..................... 6.3 12.6 16.8 volts
Heater Current ... .......................... 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) ............ — 11 11 seconds
Heater-Cathode Vpltage:

Peak value ... .. ...... .. .. ... ..., +200 max *+200 max =£200 max volts

Average value .......................... 100 max 100 max 100 max volts

Class A, Amplifier
Pentode Triode*
CHARACTERISTICS Connection  Connection
Plate Voltage ..............................cv. 60 250 150 volts
Grid-No.2 (Screen-Grid) Voltage ................ 150 150 150 volts
Grid-No.1 (Control-Grid) Voltage ............... 0 —22.5 — volts
Amplification Factor ..................ccovuunnn — - 4.4
Plate Resistance (Approx.) ..................... — 18000 — ohms
Transconductanee ...................coouviinnnn — 7300 —_ pmhos
Plate Current .............. ... ... ciiuriniiann 345+ 65 -— mA
Grid-No.2 Current ......................cccou.un 27 1.8 —_ mA
Grid-No.1 Voltage (Approx.) for plate current
of 1 MA ... ... — —42 — volts

* Grid No.2 tied to plate.
* This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage ........................................ 770 volts
Peak Positive-Pulse Plate Voltage# ............................... 6500 volts
Peak Negative-Pulse Plate Voltage .............................. 1500 volts
DC Grid-No.2 Voltage ...............c.ciiiiiiiiiiiiiiainanaann.. 220 volts

Peak Negative-Pulse Grid-No.1 Voltage ........................ 330 volts
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DC Grid-No.1 Voltage ... ... ...ttt —55 volts
Peak Cathode Current ......... ... .. .. ... .. iiiiiiiiiiiiiinns 550 mA
Average Cathode Current .......... ... ... . ... i s 176 mA
Plate Dissip8tion} . ... ...t 17.5 watts
Grid-No.2 Input .... ... ... i 3.5 wagts
Bulb Temperature (At hottest point) ............................ 200 C
MAXIMUM CIRCUIT VALUE

Grid-No.1 Circuit Resistance .......... ... ... ... ... .. ... oot 1 megohm

# Pulse duration must not exceed 15¢, of a horizontal scanning cycle (10 microseconds).
+ A bias resistor or other means is required to protect the tube in absence of excitation.

Refer to chart at end of section. 6GF5

Refer to chart at end of section. 6GF7

DUAL TRIODE 6GF7A

10GF7A, 13GF7A

Novar types used as combined vertical-deflection oscil-
lator and vertical-deflection amplifiers in color and
black-and-white television receivers. Outlines section, 30A; requires novar
9-contact socket. For curves of average plate characteristics for Unit No.l1
and Unit No.2, refer to types 6DR7 (Unit No.1) and 6EM7, respectively.
Types 10GF7A and 13GF7A are identical with type 6GF7A except for
heater ratings.

6GFTA 10GF7A 13GF7A
6.3 9.7 13

Heater Voltage (ac/de) .................... volts
Heater Current ............................ 0.985 0.6 0.45 ampere
Heater Warm-up Time (Average) ........... — 11 11 seconds
Heater-Cathode Voltage:
Peak value .................. ... .. .. ... +200 max =200 max =200 max volts
Average value ... ... ... ... ... .. ... ... 100 max 100 max 100 max  volts
Direct Interelectrode Capacitances (Approx.): Unit No.1  Unit No.2
Grid to Plate ........ . ... . ... ... ... 4.6 9 pF
Grid to Cathode and Heater .................... 2.4 6.5 pF
Plate to Cathode and Heater .................. 0.26 1.4 pF
Ciass A, Amplifier
CHARACTERISTICS Unit No.1  Unit Ne.2
Plate Voltage ............. ... . ... ... ... i 250 150 volts
Grid Voltage ......... . ... .. ... . . . —3 —20 volts
Amplification Factor .............. ... ... ... .. ... 64 5.4
Plate Resistance (Approx.) ................ccivu.nn 40000 760 ohms
Transconductance ..................c..ciiiiiiiaaaian 1600 7200 umhos
Grid Voltage (Approx.):
For plate current of 10 A ... .................. —5.5 — volts
For plate current of 100 gA — —45 volts
Plate Current ..................... 1.4 50 mA
For plate voltage of 60 volts and zero grid voltage — 95 . mA
For grid voltage of —28 volts ................ — 10 mA
Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Unit No.1  Unit No.2
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier
DC Plate Voltage .................. ... .c..ciiiunn 330 330 volts
Peak Positive-Pulse Plate Voltage
(Absolute Maximum)# ........................ — 1500¢ volts
Peak Negative-Pulse Grid Voltage ................ 400 250 volts
Peak Cathode Current ............................ 71 175 mA
Average Cathode Current ... ..................... 22 50 mA

Plate Dissipation ........... .. ... ... . i 1.6 11 watts
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MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For grid-resistor-bias or cathode-bias operation 2.2 2.2 megohnis

* Under no circumstances should this absolute value be exceeded.
# Pulse duration must not exceed 159, of a vertical scanning cycle (2.5 milliseconds).

Refer to chart at end of section. 6GHS8

6GH8A MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE
SGHSA, 9GHSA
Miniature type used in multivibrator-type horizontal-cy,,
deflection circuits and for agc-amplifier or sync-sepa- ©
rator applications in color and black-and-white tele-
vision receivers. Outlines section, 6B; requires minia- ©?
ture 9-contact socket. Types 5GH8A and 9GHB8A are
identical with type 6GH8A except for heater ratings.

5GHSA 6GHBA 9GHSA
Heater Voltage (ac/de) .................... 4.7 6.3 9.45 volts
Heater Current .. ...... ... ... . ............. 0.6 0.45 0.3 ampere
Heater Warm-up Time (Average) ........... 11 11 — seconds
Heater-Cathode Voltage:
Peak value ............................ *200 max 200 max  *200 max volts
Average value ......................... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded
Triode Unit:
Grid to Plate ................. ... ... .. ... ... 1.7 1.7 pF
Grid to Cathode, Heater, Pentode Grid No.3,
Pentode Cathode, and Internal Shield ....... 3 3.2 pF
Plate to Cathode, Heater, Pentode Grid No.3,
Pentode Cathode, and Internal Shield ......... 1.4 1.9 pF
Heater to Cathode ............................ 3 3 pF
Pentode Unit:
Grid No.l to Plate ... .......... ... ......... 0.02 max  0.01 max pF
Grid No.1 to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield .............. 5 5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ......................... 2.6 3.4 pF
Heater to Cathode, Grid No.3, and Internal Shield 3 3 pF
Class A, Amplifier
CHARACTERISTICS Triode Unit Pentode Unit
Plate Voltage ............. ... .. .. .ccciiiiiiinann. 125 125 volts
Grid-No.2 Voltage .............. ... ...ccveiaon. — 125 volts
Grid-No.1 Voltage ..................ccciiiiiiunnn. —1 —1 volts
Amplifieation Factor ....... ........................ 46 —
Plate Resistance (Approx.}) ....................... 5400 200000 ohms
Transconductance ................................. 8500 7500 xmhos
Plate Current ...... ... ... ... ... ... ... iiiie.. 13.5 12 mA
Grid-No.2 Current . ................. ... ... ......... — 4 mA
Grid-No.1 Voltage (Approx.) for plate current of
BA e —8 —8 volts
Horizontal-Deflection Oscillator
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage ................... . 330 350 volts
Grid-No.2 (Screen-Grid) Voltage — 330 volts
Grid-No.1 (Control-Grid) Voltage:
Positive-bias value ......... . ....... . ... ... ... 0 volts
Peak negative value ...._............ ... ...... — 175 volts
Peak Cathode Current ............................ — 300 mA
Average Cathode Current ......................... — 20 mA
Plate Dissipation ....... ... ... ... ... ...... .. ..., 2.5 2.5 watts
—_ 0.55 watt

Grid-No.2 Input ........ ... ... ...cciiiineannn
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TYPE 6GHBAl TYPE 6GHBAI l
TRIODE UNIT PENTODE UNIT
“ | GRID-No.2 VOLTS=125
@ < ° ] |
x ~ NSEC\
E4 z°m20——GR\°’E‘//
3 2rMrr, a8
E AN HANAES
3 2 o SZIy
w 9’ N 05
=3 () / ‘e =3 |
S20l—8 Al &5 of}
& y r2 =Z 0y
= é © W MG |
/ Nk % [V as=e
' AL e 5 s
V 4 7\ a ~~1i— .-
972 . 5
o 100 200 300 400 500 0 100 200 300 4b0 500
PLATE VOLTS 92CS-10421T1 PLATE VOLTS 92¢S-10436T
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ...................... 2.2 2.2 megohms
For cathode-bias operation .......... . ......... 2.2 2.2 megohms
Refer to chart at end of section. 6Gl5

BEAM POWER TUBE 6GJ5A

12GJ5A, 17GISA
Novar type used in high-efficiency horizontal-deflec-
tion-amplifier circuits of television receivers. Outlines
section, 18A; requires novar 9-contact socket. For curve
of average characteristics see type 6GWS6. Types
12GJ5A and 17GJ5A are identical with type 6GJ5A ex-

cept for heater ratings.
6GJ5A 12GJ5A 1
12

7GJ5A
16.8

Heater Voltage (ac/dc) 6.3 .6 volts
Heater Current ........ .......... 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) — 11 11 seconds
Heater-Cathode Voltage:

Peak value ....................... . ..., *+200 max =200 max =200 max volts

Average value ....... ... ... ............ 100 max 100 max 100 max  volts
Direct Interelectrode Capacitances (Approx.):

Grid No.l to Plate . ... ... ... i 0.26 pF

Grid No.l1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 15 pF

Piate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 6.5 pF

Class A, Amplifier
Triode
CHARACTERISTICS Connection Pentode Connection
Plate Voltage ................. ... coiinn.. 150 60 250 volts
Grid-No.2 Voltage 150 150 150 volts
Grid-No.1 Voltage —22.5 0 —22.5 volts
Mu-Factor, Grid No.2 to Grid No.1 .......... 4.4 -— —
Plate Resistance (Approx.) ................ — — 15000 ohms
Transconductance .......................... — — 7100 pmhos
Plate Current ........................... ... —_ 390= 70 mA
Grid-No.2 Current ......................... —_ 32w 2.1 mA
— — —42 volts

Grid-No.1 Voltage for plate current of 1 mA .

« This value can be measured by a method involving a recurrent waveform such that the

maximum ratings of the tube will not be exceeded.
Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage ... ...... .. ... .. .. iiiiiiiiiiaians 770 volts
Peak Positive-Pulse Plate Voltage# . . .- 6500 volts
1500 volts

Peak Negative-Pulse Plate Voltage
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DC Grid-No.2 Voltage .............c.cviiiiiiiiiiiniinannann 220 volts
DC Grid-No.1 Voltage PP —55 volts
Peak Negative-Pulse Grid-No.1 Voltage .......................... 330 volts
Peak Cathode Current ......................... .. ... .00 ... 550 mA
Average Cathode Current ................ .. .....c.cc0iviiinii.. 175 mA
Plate Dissipatione ... ... . ... .. .. 17.6 watts
Grid-No.2 Input .. ........... .ttt 3.5 watts
Bulb Temperature (at hottest point) ............................ 246 °C

MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance:
For grid-resistor-bias operation® ............................ 1 megohm

# Pulse duration must not exceed 15¢, of a horizontal scanning cycle (10 microseconds).
¢ A bias resistor or other means is required to protect the tube in absence of excitation.

6Gl7 Refer to chart at end of section.

6GJ7/
ECF801 :

S XCreot MEDIUM-MU TRIODE— K63, /

G317/ POEBOL SHARP-CUTOFF PENTODE * Q)
Miniature types used as combined oscillator and mixer O,
tubes in color and black-and-white television receivers P
utilizing an intermediate frequency in the order of K.G3p)8 Gr
40 MHZ. Outlines section, 6J; requires miniature 9- 9QA
contact socket. Types 4GJ7/XCF801, 5GJ7/LCF801, and
8GJ7/PCF801 are identical with type 6GJ7/ECF801 except for heater
ratings.

4GJ7/ 5GJ1/ 6GJ7/ 8GJ7/

Heater Voltage (ac/de) XCF801 LCF801 ECF801 PCF801
Heater Current ........ 4.1 5.6 6.3 8 volts
Peak Heater-Cathode 0.6 0.45 0.41 0.3 ampere

Voltaged .. ........, *+110 max #+110 max 100 max *+110 max volts

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate-Supply Voltage ............................. . 600 600 volts
DC Plate Voltage . ........... ... .. . ..cciuuuuuunnan.. 140 275 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ — 600 volts
DC Grid-No.2 Voltage .............................. — 275 volts
DC Grid-No.1 (Control-Grid) Voltage .............. —_ —50 volts
Cathode Current .....................ccocvivineen.n. 22 20 mA
Plate Dissipation .................................. 1.8 2.4 watts
Grid-No.2 Inpute .. ... ... . ... ................... — 0.55 watt
CHARACTERISTICS
DC Plate Voltage ........................ccccuuun. 100 170 volts
DC Grid-No.2 Voltage ............................. — 120 volts
DC Grid-No.1 Voltage ............................. —3 —1.2 volts
Amplifieation Faetor ... .......................... 20 65*
Plate Resistance (Approx.) ........................ —_— 0.35 megohm
Transconductanee ................................. 9000 11000 zmhos
Plate Current ......................... ...l 15 10 mA
Grid-No.2 Current ................................. — 3 mA
Grid-No.1 Voltage for grid-No.1 current of 0.3 zA ... —1.3 max —1.3 max volts
Grid-No.1-Circuit Resistance:

For fixed-bias operation ........................ 0.5 1 megohm

For cathode-bias operation ..................... 0.5 2.2 megohms

A The hum should be minimized in intercarrier applications by limiting the heater-cathode
voltage to 100 volts rms, and in AM receivers to 50 volts rms.

* Grid No.2 to grid No.1, approximate value.

® When control-grid bias is between —1.5 and —2 volts, screen-grid dissipation is limited
to 0.50 watt. When this bias is greater than —2 volts, maximum screen-grid dissipation
is 0.36 watt.

6GJ8 Refer to chart at end of section.
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For replacement use type 6GK5/6FQ5A. 6GK5

6GK5/
HIGH-MU TRIODE 6FQ5A

2GK5/2FQSA,

3GKS5, 4GKS
Miniature type with frame grid used as grounded-cath-
ode rf-amplifier tube in vhf tuners of color and black-
and-white television receivers. Qutlines section, 5C; re-
quires miniature 7-contact socket. Types 2GK5/2FQb5A,
3GKS5, and 4GK5 are identical with type 6GK5/6FQ5A

7FP except for heater ratings.
2GK5/2FQ5A  3GKS5 4GK5 6GK5/6FQ5A

Heater Voltage (ac/de) .......... 2.3 2.8 4 6.3 volts
Heater Current .................. 0.6 0.45 0.3 0.18 ampere
Heater Warm-up Time (Average) 11 11 11 — seconds
Peak Heater-Cathode Voltage .... =100 max =100 max =100 max =100 max volts
Direct Interelectrode Capacitances (Approx.):°

Grid to Plate .. ... ... ... . i i 0.52 pF

Grid to Cathode, Heater, and Internal Shield ................ [ pF

Plate to Cathode, Heater, and Internal Shield ................ 3.5 pF

Heater to Cathode ..............ciiiiiiriiniiinnennnnn 2.6= pF
° With external shield connected to cathode, except as noted.
s With external shield and internal shield connected to ground.

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate VoltBEE ... . ittt i ettt e e e 200 volts
Grid Voltage:

Negative-bias value ....... ... ... ... .. . i, 50 volts

Positive-bias value ......... ... ... . . ... ... il i 0 volts
Average Cathode Current ..............ouiimnnniieunnenunianeens 22 mA
Plate Dissipation ............. . .. i 2.5 watts
CHARACTERISTICS
Plate Voltage 135 volts
Grid Voltage —1 volts
Amplification Factor 78
Plate Resistance (Appr 5400 ohms
Transconductance 15000 uamhos
Plate Current ....... o . 115 m
Input Resistances .................. 275 ohms
Input Capacitancee ................... e Co. .. 11.2 pF
Noise Figuret .. ...... .. ... .iuiueniiiiiiiireen s . 4.7 dB
Grid Voltage (Approx.) for transconductance of 150 gmhos ...... —4.2 volts
Grid Voltage (Approx.) for transconductance of 1500 pmhos ..... —2.5 volts

TYPE 6GK5
& 40
w
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VOLTS 92CS-11024T
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MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance, for cathode-bias operation .............. 1 megohm
* Measured at 200 MHz with heater volts = 6.3 and plate effectively grounded for rf voltages.

+ For a neutralized triode amplifier at a frequency of 200 MHz with signal source impedance
adjusted for minimum noise output.

6GK6 POWER PENTODE

10GK6, 16GK6
Miniature type used in the output stage of audio am-
plifying equipment and also in the video output stage
of color and black-and-white television receivers. Out-
lines section, 6G; requires miniature 9-contact socket.
Types 10GK6 and 16GK6 are identical with type 6GK6
except for heater ratings.

6GK6 10GKé

Heater Voltage (ac/de) .................... 6.3 10 16 volts
Heater Current ....................cccvuu.. 0.76 0.45 0.3 ampere
Heater Warm-up Time (Average) .......... — 11 11 seconds
Peak Heater-Cathode Voltage .............. +100 max =100 max =*100 max volts
Direct Interelectrode Capacitances:
Grid No.1 to Plate ........... .. ... ... ... . ... .o 0.14 max pF
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .......... ... ... ... .. ... . 0., 10 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ....... ... ... ... .. .. . it 7 pF

Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Supply Voltage ....................... 605 volts
Plate Voltage ....................... PN .. 330 volts
Grid-No.2 Supply Voltage ............. 605 volts
Grid-No.2 (Screen-Grid) Voltage 330 volts
Grid-No.1 (Control-Grid) Voltage, Negative-bias value .......... 100 volts
Cathode Current ............ ... ... . . it 65 mA
Plate Dissipation .......... ... ... .. ... .. 13.2 watts
Grid-No.2 Input, Peak .................... s 4 watts
Grid-No.2 Input, Average .............coiiirinniinnenaraanans, 2 watts
CHARACTERISTICS AND TYPICAL OPERATION
Plate Supply Voltage ........... .. ..ttt 250 volts
Grid-No.2 Supply Voltage .......... .. ... . ... .. ... .. ... . ... 250 volts
Cathode-Bias Resistor .......... . . .. 136 ohms
Mu-Factor, Grid No.2 to Grid N 19
Plate Resistance (Approx.) 38000 ohms
Transconductance ......... 11300 pmhos
Peak AF Grid-No.1 Voltage 7.3 volts
Zero-Signal Plate Current 48 mA
Maximum-Signal Plate Current .. . .. 50.6 mA
Zero-Signal Grid-No.2 Current ...................... e 5.5 mA
Maximum-Signal Grid-No.2 Current .......................... .. 10 mA
Effective Load Resistance ......... ... ... .. .00 iiiiiiiiiiiiinen 5200 ohms
Total Harmonie Distortion ...................................... 10 per cent
Maximum-Signal Power Output ................................. 5.7 watts

Push-Pull Class AB, and Class B Amplifier
MAXIMUM RATINGS (Same as for Class A. Amplifier)
TYPICAL OPERATION (Values are for two tubes)

Class AB: Class B

Plate Voltage ....................... 250 300 250 300 volts
Grid-No.2 Voltage ................... 250 300 250 300 volts
Grid-No.1 Voltage ................... — — —11.6 —14.7 volts
Cathode-Bias Resistor ................ 130 130 — — ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage 22.4 28 22.4 28 volts
Zero-Signal Plate Current .......... 62 72 20 15 mA
Maximum-Signal Plate Current ...... 75 92 75 92 mA
Zero-Signal Grid-No.2 Current ...... 7 8 2.2 1.6 mA
Maximum-Signal Grid-No.2 Current .. 15 22 15 22 mA
Effective Load Resistance (plate to plate) 8000 8000 8000 8000 ohms
Total Harmonic Distortion .......... 3 4 3 4 per cent

Maximum-Signal Power Qutput .. .... 11 17 11 17 watts
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MAXIMUM CIRCUIT VALUES

Grid-No.1-Cireuit Resistance:
For fixed-bias operation

For cathode-bias operation

c2)

TYPE 6GK6
GRID~No, 2 VOLTS = 250

n
o
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PLATE (Ib) OR GRID~-No.2 (I

For replacement use type 6AU4GTA.

/ GRID-No.! VOLTS Eci=-4
& Ica ! Iv =6
N EC'I-B EC|‘o
~  /IC =19/-5
=== -10
100 200 300
PLATE VOLTS  92¢5-9903T
Refer to chart at end of section.
Refer to chart at end of section.
SEMIREMOTE-CUTOFF
PENTODE
Miniature type used in

(ac/de)

Heater Voltage
Heater Current

Heater Warm-up Time (Average)

Heater-Cathode Voltage:
Peak value
Average value

Direct Interelectrode Capa tan;:é

Grid No.l to Plate

Grid No.1 to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield

Plate to Cathode, Heater, Grid No.2, Grid No.3,

and Internal Shield

° With external shield connected to cathode.
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage

Grid-No.3 (Suppressor-Grid) Voltage, Positive value

Grid-No.2 (Screen-Grid) Supply Voltage

Grid-No.2 Voltage

Grid-No.1 (Coutrol-Grid) Voltage, Positive-bias value

Plate Dissipation
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts

For grid-No.2 voltages between 165 and 330 volts

S5GMé
5.6
0.45
11

200 max
100 max
Unshielded
0.036 max
10

2.4

289

megohm
1 megohm

6GK17
6GL7

6GMS5

6GM6

S5GM6

gain-controlled picture-if
stages of color and black-and-white television receivers
operating at intermediate frequencies in the order of
40 MHz. Outlines section, 5C; requires 7-contact socket.
Type 5GM6 is identical with type 6GM6 except for
heater ratings.

6GM6

6.3 volts
0.4 ampere
— seconds
+200 max volts
100 max volts

Shielded®
0.026 max pF
10 pF
3.4 rF
330 volts
0 volts
330 volts
See curve page 300
0 volts
3.1 watts
0.65 watt

See curve page 300
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CHARACTERISTICS

Plate Supply Voltage .............iiiirimemneeaianinaanennen 125 volis
Grid No.3 ... ... i e, Connected to cathode at socket
Grid-No.2 Supply Voltage ........ ... ... . ... iiiiiiiiiiininannn 125 volts
Cathode-Bias Resistor .............. .. . ... .. .. . i 56 ohms
Plate Resistance (ADDIoX.) . ...cviiiuriiniiinrtiiiannnananans 0.2 megohm
TransconductBNCe .. ... ... .. ittt e 13000 pmhos
Plate Current ....... ... ... . it e 14 mA
Grid-No.2 Current .............c....iuiuimiiiiiiitiiiiiiiae 3.4 mA
Grid-No.1 Voltage (Approx.) for transconductance of 60 umhos .. —15 volts

TYPE 6GM6

GRID No.3 AND INTERNAL SHIELD

|- CONNECTED TO CATHODE AT
SOCKET,

GRID-No. 2 VOLTS= 125

Iiz—- !b——LCJ'_Q

~05
L VOLTS ECI=-T
.| VO,
S'Eg- -] ECi=-25
e =72
0 100 200 300 400
PLATE VOLTS  g2¢s-jo3e0ms

PLATE (Ip) OR GRID-No.2 (I¢2)
MILLIALA.PERES )
o

6GNS8 HIGH-MU TRIODE—
sc%séglgns SHARP-CUTOFF PENTODE

Miniature type used in color and black-and-white tele-
vision receiver applications. Triode unit is used as
sync-separator, sync-clipper, phase inverter, or sound-
if amplifier. Pentode unit is used in output stage of
video amplifier. Outlines section, 6E; requires minia-
ture 9-contact socket. For direct interelectrode capaci- 9pX

tances, refer to type 6EBS8; curve for average plate characteristics of
triode unit is same as for type 6EB8. Types 8GN8/8EBS, and 10GN8 are
identical with type 6GN8 except for heater ratings.

6GNS 8GNS8/8EBS 10GN8
. 8 10.5

Heater Voltage (ac/de) .................... 6.3 volts
Heater Current ... ......................... 0.75 0.6 0.45 ampere
Heater Warm-up Time (Average) .......... — 11 11 seconds
Heater-Cathode Voltage:
Peak wvalue ............................ *200 max =200 max =200 max volts
Average value ......................... 100 max 100 max 100 max  volts
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage .........................0... . 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage . — 330 volts
Grid-No.2 Voltage ... ... ... ... . ...... — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positiv 1] 0 volt
Plate Dissipation ................. ... ... .. .. ..... 1 b watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ........ —_ 1.1 watts
For grid-No.2 voltages between 165 and 330 volts — See curve page 300
CHARACTERISTICS Triode Unit Pentode Unit
Plate Supply Voltage ...................... 250 60 200 volts
Grid-No.2 Supply Voltage .................. — 150 150 volts
Grid-No.1 Voltage ....... . .. B —2 0 — volts
Cathode-Bias Resistor ...................... — — 100 ohms
Amplification Factor ....................... 100 —

Plate Resistance (Approx.) .. R 37000 — 6000—0- ohms
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Triode Unit Pentode Unit

Transconductance ...................ccu.onnn 2700 — 11500 gmhos
Plate Curxrent ............................. 2 b5e 25 © mA
Grid-No.2 Current .............covivviunnnn. — 18+ 5.5 mA

Grid Voltage (Approx.) for plate current of

—5 — — volts

of 100 pA - —_ —10 volts

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ...................... 0.5 0.25 megohm
For cathode-bias operation .................... 1 1 megohm
» This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

TYPE 6GN8
GRID -No.2 VOLTS =150

o
2n
ok
=u
5%80 1 0
- - - E: =
%g so—‘lﬁ-__—," GRID - No.1 VOLTS |..,
840 A e -2
<= ]( | —repoy, -3
& 20HLXLl e = -4
ZES=====
0 100 200 300 400
PLATE VOLTS 92cs-t02m
Refer to chart at end of section. 6GQ7
MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE 6GS7

5GS7, 71GS7

Miniature type used as a frequency changer in vhf
television tuners. Outlines section, 6B; requires 9-
contact socket. Types 56GS7 and 7GS7 are identical with
type 6GS7 except for heater ratings. Heater: volts, 7.6;
ampere, 0.3; maximum heater-cathode volts, 100 peak,
100 average.

5GS7 6GS7 7GS7

Heater Voltage ...................... 5.4 6.3 7.6 volts
Heater Current ....._................ 0.45 0.375 0.3 ampere
Heater-Cathode Voltage:

Peak value ..................... +200 max =+200 max *+200 max volts

Average value .................. 100 max 100 max 100 max volts

Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values) Triode Unit  Pentode Unit
Plate Voltage . ... .. . ... . .. 125 250 volts
Grid-No.2 (Screen-Grid) Voltage .................. —_— 150 volts
Plate Dissipation ............ .. .. .. ... .. ... .. ... 1.5 2 watts
Grid-No.2 Input ... .. ... ... ... — 0.5 watt
Cathode Current .................................. 15 18 mA
CHARACTERISTICS
Plate Voltage ............... .. .. ... ... . ... .. ... 100 170 volts
Grid-No.2 Voltage ............... ... ... ........... — 150 volts
Grid-No.1 (Control-Grid) Voltage .................. —3 —1.2 volts
Plate Current ....... ........... ... i, 14 10 mA
Grid-No.2 Current ................................ — 3.3 mA
Transconductance .......................... .. ..... 5500 12000 pmhos
Plate Resistance ........................... ... ..., — 0.36 min  megohm

Amplification Factor .............................. 17 —
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MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance ....................... 0.5 — megohm
Grid-No.1-Circuit Resistance: .
For fixed-bias operation ....................... — 0.25 megohm
For cathode-bias operation .................... — 0.5 megohm
Pentode Unit as Frequency Changer
CHARACTERISTICS
Plate Voltage ... .. ........ ... . .. 190 volts
Grid-No.2 Supply Voltage R 190 volts
Oscillator Voltage ......... 2.3 volts(rms)
Grid-No.2 Circuit Resistance 0.018 megohm
Grid-No.1 Circuit Resistance 0.1 megohm
Plate Current ... .. 8.5 mA
Grid-No.2 Current 2.7 mA
Grid-No.1 Current 30 A
Plate Resistance . . . .. 0.6 megohm
Conversion Transconductance ... ... ....... ... ... 10 4500 rmhos
CHARACTERISTICS
Plate Supply Voltage . ... ... ... ... ... .. . ... 190 volts
Plate Circuit Resistance ........... .. ... ... . ... ... .. .......... 8200 ohms
Grid Circuit Resistance ............ ... ... .. ... ... ... ... . .... 10000 ohms
Oscillator Voltage ...... ... . ... ... ... ... ... ... .. 4.5 volts (rms)
Plate Current . ...... ... ... ... .. ... ... 0 L 12 mA
Transconductance .. ... ... ... ... 3500 p#mhos
6GT5 Refer to chart at end of section.

6GT5A

17GTSA BEAM POWER TUBE

Novar type used as horizontal-deflection amplifier in
television receivers. OQOutlines section, 31A; requires
novar 9-contact socket. For curve of average charac- GNZ
teristics, refer to type 6GW6. Type 17GT5A is identical with type 6GTHA
except for heater ratings.

6GT5A 17GT5A

Heater Voltage (ac/de) ......... ... .........ooooin. 6.3 16.8 volts
Heater Current ................. ... .0viviruniniannn. 1.2 0.45 ampere
Heater Warm-up Time (Average) .................. —_ 11 seconds
Heater-Cathode Voltage:

Peak value .......... ... ... . . ... . +200 max =200 max volts

Average value .............. .. .. .. 000, 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):

Grid No.l to Plate ............. ... .. .. ... ..o iiiiiiin. 0.26 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 15 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 6.5 pF

Class A, Amplifier
Triode Pentode

CHARACTERISTICS Connection Connection
Plate Voltage ......................cc0.. . 150 60 250 volts
Grid-No.2 (Screen-Grid) Voltage . 150 150 150 volts
Grid-No.1 (Control-Grid) Voltage -—22.5 0 —225 volts
Mu Factor, Grid No.2 to Grid No.l .. 4.4 — —
Plate Resistance (Approx.) —_ - 15000 chms
Transconductance —_ — 7100 pmhos
Plate Current ..... —_ 390* 70 mA
Grid-No.2 Current — 32+ 2.1 mA

Grid-No.1 Voltage (Approx.) for plate current
of 1 mA ... ... ... -— — —42 volts

* This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.
Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage .............c.. . iiiiiiiiininininnn. 770 volts
Peak Positive-Pulse Plate Voltage# ....................... Ceveen 6500 volts
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Peak Negative-Pulse Plate Voltage .............................. 1500 volts
DC Grid-No.2 Voltage .......... ... .. ... iiiiiiiiiinrnrennnnns 220 volts
DC Grid-No.l Voltage ..............cciiiiiiininiiniianninnns,s —55 volts
Peak Negative-Pulse Grid-No.1 Voltage .......................... 330 volts
Peak Cathode Current ........ ...... ... .. ... ... .. cciivunnnnnns 550 mA
Average Cathode Current ....................................... 175 mA
Plate Dissipation® ... ... . ... ... . ... .. 17.6 watts
Grid-No.2 Input ......... ... .. ...iiiiiiiiiiii e 3.5 watts
Bulb Temperature (At hottest point) ............................ 240 °C
MAXIMUM CIRCUIT VALUE

Grid-No.1-Cireuit Resistance, for grid-resistor-bias operatione 1 megohm

# Pulse duration must

not exceed 159% of a horizontal scanning cyc]e (10 microseconds).

* A bias resistor or other means is required to protect the tube in absence of excitation.

Refer to chart at end of section. 6GU5

vy

MEDIUM-MU TWIN TRIODE  §GU7

8GU7
Miniature type used in the matrixing circuits of color
and black-and-white television receivers and in phase-
inverter, multivibrator, and general-purpose amplifier
applications. Qutlines section, 6E; requires miniature
9-contact socket. Type 8GUY is identical with type 6GU7

9LP except for heater ratings.
6GU7 8GU7T
Heater Voltage (ac/de) ... ... ..o iiiiiinnnia. 6.3 8.4 volts
Heater Current ..................c.cciiiinvinnnans 0.6 0.45 ampere
Heater Warm-up Time (Average) ................. 1 11 seconds
Heater-Cathode Voltage:
Peak value ....................... vt #200 max =200 max volts
Average value ........... ... ... .. . ... ..., 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.): Unit No.1 Unit No.2
Grid to Plate ........... ... ... . ... il 3 3 pF
Grid to Cathode and Heater .................. 3.4 3.6 pF
Plate to Cathode and Heater .................. 0.44 0.34 pF
Plate of Unit No.1 to Plate of Unit No.2 ................ 1 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ...........ccouiiiiiiiiiii it iiiiin i 330 volts
Grid Voltage, Positive-bias value ........ ... ................. ... [} volts
Plate Dissipation ........... . i e 3 watts
CHARACTERISTICS
Plate Voltage ......... .....cuuuiuiiiiiiiiniiniirieneans 250 volts
Grid Voltage ....... ...t i s —10.5 volts
Amplification Factor ...... ... ... ... i 17
Plate Resistance (ADPDProx.) ........ ... iiiiiiiiiiai i 5500 ohms
TranseonductBnee . ........... ...ttt it e 3100 umhos
TYPE 6GU7
! i
(] H
W |
o i
x _
a
z
2 40—+— o)
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E30 149, L)
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Plate Current .. ... ... ... . ... 11.6 mA
Grid Voltage (Approx.) for plate current of 50 uA —23 volts
Plate Current for grid voltage of ~—14 wvolts ... ... .............. 4 mA
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistance, for fixed-bias operation .................. 1 megohm
6GVS BEAM POWER TUBE
17GVS

Duodecar type used as horizontal-deflection amplifier
in television receivers. Outlines section, 39A; requires
duodecar 12-contact socket. Type 17GV5 is identical
with type 6GV5 except for heater ratings.

6GV35

Heater Voltage (ac/de) ..................... ... . 6.3 16.8 volts
Heater Current ............. .. .. ... ... ... .... ... 1.2 0.45 amperes
Heater Warm-up Time (Average) .. ..... . .......... — 11 seconds
Heater-Cathode Voltage:

Peuk wvalue ...... ... ........ . ............... +200 max =200 max volts

Average value . ... ... .. ... ... .. ... .. ... ... 100 max 100 max volts

Class A, Amplifier
Triode*

CHARACTERISTICS Pentode Connection Connection
Plate Voltage .......................c...... 5000 60 250 150 volts
Grid-No.2 (Screen-Grid) Voltage ............ 150 150 150 150 volts
Grid-No.1 (Control-Grid) Voltage ....... .. — 0 —22.5 —22.5 volts
Plate Resistance (Approx.) ................ — — 18000 — ohms
Transconductance . ......................... — — 7300 — umhos
Amplification Factor ....................... - — — 4.
Plate Current ............................ — 345« 65 — mA
Grid-No.2 Current .......................... —_ 27« 1.8 —_ mA
Grid-No.1 Voltage (Approx.) for plate current

of L mA .. ... —100 — —42 —_ volts

* Grid No.2 tied to plate.
* This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage ........ . ... .. .. 770 voits
Peak Positive-Pulse Plate Voltage# .............. ... ............ 6500 volts
Peak Negative-Pulse Plate Voltage . ....... ... .. ... ... .......... 1500 volts
DC Grid-No.2 Voltage ........... ... .. ... .. ..iviiiiiiiniinain.. 220 volts
Peak Negative-Pulse Grid-No.1 Voltage e 330 volts
DC Grid-No.l Voltage .............. . ... .. cuiiiiiiniiiinnnin. —55 volts
Peak Cathode Current .......................................... 550 mA
Average Cathode Current ................... .. ................. 175 mA
Plate Dissipationt} 17.5 watts
Grid-No.2 Input 3.5 watts
Bulb Temperature (At hottest point} 220 °

MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance ..................................... 1 megohm

# Pulse duration must not exceed 15¢/, of a horizontal scanning cvele (10 microseconds).
t A bias resistor or other means is required to protect the tube in absence of excitation.

6GV8 Refer to chart at end of section.
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6GV8/

HIGH-MU TRIODE— ECL85
POWER PENTODE 9GV8/XCLSS,
10GV8/LCL®S
18GV8/PCLS8S
oLy Miniature type used for sync-amplifier and video-out-

put applications in television receivers. Outlines sec-
tion, 6G; requires miniature 9-contact socket. Types 9GV8/XCL85, 10GV8/
LCL85, and 18GV8/PCL85 are identical with type 6GV8/ECL85 except for
heater ratings.

6GV8/ 9GVs/ 10GV8/ 18GV8/
ECLS85 XCLS85 LCLS85 PCL85
ll{*lea.tter CVultage (ac/de) 8.3 9.5 11.6 18 volts
eater Current ........ .9 0.6 0.45 0.3
Peak Heater-Cathode rmpere
Voltage ........... +220 max +200 max *+200 max +200 max volts
Class A, Amplifier
i Triode Pentode
MAXIMUM RATINGS (Absoiute-Maximum Values) Unit Unit
I’late Supply Voltage ............... .. .. ......... 550 550 volts
Peak Plate Voltage® .. ... ... ... ... ... ... ........ — 2000 volts
DC Plate Voltage ....... ... .. ... .............. 250 250 volts
Grid-No.2 (Screen-Grid) Supply Voltage ....... ... — 550 volts
Grid-No.2 Voltage ...................ciiiiiiiiinn — 250 volts
Peak Cathode Currents ........................... 200 — mA
Average Cathode Current ................. ........ 15 5 mA
Plate Dissipation ............. . ... ... ... ... ... 0.5 T watts
Grid-No.2 Input .................................. — 2 watts
CHARACTERISTICS
Plate Voltage ....... ... ... ... ... .. ... i 50 65 170 volts
Grid-No.2 Voltage 170 210 170 volts
Grid-No.1 Voltage —1 —1 —15 volts
Amplification Factor ..... . . . ... .. — —
Mu-Factor, Grid No.l to Grid No. — — —_ ki
Plate Resistance (Approx.) 7600 — —25000 ohms
Transcenductance . 6500 7500 pmhos
Plate Current ....... . 5 200 240 41 mA
Grid-No.2 Current .................... ... ... uunos — 40+  50° 2.7 mA
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation .. ... ...... ... ......... 1 1 megohm
For cathode-bias operation .................... 3.3 2.2 megohms

° Maximum pulse duration 5 per cent of a cycle with a maximum of 1 millisecond.

8 Maximum pulse duration 200 microseconds .If a larger flyback is required, this value may
be reduced to 100 mA with a maximum pulse duration of 400 microseconds.

* This value can be measured by a method involving a recurrent waveform such that the
maximum tube ratings will not be exceeded.

Refer to chart at end of section. 6GW6
For replacement use type 6GW6/6DQ6B.

\ BEAM POWER TUBE
& 6DQ6B
NE 12GW6/12DQ6B
© 17GW6/17DQ6B

Glass octal type used as horizontal-deflection amplifier
9"9 in high-efficiency deflection circuits of television re-

%) ceivers. Outlines section, 20A; requires octal socket.
K Types 12GW6/12DQ6B and 17GW6/17TDQ6B are iden-
6AM ¢a tical with type 6GW6/6DQ6B except for heater rat-

ings.
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§GW6/ 126wW6/ 17GW6/
6DQ6B 12DQ6B 17DQ6B

Heater Voltage (ac/de)} ............. ... ... 6.3 12.6 16.8 volts
Heater Current ............................ 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) .......... ~— 11 11 seconds
Heater-Cathode Voltage:

Peak value ........ ... ... . ... ... ... ... *200 max 200 max =200 max volts

Average value ......................... 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):

Grid No.1 to Plate ... ......... ... . . .. ...t 0.5 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ... 17 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 7 pF

Class A, Amplifier
Triode

CHARACTERISTICS Connection Pentode Connection
Plate Voltage .............. ... ... ol 150 60 250 volts
Grid-No.2 Voltage 150 150 150 volts
Grid-No.1 Voltage —22.5 0 —22.5 volts
Mu-Factor, Grid No.2 to Grid No.1 .............. 4.4 — —_
Plate Resistance (Approx.) .................... — — 15000 ohms
Transconductance .. ........ ... .. ... ... ... -— — 7100 pmhos
Plate Current ........... .. .... ... ... .. ..., — 390* 70 mA
Grid-No.2 Current ........................... — 32% 2.1 mA
Grid-No.1 Voltage (Approx.) for plate current of

1 mA — — —42 volts

*This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.
Horizontal-Deflection Amplifier

For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage ............. Kig volts
Peak Positive-Pulse Plate Voltage# 6500 volts
Peak Negative-Pulse Plate Voltage 1500 volts
DC Grid-No.2 (Screen-Grid) Voltage ... ........... .............. 220 volts
DC Grid-No.l (Control-Grid) Voltage ............................ —55 volts
Peak Negative-Pulse Gnd-Nol Vo]tage ......................... 330 volts
Peak Cathode Current ..... ... .. ... ... ... il 550 mA
TYPE 66W6/6DQ6B
- GRID-.No.2 VOLTS=150 -
2500 T &
n = -
s £C1=0 =
w GRID-Noi VOLT Ul
§4oo ﬁ
= -5 uf
2300 / Ib 150%
< 1 =
s €2 -10 3
w200 i 003
5 -15 Y
& 100 ECi=0 -20 50 %
— ol e o -25 %
=== o z
[} 50 100 150 200 250 300
PLATE VOLTS 92C5-108597
Average Cathode Current .. .. ..... . . .. .. . .. .. .. ... . . .. 175 mA
Plate Dissipation® . ... ... . ... ... e e 17.6 watts
Grid-No.2 Input ... .. . . e 3.5 watts
Bulb Temperature (At hottest point) ...................... ... ... 240 °C
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance, for grid-resistor-bias operation 1 megohm

# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).

¢ A bias resistor or other

means is required to protect the tube in absence of excitation.
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HIGH-MU TRIODE— 6GW8/
SHARP-CUTOFF PENTODE ECL86

Miniature type used in preamplifier and audio output
stages of audio equipment and television receivers.
QOutlines section, 6G; requires miniature 9-contact
socket. Heater: volts (ac/dc), 6.3; amperes, 0.7; maxi-
mum heater-cathode volts, 100 peak.

Class A, Amplifier

MAXIMUM RATINGS (Design-Center Values) Triode Unit Pentode Unit
Plate Supply Voltage ........... ... ... ............. 550 550 volts
Plate Voltage ................... ... .. 300 300 volts
Grid-No.2 (Screen-Grid) Supply Voltage . — 550 volts
Grid-No.2 Voltage . ....... ... .. ... .0 ciiiiieiran.n. —_ 300 volts
Grid-No.1 (Control-Grid) Voltage, Negative-bias value 1.3 1.3 volts
Cathode Curvent .............. ... ... iiviin.n 4 55 mA
Plate Dissipation ......... ... ... ... . ... ... ... ... 0.5 9 watts
Grid-No.2 Input .............. ... ... ... .. . — 1.5 watts
CHARACTERISTICS
Plate Voltage ... ... ... .. .. ... .. ..o i 250 250 volts
Grid-No.2 Voltage ...... ... ...t — 250 volts
Grid-No.1 Voltage R . e —1.9 —T volts
Amplification Factor ..... . 100 21%
Plate Resistance (Approx.) .................. . — 45000 ohms
Transconductance ............ . ... ..ol 1600 10000 pmhos
Plate Current ......... ... ... ... ... ... ... .. ... .. 1.2 36 mA
Grid-No.2 Current ............. ... ... iiioiain. — 6 mA
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance, for fixed-bias operation 1 0.5 megohm
* Grid No.2 to grid No.l.
Refer to chart at end of section. 6GX6
For replacement use type 6GY6/6GX6.
H
K'I?P G2p MEDIUM-MU TRIODE— 6GX7
0 SHARP-CUTOFF PENTODE
GfP PT Miniature type used as combined oscillator-mixer tube
. in vhf tuner circuits of color and black-and-white tele-
KG3p.s G" vision receivers. Outlines section, 6B; requires minia-
9QA ture 9-contact socket.
Heater Voltage (ac/de) ... ... . . ... . ... i 6.3 volts
Heater Current ... ... .. ... ... ... e 0.4 ampere
Heater-Cathode Voltage:
Peak value . ....... ... .. .. .. =200 max volts
Average value ... . ... ... ... i 100 max volts
Direct Interelectrode Capacxtances Hah
Triode Unit:
Grid to Plate ... ... . ... 1.2 pF
Grid to Cathode, Heater, Pentode Cathode, Grid No.3,
and Internal Shield ... ... ... ... .. ... ... 2.3 pl
Plate to Cathode, Heater, Pentode Cathode, Grid No.3,
and Internal Shield ..... ... ... ... ... .. ... ... 1.9 pF
Pentode Unit:
Grid No.l to Plate ...... ... ... .. .. .. . . .. . 0.005 rF
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ...... .. ... ... ... ... ... ... ... ... ... 5.4 Il
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ... ... ... ... ... .. ... '*; rﬂ;
1. pk

Grid No.l to Grid No.2 ... ... ... ... ... .. ... ... .......
“* With external shield connected to cathode.
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Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage .................... ... ... ... 275 275 volts
Grid-No.2 (Sereen-Grid) Supply Voltage . L — 275 volts
Grid-No.2 Voltage ... ... ...........cciiiiinn.. —— See curve page 300
Grid-No.1 (Control-Grid) Voltage:

Positive-bias value ...........  ................ 0 0

Negative-bias value .......... ................. 40 40 volts
Cathode Current ......................cc..0cuovnnn 20 20 mA
Plate Dissipation ......... .. ... ... ... .. ... .. ..... 1.5 2.2 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 137.5 volts ... ... — 0.46 watts

For grid-No.2 voltages between 137.5 and

276 wolts ... ... — See curve page 300

CHARACTERISTICS Triode Unit Pentode Unit
Plate Voltage ....... ... ......... ... R 100 125 120 125 volts
Grid-No.2 Voltage ....... ... ...... .. ... ....... — — 90 125 volts
Grid-No.1 Voltage ......... .. ... .. ... ......... —_ —1 —_ —1 volt
Grid-No.1-Circuit Resistance .............. .. .. 0.1 — 0.1 — megohm
Amplification Factor ....... ... ... .......... .. 40 — — .
Plate Resistance .............................. — 4700 — 200000 ohms
Transconduetance ... .......................... 8700 8500 13000 11000 zmhos
Plate Current ... ... .. ... ... ... ... .. ... .. ... 12.5 13 8.5 8 mA
Grid-No.2 Current ............................ — — 2.8 2.5 mA
Grid-No.1 Voltage for plate current

of 20 wA ... ... ... —6 — —2.5 —_ volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit

For fixed-bias operation ...................... 0.5 0.25 megohm

For cathode-bias operation ................... 1 0.5 megohm

16GYS, 21GYS BEAM POWER TUBE

Duodecar type used as horizontal-deflection amplifier
in television receivers. Outlines section, 39A; requires
duodecar 12-contact socket. Types 16GY5 and 21GY5
are identical with type 6GY5 except for heater ratings.

12DR
6GYS5 16GYS5 21GY5

Heater Voltage (ac/dc) 6.3 15.8 21 volts
Heater Current ........ ........... 1.5 0.6 0.45 amperes
Heater Warm-up Time (Average) .......... — 11 11 seconds
Heater-Cathode Voltage:

Peak value ............................ *+200 max £200 max =200 max volts

Average value ......................... 100 max 100 max 100 max  volts

Class A, Amplifier
Triodet

CHARACTERISTICS Pentode Connection Connection
Plate Voltage ....................... 5000 60 130 130 volts
Grid-No.2 (Screen-Grid) Voltage ..... 130 130 130 130 volts
Grid-No.1 (Control-Grid) Voltage . _ [} —20 —20 volts
Amplification Factor ................ — — — 4.7
Plate Resistance (Approx.) .......... — — 11000 — ohms
Transconductance ................... — — 9100 — pmhos
Plate Current ...................... — 410%* 50 — mA
Grid-No.2 Current ................... — 24%* 1.75 — mA
Grid-No.1 Voltage (Approx.) for plate

current of 1 pgA .............. —66 — —33 — volts

*# This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

¥ Grid No.2 tied to plate.
Horizontal-Deflection Amplitier

For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage .............. . ....coiiiiiiiiin.ns 770 volts
Peak Positive-Pulse Plate Voltage# ............... . ............ 6500 volts
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Peak Negative-Pulse Plate Voltage ................... .. .. ... ...

DC Grid-No.2 Voltage ......................cccooiumo il lggg :’noall:.:
DC Grid-No.l Voltage ..................... ... ... —55 volts
Peak Negative-Pulse Grid-No.l1 Voltage ................. ... 330 volts
Peak Cathode Current ........................... ... ... 800 mA
Average Cathode Current ........................... . ... 230 mA
Plate Dissipationt? ........... ... ... ... . . ... i 18 watts
Grid-No.2 TInput ...... ......... .. ... . ... . ... 3.5 watts
Bulb Temperature (At hottest point) ... ......... ... ... ... 220 °C
MAXIMUM CIRCUIT VALUE

Grid-No.1-Cirenit Resistance ................................ ... 1 megohm

# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).
it A bias resistor or other means is required to protect the tube in absence of excitation.

6GYé6
6GY6/

SHARP-CUTOFF PENTODE 6GXé6

Miniature type used in gated-agc-amplifier circuits and
as a noise-inverter tube in color and black-and-white
television receivers. Tube has two independent control
grids. Outlines section, 5C; requires miniature 7-con-

7EN tact socket.
Heater Voltage (ac/dc) ....... ... ... . 0. i i, 6.3 volts
Heater Current ................. .ottt 0.45 ampere
Heater Warm-up Time (Average) .............................. 11 seconds
Heater-Cathode Voltage:
Peak value .......... ... ... #+200 max volts
Average value .............. ... ... 100 max volts
Direct Interelectrode Capacitances:
Grid No.l to Plate .. ... ... ... ... .. . .. . .. ... . . . i iieuriinnnn 0.026 pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ........... ... ... ... .. ... . ... ... ... ... 8 pF
Grid No.l1 to Grid No.3 0.12 pF
Grid No.3 to Plate ... ... .. . ... .. . . .. i 1.6 pF
Grid No.3 to Cathode, Heater, Plate, Grid No.l, Grid No.2,
and Internal Shield ............ .. ... .. ... iiiiiiiiioan. 6.5 pF
Class A, Amplifier
CHARACTERISTICS
Plate Supply Voltage ............ .. ... . . .. . . it 150 volts
Grid-No.3 Supply Voltage ........ ... .. .. .. ... .. .. .. ... ... ... volts
Grid-No.2 Supply Voltage ...... ... ... . . . . . . ... i iiiiiiiiinanns 100 volts
Grid-No.1 Supply Voltage ......... .. ... ... i 0 volts
Cathode-Bias Resistor ... ...... .. ... ... ... ... ... .. i.iiiia.. 180 ohms
Plate Resistance (ADPDrox.) ..... . .. ... .. ... . 0.14 megohm
Transconductance, Grid No.l1 to Plate . .. 3700 umhos
Transconductance, Grid No.3 to Plate 750 rtmhos
Plate Current ................ ... ... ..... 3.7 mA
Grid-No.2 Current ... .. .. ... ... ... 3 mA
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 uA .. —7 volts
Grid-No.1 Supply Voltage (Approx.) for plate current of 20 pA . —4.5 volts
Gated AGC Amplifier and Noise Inverter
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ... ... .. . ... . e 300 volts
Peak Positive-Pulse Plate Voltage# . ... ... ... ... .. ... ... .... 600 volts
Grid-No.3 (Control-Grid) Voltage:
Negative-bias value . ........ . .. ... . .. ... .. ... il 100 volts
Positive-bias wvalue ... ... .. ... .. ... ... ... e 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 300 volts
. See curve page 300

Grid-No.2 Voltage

Grid-No.1 (Control-Crid) Voltage:
Negative-bias value ........ ... ... ... ... ... .. .. 50 volts
Positive-bias value ... ..... . ... ... ... ...l 0 volts
1.7 watts

Plate Dissipation
Grid-No.2 Tnput:

For grid-No.2 voltages up to 150 volts ... ... ...............
For grid-No.2 voltages between 150 and 300

1 watt
Sece curve page 300
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Screen-Grid (Grid-No. 2)
input Rating Chart
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Fig. 134—Grid-No.2 input rating curve.

For certain voltage amplifier types,
as listed in the data section, the maxi-
mum permissible screen-grid (grid-No.
2) input varies with the screen-grid
voltage, as shown in the chart above.
(This chart cannot be assumed to apply
to types other than those for which it
is specified in the data section.) Full
rated screen-grid input is permissible
at screen-grid voltages up to 50 per cent
of the maximum rated screen-grid sup-
ply voltage. From the 50-per-cent point
to the full rated value of supply volt-
age, the screen-grid input must be de-
creased. The decrease in allowable
screen-grid input follows a curve of the
parabolic form. This rating chart is
useful for applications utilizing either
a fixed screen-grid voltage or a series
screen-grid voltage-dropping resistor.

When a fixed voltage is used, it is
necessary only to determine that the
screen-grid input is within the bound-
ary of the operating area on the chart
at the selected value of screen-grid
voltage to be used. When a voltage-
dropping resistor is used, the minimum
value of resistor that will assure tube
operation within the boundary of the
curve can be determined from the fol-
lowing relation:

> Ecz (Ecc2—Ec2)

Rg2 Pc2

where R,. is the minimum value for
the voltage-dropping resistor in ohms,
E.. is the selected screen-grid voltage
in volts, Ec.. is the screen-grid supply
voltage in volts, and P.. is the screen-
grid input in watts corresponding to E.a.
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MAXIMUM CIRCUIT VALUES

Grid-No.3-Circuit Resistance ...............cciiuiiiiiieiivnnren 0.68 megohm
Grid-No.1-Circuit Resistance:
For fixed-bias operation ...................... .. ... .. iau.n 0.22 megohm
For cathode-bias operation .................................. 0.47 megohm

# Pulse duration must not exceed 15¢, of a hcrizontal scanning cycle (10 microseconds).

TYPE 6GY6/6GX6 TYPE 6GY6/6GX6

= GRID -~ No. 3 VOLTS =0 ~ GRID - No. 2 VOLTS = 100

R GRID ~ No. 2 VOLTS =100 © GRID —No.! VOLTS =0

~ ~

$n20 ” 2020 3

AN oLTS EC N GRID-No.3 VOLTS Ecy =2

ow NG« | No A et [~ 30 ~ 1

EL 15 /1 GRIDZ =t 5 T = 15 3 gt ——+--Cp

o2 INO TN (B SN -

83 oloon ===l 1% S ol 2K =10 3

Ez }-a [ ____-—0‘5 ;?2 y i ~4 =

M B Sl -1 w s/ A Lk R Pt iy

K c S I S < T ie A | -8

> 2 | a LT

0 100 - 200 300 0 100 200 300
PLATE VOLTS gz¢s-1i002Ti PLATE VOLTS  92¢5-11003TI
Refer to chart at end of section. 6GY8
Refer to chart at end of section. 6GZ5
Refer to chart at end of section. 6H6
Refer to chart at end of section. 6H6GT
For replacement use type 6HM5/6HAS5. 6HAS

HIGH-MU TRIODE 6HA5-S

Miniature type used as rf-amplifier tube in vhf tele-
vision tuners. Outlines section, 5B; requires miniature

6 7-contact socket. Type 6HAS5-S is electrically identical
1GM with type 6HM5/6HAS.
For replacement use type 6HB6/6HAG. 6HAG6

BEAM POWER TUBE 6HB5

Duodecar type used as horizontal-deflection amplifier
in television receivers. Outlines section, 15B; requires

12BJ duodecar 12-contact socket.
Heater Voltage (ac/de) ............. .. .iiiieiiiiiiininiaiaanns 6.3 volts
Heater CUITENt .. ....... ...ttt in e nnn 1.6 amperes
Heater-Cathode Voltage:
Peak value ... ... ... ... s *+200 max volts

Average value ... ... .. 100 max volts
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Class A, Amplifier
Triode*

CHARACTERISTICS Pentode Connection Connection
Plate Voltage ................. . 5000 60 130 130 volts
Grid-No.2 (Screen-Grid) Voltage . 130 130 130 130 volts
Grid-No.1 (Control-Grid) Voltage — 0 —20 —20 volts
Amplification Factor ......... —_ _ — 4.7
Plate Resistance (Approx.) —_ — 11600 —_ ohms
Transconductance ............ — — 9100 — #mhos
Plate Current ............. .. — 410= 50 — mA
Grid-No.2 Current .. ................. — 24 1.75 — mA
Grid-No.1 Voltage (Approx) for plate

current of 1 mA ................ —66 — —33 —_— volts

* Grid No.2 tied to plate.

& This value can be measured by a method involving a recurrent waveform such that the

maximum ratings of the tube will not be exceeded.
Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage ... ... .. ... ... .. ... ... . ... ... 770
Peak Positive-Pulse Plate Voltage# ...... ... ... .................. 6000
Peak Negative-Pulse Plate Voltage .............................. 1600
DC Grid-No.2 Voltage ............ .0ttt ieiannnnn 220
DC Grid-No.1 Voltage ... ........... ... it —55
Peak Negative-Pulse Grid-No.1 Voltage .......................... 330
Peak Cathode Current ............. ... .. ... . ... ... iooiian 800
Average Cathode Current ......... ... .. ... ... ... ... .ot 230
Plate Dissipation} .......... . ... ... ... ... ... i 18
Grid-No.2 Input .. ... .. e e 3.5
Bulb Temperature (At hottest point) ...... .. ...... ... ... ... ..... 220
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistanee ............. ... ... ... ... ... 1

megohm

# Pulse duration must not exceed 169 of a horizontal scanning cycle (10 microseconds).

} A bias resistor or other means is required to protect the tube in absence of excitation.

6HB66I.;2:I A6 Refer to chart at end of section.
6HB7 MEDIUM-MU TRIODE—
SHB7 SHARP-CUTOFF PENTODE

Miniature type used as combined oscillator and mixer
tube in color and black-and-white television receivers
utilizing an intermediate frequency in the order of
40 MHz. Outlines section, 6B; requires miniature 9-
contact socket. Type 5HB7 is identical with type 6HB7
except for heater ratings.

5HB7
Heater Voltage (ac/de) ........................... 4.7 6.3
Heater Current ............. ... ... ... ... ... ..00ns 0.6 0.45
Heater Warm-up Time (Average) ................... 11 11
Heater-Cathode Voltage:
Peak value .... =+200 max =200 max
Average value .. 100 max 100 max
Direct Interelectrode Capacitances:a
Triode Unit:
Grid to Plate ... ... . . . 1.9
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 3
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 1.9
Pentode Unit:
Grid No.l to Plate ...... ... .. ... .. .. . ... i 0.010 max
Grid No1 to Cathode, Heater, Grid N i
Internal Shield . 6
Plate to Cathode, Heater, Grid N
Shield ........ 3.4
Heater to Cathode» 3.8

a With external shield connected to cathode except as noted.
» With external shield connected to ground.

volts
ampere
seconds

volts
volts

pF
pF
pF
pF
pF

pF
pF
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Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)

Triode Unit Pentode Unit

303

Refer to chart at end of section.

Refer to chart at end of section.

For replacement use type 6JB5/6HES.

BEAM POWER TUBE

Plate Voltage ........ ... ... ... ... cciiiiiiiiains 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ -— 330 volts
Grid-No.2 Voltage  ................c.coiiiiinnanas — See curve page 300
Grid-No.1 (Control-Grid) Voltage:

Positive-bias value ................ ... .. ... 0 0 volts
Plate Dissipation ........... ... .. ... .. .. ... 2.5 3.1 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts .......... — 0.55 watt

For grid-No.2 voltages between 165 and 330 volts — See curve page 300

CHARACTERISTICS
Plate Supply Voltage ........... . ................ 150 125 volts
Grid-No.2 Supply Voltage ....................... ... — 125 volts
Grid-No.1 Supply Voltage e (1} —1 volts
Cathode-Bias Resistor .............................. 56 _— ohms
Amplification Factor .. L. . 40 —
Plate Resistance (Approx . 0.005 0.2 megohm
Transconductance ... 8500 6400 pmhos
Plate Current .... 18 12 mA
Grid-No.2 Current .... — 4 mA
Grid-No.1 Voltage (Ap:

10 BA e e —12 —9 volts
MAXIMUM CIRCUIT VALUES
Grid-No.i-Circuit Resistance:

For fixed-bias operation .. 0.5 0.25 megohm

For cathode-bias operation 1 0.5 megohm

TYPE 6HB7 TYPE 6HB7 PENTODE UNIT
TRIODE UNIT w GRID -No.2 VOLTS =125
8
oo
50 gg
QO ut . (]
40 WA AT 2
G,Q’O ’ ,"I/» g i "1 -0.5
A ) 0=
30 K ’/} g3 19 GRID=No|l VOLTS EC1=-1—]
Q§>/ Y /‘: 2% | -5
20 & A2 10 1 —
L 5 FCi0y|  1C2\ | -2
10 - A //4// y (0 14 5 Ib ==F==-4-__1T._% los
L - & == ==a 3
-6 v =5
] 100 200 300 400 [ 100 200 300 400
PLATE VOLTS 92C05-9866T PLATE VOLTS  92c5-9867TS

6HD7

6HES

6HF5

Duodecar type used as horizontal-deflection amplifier
in color and black-and-white television receivers. Out-
lines section, 16B; requires duodecar 12-contact socket.
Heater: volts (ac/dc), 6.3; amperes, 2.25; maximum
heater-cathode volts, =200 peak, 100 average.
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Class A, Amplifier

Triode*

CHARACTERISTICS Pentode Connection Connection
Plate Voltage ... .. .. _........... 5000 70 175 125 volts
Grid-No.2 (Screen Grld) Voltage ...... 125 125 125 125 volts
Grid-No.1 (Control-Grid) Voltage ..... —_— 0 —25 —25 volts
Amplification Faector ................. —_— — — 3
Plate Resistance (Approx.) .......... —_ — 5600 _— ohms
Transconductance . ................... — — 11300 — pmhos
Plate Current ....................... — 570« 125 — mA
Grid-No.2 Current ................... — 34w 4.5 — mA
Grid-No.1 Voltage (Approx.) for plate

current of 1 mA ... ... ... ... ... .. —140 — —54 — volts

* Grid No.2 tied to plate.

» This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage .......... ... ... . . ... .. ... 900 volts
Peak Positive-Pulse Plate Voltage# (Absolute Ma 75004 volts

Peak Negative-Pulse Plate Voltage .................... ... . 1100 volts
DC Grid-No.2 Voltage . ............... 190 volts
Peak Negative-Pulse Grid-No.1 Voltage 250 volts
Peak Cathode Current ............ 1100 mA
Average Cathode Current ......... . 315 mA
Plate Dissipation} ............... ... 28 watts
Grid-No.2 Input ...................... 5.5 watts
Bulb Temperature (At hottest point) ............................ 225 °C
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance .................... .. ... .. ......... 1 megohm

# Pulse duration must not exceed 159% of a horizontal scanning cycle (10 microseconds).
4 Under no circumstances should this absolute value be exceeded.
1 A bias resistor or other means is required to protect the tube in absence of excitation.

6HF8 HIGH-MU TRIODE—
10HFS SHARP-CUTOFF PENTODE

Miniature type used in color and black-and-white tele-
vision receiver applications. The triode unit is used
in high-gain, sound-if stages and in sync-separator,
sync-clipper, and phase-inverter circuits; the pentode
unit is used as a video-output amplifier. Outlines sec-
tion, 6E; requires miniature 9-contact socket. For 9DX

curves of average characteristics, refer to type 6AWS8A for the triode unit
and to type 6EB8 for the pentode unit. Type 10HF8 is identical with type
6HF8 except for heater ratings.

6HF8 10HF8

Heater Voltage (ac/de) ..........c.cviivivuennanann. 6.3 10.5 volts
Heater Current ............... .. .c.iiiiiiiuninnins 0.76 0.45 ampere
Heater Warm-up Time (Average) .................. — 11 seconds
Heater-Cathode Voltage:
Peak value ................. ... ... +200 max =200 max volts
Average value ................. . .. e, 100 max 100 max volts

Direct Interelectrode Capacitances:
Triode Unit:

Grid to Plate ......... ... . ... 3.5 pF
Grid to Cathode, Heater, Pentode Cathode, Grid No.3,

and Internal Shield ... ........ ... ... ... . ... .... . . .0... 2.8 pF
Plate to Cathode, Heater, Pentode Cathode, Grid No.3,

and Internal Shield .......... ... . ... ... . ... c.c.ciiiinienn 2.6 pF

Pentode Unit:

Grid No.l to Plate ............ ... ...t iiiiiinnnans 0.1 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,

and Internal Shield ... .. .. .. .. ... ... ... .. 10 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,

and Internal Shield ... ........ .. ... ... ... ... ... 4,2 pF

Triode Grid to Pentode Plate ......................... ... cu.. 0.015 max pF



TECHNICAL DATA 305

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage .... ... ............................... 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ — 330 volts
Grid-No.2 Voltage ... ... ... ... .............. — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-biag value 0 0 volts
Plate Dissipation .................................. 1 6 watts
Grid-No.2 Input:

For grid-No.2 voltages up to 165 volts .......... — 1.1 watts

For grid-No.2 voltages between 165 and 330 volts — See curve page 300
CHARACTERISTICS Triode Unit Pentode Unit
Plate Supply Voltage .... 200 45 200 volts
Grid-No.2 Supply Voltage — 125 126 volts
Grid-No.1 Voltage ... —2 0 —_ volts
Cathode-Bias Resistor — — 68 ohms
Amplification Factor .. 70 —_ —
Plate Resistance (Appro: ) 17500 — 75000 ohms
Transconductance 4000 — 12500 pmhos
Plate Current ............. .. 4 40e 25 mA
Grid-No.2 Current — 15¢ 7 mA
Grid-No.1 Voltage (Approx.) for plate current

of 100 pA ... ... ... ... — — —9 volts
Grid-No.1 Vo]tage (Approx.) for plate current

of 20 pA ... ... —6 — — volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit

For fixed-bias operation ........................ 0.5 0.26 megohm

For cathode-bias operation ..................... 1 1 megohm

e This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Refer to chart at end of section. 6HG5

Refer to chart at end of section. 6HGS8

6HG8/

MEDIUM-MU TRIODE—

SHARP-CUTOFF PENTODE ECF86
SHGS8/LCF86
7HGS/PCF86

Miniature type with frame-grid pentode unit used as
combined oscillator and mixer tubes in vhf color qnd
black-and-white television receivers. Outlines section, 6B; requires mir:ua-
ture 9-contact socket. Types 5HG8/LCF86 and THG8/PCF86 are identical
with type 6HG8/ECF86 except for heater ratings.

5HG8/ 6HGS/ THGS/

LCF86 ECF86 PCF86
Heater Voltage (ac/de) ..................... 5.3 6.3 7.2 volts
Heater Current ............................ 0.45 0.34 0.3 ampere
Heater Warm-up Time (Average} .......... 11 —_ — seconds
Peak Heater-Cathode Voltage ............... #+100 max *100 max =100 max volts
Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum VYalues) Triode Unit Pentode Unit
Plate Voltage ...... ... ... ioiiiiiiiiiiiianianan 125 250 volts
Grid-No.2 (Screen-Grid) Voltage ................... — 150 volts
Cathode Current .. 16 18 mA
Plate Dissipation L5 2 watts
Grid-No.2 Input — 0.5 watt
CHARACTERISTICS
Plate Voltage ... 100 170 volts
Grid-No.2 Voltage — 150 volts

—3 —1.2 volts

Grid-No.1 (Control-Grid) Voltage .
Amplification Factor .................... e . 17 —
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Mu-Factor, Grid No.2 to Grid No.1 —_ 70
Plate Resistance (Approx.) ....... — 0.35 megohm
Transconductance ................ . .. 5500 12000 umhos
Plate Current .............. .. ... .. ... . ... 14 10 mA
Grid-No.2 Current ......... ... ... .. .coieeenauann. — 3.3 mA
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ...................... — 0.25 megohm
For cathode-bias operation ..................... 0.5 0.5 megohm
6HJ5 Refer to chart at end of section.
6HJ8 Refer to chart at end of section.
6HK5 Refer to chart at end of section.

MEDIUM-MU TRIODE—
6HLS8 SHARP-CUTOFF PENTODE

Miniature type used in color and black-and-white tele-
vision receiver applications. The triode unit is used as
a sync-separator or voltage-amplifier tube, and the
pentode unit is used as a video if-amplifier, agc-ampli-
fier, or reactance tube. Outlines section, 6B; requires
miniature 9-contact socket. Heater: volts (ac/de), 6.3;
amperes, 0.6; warm-up time (average), 11 seconds;
maximum heater-cathode volts, +200 peak, 100 average.

Class A, Amplifier

MAX{MUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit

Plate Voltage ..... ... ......_ .. .. ... .. ... i ... 330 330 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ — 330 volts
Grid-No.2 Voltage ................ ... ..c..cuuu..s — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 1] 0 volts
Plate Dissipation ............................... ... 2.5 2.5 watts

Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ...... .. ...
For grid-No.2 voltages between 165 and 330 volts

0.55 watt
See curve page 300

I

CHARACTERISTICS
Plate Voltage ..................................... 125 125 volts
Grid-No.2 Voltage ................................. — 125 volts
Grid-No.1 Voltage ................................. —1 —1 volt
Amplification Factor ............... .. ............. 40 —
Plate Resistance (Approx.) ......................... 5000 150000 ohms
Transconductance ................... .............. 7000 10000 gmhos
Plate Current ............................ccco.o... 12.5 12 mA
Grid-No.2 Current . ................. .. .. ........ ... — 4.5 mA
Grid-No.1 Voltage (Approx.) for plate current of

BA — —7 volts
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance ....................... 1 — megohm

6HM5 For replacement use type 6HM5/6HAS5.

hetolpiiyy HIGH-MU TRIODE

JHMS/3HAS

4HMS/4HAS

Miniature type used as rf-amplifier tube in vhf color
and black-and-white television tuners. Qutlines section,
5C; requires miniature 7-contact socket. Types 2HM5/
2HAS5, 3HM5/3HA5, and 4HM5/4HA5 are identical
with type 6HM5/6HAS except for heater ratings.
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2HM5/ 3HM5/ 4HM5/ 6HMs5/
2HAS5 3HAS 4HAS5 6HAS
Heater Voltage (ac/de)} .......... 2.0 2.7 4.0 6.3 volts
Heater Current ... ............ 0.6 0.45 0.3 0.18 ampere
Peak Heater-Cathode Voltage #1110 max *110max =110 max =110 max volts
Direct Interelectrode Capacitances:
rid to Plate ... . ... .. ... 0.36 pF
Grid to Cathode, Heater, Internal Shield, and External Shield 4.3 pF
Plate to Cathode, Heater, Internal Shield, and External Shield 0.080 pF
Cathode to Plate ........ ... ... ... . ... .......... . 2.9 pF
Cathode to Heater, Grid, Internal Shield, and External Shield 3.1 pF
Heater to Cathode ............. .. .. . ... . i i 2.3 pF
Heater to Grid ......... ... ... ... . . ... i 0.070 max pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
DC Plate Voltage .......... ... ... .iuuiiiiiiiiiiiiaeenns 220 volts
DC Plate Supply Voltage ....... ... .. ... ... . .0t 600 volts
Grid Voltage .. ... .. ... . ... .. .. e —50 volts
Cathode Current ......... ... ... ... . . . . . . i 22 mA
Plate Dissipation ........... ... ... ... . .. 2.6 watts
CHARACTERISTICS AND TYPICAL OPERATION
Fixed Bias Cathode Bias
DC Plate Supply Voltage ............ 135 135 135 135 volts
Plate-Load Resistor ................. —_ — 1000 5600 ohms
Internal-Shield Voltage .............. 0 1] 0 0 volts
DC Grid Voltage .. .................. —1 —2.7 — — volts
Cathode-Bias Resistor ............... — —_ 0 87 chms
Amplification Factor ................. 72 —_ 80 72
Transconductance .................... 14500 1500 20000 14500 pmhos
Plate Current ....................... 11.5 — 19 11.5 mA
DC Grid Current ..................... — -— 10 —_ nA
Grid-No.1 Voltage for one-per-cent
transconduectance ........ . ......... —_ — —b.3 —8.1 volts
Refer to chart at end of section. 6HMé6

HIGH-MU TRIODE

6HQ5

2HQS5, 3HQS, 4HQS
Miniature type used as grounded-cathode rf-amplifier
tube in vhf tuners of television receivers. Outlines sec-
tion, 5C; requires miniature 7-contact socket. Types
2HQ5, 3HQ5, and 4HQ5 are identical with type 6HQ5
except for heater ratings.

2HQ5 3HQ5 4HQS5 6HQS5

Heater Voltage (ac/dc) °2.4 3 4.2 6.3 volts
Heater Current .................. 0.6 0.45 0.3 0.2 ampere
Heater Warm-up Time (Average) . 11 11 11 — seconds
Peak Heater-Cathode Voltage #+100 max *100 max =100 max =100 max volts
Direct Interelectrode Capacitances (Approx.):*

Grid to Plate ... ... . .. ... . e 0.52 pF

Grid to Cathode, Heater, and Internal Shield ........... .. .. 5 pF

Plate to Cathode, Heater, and Internal Shield ................ 3.5 pF

Heater to Cathode ............ .. ... . ... .. .. ... iiiiiienan.. 2.5 pF
* With external shield connected to cathode.

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage . ... ... .. o i e e e e 200 volts
Grid Voltage, Negative-bias Value .. ... ... ... ... ... ........... 50 volts
Cathode Current ..... ... ... ... ... iiiiiiiiiiiniiiiieranaan 22 mA
Plate Dissipation ...... ... .. ... . . .. i 2.5 watts
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CHARACTERISTICS

Plate Voltage . ... .ottt inettriie i eiaietertanarerannnerasns 135 volts
Grid Voltage ..........ccciiiiiiiiin i it —1 volt
Amplification Factor .......... ... .. ... . ... . iiiiiiiiiaa, 78

Plate Resistance ............ ...t 5400 ohms
Transconductance . .......... . ... i 15000 pmhos
Plate Current ... ...ttt e 1.6 mA
Input Resistance®® ... .. ... .. . . ... .. ... 275 chms
Input Capacitance®® .. . ... ... . . ... .. . ... 11.2 pF
Noise Figure# ... . ... ... .. .. e 4.7 dB
Grid Voltage (Approx.) for transconductance of 150 umhos ........ -—4.2 volts
Grid Voltage (Approx.) for transconductance of 1500 umhos ....... —2.5 volts
MAXIMUM CIRCUIT VALUE

Grid-Circuit Resistance, for cathode-bias operation ............... 1 megohm

“]Measured at 200 MHz with heater volts = 6.3 volts and plate effectively grounded for rf
voltages.

# For a neutralized triode amplifier at a frequency of 200 MHz with signal source impedance
adjusted for minimum noise output.

6HR5 Refer to chart at end of section.

6HR6 Refer to chart at end of section.

6HS5 BEAM TRIODE

Duodecar type used as a pulse-type regulator in the
high-voltage power supply of color television receivers.
Outlines - section, 15F; requires duodecar 12-contact
socket. Heater: volts (ac/dc), 6.3; amperes, 1.5. 12GY

Class A, Amplifier

CHARACTERISTICS

Pulse Plate Voltage* . .........c.iiiiiiiniiiiiiiiaeeeninaan. 3500 volts
Grid No.2 (Beam Plate) ................. ... ... ...... Connected to cathode at socket
Grid-Voltage, Negative-bias value .............................. 4.4 volts
Peak Plate Current ........... ... ...ttt 300 mA
Amplification Factor ....... ... ... ... ... i 300
TransconductBNee . ... . ...ttt e 65000 umhos
Plate Resistance (ADDroX.} ....... ...t iuinnnaeenen.. 4600 ohms
Grid Voltage (Approx.) for plate current of 1 mA ................ —13 volts

* Duty cycle of the pulse must be less than 2.5%.

High-Voltage Regulator Service
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Plate Voltage# . ....... .0ttt 5500 volts
Plate Dissipation ... ..... ... ...ttt ittt 30 watts
Peak Plate Current ............... ...ttt 325 mA
Heater-Cathode Voltage:
Peak vaIUE ... ... ... +200 —450 volts
Average value . ...... ...ttt i e 100 volts
Bulb Temperature (At hottest point) ............... ... .. ... . 220 °C
MAXIMUM CIRCUIT VALUE
Grid-Circuit ResistanceAd ........ ... .. ... .. i 0.1 megohm

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).
‘thrgﬁr values of grid-circuit resistance may be used if provisions are wmade to protect
the tube.
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SHARP-CUTOFF PENTODE

6HS6

Miniature type used as if-amplifier and limiter tube
in FM receivers. Outlines section, 5C; requires miniature

G)

71BK T-contact socket.
Heater Voltage (ac/de) ............c.ooiviiiiiiiinnnianen.n... 6.3 volts
Heater Current ....... ... ... ... ... iiiiiiiiiiiiinnannnnninnnn. 0.45 ampere
Heater Warm-up Time (AvVerage) ....................oieeoeunuu.. 11 seconds

Heater-Cathode Voltage:

Peak value +200 max volts

Average value ...... 100 max volts
Direct Interetectrode Capaci

Grid No.1 to Plate 0.006 max volts

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield ........... ... i iiiiiiiiinnnniannennnn. 8.8 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ....... ... ... ... ... ciiiiiiiiiiiiiiinn, 5.2 pF
Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate Supply Voltage ..............c.cvvireeneeiiiinneiiiennnn.. 300 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive Value ............ 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ...............c..ccounn.. 300 volts
Grid-No.2 Voltage .......... .....oiiiiieiii i See curve page 300
Grid-No.1 (Control-Grid) Voltage:

Negative-bias value ........................ ..o 50 volts

Positive-bias value ......... ... ... ... ... e, 0 volts
Plate Dissipation .............co.iiiiiiiiiiiiii e 3 volts
Grid-No.2 Input:

For grid-No.2 voltages up to 150 wolts ...................... 1 watt

For grid-No.2 voltages between 150 and 300 volts ............ See curve page 300
CHARACTERISTICS
Plate Supply Voltage ............................ 75 150 volts
Grid No.83 ........ .. ... . Connected to cathode at socket
Grid-No.2 Supply Voltage ......................... % 75 volts
Grid-No.1l Bupply Voltage ......................... 0 volts
Cathode-Bias Resistor ............................. 68 68 ohms
Amplification Factore ............................. 50 —
Plate Resistance (Approx.) ..............c.eenvvenn. — 0.6 megohm
Transconductance — 9500 amhos
Plate Current ............................. — 8.8 mA
Grid-No.2 Current — 2.8 mA

Grid-No.1 Voltage (Approx.) for plate current of
L - —4 volts
MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ................. ... ... ... .. ... ..., 0.5 megohm
For cathode-bias operation ..................... ............ 1 megohm

* Grid No.2 connected to plate.

“~ TYPE 6HS6
S GRID No. 3 CONNECTED TO CATHODE
B sl AT SOCKET. |
~ GRID—No. 2 VOLTS = 75
2o [
I w2 —
o
=w
g ;' ll 0
=-05
x :—j GRID—No.| VOLTS Ec
-
éb s10 \(Ecl =0 = L
w e T —_ 2
5 5 R
2 Ip =215
2.
0 100 , - 200 300

PLATE VOLTS  92cs-nassr
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6!;!38 SHARP-CUTOFF
4HS8 TWIN PENTODE

Miniature type used in age amplifier, syne, and noise-
limiting cirecuits of color and black-and-white television
receivers. One pentode unit is used as combined syne
separator and sync clipper; second pentode unit is
used as agc amplifier. Qutlines section, 6E; requires
miniature 9-contact socket. Types 3HS8 and 4HS8 are
identical with type 6HS8 except for heater ratings.

JHSS8 4HS8
Heater Voltage (ac/de) ................... 3.5 4.2
Heater Current . ... ... ... ... .. .. .. 0.6 0.45
Heater Warm-up Time (Average) .......... 11 11
Heater-Cathode Voltage:
Peak value ................. .. ... ... . ..., +200 max
Average value ............ ... ... ... 100 max

Direct Interelectrode Capacitances:
Grid No.3 to Plate (Each Unit) ............................
Grid No.l to All Other Electrodes ..........................
Grid No.3 (Each Unit) to All Other Electrodes ............
Plate (Each Unit) to All Other Electrodes ..................
Grid No.3 (Unit No.l} to Grid No.3 (Unit No.2) ............

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage (Each Unit) .. ...... ... .. .. ... . . 0 iiiiunannn.
Grid-No,3 (Suppressor-Grid) Voltage (Each Unit):

Peak positive value ......... ... ... .. ..o i,

DC negative value ........... ... . . ... .. ...

DC positive value .. ....... ... ...
Grid-No.2 (Screen-Grid) Voltage .......................cccovinn.
Grid-No.1 (Control-Grid) Voltage, Negative-bias value ............
Cathode Current ....................cccciiieeiin. .
Plate Dissipation (Each Unit) . PN
Grid-No.2 Input ... . .. . e

CHARACTERISTICS With One Unit Operatinge

Plate Voltage ................. ... ... .. ... 100
Grid-No.3 Voltage .. ... ... ............... . 0
Grid-No 2 Voltage .......... . ..... . .. . 67.5

Grid-No.1 Voltage ..
Transconductance, Grid No.3 to Plate ... ... ... ...
Transconductance, Grid No.1 to Plate ... ...... .. ... 1100
Plate Current ..... .. .. .................. . —
Grid-No.3 Voltage (Approx.) for plate current of

100 A —
Grid-No 1 Vultdge (Approx.) for platc eurrent of
100 pA

6HSS
6.3 volts
0.3 ampere
— seconds
+200 max volts
100 max volts
2 pF
6 pF
3.6 pF
3 pF
0.015 max pF
300 volts
50 volts
50 volts
3 volts
150 volts
60 volts
12 mA
1.1 watts
0.75 watt
100 volts
0 volts
67.5 volts
. volts
450 umhos
— umhos
2 mA
—3.5 volts
—2.3 volts

TYPE 6HS8 TYPE 6HS8
GRID-No.3 VOLTS =0 GRID~}0.2 VOLTS:=675
GRID~No.2 VOLTS *67.5 e TGRiD No.t MILLIAMPERES=0.|
& [PLATE AND GRID No.3 OF » PLATE AND GRID No.3 OF OTHER)
5 OTHER UNIT GROUNDED. _ | u, g UNIT GROUNDED. |
a | o —
9 - LJ vo'\.T'5 E ) Zz i
3 \D-N° \ "] 5 A, g(?-‘
2 G“ 2 2 /
=3 === = 1.5 > ‘\0\' /
= /% == @ 2/ wf //
<2 GRID- No.l mA p{o T L, ,
SR 4- g 7 D
¢ | Gt s/ Vs
] 0.5 &, / L,‘"[ X
oo
: pAviv /Y g4
j g 300 400
0 100 200 300 400 0 100 PLATE VOLTS 92CS-02T

PLATE VOLTS 92¢5-11099T



TECHNICAL DATA 311

With Both Units Operating

Plate Voltage (Each Unit) .... 100 100 . volts
Grid-No.3 Voitage (Each Unit) —10 0 volts
Grid-No.2 Voltage 67.56 67.5 volts
Grid-No.1 Voltage - " volts
Plate Current (Each Unit) — 2 mA
Grid-No.2 Current .........................c.c..... 7 4.4 mA
Cathode Current .................................. 7.1 8.5 mA
MAXIMUM CIRCUIT VALUES

Grid-No.3-Circuit Resistance (Each Unit) 4.5 megohm

Grid-No.1-Circuit Resistance ............. RN . 05 megohm
* With plate and grid No.3 of other unit connected to ground.
® Adjusted to give grid-No.l current of 0.1 milliampere.

Refer to chart at end of section. 6HU6/EM87
Refer to chart at end of section. 6HUS8/ELL8O
Refer to chart at end of section. 6HVS

BEAM TRIODE 6HV5A

Duodecar type used as a pulse-type regulator in the
high-voltage power supply of color television receivers.
" " Outlines section, 15F; requires duodecar 12-contact
126Y socket. Heater: volts (ac/de), 6.3; amperes, 1.8.

Class A, Amplifier

CHARACTERISTICS

Pulse Plate Voltage* .. . .. ... .. . ... ... . ... 3500 volts
Grid No.2 (Beam Plate) .......... ... .. .............. Connected to cathode at socket
Grid-Voltage, Negative-bias value ..... ... ... ... ... ... .......... 4.4 volts
Peak Plate Current ........ ... ... .. . .. .. . ... ... ... ... ... ... 300 mA
Amplification Factor ......... . ... .. ... ... ... ... ... .. 300
Transconductance ..................... ... i i, 65000 umhos
Plate Resistance (Approx.) . ....... ... ... .. .. ... ... ... 4600 ohms
Grid Voltage (Approx.) for plate current of 1 mA ....... ... .. . ... —13 volts

* Duty cycle of the pulse must be less than 2.5%.

High-Voltage Regulator Service
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

Peak Plate Voltage# 5500 volts
Plate Dissipation ..... 35  watts
Peak Plate Current 325 mA
Heater-Cathode Voltage:
Peak value . ........ ... . . ... +200 —450 volts
Average value ........ ... .. ... 100 volts
Bulb Temperature (At hottest point) ... ........ ... ... ... ... .... 240 °C
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistanced . ... ... .. .. ... .. ... ... .. ... .. .. ...... 0.1 megohm

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds).
4 Larger values of grid-circuit resistance may be used if provisions are made to protect
the tube.

Refer to chart at end of section.
For replacement use type 6JH5/6JD5/6HZ5. 6HZ5/6JD5
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PLATE (Ip,) OR GRID~No.2 {I¢

6HZ6

SHARP-CUTOFF PENTODE

Miniature type used as sound-detector tube in FM and
color and black-and-white television receivers.
has two independent control grids. Qutlines section,
5C; requires miniature 7-contact socket. Type 5HZ6
is identical with type 6HZ6 except for heater ratings.

RCA RECEIVING TUBE MANUAL

Tube

SHZ6 6HZ6
Heater Voltage (ac/de) ...............cicieiiunnn. 4,76 6.3 volts
Heater Current .................. . .....ciieunioinns 0.6 0.45 ampere
Heater Warm-up Time (Average) ............... . i1 11 seconds
Heater-Cathode Voltage:
Peak value ............. ... ..., 3200 max £200 max volts
Average value ......... ... ... ... .. . 0000l 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.
Grid No.l to Plate ... ... ... ittt iiiinaienas 0.023 pF
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ............. ... . i iiiiiiiiiiiieiiriiinanen 8.2 pF
Grid No.1 to Grid No.3 0.09 pF
Grid No.3 to Plate ......... . ... i it 1.6 pF
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate,
and Internal Shield 7.2 pF
CHARACTERISTICS
Plate Supply Voltage .............. 150 volts
Grid-No.3 Supply Voltage 0 volts
Grid-No.2 Supply Voltage 100 volts
Grid-No.l Supply Voltage 0 volts
Cathode-Bias Resistor .............. 180 ohms
Plate Resistance (Approx.) 0.11 megohm
Transconductance, Grid No.1 to Plate ........................... 3400 smhos
Transconductance, Grid No.83 to Plate ............ ... ... ... ... 600 gmhos
Plate Current ... ... ... . . s 3.2 mA
Grid-No.2 Current . ...........iit et iananeian 3.2 mA
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 pgA .. —1T volts
Grid-No.1 Supply Voltage (Approx.) for plate current of 20 pA . —4.6 volts
TYPE .6HZ6 - TYPE 6HZ6
|_ GRID~No.3 VOLYS=0 & 15 GRID-No,2 VOLTS=l00
GRID~No.2 VOLTS =100 =1 GRID—~No. 1 VOLTS*0
o A
e e b -
0 Z 8 N e B
o o [ \ *\ 2\\ L
W
u 20 E % 10 Iy ] =
~N © - . -
2 L'\ 1 Iy g3 ey k.l GRID-No.3 _
4 RN 23 1 /Mke ~ VOLTS Ec3
= ,o_\g G o O GRID-No) | 5% 4 / -2 :; IC““
) 8>St VOLTSEC; | g ] =r=f={1cs
A e e gl R [ €N g !
—t — — 1 é " // 6
Ip =T-2 4 _—1
o 100 200 300 400 0 oo 200 300 400
PLATE YOLTS 92C8~-11792T PLATE VOLTS 92C5-117937
FM Sound Detector
MAXIMUM RATINGS (Desigh-Maximum Values)
Plate Voltage ...... ... . i ittt iiiiaieraas 300 volts
Grid-No.3 (Control-Grid) Voltage:
Negative value (dc and peak ac) .......................... 100 volts
Positive value (de and peak ac) ............................ 25 volts
Grid-No.2 (Sereen-Grid) Supply Voltage ........................ 300 volts
Grid-No.2 Voltage ......... .. ...ttt See curve page 300
Grid-No.1 (Control-Grid) Voltage:
Negative-bias value ............ ... iiiiiveiiiinnnrinnnnn. 50 volts
Positive-bias wvalue ........... ... ... i i 0 volts
Plate Dissipation .............o.iiiiiiiiiiii e 1.7 watts
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Grid-No.3 Input ... ..ciiiiieiininrtiinnenossunanneronanecneans 0.1 watt
Grid-No.2 Input:
For grid-No.2 voltages up to 150 volts ..................... . 1 watt
For grid-No.2 voltages between 150 and 300 volts ........... See curve page 300
MAXIMUM CIRCUIT VALUES
Grid-No.3-Circuit Resistance ...................cieirireinnennnns 0.68 megohm
Grid-No.1-Circuit Resistance:
For fixed-bias operation ................. ... .. .. i i, 0.22 megohm
For cathode-bias operation .....................cccouuiunnnnn 0.47 megohm
Refer to chart at end of section. 6HZ8
Refer to chart at end of section. 6J4
Refer to chart at end of section. 6JAWA
Refer to chart at end of section. 645
6J5GT
Refer to chart at end of section. 6J6
MEDIUM-MU TWIN TRIODE 6J6A
536

Miniature type used as combined rf power amplifier
and oscillator or as twin af amplifier. With push-pull
arrangement of the grids and the plates in parallel,
this type can also be used as a mixer at frequencies
as high as 600 MHz. Outlines section, 5C; requires
miniature T-contact socket. Type 5J6 is identical with
type 6J6A except for heater ratings.

5J6 6J6A
Heater Voltage (ac/de) ..................... .0 ... 4.7 6.3 volts
Heater Current .................... ... ..c.cccu.i.n 0.6 0.45 ampere
Heater Warm-up Time (Average) ................ 11 11 seconds
Peak Heater-Cathode Voltage .................... £100 max =100 max volts
Direct Interelectrode Capacitances
(Each Unit, Approx.): Unshielded Shielded
Grid to Plate ................ .. ... .00 1.6 1.6 pF
Grid to Cathode and Heater .................. 2.2 2.6 pF
Plate to Cathode and Heater (Unit No.1) .... 0.4 1.6 pF
Plate to Cathode and Heater (Unit No.2) . 0.4 1 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage .......... . ittt 300 volts
Grid Voltage, Positive-bias value ................................ 0 volts
Plate Dissipation ......... . ... . . i 1.5 watts
CHARACTERISTICS
Plate Voltage ....... ... ... .. . . . 100 volts
Cathode-Bias Resistor ...... ... .. .. ... i ieiii i 650% ohms
Amplification Factor .................. . .. i 38
Plate Resistance (ADpProx.) ............ ... .o 7100 ohms
Transconductance ...... ... ... .. ... ... 5300 pgmhos
Plate Current . ........ .. ... .. e 8.6 mA

MAXIMUM CIRCUIT VALUES

Grid-Circuit Resistance:
For fixed-bias operation ..... ...... ... ... ... ... ... ... .... Not recommended
For cathode-bias operation 0.5 megohm

t Value is for both units operating at the specified conditions.
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RF Power Amplifier and Oscillator—Class C Telegraphy
Key-down conditions per tube without modulation

MAXIMUM RATINGS (Design-Center Values, Each Unit)

Plate Voltage ....... ... i it iiitiinienrnrennnnaenanan.s 300 volts
Grid Voltage:

Negative-bias value 40 volts
Positive-bias value volts
Plate Current 15 mA
Grid Current mA
Plate Input .. 4.6 watts
Plate Dissxpahon PP P 1.5 watts
TYPICAL PUSH-PULL OPERATION (Both Units)
Plate VoltagE . ...ttt 150 volts
Grid Volage® ... .. . i e e . —10 volts
Plate Current . ...... ... .. ittt 30 mA
Grid Current (Approx.) ........... it 16 mA
Driving Power (APDroX.) . .........ciiiiiiiiniereninrneenennnnn 0.35 watt
Power Output (Approx.} . ... ... . ... e 3.6 watts
° Obtained by grid resistor (625 ohms), cathode-bias resistor (220 ohms), or fixed supply.
6J6WA Refer to chart at end of section.
6J6WB Refer to chart at end of section.
6J7
617G Refer to chart at end of section,
6J7GT
6J8G Refer to chart at end of section.
6J9 Refer to chart at end of section.
110 Refer to chart at end of section.
61 For replacement use type 6Z10/6J10.
6J11 Refer to chart at end of section.
6JA5 Refer to chart at end of section.
6JB5 For replacement use type 6JB5/6HES.

6JB5/6HE5  BEAM POWER TUBE

Duodecar type used as vertical-deflection amplifier in
television receivers. Outlines section, 15D; requires duo-
decar 12-contact socket.

Heater Voltage (ac/de) ......... ... ... ... i 6.3 volts
Heater Current . ............ ... .. .. . i 0.8 ampere
Heater Cathode Voltage:
Peak value . ........ ... .. %200 max volts
Average value ... ... ... ... .. 100 max volts
Direct Interelectrode Capacitances:
rid No.1 to Plate ... ... ... ... .. . . ... . e 0.49 pF
Grld No.l to Cathode, Heater, Grid No.2, and Grid No.3 ... ... 9.5 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 6.5 pF
Class A, Amplifier
CHARACTERISTICS
Plate Voltage ...... ... ... .. .. .. .. i, 60 250 volts
Grid-No.2 (Screen-Grid) Voltage .................... 250 250 volts
Grid-No.1 (Control-Grid) Voltage .................. [} —20 volts
Plate Resistance (ADPProx.) .........c.ccevenvevevoonn —_ 50000 ohms
Transconductance ................c....oeeeriaiennn — 4100 pmhos
Plate Current ... ...... ... ... .. . ... ... ... 180 43 mA
Grid-No.2 Current ........ ... ............. ... .. 20e 3.5 mA

Grid-No.1 Voltage (Approx.) for plate current of
100 A — —50 volts
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» This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Vertical-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Voltage ........... ... ... iiiiiiiiii i, 350 volts
Peak Positive-Pulse Plate Voltage# .............................. 2500 volts
Grid-No.2 Voltage ....... .. ... .. 300 volts
Peak Cathode Current ............... .. ... .. ... .. ...ccciiiiiinas 260 mA
Average Cathode Current .......... ... ... ... ... ... ... ciiiunn. 7% mA
Plate Dissipationt ............ ... . ... ... . ... ... 15 watts
Grid-No.2 Inputt .......... .. i s 2.76 watts
Bulb Temperature (At hottest point) ............................. 200 °C

MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation ............ ... ... ... ... ... . ... 1 megohm
For cathode-bias operation ................................... 2.2 megohms

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds).
1 A resistor or other means is required to protect the tube in absence of excitation.

Refer to chart at end of section. 6JB6

BEAM POWER TUBE 6JB6A

12JB6A, 17JB6A
Novar types used as high-efficiency horizontal-deflec-
tion amplifiers in television receivers. Qutlines section,
32A; requires novar 9-contact socket. Types 12JB6A
and 17JB6A are identical with type 6JB6A except for

9QL heater ratings.
6JB6A 12JB6A 17JB6A

Heater Voltage (ac/de) .................... 6.3 12.6 16.8 volts
Heater Current .....................coievann 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) .......... — 11 11 seconds
Heater-Cathode Voltage:

Peak value .................. . ... #+200 max =200 max =200 max volts

Average value ..................... . ... 100 max 100 max 100 max  volts
Direct Interelectrode Capacitances (Approx.):

Grid No.1 to Plate .. ... .ttt 0.2 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 15 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ......... 6 pF

Ciass A, Amplifier
Triode Pentode

CHARACTERISTICS Connection4 Connection
Plate Voltage ................ .. ............ 150 60 150 volts
Grid No.3 (Suppressor Grid) ............... Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage ............ — 150 150 volts
Grid-No.1 (Control-Grid) Voltage ............ —22.5 0 —22.5 volts
Mu-Factor, Grid No.2 to Grid No.l ........ 4.4 — —
Plate Resistance (Approx.) ................ — — 15000 ohms
Transconductance .......................... —_ — 7160 umbhos
Plate Current .............................. — 390= 70 mA
Grid-No.2 Current .......................... _— 32« 2.1 mA
Grid-No.1 Voltage for plate current of 1 mA — —  —42 volts

4 Grid No.2 connected to plate.

« This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Horizontal-Deflection Amplifier

For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage ............................. . .. 770 volts
Peak Positive-Pulse Plate Voltage# 6500 volts
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Peak Negative-Pulse Plate Voltage .............................. 1500 volts
DC Grid-No.3 Voltaget 70 volts
DC Grid-No.2 Voltage 220 volts
DC Grid-No.1 Voltage —>55 volts
Peak Negative-Pulse Grid-No.1 Voliage .. 330 volts
Peak Cathode Current ........................ ... ... . ........ 550 mA
Average Cathode Current .. ..... ... ... ... ... ... ... ... .. ... ..., 175 mA
Plate Dissipations ... .. . . ... ... i 17.5 watts
Grid-No.2 Input ......... ... ... i 3.5 watts
Bulb Temperature (At hottest point) ...... .. ................... 240 °C
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance, for grid-resistor-bias operation .... 1 megohm

# Pulse duration must not exceed 159, of a horizontal scanning cycle (10 microseconds).
% For honzontal-deﬂectlon service, a positive voltage may be applied to grid No.3 to minimize

“snivets” interference in both vhf and uhf television receivers. A typical value is 30 volts.
* A bias resistor or other means is required to protect the tube in absence of excitation.

TYPE 6JB6A
GRID No. 3 CONNECTED TO
5450} _CATHODE AT SOCKET
I} GRID ~No.2 VOLTS =150
« GRID-No.1VOLTS ECI"0 |
w40
a / 5
S 1 -
% 300 150
a o
2 Ic -0 O
Z 20 2 i 00! &
‘E rEci=0 L YL
2 100 -20 g0 T <
. — e
= -""“lo =
0 40 60 120 160 200 240
PLATE VOLTS 92cS-1835TI
6JCé6 Refer to chart at end of section.

6JC6A  SHARP-CUTOFF PENTODE

3JC6A, 4JC6A
Miniature type with frame grid used in if-amplifier
stages of color and black-and-white television receivers
utilizing intermediate frequencies in the order of 40
MHz. Outlines section, 6B; requires miniature 9-con-
tact socket. Type 4JC8 is identical with type 6JC6
except for heater ratings. Types 3JC6A and 4JC6A are
identical with type 6JC6A except for heater ratings.

3JC6A 4JCGA 6JC6A
Heater Voltage (ac/dc) . 3.5 6.3 volts
Heater Current .................. 0.6 0 45 0.3 ampere
Heater Warm-up Time (Average) 11 11 — seconds
Heater-Cathode Voltage:
Peak value ................. ... ..., . 200 max =200 max =+=200 max volts
Average value ......................... 100 max 100 max 100 max  volts
Direct Interelectrode Capacitances:
Grid No.l to Plate ............ .. . ... .. .. ... iiiivin.iin. 0.019 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield .. ... ... ... ... .. .. ... . L. 8.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield ...... ... ... ... ... . ... ... ... .. ... ..., 3 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage ............... .. ................... 330 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 0 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ 330 330 volts

Grid-No.2 Voltage ................. . ....ciiuuinon. See curve page 300
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Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts
Plate Dissipation ............. .. ... .. ... ..., 2.5 3.1 watts
Grid-No.2 Input: .
For grid-No.2 voltages up to 165 volts .......... 0.6 0.7 watt
or grid-No.2 voltages between 165 and 330 volts See curve page 300
CHARACTERISTICS
Plate Supply Voltage . 125 125 volts
Grid No.3 .............. Connected to cathode at socket
Grid-No.2 Supply Voltage 25 125 volts
Cathode-Bias Resistor 56 56 ohms
Plate Resistance (Approx 0.18 0.18 megohm
Transconductance . 15000 16000 pmhos
Plate Current ... . 13 14 mA
Grid-No.2 Current ................ccoviiiiiininn... 3.2 3.4 mA
Grid-No.1 Voltage (Approx.) for plate ecurrent of
100 A . —3 —3 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ..................... 0.25 0.25 megohm
For cathode-bias operation . ... 1 1 megohm
TYPEGUCEA | |
GRID No.3 CONNECTED TO
« [.CATHODE AT SOCKET.
] GRID -No.2 VOLTS » 128
«
of
& ?t 40
83 < | o0-NodVOLTSEci=C
2F 30 < ¢
52 o |
we N -05
s é’ 20 "
ag A | 5 -1
20 \_\‘Ic‘ C‘C|'°
-2 =I5
T )
] 40 80 120 160 200 240
PLATE VOLTS  9acMm-1i948T

SHARP-CUTOFF PE

100 average.

MEDIUM-MU TRIODE—

NTODE

Class A, Amplifier
Triode Unit Pentode Unit

MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ............ ... .. ... . i iiiiiiiaa..,
Grid-No.2 (Screen-Grid) Supply Voltage ............
Grid-No.2 Voltage ........ ... iiiiuininnnnean.
Grid-No.1l (Control-Grid) Voltage, Positive-bias value
Plate Dissipation ..................................
Grid-No.2 Input:

For grid-No.2 voltages up to 137.5 volts ........

For grid-No.2 voltages between 137.5 and 275 volts

CHARACTERISTICS

Plate Voltage ............. ... ... . cciiiiiviernnnn.
Grid-No.2 Voltage ................ ... ... .........
Grid-No.1 Voltage .......................cciveun...
Amplification Factor ..............................
Plate Resistance (Approx.)
Transconductance
Plate Current
Grid-No.2 Current

275
0
1.7

6JC8

Miniature type used as combined vhf oscillator and
mixer tube in television receivers. Outlines section,
6B; requires miniature 9-contact socket. Heater: volts
(ac/dc), 6.3; amperes, 0.45; warm-up time (average),
11 seconds; maximum heater-cathode volts, +200 peak,

275 volts
275 volts
See curve page 300

0 volts
23 watts
0.45 watt

See curve page 300

100 125 volts
70 125 volts
¢ —1 volt

— 300000 ohms

570 5500 pmhos
— 9 mA
— 2.2 mA
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Gnd-Nol Voltage (Approx.) for plate current of

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

—7 — 6.5 volts

For fixed-bias operation ..... — 0.1 megohm
For cathode-bias operation —_ 0.5 megohm
6JD5 For replacement use type 6JH5/6JD5/6HZ5
6JD6 SHARP-CUTOFF PENTODE

3JD6, 4ID6

Miniature type with frame grid used as if-amplifier
tube in color and black-and-white television receivers
utilizing an intermediate frequency in the order of 40
MHz. Outlines section, 6B; requires miniature 9-contact
socket. Types 3JD6 and 4JD6 are identical with type

6JD6 except for heater ratings. 9PM
4JD6 6JD6
Heater Voltage 4.5 6.3 volts
Heater Current 0.45 0.3 ampere
1 —_ seconds

Heater Warm-up Time (Av

Heater-Cathode Voltage:
Peak value
Average value

Direct Interelectrode Capacitances:

=200 max =200 max volts
100 max 100 max  volts

Grid No.l to Plate .......................... ...ccooiu.u.. 0.019 max pF
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield .......... ... ... ... .. . ... ... ... 8.2 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield ............. . ... ... ... ... ... 3 pF

Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Vaiues)

Plate Voltage .............. .. ..ciiiiiieiiiii i 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value ............ 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 330 volts
Grid-No.2 Voltage ... ... . . .. . ... . See curve page 300
Grid-No.l1 (Control-Grid) Voltage, Positive-bias value ............ 0 volts
Plate Dissipation .......... ... . ... .. . . i, 2.5 watts
Grid-No.2 Input:

0.6 watt

For grid-No.2 voltages up to 165 volts ..................
For grid-No.2 voltages between 165 and 330 volts

See curve page 300

—- TYPE 6JD6

8‘ GRID No. 3 CONNECTED TO CATHODE

8 [ AT SOCKET. -

~ GRID -No. 2 VOLTS =125

£040

& o

ge | N\e, =i2

ot (f GRID—No. | YOLTS Ec;=-03

b= T B V.o

o =

£ oAb dd
=2 | >2.!

o 50 100 I50 200 250
PLATE VOLTS  gacs—jiosiT

CHARACTERISTICS

Plate Supply Voltage ... ... ... ... . ittt 128 volts

Grid-No.3 Voltage ............ ... ... iviiiiraenininnnnnennnnns 0 volts
125 volts

Grid-No.2 Supply Voltage ................c..ccoiiiiiiinnnnnnn..
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Grid-No.1 Supply Voltage
Cathode-Bias Resistor
Plate Resistance (Approx.)
Transconductance
Plate Current
Grid-No.2 Current
Grid-No.1 Voltage (Approx.) for transconductance of 600 umhos ..

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation
For cathode-bias operation

Refer to chart at end of section.
For replacement use type 6MJ6/6LQ6/6JE6C.

Refer to chart at end of section.
For replacement use type 6MJ6/6LQ6/6JE6C.

For replacement use type 6MJ6/6LQ6/6JE6C.

Refer to chart at end of section.
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0 volts
5 ohms
160000 ohms
14000 pmhos
15 mA
4 mA
—4.5 volts
0.25 megohm
1 megohm
6JE6
6JE6A
6JE6C
6JES

6JF6

17JF6, 22JF6

Novar type used as horizontal-deflection amplifier in
black-and-white television receivers. Qutlines section,
18E or 18F; requires novar 9-contact socket. Types
17JF6 and 22JF6 are identical with type 6JF6 except

sa for heater ratings.
6JF6 17JF6 22JF6

Heater Voltage (ac/de) .............. 6.3 16.8 22 volts
Heater Current ...................... 1.6 0.6 0.45 amperes
Heater Warm-up Time (Average) — 11 11 seconds
Heater-Cathode Voltage:

Peak value ...................... *200 max *+200 max +200 max volts

Average value .................. 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):

Grid No.l to Plate ...... .. ... ... . ... . .. . i iiiiiianinnann. 1.2 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 22 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 9 pF

Class A. Amplifier
Triode=

CHARACTERISTICS Connection Pentode Connection
Plate Voltage ...................... 125 — 50 130 volts
Peak Positive-Pulse Plate Voltage# .. — 6500 — —_ volts
Grid No.3 (Suppressor Grid) ........ Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage .... 125 125 125 125 volts
Grid-No.1 (Control-Grid) Voltage —20 — —20 volts
Triode Amplification Factor ......... 4.1 - —_— —
Plate Resistance (Approx.) - — — 12000 ohms
Transconductance ............ — —_ — 10000 smhos
Plate Current ................ — — 525% 80 mA
Grid-No.2 Current .................. —_ — 327 2.5 mA
Grid-No.1 Voltage for plate current

of 1 mA ........ ... — —-125 — —40 volts

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
DC Plate Supply Voltage ... ... i, 770 volts
Peak Positive-Pulse Plate Voltage# ... ........ ................. 6500 volts
Peak Negative-Pulse Plate Voltage ......... ... . ........ . .... 1500 volts
DC Grid-No.3 Voltage™ ... ... . ... . it 100 volts
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DC Grid-No.2 Voltage ...... . ... .. ... .c..iiiiiiiiinnninnenn. 220 volts
Peak Negative-Pulse Grid-No.1 Voltage 330 volts
Peak Cathode Current ............. ... ........................ . 950 mA
Average Cathode Current ..................... . 275 mA
Grid-No.2 Input ............ . . 3.5 watts
Plate Dissipation} ........... e . . . 17 watts
Bulb Temperature (At hottest point) .......... ... ............... 240 °C
TYPE 6JF6 - TYPE 6JF6 GRID-No.f VOLTS=0
GRID No. 3 CONNECTED TO 8' GRID_No. 3 CONNECTED TO CATHODE
3 | CATHODE AT SOCKET. \ooM 000}~ AT SOCKET.
) | GRID—No. 2 VOLTS = 125 ~ @ 751
v o ] | 50
W goofLm I { [ 4 goo}—] .
@ 800K  —— 80 & i
& IS i =0 W = 5
a LTS ECy 3 < \2
= _No.} v b = L—T
< eoo,—lc,R\D o 60 3 0 600 =
] ! 5 = = )
g l\l/—T g o - s
o 400 1S 40 o 5 400
- N | o]
5 /-L/" g & ] =50
<« z ' —No. 2 VOLTS EC2
2 200 \B—(L Ip 15 20 ‘|= 200 GRID—No
= -20 4
~25 )
[¢] 100 200 300 400 500 ] 100 200 300 400 500
PLATE VOLTS 92CS- 1192772 PLATE VOLTS  92Cs-11923T2

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For cathode-bias operation .................. ... . ... ........ 1 megohm

For grid-leak-bias operation ........ ... ... ... ..... ... ... .. 10 megohms

For fixed-bias operation ......... ... ... ... . ... ... .. . ... ..... 0.47 megohm

s Grid-No.2 connected to plate at socket. .

t This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

# Pulse duration must not exceed 159, of a horizontal scanning cycle (10 microseconds).
* In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter-
ference; a typical value for this voltage is 50 volts.

1 A bias resistor or other means is required to protect the tube in absence of execitation.

6JG5 SHARP-CUTOFF PENTODE

Miniature type with frame grid used as video output
amplifier in color television receivers. Outlines section,
6E; requires miniatue 9-contact socket, Heater: volts,
6.3; amperes, 0.525; maximum heater-cathode volts,
+200 peak, 100 average.

Class A. Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage ........ . ... . . ... ... . . 330 volts
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .............. 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........................ 330 volts
Grid-No.2 Voltage ... ... ... .. ... ... . ................. .. See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive value 0 volts
Plate Dissipation ............. ... ......... .. .. 5 watts
Grid-No.2 Input ............... 1.1 watts
CHARACTERISTICS

Plate Voltage .................................... 200 60 volts
Grid-No.2 Supply Voltage ......................... 150 150 volts
Grid-No.1 Voltage ................................ — ] volts
Cathode-Bias Resistor, Bypassed ................... 100 — ohms
Plate Resistance (Approx.) ........................ 66600 — ohms
Transconductance (Grid No.l1 to Plate) ............ 11500 — umhos
Plate Current ........... ... ........ .......... ... 25 55 mA
Grid No.2 Current ................................ 5.5 18 mA

Grid-No.1 Voltage (Approx.) for plate current
of 100 A ... ... —10 — volts
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MAXIMUM CIRCUIT VALUES

Grid-No.1-Circuit Resistance:
For fixed-bias operation .................... ... ... ... ..., 0.25 megohm
For cathode-bias operation .................................. 1 megohm

* Applied not exceeding two seconds, to avoid damage to tube.

Refer to chart at end of section. 6JG6

6JG6A

BEAM POWER TUBE 17JG6A, 22JG6A

Novar type used as horizontal-deflection amplifier in
low-B4-, black-and-white television receivers. Outlines
section, 31D; requires novar 9-contact socket. For
curves of average plate characteristics, refer to type
6JF6. Types 17JG6A and 22JG6A are identical with

QU type 6JG6A except for heater ratings.
6JG6A 17JG6A 22JG6A

Heater Voltage (ac/de) .................... 6.3 16.8 22 volts
Heater Current ............................ 1.6 0.6 0.45 amperes
Heater Warm-up Time (Average) .......... —_ 11 11 seconds
Heater-Cathode Voltage:

Peak value ........................... +200 max *200 max =200 max volts

Average value .................00ea.., 100 max 100 max 100 max  volts
Direct Interelectrode Capacitances:

Grid No.1 to Plate ....... ... .. ... . .. . . i i 0.7 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No. 3 .... 22 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 9 pF

Class A, Amplifier
Triode= Pentode

CHARACTERISTICS Connection Connection
Plate Voltage ...................c.coioieunn 125 50 130 volts
Grid-No.3 (Suppressor Grid) . Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltnge —_— 125 125 volts
Grid-No.1 (Control-Grid) Voltage —20 0 —20 volts
Amplification Factor ........... 4.1 — —
Plate Resistance (Approx.) ..... —_ — 12000 ohms
Transconductance .................. . —_ — 10000 umhos
Plate Current ......................... .. _ 525 80 mA
Grid-No.2 Current .......................... — 32e 2.6 mA
Grid-No.1 Voltage (Approx.),

for plate current of 1 mA .............. — — —40 volts

» With grid No.2 connected to plate at socket.
¢ This value can be measured by a method involving a recurrent waveform such that the

maximum ratings of the tube will not be exceeded.
Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage .............. ... ... .. it 770 volts
Peak Positive-Pulse Plate Voltage# ............................ 6500 volts
Peak Negative-Pulse Plate Voltage ......................c...... 1500 volts
DC Grid-No.3 Voltage* ... .. ... . .. ittt 75 volts
DC Grid-No.2 Voltage ............ . ... . cc.iiiiiiiiiiinnainnn 220 volts
DC Grid-No.1 Voltage, Negative-bias value ...................... —56 volts
Peak Negative-Pulse Grid-No.l Voltage .......................... 330 volts
Peak Cathode Current ............. ... . .ciiiiiiiiiiiininnas 950 mA
Average Cathode Current ..................... ..o, 275 mA
Plate Dissipationt ....... ... ... . ... i e 17 watts
Grid-No.2 Input ... ... ... .. it e e 3.5 watts
Bulb Temperature (At hottest point) .. ....................... ... 240 °C
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance, for grid-No.l-resistor-bias operation 2.2 megohms

# Pulse duration must not exceed 159, of a horizontal scanning cycle (10 microseconds).

*In a horizontal-deflection-amplifier sewme, a positive voltage (typical va]ue, 30 volts) may
be applied to grid No.3 to reduce “snivets’ interference, which may occur in both vhf and
uhf television receivers.

t+ A bias resistor or other means is required to protect the tube in absence of excitation.
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6JH5 BEAM TRIODE

6JHS5/6HZS/6ID5

Duodecar type used as a pulse-type regulator in the
high-voltage power supply of color television receivers.
Outlines section, 15F; requires duodecar 12-contact
socket. Heater: volts (ac/dc), 6.3; amperes, 2.4.

Class A, Amplifier

CHARACTERISTICS
Pulse Plate Voltage* . ... ... ... . .. ... ... ... ... 3500 volts
Grid No.2 (Beam Plate) ........... ... .......... ..... Connected to cathode at socket
Grid-Voltage, Negative-bias value ........ ... ... ... ............ 4.4 volts
Peak Plate Current ...... ... ... . ... ... ... .. .o, 300 mA
Amplification Factor ...... ... ... .. .. ... ..., 300
Transconduetance . ........... ... ... ... 65000 amhos
Plate Resistance (Approx.) . ................ ... ... .. e 4600 ohms
Grid Voltage (Approx.) for plate current of 1 mA ... .. .. ... . . —16 volts
* Duty cycle of the pulse must be less than 2.5%.
High-Volitage Regulator Service
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
Peak Plate Voltage# ... ... ... ... . ... .. ... ... 5500 volts
Plate Dissipation ........ .. ... ... . ... 35 watts
Peak Plate Current ...... ... ... ... .. ...t 325 mA
Heater-Cathode Voltage:

Peak value ... ... . ... +200 —450 volts

Average value ... ... ... e 100 volts
Bulb Temperature (At hottest point) ...... ... ... ... ... ...... .... 240 °C
MAXIMUM CIRCUIT VALUE
Grid-Circuit Resistanceh . ... .. ... ... . ... ... ... ... .. .. ... ... 0.1 megohm

# Pulse duration must not exceed 159 of a horizontal scanning cycle (10 microseconds).

A I;larger values of grid-circuit resistance may be used if provisions are made to protect
the tube.

6JH6 SEMIREMOTE-CUTOFF
4JH6 PENTODE OO
(v)ea

Miniature type used in the gain-controlled picture if- 9‘
amplifier stages of color and black-and-white television \ ‘
receivers. Qutlines section, 5C; requires miniature 7- K A c,

H P

contact socket. For curves of average plate characteris- () 13
tics, refer to type 6BZ6. Type 4JH6 is identical with o
type 6JH6 except for heater ratings. cM
4JH6 6JH6
Heater Arrangement ............................... Series Parallel
Heater Voltage (ac/de) ........................... 4.2 6.3 volts
Heater Current ................................... 0.45 0.3 ampere
Heater Warm-up Time ............................ 11 — seconds
Heater-Cathode Voltage:
Peak value ...... ... ... ... ... .. ..., 200 max 200 max volts
Average value ......... ... ... ... ... . 100 max 100 max volts
Direct Interelectrode Capacitances: Unshielded Shielded=
Grid No.l to Plate .....................c..cc.n 0.025 max 0.015 max pF
Grid No.l to Cathode, Heater, Grid No.2,
Grid No.3, and Internal Shield .............. 1 7 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield ......................... 2 3 pF

® With external shield connected to cathode.
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Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values)

Plate Voltage .......... ... ..iiiniiiteteeinraeeaeaaennenaennns 300 volts
Grid-No.3 (Suppressor-Crid) Voltage, Positive value ............ 0 volts
Grid-No.2 (Screen-Grid) Supply Voltage ......................... 300 volts
Grid-No.2 Voltage ... ... ... ... .t iiiiiitiirrinnnrnnenenanns See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value ............ 0 volts
Grid-No.2 Input:

For grid-No.2 voltages up to 150 volts ....._ ................ 0.55 watt

For grid-No.2 voltages between 150 and 300 volts ............ See curve page 300
CHARACTERISTICS
Plate Supply Voltage ...... ... ... ... i, 125 volts
Grid-No.8 ... .. ... Connected to cathode at socket
Grid-No.2 Supply Voltage 125 volts
Cathode-Bias Resistor ...................cciiiiiiiinnnnnnnananan, 56 ohms
Plate Resistance (Approx.) 0.26 megohm
Transconductance . .......... ... ...ttt 8000 pmhos
Transconductance Range for grid-No.l voltage of —4.5 volts and

cathode-bias resistor of 56 ohms ............................ 400-900 pmhos
Plate Current ....... ... ... . ... . i s 14 mA
Grid-No.2 Current . ... ... .. ... .. it i it 3.6 mA
Grid-No.l Voltage (Approx.) for transconductance of 50 pmhos —19 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation .............. ... ... ... . il 0.25 megohm

For cathode-bias operation ............................... 1 megohm

BEAM-DEFLECTION TUBE 6JHS

Miniature type used in color-demodulator and burst-
gate circuits in color television receivers. This type
has two plates and two deflecting electrodes; the con-
trol grid varies beam deflection. Qutlines section, 6E;
requires miniature 9-contact socket. Pin 5 should be
connected to cathode at socket. The 6JH8 should be
so located in the equipment that it is not subjected to stray magnetic fields.
Heater Voltage (ac/de) ... ... . . . . i iiinanenanann 6.3 volts

Heater Current .. ...... .. ... . ... . . ittt 0.3 amperes
Direct Interelectrode Capacitances:

Grid No.1 to All Other Electrodes, Except Both Plates ...... 7.5 pF
Grid No.l1 to Deflecting Electrode No.l 0.04 max pF
Grid No.l to Deflecting Electrode No.2 . . 0.07 max pF
Plate No.1 to All Other Electrodes ...................... 5 pF
Plate No.2 to All Other Electrodes ... . 5 pF
Plate No.l to Plate No.2 .............. ................c... 0.4 pF
Deflecting Electrode No.1 to All Other Electrodes .......... 4.8 pF
Deflecting Electrode No.2 to All Other Elecetrodes .......... 4.8 pF
Deflecting Electrode No. 1 to Deflecting Electrode No.2 ...... 0.38 pF

Color TV Demodulator

MAXIMUM RATINGS (Design-Maximum Values)
Plate Voltage (Each Plate) ....... .............. .. 0. .oiues 330 volts
Peak Deflecting-Electrode Voltage (Each Electrode):

Negative value 165 volts

Positive value 165 volts
Grid-No.3 (Accelerating-Grid) Voltage . 330 volts
Grid-No.1 (Control-Grid) Voltage, Positiv. 0 volts
Cathode Current .. .. ... . ... . . . ... . . .ttt 33 mA
Plate Dissipation (Each Plate) ............................. ... 3 watts
Grid-No.3 Input ... ... .. .. . . . e 1 watt
MAXIMUM CIRCUIT VALUES
Grid-No.1 Circuit Resistance:

For fixed-bias operation 0.1 megohm

For cathode-bias operation 0.25 megohm
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Class A, Amyplifier

With both plaies connected together and with both
deflecting electrodes connected to cathode at socket

CHARACTERISTICS
Plate-No.1 Supply Voltage ............... .0 0iiiiiieiinaieanais 250 volts
Plate-No.2 Supply Voltage ............... 0. iiiriiirnnnnanns 250 volts
Grid-No.3 Voltage ... . ... . 250 volts
Cathode-Bias Resistor ............ ... ... iiiiiiiiiiinnnnes 220 ohms
Transconductance .................... ... ... 4400 pmhos
Total Plate Current 14 mA
Grid-No.3 Current 1.5 mA
Grid-No.1 Voltage (Approx.) for total plate current of 10 uA ... —13 volts

6JK6 Refer to chart at end of section.

6JK8 Refer to chart at end of section.

6JM6 Refer to chart at end of section.

6JM6A

17IM6A BEAM POWER TUBE

Duodecar types used as horizontal-amplifier tubes in
color and black-and-white television receivers. Outlines
section, 39A; requires duodecar 12-contact socket. Type
17JM6A is identical with type 6JM6A except for heater
ratings.

6IJM6A 17JM6A

Heater Voltage (ac/de) ...............ccveviun.. 6.3 16.8 volts
Heater Current ................................... 1.2 0.45 amperes
Heater Warm-up Time (Average) .................. —_ 11 seconds
Heater-Cathode Voltage:

Peak wvalue ............... ... . . ... ..l 3200 max =200 max volts

Average value ................................ 100 max 100 max volts
Divect Interelectrode Capacitances:

Grid No.l1 to Plate . ... . ... ... ... ... ............... 0.6 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ..... ... 16 pF

Plate to Cathode, Heater, Grid No. 2, and Grid No. 8 .......... 7 pF

Class A, Amplifier
Triode**
CHARACTERISTICS Pentode Connection Connection
Plate Voltage ....................... 5000 55 250 150 volts
Grid-No.3 (Suppressor-Grid) ......... Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage ... .. 150 150 150 150 volts
Grid-No.1 (Control-Grid) Voltage — 0 —22.5 -—22.5 volts
Plate Resistance (Approx.) .......... — — 15000 — ohms
Transconductance ................... — — 7300 — pmhos
Plate Current ....................... — 345* 65 — mA
Grid-No.2 Current ................... —_ 30* 1.8 —_ mA
Grid-No.1 Voltage (Approx.) for plate
current of 1 pA ... ............... —100 — —42 —_— volts

Amplification Factor ................ — — — 4.4
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance ... ... ... ... ... ... ............... 1 megohm

¢ This value can be measured by a method utilizing a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

** Grid No.2 tied to plate.
Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage ... .. ... ... ... i 770 volts
Peak Positive-Pulse Plate Voltage# .............................. 6500 volts
Peak Negative-Pulse Plate Voltage .............................. 1500 volts

DC Grid-No.3 Voltage ............ .. it 0 volts
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DC Grid-No.2 Voltage .............cciiiiiiiiiiiiiiiniieernnnens 220 volts
DC Grid-No.1 Voltage, Negative-bias value ...................... 65 volts
Peak Negative-Pulse Grid-No.1 Voltage .......................... 330 Volts
Average Cathode Current .................. ... ....iiverrnnnnans 175 mA
Peak Cathode Current ................... .. ... iiiiiiiiiiianns 550 mA
Plate Dissipation## ....... ... ... . i i 17.5 watts
Grid-No.2 Input ... . i ittt 2328 wat;t(s}

Bulb Temperature (At hottest point) .......... ... ...............
# Pulse duration must not exceed 15¢, of a horizontal scanning cycle (10 microseconds).
## A bias resistor or other means is required to protect the tube in absence of excitation.

BEAM POWER TUBE 12IN6, 17IN6
Duodecar type used as horizontal-amplifier tube in
color and black-and-white television receivers. Outlines
section, 15A; requires duodecar 12-contact socket. This
type is electrlcally identical with type 6JM6 except
that it has a slightly lower grid-No.l-to-plate capaci-
tance. Types 12JN6 and 17JN6 are identical with type
6JN6 except for heater ratings.

6JN6 12JN6 17JNé

Heater Voltage (ac/dc) ......................... 6.3 12.6 16.8 volts
Heater Current .................. ...... .. ....c. 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) ............... — 11 11 seconds
Direct Interelectrode Capacitances:
Grid No.1 to Plate ...... ... .. .. .. ...ouuir e 0.34 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ......... 16 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ............ 1 pF
MEDIUM-MU TRIODE— 6JN8

SHARP-CUTOFF PENTODE 19IN8/19CLSA
Miniature type used as FM converter and rf amplifier
in radio receivers. Outlines section, 6B; requires minia-
ture 9-contact socket. Type 19JN8/19CL8A is identi-
cal with type 6JN8 except for heater ratings.

19JN8/
6INS8 13CLSA
Heater Voltage (ac/de) ........... ... .............. 6.3 18.9 volts
Heater Current .......................... ... .c.... 0.45 0.15 ampere
Heater Warm-up Time (Average) .................. 11 — seconds
Heater-Cathode Voltage:
Peak value .......... ... ... ... ... il +200 max 200 max volts
. Average value ............. ... ... ... ... .. 100 max 100 max volts
Direct Interelectrode Capacitances :*
Pentode Unit:
Grid No.1 to Plate ... ... ... .. ... ... ... ... ... . ... ... ..... 0.01 pF
Gré(ill NIO .1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal
feld . e 5.5 pF
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal
Shield ... ... .. 3.4 pF
Triode Unit:
Grid to Plate . ... ... ... .. . . . ... e 1.7 pF
Grid to Cathode, Heater, Pentode Cathode, Grid No.3,
and Internal Shield ...... ... .. ... ... .. . ... ... .. ... . 3.2 pF
Plate to Cathode, Heater, Pentode Cathode, Grid No.3,
and Internal Shield ......... ... ... ... . ... ... ... .. 2.2 pF

* With external shield connected to cathode of unit under test.

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage .......... ... ... .....c.ccciiiii.. 300 300 volts
Grid-No.2 (Screen-Grid) Supply Voltage ........ .. .. — 300 volts

Grid-No.2 Voltage ................................. — See curve page 300
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Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts
Plate Dissipation ............... ... . .cciiiiiiii... 2.5 2.5 watts
Grid-No.2 Input: .
For grid-No.2 voltages up to 150 volts ........... -—_— 0.55 watt
For grid-No.2 voltages between 150 and 300 volts —- See curve page 300
CHARACTERISTICS
Plate Voltage .......... ... ... ..o iiiiiiiiiiiinn, 125 125 volts
Grid-No.2 Voltage ................cviiiiivviiann.. —_ 125 volts
Grid-No.l Voltage ................................. —1 —1 volt
Amplification Factor .. ............................ 46 —_
Plate Resistance (ApPpProx.) ...........ceeeveennnn... 5400 200000 ohms
Transconduetance ................cciiiiiiiiaaa, 8500 7500 smhos
Plate Current ......... ... ... cciiiiieiiaiiianann 13.5 12 mA
Grid-No.2 Current ................ccoiuiiiniiiionn. — 4 mA
Grid-No.1 Voltage (Approx.) for plate current of
0 A e —8 —8 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ........................ 2.2 2.2 megohms
For cathode-bias operation .................... 2.2 2.2 megohms
6" Q6 BEAM POWER TUBE

12JQ6, 175Q6, with integral diode

Miniature type featuring integral diode, internally
connected to grid No.3, used in feedback-stabilized
vertical-deflection-amplifier applications in color and
black-and-white television receivers. Outlines section,
6G; requires miniature 9-contact socket. Types 12JQ6
and 17JQ6 are identical with type 6JQ6 except for
heater ratings.

6JQ6 12JQ6
Heater Voltage (ac/de) .............. 6.3 12.6
Heater Current ...................... 1.2 0.6
Heater Warm-up Time (Average) .... — 11
Heater-Cathode Voltage:
Peak value ...................... #+200 max #+200 max
Average value .. ................. 100 max 100 max

Direct Interelectrode Capacitances:
Grid No.l to Plate .. ... ..... ... .. iiu i,
Grid No.l1 to Cathode, Heater, Grid No.2, Grid No.3,
and Diode Plate ... ......... ... ... .. .. ..ciiiiaiiii..,
Plate to Cathode, Heater, Grid No.2, Grid No.3,
and Diode Plate ....... ... .. .. .. i

CHARACTERISTICS

Plate Voltage .......... ... ... iiiiiiiiinin.. 40
Grid-No.3 (Suppressor-Grid) Voltage .............. 0
Grid-No.2 (Screen-Grid) Voltage .................. 120

Grid-No.1 (Control-Grid) Voltage ..................
Triode Amplification Factore ......................

Plate Resistance (Approx.) ........................

Transconductance ...............c.cciiiieeiennnnannn. —_
Plate Current .................... ... ... .. .. ..... 150#
Grid-No.2 Current ................................ 20#
Grid-No.1 Voltage for plate current of 1 mA ...... —

Instantaneous Diode-Plate-to-Cathode Voltage Drop
for Instantaneous Diode-Plate Current of 2 mA .. —

Vertical-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)
DC Plate Voltage . ...ttt iiaiannn.

Peak Positive-Pulse Plate Voltage
(Absolute-Maximum Value)* .................................

DC Grid-No.3 and Diode-Plate Voltage ..........................

*+200 max
100 max

0.32

volts
amperes
seconds

volts
volts

pF
pF
pF

volts
volts
volts
volts
ohms
umhos
volts

volts

volts

volts
volts
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DC Grid-No.2 Voltage .............c.oviviiiiiinniiinninnannnnain, 330 volts
Peak Negative-Pulse Grid-No.1 Voltage ............... terersrsees 150 volts
Average Cathode Current ...................................... 70 . mA
Peak Cathode Current ......................................... 250 mA
Average Diode-Plate (and Grid-No.3) Current .................... 1 mA
Plate Dissipation ....... ... ... ... .. . ... 10 watts
Grid-No.2 Input ......... ... ... ... .0 . . . . . . ... .. 2 watts
Bulb Temperature (At hottest point) ............................ 240 °C
TYPE 6JQ6 TYPE 6JQ6

- GRID-No.2 VOLTS=140 GRID NoJl VOLTS =0
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MAXIMUM CIRCUIT VALUES
Grid-No.1—Circuit Resistance:
For grid-No.l-resistor-bias operation 2.2 megohms
For cathode-bias operation .......................... 2.2 megohms

'Glx;id No.3 and diode plate connected to cathode, and grid-No.2 connected to plate at
socket.

# This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

* Pulse duration must not exceed 15% of a vertical scanning cycle (2.6 milliseconds).

6JR6

BEAM POWER TUBE 17IR6, 223R6, 33IR6

Novar type used for horizontal-deflection amplifier
service in low B+, black-and-white television receivers.
Outlines section, 31D; requires novar Y-contact socket.
Types 17JR6, 22JR6 and 33JR6 are identical with type

QU 6JR6 except for heater ratings.
6JR6 17JR6 22JR6 33JR6

Heater Voltage (ac/dc) 6.3 16.8 22 33 volts
Heater Current ........ 1.6 0.6 0.45 0.3 amperes
Heater Warm-up Time

(Average) ......... — 11 11 11 seconds
Heater-Cathode Voltage:

Peak value ........ *+200 max *+200 max *+200 max +200 max volts

Average value ... .. 100 max 100 max 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):

Grid No.l to Plate .................0 . ... ... ............ 0.7 pF

Grid No.I to Cathode, Heater, Grid No.

and Grid No.3 ............ .. .. ... 22 pF
Plate to Cathode, Heater, Grid No.2,
and Grid No.3 ... ... .. . 9 pF
Class A, Amplifier
Triode*

CHARACTERISTICS Connection Pentode Connection
Plate Voltage ...... ............. 125 — 6O 130 volts
Peak Positive-Pulse Plate Voltage# — 6500 — — volts
Grid No.3 (Suppressor Grid) ...... Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage .. 125 125 125 125 volts
Grid-No.1 (Control-Grid) Voltage . —20 — 0 —20 volts
Plate Resistance {Approx.): —_ — — 18000 ohms

Transconductance ................ — — 7000 umhos
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Plate Current .................... — — 4703 45 mA
Grid-No.2 Current ............... — — 32t 1.5 mA
Grid-No.1 Voltage for plate .
current of 1 mA ........... ... — —175 — —32 volts
Amplification Factor ............ 4.7 — — —
g GJRG)J/’L/ T one SRID-N. 3 CONNECTED 70
Tz O O o0 At lizs, CATHODE AT SOCKET.
2 SOCKET. 'g o GRID-No.{ VOLTS =0
d GRID-No.ZVOLTS=128] &  Hio00 ——
7] f w
4] °°§ a i
- ‘ﬁl‘_‘\fs 2 800 :E
{ —No.} ] —
300 —JeRe® Ly 75§ 3 600 E=CRI0-Na2 VOLTS ECp* 125
{ Ec|'° .J—' ;!J w 100
200 } ~ S0 % % 400, 75
= \ I S oy 2 2 50
2 100 =1 _N‘J_ PLE: 200 =
—— d o g o 200 300 400

100
o= PLATE VOLTS  pacs-raesarz
PLATE VOLTS  wocs-rsssre

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Ratings)
Plate Supply Voltage ....... . ... . ... ... ... . . . . 770 volts

Peak Positive-Pulse Plate Voltage# 6500 volts
Peak Negative-Pulse Plate Voltage 1500 volts
Grid-No.3 Voltages ... . .. . 75 volts
Grid-No.2 Voltage 220 volts
Grid-No.1 Voltage, Negative-bias value ....... ... ... ... ..... ... .. 55 volts
Peak Negative-Pulse Grid-No.1 Voltage .......................... 330 volts
Peak Cathode Current ................. ... ... .. .....ciuiin. 950 mA
Average Cathode Current ........... ... ... .. .. ... ............. 275 mA
Grid-No.2 Imput ... ... .. ... ... ... ... . ... .. ... i 3.5 watts
Plate Dissipatione . ... ... ... ... .. ... .. 17 watts
Bulb Temperature (At hottest point) ............................ 240 °C
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

Cathode bias (with min. Rx = 100$2) ..... . ... .. ... ... ... .. 1 megohm

Grid-leak bias (with signal peak clamped to zero bias) ... ... 10 megohms

Fixed bias (where positive grid current is not drawn) ... .. .. 0.47 megohm

* Grid No. 2 connected to plate at socket.

# Pulse duration must not exceed 159% of one horizontal scanning cycle (10 microseconds).
1 This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

= In this service, a positive value may be applied to grid No.3 to minimize “snivets” inter-
ference; a typical value for this voltage is 30 volts. A

* A bias resistor or other means is required to protect the tube in absence of excitation.

63.;863\ Refer to chart at end of section.
6JS6C BEAM POWER TUBE

23JS6A, 31JS6C
Duodecar types used as horizontal-deflection amplifiers
in color and black-and-white television receivers. Out-
lines section, 16B; requires duodecar 12-contact socket.
Types 23JS6A and 31JS6A are identical with type
6JS6C except for heater ratings. 12FY
6JS6C 23JS6A 31JS6A
6.3 23.6 31.5

Heater Voltage (ac/dc) ............ ..

volts
Heater Current ...................... 2.25 0.6 0.45 amperes
Heater Warm-up Tme (Average) .... — 11 11 seconds
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Heater-Cathode Voltage:

Peak value ............... ... .. .. #+200 max *200 max +200 max volts

Aversge value .............. .. .. 100 max 100 max 100 max volts
Direct Interelectrode Capacitances :

Grid No.l to Plate . .............. ... ........ ... .......... 0.7 pF

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .. . 24 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ..... ..... 10 pF

Class A, Amplifier
Triodet¥

CHARACTERISTICS Connection Pentode Connection
Plate Voltage .. ... ... .. ............ 125 5000 60 175 volts
Grid No.3 (Suppressor Grid) ..... . - - Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage .. .. 125 125 125 125 volts
Grid-No.1 (Control-Grid) Voltage .... —25 — 0 —25 volts
Plate Resistance (Approx.) — — - 5500 ohms
Transconductance ......... .. ... — — 11500 umhos
Plate Current .. — -— 130 mA
Grid-No.2 Current ... — — 2.8 mA
Grid-No.1 Voltage (Appr

current of 1 mA . ..., ... .... -~ —125 — -—54 volts
Triode Amplification Factor .......... 3 — — —

t This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

7t Grid No.2 connected to plate.

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system
MAXIMUM RATINGS (Design-Maximum Values)
DC Plate Supply Voltage ..., 990 volts

Peak Positive-Pulse Plate Voltage# 7500 volts
Peak Negative-Pulse Plate Voltage 1200 volts
DC Grid-No.3 Voltage .......... 15 volts

DC Grid-No.2 Voltage ........... ... .. ... ... .. ....... . 220 volts
Peak Negative-Pulse Grid-No.1 Voltage .. Lo . E

Average Cathode Current L. .
Peak Cathode Current ...... S . - 1200 mA

Plate Dissipation®* ... .. 30 watts
Grid-No.2 Input .. ............. .. ... . . 5.5 watts
Bulb Temperature (At hottest point) ........ 225 °
MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance
For grid bias feedback HV regulation 0.47 megohm
For dc or pulse shunt HV regulation 10 megohms

# Pulse duration must not exceed 1574 of one horizontal =canning cycle (10 microseconds).
** A bias resistor or other means is required to protect the tube in absence of excitation
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Refer to chart at end of section. 6JT6
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6JT6A BEAM POWER TUBE

12)T6A, 17IT6A
Novar types used as horizontal-deflection amplifiers in
high-efficiency deflection circuits of black-and-white
television receivers employing wide-angle or high-
voltage picture tubes. Outlines section, 31A; requires novar 9-contact socket.
Types 12JT6A and 17JT6A are identical with type 6JT6A except for heater
ratings.

6JT6A 12JT6A 17JT6A

Heater Voltage (ac/de) ......................... 6.3 12.6 16.8 volts
Heater Current ................ .....cevernnains 1.2 0.6 0.45 amperes
Heater Warm-up Time (Average) ............... _— 11 11 seconds
Heater-Cathode Voltage:

Peak value ................. ... ... ... 200 max *+200 max =200 max volts

Average value ........................ 100 max 100 max 100 max volts
Direct Interelectrode Capacitances:

Grid No.1 to Plate ......... . ittt it 0.26 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 15 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 .......... 6.5 pF

Class A, Amplifier
Pentode Triode*
CHARACTERISTICS Connection  Connection
Plate VoltaZe ... ...... ... it 60 250 150 volts
Grid-No.3 (Suppressor Grid) ................... Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage ............... 150 150 150 volts
Grid-No.1 (Control-Grid) Voltage .............. [} —22.5 —22.5 volts
Triode Amplification Factor .................... — —_ 4.4
Plate Resistance (Approx.) .................... — 15000 — ohms
Transconductance ...............cccovvnriananne — 7100 —_— pmhos
Plate Current ............ .. evruiiereriennennn 390« 70 — mA
Grid-Na.2 Current ..........coiiiivorennanreans 32= 2.1 — mA
Grid-No.1 Voltage (Approx.) for plate current of
MA e e ey — —42 —_ volts

* Grid No.2 connected to plate.
e This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Horizontal-Deftection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)

DC Plate Supply Voltage . ... ... ...ttt 770 volts
Peak Positive-Pulse Plate Voltage# .. 6500 volts
Peak Negative-Pulse Plate Voltage 1500 volts
DG Grid-No.3 Voltage* 70 volts
DC Grid-No.2 Voltage 220 volts
DC Grid-No.l Voltage, Negative-bias value .. 65 volts
Peak Negative-Pulse Grid-No.l Voltage ......................... 330 volts

TYPE 6JT6A

GRID No.3 CONNECTED TO

500} | CATHODE AT SOCKET.
GRID-No.2 VOLTS={50

oy W i T
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Peak Cathode Current ....................cccoiiiiiiiiiiininnnn. 550 mA
Average Cathode Current . 1756 mA
Plate Dissipationf 17.5 watts
Grid-No.2 Input ................... . 3.5 watts
Bulb Temperature (At hottest point) ... ... 240 °C
MAXIMUM CIRCUIT VALUE

Grid-No.1-Circuit Resistance, for grid-resistor-bias operation ...... 1 megohm

# Pulse duration must not exceed 159, of a horizontal scanning cycle (10 microseconds).

4 A positive voltage may be applied to grid No.3 to reduce interference from ‘‘snivets’” which
may occur in television receivers. A typical value for this voltage is 30 volts.

T A bias resistor or other means is required to protect the tube in absence of excitation.

HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE 6;‘!;!;8

Neonoval type with frame-grid pentode unit used in
color and black-and-white television receivers. The
triode unit is used as a voltage-amplifier or sync-
separator tube, and the pentode unit is used as a
video-amplified tube. Qutlines section, 10A, except base
is small-button miniature 9-pin; requires miniature 9-
contact socket. Type 10JT8 is identical with type

90X 6JT8 except for heater ratings.
GJTB 10JT8
Heater Voltage (ac/de) ........ 10.2 volts
Heater Current .................. Q. 725 0.45 ampere
Heater Warm-up Time (Average) 11 seconds
Heater-Cathode Voltage: 1200 max =200 max volts
Peak value ................... 100 max 100 max volts
Average value ............ ... ... ... ool
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage ......................... 330 330 volts
Grid-No.2 (Secreen-Grid) Supply Voltage —_ 330 volts
Grid-No.2 Voltage — See curve page 300
Grid-No.1 (Control-Grid) Voltage, Positive-bias value (1] 0 volts
Plate Dissipation ...................0iiiiiann cees 1 4 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 165 volts ........ — 1.1 watts
For grid-No.2 voltages between 165 and 330 volts — See curve page 300
CHARACTERISTICS
Plate Supply Voltage ............................ 250 50 200 volts
Grid-No.2 Supply Voltage ......................... — 100 100 volts
Grid-No.1 Voltage ..................civviiinvian —2 0 — volts
Cathode-Bias Resistor ............................. — —_ 82 ohms
Amplification Factor .............................. 100 —_ _—
Plate Resistance (Approx.}) ....................... 37000 — 50000 ohms
Transconductance ...............c.iiivunniiann e 2700 — 20000 pmhos
Plate Current .................. ... ... ... ol 1.5 55e 17 mA
Grid-No.2 Current ............... . .cciiiiinrun.nns _ 18e 3.5 mA
Gnd-No 1 Voltage (Approx.) for plate current of
....................................... —_ —_ —5 volts
Gnd-Nol Voltage (Approx.) for plate current of
—5.3 — — volts

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:
For fixed-bias operation ...................... 0.6
For cathode-bias operation .................... 1
‘Thls value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

0.25 megohm
1 megohm

BEAM POWER TUBE 22JU6
Novar type used as horizontal-deflection amplifier in
color television receivers. Outlines section, 18E or 18F;
requires novar 9-contact socket. Type 22JU6 is iden-
tical with type 6JU6 except for heater ratings.
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6JUS6 22JU6

Heater Voltage (ac/de) .................c..covin. 6.3 20 volts
Heater Current ................................... 1.6 0.45 amperes
Heater Warm-up Time .......................... —_ 11 seconds
Heater-Cathode Voltage: )

Peak value ...............coiiiiiiiiiiiiiannns +200 max =200 max volts

Average value FR 100 max 100 max volts
Direct Interelectrode Capacitances:

Grid No.1 to Plate ... . ... ... 1.2 pF

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 ...... 22 pF

Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 9 pF

Class A, Amplifier
Triode}

CHARACTERISTICS Connection Pentode Connection
Plate Voltage ...................... 125 — 50 130 volts
Peak Positive-Pulse Plate Voltage# .. — 6500 — — volts
Grid No.3 (Suppressor Grid) ........ Connected to cathode at socket
Grid-No.2 (Screen-Grid) Voltage .... 125 5 125 125 volts
Grid-No.1 (Control-Grid) Voltage .... —20 — 0 —20 volts
Amplification Factor ................ 4.7 —_ —_ —_
Plate Resistance (Approx.) .......... — — — 18000 ohms
Transconductance .................... — - — 7000 pmhos
Plate Current ...................... — — 470%% 45 mA
Grid-No.2 Current .................. —_ — 321+ 1.6 mA
Grid-No.1 Voltage for plate current

of 1 mA ................. ..., - —175 — —32 volts

Horizontal-Deflection Amplifier
For operation in a 525-line, 30-frame system

MAXIMUM RATINGS (Design-Maximum Values)
DC Plate Supply Voltage . ............. 770 volts
Peak Positive--Pulse Plate Voltage# . . 6500 volts
Peak Negative-Pulse Plate Voltage ..... . . 1500 volts
DC Grid-No.3 Voltages .............. 5 volts
DC Grid-No.2 Volage . ... .. ..ot 220 volts
DC Grid-No.1 Voltage, Negative-bias value ...................... 55 volts
Peak Negative Pulse Grid-No.1 Voltage .......................... 330 volts
Peak Cathode Current ........... ... ... ... ... i, 950 mA
Average Cathode Current 276 mA
Grid-No.2 Input ............... 3.6 watts
Plate Dissipationss . . L 17 watts
Bulb Temperature (At hottest point) ........... ... .o 240 °C
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For grid-resistor-bias operation .............................. 0.47 megohm

For plate-pulsed operation ................. ... ... ... ... 10 megohms

# Pulse duration must not exceed 15¢4 of one horizontal scanning cycle (10 microseconds).

+ Grid No.2 connected to plate.

+1 This value can be measured by a method involving a recurrent waveform such that the

maximum ratings of the tube will not be exceeded.

» In this service, a positive value may be applied to grid No.3 to minimize ‘‘snivets” inter-

ference; a typical value for this voltage is 30 volts.

us A bias resistor or other means is required to protect the tube in absence of excitation.
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Refer to chart at end of section. 6JU8
QUADRUPLE DICDE 6JU8A
8JUSA

Miniature type used in phase-detector and noise-im-
mune color-killer circuits of color television receivers,
and in bridge-matrixing circuits in FM stereo multiplex
equipment. Outlines section, 6B; requires miniature 9-
9pPQ contact socket. Units 1 and 2 are shielded from units

3 and 4 to minimize coupling between the series-
connected pairs of diodes. Type 8JUBA is identical with type 6JU6A ex-
cept for heater ratings.

6JUSA 8JUSA
Heater Voltage (ac/de) ...............coviiiions, 6.3 8.4 volts
Heater Current ..................cieievinnnnnnnn 0.6 0.45 ampere
Heater Warm-up Time .......cccvtiiienvrnnnnonennn — 11 seconds
Peak Heater-Cathode Voltage ..................... +300 max =300 max volts
Direct Interelectrode Capacitances (Approx.):
Plate of Unit No.l1 and Cathode of Unit No.2 to Cathode of
Unit NO.l . i i i i e 1.8 pF
Plate of Unit No.1 and Cathode of Unit No.2 to Plate of
Unit No.2 ... i e e it 2.2 pF
Plate of Unit No.2 to Heater and Internal Shield ... ......... 0.62 pF
Plate of Unit No.3 and Cathode of Unit No.4 to Cathode of
Unit No.3 ... i i e 1.9 pF
Plate of Unit No.3 and Cathode of Unit No.4 to Plate of
Unit No.d i ey 2.2 pF
Plate of Unit No.4 to Heater and Internal Shield ............ 0.94 pF
Cathode of Unit No.1 to Heater and Internal Shield ......... 1.8 pF
Cathode of Unit No.3 to Heater and Internal Shield .......... 1.9 pF
MAXIMUM RATINGS (Design-Center Values, Each Diode Unit)
Peak Inverse Plate Voltage ............. .. ... oiiiiiiiiiiiinvennn 300 volts
Peak Plate Current ............. ... ittt imiiiiirriiirenanaaes 54 mA
Average Qutput Current ............ ... . ciiiiiiiiiiiiainieriaen . 9 mA
CHARACTERISTIC, Instantaneous Value (Each Unit)
60 mA

Plate Current for plate voltage of 10 volts ......................

HIGH-MU TRIODE— 6JV8
SHARP-CUTOFF PENTODE syvs
Miniature type used in television receiver applications,
particularly those having low-voltage “B” supplies.
The triode unit is used in sound-if, keyed-age, sync-
separator, sync-amplifier, and noise-suppression cir-
cuits. The pentode unit is especially useful as a video
amplifier tube. Outlines section, 6E; requires minia-
ture 9-contact socket. Type 8JV8 is identical with type

9DX 6JV8 except for heater ratings.
6JVS 8JVs
Heater Voltage (ac/de) ............ 6.3 8.6 volts
Heater Current ..................... . 0.6 0.45 ampere
Heater Warm-up Time (Average) 11 11 seconds
Heater-Cathode Voltage:
Peak value .......... ... .cciiiiiiiiiiiiiiiienn *200 max =*200 max volts
Average value ................ .. .. .ooeian 100 max 100 max volts
Direct Interelectrode Capacitances (Approx.):
Triode Unit:
Grid to Plate ............. . it i it 2.2 pF
Grid to Cathode and Heater ....................c0oviiiinnnn 3 pF
Plate to Cathode and Heater .............................. 2 pF
Pentode Unit:
Grid No.l to Plate ....... ... . .. ... ... iiiiiiiiiiina.nnas 0.08 max pF
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and 8 F
D

Internal Shield ..............c.ciiiiiiiiiiiiiiiiiiiiiiiee,
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Piate to Cathode, Heater, Grid No.2, Grid No.3 and

Internal Shield .................... . .. 3.2 pF
Pentode Grid No.l to Triode Plate 0.012 max pF
Pentode Plate to Triode Plate ...... 0.24 max pF

Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Voltage .............. ... .cciiiiiiieviniannn 330 330 volts
Grid-No.2 (Sereen-Grid) Voltage ................. . — 330 volts
Grid-No.1 (Control-Grid) Voltage:

Positive-bias wvalue ............................ 0 0 volts

Negative-bias value ........................... 50 50 volts
Plate Dissipation ...................c00iiiiiiinn. 1.1 4 watts
Grid-No.2 Input ...... e e - 1.7 watts
CHARACTERISTIC Triode Unit Pentode Unit
Plate Voltage ................... 200 60 125 200 volts
Grid-No.2 Voltage ................ ven — 200 125 200 volts
Grid-No.1 Voltage ................ . —2 0 —1 —2.9 volts
Amplification Factor ................ 70 —_ — —
Plate Resistance (Approx.) .......... 0.0175 — 0.1 0.15 megohm
Transconductance .................... 4000 -— 11500 10700 umhbos
Plate Cwrrent ...................... 4 51e 22 22 mA
Grid-No.2 Current ................... — 14+ 4 4 mA
Grid-No.1 Voltage (Approx) for plate

current of 20 uA ... ........... —5 — —5.5 —9 volts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Current Resistance:

For fixed-bias operation .................... .. 0.5 0.25 megohm

For cathode-bias operation .................... 1 1 megohm

¢ This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

TYPE 6UV0
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6JW8/

5IW8 MEDIUM-MU TRIODE—

SIWe PCEs0s SHARP-CUTOFF PENTODE
Miniature type used as horizontal-oscillator and fre-
quency-control tube in color and black-and-white tele-
vision receivers, Outlines section, 6B; requires minia-
ture 9-contact socket. Types 5JW8, 6L.X8/LCF802 and
9JW8/PCF802 are identical with type 6JW8/ECF802
except for heater ratings.

6JWS8/ 6LX8/ 9JW8/
5JW8 ECF802 LCF802 PCF802
Heater Voltage (ac/dc) .. 4.1 6.3 6 9 volts
Heater Current .......... 0.6 0.43 0.45 0.3 ampere
Heater Warm-up Time
(Average) ............ 11 — — — seconds
Heater-Cnt,hode Voltage:
Peak value .......... +200 max +200 max *200 max *200 max volts

Average value ....... 100 max 100 max 100 max 100 max volts
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Class A, Amplifier

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit
Plate Supply Voltage .....................ccoi.... 550 550 volts
Plate Voltage ....... ... iiiiiiiiiiiinannnn. 250 250 volts
Grid-No.2 (Screen-Grid) Supply Voltage ............ — 550 volts
Grid-No.2 Voltage ..............c..iiiiiuninirennns — 250 volts
Peak Cathode Currents .......................,.. — 50 mA
Cathode Current .............................c.u.. 10 15 mA
Plate Dissipation ........... .. ... ... il 14 1.2 watts
Grid-No.2 Input ................ ... .. ... ... ..... — 0.8 watts
Input Impedance at 60 HZ .....covvneennnnnnnnennnss 50 300 kohms
CHARACTERISTICS
Plate Voltage ........ ... ... ... ... ... ... .. ... 200 100 volts
Grid-No.2 Voltage ............. ... ... .. .cooooiin _— 100 volts
Grid-No.1l (Control-Grid) Voltage .................. —2 —1 volts
Mu Factor, Grid-No.1 to Grid-No.2 ................ — 47
Amplification Factor .............................. 70 —
Input Resistance .................. ... ... ... ... ... 0.2 0.4 megohm
Transconduetance ............... ... .. i 3500 5500 pmhos
Plate Current ........... ... ... ... .ciiiiiiiiiniaan 3.5 6 mA
Grid-No.2 Current .............c..ceeniieineininiaen — 1.7 mA
Plate Current:

For grid-No.1 voltage of O volts ................ — 12.5 mA

For grid current of 10 puA ... ... ... ........ . 10 — mA
Grid-No.2 Current for grid-No.l voltage of 0 volts .. _— 3.5 mA
Grid-No.1 Voltage:

For grid-No.l current of -+0.3 gA ... ......... —1.3 —1.3 volts

For plate and grid-No.2 voltage of 200 volts

&nd plate current of 10 xA ............... . - —16 volts

MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ...................... — 0.56 megohm

For cathode-bias operation .................... 3 1 megohms

* With a maximum duty factor of 0.30 and maximum pulse duration of 30 microseconds,

Refer to chart at end of section. 6JZ6

®) MEDIUM-MU_TRIODE—
= N5 POWER PENTODE 6JZ8

13328, 17378, 24328,
25)78

" Duodecar type used in combined vertical-deflection-os-
cillator and vertical-deflection-amplifier applications in
television receivers. Outlines section, 8C; requires duo-
decar 12-contact socket. Types 13JZ8, 17JZ8, 24JZ8,

1202 and 25JZ8 are identical with type 6JZ8 except for
heater ratings.

6JZ8 13378 17JZ8 24328 25128

Heater Voltage (ac/dc) 6.3 12.7 16.8 24.2 25.2 volts
Heater Current ........ 1. 2 0.6 0.45 0.315 0.3 amperes
Heater Warm-up Time . 11 11 11 — seconds
Heater-Cathode Voltage:

Peak value ........ +200 max 200 max =*200max +200max =200 max volts

Average value ..... 100 max 100 max 100 max 100 max 100 max volts

Class A, Amplifier

CHARACTERISTICS Triode Unit Beam Power Unit
Plate Voltage .... P L L R L R U 150 45 120 volts
Grid-No.2 (Screen-Grid) Voltage . — 110 110 volts
Grid-No.1 (Control-Grid) Voltage —b 0 —8 volts
Amplification Factor ... 20 - —
Plate Resistance (Approx. .. - 8500 — 11700 ohms
Transconductance . PR 2350 - 7100 umhos
Plate Current ................................. 5.5 122s 46 mA
Grid-No.2 Current ........................... — 16.5= 3.5 mA

Grld-No.l Voitage (Approx.) for plate current
of BA e —10 - - volts
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of 10 A e - —_ —25 volts

» This value can be measured by a method involving a recurrent waveform such that the
maximum ratings of the tube will not be exceeded.

Grid-No.1 Voltage (Approx.) for plate current
0 4

Vertical-Deflection Oscillator and Amplifier
For operation in a 525-line, 30-frame system
Triode Beam Power

Unit Unit

MAXIMUM RATINGS (Design-Maximum Values) Oscillator  Amplifier
DC Plate Voltage ........ .. ..... ... .............. 250 250 volts
Peak Positive-Pulse Plate Voltage# RN — 2000 volts
DC Grid-No.2 Voltage ..... ............ .. — 200 volts
Peak Negative-Pulse Grid-No.l Voltage ........... 400 150 volts
Peak Cathode Current ............................ 70 245 mA
Average Cathode Current .......................... 20 70 mA
Plate Dissipatione ................................ 1 7 watts
Grid-No.2 Input .....................ccccivuuvuin. _ 1.8 watts
MAXIMUM CIRCUIT VALUES
Grid-No.1-Circuit Resistance:

For fixed-bias operation ...................... 1 1 megohm

For cathode-bias operation .................... 2.2 2.2 megohms

# Pulse duration must not exceed 159 of a vertical scanning cycle (2.5 milliseconds).
* A bias resistor or other means is required to protect the tube in absence of excitation.

6K5GT Refer to chart at end of section.

6K6GT POWER PENTODE

Glass octal type used in output stage of radio re-
ceivers and, triode-connected, as a vertical-deflection
amplifier in television receivers. This type may be sup-
plied with pin No.1 omitted. Qutlines section, 13D; re-
quires octal socket. This tube, like other power-han-
dling tubes, should be adequately ventilated.

Heater Voltage (ac/de) ....... .. ... ... i innnns 8.3 volts
Heater Current ........... ... .. .. ...ttt 0.4 ampere
Heater-Cathode Voltage:
Peak value ... ... .. ... .. #+200 max volts
Average VAIUE .. .. ... ... e 100 max volts
Direct Interelectrode Capacitances (Approx.):
Grid No.l to Plate ... ... ... . ... .. ... iiiiiiiiiniu.. 0.5 pF
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 .... 5.5 pF
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ........ 6 pF

Class A, Amplifier
MAXIMUM RATING (Design-Center Values)

Plate Voltage ... ... ... . . e 315 volts
Grid-No.2 (Screen-Grid) Voltage ..

Plate Dissipation 8.5 watts
Grid-No.2 Input 2.8 watts
TYPICAL OPERATION

Plate Voltage ............ ... cuiiieininnn.. 100 250 315 volts
Grid-No.2 Voltage ... ... ... ... ............... 100 250 250 volts
Grid-No.1 (Control-Grid) Voltage .............. —7 —18 —21 volts
Peak AF Grid-No.l1 Voltage .................... 7 18 21 volts
Zero-Signal Plate Current ............... ...... 9 32 25.5 mA
Maximum-Signal Plate Current ................ 9.5 33 28 mA
Zero-Signal Grid-No.2 Current .......... ....... 1.6 5.5 4.0 mA
Maximum-Signal Grid-No.2 Current .. 3 10 9 mA
Plate Resistance (Approx.) ........ . .. 104000 90000 110000 ohms
Transconductance .................. ... ....... 1500 2300 2100 pmhos
Load Resistance .............................. 12000 7600 9000 ohms
Total Harmonic Distortion ... ... .. ... ... ..... .. 11 11 15 per cent

Maximum-Signal Power OQutput ............... 0.35 3.4 4.5 watts
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TYPICAL PUSH-PULL OPERATION (Values are for two tubes) Fixed

Bias
Plate Supply Voltage .....................cc..u... 285
Grid-No.2 Supply Voltage ......................... 285
Grid-No.1 Voltage ................. ... civunnn.. —25.5

Cathode-Bias Resistor ............................ —_
Peak AF Grid-No.1-to-Grid-No.1 Voltage
Zero-Signal Plate Current ............... .. 55
Maximum-Signal Plate Current .

Zero-Signal Grid-No.2 Current .. 9
Maximum-Signal Grid-No.2 Current 17
Effective Load Resistance (Plate-to-plate} ........ 12000
Total Harmonic Distortion ........................ 1 g

0.

Maximum-Signal Power Output ..................

CHARACTERISTICS (Triode Connection)*

Plate Voltage .. ... ... . i et
Grid-No.1 Voltage ....... .. ... . . . it iiaiins
Plate Current ................ceiiiiiiniiaiiiii e
Transconductance ........ e
Amplification Factor ...... . . .
Plate Resistance (Approx.) ..... _......... . ... ... .
Grid-No.1 Voltage (Approx.) for plate current of 0.5 mA ........

MAXIMUM CIRCUIT VALUES

Grid-No.1-Cireuit Resistance:
For fixed-bias operation ... ....... .. .. ... .. ... .. .. . 0.,
For cathode-bias operation .............. .. ..................

* Grid-No.2 connected to plate.

Vertical Deflection Amplifier (Triode Connection)*

For operation in a 525-line, 30-frame system

MAXIMUM RATINGS

DC Plate Voltage .. ... ... e i
Peak Positive-Pulse Plate Voltage# (Absolute maximum) ........
Peak Negative-Pulse Grid-No.1 Voltage .................... ..
Peak Cathode Current . .
Average Cathode Current ..... .. . . . .
Plate Dissipation . .......... .. . .. e

MAXIMUM CIRCUIT VALUE
Grid-No.1-Circuit Resistance, for cathode-bias operation ..........

* Grid No.2 connected to plate.

Cathode
Bias
285 volts
285 volts
— volts
400 ohms
51 volts
55 mA
61 mA
9 mA
13 mA
12000 obms
4 per cent
9.8 watts
250 volts
—18 volts
37.56 mA
2700 pmhos
6.8
2500 ohms
—48 volts
0.1 megohm
0.5 megohm
315 volts
1200° volts
250 volts
75 mA
25 mA
7 watts
2.2 megohms

# Pulse duration must not exceed 15% of a vertical seanning cyele (2.5 milliseconds).

° Under no circumstances should this absolute value be exceeded.

Refer to chart at end of section.

Refer to chart at end of section.

Refer to chart at end of section.

6K7
6K7G
6K7GT

6K8
6K8G
6K8GT

6K11
6K11/6Q11
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6KAS8 HIGH-MU TRIODE— "
SKAS SHARP-CUTOFF PENTODE

Miniature type used in color and black-and-white tele- Kls A\
vision receivers. The triode unit is used in sync-sepa- e A
rator circuits; the pentode unit has two independent ¢/ \‘\‘ )
control grids and is used in gated-agec-amplifier and
noise-inverter circuits. QOutlines section, 6E; requires Pr Pp
miniature 9-contact socket. For curves of average SpPV

plate characteristics for triode unit, refer to type 6AWS8A. Type 8KAS is
identical with type 6KA8 except for heater ratings.

6KAS 8KAS
Heater Voltage (ac/de) ...............c.cvininn. 6.3 8.4 volts
Heater Current ...................... ............. 0.6 0.45 ampere
Heater Warm-up Time (Average) ................ 11 11 seconds
Heater-Cathode Voltage:
Peak value ........................ .. ... ..., +200 max =200 max volts
Average value .......... ... .. ... ..., 100 max 100 max volts

Direct Interelectrode Capacitances:
Triode Unit:

Grid to Plate . ......... .. ... .. 2.2 pF
Grid to Cathode, Heater, and Internal Shield .... ...... ... .. 2.8 pF
Plate to Cathode, Heater, and Internal Shield ............... 2.2 pF
Pentode Unit:
Grid No.l to Plate ....... .. ... ... . . ... ... ... . ... 0.1 max pF
Grid No.1 to Cathode, Heater, Grid No.
and Internal Shield ...................................... 9.5 pF
Grid No.1 to Grid No.3 .. 0.5 pF
Grid No.3 to Plate ........... ... .. .. ... ... 2.2 pF
Grid No.3 to All Other Electrodes, Heater, and Internal Shield 7 pF
Class A, Amplifier
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit
Plate Voltage .. ... ...t e 300 volts
Grid Voltage:
Positive-bias value ...........c..iiiiiiiiiiii i 0 volts
Negative-bias value ......... ... ... 0iiiiiiiiiiiiiiiiinnnnn., 50 volts
Plate Dissipation ........... . . i i 11 watts
CHARACTERISTICS Triode Unit Pentode Unit
Plate Supply Voltage ............................ 200 150 volts
Grid-No.3 Supply Voltage ........................ — 0 volts
Grid-No.2 Supply Voltage ........................ _ 100 volts
Grid-No.1 Supply Voltage ........................ —2 0 volts
Cathode-Bias Resistor ............................. —_ 180 ohms
Amplification Factor .............................. 70 —_
Plate Resistance (Approx.) ........................ 17500 100000 ohms
Transconductance, Grid No.1l to Plate ... ... ..... .. 4000 4400 pmhos
Transconductance, Grid No.3 to Plate ... .. ... ... .. — 600 umhos
Plate Current ............. ... ... iiieiiiiiii. 4 4 mA
Grid-No.2 Current ................ .. ... .. ... ... — 2.8 mA
Grid-No.1 Supply Voltage (Approx ):
For plate current of 10 gA ... ................. —5 —_ volts
For plate current of 20 ,uA .................. — -4 volts
Grid No.3 Supply Voltage (Approx.) for plate current
of 20 pA ... e — -7 volts
MAXIMUM CIRCUIT VALUES Triode Unit
Grid-Circuit Resistance:
For fixed-bias operation .. ............... ... ... ... .. ....... 0.25 megohm
For cathode-bias operation .................................. 1 megohm
Gated AGC Amplifier and Noise Inverter
MAXIMUM RATINGS (Design-Maximum Values) Pentode Unit
DC Plate Voltage .. ...... ... ..ot 300 volts
Peak Positive-Pulse Plate Voltage# ............................ 600 volts
Grid-No.3 (Control-Grid) Voltage:
Positive-bias value . ..... ... ... ... ... . . i i, 0 volts
Negative-bias value ..... .. .. . ... .. ... ... ... ... .. ... . . . ..., —100 volts
Grid-No.2 (Screen-Grid) Supply Voltage ......................... 300 volts
Grid-No.2 Voltage ... ... ... . ... ... i See curve page 300
Grid-No.1 (Control-Grid) Voltage:
Positive-bias value ..... ......... ... ... ... ... .. 0 volts

Negative-bias value ........... ... ... ... ... ... ...l —b0 volts
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Plate Dissipation .......... ... ... e 2 watts
Grid-No.2 Input:
For grid-No.2 voltages up to 150 volts ...................... 1.1 . watts
For grid-No.2 voltages between 150 and 300 volts ............ See curve page 300
MAXIMUM CIRCUIT VALUES
Grid-No.3-Circuit Resistance .................................... 0.68 megohm
Grid-No.1-Circuit Resistance:
For fixed-bias operation ........................ ... ... . ..... 0.5 megohm
For cathode-bias operation ....... .. ... ... ........ ... ........ 1 megohm

# Pulse duration must not exceed 15¢; of a horizontal scanning cycle (10 microseconds).

TYPE 6KAB
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BEAM POWER TUBE 6KD6

30KD6, 36KD6/40KD6
Duodecar type used as horizontal-deflection amplifier
in television receivers. Outlines section, 16C; requires
duodecar 12-contact socket. Types 30KD6 and 36KD6/

126W 40KD6 are identical with type 6KD6 except for heater
ratings.
6KD6 30KDé6 36KD6/40KD6

Heater Voltage ...................... 6.3 30 36 volts
Heater 