ELECTRONIC CIRCUITS NAYSHIP S

SECTION 15
LIMITER (CLIPPER) CIRCUITS
PART A. ELECTRON-TUBE CIRCUITS
DIODE LIMITER.

APPLICATION.

The diode limiter is used to eliminate, or square off,
either extremity of the gpplied signal. The limiter is also
known as aclipper, because the output wavelorm presents o
Hclipped'! appearance on the wave pecks.

CHARACTERISTICS,

input may be a positive signal, a negative signal, of @
combined signal having either the same or different wave-
forms on the positive and negative peaks, depending on the
design application.

Output may be o positive signal with negative portion
completely clipped, or a negative signal with positive por-
tion completely clipped; or it may contain only a portion
of the positive pecks with the remainder of the positive and
all of the negative signal clipped, or contain only a portion
of the negative peaks with the remainder of the negative
and all of the positive signal clipped. Finally, the output
may contain both pesitive and negative signals, with both
positive and negative peaks clipped.

Qutput amplitude is always lower than input amplitude;
may be preset at any value between input amplitude and
zerc amplitude in the design of the circuil constants,

Output signal is in phase with input signal.

CIRCUIT ANALYSIS,

General. Limiters are used in wave-shaping circuits
where it is necessary to ''square ofi'' the pedaks of the in-
put signal. A sine wave may be opplied to theinput of ¢
limiter, to obtain o nearly square wave output. A peaked
wave may be applied to a limiter, to eliminate either the
positive or negative pecks, of parts theteof. Limiters also
tind use in applications where it is necessary to restrict the
amplitude of a signal to a constant value, such as the sigral
applied to the detector circuit of a frequency modulation
receiver. They are also usead in a protection type of circuit,
where the input or output voltage must be prevented from
exceeding q predetermined level.

Circult Oparation,
tws generc! classtfications:
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further subdivided mto wo gxoups posmve lobe hrmters

The specific choracteristics

and circuit operation oi edach group are contained in the
five circuits to follow in this section. A brief discussion
covering dicde limiters in general is given in the following
pETagraphs.

A vocuum-tube diode conducts only when its plate is
at o positive potential with respect to its cathode; in other
words, when the cathode is negative (less positive) with
respect to the plate. If the cathode isfixed at ground po-
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placed on the cathode, the diode will not conduct until
the potential applied to the plate exceeds an equally positive
volue. In like manner, the cathode may be fixed at a negative
potential, and the diode will conduct while the plate is
positive, and will continue to conduct while the plate is
negative with respect to ground but is less negative than
the cathode, When the plate potential is made mere positive
with respect to the cathede, the conduction of current through
the diode increases tapidly, while the plate-to-cathode re-
sistance decreases rapidly from an open—circuit (infinite re-
sistance ) value to an avetage value of approximately 500
chms.

The action of a diode limiter is shown in the following
illustration, which shows a simple typical diode limiter

INPUT ouTPUT

Typical Diode Limiter Circuit and Input-
Output Waveforms

circuit and typical input-output wevelorms. When the input
voltage rises in the positive direction, the diode [V1) con-
ducts, and continues conducting until the voltage falls to
zero. As aresult of the current flow most of the voltage
drop is across resistor Rl; the amount of voltage drop
across the dicde due to its plate-to-cathade, or forward, re-
sistance 15 shown in the output woveform as a slight
positive value above zero, When the input falls to zerc and
rises in @ negative direction, the diode will not conduet,
and its reverse resistance is practically infinite. Since no
current flows through the diode and resistor R, there is no
voltage drop across R1 {assuming thet the load connected
o the output terminals has g high impedance), and the
output voltage waveform is therefore a duplicate of the input
waveform, during the negative half cycle,

FAILURE ANALYSIS.

Mo Ourpur. A diode iimiter circuit is ordinarily rathet
simple, and the anclysis of failure is also simple. The
~ause of no mutput may be resolved to either of three con-
ditions: nc input, o defective resistar Bl, ar a defective
diode, Assuming that the proper input signal isbeing appli-
ed, either resistor Rl or the diode must he at fouft. The
iesistor may be open-circuited, of the disde may be shorted.
Either condition would result in no output

Reduced or Unsrabie Owipyi. 1t the circult ilustiated
previcusly, a diode which is defective to the extent of poor
cathode emission would be responsible for insufficient limit-
ing. Ac the interngl resistance of the diode increases, the

This will aliowan




ELECTRONIC CIRCUITS NAVSHIPS

increased value of voltage to remain on the limited half
cycle which would have been eliminated in normal operation
from the output signal. A radical change in the value of
resistance of R would also reduce the output signal.

SERIES, POSITIVE LOBE DIODE LIMITER,

APPLICATION,

The series, positive lobe diode limiter is used when it
is necessary to square off part, or all, of the positive por-
tion of an input signal waveform and allow the negative
portion to pass without modification of waveform,

CHARACTERISTICS.

Input signal waveform contains both positive and neg-
ative signals.

Cutput waveform containsonly negative signals.

Cutput amplitude is lower than input amplitude; no am-
plification is realized in the circuit.

Qutput signal is taken across a load resistor.

Output signal is in phase with input signal.

CIRCULT AMALYSIS,

General. The series, positive lobe diede limiter con-
sists essentially of a diode connected in the signal line,
in series with the signal scurce and the load, ond polarized
so that the negative portions of the signal will pass through
the diode without being affected. A load resistor is con-
nected on the load side of the diode, and the output signai
is taken across this resistor.

Circult Operation, A simplified series, positive lobe
diode limiter is shown in the following illustration. In this
circuit, the diode conducts during the neqative portion of
the input signal. Conduction is accomplished by driving
the cathode negative with respect to the plate, which has
the same effect from the viewpoint of the tube electrodes
as driving the plate positive with respect to the cathode.

INPUT QUTPUT

Simplified Series, Positive Lobe Diode Limiter and Input-
Output Wavelorms

When the input signal goesnegative, the diode conducts,
and it presents a low value of resistance 1o the signal. The
total resistance in the circuit, connected across the input
terminals, then consists of diode V1, which has a low re-
sistance, in series with load resistor R1, which has a com-
paratively high resistance. Since the voltage drop across
each individual resistance in a series circuit is in direct
preportion to its resistance divided by the sum of the re-
sistances, according to Kirchhoft's laws, most of the input
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signal voltage will appear actoss load resistor Rl, while a
small amount will drop across dicde V1 and be lost insofar
as the circuit cutput is concerned. For this reason the
value of the load resistor, 81 should be many times greater
than the forward resistance of the diode, V1. When the

input signal goes positive, the dicde cuts off and thus limits
the flow of current in the seties circuit. The voltage scross
load resistor Rl then falls suddenly to zero, and remains

at zero unti! the input signal goes negative on the fellowing
half eycle.

The value of load resistor Rl affects the output of the
circuit in several ways. First, for the best frequency re-
sponse characteristic, R1 should be as low as practicable.
But in order for the circuit te function to the best advaniage
as a limiter, the load resistor must be several times the
value of the forward, or conduction, resistance of the diede.
The effect of various values of load resistance on the cutput
voltage, for three characteristic tubetypes at ¥1 in the pre-
vious circuit, are shown in the following table. The three
tube types are all twin-diodas, and have ditferent values
of forward resistance. The forward resistance, or resistance
duting the period of conduction, of a single section of each
of the tubes is as tollows: BALD, 250 chms; BX5, 500 ohms;
BHB, 750 ohms. The values of output voltage are listed,
assuming an input voltage of 10 volts to the circuit, with
the polarity of the voltage such that the dicde V1 conducts
to the maximum value (10 volts) on the negative half cycles.

Tube Type Tube Type Tube Type
Yalve 6AL5 6X5 &Hé

of {250 ohms (500 ohms (750 ohms

R1 fwd res) fwd res) fwd res)

1K 8.0 §.66 5N
5K 9.52 9.09 8.9
10K 9.75 9.52 9.30
50K 9.95 9.90 9.85
100K 9.97 9.95 9.92

Output Yoltage of Diode Limiter Using Various
Tubes and Load Resistances, at 10 Yolts Input

It can be seen, from thetable above, that with a load
tesistance of 100K, which is 400 times the value of the
forward resistance of a type SALS tube, practically the en-
tire input voltage is availgble at the output of the limiter,
with only 0.3 volt circuit loss occurring within the tube.

FAILURE ANALYSIS.

No Output. Because of the relative simplicity of the
series, positive lobe diode limiter, the analysis of feilure
is likewise simple. The failure of either component will
cause trouble, but only the failure of the diode would be
responsible for a no-output condition. Cbvicusly, the failure
of the applied signal at the input to the limiter should be
suspected if no output is cbtained from the limiter,

Reduced or Unstable Output. In @ series, positive lobe
diode limiter, a reduced value of output would most likely
be due to a diode which has poor cathode emission, and
thetefore has 4 high intemal, ot forward, resistance, Itis
also possible, although less likely, that the load resistor
may have decreased in ohmic value because of age or over-
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load. 1f, however, the cathode emission of the diode falls
off, its interna] resistance will increase, and the end re-
sult will be o decrease in thecutput voltage. This con be
seen from the previous table, which shows the dependance
of the sutput woltage upon both the load resistonce and the
diode used. Consulting the table, suppose that the circuit
comprised one section of a type SALS diode ard a IK load
resistor. With o 10-volt input, the output may be expected
to be on the order of 8 volts, since the 6ALS has approx-
imately 250 ohms forward resistance, If, however, the
cathode emission decreased 1o the extent that the forward
resistance increased to 500 ohms {comporable to thatof the
type 8X5 diode), the output will alsc have decreased to
approximately 6,66 volts, comparable to the output of the

SXS under o normal operating conditions.
SERIES, NEGATIVE LOBE DIODE LIMITER.

APPLICATION,

The series, negative lobe diode limiter is used when
it is necessary to Hmit, or square off, part or all of the
neqative portion of an input signal wavetorm, and at the
same time allow the positiveportion of the input signal to
pass without modification of waveform,

CHARACTERISTICS,

Input sighal waveform containg both positive and neg-
ative signals.

Output wavelform contains only posttive signals.

Output amplitude is lower than input amplitude; no
amplification is realized in the circuit.

Output is taken across a load resistor,

Output signal is in phase with input signal,

CIRCUIT ANALYSIS.
Generol. The series, negative lobe diode limiter con-
sists essentially of ¢ diode connected in the signal line,
in series with the signal source and the load, and polarized
sG that the positive portions of the signal wiil pass threugh
the diode without being affected. The output is taken across
a load resistor which is connected in series with the diode.
Circult Operation. A simplified series, negative lobe
diode limiter is shewn in the following illustration. In this
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Simplified Series, Negative Lobe Diode Limiter ond Input-
Owutput Waveforms
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resistance) to the signal, andpasses the signal through

the circuit to the output. The total resistarce in the circuit
then consists of diode V1 connected in series with the load
resistor, R1, and this combination is connected across

the input terminals. As explained in the previous circuit
covering the series, positive lobe diode limiter, the value
of the load resistor should be many times greater than the
torward resistance of the diode, When this condition pre-
vails, most of the input signal voltage will appecar across
load resistor R1 and thersby be furnished to the output
tetminals, while only a small amount of the input voltoge
will drop across diode V1 and be lost insofar as the circuit
output is concerned. When the input signal goes negative,
the dicde cuts off and thus limits the flow of current in the
series circuit, The voltage across locd resistor RI then
fzlls to zere, andremains at zero unti the mput signul yoes
positive on the following helf cycle.

One application of the series, negative lobe diode limiter
is given in the following illustration, which shows a series-
connected peak noise limiter for use in un AM recejver,
This circuit operates as follows: Assume that an input

ce
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Series, Negative Lobe Diode Limiter Used in o Noise
Limiter Clecult

audio leve! (rectified de from a diode rectifier applied
between point o and ground of ~10 volts is applied to the
input terminals of the circuit. The cathode of dicde V1 is
connected to point ¢ and cssumes g potential through re-
sistors B3 and R4 of =10 volts with respect to ground.
(Since no appreciable current {lows through R3 gnad H4 there
-:A no appreciable voltage drop across them.) The plate of
diode V1 is connected to point b and, with no current flow-
ing, assumes a potential —5 volts with respect to ground,
through the voltage-divider effect of resistors Rl and RZ,
The plate of the dicde (point b) is thereby momentaniy 5
volts positive with respect to its cathode (point €); under
these conditions the dinde condorts, ond its resistonce
becomes approximately 2000 ghms, Capacitor Cl s con-
nected to point d and charges through resistor R3 to a po~
tential of apnroximately —7 volts with respect to ground
when the diode resistance iz 2000 chms,
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change in this potenticl would require approximately 0.1
second, because of the time constant of R3 and Cl1.,

1t a noise voltage of —100 volts suddenly appears at the
input to the circuit (point a) across Rl and RZ, the plate of
the diode [point b) will assume a potential of =50 volts
instantaneously, while its cathede {point €) remains at —7
volts due to the time delay of the R-C circuit R3C1. This
makes the plate of the dicde 43 volts more negative
than its cothode, and the resistance of the dicde becomes
almost infinite. This effectively disconnects point ¢ and
audio output capacitor C2 from point b, and the circuit
momentarily has no output except that small volue which
passes through B3 and R4, shunted to ground at their
junctien point by Cl, and also shunted by the capacitance
of the dicde. By the time the momentary noise pulse has
decayed, the cathode of the diode will have assumed a pot-
entic! considerably more negative than its plate (due to its
connection to point ¢, through B4 ond R3), ond will again
conduct the audic input signal from point b to point ¢ and
the output capacitor, C2,

The time period during which the circuit limits a noise
pulse depends upon the B-C time constant of R3 and Cl,
while the percentage of the cudioc input voltage which is
availuble at the output of the citcuit depends upon the re-
lationship of R1 and R2. The dctual values of these com-
ponents that may be encountered in a particular circuit de-
pend upon the intended use and application of the circuit.

FAILURE ANALYS!S.,

No Output, In a series, negative lobe diode limiter
circuit similar to that shown in the first illustration, the
analysis of failure is simple. Either the failure of the dicde
or the failure of the applied signal are the only possibilities
which could be the cause of a no-output condition,

When the series, neqative lobe diode limiter is used
in a more complicated circuit, such as the noise limiter
shown in the second illustration, afewadditional components
could be responsible for no output, If R1 became open-
circuited or if output coupling cepacitor C2 became open-
circuited no output would be reclized from the circuit. (If
Rl became operrciscuited, there is apossibility that some
small value of the input signal, without limiting, would be
obtained through B3 and B4, depending upon the particular
input waveform,) If capacitor Cl became shorted, the
cathode of the diode would be at ground potential and, since
the plate of the dicde is at aneqative potential, the diode
would be cut off; thus, no output would be obtained from the
circuit. In any case, an analysis of the particular circuit
would be necessary in order to isolate the foulty component.

Reduced or Unstable Output, A weak tube, due to poor
cathode emission, would likely he responsible for a reduced
value of output. In the application of the series, negative
lobe diede limiter shown in the secend illustration, « leaky
capacitor Cl could cause both a reduced and a distarted out-
put, while o substantial change in the value of either B3 or
R4 could be the cause of distorted output, gs could also «
shorted coupling capaciter C2. Since the output voltage is
dependent upon the comparative valugs of Rl and B2,
change in the value of either R1 or R2 will affect the cir-
cuit output. If Bl should increase in value, the output
voltage will decrease, while if R2 should incregse in value,
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output voltage will increase, An open capaciter C1 will
prevent the circuit from limiting and, as a result, noise
pulses will be present in the output; furthermore, some slight
increase in output may be naticed.

PARALLEL, POSITIVE LOBE DIODE LIMITER.

APPLICATION,

The paralle], positive lobe dicde limiter is used when
it ie necessary to Jimit any part of the positive portion,
or the positive-going part of the negative partion, of an
input signal waveform, andallow the remainder of the input
signal to pass without modification of waveform.

CHARACTERISTICS,

Input signal moy contain both positive and negative
signals. In special cases it may contain only positive
signals, in which case only those of higher amplitude will
be limited, or clipped.

Qutput waveform contains only negative signals, or sig-
nals which are less positive than apredetermined limiting
level.

Qutput amplitude is lower than input amplitude; no amp-
lification is realized in the circuit.

Qutput is taken across a dicde tube.

Output signal is limited when the diode conducts.

CIRCUIT ANALYSIS,

General. The parallel, positive lobe diode limiter cir-
cuit consists of a diode and aresistor connected in series
with each other across theinput signal, 'The diode is
polarized so that it will conduct during the positive portions
of the input signal, The output signal is taken across the
dicde tube and is produced during the period that the diode
does not conduct.

Circuit Operation. A simplified parallel, positive lobe
diode limiter is shown in the followingillustration. In this
circuit, the diode, V1, conducts only during the positive
portion of the input signal. When the input signal goes
positive, the diode conducts, and its internal (or conduction)
resistence drops from an infinite resistence, when non-
conducting, to a value of approximately 500 ohms. Since
the resistance value of resistor Rl is very large compared
to the conduction resistance of the dicde, proctically the

RI

INPUT QUTRUT

v
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INPUT outPut © ¢

S

Simplitied Parailel, Positive Lobe Diode Limiter and Input-
Qutput Waveforms
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entire value of the input voltage drops acress load resistor
R1, while only a very small voltage drops across diede V1,
This voltage may become neqligible when the ratio of the
load resistance Ri to the diode resistance is very high.
Some vaiue of voltage, however small, will still exist
across diode V1, becquse any dicde has some measutable
amcunt of resistance. This volue of \m]rrmp ig shown in
the output waveiorm as Evi, on the positive side of the
zerc-voltage baseline, andrepresents aloss in the circuit
because the quiput containg this unwanted amount of positive
signal. When the input signol goes negative, the diode dees
nct conduct, and the current flow through R1 is interrupted
{except for that infinitesimal current which flows thicugh R1
because of the high resistance cf the load r*onn's:cted te Lhe
mutput termnaisi,
through 31 there is no volmge drop across RL; hence, the
output veltage is equal to the input voitage. It should now
ke chviocus that f*m load impedance cor'nected to the output
terminals should be as high os possible in order to ohtain
the highest possible voltage at the output temminals The
actual value of the cutput voltage in the previcusly illu-
stroted circuit during the negative half cycle of the input
signal {neglecting the source impedcnee of the input signal,
and gssuming that the resistance of the diode when non-
conducting is infinite) may be caiculated by applying Ohun's
law accerding to the proportion:
Es:E1=Ha:

where:  E, = output veltage of circuit

E 1 = input voltage to circuit

Ra = cutput load resistance (impedance)

Rl - limiter load resistor
The proportion above can be restated and solved for E,,
as foliows:

Ha +R1

It can be seen from the above formula that the output voltage
(£} will be approximately equal to the input voltage (E )
when the cutput load resistance (R} is very large compared
to the tesistance of the limiter load resistor; {R1).

A paraliel, positive lobe diode limiter may beused 1o
limit only the peaks of the positive waveform, while allow-
ing a glven vclue of the positive signal 1o pass through the
circuil to the output. This may be aceomplished by applying

a biasing voltage, having ¢ v"h,e equal to the vaiuve of the
positive signal to be possed by the circut, tothe cathode
of the diode, as shown in the zccompmy:ng jlustration,
The hiasing, or limiting, voliage may be obtained from a
hattery as shown in the illustration, or trom a tap on a
bleeder resister connected in the output circuit of @ d-c
power supply. When connected as shown in the itustiotior,
with the cathode of V1 connected to the positive terminal
of the d— source, the cathode of the diode is held more posi-
tive than the plate by the value of Eiin the absence of an in-
put signal. As long as the positive cycles of the input volt-
age remain less pusitive than €y, the bias veltage of the
battery, the diode remains nonconducting, and the cutput

voltogs is approvimately equal io ihe jnput voliage. Since
.5 i

(4]
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INPUT QUTPUT

INPUT

Parallei, Positive Lobe Diode Limiter tised as a Pasitive
Peok Limiter

tive than E 1, these too cause the diode to remain nonconduct-
ing, with the result that the output voltage is approximately
equal to the input voltage. When the input signal increases
1o a volue which exceeds the voltage of E ), the diode con-
ducts during that porticn of the positive cycle when the in-
put voltage is grzater than E . During this peried of condue-
tion, the output voltage of the circuit is equal to the value
of E (on the positive cycle}, while the peak of the positive
input cycle which exceeds the value of E | is clipped, or
limited, cppearing as & voltoge drop across the diode load
resistor R1.

An application of the positive peak limiter is shown
in the follewing illustration, In this circuit an input timing

TIMING 1:1i
SULSE B A —!L—-’b SWEER
HPUT 10K wom.tr GEN
vi INPUT oUTPUT
/2 6HB _—ﬂ__ﬂ—{
120y t
+38V . H I | ;T
‘l_ gresd et LY
R2 - -
ZTOK} o T
L L
| = =
L4
+400V

Typicol Application of Porallei, Positive Labe Diode
Limiter in o Radar Indicator Circuit

pulse having a pulse duration of approximately 5 micro-
seconds andan amplitude of +120 velts, trom a radar trans-

mitter, is applied through a dicde limiter to o sweep generg-
tor circuit, to prM"cn fhe sweep presentmlon on an mdlcq—

fni
which is o parailsl,

. el
1'355’ r_*_:r_\f!cl :1ry\\.rnr' iw naed i neowide q Tieed Gllide

Tem
1he aigde umu\,.
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tude of +38 volts cutput to the sweep generator circuit.
This is accomplished by applying a fixed bias potential

of +38 volts to the cathode of diade Vi, from a veltage
divider composed of R2 and B3 connected 10 a +400volt
power supply, When the input signal rises tc a potential
more positive than +38 volts, V1 conducts, andits resistance
{conduction resistance) drops to a very low value. Since
the cathode isheld at a patential of +38 volts and the 18-
sistance of V1 is negligible, the potential at the plate of
V1 is also +38 volts, while the remainder of the +120-volt
input pulse appears as a voltage drop across the plate load
resistor, R, The +38volt pulse, which comprizes the out-
put of the limiter stage, is coupled through capacitor C2 to
the following (sweep generator) stage. The output potential
is thus held, or limited, to ¢ maximum of +38 volts, re-
gardless of how large the value of the pulse is at the input
to the limiter circuit. If, however, the input pulse decreased
to a value less than +38 volts, the entire pulse would be
passed through thecircuit to the output, and no limiting
wauld occur, In this event the voltage ot the plate of the
diode would be less positive than the voltage at the ca-
thode, and the dicde would not conduet.

A paraliel, positive lobe diode limiter may also be used
where it is desited to limit not only the entire positive
peaks of the input signal, but alsc apredetermined level of
the negative peoks, in order to furnish an output only when
the negative peaks exceed this predetermined level. This
may be accomplished by applying a bigsing voltage to the
cathede of the dicde, equal to the value of the predetermined
level, but of opposite pelarity to that of the preceding cir-
cuit, as shown in the following illustration. In this circuit

R
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INPUT QUTPUT
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Paraliel, Positive Lobe Diode Limiter Used 1o Pass
Negative Peaks

d negative potential E, is applied to the cathode of dicde
V1, from o battery or power supply. With the cathode
negative with respect tothe plate, the dicde is maintained
in a conducting state in the absence of an input signal, and
the output voltage is held at a steady {neqative ) d-c level
equal to E,. With an input signal applied to the circuit,

the output voltage will continue to be held at this steady d-c
level, with the input signal appearing across the diode load
resistor, R1, until the input signal becomes more negative
than E,. When this point is reached, the diode will no
longer conduct; its resistance will then have increased to

ORIGINAL

900, 000. 102 LIMITERS
an infinite value. As a result, the input signal, which pre-
viously appeared across R1 because R1 was much greater in
resistance than diode V1, now will appear qcross V1 and

the cutput terminals of the circuit, since V1 is now much
greater in resistance than Rl. The output signal, therefore,
contains only the negative peaks of the input signal which
are more negative than the biasing voltage, E,.

FAILURE ANALYSIS.

Mo Owrpur, In q parallel, positive lobe diode limiter
circuit similer to those shown in the first twe illustrations,
the cnalysis of failure is as simple as the circuit itself.
Ejther the failure of the diede by shorting, or the failure of
diode logd resistor R1 or coupling cepacitor C2 by oper-
circuiting, or the failure of the applied signal are the only
possible causes of a no~cutput condition.

When the parallel, positive lobe diode limiter is used
in a mere extensive circuit, such as in the radar indicator
circuit shown in third illustration, some of the additional
components could be responsible for no output. In this
particular circuit, which is intendedto limit positive pulses
to a level of +38 volts and not ta completely limit positive
pulses to zero potential, a shorted cathode bypass capacitor
C1 would cause complete limiting to zero (ground) potential.
Since the input contained only positive pulses, complete
limiting would produce no output.

Reduced or Unstable Output. In a parallel, positive lobe
diode limiter, a reduced value of output may be due to either
an increased value of the diode load resistor R1, or the
result of a change in the par allel portion of the circuit,
which consists of thediode itself and its cathode biasing
components when applicable. In the first two illustrations,
an increased value of R due to ovetheating ar aging or
an improper value of biasing voltage E, could be the cause
of reduced output. In the circuit shown in the third illus-
tration, the faifure of the applied voltage to the cathode
circuit or an open-circuited resistor R2 would cllow the
diode to almost completely limit the input pulses (gssuming
they are positive pulses, as shown in the illustration), and
would thus cause a substantially reduced output. If, how-
ever, the low end of the cathode voltage divider, resistor
R3, became open-circuited or resister R2 become shorted,
the full value of the bias voltage from the power supply
(+400 volts) would be applied to the cathode of V1. With a
+400-volt potential on the cathade, the diode would be
completely cut off, and no limiting would be realized. In
this case, the output signal would be the some as the input
signal.

PARALLEL, NEGATIVE LOBE DIODE LIMITER.

APPLICATION.

The parallel, negotive lobe diode limiter is used when
it is necessary to limit any part of the negative portion, ot
the negative-going part of the positive portion, of an input
signal waveform, and allow the remainder of the input signal
to pass without medification of wavelorm.

CHARACTERISTICS.
Input signal may contain both positive and negative
signals. In special cases it may contain only negative
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signals, in which case only those signals of higher ampli-
tude will be limited, or clipped, to a predetermined level.

Cutput waveform contains cnly positive signals, or
signals which are lessnegative than a predetermined limiting
level.

Output amplitude is lower than input amplitude; no
ampiification is aiforded by the clicuit.

Qutput is taken gcross a diode tube.

Output signal islimited to a preset value, determined by
initial circuit design, when the diode conducts,

CIRCUIT ANALYSIS.

General, The parallel, negative lobe diode limiter
circuit consists of a diode and o resistor connected in
series with coch cther ooross the nput signal, The duoue
is polarized so that it will conduct during the negative
portions of the input zignel, The output signal is taken
ocross the diode lube, and the cutput signal is produced
during the perioa that the diode does not conduct.

Circuit Operatlon. 1he circuit of ¢ simplified parallel,
negative lobe diode limiter is shown in the following illustea-
tion. In this circuit, thedicde, V1, conducts only during
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Simplified Pascllel, Negative Lobe Diode Limite. and input-
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effective value of the cutput signal, since it is a voltage
of opposite polarity.

A parallel, negative lobe dicde limiter may be used in
several different applications, each of which requires a
slight modification of the circuit and asscciated components.
By the application of a fixed value of biasing voltage to
the dioda threunh the use of a battery or biasing resister,
the voliage at which the diede will start 10 conduct, and
thereby limit, may be preset to any desired value, In
addition to the basic limiter circuit, in which the entire
negative lobe is cut off, or limited, two other applications
are commonly used. In these applications, either the peaks

of the negative portion of the input waveform may be limited,
or the peaks of the positive portion of an input waveform
muy e (EIEnES, while the remainder of the nositive portion
and all of the negative portion of the wavetorm are iimited,
These circuit applications are described in the following
paragraphs.

Waen it is desired to lmit only the neqative peaks of
the input signal andallow the remcunder of the neqative
portion and all of the positive portion (if any is included)
of the input signhal to pass, unmodified, to the output of the
limites, the circuit shown in the following illustration may
be used. In this circuit, a negative biasing voliage, eguc!

Ri
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Parallei, Negotive Lobe Diode Limiter Used as o Negative
Peak Limiter

in value to the negative signal which the circuit is to pass,
is applied from a battery or power supply Dieeder resisior
the plate of diode VI, while the positive terminal of the
bias voltage is returned to qround By thismeans the plate
of the diode is nmu Flt.‘q(luvc with respect io the cathode

oy the value ol Fy, duu-:; conditione of no input signal.
#her an input mgum Sidppaed iy 1Y, ony positive
voliage, or any value of negotwe volmge which is less
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The input signal will ther eby pass '}"O"GD the
esistor, B, 1o the cutput terminals, incurring
very little-if any=-voltage drep through Rl because of the
very high impedance of the load under nomal conditions,

and the extremely minute vaiue of current flowing in ihe

load circuit, The output signal will therefore be approximate-
iy equdl 1o the 1nput vohaae whiie the diode is nonconduct-
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drops to approximat ely 500 chms, which is very low com-
pared to the normally high value of load resistor R1. This
low tesistance is now in parallel with the output load,
effectively short-circuiting the output. The resulting cur-
rent which flows through V1 and its lood resister Rl pro-
duces voltage drops across Rl and V1 in direct proportion
to their resistances. Since Rl is vety high compared to the
forward, or conduction, resistance of V1, practically all of
the negative portion of the input signal which is more
negative than E, appears as aveltage drop across Rl, and
is thereby clipped from the output signal. Thus the value
of the applied biasing voltage, E,, establishes the point at
which the circuit will limit, or clip, the input signal.

En application of the negative peak limiter is shown in
the following illustration. This circuit is used as ¢ noise
limiter following the diode detector stage in an AM receiver,
The output of the detector is @ negative audic signal having
a maximum value of 0.2 volt rms, und this signal is applied
to the input of the pedk noise limitet, The resistors, Rl and
R2, are connected as o bleeder to a negative 150-volt power
source, ' The -1C volts obtained at the junction of R and
R2 due to the voltage divider action is applied as a fixed
bias to the plate of the parcllel diode limiter, V1. ‘Under
normal conditions the input signal is passed through coupl-
ing capacitor Cl to the output terminals, unaffected by V1
and its associated circuit. - When a noise pulse having a
peak amplitude exceeding -10 volts (the value of the fixed
bias applied to V1) appears at the input terminals, diode
V1 conducts, placing an effective short eircuit across the
output terminala for the duration of the noise pulse, The
noise pulse is conducted to ground through the low resist-
ance of V1 {when in ¢ conducting state) and the low react-
ance offered by C2 to a shorp noise pulse, -Since the noise
pulse is shorted to ground, the pulse is prevented from
activating the age circuit, which would in turn block the i-f
amplifiers and interrupt the output signal for @ much longer
time interval than the actual time duration of the noize pulse,

cI
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Perallel, Negative Lobe Diode Limiter Used as o Peak
Noise Limiter
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FAILURE ANALYSIS.

Ne Output. The analysis of failure which results in
no outout from a parallel, negative lobe limiter should
be relatively simple, because of the small number of com-
ponients comprising the circuit. In the first two iilustrations,
for example, only three conditions could be the cause of no
output. Either the dicde load resistor K1 may be open-
circuited, the diode V1 may be shorted, or the input signal
may have failed. One other condition could contribute to
no output in the second circuit illustrated, but the possibili-
ty that this condition will cceur is temote, If the input sig-
nal to this circuit contained only negative pulses, the peaks
of which were to be limited, and the biasing veoltage E, was
removed (because of battery or power supply failure) or the
polarity of the voltage was inadvertently reversed, then the
entire negative input signal would be conducted to ground
through diode V1, and no output from the circuit would be
chtained. In @ more complicated circuit, such gs that shown
in the third illustration, additional cquses of no output
may be an open coupling capaciter Cl, o shorted bypass cap-
acitor C2, or failure of the biasing voltage due to either
power supply foilure ot an open resistor R1 in the voltage
divider cireuit.

Reducad or Unstable Qutput, A reduced or an unstoble
output from ¢ perallel, negative lobe diode limiter may be
due to a substantially increased value of the diode locd
resister, R1, resulting from overheating or aging; an inter-
mittently shorting diode, V1; or an erratic output from the
biasing voltage supply, E,, when used. In ¢ more extensive
circuit, such as that shown in the third illustration, aleaky
coupling capaciter, C1, would contribute to an unstable or
erratic output. In addition, if the resistor at the low end of
ot the bleeder supplying the biasing voltage became open-
circuited (R2 in the circuit illustrated), the cutput of the
cireuit would be distorted from the normel output, in that
the output would contain negative signels up to a pessible
negative 150-voit value, and no limiting would be obtained.
If, on the other hand, bypass capacitor CZ2 became open-
circuited, a sharp negative increment of a noise puise applied
tc the input to the circuit would encounter a much greater
impedance to ground through R2 than would normally be
offered by C2. As aresult, the decay time of the noise
pulse would be increased because of R2, resulting in dister-
tion of the output waveform.
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TW0.DIODE, POSITIVE AND NEGATIVE LOBE DIODE
LIMITER,

APPLICATIDN.

The two-diode, positive and negative lobe diode limiter
is used where it is required to limit both the positive and
neqative pecks of an input signel waveform, in order to

prevent the o cutput mgﬂ\'}l frém EXCSEd‘ng p'ede’.ei""‘"“ﬁ

maximum values for both the positive and neqative peaks.
With the elimination of both peaks, the remaining signal is
generally of square-wave shape; therefore, this circuit is
often used as a square wave genergtor.

CHARACTERISTICS,
}upul :uguul Sonsaing both yCS.t‘“'C‘ and “"g"”"” q‘g!"”]c.
Cutput waveiorm contains both positive and negative

signals, both of which do not exceed values which are preset

limits in the initial design of the circuit.

Cutput amplitude is lower than the input amplitude; no
amplification is ctforded by the circuit.

Qutput is taken across two reverseconnected diode
tubes.

CIRCUIT AMALYSIS,

General. The two-diode, positive and negative lobe
diode limiter consists of two dicdes, a source of both posi-
tive and negative voltage, and a load resistor. The load
resistor is connected on the input side of the two diodes,
and the diodes with their source of {bias) veltage are con-
nected in paralle! with each other and in parallel with the
output terminels of the circuit. The output signal is pro-
duced as a repetition of the input signal during the interval
that either diode does not conduct, and is limited at the
point where either diode conducts.

Circuit Operation. The circuit of a simplified two-
diode, positive and negative lobe diode limiter is shown in
the tollowing illustration. In this circuit the two dicdes,
V1 md V2, each have a d-c voltage connected in series
with them. The cathode of diode V1 has a positive potent-
ial applied which, for the purpose of illustration, has a
value of +3.0 volts, as indicated in the associated wave-
form. The plate of V2 has a negative potential applied,
which for illustration has a value of -3.0 volts. A load re-
sistor, R1, is connected between the input terminals and
the two diodes. Under conditions of no input signal, both
dindes are in a nenconducting state, since the voltages
that are gpplied to them ure of such polarity as tc oppose
the fiow of current through the diodes. These voltages are
often termed bias voitages, since they estoblish the level
of potential at which the diode will switch from a noncon-
ducting to a conducting state.
signc:l hcving a sine waveform with positive and negative
peaks of +6,0 and ~6.0 volts, respectively, is applied ©©

: :
Now dssume that an ingut
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Simplified Two-Diode, Positive and Negative Lobe Diode
Limiter and Waveforms

the input to the circuit, as shown by the input waveform in
in the illustration. When the voltage on the pasitive cycle
of the input signal regches +3 valts, this same value of
voltage appears at the plate of V1, since, with no current
flow, there is no voltage drop actoss the load resistor Rl
At this point the plate voltage is equal to the voltage op-
plied 1o the cathode from the bios battery, E,. As soon as
the positive cycle of input signal exceeds +3 volts, diode
V1 conducts, and a current flows through Vi and load re-
sistor Rl. If the voltage drop across VI is assumed tc be
negliqible any value of input vc:ltage which exceeds +3
volts wiil appear as a voltege drop ucruss R, TeSumnq from
the current flow due to the conduction of V1. This is in
accordance with Kirchhoff's laws, in that the algebraic

sum of the voltage drops and the applied voltage arcund

any closed ¢ircuit equals zero. (At this moment~during

the positive input cycle-the parallel path consisting of diode
V7 and battery E, is effectively out of the circuit, since it
is in g nonconducting state.) The signal at the output
terminals, during the positive half of the cycle, will then
rise in sine-wave fashion to a value of +3 volts, at which
point the voltage will be limited, ot held, until the input
signal passes through its peak of +8& volts and falls to +3
volts again, when it will follow the sine waveform during
the decay of the positive cycle down to zero volts. Thus
the positive half cycle of the output woveform will have a
flat top at +3 volts. When the input signal passes through
zeIo volis and increases in o negative direction, the out-
put signal .etams the s:"e v.'"vefom. until the input signal
reaches u value of =3 velts. At thiz point ¢
voltage of VZ is equcl to the negative voltage {~3 volts}
Jppiied to the plate of V2 from bias battery E,, As soon as
the negative cycle of the input signal exceeds (negatively)
the -3 volts bias, diode VZ conducts, causing a current to
flow through V2 @d load resistor BL. In a similar monner
to that described for diode V1 and the positive cycle, any
value of input voltage which is more negative than ~3
voits will appear ag q voltage drop across Hi, as g result
of the current flow when V2 conducts. The output signal,
during the negauve half cvcle, will then follow the sine
“\"‘\.’E" II‘“I 1 |Ir

~othads
he ca
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ihe vOnut]r will be limited until the input signal posses
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through its negative peck of 6 volts and retums to the
value of =3 wolts again. Then V2 will stop conducting,

and the cutput signal will again follow the sine waveform

of the input signal as the negative half of the cycle is
completed.

The point at which the positive portion of the input
signal will be limited, or clipped, may be preset by apply-
ing a positive bigs woltage of equal value to the cathode of
diode V1, which is the positive peck limiter diode. In like
manner, the point of negative limiting may be preset by
applying d negative bias voltage to the plate of the nega-
tive peck limiter dicde, V2. In this way the output signal
may be held within any desired positive and negative limits.
Such a circuit is sometimes referred to as a gate clipper,
since it acts as a gate which allows the center portion of an
input signel to pass through to the output. More infre-
quently it is known as a slicer,

When the applied bias voltages are equally positive and
negative and of o low value, while the input signal is a
sine wave of g relatively high value, most of the curved
portions of the sine wave at its peaks will be clipped, and
the remaining positive-going and negative-going portions of
the waveform will have steep sides which approach the
vertical, Thus e fairly accurate square wave cutput may
be obtained, and such a circuit is often used as a square
wave genarator,

FAILURE ANALYSIS.

No Output. In a two-diode, positive and neqative
lobe diode limiter such as that previcusly illustrated,
several conditions could be respensible for no output.
Failure of diode load resistor R1, due to an “‘open’’ resis-
tor, or failuse of the applied input signal would result in
nc output. Another possibility which should be investi-
goted is the failure of both bias voltages. If individual
patteries are used for both the negative and positive biases,
the simultaneous fdailure of both is very unlikely, and thus
some measure of output signal would be cbtained. If,
however, the bias voltages are obtained from a d-c power
supply operated from a power line, and the power supply
failed, the dicdes could then conduct through the circuit
completed hy the bleeder resistor in the cutput circuit of
the power supply, Under these conditions the positive
portion of the input signal would be clipped, or limited, by
diode V1, and the negative portion would be limited by
dicde VZ; thus no signal - or extremely little - would be pre-
sent at the output terminals,

Roduced or Unstable Qutpur, [n a two-diode, positive
and negative lobe diode limiter, a reduced or unstable
output may be due 1o a defective load resistor, R, which
may have suffered a considerable incregse in resistance
value. In addition, poor emission of the cathode in diode
V1 or V2 may cause unstable ocutput, as may alse insuffi-
cient bias voltage E, or E, due to aging batteries or a de-
fective power supply. Finally, the possibility of a reduced
value of input signal, due to some defect in the preceding
circuit, should not be overlooked,
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TRIODE LIMITERS.

APPLICATION.

The triode limiter is used to limit, or square off, a
porticn of the input waveform. [t is often referred to as a
clipper, or clipper amplifier, because of the '‘clipped’’
appearance of the wave peaks in the ocutput waveform.

CHARACTERISTICS.

Input may be a positive signal, a negative signal, ot a
combination of both in which the waveforms on the positive
and negative portions may be either the same or different,
depending upon the design application.

Cutput may be a positive signal with the negative por-
tion completely clipped, or a negative signal with the
positive portion completely clipped, or either a positive or
a negative signal with the opposite portion partielly clipped,

Output amplitude {peak value) may be higher then in-
put amplitude on the peck which is not limited; that is,
amplification is afforded by the circuit. However, the over-
all amplitude (peak to peak) of the output signal may be
higher or Jower than the input amplitude, depending upon
the circuit application design.

Qutput sigqnal is out of phase with input signal.

CIRCUIT ANALYSIS,

Genercl, Triode limiters ore extensively used in radar
circuitry, where very narrow pulses often are required to
trigger oscillators into acticn, or to force grid potentials
above cutct values so that a tube may conduct for o short
period, ot to modulate radio-frequency power into brief
pulses. Alternate positive and negative pulses, obtained
from various types of pulse-generating circuits, may be
passed through @ limiting circuit to obtain pulses which
are either positive ot negative with respect to a predeter-
mined reference level. This reference level may be at
zero voltage of any desired value of positive o negative
potential. By alternate stages of amplification and limit-
ing, the pulse may be narrowed to any width desired,

Circuit Operation. Tricde limiters may be divided into
four classifications: Grid Limiters, Saturation Limiters,
Cutoff Limiters, and Overdriven Amplifier Limiters. The
specific characteristics and circuit cperation of each of
these clossifications are comtained in the four circuits to
follow in this section. A brief discussion of triode limiters
in genetal is given in the following paragraphs.

A qrid limiter utilizes the grid-to-cathode circuit of a
triode in the same manner that the plate-to-cathode circuit
is utilized in a parallel, positive-lobe diode limiter, The
similarity between these two circuits is shown in the fol-
lowing illustration.

In part A of the accompanying illustration, the grid of
the triode, when driven positive with respect 1o the cathode
by the positive portion of the input signal, conducts current
and acts the same as the plate of the parallel diode shown
in part B of the illustration. Limiting of the input wave-
form occurs only when the triode grid draws current.

A soturation limiter utilizes the cathode-to-plate cir-
cuit of a triode, with an input signal applied to the grid
which is of sufficient amplitude to cause plate cument
saturation on the positive portion of the cycle, but which
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Typical Limiter Circuits

is not of sufficient amplitude to drive the plate current to
cutoff on the negative portion of the cycle. A typical
saturation limiter circuit is shown in the following illus-
tration.

Q
-~
R OUTPUT
INPUT
c 0

Typical Triode Soturation Limiter

In this circuit, a relatively low plate voltage is used,
and is obtained from the requiar plate supply by means of
a voltage divider composed of RZ and R3, with the low-
vohuge tap filtered by means of T2 The plate lead resis-
tor, RY, is of o high value of resistance. The combinat-
ion of a low plate voltage and high load resistance allows
an input signal of regsonably lew amplitude to cause max-
imum plate current (plate current saturation) to flow, during
the positive portion of the input signal waveform. As are-
sult, any further increase in anplitude during the positive
portion of the input signal will be cut off, or limited, since
the plate current is already at its maximum limit. The out-
put waveform has its negative portion elipped, similar to

the output of the grid hmner, because of phcx:,e inversion

srithiv the trind
witiin the tricce,

A cutoff limiter utilizes the zero plate current potiion
he E 41, curve of a triode, with an input signal whick

o
=
—

is of sufficient amplitude to cause plate current cutoff on
the neyative oortion of the input signal, but which is not
of sutticient amplituae to drive the piate curient to sat-
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uration on the positive portion of the input signal. The
circuit of a typical cutoff limiter is shown in the following

illustration.
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Typical Triode Cutoff Limiter

In this circuit, self-bias is obtained by means of cath-
vde resistor Ri, bypassed by C1 to maintain the d-c bias
value relatively constant. The value of R1, in combination
with the voltage at the plate of V1, determines the no-signal
grid bias. If cathode tesistor Rl is sufficiently high in
value, the bigs will set the operating point nearly to cut-
o, It should be noted that, in this circuit, with no input
signal the value of self-bias can never drive the tube to,
or beyond, cutoff, because the cathode bias is obtained
only as a result of cathode (plate) current, and if the triode
could be at cutoff there would be nc plate current, hence no
cathode bias. If, however, the operating point is set
nearly to cutoff, limiting will occur on the negative por-
tiens of an input signal. The output of the circuit will have
the positive portion of the waveform clipped, because of
the phase inversion within the triode.

An overdriven cmplifier limiter utilizes the combined
characteristics of the soturation limiter and the cutoff
limiter. The input signal is of very high amplitude—often
ten times the value required to drive the grid to cutoff and
to soturation, The circuit of a typical averdriven amplifier
limiter is shown in the following illustration, In this cir-
cult, the cathode is operated at ground potential, and the
input signal to the grid is o approximate square wave
which is produced from a sine wave by a preceding limitet.
The purpose of passing this signal wavefcem through the
overdriven amplifier limiter is to mcke the sides of the
square wave steeper. The input signal has ¢ high ampli-
tude of approximately 150 volls pesk to peak. When the
circuit condition s have assumed a stabie operating condi-
tion (aftet 1he compietion of severul input cyc;es} an

reault of Lhe mput woveforr. applied to the R-C circu
composed of Rl and Cl. When the input signal, on 1ts
tive cycle, drives the grid above cutoff, the tube con-

el
D
& As the

251
Lirte A the niate yoltane of V1 dmne sharpiv
ucts, ond the nlate yoltage of V1 drops sharply,

iNpUL SIGRAL CONLINUES (U InCreuse un e pusiuve Lyuie,
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Typical Overdriven Amplifier Limiter

the grid {s driven above ground potential, and at this point
grid current flows, limiting the signal. The plate voltage,
now at its lowest value, remains at this point until the
input signal passes through its positive peak and falls
again to ground potential, when grid current ceases to flow.
Limiting of the positive peak is thus completed. When the
input signal, on the negative cycle, falls to the cutctt
potential of the grid, conducticn ceases, and the signal is
limited on the negative peak, The plate voltage, now at
its highest value, remains at this point until the input
signal passes through its negative peck and ogain retums,
on its positive cycle, to cutofl, when the operating cycle
is repeated. In this manner, the oerdriven emplifier may
be utilized to clip both the positive and negative peaks of
an input signal, and at the same time decrease the rise and
fall times of the center portion of the input waveform by
steepening the sides of the output square wave.

FAILURE ANALYSIS,

No Output. The circuits of triode limiters present
various configurations, depending upon their type and
particular application. In general, a no-cutput condition is
usually caused by a defective tube or a failure of the in-
put signal. If a tube becomes defective as a result of in-
ternally shorted elements, an excessive current may
momentarily flow and cause the bumnout of a cathode aor
plate load resistor, and possibly a plate supply voltage
divider resistor if used. Therefore, if o shorted tube is
found, the possibility of these additional defects should
not be overlooked. An open output coupling capacitor
could be the cause of no output, as could also failure of
the plate voltage supply. One additicnal possible cause of
no output, although rare in occurrence, is failure of cath-
ode emission in the tube due to traible in the heater supply
circuit. Therefore, although it may appear to be superfluous
to mention, the triode should be checked to see that the
heater/cathode is glowing and that the tube envelope is
warm.

Reduced or Unstable Output. Reduced output or un-
stability in a triode limiter could result from several con-

ditions. A tube having poor cathode emission, due to age
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or sustained overload during its operating life, may be re-
sponsible for a reduced value of cutput. A change in
value of a grid resistor, if used, may affect the waveform
of the input signol obnotmally, andthereby reduce crdistont
the output waveform. If the circuit contains an input capa-
citor, and the capacitor is leaky or shorted, an improper
value of bias may be applied to the grid from o preceding
stage, theteby changing the opetating point of the grid
with reference to the input signal. If an output capacitor,
where used, becomes leaky ar shorted, the plete voltage
may be decreased because of the additional load path and
the increased cusrent through the plate load resistor, re-
sulting in reduced cutput and possible distortion, A short-
ed cathode bypass copacitor, if used, would cause the
cathode to operate at zero bias, increasing the plate cur-
tent and possibly causing qeid current to flow, resulting in
distortion of the sutput waveform. A reduced value of volt-
age applied to the plate of the triode, as a result of a de-
fective power supply, may change operating conditions, in
addition to being the cause of a reduced value of output
signal.

TRIODE GRID LIMITER.

APPLICATION.

The tricde grid limiter is used to limit, or clip, the en-
tire positive half cycle, or g portion thereof, of the input
waveform.

CHARACTERISTICS.

Input may be either a positive signal or a signal con-
taining both positive and negative portions.

Output may be a negative signal with peaks clipped, or
a signal having positive and negative portions in which all
or a portion of the neqative peaks are clipped.

Output siqnal is out of phase with inout signal; thete-
fore, the clipped pesitive half cycle of the input becomes a
clipped negative half eycle of the output signal.

Output signal will contain a positive signel which is
the amplified negative input signal. [t may contain a nega-
tive porticn, which s the result of a partially clipped posi-
tive input signal that has been amplified. The aver-all
output peak amplitude may be higher or lower than the in-
put, depending upon the circuit application design.

CIRCUIT ANALYSIS.

General. The triode grid limiter is similar in its
limiting action to that of the patallel, positive lobe diode
limiter. An advantege of the triode grid limiter over the
diode limiter, however, is that amplification of the negative
portion (that part of the input signal which is not limited)
is accomplished, in addition to the clipping action. In the
triode grid limiter, the clipping is obtained s a result of
the action of the cathode and control grid, in the same
menner as the action of the cathode and plate of a dicde
limiter. Limiting action is obtained when canduction oc-
curs i.e , when the grid is positive with respect to the
cathode. When conduction of the “'diode™ (cathode to grid)
does not occur, i.e., when the grid is negative with respect
to the cathode, emplification and phase inversion of the in-
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put signal take place, in the manner which is characteristic
of a reqular triode amplifier.

Circuit Operation. A typical unbiased grid limiter cir-
cuit is shown in the following illustration. In this sircuit
the input signal is apelied to the qrid of triode V1 through

Typical Unbiased Triode Grid Limiter ond Input-Output

Waveform

grid resistor Rl. In thecircuit iilustrated the no-signal
plate current will be relatively high because the tube is
unbiased; fherefore the plate voltage will be corresponding-
{y fow. For this reascn, 3 positive input signal may have
little effect upon the plate current. However, when the in-
put signai goes positive, this positive voltsge appecrc ot
the grid of V1, and gtid current begins to fiow. Since the
cathode of V1 is grounded, the only resistance to the flow
of grid current in addition to Rl is that offered by the grid-
1e-cathode resistance of V1, If grid resister 2] has o very
high resistance in compquson to the gricto-cathode resist-
ance of V1 when grid current flows, practicaily the entire
resitive portion of the input signal will be clipped, or {imit
ed, to the voltage of the cathode (which in this particular
circuit is zerc voltage, or ground potential).
manner that the reverse Tesistance of g diode {the plate-to-
cathode resistance when in o nonconducting state) is in-
ii‘)iie, while the forward for conduction) resistance is only
00 l(’.'lpuumu'n‘jtelv\p chms, 5o alse is the g !l.:-’h-('(‘l""f'ﬁp e~
sistance of a triode of an intinite volue when 1 a noncon-
ducting state {when the grid is negative witn respect (o e
cathode); however, this resistance drops tc o value of DUy
to 1000 ohms when the qrid becomes positive with respect
o the cathode, Therefore, practicoily the entire value ot the
positive portion of the input voltage will drop Geross the very
high resistance of Ky and is snown on the input wavelom oo
ai. Only 2 very smabl part of the inout volluge will drop
across the grid-to-cathode {conduction) resistance cf V)
wlic ze; this vnlwge drop,
although small, s shown on the 1nput waveiorm ag the velue
Eqx- As aresult of the smail positive bias on the grid of
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R2, resulting in o minimum {nearly zero) voitage at the

plate of V1. Because of the phase inversion within the
triode, the effective gric valtage, which is the minimum
positive voltage drov across the grid-to-cathode resistance
of V1, becomes an inverted {n=gative) and omplified vait-
age, although still minimum, at the plate of V1.

When the positive half cycle of the inpat signal is com-
pleted and the input voltege falls o zero {the potential
the cothode), the grid curent ceases to fHow. As aresu
there is no longer a voltage diop across Ri. Then, c- the
grid goes more neqative during the negative half cycle,
with no veltage drop aerass K1, the entire value of inpat
voltage appears at the grid of V1, since it is appli
the {infinite) resistance bs=-‘w9f=“; =7 il md the ¢
Raquming that the nammeyn a0

1 g

grid to cutoir the r‘egmwe half cycxe 1S amplliied by e
triode and inverted, and th! ;
the output terminals of

inpey 'v‘ff‘;‘J‘Z‘fO!',’T“ anpenrs at
pgsy_um nortion of the \ i ar
limited, pracucally to zero, wmle the neqct;ve pomon of
the input signal is amplified without distorticn and inverted,
and passed through coupling capecitor O1 to the output
terminals.

Ancther type of grid Hmit
leak bias to limit both the ;
the input signal, is the grid-L
ed below, In this circuit, a sine wave from a master os-
cillater is applied to the input teminals, to produce a
square wave which will be eventually used to produce
trigger and timing pulses in a radar circunt cppllccmon.
The tricde, Vi, aperatas without fixed has, but develers
grid-leak bias as a result of grid current flow. As the in-
sut voltage tises, d"”"g tha nacitive mmtion of the inpi
signal, the input caipling @
of the current which fiows 1
and through grid resistor R
ade resistance of V0L
cycle is completed and the input goes neguuvc, the C‘IL\JLQE
in capacitor Cl leuks off through resister Rl
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charging cycle of Cl, the resistance in series with C1 con-
sisted of Rl in parcllel with RZ and V1. During discharge,
V1 will not conduct when the grid is more negative than the
cathode, and therefore the resistance in series with Cl is
that of Bl alone. The resistance in series with C1 is there-
by greater during discharge than it is during the charge
cycle; as a result, d charge accumuletes in capacitor C1
and becomes a neqative bias, applied to the grid of V1
{between grid and cathode).

The negative bias cn the grid, produced by the flow of

grid current during the charging cycle of Cl, acts in opposit-

ion to the effect of the input signal in driving the grid posi-
tive. The bias thetefore establishes the average valve, or
baseline, about which the input sine wave varies. [n the
previous illustration, this bias is shown as having a value
of —8 volts. Now, when the input signal during the posi-
tive portion of the cycle swings from —8 volts to zero volis,
or cathode potential, the flow of grid current through the
high velue of the grid resistance of R1 limits the signal

at approximately zero volts ot the grid of V1. The in-
creased flow of plote current through the plate load resis-
tors, R3 and R4, produces an increased voltage drop across
them and a minimum voltage at the plate of V1. This is
shown in the output waveform as the output signal falls
from +150 volts 1o +50 volts, and is clipped at the level of
+50 voits until the positive portion of the input signal, at
the input terminals, passes through the crest of the wave-
form and falls back to zero volts. As the input signal falls
below zerc volts, the plate current begins to fall, the volt-
age drop in R3 and R4 decreases, and the voltege at the
plate of V1 —which is the cutput voltage of the circuit ~
begins to rise. When the neqative-going input signal falls
toward the cutoff bids value, the plate current decreases
toward zero, reaching zero when the combination of input
signal and bias reaches cutoff. The plate voltage of V1,
and therefore the output signal voltage, increases toward
the B+ voltage, reaching this value of +250 volts ot cutoff.
Thus the top of the cutput waveform is limited, or clipped,
at the level of +25( volts, as shown in the illustration.

A third type of grié limiter circuit is that in which a
fixed negative bias is applied to the grid, from a battery or
d-c power supply. A typical circuit of this type of grid
limiter is shown in the following illustration. In this cir-
cuit, a fixed bias of —5 volts, dc, is applied to the grid
from @ bias supply, along with the input signol. As the
signal increases from the negative 5-volt bias value in a
positive direction, the plate current increases in accord-
ance with the signal input, with a consequent decrease in
plate voltage, until the input signal reaches the cathode
potential of zero velts. When this peint is reached, any
further rise in grid voltage drives the grid positive with
respect to the cathede, and the resulting flow of grid cur-
tent through grid tesistor Bl limits the voltage ot the grid
to approximately zerc volts (disregarding the voltage drop
acress the grid-to-cathods resistance of V1), The plate
voltage, now at its lowest value, is clipped, or limited, at
a level detemmined by the circuit application, which for
illustration is shown as +50 volts in the cutput waveform.
As the input signal passes through its positive crest and
falls, grid current ceases to flow when the input signal falls
to zero volts. During the temainder of the positive half

ORIGINAL

NAYSHIP S

LIMITERS

900, 000. 102

o] INPUT

GRID
BIAS

CUTQFF
_______ BIAS

CUTPUT
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cycle of the input signal, and through the complete nega-
tive half cycle, the flow of plate current follows in gecord-
ance with the grid voltage, without distortion, and the
amplified and inverted waveform of voltage is furnished to
the output terminals of the circuit. (The amplitude of the
negative portion of the input signal {s not sufficient to
drive the tube to cutoff.)

A fourth type of grid limiter circuit is the self-biased
grid limiter, in which the bias is cutomatically developed
by the flow of plate current through a bypassed cathode
resistor, A typical circuit of this type of grid limitet is
shown in the following illustration. In this circuit, the
grid of V1 is nommally held at ground potential, and the
gtid bias is ptoduced by the flow of plate current through
cathode resistor B2. In order to maintain the bias at a
relatively constent level, so that it does not vary with the
input signol waveform, R2 is bypassed with capacitor C2,
which hes a large volue of capacitance, The flow of plate
current through R2 established the cathode of V1 at ¢
positive voltage above ground potential, thus fumishing
the bios to the grid, which is at ground potential and there-
fore negative with respect to the cathode. When the input
signal rises at the start of the positive half cycle, the
plate current in V1 increases with the signal, and the
wavefonn is not limited until the grid voltage reaches o
value egually positive to that of the cathede. When this
point is reached, a further rise of the input voltage pro-
duces grid current, which results in the limiting of the
voltage at the grid. This is indicated by the input wavetorm
in the illustration, at the point of cathode bias, Grid cur-
rent ceases to flow, ond thereby limiting is completed,
when the input signal has fallen back to the point whete
the voltage is equal 10 that of the cathode, During the
remainder of the positive half cycle, and throughout the
negative half cycle, the clircuit operates as a Class-A
amplifier, fumishing an output waveform which is an ampli-
fed and inverted tepreduction of the input signol, without
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distortion. (The amplitude of the negative portion of the
inout stgnal is not sufficient to drive the tube to cutoff,)

FAILURE ANALYSIS.

Mo Output. The analysis of foilure which results in
no output from ¢ tricde qrid limiter is somewhat similar to
that of the paraliesl, positive lobe diode limiter. In the
triode grid limiter, failure of triode V1, or an open-circuited
grid resistor or plate load resistor, or failure of the plate
supply voltage could each be responsible for o no-output
conditicn. If the circuit utilizes cathode bias, an open
cathode resistor would alse be a cause of no cutput. If the
circuit contains inpuyt and/ot cutput coupling capacitors,
an gpen-citcuited capacitor in either position would result
in no output. Finally, failure of the applied signal, or an
input signal of incorrect waveform or voltage level, could
also be responsible for a no-output condition.

Reduced or Unstable Output. Assuming that an input
signal of correct waveform and voltage level is being fur-
nished to the mput tenninals of a grid Hmiter cirealt, 2 re-
duced value of cutput is probably the result of either in-
sufficient signal at the grid terminal of the tricde, insuffi-
cient voitage ot the plate terminal of the triode, or ¢ leaky
or plate circuit, when used
4 moy he due to adefective

e b

\_Luyxlmﬂ x.CIym.' tcr in the g!'l
Insutfisteat & Lt tha
grid resistor which has increased in value or become open-
circulted, Tnsufficiont plate voltage may be due to o de-
fective plate ioad resistor or insuificient plate supply volt-
age brought about by a defect in the power supply. &
shorted plate cutpus coupling copacitor may also be re-
sponsible tor low plate voitage, with the following stags
laading the plate circuit, A cathode resistor, if used, may
be too low in value and couse excessive plate curreni, 1e-
SL.ltin" in a low plate voltage. Leaky coupling capacitors,
it used, may couse distortion of the waveform, in oddition

'
i p;u\.un.d @ cdditional loud o

shomad or legky decnunling capan
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decoupling circuit, when used, would be responsible for
low, or absence of, plate voltage.

TRIODE SATURATION LIMITER.

APPLICATION,

The tricde saturation limiter is used to limit, or elip,
the positive peaks of an input wovelform, This limiter is
usef:l when low amplitude input signals @e used, at
rather low plate supply voltages.

CHARACTERISTICS.

Input may be a positive signal or a combination of
positive and negmive siqnais.

Output may be @ nogative signol with the neqative peck
clipped, ot o combinatiap of nequnve and pasitive signais
with the negative peaks, ot the entite negative portions, of
the signal clipped.

Output amplitude {pack value) may be higher than input
amplitude on the positive peak of the output signal. Ampli-
fication of the unclipped portions of the input signal is
provided, The total (peak-to-peak) output amplitude may be
higher or lower than the input amplitude, depending upen the
relative values of the positive and negative pecks of the
input signal waveform.

Output signal ig ocut of phase with input signal.

CIRCUIT ANALYSIS,

General, The triode saturation limiter differs from the
triede grid limiter in its limiting oction, in that the actual
limiting {s scocomplished in the plate circuit, while in the
qrid limiter it is acoomplished in the input, or grid circuit.
In the saturation limiter the entire input signal is applied
10 the grid of the triode, Amplification of the entire sig-
nal is provided by the triode, up to its maximum capability
insofar gs its maximum plate current is concerned, When
the input signod 1o the grid is such that meximum plate cur-
rent flows, any additional value of input signal has no
further efiect on the plote current; this additional value is
thereby limited, or clipped, at the level of maximum current
flow in the plate circuit.

The action of the tricde saturation limiter is simtlar
ta that of the triode grid limiter in its end result; that is,
in both cases the positive portion of the input waveform is
the portion which is limited, or clipped. In the saturation
limiter, however, the sutput is generally of o higher ampli-
lude, because the plute Currer' is drlver' o 1ts Tncm'mum

the plcne cucult 0 its maxzmum conducuon 10 produce
limiting, this becomes a disadvantage because a higher in-
ot signal is required to drive the grid.

Circuit Operation. The circuit of a typical triode
saturation limiter is shown in the accompanying illustration,
In this circuit the input signal, which is obtained from
a low-impedance source that is capable of o relatively high
power cutput, ig applied directly to the grid of triede V1,
and no grid resistor s used. The cathede is connected
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directly te ground, and the triode is thereby operated at
zeto grid bias. A voltage divider, consisting of R3 and R2,
is connected in the plate supply circuit, to obtain a lower
value of valtage. Capacitor C2 acts ¢s an additiona] filter
for the plate voltage supply, while resistor Rl is the plate
load resistor. If the resistance value of Rl is relatively
high, and the relative resistance value of K3 and R2 @we
such that the voltage at their junction is relatively low,
then a faitly low velue of positive input signal will drive
the grid to the point of plate current saturation, ond limit-
ing will occur. The reason for this is as follows: The
following illustration shows the dynamic characteristics of
a typical triode amplifier tube—a single sectiocn of a type
12AU7. Assume that this tube is used in the circuit pre-
vicusly illustrated, with a plate voltage {ot the junction of
R3 and R2) of +300 volts, and a load resistance Ri of

60K. The triode is operated at zero bias, since the cathode
is grounded, and the input signal to the grid is a sine wave
of 14 volts peak-to-peak. From the illustration, it may be
seen that the pilate current flowing in the circuit, with no
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PLATE VOLTS
Ep =300V
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400 Ep (vVOLTS)
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WAVEFORM
(PLATE VOLTAGE)

Operating Chorocteristics of a Typical Triode Saturation
Limiter
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signal input, is approximately 4 ma. It is clso evident that
the maximum plate current that can flow, with the fixed
values of plate voltage and load resistance given, is 5
milliamperes. When the input signal rises from zero to-
ward +7.0 volts on its positive half cycle, plate current in-
creases from 4 ma to 5 ma, reaching 5 ma when the input
signal reaches approximately +2.5 volts. At this point the
nlate current iz meximum, ond Jimiting occuws. The quiput
voltage at this point has decreased nearly t¢ zero (there

is always some value of voltage drop within the tricde, be-
cause of its plate resistance). The output voltage wave-
farm is thereby clipped on its neqative halt cycle, until the
input signal has passed thtough its positive peak of +7.0
volts and fellen back 1o +2.% volts. At this point limiting
ceases, and the plate current begins to decrease in ac-
Cowdunce with the input siqnal,

It becomes evident, from the illustraticn, that the point
at which saturdgtion is reached, and theteby the positive
limit ot which clipping of the input signal occurs, may be
adjusted by udjusting the slope of the load line, which in
turn may be adjusted by varying the lood resistonce and/or
the plate voltage. On the other hand, the percentage of the
positive portion of the input waveform which is clipped may
be adjusted by varying the peak voltage of the input signal.
Referring again to the previous illustration, it can be seen
that clipping of the positive portion of the input signal
occurs at approximately +2.5 volts. This is approximately
30 percent of the positive peak input waveform. If the
input signal is now increased to 25 volts peak-to-peak,
clipping of the 12.5-volt positive peak still occurs at
+2.5 volts, The positive portion of the input signal i= now
clipped at 20 percent of the peak input value.

FAILURE ANALYSIS.

Mo Output, The couse of o no-output condition in @
triode saturation limiter may be one of four possibilities,
Either the input signa! may have failed, the triode tube may
he defective, the plate supply voltage may have failed,
of the outputl coupling capacitor may be open-circuited.
Failure of the plate supply voitoge may be due not anly to
a defective power supply, but also to an 'open’’ resistor
R1 or B3 or a shorted bypass capacitor C2, in the plote

circull.
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Reduced or Unstable Output. A reduced or unstable
output from a triode saturation limiter could result from
almost any component of the circuit which has become defec-
tive. A weak or leaky (partially shorted) tricde V1 or a
reduced value of plate voltage may be the cause of either
condition, depending upon the extent of the defect. A
reduced value of plate voltuge may be due to a defective
powet supply, or it may be due to an increase in the value
of resistor Bl or B3 or a decrease in the value of F2. A
leaky coupling capacitor €1 may allow some of the d<
plate voltage at V1 to appear at the input to the following
stage, resulting in an improper bias to that stage and
probable distortion therein, Finally, in the analysis of
tailure of a circuit it is often assumed that the proper
input signal is being supphied. This fret will bear check-
iny, however, because an Input signal of incorrect value or
waveform could well be responsible for a distorted or re-
duced vealue of output signal.

TRIODE CUTOFF LIMITER.

APPLICATION.

The triode cutoff limiter is used to limit, or clip, the
entire negative half-cycle, or the negative peaks, of the
input waveform.

CHARACTERISTICS.

Input may be either a negative signal or o signal con-
taining both positive and negative portions.

Cutput may be positive signal with pecks which exceed
o preset value clipped, or o signal having both positive gnd
negative portions in which all or a portion of the pesitive
peaks are clipped.

COutput signal is out of phase with input signal; there-
fore, the clipped negative half-cycle of the input signal
becomes a clipped positive half-cycle of the output signal.

Qutput signal will contain a negative signal which is
the amplified positive partion of the input signal, it such is
included in the input. It may contain a positive portion,
which is the result ofa partiaily clipped negative input sig-
nal that has been amplified. The peck amplitude of the out-
put signal, including both positive and negative partions
when applicable, may be higher or lower than the input
peak amplitude, depending upon the circuit application
design.
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CIRCUIT ANALYSIS.

General. The triode cutoff limiter depends, for its
Hmiting action, upon the fact that an electron current with-
in ¢ vacuum tube can flow only from the cathode to the
plate, and not in the reverse direction. When the signol at
the grid of the triode drives the grid to cutoff, the plate
current is decreased to zefo, and it remains ot zero during
the time that the grid is held at or below cutoif by the input
signal. At cutofi the plate curtent is zero, and, regardless
of how much forther the grid is driven negative, the plate
curcent remains at zero, since the plate current cannot be-
come a negative value.. When the grid is at (or below) cut-
otf, since no current flows in the plate circuit, there is no
voltage drop across the plate load resistor, The voltage at
the plate, therefore, increases to, and is maintained at, its
maximum value, which is the voltaye of the plate power
sapply, Eby. ~The limiting thus attained affects the posis
tive peak of the ocutput waveform, whereby the positive peak
is cut off, or flattened, at the voltage level Evy, as a
result of driving the grid in the negative direction to cut-
off.

Cutoff voltage is that value of negative voltage, with
respect to the cathade, which must be applied to the grid
to reduce the plate current to zero. This value of voltage
is dependent upon the value of the plote supply voltage,
Epb. In o tricde the cutoff voltage, Eq, is approximately
equal to the plate supply voltage, Epy, divided by the
amplification facter, p, of the triode; thus:

The telationship expressed above is valid enly for a
tricde; it does not apply to tetrodes or pentodas.

Circwit Operation, The circuit of o typical tricde cut-
off limiter is shown in the {ollowing illustration. In this
circuit the input signol is applied directly to the grid of
triode V1, and no grid resistor is used. Cathode bigs is
supplied by resistor R1, bypassed by CZ to hold the bias
value constant with the average value of the plate current.
1t the value of the cathode resistor, Rl, is sufficiently
large the bias developed will set the operating point of the
tube near cutofi. When the input signal rises on the
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positive half cycle, the plate current will increase and thus
produce the resultont plate voltage waveiorm shown in the
illustration. When t - input signal begins to fall, this
causes ¢ Correspon. positive excursion of plate voltage,
and this action conti. - until cutof! is reached on the ney-
otive half cycle of the . ut signal. At this time the plate
current is zeto, thus limiting (clipping) the positive portion
of the plate-voltage wavelorm. For the purpose of illustra-
tion, assume that the resistance value of Rl is such that
the no-signal d-c bias is =3.0 volts at the grid. The plate
supply voltage, Epy, for this illustratien is +250 volts,

and the maximum amplitude of the input signal is 2.5 volts.
The grid voltage, with input signal, therefore swings from
—0,5 volt to —5,5 volts. The dynamic conditions existing
in this axample are shown in the following illustration ,
based on utilizing the triode section of a type B5U7 tube.
From the illustration, it may be seen that the no-signal plate
current is approximately 0.125 ma. When the input signal
rises on its positive half-cycle, the plate current increases
from 0.125 to 0.95 ma, reaching this maximum value when
the input signal reaches its most positive {or least nega-
tive) value of —0.5 volt. The input signal then begins

to fall, zompleting the positive hali-cycle when the voltage
at the grid is —3.0 volts. As the input signal begins its
neyative half-cycle, the voltage at the grid continues in

its negative direction until it reaches —4.0 volts. At this
point cutoff occurs, and the plate current has fallen to zero.
The output voltage at this point, with no plate current
flowing and therefore no veltaye drop through plate load
resistor R2, has increased to +250 volts, the value of Epp.
With the plate current cut off, the output voltage remains at
this value until the input signal has fallen through its
negative peck of 5.5 volts and increased to the cutoff point
of —4.0 volts. As the input signal continues to rise, the
plate current begins to {low and the plate voltage (output
signal} begins to fall; et the end of the negative halt<cycle
of input signal the output voltage has fallen to its no-signal
value o approximately +235 volts, and the plate current has
increased to 0.125 ma again.
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Ogperating Characteristics of o Typical Cutoff Limiter

From the preceding illustration it becomes evident that
the point at which cutoff is reached, and thereby the nega-
tive limit ot which elipping of the input signal occurs, may
be changed by cdjusting the slope of the load line and/or
the no-signal grid hias. The slope of ioad line may be ad-
justed by changing the piate supply voltoqe, Ebp, and/or
the load resistonce; this adjustment, however, will clisct
the no-signal grid bias when cathode biasing is utilized.
The grid bias may te further adjusied by changing e valu
of the cathode resistor. It should be noted that, witn
cathode bias, cutoff cannot be maintgined with a steady
signal, because the bigs is obtained by means of the plate
current flowing through the cathode resistor. At cutoii, no
nlate current {lows, and therefate no bias will be obtained.
But with ac, and especially with pulsed signals and the use
of a large capacitor bypassing the cathode resistor, the bias

<

1c

may be adjusted over o cansiderable range by changing the
vaiue of the cathode resistor, thereby "";u::.-::g the pejnt
at which cuioll is 1eached. When zompiete clinpina i the

negative porticn ofthe input signal is not r=qu1red the
percentage of the negative portion which is clipped may

ORIGINAL

temnal
gnas.,

adjusted by varying the peak vouaqe of the input si
However, the maximum lmit of the input signal must in no
case be great enough to drive the grid into the positive

reqior, where grid limiting would act to clip the pesitive

peck of the inpu signs! and thereby introduce distortion to
that portion of the wavelorm. Refer to the previous illus-

s the nositive penk of the input signal is shown
driviny the arid to ~0.5 voit, and the negative peak 10 ~2.9
coits, Clipping acours at —4.0 velts, and the no-signal bias
15 3.0 valts. With the negative swing from ~3.U0to =55
volts, or 2 total swing of 2.5 volts {cf which the portion be-

tween —4.0 and =5.5 volts, or a total of 1.5 voits, is clip-
ped), the percentage of the nogotive portion clipoed is
therefore 1.5/2,5, ot 60 percent, Under the same circuit
conditions, ihe percentaye of the nogative portion which is
clipped may be increased, by increasing the input signai
amohtude only by the additionai amount of 1.U volt peak tu
s1d drive the qnid to =B.0

G

inpiat won

neak, and 0 zeww volts on the wositive
Dsolute MAXIMUIT LMt witnout incui-
jith the aaditional drive on lne nega-

:_»Q
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tive swing, the percentage of the negotive portion clipped
would thereby be increased to 2.0/3.C, or 66 per cent.

The circuit of a triode cutelf limiter used in o specitic
application is shown in the following illustration. This
cutoff limiter is used in the modulator circuit of Hadar Set
AN/SPS-10D, and in this application begins the snaping of
a sine wave at ¢ frequency of 650 cps, obtained from a
tepetition rate oscillotor, 1o a square wave, In the absence

QUTPUT
SON vi s Iv
INPUT 172 5600 i
G5NTWGT LLLF
1550
Jawt— 1550 L SEC I SEC

5600
HUF

360K -

Ja—y
=g

Triode Cutoff Limiter Used in Medulator of Radar Set AN/
SPS-10D

of an input signal, V1 is cut off by the positive voltage
present at the cathode, obtained from the voltage divider
composed of the twe cathode resistors and resistor R
returned to «300 voits, dc, Besistor B in this circuit re-
presents the conduction through another tricde tube. The
0.} i capacitor across the 2,2K resistor in the cathode
circuit acts to maintain the cathode bias at a constont
average value, The input to the grid of V1 is a sine wave
of approximately 90 volts peak to peck. As the input voltage
increases on the positive portion of the input signal, the
qrid veltage overcomes the positive bigs voltage at the
cathode from the voltage divider, and the triode conducts.
The output signal, which had maintained a tlat top at +300
volts, de during the cutoff interval, now beygins to fall in
accardance with the rising sine wave inpit signal, because
of phase inversion within V1. The output signal maintains
the 1550~usec pulse width of the input signal, but has a
wavelorm which is approximately a square wave, with the
positive peaks cut off sharply, and o peak vohage of 95
valts, as shown in the illustration.

FAILURE AMALYSIS,

No Qutput. Assuming that an input signel of correct
polarity and sufficjent voltage is being furnished to the
tricde cuteli limiter, the cause of a no-output condition
cnuld be one of several possibilities. The triode tube
itself should be first suspected. If the tube is found to be

ORIGINAL
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capable of operation, the input signai may not be present
at the grid of the tube, because ol an open coupling capaci-
tor. The absence of voltage at the plate, due to an open
plate load resistor, an inoperative power supply, or a
shorted bypass capaciter across a plate load decoupling
circuit, if such o circuit is used, may be responsible for no
output, as may also an open cathode resistor. Finally, an
open output coupling capacitor, if used, would prevent the
output from the limiter from being furnished to the following
stage.

Reduced or Unstable Output. Several conditions could
contribute to a reduced or unstable cutput from the triode
cutoff limitet. A reduced value of plate voltage, due to a
defective power supply, or an aging triode tube due to low
cathode emission, may be responsible for a reduced output.
An open cathode bypass capocitor would be the cause of
degeneration, ondreduce the output signal. If a fixed cath-
ode bias is obtained from a voltage divider in the plate
voltage supply line, such as shown in the second circuit
illustrated herein, and if the resistor on the high side
should become open-circuited, the cperation of the circuit
would be changed from fixed bias to self (cathode) bias,
thereby changing the point of limiting, with the possibility
of a distorted, or even excessive, output. An open grid re-
sistor, if uged, may cause grid "blocking” and severe dis-
tortion. In addition, the possibility of an input signal of
incorrect waveform, or of insufficient amplitude, should not
be overlooked in cases of reduced or otherwise faulty out-
put.

TRIODE OVERDRIYEN AMPLIFIER LIMITER.

APPLICATION,

The triode overdriven amplifier limiter is used to limit,
or clip, both the positive and the negative peaks of an input
signal waveform, Tt is also used io steepen the sides of
an input signal having a waveform which is approximately a
square wave,

CHARACTERISTICS.

Input is generally o sine wave, or a partially squared
wave ptoduced from a sine wave by a preceding limiter.

Qutput is usually o square wave having relatively
steep sides.

Qutput signal is out of phase with input signal.

Amplitude of output signal may be higher or iower than
input amplitude, depending upon the points at which the
positive and negative pecks are clipped.  Amplification is
afforded by the circuit to the input signal, before the
peaks are clipped.

CIRCUIT ANALYSIS.

Generol. The triode overdriven amplifier limiter
accomplishes its limiting action by combining cuteif limit-
ing with saturation limiting {or with grid limiting). The
principal use of this type of limiter is to produce a square
wave, having steep sides which are very close to true vert-
ical, from on input signal whose wavelorm is only g rough
approximation of @ square wave, having sides which deviate
at considerable angles from the vertical. The preceding
circuit which furnishes the input signal should have an out-
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put impedance which s relatively low, and therefore be cap-
able of delivering powes, because a cutrent of scme degree
is drawn by the grid of the triode when it is driven positive.
The preceding circuit should also be capable of furnishing
an input signal of considerable amplitude, so that the slope
of the sides of the waveform may be as nearly vertical as
possibla befare amplification and limiting,

Circuit Opwrotlon. The circuit of a typieal triode
overdriven amplifier limiter is shown in the following illus-
tration. In this circult the input signal is applied directly

+Epy

Typical Overdriven Amplifier Limiter and Input-Output
Waveforms

to the grid of the triode, V1, and no ¢rid resistor is used,
Since the source of the signsl has a low impedance and
thereby can furnish current to the grid of V1, no limiting is
performed in the grid circuit. No cathode resistor is used;
hence the guid is operated at zers bigs. The input is a very
large amplitude signal, often ten times the vaiue tequired 1o
drive the tube to cutoff and to saturation. When the input
signal rises, the plate current alsc rises until the point of
plate current saturation is reached. The input signal con-
tinues to rise to its peak; however, the plate current cannot
increase further hecouse it is already at maximum . During
this time, the plale voltage is limited to its minimum vawue,
As the iaput signc! passes through its positive peak and
beging to {all, it drops below the saturation point, and at
this time the plate current again inllows the inpui signal.
As the input signa! continues to iail, the plaie curieat
decreases accordingly to cause the piate voiiags to iisc
until the plote cutrent is cut off by the input signel. The
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plate voltage is thus limited to its maximum positive value,
When the input signcl passes through its negative extreme
and begins to rise, it rises above the cutoff point and,

once again, plate current begins to flow.

The action of the triode overdriven amplifier with @
input sine-wave signal of suificient amplitude is shown in
the following illustration, This illustration shows the
dynamic conditions existing in the carcmt, hosed an iti-
lizing the triode section of a type 6307 wbe, with an input
signal having an amplitude sufficient to drive the grid into
plate current scturation on the positive swing, and beyond
cutoff on the negative swing. It may be seen that the plate
current flowing, in the absence of on input signal, is 0.8 ma.
When the input signal rises on the positive portion of its
cycle, the plate cutrent incredses from 0.8 mo 1o approx-
imnately 1.4 ma, at which point slote cuttent suiwiGiicn
is reached. As the input signal continues to rise to its
pegk, the plate curent cannct increase in accordance with
the input sional, because it is already ot its maximum vaiue.
The plate voltage at this time is at its lowest value, with
nearly all of the plate supply voltuge, Epy, existing as o
voltage drop across the plate lood. (A small portion of the
total voltage drop exists across the plate-to-cathade re-
slstance of the triode itself.} The plate current is thereby
limited ot the saturction vajiue, and the output voltage is
limited ot its lowest value, until the input signal passes
through its positive peak and falls again belew the scture-
tion point. At that time the plate current begins to fall in
accordance with the input signal, and, consequently, the
output signal begins to rise. The input signal continues to
fail os the positve puition of the input cycle is completed
and the negotive portion begins.

As the input signal continues to fall, the plate current
continues to decrease until the grid voltage reaches ~2.0
volts. At this point cuteff cccurs, and the plate current
has decreased to zero, The cutput voltage at this neint,
with no plate current flowing and therefore no voltage drop
through the plate load resistor, has increased to maxmum
(the value of Evpl. The plate curtent is thereby limited ot
zero, and the output voltage is limited at its maximum
vajue, until the input signal passes tuough 1is negative
peak and rises again to the cutoff peint. At that time plate
current again begins to flow, and the output voitaqe begins
to fall, unt1) the plate current increases to 0.8 ma when tha
negative portion of the input cycle is completed.

It becomes evident, from the preceding illustru:;u“,
that the point ot which the positive portion of the tnou
signai is clipped \ylctc current saturation), and the point

e o~ i ai 1o s
at which the neusiive portion of the ippat signal is clicped
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Operating Cheracteristics of ¢ Typical Overdriven Amplifier Limiter

{cutoft), moy be adjusted by changing the slope of the load and a triode limiter in the chain, and it receives an input
line and the plate load resistance. The slope of the load signal whose waveform is that of @ sine wave which has
line may be increcsed by increasing the plate supply volt- been approximately squared by a tricde limiter. The func-
age, Epy, and at the same time increasing the plate load tion of the overdriven amplifier is to steepen the sides of
resistance. This will produce a larger positive output the square wave from the limiter, to produce a square wave
signal, because it increases the value of the negative input having sides as nearly vertical as possible, which may be
signal required to reach cutoff. used in a following stage to produce a sharp trigger pulse.
A proctical application of a tricde overdriven amplitier The circuit of the overdriven amplifier used in this appli-
limiter is its use in the timer circuitry of a rodar transmit- cation is shown in the following illustration. In this cir-
ter, In this opplication the overdriven amplitier functions cuit, which utilizes cutoff limiting with grid limiting {in-
as one of the stages in a chain of circuits, which generate stead of saturation limiting}, the input signal wavelom is
a sine wave in a master oscillator, and from it produce sync somewhat like a square wave, and of large amplitude, As
and timing pulses for the operation of the complete system. the input signal begins to rise toward its positive pedk,
The overdriven amplifier follows after the master oscillator the plate current remains at zero, since the grid voltege is
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Overdriven Amplifier Used in Radar Timing Circuitry, and

Waveforms
below cutoff, until the arid voltzae rizes (becomes legs
negative} to the cutnff potential, The t 10 e then conducts,

as the qri volase rises o zern & ctentici. When
the signal drives the grig to zero mos, arid current begins
to flow, limiting any furtner rise of the qric voltage at this
point. ‘The grid current charses coupling capacitor Cl,
throuqh the relatively low arid- to wthoge resistance of tri-
ULC v' l, e an [ALS) getela) ‘v'u't\.'.”" InoEerves 35 4 nlu'll‘y’
negative bias ior tne arid of triods V1. During this time the
plate {output) voliuie nas fullen abrustly, decreasing near-
ly to zero, ard it remains at thos value until the g7id sianal
falls, from its positive peak, back (o zere. At zero

bias, the plate ~urrent begirs to fail rapicly as the qrid
voltane hecomes more neamtive, until euinff is reached,

when fosiciegiirontkis alion o8558 ud?qu this tme
the plate (cutput) voltaze nos risen <}‘f"p‘" to its maximum

volue of Ebk. From the wave! i1, It shoujd be
noted that the negative porticn of e utpu[ waveform is
narrower than the positive porticn: this is due o the fact
that the tupe conducts only during @ portion of tne positive
hali-cycle ot tre imput s1gnal, wiie it fernans nonconduc-
tive during the entire negative halt-cyele.

Ui

FAILURE ANALYSIS

No Output. 1.

et T L

tube, faijure of the p' “

_ur,q__wx \1- vilae. io ur._,, oi fullute ui e

:suH. ¥ voltuge, an open

ST .,\).4,_.

input signal. Assuming that the tube nas teen deternined to

be capata-
amplitude ol oo :
an open plate load resister fo' plate decoupling resistor if
a deo ciglinsmreeit.ls used) would render the circuit inop-

erdative, ana A shorted de-

1la he cuailable.

neooitnut
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tor in the input grid circuit, if one is used, would likewise
prevent any output from being produced.

Reduced or Unstable Output, When the ocutput of the
tricde overdriven amplifier becomes unstagble or iz of re-
duced value, a low value of plate voliege, due to o defec-
tive power supply, or an increased valie of plate load
resistance, due to u defective or Maging’! resistor, may be
the cause of this condition. Either a leaky input or out-
put coupling capacitor or an open grid resistor could be
responsible for unstable operation. The triode tube itself
may have low cathode emission: Thi% would produce a re-
duced output. Finally, the input sign m itself should be
rhecked ta maocortain whether it ia
has sulticient amplitude, since any d t iciency in the input
signal would be evident in the sulput lom the overdiven
amplifier,

et wavestorm and

PENTODE LIMITER.

A limiter is a circuit used to reduce, or for all prac-
tical purpases, remove the sifect of unwented amplitude
variations, which occur because of inhierently different
levels, atmospheric disturbanees, or because of unegual
response of tuned circuits within o recelver, or in a
combination of circuits. It restric s to g specific voltage
level either the positive, the n fve, 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 detectar stnae and precedes
thelow level, cathede-follower output stage, In this
position it performs the function of hoth amplifying and
limiting low level video signals. In the cose of r-f cir-
cuitry the limiter is located after the last 1 amplifier
stage and prior to the discriminator (detector) stoge inan
tm receiver. Here ogain it
as well as [imit it. The limiter is important in both video
and -f citcuitry, since in both cases the civeuitry foliow-
ing the limiter stoge is sensitive to amplitude variations,

Limiting is accomplished by utilizing the cuteff,
saturation, and qrid current characteristics of an elec-

F S el i o [ e |
SOTVOS LT DMEaay thes -1 SI

tron tube. Carcful examination of the two types of vacuum
tubes {triode and pentode) which are most feasible for use
in limiter circuits reveals the advantanes of the nentode

over a trinde.

and not gpparent I the triode, |t
mits the tube 10 atlgin futolt with ¢ oo neqcuve-qolnq
(smaller) signal. At the some time, the pentode has the
advantage ot qreater electrode voltone swing. This is

made available by the lorae range ~f volioges wh

be @piln to not only the plote of e tube {Us in the case

of the tnode) but aise the screec arid.  Tne greater e

screen voltage, the larger is the ranze of plate current

and applied voltage. These charaeteristics make avenl-

able @ greater range cver

conduction may occur.
When both pinte and sereen ~rid voltnsers are lowered

L. mewbarrpib i s £ |
sioh coturction, sufeff, and grid

n an!lpr nput mnnm 18 recinrad 1o e tha nlr—un curront

I sulw LU, .Hl Ult: SULiE Lidiler, Bii e negative um[aqe
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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.

On the other hond, by increasing electrode potentials
and utilizing grid leck bigs good limiting can also be ob-
tained and, at the same time, a higher overall gain is mode
available,

In addition to the previous advantaaes, the pentode
also has a higher transconductance {gain) which produces
a higher signal to noise ratio. It also has o higher ampli-
fication factor and better isclation between input and output
impedances, which is an advaatage in almost any circuit,
Thus, it is seen why a pentoce is to be preferred over a
triede for limiter circuitry, Typica! pentode limiters of the
video and ¢-f type are discussed in detail in the following
paragraphs in this section of *he Handoook,

YIDEO LIMITER.
APPLICATION.

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

CHARACTERISTICS.

Constant sutput is obtained ance the limiting level is
reached. Linear amplification oocurs up to limiting level.

Screen qrid and plate voltanes determine limiting level
for @ speciiic bias.

Best performance is obtained with shamp cutof! pentode—
has rapid rise time —has lit:le dracp.

CIRCUIT ANALYSIS.

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

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

A pentode tube is preferred in limiter applications for
several reasons. The primary reason is that the pentode
inherently has sharp cutoff capabilities. This allows the
tube to reach cutoff bics with ¢ less neqative-going

CHANGE 2
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{smalter) signal than normally would be required, ard thus
performs better for smaller input signals.

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

AVG. GRD. LEAK BIAS

3

Pentode Video Limiter

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

Without a signal applied, only contect bias is devel-
oped andthe tube operates near zero bias. At this point
the plate and screen grid veltages largely control the
amount of plate current flowing.

With the application of the neqative input signal (ob-
tained from the video detectar) to C,, qgrid legk bias is
established by the combinction of C, and R,. This is
somewhat different than the grid leak bies explained in
paragraph 2.2.2 in section 2 of this Hmdhook since in
this application only negative pulses are used.

When the input signal used is first applied, the cur-
rent through C, is maximum and the total input voltage is
dropped across R, with electron flow through R, placing
the control qrid at g negative potential with respect to the
cathode. C, charges through R, for the duration of the
pulse, The capacitor then discharges through R, for the
period between pulses. Before completely discheraing,
however, C, beqins to charge again with the application
of a new pulse. After o few cycles of operation, an average
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negative voltage (bias) is established at the control grid of
the tube because of the relation of the time constant of
C, R, to the duty cycle of the input signal. This negative
voltage (bias) establishes the cutoff point for limiting,
which s Jdetemmined {rom the plate current versus gria
voltage characteristic curve of the particular pentode used
for V,. This average nogative bias voltage determines
where the input signal causes cutoii 1o oceur, and thus,
which portion of the input signal will be reproduced.

With the application of the input pulse, plate current
flows for that portion of the pulse above cutoff. Orce
the tube reaches cuteff the current is at zero and remaing
at this point for all portions of the neqative signal beyond
cuteif reqardless of whether or not the input siqnai in-
creases At cutal tha ninte vnitage 18 A R mTmim
and, likewise, will remain at this limited amplitude for all
portions of t igral beyond cutoff. The plate uoli-
age then decicases to ¢ minimum value when the plate cur-
rent is brought buck to its maximun value by the Lrabiing
edge of tie negative input pulse. Note that during the
entire time the signal is less than the cutoff bias value,
no limiting occurs, Thus, in the reqion from zero bias to
cutelf, normal tube amplification action occurs, Hence,
limiting occurs enly for those input signals which are

Issgeniaalinate hign the velegeigyatinins, he

larger the Input signal, the more ellective the cutoff action.

The limited voltage output level is also controlled
slightly by the plate ond screen arid veltages of the tube
since these voltages in addition to the bigsing level of-
fect the tube oh
aof piute current tiowing.  The approximste
limited output can be obtained from the preduct of load re-
sistor H, ar the plate current {in =il 3 1
signal applied.

Circuit Variotions. 1. the plate current changes be-
tween pulses because of a duty cycle change, the effsctive
Bimiter mutput voltage is aitered accordingly, This piute
current change occurs if the duty ratio of the input signal
is insrecsed.

racteristics and control the tote!

amount
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fAistey rmei; =
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aper e |4

ustrated in the dotted lipes
1 Le sChendiicy edutes tie eifect wi Gy g i G
cutrent by voltage divider acticn. There will be littde

shift of screen veltage with increased duty ratio when e
current taken by i, and R, is relatively large compared to
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the screen current, since the voltage division is fixed at
that developed acress R,.

FAILURE ANALYSIS.
No Output. In & penicde video limiter, g no-cutput
condition may be caused by any of the following (provided

#ho inmnt cirmal e ke
il S H ne
—~

e ainal roper value and polority): oo open

-
jeifess Soaul SnG Rl Y
¥

coupiing capucitor C,, un vpen bius esisior B, o plale
tesister By ot byioboenoeisiplorsar shreon voltdgsdor by
a defective tube V,. To determine the companent at fault,
first check the supply voltcge and then the plate and screen
voltages with a hiigh 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
voltaqe is low or zerok piate inad resistor K, may have in-
creased in value or is open. Likewise, if the screen voltage
is low or zero, screen resistor R, may have increased in
value or is open. Check B, and K, for value with an ohm-
meter. Note that zero screen voltage will also occur if
screen capacitar C, is shorted. Meanwhile the excessive
current drain through R, will cause it to heat, smoke, and
eventually bum out. Check for a shorted C, by measuring
the resistance to ground from the screen terminal. If both
plate and screen circuits are satisfactory, check for a
signal on the grid of V, using a vacuum 1be voltmeter or
an osciiloscope, If the signal appears on the grid but no
output is obtained, check R, for proper value and continuity,
since an open grid resistonce will cause grid-blocking.
The blocked grid will be indicated by no output and a large
negative grid bigs which reduces as the meter iz connected
from grid to qround substituting for the grid resistor. As
the meter is left across the circuit unblocking will occur;
and when the meter is removed the grid will again block.
This indicates R, is either open or so large in value as to
be useless. If coupling capaciter C, is shorted the plate
voltage from the preceding stage will drive V, into
plate current sawurdation. Such a conditicen will be indicaied
by cbtaining identical veltage readings to ground from
either side of C, , or by checking for a short with an in-
cireuit cupacitunce checker. IF all tests gre nozimal and the
trouble persists the tube is most probably at foult.

Reduced or Disterted Outpot. This condition may
erioh Yetound: CoiscrsnTs g
screen grid bypass capacitor O, is shorted, plate and/or
screen voltage 1s reduced, or wbe V, is defective,

will driye the grid of ¥V onei

A redneed sy fin cran o

A chortes

Ty beddues ol

(SIS
L ey A ,*Tf!“:‘ Ar serenn i
voltdge cauged by ap ivoreaes e the !F;sif:mr‘.re ARG '“* B
@il Uls0 COuse [eiuCEd Lulpa Jullaye.

To determine ithe component at fault, first check the
supply voltage and then piote and screen voitages with a
high resistance voltmeter. If the supply voltage is low the

trouble is in the power supply. i supply voltage is
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normal but the plote veltage is low, plate load resistor R,
may have incregsed in value. Likewise, if the screen volt-
age is low screen resistor B, may have increased in value.
Check R, and B, for value with an chmmeter, If zero

screen voltage exists screen capacitor, C, may be shorted.
Check C, for shorted condition by meusuring the resistance
to ground from the screen terminal. 1f the signal appears on
the grid of the tube but the output is not limited to the pro-
per value and the electrode potentials have been checked,
check R, for proper value with an ohmmeter. I R, is not
within tolerance this condition will exist. If C, is shorted the
DT plate voltage from the preceding stage will drive V, into
plate sawration. This condition is indicated by identical
voltage readings te ground from either side of C,, 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 1-f pentode limiter is used in f-m receivers to re-
move amplitude variotions from the i-{ signal prior o being
applied to an {-m detector circuit,

CHARACTERISTICS.

Constant output is ohtained 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 plote current saturation limiting are
used in conjunction with cutoff limiting.

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

CIRCUIT ANALYSIS.

General. The pentode 1-f limiter is located between the
last i-f amplifier stage and f-m detector stage. Grid current
or the plate current saturation 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 methed con only limit the
negative halves of the alternating input waveform.

The pentode, besides offering sharp cutoff characteris-
tics, makes availcble a greater range of sereen grid and plate
voltage. Qperating the plate at a low voltage produces
plate current saturation, as well as plate current cutoff,
more readily. In order 1o do this, theolate load resistor
must be large enough to produze a load line below the knee
of the pentode tube choracteristic. Since the magnitude of
theplate 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 current change, are those
between the cutoff of the tube and the point at which grid
current {low occurs or plate saturation occurs. These points,
then are the limiting levels of the circuit.

Circuit Operation. A schematic of a typical rf limiter

CHANGE 2
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circuit using a2 pentsie typs of electron tube is shown in
the accompanying illustration.

-
T

£

Pentode R-F Limiter

The input signal is inductively couples from the pre-
ceding i-f stages through primary L1 {of T1) to secondory
L2, with Cl and L2 providing the proper tuning and selec-
tivity for i-f output transformer T1, The i-f signal is then
capacitively coupled to the gric of V1 through coupling
capacitor C2. The combination of capacitar C2 and grid
leak resistor R establishes the bias potenticl by grid cur-
rent flow when a signal is applied. Plate load resistor R3
is used to drop the plate supply 10 the desired value of
plate voltage. Screer grid dropping resister A2 drops the
supply valtage to the proper soreen veltage value and bypass
capacitor C3 places the screen grid at ground potential for
i-f. C4 and L3 (of TZ) form another tured i-f cirguit which
enables the proper bard of cutput freguencies to be in-
ductively coupled by Ld 1o the f-m detector. C5 in con-
junction with plate load resistor B3 forms o decoupling cir
cuit,

When a positive-going input signal is applied to the qrid
of limiter V1 grid current fiows, charging capacitor CZ, The
plate of C2 closest to the grid of V1 becomes negative and
the opposite plote positive, When the signal swings nega-
tive, capacitor CZ discharges through zesistor RL. The
capaciter discharge current develops ¢ woltage across Rl
which makes the grid negative with respect to the cathode,
When the input signal again goes positive, CZ has not had
sufficient time to discharge completely. No {urther grid cur-
rent is drawn until the input signal becomes sufficiently posi-
tive to overcome the residuc! rnegative charge remaining on
capacitor C2. Each aiiitional cycle adds a little to the
charge that remoins {rom the last cycle. After several
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cycles of opercticr. @ =staklished, and the
voltage across Rl s zorstent, This con-

stant voltage across F es the querage bias value
around which the input voltage iluctuntes This bias point

is dependinl un several [oTtors ick irclide the vanizr

tube electrode pote: ntislz, the tine conuiint of CF -""10’ 71
(TO=RE1IXCD) @l she ompiitude of Yhe input signol. ‘lhe

!
last fuctor deterzires the amcunt f {imiting performed by

the grid leak nias method,

Limiting is aco omph#e" by the instantanecus bias on
the vacuum tube vurying
amplitude of 1te it
perticnigl thessigna,,
to the point of zero bias lsvel, or apout whcre arid current
flows, the charge an the plate of copaciisn 2 clusest lo the
grid becomes ;
The 4rid bias

2 rote that the peak

1f, on the nositive

lmai arsplitine increases

ve with respect 1o

3 r]rr',’_“n" n Ao,

: Frrentee lgnane flew
is not largs crough to drive the

5 [ert is t*C‘f-Olr’ where [imiting
OCCUTS, DECTLE : noaitive
that the grid may ot t
constant peak plate current flow ooz
which minimum plate voltage is obtain

Ao A Az gzt ,:‘
This stoble or consant (it
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can dlso be obtained by lowening m-ﬂ screen grid and plote
voltage values to where plate current saturation, rather
than qrid current flow ocours, when the positive portion of
the input signal reaches or excesls 1ne desired positive
. ot maximum and
will no longet eorease W ith an norease inosianal amplitude.
Since plate current is maximum, then the Olute cztont walt-
age i3 minimam, ond remains ar 1o 4
any increase ir input simzl amplitude.
Although this method facititutes rezcring cuteff with
a less negotive-go
potentials, it is somewhat restriciad oy the mognitude of
the plate load resistor. In order for nlnte saturatizn to
occur befare arid current {lo = chate load resistor value
must be increcsed to decrease elisctive d-C p tential at the
plate. By increcsing tne 1 esistar,
however, the usable bGndWJdth of e limiter i lowered
Biid sar B 1 L i or wlde-tand
applications even '[.IULI_]TI in order for Puo“ to occur a
greater negutwL naii cy:.e of "OII’I’]’-" must bﬂ present.
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amplitude extremes will result in plate current changes and
plate voltage variations in gecordance 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 arid current Hlow and cutot! accurs,

FAILURE ANALYSIS,

No Output. In a pentode t-f limiter o no-cutput conditicn
mdy be caused by any of the following (provided the signal
irom the previous stage is the proper value}: a shorted in-
put tank circuit capacitor C1 or output tank circuit capacitor
C4, a shorted screen bypass capacitor 3, an open or shorted
tensformer T1 or T2, an open f.o‘-plmf cepaniicr 02, an
nnen hias recictor R or by ook of pluie vilivge caused
by an open plate resistor, B3, or a shorted plate bypass
capacitor, 5, of by a defective ture V1.

Te determine the compenents at fonlt, first check the
supply voltage, then the plate «nnl soreen vohcqc"— with G
high resistance voltmeter. If the supply voltage is nomal
but the plate voltage is low or zero, plate load resistor R3
may have incregsed in value or opened. Check R3 for
value with an chmmeter. To check if capacitors Cl, C3, C4,
or C5 are shorted, use an in-circuit capacitance checker. If
the capacitor C2 is open of if TL is defective, no signal
would be present at the grid of V1. This moy be checked
by an oscillascope. If the plate circuit is satisfactory and
a signal appears at the qrid of V1, but there still is no
output, check resistor Bl for proper value and continuity,
since an open grid resistance will cause grid blocking. The
blocked grid will be indicated by no output and g large
neqative grid hias which reduces as the voltmeter is con-
nected from qid to ground substituting for the grid resistor.
As the meter is left across the circuit the blocking action
will subside. When the meter is removed the qrid will again
become blocked. This indicates that Rl is either open ot
so large in value thar it is uscless,

U1 is open or shorted no input signal will be applied
to the grid of V1, lee‘-.'-;'ls e, if T2 is open or qho"ter ro
output will be obtained, Ch -
cortespanding transfermer primoties anl
an chmmeter {se cortain o tam off the plute pOw.ﬂr bofom
measurina). if the rmw‘"mrm vl abroined
winding is shortec.
winding iz oper. Ef ;

sists, the tube is most likely ot fm
Low or Distorted Output.
becase ni

B T WEIEREER ;
open, rezistar Bl Dol open, LI being uei&vu”ﬁ e
a partic! short, or tobe Vi

10737 shores

1 defoct!

stage will drive the grid of Dinbn amteeeting

CG&Sihg < Teducind olbpul. 111 were r\pPr\’ -1 tranztormer
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resu!t Thus, th
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because of excessive screen current. If screen bypass
capacitor C3 is open, resistor R2 will have dropped aeross
it the 1-f voltage occuring at the screen qrid, which will
produce degeneration and result in altered screen and
plate cutrents, and plate voltage. Reduced screen or
plate voltage, caused by increased resistance of B2 or R3,
will also cause o reduced output voltage. If copacitor C4
is open, the tuned circuit of L2 and C4 will not be resonant
to the praper i-{ frequency band. 1f C5 is oper, the t-f
voltage oppearing at the plate will be fed back into the
power supply through R3 and cause feedback with possible
oscillation.

To determine the component at fault, first check the
supply voltage ond then the plate and screen voltages with
a high resistonce voltmeter. If the supply voliage is low the
trouble is in the power supply. If the supply voltoge is
normal but the plate is low, plate loud resister R3 may haove
increased in value. Likewise, if the screen voltage is low,
screen resistor B2 may have increased in value. Check B2
and R3 for proper value with an ohmmeter.

A reduced plate or screen voltage may also be
caused by open capacitors C3 or G5, Check C3 and
C5 with an in-circuit capacitor checker if prior checks
hove failed to find the fault. This same check {in-circuit
copacitor checker) may be used if symptoms seem to in-
dicate open capacitors Cl or C4. If V1 is at ¢ constant
saturation level, check C1 for a short by measuring the
voltage from each plate of Cl to ground with o high tesis-
tance voltmeter, or by checking {or a short with an in~circuit
capacitor checker. If symptoms indicate trouble in either
input or output tank circuits and copacitors C1 and C4 are
not defective, remove cne lead of the suspected winding and
check the d-c resistance value of the winding. If oll tests
are normal and the trouble persists the tube is most likely
at foult.

CHANGE 2 15-A-28

LIMITERS-PENTODE




ELECTRONIC CIRCUITS NAYSHIPS

PART B. SEMICONDUCTOR CIRCUITS

DIODE LIMITERS.

The semiconductor diede limiter is comparchble with the
electron tube diode limiter; therefore, the general considera-
tions on limiter circuits discussed in Part A — Electron
Tube Circuits, of this section are generally applicable.

In gddition 1o its smal! size and lack of filament power
requirements, the semiconductor diode is more economical
from a cost standpoint than the electron tube diede. Al-
though the semiconductor diode may be cperated at some-
what lower power and voltage levels than the electron tube,
the difference in operating levels is slight. Usually there
is no problem in obtoining a semiconductor diede with peak
current and peck inverse valtage ratings eqnal o those of @
given electron tube diode. In foct, in most instances the
semiconductor diode has a current tating higher than thet
of the comparable electron tube. The forward and reverse
resistwances of the semicenductor diode are different from
those of the electron tube. Generally spedking, the lower
forward resistance of the semiconductor makes it more
efficient than a tube in o clipper circuit, because the loss
across the dicde is less. On the other hand, this advantage
is somewhat offset by the fact that the semiconductor diode
has ¢ finite reverse resistance, rather than the almost in-
finite reverse resistance possessed by the electron tube
diode. In communications wotk, the clipper is used to clip
off the peaks of modulation and allow a higher average per-
centage of modulaticn to be employed. In this application,
both the positive ond the negative peaks are usually clipped,
reqguiring the use of both positive- ond negative-lobe clip-
ping cricuits. As far as types of limiter citcuits are con-
cerned, both the semiconducter and the tube diode cre
identical, each providing two general classes - the series-
diede limiter, and the shunt-diode limiter. As a result five
diode circuit variations are available: the series-circuit
pesitive-lobe clipper, the series-circuit neqative-lobe
clipper, the shunt-circuit positive-lobe clipper, the shunt-
circuit negative-lobe clipper, and the two (double} diode
positive-and negative-lobe clipper. Each of these circuits
will be discussed In this section.

SERIES LIMITER, POSITIVE-LOBE.

APPLICATION.

The series limiter is used in communic
as a speech clipper, in electronic equipmen
tide limiting is desired {such os FM receivers of trans-
mitters) and in waveshaping circuits where all or @ portion
of the pesitive hali-cycle of @ waveform is to be clipped
aff, This circuit is particylerly snited for sguoring off a
peaked waveform. It is used universclly in display circuits
for modifying waveforms and determining the levels at
which they are clipped or limited.

o]

Hent

whore am h‘_

CHARACTERISTICS.

No amplificotion is tealized in the citcuit; because of
circuit losses the output amplitude 1s sligntly less than
the input amalitude.

T - R, SR A v 9
Megaiive wavelonn is passod unchonged, but positive

wavelorm is either partially or completely cupped.

ORIGINAL

900,000.102 LIMITERS
Phuse of waveform is unchanged (output phase is same
as input phose).
Presents a low (forward) resistance to a neqative signal,
and a high (reverse) resistance to a positive signal.
Isolates output circuit from input circuit in nonconduct-
ing condition.

CIRCUIT ANALYSIS.

General. A limiter circuit is used o accomplish any of
the following functions: to square off the peaks of an
applied signal, to obtain a rectangulaor waveform from a
sine-wave signal, to eliminate the positive {or negative)
portion of a waveform, or to keep the input amplitude to an
FM detector at ¢ constant value, The positive-lobe limiter
= desiqned to effectivelv eliminate or reduce the positive
portion of the tnput signal.

Circuit Operation, A schematic dicgram of a tvpical
series-diode positive-lobe limiter is shown in the gccompany-

ing figure.

CR £y
Bavae " ¢ 8
— |- \
R, b
e o
+
o 1 —0

Series-Diode Positive-Lobe Limiter

As can be seen, diode CRF is connected in series be-
tween the input and output, with R1 serving as the load re-
sistor. When a positive input is applied between the cathode
and qround, the cathode {s made mere positive than the anode,
and the diode does not conduct. Thus, for this condition
only the reverse resistance of the diode (which will be
discussed later) will allow eny signal to pass to the load.
When the input signal is negatively polarized, the cathode
is more neqative than the anode and the diode conducts.
When the diode conducts, electrons flow opposite the direc-
tion of the arrow through Rl to ground, and the polarity ot
the voltage developed across Rl is negative with respect
to qround, as shown in tha illustration. The amount of
current flow ond the resistance value determine the output
voltage produced. Since the forwarg resistance of the dicde
is in series with K1 to ground, togetner they form a voltage
divider and the output vcltage taken across Rl is always
less than the input voltage, (The loss (voitage arop) pro-
duced by the forward resistance is shown in dotted lines
on the negative pertion of the waveform and identilied by
the symbol v in the illustration.) Also since the loud re-
sistor is mot frequency-selective, the waveform of that
nortion nf the sinnal produced by forward current flow through
the rasistor is the scme as the woveform of the original
signal (except where clipped) and of the same phase. The
polarity, of course, is always neqative. [n forward con-
duction, the dicde oan be canstdered as a swilch which

e

CONRECTS e oulpul W e lpul. Oince the dicds ic o comd
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conductor, it introduces a slight amount of resistance,
usually not more than 10 chms, in series with the circuit.
When the dicde is nonconducting, its reverse resistance is
relatively high (50K to 1 megohm, or greater), but finite
(unlike the electron-tube reverse resistance which is usual-
ly infinite). In most applications, the reverse-resistance
value is high enough to have little effect on circuit opera-
tion, but in a series limiter its effect may be important,

The following figure shows the equivalent circuit for a
diode limiter with a back resistance of 50K, plus a load
resistance of SOK. As is clearly evident from the figure,

the diode resistance, R1, and the load resistor, RL, form

a voltage divider across the input. Even though the diode
is not conducting, in the forward direction, the small leak-
age current which flows through the diode reverse resistance
causes it 10 act as a voltage divider with R1. As a result,
half the applied input voltage appears in the cutput circuit.
This illustrates the serious disadvantage of semiconductor
limiters. As shown in the figure, the positive portion of

the waveform is only partially clipped, whereas in a vacuum-
tube circuit the entite positive waveform would have been
eliminated. One of the practical results of this reverse-
resistance effect is that diodes of one type cannot be re-
placed with those of another type (even though woltage and
current ratings may be adequate) unless their reverse re-

Reverse-Resistonce Equivelent Circuit

sistances are similer. Otherwise, the amount of limiting
or clipping will be different from the amount selected by
the designer, and improper functioning of following cir-
cuits can occur.

Consideration of the equivalent circuit, in the fiqure
above, during forward-resistance conditions reveals why the
output waveform can never have the same value os the
input signal, If the forward diode resistance is assumed
to be 5 ohms and the load resistance 50K, then the input
signal will be diminished by an ameunt equal to the ratio
of the resistance of the diode und the load resistor, or
one ten-thousandth, It is clear from this example 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 nevet less thon 100 chms
and is usually more, (Proctically speaking, 250 ohms
is the average low value with the high value being on
the order of 500 to 700 ohms.)

The amount of clipping of the input waveform can be
selected by using a diode which has the proper value of
reverse resistance, or by placing a negative potential
{Ebp) in series with Rl, as shown in the following figure.
In the latter case, the diode will not conduct wntil the

ORIGINAL

900,000.102 LIMITERS
__%_ &
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BIASED QUTPUT

Bias Contre! of Clipping

input signal is mote negative than the applied bios
(Ve). Thus the reverse resistance loading of the diode
on the input circuit is effectively nullitied {the reverse
resistance voltage divider action with Rl is eliminated),
The complete positive lobe, in this case, is eliminated.
Note, however, that the voltage divider getion produced
by the forward resistance and Rl still remains, as
indicated by v¢ in the fiqure. The total negative

signal amplitude is reduced by the amourt of torward
voltage drop and the effective negative bias.

FAILURE ANALYSIS,

Neo Output. A no-cutput condition can be the result
of either an open-circuit condition (g defective dicde,
or open connection) or a short-circuit condition (R1
shorted). A resistance check of the diode and load
resistor will quickly reveal the defective component,

Low Qutput. Lack of sufficient input signal, as well
as a defective dicde, can cause low output. A change
in value of the load resistor with age, although not
very likely to occwr, can alse cause a reduction of
output. If the diode is biased, a change of bias volt-
age can cause improper output. In eithet case, g re-
sistance check will determine whether the components
are defective, and o voltage check will determine
whether the bias is correct. Be certain to observe the
proper polarity when checking the dicde with an ohm-
meter; otherwise misleeding results will be obtained.

Distertion. Except for the clipping effect, a diode
limiter produces no inherent distortion. If a distorted
waveform is obtained, check the input with an oscille-
scope to determine whether the input signal is distorted,
The negative portion of the output waveform should be
identical to the negative pertion of the input signal;
if it is not, the dicde is defective. ‘Another possibility
1s that the circuit following the limiter introduces
distortion by feeding back an out-of-phase signal. In
some cases, it may be necessary to disconnect the
limiter output to determine whether such feedback exists.
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SERIES LIMITER, NEGATIVE-LOSE.
APPLICATION.

The series limitet is used in
as @ speech r"linnnr in ela

rrut*ers) - in wrweshup 5 e
tion of the negative half-cycle of o wavelom: 15 to be
clipped off. This circuit is particularly suited for sguadng
oft a peuked waveform. It is used umversauv kit lSDlIIV
circuits for modifying wavelorms Ll."fJ et

levels at which the,r Sve Ci

CHARACTERISTICS.

No amplification is reclized in the
circuit losses the output amphinide iz
‘fhe input ampliiude.

Positive waveform is passed unchanged, but nogative
wavelorm is either partially or conipletely clivpec.

Phase of waveform 1s unchanged {cutput phaze iz same
as input phase).

Presents a low {forward) resistace to the positive
signal, and a high (reverse) resistance 1o ¢ neqative
signal.

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

L

CIRCUIT ANALYSIS.

General. A ilmiter circuil (s used to gocomplish any
of the following functions: to square off the peaks of m
applied signal, to obtain a rectangular waveform from a
sine-wave signal, to eliminate the positive or negative
portion of o woveform, ¢ t© keep the input anplitude o
an FM detector at a constant value, T‘". neqative-lobe

limiter is desiqned o stiectively =
neqative portion of the input signal.
Circuit Operation. A schematic diagram of a typical

series-dicde neaative lohe limiter i3 showm in the sccom-
panying LHustratiorn.
L
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I
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As con be seen, dicde CR is connected in series be-
tweer the input and cutput, with R serving as the load re-
sistor. Wnen a positive input is dpplied between the plate
wid gicund, tne cathoede is made more negaiive than the
arode, and the dicde conducts, When the diode conducts,

\_l..uuuu.: ﬂvw Lpposite the dnm.uuu ol the ariow {om
ground, and up through B, ad the poianty of the voimqe
develeped aoioss B s positive with respect © ground, a3
shown in the illustration. The amount of current flow and
the resistance value determine the output voltage produced.
Since the forwurd resistance of the diode {s in series with
7 e _j.cu g {sqetrer they form 2 voltage divider and the
ceen across B s always less thon the

URE e s e e A R pmduhmd har tha
S . i Ha Sl S

forward resistance 1s shown in dotted lines on the positive
portion of the wavelfors and idertified by the symbo! ¥F
i the illustration), When anegotive siqnal is applied be-
Lween the cothode and \,ruum the cathode is made more
positive than the anode, and the dicde does not conduct.
Thus, for this condition cnly the reverse resistonce of the
dinde will allow any signal to pass to the load. Since the
loud resistor is not frequency-selective, the waveform of
tnat portion of the signal produced by forward curtent flow

rbrﬂnqh the resigtor i the same o the wavelorm of the

T2Sisel 18 Ul ane & WG im Ol

'

original sigral {except where clipped) and of the sane
phase. The polarity, of course, is always positive. In
ferward conduction, the diede can be considered as a
switch which connects the output to the input, Since the

dicdeic a5

nductor

it introdures o slight amount of
oncucter, 1t intrpcutes 2 s

A0 SMOUN L UL

fesistance, dsuakiy not mere g iU ohms, in series with
the circuit. When the diode is nonconducting, its reverse
resistance is reigtively nigh (50K o 1 meqohm, or greatet),
but finite {uniike the electron-tube reverse resistance
which is usually infinitc-). In most applications, the
reverse-resistance value is high enough © have little
PIIQCI on Cll'C'ulL ClDefGUOﬂ NJ' N a SeTIes HTT‘I'I?PI' its F'TTPFT
may be important. The following fiqure shows the eguiva

J
lent circuit for o diede limiter with ¢ back resistance of

K, plus a load resistance of 50K, As is clearly evident
from the figure, the dicde resistonce, Rl and the load
resistor, BL., oo a voitage divider across the input. Even
Giowgin L divde is Lot Wducting I tee forwaed ditecton,
the small fegkage current which [lows through the diode
feverse resislance causes i1 lo ocl s @ voltage divider

only partially

‘Jif TR e

£ P
R e

Uve wovelurm wousd Lave been eiimanated. One of tie
practicsi tesiits ol thie wverseresistance ollect iz that
dicdes of ane type conrot he replaced with those of mother
ype (2ven {ouyn vuildge dnid culient talings may be ade-
quote) unless Welr reverse resistances are similar. Other-
wise, e amount of Iimitng or clipping wiil pe ditferent
from the amcunt selected by the designer, and improper
fanctioning of following circuits can occur.
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Reverse Resistance Equivolent Circuit

Consideration of the equivalent circuit, in the fiqure
above, during forward resistance conditions, reveals why
the output waveform can never have the same value os the
input signal. If the forward diode resistance is assumed
to be 5 chms and the load resistance 50K, then the input
signal will be diminished by on 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 lew 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 o the
order of 500 o 700 ohms).

The amount of clipping of the input waveform can he
selected by using a diode which has the proper value of
reverse resistance, or by placing o positive potential (Ebb)
in series with R, as shown in the following 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 loading of the diode on the input
circuit is effectively nullified (the reverse resistance volt
age divider action with R is eliminated}. The complete
negative lobe, in this case, is eliminated. Note, however,
that the voltage divider action produced by the forward re-
sistance and R1 still remains, as indicated by vE in the
fiqure. The total positive signal amplitude is reduced by
the amount of ferward voltage drop md the effective
positive hias,

FAILURE AMALYSIS.

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

Low Qutput. Lack of sufficient input signal, as well
as g defective diode, can cause a low output. A chanage
in value of the load resistor with age, although not very
likely to occur, can also cause a reducticn of the output.

CHANGE 2
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Bias Control of Clipping

If the diode is biased, o chanae of bios voltage can cause
improper output. In either case, o resistance check will
determine whether the components are defective, and ¢
voltage check will determine whether ke bigs is comrect,
Be certain to observe the proper polarity when checking
the dicde with an ohmmeter; otherwise misleading results
will be obtained.

Distertion, Except for the clipping effect, o dicde
limiter produces no irherent distortion. If a distorted wave-
form is obtained, check the input with an oscilloscope to
determine whether the input signal is distortec. The posi-
tive portion of the output wavelomm should be identical to
the positive portion of the input signal. If it is not, the
diode is defective. Ancther posaibility is that the circuit
following the limiter introduces distortion by feeding back
an out-of-phase signal. In some cases, it may be necessary
to disconnect the limiter cutout to determine whether such
feadhack exists.
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PARALLEL LIMITER, POSITIVE-LOBE.

APPLICATION.
The ﬁgrr-l]::-l limiter is . uin-
ment as g :m:pr‘]m clipzer, @ el era
amplitude Hmiting is fesired (oo a8 FU receiverz or
ransmitters) md in wavesaapie rirmiits where nll or a
rortiam At tha macitiva hald momle o f o urm A im ke Rm
pentian atdliesngrivigs belieuslevelln SalEorn deaa ke

clipped off. This circuit is partic:larly ad for squaring
off ¢ peakec waveform. It is used universally in display
circuits for modifying waveforms and determining the levels
at which they are clipped or limited.

CHARACTERISTICS.
Mo Smpliliceney sl s St L;-'u;use of
circuit losses the output cmplituce is slishtly less than

the input amplizude.

Neqgative wavelors is possed .
waveloru is elther purtially o cunpleiely clipped

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

Presents a low {forward) resistance tc the positve
signal, and a high (reverse) resistance o a negative
signal.

Qutput is tcken trom acress a aiode.

nchonqed, but positive

CIRCUIT ANALYSIS.

General. The positive-lobe limiter circuit is used to
accomplish any of the following functions: to square off
the pedks of an applied siandl, to obtain a rectanaular
wovelorm fom o woues 3
portion of a waveform, or ¢ keep the input ampliwde to an
FM detector at o constant valye, The Positive-lobe limiter
is designed primarily to eliminate ¢r reauce tae positive
portion of the input siqnal.

Circuit Operatien. A parallel, positive-lobe diode
Vmitenis shown in the aocoom Wpanying ilustation. n this
circuit, diode CR conducts only during the positive portion
of the input signal. When the input signal goes positive,
the diode conducts, and its resistance drops from g very
high reverse resistance to a very low forward resistance.
The amount of resistance of the dicde in the conducting
{or the nonconducting state) is determined by the intemal
characteristics of the particular dicde selecled for the
circuit. Since the resisiance value of R is very large
mmpureu io tr‘E‘ "'D“C"'C'TJ.T“’1 resisiqnee ’7' ""P "1C""€ ”"JCE,-
cally the entire value of trc input vo.L; qe drops acioss

lond resisier Bowkile suly swenssnall johiags Sicss

across diode CR. This veltage may pecome negligiple

of the lnad rocictamee B b tha dimda

wharn the mario
wWaen no ratio of teisd a0 ;
anece in gy hink  Qamn cmlam ~fF nlins 3

T8I0 VoD NUgn. SOnD VILUT DU VGLIITY

e

still exist ccross CR, hecause of its conductin
called the forward resistance and is snown or the iHusire

Hee e Pos DMame sbom dormit sl el e e bl im sl 11 d
@l 28 Do, nnln WO INpUl S GO8S nCythvg, WS allac

TSIANTR,

does not conduct, ond Cur'a"‘ flo
A T 2 i PR B " | o R o
N 3NdiL 1ISVEISES uLAU'C:lIL S HL,\«\._, il idel e, WTOUUDE UL
the reverse resistance of the dicde and thus a smati portion

of the input voltage is dropred aoress B, The amounst of
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reverse resistance of ne diode depends upon the character-
istics of the diode selected. Thus, this is one of the dis-
advantages of the semiconductor diode over the vacuum
tube. The vamuum tube reverse rezistance is considered

o ha infirite whorass tha
e 1 e the

to be infinite, whereos &
voltage dropoe: aoross B zubtrocts from the output, and
e S : :

better in some appli

R

o VAL 4 Q
INPUT CR QUTPUT

o O

Parallel-Diode Positive-Lobe Limiter

Q
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]
o

+
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o

Paratlel, Positive Lobe Diode Limiter Used as a Positive
Peak Limiter

¢ e ok sl A £
PP R R T T ()

s may be accomplished by appiying
galie erunl o the walon 28 the

a hiasi
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positive signal to be passed by the circult, to the cathode
of the diode, as shown in the accompanying illustration.
The biasing, or limiting, voltage may be obtained from a
battery, as shown in the illustrotion, or from a tap on a
bleeder resistor connected in the output circuit of a d-¢
power supply. When connected as shown in the illustration,
with the cathode of CR ceonnected to the positive terminal
of the d-c source, the cathode of the diode is held more
positive than the anode by the value of E| in the absence
of an input signal. As long as the positive cycles of the
input voltage remain less positive than E,, the battery bias
voltage, the diode remains essenticlly nonconductin, be-
cause its cathode is positive with respect 1o the crode and
the cutgut voltage is equal to the input voltsge misus the
voltage developed by the reverse resistance of the diode.
Since all of the negative cycles of the Input voltase are
less positive than E,, these too cause the dioce to remain
essentially nonconducting, with the result that the ouzpu:
woltage is again equal 1o the input veltage minus the velinge
developed hy the reverse resistance of the diode, When
the input signal increases to a value which exceeds the
voltage of E,, the anode becomes positive with respect to
the cathode ond the diode conducts, and continues con-
ducting as long as the input remains more positive than E,.
During this pericd of conduction, the output veltage of e
circuit is equal to the value of E;, and that portion of the
input signal which exceeds the bias voltage is clippec, ot
limited, appearing as a voltage drop across the diode load
resistor, R.

Q —’I—\'.—,'—e'—
Ny P

INPUT

O

QUTPUT

Parallel, Positive Lobe Diode Limiter Used to Pass
Negative Peaks

By reversing the polarity of E,, the parallel, positive
lobe diode limiter may also be used where it is desired to
limit not only the entire positive peaks of the input signal,
but dlsc a predetermined level of the negative pedks, i
order to fumish an output only when the neqative peaks

CHANGE 2
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exceed this predetermined level. With the cathode neqative
with respect 1o the anode, the diede is mantained in o
conducting state in the absence of an input signal, ond the
output voltcge is held at a steady (neqative) d-c level
equad to E,. With an input signal applied to the circuit,

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

FAILURE ANALYSIS,

No Output. A sherted 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 chmmeter, moking certair
to observe the polarities of the diode, since au ermonecus
indication may be obtained if the proper polarity is not
observed. If both compenents check qood, check for the
presence of the input siqnal, meking sure that it is of
proper cmplitude.

For the special case where the dicde 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 bics for
proper voltage with a voltmeter. In the case of a battery
hias supply the voltage will be either weak or absent, but
in the case of the bias supply being a power supply, it
could olso be high.

Reduced or Unstable Output. A defective load resis-
tor, R, or a defect in the parallel branch of the circuit,
consisting of CR and the bias supply, E,, can produce «
reduced or unstable cutput. The only other likely possi-
bility is a decrease in the amplitude of the input signal.
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, negative-lobe diode limiter is used in
transistorized equipment when it is necessary to limit any
part of the negative poriion, or the negative qoing part of
the positive portion of an input single waveform, and allow
the remainder of the input signal to pass without modifica
tion of the waveform. It is used universally in display
circuits for modifying woveforms and determining the levels
at which they are clipped or limited.
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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.

Positive waveform is pussed unchonaed, but negative
waveform is either partially or completely clipped.

Phase of waveiorm 15 unchanged {output phose is same
as input phase).

Presents q low {forward) resistance ¢ the negative
signal, and o high {reverse) resistance to o positive signol.

Qutput is taken from across a dicde.

CIRCUIT ANALYSIS.

Generol, The negative-lobe limit

acconplish any of the followlng hnctions: To suarc off
the peaks of ‘an applied siqnal, to obtain a rectanauiar

waveform from a sine-wave signal, © elimir
portion of 0 wavelorm, or 10 keeo the inpul auplitice to an

FM detector ot o constant value. The Negative - iobe iimiter

is designed primartly to eliminate or recuce tne neqative
portion of the input signal.

Circuit Opercﬁun Tf‘e Cil’Cult of u par@lel negative-
ustra-
tion. In this circuit, daode CR r_'ondv.cts :mly dnrmq the
negative portion of the input signal. As long ns the input
signai remains positive, the diode remains in a noncon-
ducting state, and current flow through B clmost ceases.

A small reverse current still flows through B od CR,
hecause of the reverse resistance of the dicde, and thus

a small portion of the input voltage is sropped ucioys UG
resistor. The amount of reverse resistance of the dicde
depends upon the characteristics of the diode selected.
Thus, one of the disadvantages of the semiconcuctor dicde
over the vacuum tube is encountered. The vacuum tube
reverse resistace is considered to be infirite, wnereas
the semiconductor is finite. T‘hp voltone Aronoed ncrass R

g s el mwmi

.:U.uuu\.,m uun the uul.pu\, idher o Jail. uf thE .llu.iT.Cf
is less than unity. Cn the other hand, forward rezistance
of the semicenductor is less than that of the vacuur tube,
mak ing the semiconductar better in some cpplications,
When the input signal goes neqative, the anode becomes
positive with respect to the cathode and the dione coni:
Thus the dicde tesistance changes from 4 very lgh res:si-
once ta a very low resistonce. The amount of resistanc

of the diede in the conducting s*atﬂ as well as the non-

u.mau: [mu GRS 'iHHH:mr‘(, tv s iibelimd O tu(qg_v Iis

oi th SRR p i

i wuduti, R

e [es: sidanee VLULAC’ il i \t‘iy Liat:
the conduction resistence oi the dioce, pru"'
entile vaiuc of e Input vOulue Uops dursss e ol

resistor R, while only o very small veltase drogs acress

ﬂ\F\ﬂE ""_ Trie \yr\\?(‘vr‘r\ Ty e e
i HERS

PN o Ty
ratio of the load resistance 7 1o thoe disde residlanoe s

very high, Some value of volrane, nowever, atill exisis
across CR, becouse of its conducting tesistance, calics
the forward resistonce. This valtage is showr on tha

TR e B et e T sa i e B
uiubu.rdhun b thesbasls sdenasic g Vi
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Negative Lobe Diode Limiter and
Input-Output Waveforms

-

Al e v oo oo B A s iansan s ot b
‘L, BENT tive-iobe dicde limiter may be also

A parallel,
used 10 limit only the negative woveiom pedk, while
dllowing ¢ given value of neqative siqnal to pass through
the circuit to the output. This may be accomplished by
applying a neqative biusinq voltage, having a value equal
% the value of the nogative signal to be possed by the
cl TCU].[, © e anode of e CIO\..E‘, as shown in tne daccom-
panying illustration, The biasing, or limiting, voltage may
oe obtained irom a battery, us shown in the illustration,
or from a tap on o bleeder resistor connected in the cutput
circuit of a d-c power supply. When connectéed as shown
in the illustration, with the anode of CR connected to the
neqative temminal of the daz source, the anode of the diode
is held more neqative than the cathode by the value of Ebb
in the absence of an input sigeal. As long as the negative
cycles of the input voltage remain less negative than Ebk,
the bias voltage of the battery the diode remains essen-
tially nonconducting, and the output voltane is equal 10 the
input voltuge linus the voltuge droppsd Dy the Teverse
resistaice of the diode. Since all of the positive cycles
of the input voltage are more positive than Ebb, these 1o

B o mr‘-nr\ e R e T IO e el e St e A ] 1ari ke
ifetolnlale ol ORI e Tieilateolarnakenl - B oleteoternty Tolbioid by Lol T L

tha rogult that bk Lt

oo mor T 1
¢ fnabboonaaliouiliogits [Eetite st ol
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dipul FOAlUyY uiiuw iU vLdluge dUveEISEud oy il seveisu

tesistance of the dicde. When the input signdl increases
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18 equal to the value ol bbb, and that portlon of the input
signal which exceeds (15 more regative) than the bigs voit-
ane 1s clipped, or limited, appearing as a voltage drop a-

crans toe o Sode gl pecieer R
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Parallel, Neqative Lobe Diode Limiter Used as a
Negative Peak Limiter

By reversing the polarity of Ebb, the parallel, neqative-
lobe diode limiter may also be used where it is desired to
limit not only the entire negative pecks of the input signal,
but also a predetermined level of the positive pedks, in
order to fumish an output only when the positive peaks
exceed this predetermined level. With the ancde positive
with respect to the cathode, the diode is maintained in a
conducting state in the absence of an input signal, and
the output woltage is held at a steady (positive) d-c level
to equal to Ebb. With an input signal applied to the circuit,
the cutput voltage continues to be held at this steady d-¢
level, with the input signal appedring across the diode load
tesistor, R, until the input signal becomes mare positive
than Ebb, When this peint is reached, the diode no longer
conducts; its resistance then increase to a very hich value.
As « result, the input signal which previously appeared
across R, because R was much greater in resistence than
CR, now appears across CR and the output termminals of
the circuit, since CR is now much greater in resistance
than R. The output signal, therefore, contains orly the
positive pecks of the input signal which are more positive
than the biesing voltage, Ebb.

CHANGE 2
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Parallel, Negative Lobe Diode Limiter Used to
Pass Positive Peoks

FAILURE ANALYSIS.

Mo Output. A shorted dicde or an open load resistor will
cause d no-output condition to exist. The anly other likely
possibility iz the absence cf the input signel. Check the
diode and the resistor with an ohrmmeter, moking certain to
observe the polarities of the dicde, since an erronecus
indication may be obtained if the proper polarity is not
observed. 1f both components check good, check for the
presence of the input siznal with a VTVM or an oscille-
scope making sure that it ‘s of proper amplitude. For the
case where the dicde is ot completely shorted, but reads
a very low resistence of say 200-ohms or less, the diode
can be consideted defective.

In the case of the biosed limiter, check the hias for
proper voltage with a voltmeter. In the ccse of o battery
bias supply the woltage wall be either weax or absert, but
in the case of the bias supply being a separate power supply,
it could also be nigh,

Reduced or Unstable Quitput. A defective load resistar,
R, or a defect in the parallel branch of the circuit, consist-
ing of CR and the bias supply, Ebb, con produce ¢ reduced
or unstable output. The onlv otner likely possinility is @
decrease in the ampi:tude of the input signal. The trouble
can be localized in the same marner as cescribed above
for a no-output conditior.

TWO-DIODE, POSITIVE AND NEGATIVE LOBE LIMITER

APPLICATION.

The parallel, twe-diode positive ad negetive limiter,
is used in vransistorized equipment when it is necesscry
to limit @ portion of beth the positive and the neqative
parts of the signal wavelornr, and cllow the remainder of
the input signal ‘o pass without modification of the wave
form.
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CHARACTERISTICS.

No amplification is realizec in the circuit; because
of circuit losses the cutput emplitude iz sitghtly less than
the input amplituce,

Ao rE e ~E ‘n al
Limits g portticn of L theiooniBynne

andimecativespart
of the input signal, or the entize nesative gr pozitive por
tion ma a part of the other hall, or uny conbination thereof.
Phase of waveform is unchonged (output phase is same
as input phase).
Utilizes two parailel ziodes conrected 1 in opposite
polarity with each otner, ond in shunt with the load.

CIRCUIT ANALYSIS.

Generel. The oo

is used to qecomplisn gy o1 the &
o square oif the poaks of an I
rectanguiar Mwefor" e

s 1
nale

clip the other pGrTlOP OJI discussion nere will pnmonly
concem the equal clioning of both the positive and
negative portions ot a si“.o sk rlof iyl | i R Cia ot ) ke
ok a sine-wove inlo esse
Circuit Operohon L
ad negative lube dicde limiter i3 shown |
illustration. Dlode CTRI lindts e poaitive half oycle o
input and CR2 limits ke nenctive kalf. Ebk, and Ebb,
supply the bias for their respective dicdes and the resistor,
R, octs as tne locd resistor. Reverse bioses are applied to
the dicdes so that the cothode of CE1 is pesitve with
respect o its anode, ans the anece of TRY s nemative

with respect to its cathode.
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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. Itis at this point that the output
waveform is flattened. Actually, even during its conducting
period, the diode offers a slight cpposition to current flow,
and a small forward voltage drop 2dés to the lood voltage.
Thus, the output volicge it slightly higher than the diode
bigs by the amount shown as VF, on the output waveform.

As the input sigral reaches itz positive peak and beqgins
decreasing lowards zero, it again reaches a level which is
less pasitive than Ebb,, diode TRI again cuts off and the
input is again faithfully reproduced at the output. The
input signal continues in the nequative cirection, and snortly
heromes more nequtive than Ebb,. When this ocours, the
cathode of CRZ is made nuie tegebive biun e wode, @il
diode CR2 conducts, duplicating the action which occured
on the positive half eycle, The iorwerd voltage drop of
the conducting diode is shown as VF, on the output wave-
form. The input then reaches the neqative peak and begins
decreasing towards zew. As it becomes less negative than
Ebb,, CRZ ceases conducting, end the remainder of the
input signal is reproduced at the cutput.

The amount of clipping which takes place at the output
is dependen o acertainexten! upen the t,r‘ﬂ of dindes

el Tat 4

e
he bico, As B

aExectéEu. UL primm iy upul i eliees

is made more positive, less clipping cecurs on the positive
half cycle, and as it is made less positive, more clipping
occurs. By the same toker, as Ebb, i5 made less positive,
more clipping occurs, By the some token, as Ebb, is made
more neqative less clipping occurs on the neaative hall
cycle, and as it becomes less neqative, more clipping

QCCurs.

FAILURE ANALYSIS.

No Output. An open load resistor B, or the absence
of the input siqnal arcethe twe most probakle couses oo
no-output condition. Check the vaiue of B with un ohimetel
for proper value, and check for the presence of the input
signa! with an oscilloscope. Note thet for the diodes to
praduce o no-output conditicn, both of them must be shotted,
and that the loss of both bias supplies will creauce an
extremely low clipped culput, caused by the voltage dreps
across the diodes

the cutput will be

Distortion may be
tw o open or shorted o
signal, Check both bics supplies 10“ fv“pﬁr *:olt_qe with

m voltmeter, and both dicdes with an ohmmeter. Be sure
1y nhaerve proper polorities wher checking the aiodes,

as incorrect indications could be obtained by not doing so.
The input signal shouid be chiecked with an cucitlcoccno
to determine 1t the input waveiorm is at fouit.

The possibility of both kalf o ST SiuiitBeing
decrensed by the saome amonnt 1= unlikely, Bofh biags,
supplies iiust Jecrecac by the
condition. If both supplies i rerease, (ne outout will in-
crease, The r‘nl\_,' other coiae o “ecrenses ol s the

1o couze this

SaninnmL e BEge i

lmnmnd raoic
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TRIODE, BASIC COMMON-BASE LIMITER.
APPLICATION.

A triode, basic common-hase limiter is used in semi-
conductor circuits whern it is desirea to limit the amplitude
of a relatively small input signal to a2 definite neqative and
s0sitive output level.

CHARACTERISTICS.

Cutoff ond plate saturation limiting are used by this
limiter,

Base to emitter bias and base to collector bias values
determine the proper limiting level,

[.ow input impedance and high output impedance.

No phase inversion.

CIRCUIT ANALYSIS.

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

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

e
SIRvE:
)

-— SATURATION

[\~ -~ cutorrF
|
|

INPUT

Triode, Basic Common Base Limiter (NPN)

Capacitor Cl and resistor Rl form a coupling network
which couples the signal from the previous stage to the
emitter of Q1. Bios supply VEE determines the emitter to
base bias voltage. The value of hase resistor Rl in con-
junction with the bias supplied by VEE determines the
emitter current. Collector load resistor R2 and collector

CHANGE 2
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supply VCC establish the collector current. Capacitor C2
couples the output of Q! to the following stage. Gl is an
NPN transistor.

When the incoming signal is positive-going the positive
signal voltage opposes the normal forward negative bias
between the emitter and the base, This reduces the current
flowing threugh the transistor. When the collector current
of Ql is reduced, the woltage drop across B2 is also re-
duced, md the coliector voltage opprooches that of the
collector supply which, in effect, mekes the collector more
positive, Thus, for ¢ positive incoming signal a positive
output voltage is obtained,

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

When the incoming signal is negative-going the emitter
is driven negative with respect to the bose. This increases
the forward bias and current flow (electron flow) from emitter
to collector. An increase in voltage drop acress collector
resistor R2 results, which drives the collector more neo-
ative. Thus, a negative input results in g negative sutput.

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

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

FAILURE ANALYSIS.

No Qutput. In ¢ triode, basic common-base limiter a
no-output condition may be caused by any of the following
(provided the input signal is present and correct): An open
coupling capacitor C1, on open bias resistor R1, an open
or shorted supply voltage VEE, an open collector to base
resistor B2, an open or shorted supply voltage Ve, an
open output coupling capacitor C2, or a foulty transistor Q1.

To determine which of these components is at fault
first use an oscilloscope t¢ determine if the input siqnal
is present ct 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 Cl with an in-circuit copaci-
tor checker. 1t C1 is not open check B1 with an chmmeter
(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 scurce which is
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known to be qood, or by measuring VEE with a high resist-
ance voltmeter, If VEE is not zeqo or shorted, check B2
with an ohmmeter {(after disconnecting cne end of the re-
sistor from the circuit). If B2 is not open, check the col-
lector bias voltage VCC with a high resistance voltmeter.
Check C2 with an in-circuit capacitor checker. I C2 is not
open and ail other components check out, transistor Q1 must
Low or Tistorted Out. A low o distorted output

may be cauzed by: input capacitor Cl being shorted, re-
sistor R1 being shorted or beyond tolerance, voltage source
VEE being other than the required voltage, resistor R2
being sharted or beyond tolerance, voltage source VoC
being other than the required veitoge, copaciter O2 being
shorted, ond tansistor G being delective,

To determine which of these components is at fqult,
first check the voltage between oneé plate of C1 and ground
with o hich resistance voltmeter, then check the voltage be-
tweer: the other plate of Cl and ground. If these volicge
values are equal then capacitor Cl is shosted. Check
the value of Bl with an ohmmeter {after first discon-
necting one end of Rl from the circuit) for the
proper chmic volue. 1f RI is nat within the required toler-
ance replace it with a resistor that is. Check voltage source
VEE with a high resistance voltmeter. If the voltage has

altered from the required voltage, either adjust the source

Iequl eingel 2Q

e

1o the proper value or replace VET with o voltage source
of the proper value. Check 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, replace it with o resistor that is. Check
voitage source VU with a high resistance voitmeter. if
the voltage has altered from the required veltage, either
adjust the source 10 the proper value or replage VOO with

a voltage source that is the proper value. Check the volt-
age between one plate of C2 ond ground with a high resist
ance voltmeter, then check the voltege between the other
piate of CZ and ground. If these voltages are aqual capaci-
tor CZ is shorted. U all of these components are good

and the trouble still persists the fault must be in tronsistor

QL
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