6217

MULTIPLIER PHOTOTUBE

10-Stage, Head-On Type
with |-1/2" Semi-Transparent Cathode and S-10 Response
TENTATIVE DATA

RCA-6217 is a head-on type of vacuum multiplier
phototube intended foruse incolor densitometers,
spectrometers, color comparators, flying-spot
generators,
other applications where
good red sensitivity

is desired.

signal and

The spectral response
of the 6217 covers the
range from about 3000 to
8000 angstroms, as shown
by the curve in Fig.l.
This curve also shows
that the 6217 has amaxi-
mum response which is
essentially flat over
the wide spectral
from about 3700
to 5600 (yellow) ang-
stroms and good re-
sponse through 6700
{red)

range
(violet)

angstroms.

Design features of
the 6217 include a semi-
transparent cathode
having a diameter of
inner glass surface of the

1-1/2
face end of the bulb, and ten electrostatically
focused multiplying stages. The relatively large

inches on the

cathode area permits very efficient collection
of light.

The 6217 is capable of multiplying feeble
photoelectric current produced at the cathode by an
average value of 600,000 times when operated with
a supply voltage of 1000 volts. The output current
of the 6217 is a linear function of the exciting
iilumination under normal operating conditions,

The frequency response of the 6217 is flat
up to a frequency of about 50 megacycles per
second above which the variation in electron

transit time becomes the l|imiting factor.
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DATA

General:

Spectral RESpONsSe. « v v v v v 4 v 4 4 v o 4 4 0 s

Wavelength Range of
Highest-Response Region . .

cathode, Semi-transparent:

$-10

. 3700 to 5600 angstroms

ShaPE. & v v v v v s e e e e e e e e e Circutar

window:
AFER o v 4 o ¢« o ¢ o o o« o o o 2 @ 1.8 sq. in.
Minimum Diameter . . . . . . . . . 1.5 in,
Index of Refraction. . . . . . 1.51

Direct interelectrode Capacitances:
Anode to Dynode N0.10. . . . . . .« . 4,2 uut
Anode to A1l Other Electrodes. . . . 6.5 puf

Overall Length « « v v & v 4 & v v o 5-5/8" + 3/16"
Seated Length., . « « v « v ¢ & 4 « o o« o y-7/8" = 3/16"
Maximum Diameter . . . . « & v & o &+ » & « o « 2-1/u4"
BUTD & v v v e v s v e e e e e e s e e e e e T-16
Base . . . Medium—Shell Diheptal 14-Pin, Non—hygroscopic

(JETEC No.B1y-38)
Mounting Position. « « v v« v v o v v v 4 4w 0w Any

Maximum Ratings, 4bsolute Values:

ANODE~SUPPLY VOLTAGE (DC or Peak AC)D. 1250 max. volts
SUPPLY VOLTAGE BETWEEN DYNODE No. 10
AND ANODE (DC or Peak AC). . 150 max. volts
ANCDE CURRENT:
Peak « « v o v o v 4 @ e e e e e s 7.5 max. ma
average® . . .. ... e . 0.75 max. ma
Average for Minimum Fatigue® ., . . . 0.1 max. ma
AMBIENT TEMPERATURE. « « v + 4 4 & o @ 75 max, OC

Characteristics Range Values for Equipment Design:
Under conditions withsupply voltage (E)across voltage
divider providing 1/6 of E between cathode and dynode
¥o.1; 1/12 of E for each succeeding dynode stage; and
1/12 of E between dynode No.10 and anode.

With E = 1000 volts (except as noted)

Min. Av. Max.
Sensitivity:
Anode, at 5400 angstroms . - 8500 - pamp/uwat t
Luminous:
Anode:™
At Ocps. « v . o . 10 24 - amp/1umen
At 100 Mc « .« + . . - 21 - amp/lumen
Cathode:
With Tungsten
Light source®. 20 40 - wamp/tumen
With Red-Infrared
Light Source (See
Fig.2)#. 0.05 - - pamp
Current Amplification® . . - 600000 -
Equivalent Anode—Dark
Current Input®*™*. -  1x108 2.5x1078 Tumen
Equivalent Noise Inputé¥ . -  ax10~11 - 1 umen

= Referred to cathode.

O  Averaged over any

interval of 30 seconds maximum.
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¥ith E = 750 volts (except as noted)

Min. 4v. Max.
Sensitivity:
Anode, at 5400 angstroms. — 850 - pamp/uwatt
Luminous:
Anode:*
At 0 CPSe v o 4 &« 4 - 2.4 - amp/1umen
Cathode:
With Tungsten
Light Source®. 20 40 - pamp/lumen
With Red-infrared
Light Source (See
Fig.2)#. 0.05 - - .amp

Current Amplification® . . - 60000 -

For conditions where the 1ight source is a tungsten-
filament lamp operated ata color temperature of 2870°K.
A 1ight input of 10 microlumens is used. The load
resistor has a value of 0,01 megohm.

For conditions the same as shown under (*) except that
the value of 1light flux is 0.01 Tumen and that 150
volts are applied between cathode and all other elec-
trodes connected together as anode.

# under the following conditions: Light incident on the
cathode is transmitted through a red-infrared filter
gcombination of Corning, Glass code Nos,3482 and 5850

ilters) from a tungsten—filament lamp Operated at a
color temperature of 28709K. The value of light flux
on the filter is 0.1 lumen. The load resistor has a
value of 0.01 megohm, and 150 volts are applied between
cathode_and all other electrodes connected together as
anode. This test evaluates the magnitude of the infra-
red response inthe tail of the response characteristic
and provides a critical criterion for the response in
the red band

Ratio of anode sensitivity tocathode sensitivity under
conditions of 28700k tungsten light input.

pDefined as the quotient of the dc anode dark current by
the anode luminous sensitivity. After tube has been in
the dark for 30 minutes, the equivalent dark-current
input is measured at a tube temperature of 259C and
with the supply voltage {E) adjusted to give an anode
tuminous sensitivity of 20 amperes per lumen. Dark
current caused by thermionic emission and ion feedback
may be reduced by the use of a refrigerant.

pefined as the value where the rms output current is
equal to the rms noise current determined under the
following conditions: Supply voltage (E) is 1000 volts,
250C tube temperature, ac-—amplifier bandwidth of 1
cycle per second, tungsten light source of 28700K
interrupted at a Yow audio frequency to produce incident
radiation pulses alternating between zero and the value
stated. The "on" period of the pulse is equal to the
"off* period. The output current is measured through
a filter which passes only the fundamental frequency
of the pulses.

*x

GENERAL CONSIDERATIONS

An electron multiplier is avacuum tube which
utilizes the phenomenon of secondary emission to
amplify signals composed of electron streams. In
the 6217 multiplier phototube, represented in
Fig.3, theelectrons emitted from the illuminated,
semi—-transparent cathode are directed by fixed
electrostatic fields to the first dynode (secon-
dary emitter}. The electrons impinging on the
dynode surface produce many other electrons, the
number depending on the energy of the impinging
electrons. These secondary electrons are then
directed by fixed electrostatic fields along
curved paths to the second dynode where they
produce more new electrons. This multiplying
process is repeated in each successive stage,
with anever-increasing stream of electrons until
those emitted fromthe last dynode (dynode No. 10)

are collected by the anode and constitute the
current utilized in the output circuit.

Dynode No. !0 is so shaped as to enclose
partially the anode and to serve as a shield for
it, inorder to prevent the fluctuating potential
of the anode from interferingwithelectron focus-
ing inthe interdynode region. Actually the anode
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Fig.1 - Spectral Sensitivity Characteristic of
Type 6217 which has S-10 Response. (Curve is
taken for Equal Values of Radiant Flux at
ALl Wavelengths.

consists of a grid which allows the electrons
from dynode No.9 to pass through it to dynode
No.10. Spacing between dynode No. !0 and anode
creates a collecting field such that all the
electrons it emits are collected by the anode.
Hence, the output current is substantially in-
dependent of the instantaneous positive anode
potential over a wide range. As a result of
this characteristic, the 6217 can be coupled to
any practical load impedance.



The shield which extends between dynode No. |
and the anode shields dynode No. | and the cathode
from the anode and prevents ion feedback. if
positive ions produced inthe high-current region
near the anode were allowed to reach the cathode

or the initial dynode stages, they would cause
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CURVE A: SPECTRAL CHARACTERISTIC OF LIGHT
SOURCE AT COLOR TEMPERATURE OF
2870° K
S CURVE B: SPECTRAL CHARACTERISTIC OF LIGHT
P e FROM 2870°K SOURCE AFTER PASSING
! THROUGH RED-~INFRARED FILTER (COM-
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Fig.2 - Spectral Characteristic of 2870°K Light
Source, and Spectral Characteristic of Light
from 2870°K Source After Passing Through
Indicated Filter.

the emission of spurious electrons which after
muitiplication would produce undesirable and often
uncontrollable regeneration. The metalliccoating
on the inner side wall of the glass bulb is con-
nected to the cathode, and serves not only to
prevent extraneous light from reaching dynode
No. |, but also to direct the electrons from the
cathode toward dynode No.l.

The grill through which the electrons reach
dynode No.l, is connected to dynode No. | and
serves along with the accelerating electrode as
an electrostatic shield for the open side of the
electrode structure.

when the 6217 is operated with a very low
cathode current, random variations occur in the
rate of electron emission, and are observed as
shot noise. Noise is also caused if the 6217 is
operated with a voltage in excess of the maximum
rating or if the voltage between dynode No.! and
the cathode is too fow. When too high a voltage
per stage is used, positive—ion feedback causes
regeneration, and when too lowa voltage isapplied
between dynode No.! and cathode, the electrons
from the cathode are not focused properly on
dynode No.| with the result that many electrons
are not channeled through the multiplier struc-
ture and gain issacrificed. In order to minimize
noise, it is recommended that the 6217 beoperated
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Fig.3 ~ Schematic Arrangement of
Type 6217 Structure.

with a voltage between dynode No.| and cathode
which is twice that between each of the succeeding
dynode stages, and that the supply voltage be
limited to 750 volts.

INSTALLATION and APPLICATION

The maximum ratings in the tabulated data
are limiting values abovewhich theserviceability
of the 6217 may be impaired from the viewpoint
of life and satisfactory performance. Therefore,
in order not to exceed these absolute ratings,
the equipment designer has the responsibility of
determining an average design value for each
rating below the absolute value of that rating
by an amount such that the absolute values will
never be exceeded under any usual condition of
supply~-voltage variation, load variation, or
manufacturing variation in the equipment itself.

The maximum ambient temperature as shown in
the tabutated data is a tube rating which is to
be observed in the same manner as other ratings.



This rating should not be exceeded because too
high a bulb temperature may cause the volatile
cathode surface and dynode surfaces to evaporate
with consequent decrease in the life and sensi-
tivity of the tube.

The operating stability of the 6217 is de~
pendent on the magnitude of the anode current and
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Fig.4 ~ Average Anode Characteristics of Type 6217.

its duration. When the 6217 is operated at high
values of anode current, a drop in sensitivity
(sometimes called fatigue) may be expected. The
extent of thedrop belowthe tabulated sensitivity
values depends on the severity of the operating
conditions., After a period of idleness, the 6217
usually recovers a substantial percentage of such
loss in sensitivity.

The use of an average anode current well below
the maximum rated value of 0.75 milliampere is

recommended when stability of operation is im=-
portant. When maximum stability is required, the
anode current should not exceed 100 microamperes.
The anode family for the 6217
Fig.4.
The range of sensitivity values is dependent
on the respective amplification of each dynode

is shown in
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Fig.5 - Average Characteristics of Type 6217.

stage. Hence large variations in sensitivity
can be expected between individual tubes of a
given type. The overall amplificationofa multi-
plier phototube is equal to the average amplifi-
cation per stage raised to the nth power, where
n is the number of stages. Thus, very small
variations in amplification per stage produce
very large changes inoverall tube amplificaticn.

Because these overall changes arevery large,
it isadvisable for designers to provide adequate



adjustment of the supply voltage per stage so as
to be able to adjust the amplification of indi~
vidual tubes to the desired design value. [t is
suggested that an overall voltage-adjustment
range of at least 2 to | be provided. When the
output current can be controlled by change in
the illumination of the photocathode of the
multiplier phototube, the required range of ad-
justment in the voltage per stage can be reduced.

Fig.b shows sensitivity and current ampli-
fication characteristics of the 6217.

Magnetic shielding of the 6217 may be neces-—
sary. It will be observed with certain orien-
tations of the 6217 that the earth's magnetic
field issufficient to cause anoticeable decrease
in the response of the tube. Therefore, it may
be desirable to provide magnetic shielding for
the 6217, particularly when it is to be used in
a strong magnetic field. The curve inFig.6 shows
the effect on anode current of variation in
magnetic-field strength under the conditions in-
dicated. With increase involtage above [00 volts
between cathode and dynode No. !, the effect of
the magnetic field will cause l|less decrease in
anode current.

Adequate light shielding should be provided
to prevent extraneous light from reaching any
part of the 6217. Although the metallic coating
on the inner side wall of the glass bulb serves
to reduce the amount of extraneous light reaching
the electrodes, it is inadequate to shield com-

pletely theentire structure fromextraneous light.

The use of a refrigerant, such as dry ice or
liquid air, to cool the bulb of the 6217 is
recommended in those applications where maximum
gain with unusually low dark current is required.

Do not expose the 6217 to intense ultraviolet
or visible radiation, evenwith novoltage applied

to the tube. Such exposure may cause an increase
in anode dark current of as much as |00 times.
After cessation of such irradiation, the dark

current drops rapidly but remains at an abnormal
value for several hours.

Whenever frequency response is important,
the leads from the 6217 to the amplifier should
be short so as to minimize capacitance shunting
of the phototube load.

The base pins of the 6217 fit the medium

diheptal l4-contact socket. The socket should
be made of high-grade, low-leakage material, and
should be installed so that the incident light

falls on the face end of the tube.

The dc supply voltages for the electrodes
can beobtained conveniently from a high-voltage,
vacuum—tube rectifier. The voltage for each
dynode and for the anode can be supplied by
spaced taps on avoltage divider across the recti-
fied power supply. The current through the volt-—
age divider will depend on thevoltage regulation
required by the application. In general, the

current in the divider should be about {0 times
the maximum value of total dynode current flowing
through the divider. Such a value will prevent
variations of the dynode potentials by thesignal
current. Because of the relatively large divider
current required for good regulation, the use of
a rectifier of the full-wave type is recommended.
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Fig.6 -Effect of Magnetic Field on Anode Current
of Type 6217.

Sufficient filtering will ordinarily be provided
by a well-designed, two-section filter of the
capacitor—input type. A choke~input filter may
be desirable for certain applications to provide
better regulation. Due to critical dependence
of the gain of the 6217 on voltage, rapidchanges
inthevoltage resulting from insufficient filter-
ing of the power supply will introduce hum modu-
lation; and siow shifts in the |ine voltage due



to poor regulation will cause a change in the
level of the output. When the dc supply voltage
is provided by means of arectifier, satisfactory
regulation can beobtained by the use of avacuum-—
tube regulator circuit of the mu-bridge type.

In most applications, it is recommended that
the positive high-voltage terminal be grounded
rather than the negative terminal. With this
method, which places the cathode at a high nega-
tive potential with respect toground, the danger-
ous voltages canmore easily be made inaccessible.

The high voltages at which the 6217 is oper-
ated are very dangerous. Care should be taken
inthedesign of apparatus to prevent the operator
from coming in contact with these high voltages.
Precautions should include the enclosure of high-
potential terminals and the use of interlock
switches to break theprimary circuit of the high-
voltage power supply when access to theapparatus
is required.

In the use of the 6217, as with other tubes
requiring high voltages, it should always be
remembered that these high voltages may appear
at points in the circuit which are normally at
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C1 C2 C3: 16 uf, electrolytic, 450 volts (dc working)
Cu ¢5: 8 uf, electrolytic, 150 volts (dc workin
Required only if high peak currents are
R1: 100000 ohms, 1/2 watt
R2 R3 R4 RS R6 R7 R8 R9 R10: 1/2 watt
R11:7 33000 ohms, 1/2 watt
R12: 100000 ohms, 1 watt, adjustable (Centralab A122
or equiva1ent$
T: United Transformer Corp. No.R-2, or equivalent

$haun.

50000 obms,

Fig.7 -~ Simple Half-Wave Rectifier Power-Supply
Circuit with Voltage Divider for Supplying
DC Voltages to Type 6214.

fow potential, becauseof defective circuit parts
or to incorrect circuit connections. Therefore,
before any part of the circuit is touched, the

power—supply switch should be turned off and both
terminals of any capacitors grounded. Also, the
use of aprotective resistor having aminimum value
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Ct C2: 2 uf, 1000 volts (dc working)
C3 Cu: 8 uf, electrolytic, 150 voits (dc working)
Required only if high peak currents are drawn.
L2; United Transformer Corp. No.R-17, orequivalent
R1: 39000 ohms, 2 watts
R2 R3 R4 R5 R6 R7 R8 R9 R10:
Ri1: 12000 ohms, 1 watt
R12: 200000 ohms, 12 watts, adjustable (General Radio
Type u71-A, or equivalent)
Ti: United Transformer Corp. No.S—-45, or equivalent
T2: United Transformer Corp. No.FT-6, or equivalent

18000 ohms, 1 watt

Fig.8 - Full-Wave Rectifier Power-Supply Circuit
with Voltage Divider for Supplying DC Voltages
to Type 6217 in Applications Critical as to
Hum Modulation.

of 10,000 ohms in the output circuit is recom-
mended as a desirable procedure to prevent possible
damage to component parts during adjustment.

Typical power-supply circuits for the 6217
are shown in Figs.7 and 8. The circuit in Fig.7
utitizes a half-wave rectifier to provide the dc
power for the 6217. In applications where ex-
cellent regulation particularly forwide variation
in output current of the 62i7 is required and
where minimum hum modulation is essential, the
circuit of Fig.8 may be used.
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¢ OF BULB WILL NOT DEVIATE MORE THAN 2°
IN ANY DIRECTION FROM THE PERPENDICULAR
ERECTED AT THE CENTER OF BOTTOM OF THE BASE.

SOCKET CONNECTIONS

NO. 1
No. 2
NOo.3
No. 4
No.5
No. §
No.7
No.8

Bottom View

FIN
PIN
PIN
PIN
PIN

DIRECTION OF LIGHT:
INTO END OF BULB

10:
11:
12:
13:

14:

DYNODE No.9
DYNODE Ho. 10
ANODE

NO CONNECTION

INTERNAL CONNEC-
TION-=DO NOT USE

CATHODE



