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should be noted that, while the transistors are of opposite 
polarities, they have the same operatiooal characteristics. 
The audio modulation and the r-f carrier beat toqether in the 
nonlinear resistance of the trcmsistors, 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 followinq stages. 
Circuit elements are arranged so that the r-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 qreater than the audio 
modulating signal. 

Circuit Operation. The accompanyinq diaqram illus­
trates a balanced complementary symmetry modulator. 
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Audio transformer Tl couples the audio modulation from 
the preceding stages to the bases of 01 cmd 02 throuqh 
bias resistors Rl and R3. RI cmd R2 form a voltaqe 
divider network to bias transistor 01 and resistors R3 and 
R4 form a voltage divider to bias transistor 02. Trans­
former 1'2 couples the r-f carrier from the carrier oscillator 
to both sides of carrier balance potentiometer RS. Carrier 
balance potentiometer RS, which has its slider qrounded, 
effectively centertaps the secondary of carrier input trans­
former TI, causinq 180u out-of-phase r-f carrier siqnal 
voltages to be present at the top and \x:Ittom of T2~ Coup­
ling caplcitors Cl and C2 couple the r-f carrier from trans­
former T2 to the base of each trcmsistor 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 01 and 02 are the nonlinear devices used to Qen­
erate the sidebands, and transformer T3 serves as the out­
put load for the balanced complementry symmetry modulator. 

Since both transistors hove the same operational 
characteristics both 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 01 and 02, and the 
voltage drop across 01 is equal to the voltaqe drop across 
02. Since the absolute value of voltage between each 
power supply and qround is the same and the voltaqe 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 output is produced. 

When a push-pull (l800 out-of-phase) input a siqnal 
is applied, in this case the r-f carrier. the followinq takes 
place. During the period of the input cycle when the base 
of 01 is driven positive and the base of 02 is driven neqa­
tive, conduction of both 01 and 02 decreases. This is due 
to a reduction in forward bias applied to each transistor 
(PNP transistor 01 normally has its base biased more 
negative than-its emitter and NPN transistor 02 normally 
has it base biased more positive than its emitter). This 
decrease in conduction of 01 and 02 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 a­
mOunts. Although the equivalent emitter-collector resist­
ance of both transistors increases, it increases equally 
in both transistors and, therefore, the voltaqe drop across 
01 remains equal to the voltage drop across 02. Once 
again the balanced condition between 01 and 02 is main­
tained and no output is produced, since no current flows 
through output transformer TI. During the next half-cycle 
of r-f carrier input a negative-qoinq half-cycle of r-f is 
coupled from transformer 12 to the base of 01 and in­
creases the forward bias on 01 cousinq the conduction of 
01 to increase. Simultaneously, a positive half-cycle of 
r-f is applied to the base of 02, where it again increases 
the forward bias on 02, causinq the conduction of 02 to in­
crease. Both transistors increase conduction at the same 
rate, and the equivalent emitter-collector resistance of 
both transistors decreases equally. Aqain the voltaqe 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 lXlirs of transistors necessitates the use of some 
external method of balancinq the circuit. .The complementry 
symmetry balanced modulator achieves precise carrier 
balance by makinq it possible to vary the amplitude of the 
r-f carrier coupled to the bose of 01 with respect to the am­
plitude of the r-f carrier coupled to the base of 02. This is 
achieved by effectively center-tappinq the secondary of r-f 
carrier input transformer T2 by connectinq both 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 audio modulation in addition to the I-f carrier is 
applied simultaneously to the balcmced 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 are the original r-f carrier 
frequency, the original audio roodulating frequency and the 
sum and difference frequencies (sidebands) resulting from 
heterodyning action. However, only the sideband frequencies 
are present in the output. 

The audio modulation is applied to the base of each 
transistor in parallel (in phase) through transformer Tl. 
During the positive half-cycle of modulation input the for­
ward bias on 01 is opposed by the modulating siqnal (Ql 
is Q PNP transistor) and conduction of 01 decreases. At 
the same time, the positive half-cycle of modulatinq siqnal 
aids the forward bias on 02 (02 is an NPN transistor) and 
conduction of 02 increases. The balance between 01 and 
02 is nOw upset since the equivalent emitter-collector re­
sistance of 01 increased causinq an increased voltaqe 
drop across 01, while the equivalent emitter collector re­
sistance of 02 decreased causinq a decreased voltage drop 
across 02. Point A in the figure is no longer at groWld 
potential but at some positive voltaqe and current flows 
through output trcmsformer D 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 original audio modulation com­
ponent of emitter current flows through the primary of out­
put transfonner T3, but the output transfonner presents a 
very low impedance to audio frequencies, therefore, audio 
frequency voltage is not developed across the primary of 
1'3. Only the upper and lower sideband signal voltage is 
developed across the primary of output transfonner 1'3 and 
is inductively coupled to the following stages. Overall 
circuit operation is the same for the negative half cycle of 
audio modulation input. That is, dUring the negative half­
cycle of modulation input the forward bios on 01 is in­
creased and conduction of 01 increases. At the same time, 
the negative half-cycle of modulation signal decreases the 
the forward bias on 02 (an NPN transistor) emd decreases 
conduction of 02. The balance between 01 and 02 is now 
upset because the equivalent emitter-collector resistance 
of 01 decreased, causinq a decreased voltaqe drop across 
Ql, while the equivalent resistance of 02 increased causinq 
an increased voltage drop across 02. Point A in the fiqure, 
is therefore, no longer at ground potential, but is at some 
negative voltage so that current flows throuqh output trans­
fonner T3, causing em output to re produced. The r-f car­
rier component of emitter current is cancelled as explained 
previously. Although roth the sideband component of emitter 
current and the original modulation component of emitter 
OJrrent both flow in the primary of 1'3, the low impedance 
offered to the audio modulation is insufficient 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 makinq voltaqe checks. use a vacuum 

tube voltmeter to avoid the low values of multiplier re­
sistance employed on the low voltage ranqe of the standard 
20,000 ohms-per-volt meter. Be careful also to observe 
proper polarity when checking continuity with an ohmmeter, 
since a forward bias through any of the transistor junctions 
will cause a false low resistance readinq. 

No Output. Since transistor 01 and its associated cir­
cuit perfonns essentially the same fWlction as transistor 
02 and its associated circuit components, failure of either 
transistor or associated circuit components is not likely 
to cause a no-output condition to exist. Likewise, failure 
of either the positive or negative power supply is not likely 
to cause a no-output condition to exist, since each power 
supply serves only one branch of the modulator. Failure of 
a component, SUC;l as the audio modulation input trans­
fonner TI, the r-f carrier input transfonner T2, or output 
transfonner T3 all of which serve both brcmches of the 
modulator could be a cause of a n~output condition. Con­
tinuitychecks of the transformer windinqs and resistance 
checks for shorts to ground or excessive leakage between 
windings will reveal a defect in either Tl, T2, or T3 which 
could cause a no-output condition toexisl Failure of Tl 
or 1'2 could cause a no-output condition to exist by failinq 
to couple either the audio modulation or the r-f carrier to the 
balanced modulator. Ukewise, failure of the source of the 
signals (modulating signal or r-f carrier) would also create 
a n~output condition. To detennine whether or not the 
signals are reachinq the balanced modulator observe, with 
an OSCilloscope, the waveform present on the primaIY of 
audio input transformer T1, and thewavefonn present on the 
primary of r-f carrier input trcmsformer T2. Absence of 
either of these signals results in a no-output condition and 
indicates that the fault lies in the stage, or staqes preced­
ing the modulator. 

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 compcnent substitutioos 
are attempted. Deterioration of either of the transistors 
could also be a cause of decreased output. A low 
output condition could also be due to imp-oper rose 
bias applied to either transistor. Cbeck the voltage 
present on the base of 01 and 02 with a vacuum tube 
voltmeter. If a discrepancy is found the most likely 
cause is a change in value of voltage divider resistors 
RI and R2 (for the base of 01) or R3 and R4 (for 
the base of Q2). Improper base bias could also be caused 
by a short in coupling capacitor Cl or C2. If Cl or C2 
opened, a low output condition would result since the r-f 
carrier would be unable to reach the base of either 01 or 02. 
A partial failure of transformers Tl or T2 could result in 
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decreased amplitude audio modulation, or decreased ampli4 

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 ohmmeter, would 
usually indicate Q partial failure that could be the cause of 
low output. Likewise, decreased amplitude r-f carrier or 
audio modulation before it reacnes the modulator could be 
the cause of low output. The existance of this condition 
can bedetermined by observing, with an oscilloscope, the 
amplitude of the input signals on the primary of the respec­
tive input transformer. Another possible cause of low out­
put could be due to a defect in output transformer T3. Re­
sistance and leakage checks of the transformer windinqs 
should indicate a possible defect. 

Distorted Output. Distortion of intelliqence will occur 
in single 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 staqe 
beyond its rated capabilities. If system distortion is 
determined to be caused by the modulator, almost ony com­
ponent which could cause low output con also be suspected 
of causing a distorted output. The power supply voltages 
should be checked first and adjusted, if necessary. A 
check of base bias voltage of both transistors would re­
veal if a fault exists in voltage divider resistors RI, R2, 
R3, and R4. An open or shorted carrier balance potentio­
meter RS could also cause a distorted. output to result. 
excessive audio input could be the cause of distorted 
Since the r~f carrier input amplitude should, for good fidel­
ity, be 8 to 10 times the amplitude of the audio modulat-
ing signal, a decrease in amplitude of the r~f carrier or 
excessive audio input could be the cause 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 pimary of the respective input transformer. 

Do not overlook the possibility that the audio modulat­
ing signal is distorted before it reaches the modulator. 

FREQUENCY MODULATORS (FM). 
The semiconductor FM modulator varies the frequency of 

a carrier arove and below the center frequency similarly 
to that of the vacuum tube. Frequency modulation is usu­
ally accomplished at very low levels as compared wi th 
tube operation. In many instances the modulation is ac­
complished with a low-frequency carrier and the modulo-
ted carrier is then frequency multiplied until the desired 
center frequency is reached. Since the input and output 
impedances of the transistor are functions of the operatinq 
point, the transistor may be used as a reactance modulator. 
Thus a transistor oscillator with a tank circuit may be used 
with the output side of the modulator connected across 
part of the tCllk coil. Thus voice variations of the modulo­
tlon signal vary the reactive output impedance of the 
modulator and change the oscillator frequency accordinqly. 
Another modulation method is to vary the operatinq point 
of the modulator by varyinq the bias. We find then, that the 
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modulation can be inserted in either the emitter, rose, or 
oollector circuits. Since the reactance modulator is more 
efficient and provides large deviation it will be discussed 
in the follOwing paragraphs. 

BASIC REACTANCE MODULATOR. 

APPLICATION. 
The reactance modulator is used to frequency modulate 

low power semiconductor transmitters. 

CHARACTERISTICS. 
Uses collector to emitter output capacitance to provide 

reactive frequency control. 
Operates ot relatively low power levels. 
Shunts a IXlrtion of the oscillator tonk coil. 
Requires further limiting or clipping to eliminate a 

residual 10 to 15 percent amount of AM modulation. 
Uses a sinqle transistor to achieve full modulation. 

CIRCUIT ANALYSIS. 
General. In an fro transistor, modulation is accom­

plished at the oscillator stage. The transitor oscillator 
is frequency modulated in the same manner as an electron 
tube oSdllator, or by varying the quin at the modulatinq 
rate as is done with AM transistors. When the oscillator 
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 staqe. 

Circuit Operation. The accompanyinq schematic shows 
the circuit of a typical frequency-modulated oscillator 
stage operated as a reactcmce modulator. 

Transistor 01 is the FM oscillator. Resistor Rl and 
R2 are base bias voltage dividers. Primcrry LI of trans­
former Tl together with capacitor Cl fonn the tuned tank 
adjusted to the oscillator output frequency. R6 is the 
modulator load resistor. Secondary L2 of TI is the col­
lector to base feedback winding of the OSCillator. Tertiary 
winding L3 is an inductively coupled output windinq which 
couples the FM output signal to the next stage, or in special 
cases to an antenna. Transformer 1'2 is an audio trans­
former which inductively couples the modulation input to 
the base-emitter junction of 02, the modulator stage. Re­
sistors R3 and R4 are base bias voltage dividers, while RS 
is an emitter swamping resistor bypassed by C2 for tempera­
ture stabilization. The output capacitance of 02 shown 
dotted as Gee shlDlts a portion of the r~f oscillator coil Ll. 
As the modulator operates the output capacitance of 02 is 
varied. Thus, the frequency of the oscillator is shifted in 
accordance wi th the modulation the same as if Cl were 
varied instead. 

When the modulation is applied to the primary of 1'2 it 
is coupled into the base circuit. Thus the emitter-base 
bias changes constantly at the modulation rate. Since the 
bias is increasing cmd decreasing at the modulating rote, 
the collector voltage of 02 also increases and decreases at 
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the modulating rate. When the collector voltage increases, 
output capacitance Cee decreases, 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 thesameeffect 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 01 oscillator tank circuit increases as if 
Cl were decreased, and produces a higher frequency r-f out­
put. Conversely, when the output capacitance of Cce in­
creases because of a decrease in collector reverse bias, the 
resonant frequency of 01 oscillator tank circuit decreases 
and produces a lower frequency r-f output because of the 
shunting effect of Cee. Thus the resonant frequency of the 
oscillator tank circuit is increasing and decreasing at the 
modulating rate. Hence, the oscillator frequency is also 
increasing cmd decreasing at the modulation rate. The out­
put of the oscillator, therefore, is a frequency modulated 
carrier signal. Since the audio modulation causes the col­
lector voltage to increase and decrease, there is an AM com­
ponent induced into the output. This produces both an 
FM and AM ootput. By placing a limi ter staqe after the 
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reactance modulator, the amplitude variations are removed 
CBld only the frequency modulation remains, with a constant 
amplitude output. Frequency multipliers are then used to 
increase the oscillator frequency to the desired output fre­
quency. For high power, linear r-f amplifiers are used to 
increase the steady amplitude siqnal t9 a particular level 
and power output. With the initial modulation occurinq at 
low levels fm represents a saving in power as compared 
with conventional AM, with the PM noise reducinq prop­
erties providing a better signal to noise ratio than h; pos­
sible wi th AM . 

FAILURE ANALYSIS_ 
General. When making voltaqe checks, use a vaCUUID­

tube voltmeter to avoid the low values of shuntinq resist­
ance employed on the low voltage ranges of conventional 
voltmeters. Be careful also to observe proper polarity 
when checking continuity with the ohmmeter, since a forward 
bias 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 TI, can cause a no-output condi­
tion. Check the resistors for proper value with an ohmmeter 
and the transformer for continuity. If satisfactory indica­
tions are obtained but 01 does not oscillate, the transistors 
may be defective. If 01 operates but no modulation is ob­
tained, 02 is defective. 

Low Output, Low collector voltaqe, low bias voltaqe, 
or a weak transistor may cause a low output. Check the 
supply voltage first to be certain it is noanal, then check 
the collector voltage of both Ql and Q2, and the base bias 
of 01 and 02 also, if the collector voltage is normal. Also 
check collector resistor R6 for proper value if the modula­
tion appears weak. Low bias can be caused by a change 
in bias voltage dividers Rl and HZ, and R3 and R4; check 
fa proper resistance value with an ohmmeter. A high re­
sistance connection in outp.lt winding L3 of Tl may also 
occur and coorse a reduced output. 
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below cutoff, until the qrid voltaqe rises (becomes less 
negative) to the cutoff potential. The triode then conducts, 
as the qrid voltaqe rises to zero (c;round) potential. When 
the siqnal dTi yes the qrid to zero bias, qrid current beqins 
to flow, limitinq any further rise of the qrid voltaqe at this 
point. The qrid current charges couplinq capacitor Cl, 
through the relatively low qrid-ta-cathode resistance of tri­
ode V 1, to an average voltage which serves as a hiqhly 
negative bias for the qrid of triode VI. Durinq this time the 
plate (output) voltaqe has fallen abruptly, decreasinq near­
ly to zero, and it remains at that value until the qrid siqnal 
falls, from its positive peak, back to zero. At zero 
bias, the plate curren t begins to fall rapidly as the qrid 
voltaqe becomes more neqative, until cutoff is reached, 
when the plate current has fallen to zero. Durinq this time 
the plate (cutput) volt ale has risen sharply to its maximum 
value of Ebb. From tbe wQVefOmls shown, it should be 
noted that the neqative porticn of the output waveform is 
narrower than the posHi ve portion; this is due to the fact 
that the tube conducts only durinq a portion of the positive 
half-cycle of the input siqnal, while it remains nonconduc­
tive durinq the entire neqative half-cvcle. 

FAILURE ANALYSIS. 
No Output. The cause of a no-output condition in the 

triode overdriven amplifier limiter may be defective triode 
tube, failure of the plate supply voltaqe, an open input or 
output couplinq capacitor (if either is used), or failure of the 
input siqnal. Assuminq that the tube has been determined to 
be capable of operation, and that an input siqnal of proper 
amplitude and polarity is present at the input to the circuit, 
(Tn open plate load resistor (or plate decouplinq resistor if 
a decouplinq circuit is used) would render the circuit inop­
erative, and no output would be available. A shorted de­
couplinq bypass capacitor (C'2 in the second circuit illus­
trated), if a decouplinq circuit is used, may also be the 
couse of a no-output condition. An open couplinq capaci-
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tor in the input grid circuit, if one is used, would likewise 
prevent any output from beinq produced. 

Reduced or Unstoble Output. When the output of the 
triode overdriven amplifier becomes unstable or is of re­
duced value, a low value of plate voltage, due to a defec­
tive power supply, or an increased value of plate load 
resistance, due to a defective or "aqinq" resistor, may be 
the cause of this condition. Either Q leaky input or out­
put couplinq capacitor or an open qrid resistor could be 
responsible for unstable operation. 111e triode tube itself 
may have low cathode emission; this would produce a re­
duced output. Finally, the input siqnal itself should te 
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 
variations, which occur because of inherently different 
levels, atmospheric disturbances, or because of unequal 
response of tuned circuits within a receiver, or in a 
combination of circuits. It restricts to a specific voltage 
level either the positive, the negative, or both portions of 
the waveform. 

Two major uses for limiters are found in video cir­
cuitry and radio frequency circuitry. In video circuitry 
the limiter follows the video detector stage and precedes 
the low level, cathode-follower output stage. In this 
position it perfonns the function of both amplifying and 
limiting low level video Signals. In the case of r-f cir­
cuitry the limiter is located after the last i-f amplifier 
stage and prior to the discriminator (detector) stage in an 
fm receiver. Here again it serves to amplify the i-f signal 
as well as limit it. The limiter is important in both video 
and r-f circuitry, since in both cases the circuitry follow­
ing the limiter stage is sensitive to amplitude variations. 

Limiting is accomplished by utilizinq the cutoff, 
saturation, and grid current characteristics of an elec-
tron tube. Careful examination of the two types of vacuum 
tubes (triode and pentode) which are most feasible for use 
in limiter circuits reveals the advantages of the pentode 
over a triode. An important advantage is the sharp cutoff 
characteristic which is especially apparent in the pentacle 
and not apparent in the triode. This characteristic per­
mits the tube to attain rutoff 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 voltage. These characteristics make avail­
able a greater range over which saturation, cutoff, and grid 
conduction may occur. 

When both plate and screen grid voltaqes are lowered, 
a smaller input Signal is required to drive the plate current 
into saturation. At the same time, smaller negative voltage 
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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 electrode potentials are used, rather than the 
full rated operating potentials. 

<At the other hand, by increasing electrode potentials 
and utilizing grid leak bias good limiting can also be ob­
tained and, at the same time, a higher overall gain is made 
available. 

In oddi lion to the previou s advantaqes, the pentacle 
also has a higher transconductance (qain) which pro:iuces 
a higher signal to noise ratio. It also has a higher ampli­
fication factor and better isolation between input and output 
impedances, which is an advantage in almost any circuit. 
Thus, it is seen why a pentade is to be preferred over a 
triode for limiter circuitry. Typical pentode limiters of the 
video and r4f type ore discllssed in detail in the following 
paragraphs in this section of the Handbook. 

VIDEO LIMITER. 

APPLICATION. 
The vidoo limiter is usC'd to amplify and limit to a 

specific amplitude low level video input signal voltages 
in radar and television equIpment. 

CHARACTERISTICS. 
Constant output is obtained once the limitinq level is 

reached. Linear amplification occurs up to limitinq level. 
&reen qrid and plate voltaoes determine limitinq level 

for a specific bias. 
Sest performance is obtained with sharp cutoff pentade­

has rapid rise time -has little droop. 

CIRCUIT ANALYSIS. 
General. The pentode video limiter is located between 

the video detector and the low level cathode follower 
output stage in radar and TV receivers. Cutoff type 
limiting, rather than grid current or plate saturation limitinq, 
is preferred in video limiter operation. Cutoff limitinq oc­
curs when the limiting level is determined solely by the 
cutoff bias level. Grid current limiting occurs when suf­
ficient grid current is drawn to produce the desired limitinq 
bias. Plate saturation limiting occurs when the grid 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 supplie:l with a neqative siqnal from the 
vidoo detector. The siqnal is restricted in its neqative 
amplitude direction by biasing the limiter tube so that 
cutoff occurs at the p::>int where the desired negative volt­
age crnplitude is attained. As the neqative voltaqe is ~ 
plied to the grid of thepentode it is inverted and amplified 
at the plate and coupled to the cathode follower followinq 
the limiter stage. 

A pentode tube is preferred in limiter applications for 
several reasons. The primary reason is that the pentade 
inherently has sharp cutoff capabilities. This allows the 
tube to reach cutoff bias with a less negative-goinq 

CHANGE 2 

0967-000-0120 LIMITERS-PENTODE 

(smaller) signal than normally would be required, and thus 
performs better for smaller input signals. 

Orcuit Operation. The schematic of a typical vidoo 
limiter circuit using a pentode type of electron tube is 
shown in the accompanying illustration. 
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The input signal is capacitively coupled throuqh coup­
ling capacitor C1 to the grid of V I' The combination of 
capacitor c" and grid leak resistor RI 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 voltage to the proper value and 
bypass capacitor C2 places the screen at ground potential 
for video. 

Without a signal applied, only cOntact bias is devel­
oped and the tube operates near zero bios. At this point 
the plate and screen grid voltages largely cootrol the 
amount of plate current flowing. 

With the applicotion of the neqative input siqnal (ob­
tained from the video detector) to CII grid leak bias is 
established by the oombination of Ct and RI • This is 
somewhat different than the grid leak bias explained in 
paragraph 2.2.2 in section 2 of this Hondoook since in 
this application only negative pulses are used. 

When the input Signal used is first applied, . the cur­
rent through C1 is maximum and the total input voltage is 
dropped across Ru with electron flow throuqh R" placinq 
the control grid at a neqative potential with respect to the 
cathode. C I charges through RI for the duration of the 
pulse. The capacitor then discharges through R. for the 
period between pulses. Before completely discharqing, 
however, C t begins to charge again with the application 
of a new pulse. After a few cycles of operation, an a'ferage 
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negative voltage (bias) is established at the control qrid of 

the tube because of the relation of the time constCllt of 

C1 RI to the duty cycle of the input signal. This neqative 

voltage (bias) establishes the cutoff point for limitinq, 

which is determined from the plate current versus grid 

voltage characteristic curve of the particular pentode used 

for VI' This average negative bias voltage determines 

where the input signal couses cutoff to occur, and thus, 

which portion of the input signal will be reprcx:luced. 

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 siqnol in­

creases. At cutoff, the plate voltage is at its maximum 

and, likewise, will remain at this limited amplitude for all 

pcrtions of the input signal beyond cutoff. The plate volt­

age then decreases to a minimum value when the plate cur­

rent is brought back to its maximum value by the trailinq 

edge of the negative input pulse. Note that durinq the 

entire time the signal is less than the cutoff bias value, 

no limiting occurs. Thus, in the region from zero bios to 

cutoff, normal tube amplification action oa;urs. Hence, 

limiting occurs only for those input signals which ore 

larger in amplitude than the value of cutoff bias. The 

larger the input siqnal, the more effective the cutoff action. 

The limited voltaqe Otltp.!t level is also ccntrolled 

slightly by the plate and screen grid voltages of the tube 

since these voltaqes in addition to the biasi nq level af­

fect the tube characteristics and control the total amount 

of plate current flowing. The approximate magnitude of the 

limited output can be obtained from the proouct of load re­

sistor Rl and the plate current (in milliamperes) with no 

signal applied. 
Circuit Variations. If the plate current chanqes be­

tween pulses because of a duty cycle change, the effective 

limiter output voltage is altered accordingly. This plate 

current dlange occurs if the duty ratio of the input siqnal 

is increased. 

AVE. POWER 
(duty ratio = ____ _ 

PEAK POWER 
PUl..')E WlD1ll 

:---:c:c---=--==---==-- duty cycle 
PUl..')E TIME PERIOD 

This increase in duty ratio decreases the amount of screen 

grid current flowinq, thereby increasing the screen qrid 

voltage. This results in greater plate current flow durinq 

the intervals between siqnals because of the increased 

voltage on the plate. An additional screen resistor R.. 
placed in parallel with C2 (as illustrated in the dotted lines 

in the schematic) reduces the effect of any change in plate 

current by voltage divider action. There will be little 

shift of screen voltage with increased duty ratio when the 

current taken by Rl and R2 is relatively large compared to 
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the screen current, since the voltage division is fixed at 

that developed across R2 • 

FAILURE AHALYSIS. 
No Output. In a pentode video limiter, a no-output 

cooditian may be caused by any of the follOWing (provided 

the input signal is the proper value and polarity): an open 

coupling capacitor C lI an open bios resistor RI or plate 

resistor R2 , or by absence of plate or screen voltage, or by 

a·defective tube V I' To determine the component at fault, 

first meek the supply voltage 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. If the supply voltage 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 voltaQe 

1s low (X' zero, screen resistor RI may have increased in 

wIue or is open. Check f\ and F\ for value with an ohm­

meter. Note that zero screen voltage will also occur if 

screen coplCitor c" is shorted. Meanwhile the excessive 

cunent drain through RI will cause it to heat, smoke, and 

eventually burn out. Check for a shorted c" by II1easuring 

the resistcmce to ground from the screen terminal. If both 

plate and screen circuits are satisfactory I check for a 

siCJlal 00 the grid of VI using a vacuum tube voltmeter or 

an oscilloscope. If the signal appears on the grid but no 

outp.lt is obtained, check f\ for proper value and continuity I 

since an open grid resistance will cause grid-blocking. 

The blocked grid will be indicated by no output and a large 

negative grid bias which reduces as the meter is connected 

hom grid to ground substituting for the grid resistor. As 

the meter is left across the Circuit unblock1l1q will occur: 

am. whm 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 C1 is shorted the plate 

voltage from the IKeceding stage will drive V 1 into 

plate current saturation. Such a condition will be indicated 

bt obtaining identical voltage readings to ground from 

either side of Ct , or by checking for a short with an in­

circuit capacitance checker. If all tests are normal and the 

trouble persists the tube is most ~obably at fault. 

Reduced or Distorted Output. This condition may 

exist because: capacitor C, is shorted, resistor R, is open, 

screen grid bypass capacitor C2 is shorted, plate and/or 

screen voltage is reduced, or tube V I is defective. 

With C. shorted DC plate voltage from the previnus staqe 

will drive the grid of V 1 positive into saturation and cause 

a reduced output. An open R, will result in grid blocking 

and may cause audio oscillations at a slow rate. A shorted 

C1 will result in reduced screen and output voltage and 

may also result in the burning out of resistor R~ because of 

excessive screen currents. A reduced plate or screen qrid 

voltage caused by an increase in the resistance of R2 or R~ 

will also cause reduced output voltage. 

To detennine the component at fault, first check the 

supply voltage and then plate and screen voltaqes with a 

high resistance voltmeter. If the supply voltage is low the 

trouble is in the power supply. If the supply voltage is 
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normal but the plate voltage is low, pla'te load resistor R" 
may have increased in value. Likewise, if the screen volt­
age is low screen resistor R3 may have increased in value. 
Check R2 and R3 for value with an ohmmeter. If zero 
screen voltage exists screen capacitor, C? may be shorted. 
Check C2 for shorted condition by measuring the resistance 
to ground from the screen terminal. If the siqnal 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 Rl for proper value with an ohmmeter. If R. is not 
within tolerance this condition will exist. If C1 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 lI or by 
checking for a short with an in-circuit capacitance checker. 
If all tests are normal and the trouble persists, the tube is 
most likely at fault. 

R·F PENTODE LIMITER. 

APPLICATION. 
The r-f pentode limiter is used in f-m receivers to re­

move amplitude variations from the i-f Signal prior to beinq 
applied to an f-m detector cifClJit. 

CHARACTERISTICS. 
Constant output is obtained. once limiting level is 

reached. Linear amplification occurs up to limiting level. 
Screen grid and plate voltage determine limiting level 

for specific bias. 
Grid limiting and plate current saturation limitinq are 

used in conjunction with cutoff limiting. 
Best performance is obtained with sharp cutoff pentode­

has rapid rise time-has little eroop. 

CIRCUIT ANALYSIS. 
General. The pentode r-f limiter is located between the 

last i-f amplifier stage and f-m detector stage. Grid current 
or the plate current caturlltion type of limiter operation 
is usually used for r-f limiters. Cutoff limiting is also 
used with one of the aforementioned methods, but it is not 
used by itself, since this method can only limit the 
negative halves of the alternating input waveform. 

The pentode, besides offering sharp cutoff characteris­
tics, makes available a greater range of 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, thel)late load resistor 
must be large enough to produce a load line below the knee 
of the pentacle tube characteristic. Since the magnitude of 
the plate load resistor can not be 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 Clment change, are those 
between the cutoff of the tube and the point at which qrid 
current flow occurs or plate saturation occurs. These points, 
then are the limiting levels of the circuit. 

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

nAJt~:A---: 
--- \I- fJ-iJ_·-

II EI '£!dHlIfl El \Et(~; 

Pentode R·F Limiter 

+ 

Ebb 

Tto 
l:,TPUT 

The input signal is inductively coupled from the pre­
ceding i-f stages through primary Ll (of TI) to secondary 
L2, with Cl and L2 providing the proper tuning and selec­
tivity for i-f output transformer Tl. The i-f signal is then 
capacitively coupled to the grid of Vl through coupling 
capacitor C2. The combination of capacitor C2 and c;rid 
leak resistor RI 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 one bypass 
capacitor C3 places the screen grid at ground potential for 
i-f. C4 and L3 (of TI) form another tuned i-f circuit which 
enables the proper bond of output frequencies to be in­
ductively coupled by L4 to the f-m detector. C5 in con­
junction with plate load resistor R3 forms a decoupling cir­
cuit. 

When a positive-goinq input siqnal is applied to the qrid 
of limiter VI grid current flows, charging capacitor C2. The 
plate of C2 closest to the grid of VI becomes negative and 
the opposite plate positive. When the siqnal swinqs nega­
tive, capacitor C2 discharges through resistor Rl. The 
capacitor discharge current develops a voltaqe across Rl 
which makes the grid negati ve with respect to the cathode. 
When the inPlt signal again goes positive, C2 has not had 
sufficient time to discharge completely, No further grid cur­
rent is drawn until the input siqnal 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 Rl remains relatively constant. This con· 
stant voltage across Rl establishes the overaqe 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 and Rl 
(TC:::RIXC2) and the omplitude of the input signal. The 
last factor determines the amount of limiting perfonned by 
the grid leak bios method. 

Limiting is accomplished 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 
grid becomes more negative with respect to the other plate. 
The grid 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 enough to drive the 
bias to zero or above. This point is the point where limiting 
occurs, because in effect it is the hiqhest positive voltaqe 
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 obtained. 

This stable or constant (limited) plate output voltaqe 
can also be obtained by lowering the screen grid and plate 
voltage values to where plate current saturation, rather 
than grid current flow occurs, when the positive portion of 
the input Signal reaches or exceeds the desired positive 
peak voltage. At this point plate current is maximum and 
will no longer increase with an increase in Signal 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 siqnal amplitude. 
Although this method facilitates reachinq cutoff with 

a less negative-going signal because of the lower electrode 
potentials, it is somewhat restricted by the maqnitude 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 potential at the 
plate. By increasing the size of the plate load resistor, 
however, the usable oondwidth of the limiter is lowered. 
Grid current limiting is therefore preferred for wide-band 
applications even though in order for cutoff to occur a 
greater negative half cycle of voltage must be present. 

When the input siqnal is operating over the neqative 
half-cycle, the bias is also established by the grid RC time 
constant, the electrode potentials, and the amplitude of the 
negative half cycle. If the magnitude of the negative half 
cycle is sufficient cutoff bios occurs. Plate current no 
longer flows at this cutoff point and plate voltage is at its 
maximum value. Thus, when the negative half cycle reaches 
or exceeds the cutoff bias level, plate output voltage remains 
at a constant limited value. 

Limiting will only occur when the siqnal amplitude ex­
ceeds the voltage extremes necessary 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 
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amplitude extremes will result in plate current changes and 
plate voltage 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 a pentocle r-f limiter a no-output condition 

may be caused by any of the followinq (provided the Signal 
from the previous stage is the proper value): a shorted in­
put tank circuit capacitor CI or output tank circuit capacitor 
C4, a shorted screen bypass capacitor C3, an open or shorted 
transformer Tl or T2, an open coupling capacitor C2, an 
open bias resistor RI, or by lack of plate voltage caused 
by an open plate resistor, R3, or a shorted plate bypass 
capacitor, C5, or by a defective tube VI. 

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 R3 for 
value with an ohmmeter. To check if capacitors CI, C3, C4, 
or C5 are Shorted, use an in-circuit capacitance checker. If 
the co"{Xlcitor C2 is open or if Tl is defective, no signal 
would be present at the grid of VI. This may be checked 
by em oscilloscope. If the plate circuit is satisfactory and 
a siCJlol appears at the grid of VI, but there still is no 
output, check resistor Rl for p'oper value and continuity, 
since an open grid resistance will cause grid blockinq. The 
blocked grid will be indicated by no output and a large 
negative grid bias 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 blockinq action 
will subside. When the meter is removed the grid will aqain 
become blocked. This indicates that RI is either open or 
so large in value that it is useless. 

If Tl is open or shorted no input siqnal will be applied 
to the grid of VI. Likewise, if T2 is open or shorted no 
output will be obtained. Check the resistance value of the 
corresponding transformer primaries one!. 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. If the value obtained is infinite, the 
winding is open. If all tests are normal and 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 Cl beinq 
open, resistor RI beinq open, Ll being defective because of 
a partial short, or tube VI beinq defective. 

If C2 is shorted, d-c plate voltaqe from the previous 
stage will drive the grid of Vl positive, and into saturation, 
causing a reduced output. If Cl 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 RI will result in grid blocking and may couse audio 
oscillations 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 burninq out 
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because of excessive screen current. If screen bypass 
capacitor C3 is open, resistor R2 will have dropped across 
it the r-f voltage Deeuring at the screen grid, which will 
produce degeneration and result in altered screen and 
plate currents, and plate voltage. Reduced screen or 
plate voltage, caused by increased resistance of R2 or R3, 
will also ceruse 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 bond. If C5 is open, the r-f 
voltage appearing at the plate will be fed back into the 
power supply through R3 and cause feedback with possible 
oscillation. 

To determine the ccxnponent at fault, first check the 
supply voltage and then the plate and screen voltages with 
a high resistance voltmeter. If the supply voltage 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 voltaqe is low, 
screen resistor R2 may have increased in value. Check R2 
and R3 for proper value with an ohmmeter. 

A reduced plate or screen voltaqe may also be 
caused by open capacitors C3 or C5. Check C3 and 
C5 with an in-circuit capacitor checker if prior checks 
have failed to hnd the fault. This senne check (in-circuit 
capacitor checker) may be used if symptoms seem to in­
dicate open capacitors CI or C4. If VI is at a constant 
saturation level, check CI for a short by measuring the 
voltage from each plate of Cl to ground with a high resis­
tance voltmeter, or by checking for a short with an in-circuit 
capacitor checker. If symptoms indicate trouble in either 
input or output tank circuits and capacitors Cl 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 0 speech clipper, in electronic equipment where ampli­
tude limitinq is desired (such as FM receivers or trcms­
miners) and in waveshapinq circuits where all or a JXlr­
tion of the negative half-cycle of a waveform is to be 
clipped off. This circuit is particularly suited for squarinq 
off a peaked waveform. It is used universally in display 
circuits for modifyinq wovefonns and determininq the 
levels at which they ore clipped or limited. 

CHARACTERISTICS. 
No amplification is realized in the circuit; because of 

circuit losses the output amplitude is sliqhtly less than 
the input amplitude. 

Positive waveform is passed unchanqed, but neqative 
waveform is either partially or completely clipped. 

Phase of waveform is unchanqed (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. 

Isolates output circuit from input circuit in nonconduct­
ing condition. 

CIRCUIT ANALYSIS. 
General. A limiter circuit is used to accomplish any 

of the followinq functions: to square off the peaks of an 
applied signal, to obtain a rectangular wavefonn from a 
sine-wave signal, to eliminate the positi ve or neqati ve 
portion of a wavefonTI, or to keep the input amplitude to 
an FM detector at a constemt value. The negative-lobe 
limiter is designed to effectively eliminate or reduce the 
negative portion of the input siqnal. 

Circuit Operation. A schematic diaqram of a typical 
series-diode neqative-Iobe limiter is shown in the accom­
panying illustration. 

I 
I I 
\j 

CR 

+ 

INPUT R OUTPUT 

Series~Diode He!lotive~Lobe Limiter 
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As can be seen, diode CR is connected in series be­
tween the input and output, with R servinq as the load re­
sistor. When a positive input is applied between the plate 
Ctld ground, the cathode is made more neqative than the 
anode, and the diode conducts. When the diode conducts, 
electrons flow opposite the direction of the arrow from 
ground, and up throuqh R, and the polarity of the voltaqe 
developed across R is positive with respect to qround, as 
shown in the illustration. The amount of current flow and 
the resistance value determine the output voltaqe produced. 
Since the forward resistance of the diode is in series with 
R to ground, together they form a voltaqe divider and the 
output voltage token across R is always 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 syml:ol '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 mnduct. 
Thus, for this condition only the reverse resistance of the 
diode will allow any siqnal to pass to the load. Since the 
load resistor is not frequency-selective, the waveform of 
that portion of the siqnal produced by forward current flow 
through the resistor 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 conduction, the diode can be considered as a 
switch which oonnects the output to the input. Since the 
diode is a semiconductor, it introduces a sliqht amount of 
resistmce, usually not more than 10 ohms, in series with 
the circuit .. When the diode is nonconductinq, its reverse 
resistance is relatively high (50K to 1 meqohm, or qreater), 
rut finite (unlike the electron-tube reverse resistance 
which is usually infinite). In most applications, the 
reverse-resistance value is hiqh enouqh to have little 
effect on circuit operation, but in a series limiter its effect 
may be important. The followinq fiqure shows the equiva­
lent circuit for a diode limiter with a back resistance of 
SOK, plus a load resistance of 5OK. As is clearly evident 
from the figure, the diode resistance, RI and the load 
resistor, RL, form a voltage divider across the input. Even 
though the diode is not conductinq in the forward direction, 
the smalileokage current which flows throuqh the diode 
reverse resistance causes it to act as a voltaqe di vider 
with Rl. As a result half the applied input voltaqe appears 
in the output circuit. This illustrates the serious disad­
vantage of semiconductor limiters. As shown in the fiqure, 
the negative portion of the waveform is only partially 
clipped, whereas in a vacuum-tube circuit the entire neqa­
tive waveform would hove been eliminated. One of the 
practical results of this reverse-resistance effect is that 
diodes of One type cannot 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 designer, and improper 
functioning of following circuits can OCOlr. 
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Consideration of the equivalent circuit, in the fiqure 
aoove, during forward resistance conditions, reveals why 
the output waveform can never have the same value as the 
input siqnal. If the forward diode resistance is assumed 
to be 5 ohms and the load resistance saK, 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 
diode 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 ohms is 
the average low value with the high value being on the 
order of :JJO to 700 ohms). 

The amount of clippinq of the input waveform can be 
selected by using a diode which has the proper value of 
reverse resistance, or by placinq a positive potential (Ebb) 
in series with R, as shown in the followinq fiqure. In the 
latter case, the diode will not conduct until the input 
signal is more positive than the applied bias (VR). Thus 
the reverse resistance loadinQ 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 vol tage eli vider action produced by the forward re­
sistance and RI still remains, as indicated by vF in the 
figure. The total positive signal amplitude is reduced by 
the amount of forward voltage drop and the effective 
positive bi as. 

FAILURE AHAL YSIS. 
No Output. A no-output condition can be the result of 

either an open-circuit condition (0 defective diode, 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 Output. Lock of suffiCient input siqnal, as well 
as a defecti ve diode, can cause a low output. A chanqe 
in value of the load resistor with aqe, althouqh 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 chanqe of bias voltaqe can cause 
improper output. In ei ther case, a resistance check will 
determine whether the components are defecti ve, and a 
voltage check will determine whether the bias is correct. 
Be certain to observe the proper polarity when checkinq 
the diode with an ohmmeter; otherwise misleadinq results 
will be obtained. 

Oi stortion. Except for the clippinq effect, a diode 
limiter produces no inherent distortion. If a distorted wave­
Ionn is obtained, check the input with an oscilloscope to 
detennine whether the input siqnal is distorted. The posi­
tive portion of the output wavefonn 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 feedinq bock 
an out-ai-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. 

APPLICATIOH. 
The parallel limiter is used in communications equip­

ment as a speech clipper, in electronic equipment where 
amplitude limiting is desired (such as PM receivers or 
transmitters) and in waveshapinq circuits where all or a 
portion of the positive half-cycle of a waveform is to be 
clipped off. This circuit is particularly suited for squarinq 
off a peaked wavefonn. It is used universally in display 
circuits for modifyinq waveforms and determininq 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 amplitude. 

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

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

Presents a low (forward) resistance to the positive 
Slq'lal, and a high (reverse) resistance to a neqative 
siqnal. 

Output is taken from across a diode. 

CIRCUIT AHALYSIS. 
General. The positive-lobe limiter circuit is used to 

accomplish any of the followinq functions: to square off 
the peaks of an applied siqnal, to obtain a rectanqular 
waveform from a sine-wave siqnal, to eliminate the positive 
portion of a waveform, or to keep the input ampli tude 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. 

Circuit Operation. A parallel, positive-lobe diode 
limiter is shown in the accompanying illustration. In this 
circuit, diode CR conducts only durinq the positive portion 
of the input SiCJlCl. When the input siqnal cpes -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 conductinq 
(or the nonconducting state) is detennined by the internal 
characteristics of the particular diode selected for the 
drcuit. Since the resistance value of R is very larqe 
compared to the conductinq resistance of the diode, practi­
cally the entire value of the input voltaqe drops across 
load resistor R, while only a very small voltage drops 
across diode CR. This voltaqe may become neqliqible 
when the ratio of the load resistance R to the diode resist­
ance is very high. Some value of voltage, however, will 
still exi st across CR, because of its conductinq resistance, 
called the forward resistemce and is shown on the illustrer 
tion as Ecr. When the input siqnal qoes neqati ve, the diode 
ooes not conduct, and current flow throuqh R almost ceases. 
A small reverse current still flows throuqh CR, because of 
the reverse resistance of the diode and thus a small portion 
of the input voltage is dropped across R. The amount 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
advantaqes 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 limi ter is less than unity. On the other 
hand, the forward resistance of the semiconductor is less 
them that of the vacuum tube, makinq the semiconductor 
better in some applications. 

R 

INPUT CR OUTPUT 

Parallel-Diode Positive-Lobe Limiter 

R 

,-, 
I \ i 
t=j---- EI 

V' 

~~------~l~---------O 

+ 
CR 

INPUT OUTPUT 

-r' 
o~----------------------=f=~--------------~o 

Parallel, Po:siitive Lobe Diode Limiter Used as a Positive 
Peak Limiter 

A parallel, positive-lobe limiter may also be used to 
limit only the peaks of the positive waveform, while allow­
ing a qiven value of the positive siqnal to pass throuqh the 
circuit to the output. This may be accomplished by applyinq 
a biasing voltage, havinq 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, voltaqe 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-c source, the cathode of the diode is held more 
positive than the anode Cry the value of E, in the absence 
of an input signal. As long as the positive cycles of the 
input voltage remain less positive than ~, the bottery bias 
voltage, the diode remains essentially nonconductinq, be­
cause its cathode is positive with respect to the anode and 
the output voltage is equal to the input voltaqe minus the 
voltage developed by the reverse resistance of the diode. 
Since all of the negative cycles of the input voltaqe are 
less positive than Ell these too cause the diode to remain 
essentially nonconductinq, with the result that the output 
voltage is again equal to the input voltaqe minus the voltaqe 
developed by the reverse rcsistemce of the diode. When 
the input siqnal increases to a value which exceeds the 
voltaqe of Eu the anode becomes positive with respect to 
the cathode and the diode conducts, and continues con­
ducting as lonq as the input remains more positive than E,. 
During this period of conduction, the output voltaqe of the 
circuit is equal to the value of E" and that portion of the 
input Signal which exceeds the bias voltaqe is clipped, or 
limited, appearing as a voltage drop across the diode load 
resi star, R. 

,-
I \ 
I' I I I 

I------V-+ 
• 

O~~~~'---------T~------~O 

r: 
INPUT OUTPUT 

T+ 
o~--------------~db~---------o 

Parallel. Positive Lobe Diode Limiter Used to Pass 
Negative Peaks 

By reversing the polarity of EI , the parallel, ~sitive 
lobe diode limiter may also be used where it is desired to 
limit not only the entire positive peaks of the input siqnal, 
but also a predetermined level of the neqative peaks, in 
order to furnish em output only when the neqative peaks 
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exceed this predetermined level. With the cathode negative 
with respect to the anode, the diode is maintained in a 
conducting state in the absence of an input siqnal, and the 
output voltage is held at a steady (neqative) d-c level 
equal to El" With an input Signal applied to the circuit, 
the output voltaqe continues to be held at this steady d-c 
level, with the input signal appearing OGross the diode load 
resistor, R, until the input signal becomes more neqative 
them E". When this point is reached, the diode no lonqer 
ronducts; and its forward resistance increases to a very 
high value. As a result, theinput siqnaI, which previously 
appeared across R because R was much greater 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 output signal, therefore, contains 
only the negati ve peaks of the input siqnal which are more 
negative than biasing voltaqe Et • 

FAILURE ANALYSIS. 
No Output. A shorted diode or an open load resistor will 

cause a no-output condition to exist. The only other likely 
possibility is the absence of the input Signal. Check the 
diode and the resistor with an ohmmeter, making certain 
to observe the polarities of the diode, since an erroneous 
indication may be obtained if the proper polarity is not 
observed. If roth components check qood, check for the 
presence of the input signal, making sure that it is of 
proper ampli tude. 

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

In the case of the biased limiter, check the bios 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 power supply, it 

could also be high. 
R.duced or Unstable Output. A defective load resis­

tor, R, or a defect in the parallel branch of the circui t, 
consisting of CR and the bias supply, Ell can produce a 
reduced or unstable output. The only other likely possi­
bility is a decrease in the amplitude of the :nput siqnal. 
The trouble can be localized in the same manner as de­
scribed above for a no-output condition. 

PARALLEL LIMITER. NEGATIVE-LOBE. 

APPLICATION. 
The parallel, neqative-Iobe diode limiter is used in 

transistorized equipment wrien it is necessary to limit any 
part of the neqative portion, or the neqative qoinq part of 
the positive portion of an input sinqle waveform, cmd allow 
the remainder of the input siqnal to pass without modifica­
tion of the waveform. It is used uni versall y in display 
circuits for modifyinq waveforms and determininq the levels 
at which they are clipped or limi ted. 
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CHARACTERISTICS. 
No amplification is realized in the circuit; because of 

circuit losses the output amplitude is sliqhtly less than 
the inpu t ompli tude. 

Positive waveform is passed unchanqed, but neqative 
waveform is either partially or completely clipped. 

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

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

Output is taken from across a diode. 

CIRCUIT AHAL YSIS. 
General. The neqative-Iobe limiter circuit is used to 

accomplish any of the followinq functions: To square off 
the peaks of 'an q:Jplied siqnal, to obtain a rectanqular 
waveform from a sine-wave signal, to eliminate the neqative 
portion of a wavefor.ill, or to keep the input amplitude to an 
FM detector at a constant value. 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, neqati ve­
lobe diode limiter is shown in the accompanying illustra­
tion. In this circuit, diode CR conducts only durinq the 
negative portion of the input signal. As lonq as the input 
signal remains positive, the diode remains in a noncon­
ducting state, and current flow through R almost ceases. 
A small reverse current still flows throuqh R and CR, 
because of the reverse resistance of the diode, and thus 
a small portion of the input voltage is dropped across the 
resistor. The amount of reverse resistance of the diode 
depends upon the characteristics of the diode selected. 
Thus, one of the disadvantaqes 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 voltaqe dropped across R 
subtracts from the output, and thus the qain 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 hiqh resist­
ance to a very low resistance. The amount of resistance 
of the diode in the conductinq state, as well as the non­
conducting state is determined by the internal characteristics 
of the particular diode selected for the circui t. Since 
the resistance value of R is very larqe in comparison to 
the conduction resistance of the diode, practically the 
entire value of the input voltaqe drops across the load 
resistor R, while only a very small voltaqe drops across 
diode CR. This voltaqe may become neqligable when the 
ratio of the load resistance R to the diode resistance is 
very high. Some value of voltaqe, however, still exists 
across CR, because of its conductinq resistance, called 
the forward resistance. This voltaqe is shown On the 
illustration of the basic schematic as VF. 
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INPUT 

R 

CR OUTPUT 

Negative Lobe Diode Limiter and 
Input.Oufput Wavefoms 

A parallel, neqative-Iobe diode limiter may be also 
used to limit only the neqative wavefonn peak, while 
allOwing a given value of negative siqnal to pass throuqh 
the circuit to the output. This may be accomplished by 
applying a negative biasing voltaqe, havinq a value equal 
to the value of the negative signal to be passed by the 
circuit, to the anode of the diode, as shown in the accom­
panying illustration. The biaSing, or limiting, voltaqe 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 anode of CR connected to the 
negative teoninal of the d-c source, the anode of the diode 
is held more negati ve than the cathode by the value of Ebb 
in the absence of an input signal. As long as the negative 
cycles of the input voltaqe remain less negative than Ebb, 
the bias voltage of the battery the diode remains essen­
tially nonconducting, and the output voltaqe is equal to the 
input voltage minus the voltage dropped by the reverse 
resistance of the diode. Since all of the positive cycles 
of the input voltage are more positive than Ebb, these to 
cause the diode to remain essentially nOnconductinq, with 
the result that the output voltage is again equal to the 
inpu t vol tage minu s the vol tage developed by the reverse 
resistance of the diode. When the input signal increases 
to a negative value which exceeds the neqative value of 

long as the input remains more negative than Ebb. Durinq 
this period of conduction, the output voltage of the circuit 
is equal to the value of Ebb, and that portion of the input 
Signal which exceeds (is more negative) than the bias volt­
age is clipped, or limited, appearing as a voltage drop a­
cross the diode load resistor, R. 
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:~ 
:. ,j 

0 
• 

~r----~T~--------

INPUT 
!~. 

OUTPUT 

t:bt 
O~----------~jt~--------~O 

Parallel. Negotive Lobe Diode limiter Used as a 
Negative Peak Limiter 

By reversinq the polarity of Ebb, the parallel, neqative-­
lobe diode limiter may also be used where it is desired to 
limit not only the entire negative peaks of the input siqnal, 
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 output voltage is held at a steady (positive) d-c level 
to equal to Ebb. With an input signal applied to the circuit, 
the output vol tage continues to be held at this steady d-c 
level, with the input signal appearing across the diode load 
resistor, R, until the input signal becomes more positive 
them Ebb. When this point is reached, the diode no lonqer 
conducts; its resistance then increase to a very hiqh value. 
As a resul t, the input signal which previously appeared 
across R, because R was much qreater in resistance than 
CR, now appears across CR and the output terminals of 
the circuit, since CR is now much greater in resistance 
than R. The output signal, therefore, contains only the 
positive peaks of the input siqnal which are more positive 
than the biasinq voltage, Ebb. 
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Parallel, Negative Lobe Diode Limiter Used to 
Pass Positive Peaks 

FAILURE ANALYSIS. 
No Output. A shorted diode or an open load resistor will 

cause a no-output condition to exist. The only other likely 
possibility is the absence of the input signal. Check the 
diode and the resistor with an ohmmeter, making certain to 
observe the polarities of the diode, since an erroneJus 
indication may be obtained if the proper polarity is not 
observed. If roth 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 diode is not completely shorted, but reads 
a very low resistance of say 2CXJ4ms or less, the diode 
cem be coosidered defective. 

In the case of the biased limiter, check the bias for 
proper vol tage 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 beinq a separate power supply, 
it could also be high. 

Reduced or Unstoble 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 
decrease in the ampli tude of the input siqnal. The trouble 
can be localized in the same manner as described above 
for a no-output condition. 

TWO-DIODE, POSITIVE AHO NEGATIVE LOBE LIMITER 

APPLICATION. 
The parallel, two-diode positive cmd neqative limiter, 

is used in transistorized equipment when it is necessary 
to limit a portion of both the positi ve and the neqati ve 
parts of the signal waveform, and allow the remainder of 
the input signal to pass without modification of the wave­
fann. 
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CHARACTERISTICS. 
No amplification is realized in the circuit; because 

of circuit losses the output amplitude is slightly less than 
the input amplitude. 

Limits a portion of bJth 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 unchanqed (output phase is same 
as input phose). 

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

CIRCUIT AHALYSIS. 
General. The positive and neqative lobe diode limiter 

is used to accompli sh any of the followinq functions: 
to square off the peaks of an applied signal, to obtain a 
rectangular wavefoml from a sine-wave siqnal, or to elimi­
nate the negati ve or posHi ve portion of a waveform cmd 
clip the other portion. Our discussion here will primarily 
concern the equal clipping of both the positive and 
negative portions of a sine-wave, that is, the conversion 
01 a sine-wave into essentially a square-wave. 

Circuit Operation. The circuit of a parallel, positive 
and negative lobe diode limiter is shown in the followinq 
illustration. Diode CRllimits the positive half cycle of the 
input and CR2 limits the negative half. Ebb, and Ebb? 

supply the bias for their respective diodes and the resistor, 
R, acts as the load resi stor. Reverse biases are applied to 
the diodes so that the cathode of CRl is positive with 
respect to its anode, and the anode of CR2 is neqative 
with respect to its cathode. 

o~ 
R 

v +-0- FI 

o -0-VF2 

~~rCRII~O CR2 
INPUT + - OUTPUT 

Ebbl -=- -=- Ebb2 

I- I+ 
O~------------~-~---4-~-----O 

Parallel, Positive and Negative Lobe Diode Limiter 

As the signal is applied at the input and beqins in­
creasing in a positive direction, lxlth diodes remain cut of I, 
due to the bias, and the input signal is reproduced at the 
output. The output continues to follow the input signal, 
until a point is reached where the siqnal becomes more 
positive than the positive bios applied to the cathode of 
CRI. At this point, the anode becomes more p05itive them 
the cathode, and the diode conducts. When the diode con-
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ducts, it provides a low resistance path for forward current 
to ground, and shunts the output through the diode instead 
of the external load. It is at this point that the output 
waveform is flattened. Actually, even during its conductinq 
period, the diode offers a slight opposition to current flow, 
and a small forward voltage drop adds to the load voltaqe. 
Thus, the output vol tage is slightly higher than the diode 
bias by the amount shown as VF 1 on the output waveform. 

As the input signal reaches its positive peak and beqins 
decreasing towards zero, it again reaches a level which is 
less positive than Ebb 1, diode CRI again cuts off and the 
input is again faithfully reproduced at the output. The 
input signal continues in the negative direction, and shortly 
becomes more negative than Ebb2 • When this occurs, the 
cathode of CR2 is made more negative than the anode, and 
diode CR2 conducts, duplicating the action which occured 
on the positive half cycle. The forward voltaqe drop of 
the conducting diode is shown as VF 2 on the output wave­
form. The input then reaches the negative peak and beqins 
decreasing towards zero. As it becomes less negative than 
Ebb2 , CR2 ceases conducting, and the remainder of the 
input signal is reproduced at the output. 

The amount of clipping which takes place at the output 
is dependent to a certain extent upon the type of diodes 
selected, but primarily upon the value of the bias. As Ebb, 

is made more positive, less clipping occurs on the positive 
half cycle, cmd as it is mode less positive, more clippinq 
occurs. By the same token, as Ebb2 is made less positive, 
more clipping occurs. By the same token, as Ebb~ is made 
more negati ve less clipping Qcrnrs on the negati ve half 
cycle, cmd as it becomes less neqati ve, more clippinq 
occurs. 

FAILURE AHALYSIS. 
No Output. An open load resistor R, 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 an oscilloscope. Note that for the diodes to 
produce a no-output condition, roth of them must be shorted, 
CIld that the loss of roth bias supplies will produce an 
extremely low clipped output, caused by the voltaqe drops 
across the diodes. 

Low Or Oi storted Output. Under most circumstances, 
the output will be either distorted or lost completely. 
Distortion may be caused by a change in the bias supply, 
tTy on open or shorted diode, or distortion of the input 
signal. Check lxlth bios supplies for proper voltaqe with 
a voltmeter, and roth diodes with an ohmmeter. Be sure 
to observe proper polarities when checkinq the diodes, 
as incorrect indications could be obtained by not doing so. 
The input siqnal should be checked with an oscilloscope 
to determine if the input waveform is at fault. 

The possibility of tx:Jth half cycles of the output beinq 
decreased by the same amount is unlikely. Both bias. 
supplies must decrease by the same amount to cause this 
ronrution. If tx:Jth supplies increase, the output 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. 

NAVSHIPS 

A triode, basic common-base limiter is used in semi­
conductor circuits when it is desired to limit the amplitude 
of a relatively small input siqnal to a definite neqative and 
":>Qsitive output level. 

CHARACTERISTICS. 
Cutoff and plate saturation limitinq are used by this 

limiter. 
Base to emitter bias and base to collector bias values 

detennine the proper limitinq level. 
Low input impedcmce and hiqh output impedance. 
No phase inversion. 

CIRCUIT ANALYSIS. 
General. The triode, basic common-base limiter is 

essentially a transistor amplifier which is operated at a 
level which allows it to be cutoff and saturated. at certain 
positive and negative amplitudes of the input siqnal. By 
using a specific emitter to base voltage a specific emitter 
current is obtained. This emitter ament detennines what 
siqnallevel is required to cutoff and saturate the limiter. 
These cutoff and saturation values are the limitinq levels. 

Circuit Operatian. A triode, basic NPN common-base 
limiter is shown in the accompanying illustration. 

D-~--.--CUTOFF ---V~~V~ ~ ~-- SATURATION 

0---1 t--<_"tt: )i';:-........ --1f--o 
CI C2 

INPUT OUTPUT 

+ 

Triod., Basic Common Base lilliter (MPM) 

Capacitor CI and resistor RI fonn a couplinq network 
which couples the signal from the previous staqe to the 
emitter of 01. Bias supply VEE determines the emitter to 
base bias voltage. The value of base resistor RI in con­
junction with the bias supplied by VEE detennines the 
emitter current. Collector load resistor R2 and collector 
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supply Vee establish the collector CUrrent. Capacitor C2 
couples the output of Ql to the follOwing stage. 01 is an 
NPN transistor. 

When the ineaning signal is positive-going the positive 
si1J1al voltage opposes the nonnal forward negative bias 
between the emitter and the oose. This reduces the current 
flawing through the transistor. When the collector current 
of 01 is reduced, the voltage drop across R2 is also re­
duced, end the collector vol tage approaches that of the 
collector supply which, in effect, makes the collector more 
positive. Thus, for a positive incominq siqnal a positive 
output voltage is obtained. 

When the positive incominq siqnal becomes sufficiently 
large that it cancels the forward bias entirely the transistor 
ruts off <I1d collector current ceases. The collector voltaqe 
of 01 is now at the supply value and cannot increase further. 
Hence, for any further positive increase in signal voitaqe 
there is no change in output voltage, which stays constant 
for any variation of input siqnal voltage beyond the cut-off 
level. 

When the incominq signal is neqative-qoinq the emitter 
is driven negative with respect to the oose. This increases 
the forward bias and current flow (electron flow) from emitter 
to collector. An increase in voltage drop across collector 
resistor R2 results, which drives the collector more neq­
otive. Thus, a negative input results in a neqative output. 

If the incominq siqnal exceeds a certain neqati ve value, 
the rurrent from emitter to collector reaches its maximum 
(saturation) value and the collector voltaqe reaches a min­
imum value. Any further increase in amplitude of the neq­
alive input si1J1al 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 limitinq it is 
necessary to supply a larqe amplitude signal. Between 
the limits of Oltoff and saturation the circuit will act as a 
conventional amplifier. Beyond these limits the peaks are 
OJt off cr\d the wavefonn is effectively "squared off". 

FAILURE ANALYSIS. 
No OutpU1. In a triode, basic common-base limiter a 

oo-output condition may be caused by any of the follawinq 
(provided the input siCTIal is present and correct): An open 
coupling cqJacitor CI, an open bias resistor Rl, an open 
or shorted supply voitaqe VEE, an open collector to base 
resistor R2, an open or shorted supply voltaqe Vee, an 
open output coupling capacitor C2, or a faulty transistor Ol. 

To determine which of these components is at fault 
first use an oscilloscope to determine if the input siqnal 
is present at the input terminals of the circuit_ Then deter­
mine if the input signal is present at the emitter of the tran· 
sistor. If the signal is present at the input terminals but 
not at the emitter, first check- CI with an in-circuit capaci­
tor checker. If Cl is not oprocheck RI with an ohmmeter 
(after disconnecting one end of the resistor from the cir­
cuit). If Rl is not open, check bias 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 hiqh resist­
ance voltmeter. If VEE is not zero or shorted, meek 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 Vee with a high resistance volnneter. 
Check C2 with an in-circuit capacitor checker. If C2 is not 
open and all other components check out, transistor 01 must 
be at fault. 

Low or Distorted Out. A low CI' distorted rutput 
may be caused by: input cC{locitor Cl being shorted, re­
sistor RI being shorted or beyond tolerance, voltaqe source 
VEE being other than the required voltoqe. resistor R2 
being shorted or beyond tolerance, voltaqe source Vee 
being other than the required voltage, capacitor C2 beinq 
shorted, and transistor 01 being defective. 

To determine which of these components is at fault, 
first check the voltage between one plate of Cl and qround 
with a high resistance voltmeter. then check the voltaqe be­
tween the other plate of C1 and ground. If these voltage 
values are equal then capacitIX CI is shorted. Check 
the value of RI with an ohmmeter (after first discoo­
neeting cne end of RI fran the circuit) for the 
proper ohmic value. If RI is not within the required toler­
ance replace it with a resistor that is. Oleck voltage source 
VEE with a high resistance voltmeter. If the voltage has 
altered from the required voltage, either adjust the source 
to the proper value or replace VEE with a voltage source 
of the proper value. Dleck the value of R2 with an ohm­
meter (after first disconnecting one side of R2 from the cir­
cuit) for the proper ohmic value. If R2 is not within the 
required tolerance, re¢ace it with a resistor that is. Check 
voltage source Vee with a hiqh resistance voltmeter. If 
the voltage has altered from-the required voltaqe, eiLler 
adjust the source to the proper value or replace Vee with 
a voltage source that is the proper value. Check the volt­
age between one plate of C2 and ground with a hiqh resist­
ance voltmeter, then check the voltage between the other 
plate of C2 and ground. If these voltages ore equal capod­
tor C2 is shorted. If all of these compooents are good 
and the trouble still persists the fault must be in transistor 
01. 
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the input waveform. Once again the charge existing on 
capacitor Cl cannot change immediately, and the SO-volt 
change appears across resistor Rl. However. an SO-volt 
change causes the output voltage to overshoot mld drop 
below the zero reference level slightly- because of a slight 
charge of capacitor Cl which has occurred during the time 
interval between points 0 and E. Therefore, because of the 
voltage overshoot, a small negative voltage exists across 
resistor RI and diode VI. The cathode of the diode is 
negative with respect to its plate, and the diode conducts 
momentarily to discharge capacitor Cl. The output quickly 
rises and remains at zero (reference level) Wltil ~int G 
is reached. The input signal again rises (from +20 volts to 
+100 volts), and an 8~volt increase in Signal voltage 
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appears across resistor RI, again causing the out\Xlt 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 CI begins to charge through 
resistor RI to complete another cycle. 

The output waveform has purposely been drawn to show 
a substantial decrease in voltage caused by the charging of 
capacitor CI during the time the input wavefonn is at its 
positive extreme (point D to point E). -In practice, however, 
the value of resistor RI is relatively large, and very little 
distortion results from the charging of capacitor Cl through 
RI, or from its discharging through dicxie VI (at point F) • 

From the explanation of the positive damper 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. 
Ge ... eral. Because of the relative simplicity of the 

positive diode damper circuit, the failure analysis is 
also relatively Simple and is limited to several IX>ssible 
failures. 

Initially, the input signal should be checked to detet­
mine whether it is present and of the correct waveshape 
and amplitude. The diode, VI, 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 damper circuit; therefore, it is possible for 
coupling capacitor CI to become leaky (or shorted) and 
cause a voltage-divider action to occur. Since capacitor 
CI is in series with resistor RI, 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 damper circuit. A quick check to determine whether 
coupling capacitor CI is leaky (or shorted) is to remove 
diode VI from the circuit and check for the presence of 
voltage developed across resistor RI. 

If the value of resistor RI increases conSiderably arove 
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 capacitor Cl 
to reach a new reference level, which results from a change 
in signal amplitude. If the value of resistor RI decreases 
considerably, distortion of the output waveform will occur 
because of the decreased R-G 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 RI, capacitCl[ CI, and diode VI), these comIXments 
are easily checked to determine whether they are defective: 
resistor RI can be measured with an ohmmeter to determine 
its resistance, capacitor CI can be checked w[th a suitable 
capacitance analyzer, and diode VI can be checked in a 
tube tester or, as an alternative, a dicxie 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 damper is used when it is 

desired to shift and hold the. reference level (negative 
extreme for positive diode damper, or positive extreme 
for negative diode damper) of the applied signal to some 
negative value. 

CHARACTERISTICS. 
Establishes a d-c reference level of a signal, but does 

not affect its amplitude. 
The reference level is always Q negative value equal 

to the bias voltage. 
Input and output voltages are in phase. 
Uses a diode, an r-c network, and a bios voltoqe supply. 
A negative-biased diode damper may be used as either 

a positive or negative damper. 

CIRCUIT ANALYSIS. 
General. A diode damper (positive or neqative) is con­

nected so that whenever the signal swings in ate direction 
(positive direction for negative clamping-negative direc­
tim for positive clamping) dicxle VI conducts to troduce a 
short [-c time constant; whenever the Signal swings in the 
opposite direction diode Vl does not conduct, and this re­
sults in a time constant dependent on a resistor in parallel 
with the diode and coupling capacitor CI, whictJ. is long 
with respect to the time constcmt of the resistcmce of the 
diode and the coupling capacitor. Thus, two different 
time constants are produced; a short time constant when 
Vl is conducting and a loog time cmstant when VI is not 
conducting. 

The output voltaqe is obtained across the parallel 
combination of the diode and the resistor. Ouring the 
short 'time constant all of the input signal voltage is de­
veloped acress the coupling cap::tcitor and none is de­
veloped across the diode and resistor, and thus no rutput 
is developed. Eluring the long time constant, practically 
none of the signal voltage is developed across the coupling 
capacitor and practically all of the signal voltage is de­
veloped across the resistor and diode, and thus practi­
cally all of the Signal appears at the output. 

The clamping level is dependent on the input voltoqe 
value; normally the clamping occurs at a zero voltage re­
ference level and extends in a positive or negative voltaqe 
direction to a voltage value equal to the peak to peak input 
voltage. With the insertion of a negative bias voltage the 
reference level is shifted in a negative direction. A nego­
tive or positive diode damper having a neqative bias will 
have the minimum negative voltage of the output at a refer­
ence level equal to the value of the bias voltage. 

Circuit Operation. A neqatively biased neqative dicxle 
clamper is shown in the accompcmying illustration. Ca­
pacitor CI and resistor RI form an r-c coupling network 
md determine the long time constant associated with the 
circuit. Electron tube VI is an indirectly heated cathooe 
type of diode. This diode during the time of its conduction, 
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shunts RI and together with capacitor CI determines the 
short time constant of the circuit. Voltage source EK 
provides a negative bias voltage which alters the reference 
level from zero to a negative reference level equal to the 
bias potential. 

A 

PEAK 
'ALUE OF INPUT , + 

PEAK- PEAK BIAS 
VALUE OF INPUT VOLTAGE 

INPUT RI 

• C D 

-=- EK 

+ 
o 

----------][~+~------~O 

Negatively Biased Diode Clolllper 

The input waveform shown in the accompanyinq illustra­
tion is a typical square wave. Prior to point A on the 
signal voltage waveform there is no input voltaqe. Prior 
to point A on the output voltage waveform, the output volt­
age is maintaineJ at the bias voltage value. At point A the 
first leading edge of the input square wave occurs. Since 
CI cannot instantaneously charge to this value, the full 
signal voltage appears on the plate of VI. The output 
voltage at point A is the algebraic addition of the voltaqe 
across VI 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 CI and the small resistance of VI during its conduction. 
The output voltage diminishes to the bias voltage at the 
same rote that Cl charges. This voltage diminishes well 
before point B is reached. Then the input Signal reaches 
point S, capacitor CI again cannot change its charqe in­
stantaneously, and a high negative voltage appears on the 
plate of VI. Therefore, diode VI does not conduct and all 
the voltage appears across Rl. The output voltage at 
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point B is the algebraic sum of the negative voltage across 
RI and the negative bias voltage. 

Dw'ing the pulse period between points B and C, ca­
pacitor Cl discharges slightly through Rl for the durotim 
of the negative pulse. Since the time constant of Rl and 
Cl is large, however, only a slight amount of this voltaqe 
leaks off. The amount of the voltage that discharqes throuqh 
RI subtracts from the voltage originally applied across HI 
at p::>int 8. 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 ond the input siqnal rises in a 
positive direct1cn VI conducts, and CQp:lcitor Cl again 
cannot resp:md instantaneously to the rapid change. 
Hence the full voltage appears across the diode. The 
output voltage this time, however, is not only the voltage 
across VI plus the bias voltage but it is this algebraic 
addition minus the voltage that is present across RI. Since 
the voltage across RI has been reduced by the discharqe 
of CI, the voltage across RI is less than the voltage 
across VI by the amount of voltage that has leaked off CI 
at point C. The output voltage at point C is then slightly 
more positive than the bias. This produces the slight 
positive peak on the waveform at point C, since the anode 
of VI is more positive than the cathode, VI conducts and 
quickly charges, removinq the small pip caused by the 
initial surge across Vl. The output voltaqe then drops 
to that of the bias voltage for the remainder of the pulse 
width, period C to 0 on the waveform. When point 0 is 
reached the action is the same as that occuring at point B 
and the cycle repeats. 

By reversing the diode in the illustrated circuit, the 
circuit becomes a negatively-biased positive diode 
damper. The positive diode damper normally has a posi­
tive output with a zero reference level. By inserting the 
negative 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 damper cir­
cuit, the failure analysis is limited to several possible 
failures. Before checking for failures within the damper 
circuit, check the input signal to determine whether it is 
present and of correct waveshape and amplitude. H the 
Signal is present and OJITect, the fault must exist in the 
clamping circuit. In mcmy cases, a d-c potential exists at 
the input of the damper circuit; therefore, it is possible for 
coupling capacitor CI to become leaky (or shorted) and 
cause a voltage divider action to occur. Since capacitor CI 
is connected in series with resistor RI a continuous cur-
rent flow ccm result if the capacitor is leaky (or shorted), and 
this will produce a change in the reference level at the out­
put of the damper circuit. Furthermore, in this case it is 
likely that diode VI will cmduct at all times. Check 
coopling cap:Icitor Cl for leakage. 
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If the bias supply were to open, no output 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 RI increases conSiderably above its 
original value, distortion of the output waveform is likely 
to occur. especially when the input siqnal is subject to 
menges in amplitude. If the resistor RI decreases con­
siderably. distortion of the output waveform will occur be­
cause of the decreased r-c time constant, and, as a result, 
undesirable spikes will be present in the output wavefonn. 

Since there are ooly four components in the circuit 
there shruld be little difficulty in determining the faulty 
compalent. ·Resistor RI may be measured with an ohmmeter 
to detenn1ne if its value is within the acceptable tolercmce. 
Capacitor Cl may be checked with a capacitor analyzer or 
by measuring the voltage from one plate of Cl to ground 
and then the other plate of CI to ground (if the voltages 
measured are equal the capacitor is shorted). Bias voltage 
source EK may be checked with a voltmeter. If after all 
known good bias supply, or with a voltmeter. If after all 
the components have been checked the trouble still persists, 
dJode Vl must be at fault. A low reverse resistance is 
also (IJ. indicatioo of a defective diode. 

POSITIVE-BIASED DIODE CLAMPER. 

APPLICA TlOH. 
The positive-biased diode damper is used when it is 

desired to shift the reference level of the applied signal in 
a positive direction. This type of circuit is commonly 
used in fadm, television, and computers. 

CHARACTERISTICS. 
Output wavefonn varies between the positive reference 

level and a voltage equal to the sum of, or the difference 
between, the peak to peak amplitude and the positive re­
ference voltage. 

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

Input and output voltages are in phase. 
Uses a diode, on r-c network, and a bias supply. 
A positive bias may be used with both positive and neqa­

live clampers. 

CIRCUIT ANALYSIS. 
General. A diode damper (of either positive or neqative 

type) is connected so that whenever the waveform swinqs 
in one direction (positive direction for negative clampinq 
and neqrtive direction for positive clamping) the diode coo­
ducts to produce a short r-c time constant; whenever the 
wuvefonn swings in the opposite direction the diode does 
not conduct, and this results in a time constant dependent 
on the r-c network whidt is very long with respect to the 
short time CQlSllOlt fanned by diode VI and capacitor Cl. 

The output voltage is taken across the parallel combi­
natioo of the diode and the resistor to ground. Durinq the 
short time crostont, all of the signal voltage appears 
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across the coupling capacitor and no voltaqe 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 voltage appears across the coupling 
capacitor and practically all of the signal voltage appears 
across the resistor, and thus practically all of the siqnal 
appears at the output. 

The clamping level is dependent upon the input voltaqe 
value, normally being clamped at a zero voltage reference 
level and extending in a positive or negative voltage direc­
tion to a voltage value equal to the peak to peak input 
voltage. With the insertion of a positive bias voltaqe the 
reference level is shifted. in a positive direction. A IXJsitive 
diode ciamper (biased positi vel will have its lowest posi­
tive value as the reference level. A negative diode damper 
(biased 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 diode 
damper is mown in the accompanying illustration. 

0---1(" 

f" ~" 
0 

INPUT OUTPUT 

.::!: 
.=.. Ebb 

0 -t 0 

Basic Biased-Positive Diode Clamper 

Capacitor Cl and resistor RI form an r-c coupling net· 
work and determine the long time constant associated 
with the circuit. Electron tube VI is an indirectly heated 
cathode-type of diode. This diode, during the time of its 
conduction shunts RI, and together with Cl determines 
the short time constant associated with the circuit. Voltaqe 
source Ebb provides a bias voltage which changes the 
reference level from zero to a positive level equal to the 
bias potential. The illustrated input waveform is a typical 
square wave with times tu ~, tJ end 1. occurring at the lead­
ing and trailing edges of the waveform where the Signal 
changes from positive to negative levels and vice versa. 
Prior to application of the input voltage at time to the 
output voltage is maintained at the positive bias voltage 
level, that is at, say +10 volts. At time ttl the negative-
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going leading edge of the square wave input pulse occurs. 
Since coupling capacitor CI cannot change its charge 
instantly the total input voltage appears across resistor RI, 
and produces a negative spike of output voltage. Since 
VI's cathooe is now driven negative with respect to the 
anode, diode VI conducts. The amplitdue of the output 
signal at this instant is a -25 volt peak of input voltage 
plus a positive 10 volts bias, which add algebraically to an 
effective -15 volts output amplitude. When Vl conducts, 
the short time constant quickly discharges CI 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 bias 
level. Meanwhile, diode VI is conducting lightly because 
of the positive bias, and creating the flat (bottom) portion 
of the output pulse for the time remaining between tl and t,. 
At time t" the input waveform becomes positive--goinq 
and swings to the full 50 volt peak value. Again Cl can­
not change its charge instantly, so the full voltage appears 
across RI. The ouq:l.It voltage now rises to +6Q..volts, the 
sum of the peak input voltage (+50) and the bias (+10). 
During this time the cathode of VI is now more positive 
than the anode and conduction ceases. During the period 
between t2 and t 3, Cl charges slowly through the long time 
constant supplied by Rl. At time t3 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 volts 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 2 , it drops to 55 
volts by time tSt due to the charging of C1. Therefore, 
when the negative 50 volt swing occurs at t" the output 
level drops to +5 volts. Thus an effective 5-volt neqative 
overshoot is produced at the bottom of the waveform. The 
negative overshoot drives diode VI into conduction which 
quickly discharges Cl to the bias level and eliminates 
the overshoot pip. The out put now remains at the + 10 
bias level for the remainder of the flat (bottom) portion of 
the waveform. At time t4 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 practice, the time 
constant of Cl and RI is sufficiently large that very little 
distortion of the waveform occurs. 

By reversing the diode in the illustrated circuit, the 
circuit now becomes a positively biased neqative diode 
damper. The negative diode damper normally has a 
negative output with a zero reference level. By insertinq 
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 OT negative diode damper 
circuit, the failure analysis is also simple and is limited 
to only a few possible failures. 

Initially I the input signal should be checked to determine 
whether it is present and of correct waveshape and ampli­
tude. If the bias battery or supply voltage should become 
open no output would be obtained. If 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 damper circuit; therefore, it is possible for 
coupling capacitor Cl to become leaky (or shorted) and 
cause a voltage divider action to occur. Since capacitor Cl 
is in series with .resistor Rl 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. 

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. If the value of 
Rl decrea_ses considerably, distortion of the output wave­
form will occur because of the decreased r-c time constant, 
and as a result, undesirable spikes will be present in the 
output waveform. 

There should be little difficulty in determining the 
component at fault, since there are only four components in 
the circuit. Resistor Rl may be measured with an ohmmeter 
to determine if the value is within tolerance. Capacitor 
CI may be checked with a capacitor analyzer or by measur­
ing the voltage from each plate of C 1 to ground (if the 
voltages measured ore equal, the capacitor is shorted). If 
every other component has been checked and the trouble 
still exists, diode VI must be at fault. 

TRIODE CLAMPER. 
A clampinq circuit, which is sometimes reterred to as a 

d-c restorer, or a lxtse line stabilizer in other publications 
holds either extreme of a waveform to a qiven reference 
level. 

All clam~r circuits are dependent on two time cOnstant 
circuits required to establish the reference level to which 
the output is clamped, one a long time constant circuit and the 
other a short time crostont circuit. The long time constant 
Circuit is develo~d by the input couplinq capacitor and a 
resistor, which is shunted by a diode. The short time con­
stant circuit is developed by the input coupling cap:1citor 
ond the resistance of the diooe during the time of its con­
duction. Whether the damper is clamped in the positive or 
negative direction depends upon to which element of the 
dierle the coupling cap:Icitor is connected. If the capJcitor 
is connected to the cathexle of the diode the clamping cir-
cuit will damp in a positive direction. If the capJcitor is 
connected to the plate of the diode the dampinq circuit will 
clamp in a neqative direction. 
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Althouqh a diooe is sufficient to J:,{ovide clampinQ actioo. 
is relatively inexpensive, and requires less Sp::lce and as­
sociated circuitry than tubes with more elements, it some­
times become advantaqeous to use trio:les in certain ap­
plications. A baSic single-tube triode damper, will provide 
a higher peak to peak output voltage for a given inp.n voltaqe 

It is necessary that in a oosic sinqle-tube triode 
damper as in most other triode circuits, that an inPJt 
couplinq cap:Icitor be connected to the arid of the tube in 
order to prevent d-c coupling. In the case of the b:Isic 
single·tube triode damper, the qrid of the ture acts as the 
plate of an effective diode in a diode dampinq circuit. 
Thus with the input couplinq capacitor camected to the ef· 
fective plate of the diode, neqative clampinq is obtained. 
However, due to the phose inversion of the input and output 
signals of an electron tube, IXJsitive clampinq is obtained 
at the plate of the triooe. 

Another type of triode damrer, which uses two tridoes, 
rather than one is the synchronized triooe clampinq circuit. 
This is used in rotating radial sweep radar applications, 
where a trarezoidal 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 a re­
sult, each sweep occurs at a different point 00 the screen due 
to the effect of this difference in voltaqe retween sweeps. 
The synchronized clamper prevents this condition. It is 
necessarily a tw~ay clampinq circuit because the voltaqe 
to be clamped must be clamped both above and below a 
reference line. The circuit is mode inOp:!fOtive durinq 
sweeps, by synchronizing pulses, so that no clampinq occurs 
during the sweep time. Between sweeps, the clamper oper­
ates and clamps these Wldesirable variations in voltaqe to 
a reference line from a t=Qsitive and negative direction. 
The sychronized triode clarn~r, and the siIKJle triode 
damper are discussed sep:uately in the following PJraqraIits. 

BASIC SINGLE·TUBE CLAMPER. 

APPLICATION. 
A basic single-tube damper is used where it is desired 

to obtain amplificatioo of the input signal as well as 
clamp one extreme of the Signal. 

CHARACTE RISTICS. 
Clampinq is accomplished between the qrid and the 

cathode, the qrid actinq as a diode plate. 
Clamping between the grid and the cathocle can only be 

in a negative direction, since the couplinq oopacitor must be 
connected to the grid of the triode. 

Output taken from the plate of the triocle will be clamped 
in a positive direction. 

CIRCUIT ANALYSIS. 
Genera I. The circuit o~ration of the basic siriqle­

tube tricxl.e clamj:er is largely similar to that of the diode 
clamper. In the triode damper, the control qrid serves the 
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same function as the diooe plate in the diode damper cir­
cuit. The grid-leak bias resistor and couplinq cOJXIcitor 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 enable a certain bias level to 
be established, which fixes the reference level to which the 
output level is clomp:!d. 

The qrid is maintained at 0 neqative voltaqe, and since 
the plate voltage varies inversely and is of opposite 
polarity, the output voltaqe is clamped at a positive reference 
level. The action of the triooe also ~ovides amplification 
of the input signal. 

Circuit Operation. A basic sinqle-tube triodE: damper 
is shown in the accompanying illustration. Cl and AI are 
the input coupling cap1Citor and the qrid leak bias resistor, 
respectively. They form the looq time constant circuit as­
sociated with the damper. The cathode to qrid resistance 
of triode VI during the time of maximum conduction along with 
CI form the short time constant circuit associated with the 
clam~r. R2 is the plate lmd resistor, which also provides 
the proper dc plate voltage to the plate of VI. 

INPUT 

• 

R2 

RESISTANCE­
CATHODE 

-~ EOb 

____ ...I TO GRID OUTPUT 

o---.---4--i~------O 

= 
Basic Single-Tube Triode Cla.per 

The input signal is a typical square wave, havinq equal 
positive and negative amplitudes as shown in the accomp::lny­
ing illustration. Prior to the application of the square wave 
at time to, the output voltage is held at a certain level due to 
the plate voltage reing developed across the plate lood 
resistor R2. This voltage value constitutes the reference 
or clamping level of the output voltaqe. Times t. and t, 
represent the leading edqes, and times t2 and t4 represent 
the trailing edges of the input square wave. 

At time 1.. the first positive-going leading edge occurs 
cmd appears at the grid of VI. Since capacitor Cl cannot 
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immediately change its charge the entire voltage appears 
across RI. Grid current immediately flows from cathode to 
grid and begins charging cap::Icitor CI. The time required to 
charge Cl is very short Cecause of the low cathode to qrid 
resistance of VI. As CI becomes fully charged, the grid 
side of CI becomes negative, and the grid is at the same 
negative potential. This charqing oc:tion continually reduces 
the amount of tuCe conduction from the time of the initial 
application of the leading edge of the square wave to the 
time whereCl Cecomes fully charged. This vuries the plate 
output voltage from some neqative value ta some positive 
value (the reference level) where it remains constant fa-
the duration of the pulse, until the trailing edge of the input 
waveform is reached at time~. At~, the negative-qoinq 
trailing edge of the input signal causes a negative voltage 
to appear acrOSS Rl and on the qrid of VI. The neqative 
grid swing causes the plate current to reduce, and the plate 
output voltage, therefore, rises to nearly the full value of 
the supply (qoes IXlsitive). At this time, the input siqnal 
reaches its maximum negative swing and the autPlt voltage 
reaches its maximum positive swinq. For the duration of 
the pulse to time tl a long time constant p:lth is offered 
through RI to discharge CI, since VI is no looger conducting 
from grid to cathode (no grid current is flowinq). Because 
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of the long time constant and the relatively short pulse 
width time, Cl discharges only sliqhtly before the next 
positive leading edge of the input siqnal appears at t~. 
Thus the output siC)nal drops a few volts. At time t] the 
,:>OSitive-qoing input siqnal drives the grid of VI positive so 
that grid current flows. Meanwhile the increased plate cur­
rent causes the plate voltage to drop below the clamping 
level because of the slight loss of voltage during the dis­
charge P2riexi. Actually I during this perioo, the grid voltage 
is driven above zero bias into the positive reqion and con­
duction throuqh the short time crostont path throuqh the qrid 
to cathode current quickly charges Cl to the clampinq level, 
and removes the overshoot pip on the grid wavefom. Thus, 
the dip in current be low the clamping level in the plate cir~ 
cuit is minimized by grid current drawn by Vl, and the plate 
current then remains constant until the troiling edge of the 
input pulse at t ... At t .. the cycle again repeats, and action 
is the same as rlescribed for the perioo betweer. t2 and t ... 
Actually, the distortion shown in the illustration of the 
output waveform is exaggerated to facilitate understanding 
circuit action. In practice the time constant of Cl and Rl 
is sufficiently large that very little distortion of the wave~ 
fonn occurs. 

FAILURE ANALYSIS. 
No Output. If a square wave siqnal within the desiqn 

limitations of the triooe clamping circuit is applied to the 
input of the circuit a IIno output" conditioo may be the re~ 
sult of no plate voltage existing at the plate of VI. Thismay 
be due to a faulty plate supply voltage source or due to an 
open plate lood resistor, R2. The only other faulty com~ 
ponent that would result in a "no output" condition is a 
faulty triode Vl. 

In order to determine which component is the cause of 
the "no output" condition, first check 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 voltaqe. 
If no plate voltage is present, check resistor R2 with an 
ohmmeter. If R2 is an acceptable value of resistance, 
check the plate supply voltage source with a high resist~ 
ence voltmeter to determine if any plate supply voltage 
exists. If there is no plate supply voltage, try to adjust 
the source for the correct voltage value. If all these com~ 
panents have been checked and the IIno output" condition 
still exists the triode must be faulty. 

Low or Distorted Output. If a "low or distorted output" 
condition exists it may be due to the square wave input sig· 
nal not being within thedesign limitations of the triode 
clamping circuit. Thiscondition may also be due to any of 
the following component failures: open or shorted input 
coPlcitor CI, open or shorted grid leak resistor Rl, shorted 
plate load resistor R2, incorrect value of plate Ebb, or a 
defective triede Vl. 

To determine why the output is low or distorted, first 
check the square wave irput siqnal with an oscilloscope. 
Check the capacitor CI with an in-circuit cap::!citor checker 
to determine if it is open, or measure the voltage from both 
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sides of Cl to ground to determine if Cl is shorted. (If the 
rneasilled voltages are equal the capacitor is shorted.) Check 
resistor Rl with an ohmmeter. If resistor Rl has an accept~ 
able resistaoce value, check resistor R2 with an ohmmeter. 
If resistor R2 has an acceptable resistance value, measure, 
the value of the plate voltage supply, Ebb, with a high 
resistance voltmeter. If the plate supply voltaqe is incorrect 
try to adjust the plate voltage supply source for the correct ' 
voltage value. If all these canpooents have been checked 
and the "low or distorted" ccndition still exists, the triode 
must be defective. 

SYNCHRONIZED TRIODE CLAMPER. 

APPLICATION. 
A synchronized tricxl.e clam~r is used in television and 

radar circuitry where it is desired to hold a signal voltage 
to a zero reference level and allow the Signal to vary both 
positively and negatively from the zero reference level. 

CHARACTERISTICS. 
Uses two tricx:l.es connected in series. 
Clamping occurs between input signal variations. 
Synchronizing pulses are required. 

CIRCUIT ANALYSIS. 
Generol. A synchronized triod.e clamper utilizes the 

conduction of two tricrles to maintain a sj:ecific reference 
level during the time that no signal is present. At the time 
that the input Signal occurs, a negative synchronizing pulse 
drives the triooes into a nonconducting state fa the dura~ 
tion of the synchrooizing pulse. The duratioo of the synchro~ 
nizing pulse and the duration of the input signal are the 
same. Any variation in the voltage between input signals 
(when the triooesareconducting) changes the amount of 
conductirn of thetriooes and changestheamount of plate 
voltage and plate resistance of the triooes. The change 
in plate voltage and plate resistance is such that the out~ 
put voltage is maintained at the reference level. 

Circuit Operotion. A typIcal triooeclampinq circuit is 
shown in theaccomp::mying illustration. The input is coupled 
through cap::lcitor Cl directly to the output. The series com­
bination of triooe VI, triooe V2, and cathooe bias resistor 
R2 intersects this input line (between coPJcitor Cl and the 
output) at the point where the cathooe of Vl and the plate 
of V2 are connected. Cap:lcitor C2 couples a series of 
negative synchronizing pulses to the grids of triooes VI 
and V2. Resistor Rl develops a potential difference (bias) 
between the cathooe and the grid of V2 durinq the time of 
the synchronizing pulse. Cap::lcitor C3 is an a-c byp::lss ca~ 
p::1citor fer cathocl.e bias resister R2. 

The input Signal, in this case, is a series of positive 
and negative going sawtooth waveforms extending from the 
zero voltage ref erence line. There is a steady-state pericrl 
with no signal variation between the sawtooth waveforms. 

A synchronizing pulse signal is applied to capacita 
C2. This synchronizing pulse siqnal consists of neqative 
pulses equal in duration to and occurring at the same time 
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asthe sawtooth waveforms. The j:erioo between each saw­
tooth, therefore, is equal to the period between each synchro­
nizing pulse. A diagram of the corresprnding time and am­
plitude relationships of the input, synchronizing, and output 
wavefa'ffis is shown in the accoffi!=Gnying illustration. 

Clam per Waveforms 

INPUT 

SYNCHRONIZING 
PULSE TRAIN 

OUTPUT 

At the time either a positive or negative sawtooth wave­
fetm is applied to the input of cOp:Jcitor el, a negative 
synchronizing pulse is applied to the synchronizing input 
through cap:Icitor C2 and applied to the grids of triooes VI 
and V2. This synchrooizing pulse cuts off the triooes VI 
000 V2 fcr 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 synchronizing 
pulse is likewise completed, and triodes VI and V2 return 

CHANGE 2 

0967·000.0120 CLAMPERS 

to conduction, forming a voltage divider network. This volt­
age divider consists of the two tricrles and a cathode bias 
resistor R2 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 zero reference line, at this time, the conduction of the 
tricrles will vary in such a way as to compensate for the 
voltage variation and to maintain the output at the zero refer­
ence. If this voltage variation is positive, the voltage at 
the cathode of VI and the voltage at the plate of V2 is m:::tde 
mere positive. The increased plate voltage of V2, in most 
cases, is relatively ineffective in changinq the amount of 
conduction of V2. The increased voltaqe at the cathode of 
VI, however I co uses the grid voltage to ap~r more nega­
tive, thereby increasing the bias. (This positive increase 
in voltage is then much more effective in changing the 
conduction of VI than in changing the conduction of V2). 
The conduction of VI is then reduced causing the plate re­
sistance of VI to increase, thereby causing a greater voltaqe 
drop across VI. With the increased voltage drop across VI, 
there will be less voltage available at the plate of V2, and 
thus at the output. This voltage 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 VI and 
V2 are in the state of conduction, is negative, thevoltaqe at 
the plate of V2 and at the cathode of VI is negative. The 
voltage decrease at the cathode of VI causes the grid voltage 
to aprear more positive, thereby decreasing the bias. (This 
decrease in voltage is then much more effective in changing 
the conduction of VI than in changing the conduction of V2.) 
The conduction of VI is increased causing the plate resist­
ance of VI to decr ease and causing the voltage drop across 
VI to decrease. A more positive voltage is then present at 
the cathcx:l.e of VI, at the plate of V2 and at the output. 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 well as a 
positive voltage variation. 

FAILURE ANALYSIS. 
No Output. A "no output" condition may be due to any 

of the follOWing failures: on open coupling cap:Icitcr Cl, an 
open synchronizing pulse cap:Icitor C2, no llPJt signal, or 
no synchronizing pulse train. These failures may be located 
by measuring cap:Icitors Cl and C2 with an in-circuit cap:lc­
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. If the "no-outputll condition 
still exists after these checks have been made, a bad con­
nection somewhere in the circuit must be the cause. 

Low or Distorted Output. A low cr distorted output may 
be due to any of the following defects (provided the proper 
input signal is applied): low or no plate supply voltage, 
improper synchronizing pulse, open or shorted resistor R2, 
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open or shcrted resistor Rl, op:on or shorted capacitor C3, 
shorted capacitor el, shorted capacitor e2, or, if the condi­
tion still exists after checkinq these compcnents, triode VI, 
or triode V2, or 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 synchrooizinc:; pulse input 
and check the synchronizing pulse train with an oscilloscope. 
If either the input signal or the synchronizing signal is 
incorrect the trouble is not in the clamping circuit, but is in 
some stage pricr to theclamper. If the synchronizing pulse 
train is correct, check the plate supply voltage with a hiqh 
resistance voltmeter. If the plate supply voltage is correct, 
check resistors Rl and R2 with an ohmmeter. GIeck co­
lXlcitor C3 with em in~ircuit capacitor checker, or by IDeas~ 
uring the voltage from both plates of C3 to ground. If both 
voltages are equal the capacitor is shorted. If all COID­
pooents are found to be satisfactory the fault must be in 
either triode VI or triooe V2, or in both triodes. 
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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 output across 
Rl causing the output voltage to drop from zero to -8 volts. 
Once aqain, C1 beqins to discharqe throuqh the lonq time 
constant circuit as explained previously. 

The output waveform has been purposely drawn to show 
a substtlltial decrease in voltaqe caused by the discharqe 
of Cl durinq the duration of the neqative peak of the input 
wavefann (times t~ to t, and t .. to t~). In practice, however, 
the value of RI is relatively larqe sO that little distortion 
results from the discharqinq of C1 or from its charqinq 
through CRI. The semiconductor diode, however, does 
hove Q much lower reverse resistcmce that of the electron 
tube. Since this back resistance is effectively connected 
in parallel with RI, it lowers the overall output resistance 
and reduces the value of the 10nq time constant. Therefore, 
more distortion is produced by the semiconductor diode 
clamper than the tube diode. 

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

FAILURE ANALYSIS. 
Generol. Because of the extreme simplicity of the neqa­

tlve diode ciamper circuit, there are only a few possibilities 
of trouble. The capacitor, resistor, and diode can be check­
ed for shorted Cor GpEfj-circuited conditions with em ohm­
meter. Circuit functioninq, however, must be checked with 
an oscilloscope to determine whether the waveform is cor­
reet and the operation is normaL 

No Output. An opEn-circuited capacitor, a lack of input 
siqnal, or u shorted or defective diode can cause a nO-Gut­
put indication. Use an oscilloscope to determine whether 
the proper input signal is present and whether it appears 
across Rl. 

Low Output. A leaky or partially shorted capacitor con 
cause other than normal output. Usually such a condition 
will be indicated by a chanqe in the d-c voltaqe measured 
across Rl, assuminq a normal input siqna!. A defective 
diode can also cause tbis condition, and is usually in­
dicated by a much-Iower-them-nomlal reverse resistance. 

Distortion. Normally there should be no distortion of 
the output siqnal. Any distortion visible on an oscillo­
scope (with a frequency response hiQh enouqh for the pulse 
used) indicates a chcmQe in circuit time constants due tu 
defective components. Use em "in-circuit" type of capac­
itor checker to determine whether the capacitor is leaky. 
The remaininq elements cem be checked with em ohmmeter. 
(Be certain to observe the proper polarity when checkinq the 
diode; otherwise, an erroneous indication will be obtained.) 

Clamping Level Changes. A chanQe in the clampinq 
level c.:ould be caused by a defeetive diode, a leaky cou­
plinq capacitor, CI, or Q chrnqe of input pulse amplitude. As 
lonq as the input pulse amplitude is amstont clampinq will 
occur as described arove. If, however, the pulse 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 zero level 
or rise above it. Thus the diode cem not operate to restore 
the charqe lost in the discharQinq of capacitor Cl throuQh 
the long time mnstant circuit between pulses. Hence the 
followinq pulse will start at some point below the zero 
level. If excessive, it may be possible to read a neqative 
voltaqe across Rl. 

In the case of a leaky capacitor, the diode will conduct 
constantly for a positive voltaQe (NPN collector polarity) 
applied to the anode, or with a constemt neqative voltaQe 
(PNP collector polarity) applied it will act as a biased 
type clamp. This condition may be determined by makinq 
a voltaqe check with a \>'TVM connected across the Outpui:. 
of the clamp. 

POSITIVE-DIODE CLAMPER. 

APPLICATION. 
The positive diode damper (or DC restorer) is used 

where it is desired to hold, or Helamp', the neqative ex­
treme of a waveform to a zero reference level (the reference 
level for this circuit must be ground potential). This cir­
cuit is commonly used in rador, television, telemeterinq, 
and computers. 

CHARACTERISTICS. 
Input signal contains both p::lsitive and neqative portion, 

but output signal consists only of a positive-qoinq siqnal 
similar to the input signal. 

Input and output signals are in phase with each other. 
Used in conjunction with an RC couplinq network. 

CIRCUIT ANALYSIS. 
Generol. The unbiased diode clamp is usually employed 

as a shunt across the resistor portion of an RC couplinq 
circuit. By providinq a low resistance path durinq conduc­
tion periods and a high resistance path durinq nonconduct­
ing periods, the diode provides different charqe and dis­
charge times for the couplinq capacitor. When the neqative 
portion of the input wavefonn causes the diode to conduct. 
positive clamping is produced, as described in the follow­
ing paragraph. 

Circuit Operotion. The schematic of a basic unbiased 
diode clamp is shown in the accompanying illustration. As 
shown, Cl is the coupling capacitor of em RC couplinq net­
work. Resistor RI is the input resistor of the network emd 
determines the long time constant (discharqe period) of the 
cirruit. Clamping diode CRI connected in shunt with Rl 
determines the short time constant (charqinq time) of the 
circuit. When a negative input siqnal is applied it causes 
CRl to conduct, and Cl is quickly charqed to the input 
potential. Since the output is taken from across RI, which 
is effectively short circuited by the conductinq diode (for­
ward resistemce is only a few ohms), little or no output 
appears for the negative portion of any applied siqnal. 
During the positive portion of the input siqnal CRI does not 
conduct (except for reverse leakage current) consequently 
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the positive portion of the input signal appears as the out­
put across Rl. This cirmit acts to effectively shift the 
entire waveform in a positive direction by holdinq the 
negative peak of the input signal to the zero level. There­
fore, the input waveform can on!yappear as a positive output. 
Thus the negative portion is effectively eliminated by the 
clamping diode. 

0 nn 
c. 

I~+ , 
., ) \ 

I ,~-CR' OUTPUT 
I + 

I 
I 

/ 

INPUT 

-= 
CHARGE PATH ., 

DISCHARGE PATH - - - ...... 

Positive 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 waveform is typical of the 
waveform generated at the collector of a PNP transistor 
multi vibrator. Although a square wave is used in the follow­
ing explanation of detailed circuit operation, any waveshape 
applied to the damper input will be positively clamped 
without appreciably changing the shape of the wave (pro­
vided that the RI~1 time constant is lonq with respect to 
the pulse duration). 

Capacitor CI is charqed as indicated in the waveform 
illustration to a potential of -2 volts at the positive peak of 
the input waveform (to). At time tl the input to the damper 
circuit drops 8 volts to a -10 volts. Since capacitor Cl can­
not change its charge immediately the 8 volt chanqe appears 
acrOss RI and CRI producing a negative spike on the out­
put waveform. Since the anode of CRI is now effectively 8 
volts IXJsitive with respect to its negative cathode, CRI 
conducts and charges CI to -10 volts. The charging of CI 
OCOJrs rapidly because of the low forward resistance of the 
diode, and the low forward resistance of the diode shuntinq 
RI causes any output voltaqe to drop to zero durinq time tt 
to~. Simultaneously, the diode stops conducting, and 
capacitor CI remains in its charged condition for the dura­
tion of the pulse. 

At ~ the input signal rises 8 volts (from -10 volts to-2 
volts). Since CI is charged to -10 volts and cannot dis-
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charge immediately through the lonq time constant circuit 
created by Rl, this positive-going voltage appears across 
Rl as a positive 8 volt output. {CRI cennot conduct 
because its cathode is now positive with respect to its 
anode.} Thus at point ~ on the waveform, the input voltaqe 
rises from -10 volts to -2 volts and the output rises from 
zero to +8 volts. Between pulses, durinq the time interval 
from t2 to tl , capacitor Cl discharqes sliqhtly (say from -10 
volts to -9 volts) through the long time constant path of Rl. 

At point t3 of the input wavefonn the input siqnal aqain 
falls 8 volts (from -2 volts to -10 volts). Once aqain the 
charge on Cl cannot chanqe immediately and the 8 volt 
negative change appears across Rl. Because of the pre­
viously assumed discharqe of I-volt throuqh Rl between 
time ~ and t3 , the 8 volt chanqe now exceeds the capacitor 
charqe voltaqe. Therefore, the output voltaqe overshoots 
the zero reference level, and a neqative (approximately 1-
volt) Signal appears across Rl and CRL With the cathode 
of CRI neqotive with respect to its anode, the diode con­
ducts momentarily and replaces the sliqht loss of charqe on 
CL As a result, the output voltaqe quickly drops to zero 
and remains at zero level until the end of the Dulse at time 
t,. 

At time t .. , the input signal aqain increases from -10 to 
-2 volts. The 8 volts increase appears as a positive output 
across Rl causing the output voltaqe to rise from zero to +8 
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volts. Once again Cl begins to discharge through the lonq 

time constant circuit as explained previously. 

The output waveform has been purposely drawn to show 

a substantial decrease in voltage caused by the discharqe 

of Cl during the duration of the !X)sitive peak of the wave­

fonn (times I:z to t) and ~ to ts )' In practice, however, the 

value of Rl is relatively large so that little distortion 

results from the discharqinq of Cl or from its charqinq 

through CRl. The semiconductor 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 RI, it lowers the overall output 

resistance and reduces the value of the ionq time constant. 

Therefore, more distortion is produced by the semiconductor 

diode damper them the tube diode. 

From the explanation of circuit operation qiven 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 has been shifted (XJsitively with 

respect to this reference level. 

FAILURE AHAL YSIS. 
General. Because of the extreme simplicity of the neq­

ative diode damper circuit, there are only a few possibili­

ties of trouble. The capacitor, resistor, and diode can be 

checked for shorted or open-circuited conditions with an 

ohmmeter. Circuit functioning, however, must be checked 

with an oscilloscope to determine whether the wavefonn is 

correct and the operation is normal. 

No 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 oscilloscope to determine 

whether the proper input siqnal is present and whether it 

appears across RI. 
Low Output. A leaky or partially shorted capacitor, Cl, 

can couse other than normal output. Usually such Q COn­

dition will be indicated by a chanqe in the dc voltaqe 

measured across Rl, assuminq a normal input sional. A de­

fecti ve diode cem also cause this condition, emd is usually 

indicated by a much-lower-than-normal reverse resistance. 

Distortion. Normally, there should be no distortion of 

the output signal. /my distortion visible on an oscillo­

sco~ (with a frequency response hiqh enouqh for the pulse 

used) indicates a change in circuit time constants due to 

defective components. Use on I'in-circuit" type of capa­

citance checker to determine whether the capacitor is leaky. 

The remaining elements can be checked with an ohmmeter. 

(Be certain to observe the proper polarity when checkinq the 

diode; otherwise, an erronEOUS indication will be obtained.) 

Clamping level Changes. A chcmqe in the elampinq 

level could be caused by a defective diode, a leaky couplinq 

capacitor, Cl, or a chonqe of input pulse amplitude. As 

long as the input pulse amplitude is constant clampinq 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 unable to reach the zero level or drop be­

low it. Thus the diode cannot operate to restore the charqe 
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lost in the discharqinq of capacitor Cl throuqh the lonq 

time constant circuit between pulses. Hence the followinq 

pulse will start at some point above the zero level. If 

excessive, it may be possible to read a constant poSitive 

voltage across Rl. 

In the case of a leaky capadtor, the diode will conduct 

constantly for a neqative voltaqe (PNP collector wlarity) 

applied to the cathode l or for the opposite caSe (NPN 

tranSistor) it will oct as a biased type of clamp. This con­
dition may be checked by makinq a voltaqe check with a 

VTVM connected across the output of the clamp. 

8IASED-HEGATIVE DIOOE CLAMPER 

APPLICA TlOH. 
The biased-negative diode clamper is used in trcm­

sistorized equipment when it is desired to shift the ref­

erence level of the applied siqnal 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 couplinq cir­

cuit. 
Can clamp either extreme of the input waveform to the 

negative reference level, by reverSing the diode. 

Reference level established by the amount of neqative 

bias used. 

CIRCUIT AHALYSIS. 
General. 'The biased neqative 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

biased diode damper will be at SOme neqati ve value. If it 

is a negatively-biased positive diode damper, the output 

waveform will start at this negative value and extend in a 

positive direction. If it is a negatively-biased neqative 

diode damper, the output wavefonn will start at this 

negative reference level, and extend in a negative direction. 

The circuit is comprised basically of a diode cmd an RC 

network. The diode acts as a switch, closing on one half 

cycle to provide a very short RC time for the capacitor, cmd 

opening on the alternate half cycle, to provide a lonq time 

constcmt which depends upon the size of a resistor in con­

junction with the capacitcr. The overall result at the output 

is a reproduction of the input, oot shifted to a new reference 

level. 
Circuit Operation. A typical negatively-biased neqative 

diode damper is illustrated below. 

Capacitor Cl and resistor RI foun an RC c:ouplinq net­

work and determine the lonq time constant associated with 

the circuit Diode CRl, durinq the time of its conduction, 

together with Cl, determine the short time constant associ­

ated with the circuit. The bias supply, Vee, alters the 

reference level from zero to a level equal to the bias. 
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When the circuit is initially enerqized and with nO siQ­
nol applied to the input, the diode beqins conductinQ be­
cause of the negative potential (Vee) applied to the cathode. 
As CRl conducts, capacitor Cl reqins charqinq, and when 
its charge is equal to Vee, the diode cuts off, since its 
anode and cathode ~tentials are nOW equal. 1be voltaqe 
at the output is at this time equal to the bios voltaqe Vee, 
or -1 volt. 

When a siqnal is applied, as illustrated, the followinq 
action occurs. At time t" the voltoqe increases almost 
instantly from 0 volts to a +5 volts. (The voltOQes used 
here are only for ease of explanation). Capacitor Cl oonnot 
chanqe its charqe immediately (because of the property of 
capacitors), and the anode of CRI suddenly becomes more 
positive than its cathode and beqins conductiflQ. Because 
Cl cannot immediately change its charqe, the entire iq>ut 
voltage is developed across the diooe, and the output, 
taken from across the diooe, increases 5 volts in a positive 
directioo. Because it does not start at 0 volts, lut at 0-1 
volt, as shown on the illustration, the output rises to +4 
volts. The conductinq state of CRI provides a very short 
time constant for the capacitor, however, and CI rapidly 
charges to the new voltaqe. As CI charqes, the voltaqe 
drop across CR 1 decreases, and once aqain reaches -1 wit 
when C 1 is fully charqed. 

The output remains at this voltaqe until the neqative 
swing of the input siqnal at time t,. At this time the input 
swings from a +5 volts to a -5 volts. Aquin, Cl cannot 
immediately change its charqe, but this time the diode 
cannot conduct, because its anode is neqative with respect 
to its cathode. The entire input voltage is therefore de-­
veloped across Rl, and the output voltoqe chanqes ill 
volts in a neqative direction from the -I-volt reference 
level, or to -11 volts. Because the diode is not conductlnq, 
Rl provides a lonq time constant for Cl and the capacitor 
regins charginq very slowly to the -5 volts of the input 
signal. The capacitor charqes very slowly because of the 
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long RC time constant, and when the input siqnal reaches 
ts. the total output has only decreased to, for example, 
from -11 to -10.5 volts (the capacitor has charqed to.5 
volt). At time t3 , the input oqain rises to +5 volts, brinqinq 
CRI into conduction. This sudden +10 volt rise also pro­
duces a + J) volt increase in the output. Since the total 
output is 10.5 volts at this time, a +10 volt increase 
brings it up to -.5 volts, which accounts for the small 
positive-goinq peak at t3 in the output waveform. Because 
of the short RC time provided by CR 1, the capacitor quickly 
chca-qes oqain to -1 volt eliminatinq the peak, and the out­
put remQins a -1 volt until time 1., when the cycle aqain 
repeats. 

By reversinq the diode, the circuit can be converted 
into a negatively-biased, positive diode damper. The 
difference at the output then will be that the entire output 
waveform will he damped arove the neqative bias voltaqe, 
instead of relow it as in the negative damper. 

Pecause the reverse resistance of a semtconductor 
diode is lov/er than that of an electron tube, khe type of 
diode used is selected to have a very ruqh reverse resis­
tance. This is necessary to keep the shuntinq effect of 
the reverse resistance to a minimum. 

FAILURE AHALYSIS. 
N. Output. The absence of on inPUt sianal. or an ODell 

CI are the only probable causes of a no-output condition. 
CAleck for the presence of the input siqnal with an oscil­
losrope. If siqnal is not present, the fault lies in a pre­
ceding stage, and the damper is probably not defective. 
If a siqnol is present, check C1 with an in-circuit capacitor 
checker. There is also the possibility that two components 
such as CRI and Vee, or RI and Vee, are roth shorted at 
the same time, thus prooucinq a short circuit across the 
output. Check the bias supply with a hiqh resistance 
voltmeter for proper voltaqe, and R 1 aOO CRI with on 
ol'-mmeter. Care should be used in checkinq the diode, as 
erroneous indications may re obtained by not observinq 
pr~ polarities. For the special case where the diode 
is not completely shorted, but reads a very low resistance 
of, filJ'l 20CXl-0hms or less, it can be considered to be de­
fective. 

Low or Distorted Output. A partially shorted CRl, a 
leaky C I, or R I decreasinq in val ue can cause 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 CI with an in-circuit capacitor checker, 

and RI and CRl with an ohmmeter. Care should be used 
in checking the diode, as erroneous indications may be 
obtained by not observinq proper polarities. For the case 
where the diode is not completely shorted, but reads a very 
low resistance of, say 2CKXk*uns or less, it can be con­
sidered to be defective. 

Chonge In Clamping Level. A chanqe in the bias suPply 
voltage, Vee, will cause the output clamping level to 
chonge. Check for the proper value of voltaqe with a 
hiqh resistance voltmeter. 
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BIASED·POSITIVE DIODE CLAMPER. 

APPLICATION. 

NAVSHIPS 

The biased-positive diode damper is use:i in transis­
torized equipment when it is desired to shift the reference 
level of the applied signal in a neqative direction. This 
type of circuit is cnmmonly used in radar, television, and 
oomputers. 

CHARACTERISTICS. 
Establishes the d-c reference level of the waveform 

but does affect its amplitude. 
Uses a diode in conjunction with an R-C oouplinq 

circuit. 
Can clamp either extreme of the input wavefonn to the 

positive reference level, by reversinq the diode. 
Reference level established by the amount of positive 

bios used. 

CIRCUIT ANALYSIS. 
General. The biased positive diode damper may be of 

either the positive or neqative type, dependinq upon the 
relative connection of the diode with respect to the bias. 
Under all Circumstances, the reference level of the 
poSitively-biased diode damper will be at some positive 
value. If it is a positively-biased positive diode damper, 
the output waveform will start at this p:>sitive value and 
extend in a positive direction. If it is a jX)sitively-biosed 
negative diode damper, the output waveform will start at 
this positive reference level, and extend in a neqative 
direction. The circuit is comprised basically of a diode and 
an RC network. The diode acts as a switch, closinq on one 
half cycle to provide a very short RC time for the capoci-
tor, and opening on the alternate half cycles, to provide (] 
long time constant which depends upon the size of a resistor 
in conjunction with the capacitor. The overall result at the 
output is a reproouction of the input, but shifted to a new ref­
erence level. 

Circuit Operation. A typical positively-biased 
positive diode damper is illustrated below. 

el 

PEAK TO PEAK 
VALUE OF INPUT 

~ 
+6 V TI T2 T3 T4 

-r Jl..U+5.8V . , 
* + ; -- n_ +1 V 

~AS VO~TAGE t4V 0 

o----j 1-( ...-___ -----< QeRI 0 

INPUT OUTPUT 

-=- Vee - I 
O~------4--------0 

Positively-Biased Positive Diade Cla.per 
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CapocitCK CI and resistor RI form an RC couplinq net­
'MXk and detennine the lonr) time constant associated 
with the circuit. Diode CRI, durinq the time of its con­
duction, together with Cl, detennine the soort time constant 
ossx:iated with the circuit. The bias supply, Vee, alters 
the refereoce level from zero to a level equal to the bias. 

When the circuit is initially enerqized and with no 
signal applied to the input, the diode beqins conductinq 
because of the positive potential (Vee) applied to the 
mode. As CAl conducts, capacitor Cl beqins charqinq, 
mel when its charqe is equal to Vee, the diode cuts off, 
since its anode and cathode potentials are now equal. The 
volt~ at the output is at this time equal to the bios 
voltage Vee, or +1 volt. 

When Q siQllal is applied, as illustrated, the follow ina 
action occurs. At time t., the input voltaqe increases 
almost instmtly fran 0 volts to a -5 volts. (The voltaqes 
used here are only for ease of explanation). Capacitor Cl 
cannot ch<D:Ie its chmqe immediately (because of the 
property of capa:::itors), md the anode of CRI suddenly 
beccmes more positive than its cathode and beqins con-

. ducting. Because Cl cannot immediately chanqe its 
charge, the entire input voltaqe is developed across the 
diode, and the output, taken from across the diode, in­
creases 5 volts in a negative directioo. Because it does 
not stat at 0 volts, oot at the bias level of +1 volt, as 
shown on the illustration, the output decreases to only a 
negative 4 volts. The conductinq state of CRI provides a 
very shan time ronstant for the capacitor, however, and 
Cl rapidly chorqes to the new voltaqe. As Cl charqes, the 
voltoqe ~ ocross CRI decreases, and once oqoin reaches 
+1 volt when CI is fully charqed. 

The output remains at this voltaqe until the positive 
swing of the input siQllal at time 4,. At this time the input 
swings from a -5 volts to a +5 volts. Aqoin, C 1 cannot 
immediately chanqe its charqe, but this time the diode 
canoot conduct, because its anode is neqative with respect 
to its catOOde. The entire input voltaqe is, therefore, 
developed across RI. and the output vultaqe chanqes 5 
wits in a positive directioo from the +1 wIt reference 
level, or to 16 volts. Because the diode is not conductinq, 
HI Jl'ovides a long time constant for C 1 and the capacitor 
begins charqinq very slowly to the +5 volts of the input 
signal. 1be capacitor charqes very slowly because of 
the long RC time constant, and when the input siqnal 
reames t51 the total output has only decreased, for example, 
from +6 volts to +5.8 volts (the capacitor has charqed to 
.2 volt). At time t], the input aqain chanqes to -5 volts, 
mirkjiTI:I CHI into conduction. This sudden chanqe to -5 
volts also produces -5 volts at the output. Since the total 
output is +5..8 volts at this time, a -5 volt chanqe brinqs 
it down to +.8 volt, which oc:counts for the small neqotive 
gain] peck at t] in the output waveform. Because of the 
soon RC time provided by CRI, the capacitor quickly 
chmges again to + I volt, eliminatinQ the peak and the out­
put remoins at +1 volt until time t., when the cycle oqain 
repeats. 
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By reversinq the diode, the circuit can Ce converted 
into a positively biased, neqative diode clmnper. The dif­
ference at the output then will be that the entire output 
waveform wiH be dClllped arove the positive bias voltaqe, 
instead of below it as in the negative damper. 

Pecause the reverse resistance of a semiconductor diode 
is lower than that of an electron tube, the type of diode 
used is selected to have a very hiqh reverse resistance. 
This is necessary to keep the shuntinq effect of the reverse 
resistance to a minimum. 

FAILURE ANALYSIS. 
No Output. The absence of an input siqnal, or an 

open Cl are the only probable causes of a no-output con­
dition. Check for the presence of the input siqnal with an 
oscilloscope. If the signol is not present, the fault lies in 
a preceding stage, and the damper is probably not defecti ve. 
If a signal is present, check Cl with on in-circuit capacitor 
checker. There is also the possibility that two components 
such as CRI and Vee, or RI and Vee, are roth shorted at 
the same time, thus producing a short circuit across the 
output. Check the bias supply with a hiqh resistance 
voltmeter for proper voltage, and Rl and CRI with an 
ohmmeter. Care should re used in checking the diode, as 
erroneous indications may be obtained by not observing 
proper polarities. For the special case where the diode is 
rot completely shorted, but reads a very low resistance, of 
say 2000 ohms or less, it can be considered defective. 

Low or Distorted Output. A partially shorted CR 1, 
a leaky CI, or R I decreasinq in value can cause a low 
output condition to exist. Actually, the output will not be 
low without beinq distorted nor will it be distorted without 
being low. Check Cl with an in-circuit capacitor checker, 
cmd R 1 and CR 1 with on ohmmeter. Care should be used 
in checking the diode, as erroneous indications may be 
obtained by not observinq proper polarities. For the case 
where the diode is not completely shorted, but reods a very 
low resistance of, say 2000 ohms or less, it can be con­
sidered defective. 

Change in Clamping Level. A chanqe in the bias sup' 
ply voltage, Vee, will cause the output clamping level 
to change. Check for the proper value of voltage with a 
high resistance voltmeter. 

TRIODE, BASIC COMMON·BASE CLAMPER. 

APPLICATION. 
The basic common-base triode damper maintains be­

tween specific voltaqe levels the maximum positive and 
negative voltages developed at the collector of the tran­
sistor used in the clampinq circuit. This circuit is usually 
used as a switchinq amplifier to maintain a constant output 
pulse amplitude. 

CHARACTE RI S TICS. 
Common base transistor confiquration provides an 

output with no current amplification and no phase inversion. 
Collector voltaqe is clamped, not the output voltaqe. 
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Two diodes provides clampinq action. 
Diode bias potentials establish minimum and maximum 

clamping levels. 

CIRCUIT ANALYSIS. 
General. The clampinq action to be discussed occurs 

in the collector circuit of the common base connected 
transistor. Normally, the siqnal voltaqe in conjunction with 
the series combination of the collector load resistor and 
the collector supply voltaqe develops a certain collector 
voltage. If the input siqnal varies above some level, how­
ever, one of two diodes beqins conductinq. These Glades 
are connected in parallel with each other and with the col­
lector supply and load. The conduction of the diode main­
tains or clamps the collector voltaqe at the bias value. 
If the siqnal varies below some level in the opposite direc­
tion the other diode conducts, causinq the collector voltaqe 
to be maintained or clamped at another lower voltaqE::' level. 
D.Hing the time that the Signal is between clampinq levels, 
the collector voltage varies in accordance with the input 
Signal vol toqe variation. 

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

+ 

B 

INPUT 
" 

Veca _ 

of--------
VCR2 

-2V 

-8V 

CRI 

~CRI 

CR2 
OUTPUT 

.!CR2 

VCRI 

Triode. Basic Common Base Clamper 

The input signal voltaqe, as illustrated, is a square­
wave pulse type Signal which may vary from maximum to 
minimum amplitudes. It is applied to the emitter of tran­
sistor 01, connected in a common base confiquration. The 
collector voltaqe variation corresponds to the input voltaqe 
variatioo and is developed across the collector load re­
sistor, Rl, by the collector supply voltaqe VCCB. Diode 
CRI and its bose voltage VCR t establish a neqative clamp­
inq level, l:elow which the collector voltaqe cannot qo. 
Diode CR2 and the bias voltaqe VeR, establish a positive 
clcanping level aoove which the collector voltaqe cannot 
go. 
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The input siqnal applied to the emitter of 01 is ampli~ 
fied and in-phase when it appears as the output voltaqe at 
the collector of Q 1. If the output voltaqe developed at the 
collector of 01 is between the voltaqe limits of VCR, and 
VCR2 the diodes cannot conduct. The collector voltaqe 
varies in occordonce with VeCB minus the output voltaqe 
developed across Rl (VR,), which depends ufXln the col­
lector current. Once the input siqnal varies enouqh to 
cause the positive collector voltaqe swinq to exceed the 
value of VCR,. (assumed to be -2 volts), diode CR2 conducts 
because the anode is driven positive and forward-biases the 
diode. The collector voltaqe is then maintained at the 
value of Vc~ until the signal voltaqe drops to a point at 
which the positive collector voltaqe swinq becomes less 
thon the voltage VCR2 , at which time CR2 becomes reverse 
biased, stops conducting, and the collector voltaqe is 
again dependent on VCCB minus VR,. 

If the input siqnal varies enouqh in the opposite 
(negative) direction to cause the collector voltaqe to 
become the same as, or more neqative than the value VCR, 
(asswned to be -8 volts) diode CRI is forward-biased and 
conducts. The collector voltaqe is then maintained at the 
value of VCR, until the siqnal voltaqe increases to a value 
where the collector voltaqe becomes more positive than 
the 'v1:lltaf1e VCRI> at which time diode CR 1 is reverse 
biased, stops conductinq, cmd the collector voltaqe is aqain 
dependent on VCCB minus VR,. 

By clampinq roth the positive and neqative levels, 
the transistor is prevented from saturatinq and cousinq 
hole storage effects which would increase the pulse lenqth, 
or from beinq driven to cutoff when the input is in the 
other direction. It also has the advantaqe of not requirinq 
special selection of transistors at the time of replacement, 
since the operatinQ limits are mode 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 clippinq effects are desired. 

FAILURE AHALYSIS. 
No-Output. A no-output condition may prevail due to 

cmy of the following defects: no input siqnal present 
at the emitter of Q I, an open or shorted collector supply 
voltaqe VCCB, an open collector load resistor, R I, or a 
defective transistor, Ol. 

The location of the cause of the no-output condition 
may be found hy first determininq if an input siqnal is 
present with on oscilloscope. If the input siCJlal is present, 
check collector supply voltaqe, Vcca, with a voltmeter. 
If the collector supply voltaqe is present check resistor RI 
with an ohmmeter. If all other possibilities have been 
checked and a no-output coodition still exists, transistor 
01 can be coosidered defective. 

Low or Distorted Output. This condition may be due to 
a faulty input siqnal. If the input siqnal is found to I:e COf­

rect by an oscilloscope the low or distorted output con­
dition may I:e due to any of the followinq conditions: 
improper voltaqe values for, collector supply voltcQe VecB, 
bias voltaqe VCR" or bias voltaqe VCR,; shorted or open 
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diodes CRl or CR2j or a load resistance (Rl) which is not 
the proper resistance value; or a defective transistor. 01. 

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 hiqh re­
sistcmce voltmeter. If any of these values is incorrect 
adjust the p:rrticular voltage source for the proper value. 
If these voltages are correct, check diodes CRI and CR2 
with an ohmmeter. If the diodes are good, the ohmmeter 
wUl 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 
RI with an oommeter. If all of the preceding items have 
been checked and found satisfactory, transista: 01 must be 
the faulty compooent. 
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R·L OIFFERENTIATOR. 

APPLICATION. 
The R·L differentiator is used to distort an applied wave­

form (such as a square wave) into a peaked wave for the pur­
pose of providing trigger and marker pulses. It is also used 
to electronically p::!rform the mathematical function of dif­
ferentiation in computers, and for sep:lrating the horizontal 
sync in televisioo receivers. 

CHARACTERISTICS. 
Produces distortioo of the input wovefonn. 
Has a short time constant. 
Output is taken from across inductor. 
Flillctions essentially as a high-p:lsS filter. 
Output is similar to the output of an R-C differentiator. 

CIRCUIT ANALYSIS. 
General. The output of a differentia tor is proportional 

to the rate of change of the input signal. For a rising (pooi­
tive going) input the differentiator proouces a positive pulse, 
for a falling (negative going) input it pro:luces a negative 
pulse, and for acrostant input it p-oduces no output. The 
differentiator electronically simulates the matehmatica I 
operation oftaking the first derivative. Second, third, and 
fourth derivatives may be obtained by cascading an equiva­
lent number of differentia tors. Theoretically the differ­
entiator is accurate only when the outplt voltage is very 
small in comp::uison with the input voltaqe. 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 cootrol, and 
similar operations, differentiation of the rusie signal volt­
age produces an output voltage that represents the speed 
of the ooject, double differentiation yie Ids the rate of change 
nf acceleration. For timing and synchronizing use, a sharp 
pulse is prcduced for each leading edge and trailinq edge of 
the input waveform. 

Circuit Operation. A schenutic of a basic R-L differ­
entiator is shown in the accomp::ming illustration. 

The input is applied between the resistor and qround, 
and the output is taken across the inductor. The time COl­

stant (in seconds) of an R-L circuit is found by dividinq the 
mductance (in Henrys) by the resistance (in ohms) TC:::L/R. 
Thus to shcrten the time coostant 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 to have the p-operty of opposing any change 
in current flow. By referring to the universal time-constant 
chart in Section 2 of the Handbook, it is noted that the induc­
tor voltage decreases from the applied voltaqe at an ex­
pcnential rate to approximately zero at the end of 5L/R 
time intervals. Ukewise, 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 exprnential rate. Thus, if a square pulse 
having a time duratioo of 5LIR time intervals is applied, a 
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Basic R-L Differentiator eire.lt 

peaked waveform appears as the output voltage. This out­
put waveform has a shape that is similar to the output ob­
tained from on RIC differentiator. 

The exact functioninq of the differentiator may be easier 
understocd by referrinq to the accomp:myinq illustration. 
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Differentiator Wavefonls 

With a square wave pulse of 100 volts amplitude applied 
as an input signal at time to, He outp.lt is a poo,itive 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 10 and t, current begins to flow throuqh inductCl" Land 
a small voltaqe drop is developed across resistor R. As 
the current flow through R increases, the voltaqe drop 
(shovm in dotted lines in thewaveform figures) increases. 
Meanwhile, the voltage developed across the inductor, eL, 
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is decreasing, and, since the output is taken across L, it 
is also decreasing (the decrease of voltage across coil L 
rep-esents the voltage used in building up a magnetic field 
aroond U. The sum of the voltage drops across R and L 
equal the applied voltaqe. The current throuqh inductcx L 
increases exponentially and the voltage across resistor R 
increases, likewise. Since the time constant assumed in the 
illustration is 10 microseconds and the pulse width is 100 
microseconds the steady-state condition is reached before 
the pulse ends. Since there now is no change in current, 
there is no voltage develo\l2d across the inductor and the 
output voltage is zero. At time tl the trailing edge of the 
inPJt pulse occurs and drives the signal in a negative direc­
tim. Instantly a negative 100 volt spike appears across L 
and at the output. At the same time, the field around the 
coil collapses and prcduces a current through L in the op­
pooite direction. During time t, to t'l the negative voltage 
across the inductor decreases exponentially while the cur­
rent increases exponentially. As the current flow throuqh R 
increases, the voltage drop across it, likewise increases, 
and the sum of the voltage drops across Rand L equals the 
applied voltage. With the 10 microoecond time constant 
and 100 microsecond pulse width, the steady state condition 
is again reached before the pulse ends. Since there now 
is no change in current, there is no voltage developed across 
the inductor and the output voltage is zero. At time t2 , the 
positive-going leading edge of the pulse appears and the 
cycle repeats. 

The accomp3Ilying illustration shows the differentiated 
output waveforms for severol different input wavef arms. 

A B c o 

DiHerentiating Effects upon Different Waveforms 

Althouqh the circuit provides no amplification, for a 
square wave input, the t:eak output of the differentiator is 
twice that of the input siqnal. A positive pulse is lXoduced 
for the positive leadinqedqe and a neqative pulse for the 
negative trailing edge. 

With a sine-wave input the output remains a sine'"Wave 
as shcwm in p:Irt B of the illustration, the only differences 
being that the output sine-wave is of a smaller amplitude 
and is advanced in IiJase. The advance for a perfect dif­
ferentiator is 90 degrees, but 89 degrees is not uncommon. 

The sawtooth. shown in part C of the illustration is 
coover ted into a low amplitude square wave. Part D il­
lustrates effect of a differentiator upon the application of a 
complex waveform. 
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Since the inductor has distributed (turns) capacitance 
across it, undesired resonant responses may occur in L-R 
circuits containing large values of inductance; therefore, 
the use of these networks is usually limited to high frequency 
applications. 

FAILURE ANALYSIS. 
No Output. Since only two components are involved, it 

is evident that only an oj:€n circuit at the input, or a short 
circuit at the output, could proouce a no-output condition. 

Low Of Distorted Output. Only a change in component 
values or associated stray catxlcitance, inductance, and 
resistance values could change the time constant and wave­
shapes. Distorted output is usually caused by improj:€rinput 
signals. When checking the waveform at the differentiator, 
the effect of the shunt resistance or capJCitance proouced by 
the test instrument input should be considered. When dis­
tortion is discovered in the following tube circuits, it is 
probably caused by improper action in these circuits. A di­
rect check of the output as compared with the input of the 
differentiator using a high-impedance oscilloscope, will 
indicate whether the circuit is performing proP2rly. A 
shorted resistor or an OP2n coil would cause the output to be 
a duplicate of the input (no differentiation takinq 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 distorted (non-sinusoidal). 
Pro::luces a distortion of the input waveform. 
Provides a wider rcmge of time constants than an R-L 

integrator • 
Has a long time constant. 
Output is taken from across the capJCitor. 
Has the configuration of a low-pass filter. 
No amplification is p-oouced. 

CIRCUIT ANA LYSIS. 
General. The R-C integratct circuit works in almost 

exact opposition to the R-C differentiator. It has a long 
time constant, and the output is taken from across the ca­
pacitor. The time coostant of the integrator circuit shoold 
be 5 times (or more) the reried. of one alternation of the 
input waveform, forthecircuit to electronically perfcrm the 
mathematical op:!ratioo of integration. As in the case of the 
differentiator, this action in practice is approximate, but 
the approximation can be made very close. 

The higher the resistance in the R-C inteqrator, the 
mcre closely the output voltage follows the ideal inteqrator 
waveform. However, the higher this resistance, the smaller 
the output voltage. Conversely, decreasing the resistance 
in the R-C integrator circuit, results in a shorter time con­
stant and a higher output voltage. Hcmever, as the resist-
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once is reduced in value, the output voltage depJrts 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 form of a voltage 
that represents the average energy content of the input sig­
nal. For example, if the input is a steady d.-c voltage, the 
same voltage will appear at the output, but, if the input is 
in the form of a series of narrow, Widely sep:lrated pulses, 
the output voltage will be only a fraction of the input pulse 
value. 

Circuit Operation. A schematic of a basic R-C inteqrator 
is shown in the accomp:mying illustration. 

+ n n /\/\ 
IV " 

R 

D------'IIII\~-I-c-------<O 

INPUT I OUTPUT 

O~-O 

Basic R-C Integrator Circuit 

As the square wave voltage applied to the input of the 
circuit goes ~sitive, the capacitor charqes exponentially 
at a rate determined by the time constant of the circuit. 
This time constant is calculated by multiplyinq the value 
of the resistor by the value of the caPJcitor (T=RC). For 
instance, a circuit containing a lOOK resistor and a 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 voltage and the voltage drop 
across the resistor. The rise in voltage across the CQoocitor 
occurs only for the duration of the applied square wave pulse. 
When the applied voltage drops from its maximum value, the 
cap:1citor discharges exponentially at the same rate that it 
charged, due to the time constant of the circuit. This 
gradual decrease in voltage across C effectively causes a 
negative pulse across R. If a square wove is applied to on 
R-C integrator circuit, a non-symmetrical saw-tooth waveform 
is produced. The principle of integration is used in saw­
tooth generators to proouce the linear rise in voltage by us-
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ing a long time constant circuit, and to use only the straiqht 
portion of the exponential change waveform for linearity. 

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

INPUT 
WAVESHAPE 

SHORT TIME 
CONSTANT 

MEDIUM TIME 
CONSTANT 

:=:=1 1::1= 
+ 

/ ~ 7 I 0 

\ 1 \ 1 

+ 
/\ ~ 0 

"'-.1 V 
+----~~------~---­

MODERATELY LONG 0 - .... ~~--~c--~/\:....~.---
TIME CONSTANT V V 

+----~~----~----

EXTREMELY LONG 0 --",~e::::_--:::".~~e::::--"':~ .. v;r 
TIME CONSTANT 

EHects of Chonging Time Constant 

As can be seen from the waveforms in the illustration, 
a short time constant integrator does not change the input 
wavefonn very much except to distort the high frequency 
portions of the waveform (leading and trailing edges), and 
the low frequency (flat) 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 triangular 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 elonqated (stretched) sawtoothed 
waveforms of reduced amplitude which gradually ap~ooch 
the zero axis, and eventually, after a number of time con­
stants, becomes symmetrically aligned around thecenter 
(zero) axis. A short time constant would be considered one 
which amounted to only one tenth of the pulse duration time. 
A medium time constant would be of the order of half the 
pulse duration, while a moderately loog time constant would 
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be ap~oximately equivalent to the full pulse width. A long 
or extremely loog time crostont would be considered to 
amount to two or three pulse widths or lrnqer. 

~~ n-r ' , , 
I 'I I I 
I I I I I I , , r- :/\: / Fbvw 
~ f\ f\ 
:: 'N''\ V I I I , 
I I I I 
I I I I , , , 
I I I I 

,r-\:/\ D. , V 

Integrating ERect of DiHerent Waveforms 

The accompanying illustration 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 re lotion to each other as shown in the illustra­
tion. When a peaked waveform is applied to an R...c integra­
tor circuit, the resultant output will be a square wavefcrm. 
Applying a square wave to the input of an integratct' circuit 
produces on output wavefcrm of trianqular shope. The 
integration of a triangular wave results in a p::nobolic out­
put wave. Integrating a sine wave by an R-C: circuit pro­
duces another sine wave with a different amplitude and 
phase, but with the same sinusoidal waveshape (usually 
considered to be a cosine waveform). 

FAILURE ANALYSIS. 
No Output. Since only two components are involved, 

it is evident that only an Qr;en circuit at the input, or a shert 
circuit at the output, could prcxiuce a no-output condition 
(open resister or shCl'ted ca{Xlcitor). Both of these items 
could be checked for with an ohmmeter. If the resistor is 
open the meter will indicate infinity, and if the capJCitor is 
shorted the meter will read zero ohms. 

Distorted Output. Cnly a chanqe in component values, 
or 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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proixIbly caused by improper action in these circuits. A 
direct check of the output as comp::ued with the input to the 
integrator using a high-impedance oscilloscop:!, will indicate 
whether the circuit is performing properly. A shorted re­
sistor or an open capJCitor would cause the output to be 
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 ohmmeter, it is better practice to use an in--circuit 
ca{Xlcitance checker, and also to check the cap::lcitor for 
both proper value awl leakage. 
R·L INTEGRATOR. 

APPLICATION. 
The R-L inteqrator is used as a waveshapinq network 

in various types of electronic equipments such as radio, 
radar, television and in other special electronic application. 
It is also used as an analog in performing the mathematical 
function of inteqration in computers. 

CHARACTERISTICS. 
Prcxiuces distortion of the input waveshape. 
Has a lonq time constant. 
Output is taken across the resistor. 
Has the configuration of a low pass filter. 
Output is in the form of a voltaqe that represents the 

average energy content of the input waveform. 

CIRCUIT ANALYSIS. 
General. An intey-rating circuit is a circuit whose output 

is substantially the time integral of its input waveform. 
The R-L inteqrator circuit works in almost exact opposition 
to the R-L differentiator. It has a long time constant and 
the output is token from across the resistor. If the time 
constant of the inteqrator circuit is 5 times (or morc) the 
period of one alternation of the w.put waveform the circuit 
will electronically perform the mathematical oj:eration of 
integration. This action is approximate in practice, but the 
approximation can he mode very accurate. Since ir.ductor 
action is the heart of the operation of the R-L intelfator a 
brief review of inductor action follows. The property of 
inductance is such as to oppose a chanle in current. This 
opposition (impedance) exerted by an inductor exists be­
cause a counter emf is prcxiuced across the inductor by the 
change in the magnetic field of the inductor. When a con­
stant voltage is applied across an inductor, current flow 
dres not rise to a maximum value immediately. Rather, 
it is initially zero and increases at an exponential rate, 
as the inductor becomes charqed and the counter e.:n.f. 
decreases. Likewise, when the applied voltaqe is removed, 
circuit current dces not fall to zero immediately, bLt de­
creases at an exponential rate as the enerqy storee in the 
magnetic field of the inductor is discharged. In the R-L 
integrator circuit the longer the time constant, the :r.ore 
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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Circuit Operation. Theaccomp:myinq schematic diaqram 
illustrates a typical R-L integrator. 

l 

INPUT R OUTPUT 

Typical R-L Integrator 

This R-L integrator consists of a series R-L circuit 
with the output token across the resistor. The charge and 
discharge time of the inductor (the time constant) is deter­
mined by the values of inductance and resistance in the 
circuit using the formula TC=UR. Thus an integrator cir­
cuit consisting of a .1 henry inductor and a lO,OOO-ohm 
resistor has a time constant of 10 microseconds. 

When a square wave is applied to the input of the inte­
grator circuit the inductor begins to charge. The im~d­
once j caused by counter e.m.f. generated by the exp:mding 
magnetic field is initially maximum, but decreases expo­
nentially at a rate determined by the values of Land R as 
the magnetic field of the inductor approoches its limit. 
Circuit current, therefore, begins at zero and increases 
exponentially as the circuit impedance decreases. It is 
evident that the IR drop (voltage) across the output resistor 
begins 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 ~ak 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 p:-rioc! when voltage is applied to the input. When 
the input Signal falls back to its reference 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 integrator circuit with a long time constant 
(2 or more pulse widths), therefore, is a triangular waveform, 
which slopes up (positive) during the pericxi when a posi­
tive pulse is applied, and slopes down (negative) during the 
pericxi when the input is at its reference level. Conversely, 
when a negative going pulse is applied to the R-L inteqratcr 
the output voltage goes negative and when the input voltaqe 
returns to its reference level the output voltaqe goes posi­
tive. 
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The following waveforms represent the inteqratinq 
effects of various time constant integrator circuits on a 
square wave input. 
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As can be seen from thewavefocms in the illustration, a 
shert time constant integrator has little effect 00 the output 
waveform, only the high frequency components (leading and 
trailing edges) are attenuated. As the time constant is 
increased the output begins to resemble a sweep waveform. 
A further increase in time constant results in a more linear 
rise and fall of the output waveform. Notice that the output 
waveform of the long and very lonq time constant inteqrator 
does not reach the peak amplitude of the input waveform, 
but is always a much lower value. 

FAILURE ANALYSIS. 
No Output. Since there are only two components in the 

R-L integratcr, a no~utput condition could only be caused 
by an open inductor, a shorted resistor, or by no Signal in­
put. Both the inductor and the resistoc can easily be 
checked for the aoove mentiooed conditions with an ohm­
meter. Presence of the input siqnal can be determined by 
observing the wavefcrm {l"esent at the input to the integrator 
with an oscillcscope. 
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Distorted Output, Generally speakinq, an inteqrator 
circuit will either function as designed or not at all. How­
ever, it is possible for either the inductor or the resistor 
to change value. This would change the inteqrator time 
constant, and the output 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 or the resistor to become open. This would 
result in the output being a duplicate of the input (no inte­
gratim taking place). The components can be checked as 
explained previously. The most common ceruse of distorted 
output is probably distorted input. The quality of the input 
signal can be easily determined by viewinq the waveform 
present at the inteqrator input with an oscilloscope. 

SATURABLE·CORE REACTOR PEAKING CIRCUIT. 

APPLICATII»I. 
The saturable-c'Ore reactor peai<inq circuit is used to 

produce a peaked pulse of voltage from a sine wave input. 

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

CIRCUIT ANALYSIS. 
General. The saturable-core reactor peakinq 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 current produces magnetic saturation of the 
core. 

Mlqnetic 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 
oppose 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 to become saturated, 
the counter e.m.£. would drop to a low value, and its op­
position to current flow (impedance) would also drop to a 
low value. It is this ability to change impedance that 
enables the saturable-core reactor peaking circuit to pro­
duce a pulse output from a sinewave input. 

Circuit Operation. The accompanyinq schematic dia­
gram illustrates a typical saturable-ccre reactor peakinq 
circuit. 

The circuit illustrated above consists simply of con­
ventional cap::Icitor Cl, conventional inductor Ll. and 
saturable core reactcr L2. Component values are chosen so 
that the circuit appears slightly capacitive when L2 is 
saturated and slightly inductive when L2 is unsaturated 
(the inductance of L2 decreases when L2 becomes saturated). 
To illustrate the cap'JCitive-inductive relationships when L2 
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Saturable..(ore Reactor Peaking Circuit 

is saturated or unsaturated, assume for the sake of illustra­
tion that C1 has a capacitive reactance of 100 ohms at the 
operating frequency and that Ll has an inductive reactance 
of 75 ohms at the operating frequency. Assume further that 
L2 also has an inductive reactance of 40 ohms when un­
saturated and 10 ohms when saturated. The reactance of 
both C1 and L1 remain constant. It can be seen that during 
the period when L2 is unsaturated there is a total of U5 
ohms of inductive reactance and 100 ohms of capacitive 
reactance in the circuit. The circuit, therefore, appears 
inductive since the effect of Ll predominates. Likewise, 
when L2 is saturated there is 100 ohms of capacitive re­
actance but only 85 ohms of inductive reactance, and the 
circuit now 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 900 , and the output voltage is 
approximately 180 degrees out of phase with the applied 
voltage, since the voltage across L2 also leads the current 
by nearly 900 • This output voltage is very low in amplitude, 
since L2 offers little impedance while in the saturated state. 
Inductor L2 becomes unsaturated when the input voltage is 
at a peak, since at this time circuit current is at a mini­
mum due to the 900 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 voltaqe by almost 900 • However, 
the voltage across Ll (the output) leads the circuit current 
by almost 900 , since voltage leads current across an induc-
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tor and is, therefore, in phase with the input. This condition 
persists for only a short p"'rioo of time until the circuit cur­
rent increases and becomes sufficient to saturate 1.2. Dur­
ing this short period of time a large amplitude pulse which 
is inphase with the input is prcxiuced. The duration of this 
pulse coincides with the duration of the unsaturated con­
dition of L2 and is determined mainly by the circuit Q. 
Thus, a large amplitude positive pulse is produced when 
the applied sine wave ~sses through its positive peak, 
and a large amplitude negative pulse is proollced when the 
applied sine wave passes through its negative peak. Since 
L2 is saturated during most of the input cycle, the output 
is extremely low except for the short time durinq the peaks 
of voltage when L2 is in an unsaturated condition. 

FAILURE ANALYSIS. 
No Output. A no~utput condition could result if any 

component in the saturable reactor peaking circuit became 
shorted or op;;n. Inductors Ll and L2 can easily be checked 
by measuring the resistance of the windings and checking 
for a short or leakage to ground with an ohmmeter. CaPJc­
itor Cl can be checked with an in-circuit caPJcitor checker. 
Do not over look the possibility that a no~utput 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 Output. Generally speakinq, since there are few 
components involved, the saturable-core reactor peaking 
circuit will either function as designed or not at all. How­
ever, a low-output condition could result from a p:!rtially 
shorted component or from excessive leakaQe to qround of 
thewindings of Ll 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 reveal whether or not a partially shorted component 
or leakage to ground is the cause of low output. The am­
plitude of the input signal can easily be checked byobserv­
ing the waveform present at the input with an oscilloscope. 

Distorted Output. Since the duration of the output pulse 
is determined mainly by the 0 of the circuit, a chanqe in 
circuit value could alter the Q of the circuit and thus alter 
the output waveshape. Checks for excessive leakage to 
ground should be made using an ohmmeter, since leakage to 
ground would affect the circuit O. CI, Ll and U can be 
checked for proper value with an impedance bridqe. 

SEMICONDUCTOR PULSE SHAPER. 

APPLICATION. 
The semiconductor pulse shaper is used in computer. 

control, and communication equipment to reshape a pulse 
which has suffered deterioration of its waveshape after 
p:::Issing through a chain of gates. It isalso used in con­
junction with a multivibrator to forma 1 J1 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 voltaqes. 
Output pulse width is constant and is determined by 

circuit components. 
Cap:!ble of driving several loads. 

CIRCUIT ANALYSIS. 
Generol. The semiconductor pulse shaping circuit con­

sists of two common-emitter amplifiers. The first stage, 
which employs on R-L collector lood, performs the primary 
shaping function and controls the output pulse width. The 
second stage, an overdriven amplifier, serves as a buffer 
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 lood of the first stage and the input 
cap::!citor, but is also affected by transistor characteristics, 
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. 

Circuit Operation. The accompmyinq schematic diaqram 
illustrates a typical semiconductor pulse shaI=er using the 
common-emitter configuration. 
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+ LI R2 

o ~C7'--------:/- '--1>--' C2 02 
OUTPUT 

INPUT CI B 

o--l4--<t"H 
RI 

+6V 

Semiconductor Pulse Shaper 

Capacitor Cl couples the input pulse to the base of 
transistor 01. Resistor RI and diode CRI form a voltage 
divider between ground and the +6 volt bias supply to apply 
reverse bias to the base of transistor 01. Inductor Ll and 
resistor R2 form the collector lood for transistor 01, and 
cOp::!citor C2 together with resistor R3 forms an interstaqe 
coupling network from the collector of 01 to the oose of 02. 
Transistor 02, which is operated as an overdriven amplifier, 
serves as the output stage, with resistor R4 as its collector 
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load, and diooe eR2 limiting the output to the level of the 
-6 volt paNer supply. 

In the quiescent state (no signal input) transistcr 01 
is reverse biased by the positive voltage at the junction of 
voltage divider RI-CRI. The coliector of 01 is at ap­
proximately -6 volts since 01 forward collector current is 
cut off, and transistor 02 is heavily forward biased by the 
negative collectcr voltage of 01 direct-coupled through R3. 
With 02 conducting heavily, the output voltage is very 
close to ground potential. When a negative pulse is applied 
to the pulse sharer. voltaqe divider diooe CRI is reverse 
biased and transistor 01 is driven into conduction by the 
charging current flowing through the emitter-oose junction 
of 01 and into cOp::lcitor Cl. The rapid rise in charging 
current thrOllCJh the emitter-base junction of 01 rapidly 
drives 01 into saturation, and the voltage on the collector 
of 01 rises sharply to ground pJtential. This rapid positive 
swing in collector voltage on 01 is coupled through R3 and 
C2 to the base of output transistor Q2, and 02 is rapidly cutoff. 
The collector voltage of 02 (the outp.!t voltaqe) which was 
previoosly held at ground p:>tentlal due to the heavy 
cooouction of 02 now rapidly falls to the -6 volt supply 
level. This is the beginning of the output pulse. The am­
plitude of the output pulse is maintained at a constant -£ 
volts by the oction of limiting diooe CR2. Transistor 01 
is maintained in a saturated state by the charging current 
of Cl flowing throuqh the emitter-base junction of 01. This 
current decreases os CI becomes charqed, but remains suf­
ficient to keep 01 saturated for the duration of the output 
pulse. During the perioo when 01 is saturated, collector 
current is limited by the impedance of the lood (Ll and R2). 
Initially, the impedance of Ll is high, but it decreases as 
Ll becomes charged and collector current increases. Con­
sequently, during the perioo when 01 is in saturatioo, col­
lector voltage on 01 remains constant and output transistor 
02 remains cut off. Hence, the output voltaqe remains_at 
-6 volts. When the desired output pulse width is completed, 
the impedance of Ll is so low that the base drive caused 
by the charging current of Cl is insufficient to maintain 
collector current at the previous level. (Base drive de­
creases as CI charges). Collector current then decreases 
rapidly am 01 collector voltage quickly falls to -6 volts, 
which drives output transistor 02 into saturation. The 
output voltage rises sharply to ground potential as the 
conduction of 02 increases. The rapid transition of 02 
from cutoff to saturation is aided by the discharqe throuqh 
the emitter.oose junction of 01, of the enerqy stored in Ll. 
The term "cutoff" has been used loosely in the precedinq 
paragraphs. Actually the transistors are not cut off in 
the sense that a vacuum tube can be cut off, since there 
is always some reverse leakage current flowing, but the 
magnitude of this current is insignificant. The values of 
C1 and Ll are the determining factors affectinq output pulse 
width, since the output pulse is completed when Cl and Ll 
become fully charqed and cause the collector current of 01 
to begin decr easing. 

CHANGE 2 

0967-001).0120 

FAILURE ANALYSIS_ 

WAVESHAPING 

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

No Output. A no-outputcondition could result from 
failure of either transistor or failure of one of the power 
supplies. Semiconductor circuits are generally miniaturized 
printed circuits. Circuits of this type are subject to shorts 
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. 
Pl1.l:J-in type contacts, often employed in printed circuit 
boords, sometimes fail to make contact due to dirty or rent 
contacts. It is often wise to Visually check the printed 
circuit boo.rd for evidence of any of the above conditions 
before attempting to trouble-shoot the circuit. PO\ver supply 
voltages should be checked with a vacuum-tube-voltmeter, 
and adjusted or rePJired if necessary. It should be noted 
that deterioration with age causing lack of gdin may result 
under high temperature conditions. Unlike vacuum tubes, 
however, transistors have operated for years without notice­
able deterioration under proper operating conditions. 
If the transistor is not at fault, a defective circuit 
component is likely the cause of no output. Volto"::je checks 
of transistors elements with a vacuum tube voltmeter, or 
resistance checks with the circuit deeneqized, should 
indicate the component at fault. Resistors R3 or R4 could 
cause a no-output condition if they failed, as could dicde 
CRI if it became shated. Failure of other circuit compo­
nents could possibly cause a no-output condition to exisi, 
but are much more likely to cause distortion of the output 
waveshape. This condition will be discussed in cetail in 
the follOWing ~ragraph. Do no overlook the possibility 
that a no-output condition is the result of no input siqnal 
reaching the pulse shapero Theexistance of this coodition 
can readily be determined by observing the waveform pre­
sent at the input to cap:lcitor Cl with on oscilloscope. 

Distorted Output. The term distorted output is used in 
the follOWing p:uagraph to describe any output condition 
other than the proper output with respect to pulse \'fidth, 
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 cnd impro­
per power supply voltages are often the cause of a distorted 
output. The power supply voltages should be checked and 
adjusted if necessary, they should be within 10'10 of their 
neminal values. If the power supply voltages ore correct 
and the transistors are good, a defective circuit component 
is the next most likely cause of improper output. A signifi­
ctD'I.t dtange in the value of any component could alter the 
output waveshape. Since the value of LI cmd 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 RI and R2 also affect pulse Width 
OOt to a lesser degree than Cl and Ll. Diode CR2 limits 
the amplitude of the output pulse to -6 volts. If eR2 
opened, the amplitude of the output pulse would increase. 
The input pulse must be of the correct p::llarity, and have 
sufficient amplitude and duration to properly triqqer the 
pulse shaper, if a good output pulse is to be generated. 
'!he conditioo 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 CI1ICUITS 

NAVSltIPS 

PART A. ELECTRON-TUBE CIRCUITS 

POSITIVE DIODE COUNTER. 

APPLICATION. 
The positive diod€~counter circuit is supplied uniform 

input pulses, representiug units to I:e 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 electronic 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 circuits to ensure llfl.iform amplitude and width 
of input pulses. 

Output-pulse polarity is positi'l/e; average d-c output 
voltage level is determined. by input pulse-repetition 
frequency. 

CIRCUIT ANALYSIS. 
General. The positive counter circuit is used in fre­

quency-indicator (timing or counting) circuits 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 
variable element in the counter-circuit 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
put voltage; 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-yoing input pulses md produces m 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 blockin~scillator or multivibrator circults 
wiLl the input pulse-repetition frequency. The rosie 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 capacitor for the resistor across the output 
terminals. This modified circuit is referred to as a frequency 
divider, because the output trigger frequency is usually 
made a submultiple of the input pulse-repetition frequency; 
the circuit is used in trigger-generator circuits of radar 
modulators and indicators. 

Circuit Operation. A basic positive diode counter 
circuit is shown in the occompmyiog illustration, together 
with typical input and output waveforms. Capacitor Cl is 
the input coupling capacitor and also serves as a d-c blocking 
capacitor; resistor RI is the load resistor across which the 

ORIGINAL 
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output voltage is developed. Electron tubes VI md V2 are 
indirectly heated diodes; the filament (heater) circuit for 
the diodes is not shown on the schematic. 

Initially, capacitor Cl assumes a charge -(reference 
level) which is determined by the ck voltage (if present) 
of the preceding stage. Once capacitor 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 circuit 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 accompcnying illustration is applied 
to the input of the counter circuit. 
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Basic Positive-Diode Counter Circuit aad Wavefonla 

When the positive-going leading edge of theinput wave­
form occurs, the voltage rises suddenly. The dmge on 
coupling coJXlcitor C I cannot change instantaneously; there­
fore, the plate of diode V2 becomes positive -with respect 
to its cathode, and the diode conducts. Current flows through 
the series circuit consisting of load resistor R 1 and diode 
V2 to charge the capacitor, Cl. Since the charging cutrent 
flows through the load resistor, RI, a pulse voltage is 
developed across the resistor and is supplied as the output 
of the cOWlter circuit. 

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