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should be noted that, while the tansistors are of opposite
polarities, they have the sume operational characteristics.
The audio modulation and the r-f carrier beat togelher in the
nonlinear resistance of the transistors, and sum and dif-
ference {sideband) frequencies are produced. The side-
band frequencies are developed across the output trans-
former and are inductively coupled to the following stages.
Circuit elements are arranged so that the -f carrier and
the original audio modulating signal do not appear in the
output. For minimum distortion the r-f carrier is main-
tained at a level 8 to 10 times greater than the audio
medulating signal.

Circuit Operation, The accompanying diagram illus-
trates @ balanced complementary symmetry modulator.
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Bolonced Complementry Symmetry Modulator
(commen collector configuration)

Audio tronsformer T1 couples the audio modulation from
the preceding stages to the bases of Q1 and Q2 through
bias resistors R1 and R3." Rl and R2 form a voltage
divider network to bias transistor Q1 and resistors B3 and
R4 form a veltage divider to bias transister Q2. Trans-
former T2 couples the 1-f carrier from the carrier oscillator
to both sides of carrier balance potentiometer RS. Carrier
bolance potentiometer BS, which has its slider grounded,
etfectively centertaps the secondary of carrier input trans-
former T2, causing 180Y out-of-phase 1-f carrier si_qnul
voltages to be present at the top and bottom of T2. Coup-
ling capucitors Cl and C2 couple the r-f carrier from trans-
former T2 to the base of each transistor and prevent a DC
path from being formed from the base of each transistor to
ground through carrier balance potentiometer RS, Tran-
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sistors Q1 and Q2 are the nonlinear devices used to qen-
erate the sidebands, and transformer T3 serves as the out-
put locd for the balanced complementry symmetry modulator.
Since both transistors have the same operational
characteristics bath transistors conduct equally with no
signal input, and thus both transistors have equal equivalent
emitter-collector resistance, Thus, it can be seen that a
balanced condition exists between Q1 and Q2, and the
voltage drop across Q1 is equal to the voltage drop across
Q2. Since the absolute value of voltage between each
power supply and qround is the same and the voltage drop
across the transistors is equal, there is no voltage between
point A in the figure and ground, and thus no current flows
through output transformer T3, and no cutput is produced.
When a push-pull (1800 ocut-of-phase)} input a signal
is applied, in this case the r-f camier, the following takes
place. During the period of the input cycle when the base
of Q1 is driven positive and the base of Q2 is driven neas-
tive, conduction of both Q1 and Q2 decreases. This is due
to a reduction in forward hias applied to each transistor
(PNP transistor Q1 normally hes its base biased more
negative than-its emitter and NPN transistor Q2 normally
has it base biased more positive than its emitter). This
decrease in conduction of Ql and Q2 is in effect an in-
crease in equivalent emitter-collector resistance and,
since both transistors have the same operational character-
istics, both transistors decrease conduction in equal o
mounts. Although the equivalent emitter-collector resist-
ance of both transistors increases, [t increases equally
in bath transistors and, therefore, the voltage drop across
Ql remains equal to the voltage drop across Q2. Once
again the balanced condition between Q1 and Q2 is main-
tained and no output is produced, since no current flows
through output transformer T3. During the next half-cycle
of 1-f carrier input a neqative-going half-cycle of r-f is
coupled from transformer T2 to the hase of Q1 and in-
creases the forward bias on Q1 causing the conduction of
Q1 to increase. Simultaneously, a positive half-cycle of
r-f is applied to thebase of Q2, where it aqain increases
the forward bias on Q2, causing the conduction of Q2 to in-
crease. Both transistors increase conduction at the same
rate, and the equivalent emitter-collector resistance of
bath transistors decreases equally. Again the voltage drop
across each transistor is equal and a balanced state is
maintained. Hence no output is produced. In this manner
the r-f carrier is effectively suppressed in the complementry
symmetry balanced modulator. In actual practice, the
slight differences in characteristic found between evenly
matched pairs of transistors necessitates the use of some
external method of balancing the circuit. The complementry
symmetry balanced modulator achieves precise carrier
balance by making it possible to vary the amplitude of the
1-f carrier coupled ‘o the bose of Q1 with respect to the am-
plitude of the t-f carrier coupled to the base of Q2. This is
achieved by effectively center-tapping the secondary of r-f
carrier input transformer T2 by connecting bath sides of po-
tentiometer RS across the secondary of T2, Varying the
position of the grounded slider of RS has the same effect as
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varying the position of the center-tap on a centertapped
transformer.

When aqudio modulation in addition to the r-f carrier is
applied simultaneously to the balanced modulator, upper
and lower sidebands are generated as the result of the r-f
carrier frequency and the audio modulating frequency beating
together in the nonlinearly operated transistors. Four
basic frequencies are present in the emitter circuit of the
transistors. These frequencies ore the original r-f carrier
frequency, the original audio modulating frequency and the
sum and difference frequencies (sidebands) resulting from
heterodyning action. However, only the sideband frequencies
are present in the output.

The cudio modulation is applied to the base of each
transistor in parallel {in phase) through transformer T1.
During the positive half-cycle of modulation input the for-
ward bias on Q1 is opposed by the modulating signal (Q1
is a PNP transistor) and conduction of Q1 decreases. At
the same time, the positive half-cycle of modulating signal
aids the forward bias an Q2 (Q2 is an NPN transistor) and
conduction of Q2 increases. The balance between Q1 and
02 is now upset since the equivalent emitter-collector re-
sistance of Q1 increased cousing an increased voltage
drop across Ql, while the equivalent emitter collector re-
sistance of Q2 decreased causing a decreased voltage drop
across Q2. Point A in the figure is no longer at ground
potential but at some positive voltage and cutrent fows
through cutput transformer T3 causing an output to be pro-
duced. The r-f carrier component of emitter current is
cancelled as explained previously. The sideband component
of emitter current and the eriginal audic modulation com-
ponent of emitter current flows through the primary of out-
put transformer T3, but the autput trensformer presents o
very low impedance to audio frequencies, therefore, qudio
frequency voltage is not developed across the primary of
T3. Only the upper and lower sideband signal woltage is
developed across the primary of output transformer T3 and
is inductively coupled to the following stages. Overall
circuit operation is the same for the negative half cycle of
cudio modulatien input. That is, during the negative half-
cycle of modulation input the forward bias on Q1 is in-
creased and conduction of Q1 increases. At the same time,
the negative half-cycle of modulation signal decreases the
the forward bias on Q2 {an NPN transistor) and decreases
conduction of Q2. ‘The balance between Ql and Q2 is now
upset because the equivalent emitter-collector resistance
of Q1 decreased, causing a decreased voltage drop across
Q1, while the equivdlent resistance of (2 incteased causing
an increased voltage drop across Q2. Point A in the fiqure,
is therefore, no longer at ground potential, but is at some
negative voltage so that current Rows through output trans-
former T3, causing an output to be produced. The 1-f car-
rier compenent of emitter current is cancelled as explained
previously. Although both the sideband component of emitter
current and the original modulation component of emitter
current both flow in the primary of T3, the low impedance
offered to the audic modulation is insutficient to develop
an audio frequency voltage across it. Therefore, only the
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upper and lower sidebands are inductively coupled to pro-
duce an output in the secondary of T3.

FAILURE ANALYSIS.

General. When making voltage checks, use a vacuum
tube voltmeter to avoid the low values of multiplier re-
sistance employed on the low voltage range of the standard
20,000 ohms-per-velt meter. Be careful also to abserve
proper polarity when checking continuity with an ochmmeter,
since a forward bias through ony of the transistor junctions
will cause a false low resistance reading.

No Outpur. Since transistor Q1 and its associated cir-
cuit performs essentially the same function as transistor
Q2 and its associcted circuit components, failure of either
transistor or associated citcuit components is not likely
to cause a no-output condition to exist. Likewise, failure
of either the positive ot neqative power supply is not likely
to cause a ne-output condition to exist, since each power
supply serves only one branch of the modulator, Failure of
a compenent, such s the aqudio modulation input trans-
former T1, the r-f carier input transformer T2, or ocutput
transformer T3 all of which serve bath branches of the
modulator could be a cause of a no-output condition. Con-
tinuity checks of the transformer windings and resistance
checks for shorts to ground or excessive leakage between
windings will reveal a defect in either T1, T2, or T3 which
could cause a no-output condition toexist, Failure of Tl
or T2 could cause a no-output condition to exist by failing
to cauple either the qudic modulation or the -f carrier to the
balanced modulator. Likewise, failure of the source of the
signals (modulating signal or r-f carrler) would also create
a no-output condition, To determine whether or not the
signals are reaching the balmced modulator observe, with
an oscilloscope, the waveform present on the primary of
audio input transformer T1, and the waveform present on the
primary of r-f cartier input transformer T2. Absence of
either of these signals results in a no-output condition and
indicates that the foult lies in the stage, or stages preced-
ing the medulator.

Low Output. Failure of almost any component in the
complementry symmetry balanced modulator could result
in a decreased output. Failure of, or improper output from
from either power supply could result in low output and the
power supplies should be checked and repaired or ad-
justed, if necessary, before any component substitutions
are attempted. Deterioration of either of the transistors
could also be a cause of decreased output. A low
output condition could alse be due to improper base
bias applied to either transistor. Check the voltage
present on the base of Ql and Q2 with a vacuum tube
volimeter. lf a discrepancy is found the most likely
cause is a change in value of voltage divider resistors
Rl ard R2 (for the base of Q1) or R3 and R4 (for
the base of Q2). Improper base bias could also be cqused
by a short in coupling capacitor Cl or C2. 1f {1 or C2
opened, a low output condition would result since the r-f
carrier would be unable to reach the base of either Q1 or Q2.
A partial failure of transfarmers T1 or T2 could result in
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decreased amplitude audio modulation, or decreased ampli-
tude r-f carrier, reaching the bases of the transistors. This
condition would likely result in decreased output. Careful
resistance and leakage checks, with an chmmeter, would
usudally indicate a particl failure that could he the cause of
low output. Likewise, decreased amplitude r-f carrier or
audio modulation before it reaches the modulater could be
the cause of low output, The existance of this condition
can be determined by obsetving, with an oscilloscope, the
amplitude of the input signagls on the primary of the respec-
tive input transformer. Another possible cause of low cut-
put could be due to a defect in cutput transformer T3. Re-
sistance and leakage checks of the transformer windings
should indicate a possible defect.

Distorted Output. Distortion of intelligence will occur
in singie sideband systems when the transmitter and re-
ceiver are not exactly on frequency. Distortion in single
sideband transmitters is usually the result of improper oper-
ation of the linear power amplifier, or of operating any stage
beyond its rated capabilities. If system distortion is
determined to be caused by the modulator, almost any com-
ponent which could cause low output can also be suspected
of causing a distorted output. The power supply voltages
should be checked first ond adjusted, if necessary. A
check of buse hias voltage of both transistors would re-
veal if a fault exists in voltage divider resistars K1, R2,
R3, and R4. An open or shorted carrier balance potentio-
meter RS could also couse a distorted output to result.
excessive audio input could be the cause of distorted
Since the 1-f carrier input amplitude should, for good fidel-
ity, be 8 to 10 times the amplitude of the qudio modulat-
ing signal, a decrease in amplitude of the 1-f carrier or
excessive gudio input could be the couse of distorted
output. The amplitude of the r-f carrier input and the am-
plitude of the audio modulation input can be easily checked
by observing, with an oscilloscope, the waveform present
at the primary of the respective input transformer.

Do not overfook the possibility that the qudic modulat-
ing signal is distarted before it reaches the modulator.

FREQUENCY MODULATORS (FM).

The semiconductor FM medulater varies the frequency of
a carrier above and below the center frequency similarly
to that of the vocuum tube. Frequency modulation is usu-
dlly accomplished at very low levels as compared with
tube operation. In many instances the modulation is ac-
complished with a low-frequency carrier and the module-
ted carrler is then frequency multiplied until the desired
center frequency is reached. Since the input and ocutput
impedances of the transistor are functions of the operating
polint, the transistor may be used as a reactance modulator,
Thus a transistor oscillator with a tank cireuit may be used
with the output side of the modulator connected across
part of the tankcoil. Thus vaice variations of the modula-
tion signal vary the reactive output impedance of the
modulater and change the oscillator frequency accordingly.
Another modulation method is to vary the operating point
of the modulator by varying the bias. We find then, that the
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modulation can be inserted in either the emitter, base, or
collector circuits. Since the reactance modulator is more
efficient and provides large deviation it will be discussed
in the foliowing paraqraphs.

BASIC REACTANCE MODULATOR,

APPLICATION.
The reactonce modulator is used to frequency modulate
low power semiconductor tronsmitters.

CHARACTERISTICS.
Uses collector to emitter output capacitance to provide
reactive trequency control.
Operates at relatively low power levels.
Shunts a portion of the oscillator tank coil,
Requires further limiting or clipping to eliminate a
residucl 10 10 15 percent amount of AM modulation.
Uses a single transistor to achieve full modulation,

CIRCUIT ANALYSIS,

Generol. In an fm transistar, modulation is accom-
plished at the oscillator stage. The transitor oscillator
is frequency modulated in the same manner as an electron
tube oscillator, or by varying the gain at the modulating
tate as is done with AM transistors, When the osciliater
is fm modulated a slight amount of AM modulation is
also inserted. Thus the modulated fm oscillator requires
a limiter stage to remove the amplitude modulation before
it is further amplified or multiplied in frequency. This is
easily accomplished in a single stage.

Cireuit Operation, The accompanying schematic shows
the circuit of a typical frequency-modulated oscillator
stage operated as a reactance modulator.

Transistor Ql is the FM oscillator., Resistor Rl and
R2 are base hias voltage dividers. Primary L1 of trans-
former T1 together with capacitor Cl form the tuned tank
adjusted to the oscillator output frequency. B6 is the
modulator load resistor. Secondary L2 of Tl is the col-
lector to base feedback winding of the oscillator. Tertiary
winding L3 is an inductively coupled output winding which
couples the FM output signal to the next stage, or in special
coses to m antennd. Transformer T2 is an qudio trans-
former which inductively couples the modulation input to
the base-emitter junction of Q2, the modulator stage. Re
sistors B3 and R4 @e base bias voltage dividers, while RS
is an emitter swomping resistor bypassed by C2 for tempera-
re stabilization. The output capacitance of Q2 shown
dotted as Cee shunts a portion of the r-f oscillator coil L1.
As the modulator operates the oulput capacitance of Q2 is
varied. Thus, the frequency of the oscillator is shifted in
accordance with the modulation the same as if Cl were
varied insteod.

When the modulation is applied to the primary of T2 it
is coupled into the base circuit. Thus the emitter-bose
bias changes constantly at the modulation rate. Since the
bius is increasing and decrensing at the modulating rate,
the collector voltage of Q2 also increases and decreases at
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the modulcting rate. When the collector voltage increases,
eutput capacitance Cee decrecses, and conversely, when
the collector voltage decreases. (An increase in voltage
has the effect of spreading the capacitor plates further a-
part by increasing the width of the PN barrier. Conversely,
the reduction of collector voltage reduces the width of the
PN junction and has the sameeffect as pushing the capaci-
tor plates together to provide more capacitance).

When the output capacitance of Cee decreases because
of the increase in collector reverse bias, the resonant
frequency of the Q1 oscillator tank circuit increases as if
Cl were decreosed, ond produces a higher frequency 1-f out-
put. Conversely, when the output capacitance of Cee in-
creases hecause of adecrease in caollector reverse bias, the
resonant frequency of Q1 oscillator tank circuit decreases
and produces a lower frequency f cutput because of the
shunting effect of Cee. Thus the resonant frequency of the
oscillator tank circuit is increasing and decteasing at the
modulating rate. Hence, the oscillator frequency is also
increasing and decreasing at the modulation rate, The out-
put of the oscillator, therefore, is a frequency modulated
carrier signal. Since the audio madulation causes the col-
lector voltage to increase ond decrease, there is an AM com-
ponent induced into the output. This produces both an
FM and AM output. By placing a limiter stage after the
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reactance modulator, the amplitude variations are removed
and only the frequency modulation remains, with a constant
amplitude output. Frequency multipliers are then used to
increase the oscillotor frequency to the desired output fre-
quency. For high power, linear r-f amplifiers are used to
increase the steady amplitude signal tp a particular level
and power output. With the initial modulation occuring at
low levels fm represents a saving in power as compered
with conventional AM, with the FM noise reducing prop-
erties providing a better signal to noise ratio than is pes-
sible with AM.

FAILURE ANALYSIS.

General. When making voltage checks, use a vocuum-
tube valtmeter to avoid the low values of shunting resist-
ance employed on the low voltage ranges of conventional
voltmetets. Be careful also to observe proper polarity
when checking continuity with the chmmeter, since a forward
hias through any of the transistor junctions will cause a
false low resistance reading.

No-Output, Open bias resistors, open collector resistor
R6, or open windings on T1, can cause a no-cutput condi-
tion. Check the resistors for proper value with an chmmeter
and the transformer for continuity. If satisfactory indico-
tions are obtained but Q1 does not oscillate, the transistors
may be defective. If Q1 operates but no modulation is ob-
tained, Q2 is defective.

Low Output, Low collector voltage, low bias voltage,
or a weak transistor may cause a low ocutput. Check the
supply voltage first to be certain it is nommal, then check
the collector voltage of both Q1 and Q2, and the bose bias
of Q1 and Q2 also, if the collector voltage is normal. Also
check collector resistor R6 for proper value if the modula-
tion appears weak, Low bias con be caused by a change
in Mas voltage dividers R]l and R2, and R3 and R4; check
for proper resistance value with an chmmeter. A high re-
sistance connection in output winding L3 of T1 may also
occur and course g reduced output.
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below cutoff, until the grid voitage rises (becomes less
negative) o the cutoff potential, The triode then conducts,
as the qrid voltage rises to zero {ground) potential. When
the signal drives the grid to zero bias, grid current begins
to flow, limiting any further rise of the qrid voltage at this
point. The qrid current charges coupling capacitor Cl,
through the relatively low grid-to-cathode resistance of tri-
ode V1, to an average voltage which serves as a highly
negative bias for the grid of triode V1. During this time the
plate {output) voltage has fallen obruptly, decreasing near-
ly to zero, and it remains at that value until the qrid signal
falls, from its positive peak, back to zero. At zero
bias, the plate current begins to fall tapidly as the qrid
voltage becomes more neqative, until cutoff is reached,
when the plate current has fallen to zero. During this time
the plate {cutput) voltage has risen sharply to its maximum
value of Ebb. From the waveforms shown, it should be
noted that the negative particn of the output waveform is
nartower than the positive portion: this is due to the fact
that the tube conducts only during a portion of the positive
half-cycle of the input signal, while it remains nonconduc-
tive during the entire neqative half-cycle.

FAILURE ANALYSIS.

No OQutput. The cause of a no-output condition in the
triode overdriven amplifier limiter may be defective triode
tube, failure of the plate supply voltage, an open input or

output coupling capacitor (if either 1s used), or failure of the
input signal. Assuming that the tube has been determined to

be capable of operation, and that an input signal of proper
amplitude and polarity is present at the input to the circuit,
on open plate load resistor (or plate decoupling resistor if
a decoupling circuit is used) would render the circuit inop-
erative, and no output would be available. A shorted de-
coupling bypass capacitor {C2 in the second circuit illus-
trated), if a decoupling circuit is used, may also be the
cause ol ¢ no-output condition. An open coupling capaci-
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tor in the input grid circuit, if one is used, would likewise
preveni mny output from being produced.

Reduced or Unstable Output. When the output of the
triode overdriven amplifier becomes unstable or is of re-
duced value, a low value of plate veltage, due to a defec-
tive power supply, or an increased value of plate load
resistance, due to a defective or faging*’ resistor, may be
the cause of this condition. Either a leaky input or out-
put coupling capacitor or an open grid resistor could be
responsible for unstable operation. The triode tube itself
may have low cathode emission; this would produce a re-
duced output. Finally, the input signal itself should Le
checked to ascertain whether it is of correct waveform and
has sufficient amplitude, since any deficiency in the input
signal would be evident in the output from the overdriven
amplifier.

PENTODE LIMITER.

A limiter is a circuit used to reduce, or for all prac-
tical purposes, remove the effect of unwanted amplitude
varigtions, which occur because of inherently different
levels, atmospheric disturbances, or because of unequal
respanse of tuned circuits within a receiver, or in a
combination of citcuits. It restricts to a specific voltage
level either the positive, the neqative, or both portions of
the waveform.

Twao major uses for limiters are found in video cir-
cuitry and radio frequency circuitry. In wideo circuitry
the limiter follows the video detector stage and precedes
thelow level, cathode-follower output stage. In this
positian it performs the function of both amplifying and
limiting low level video signals. Inhe case of 1-f cir-
cuitry the limiter is located after the last i-f amplifier
stage and prior to the discriminator (detector) stage in an
im receiver. Here again it serves to amplify the i-f signal
as well as limit it. The limiter is important in both video
and 1-f circuitry, since in both cases the circuitry follow-
ing the limiter stage is sensitive 1o amplitude variatiens.

Limiting is accomplished by utilizing the cutotf,
saturation, and qrid current characteristics of an elee-
tron tube. Careful examination of the two types of vacuum
tubes (trinde and pentode) which are most {easible for use
in limiter circuits reveals the advantages of the pentode
over a triode. An importan: advantage is the sharp cutoff
characteristic which is especially apparent in the pentode
and nat apparent in the triode. This characteristic per-
mits the tube to attain cutoff with a less negative-going
{smaller) signal. At the same time, the pentode has the
advantage of greater electrode voltage swing. This is
made available by the large range of voltages which may
be applied to not only the plate of the tube (as in the case
of the triode) but also the screen grid. The greater the
screen voltage, the larger is the range of plate current
and applied voltoge. These characteristics make avail-
able o greater range over which saturation, cutoff, and grid
conduction may occur.

When both plate and screen qrid voltages are lowered,
a smaller input signal is required to drive the plate current
into saturation. At the same time, smaller negative veltage
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values are also required to drive the tube to cutoff; there-
fore, better limiting is provided for weaker input signals
when lower zlectrode potentials are used, rather than the
full rated operating potentials.

On the other hand, by incteasing electrode potentials
and utilizing grid leak bias good limiting can also be ob-
tained and, at the same time, @ higher overall gain is made
available.

In addition to the previous advantages, the pentode
also has a higher transconductance {gain} which produces
a higher signal to noise ratio. It also has a higher ampli-
fication factor and better isolation between input and output
impedances, which is am advantage in almost any circuit.
Thus, it is seen why a pentode is to he preferred over a
triode for limiter circuitry. Typical pentode limiters of the
video and -1 type are discussed in detail in the fallowing
paragraphs in this section of the Handbook.

YIDEOQ LIiMITER.
APPLICATION.

The video limiter is used to amplify and limil to a
specific amplitude low level video input signal voltages
in rodar and television equipment,

CHARACTERISTICS.

Censtant output is obtained once the limiting level is
reached. Linear amplification oceurs up to limiting level.

Screen qrid and plate voltages determine limiting Level
for a specific bias.

Best performance is obtained with shamp cutoff pentode—
has rapid rise time —has little droop.

CIRCUIT ANALYSIS.

General. The pentode video limiter is located between
the video detector and the low leve! cathode follower
output stage in radar and TV receivers. Cutoff type
limiting, rather than grid current or plate saturation limiting,
is preferred in video limiter operation, Cutoff limiting oc-
curs when the limiting level is determined solely by the
cutoff bics level. Grid current limiting occurs when suf-
ficient grid current is drawn to produce the desired limiting
bios. Plate saturation limiting occurs when the qgrid bias
is low or at zero and the signal drives the plate current
into the saturation (no current change) level at which
limiting occurs.

The limiter is supplied with a neqative siqnal from the
video detector. The signal is restricted in its neqative
amplitude direction by bigsing the limiter tube so that
cutoff occurs at the point where the desired negative volt-
age amplitude is attained. As the neqative voltage is ap-
plied to the grid of the pentode it is inverted and amplified
at the plate and coupled to the cathode follower following
the limiter stage.

A pentode tube is preferred in limiter applications for
several reasons. The primary teason is that the pentode
inherently has sharp cutoff capabilities. This allows the
tube to reach cutoff bias with a less negative-going
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{smaller) signal than normally would be required, and thus
performs better for smaller input signals,

Gircuit Operation. The schematic of a typical video
limiter circuit using a pentode type of electron tube is
shown in the accompanying illustration,

AVG. GRD. LEAK BIAS

QUTPUT

Pentode Yideo Limiter

The input signal is capacitively coupled through coup-
ling capacitor C, to the grid of V,. The combination of
capacitor C, and grid ledk resistor R, establish the bias
potential. Plate load resistor R, is used to develop the
plate output voltage, The screen grid dropping resistor
R3 drops the screen grid voliage to the proper value and
bypass capacitor C, places the screen at ground potential
for video.

Without a signal applied, only contact bias is devel-
oped ondthe tube operotes near zero bias, At this paint
the plote and screen grid voltages largely control the
amount of plate current flowing.

With the application of the neqative input signal (ob-
tained from the video detector) o C,, grid ledk bias is
established by the combination of C,mdR,. Thisis
somewhat different than the grid leak bias explained in
paragraph 2.2.2 in section 2 of this Hmdbaok since in
this application only negative pulses are used.

When the input signal used {is first applied, the cur-
rent through C, is maximum and the total input voltage is
dropped across R,, with electron flow through R,, placing
the cantrol grid at a neqative potential with respect to the
cathode. C, charges through R, for the duration of the
pulse. The capacitor then discharges through R, for the
period between pulses. Refore completely discharging,
however, C, begins to charge again with the application
of o new pulse. After a few cycles of operotion, an average
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negative wltage (bias) is established at the control grid of
the tube because of the relation of the time constant of

C, B, to the duty cycle of the input signal. This negative
voltage {bias) establishes the cutoff point for limiting,
which is determined from the plate current versus grid
voltage charactetistic curve of the particular pentode used
for V,. This average negative bias voltage determines
where the input signal causes cutoff to ocour, and thus,
which portion of the input signal will be reproduced.

With the application of the input pulse, plate current
flows for that portion of the pulse above cutoff. Once
the tube reaches cutoff the current is at zero and remains
at this point for all portions of the neqative signal beyond
cutoff regardless of whether or not the input signal in-
creases. At cutoff, the plate voltage is at its maximum
and, likewise, will remain at this limited amplitude for all
portions of the input signal beyond cutofl. The plate volt-
age then decreases to a minimum volue when the plate cur-
rent is brought back to its maximum value by the trailing
edge of the negative input pulse. MNote that during the
entire time the signal is less than the cutoff bias value,
no limiting occurs. Thus, in the region from zero bias ta
cutoff, normal tube amplification action oocurs. Hence,
limiting occurs only for those input signals which are
larger in amplitude than the value of cutoff bias. The
larger the input signal, the more effective the cutoff action.

The limited voltage output level is also controlled
slightly by the plate and screen grid voltages of the tube
since these voltages in addition to the biasing level af-
fect the tube characteristics ond contral the total amount
of plate current tlowing. The approximate magnitude of the
limited output can be obtained from the product of load re-
sistor B, and the plate current {in milliomperes) with no
signal applied.

Circuit Yoriations. 1f the plate current changes he-
tween pulses because of a duty cycle change, the effective
limiter output voltage is altered accordingly. This plate
current change occurs if the duty ratio of the input signal
is increased.

AVE. POWER
(duty ratio = =

PEAK POWER

PULSE WIDTH

= duty cycle

PULSE TIME PERIOD

This increase in duty ratio decregses the amount of screen
grid current flowing, thereby increasing the screen aqrid
voltage. This results in greater plate current flow during
the intervals between signals because of the increased
voltage on the plate. An additional screen resistor By
placed in parallel with C, (as illustrated in the dotted lines
in the schematic) reduces the effect of any change in plate
current by voltoge divider action. There will be little

shift of screen voltage with increased duty ratio when the
current taken by R, ond R, is relatively large compared to
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the screen current, since the voltage division is fixed at
that developed across R.

FAILURE ANALYSIS.

Na Output. In a pentode video limiter, a no-output
condition may be caused by any of the following {provided
the input signal is the proper value and polarity): an open
coupling capacitor C,, an open bigs resistor R, or plate
resistor R,, or by absence of plate or screen voltage, or by
a defective tube V,. To determine the compenent at fault,
first check the supply voitage and then the plate and screen
voltages with a high resistance voltmeter. If the supply
voltage is low or zero the trouble is in the power supply or
primary fuse. 1f the supply voltoge is normal but the plate
voltage is low or zerok plate load resistor R, may have in-
creased in value or is open. Likewise, if the screen valtage
is low o zero, screen resistar R, may have increased in
value or is open. Check R, and B, for value with an ohm-
meter. Note that zero screen voltage will also occur if
screen capacitor C, is shorted. Meanwhile the excessive
current drain through B, will cause it to heat, smoke, and
eventually bum out. Check far o shorted C, by measuring
the resistance to ground from the screen terminal. I both
plate and screen circuits are satisfactory, check for a
signal on the grid of V, using a vacuum tube voltmeter or
an oscilloscope. If the signal appears on the grid but no
cutput is obtained, check B, for proper value and continuity,
since an open grid resistance will cause grid-blocking.
The blocked grid will be indicated by no cutput and a large
neqgative grid bias which reduces as the meter is connected
from grid to ground substituting for the grid resistot. As
the meter is left across the circuit unblocking will ocous,
ond when the meter is removed the grid will again block.
This indicates R, is either open or so large in value as to
be useless. If coupling capacitor C, is shorted the plate
voltage from the preceding stage will drive V, into
plate current saturation. Such ¢ condition will be indicated
by obtaining identical voltage readings to ground from
either side of C, , or by checking for ¢ short with an in-
circuit capacitance checker. If all tests are normal and the
trouble persists the tube is most probably at fault,

Reduced or Distorted Output. This condition may
exist because: capacitor C, is shorted, resistor B, is open,
screen grid bypass capacitor G, is shorted, plate and/or
screen voltage is reduced, or tube V, is defective.

With C, shorted DC plate woltage from the previous stage
will drive the grid of V, positive into saturation and cause
a reduced cutput. An cpen R, will result in grid blocking
ond may cause gudio oscillations ct a slow rate, A shorted
C, will result in reduced screen and sutput voltage and
may also result in the burning cut of resistor R, because of
excessive screen curents. A reduced plate or screen qrid
voltage caused by an increase in the resistance of R, of R,
will also cause reduced output voltage.

To determine the component at fault, first check the
supply voltage and then plate and screen voltages with a
high resistance volimeter. If the supply voltage is low the
trouble is in the power supply. If the supply voliage is
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normal but the plate voltage is low, plate load resistor R,
may have increased in value. [ikewise, if the screen volt-
age is low screen resistor B, may have increased in value.
Check R, and R, for value with an ohmmeter. If zero

screen voltage exists screen capacitor, C, may be shorted.
Check C, for shorted condition by measuring the resistance
to ground from the screen terminal. If the signal appears on
the grid of the tube but the output is not limited to the pro-
per value and the electrode potentials have been checked,
check R, for proper value with an chmmeter, If R, [s not
within tolerance this condition will exist. If C, is shorted the
DC plate voltage from the preceding stage will drive V, into
plate saturation. This condition is indicated by identical
voltage readings to ground from either side of C,, or by
checking for a short with an in-circuit capacitance checker.
[f all tests are normal and the trouble persists, the tube is
most likely at foult.

R-F PENTODE LIMITER.
APPLICATION,

The 1-f pentode limiter is used in f-m receivers to re-
mave amplitude varictions from the i-f signal pricr to being
applied to an {-m detector circuit.

CHARACTERISTICS.

Constant ocutput is obtoined once limiting level is
reached. Linear amplification occurs up to limiting level.

Screen grid and plate voltage determine limiting level
for specific hias.

Grid limiting and plate current saturation limiting are
used in conjunction with cutoff limiting.

Best performance is obtained with sharp cutoff pentode-
has rapid rise time-has little droop.

CIRCUIT ANALYSIS.

General. The pentode r-f limiter is located between the
lost i-f amplifier stage and f-m detector stage. Grid current
or the plate current saturation type of limiter operation
is usually used for rf limiters. Cutoff limiting is also
used with one of the aforementioned methods, but it is not
used by itself, since this method con enly limit the
negative halves of the altemnating input waveform.

The pentode, hesides offering sharp cutoff characteris-
tics, makes available a greater rangeof screen grid and plate
voltage. Operating the plate at a low voltage produces
plate current saturation, as well as plate current cutoff,
more readily. In order to do this, theolate load resistor
must be large encugh to produce ¢ load line below the knee
of the pentode tube characteristic. Since the magqnitude of
theplate load resistor can not he made too large in wide-
band limiter design, grid current limiting must be used where
a wideband limiter is required. The effective signal volt-
age values that may produce current change, are those
between the cutoff of the tube and the point at which qrid
current flow occurs or plate saturation oceurs. These points,
then are the limiting levels of the circuit.

Cirevit Operation. A schematic of a typical r-f limiter
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circuit using a pentode type of electron tube is shown in
the accompanying illustration.

Pentade R-F Limiter

The input signal is inductively coupled from the pre-
ceding i-f stages through primary L1 {of T1) to secondary
L2, with C1 and L2 providing the proper tuning and selec-
tivity for i-f output transformer T1. The i-f signal is then
capacitively coupled to the grid of V1 through coupling
capacitor C2. The combination of capacitor C2 and crid
leak resistor Rl establishes the bias potential by qrid cur-
rent flow when a signal is applied. Plate load resistor R3
is used to drop the plate supply to the desired value of
plate voltage. Screen grid dropping resistor R2 drops the
supply voltage to the proper screen voltage value and bypass
capacitor C3 places the screen grid at ground potential for
i-f. C4 and L3 (of T2) form ancther tuned i-f circuit which
enables the proper band of output frequencies to be in-
ductively coupled by L4 to the f-m detector. C5 in con-
Junction with plate load resistor B3 forms a decoupling cir-
cuit.

When a positive-going input siqnal is applied to the qrid
of limiter V1 grid current flows, charging capacitar C2. The
plate of C2 closest to the grid of V1 becomes neqative and
the opposite plate positive. When the signal swings nega-
tive, capacitor C2 discharges through resistor R1. The
capacitor discharge current develops o voltage across R1
which makes the grid negative with respect to the cathode.
When the input signal again goes positive, C2 has not had
sufficient time to discharge completely, No further grid cur-
Tent is drawn until the input signal becomes sufficiently posi-
tive to overcome the residual negative charge remaining on
capacitor C2. Each additional cycle adds a little to the
charge that remains from the last cycle. After several
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cycles of operation an average bias is established, and the
voltage across R1 remains relatively constant, This con-
stant voltage across R1 establishes the averoge bias value
around which the input voltage fluctuates. This bias point
is dependent on several factors, which include the vacuum
tube electrode potentials, the time constant of C2 ond K1
(TC=R1XC?2) and the amplitude of the input signal. The
last factor determines the ameunt of limiting performed by
the grid leak bias method.

Limiting is accemplished by the instantaneous bias on
the vacuum tube varying at the same rate that the peak
amplitude of the input signal varies. If, on the positive
portion of the signal, the peak signal amplitude increases
to the point of zero bias level, or about where grid current
flows, the charge on the plate of capacitor C2 closest to the
qrid becomes more negative with respect to the other plate.
The qrid bias is then increased instantaneously by the
same amount to a new level and grid current no longer flows
because the input level is not large encugh to drive the
bias to zero or above. This point is the point where limiting
occurs, because in effect it is the highest pasitive voltage
that the grid may attain. It is, thereby the value at which
constant peak plate current flow occurs and the value for
which minimum plate voltage is obigined.

This stable or constant (limited) plate output voltage
can dalso be obtained by lowering the screen grid and plate
voltage values to where plate current saturation, rather
than qrid current flaw occurs, when the positive portion of
the input signal reaches or exceeds the desired positive
peak voltage. At this point plate current is maximum ond
will no longer increase with an increase in signol amplitude,
Since plate current is maximum, then the plate output volt-
age is minimum, and remains at this limited minimum for

any increase in input sigqnal amplitude.

Although this method facilitates reaching cutoff with
a less negative-going signal because of the lower electrade
potentials, it is somewhat restricted by the magnitude of
the plate load resistor. In order for plate saturation to
occur before grid current flow, the plate load resistor value
must be increased to decrease effective d-c potentical at the
plate. By increasing the size of the plate load resistor,
however, the usable bondwidth of the limiter is lowered.
Grid current limiting is thersfore preferred for wide-band
applicatiens even though in crder for cutoff to occur g
greater negative half cycle of voltage must be present.

When the input signal is operating cver the negative
holf-cycle, the bias is also established by the grid BC time
constant, the electrode potentials, and the amplitude of the
negative half cycle, If the magnitude of the negative half
cycle is sufficient cutoff bias occurs, Plate current no
longer flows at this cutoff point and plate voltage is at its
maximum value. Thus, when the neqative half cycle reaches

or exceeds the cutoff bias level, plate output voltuge remains

at a constant limited value.

Limiting will only occur when the signal amplitude ex-
ceeds the voltage extremes necesscry for grid current to flow
on the positive half cycle, or {on the negative half cycle)
for cutoff to occur. Any signal strength less than these

CHANGE 2

0967-000-0120 LIMITERS-PENTODE
amplitude extremes will result in plate current changes and
plate veltage variations in accordance with this signal
strength and no limiting. In order to have a constant limited
output, then, the input (drive) signal strength must exceed
the points where grid current flow and cutoff occurs,

FAILURE ANALYSIS.

No Output. In g pentode r-f limiter a no-output condition
may be caused by any of the following (provided the signal
from the previous stage is the proper value): a shorted in-
put tank circuit capacitor C1 or output tenk circuit capacitor
C4, a shorted screen bypass capacitor C3, an open or shorted
transformer T1 or T2, an open coupling capacitor C2, an
open bias resistor R1, or by lack of plate veltage coused
by an open plate resistor, R3, or a shorted plate bypass
capacitor, C5, or by a defective tube V1.

To determine the components at fault, first check the
supply voltage, then the plate and screen voltages with a
high resistance voltmeter. If the supply voltage is normal
but the plate voltage is low or zero, plate load resistor R3
may have increased in value or opened. Check B3 for
value with an ohmmeter. To check if capacitors Cl, C3, C4,
ot C5 are shorted, use an in-circuit capocitance checker. If
the capacitor C2 is open or if Tl is defective, no signal
would be present at the grid of V1, This may be checked
by an oscilloscope. If the plate circuit is satisfactory and
a signal eppears at the qrid of V1, but there still is no
output, check resistor Rl for proper volue and continuity,
since an apen grid resistance will cause grid blecking. The
blocked qgrid will be indicated by no output and a large
negative grid hias which reduces as the voltmeter is con-
nected from grid to ground substituting for the grid resistor.
As the meter is left across the circuit the blocking action
will subside. When the meter is removed the grid will again
become blocked. This indicates that R1 is either open or
80 large in value that it is useless.

If T1 is open or shorted no input signal will be applied
to the grid of V1. Likewise, if T2 is open or shorted no
output will be obtained. Check the resistance value of the
corresponding transformer primaries and secondaries with
an ohmmeter (be certain to turn off the plate power before
measuring). If the resistance value obtained is zero, the
winding is shorted. 1f the value obtained is infinite, the
winding is open. If all tests are normal ond the trouble per-
sists, the tube is most likely at fault.

Low or Distorted Output. This condition may exist
because of capacitor C2 being shorted, capacitor C1 being
open, resistor Rl being open, L1 being defective because of
a partial short, or tube V1 heing defective,

1f C2 is shorted, d-c plate voltage from the previous
stage will drive the grid of V1 positive, and into saturation,
causing a reduced output. If C1 were open, i-f transformer
Tl will not resonate at the proper i-f and loss of gain will
result. Thus, there will be little or no output. An open
resistor Rl will result in qrid blocking and may cause audio
oscitlations at a slow rate. If screen bypass capacitor C3
is shorted, the screen and output voltages will both be re-
duced and eventually will result in resistor R2 burning out
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hecause of excessive screen current. If screen bypass
capacitor C3 is open, resistor R2 will have dropped acress
it the r-f voltage occuring at the screen qrid, which will
produce degeneration and result in altered screen and
plate currents, and plate voltage. Reduced screen or
plate voltage, coused by increased resistance of B2 or R3,
will also couse a reduced output voltage. If capacitor C4
is open, the tuned circuit of L2 and C4 will not be resonant
to the proper i-f frequency band. 1f C5 is open, the rf
voltage appeoring at the plate will be fed back into the
power supply through R3 and cause feedhack with possible
oscillation,

To determine the component at fault, first check the
supply voltage and then the plate and screen voltages with
@ high resistance voltmeter. If the supply woltege is low the
trouble is in the power supply. If the supply voltage is
normal but the plate is low, plate load resistor R3 may have
increased in value. Likewise, if the screen voltage is low,
screen resistor B2 may have incregsed in value. Check R2
and R3 for proper value with an ohmmeter.

A reduced plate or screen voltage may also be
caused by open capacitors C3 or C5. Check C3 and
C5 with an in-circuit capocitor checker if prior checks
have failed to find the fault. This same check (in-circuit
capacitor checker) may be used if symptoms seem to in-
dicate open capacitors Cl or C4. If V1 is at a constant
saturation level, check C1 for o short by measuring the
voltage from each plate of C1 to ground with a high resis-
tance voltmeter, or by checking for a short with on in-circuit
capacitor checker. If symptoms indicate trouble in efther
input or output tank circuits and capacitors C1 and C4 are
not defective, remove one lead of the suspected winding and
check the d-c resistance value of the winding, If all tests
are normal and the trouble persists the tube is most likely
at fault,
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SERIES LIMITER, NEGATIVE-LOBE.

APPLICATION.

The series limiter is used in communications equipment
as a speech clipper, in electonic equipment where ampli-
tude limiting is desired (such as EM receivers or trans-
mitters) and in waveshaping circuits where all or a por-
tion of the negative half-cycle of a waveform is to be
clipped off. This circuit is particularly suited for squaring
off a peaked waveform. 1t is used universally in display
circuits for madifying waveforms and determining the
levels at which they are clipped or limited.

CHARACTERISTICS.

No amplification is realized in the circuit; because of
circuit losses the output amplitude is slightly less than
the input anplitude,

Positive waveform is passed unchanged, but negative
waveforn is either partially or completely clipped.

Phase of wavelorm is unchanged (output phase is same
as input phase).

Presents a low (forward) resistance to the positive
signal, and a high (reverse) resistance to a neqative
signal.

Tsolates output circuit from input circuit in nonconduct-
ing condition.

CIRCUIT AMALYSIS.

General. A limiter circuit is used to accomplish any
of the following functions: to square off the peaks of an
applied signal, to obtain o rectangular waveform from a
sine-wave siqnal, to eliminate the positive or neqative
porticn of a waveform, or to keep the input amplitude to
an FM detector at a constant value. The negative-lobe
limiter is designed to effectively eliminate or reduce the
neqative portion of the input signal.

Circuit Operation. A schematic diagram of a typical
series-diode negative-lobe limiter is shown in the accom-
panying illustration.

L
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Series-Diode Negotive-Lobe Limiter

CHANGE 2

0967-000-0120 LIMITERS-SERIES
As can be seen, diode CR is connected in series be-
tween the input and output, with R serving as the load re-
sistor. When a positive input is gpplied between the plate
and ground, the cathode is made more neqative than the
anode, and the diode conducts. When the diede conducts,
electrons flow opposite the ditection of the arrow from
ground, and up through R, and the polarity of the voltage
developed across R is positive with respect to ground, as
shown in the illustration. The amount of current flow and
the resistance value determine the output voltage produced.
Since the forward resistance of the diode is in series with
R to ground, together they form a voltage divider and the
output voltage taken actoss B 1s dways less than the
input voltage. (The loss(voltage drop) produced by the
forward resistance is shown in dotted lines on the positive
portion of the waveform and identified by the symbol ¥F
in the illustration}. When a negative siqnal is applied be-
tween the cathode and ground, the cathode is made more
positive than the anode, and the diode does not conduct.
Thus, for this condition only the reverse resistance of the
diode will allow any siqnal to pass to the load. Since the
toad tesistor is not frequency-selective, the waveform of
that portion of the signal produced by forward current flow
through the resistar is the same as the waveform of the
original signal (except where clipped) and of the same
phase. The polarity, of course, is always positive. In
forward conducticn, the diode can be considered as a
switch which connects the output to the input. Since the
diode is a semiconductor, it introduces a slight amount of
resistance, usudlly not mere than 10 ohms, in series with
the circuit.. When the diode is nonconducting, its reverse
resistance is relatively high (50K to 1 megohm, or greater),
but finite (unlike the electron-tube reverse resistonce
which is usually infinite}. In most applications, the
reverse-resistance value is high enough to have littie
effect on circuit operation, but in a series limiter its effect
may be important. The following figure shows the equive-
lent circuit for a diade limiter with a back resistance of
0K, plus a load resistance of S0K. As is clearly evident
from the figure, the diode resistance, R1 and the locd
tesistor, RL, form a voltage divider across the input. Even
though the diade is not conducting in the forword direction,
the small ledkage current which fows through the diode
reverse resistance causes it to act as ¢ valtage divider
with Bl. As aresult hdlf the applied input voltage appears
in the output circuit. This illustrates the serious disad
vantage of semicanductor limiters. As shown in the fiqure,
the neqgative portion of the waveform is only partially
clipped, whereas in a vacuum-tube circuit the entire neqa-
tive waveform would have been eliminated. One of the
practical results of this reverse-resistance effect is that
diodes of ane type cannat be replaced with those of another
type (even though voltage and current ratings may be ade-
quate) unless their reverse resistances are similar. Other-
wise, the amount of limiting or clipping will be different
from the amount selected by the desiqner, and improper
functioning of following circuits can occur.
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Reverse Resistance Equivalent Circuit

Consideration of the equivalent circuit, in the fiqure
above, during forward resistance conditions, revedls why
the output waveform can never have the same value as the
input signal. If the forward diode resistance is ussumed
to be 5 ohms and the load resistance S0K, then the input
signal will be diminished by an amount equal to the ratio
of the resistance of the diode and the load and the load
resistor, or one ten thousandth. It is clear from this ex-
ample that the forward resistance of the semiconductor
diade is low enough to produce even less loss than that of
the electron tube diode, which is never less than 100 ohms
and is usually more. (Practically speaking, 250 chms is
the average low value with the high value being on the
order of 500 to 700 ohms).

The amount of clipping of the input waveform can be
selected by using a diode which has the proper value of
Teverse resistance, ot by placing a positive potential (Ebb)
in series with R, as shown in the following fiqure. In the
latter case, the diode will not cenduct until the input
signal is more positive than the applied bias (VR). Thus
the reverse resistance loading of the diode on the input
circuit is effectively nullified (the reverse resistance volt-
age divider action with R is eliminated). The complete
negative lobe, in this case, is eliminated. Note, however,
that the voltage divider action produced by the forward re-
sistance and R1 still remains, as indicated by vF in the
tiqure. The total positive signal amplitude is reduced by
the ameunt of forward voltage drop and the effective
positive hias,

FAILURE ANALYSIS.

No Qutput. A no-output condition can be the result of
either an open-circuit condition (a defective dicde, or open
connection) or a short-circuit condition (R shorted). A
resistance check of diode and load resistor will quickly
reveal the defective component.

Low Qutput. Lack of sufficient input siqnal, as well
as a defective dicde, can cause a low output. A chanqe
in value of the load resistor with age, although not very
likely to occur, can also cause a reduction of the output,
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Bias Control of Clipping

If the diode is biased, a change of bias woitage can cause
improper output. In either case, o resistance check will
determine whether the components are defective, and a
woltage check will determine whether the bigs is correct,
Be certain to observe the proper polarity when checking
the diode with an chmmeter; otherwise misleading results
will be obtained.

Distortion. Except for the clipping effect, q diode
limiter produces no inherent distortion. If o distorted wave-
form is obtained, check the input with an oscilloscope to
determine whether the input signdl is distorted. The posi-
tive portion of the output waveform should be identical to
the positive portion of the input siqnal, If it is not, the
diode is defective. Another possibility is that the circuit
following the limiter introduces distortion by feeding back
an out-of-phase signal. In some cases, it may be necessary
to disconnect the limiter output to determine whether such
feedback exists,
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PARALLEL LIMITER, POSITIVE-LOBE.

APPLICATION.

The parallel limiter is used in communications equip-
ment as a speech clipper, in electronic equipment where
amplitude limiting is desired (such as FM receivers or
transmitters) and in waveshaping circuits where all or a
portion of the positive half-cycle of a waveform is to be
clipped coff. This circuit is particularly suited for squaring
off a pecked waveform. It is used universally in display
circuits for modifying waveforms and determining the levels
at which they are clipped or limited.

CHARACTERISTICS.

No amplification is reclized in the circuit; because of
circuit losses the output amplitude is slightly less than
the input amplitude.

Negative waveform is passed unchanged, but positive
waveform is either partially or completely clipped.

Phase of wavefom is unchanged (output phase is same
as input phase).

Presents ¢ low (forward) resistance t¢ the positive
signal, and a high {reverse) resistance to a neqative
siqnal.

Qutput is tcken frem ceross a diode,

CIRCUIT ANALYSIS.

Gaeneral. The positive-lobe limiter circuit is used to
accomplish my of the following functions: t square off
the pecks of on applied siqnal, to obtain @ rectanqular
waveform from a sine-wave signal, to eliminate the positive
portion of a waveform, or to keep the input anplitude to an
FM detector at a constant value. The Positive-lobe limiter
is designed primarily to eliminate or reduce the positive
portion of the input signal.

Cireuit Operation. A parallel, positive-lobe diode
limiter is shown in the accompanying illustration. In this
circuit, diode CR conducts only during the positive pertion
of the input signal, When the input signal goes positive,
the diode conducts, and its resistance drops from a very
high reverse resistance to a very low forward resistance.
The amount of resistance of the diode in the conducting
{or the nonconducting state) is determined by the internal
characteristics of the particular diede selected for the
circuit. Since the resistance value of R is very large
compared to the conducting resistance of the diode, practi-
cally the entire value of the input voltage drops across
load resistor R, while only a very small voltage drops
across diode CR. This woltage may become neqligible
when the ratio of the load resistance R to the diode resist-
ance is very high. Some value of voltage, however, will
still exist acress CR, because of its conducting resistance,
called the forward resistance and is shown on the illustra
tion as Eor. When the input siqnal qoes neqative, the dicde
does not conduct, and current flow through R almost ceases.
A small reverse current still flows through CR, because of
the reverse resistance of the diode and thus a small portion
of the input voltege is dropped across B. The cmount of
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reverse resistance of the diode depends upon the character-
istics of the diode selected. Thus, this is one of the dis-
advantages of the semiconductor diode over the vacuum
tube. The vacuum tube reverse resistance is considered
to be infinite, whereas the semiconductor is finite. The
voltage dropped across R subtracts from the output, and

thus the gain of the limiter is less than unity. Cn the other
hand, the forward resistance of the semiconductor is less
than that of the vacuum tube, making the semiconductor
better in some applications.
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Porallel, Positive Lobe Diade Limiter Used as a Positive
Peak Limiter

B porallel, positive-lobe limiter may also be used to
limit only the peaks of the positive waveform, while allow-
ing a given value of the positive signal to puss through the
circuit to the output. This may be accomplished by applying
¢ biasing veltage, having a value equal to the value of the
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positive signal to be passed by the circuit, to the cathode
of the diode, as shown in the accompanying illustration.
The biasing, or limiting, voltage may be obtained from a
battery, as shown in the illustration, or from a tap on a
bleeder resistor connected in the output circuit of a d-c
power supply. When connected as shown in the illustration,
with the cathode of CR connected to the positive terminal
of the d-¢ source, the cathode of the diode is held more
positive than the anode by the value of E, in the absence
of an input signal. As long as the positive cycles of the
input voltage temain less positive than E,, the battery bias
voltage, the dicde remains essentially nonconducting, be-
cause its cathode is positive with respect to the anode and
the output voltage is equal to the input voltuge minus the
voltage developed by the reverse resistance of the diode.
Since all of the negative cycles of the input voltage are
less positive than E,, these too cause the diode to remain
essentially nonconducting, with the result that the output
voltage is again equal to the input valtage minus the voltage
developed by the reverse resistace of the diode. When
the input signal increases to a value which exceeds the
woltage of E,, the anode becomes pesitive with tespect to
the cathode and the dicde conducts, and continues con-
ducting as long as the input remains more positive than F,.
During this period of conduction, the output voltage of the
circuit is equal to the value of E,, and that portion of the
input signal which exceeds the bias voltage is clipped, or
limited, appearing as a voltage drop actoss the diode load
resistor, R.

{ CR
INPUT - - OUTPUT
+
o O

Parallel, Positive Lobe Diode Limiter Used to Pass
Negative Peaks

By reversing the polarity of E,, the parallel, positive
lobe diede limiter may also be used where it is desired to
limit not only the entire positive pecks of the input signal,
but also a predetermined level of the neqative pecks, in
order to fumish an output only when the neqative pecks
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exceed this predetermined level. With the cathode neqative
with respect to the anode, the diode is maintained in a
conducting state in the absence of an input signal, and the
output voltage is held at a steady (negative} d-c level
equal to E,. With an input signal applied to the circuit,

the cutput voltage continues to be held at this steady d-c
level, with the input signal appearing across the diode load
resistor, R, until the input siqnal becomes more neqative
than E,. When this point is reached, the diode no longer
conducts; and its forward resistance incréases to a very
high value. As a result, theinput siqnal, which previously
oppeared across R because B was much qreater in resist-
ance than CR, now appears across CR and the output
terminals of the circuit, since CR is now much greater in
resistance than R, The cutput signal, therefere, contains
only the negative peaks of the input signal which are more
neqative than biasing voltage E,.

FAILURE ANALYSIS.

No Output. A shorted diode or an open load resistor will
cause a no-cutput condition to exist. The only other likely
possibility is the absence of the input signal. Check the
diode and the resistor with an chmmeter, making certain
o observe the polarities of the diode, since on erronecus
indication may be obtained if the proper polarity is not
observed. If both components check good, check for the
presence of the input signal, making sure that it is of
proper amplitude.

For the special case whete the diode is not completely
shorted, but reads a very low resistance of, say 200-chms
aor less, the diode may be considered defective.

In the case of the biased limiter, check the bias for
proper voltage with a voltmeter. In the case of a battery
hias supply the voltage will be either weak or absent, but
in the case of the bias supply being a power supply, it
could alse be high.

Reduced or Unstoble Output. A defective load resis-
tor, R, or o defect in the parallel branch of the circuit,
consisting of CR and the bias supply, E,, can produce a
reduced or unstable output. The only other likely possi-
Lility is a decrease in the amplitude of the ‘nput signal.
The trouble can be localized in the some manner as de-
scribed above for a no-output condition.

PARALLEL LIMITER, NEGATIVE-LOBE.
APPLICATION.

The pardllel, negative-lobe diode limiter is used in
transistorized equipment when it is necessary to limit any
part of the negative portion, or the neqative going part of
the positive portion of an input single waveform , and allow
the remainder of the input signal to pass without modifico
tion of the waveform. It is used universally in display
dreuits for modifying waveforms and determining the levels
at which they are clipped or limited.
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CHARACTERISTICS.

No amplification is redlized in the circuit; because of
circuit losses the output amplitude is slightly less than
the input amplitude.

Positive waveform is passed unchanged, but negative
waveform is either partially or completely clipped.

Phase of wavelorm is unchanged (output phase is same
as input phase).

Presents a low (forward) resistance to the neqative
signal, and a high (reverse) resistence to a positive signal.

Qutput is taken from across a dicde.

CIRCUIT ANALYSIS.

General. The negative-lobe limiter circuit is used to
accomplish any of the following functions: To saquare off
the pecks of an applied signal, to obtain a rectangular
waveform from q sine-wave signal, to eliminate the neqative
porticn of @ waveform, or to keep the input amplitude to an
FM detector at a constant vaiue. The Negative-lobe limiter
is designed primarily to eliminate or reduce the neqative
portion of the input signal.

Circuit Operation. The circuit of a parallel, neqetive-
lobe diode limiter is shown in the accompanying illustra-
tion. In this circuit, diode CR conducts only during the
neqative portion of the input signal. As leng as the input
signal remains positive, the diode remains in a noncon-
ducting state, amd current flow through R almost ceases.

A small reverse current still flows through R and CR,
because of the reverse resistance of the diode, and thus

a small portion of the input voltage is dropped acmoss the
resistor. The amount of reverse resistance of the diode
depends upon the characteristics of the diode selected.
Thus, one of the disadvantages of the semiconductor diode
over the vacuum tube is encountered. The vacuum tube
reverse resistance is considered to be infinite, whereas
the semiconductor is finite. The voltage dropped across R
subtracts from the output, and thus the gain of the limiter
is less than unity. On the other hand, forward resistance
of the semiconductor is less than that of the vacuum tube,
mak ing the semiconductor better in some applications.
When the input signal goes negative, the anode becomes
positive with respect to the cathode and the diode conducts.
Thus the diode resistance changes from a very high resist-
ance to a very low resistance. The amount of resistance
of the diode in the conducting state, as well as the non-

conducting state is determined by the internal characteristics

of the particular diode selected for the circuit. Since
the resistance value of R is very large in comparison to
the conduction resistance of the diode, proctically the
entire value of the input voltage diops across the load
resistor R, while only a very small voltage drops across
diode CR. This vcltage may become negligoble when the
ratio of the load resistance R to the diode resistance is
very high. Some value of voltage, however, still exists
across CR, because of its conducting resistance, called
the forward resistance, This voltage is shown en the
illustration of the basic schematic as VF,
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Negotive Lobe Diode Limiter and
Input-Output Waveforms

A paradllel, neqative-lobe diode limiter may be also
used to limit only the neqative waveform pedk, while
allowing a given value of negative signal to pass through
the circuit to the output. This may be accomplished by
applying a neqative biasing voltage, having a value equal
to the value of the neqative signal 1o be passed by the
circuit, to the anode of the diode, as shown in the accom-
panying illustration. The biasing, or limiting, voltage may
be obtained from a battery, as shown in the illustration,
or from a tap on a bleeder resistor connected in the cutput
circuit of a d-c power supply. When connected as shown
in the illustration, with the anode of CR connected to the
negative termindl of the d-c source, the anode of the diode
is held more neqative than the cathode by the value of Ebb
in the absence of an input signal. As long as the negative
cycles of the input voltage remain less negative than Ebb,
the bias voltage of the battery the diode remains essen-
tiatlly nonconducting, and the output voltage is equal to the
input woltage minus the voltage dropped by the reverse
resistonce of the diode. Since dll of the positive cycles
of the input voltage are more positive than Ebb, these to
cause the diode to remain essentially nonconducting, with
the result that the output voltage is again egual to the
input voltage minus the voltage developed by the reverse
resistance of the dicde. When the input signal increases
to a negative value which exceeds the negative value of

long as the input remains more negative than Ebb. During
this period of conduction, the output voltage of the circuit
is equal ta the value of Ebb, and that porticn of the input
signal which exceeds (is more negative} than the bias volt-
age is clipped, or limited, appecring as a voltage drop a-
cross the diode load resister, R.
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Parallel, Negative Lobe Diode Limiter Used a5
Negative Peak Limiter

By reversing the polarity of Ebb, the parallel, neqative-
lobe diode limiter may also be used where it is desired to
limit not only the entire neqative pecks of the input signal,
but also a predetermined level of the positive peaks, in
order to furnish an output only when the positive peaks
exceed this predetermined level. With the anode positive
with respect to the cathode, the diode is maintained in a
conducting state in the absence of an input signal, and
the cutput woltage is held at a steady (positive) d-c level
to equal to Ebb, With an input signal applied to the circuit,
the output woltage continues to be held at this steady d-c
level, with the input signd] eppearing across the diode load
resistor, R, until the input signal becomes more positive
than Ebb. When this point is reached, the diode no longer
conducts; its resistance then increase to a very high value.
As a result, the input signal which previously appeared
across [, because R was much qreater in resistance than
CR, rnow appears across CR and the output termindls of
the circuit, since CR is now much greater in resistance
than R. The output signol, therefore, contains only the
positive pecks of the input signal which are more positive
than the bigsing voltage, Ebb.
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Parallel, Negative Lobe Diode Limiter Used to
Pass Positive Peaks

FAILURE ANALYSIS.

Ne Output. A shorted diode or an open load resistor will
cause d no-output condition to exist. The oply other likely
possibility is the absence of the input signal. Check the
dicde ond the resistor with an ohmmeter, making certain to
observe the polarities of the diode, since an erronecus
indicatien may be obtained if the proper polarity is not
observed. If both components check good, check for the
presence of the input signal with a VTVM or an oscillo-
scope making sure that it is of proper amplitude, For the
case where the dicde is not completely shorted, but reads
a very low resistance of say 200~chms or less, the dicde
can be considered defective.

In the case of the biased limiter, check the bias for
proper voltage with a voltmeter. In the case of a battery
bias supply the voltage will be either weak or absent, but
in the case of the bias supply being a separate power supply,
it could also be high.

Reduced or Unstable Output. A defective load resistor,
R, or a defect in the parallel branch of the circuit, consist-
ing of CR and the bias supply, Ebb, can produce a reduced
or unstable output. The only other likely possibility is a
decrecse in the amplitude of the input signal. The trouble
cuan be localized in the same manner cs described above
for a ne-output condition.

TWO-DIODE, POSITIVE AND NEGATIVE LOBE LIMITER

APPLICATION.

The parallel, two-dicde positive and neqative limiter,
is used in transistorized equipment when it is necessary
to limit a portion of both the positive and the negative
parts of the signal waveform, and allaw the remainder of
the input signal to pass without modification of the wave-
form.
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CHARACTERISTICS.

No cmplilication is redlized in the circuit; because
of circuit losses the output amplitude is slightly less than
the input amplitude,

Limits a portion of both the positive and neqative part
of the input signal, or the entire neqative or positive por-
tion and a part of the other half, or any combination thereof.

Phase of waveform is unchanged (output phase is same
as input phose).

Utilizes two parallel diodes connected in opposite
polarity with each cther, and in shunt with the load.

CIRCUIT ANALYSIS.

General. The positive and neqative lobe diode limiter
is used to accomplish any cf the following functions:
to square off the peaks of an applied signal, to obtain a
rectangular waveform from a sine-wave signal, or to elimi-
nate the neqative or positive portion of a waveform, and
clip the other portion. Qur discussion here will primarily
concern the equal clipping of both the positive and
negative portions of o sine-wave, that is, the conversion
o 0 sine-wave into essentially a square-wave.

Circuit Operation. The circuit of o parallel, positive
and negative lobe diode limiter is shown in the following
illustration. Diode CR1 limits the positive half cycle of the
input and CR2 limits the negative half. Ebb, and Ebb,
supply the bins for their respective diodes and the resistor,
R, acts as the load resistor. Reverse biases are applied to
the diedes so that the cathode of CR1 is positive with
tespect to its anode, and the anode of CR2 is neqative
with respect to its cathode,

+ ¥
- ~'r
[+] o]
- ~Yr2
R
O—WWv
CRI
CR2
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o G G

Parallel, Positive and Negative Lobe Diode Limiter

As the signal is applied at the input and beqins in-
ereasing in a positive direction, both diodes remain cut off,
due to the bias, and the input signal is reproduced at the
output. The output continues to fallow the input signal,
until o point is reached where the signal becomes more
positive than the positive blas applied 1o the cathode of
CR1. At this point, the anode becomes more positive than
the cathode, and the diode conducts. When the diode con-
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ducts, it provides a low resistance path for forward current
w0 ground, and shunts the cutput through the diode instead
of the external load. It is at this point that the output
waveform is flattened. Actually, even during its conducting
period, the diode offers a slight cpposition to current flow,
and a small forward voltage drop adds to the load voltage,
Thus, the output voliage is slightly higher than the diode
bias by the amount shown as VF, cn the output waveform.

As the input signal reaches its positive peak and begins
decreasing towards zero, it again teaches a level which is
less positive than Ebb,, dicde CR1 again cuts off and the
input is again faithiully reproduced at the cutput. The
input signal continues in the negative directicn, and shortly
becomes more negative than Ebb,. When this occurs, the
cathode of CRZ is made more negative than the anode, and
diode CR2 conducts, duplicating the action which occured
an the positive half cycle. The forward voltage drop of
the conducting diode is shown as VF, on the output wave-
form. The input then reaches the neqative peck and beqins
decreasing towards zero. As it becomes less negative than
Eb,, CR2 ceases conducting, and the remainder of the
input signa! is reproduced at the output.

The amount of clipping which takes place at the cutput
is dependent to a certain extent upon the type of diodes
selected, but primarily upon the value of the hias. As Ebb,
is made more positive, less clipping occurs on the positive
half cycie, and as it is made less positive, more clipping
occurs. By the same token, as Ebb, is made less positive,
more clipping occurs. By the same token, as Ebb, is made
mote neqative less clipping ocours on the negative halt
cycle, and as it becomes less negative, more clipping
occuts.

FAILURE ARALYSIS,

No Output. An open load resistor B, or the absence
of the input signal are the two most probable causes of a
no-output condition. Check the value of R with an ohmmeter
for proper value, and check for the presence of the input
signal with on oscilloscope. Note that for the diodes to
produce o no-cutput condition, both of them must be shorted,
and that the loss of both bias supplies will produce an
extremely low clipped output, caused by the voltage drops
across the diodes.

Low or Distorted Output.  Under most circumstonces,
the output will be either distorted or lost completely.
Distortion may be caused by a change in the bias supply,
by an open o shorted dicde, or distortion of the input
signal. Check both bias supplies for proper voltage with
a voltmeter, and both diodes with an ochmmeter. Be sure
to observe proper polarities when checking the diodes,
as incorrect indications could be obtained by not doing so.
The input signal should be checked with an gscillescope
to determine if the input waveform is ot fault.

The possibility of both half cycles of the output being
decreased by the same amount is unlikely. Both bias
supplies must decrease by the same amount to cause this
condition. If both supplies increase, the cutput will in-
crease. The only other cause of decreased output is the
load resistor increasing in value.
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TRIODE, BASIC COMMON-BASE LIMITER.

APPLICATION.

A triode, basic common-base limiter is used in semi-
eonductor circuits when it is desired to limit the amplitude
of arelatively small input signal to a definite neqative and
nositive output level.

CHARACTERISTICS.

Cutoff and plate saturaticn limiting are used by this
limiter.

Base to emitter bigs and base ta collector bias values
determine the proper limiting level.

Low input impedance and high output impedance.

No phase inversion.

CIRCUIT ANALYSIS.

General. The triode, basic common-base limiter is
essentially a transistot emplifier which is operated at a
level which ailows it to be cutoff and saturated. at certain
positive and negative amplitudes of the input signal. By
using a specific emitter 1o base voltage o specific emitter
current is obtained. This emitter current determines what
signal level is required to cutoff and saturate the limiter.
These cutoff and saturation values are the limiting levels.

Cireuvit Operation. A triode, basic NPN common-base
limiter is shown in the accompanying illusiration.

—+t-——--- SATURATION

rpealp-e

°

INPUT

O

Triode, Basic Common Base Limiter (NPN)

Capacitor Cl and resistor Rl form a coupling network
which couples the signal from the previous stage to the
emitter of Q1. Bias supply VEE determines the emitter to
base bias voltage. The value of base resistor R in con-
junction with the bias supplied by VEE determines the
emitter current. Collector load resistor R2 and collector
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supply VCC establish the collector current. Copacitor C2
couples the output of Q1 to the following stage., Qlis an
NPN transistor.

When the incoming siqnal is positive-going the positive
signal woltage opposes the normal forward negative hias
between the emitter and the base. This reduces the cumrent
flowing through the transistor. When the collector current
of Q1 is reduced, the woltage drop across R2 is dlso re-
duced, and the collector voltage approaches that of the
coliector supply which, in effect, makes the aollector more
positive. Thus, for a positive incoming signal a pasitive
output voltage is obtained,

When the positive incoming signal becomes sufficiently
large that it cancels the forward hias entirely the transistor
cuts off and collector current ceqzes. The collector voltage
of Q1 is now at the supply velue and connot increase further.
Hence, for any further positive increase in signal voltage
there is no change in output voltage, which stays constant
for ay variation of input signal voltage beyond the cut-off
level.

When the incoming signal is neqative-going the emitter
is driven negative with respect to the base. This increases
the forward hias and curmrent flow (electron fow) from emitter
to collector. An increase in voltage drop across collector
resistor B2 results, which drives the collector more neg-
ative. Thus, a negative input results in a negative output.

If the incoming signal exceeds a certain neqative value,
the current from emitter to collector reaches its maximum
(saturation) value and the collector voltage reaches a min-
imum value. Any further increase in amplitude of the neg-
ative input signal does not affect the collector current or
the voltage at the collector, since the transistor has attained
a saturated level,

It is at these levels of saturation and cutoff that the
output voltage is limited. Thus, to achieve limiting it is
necessary to supply @ large amplitude signal. Between
the limits of cutoff and saturation the circuit will act as a
conventional amplifier. Beyond these limits the peaks are
cut off and the waveform is effectively "squared offt’.

FAILURE ANALYSIS.

Mo Output. In a triode, basic common-base limiter a
no-output condition may be caused by any of the following
(provided the input signdl is present ond correct); An open
coupling capacitor C1, an open tigs resistor R1, an open
or shorted supply woltage VEE, m open collector to base
tesistor RZ, an open or shorted supply voltage Vcc, an
open output coupling capacitor C2, or a faulty transistor Q1.

To determine which of these components is at fault
first use an ascilloscope to determine if the input signal
is present at the input termindls of the circuit. Then deter-
mine if the input signal is present ot the emitter of the tran-
sistor. If the signal is present at the input terminals but
not at the emitter, first check Cl with an in-circuit capaci-
tor checker. If Cl is not open check R1 with an ochmmeter
(after disconnecting one end of the resistor from the cir-
cuit). If Rl is not open, check hias voltage VEE by either
replacing it with an equivalent voltage source which is
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known to be good, or by measuring VEE with a high resist-
ance voltmeter. 1f VEE is not zero or shorted, check R2
with an ohmmeter (after disconnecting one end of the re-
sistor from the circuit). If R2 is not open, check the col-
lector bias voltage VCC with a high resistance voltmeter.
Check C2 with an in-circuit capacitor checker. If C2 is not
open and all other components check out, transistor Q1 must
be at fault. .
Low or Distorted Out, A low or distorted output

may be caused by: input capacitor C1 being shorted, re-
sistor A1 being shorted or beyond tolerance, voltage source
VEE being other than the required voltage, resistor R2
being shorted or-beyond tolerance, voltage source vcc
being other than the required voltage, capacitor C2 being
shorted, and transistor Q1 being defective.

To determine which of these components is at fault,
first check the voltage between one plate of C1 and ground
with « high resistance voltmeter, then check the voltaqe be-
tween the other plate of C1 and ground. If these voltage
values are equal then copacitar Cl is shorted. Check
the value of Rl with an ohmmeter {after first discon-
necting ane end of R] from the circuit) for the
propet ohmic value, If Rl is not within the required toler-
ance replace it with a resistor that is. Check voltage source
VEE with a high resistance voltmeter, 1f the voltage has
altered from the required voltage, either adjust the source
ta the pmopet value or replace VEE with a voltage source
of the praper value. Check the value of K2 with an chm-
meter (after first disconnecting one side of H2 from the cir-
cuit) for the proper ohmic value, If B2 is not within the
required tolerance, réptace it with a resistor that is. Check
voltage source VCC with a high resistance voltmeter. 1t
the voltage has altered from-the required voltaqe, either
adjust the source to the proper value or replace VCC with
a voltage source that is the proper value, Check the volt-
age between one plate of C2 and ground with a high resist-
ance voltmeter, then check the voltage between the other
plate of C2 end qround. 1f these voltages are equal capaci-
tor C2 is shorted. If cll of these components are good
and the trouble still persists the fault must be in transistor
QL
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Positive Diode Clamper Circwit and ¥aveforms

the input waveform. Once again the charge existing on
capacitor Cl cannot change immediately, and the 80-volt
chonge appears across resistor R1. However, an 80-volt
change causes the output voltage to overshoot and drop
below the zero reference level slightly becouse of a slight
charge of capocitor Cl which has occurred during the time
interval between points D and E. Therefore, because of the
voltage avershoot, o small neqative voltage exists across
resistor R1 and diode V1. The cathode of the diode is
neqative with respect to its plate, and the dicde conducts
momentarily to discharge capacitor C1. The output quickly
rises and remains at zero {reference level) until point G

is reached. The input signal again rises (from +20 volts to
+100 volts), and on 80-volt increase in signal voltage

ORIGINAL

900, 000. 102 CLAMPERS
appears actoss resistor R1, again causing the cutput to
rise from zero to +80 volts. Thus, between points G and

H on the waveforms, the input voltage rises from +20 to
+100 volts, and the output voltage rises from zero to +80
volts. Once again, capacitor Cl begins to charge through
resistor Rl to complete another cycle.

The output waveform has purposely been drawn to show
¢ substantial decrease in voltage caused by the charging of
capacitor Cl during the time the input wavetorm is at its
positive extreme {point [ to point E). -In practice, however,
the value of resistor Rl is relatively large, and very little
distortion results from the charging of capacitor C1 through
R1, or from its discharging through diode V1 (at paint F).

From the explanation of the positive clamper operation
given above, it is seen that the negative extreme of the
input waveform has been held, or clamped, to the desired
zero reference level and the entire waveform has been
shifted positively with respect to the reference level.

FAILURE ANALYSIS.

General, Because of the relative simplicity of the
positive diode clamper circuit, the failure analysis is
also relatively simple and is limited to several possible
tailures.

Initially, the input signal should be checked to deter-
mine whether it is present and of the comrect waveshape
and amplitude. The diode, V1, should be checked to
determine whether it is in satisfactory condition and
whether the correct filament (heater) voltage is applied
to the tube. In many cases, a d-c potential exists at the
input to the clamper circuit; thetefore, it is possible for
coupling capacitor Cl o become leaky (or shorted) and
cause a voltage-divider action to occur. Since capacitar
Cl is in series with resistor R1, a continuous current flow
can result if the capacitor. is leaky {or shorted), and this
will produce a change in the reference level at the output
of the clamper circuit. A quick check to determine whether
coupling capacitor C1 is leaky {or shorted} is to remave
diode V1 from the circuit and check for the presence of
voltage developed across resistor Rl.

If the value of resistor Rl increases considerably above
its original value, distortion of the output waveform is
likely to occur, especially when the input waveform is
subject to changes in signal amplitude. As a result, dis-
tortion will occur during the time required for copacitor C1
to reach a new reference level, which results from a change
in signal amplitude. If the value of resistor R1 decreases
considerably, distortion of the output waveform will occur
because of the decreased R-C time constant, and, as a
result, undesirable spikes will be present in the output
waveform.

Since only three components are involved in the circuit
(resistor R1, capacitor Cl, and diode V1), these companents
are easily checked to determine whether they are defective:
resistor Bl can be measured with an chmmeter to determine
its resistance, capaciter C1 can be checked with a suitable
capacitance analyzer, and diode V1 can be checked in a
tube tester or, as an altemnative, & diode known to be good
can be substituted and the operation of the circuit noted.
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NEGATIVE-BIASED DIODE CLAMPER.

APPLICATION,

The negative-biased diode clamper is used when it is
desired to shift and hold the.reference level (negative
extreme for positive diode clamper, or positive extreme
for negative diode clamper) of the applied signal to some
negative value.

CHARACTERISTICS.
Estabiishes a d-c reference level of a signal, but does
not affect its amplitude.
The teference level is always a negative value equal
to the bias voltage,
Input and output voltages are in phase,
Uses a dicde, an ¢ network, and o bias voltage supply.
A neqative-biased diode clamper may be used as either
@ positive or negative clamper.

CIRCUIT ARALYSIS.

General. A dicde clamper {positive or neqative) is con-
nected so that whenever the signal swings in one direction
{positive direction for negative clamping—negative direc-
tion for positive clamping) diode V1 conducts to produce a
short 1-c time constcnt; whenever the signal swings in the
opposite direction diode V1 does not comduct, and this re-
sults in g time constant dependent on a resistor in parallel
with the diode and coupling capacitor C1, which is long
with respect to the time constant of the resistance of the
diode and the coupling capacitor. Thus, two different
time constmts are produced; a short time constant when
V1 is conducting and a long time constant when V1 is not
conducting.

The output voltage is obtained across the parallel
combination of the diode and the resistor. During the
short time constant all of the input signal voltage is de-
veloped acrcss the coupling capacitor and none is de-
veloped across the diode ¢nd resistor, and thus no cutput
is developed. Buring the long time constant, proctically
none of the signal voltage is developed across the coupling
capocitor ond practically all of the signal voltage is de-
veloped across the resistor and diode, and thus procti-
cally all of the sighal appears at the output.

The clamping leve! is dependent on the input wvoltoge
value; normally the clamping occuts at a zero voltage re-
ference level and extends in a positive or neqative voltage
direction to a voltoge value equal to the pedk ta peak input
woltage. With the insertion of a negative bias voltage the
reference level is shifted in o neqgative direction. A nego-
tive or positive diode clamper having a negative bias will
have theminimum negative voltage of the output at a refer-
ence level equal to the value of the bias voltage.

Circuit Operation. A neqatively biased neqative diode
clamper is shown in the accompanying illustration. Ca-
pacitor C1 and resistor Rl form an £ coupling network
1nd determine the long time constant associated with the
circuit, Electron tube V1 is an indirectly heated cathode
type of diode. This diode during the time of its conduction,
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shunts R1 and together with capacitor C1 determines the
short time constant of the circuit. Voltage source Ex
provides a negative bias voltage which alters the reference
level from zero to o neqative reference level equal to the
bias potential.
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Regatively Bigsed Diode Clamper

The input waveform shown in the cccompanying itlustra-
tion is a typical square wave. Prior to paint A on the
signal voltage wavetorm there is no input voltage. Prior
to point A on the output voltage waveferm, the cutput volt-
age is maintained at the bias voltage value. At point A the
tirst leading edge of the input square wave occurs. Since
C1 cannot instantanecusly charge to this value, the full
signal voltage appears on the plate of V1. The output
voltage at point A is the algebraic addition of the voltage
across V1 and the negative bias voltage. Capacitor Cl
charges rapidly, however, because of the very small time
constant (with respect to the frequency of the input signal)
of Cl and the small resistance of V1 during its conduction.
The output voltage diminishes to the bias voltage at the
same rate that Cl charges. This veltage diminishes well
before point B is reached. Then the input signal reaches
point B, capaciter C1 again cannot change its charge in-
stantaneously, and a high negative voltage appears on the
plate of V1. Therefore, dicde V1 does not conduct and alt
the voltage appears across R1. The output voltage at
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point B is the algebraic sum of the negative voltage across
Rl and the negative bias voltage.

During the pulse period between points B and C, ca-
pacitor Cl discharges slightly through Rl for the duration
of the negative pulse. Since the time constant of Rl and
Cl is large, however, only a slight amount of this voltage
lecks off. The amount of the voltage that discharges through
R1 subtracts from the voltage originally applied across Rl
at point B. Hence, at point C the initial negative charge is
less than at point B, accounting for the dip in the wave-
form.

When point C is reached and the input signal rises in a
positive direction V1 conducts, and capacitor C1 again
cannot Tespond instantaneously to the tapid change.

Hence the full voltage appears across the diode, The
output voltage this time, however, is not only the valtage
across V1 plus the bias voltage but it is this algebraic
addition minus the voltage that is present ocross R1. Since
the voltage across R1 has heen reduced by the discharge
of Cl, the voltage across R! is less than the voltage
across V1 by the amount of voltage that has leaked off C1
at point C. The output voltage ot point C is then slightly
more positive than the bios. This produces the slight
positive peak on the waveform at paint C, since the anode
of V1 is more positive than the cathode, V1 conducts and
quickly charges, removing the small pip caused by the
initial surge across V1. The output voltage then drops

to that of the bias veltage for the remainder of the pulse
width, period C to D on the waveform. When point D is
reached the oction is the saome as that occuring at paint B
and the cycle repeats.

By reversing the dicde in the illustrated circuit, the
circuit becomes a negatively-biased positive diode
clamper. The positivediade clamper normally has a posi-
tive output with ¢ zero reference level. By inserting the
neqative bias, the reference is shifted to a negative
voltage value equal to the bias voltage.

FAILURE ANALYSIS.

General. Because of the relative simplicity of the
negatively biased negative or positive diode clamper cir-
cuit, the failure analysis is limited to several passible
failures. Befare checking for failures within the clamper
circuit, check the input signol to determine whether it is
present and of correct waveshape and amplitude. If the
signdl is present and correct, the fault must exist in the
clamping circuit. In many cases, a d-c potential exists at
the input of the clamper circuit; therefore, it is possible for
coupling copacitor C1 to become leaky (or shorted) and
cause a voltage divider action to occur. Since capacitor C1
is connected in series with resistor Rl a continuous cur-
rent flow can result if the capacitor is leaky (or shorted), and
this will produce a chonge in the reference level at the out-
put of the clamper circuit. Furthermore, in this case it is
likely that dide V1 will conduct at all times, Check
coupling capacitor C1 for leakage.
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If the bias supply were to open, no cutput would be
obtained. If the bias supply voltage became shorted, an
output would exist, but the reference level would be shifted
to zero instead of some negative value.

If the resistor Rl increases considerably ahove its
origind value, distortion of the cutput waveform is likely
0 ocaur, especially when the input siandl is subject to
changes in amplitude. If the resistor Rl decreases con-
siderably, distortion of the cutpat waveform witl occur be-
cause of the decreased r-c time constant, and, as a result,
undesirable spikes will be present in the output wavetform.

Since there are only four components in the circuit
there should be little difficulty in determining the foulty
companent. Resistor Rl may be measured with an ohmmeter
o determine if its value is within the acceptahle tolerance.
Capacitor C1 may be checked with a capacitor anclyzer or
by measuring the voltage from one plate of Cl to ground
and then the other plate of C1 to ground (if the voltages
measured are equal the capacitor is shorted). Bias voltage
source Ex may be checked with o voltmeter. If after all
known good bias supply, or with a voltmeter. If after all
the compenents have been checked the trouble still persists,
diode V1 must be at fault, A low reverse resistance is
also an indication of a defective diode.

POSITIVE-BIASED DIODE CLAMPER.

APPLICATION.

The positive-biased diode clamper is used when it is
desired to shift the reference level of the applied signal in
a pasitive direction. This type of circuit is commonly
used in radar, televisian, and computers,

CHARACTERISTICS.

Qutput waveform varies between the pasitive reference
level and a voltage equal to the sum of, or the difference
between, the peak to peak amplitude and the positive re-
fevence voltage.

Establishes a d- reference level far the waveform, but
does not affect its amplitude.

Input and ocutput woltages are in phase.

Uses a diode, an 1< network, and a bias supply.

A pasitive bias may be used with both positive and neqa-
ilve clampers.

CIRCUIT ANALYSIS.

Geaneral. A diode clamper (of either positive or neqgative
type) is connected so that whenever the waveform swings
in one direction (positive direction for negative clamping
ond negative direction for pasitive clamping) the diode con-
ducts to produce a short rc time constont; whenever the
waveform swings in the opposite direction the diode does
not conduct, and this results in a time constant dependent
on the r-c network which is very long with respect to the
shart time canstant formed by diode V1 and capacitar Cl,

The ocutput wltage is taken across the porallel combi-
nation of the diode and the resistor to ground. During the
short time constant, all of the signal voltage cppears
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across the coupling capacitor and no voltage appears
across the diode, or the resistor, and thus no voltage ap-
pears at the output, During the long time constant practi-
cally none of the signal waltage appears across the coupling
capacitor and practically all of the signal voltage appears
across the resistor, and thus practically alf of the signal
appears at the cutput.

The clamping level is dependent upon the input voltage
value, normally being clamped at a zero voltage reference
level and extending in a positive or neqative voltage direc-
tion to a voltage vatue equal to the peak to peak input
voltage. With the inserticn of a pesitive bias voltage the
reference level is shifted in o positive direction. A positive
diode clamper (biased positive) will have its lawest posi-
tive value as the reference level. A negative diode clamper
(blased positive) will have its highest positive value as the
reference level. The reference level will be, in any case,
a value equal to the value of the bias voltage.

Circuit Operation, A positively biased positive dicde
clamper is shown in the accompanying illustration.
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Basic Biased-Positive Diode Clamper

Capacitor Cl and resistor Rl form an 1 coupling net-
work and determine the long time constant associated
with the circuit. Electron tube V1 is on indirectly heated
cathode-type of dicde. This diode, during the time of its
conduction shunts R1, and together with Cl determines
the short time constant associated with the circuit. Voltage
source Ebb provides a bias valtage which changes the
reference lsvel from zero to a positive level equal 1o the
bias petential. The illustrated input waveform is a typical
square wave with times t,, t,, t, and t, occurring at the lead-
ing and trailing edges of the wavetorm where the signal
changes from positive to negative levels and vice versa.
Prior to application of the input voltage at time t, the
output voltage is maintained at the positive bias veltage
level, that is at, say +10 valts. At time t,, the negative-
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going leading edge of the square wave input pulse ocours.
Since coupling capacitor C1 cannot change its charge
instantly the total input voltage appears ccross resistor Ri,
and produces a negative spike of output voltage. Since
V1's cathode is now driven neqative with respect to the
ancde, diode V1 conducts. The amplitdue of the output
signal at this instant is @ -25 volt peak of input voltage
plus a positive 10 volts bias, which add algebraically to an
effective -15 volts output amplitude. When V1 conducts,
the short time constant quickly discharges C1 and the nega-
tive spike drops to the bias level remaining at this value
for the remainder of the pluse width. In this instance the
effective zero level is not zero but is the positive hias
level. Meanwhile, diode V1 is conducting lightly because
of the positive bias, and creating the flat (bottom) portion
of the output pulse for the time remaining between t, and t,.
At time t,, the input waveform becomes positive-going

and swings to the full 50 volt peak value. Again C1 can-
not change its charge instantly, so the full voltage appears
ocross Rl. The output voltage now rises to +60-volts, the
sum of the peak input voltage (+50) and the bias (+10).
During this time the cathode of V1 {s now more pesitive
than the anode and conduction ceases. During the period
between t, and t,, Cl charges slowly through the long time
constant supplied by R1. At time t, the second input pulse
ends and the negative-going trailing edge causes the out-
put voltage to drop 50 volts. Because of the small charqe
through the long time constant circuit, this voltage over-
shoots the bias level, and drops to +5 velts instead of the
normal bias value of +10 volts. This occurs because
capacitor Cl is charged 5-volts during the pulse width
because of the long time constant. Hence, although the
initial output voltage is 60 volts at time t,, it drops to 55
volts by time t,, due to the charging of Cl. Therefore,
when the neqative 50 volt swing occurs at t,, the output
level drops to +5 volts. Thus an effective S-volt neqative
overshoot is produced at the bottom of the waveform. The
negative overshoot drives diode V1 into conduction which
quickly discharges C1 to the bias level and eliminates

the overshoot pip. The output now remains at the +10

bias level for the remainder of the flat {bottom) porticn of
the waveform. At time t, the waveform again changes
direction and a positive-going signal is applied. The
cycle now repeats, and thus the negative portion of the
waveform is held clamped to the positive bias level for

the duration of the input signal. -The distortion shown in
the illustration of the waveform is exaggerated to facilitate
the understanding of circuit action. In proctice, the time
constant of Cl1 and Rl is sufficiently large that very little
distortion of the waveform occurs.

By reversing the diede in the illustrated circuit, the
circuit now becomes a positively biased negative dicde
clamper. The neqative diode clamper normally has a
negative output with a zero reference level, By inserting
the positive bias the reference level is shifted to a positive
voltage value equal to the bias voltage.
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FAILURE ANALYSIS.

General. Because of the relative simplicity of the
positively biased positive or negative diode clamper
circuit, the failure analysis is alse simple and is Limited
to anly a few possible failures.

Initially, the input signal should be checked to determine
whether it is present and of correct waveshape and ampli-
tude. 1f the bias battery or supply voltage should become
open no cutput would be obtained. [f the bias supply volt-
age should become shorted, an output would exist but the
reference level would be shifted to zero instead of some
positive value, In many cases, a d-c potential exists at the
input of the clamper citcuit; therefore, it is possible for
coupling capacitor C1 to become lecky {or shorted) and
cause a voltage divider action to occur. Since caparitor Cl
is in sertes with resistor Bl a continuous current flow can
result if the capacitor is leaky (or shorted), and this will
produce a change in the reference ievel at the output of the
clamper circuit.

If the value of resistor Rl increases considerably
above its original value, distortion of the output wavefcrm
is likely to occur, especially when the input waveform is
subject to changes in signal amplitude, If the value of
Rl dectegses considerably, distortion of the output wave-
form will occur because of the decreased r-c time constant,
and as aresult, undesirable spikes will be present in the
output waveform.

There should be littie difficulty in determining the
component at foult, since there are only four components in
the circuit. ‘Resistor Rl may be measured with an chmmeter
to determine if the value is within tolerance. Capacitor
C1 may be checked with o capacitor analyzer or by measur-
ing the voliage from eact: plate of C1 to ground {if the
voltages measured are equal, the capacitor is shorted). If
every other component has been checked and the trouble
still exists, diode V1 must be at fault.

TRIODE CLAMPER.

A clamping circuit, which is sometimes reterred toas @
d-c restorer, or a base line stabilizer in other publications
holds either extreme of a waveform to a given reference
level.

All clamper circuits are dependent on two time constant
clreuits required to establish the reference level to which
the output is clamped, one a long time constant circuit and the
other a short time constant circuit. The leng time constant
circuit is developed by the input coupling capacitor and a
tesistar, which is shunted by a diode, The short time con-
stant circuit is developed by the input coupling capacitor
and the resistance of the diode during the time of its con-
duction. Whether the clamper is clamped in the positive or
negative direction depends upon to which element of the
diode the coupling capacitor is connected. 1f the capocitor
is connected to the cathode of the diode the clamping cir-
cuit will ¢lamp in a positive direction. If the capacitor is
connected to the plate of the diode the clamping circuit will
clomp in @ neqative direction.
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Although a diode is sufficient to provide clomping action,
is relatively inexpensive, and requires less space and as-
sociated circuitry than tubes with more elements, it some-
times become advantagecus to use triodes in certain ap-
plications. A basic single-tube triode clamper, will provide
a higher peak to peak output voltage for a given input voltage

1t is necessary that in a basic single-tube triode
clamper as in mest other triode circuits, that an input
coupling capacitor be connected to the arid of the wbe in
order to prevent d=c coupling. In the case of the basic
single-tube triode clamper, the grid of the tube acts as the
plate of an effective diode in a diode clamping circuit.
Thus with the input coupling capacitar connected to the ef-
fective plate of the diode, neqative clamping is obtained.
However, due to the phase inversion of the input and output
signals of an electron tube, pesitive clamping is obtained
at the plate of the triode.

Another type of triode clamper, which uses two tridoes,
rather than one is the synchronized triode clomping circuit.
This isused in rotating radia! sweep radar applications,
where a trapezoidal voltage is needed to produce the sweep.
The trapezoidal sweep voltage varies above and below a
reference line. In addition, the voltage that occurs between
sweeps varies in magnitude, from cycle to cycle. As are-
sult, each sweep occurs at a different point on the screen due
to the effect of this difference in voltage between sweeps.
The synchronized clamper prevents this condition. It is
necessarily a two-way clamping circuit because the voltage
to be clamped must be clamped both abave and below a
reference line. The circuit is made inoperative during
sweeps, by synchronizing pulses, so that no clomping occurs
during the sweep time. Between sweeps, the clamper oper-
ates and clamps these undesirable variations in voltage to
a reference line from a positive and negative direction.

The sychronized triode clamper, and the single triode
clamper are discussed separately in the following parographs.

BASIC SINGLE-TUBE CLAMPER.

APPLICATION,

A basic single-tube clamper is used whexe it is desired
to obtain amplification of the input signal as well as
cloamp one extreme of the signal.

CHARACTERISTICS.

Clamping is accomplished between the grid and the
cathode, the grid acting as a diode plate.

Clamping between the grid and the cathode can only be
in a negative direction, since the coupling capacitor must be
connected to the qrid of the triode.

Qutput taken from the plate of the triode will be clamped
in a positive direction.

CIRCUIT ANALYSIS.

General. The circuit operation of the basic single-
tube tricde clamper is largely similar to that of the diode
clomper. In the triode clamper, the control grid serves the

16-A-9



ELECTRONIC CIRCUITS NAYSHIPS
same function cs the dicde plate in the diede clamper cit-
cuit. The grid-leak bias resistor and coupling capaciter in
conjunction with the qrid to cathode resistance of the triode
provides a means by which two time constants may be pro-
duced, These time constants encble @ certain bias level to
be established, which fixes the reference level to which the
output leve! is clomped.

The qrid is maintained at a neqative voltage, and since
the plate voltage varies inversely and is of opposite
polarity, the output valtage is clamped at a positive reference
level, The action of the triode also provides amplification
of the input signal.

Circuit Operation. A busic single-tube tricde clamper
is shown in the accompanying illustration. C1 and R] are
the input coupling capacitor and the grid leak hias resistor,
tespectively. They form the long time constant circuit as-
sociated with the clamper. The cathode to qrid resistance
of triode V1 during the time of maximum conduction olong with
Cl form the short time constant circuit assaciated with the
clamper. R2 is the plate load resistor, which also provides
the proper dc plate voltage to the plate of V1.
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Basic Single-Tube Triode Clamper

The input signal is a typical square wave, having equal
pasitive and negative amplitudes as shown in the accompany-
ing illustration. Prior to the application of the square wave
at time t,, the output voltage is held at a certain level due to
the plate voltage being developed across the plate load
resistor B2, This voltage value constitutes the reference
or clamping level of the output voltage. Times t, and t,
represent the leading edqes, and times t; and t, represent
the trailing edges of the input square wave,

At time t,, the first positive-going leading edge accurs
and appears at the grid of V1. Since capacitor Cl cmnot
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Clamper Waveforms

immediately change its charge the entire voltage appears
across Rl. Grid current immediately flows from cothode to
grid and begins charging capacitor C1. The time required to
charge Cl is very short because of the low cathode to arid
resistance of V1. As Ci becomes fully charged, the grid
side of Cl becomes neqgative, and the grid is at the same
neqative potential. This charging action continually reduces
the amount of tube conduction from the time of the initial
application of the leading edge of the square wave to the
time where C1 becames fully charged. This varies the plate
output voltage from some neqative value to some positive
value (the reference level) where it remains constant for

the duration of the pulse, until the trailing edge of the input
waveform is reached at time t,, At t,, the neqative-going
trailing edge of the input signal causes a neqative voltage
to appear across Bl and on the grid of V1. The neqative
gtid swing causes the plate current to reduce, and the plate
output voltage, therefore, rises to nearly the full value of
the supply (goes positive). At this time, the input siqnal
reaches its maximum negative swing and the output voliage
reaches its maximum positive swing. For the duration of
the pulse to time t, ¢ long time constant path is offerad
through Rl to discharge Cl, since V1 is no longer conducting
from grid to cathode (ne qrid current is flowing). - Because
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of the long time constant and the relatively short mlse
width time, C1 discharges only slightly before the next
positive leading edge of the inpat siqnal appears at t,.

Thus the output signal drops o few volts. At time t the
sositive-going input signal drives the grid of ¥1 positive s0
that grid current flows, Meanwhile the increased plate cur-
rent causes the plate voltoge to drop below the clamping
level beccuse of the slight loss of voltage during the dis-
charge pericd.  Actually, during this period, the grid voltage
is driven above zero bias into the positive region and con-
duction through the short time constant path through the grid
to cathode current quickly charges C1 to the clamping level,
and removes the overshoot pip on the grid waveferm, Thus,
the dip in current below the clamping level in the plate cir-
cuit is minimized by grid current drawn by V1, and the plate
cutrent then remains constant until the wailing edge of the
input pulse at t,. At t, the cycle again repeats, and action
is the same as described for the periad between t, and t,.
Actuatly, the distortion shown in the illustration of the
output waveform is exaggerated to facilitate understanding
circuit action. In practice the time constant of C1 and Rl
is sufficiently large that very little distorticn of the wave-
form occurs.

FAILURE ANALYSIS.

No Output. [f a square wave signal within the desian
limitations of the triode clamping circuit is applied to the
input of the circuit a *no output’’ condition may be the re-
sult of no plate voltage existing at the plate of V1. This may
be due to a faulty plate supply veltage source or due to an
open plate load resistor, R2. The only other faulty com-
ponent that would result in a "'no cutput’ condition is a
faulty triode V1.

In arder to determine which component is the cause of
the *no output” conditicn, firstcheck to see, with an oscil-
loscope, if the correct input signal is applied, If a correct
signal is applied, check for the presence of plate voltage.
If no plate voltage is present, check resistor B2 with an
ohmmeter. f R2 is an acceptable value of resistance,
check the plate supply voltage scurce with a high resist-
ance voltmeter to determine it any plate supply voltage
exists. lf there is no plate supply voltage, try to adjust
the source for the correct voltage value. If ¢ll these com-
ponents have been checked and the *no cutput’! cendition
still exists the tricde must be faulty.

Low or Distorted Output. If a *low or distorted cutput?”
condition exists it may be due to the square wave input sig~
nal not being within the desiqn limitations of the triode
clamping circuit. This condition may also be due to any of
the following component failures: open or shorted input
capacitor Cl, open or shorted grid leak resistor Rl, shorted
plate loud resistor R2, incorrect value of plate Ebb, or ¢
defective triode V1.

To determine why the output is low or distorted, first
check the square wave irput signal with an oscilloscope.
Check the capacitor Cl with an in-circuit capacitor checker
to determine if it is open, or measute the voltage from both
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sides of Cl to ground to determine if Cl is shorted. (If the
measwred voltages are equal the capacitor is shorted.) Check
resistor R1 with an ohmmeter. If resistar Rl has an accept-
able resistance value, check resistor R2 with an ohmmetes.

If resistor B2 has an acceptable resistance value, measure,
the value of the plate voltage supply, Ebb, with a high
resistance voltmeter. If the plate supply voltage is incorrect,
try to adjust the plate voltage supply source for the correct
voltage value. If all these camponents have been checked
and the "“low or distorted” condition still exists, the tricde
must be defective,

SYNCHRONIZED TRIODE CLAMPER.

APPLICATION.

A synchronized triode clamper is used in television and
radar circuitry where it is desired to hold a signal voltage
to azero reference level and allow the signal to vary both
positively ond neqatively from the zero reference level.

CHARACTERISTICS.
Uses two triodes connected in series.
Clamping occurs between input signal variations.
Synchronizing pulses dare required.

CIRCUIT ANALYS!S,

General, A synchronized triede clamper utilizes the
conduction of two triodes to maintain a specitfic reference
level during the time that no signal is present. At the time
that the input signal oceurs, a negative synchronizing pulse
drives the triodes into a nonconducting state for the dura-
tion of the synchronizing pulse. The duration of the synchro-
nizing pulse and the duration of the input signal are the
same. Any voriation in the voltage between input signals
{when the triodes are conducting) changes the amount of
conduction of thetriodes and changes theamount of plate
voltageand plate resistance of the tricdes. The change
in plate voltageand plate resistance is such that the cut-
put voltage is maintained at the reference level.

Circuit Operation. A typicul tricde clamping circuit is
shown in the accompanying illustration. The input is coupled
through capacitor C1 directly to the output. The series com-
binaticn of triade V1, triode V2, and cathode bias resistor
R2 intersects this input line (between capacitor C1 and the
output) at the point where the cathode of Vi and the plate
af V2 are connected. Copacitor C2 couples a series of
negative synchronizing pulses to the grids of tricdes V1
and V2. Resistor Rl develops a patential difference (bias)
between the cathode and the grid of V2 during the time of
the synchronizing pulse. Capacitor C3 is an a-¢ bypass ca-
pacitor for cathode bias resista R2.

The input signal, in thiscase, is a series of positive
and negative going sawtooth wavetorms extending from the
zero voltage reference line. There is a steady-state period
with no signal variation between the sawtooth wavelorms.

A synchronizing pulse signal is applied to capacitor
C2. This synchronizing pulse signal consists of neqative
pulses equal in duration to and occurring at the same time
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Synchronized Triode Clamper

asthe sawtooth waveforms. The period between each saw-

tooth, therefore, is equal to the period between each synchroe-

nizing pulse. A diagram of the corresponding time and am-
plitude relationships of the input, synchronizing, and output
waveforms is shown in the accompanying illustration.

/ -4——- INPUT

SYNCHRONIZING:
PULSE TRAIN

OUTPUT

Clomper Waveforms

At the time either o positive or negative sawtooth wave-
form is applied to the input of capaciter C1, a negative
synchrenizing pulse is applied to the synchronizing input
through capacitor C2 and applied to the grids of rriodes V]
and V2. This synchronizing pulse cuts off the tricdes V1
and VZ for the duration of the pulse, which is equal to the
period of the sawtooth waveform. When the duration of the
sawtooth waveform ends, the duration of the synchrenizing
pulse is likewise completed, and tricdes V1 and V2 return
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to conduction, forming avoltage divider network. This volt-
age divider consists of the two triodes and a cathode bigs
resistor B2 in a series connection, extending between plate
voltage supply Ebb and ground.

If there should be any voltage at the input that varies from
the zera reference line, at this time, the conduction of the
triodes will vary in such away as to compensate for the
valtage variation andto maintain the output at the zero refer-
ence. If this voltage variation is positive, the voltage at
the cathode of V1 and the voltage at the plate of V2 is made
mare positive. The increased plate voltage of V2, in most
cases, isrelatively ineffective in changing the amount of
conduction of V2. The increased voltage at the cathode of
V1, however, causes the grid voltage to appear more neqa-
tive, thereby increasing the bias. (This positive increase
in voltage is then much more effective in changing the
cenduction of VI than in changing the conduction of V2).
The conduction of V1 is then reduced causing the plate re-
sistance of V1 10 increase, thereby causing a qreater voltage
drop across V1. With the increased voltage drop across V1,
there will be less veltage aveilable at the plate of V2, and
thus at the cutput. Thisvoltage decrease at the plate of V2
and at the output is equal to the positive voltage variation
occurring at the input. The output voltage is, therefore,
maintained at the zero reference level.

If the voltage variation, at the time that triodes V1 and
V2 are in thestate of conduction, is neqative, the voltage at
the plate of V2 and at the cathode of V1 isnegative. “The
voltage decrease at the cathode of V1 causes the grid voltage
to appear more positive, thereby decreasing the bias. (This
decrease in voltage is then much more effective in changing
the conduction of V1 than in changing the conduction of V2.)
The conduction of V1 is increased causing the plate resist-
ance of VI to decrease and causing the voltage drop across
V1 to decrease. A more positive voltage is then present at
the cathode of V1, at the plate of V2 and at the cutput. This
voltage increase is equal to the negative voltage variation
at the input. Thus output voltage is maintained at the zero
reference level for a negative voltage variation as wel! as a
positive voltage variation.

FAILURE ANALYSIS,

Ne Output. A ""no output’’ condition may be due to any
of the following failures: an open coupling capacitar G, an
open synchranizing pulse capacitor C2, no input signal, or
no synchronizing pulse train. These failures may be located
by measuring capaciters C1 and C2 with an in-circuit capac-.
itor checker, and by observing the input signal with an
oscilloscope. If either the input signal or the synchro-
nizing pulse train is not present at the respective inputs,
check the input signal source or the synchronizing pulse
source with an oscilloscope. 1f the '*no-output”’ condition
still exists after these checks have been made, a bad con-
nection somewhere in the circuit must be the cause,

Low or Distorted Qutput. A low or distorted output may
be due to any of the follawing defects {provided the proper
Input signal iz applied): low or no plate supply voltage,
improper synchronizing pulse, open or shorted resistor Re,
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open o shorted resistor R1, open or sharted capecitor C3,
sherted capacitor C1, shorted capacitor G2, or, if the condi-
tiem sull exists after checking these companents, triode V1,
or triode V2, ot both triodes must be defective.

To determine which of these components is at fault, first
check the input signal with an oscilloscope. If the input
signal is correct, proceed to the synchronizing pulse input
and check the synchtonizing pulse train with ar cscilloscope.
I either the Input signal or the synchronizing signal is
incarrect the trouble is nat in the clamping circuit, but is in
some stage prior to theclamper. If the synchronizing pulse
train is comect, check the plate supply voltage with o high
resistance voltmeter. If the plate supply voltage is correct,
check tesistors R1 and R2 with an ohmmeter. Check co-
pacitor C3 with an in-circuit capacitor checker, of by meas-
uring the voltage from both plates of C3 to ground. If both
voltages are equal the capacitor is shorted, Ii all com-
panents are found to be satisfactory the fault must be in
either triode V1 or triode V2, or in both triodes.

CHANGE 2 16-A-13
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At time t,, the input signal again drops from +10 to +2
volts. The 8 volt drop appears as a negative cutput across
R1 causing the output voltage to drop from zero to -8 volts.
Once again, C1 begins to discharge through the long time
constant circuit as explained previously.

The cutput waveform has been purposely drawn to show
a substantial decrease in voltage caused by the discharge
of C1 during the duration of the negative peck of the input
waveform (times t, to t, and t, to t.}). In practice, however,
the value of Rl is relatively large so that little distortion
results from the discharging of C1 or from its charging
through CR1. The semiconductor diode, however, does
have a much lower reverse resistance that of the electron
tube. Since this back resistance is effectively connected
in parallel with R1, it lowers the overal! output resistance
and reduces the value of the long time constant. Therefore,
more distortion is produced by the semiconductor dicde
clamper than the tube diode.

From the explanation of circuit operation given cbove,
it is seen that the positive extreme of the input waveiorm
has been held or clamped to zero reference level, and that
the entire waveform has been shifted negatively with respect
to this reference level.

FAILURE ANALYSIS.

General. Because of the extreme simplicity of the neqa-
tive diode clamper circuit, there are only a few possibilities
of trouble. The copacitor, resistor, and diode can be check-
ed for shorted or Gpen-circuited conditions with an ohm-
meter. Circuit functioning, however, must be checked with
an oscilloscope to determine whether the wavetom is cor-
trect and the operatien is normal.

No Output. An open-circuited capacitor, a lack of input
signal, or u shorted or defective diode can cause a no-out-
put indication. Use an oscilloscope to determine whether
the proper input signal is present and whether it cppears
acress H1.

Low Output. A leaky or partially shorted capacitor can
couse cther than normal output. Usually such a condition
will be indicated by a change in the d-c voltage measured
across R1, assuming a normal input signal. A defective
dicde can also couse this condition, and is usually in-
dicated by a much-lower-than-normal reverse resistance.

Distortion. Normally there should ke no distortion of
the output signal. Any distortion visible on an oscillo-
scope (with a frequency response high enouch for the pulse
used) indicates a change in circuit time constants due to
defective compenents. Use an *fin-circuit’’ type of copac-
itor checker to determine whether the capacitor is leaky.
The remaining elements can be checked with an chmmeter.
{Be certain to observe the proper polarity when checking the
diode; otherwise, an erroneous indication will be abtained.)

Clamping Level Changes. A change in the clamping
level could be caused by a defective diode, a leaky cou-
pling capacitor, C1, or a change of input pulse amplitude. As
long as the input pulse amplitude is constant clumping will
occur as described above. If, however, the putse ampli-
tude varies from pulse to pulse, the low amplitude pulses
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will not be properly restored. This action occurs because
the low amplitude pulse is unable to reach the zer level
or rise gbove it. Thus thediode can not operate to restore
the charge lost in the discharging of capacitor C1 through
the long time constant circuit between pulses. Hence the
following pulse will start at some point below the zero
level. If excessive, it may be possible to read @ negative
voltage across R1.

In the case of ¢ leaky capacitor, the diode will conduct
constantly for a positive voltage {NPN collector polarity)
applied to the anode, or with o constant negative voltuae
(PNP collector polarity) applied it will act as a biased
type clamp. This condition may be delemined by making
a veltage check with a VTVM connected actoss the output
of the clamp.

POSITIVE-DIODE CLAMPER.

APPLICATION.

The positive diode clamper (or DC restorer) is used
where it is desired to hold, or #*clamp®, the negative ex-
treme of o waveform to a zero reference level (the reference
level for this circuit must be ground potential}. This cir-
cuit is commonly used in radar, television, telemetering,
and computers.,

CHARACTERISTICS.

Input signal contains both positive and negative portion,
but output signal consists only of a positive-going signal
similar to the input signal.

Input and output signals are in phase with each other.

Used in conjunction with an BC coupling netwerk.

CIRCUIT ANALYSIS.

General. The unbiased diode clamp is usually employed
as a shunt across the resistor portion of an RC coupling
circuit. By providing a low resistance path during conduc-
tion periods and « high resistance path during nonconduct-
ing pericds, the diode provides different charge and dis-
charge times for the coupling copacitor. When the negative
portion of the input waveiorm causes the diode to conduct,
positive clamping is produced, as described in the follow-
ing paragraph.

Circult Operation. The schematic of a basic unbiased
diode clamp is shown in the accompanying illustration. As
shown, Cl is the coupling capacitor of an RC coupling net-
work. Resistor Bl is the input resistor of the network and
determines the long time constant {discharqe period) of the
circuit. Clamping diode CR1 connected in shunt with Rl
determines the short time constant (charging time) of the
circuit. When a negative input siqnal is applied it causes
CR] to conduct, ond C1 is quickly charged to the input
potential. Since the cutput is taken from across R1, which
is effectively short circuited by the cenducting diode (for-
ward resistance is only a few chms), little or no output
appears for the negative portion of any applied signal.
During the positive portion of the input signal CR1 does not
conduct (except for reverse leakage current) consequently
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the positive portion of the input siqnal appears as the out-
put across Rl. This circuit acts to effectively shiit the
entire waveform in a positive direction by holding the
negative peak of the input signal to the zero level. There-
fore, the input waveform can only appear as a positive output.
Thus the neqative portion is effectively eliminated by the
clamping diode.

——e—————
Y
\

INPUT 1 £ﬂ| #_cnl OUTPUT
) +
/|
’I

CHARGE PATH —————p
DISCHARGE PATH =— =— — —»

Pasitive Clamper

In the following waveform illustration the input waveform
is shown as a square wave for ease of explanation. Like-
wise, the Input waveform level is considered to vary from
-2 to -10 volts. Such an input wavefom is typical of the
waveform generated at the collector of a PNE transistor
multivibrator. Although a square wave is used in the follow-
ing explanation of detailed circuit operation, any waveshape
applied to the clamper input will be positively clamped
without appreciably changing the shape of the wave {pro-
vided that the R1-C1 time constant is long with respect to
the pulse duration).

Capacitor C1 is chorged as indicated in the waveform
illustration 1o a potential of -2 volts at the positive peck of
the input waveform (t,). At time t, the input to the clamper
circuit drops 8 volts to a -10 volts. Since capacitor Gl can-
not change its chorge immediately the 8 volt chanqe appears
across R1 and CRI producing a negative spike on the out-
put waveform. Since the enode of CR1 is now etfectively 8
volts positive with respect to its negative cathode, CR1
conducts and charges Cl to -10 volts. The charging of Cl
occurs rapidly because of the low forward resistance of the
diode, and the low forward resistance of the diode shunting
A1 causes any cutput voltage to drap to zerc during time t,
to t,. Simultaneously, the diede stops conducting, and
capacitor Cl remains in its charged condition for the dura-
tion of the pulse.

At 1, the input signal rises 8 velts (from =10 volts to -2
volts). Since Cl is charged to -10 volts and cannot dis-
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charge immediately through the long time constant circuit
created by RBI, this positive-going voltage appears across
Bl as a positive 8 volt output. (CRI cannot conduct
because its cathode is now positive with respect to its
anode.} Thus at point t, on the waveform, the input voltage
rises from -10 volts to =2 volts and the output rises from
2e10 to +8 volts. Between pulses, during the time interval
from t, to t,, capacitor C1 discharges slightly (say from -10
volts to -9 volts) through the long time constant path of R1.

At point t, of the input waveform the input signal again
falls 8 volts {from -2 volts to -10 volts). Once aqain the
charge on Cl cannot change immediately and the 8 volt
negative change appears across Bl. Because of the pre-
viously assumed discharqe of 1-voit through R1 between
time t, ond 4, the 8 volt change now exceeds the capacitor
charge voltage. Therefore, the cutput voltage cvershoots
the zero reference level, and a neqative (approximately 1-
volt) signal appears across R1 and CR1. With the cathode
of CRI neqative with respect to its anode, the diode con-
ducts mementarily and replaces the slight loss of charge on
Cl. As a result, the output voltage quickly drops to zero
ond remoins at zero level until the end of the pulse at time
ter

At time t,, the input signal again increases from -10 to
-2 volts. The 8 volts increase appears as a positive output
across R1 causing the output voltage to rise from zero to +8
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volts. Once again Cl begins to discharge thmugh the long
time constant circuit as explained previously.

The output wavelorm has been purposelv drawn to show
a substantial decrease in voltage caqused by the discharge
of Cl during the duration of the pesitive peak of the wave-
form (times t, to t, and t, to ts). In practice, however, the
value of RI is relatively large so that litile distortion
results from the discharging of C1 or from its charging
through CR1. The semicenductor diode, however, does
have a much lower reverse resistance than that of an elec-
tron tube. Since this back resistance is effectively con-
nected in parallel with R1, it lowers the overall output
resistance and reduces the value of the long time constant.
Therefore, more distortion is praduced by the semiconductor
diode clamper than the tube diode.

From the explanation of circuit operation given above,
it is seen that the neqative extreme of the input waveform
has been held or clamped to the zero reference level, and
that the entire waveform hos been shifted positively with
respect to this reference level.

FAILURE ANALYSIS.

General. Because of the extreme simplicity of the nea-
ative diode clamper circuit, there are only a few possibili-
ties of trouble. The capacitor, resistor, and diede can be
checked for shorted or open-circuited conditions with an
ohmmetet. Circuit functioning, however, must be checked
with an oscilloscope to determine whether the waveform is
correct and the operation is normal.

Mo Output. An open circuited capacitor Cl, a lack of
input signal, or a shorted or defective diode can cause a
no-output condition. Use an oscillescope to determine
whether the proper input signal is present and whether it
appears across Rl.

Low Output. A leaky or pastially shorted capacitor, Cl,
can cause other than normal output. Usually such a con-
dition will be indicated by a changein the dc voltage
measured across R1, assuming ¢ normal input signal. A de-
fective diode can also cause this condition, and is usually
indicated by a much-lower-than-normal reverse resistance.

Distortion. Normally, there should be no distortion of
the output signel. Any distortion visible on an oscillo-
scope (with a frequency response high enough for the pulse
used) indicates a change in circuit time constants due to
defective components. Use an *'in-circuit'’ typeof capa-
citance checker 1o determine whether the capacitor is leaky.
The remaining elements can be checked with an chmmeter.
{(Be certain to observe the proper polarity when checking the
diode; otherwise, an eroneous indication will be obtained.}

Clamping fevel Chonges. A change in the clamping
level could be caused by o defective diode, a leaky coupling
capacitor, Cl, or a change of input pulse amplitude. As
long as the input pulse amplitude is constant clamping will
occur as described above. If, however, the pulse amplitude
varies from pulse to pulse, the low amplitude pulses will not
be properly restored. This action occurs because the low
amplitude pulse is uncble to reach the zero level or drop be-
low it. Thus the diode connot operate lo restore the charge
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lost in the discharging of capacitor C1 through the long
time constant circuit between pulses, Hence the following
pulse will start ot some point above the zero level. If
excessive, it may be possible to read a constant positive
voltage across R1.

In the case of a leaky capacitor, the diode will conduct
constantly for a neqative voltage (PNP collector polarity)
applied to the cathode, or for the opposite case (NPN
transistor) it will act as a biased type of clamp. This con-
dition may be checked by making a voltage check with a
VTVM connected across the output of the clamp.

BIASED-NEGATIVE DIODE CLAMPER

APPLICATION.

The bigsed-negative diode clamper is used in tran-
sistorized equipment when it is desired to shift the ref-
erence level of the applied signal in a neqative direction.
This type of circuit is commonly used in radar, television,
and computers.

CHARACTERISTICS.

Establishes the d-c reference level of the waveform,
but does not affect its amplitude.

Uses a diode in conjunction with an R-C coupling cir-
cuit.

Can clamp either extreme of the input wavefarm to the
nequative reference level, by reversing the diode.

Reference level established by the amount of negative
bias used.

CIRCUIT ANALYSIS.

General. The biased negative diode clamper may be of
either the positive or negative type, depending upcn the
relative connection of the diode with respect to the bias.
Under all circumstances, the reference level of the neqatively-
hiased diode clamper will be at some negative value. If it
is a negatively-biased positive diode clamper, the output
wavetorm will start at this negative value and extend in a
positive direction. Ifitis a negatively-biased negative
diode clamper, the output waveform will start at this
negative reference level, and extend in a negative direction.
The citcuit is comprised basically of a diode and an RC

network. The diode acts as a switch, closing cn one hali

cycle o provide a very short RC time for the capacitor, and
opening on the altemnate half cycle, te povide a long time
constant which depends upon the size of d resistor in con-
junction with the capacitar. The averall result at the output
is a reproduction of the input, but shifted to anew reference
level.

_ Cirewit Operation, A typical negatively-biased negative
diode clamper is illustrated below.

Copaciter C1 and resistor Rl fom an RC coupling net-
work and determine the long time constant assoctated with
the circuit Diode CR1, during the time of its conduction,
together with C1, determine the short time constant associ-
ated with the circuit. The hias supply, VCC, dlters the
reference level from zero to a level equal to the hias.
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Negatively-Biosed Negative Diode Clamper

When the circuit is initially energized and with no sig-
nal applied to the input, the diode begins conducting be-
cause af the neqative potential {Vcc) applied to the cothode.
As CRH1 conducts, copaciter C1 beqins charging, and when
its charge is equal to VCC, the diode cuts off, since its
anode and cathode potentials are now equal. The voltage
at the output is at this time equal to the bias voltage Voo,
or —1 volt,

When a signal is applied, as illustrated, the following
action octurs. At time t,, the voltage increases almost
instantly from 0 volts to a +5 volts. (The woltages used
here are only for ease of explanation). Capacitor C1 carmot
change its charge immediately (because of the property of
capacitors), and the onode of CR1 suddenly becomes more
positive than its cathode and begins conducting. Becouse
CJ cannot immediately change its charge, the entire input
voltage iz developed across the diode, and the output,
taken from ccross the diode, increases § volts in a pasitive
direction, Because it does not start at 0 volts, but at 0 -1
volt, as shown on the illustration, the output rises o +4
woits. The conducting state of CR1 provides a very short
time constant for the capacitor, however, and Cl rapidly
charges to the new wltage. As Cl charges, the woltage
drop actoss CR1 decreuses, and once again reaches -1 volt
when C1l is fully charged.

The cutput remains at this voltage until the neqative
swing of the input siqnal ot time t,. At this time the input
swings {rom a 15 volts to a 5 volts., Aqain, C1 cannot
immediately change its charqe, but this time the diode
cannot conduct, because its anode is neqative with respect
to its cothode, The entize input voltage is therefore de-
veloped actoss R1, and the output voltoge changes 10
volts in a negative direction from the —l-volt reference
level, or to 11 volts. Because the diode is not conducting,
R1 provides o long time constant for Cl and the capacitor
begins charging very slowly to the ~5 volts of the input
signal. The capacitor charqes vory slowly because of the
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long RC time constant, and when the input signal reaches
ty, the total output has only decreased to, for example,

from ~11to ~10.5 volts (the capacitor has charged 1o .5
volt). At time t,, the input cgain rises to +5 volts, bringing
CR1 into conduction. This sudden +10 volt rise also pro~
duces a +10 volt increase in the output. Since the total
output is i0.5 volts at this time, a +10 volt increase

brings it up to —.5 volts, which accounts for the small
positive-qoing peak at t, in the output waveform. Becouse
of the short RC time provided by CR1, the capucitor quickly
charges again to -1 volt eliminating the peak, and the out-
put remains e -1 volt unti! time 1, when the cycle again
repeaqts.

By reversing the diode, the circuit can be converted
into a negatively-hiased, positive dicde clamper. The
difference at the output then will be that the entire output
waveform will be clamped above the neqative bios voltage,
instead of below it as in the negative clamper,

Because the reverse resistance of a semiconductor
diede is lower then that of an electron tube, Lhe type of
diode used is selected to have ¢ very high reverse resis-
tance. This is necessary 1o keep the shunting effect of
the reverse resistance to a minimum.

FAILURE ANALYSIS,

Mo Outpur. The absence of an input sianal, or an open
C1 are the only probable causes of a no~output condition,
Check for the presence of the input signal with an oscil-
loscope, If siqnal is not present, the fault lies in g pre-
ceding stege, and the clamper is probably not defective.

H a signal is present, check C1 with an in-circuit capacitor
checker, There is also the possibility that two companents
such as CRI and Vcc, or R1 and Voo, are hoth shorted at
the same time, thus preducing a shert circuit across the
output, Check the bias supply with a high resistonce
voltmeter for proper voltage, and R1and CRI with an
obmmeter. Care should be used in checking the diode, as
erfoneaus indications may be obtained by not observing
proper polarities. For the special case where the diode

is not completely shorted, but reads o very low resistance
of, say 2000-0hms or less, it can be considered to be de-
fective,

Low or Distorted Output. A particlly shorted CR1,
leaky C1, or RI decreasing in value can cause a low output
condition to exist. Actually, the cutput will not be low
without being distorled, nor will it be distorted without
being low. Check C1 with an in-circuit capocitor checker,
and BRI and CR1 with an ohmmeter. Care should be used
in checking the diode, gs erroneous indications may be
obtained by not observing proper polarities, For the case
where the diode is not completely shorted, but reads a very
low resistance of, soy 2000-chms or less, it can be con-
sidered to be defective.

Change in Clamping Level. A change in the bias supply
voltage, Vcc, will cause the output clamping level to
change. Check for the proper volue of voltage with a
high resistance voltmeter,
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BIASED-POSITIVE DIODE CLAMPER,

APPLICATION.

The biased-positive diode clamper is used in transis-
torized equipment when it is desired to shift the teference
level of the applied signal in a neqative direction. This
type of citcuit is commonly used in radar, television, and
computers.

CHARACTERISTICS.

Establishes the d-c reference level of the waveform
but does aoffect its amplitude.

Uses a diode in conjunction with an B-C coupling
circuit.

Can clamp either extreme of the input waveform to the
positive reference level, by reversing the diode.

Reference level established by the amount of positive
hias used.

CIRCUIT ANALYSIS.

Generol. The biased positive diode clamper may be of
either the positive or neqative type, depending upon the
relative connecticn of the diode with respect to the hias.
Under oll circumstances, the reference level of the
positively-hiased diode clamper will be at some positive
value. If it is o positively-biased positive diode clamper,
the output waveform will start at this positive value ond
extend in a positive direction. If it is a positively-biased
negative diode clamper, the output waveform will start ot
this positive reference level, and extend in a neqative
direction, The circuit is comprised hasically of a diode and
an BC network. The diode acts as a switch, closing on one
half cycle to provide a very short RC time for the capaci-
tor, and opening on the alternate half cycles, to provide a
long time constant which depends upon the size of a resistor
in conjunction with the capacitor. The overall result at the
output is a reproduction of the input, but shifted to a new ref -
erence level.

Circuit Operation. A typical positively-biased
positive diode clamper is illustrated below.
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Positively-Biased Positive Diode Clomper
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Capacitor C1 and resistor R1 form on RC coupling net-
wark and determine the long time canstant associated
with the circuit. Diode CR1, during the time of its con-
duction, together with C1, determine the shart time constant
associated with the circuit. The bias supply, VCC, alters
the reference level from zero to a level equal to the hias.

When the circuit is initially enerqgized and with no
signal applied to the input, the diode beqins conducting
because of the positive potential (VcC) applied to the
anode. As CR1 conducts, capacitor C1 beqins charqing,
and when its charge is equal to Voo, the diode cuts off,
since its anode and cathode potentials are now equal. The
voltage at the output is ot this time equal to the bias
valtoge Vcc, or +1 volt.

When a signal is applied, as illustrated, the following
action ocars. At time t,, the input voliaqe increases
almost instantly from 0 volis to a -5 volts. {The voltoges
used here are only for ease of explanation). Capacitor Cl
camnot chonge its charge immediately {because of the
property of capacitors), ond the onode of CR! suddenly
becomes more positive than its cathode and begins con=

"ducting. Becouse C1 connot immedictely change its

charge, the entire input voltage is developed across the
diode, and the output, tcken from across the diode, in-
creases 3 wlis in a negative direction. Because it dees
not start at 0 volts, but ot the hias level of +1 volt, as
shown on the illustration, the output decreases to only a
negative 4 volts. The conducting state of CR1 provides o
very short time constant for the capacitor, however, and

C1 rapidly charges to the new voltage. As Cl charges, the
voltoge drop across CR1 decreases, and once oqain reaches
+1 volt when C1 is fully charged.

The output remains ot this voltage until the positive
swing of the input signal at time t,. At this time the input
swings Irom a -5 volts to a 45 volts. Aqain, Cl cannot
immediately change its charge, but this time the diode
cannot conduct, because its anode is neqative with respect
to its cathode. The entire input voltage is, therefore,
developed across RH1, and the output voltage changes 5
volts in a positive direction from the +] volt reference
level, or to 46 wlts. Becouse the diode is not conducting,
R1 provides a long time canstant for CL and the capacitor
beqins charging very slowly 1o the +5 volts of the input
signal. The capocitor charges very slowly becouse of
the long RC time constant, and when the input siqnal
reaches t,, the total output hos only decreased, for example,
from +6 volts 1o +5.8 volts (the capacitor has charged to
.2 volt). Al time t,, the input again changes to ~5 volts,
tringing CR1 into conduction. This sudden change to -5
volts also produces -5 volts at the output. Since the total
output is 45.8 volts at this time, o -5 volt change brings
it down to +.8 volt, which accounts for the small negative
going peck at L, in the output waveform, Because of the
short AC time provided by CR], the capacitor quickly
charges again to +1 volt, eliminating the peak and the out-
put tTemains ot +1 volt until time t,, when the cycle again
repeats,
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By reversing the diode, the circuit can be converted
into a positively biased, neqative diode clamper. The dif-
ference at the cutput then will be that the entire output
waveform will be clamped above the positive bias voltaqe,
instead of below it as in the neqative clamper.

Because the revetse resistance of a semiconductor diode
is lower than that of an electron tube, the type of diode
used is selected to have a very high reverse resistance,
This is necessary to keep the shunting effect of the reverse
resistance to a minimum.

FAILURE AMALYSIS.

No Cutput. The absence of an input signal, or an
open Cl are the only proboble causes of a no-cutput con-
dition. Check for the presence of the input siqnal with an
oscilloscope. I the signal is not present, the foult lies in

a preceding stage, and the clamper is probably not defective.

If a signal is present, check C1 with an in-circuit capacitor
checker. There is dlso the possibility that two components
such as CR} end Ve, or Rl and Voo, are both shorted at
the same time, thus producing a short circuit across the
output, Check the hias supply with a high resistance
wltmeter for proper voltage, and R1 and CR1 with an
chmmeter. Care should be used in checking the diode, as
erroneous indications may be obtained by not observing
proper polarities  For the special case where the dicde is
not completely shorted, but reads a very low resistance, of
say 2000 chms or less, it con be considered defective,

Low or Distorted Output. A partially shorted CR1,
a leaky Cl, or R1 decreasing in value cancouse a low
output condition to exist. Actually, the output will not be
low without being distorted nor will it be distorted without
being low. Check C1 with an incircuit capacitor checker,
and R1 and CR1 with an ohmmeter. Care should be used
in checking the diode, as erroneous indications may be
obtained by not ohserving proper polarities. For the case
where the diode is not completely shorted, but reads a very
low resistance of, say 2000 ohms or less, it con be con-
sidered defective.

Chonge in Clamping Level. A change in the bias sup-
ply veltage, Vo<, will cause the cutput clamping level
to change. Check for the proper value of voltage with a
high resistance voltmeter.

TRIODE, BASIC COMMON-BASE CL AMPER,

APPLICATION.

The busic common-base triode clamper maintains be -
tween specific voltage levels the maximum positive and
negative voltages developed at the collector of the tran-
sistor used in the clamping circuit. This circuit is usually
used as a switching amplifier to maintein a constant output
pulse amplitude.

CHARACTERISTICS.

Comman buse transistor confiquration provides an
output with no current amplification and ne phase inversion.
Collector voliage is clamped, not the output voltege,
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Two diodes provides clamping action.
Diode hias potentials establish minimum and maximum
clamping levels.

CIRCUIT ANALYSIS.

General. The clamping action to be discussed occurs
in the collector circuit of the common base connected
transistor. Normally, the signal veltage in conjunction with
the series combination of the collector lood resistor and
the collector supply woltage develops a certain collector
voltage. If the input siqnal varies above scme level, how-
ever, one of two diodes beqins conducting. These diodes
are connected in parallel with each other and with the col-
lector supply and load. The conducticn of the diode main-
tains or clanps the collector voltage at the bias valye.

I the signal varies below some level in the opposite direc-
tion the other diode conducts, causing the collector voltage
to be maintained or clamped at another lower voltage level.
During the time that the signal is between clamping levels,
the collector voltage varies in gecordance with the input
signal wltage variation.

Circuit Operation, The circuit of the triode, basic
common-base clomper used in this application is shown in
the accompanying illustration.

NENE R
IRV REEE
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p
Q

Triade, Basic Cammon Base Clamper

The input signal voltaqe, as illustrated, is a square-
wave pulse type signal which may vary from maximur to
minimum amplitudes. [t is applied to the emitter of tran-
sistor Q1, connected in a common base confiquration. The
collector voltage variation corresponds to the input voltane
varigtion and is developed across the collector load re-
sistor, R1, by the collector supply voltoge YcCB, Liode
CRI and its base voltage VCR, establish a neqative clamp-
ing level, below which the collector voltage cannot go.
Diode CR2 and the bias voltage VCR, establish a positive
clamping level above which the collector voltage cannot
qQo.

16-B-8



ELECTRONIC CIRCUITS NAVSHIPS

The input signal applied to the emitter of Q1 is ampli-
fied and in-phase when it oppears as the output voltage at
the collector of Q1. I the cutput voltage developed at the
collecter of Q1 is between the voltage limits of VCR, and
VCR, the diodes cannot conduct. The collector voltage
varies in occordance with VCCB minus the output voltage
developed across R1 {VR,), which depends upon the col-
lector current. Once the input signal varies enough to
cause the positive collectar voltage swing to exceed the
value of VCR, (ossumed to be -2 volts), diode CR2 conducts
because the anode is driven positive and forward-biases the
diode. The collector voltage is then maintained at the
value of VCR, until the signal voltage drops to a point at
which the positive collector voltage swing becomes less
than the voltage VCR,, at which time CRZ becomes reverse
biased, stops conducting, and the collector voltage is
again dependent on YCCB minus VR,.

1f the input signal varies enough in the opposite
(negative) direction to cause the collector voltage to
become the same as, or more neqative than the value VCR,
{assumed to be -8 volts) diode CRI is forward-biased and
conducts. The collector voltage is then maintained et the
value of YCR, until the siqnal voltage increases to a value
where the collector voltage becomes more positive than
the voltage VCR,, at which time diode CR is reverse
hiased, stops conducting, and the collector voltage is again
dependent on VCCB minus VR,.

By clamping both the positive and neqative levels,
the transistor is prevented from soturating and causing
hole storage effects which would increase the pulse length,
or from being driven to cutoff when the input is in the
other direction, It also has the advantage of not requiring
special selection of transistors ot the time of replacement,
since the operating limits are made such that any transistor
of the same type will operate satisfactorily in this circuit.
This circuit is not used with sine-wave inputs except
where clipping effects are desired.

FAILURE ANALYSIS.

No-Output. A no-output condition may prevail due to
any of the follewing defects: no input siqnal present
at the emitter of Q1, an open or shorted collector supply
voltage VCCR, an open collector load resistor, Rl, ora
defective transistor, Q.

The location of the cause of the no-output condition
may be found by first determining if an input signal is
present with an oscilloscope. If the input signal is present,
check collector supply voltage, VoCB, with a veltmeter.
If the oollector supply voltage is present check resistor Rl
with an ohmmeter. If all other possibilities have been
checked and a no-output condition still exists, transistar
Q1 can be considered defective.

Low or Distorted Output. This condition may be due to
a faulty input signal. If theinput signal is found to be cor-
tect by an oscilloscope the low or distorted output con-
dition may be due to any of the fcllowing conditions:
improper voltage values for, collector supply voltage VCCB,
bias voltage VCR,, or bias voltage VCR,; shorted or open
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diodes CR1or CRZ; or a load resistance {R1) which is not
the proper resistance value; or o defective transistor, QL.
To determine which of the possible causes of the low
or distorted output condition is responsible; first, check
the voltage values VCCB, VCR,, and VCR, with a high re-
sistance voltmeter. H any of these values is incomect
adjust the particular voltage source for the proper value.
If these voltages are comect, check diodes CR1 and CR2
with an ohmmeter. If the diedes are qood, the ohmmeter
will read zero resistance when placed across the diode in
a forward direction, and will read infinite resistance or a
very high resistance when placed across the diode in the
reverse direction. If the diodes are good, check resistor
R1 with an chmmeter. If all of the preceding items have
been checked and found satisfactory, transister Q1 must be
the faulty companent.
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R-L OIFFERENTIATOR.

APPLICATION.

The B-L differentiator isused to distort an applied wave-
form (such asa square wave) into a peaked wave for the pur-
pase of providingtrigger and marker pulses. It isalso used
to electronically perform the mathematical function of dif-
ferentiation in computers, and for separating the harizontal
sync in television receivers.

CHARACTERISTICS.
Produces distortion of the input waveform.
Has a short time constant.
Output is taken {rom across inductor.
Functions essentially as a high-pass filter.
Qutput is similar to the output of an B-C differentiator.

CIRCUIT ANALYSIS.

General. Theoutput of a differentiator is proportional
to therate of change of the input signal. For a rising (posi-
tive going) input the differentiator produces a positive pulse,
for a falling {negative going) input it produces a neqgative
pulse, and for aconstant input it produces no output. The
differentiater electronically simulates the matehmatical
operation of taking the first derivative. Second, third, ond
fourth derivatives may be obtained by caoscading an equiva-
lent number of differentiators. Theoretically the differ-
entiator isaccurate only when the output voltage is very
small in comparisen with the input voltage. In practice,
this is achieved by using the shortest possible time constant
for the highest frequency component involved in the wave-
form being differentiated. For computer, fire cantrol, and
similar operations, differentiation of the hasic signal volt-
age produces an output voltage that represents the speed
of the object, double differentiation yields the rate of change
nf acceleration. For timing and synchronizing use, a sharp
pulse is produced for each leading edge and trailing edge of
the input waveform.

Circuit Operation. A schematic of abasic B-L differ-
entlator is shown in the accompaning illustration.

The input is applied between the resistor and ground,
and the cutput is token across the inductor, The time con-
stant (in seconds) of an B-L circuit is found by dividing the
inductance {in Henrys) by the resistance (in chms) TC=L/R.
Thus to shorten the time constant of an L-R circuit it is
necessary to increase resistance R rather than decrease R
as in the R-C circuit. The counter emf produced in an in-
ductor causes it ta have the property of opposing any change
in current flow. By referring to the universal time-constant
chart in Section 2 of the Hondbook, it is noted that the induc-
tor voltage decreases from the applied voltage at an ex-
panential rate to approximately zero at the end of 5L/R
time intervals. Likewise, when the source is removed, a
counter emf of opposite polarity is induced in the inductor,
and this tends to keep current flowing. This voltage also
decreases at an exponential rate. Thus, if a square pulse
having a time duration of SL/R time intervals is applied, a
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peaked waveform appeats as the output voltage. This out-
put waveform has a shape that is similar to the output ab-
teined from an R/C differentiator.

The exact functioning of the differentiator may be easier
understood by referring ta the accompanying illustration,

INPUT o—¢

+ o0V

— 100V

Differentiator Waveforms

With a square wave pulse of 100 valts amplitude applied
as an input signal at time 1,, the cutput is o positive 100
volts spike. At this time there is no voltage drop across
resistor R, since the inductive effect of L is to build up
instantly a back emf that equals the applied signal and
prevents instant current flow through the inductor. Between
time 1, and t, currentbegins to flow through inductor L and
a small voltage drop is developed across resistor B. 'As
the current flow through R increases, the voltage drop
{(shown in dotted lines in the wavetorm figures) increases.
Meanwhile, the vaoltage developed actoss the inductor, eL,
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is decreasing, and, since the cutput 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 voltage drops across R md L
equal the applied voltage. The current through inductor L
increases exponentially and the voltage across resistor B
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 befare
the pulse ends. Since there now is no change in current,
there is no voltage developed across the inductor and the
ocutput voltage is zero. At time t, the trailing edge of the
input pulse occurs and drives the signal in anegative direc-
tion. Instantly a negative 100 volt spike appears across L
and at the output. At the same 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 curtent 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 10 microsecond time constant
and 100 microsecond pulse width, the steady state condition
is again reached before the pulse ends. Since there now
is ne change in current, there is no voltage developed across
the inductor and the cutput 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 wavef orms.
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DiHlerentiating Effects upon Different Wavelforms

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 edge and a neqgative pulse for the
‘negative trailing edge.

With a sine-wave input the ocutput remains 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 a perfect dif-
ferentiator is90 deqrees, but 89 degrees is not uncommen.

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 cpplication of @
complex waveform.
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Since the inductor has distributed (turns) capacitance

across it, undesired resonant responses may occur in LR

circuits containing large values of inductance; therefore,

the use of these netweorks is usually limited to high frequency |

applications.

FAILURE ANALYSIS.

No 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 a ne-output condition.

Low or Distortad Output, Only o change in component
values or associated stray capacitance, inductance, and
resistance values could change the time constant and wave-
shapes. Distorted outputis usually caused by improper input
signals. When checking the waveform at the differentiator,
the effect of the shunt resistance or capacitance produced by
the test instrument input should be considered. When dis-
tortion is discovered in the following tube circuits, it is
probably coused by improper action in these circuits. A di-
rect check of the output as compared with the input of the
differentiator using o high-impedance oscillescope, will
indiccte whether the circuit is performing properly. A
shorted 1esistor or an open coil would cause the output to be
a duplicate of the input (no differentiation taking place).

R-C INTEGRATOR.

APPLICATION.

The R-C integrator is used as a waveshaping network
in radio, television, radar, and computers, as well as many
other special electronic applications.

CHARACTERISTICS,
Input waveshape distarted {non-sinuscidat).
Produces a distortion of the input waveform.
Provides a wider range of time constants thon an B-L
integrator,
Has a long time constant,
Qutput is taken from across the capacitor.
Has the configuration of a low-pass filter.
No amplification is preduced.

CIRCUIT ANALYSIS.

General, The R-C integratar circuit works in qlmost
exact opposition to the R-C differentiater. It has a long
time constant, and the output is taken from across the ca-
pacitor. The time constant of the integrator circuit should
be 5 times {or more) the period of one alternation of the
input waveform, for the circuit to electronically perfam the
mathematical cperation of integration. As in the case of the
differentiator, this action in practice is approximate, but
the approximation con be made very close.

The higher the resistance in the R-C integratar, the
mare closely the output voltage follows the ideal integrator
waveform. However, the higher this resistance, the smaller
the output voltage. Conversely, decreasing the resistence
in the R-C inteqrator circuit, results in a shorter time con-
stant and a higher output voltage. However, as the resist-
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ance is reduced in value, the output voltage departs from

the ideal integrator waveform, In fact if the resistance,

{and time constant) of the R-C circuit is sufficiently reduced,
a point will be reached where the circuit no longer acts as
an integrator.

The output of an integrator is in the ferm of a voltage
that represents the average energy content of the input sig-
nal. For example, if the input is ¢ steady d= voltage, the
same voltage will appear at the output, but, if the input is
in the fam of o series of narrow, widely separated pulses,
the output voltage will be only a fraction of the input pulse
value.

Circuit Operotion. A schematic of ¢ basic R-C inteqrata
is shown in the accompanying illustration.
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Basic R-C Integrater Circuit

As the square wave voltage applied to the input of the
cireuit goes positive, the capacitor charges exponentially
at a rate determined by the time constant of the circuit,
Thistime constant is calculated by multiplying the value
of theresistar by the value of the capacitor (T=RC). For
instance, ¢ circuit containing a 100K resistor and o 50 pico-
farad capacitor would have a time constant of 5 microseconds,
and if the value of the capacitor was increased ten times to
500 picofarads, the time constant would be ten times longer
or 50 microseconds. The rise in voltage across the capacitor
occurs as the voltage across R decreases from its maximum
value. The voltage drop across the capacitor is always the
difference between the input voltageand the voltage drop
across the resistor. The rise in voltage ceross the canacitor
occurs only for the duration of the applied square wave pu'se.
When the applied voltage drops from its maximum value, the
capacitar discharges exponentially at the same rate that it
charged, due to the time constant of the circuit. This
qgradual decrease in voltage across C effectively causes a
negative pulse across R. If a square wave is applied to an
R-C integrator circuit, a non-symmetrical saw-tooth waveform
is produced. The principle of integration is used in saw-
tooth generators to produce the linear rise in voltage by us-
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ing a long time constant circuit, and to use only the straight
partion of the exponential change waveform for linearity.

The accompanying waveform illustration shows the
integrating effect of various time constants on a square
wave.

INPUT o
WAVESHAPE

SHORT TIME : [\ /|
CONSTANT \ / \ /

-+

MEDIUM TIME o /\ /\

CONSTANT \/ \/
+

MODERATELY LONG /\ /\

TIME CONSTANT \/ \/
+

EXTREMELY LONG O /\/\v

TIME CONSTANT

Effects of Changing Time Constant

As can be seen from the waveforms in the illustration,
@ short time constant integrator does not change the input
waveform very much except to distort the high frequency
portions of the waveform {leading and trailing edges), and
the low frequency (tlat) portion is practically unchanged.
As the time constant is changed to a medium value time
constant, the waveshape changes to that of a rounded-off
triangle (sweep waveform). With a moderately long time
constant, the trianqular waveform is equally distributed
about the central zero axis and the sides are practically
straight. When the time constant is made extremely long,
it consists of somewhat elongated (stretched) sawtoothed
waveforms of reduced amplitude which gradually approach
the zero axis, and eventually, after a number af time con-
stants, becomes symmetrically aligned around the center
(zero) axis. A short time constant would be considered ane
which amounted to only one tenth of the pulse duration time.
A medium time constant weuld be of the order of half the
pulse duration, while a moderately long time constant would
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be approximately equivalent to the full pulse width. A long
or extremely long time constent would be considered to
armount to two or thiee pulse widths or longer.
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Integrating EHfect of DiHerent Waveforms

The accompanying i!lustration shows different types of
inputs and their respective output for an R-C integrator
circuit. The amplitudes of the waveshapes are different
and bear no relotion to each other as shown in the illustra-
tion, When a peaked wavelorm is applied to an R-C integra-
tor circuit, the resultent output will be a square waveform.
Applying a square wave to the input of an inteqrator circuit
produces an output waveform of triangulor shape. The
integration of a triangular wave results in o parabolic out-
put wave. Integrating a sine wave by an B-C circuit pro-
duces another sine wave with a different amplitude and
phase, but with the same sinuscidal waveshape (usually
considered to be a cosine waveform).

FAILURE ANALYSIS.

No 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 a 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.

Distorted Ovtput. Only a change in component values,
ar associated component values, could change the time
constant and waveshapes. Distorted output is usually
caused by improper input signals. When distortion is dis-
covered in the following tube or transistor circuits, it is
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prebably caused by improper action in these circuits. A
direct check of the output as compared with the input to the
integrator using a high-impedance oscilloscope, will indicate
whether the circuit is performing properly. A shorted re-
sistor or an open capacitor would cause the output to he

a duplicate of the input {no integration taking place). The
value of the resistor can be checked with an ohmmeter.
While the capacitor can also be checked for a short with
the chmmeter, it is better practice to use an in-circuit
capacitance checker, and also to check the capacitor for
both praper value and leakage.

R-L INTEGRATOR.

APPLICATION.

The R-L integrator is used as a waveshaping network
in various types of electronic eguipments such gsradio,
radar, television and in other special electronic application.
It is also used as an analeq in performing the mathematical
function of integration in computers.

CHARACTERISTICS.

Produces distortion of the input waveshape.

Has a long time constant.

Qutput is taken across theresistor.

Has the configuration of a low pass filter.

Qutput is in the form of a voltage that represents the
average energy content of the input waveform.

CIRCUIT ANALYSIS,

General. An integrating circuit is a circuit whose output
is substantially the time inteqgral of its input waveform.
The R-L integrator circuit works in almost exact opposition
to the R-L. differentiator, It hes g long time constant and
the output is taken from across the resistor, If the time
constant of the integrator circuit is 5 times {or more) the
period of one altemation of the input waveform the circuit
will electronicolly perform the mathematical cperation of
integration. This action is approximate in practice, but the
approximation can be made very gecurate. Since irductor
action is the heart of the operation of the R-L inteqrator a
briet review of inductor action follows. The property of
inductonce is such as to oppose a change in current. This
opposition (impedance) exerted by an inductor exists be-
cause g counter emf is produced across the inductor by the
change in the magnetic field of the inductor. When a con-
stant voltage is applied across an inductor, cument flow
does not rise to a maximum value immediately, Rather,
it is initially zero and increases at an exponential rate,
as the inductor becomes charged and the counter e..f.
decreases. Likewise, when the applied voltage is remaoved,
circuit current does not fall to zero immediately, but de-
creases at an exponential rate as the enerqy storec in the
magretic field of the inductor is discharged. In the R-L
integrator circuit the longer the time constant, the more
closely the output waveform follows the ideal inteqrator
waveform. However, the longer the time constant, the
smaller is the output voltage.
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Cireuit Operation. The accompanying schematic diagram
illustrates a typical B-L integrator.

INPUT R

OQUTPUT

Typical R-L integrator

This R-L integratar consists of a series R-L circuit
with the output taken across the resistor. The charge and
discharge time of the inductor {the timeconstant) is detesr-
mined by the values of inductance and resistance in the
circuit using the formula TC=I./R. Thus an integretor cir-
cuit consisting of ¢ .1 henry inductor and a 10,000-chm
resistor has a time constant of 10 microseconds.

When a square wave is applied to the input of the inte-
grator circuit the inductar begins to charge. The imped-
ance, caused by counter e.m.f. generated by the expanding
magnetic field is initially maximum, but decreases expo-
nentially at a rate determined by the values of L and R as
the mognetic field of the inductor approaches its limit.
Circuit current, therefore, beqins at zero and increases
exponentially as the circuit impedance decreases. It is
evident that the IR drop (voltage) across the output resistor
beqins at zero and increases as the inductor becomes
charged. If the time constant is very long the increase in
output voltage is nearly linear, but the peak of the output
waveform attains only a fraction of the amplitude of the
input signal, since the inductor attains only a slight charge
during the period when voltage is applied to the input. When
the input signal falls back to its refetence level, the in-
ductor discharges exponentially at the same rate as it
charged. The decreasing current induced in the circuit
by the collapsing field of the inductor results in a steadily
decreasing voltage developed across output resistor R.

The output of an integratorcircuit with a long time constant
(2 or more pulse widths), therefore, is a triangular waveform,
which slopes up (positive) during the period when a pasi-
tive pulse is applied, and slopes down (neqative) during the
period when the input is at its refetence level, Conversely,
when a negative going pulse is applied to the R-L integratar
the output voltage qoes neqative and when the input voltage
returns to its reference level the output voltage goes posi-
tive,
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The following waveforms represent the integrating
effects of various time constant integrator circuits on a
square wave input.
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Effects of Yarious Time Constants On A Square Wave

As can be seen from the wavefarms in the illustration, a
shart time constant integrator has little effect on the output
waveform, only the high frequency components (leading and
wailing edges) are attenuated. As the time constant is
increased the output beqins to resemble a sweep waveform.
A further increase in time constant results in o more linear
rise and fall of the output waveform. Notice that the output
waveform of the long und very long time constant integrator
does not reach the peak amplitude of the input waveform,
but isalways a much lower value.

FAILURE ANALYSIS.

Mo Qutput, Since there are only two components in the
R-L integrator, a no-cutput condition could only be caused
by an open inductor, a shorted resistor, or by no signal in-
put. Both the inductor and the resistor can easily be
checked for the above mentioned conditions with an ohm-
meter. Presence of the input signal can be determined by
observing the wavelarm present at the input to the inteqrator
with an oscilloscope.
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Disterted Output. Generally speaking, an integrator
circuit will either function as designed or not at all, How-

ever, it is possible for either the inducter or the resistor
to change value. This would change the integrator time
constant, and the output waveshape would be altered. The
resistor may be checked for proper value with an ohmmeter,
and the inductor can be checked for proper value with an im-
pedance bridge. It is also possible for the inductor to be-
come shorted o the resistor to become open. This would
result in the output being a duplicate of the input (no inte-
gration taking ploce). The compenents can be checked as
explained previously. The most common cause of distorted
cutput is probakbly distorted input. The quality of the input
signal can be easily determined by viewing the waveform
present at the integrator input with an oscilloscope.

SATURABLE-CORE REACTOR PEAKING CIRCUIT,

APPLICATION.
The saturable-core reactor pedking circuit is used to
praduce a peaked pulse of voltage from @ sine wave input.

CHARACTERISTICS.
Utilizes a saturable reactor.
Qutput voltage pulses are in phase with the input signal.
Usuwally operated near resonance.
Output pulse width is determined by the circuit Q.

CIRCUIT ANALYSIS.

Genera)., The saturablecore reactor peaking circuit
produces sharp voltage pulses from a sine wave input signal
by utilizing the properties of a saturable reactor. A satura-
ble-core reactor is a type of inductor in which a relatively
low value of curtent produces magnetic saturation of the
core,

Magnetic 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 inductance is such as to
oppase a change in current, This opposition (impedance)
exerted by an inductor exists because a counter e.m.f. is
produced across the inductor, which opposes the applied
voltage. If the core of a inductor were ta become saturated,
the counter e.m.f. would drop to a low value, and its op-
position to current flow (impedance) would also drop to a
low value. Tt is this gbility to change impedance that
enables the saturable-core reactor peaking circuit to pro-
duce a pulse output from a sinewave input.

Circuit Operotion, The accompanying schematic dia-
gram illustrates a typical saturable core reactor pecking
circuit.

The circuit illustrated above consists simply of con-
ventional capacitor Cl, conventional inductor L1, and
saturable core reactar L2. Component values are chosen so
that the circuit appears slightly capacitive when L2 is
saturated and slightly inductive when [2 isunsaturated
{the inductance of L2 decreases when L2 hecomes saturated).
To illustrate the copacitive-inductive relationships when L2
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is saturated or unsaturated, assume for the sake of illustra-
tion that Cl1 has a copacitive 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 chms when un-
saturated and 10 ohims when saturated. The reactance of
both C1 end L1 remain constant. It can be seen that during
the petiod when 1.2 is unsaturated there is a total of 115
ohms of inductive reactance and 100 ohms of capacitive
reactance in the circuit. The circuit, therefore, appears
inductive since the effect of L1 predominates. Likewise,
when L2 is saturated there is 100 chms of capacitive re-
actance but only 85 ohms of inductive reactence, and the
circuit now appears capacitive.

When a sine wave is applied to the saturable-core reactor
peaking circuit, L2 becomes saturated 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 voltage by almost 90°, and the output voltage is
opproximately 180 degrees cut of phase with the applied
voltage, since the voltage ocross L2 also leads the current
by nearly 900, This output veltage is very low in amplitude,
since L2 offers little impedance while in the saturated state.
Inductor L2 becomes unsaturated when the input voltage is
at a peak, since at this time circuit current is at ¢ 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 to lag the applied voltage by almost 90°. However,
the voltage across L1 (the output) leads the circuit current
by almost 809, since voltage leads current across an induc-
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tor ard is, therefore, in phase with the input. This condition
persists for only a short period of time until the circuit cur-
rent increases and becomes sufficient to saturate [.2. Dur-
ing this short period of time a large amplitude pulse which
is inphase with the input is produced. The duration of this
pulse coincides with the duration of the unsaturated con-
dition of .2 and is determined mainly by the circuit Q.
Thus, a large amplitude positive pulse is produced when
the applied sine wave passes through its positive peak,
and a large amplitude negative pulse is produced when the
applied sine wave passes through its negative peak. Since
[2 is saturated during most of the input cycle, the output
is extremely low except for the short time during the peaks
of voltage when L2 is in an unsaturated condition.

FAILURE ANALYSIS,

No Output. A no-output condition could result if any
component in the saturable reactor peaking circuit became
shorted or open. Inductors L1 and [.2 can easily be checked
by measuring the resistance of the windings and checking
for ¢ shaort or ledkage to ground with an ohmmeter. Capac-
itor Cl can be checked with an in-circuit capacitor checker.
Do not overlock the possibility that a no-output condition
is the result of no-input. This can easily be checked by
observing if the waveform is present at the circuit input
with an oscilloscope.

Low Dutput. Generally speaking, since there are few
components involved, the saturable-care reactor peaking
circuit will either function as designed or not at all. How-
ever, a low-output condition could result from a partially
shorted component or from excessive leakage to ground of
the windings of L1 or L2, or from a low amplitude input.
Resistance checks of the inductor windings and resistance
checks to ground, with the bottom of L2 disconnected,
should revea! whether or not o partially shorted component
or leakage to ground is the cause of low output. The am-
plitude of the input siqnal can easily be checked by observ-
ing the waveform present at the input with an cscilloscope.

Distorted Output. Since the duration of the output pulse
is determined mainly by the O of the circuit, a change in
circuit value could alter the Q of the circuit and thus alter
the output waveshape. Checks for excessive leckage to
ground should be made using an chmmeter, since leakage to
ground would affect the circuit Q. Cl, L1 and L2 can be
checked far proper value with an impedance bridge.

SEMICONDUCTOR PULSE SHAPER.

APPLICATION.

The semiconductor pulse shaper is used in computer,
contrel, and communication equipment to reshape a pulse
which has suffered deterioration of its waveshape aofter
passing through a chain of gates. It isalso used in con-
junction with @ multivibrator to forma § u sec. pulse with
sharp leading and trailing edges.
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CHARACTERISTICS,

Reshapes pulses into pulses with sharp leading and
trailing edges.

Utilizes two transistors connected in the common-emitter
configuration.

Requires three power supply voltages.

Cutput pulse width is constant and is determined by
circuit components.

Cupable of driving several loads.

CIRCUIT ANALYSIS.

General. The semiconductor puise shaping circuit con-
sists of two common-emitter amplifiers. The first stage,
which employs on R-L collecter load, performs the primary
shaping function and controls the output pulse width. The
second stage, an overdriven amplifier, serves as abuffer
power amplifier, and in addition squares off the trailing
edge of the output pulse.

The output pulse width is primarily determined by the
values of the inductive load of the first stage and the input
capaciter, but isalso affected by transistor charecteristics,
as well as changes in the power supply voltage. In most
instances circuit values are chosen which produce an out-
put pulse width of 1 microsecond.

Cireuit Operation, The cccompanying schematic diaqram
illustrates & typical semiconductor pulse shaper using the
common-emitter configuration.

Semiconductor Pulse Shaper

Capacitor C1 couples the input pulse to the base of
transistor Q1. Besistor Rl and diode CRI1 form a voltage
divider between ground and the +6 volt bias supply to apply
reverse bias to the base of transistor Q1. Inductor L1 and
resistor R2 form the collector load for transistor Ol, and
capacitor C2 together with resistor R3 forms an interstage
coupling netwerk from the collector of Q1 to the base of Q2.
Transistor @2, which is operated as an overdriven amplifier,
serves os the output stage, with resistor R4 as itscollector
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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 coliector of Q1 is at ap-
proximately -6 volts since Q1 forward collector curent is
cut off, and transistor Q2 is heavily forward biased by the
negative collectar voltage of Ql direct-courpled through R3.
With Q2 conducting heavily, the output voltage is very
close to ground potential. When a neqative pulse is applied
to the pulse shaper, voltage divider dicde CRI is reverse
biosed and transistor Q1 is driven into conduction by the
charging current flowing through the emitter-base junction
of Q1 and into capacitor C1. The rapid rise in charging
current through the emitter-base junction of Q1 rapidly
drives Q1 into saturation, and the voltage on the collector
of Ql rises sharply to ground potential, This rapid positive
swing in collector voltage on Q1 is coupled through R3 and
C2 to the base of output transistor 02, and Q2 is rapidly cutoff.
The collector voltage of Q2 {the output voltage) which was
previously held at ground patential 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 am-
plitude of the cutput pulse is maintained at a constant 6
volts by the action of limiting diode CR2. Transistor Q1
is maintained in o saturated state by the charging current
of C1 flowing through the emitter-base junction of Ql. This
current decreases as Cl becomes charged, but remains suf-
ficient to keep Ql saturated for the duration of the output
pulse. During the period when Q1 is saturated, collectar
current is limited by the impedance of the load (L1 and R2).
Initially, the impedance of L] is high, but it decreases as
L1 becomes charged and collector current increases. Con-
sequently, during the period when Q1 is in saturation, col-
lector voltage on Q1 remains constant and output transistor
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 insufficient to maintain
collector current at the previous level. (Basedrive de-
creases as C1 charges). Collector current then decreases
rapidly and Q1 collector voltage quickly falls to -6 volts,
which drives output transistor Q2 into saturation. The
output voltage rises sharply to ground potential as the
conduction of Q2 increases. The rapid transition of Q2
from cutaff to saturation is aided by the discharge through
the emitter-base junction of Ql, of the energy stored in L.
The term #cutoff™ has been used locsely in the preceding
paragraphs. Actually the transistars are not cut off in
the sense that a vacuum tube can be cut off, since there
is alwoys 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 C] and L1
become fully charged and cause the collector current of Q1
to begin decreasing.
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FAILURE ANALYSIS.

General, When making voltage checks, use a vacuum
tube voltmeter to aveid the low values of multiplier resist-
ance employed on the low voltage ranges of the standard
20,000 ochms-per-volt meter. Be careful also to observe pro-
per polarity when checking continuity with an chmmeter,
since a forward bias through any of the transistor junctions
will cause a false low resistance reading.

Mo Output. A no-outputcondition could result from
failure of either transistor or failure of one of the vower
supplies. Semiconductor circuits are generally miniaturized
printed circuits. Circuits of this type are subject to sherts
caused by a small drop of solder, or any conductive object
that may fall across printed circuit leads, or these leads
may become open by a hairline crack in the printed board.
Plug-in type contacts, often employed in printed circuit
boards, sometimes fail to make contact due to dirty or bent
contacts. It is often wise to visually check the printed
circuit beard for evidence of any of the above conditions
before attempting to trouble-shoot the circuit. Power supply
voltages should be checked with o vacuum-tube-voltmeter,
and adjusted or repaired if necessary. It should be noted
that deterioration with age causing lack of gdin may result
under high temperature conditions. Unlike vacuum tubes,
however, transisters have operated for yeors without notice-
able detericration under proper operating conditions,

I the wansistor is not at fault, a defective circuit
component is likely the cause of no output. Voltage checks
of transistors elements with a vacuum tube voltmeter, or
resistance checks with the circuit deenergized, should
indicate the component at fault. Resistors B3 or B4 could
cause a no-output condition if they failed, as could diode
CRl if it becaome shorted. Failure of other circuit compo-
rents could possibly cause a no-output condition to exist,
but are much more likely to cause distortion of the output
waveshape. This condition will be discussed in detail in
the following paragraph. Do no overlook the possibility
that a no-output condition is the result of ne 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. Theterm distorted output isused in
the foliowing parograph to describe any output condition
other than the roper 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 couse of « distorted
output. The power supply voltages should be checked and
adjusted if necessary, they should be within 1(% of their
nominal values. If the power supply voltages are correct
and the transistors are good, a defective circuit component
is the next most likely cause of improper output, A signifi-
cant change in the value of any compement could alter the
output waveshape. Since the value of L1 and Cl determine
the pulse width a change in the value of these components
would, naturally, affect the output pulse width. Ll and Cl
can be checked for proper value on an inductance-capaci-
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tance bridge. Resistors Rl and R2 also affect pulse width
but to a lesser degree than Cl and L. Diode CR2 limits
the amplitwude of the output pulse to -6 volts. If CR2
opened, the amplitude of the output pulse would increase.
The input pulse must be of the carrect polarity, and have
sufficient amplitude and duration to properly trigger the
pulse shaper, if a good output pulse is to be generated.
The conditian of the input pulse may be checked by ob-
serving the waveform present at the input to capacitor Cl
with an oscilloscope.
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SECTION 18
COUNTER CRCUITS

PART A. ELECTRON-TUBE CIRCUITS
POSITIVE DIODE CUUNTER.

APPLICATION.

The positive diode-counter circuit is supplied uniform
input pulses, representing units to be counted, and pro-
duces a positive output voltage, the average value of which
is proportional to the frequency of the applied pulses,
Counter circuits are employed in the frequency-indicator
circuits of electrenic timing or counting devices.

CHARACTERISTICS.

Input pulses must be of constant amplitude and of equal
time duration; a counter circuit must be preceded by limiting
and shaping citcuits to ensure uniform amplitude and width
of input pulses.

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

CIRCUIT ANALYSIS.

General. The positive counter cltcuit 1s used in fre-
quency-indicator (timing or counting) ¢ircuits which depend
upon the output pulse amplitude and time duration for
accurate indications; therefore, the input pulses applied to
the counter circuit 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
varicble element in the counter-clreuit output is the rep-
etition frequency of the input signal, enabling input-frequen-
cy variations to be measured accurately. A relationship is
thereby established between input frequency and average out-
Pput voitage; as the input frequency increases the output
voltage also increases and, conversely, as the input fre-
quency decreases the output voltage decreases. Thus, the
positive counter circuit, in effect, {'counts’’ the number of
positive-going input pulses and produces an averaye d-c
output voltage which is proportional to the input repetition
frequency.

The output of the positive counter circuit can also be
used to produce positive trigger pulses to synchronize
the frequency of blocking-oscillator or multivibrator circults
with the input pulse-repetition frequency. The basic positive
counter circuit can be easily modified to change it to a
step-by-step counter circuit {described later in this section)
by substituting a capocitar for the resistor across the output
terminals. This modified circuit is referred to as a frequency
divider, hecouse the cutput trigget frequency is usually
made a submultiple of the input pulse-repetition frequency;
the circuit is used in trigger-generatar circuits of radar
modulators and indicators.

Cireult Operation. A basic pasitive diode counter
circuit is shown in the accompanylng illustration, togethet
with typical input and output waveforms. Capocitor Cl is
the input coupling capacitor andalse serves as a d-c blocking
capacitor; resistor R1 is the load resistor across which the
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output voltaye is developed. Electron tubes V1 and V2 are
indirectly heated diodes; the filament (heater) circuit for
the diodes is not shown or the schematic.

Initially, capacitor Cl assumes a charge (reference
level) which is determined by the d-c voltage (if present)
of the preceding stage. Once capocitor Cl is charged to
the level of the applied d-c voltage, the circuit remains in
a 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 duration, since the
counter citcuit is intended to produce an output voltage
which is proportional to the input pulse-repetition frequency.
For the purpose of this discussion, assume that the input
waveform shown in the accompanying illustration is applied
to the input of the counter circuit.
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Basic Positive-Diode Counter Circoit ond Yoveforms

When the positive-going leading edge of theinput wave-
form occurs, the voltage rises suddenly. The charge on
coupling capacitor C1 cannot change instantaneously; thete-
fore, the plate of diode V2 hecomes positive with respect
to its cathode, and the diode conducts. Current flows through
the series circuit consisting of load resister R1 and dicde
V2 to charge the capacitor, C1. Since the charging current
flows through the load resistor, R1, a pulse voltageis
developed across the resistor and is supplied as the output
of the counter circuit.

When the neqative-going trailing edge of the input wave-
form occurs, the voltage drops suddenly. Once again the
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