ELECTRONIC CIRCUITS NAYSHIPS
SECTION 17
WAVESHAPING CIRCUITS
R-C DIFFERENTIATOR.
APPLICATION,
The RLC differentiator is used to produce a pip or peak-

ed waveform, for timing or synchronizing purpeses, from a
square of rectangular-shaped input signal. It is also used

to perform the electrical analog of differentiation for compu-
ter applications. It may also be used to produce specifically
distorted waveshapes for special applications, such as
trigger and marker pulses.

CRARACTERISTICS.
input waveshape distorted {nonsinusoidal}.
Short time constant R-C network used.
Functions essentially as a high-pass filter.
Qutput taken from across the resistor.
No emplification produced.

CIRCUIT ANALYSIS.
General. The cutput of a differentiator is proportional

to the rate of change of the input signal. For a rising
{positive-going) input the differentiator produces a positive
pulse, for a falling (negative-going) input it produces a neg-
ative pulse, and, for a constant input it produces no out-

ut. The differentiator electronically simulates the math-
ematical operation of taking the first derivutive Second,
third, and fourth detivatives may be obtained by cascading
an equivalent number of differentiators. Theoretically the
differentiator is accurnte only when the output voltage is
very small in comparison with the input voltage. In proctice,
this is achieved by using the shortest possible time constant
for the highest frequency component involvedin the wave-
torm being differenticted, For computer, fire control, and
similar operations, differentiation of the basic signal
voltage produces an output voltage that represents the speed
of the object, double differentiation yields the acceleration
of the object, and triple differentiation yields the rate of
change of acceleration. For timing and synchronizing use,
2 sharp pulse is produced for each leading edge and trail-
ing edge of the input waveform. Although the circuit pro-
vides no amplification, for o square-wave input the peck

itout of the differentiator is twice that of the input sn—mcu

a pcsmve nulse being produced for the positive ieading
edae and 1 negative pulse for the neqative trailing edge.
For other nonSymmemﬂol wavelorms, since no d-c component

1
assed through the coupling capaciter, ¢ peak output

han the moximum is ohiam e..., Snd thE chivsm wavelbin
is arranged about the average value as a zere axis. When

ditferentiated, a triangular pulse will produce o rectangular

sutpat: wanascidel wavewill sovbochonged tshers,
but the 51gnal will be shifted in phase and reduced in am-
plitude, T T
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cutputs for different input waveforms,
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schemunc. The input is applied between the capacitor and
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Differenticted Waveforms

ground, and the cutput is taken across the resistor. Usually
this R-C combination constitutes the input or interstage
coupling network; especially where B-C coupling is used.
When the reactance of capaciter C at the highest fre-
guency to be passed is neqlibible, the entire input voltage
is applied across the resistor. The capacitor quickly
charges on the leading edge of the input pulse, and this
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Ditferentiating Network

high-irequency signal is passed, essentially without attenu-
ation, to the input of the following amplifier or control
stage. When the time between the leading and trailing edges
of the input signal is relatively long (qreater than 10 time
constants), t'ne capucitor charges producing a peczked wave-

edge OCCUIS. Tne trmlmq edqe tben allows the cc:pacmor

gharyans ke impressed acrose the resistor, and the capaci-

tor discharges, producing another pecked wuveiorrn, however,

this time it is of reversed polarity, atter which it remains

at rest until the next input pulse. The possage of the
mmaintar 2 AdaunlAane ﬂnn et e
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which is the output of the diiferentiator. An exaggerated
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version of the differentiator current and voltage waveforms
is shown in the following illustration.
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Differentiator Current and Voltages

The exact functioning of the differentiater is easy to
understand by considering the charge on coupling capacitor
C, shown in the schematic drawing. Referring to the current
and voltage waveforms of the preceding figure, assume o
100-microsecond square-wave input, with a 100-volt ampli-
tude, At time t,, capacitor C is assumed to have no charge,
and the leading edge of the square wave is applied. Since
the charge, or voltage on the capacitor cannot change in-
stantaneously, but takes a finite time, a high current flows
through resistor R and creates a large pulse of voltage,
which is in effect the leading edge of the square wave
passed through the capaciter. During the interval between
time t, and t,, the capacitive charging cutrent through C
decreases in an exponential manner. The time required to
charge or discharge the capacitor is determined by the cir-
cuit time constant. In this instance, assume that C is 100
picofarads and B is 100 kilohms; thén the BRC time constant
is 10 micreseconds. From the universal time constant chart
in Section Z, it is seen that in 50 microseconds (5 time
constants) the capacitor will have charged to 99.3% of the
maximum possible charge, and that in 100 microseconds
(10 time constants) a complete charge (or discharge) is
assured. The current and voltage illustration shows the
capacitor charging current for the 100-microsecond period
(the figure is also a representation of the output voltage of
the differentiator). Between t, ond t, the square wave
amplitude is constant and, since there is no change, the
differentiator does not ptoduce an output. The capacitor
voltage changes from zero toward o maximum vaiue of 100
voits (assuming no losses); the charging veltage is bucked
by the capecitor voltage, thus producing the exponential
charging rate. By the end of period t, the capacitor is fully
charged and the negative-going trailing edge of the input
signal occurs, causing an instantaneous high flow of dis-
charge current through R. Between t, and t, capacitor C
discharges in a manner similar to that of the charge, and
the negative differentiated spike is produced acress R. To
be a true mathematical derivative of the input voltage,
the capacitor voliage must equai the input voitage, and the
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current will be proportional to the derivative of the input
voltage. This condition can be approached by reducing the
value of R until practically all of the voltage developed
appears acrass the capaciter instead of the resistor. At
this time R is practically @ short circuit andno cutput exists.
Therefore, in practical ditferentiators, the time constant is
reduced to as smali a value as possible. Usually o time
constant of 1/10th the period of the input pulse produces
satisfactory output spikes. The effect of reducing the time
censtant con be understood by referring aqain to the pre-
ceding illustration of current and voltage waveforms.

Assume a time constant of only 1 microsecond; then in
10 microsecends the capaciter is fully charaed, and the
circuit rests for 90 microseconds until another change
occurs. Actually, since usually only the top portion of the
differentiated signal is selected for use, the approach to a
true thin spike is practically achieved and the eflective
charging period occurs for only o fewmicreseconds. For
timing, marker and synchronizing uses, the width of this
spike in some cases is not very eritical, since the leading
edge rather than the trailing edge is used, Where the trail-
ing edge is used, the width of the spike is important. In
computer use, where themathematical anateq is important,
both R and the time constant are reduced to the lowest
possible value, Practical limitations imposed on these
values are the input and output resistances of the stages
between which the differentigtor is connected, and stray
capacitance across the differentiator output produces a ca-
pacitive voltage divider effect, which limits the output
voltage to a lower value than the applied input voltage.
Also, when the percentage change in capacitance is on the
order of 20% of the value of C, the RC time constant is af-
fected. With the example given in the figure, a stray ca-
pacitance of 20 picofarads (because of wiring, parts place-
ment, etc) is one-fifth {or 20%) of the value of C, und this
would effectively change the charge time, Or, considering
the stray capacitence as producing o frequency-selective
effect, it is clear that the high frequencies in the input
signal (which cause the effect that the differentiator utilizes)
would tend to be bypassed to ground, leaving only the low
frequencies, which have a slow rate of change and produce
little effect on the differentiator.

FAILURE ANALYSIS,

No Output, Since only two components are involved, it
is evident that only an open circuit at the inpuat, or a short
circuit at the cutput, could produce a no-output condition
(open capacitor or shorted resistor).

Distorted Output, Oniy a change in component values
cr associated stray capacitance and resistance values
could change the time constant ond waveshapes, Distorted
output is usually caused by improper input signals. When
checking the waveform at the differentiator, the effect of the
shunt resistance or capacitance preduced by the test in-
strument input should be considered, When distortion is
discovered in the following tube circuits, it is probably
caused by improper cetion in these circuits. A direct check
of the output as compared with the input to the differentiator
using a high-impedance oscilloscope, will indicate whether
the circuit is performing properly. A shorted cepacitor or
an open resistor would cause the output to be o duplicate of
the input (no differentiction taking place),
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R-L DIFFERENTIATOR.

APPLICATION.

The R-L differentiator is used to distort an applied wave-
torm (such o: are wave) into o peaked wave for the pur-
pose of proviiiig triyger und murker pulses. T isalso ased
to electronteally pertorm the mathematical function of dif-
ferentiotion in computers, and {or seperating the norizontal
sync in television receivers.

CHARACTERISTICS.
Produces distortion of the input waveiorm,
Hasiz shopt Ume sonslent
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CIRCUIT ANALYSIS.
The output of adifferentiator 15 proportlonal
to therate of change sf the i
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General,

pulse, and tor aconstam mDut it producs—‘es no output.
differentiator electronically similoteaite o
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fourth derivatives may be obtained by coscading an equiva-
lent number of differentiotors. Theoreticelly the differ-
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Circuit Operation. A schematic of abasic B-L aiffer-
entiater is shown in the accompaning itlustration.

The input is applied between the reaistor ang qrovnd
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Basic R-L Differentiator Circuit

as the output voltage,  ihig out-

the output ob-

peaked woveform apnears ol
out waveform has ¢ shape that is qmula to
tained from an K/C differentiator.

The exact functionirg of the differentintor may be easisr
understoad bv referring to the accompanying illustration.

INPUT O }

sireo the inductive effoct of Lode 1o boild o7

resistor p,
liusiunily v batk el tel equels te applied signul eng

preverts instant current How through the inductor, DGetweer
time t, and t, current pequts 1o fow through inductor iLoanz

a

1 small voltaqe drop is developed deross resistor B, A=
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is decreasing, and, since the outgut is taken across L, it
is also decreasing (the decrease of voltage across coil L
represents the voltage used in building up a magnetic field
around L). The sum of the veltage drops across Rand L
equal the applied voltage. The current through inducter L
increases exponentially and the voltage coross resistor R
increases, likewise. Since the time constant assumed in the
illustration is 10 microseconds and the pulse width is 100
microseconds the steady-state condition is reached before
the pulse ends. Since there now is no change in current,
there is no voltage developed across the inductor and the
output voltage is zerc. At time t, the trailing edge of the
input pulse occurs and drives the signal in anegative direc-
tion. Instantly a neqative 100 volt spike appears across L
and at the ocutput. At thesame time, the field around the
coil collapses and produces a current through L in the op-
posite direction. During time t, to t, the negative voltage
across the inductor decreases exponentially while the cur-
rent increases exponentially. As the current flow through R
increases, the voltage drop across it, likewise increases,
and the sum of the voltage drops across R and L equals the
applied voltage. With the 13 microsecond time constant
and 100 microsecond pulse width, the steady state condition
is again reached before the pulse ends. Since thers now
is mo change in curtent, there is no voltage developed across
the inductor and the output voltage iszero. At time t,, the
positive-going leading edge of the pulse appears and the
cycle repeats.

The accompanying illustration shows the differentiated
output waveforms for several different input wavefcrms.
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Differenticting Effects upon Ditferent Waveforms

Although the circuit provides no amplification, for a
square wave input, the peak output of the differentiator is
twice that of the input signal. A positive pulse is produced
for the positive leading edqe and a nequtive pulse for the
negative treiling edge.

With a sine-wave input the outputremains a sine-wave
as shown in part B of the illustration, the only differences
being that the output sine-wave is of ¢ smaller amplitude
and isadvanced in phase. The advance for ¢ perfect dif-
ferentiator is 90 deqgrees, but 89 deqrees is not uncommon.

The sawtooth, shown in part C of the illustration is
converted into a low amplitude square wave. Part D il-
lustrates effect of a differentiator upon the application of a
complex waveform.
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0967-000-0120 WAVESHAPING
Since the inducter has distributed (turns} capacitance

across it, undesired resonant responses may cocour in LR

circuits containing large values of inductance; therefore,

the use of these networks is usuolly limited to high fequency

applications.

FAILURE ANALYSIS,

No Output. Since only two components are invelved, it
is evident that only an open circuit at the input, or @ short
circuit at the output, could produce a no-cutput condition.

Low or Disterted Output. Only a change in component
values or associoted stray cuopacitance, inductance, and
resistance values could change the time constont ard wave-
shapes. Distorted output is usually caused by improper input
signals. When checking the waveform ot the differentiateor,
the effect of the shunt resistance or capacitonce produced by
the test instrument input should be considered. When dis-
tortion is discovered in the following tube circuits, it is
probably caused by improper actior. in these circuits, A i-
rect check of the output as compared wita the input of the
differentiatar using a high-impedance escilloscope, will
indicate whether the circuit is performing properly, &
shorted resistor or an open coil would zause the output to he
a duplicate of the input (no differentiation taking place].

R-C INTEGRATOR.
APPLICATION.

The R integrator isused as o waveshaping network
in radio, television, radar, and compaters, as well as many
other specicl electronic applications.

CHARACTERISTICS.

Input waveshape distorted (non-sinusoidal).

Produces a distortion of the input waveform.

Provides a wider range of time constants than an R-L
integrator.

Has a long time constant.

Qutput is taken from across the capacitor.,

Has the confiquration of a low-pass filter.

No amplification is produced.

CIRCUIT ANALYSIS.

General. The R-C inteqrator circuit works in almost
exact opposition to the R-C differentiator. It hes a long
time constant, and the output is taken from across the co-
pacitor. The time constant of the integrator circuit should
be 5 times {or more) the period of one clternation of the
input waveform, for the circuit to electronically perform the
mathematical operation of integration. As in the case of the
differentiator, thisaction in practice is appraxincte, but
the approximation can be made very close.

The higher the resistance in the R-C integrator, the
mare closely the output voltage follows the idecl integrator
waveform. However, the higher this resistance, the smaller
the output voltage. Conversely, decreasing the resistance
in the RC integrator circuit, results in a shorter time con-
stant and « higher output voltage. However, as the resist-

174



ELECTRONIC CIRCUITS NAYSHIPS
ance is reduced in value, the output voltage departs from

the ideal integrator wavetform. In fact if the resistance,

{ond time constant) of the R-C circuit is sufficiently reduced,
a peoint will be reached where the circuit ne longer acts as
an integrator.

The output of an integrator is in the form of ¢ voltage
that iepresents e average enargy content of the input sig-
nal. For examplp if the input is o steady d< voltege, the
sanie voltage wiil appear at the outpht, but, it the inpit is
in the form of a series of narrow, widely separated pulses,
the output voltage will be only o freztion of the input pulse
value,

Circuit Opecation, A scnematic of ¢ basic R-C inteqotor
is shown in the gccompanying illustration.

R
O AN T O
i
INPUT 4}\ c QUTPUT
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As the square wave voliage applied to the innut of the
circuit goes positive, the capacitor charges exptueniiully
at g rate determined by the time constant of the clroult
This time constant is calculated by multiplying the value
of theresistor by the value of the cepacitor (T=RC). For
instance, a circuit containing a 160K resistor ard o 3T pico-

forad capacitor would have 4 time constant of & microsscerds,

and if the value of the capacitor ragsec ten times to
500 picofarads, the time constant would be ten times longer
or 50 mlcrosemnds. ”'he rlse 1r1 volt:mfa oc-:osa tl*e ﬁamcimr
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ing a long time constart circuit, and to use only the straight
portion of the exponential change waveform for linearity.

The aecompanying waveiorm illustration shows the
integrating effect of various time constants on o square
wave,

+
INPUT o—
WAVESHAPE r
-+
SHORT TIME 0
CONSTANT
+
MEDIUM TIME o
CONSTANT
-+

MODERATELY LONG
TIME CONSTANT 0'A\ﬁA\~~

EXTREMELY LONG O —/\/\

TIME CONSTANT

Effects of Chenging Time Constont

As can be seen from the wavelorms in the illustration,

ort time consatant integrator does notchange the Input

waveform vary much evoant to digtort the hisgh froguenzy

portions of the wavetorm (Iecrh“,” ndtreiling edges), and

the low frequency {flat) portion is pn ucucclly dncnanqed.
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be approximately equivalent to the full pulse width. A long
or extremely long time constant would be considered to
amount to two of three pulse widths or longer.
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Integrating Effect of Different Wavelorms

The accomponying illustration shows different types of
inputs and their respective output for an R-C integrator
circuit. The amplitudes of the waveshapes ore different
and bear no relation to each other as shown in the illustra-
ticn. When a peaked waveform is applied to an RC integra-
tor circuit, the resultant output will be a square waveform.
Applying a square wave to the input of an integrater circuit
produces an output waveform of triongular shape. The
integration of ¢ triangular wave results in a parabolic out-
put wave. Inteqrating o sine wave by an B-C circuit pro-
duces another sine wave with a different amplitude and
phuse, but with the same sinusoidal waveshape {usually
considered to be a cosine waveform).

FAILURE ANALYSIS,

Mo Output. Since only two components are involved,
it is evident that only an open circuit at the input, or a short
circuit at the output, could produce d no-output condition
{open resistor or shorted capacitor). Both of these items
could be checked for with an ohmmeter. If the resistor is
open the meter will indicate infinity, and if the capaciter is
shorted the meter will read zero chms.

Distarted OQutput. Only a change in component values,
ot associated companent values, could change the time
constant and waveshapes. Distorted output is usually
caused by improper input signals. When distortion is dis-
caovered in the following tube or transistor circuits, it is

CHANGE 2
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probably caused by inproper notion in t. sse circuits. &
direct check of the 5 othe input to the
inteqrator vsing a figh-ir o o:cillc-ncope, i irdicate
whether the circuit is cwrfar r peoperly. A shorted ree
sistor or an open capacitor would cause the cutput to be
a dupiicate of the input {no intesratior taking place). The
value of the resistor can be checked wvith an ohmmeter.
While the capacitor can also be checked for ¢ shart with
the ohmmeter, it is better proctice to use an in—circuit
capacitance checker, ani alse to chack the capazitor for
bath proper value and leaka =,

R-L INTEGRATOR.

APPLICATION.

The B-L inteqgrator is used as o wayeznaping netwark
in vorious types of electronic eguipments such gsrodio,
radar, television and in cther apecizl electronic uppllccuon.
It is also used s an analog in performing the mathematical
function of integration il computers.

CHARACTERISTICS,

Produces distortion of the input waveshape.

Has o long time constant.

Output is taken ccross the resistor,

Has the confiquration of g low pass filter.

QOutput is in the form of a veltaze that represonts the
average enerqy content of the input wavetor:,

CIRCUIT ANALYSIS.

General. An integrating circuit is a cireuit whose output
13 substantially the time integral of its inpuy waveform.
The R-L inteqrator circvit warks in clincat exact opposition
to the R-L dtiforentiator. It fas 2 long time constant and
the output s teken fror goress the reriatar, [§ the time
constant of the integrator circuit 1s 5 times {or more) the
period of one alternation of the input wavetorm the circuit
will electronically perforin the mzthematizzl nperation of
integration. This action iz approximate in prastice, but the
approximation can he made very acourate, Since industor
action is the heart of the gperatior of the S-L integrotor a
brief review of inductor action fol! Tre property of
inductance is such as to oppose a change it current. This
opposition (impedance} exerted by an inductar axists be-
cause a counter em! is produced across the inductor by the
change in the magnetic field of the inductor. When g con-
stant voltage is applied across ar inductor, curtent flow
does not tise to a muximur value immediotely. Father,
it is initially zero and increases at an exporenticl rote,
as the inductor becomes charged and the counter 2.m.1,
decrecses. Likewise, when the atclies vaoltone is removed,
circuit current does not ioll to zero imrediately, nut de-
credses at an exponential rate as the eneroy store ! in the
magnetic {ield of the inductor is Jdisc L Inthe B-L
integrator circuit the longer the ti: ztart, the more
closely the output waveiorm folloy deal inteqgrator
waveform. However, the longer the time -onstant, the
smaller is the output voltoge.
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Circuit Operation, Theqccompanying schematic diggram
illustrates a typical RB-L inteqrator.

LI Lr

QUTPUT

INPUT R

Typical R-L Integrator

This R-L inteqrator consists of a serles S-1, citeuir
with the output token aoress the resistor. The charge und
ischarge time of the inductor {the time constant) is deter-
mingd by the vulues of Indugtarce ond resistance in the
circuit using the formula TC=L/R. Thus an integrotor cir-
cuit consisting of a .1 henry inductor and a 10,000-chm
resistor has a time constent of 10 microseconds.

When a square wave is applied to the input of the inte-
eatnt mircitit the indiuctor L\n?mﬁ so ohg
.t gen efated by tha expanding
, but Jecreases expo-
"ﬂrtml., Jbuate o he volues of Lund H as
the magnetic {ield of the mdt.ctur npprocches its limit,
Circuit current, therefore, beaing at zero and increases
gxponentinlly s the -;i:c-;" “""\nf‘arﬂc decresses. lis
evident that the [R drop fvoltage) across the output resistor
begins at zero ond increcses as the inductor becomes
charged. [ the time constant is very long r.‘c inmrease in
output voltege is neorly linear, but the seak of the output
wavelorm 1 fthe amplitwie of the
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The following waveforms represent the inteqgrating
effects of various time constant inteqrator cirguits on a
square wave inpul,

+0V

INPUT

=10V

+10V o

Quirul

—T

-GV

HOV

QUTPUT \

-0V

LONG TC

+3V N
WTPUT g

-5V

+2
QUTPUT 9]

Eifects of Yarious Time Constonts On A Square Wave

As can be seen from the waveforms in the illustration, o
short tine constunt integrator has little effect on the output
waveform, only the high frequency components {leading and
trailing edges) are attenuated. As the time constant is
increcoed the dulpetl Leyins W resemble o sweep waverorm.
A furthet increase in tine cunswant results in a more linear
rise and fall of the output waveform. Notice that the output
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FAILURE ANALYSIS.
No Output, Cince thele ar¢ ¢niy wWo components In the

&) iteerator
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put. Gulll e Incucton and the resistor can easily be
checked for the above sentioned conditions with an ohm-
meter. Presence of the input sianal can be determined hy
observing the waveform mesent at the inout to the integrator
with an oscilloscope.
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Distorted Qutput. Generally speaking, on integrator
circuit will either function as designed or nat ot all. How-

ever, it is possible for either the inductor or the resistor
to change value. This would change the inteqrator time
constant, and the output waveshope would be altered, The
resistor may be checked for proper value with an chmmeter,
and the inductor con be checked for proper value with an im-
pedance bridge. It is also possible for the inductor to be-
come shorted or the resistor to become open. This would
result in the ocutput being a duplicate of the input no inte-
qeation taking place). The components can he checked as
explained previously. The mest common cause of distorted
cutput is probably distorted input. The quality of the input
signal can be easily determined by viewing the waveform
present at the inteqrator input with an oscilloscope.

SATURABLE-CORE REACTOR PEAXING CIRCUIT.

APPLICATION.
The saturable-core reacter pedking circuit is used 1o
produce a peaked pulse of voltage from a sine wave inpat.

CHARACTERISTICS.
Utilizes a saturable reactor.
QOutput voltage pulses are in phase with the input signal.
Usually operated near resonance.
Cutput pulse width is determined by the circuit Q,

CIRCUIT ANALYSIS.

General. The satwable-core reactor peaking circuit
produces sharp voltage pulses from o sine wave input signal
by utilizing the properties of a scturable reacter. A satura-
ble-core reactor is a type of inductor in which a relatively
low value of current produces magnetic saturation of the
core,

Magrnetic saturation of an inductor core can be defined
as the point where a further increase in current flow through
the inductor windings does not result in any further increase
in magnetic field. The property of inductonce is such as to
oppose a change in current, This opposition (kmpedance)
exerted by an inductor exists because a counter e.m.f. is
produced across the inductor, which opposes the applied
voltage. I the core of a inductor were to become soturated,
the counter e.am.f. would drop to a low value, and its op-
position to current flow {impedance) would also drop to a
low value. It is this ability to change impedance that
enables the saturable-core reactor peaking circuit to pro-
duce a pulse output from @ sinewave input.

Circuit Operation. The gccompanying schematic dio-
gram illustrates a typical saturable~core reactor peaking
circuit.

The circuit illustrated above consists simply of con-
ventional capacitor C1, conventiongl inducter L1, and
saturable core reactar 1.2, Compenentvalues are chesen so
that the circuit appears slightly capacitive when L2 is
saturated and slightly inductive when L2 is unsaturated
{the inductance of 1.7 decreases when L2 becomes saturated),
To illustrate the capacitive-inductive relationships when L2
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is saturated or unsaturated, assume for the sake of illustra-
tion that C1 hes a capacitive reactance of 100 ohms at the
operating frequency and that L1 has an inductive reactance
of 75 ohms at the operating frequency. Assume further that
L2 also has an inductive reactance of 40 ohms when un-
saturated and 10 chms when saturated. The reactance of
both C1 and L1 remain constant. It can be seen that during
the period when L2 is unsaturated there is o total of 115
ohms of inductive reactance and 100 ohms of capacitive
regctance in the circuit. The circuit, therefore, appears
inductive since the effect of L1 predominates. Likewise,
when L2 is saturated there is 100 ohms of capacitive re-
actance but only 85 ohms of inductive reactance, and the
circuit now appedrs capacitive.

When o sine wove is applied to the saturable-core reactor
peaking circuit, L2 becares saoturated by the relatively
high current flowing through it, and the voltage across L2
is very low, since the inductance of L2 is also very low at
this time. Since the circuit is slightly capacitive during
the saturation of L2, the current in the circuit leads the
applied voltoge by almost 90°, and the output voltage is
appraximately 180 degrees out of phase with the applied
voltage, since the voltage across L2 also leads the current
by nearly 900, This output voltage is very low in amplitude,
since L2 offers little impedance while in the satwated state.
Inductor L2 becomes unsaturated when the input voltage is
at o peak, since ot this time circuit current is at a mini-
mum due to the 90° phase shift, At this time (when L2 is
unsaturated) the inductance of L2 becomes high, This
makes the circuit highly inductive and causes the circuit
current 1o log the applied voltage by clmost 9079 However,
the voltage across L1 (the output) leads the circuit current
by almost 909, since voltage leads current acress an induc-

17-8




ELECTRONIC CIRCUITS NAVSHIPS
tor and is, therefore, in phase with the input. This condition
persists for only @ short period of time until the circuit cur-
rent increases and becores suffizient to saturate L7, Lur-
ing this short period of time < larqe amplitude pulse whick
is inphase with the input {s produced. The duration of this
pulse coincides with the duration of the unsaturated con-
dition of LZ and isdetermined mainly by the circuit G.

Thus, e lorge amplitude positive pulse is oreduces when

the applied sire wave passes through its positive geax,

and a large amplitude nevjative pulse is sroduced when the
applied sine wave passes through its negative peak. Since
L2 is saturated during most of the input ucle the uL,tDut

iz extremely low except for the ghort tims
of voltage wnen L2 1= 11 an unzat:

FAILURE ANALYSIS,

No Output. A no-output —ondition couldresult if any
comnponent in the saturabic reactar peaxing circuit becare
short@ri or qoen. Indgsters TLoaad T2 2an gaei) :

by meusuring the resistance of the wirdings cp:l ﬁbm inz
for a shart or leakage to qreund with ar chmameter. Copac-
itor Cl can be checked witn an incircuit copacitor CRer.
Do not overlook the possibility that o no-cutput condition
is the result of no-input. Tils can essily be
observing if the wavefor Is present ¢ the circult inpat
with an oscillescope,

Low Output. Generally speaking, since there are fow
components involved, the sotureble-core reactor peaking
circuit will either function as designed or not at all. How-
ever, a low-output condition could result from g partially
shorted component or from excessive lankaoos 12 ¢
the windings of L] or L2, or from a low amplitud
Resistance checks of the induster i
checks to ground, with. the botlom
should reveal wnetner or not a pcmially snorted componant
or leckage to ground iz the couse 01 low oumut.
plitude of the input signgl can 23
ing the wuvelonn present gt the inpat with an oscilloscope.

Distorted OQutput. Since the duraticn of the output nulse
is determined mainly by the ©) of tne zircult, a ~hanas in
circuit value could alter the u of the circuit and thus alter
the output waveshape. Oh
ground should be made wing o
ground would affect the circuit G, C1, L1 and L2 con be
checked {or proper value with an impedonce widae.

» checked by

Ae 1nput.
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CHARACTERISTICS.
Reshapes pulses into pulses with sharp leading and
trailing edaes.

Wilizes two transistors comnected in the common-emitter
ronfimiration
configuration

Reguires three power supply veltages.

. s tiendl T
Output pulee width s constant and i3 determingd by

CIRCUIT ANALYSIS.

General. The semiconductor pulse shaping circuit con-
sists of two common-eritter amplifiers. The first stage,
which empleys on B-L collecter loc, perforns the primary
siwapiyg lunciton and controls
second stage, an overdriven amplifier, serves as a buffer
pawer amplifter, and in addition sqpunres off the wailing
edge of the outpit piclse,

The ourput pulse width 13 primaridy determined by the
values of the inductive load of the first stage and the input
capacitor, but isalso aftected by transistor choracteristics,
as well as changes in the sower supply voltage, Tn mest
instances circult values are chosen which produce an out-
put pulse width of 1 microsecond.
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load, and diode CR2 limiting the output to the level of the
-6 volt power supply.

In the quiescent state (no signal input) transistor Q1
is reverse biased by the positive voltage at the junction of
voltage divider R1-CR1. The collector of Ql is at ap-
proximately -6 volts since Q1 forward collector cument is
cut off, and transistor Q2 is heavily forward biased by the
neqative collector voltage of Q1 direct-coupled through R3.
With Q2 conducting heavily, the output voltage is very
close to ground potential. When a negative pulse is applied
to the pulse shaper, voltage divider diode CRI is reverse
biased and transistor Q1 is driven into conduction by the
charging current flowing through the emitter-base junction
of Q1 and into capecitor Cl. The rapid rise in charging
current through the emitter-base junction of Q1 rapidly
drives Q1 intg saturation, and the voltage on the collecter
of Q1 rises sharply to ground potential. This rapid positive
swing in collector voltage on Q1 is coupled through K3 and
C2 to the base of output transistor 2, and Q2 is rapidly cutoff.
The collector voltage of Q2 (the output voltage) which was
previously held at ground potential due to the heavy
corduction of Q2 now rapidly falls to the -6 volt supply
level. This is the beginning of the output pulse. The om-
plitude of the ocutput pulse is maintained at a constant -6
volts by the uction of limiting dicde CRZ. Transistor Ql
is maintained in a saturated state by the charging current
of C1 flowing through the emitter-bose junction of Q1. This
current decreases as C1 becomes charged, but remains suf-
ficient to keep Q1 saturated for the duration of the output
pulse. During the period when Gl is saturated, collector
current is limited by the impedance of the load (L1 and R2).
Initially, the impedance of L1 is high, but it decreases as
L1 becomes charged und collector current incregses. Con-
sequently, during the period when Q1 is in saturation, col-
lector voltage on Q] remains censtant and output transister
Q2 remains cut off. Hence, the output voltage remains at
-6 volts, When the desired output pulse width is completed,
the impedance of L1 is so low that the base drive caused
by the charging current of C1 is insuificient to maintain
collector curtent at the previous level. (Basedrive de-
creases as Cl charges). Collector current then decteases
rapidly and Q1 collector voltage quickly falls to -6 volis,
which drives output transistor Q2 into satwration. The
cutput voltage rises sharply to ground potential gs the
conduction of Q2 increases. The rapid transition of Q2
from cutoff to saturation is cided by the discharge through
the emitter-base junction of Ql, of the enerqy stored in L1.
The term “cutoff” has been used loosely in the preceding
paragraphs. Actually the tronsistors are not cut off in
the sense that g vacuum tube can be cut off, since there
is always some reverse leakage current flowing, but the
magnitude of this current is insignificant, The values of
C1 and L1 are the determining factors affecting output pulse
width, since the output pulse Is completed when Ct and E1
become fully charqed and cause the collector current of Q1
to beqin decreasing.

CHAKGE 2
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FAILURE ANALYSIS.

General. When mcking voltage checks
tube voltmeter to avoid the low vai ~altiplier resist-
ance employed on the low voltage ranqes of the standars
20,000 chms-per-volt meter. Be careful clso to observe pro-
per polarity when checking continuity with on. chmmeter,
since a forward bias through any of the trarsistor junctions
will cause a fglse low resistanze reading.

No Qutput. A no-sutputcondition couls result from
failure of either transistor or foilure of one of the power
supplies. Semicanductor circuits are zenerclly miriaturized
printed circuits. Circuits of thiz type are subject to shorts
caused by a small drop of solder, or gy conductive ohject
that may fall ncross printed circult leads, o these leads
may become open by g hairline crock in the printed board.
Plug-in type contacts, ofter, employed in printed circuit
boards, sometimes tail to moke contoct due to dirty or bent
contacts. It is often wise 1o vizually check the orinted
circuit board for evidence of any of theabove conditions
before attempting to trouble-shoot the circuit. Power supply
voltages should be checked with o vacuum-tubsvoltmeter,
and adjusted or repaired if necessary. It should be noted
that deterioration with age cavsing lack of nain may result
under high temperature conditions. Unlike vecuur tubes,
however, transistors have operated for years without notice-
able deterioration under proper operating conditions,

Ii the wansistor is not ot fault, a defective circuit
component is likely the cause of no outpat, Voltage checks
of transistors elements with @ vacuum tube voltmeter, or
resistance checks with the circuit deenergized, should
indicate the component at fault. Resistors B3 or R4 could
cause a no-output condition if they failes, as could dicde
CR} if it became shorted. Failure of other circuit compo-
nents could possibly cause ¢ no-output condition to exisy,
but are much more likely to cause distortion of the output
waveshape. This condition will be diszussed in detail in
the following paragraph. Do no ovetleck the possibility
that @ no-output condition is the result of no input signal
reaching the pulse shaper. Theexistance of this condition
can readily be determined by observing the waveform pre-
sent at the input to capacitor C1 with an oscilloscope.

Distorted Output. The term distorted output isused in
the foliowing paragraph to describe any output condition
other than the proper output with respect to pulse width,
pulse amplitude, and pulse rise and fall time since a circuit
defect usually causes more than one of these symptoms of
improper output to appear. Defective transistors and impro-
per power supply voltages are often the cause of o distorted
cutput. The power supply voltages shoula be checked and
adjusted if necessary, they should be withiz 108 of their
nomina! values. If the power supply voltages are correct
and the transistors are qood, a defective circuil component
is the next most likely cause of improper cutput. A signifi-
cant change in the value of any component could alter the
output waveshape, Since the value of L1 and Cl determine
the pulse width @ change in the value of these components
would, noturally, affect the cutput pulse width, L1 and Cl
can be checked for proper value on an inductance-capaci-

e ¢ vacuum
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tance bridge. Resistors Rl and RZ also affect pulse width
but to a lesser degree than Cl and L1. Diode CR2 limits
the amplitude cf the output pulse to -6 volts, If CR2
opened, the amplitude of the cutput pulse would increase.
The input pulse must be of the correct polarity, and have
suificiem cmplitude and duration to properly trigger the

___________

hP Ccnﬁum of the input Fuxs'ﬂ may bc ch c\_,}\::u by o

serving the waveform present at the input to cavaciter C1
with an oscilloscope.
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