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Exploring The Capacitor

What It Is
What It Does
How It Does It

What is a Capacitor”

A capacitor 1s an electrical compo-
nent consisting of two metallic con-
ductars called “plates” isolated from
each other by a non-conducting
dielectric material. This combina-
tion is capable of storing electrical
energy for later release

When electrical current flows into a
capacitor, a foree 1s established be-
tween the two parallel plates sepa-
rated by the dielectric In effect,
electrons pile up on one plate and
their negative charge repels a 'tke
number of electrons on the opposite
plate This energy is stored and
remains even aflter the input current

flow ceases. Connecting a conductor
across the capacitor provides a
plate-to-plate path by which the
charged capacitor can regain elec-
tron balance, that is, discharge its
stored energy.

DC THEORY

Figure 1 illustrates how a capacitor
is charged by an energy source. If
switch S1 is closed and switch S2 is
open, current rushes into the
capacitor and electrons pile up on
one plate, repelling a like number on
the other. This means that current
will eventually taper off and stop al-
together as the capacitor “fills up”
with charge (in much the same way
as a storage battery).

With both S1 and 82 open, the
charge stored in the capacitor will
remain there because there is no
electrically conductive path between
the two isolated plates. When S2 is
closed, however, the path 1s created,
and electrons can flow through the
load to reach the opposite plate of
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the capacitor This flow wall con
tinue until the two plates have the
same number of electrons at which
point the capacitor 1s said to be
discharged.

The amount of charge a capacitor
will accumulate is basically deter-
mined by the value of the applied
voltage and the area of the capacitor
plates. A large plate area gives more
space for electrons to pile up, in
creasing the amount of energy stor-
age capability or, more specifically,
the capacitance of the device. Higher
voltage from the charging source
allows more electrons to be packed
onto the plate.

Of course, a variety of other factors
bear strongly on the characteristics
of a capacitor For instance. the

i of a d a
upon its internal geometry and the
composition of 1ts dielectric The
larger the area of the plates and the
closer they are to each other, the
higher the capacitance. Then too,
the composition of the dielectric
separating them also influences the
capacitance and frequently gives the
capacitor its distinctive name such
as paper, mica, ceramic or
aluminum A capacitor using air as
a dielectric will increase in capaci-
tance when suitable liquids or solids
replace the air in the region between
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the plates (with the plates remain-
ing same size). For example, it will
increase perhaps two to five times
when oil is used, and about seven
times when glass is substituted.
Oxide layers that form the dielectric
in electrolytic capacitors can pro-
duce high capacitances because they
have eight to 25 times the dielectric
constant of air. Certain ceramics
produce a gain of 10,000 or more.
What this means in a practical de-
monstration is that by substituting a
better dielectric, the physical size of
the capacitor can be reduced while
the capacitance remains the same.

How is this capacitance measured?
A capacitor has a capacitance of one
farad when a one-volt source charges
it with one coloumb of electricity,
equal to about six million trillion
electrons. Since this large unit of
capacitance isn’t handy to use in
practical electrical and electronic
circuits, microfarads (millionths of a
farad, abbreviated uF) or picofarads
(trillionths of a farad, abbreviated
pF), which replaces the old term
micro-microfarad (uuf) are used.

AC Theory

When a capacitor is connected to a
source of ac voltage, the plates ac
quire equal and opposite charges
that are alternately positive and
negative, following the polarity of

Editors note: To try and get an idea on just
how big a 1.0 farad capacitor would be, I dug
out my old Allied handbook and found the
followtng formula:

C =0224

KSIN-1)
h
where:
C

capacitance in mmfd

K = dieleatric constant

S =area of one plate in square inches
N = number of plates

d = thickness of the dialectric in inches

K 10 (dielectric constant of wir)

d - IOE inches te.g. a 9-foot ceiling)

The problem becomes an exercise in keeping
track of decimal points and powers of ten. I
couldn’t believe the answer I got so I worked
the problem several times. Can you imagine a
capacitor with two plates 9 feet apart 346 miles
by 346 miles?

the alternating voltage source. What
results is an alternating flow of elec-
trons in and out of the capacitor
terminals (first into plate A and out
of plate B, then vice versa as the ac
polarity changes). This, in turn, con-
stitutes an ac current flow through
the capacitor circuit even though no
electron current actually passes
through the dielectric material be-
tween the plates.

Capacitors exhibit impedance, a
form of opposition to the flow of al-
ternating current. A capacitor's im-
pedance varies over the frequency
range of most applications — the
higher the frequency, the lower the
impedance, but only up to a point.
Impedance also varies inversely
with the capacitance. That is, for a
given frequency of applied voltage,
the higher the capacitance, the
lower the impedance.

A capacitor also introduces a phase
shift between the applied ac voltage
and current in a circuit. To under-
stand this, consider that the current
starts at some maximum value and
the voltage buildup across the
capacitor lags the current, as shown
in Figure 2

When the voltage is first applied
across the capacitor, virtually no
electric pressure is npecessary to
move electrons on to one plate and
away from the other. As the
capacitor receives a charge, how-
ever, it acquires a voltage polarity
which opposes that of the applied
source. Also, as free electrons move
on the one plate, it will require an
increasing voltage pressure to force
more onto that plate. Similarly, as
electrons are moved away from the
other plate, it would require more
and more attraction from the posi-
tive side of the source to move elec-
trons from an increasingly positive
polarity plate. Thus, as shown in
Figure 2, the voltage lags behind the
current by approximately a quarter
cycle or 80°.

Regardless of the capacitor applica-
tion — filtering, coupling, bypas-
sing, tuning, timing or energy
storage — all capacitors store and
release energy based on exactly the
same principle. Thus, the differences
between capacitor types are largely
material and manufacturing differ-
ences which optimize each type for
specific applications.

Current fiow through & capachior

Voltage across the capacior

Figure 2. Phage Shift

—
Time




CAPACITOR BASICS

Usage, Variety and Internal
Construction

The uses made of capacitors becorne
more varied and more specialized
each year. They are used to filter,
tune, couple, block dc, pass ac, shift
phase, bypass, feed thru, compen-
sate, store energy, isolate, suppress
noise and start motors among other
things. While doing so, they fre-
quently have to withstand adverse
conditions like shock, vibration, salt
spray, extreme temperatures, al-
titude, humidity and radiation. They
must also be small, light-weight and
reliable.

Much research work has been done
over the past decade to develop bet-
ter manufacturing processes, un-
cover new and improved dielectric
materials and enhance capacitor
characteristics and reliability. Each
capacitor has characteristics in
common with others, yet each s de-
signed to excel in a specific
application.

Capacitors are generally grouped
together according to their dielectric
material (e.g., aluminum or tan-
talum) end mechanical configura-
tion (e.g., chip, dipped, molded,
bare). An overview of most of the
fixed capacitors currently available
is presented here.

Film — Film capacitors consist of al-
ternate layers of metal foil and one
or more layers of a flexible plastic
insulating material in ribbon form
rolled up together and encapsulated.
The metal foil may either be a sepa-
rate tibbon (a long narrow strip of
foil) or a thin, vaporized layer af
metal deposited on the surface of the
insulating material.

Paper/0il Filled — These
capacitors consist of alternate layers
of aluminum and one or more layers
of paper in ribbon form which are
rolled up together. The paper may be
saturated with an oil and the assem-
bly mounted in an oil-filled, hermet-
ically scaled metal case.

Aluminum Electrolytic — These
capacitors are made of two
aluminum foil ribbons rolled up with

a porous separator in which a fluid,
gel or paste electrolyte is suspended
(see Figure 3). One foil is the posi-
tive plate (anode), the electrolyte is
the negative plate (cathode), the sec-
ond aluminum ribbon is the cathode

Figure 3. Aluminum Electrolytic Capacitor

contact fosl. The dielectric matenal
is a thin non-conductive layer of
aluminum oxide formed on the sur-
face of the positive foil by elec-
trochemical action — by connecting
the capacitor foil to a dec voltage
source for a period of time during
manufacturing. This is called form-
tng the capacitor. The thickness of
this oxide-coated dielectric is deter-
mined by the voltage used to form it
and the capacitor's working voltage
ig somewhat less than this formation
voltage. Thin films result in low-
voltage, mgh-capacitance units and
thicker films produce higher volt-
age, lower capacitance units for a
given case size.

The aluminum-foil surface area can
be increased by an electrochemical
process called eiching to offer a more
effective surface area per square
inch of original foil than plain-foil
types as well as much higher capaci-
tance for a given volume. For high-
capacitance reguirements, electro-
lytic capacitors provide many times
the capacitance for a given size than
electrostatic  (non-electrolytic)
capacitors However, electrolytics
are inherently "polanzed” — that is,
they can be used only with dc volt-
age of the correct polarity and will
act as a short circuit, and probably
be destroyed, if used with ac voltage

or dc voltage of reversed-polarity.

Non-polar (NP) electrolytics are
available for motor-starting and
other special applications. They con-
sist of fwo electrolytic capacitors
connected “back-to-back” (in series
with one reversed in polarity with
respect to the other) in a single hous-
ing. On each voltage half-cycle, the
correctly polarized capacitor limits
the charge through the other one,
which for the time is a virtual short
circuit.

Tantalum Electrolytics — Tan-
talum electrolytics of the foil type
are like aluminum electrolytic
capacitors in construction, but use
tantalum metal foil instead of
aluminum. Solid sintered anode
types have the highest capacitance
per unit volume. They use a porous
tantalum slug as the positive plate
(anode) while the dielectric is a thin
film of tantalum oxide formed elec-
trochemically on the surface of the
tantalum.

Solid-electrolyte tantalums (see
Figure 4) consist of solid inorganic
material containing no liquids or
other volatile constituents. A solid
semiconductor is used instead of the
liquid or semi-liquid electrolytes.
The anode is & porous tantalum pel-
let pressed, sintered and formed like
the wet sintered-anode tantalum
capacitor, but the dielectric system
is “dry.”

Like other electrolytics, tantalums
are polavized and run be used only
with dc voltage of the correct polar-
ity. They are superior to aluminum

Figure 4. Hermeticelly Sealed Solid
Tantalum Capachior Construction
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Figure 5. Ceramic Dise Gapacitor

electrolytics in operating and stor-
age temperature range, vibration,
resistance, leakage and size per mic-
rofarad (volumetric efficiency),
though their operating voltage
range is more limited. Advances in
aluminum electrolytic technology,
especially the development of non-
aqueous electrolytes which contain
hydrocarbon fluids instead of water,
have reduced the performance dif-
ferences between aluminum and
tantalum electrolytics.

Mica — These capacitors fall into
categories. The stacked foil mica
capacitor consists of alternate layers
of metal foil (or deposited metal film)
and sheet-mica insulators which are
stacked, compressed and then en-
capsulated. The silvered mica has a
silver electrode material screened on
the mica stampings which are then
assembled and encapsulated. Glass-
fixed capacitors resemble micas, ex-
cept that silvered ribbons of glass

Figure 6. Ceramic Monolithic Capacitor

are used, and are fused together to
form a solid block.

Ceramic — Ceramic capacitors,
which come in a variety of sizes,
shapes and ratings, are the most
popular of the capacitors because of
their outstanding versatility. A wide
range of dielectric constants can be
obtained with different proportions
of ceramic mixtures, hence the many
different ceramic capacitor types. In
addition, the stability of the dielec-
tric constant with respect to temper-
ature is an important feature. In
general, the lower the dielectric con-
stant (K), the more stable the
capacitance value with temperature
variations.

High-K capacitors have a dielectric
constant usually in excess of 3000.
They are extremely small sized for
any given capacitance value and
voltage rating. They are used
mainly for bypass and coupling, and
are usually in the range of 0.001 uF
to several uF

Where greater stability with tem-
perature changes is required, semi-
stable and temperature-stable types
are used. These will exhibit a capaci-
tance change of less than +15% or
5%, respectively, over the operat-
ing temperature range.

Temperature-compensating ca-
pacitors exhibit controlled and pre-
dictable variations in capacitance
with temperature changes. They
have a dielectric constant of approx-
imately 12 to 200, meaning a larger
unit for a given capacitance value,
but a high Q, which is required for
critical circuit functions such as
tuned circuits.

The ceramic capacitors that remain
stable despite changes in tempera-
ture are called negative-positive-
zero (NPO) capacitors. More stable
than even the silvered mica
capacitors, they are used in many
kinds of receivers and generally
have values between 1.0 pF and
0.033 =F

A commonly used temperature coef-
ficient for temperature-compen-
sating ceramic capacitors is N750.
Capacitors with this temperature

a INAAAA
- Puisaing DC
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b Puisaiing
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Figure 7.

coefficient have a K of about 90. The
750 means the decrease in capaci-
tance will be 750 parts per million
{or each degree centigrade of temp-
erature rise. In other words, the
capacitance value will decrease
0.075% for a 1°C temperature
increase or 1.5% for a 20°C tempera-
ture increase. N750 ceramic
capacitors are available from about
4.0 pF to about 680 pF and are usu-
ally rated at 500 working volts dc.

Capacitor Applications
There are three general applications
of the capacitor:
a) As a means of storing and re-
leasing energy.
1) Filtering out ripple in a de
power supply
2) Providing on demand a
single high-voltage pulse of

current.
400
Volts.
. R
O—

Inverter
o power
supply

from

i

Flgure 8. Capacitive
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b) Discriminating between dc and
ac.

1) Bypassing an RF signal
around a circuit or
component.

2) Obstructing the de (Vee or
B+) component of the RF
signal in one stage of an
amplifier while coupling the
RF to the next stage.

( ¢) Discriminating between higher
and lower ac frequencies.
b=t

7 — ¢C * Asthe value
of C (capacitance) is varied,
the resonance frequency of
the circuit changes.

Filtering — DC power supplies re-
ceive 1nput power from some type of
an ac source. The ac voltage is rec-
tified, producing pulsating dc as
shown in Figure 7. This pulsating de
15 normally unsuitable for powering

Discharge System

circuitry, 501t must be “smoothed” to
eliminate the voltage variations.
This is done by a “capacitor input™
filter comprised usually of two
capacitors and an inductor, The
capacitor simply charges up, absorb-
ing most of the voltage increase
when the power line exceeds the
capacitor voltage, and then dis-
charges energy to the aircuit or load
when the power line swings lower.
The filtered d¢ output is almost free
of annoying ripple. Ripple suppres-
sion can be further refined by some
king of electronic voltage regulator.
This absorbs virtually all of the var-
iations in applied dc voltage includ-
ing ripple, line voltage fluctuations
and the sags and surges caused by
increases and decreases in the load
current drawn.

pulse is transformed by the ignition
coil into a secondary voltage of
25,000 volts that fires a spark plug.
After the brief pulse has occurred,
the SCR becomes non-conducting
and capacitor C recharges in prep-
aration for the next firing.

Bypassing — The bypass capacitor
is used primarily to keep ac voltages
(noise) out of portions of a circuit
where they are not wanted. For
example, capacitors C1 and C2 in
Figure 9A perform two different
kinds of bypass functions. In the first
operation, the direct current flowing
in resistor R1 develops a “bias” volt-
age that keeps the transistor at the
proper voltage level for amplifying
radio-frequency signals. If the

Figure 8. Bypess Functions

Energy Storage — [n some applica-
tions, a brief but high-value pulse of
current is required periodically.
rather than a continuous current
flow. One example, the capacitive-
discharge (C-D) ignition system in
cars, is illustrated in Figure 8. Here,
capacitor C is charged to 400 Vdc
through resistor R by the output of
an inverter power supply. At a
specified time, a silicon-controlled
rectifier (SCR) is triggered into con-
duction by a signal from the ignition
breaker points. Instantly, C is con-
nected across the primary winding of
the ignition coil, dumping its charge
in one brief pulse of current. This
amplified signal current was also

allowed to flow 1n R1, the dc bhas
would vary with the signal fre-
quency, greatly reducing amplifica-
tion. However, C1 connected in
parallel with R1 provides a low-
impedance path for the RF signal
which prevents loss of amplification
without affecting the dc bias voltage.

In the second operation, C2 forms an
RF bypass to ground around the
amplifier circuit. This keeps the RF
signal from flowing back into the dc
power supply, and prevents other RF
signals that might already be on the
dc line from reaching the amplifier
stage.
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In the audio amplifier of Figure 9B,
capacitor Cl is a relatively gh im-
pedance to audio-frequency signals
However, RF signals are bypassed to
ground

Coupling — a capacitor, once it 18
charged, is essentially an open cir-
cuit to dc. Therefore, as shown in
Figure 10 Point X may measure an
average of six volts, yet the proper
operating level at the base of tran-
sistor Q2 (point Y) may be only two
volts. The capacitor permits this dif-
ference in dc levels, coupling only
the ac signals to Q2.

Figure 10. Coupling

Trimming — Trimming is a special
case of tuning. A trimmer is con-
nected in parallel with, or in series
with, anather capacitor (or another

i
-
g
3

Figure 11. Trimming

Timing — Given a simple timing
circuit as shown in Figure 124, the
time it takes the capacitor to reach
full charge depends on the values of
R and C. Actually, the capacitor
never succeeds in becoming fully
charged. Accordingly, we calculate
the time it takes the capacitor to
reach 63% of its full charge value
(the battery voltage) and call that
the R-C time constant of the circuit.
To figure the time in microseconds,
multiply the resistance in ohms by
the capacitance in microfarads.

Actually, we are more concerned
usually with the counter electromo-
tive force built up across the

Tuning — A capacitor connected in
series or parallel with an inductor
forms a tuned circuit. At a specific
frequency of applied ac voltage (re-
sonant frequency), the circuit is
neither capacitive nor inductive, but
purely resistive. A series-resonant
circuit discriminates sharply
against all frequencies except the
resonant frequency. A parallel-
resonant circuit discriminates
sharply against only the resonant
frequency. The ratio of the reactance
of the circuit at resonance to the
resistance in the circuit is the qual-
ity factor (Q). The higher the Q is,
the sharper the tuning, i.e., the cir-
cuit's ability to discriminate against
higher and lower frequencies in
favor of the resonant frequency.
High Q is usually a desirable condi-
tion, since if facilitates transmission
and reception of communications
without interference from transmis-
sions at other frequencies.

circmit component) as shown in Fig-
ure 11, permitting the circuit to be
fine tuned to resonate at a particular
frequency.

itor than the current flowing
into it. How this electromotive force
is built up is shown graphically in
Figure 12B. The time constant, as
before, is taken at the point where
the counter electromotive force
reaches 63% of its full charge value.

Ak
)
)

Votse —=

Teme Constart
T (nSech - R 10Pvms) x C (mucsotarads)

Flgure 12. Timing
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Capacitor Terminology and
Characteristics

AC Working Voltage — Usually
specified at a frequency of 60 Hz,
Capacitors are also limited in the
“steepness,” or speed, of voltage
change (usually stated in volts per
micro second) to which they can be
subjected.

Capacitance =~ —  Normally
expressed in microfarads (10-6
farads) or picofarads (107'? farads)
with a stated accuracy or tolerance.
Tolerance is expressed as =+ (plus or
minus) a certain percentage of the
nominal or nameplate value. There
is also a tolerance rating called
GMV, an abbreviation for guaran-
teed minimum value, sometimes re-
ferred to as MRV or minimum rated
value, which means that the capaci-
tance is never less than the marked
value when used under specified
operating conditions, though it may
amount to more than the nameplate
value.

Capacitance Stability — Usually
refers to capacitance variation with
respect to temperature change
stated in percent change per degree
Centigrade. Capacitance can also
vary to some extent with frequency
and applied voltage, not to speak of
time, moisture absorption or chemi-
cal and mechanical aging effects.
Such changes are governed by
capacitor construction and type.

Equivalent Series Resistance
{ESR) — A standard characteristic
expressed in ohms or millichms, rep-
resents energy losses in the “equiva-
lent” series resistance of a capacitor,
regardless of source — lead resist-
ance, termination losses, dissipation
in the dielectric material. It assumes
that all losses may be represented by
a single resistance in series with the
“idealized” perfect capacitor.

Insulation Resistance — A meas-
ure of the capacitor's ability to re-
tain a charge with time. It is the
ratio of the DC voltage applied
across the terminals of the capacitor
to the DC current flowing through it
after the capacitor has charged up to
the test voltage. The capacitor then

appears as a high resistance in
parallel with an idea! (non-leaky)
capacitor. Insulation resistance is
expressed in megohms for small
capacitors and as a time constant
(the product of R and C in
megohm-microfarads) for higher
value capaciors.

Operating Frequency Range —
The frequency at which a previously
ideal capacitor begins to "look” like
a tuned circuit. The capacitor ap-
pears to change (increase) in value
as the frequency approaches reso-
nance. At still higher frequencies,
the inherent inductance dominates
and the capacitor actually appears to
be inductive, rather than capacitive
or resistive. Typically, aluminum
electrolytics reach resonance some-
where between 10 kilohertz and 200
kilohertz. Tantalum foil electrolytics
resonate between 100 kHz and 200
kHz. Sintered tantalums are usable
up to 1 megahertz, and film and
paper capacitors are generally us-
able up to about 30 MHz.

Certain ceramics, micas and glass
extend resonance up to 200 MHz.
Beyond these frequency limits,
capacitor dimensions exert a strong
influece on electrical behavior, and
the capacitor begins to act like a
miniature “transmission line."

Quality Factor (Q) — Dissipation
and power factors are also listed
with Q (sometimes called Figure of
Merit) because they are interrelated.
Q is the ratio of the capacitor's reac-
tance to its resistance at a specified
frequency. Dissipation factor (or DF)
is the reciprocal of Quality factor Tn
other words, DF=1/Q. It is, there-
fore, a similar indication of power
loss within the capacitor and, in
general, should be as low as possible.
Power factor (or PF) represents the
fraction of input voltamperes (or
power) dissipated in the capacitor
dielectric. Virtually independent of

the capacitance, applied voltage and
frequency, PF is the preferred meas-
urement in describing capacitive
losses in AC circuits.

Working Voltage — The maximum
voltage at which a capacitor may be
continuously operated at rated
temperature. When a capacitor’s
working voltage is specified as a DC
value, it includes the total DC plus
peak-value AC voltage that may be
applied during continuous opera-
tion. Electrostatic capacitors can
usually withstand an occasional,
brief pulse (or surge) beyond this
value. Electrolytic capacitors carry a
peak (or surge) voltage rating which
includes ripple, power-line fluctua-
tion and all transient occurrences.
This rating should never be ex-
ceeded, even momentarily.

Troubleshooting Capacitors In
Solid-State Circuits

Although the functions of capacitors
in solid-state circuits are similar to
those in vacuum-tube equipment,
the results produced by capacitor
failure are not necessarily the same.
An emitter bypass capacitor is a
good example. The emitter resistor
in a solid-state circuit (such as R1 in
Figure 9A) is used to stabilize the
transistor dc gain and prevent ther-
mal runaway. With an emitter resis-
tor in the circuit, any increase in
collector current produces a greater
drop in voltage across the resistor.
When all other factors remain the
same, this change in emitter voltage
reduces the base-emitter forward-
bias differential, thus tending to re-
duce collector current flow,
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When circuit stability is more im-
portant than gain, the emitter resis-
tor is not bypassed. When ac or sig-
nal gain must be high, the emitter
resistance is bypassed to shunt the
signal around the resiastor. If the
emitter bypass capacitor is open,
stage gain is reduced drastically, al-
though the transistor dc voltages
ternain substantially the same.

Thus, if there is a low-gain
symptom in any solid-state
amplifier with emitter
bypass and the voltages ap-
pear normal, check the
bypass capacitor. This can
be done by shunting the
bypass with a known good
capacitor of the same value.
A3 a precaution, shut off the
power before ing the

The function of C in Figure 10 is to
pass signals from the previous stage
to the base of Qy. If C is shorted or
leaking badly, the voltage from the
previous stage is applied to the base
of Q2. This forward-biases Q, caus-
ing heavy current flow and possible
burnout of the transistor. In any
event, Q is dniven into saturation,
and stage gain is reduced. If C 1s
open, there will be little or no
change in the voltages at Q,, but the
signal from the previous stage will
not appear at the base of Q.

From a troubleshooting
standpoint, a shorted or
leaking C will show up as
aboormal voltages (and
probably as distortion of the
signal waveform). If C is

shunt capacitor; then reap-
ply power. This will prevent
damage to the transistor due
to large current surges.

The functions of coupling and decou-
phng capacitors in solid-state cir-
cuits are essentially the same as for
vacuum-tube equipment. However,
the capacitance values are much
larger, particularly at low {requen-
cies. Electrolytics are usually
required to get the large capacitance
values. From a practical standpoint,
electrolytics tend to have more leak-
age than mica or ceramic capacitors.
However, good-quality electrolytics
(typically the bantam type found in
solid-state) will have leakage of less
than 10 pA at nocmal operating
voltage.

p d of being shorted
or leaky, replace it. An open
C will show up as a lack of
signal at the base of Q, with
a normal signal at the previ-
ous stage. If an open C is
suspected, replace it or try
shunting it with a known
good capacitor, whichever is
couvenient,

The function of C2 in Figure 94 is to
pass operating signal frequencies to
ground (to provide a return path)
and to prevent signals from entering
the power supply line or other cir-
cuits connected to the line. In effect,
C; and L, form a low-pass filter that
passes dc and very-low-frequency
signals (well below the operaticn
frequency of the circuit) through the
power supply line. Higher-frequency
signals are passed to ground and do
not enter the power supply line.

If C; is shorted or leaking badly, the
power supply voltage will be shorted
to ground or greatly reduced. This
reduction of collector voltage will
make the stage totally inoperative
or will reduce the output, depending
on the amount of leakage in Cy.

If C, is open, there will be
little or no change in the
voltages at the transistor.
However, the signals will
appear in the power supply
line. Also, signal gain will be
reduced and the signal
waveform will be distorted.
In some cases, at higher sig-
nal frequencies, the signal
simply cannot pass through
the power supply circuits.
Since there is no path
through an open C,, the sig-
nal will not appear on the
collector circuit in any form.
From a practical standpoint,
the results of an open C; will
depend on the value of the
tuned circuit (and other
power supply components)
as well as on the signal fre-
quency involved.
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Safety-Related
Service Notes

Service Notes from HP relating to
personal safety and possible equip-
ment damage are of vital importance
to our customers. To make you more
aware of these important notes, they
are printed on paper with a red bor-
der, and the service note number has
a “-8” suffix. In order to make you
immediately aware of any potential
safety problems, we are highlighting
safety-related service notes here
with a brief description of each prob-
lem. Also, in order to draw your at-
tention to safety-related service
notes on the service note order form
at the back of Bench Briefs each ap-
provriate number is highlighted by
being printed in color.

8568 Spectrum Analyzer

A potential shock hazard may exist
on 8568A Spectrum Analyzers with
serial prefix 1833A and below. If the
A1A8 rectifier assembly is removed
from the analyzer while the AC line
cords are connected, the +100 Vde
filter capacitor AIA10C1 remains
charged creating a shock hazard

This problem is eliminated by ad-
ding a 100 k€1 0.5w resistor in paral-
lel to the filter capacitor. For more

details, order safety service note
8568A-16-S using the order form at
the back of Bench Briefs.

Please note that there are several
more service notes available for the
8568A that provide information on
troubleshooting and service tips that
improve instrument performance.

Product Safety
Service Note Index

M59-1-S is a list of all safety-related
instrument service notes issued by
Hewlett-Packard. If you own HP
equipment, you need this index to
determine if your instruments have
any outstanding safety service notes
issued against them. Please order
M59-1-S today!

New Service-oriented Videotapes From HP

HP has two new service-oriented
videotapes which should be espe-
cially valuable to service personnel.
You can order them through your
local HP sales or service office, or
contact HP Video Products, 1819
Page Mill Road, Palo Alto, CA
94304, (415) 856-2381.

How To Solder (Two Tapes)
HP Part No. 90751D

The subject seems simple enough,
but a poor solder connection can
cause electronic equipment to fail —
sometimes outright or worse, inter-
mittently. Either type can be costly
in terms of downtime for trou-
bleshooting and repair.

This videotape series is aimed at
new hires who will work in man-
ufacturing and service — including
those persons who believe they al-
ready know how to solder properly
Some of the points covered are: What
is soldering, wetting, flux, and tin-
ning? How to:
— Clean parts to be soldered.

— Perform the four basic solder-
ing steps.

— Recognize a good/poor solder
connection.

— Unsolder using the vacuum
bulb, solder sucker, and desol-
dering wick.

How To Use An Oscilloscope
(Three Tapes)
HP Part No. 80741D

The purpase of this 3-tape series is to
train technicians in the basic tech-
niques of using an oscilloscope to
measure waveforms,

Part 1 uses an HP 1740A general

purpose oscilloscope to show single

channel measurements and how to:

a) measure the peak-to-peak ac
voltage, time period, frequency
and dc component (if any) of a
waveform;

b) measure low level signals such as
power supply ripple;

¢} trigger or synchronize the scope to
obtain a stable display on the
CRT; and

d) avoid errors in control settings
that could lead to measurement
inaccuracies.

Part 2 uses the same HP 1740A
oscilloscope to demonstrate dual
channel measurements. You will see
how to operate a scope in the dual
trace, A + B, A-B, and A versus B
modes. Also covered are selectable
and composite triggering, trigger
view mode, bandwidth limit and de-
layed sweep operation

Part 3 completes the series. It shows
you how to check your scope and
probe to make sure they are operat-
ing properly. You'll see that one
probe cannot be used for all meas-
urements, so the three types of
commonly available voltage probes
are covered. Then you will see how
to make some typical oscilloscope
voltage and time measurements. Fi-
nally, storage scopes are covered. An
HP 1741A storage oscilloscope is
used to show you how to solve the
problem of viewing low rep-rate sig-
nals and one-shot events. The pro-
gram ends with a short summary.

All programs are supplied on 3/4"
videocassettes for Sony U-matic
equipment and compatible makes.
Other formats will be quoted on re-
quest, such as: 1/2"" E1AJ-1 reel-to-
reel, and Betamax.
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Need Any
Service
Notes?

Here's the latest listing of Service
Notes available for Hewlett-Packard
products. Ta abtain information for
instruments you own, remove the
order form and mail it to the HP
distribution center nearest you.

GENERAL

M-48A All senals. Cleaning Tabies on HP
XY

MS9-1-5. Product Salety Service Nole Index

5083-5. All serials. Recommended Replacement Pro-
cedures for Rectangular Storage CRTs.

180A/AR OSCILLOSCOPES
1BOA/AR-11. All sarials. Modification 1o improve
+100V power supply stabiity.

180C/D DSCiLLOSCOPES
180C/D-3. Al senals Modification \o
power supply st

180T/TR OSCILLOSCOPES
180T/TA-1. All serials. Modification o improve « 100V
power Supply stabilty.

181A/AR OSCILLOSCOPES
181A/AR-9. All serials Modrfication 10 improve + 100V
power supply stadity
181T/TR OSCILLOSCOPES
featon

181T/TR-1 Al seriais. Mo 10 mprove « 100Y
power supply stabilty

182A/C OSCILLOSCOPES
senais. Modificalion 1o improve

ove + 100V

182A/C-2. Al 100V
pawer supply stabiity
182T OSCILLOSCOPES
182T-1. All sonals. Modification o mprove +100Y
power supply tabity

184A/B OSCILLOSCOPES
184A/8-3 All senals Modification 1o improve + 100V
powar supply stabuty

2148 PULSE GENERATOR
2148-1. Senals 1718G00189 and bejow. Recom.
mended VMOS power FET and

1335A DISPLAY
1335A-5. Al serials. Recommended modification 1o
improve CRT mance.
1335A-6. All senals. Prefarred replacement for A2H90

liometer.
\JJSAWMVWM CRT unslormity/writing speed
optimization adjustments.

1336A DISPLAY
1336A-1. Al serials.
removal & retum of CRT tmer.

13504 GﬁAPNlCS TNANSLAYOR
1350A-2. Senais 17
modificalion 1o mptovt o tikzaiion tesponse to
HP-iB Interface Ciear (IFC).
1350A-3. Senals 19064 and beiow Recommended
programming aid for HP-IB controliers.

1611A LOGIC STATE ANALYZER
1611A-8. Senais 1837A01345 and below. Recom-
modification o elminate bright spol on

Instructions. for

CRT after tum off
1611A-9. N seriais Preferred cable replacement for
microprocessor probe and extemal probe.

16154 LOGIC ANALYZER
1615A-1. Senials below 1905A-1760. Recommended
Mok o ml. bright spot on CRT after
tum oft
1640A SERIAL DATA ANALYZER
1640A-4. Senais 1845A00532 and below. Recom-
mended modification 1o sfminate bright spot on
CRT sher tum off
\MA.') Serials 18254 lr\d

procedures. T tacepiate.
1640, Sonata 1845R00540 and s Recom
mended replacement of Zenwer Dode A2CRA

1715A OSCILLOSCOPES
171544 All serials Recommended modification 1o
alminate vertical oscillations.

1741A OSCILLOSCOPE
1741A-8. Senals 18124 and below. Recommended
repiacement kil 10 reduce booming

3325A SYNTHESIZER/
FUNCTION GENERATOR
332542 Senals 1748A00231-1748A00425. Recom-
mended modification 10 prevent early faifure of 1he
K1 relay.

3490A MULTIMETER
3490A-16. Senials 1637406200 and below. Recom.
mended modif to mpvove rekadity of tho AZ
high impedance assembly

3495A SCANNER
2495A-5 Senials 142803935 and below. Recom
manded procedures for Gordos reiay installabon

3720A SPECTRUM DISPLAY
3720A-4 Senals 1534U-00320 and below. Recom.
mended

3743A IF AMPLIFIER
3743A-1 Senals below 1734U-00101
heid mplacement of A2

37454/8 SELECTIVE LEVEL
MEASURING SET
4745A/B-4D Seriais 1607U and below Recom
ocedures 10 okminate HP-IB system
cperatonal errors.

13324 DISPLAY

1332A-9. All serials. Preforrad 1 for AZRGO
Astigmatism Potentiomeler.
1333A DISPLAY
1333A-3. Al serials. Preferred r it for A2R90

Astgmatism Potenbometer

All serials.
FOM4.
.)745&3—?5A All senals Recommaended replacement
of 256-1 shit registers on XY Driver ABO1
3745A/B-28. Senals 1908U and beiow.
65 10 Suppress 10MHZ & 20MHz spurious

3745NB.29 Serais 108U and bolow {opions 050
H15 & H29). Modification 10 improve peri m\coui
A109 memory assemby.

3747A/B SELECTIVE LEVEL
MEASURIN

37;73&4 Al serials. Preterred replacement of A109

3747A/B-6_All serials Praferred replacement of
A319A1C2.

of 256-b SN registers on XY Driver AG01.

37708 TELEPHONE LINE ANALYZER
3770B-17A_ Serials beiow 1851U-00380. Recom-
mended modificalion 10 improve performance of
Power Supply.
3770B-18_ Senals below 1851U-00361 Recom-
mended modificalion 1o A3% Inpul Ampiifier
assombly.

3771A DATA LINE ANALYZER
3771A-2 All senals. Recommended procedures for
retrofitting for option 001 (+ 10dBm switch)

3771A/B DATA LINE ANALYZER
3771A/B-3 Serlals below 1806U-00114 (37718) and
1806U-00119 (3771A). Recommended modification
to A33,

STIEA PR!HARV MULTIPLEX ANALVZEH

|840u omoc nq w‘ou DON)ﬂ nchm-. \mu
00111 to 1903U-00115 and 1903U-00120. Rec-

ommended improve performance.
3778A-2 Senals 1840U-00110 and below. Flecom-
procedure 10 improve performance.
3779A-3. Serials 1840U-00110 and below. Recom-
meriled modticaton lo Transitor 00 Flta.
3779A-4 Serials 1904U-00135 and below. Recom-
mended modification 1o Digal Receiver Clock Ex-

traction
3779A-6. Senals 1909U-00145 and below. Flecom-
manied achusman 1o the 12Hz and 40Hz Salective

inars.

377BA 7. Senals $909U-00145 and below. Recom-
mended modification lo improve performance of
seit-test

37798 PRIMARY MULTIPLEX ANALYZER
37798-1. Senals 1832U-00101 15 1832U-00105,
1840U-00106 1o 1840U-00110 inclusive, and
1903U- omu to 1903U-00116, Recommended

modification 10 improve
37798-2. Sinh 1840U-00110 and below.
modification lo IWM performance. Fd
ure code 571 or $72 dunng “basic analog” salt-tos!
37798-3 Senals 1840U-00110 and below Recom-
modification lo improve performance.
377984, Senais 1904U-00135 and below. Recom-
on to improve performance
377555, Sanais 1900U-0015 and bl fecom-
roplacemant parts or A4012 & A24022
37798-6 Senals 1000U-00145 and below. Recom-
modification (0 Lhe 12Hz and 40Hz Selec-
trve Filers.

3780A PATTERN GENERATOR/
ERROR DETECTOR
3780A-10C Senals below 1804U-00531 Fecom-
manded moddcation lo reduce Susceptially 10
conducted mains supply
S78OA 18 Sonais 1810010 13201 e Fecommends
modification fo mprove performance

4940A TRANSMISSION IMPAIRMENT
MEASURING SET (TIMS)
4940A-13A Senals 1401A-01234 and below Recom-
mended modiication 1o improve power supply
reliabity.

50452 DIGITAL I.C. TESTER
S045A-14. Serials 1852A-00345 and below.

mended Af1
tion 10 improve DAG settling time.

C
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5301A 10 MHz COUNTER
5301A-1 Serials 1824A04926 lo 1824A05275. Rec-
'ommended modiicalion 10 improve performance ol
addressable mode

5342A MICROWAVE
FREQUENCY COUNTER
5342A-10. All serals. Recommended procedure for
replacing low Irequency npul fuse
5342A-11 Al sonals procedure for
seplacing ground fogers on Assembles Ad. AS. and

53421\ 12 A serials |n4mmuwn 10 aid = trou-
bieshooting A3, ‘Aﬁ 7. A8, As ALl AL2,
A13. At4. AZ5. and AZ6

5420A DIGITAL SIGNAL ANALYZER
5420A-17. 5443A ke control. Senals 1836
auxzvc Test procodum 1o detect parily ertor/

54200 15154451002 5.--: |&‘mmdhdnw Modfi-
cation o improve
5420A-19. 5443 k-ytmmtoomu All serials Rec-
parts to improve Boosler
Board performance

A, 68264, 68
bc Powen SUPPLY AMPLIFIEHS
6825A-1/6826A-1/6827A-1 All serials
procedure 10 prepare the unt for rack mownting

7221A GRAPHIC PLOTTEHS AND
7221A-7 Senals |mAn|350 lhmogh 1823401450
Recommended procedure or r

umper on
RS232 PCA

8405A VECTOR VOLTMETER
B4GSAT AN sors Pecommended replacoment ke
ATA4 Sampior Board Assembly.

84124 P"ASE MAGNITUDE DISPLAY
8412483 Al sorial replacement for
A3U1, AJU3, mwmrﬂmswm

8565A SPECTAUM ANALYZER
B565A-54 ANl serials. YTO Repiacement Ki, HP P/N
08565-60161

95684 SPECTRUM ANALYZER
8568A-7A Senais 1
oanioed oo o rcuce it
8568A-8. Al serais Recommended
accuracy periormance lest
8568A-10. Senals 1837A and below Recommended
use of A4 signature analysis diagram for rou-
bleshooting
8568A-13. Senals 16284 and below. Recommended

improvemants 10 ‘mance
8568A-14. Serials 18524 and below Recommended
modification 10 improve A12 RF Section Interface’
ASK1 Input Flelay compatidity
8568A-15. Senals 1833A and below. Moddicaton 1o
\mprove performance n 50 10 300 MHz range
BS6BA-16-5' Serals {833 and bekow. EXnaton of
potential

8568A-17. All senals. 75n0wmlOptm00nAu
Memory assembly recommended modification

8620C SWEEP OSCILLATOR
8620C-3 Al serisls Recommended modification lo
impeove

86608 SYNTHESIZED SIGNAL GENERATOR
86608-33 Al yeriais Recommended modification of

A1A3 opatabion on extender bowd
8660C-9 Al senals 1o impeove peror-
mance of A1A3 cperation on extender board

8750A STORAGE-NORMALIZER
750A-4B. Serial 1808A and below.
selected resisior lor use with dedicated Intertace
003

cards. Option 003 and 004.
8750A-7. Serials 1712A and beiow. Recommended
modification 10 IMprove penki liming dunng retrace

54451C COMPUTER EASE SYSTEM
S420A-18/54451C and below.

59403A comuon CARRIER
INTERFA
s94004 Serie uzwmzo .m beiow. Recom
1o mprove data relabity

86250A/B RF PLUG-IN
86250A/8-38 Senals 1238A and below YTO Re-
Kit. HP PN 86250-60040 and 86250-
6005S. Serials 12464 and above YTO Replace-
ment Kit. HP P/N 86250-60041 and 86250-60071

How to Eliminate That CRT
Bright Spot After Turn-Off

Logic State Analyzers — 1611A's, 1615A"s,
and 1640A's (1B11A shown).

A modification is now available that
will eliminate that annoying bright
spot that appears on the CRT after
turn-off. While the bright spot may
darken the phosphor over a peried of
time, instrument performance or
display capability is not adversely
affec

The modification described in serv-
ice notes 1611A-8, 1615A-1, and
1640A-4 consists of adding a 50 uf
capacitor (HP p/n 0180-0141) in
parallel with capacitor A3C17 on the
display driver board.

For more information, please order
the appropriate service notes.

Improve HP-IB Operation of
Your 1350A Graphics Translator

Two service notes in this issue of
Bench Briefs improve the operation
of your 1350A translator. 1350A-2
describes a hardware modification to
translators with serial prefix 1750A
and below. The modification consists
of shortening the internal delay
associated with IFC initialization.

The second note, 1350A-3, describes
a programming aid that will elimi-
nate the multiple colons used to pro-
vide necessary delays following a
1350A instruction.

Both of these service notes can be
ordered with the service note order
form at the back of Bench Briefs.



I SERVICE NOTE ORDER FORM

If you want service notes, please
check the appropriate boxes below
and return this form separately to

one of the following addresses.

Hewlett-Packard
1820 Embarcadero Road
Palo Alto, California 94303

0 M-48-A ) 1350A-3
M-58-1-8 0 16118

01 180AJAR-11 0 161149

1 180C/03 01181541

O 180T/TR-1 [ 1640A-4

= 181A/AR-S 1 1640A-5

1 181T/TR- 1 164046

11 1820/C-2 0 17¥5A-4

01 182T-1 174548

(1 184A/8-3 01 3325A-2

[ 214B-1 (] 3480A-16

11 1332A-9 ) 3495A-5

0 1333A-3 o 3720A-4

0 1335A-5 374341

(1 1335A-6 i1 3745A/8-4D

0 133547 01 374548224

0 133841 1] 3745A/B-25A

o 1350A-2 1 3745A/B-28

For European cuastomers (ONLY) NAME
COMPANY NAME

Hewlett-Packard
Central Mailing Dept. ADDRESS
Box 529
Van Hueven Goedhartlaan 121 CITY
AMSTELVEEN—1134
Netherlands STATE
0 3745A/8-29 [ 37798-4
(1 3747A/8-4 (1 377985
1 3747AiB-6 1 377986
[ 3747TAB-TA [ 3780A-10C
0 37708-17A 0 3780A-19
1 37708-18 [ 4940A-13A
0 3mA2 [ 5045A-14
03T AB-a [ 5045A-158
[ 3772A-1 (] 5083-5
1 317982 0 5301A-1
0 377981 O 53424-10
0 3779A-a = 5342A-11
I 3779A-8 (1 5342412
L1 377947 (] 5420A-17
(1 377981 () 5420A-18/53451C-02
1 3778B-2 [ 5420A-19
11 377¢8-3 1 6825A-1/6826A-1/6827A-1
o

T221A-7

oooo

o

aog

oo

ooo Coooag

AL S

B40SA-7

8412A-8
8565A-5A
B568A-7A
B568A-8A

8568A-10
8568A-13
8568A-14
8568A-15
B568A-16-5

1 B568A-17

8620C-3

a750A-48

8750A-7
59403A-3
862504/8-38

HEWLETT-PACKARD COMPANY
1820 Embarcadaro Road
Palo Afto, California 94303

BENCH BRIEFS
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Service Information from
Hewlett-Packard Company

To obtain a qualification form for a free
subscription, send your reguest to the
abave address.

Reader comments or technical article
contributions are welcomed. Please
send them to the above address,
attention Bench Briefs.

Editor: Jim Bechtold, HP ML View
Califarnia
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