ELECTRONIC CIRCUITS NAYSHIPS

SECTION 18
COUNTER CIRCUITS

PART A. ELECTRON-TUBE CIRCUITS
POSITIVE DIODE CUUNTER.

APPLICATION.

The positive diode-vounter circuit is supplied uniform
input pulses, representing units to be counted, and pro-
duces o positive output voltage, the average value of which
is proportionad to the frequency of the applied pulses.
Counter circuits are employed in the frequency-indicator
circuite of electionic timdng & Counting devices.
CHARACTERISTICS.

Input pulses must be of constant amplitude and of equal
time duration; o counter circuil must be preceded by limiting
and shaping circuits to ensure uniform amplitude and width
of input pulses,

Qutput-pulse polarity is positive; average d-c output
voltage level is determined by input pulse-repetition
irequency.

CIRCUIT ANALYSIS.
The positive counter clrcuit is used in fre-
quency-indicator (timing or counting) circuits which depend
upon the cutput pulse amplitude and time duration for
accurate indications; therefore, the input pulses applied to
the counter gircuit must be of constant pulse amplitude
and pulse width (time duration). The counter circuit is
preceded by limiting and shaping circuits so that the only
variable element in the counter-circuit output is the rep-
etition frequency of the input signal, enabling input-frequen-
oy varjations to be measured accurately. A relationship is
thereby estoblished between input {requency and gverage out-
put voitage; as the input frequency increases the output
voltage also increases ond, conversely, as the input fre-
quency decreases the output voltage decreases. Thus, the
positive eounter circuit, in e{‘ect "counts’ the numbet of
positive-ioing irput pulses md produces an averaye d-c
output voltage which is proportional to the input repetition
frequency.

The output of the positive ~cunter circuit can c:Iso be

used to praduce positive tri

e requency of Aockmg—oscihator ot muItwmmtor circuits
WIL™ the input pulse-repetition liequency. The basic positive
COURter circuit can be easily modified to change it to a
step=by-step counter rircuit {described loter in this sertion)
by substituting 4 conanitor for the resistor agposs the oulpul
terminals, This modified circuit is referred to as a frequency
divider, Lecause the oulpul liigger frequency 1S usuaily
made a submuitiple of the innut T‘ulse—repﬂtlucn froquency;
the circuit is used in trigger-generator circuits of radar
modulatars and indicators.

Circuit Oparation. A basic positive diode counter
clrcuil is snown (0 the accompanying iHustrotion, woyether
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output voltage is developed. Electron tubes V1 and V2 @e
indirectly heated diodes; the filament (heater) circuit for
the diodes is not shown on the schematic.

Initially, copacitor Cl assumes a charge (reference
level) which is determined by the d-c voltage (if present)
of the preceding stage. Once copacitor Cl is chorged to
the level of the upplied d-c voltage, the circuit remains in
< quiescent condition until an input is applied; the output
voltage at this time is zero.

Pulses applied to the input of the counter circuit must
have constant amplitude and equal time duzation, since the
counter circuit {5 intended to produce an output voltage
which is proporticnal 10 the input pulse-repetition frequency.
For the purpose of this discussion, assume that the input
wavelerm shows in the Gccompmnying ilustialion is appiled
to the input of the counter circuit.
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Basic Positive-Diode Counter Circuit and Waveforms

When e pusiuve-going leading edge ot the input wave-
torm oceurs, the voltage rises suddenly. The charge on
coupiing LUpICIOT 1 cannet change instantanecusly; there-
fore, the plate ol diode V2 pecomes positive with respect
10 its cathode, and thediode conducts. Current Hows through
the series circuit consisting of load resistor R1 and diade
V2 to charge the capacitor, Cl, Since the charging current
flows through the load resistor, Ri, a pulse voltageis
developed across the resistor and is supplied as the output
Gi the Counler circuit.

Whes ki n.\;guuvt—‘guiug Luiling edge ol the Input wave-
form occurs, the voltage diops suddenly. Once acain the
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ELECTRONIC CIRCUITS NAVSHIPS
charge on coupling capacitor Cl cannot chan 72 instantane-
ously; therefore, o negative voltuge appeors across dicde
V1. (This negative volioge is egual to the charge pre-
viously obtained by capacitor Cl from the conductior. of
diode V2.) Since the cathode of diode V1 is now negative
with respect to its plate, the diode conducts ané discharges
capacitor Cl to its initial volue, The cirouit then remains
in @ quiescent condition until another pulse is applied to
the input.

If it were not for the fact that diode V1 discharges the
capacttcr each time a pulse is applied to the input, capacitor
C1 would soon charge to the peak value of the input wave-
form as consecutive positive pulses were cpplicd. As a
result, no output would be obtained because the circuit
would be rendered inoperative.

The charge time of capacitor Cl is determined by the
volue of resistor Rl and the low intemal resistance of
diode V2 when conducting. The discherge time of capeci-
tor C1 is determined primarily by the low intemal resistance
of diode V1 when conducting. Thus, the time constant of
the discharge path is always less than that of the charge
path; therefore, within certain Jlimits imposed by the B-C
time constant and the applied pulse-repetition {requencies,
the circuit iz always in condition to accept the next posi-
tive-qoing input pulse.

From the discussion given in the previous paragraphs,
it iz evident that there is an average curtent flowing throudh
resistor Bl whenever pulses are applied to the input of the
circuit; alse, a pulse voltage is produced across resistor
Rl for each input pulse applied to the circuit. Thus, an
average voltage is produced across resistor R1 which varies
in accordance with the tepetition rate of the input pulses;
the average voltage increases aos the input frequency in-
creases, and vice verse. Since the output voltage level
changes in proportion to changes in the repetition frequency
of the applied input pulses, the output voltage can be fed to
¢ succeeding stage which gontrols a suitable indicating
device. The indicating device, in tum, can be calibrated
in units of time, frequency, revolutions per minute, etc.,
hased upon the relationship of output voltage to input
frequency.

FAILURE ANALYSIS.

General. The positive diode counter circuit {s a re-
lgtively simple circuit consisting of only iour components—
diodes V1 and V2, capocitor Cl, and resistor Rl. For this
reason, failure analysis is somewhat limited,

Tnitially, the input signal to the counter circuit should
ke checked to determine whather it is present ang has the
correct amplitude and pulse width.

A visual check should be made to determine whether the
filaments (heaters) of diodes V1 and V2 are lit and whether
the filament circuit is complete. The diodes should be
checked in a tube tester, or, os an altemative, diodes known
to be good con be substituted and the operation of the cir-
cuit observed. If diode V1 is open and fails to conduct,
capacitor Cl will charge to the peak value of the applied
input pulse and, once the capacitor is fully charged, no out-
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put will be developed acrozs the load resistor, B1; if diode
V1 shaorts, no output will loped across the load
tesistor. If diede V7 is open or fcils to coniuct, no output
will be developed azrenr the iond resistor; if diode V2
shotts, o positive outpet puise will be developed across the
load resistor, woether witn 2 =mall negutive cutput pulse
which will coicide the negative-ing trailing edge of
the input wavelom.

The counter circuit 1o nomnally preceded by limiter-
shaper stuges; merelore, in some cases a dc potential
exists at the irput to the circuit. {f coupling capacitor C1
should become leaky {or shorted), ¢ voltage-divider action
will occur. For this conaition, it is likely that diode VZ
will conduct at all times, and a ¢-¢ potential which isabove
nomal will be developed comss resiswer Rl Copacitor Cl
can be checked with o suitable copacitance onalyzer;
resiztor R] can e - wured with on ohmmeter to determine
118 resistance.

NEGATIVE DIODE COUNTER.
APPLICATION.

The negativediode counter supplies a negotive voltage
output directly propertional to the repetition rate of incoming
pulses. The neqative diode counter is commonly employed
in radar timingcircuitry .

CHARACTERISTICS.

Input pulses must have uniform width and amplitude;
only repetition rate may vary.

Usually preceded by limiting and shaping circuitry.

Develops @ negative voltage output directly proporticnal
to the repetition rate of incoming pulses.

Alwaysreturns to quiescent state between pulses.

CIRCUIT ANALYSIS.

Genarai. The neqative diode counter circuit isused
as a frequency indicating device in radar timing circuitry.
With some modification, the dicde counter may also be used
as an f-r detector, a frequency divider or, when used in
conjunction with a blocking escillator or multivibrator,
as a synchronizer.

Briefly, the negative diode counter furnishes ¢ neqative
voltage output directly proportional to the repetition rate of
the incoming pulses, provided pulse width and amplitude
does not vary. If therepetition rate of the pulses in-
creases, current flow through the load resistor also increases
{occurs more times per second) and consequently the total
voltage developed also increases.

Basically the dicde counter utilizes the characteristics
of a cupacitor and diode to perform its function. Thefact
that ¢ capacitor takes a finite time to charge ond that a
diode only conducts when its cathode is negative with
respect to its plate, allows a voltage to be developed across
the load resistor which is proportional to the repetition rate.

Circuit Operation. A basic neqative diode counter,
along with input and output waveiorms, is shown in the ac-
companying schematic diogram.
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It is essential to remember that the circuit istetuined
to a quiescent condition each time the incoming input pulse
returns to zero level, reqardless of the pulse repetition
rate. Referring to the schematic dicgram it can easily be
seen that charge current, (current flowing in the circuit
while Cl is charging) flows through the combired esistarce
of V1 and R1, while discharge cument (current flowing in
the circuit while 1 is discharging) flows anly throuqk
the conducting resistance of V2. Far example, if we assin
the load resistor and the conducting resistance of tre
identical dicdes ¢ resistance of 10 thousand ohms ord 10
ohms, respectively, it may eqsily be seen that charme ocur-
rent flows theougt: 16,100 chims, while dlschf‘ go current
flowg thro

iy selahsm. Hrh

dlSPharqmq cycle (a2 ppmxr‘mely 10010 1), enaan
Dedurhis jchange s inmediately discrarged tirow
quiesr'nnt state.

mt fe 9
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voltaae across the out'wut varles in direct proportior 1o the
input pulse repetition rate. Hence if the repetiticn rate
frequency) if the incoising pulses inC[Puse%, the veltzge
across Rl also increases. In order for the cirnuit to function
as g frequency counter, some method must be enploy
ulillze this frequency — voltage variation te opotate an
ingicarar.
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filter network consisting of C2, RZ and C3. In this applica-
tion: the purpose of the filter is to smocth out any rapid in-
crease or decrecse in outpat voltage thus providing con-
tinuously smooth operation,

The filtered neqative counter voltage is gpplied as bias
to the gird of V3 and varies the plate current which flows
through a meter in the cathode of V3. The meter is linearly
calibrated on the front panel to indicate changes in current
as a linear frequency change. For example, assume the
circuit is operating and a specific frequency is indicated on
the front panel meter, As the repetition rate of the pulses
increases, the average voliage ccross the load resistor also
increases and a larger bigs is applied to V3. Plate current
through V3 decreases, cna as current through the meter
decreases, a higher frequency indication is evident on the
calibrated meter scale on the front panel of the equipment.
If the applied frequency were to decrease, the opposite
effect would occur and a greater plate current flow would
produce a lower frequency indication on the meter.

FAILURE ANALYSIS.

No Output. Because the basic circuit only incorperates
four components and operation (s rekitively simple, detailed
trouble analysis is not necessary. If trouble is experienced
with the circuit use an oscilloscope to check the input
pulse train for uniform width and amplitade. Alsc check
both diodes. Ifthe trouble persists, check the dc resistance
of Bl with an ohmmeter. Also check the coupling capacitor
C1 with an in-circuit capacitor checker,

Weak Output. It a weak (or incorrect) output condition
exists, check the input pulse ioin {for uniform width and
amplitude using an oscilloscope. Also check both diodes.
Check the dc resistance of HI using ar chmmeter and also
check Cl with an in-circuit capacitor checker.

STEP-BY-STE P COUNTER.
APPLICATION.

The step-by-step counter is used as a voltage divider in
electronic equipment when it is necessary to provide a step-
ped voltage output to a relaxation escillatur or any cther
device requiring a stepped voltage trigger.

CHARACTERISTICS.

Provides a stepped voltage output.

As the number of input pulses increases for one pulse of
output, the counting accuracy decreases.

Utilizes two diodes.

COne step out cccurs for each cyele of input,

CIRCUIT ANALYSIS.

General, The step-by-step counter {commonly referred
to as simply a step counter) provides an output which in-
creases exponentially in such @ way that the output increases
by a one step increment for each cycle of input. At g pre-
determined level, the output voltage reaches o point which
causes some circuit, such as ¢ relaxation oscillator, to be
triggeted.

CHANGE 2
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Circuit Operation. A schematic dinaram of g step counter
is illustrated in the accompanying fiqure,

t 12 ts
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Cl
va2

NPUT 0 OUTPUT

Basic Step-by-Step Counter Circuit

With no signal applied at the input, there is ro out-
put. As the input signal is applied, and increeses in a
positive direction, the plate of V2 becomes mere positive
than its cathode, and the tube conducts. When V2 conducts,
capacitors Cl and C2 begin charging. The action of the
counter can be best understood by referring to the figure
below. Since C2 is lurger than C1 {for the sake of explana-
tion, we will assume it to be ten times as large, and that
the peak voltage of the input is 100 volts), C1 aasumes nine
tenths of the input voltageand C2 assumes only ore tenth,
or in thisexample, 10 volts, At time t,, the input drops to
¢ negative value, and V2 is driven into cutoff. At the same
time, the cathode of V1 becomes more negative than its
plate, and conducts, discharging C1. The charge on C2
remains, however, because it has no discharae path. Thus,
there is a dc voltage at the output which is equal to one
tenth of the input. At time 1,, the input ogain increases
positively, but this time V2 cannot zorduct until the input
becomes greater than 10 volts, the charge on C2, At this
level, V2 conducts and C2 again charges to ore tenth of the
total ovailable voltage. The total available voltoge ot this
time, however, is no longer 100 velts, but 100 volts minus
the 10 volt charge on C2. Thus, the first cycle of input
produced a ten volt charge on C2, but the second cycle
added only an edditional 9 vclts, whizh is cre tentn the
quantity of 100 volts minus the 10 volt cherge o T2, By
the same token, the third cycle adds only one tenth of 8]
volts, which results from 100 volts minus the 15 volt charge
on C2. Each additional cycle provides an expenertial in-
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crease in the same manner. It s for this reason that the
accuracy decreuses as the ratio increcses, because s the
ratic becomes too qregt, the higher steps become almost
indiscernable.
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PART B. SEMICONDUCTOR CIRCUITS

POSITIVE DIODE COUNTER.

900,000.102 COUNTERS

Cl Cr2

The pesitive diode-counter circuit is used to count
pulses and provide frequency indication. It is main-
ly used in electronic timing and counting devices, but &
it is sometimes employed as a frequency divider and in
elementary types of computers. l

APPLICATION, T

- ¢ _
=

Ri
CRI

-g- —

CHARACTERISTICS.

Requires an input pulse of constant amplitude ard
time duration.

Provides a positive outout voltage with an average
d-c level that is proportional to the input pulse
repetition frequency.

May be used to synchionize ¢ blocking oscillator at
7 submultiple of original frequency.

Requires an output circuit to provide a direct-
reading output indication.

Requires that limiting and shaping circuits precede
1t.

CIRCUIT ANALYSIS.

General. The positive dicde-counter circuit is
used in timing or counting circuits which depend upon
a propartional relationship between the output volt-
age and the number of input pulses. It may indicate
frequency, it may count the rpm of a shaft or other
device, or it may even reqister the number of opera-
tions. (This circuit is net the same as the binary
or decade counter which is used in computers. The
Lingry counter is discussed in Section 8, Part B,
Multivibrator Circuits, and computer circuits are
discussed in Section 19, Logic Circuits). The diode-
counter establishes g direct relationship between the
verage d-c output voltage.
Az the input frequency increases the output voltage
also increases; conversely, as the input frequency
decreases the output voltage decreases. In effect,
the positive diode-counter counts the number of posi-
tive input pulses by producing an average d-c output
voltage which is proportional to the repetition fre-
quency of the input signal. For accurate counting,
the milse repetition frequency must be the only vari-
able parameter in the input signal. Therefore, cure-
ful shaping and limiting of the input signal is es-
cential to ensure that the puises are of uniform
width, or time duration, and that the amplitude is
constant. hen properiy filtered and smocthed, Lie
d-c output voltage of the counter may be used to oper-
2tz 2 direct-recding indicotor. With slight modifice-
tions, the circuit can also be used to control a blocking
ascilletor and cause it to provide atrigger output
which is synchronized at a submultiple of the original
repetition frequency. (This modification is discussed
under the Step-by-Step Counter circuit, which appears
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input frequency and the a
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tion. Capacitor Cl is the input coupling and d-c blocking

capacitor. CR1 and CR2 are semiconductor diodes, and
resistor Bl is the load resistor, across which the
output voltage is developed. For the purpose of cir-
cuit discussion, it is assumed that the input pulses
are of constant emplitude and time Auration, and that
only the pulse repetition frequency changes.

Once capacitor Cl is charged, it assumes a refer-
ence level as determined by the d-c voltage applied to

the preceding stage, and the circuit remains in @ quiescent

condition until an input signal is applied. Prior to the
application of the input pulse, the output voltage is
Zero,

As shown in the following illustration, at time to
the positive-going input pulse is applied to Cl ad
causes the anode of CR2 to go pesitive. As a result,
CRZ conducts and current i, tlows through 81 and CR2
téicharde Bl Cidentiedovelopnian gutputialigs
{eo) across Rl as shown in the illustration.

The initial heavy flow of current produces a large
voltage across R1, which tapers off exponentially as
Cl charges. The charge on Cl is determined by the
time constant of loadresistor Rl and the forward
diode resistance, in series, times the copacitance
of Cy. For ease of explanation, it is assumed that
Cl is charged to the peak value before time t;.

At time b1 the ingut signol reverses polarity and
becones negative-going. Although the charge on Cl
cannot change instantly, the appiied negative voitage
is equal to or greater than the charge on Cl so that
wne anode of CHZ is made nequtive, and conduction
ceases. when CRZ stops conducting, ocutput pulse eq
is at zero, and 7] quickly discharges through CR,
since its cathode is now negative with respect to
ground (anode is grounded). Between times t) and tz
the input pulse is again at zero level, and CR2 remains
in ¢ non-conducting state. Since the very short time
constant offered by the forward resistance of CRI and
OV iz much lessthan the leng time sonstonticHerad by
A7 and R} during the conduction period, Cl is always
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Circuit Waveforms

input pulse there is an exact amount of charge deposited
in Cl, For each charge of Cl an identical output pulse
is produced by the flow of i. through Ri. Since this
current flow always cccurs in the direction indicated

by the solid arrow, the d-¢ cutput voltage is positively
polarized.

At time t5 the input signal cgain goes positive, and
the cycle repects. The time duration between pulses
is the interval represented by the period between t3
and t2 or between ts and t4, If the input pulse fre-
auency is reduced, these time periods become longer.
On the other hand, if the frequency is increased,
these time intervals become shorter. With shorter
periods, more pulses occur in a given time ond a
higher average (d-c) output voltage is produced; with
longer periods, fewer pulses occur and o lower output
voltage is produced. Thus, the d-c output is directly
proportional tc the repetition frequency of the input
pulses, If the current and voltage are sufficiently
large, a direct-reading meter can be used to indicate
the count; if they are not large enough to actuate a
meter directly, a d-c amplifier may be added. In the
latter case, a pi-type smoothing filter is inserted at
the output of Rl, to abserb the instantanesus pulse
variations and produce a smooth direct current for
amplification,

Consider now some of the limits imposed on circuit
operation. Since the semiconducter dicde has a finite
reverse resistance, there is o flow of reverse cur-
rent during the periods when the dicde is supposedly

QUlll e pe £ Ql0Ce 15 SUppRO
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in o nonconducting condition. Although this reverse

flow is small at normaltemperatures (on the order of
microamperes), it incregses as the temperature rises.
Therefore, ot high temperatures and high repetition

rates, the average output voltage will tend to de-

crease because of the effects of diode CR2. Similarly,
diode CR1 will tend to shunt some of the input signal

to ground. Thus, the net overcli effect with increasing
frequency is a progressive decrease in the linearity

(that is, a reduction in the proportionality of input
frequency to output voltage), and at very high repetition
rates the circuit may become inoperative. Fundamentally
this is a design problem which can be minimized by
propet choice of components; it is mentioned here

merely to indicate why semiconductor circuits sometimes
do not perform as well as their electron tube counterports.

FAILURE ANALYSIS,

No Output. A no-gutput condition may be caused by
an open-circuited coupling capacitor, by defective
diede CR2, or by a short-circuited condition (defec-
tive diede CR1, grounded CRZ, or shorted load resis-
tor R1). This condition can be easily resolved by a
resistance check, Observing the proper polarity,
check the diodes for a high reverse resistance and a
low forward resistance. As a general rule, the re-
verse resistance should be 50K or greater, and the
forward resistance should not be more than 10 chms
(these values vary with different types of diodes).
Also, observe the input signal with an cscilloscope
to make certain that is is present; the point at which
the signal disappears will generally locate the defective
component.

Low Output. 1f CR2 develops a high forward re-
sistance, the output voltage will be reduced. If
coupling capacitor C) becomes leaky, either o nega-
tive or a positive bias will be pleced on CRZ, depending
upon the polarity of the previcus stage collector or
plate voltage. A negative bigs on CR2 will prevent it
from conducting, and will glso act as a forward bias
for CR1, causing it to conduct continually. Under
these conditions, C: will constantly be discharging and
the pulse willbe reduced in amplitude (depending on the
amount of leakage). Heavy leakage may result in no
output at all, but it is more likely that the leakage
will be light and only reduce the output. To check Cl
for leakage, connect a d-c voltmeter between the output
terminal of C1 and ground. If C1 is leaky, a constant
negative ot positive voltage will be present.

High Output. (For o positive leakage voltage
through Cy, CR2 will conduct continually, and a higher-
than-normal voltage will most probably be indicated.)

If CRI1 develops a high forward resistance, C1 will

not be completely discharged at the termination of the
input pulse. As a result, the output voltage will rise
to a value equal to the dc potential applied te C1 and
remain constant reqardless of pulse frequency changes.
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NEGATIVE, DIODE COUNTER

APPLICATION.

The nenative diode-counter circuit is used to count
pulses and provide frequency indication. It is mainly
used in electronic liming and counting devices, but it is
sometimes emploved as a frequency divider and in ale-
mentary typec of computors

tYPen O QOMPULITS.

CHARACTERISTICS.

Hequires an input pulse of constant amplitude and
time duration.

Provides o neaative output voltane with an averane
d-c level that is ptoportional to the input pulse repetition

framuan—.

franuancy.
May be used to synchronize a blocking oscillator ot a
submultiple of ariginal frequency.
Bequires an output circuit 1opravide o direetreading
sutput indication.

Requires that limiting and shaping circuits precede it.

CIRCUIT ARALYSIS.

General. The negative dinde-counter circuit is used in
timing or counting circuits which depend upon a proportional
relatinnship between the cutput voltoge ond the number of
input pulses. It may indicate frequency, it may count the
rpm of a shaft or other device, or it mey even reqister the
number of cperations. (This circuit is net the same as the
hinary or decade counter which is used in computers. The
tinary courter is discussed in Section B, Part B, Multivi-
hratar circuits, and computer circuits are discussed in
Section 19, Logic Circuits in this Handbook,) The dicde
counter estoblishes a direct relationship between the input
frequency and the averege d-c output voliage. As the input
frequency increases the output voltage also increases;
conversely, as the input frequency decreases, the output
voliage aloo decreases. In effect, the neqative diode-
counter counts the number of negative input pulses by
producing an average d-c output voltage which is pro-
portiong! to the repetition frequency of the inpui signd.
For accurate counting, the pulse repetition frequency must
be the only variabie in the input signal. Therefore, careful
shaping and limiting of the input sigqnal is ecsential to
ensure that the pulses are of uniform width, or time
duration, and that the amplitude is constant. When properily
filterex! und smoothed, the dc output voltage of the counter
may be uscd to operate o direci-teading indicator.  With
slight modifications, the citcuit con also be psed to conrral
a blocking oscillotor and couse it 1o provide a trigger

output which is synchronized ot o submultiple of the orini-

nal repetition. frequency. [ Thiz modification is discusowd
under the Stepely-Step Connter circuit, which appears later
NS section.)

Circuit Dperation. L C 505k

wcgative disde-couilien
is shown in the Gccompcr‘qu illustration,  Cepacitor Cl
Tm plem dmemen | P
igat

G 1IIVHL \.uuyull.u. i, 6o Jl.uu&um, Lupuuiur.

3
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Megotive Diode Counter

CR1 and Ch2 are semiconductor diodes, and resistor
R1 is the load resistor, across which the outout veltage is
developed. For the purpose of circuit discussion, it is
assumed that the input pulses are of constant amplitude
and time duration, and that only the pulse repetition fre-
guency changes.

Once copacitor Cl is charged, it assumes a reference
level as detemmined by the d voltage applied 1o the pre-
ceding stage, ond thecircuit remains in a quicscent con-
dition until an input siqncl is applied. Prior to the appli-
cation of the input pulse, the culpui voliage is zero,

As shown in the following illustration, at time t, the
positive-going input pulse is GD;‘J]iEu w0 1 and causes the
anode of CRI to go positive, As a r=salt, ORL conducts and
charqes CL

Ci charges very rapidly because of its short time constant
with CH1, but there is no outpul ¢t this time hecause there
15 no mirrent flow through Ri. At time 1, the input ampli-
tude suddenly drops from maximum positive to maximum
negative. The capacitor conmot discharge through CRL
because the anode of the diode is neqntive with respect
to its cathode. The anode of CIRZ, however, is now positive
with respect to its cathode ond beqms to conduct. The
capacitor voltuge and the cpplied voitane now aid each
other, and they produce a current flow through CR2, down
through R] to qround the result being az illustrated in the
'iicq e 9ah L_, i u{‘,qum L..uumnm i xiuu\m £ .\ i Vﬂl\()qt“
across B, and henee the out le woltdae, bealns (o decrease
towards zere &t un DO iGle, Gnd G suiie- Hine between L,
and 1,, the capacitor is charged to the new voltage, pro-
TEEING 26k Yols suahe st

At tume 1, the input signal ogmn ooes positive, and the
cycle repeats. The time duration betwesn nulses is the
interval reprozeonted hy the pericd b t, und L, or be-

bt
tween t, and t,. It the input pulse freauency is reduced,
these time periods become longer. Cn the other hand, if
the trequency is incregsed, these time intervals become
shorter. With shorter periods, more pulses occur in a qiven
time and a higher avetane (d-c] outpat valtage i produced:
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with longer periods, fewer pulses occur and o lower cutput
voltage is produced. Thus, the d-c output is directly
proportional to the repetition frequency of the input pulses.
If the current and voltage are sufficiently large, a direct-
reading meter can be used to indicate the count; if they

are not large enough to actucte a meter directly, o d-c
amplifier may be added. In the latter case, a pi-type smooth-
ing filter is inserted at the output of R1, to absorb the
instantaneous pulse variations and produce a smooth direct
current for amplification.

Consider now some of the limits imposed on circuit
operation. Since the semiconductor dicde has a finite
reverse resistance, there is a flow of reverse current during
the periods when the diode is supposedly in a noncenducting
condition. Although this reverse flow is small at normal
temperatures (on the order of microamperes), it tncreases
as the temperature rises. Therefore, ot high temperatures
and high repetition rates, the average output voltane will
tend to decrease because of the effects of diode CRZ

CHANGE 2
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Similarly, diede CR1 will tend to shunt some of the input
sigqnal to around. Thus, the net over-all effect with increas-
ing frequency is ¢ progressive decrease in the linearity
{that is, a reduction in the proportionality of input frequer.cy
to output voltage), and at very hinh repetition retes the
circuit may become inoperative. Fundamertolly this is ¢
desinn problem whick can be minimized by proper choice

of companents; it is mentioned here mersly to indicate why
semiconductor circuits scmetimes do not perform as well

as their electron tube countemparts.

FAILURE ANALYSIS.

No Qutput. A no-output condition may be caused by
an open coupling capacitor, by defective dicde CRZ, or by
a short-circuited condition {defective diode CTR1, qrounded
CRZ, or shorted load resistor R1). Trese conditions can
be easily resolved by a resistance check. Observe the
preper polarity, and check the diodes fer a high reverse
resistance and a low forward resistance. As o general
rule, the reverse resistance should be 50K or arecter, and the
forward resistance should not be more than 0 ohms (these
values vary with different types of diodes). Also, observe
the input signal with an oscilloscope to make certain that
it is present; the point at which the zinncl disappears will
generally locate the defective component.

Low Output. If CR2 develops g high forward resistance,
the output voltage will be reduced. 1f counling capaciter
Cl becomes leaky, either @ negative or a positive bias will
be placed on CR2, depending upon the polarity of the previ-
ious stage collector or plate voltage, A positive bias on
CRZ will prevent it from conducting, and will clso act as 2
forward hias for CR L cousing it to conduct continually.
Under these corditions, C1 will constantly be discharcing
and the pulse will be reduced in amplitude (depending an
the amount of leakane). Heawy leckane muy result ir no
cutput at all, but it is more likely that the leakane will be
light and only reduce the output. To check 1 for leakane,
connect g d=c volimeter between the output termingl of T
and ground. If Clis leaky, a constant neqative or peaitive
voltage will he present.

High Output. [For a neqative leakage valizge throsh
Cl, CR2 will conduct continually, and a hiqher-than-normal
voltage will most probably be indicated.) If CR1 develops
a high forward resistance, Cl will not be completely dis-
charqed at the termination of the input pulse. As aresult,
the cutput voltage will rise to o value equal to the d=c
potential aoplied to Cl and remain constant reqardless of
pulse frequency chanaes,

STEP-BY-STEP COUNTER

APPLICATION.

The step-by-step counter 15 used os a veltaae divider
ir transistorized cquipment when it Is neceszary to oravide
a stepped vwoltage cutput to o relaxation oscillator or any
other device requiring o stepped voltone trigasr,
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CHARACTERISTICS.

Provides 1 stepoed voltage output which increase
exponenticlly.

= the number of input pulses increases for cne cutput
‘_1 e, 1k counting aecuracy decrc-u-;,w .

CIRCUIT ANALYSIS.

General. The step-by-step counter
to as cimply o step-courter) provides ar output which
increcses EKPOT"E‘HDOHV in suck = way that the sutpue
enge ents for eqch cusle of input,

{commonly referred

D level, the outnut veitie ras~res o

hick causes some cirguit, such as o relaxation

asciliater, 1o be triqrered.
Cireuit Operation. & schem
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C2 anain cherqes to cne terth of the total availeble voltage.
The total available voltae at this time, however, iz no
longer 100 wolts, but 10 volts minus the 10 valt chame

on C2, Thus, the first cwl@ of input pfor‘-nced aten volt
charge on T2, hut the second cycle added only an additional
9 volte, which iz one tenth the quantity of 100 volts minus
the 10 velt chorqe on U4 By the same token, the third
cycle addz only one tenth of B 1 volts, which resuits from

100 veits minis the 19 velt charge on C2. Each additional
cycle provides an exponential incregse in the same manner.
It is for this recsen that the ccowacy decreases as the
ratic increasez, beccuse as the rotio becomes ton nreat,

the hicner stebs reccme almast indigzemibkle,
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NUMBER OF PULSES APPLIED TO INPUT
Wavelorm of Step Yoitage

Yhen the counter is used to trigaer a relaxation
oscillater, the oscillator hi(:% is ndjusted to cause trig-
nerin ot a specific step. When the relovation cscitlotor
draws rid current, it digcharaes C2 and the cyvele repets,
ihe Step-Counter, L‘ert-ic-m, becomes o frequency divicer,
supplyinng one outout trianer for a pumber af inout trincers,

As orevinnsly mentioned : H

ait BEATR 1
‘

may be uzed. & mare stoble method of countinn 74 would

SUEgEE Bl enrnT TR Dosrerinn e
f o ing lese

an Tat

T eIl

o mroetiend

learune
because i
which =1

| are aelocted fnr =2 ora tynes
criatance, S0 thar the
e time will

tals ety M

gers lomme
Betgsnidarel

18-8-5




ELECTRONIC CIRCUITS NAYSHIPS 0967-000-0120

FAILURE ANALYSIS.

No Output. A shorted CR1, a non-corducting (open)
CR2, an open or shorted output capacitor CZ, or g shorted
coupling capacitor Cl, may couse a nocutput condition to
exist. Check both capacitors with an in-circuit capacitor
checker. Check the dicdes with an chmmeter, being aure
to observe the proper polarities, since an erroneous indi-
cation may otherwise be obtained. For the special case
where the diode is not completely shorted, but reads a very
low reverse resistance of, say 2000chms or less, the
dicde may be consideted defective, In good condition, the
diode reverse resistance should be 30,000-0hms or better,
with a forward resistance of about 10 ohms {these values
will vary from type to type).

Inoceurate OQutput Ratio. A low conducting, or a
complete or partial short of CR1or CRZ, or a lecky Claor
C2, can produce an indccurete count. Check both capaci-
tors with an in-circuit capacitor checker. If an inaccurate
count still exists, check both diodes with an ohmmeter,
being sure to observe the proper polarities, since on
emroneous indication may otherwise be obtained. For the
special case where the diode is not completely shorted,
but reads a very low reverse resistance of, say 2000-chms
or less, the diode may be considered defective.
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