ELECTRONIC CIRCUITS NAVYSHIPS

SECTION 16
CLAMPER (D-C RESTORER) CIRCUITS
PART A, ELECTRON-TUBE CIRCUITS

DIODE CLAMPER.

General. Liode clampers, aiso refetred to as duc re-
storers and baseline stabilizers, are used in electronic
circuits to hold either amplitude extreme of o wavetorm to
a given reference level, The name d-c restorer is scme-
what misleading in that the d-c component present in the
output waveform has nothing to do with any d-c component
that may be associated with the input waveform. The diode
clamper circuit can be arranged to “‘clomp® either ampli-
wde extreme and thereby permit the wavelorm 1o extend in
only one direction from the reference level. Thus, the cir-
cuit can be used to hold either the positive extreme or the
neqative extreme of o waveform to a desired reference-
voltage level.

Diode clampers which hold the positive extreme of the
waveform to a desired reference level ate called negative
clampers because the entire waveform is shifted negatively
with respect to the reference level; those which hold the
negative extreme to o desired reference level are called
positive clampers beccuse the entire waveform is shifted
positively with respect to the reference level.

The c:ccom‘pmying waveform illustration shows the var-
iaticn of signal voltage with respect to a reference poten-
tial without clamping and when negative and positive clamp
ing are used.
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Signal-Yoltage Yoriation With Respect to a Reference
Level

B coupling is commonly used between stages; in this
coupling method, the coupling capacitcr alsg serves as a
biocking capacitor, te keep any 4~ potenual that may be
present from atfecting the foliowing stoge. {The methods
used to couple one stage to another were discussed in
section Z.) ine varying component of the voitage applied
to the B-LC coupling network is transmitted to the ioilowing
stage as a signal waveform ({in this cose, u square wave)
which vories above and below some iixed reference level,
as shown in part A of the accompanying wavetorm illustra-
tion. If the resistor of the R-C coupling network is ground-
ed, then the reference level is said to be ot ground poten-
tial, or at zero reference level, and the signal waveform
varies above and below ground {zero reference level) as
shown. 1f the resiston is retumed to a fixed potental, os
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level of the fixed potential, and the signal waveform varies
above and below the fixed potential.

In certain electronic circuits, it is desirable to confine
the signal waveform to voltages which lie either above or
below the fixed reference voltage established for the circuit,
For these circuit applications the clamper circuit is used o
hold either the positive of negative extreme of the signal
wavetorm to the desired reference levei,

In the following discussion, it is assumed that the
input waveform is obtained from the plate circuit of a pre-
vicus stage and, therefore, varies about a positive d-c volt-
age reference level. The autput waveform obtained from an
3-C coupling network is nomally centered about an estab-
lished reference voltage level at or ne@ ground potential.
However, if the coupling capacitor can be made to charge
to the manimum positive d- value of the input wavetonn
and temain at this value, then any signgl swing must occur
in a negative direction; therefore, the cutput waveform
varies between the established reference level and same
neqative value, depending upon the pedk-to-peak amplitude
of the input signal. Conversely, if the coupling capacitor
can be made to chorge to the mimimum positive d< value
of the input waveform and remain Gt this value, then any
signal swing must occur in a positive direction; thus, the
cutput waveform varies between the estoblished reference
ievel ond some positive value, depending upon the peak-c-
peck amplitude of the input signal. In the case where the
capacitor charges to the maximum positive d< value, the
top of the output waveform is clamped to the reference level,
as shown in part B of the accompanying illustration , and
the action is termed negotive clemping. [n the case whete
the capacitor charges to the minimum positive d< value,
the bottom of the output waveform is clamped to the refer-
ence level, as shown in part C, and the action is termed
positive clamping.

The accompanying 1llustration shows two simple diode
clampers and the output waveform associated with each
circuit when a square wave is cpplied to the input of the
clamper circuit. The shift of waveform axis with respect
1o the zero reference level occurs because diode V1 can
conduct only when its plate is positive with respect to its
cathode, Thus, capacitor C1 charges through a very short
time constant {resistance of diode V1 when conducting) on
altemate half cycles of the wavelorm when the plate of the
diode is positive with respect to its cathode; the capacitor
tends to discharge through a long time constant, the resist-
ance of B1, when the plate of the disde is negative wilh
respect to its cathode {diode V1 noncenducting).
cuarge and siow discharge actisn cont i
builds up on the capacitor to shift the waveform from the
onigingl zero axis. Desisiul B pelinits same dscharge o
capacitor C1 during aitemate halt cycies ot the wavetorm
when diode V1 1s nonconducting.  This etfect causes the
wavefonn to have a slight overshoot of the zere axis, in-
stead of exactly coinciding with the zero axis. Hegardiess
ot the presence of a d=< compenent in the input waveform to
the clomper circuit, one polarity extreme or peck (either
positive or negative), cf the cutput waveform will approx-
imate the zero axls; whether the positive or negative ex-
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Negative and Positive Diode Clamper Circuits ond Output Wavetorms

Although the preceding general discussion has assumed
that a positive d-c potential exists as the reference level
for the input wavelorm to the clamper circuit and ground as
the reference level for the cutput waveform, the circuit
operation is essentially the same, no matter what respec-
tive levels exist at the input and output of the circuit.
Several clamper circuits are discussed later in this section
which are purposely arranged and *biased” to produce an
cutput wavetorm clamped at a given d-c reference level
{other than ground potential),

Typical negative and positive diode clamper circuits
are discussed in the circuit descriptions which follow in
this section.

NEGATIVE DIODE CLAMPER.

APPLICATION.

The neqgative diode clamper {or d-c restorer) is used
when it is desited to hold, of “clamp’’, the positive extreme
of a wavefom to @ zero reference level (ground potential).

CHARACTERISTICS.

Input signal waveform contains both positive and neg-
ative amplitude extremes,

ORIGINAL

Output signal woveform varies between the reference
level (ground) and some negative value, which is determined
by the peak-to-peak amplitude of the input wavetform.

Input and output signals are in phase with one another.

Uses diode in conjunction with an R-C coupling net-
work; cathode of diode is at ground (chassis) potential,

CIRCUIT ANALYSIS.

General, The neqative diode clamper circuit consists
essentially of a diede connected in parallel with the resist-
or of a conventional R-C coupling network. The diode is
connected so that whenever the waveform swings in a
positive direction the diode conducts to produce o shert
RB-C time constant; whenever the waveform swings in a
negative direction the diode does not conduct, and this
results in a long B-C time constant. Thus, two different
time constants are produced — a short time constant during
the positive half cycle of the input waveform, and a long
time constant during the negative half cycle. It is this
difference in time constants that produces the clamping
acticn for the output waveform.

Circuit Operation. A negative dicde clamper is shown
in the accompanying illustration, together with typical in-
put and output waveforms. Cepaciter C1 ard resistor Rl
form an R-C coupling netwotk and deteruine the long time
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constant of the circuit, Electron tube V1 is an indirectly
heated cathode-type dicde; it is the clamper diode and,
together with capaciter Cl, determines the short time con-
stant of the circuit, The filament theater) circyit for the
dicde is not shown in the schematic.

The input waveform shown in the uccompcmying illustra-
tion is tvpical of o square waove gensrated ot the plote ol o
muitivibrator stage. The waveform can be considered as the
platevoltage variation which is applied to the input of the
clamping clrcuit. Initially the plate veltage of the multi-
vibrator stage is low (+20 volts) while the tube is conduect-
ing heavily; the plate voltage rises to a high value (+100
volts) when the tube {s non-conducting, or cut off. Thus,
when the stage is in operation, a square wave is produced
wiivit ios an 80 volt peak-to-peak ampirtude. Coupling
capacitor Cl of the R-C network is initiclly charyed to a
potential of +20 volts, which is the plate voltage of the
multivibrator stage when the tube is conducting heavily.
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Negative Diode Clamper Circuit and Waveforms
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The circuit conditions at this time ate indicated by
point A on the input and output wavefoms of the accom-
panying illustration. Immediately following point A on the
input waveform, the input to the clamper circuit suddenly
rises B0 volts (from 420 volts to +100 volts) to point B.
Since the charge on capacitor Cl cannot change immediately,
the Blvoit change gppeats geross resistor Rl and also
across diode V1. This makes the plate of diode V1 80 volts
positive with respect to its cathode, and the diode conducts
to charge capacitor C1 through a short time constant path,
When conduction begins, the output veltage drops from
point B on the output waveform to zero (refetence level).

At point C on the input waveform, the input signal drops
80 volts (from +100 volts to +20 volts), but capacitor C1 is
charged to +100 volts and cannct change insicntaneousiy;
therefore, an 80-volt drop in signal voltage appears across
resistor R1, causing the output to drop from zero (reference
level) 1o —80 volts. Thus, between points C and D on the
waveforms, the input voltage drops from +100 to +20 volts,
and the-output voltage drops from zero (reference level) to
~80 volts, During the time interval between peints D and
E on the waveforms, capacitor C1 will discharge slightly
through the long time-constant path offered by resistor R1
until peint E is reached.

At point E on the input wavelorm, the input signal again
rises 80 volts (from +20Q volts ta +100 volts) to peint F on
the input waveform. Once again the charge existing on
capacitor Cl cannot change immediately, and the 80-volt
change appears across tesister Bl. However, an 80-volt
chanye cquses the output voitage to overshoot the zero ref-
erence level slightly because of a slight discharge of capao-
citor C1 which has occurred during the time interval between
points D and E, Therefore, hecause of the voltage over-
shoot, @ small positive voltage exists across resistor Rl
and diode V1. The plate of the diode is positive with
respect to its ccrthode, and the dinde conducts momentarily
to replace the slight loss of chatge on capacitor 1. The
output quickly drops and remeins at zerc {reference level)
until point G is reached. The input signal again drops {from
+100 volts to +20 volts), and an B80-volt drop in signal volt-
age appears across resistor B, egain causing the output
to drop from zero to —80 volts. Thus, between points G and
H on the waveforms, the input voltage drops from +100 to
+20 volts, and the output voltage drops from zero to —80
volts. Once again, capacitor 1 begins ta discharge through
resister Rl to complete another cycie,

The output waveicrm has purposely been drawn to show
s substantial decrease in voltage caused by the discharge
of capecitor C1 during the period of time the input wave-
foim is ol its negative extreme (point D to pomt Ej. In
ptactice, however, the volue of resistor B1 is relatively
iarge, and very little distortion resuits from the aischarging
of capacitor C1 threugh 1R, or from its charging through
diede V1 (at point F),

From the explanation of the negative clamper operation
given cbove, it is seen that the positive extreme of the
input waveform has been held, or clamped, to the desired
zero reference level and the entire wavefomn has been
shifted negatively with respect i the reference level,
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FAILURE ANALYSIS,

General. Becquse of the relative simplicity of the
neqative diode clamper circuit, the failure analysis is also
relatively simple and is limited to several possible failures,

Initially, the input signal should be checked to determine
whether it is present and of the correct waveshape and
amplitude, The diode, V1, should be checked to determine
whether it is in satisfactory condition and whether the
cotrect filament (heater) voltage is applied to the tube, In
many cases, a d-c potential exists at the input of the
clamper circuit; therefore, it is possible for coupling capa-
citot C1 to become lecky {or shorted) and cause a veltage-
divider action to occur. Since capacitar C1 is in series
with resistar Bl, a continuous current flow can result if
the capacitor is leaky (or shorted), and this will produce a
change in the reference level at the output of the clamper
circuit. Furthemore, in this case it is likely that diode V1
will conduct at all times. A quick check to determine
whether coupling capacitor C] is leaky {or shorted) is to
remove diode V1 from the circuit and check for the presence
of voltage developed across resistor R,

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

Since only three compenents are involved in the circuit
(resistor R1, capacitor C1 and diode V1), these components
are easily checked to determine whether they are defective.
Resistor B] can be measured with an ohmmeter to determine
its resistance, capacitor Cl ¢an be checked with a suitable
capacitance analyzer, and diode V1 can be checked in a
tube tester o, as an altemative, a diode known to be good
can be substituted and the operation of the circuit noted,

POSITIVE DIODE CLAMPER.

APPLICATION.

The positive dicde clamper {or d restorer) is used
when it is desired to hold, or *'clamp’’, the negative extreme
of a waveform to a zeto reference level {ground potential),

CHARACTERISTICS.

Input signal waveform contains both positive and neqge-
tive amplitude extremes.

Output signal waveform varies between the reference
level {ground} ond some positive value, which is determined
by the peak-to-peck amplitude of the input waveform.

Input and output signals are in phase with ¢ne another.

Uses djode in conjunction with an R-C coupling network;
plate of diode is at ground {chassis) potential.

CIRCUIT AMNALYSIS.
Generol. The positive diode clamper circuit consists
essentially of a diode connected in parallel with the resistor

ORIGINAL

900, 000,102 CLAMPERS
of a conventional R-C coupling network. The dicde is con-
nected s0 that whenever the waveform swings in @ negative
direction the diede conducts and produces a short B-C time
constant; wheneverl the wavelorm swings in a positive direc-
tion the diode does not conduct, and this results in long
R-C time constant. Thus, two different 1ime constants cre
produced ~—a short time constant during the negative half
cycle of the input waveform, and a long time constant during
the positive half cycle. It is this difference in time con-
stants that produces the clamping action for the output
waveform.

Circuit Operation. A positlve diode clamper is shown
in the accompanying illustration, together with typical input
and output waveforms. Capacitor Cl and resistor Bl form
an R-C coupling network and determine the long time con-
stant of the circuit. Electron tube Y1 is ¢n indirectly
heated cathode-type diode; it is the clamper diede and,
together with capaciter Cl, determines the short time con-
stant of the circuit. The filoment (heater) circuit for the
dicde is not shown on the schematic.

The input waveform given in the accompanying iliustra-
tion is typical of o square wave generated at the plate of a
multivibrator stage, The waveform can be constdered as the
plate-voltage variation which is gpplied to the input of
the clamping circuit. Initially the plate voltage of the
multivibrator stage is high (+100 volts) while the tube is
cut off (nonconducting); the plate voltage drops to @ low
value (+20 volts) when the tube is conducting heavily.
Thus, when the stage is in operation, g sguore wave is
preduced which hds an 80-volt peak-to-peak amplitude.
Coupling capaciter Cl of the R-C netwaork is initially
charged to a potential of +100 volts, which is the plate
voltage of the multivibrator stage when the tube is cut off
{nonconducting).

The circuit conditions at this time are indicated by
point A on the input and output waveforms of the accom-
panying illustration. Immediately following point A on the
input waveform, the input to the clampet circuit suddenly
drops 80 volts {from +100 volts to +20 volts) to point B.
Since the charge on capacitor C1 cannot change immediately,
the 80-volt change appears across resistor Bl and also
across dicde V1. This mokes the cathode of diode V1 80
volts negative with respect to its plate, and the diode con-
ducts to discharge capacitor Cl through a short time con-
stant path. When conduction begins, the output veliage
rises from point B on the output waveform to zero (reterence
level),

At point C on the input waveform, the input signal rises
80 volts (from +20 volts to +100 volts), but capacitor Cl is
charged to +20 volts and cannot change instantanecusly;
therefore, an 80-volt increcse in signal voltage appeors
across resistor Ri, causing the output to rise from zero
{reference level) 1o +80 volts. Thus, between points T and
[ on the waveforms, the input voltage rises from +20 to
+100 volts, and the output voltage rises from zero (reference
level) to +80 volts. During the time interval between points
D and E on the waveforms, capacitor C1 will charge slightly
through the long time-constant path offered by resistor Rl
until point E is reached.

At point E on the input waveform, the input signal again
drops 80 volts {from +100 volts to +20 volts) to point F on
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the nput wavetorm. (Unce again the charge existing on
capacitor Cl cannot change immediately, and the 80~volt
change appears acress resistor R1. However, an 80~volt
change causes the output voltage to overshoot and drop
below the zero reference leve! slightly because of a slight
charge of capaciter 1 which has occurred during the time
intervai between points [ and F. Theretore, because of the
voltage overshoot, o small negative voltage exists across
resistor R1 and dinde V1. The rathode of the dinde is
niegative with respect to its plate, and the diode conducts
momentarily to discharge capacitor Cl. The output quickly
rises and remains at zero (reference level) until point
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appears across resistor R1, again causing the output to
rise from zero to +B0 volts. Thus, between points G and
H on the waveforms, the input veltage rises from +20 1o
+100 volts, oad the output voitage rises from zero to +80
volts. Once agein, capacitor C1 begins to charge through
resistor Rl to complete another cycle.

The output waveform has purposely been drawn to show

a cnhcfﬁnhnl decrease in voltase cougad by the charaing of
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capacitor C1 during the time the input waveiorm is at its
positive extreme (point D to point E). ‘In practice, however,
the value of resister Rl is relatively large, and very little
distortion results from the charging of capecitor C1 through
R1, or from its discharging through diode V1 (at point F).
From the explanation of the positive clamper operation

\_’AV\_.II ubuvu, e lstelalovatvi Gt i rn.,guuvc extreme of the
input waveform has been held, or clamped, to the desired
zeio reference level and the entire waveform has been
shifted positively with respect to the reference level.

FAILURE ANALYSIS.

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

Initially, the input signal should be checked to deter-
mine whether it is present and of the correct waveshape
and amplitude. The diode, V1, should be checked to
determine whether it is in satisfactory condition and
whether the correct filament (heater) voltage is applied
to the tube. In many cases, a d-c potential exists at the
input to the clomper circult; therefore, it is possible for
coupling capaciter Cl to become leaky (or shorted) and
cause a voltage-divider action to occur. Since capacitor
Cl is in series with resistor R1, a continuous current fiow
con result if the capacitor is leaky (or shorted), and this
will produce a change in the reference level at the output
of the clamper circuit,
coupling capacitor Cl is lerrky (or shorted) is tc remove
diode V1 from the circuit and check for the presence of
voltage developed across resistor R1.

1f the value of resistor Rl increcses considerably above
its origingl value, distortion of the output waveform is
likely to occur, especially when the input waveform is
subject to changes in signal amplitude. As a result, dis-
tortion will occur dt.ri-rg the time required for capacitor C1
10 reach d new 1::1:1::(:&.!‘ u-vr-r whnich resulis from a (‘.'nunqe
in signal amplitude, If the value of resistor Ri decreases
censiderehly, distortion of the output waveform will occur
because of the decreased R-C time constant, and, as a
result, undesirable apikes will be present in the output
wryeinrm,

Since only three components are involved in the circuit
{resistor R1, capacitor Cl1, and diode V1), these components
are eqsily rhecked 1a determine whether they are defective:
resistor R1 can be measured with an ohmmeter to determine

ite mogictomen conoaeitar O] aom b chaolead it A cvitahla
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capacitance unalyzer, and diode V1 can be checked in a
tube tester or, as an alternative, a diode known to be good
il noted.

can ha anhstitutad and the aperat
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MNEGATIVE-BIASED DIODE CLAMPER.
APPLICATION.

The neqative-biased diode clamper is used when [t is
desired to shift and hold the reference level (negative
extreme for positive dicde clamper, ¢r positive extreme
for neqative diode clamper) of the spplied signal to some
negative value.

CHARACTERISTICS.
Establishes a d-c reference level of a signal, but does
not offect its amplitude.
The reference level is always a negative value equal
to the bias voltage.
Input and output voltages are in phase.
Uses a diode, an 1-¢ network, and a bias voltage supply.
A nequative-bicsed diode clamper may be used as either
a positive or negative clamper.

CIRCUIT ANALYSIS.

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

The output voltage is obtained across the parallel
combination of the diode and the resistor. During the
short time constant all of the input sigral voltage is de-
veloped acrcss the coupling capacitor and nore is de-
velaped across the diode and resistor, and thus no cutplt
is developed. DBuring the long time constant, practically
none of the signal voltage is developed across the coupling
capacitor and practically all of the sigqnal voltage is de-
veloped across the resistor and diode, and thus oracti-
cally all of the signal appears at the output.

The clamping level is dependent on the input voltage
value; normally the clamping occurs at a zerc voltage re-
ference level and extends in G positive or neqative voltage
direction to @ voltage vulue equal to the peck to peck input
voltage. With the insertion of ¢ negative bias voltage the
reference level is shifted in a neqative direction. A nego-
tive or positive diode clamper having @ neqative bing will
have the minimum negative voltage of the output at a refer-
ence level equal to the value of the bias voltage.

Circuit Operation. A negotively biosed negative diode
clamper is shown in the accompanying illustration. Co-
nacitor Cl and resistor Rl form an r-¢ coupling network
1nd determine the long time constant associated with the
circuit. Electron tube V1 is on indirectly heated cathode
type of diode. This diode during the time of its conduction,
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shunts Rl and together with capacitor C1 detemmines the
short time constant of the <ircuit. Voltage source EX
provides a negative hias voltage which alters the reference
leve} from zerg to o negotive reference level equal to the
bias potential.
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Negatively Biased Diode Clamper

The input wovelorm ghown in the accompanying illustra-
tien is o typica! sgquare wave. Prior to point A on the
signal valtage woveiorm there is no input voltage,  Prior
1o point A on the cutput woltage waveform, the output volt-
age is mointuined at the bias voltage value. At point A the
firat leadir - irpul BQiire wave occurs. Since
Cl counnet instantanesusly charge to this value, the full
signzl voltage appears on the plote of V1. The output
voltage at poiat A is the algebraic addition of the voltage
acrozs V1 and the regative bias voltoge, Copacitor Cl
charges ropidly, however, tecause of the very small time
constent (with respect to the frequency of the input signal)
of Cl and the small resistance of V1 during its conduction.
The outpu: voliage diminishes to the bias voltage at the
same rate thet Cl chorges. This voltage diminishes weli
befcre point B iz reeched. Then the input signal reaches
point B, capacitor C1 again cannot change its charge in-
stantaneously, and a high negative voltage appears on the
plate of V1. Therefore, diode V1 does not conduct and all
the voltage oppears ccrozs R, The output voltage ot
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point B is the algebraic sum of the negative voltage across
R1 and the negative bias voltage.

During the pulse period between points B and C, ca-
pacitor Cl discharges slightly through Bl for the duration
of the neqative pulse. Since the time constant of B1 and
Cl1 is large, however, only a slinht cmoun? of this voltage
Ieaks off. The amount of the voltage that discharnes throuah
R1 subtracts from the veltage criginelly applied coress Bl
at point B. Hence, at point T the initial neqative charqe is
less than at point B, accounting for tne dip in the wave-
form.

When point C is reached and the input signal rises in ¢
positive direction V1 conducts, and capacitor Cl again
cannot respond instantariecusly to the “!:tpid chanae,
Hence the full waltese oppoars somgas tho disde. The
output voltage this time, however, is not only the voltage
across Y1 plus the bios voltage but it 1s this dgebraie
addition minus the voltage that is present across R1. Since
the voltage across B has been reduced Dy the dsclage
of Cl, the voitage across Rl is less than the voltcr‘e
acress V1 by the amount of voltage that has leaked off C1
at point C. The output voltage at point © is then slignmiy
more positive than the hias. This produces the slight
positive peak on the waveform at peint C, since the anode
of V1 is more positive than the cathode, V1 conducts and
quickiy charges, removing the smalf pip caused by the
initial surge across V1. The cutput voltage then drops
to that of the bias voltage for the remainder of the pulse
width, period C to D on the waveform, When point [J is
reached the action is the same as that occuring at peint B
and the cycle repests.

By reversing the diode in the illustrated circuit, the
circuit becomes a negatively-bigsed positive dinde
clamper. The positive diode clamper normally has a posi-
tive output with a zero reference level, By inzerting the
negative bias, the reference is shifted to g negetive
voltege value equal 1o the bias voltage.

FAILURE ANALYSIS.
General. Because of the relative simplicity of the
negatively biased neqative or positive diode clamper cir-

cuit, the failute analysis s limited to severai possible

failures. Before checking for failures within the ~lomror
circuit, check the input signel to determine whether i

present and of correct waveshape and ampiitude. I the
sigqnul is present and morrect in t
clamping circuit. In many ¢
the input of the clamper circuit: 1
coupling capacitor "l to become 1

cause ¢ voltage divid

IR DORAL [

is connectod in series with
rent flow can result if the
this will produce o chanae in the reference level at the oit-
sutiabdieelomponeienly. Buathoaane. i dlosss i w
likely that diode V1 will conduct ot all times. Check

s Wi oo Maaey, FRY (Bl ke,
COUping capiciior i 1o leakaye,

pacitor artedl, g
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If the bias supply wete to open, na output would be
obtained. If the bias supply voltage became shorted, an
output would exist, but the reference level would be shifted
te zero instecd of some negative value,

I! the recistor R1 increases considerably abov
to oconr, especi.aliv when
changes in amplitude. If the
siderakbly, distortion of the cutput wovetorm will ccaur be
cause of the decreased r-¢ time constant, and, as a result,
undesirable spikes will be present in the output waveform.

Since there are only four components in the circuit
there should be little difficulty in determining the faulty
component. Resistor Bl may be mecsured with an ohmmeter
u geterming i1 1ts value 1= within the acceptable tolerance.
Copacitor C1 may be checked with g capacitor analyzer or
by measuring the voltage from one plate of £l to ground
and then the other plate of 1 ta ground (if the voltages
measured are equal the copacitor 1s shorted). Bias voltage
source EK may be checked with o voltmeter. If after all
known good bias supply, or with a voltmeter. If after all
the components nave teen checked the trouble still persists,
diode V1 must be at fault. A low reverse resistance is
also an indication of a defective diode.

POSITIVE-BIASED DIODE CLAMPER.

APPLICATION.
The positive-biased diode clamper is used when it is
desired tn shift the referenca level of the applied signel in

¢ positive direction. This ype of clicuit is commonly
used in tadar, television, and computers.

CHARACTERISTICS.

QOutput waveform vari
level and a vo.toge equa
between, the peak 10 peuk fw.:ulituue und the pasitive te-
ference voltage.

Establishes a 3¢ reference level for the waveform, but
does not affect itz qipit ude.

Input and output voltages are in phase.

Uses o dicde, an 1-c aetwork, and a bics supply.

& rositize
tive clampers.

=
'—' 147

bet‘.veer. the positive reference
th , of the difference

Bl oo ot i EA RO .
OIS0 MY oh wdUo Wiln o0l PUsilive Gl Ledu-

CIRCUIT AﬂALTSiS
Generol.

lvnp\ [ cronnes tee ue r"'\_r:r whenoyar tha g_r{_‘:‘\'r_rx_fr}rn:\ wings

in One leectlor‘ post tive drection for neqgative clamping
I'JAi[' Ve

10 PIGAUCE & LLOil e e COLslunl; whenever the

R | R T
et Lo pevwitive clgmeinal the dinde oon-
A £

ar
_l‘.l. ~

wavelorm swings in the anpnsite direction the dinde does
not conduct, and this results in o time constant dependent
Gfl UhE T-C NCUWOIR whili 1s vely xung willi lespect 1o e
short time constant formed by diode ¥1 and capacitor Cl.
The output voltage 15 token across the parailel combi-
nation of the dinde and the resistor to ground. During the
short time constant, il of the signal voltoge appears
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across the coupling capacitor and no voltage appears
across the diode, or the resistor, and thus no voltage ap-
pears at the output. During the long time constant practi-
cally none of the signal voltage cppears acress the coupling
cepaciter and practically all of the signal voltage appears
across the resistor, and thus practically oll of the signal
appears at the output.

The clamping leve! is dependent upon the input voltage
value, normally being clamped at a zero voltage reference
level and extending in a positive or negative voitdge direc-
tion to a voltage value equal to the peak to peak input
voltage. With the insertion of ¢ positive bias voltuge the
reference leve! is shifted in a positive direction. A positive
diode clamper (biosed positive) will have its lowest posi-
tive value as the reference level. A negative diode clamper
{biased positive} will have its highest positive value as the
reference level. The reference level will be, in any case,
a value equal to the value of the bias weltage.

Cireuit Operation. A positively biased positive diode
clamper is shown in the accompanying illustration,

otz 13 fg

—
PEAK TO PEAK VALUE

OF INPUT VOULTAGE
+ 25V ¥ 45

Vi

INPUT ouTPUT

Basic Biosed-Positive Diode Clamper

Cepacitor Cl and resistor R1 form an r-c coupling net-
work and determine thelong time constant associated
with the circuit. Electron tube V! is an indirectly heated
cathode-type of diode. This dicde, during the time of its
conduction shunts R1, and together with C1 determines
the short time constant associated with the circuit, Voltage
source Ebb provides a bics voltoge which changes the
reference lavel from zero to a positive level equadl to the
bigs potential. The illustrated input waveform is a typical
square wave with times t, t,, t, md t, eccurring ot the lead-
ing und trailing edges of the waveform where the signal
changes from positive to negative [evels and vice versa.
Prior to application of the input voltoge at time t, the
output voltage is maintained at the positive bias voltage
level, that is at, say +10 volts. At time t,, the negative-
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going leading edge of the square wave Input pulse accurs.
Since coupling capacitar Cl cannot change its charge
instantly the total input voltage appears across resister Rl,
and produces a negative spike of cutput voltage, Since
V1's cathode is now driven neqative with respect to the
anode, diode V1 conducts. The amplitdue of the output
signal at this instant is a <25 volt peak of input voltage
plus a positive 10 volts bias, which add algebraically to an
effective -15 volts output amplitude. When V1 conducts,
the short time constant quickly discharges Cl and the neqe-
tive spike drops to the bigs level remaining at this value
for the remainder of the pluse width. In this instonce the
effective zero level is not zerp but is the positive bigs
level. Meanwhile, diode V1 is conducting lightly because
of the positive bias, and creating the flat (bottom) portion
of the output pulse for the time remaining hetween t, and t,.
At time t,, the input waveform becomes positive-going

and swings to the full 50 volt peak value. Again Cl can-
not change its charge instantly, so the full voltage appears
across Rl. The output voltage now rises to +80-volts, the
sum of the peak input voltage (+50) and the bias {+10).
During this time the cathode of V1 is now more positive
than the anode and conduction ceases. During the period
between t, and t,, Cl charges slowly thrcugh the long time
constant supplied by Bl. At time t, the second input pulse
ends and the negative-going trailing edge couses the out-
put voltage to drop 50 volts. Becouse of the small charge
through the long time constont circuit, thisvoltage aver-
shoots the bias level, and drops to +5 volts instead of the
normal bias value of +10 volts. This occurs because
capacitor Cl is charged S-velts during the pulse width
because of the long time constant. Hence, although the
initial output voltage is 6C volts at time ¢, it drops te 55
volts by time 1,, due to the charging of Cl. Therefore,
when the negative 50 volt swing occurs at t,, the output
level drops to +5 velis. Thus an effective 5-volt neqative
overshoot is producos ¢t the hottom of the waveform. The
negative overshoot drives diode V1 into conduction which
quickly discharges Cl to the bias level and eliminates

the overshoot pip. The out put now remains at the +10
bias level for the remainder of the flat {bottom) portion of
the waveform. At time t, the waveform agoin changes
direction and a positive-geing signal is gpplied, The
cycle now repeats, ond thus the negative portion of the
waveform is held clomped to the positive bias level for

the duration of the input siqnal. The distortion shown in
the illustration of the wavelform is exaggerated to facilitate
the understanding of circuit action. Ir practice, the time
constant of Cl and R is sufficiently large that very little
distortion of the waveform occurs.

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

General. Because of the relative simplicity of the
positively biased positive or neqative diode clamper
circuit, the failure analysis is aiso simple and is limited
to only a few pessible failures.

Initially, the input signal should be checked to determine
whether 1t 1s present and ot correct waveshape and ampli-
tude. If the bios batiery or supply voltage should become
open no output would be obtained. If the bias supply velt-
age should become shorted, an output would exist but the
reference level would be shifted to zero instead of seme
positive value, In many cases, ¢ d= potential exists at the
input of the clamper circutt: therefore, it is possible for
coupling capacitor ©1 1@ becone lewky {or shorted) and
COLSE G VOliGge uivider ullivn Wwovcur, Since copucizor Ol
is in series with resistor Rl a continuous current flow can
result if the capacitor [s lesky (or shorted], and this will
produce o cnanne (n the reference leyal ot the autout of *he
clamper circuit,

If the value of resistor Rl increases considerably
above its original value, distortion of the output waveform
is tikely to occur, especially when the input waveform is
subject to chenges in signal amplitude. If the value of
Rl decreases conziderably, distortion of the output wave-

. \rhr- 'thar*r-r A e e
Yf'\"'ﬂ ""' Decy causge of the cecregsed 1-¢ tme Sonctant,

and as aresult, ur.desirable spikes will be present in the
output waveform.

There should be little difficulty in determining the
component at fault, since there are only four components in
the citcuit, Hesistor Bl may be measured with an chmmeter
to determine if the value is within tolerance. Copacitor
C1 may be checked with a capacitor analyzer or hy measur-
ing the voltage from exch plate of 1 to ground (if the
voltages measured ars equal, the capucitor is shorted). If
every other component has been checked and the trouble
still exists, diode VI must be at fault,

TRIODE CLAMPER.

A clamping circuit, which s sometimes reterred to as a
d-c restorer, or 4 base line stobilizer in other publications
holds elther extreme of o waveform to a given refersnce
level.

All clamper circuits are dependent on two time constant
circuits required to establish the reference level to which
the output is clomped, one a long time constant circuit and the
other a short time constant citcuit. Tne iong time constont

circuil is developed by the Hiput coupling capacitor and @

1e51810r, w0ich 18 shunted Ly o Jiude. Tre snort time can-

stant circuit is developed by the input coupling capazcitor

und the resisance ol the SioGe dunna e ume of 1S con-

ductior‘.. #hether the clamper is clamped in the positive or
1 o

diode the coupling cavuciter is connected, [i the capasior
is connected to the cathode of the diode the clamping cir-
cuit will clamp in a positive direction. If the capacitor is
connected to the plate of the diode the clamping circuis wi

clarp in d negative direction.

CHANGE 2
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Although a disde is sufficient to provide clamping action,
is relatively inexpensive, and requires less space and as-
sociated circuitry than tubes with more elements, it some-
times become advantageous to use triodes in certain ap-
plications. A basic single-tube triode clamper, will provide
a higher peak to peak output voltage for @ giver input voltags

It is necessary that in a basic single-tube triode
clamper as in most ather triode circuits, that an input
coupling capacitor be connected to the qgrid of the tube in
ctder 10 prevent d-c coupling. In the case of the basic
single-tube triode clamper, the grid of the tube acts as the
plate of an effective diode in a diode clamping circuit.

Thus with the input coupling capacitor connected to the ef-
fective rlate of the diode, neqative clampiny is ahtained
However, due to the phase 1nversion of the input and output
signals of an electron tube, positive clamping iz obtzined
at the plate of the triode.

Another type nf trinde clamper, which uges two tridoes,
rather than one is the synchronized tricde clamping cirouit.
This is used in rotating radial sweep reder applications,
where a tropezoidal voltage is needed to produce the sweerp,
The trapezoidal sweep voltage varies above and below o
reference line. In addition, the voltage that ocours between
sweeps varies in magnitude, from cycle to cycle. As are-
sult, each sweep occws ot g diffsrent point on the screen due
to the effect of this difference in voltage between sweeps.
The synchronized clamper prevents this condition. It is
necessarily a two-way clamping circuit because the voltage
to be clamped must be clamped both above and below a
reterence line. 'I'he circuit is made inoperative durinn
sweeps, by synchronizing pulses, so that no clamping occu
during the sweep time, Between sweeps, the clampor coor-
ates and clamps these undesirable variaticns in veltage
a reference line from a positive and neqative direction.

The sychronized triode clomper, and the single triode

n}ﬂmmr are 4 A-cnnccnrl ""‘DG'C‘;CM in t}"C Frallonirin LERG caraohs

i ICLOWINT TTAURS.

BASIC SINGLE-TUBE CLAMPER.

APPLICATION.

A basic single-tube clamper is used where it is desired
to obtain omplification of the input signal as well as
clamp one extreme of the sianal,

CHARACTERISTICS.

Clamping is accomplished netween the mid and the
cdthode, the qrid acting 48 a diade plate,

Clamping between the gnid ond the scathoce con only be
in @ neqative direction, since the coupling capacitor must be
connected to the qrid of the triode,

Cutput taken from the plate of the triode will he clomped

imon Sirium Ajrost]
Eras@aeisic s gelhes il

CIRCUIT ANALYSIS.
General, The circuit operation of the hasic sinale
ube triode clamper is largely similer to that of the wdc
clamper, In the triode clamper, the contro! arid serves the
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same function as the diode plate in the diode clumper cir-
cuit. The gqrid-leak hios resistor and coupling capacitor in
conjunction with the grid to cathode resistance of the triods
provides a means by which two time constants may b pro-
duced. These time constants enakble ¢ certain bias level to
be established, which fixes the reference level to which the
output level is clamped.

The qrid is mainteined at a negative voltage, ond since
the plate voltage varies inversely and is of opposite
polarity, the output voltaqe is clamped at a positive reference
level, The action of the triode clso provides amplification
of the input signal,

Circuit Operation. A basic sincle-tube tricde clamper
is shown in the accompanying illustration. Cl and Rl are
the input coupling capacitor and the qrid leck bias resistor,
respectively. They form the long time constant circult as-
sociated with the clamper. The cathode to grid resistance
of wiode V1 during the time of maximum cenduction along with
Cl form the short time constant circuit associated with the
clamper. K2 is the plate load resister, which also provides
the proper de plate voltage to the plate of V1.

4 O
R2
Enb
RESISTANCE -
= s CATHODE
INPUT < $————~ = TOGRD OUTPUT
o) —0

Basic Single-Tube Tricde Clamper

The input signal is @ typical square wave, having equel
positive and negative amplitudes as shown in the accompany-
ing illustration, Prior to the application of the square wave
at time t,, the output voltage is held at a certain level due to
the plate voltage being developed across the plate load
resistor R2. This voltage value constitutes the reference
or clamping level of the output voltage. Times t, and t,
tepresent the leading edges, and times t; and t, represent
the trailing edqes of the input square wave.

At time t,, the first positive-going leading edqe occurs
and appears at the grid of V1. Since capacitor Cl cannot

CHANGE 2
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fody t, sty
+
o INPUT
+
[¢] o GRID
S —
3+ / = QUTPUT
0

Clamper Waveforms

immediately change its charge the entire voltage appears
across R1. Grid current immediately flows from cathode to
qrid and beqins charging cepacitor Cl. The time required to
charge Cl is very short because of the low cathode to grid
resistance of V1. As Cl becomes fully charged, the qrid
side of Cl becomes negative, and the grid is at the same
negative potential. This charging action continually reduces
the amount of tube conduction from the time of the initial
application of the leading edge of the square wave to the
time where Cl becomes fully charged, This varies the plate
output voltage from some negative vahie to some positive
value (the reference level) where it remains constant for

the duration of the pulse, until the trailing edge of the input
waveform is reached at time t,. At t,, the neqative-qoing
trailing edge of the input signal causes a negative voltage
to appear across Bl and on the grid of V1. The neqative
grid swing causes the plate curtent to reduce, and the plate
output voltage, therefore, rises to nearly the full value of
the supply {goes positive). At this time, the input signal
teaches its maximum negative swing and the output voltage
reaches its maximum positive swing. For the duration of
the pulse to time t, c long time constant path is offered
through Rl to discharge Cl, since V1 is no longer conducting
from grid to cathode (no qrid current is flowing). Because
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of the long time constant and the relatively short pulse

width time, U1 4i5”h0r':es nly slightly before the next
positive leading adae of the npu: signal oppears Ot t,.
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FAILURE ANALYSIS.

No Output. If ¢ sguure wuve signal within the desim
limitations of the tricde clomping clecuit is cpplied to the
input of the circuit o “no cutput”” zondition may he the re-
sult of ae plate voltag exizting at the plate of V1,

duP to a faulty plate supply voltege scurce or due o an
Cpen pia onlv other ity come-
ponent that would tesult v 2 ”no outputt! ©
fauity triods Vi,
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sides of Cl to ground to determire i1 C] is shorted. (I the
measured voltages are equal the capacitor is shorted.) Check
resistor 51 with an o%r““e!er. I resistor B1 has 6n accept-
able resistarnce value, <k resistor B2 with on ohmmeter.

If resistor RZ has on coceptable resistance value, medsurs,
the value of the plate voltage supply, Ebb, with a high
iesisiance volimeter, If the piate supply voltage is incorrect,
uy to adjust the plate voltage supply source for the correct
voltage value. If all these components have been checked
and the “low or distorted! condition still exists, the triode
must be defective.

SYNCHRONIZED TRIODE CLAMPER.

APPLICATIUH

How tresiqnal
vely and neqatively from the zero reference level.

reicrence lever ond g

o] sl ot dol

CHARACTERISTICS.
Uses two tricdes connas
Clampirg cczurs hereen rp t signal variations.
Synchronizing mulses are required.

CIRCUIT ANALYSIS.

A synchronized triode clamper utilizes the

o maimein g specific reference
At the time

General.
conduction of two triodes g
level during the time that no amnol .lb presert
that the input siee] oorirs

HEDE T
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Circuir Operation.
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W o]

YNCHRONIZING
SPUT

Cc2

QUTPUT

Synchronized Triode Clamper

asthe sawtooth waveforms. The period between sach saw-

tooth, therefare, is equel to the period between each synchro-

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

INPUT

SYNCHRONIZING
PULSE TRAIN

QUTPUT

Clamper Waveforms

At the time either o positive or neqative sawtooth wave-
form is applied to the input of capacitor T3, a neqative
synchronizing pulse is applied to the synchronizing input
through capacitor C2 and applied to the grids of triodes V]
and V2. This synchronizing pulse cuts off the triodes V1
and V2 for the duration of the pulse, which is equal to the
period of the sowtooth waveform. When the Zuration of the
sawtooth waveform ends, the duration of the synchronizing
pulse is likewise completed, and trindes V1 and V2 retuen

CHANGE 2
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to conduction, forming aveltage divider network. This volt-
age divider consists of the two triodes and o cathede bias
resistor RZ in a series connection, extending between plate
voltage supply Ebb and ground,

If there should be any voltage at the input that varies from
the zero reference line, at this time, the conduction of the
triodes will vary in such away as to compensate for the
voltage variation and to maintain the output at the zero refer-
ence. [f this voltage variation is positive, the voltage at
the cathode of V1 and the voltage ct the plateof V2 ismade
more positive. The increased plate voltage of V2, in most
cases, s relatively ineffective in changing the amount of
conduction of V2. The increased voltage at the cathode of
Vi, however, causes the grid voltage to appear mare neqa-
tive, thereby increasing the bias. (This positive increase
in voltage is then much more effective in changing the
conduction of V1 than in changing the conduction of V2,
The conduction of V1 is then reduced causing the plate re-
sistance of V1 to incredase, thereby causing 3 greater voltage
drop across V1. With the increased voltage drop across V1,
there will he less voltage available at the plate of V2, and
thus at the output. This voltage decrease at the plate of V2
and at the output is equal to the positive voltage varlation
occurring at the input. The output voltage is, therefore,
maintained at the zero reference level.

If the voltage variation, at the time that triodes V1 and
V2 arein thestate of conduction, is negative, the voltage at
the plate of V2 and at the cathode of V] isnegative. The
voltage decrease at the cathode of V1 causes the grid voltage
to appear more positive, thereby decreasing thebios. (This
decrease in voltage is then much more effective in changing
the conduction of V1 than in changing the conduction of V2.)
The conduction of V1 is increased causing the plate resist-
ance of V1 to decrease ond cousing the voltage drop across
V1 to decrease. A more positive voltage is then present at
the cathode of V1, at the plate of VZ and at the output. This
voltage increase is equal to the negative voltage variation
at the input. Thus output voltage is maintained at the zero
reference level for o negative voltage variation as well as @
positive voltage vatriation.

FAILURE ANALYSIS,

No Output. A ‘'no output’’ condition may be due to any
of the following failures: an open coupling capacitor Ci, an
open synchronizing pulse capaciter CZ, no input signal, or
no synchronizing pulse train. These failures may be locoted
by measuring capacitors Cl and C2 with an in-circuit capac-
itor checker, and by observing the input signal with an
oscilloscope. If either the input signal or the synchro-
nizing pulse train is not present ct the respective inputs,
check the input signcl source or the synchronizing pulse
source with an oscilloscope. 1f the ""ne-output” conditicn
still exists after these checks have heen mads, ¢ bad con-
nection somewhete in the circuit must be the couse.

Low or Distorted Output. A low or distorted output may
be due ta any of the following delects (provides the proper
input signal is applied): low or no plate supply valtage,
improper synchronizing pulse, open or shorted resistor B2,
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open or snorted resistor [l, open or shorted capocitor C3,
sharted capacitor Cl, shorted capaciter C2, or, if the condi-
tion still exists after checking these components, triode V1,
or triode V2, or both triodes must be defective.

To determine which of these components is at fault, first
check the input signal with on oscilloscope. I the input
signel iscomrest, pracesd 1o the synchronizing prlse inpit
and check the synchironizing pulse train with an oscillescope.
Ii either the input siqnal or the syrichronizing signal is
incorrect the trouble is naot in the clamping circuit, but is in
some stage prior to the clamper. U the synchronizing pulse

koo bioh

train iz correct, check the plate supply voltage w

wel, ©

resistance voltmeter. If the plate supply voltage is correct,

Al pmniatmes BT e d DT 0ial sme s ctan Tl Sac
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pacitor C3 with an in-circuit capacitor checker, or by meas-
uring the voltage from both plates of 3 to ground. 1f both
voltages are equal the capacitor is shorted. 1f all com-

b oro Froamd b by meb e f et ars dhe Pl et b e
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either triode V1 or triede V2, or in both triodes.
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PART B. SEMICONDUCTOR CIRCUITS

DIODE CLAMPERS.

The semiconductor dicde clamper is practically iden-
tical to the electron tube clamper, both circuitwise and
functionally. Before proceeding, the recder should review
the moterial on Diode Clampers in Part A — Elecuon Tubes
in this section, as it is generally applicable to this discus-
sion.

Like the electron tube, the semiconductor diode clamper
is used to hold the input signal at a predetermined level,
either above, below, or at ground level. When the positive
extreme of the input waveform is held ot the desired refer-
cnce lavel, the entiie wavelorm is effectively shifted ina
neqative direction from the reference level, and such action
is called negative clamping. When the neqative extreme of
the input waveform is held at the fixed refetence level, the
entir e waveform is effecuvely shifted in o positive directicn,
and such action is called pesitive clamping. When thein-
put signal is unciamped and is symmetrical, both the posi-
tive and neqative portions of the wavelorm vary equally
above and below the reference level.

Ta effect clamping, the semiconductor dicde is opercted
as a simple switch controlled by the polarity of the input
waveform. In the direction of forward conduction it passes
the signal, but in the direction of reverse conduction it is in
effect an apen circuit and blocks the signal.  Although the
forward resistance of the semiconductor diode is low, the
reverse resistance g nat infinite like that of an open
switch. In fact, the reverse resistance of a semiconducter
diode can be as low as 50,000 ohms. In proctice, howeves,
such iow velues are never used to any large extent because
of the Joading they present to the circuit across which they
are connected, Design practice is to employ diodes with a
back resistance more nearly equal to thot of the convent-
icnal electron tube, which is in the megohm region. Al-
though the almost infinite resistance of the electron wube
cannot be obtained in the present type of semiconductor
dinde without adversely affecting the forword resisiance
and overall performance, fairly high reverse resistances
can be obtained. As a general rule, reverse resistences of
the order of hundreds of thousands of chms are obtainable
and are used.

In addition to the inherent disadvantage of a relatively
low reverse resistance, the semiconductor diode alsc hes 2
capacitive effect which varies with applied veoltage, phy-
sical size, and composition, In megt cases this capacitive
effect is small enough to compare favorably with that of the
electron tube dinde. However, when the semizonducton
dicde {3 used as g d-c restorer at video and higher fre-
quencies, the shunting capacitance may affect the wave-
form of the signal, For these reasons, the semiconducter
dicde is generally tesijicted in use 10 6¢ Dias circwts and
low-frequency pulse operation,

Since (he diode may be connected to operate on posi-
tive or negative signals and may also be bigsed positively
or neqguiively, four bosic circuit variations of the diode

¥ . 1 =
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Cenerally spedking, the unhiosed dinde circuire are ant

used extensively because the reverse leckage of the diode
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adversely affects performance; furthermore, these simple
circuits are restricted to holding either the positive or the
negative peck of the waveform to zero level. Thus, if it is
desired to clamp the waveform at a particular point other than
zero level, the biased type of clamping circuit must be used, -
Biased diode clemping circuits are used extensively in
transistor switching circuits which operate at levels less
than the limits of cutoff and saturation to obtain more pre-
cise switching. Each type of diode clamper circuit is
discussed in the circult descriptions which follow in this
section.

NEGATIVE DIODE CLAMPER.

APPLICATION,

The neqative diode clamper (or d—c restorer) is used
where it is desired to hold, or “clamp’/, the positive ex-
treme ot a waveform tc ¢ zero reference leve] (the reference
leve! for this circuit must be ground potential). This cir-
cuit is commonly used in radar, television, telemetering and
puise code communications equipments, and computers.

CHARACTERISTICS.

Input signal contains both positive and negative por-
ticns, but gutput signai consists of only a neqative-going
signal similar to the input signali.

Output waveform amplitude varies between ground (ref-
sience level) and some negative value as determined by
the peak-to~peck amplitude of the input signal.

Input ond outpur signals are in phase with each other.

Used in conjunction with an R-C coupling network.

CIRCUIT ANALYSIS.

General, The unbiased diode clamp is usually employed
as a shunt across the resistor portion of an B-C coupling
circult. By providing o low-resistance path during con-
duction periods and a high-resistance path during noncen-
ducting periods, the diode piuvides diifferent cnarge and
discherge times for the coupling capacitor. When the pesi-

16-B-1




ELECTRONIC CIRCUITS NAVSHIPS
tive portion of the input waveform causes the diode to con-
duct, neqative clamping is produced, as described in the
following paragraph.

Circult Operation. The schematic of a hasic unbiased
diode clamp is shown in the following illustration. As
shown, Cl is the coupling capacitor of an RC coupling net-
work. Besistor R] is the input resistor of the network and
determines the long time constant (discharge pericd) of the
circuit. Clamping diode CR1 connected in shunt with R1
determines the short time constant (charging time) of the
circuit. When a positive input signal is applied it couses
CR1 to conduct, and C1 is quickly charged to the input
potential. Since the output is taken from across Rl which is
effectively short circuited by the conducting diode {for-

U

———fe. CHARGE PATH
— ——# DISCHARGE PATH

Negative Clamp

ward resistance is only a few ohms), little or no output ap-
pears for the positive portion of any applied signal. Dur-
ing the negative pertion of the input signal CRI does not
conduct (except for reverse leakage current) consequently
the negative portion of the input signal appears as the out-
put across R1. This circuit acts to effectively shiit the
entire waveform in a negative direction by holding the posi-
tive peak of the input signal to the zero level, Therefere
the input waveform can only appecr as a negative output.
Thus the positive portion is effectively eliminated by the
clamping diode.

In the cecompanying illustration the input waveform is
shown as a square wave for ease of explanation. Likewise,
the input waveform level is considered to vary from +2 to
+10 volts. Such an input signal is typical of the waveform
generated at the collector of an NPN transistor multivibra-
tor (or an electron tube), Although o square wave is used
in the following explanation of detailed circuit operaticn,
any wave shape applied te the clamper input will be nege-
tively clamped without appreciably changing the shape cf
the wave (provided the R1CI time constant is long with re-
spect to the pulse duration).

Capaciter C1 is charged as indicated in the above illus-
tration to a potenticl of +2 volts at the negative peak of the
input waveform (tp). At time t1, the input to the clamper
circuit rizes 8 volts to a +10 volts. Since capacitor Cl can-
not change itz charge immediately, the 8 volt change ap-
pears ccross Bl and CR1, producing a positive spike on the
output waveform. Since the anode of CR1 is now 8 volts
positive with respect to its cathode, CR1 conducts and

ORIGINAL
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charges C1 to +10 volts. The charging of Cl occurs rapidly
because of the low forward resistance of the diode, and the
low forward resistance of the diode shunting Rl couses any
output voltage appearing across Rl to drop to zero during
time ty to tp, Simultoneously, the diode stops conducting,
and capacitor C1 remains in its charged condition for the
duration of the pulse.

At t; the input signal drops 8 voits (from +10 volts to
+2 volts). Since Cl is charged to +10 velts and cannot
discharge immediately through the long time constant cir-
cuit created by R1, this negative-going voltage appears
across Rl as a negative 8 volt cutput. {CRI cannot con-
duct because its anode is now negative with respect to its
cathode.) Thus at point t2 on the waveform, the input volt-
age drops from +10 volts to +2 volts, and the output drops from
zero to -B volts. During the time interval between t; and
t3, capaciter C1 discharges slightly (from 8 volts to 7 volts,
for example) through the long time constant path of R1.

At point t3 of the input waveform, the input signal aguin
rises 8 volts (from +2 to +10). Once again the charge on
Cl cannot change immedictely and the 8 velt positive
change appears across R1. Because of the assumed 1 volt
discharge through R} between times tz and tz, the 8 volt
change now exceeds the capacitar charge voltage. There-
fore, the output voltage overshoots the zero reference level
and a positive {approximately 1 volt) signal appedrs across
Rl and CRL. With the anode of CR1 pasitive with relaticn
to its cathode, the diode conducts momentarily to replace
the slight loss of charge on Cl. As a result, the cutput
valtage quickly drops to zero and remains at zero level
until the end of the pulse at time tq.
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At time t,, the input signal ogain drops from +10 1 +2
volis. The B volt drop appears as a negative output across
R1 causing the output voltage to drop from zero to -8 volts,
Once again, C1 bedins to discharge through the long time
constant circuit as explaoined previcusly,

The output waveform has been purposely drawn to show
d substantial decrease in voitadge caused by the discharge
of C1 during the duration of the negative pedk of the input
waveform (times t, to t, and t, to t.). In practice, nowever,
the value of R1 is relatively large so that little distortion
resuits from the discharging of C1 or from its chesaing
through CR1L. The semiconductor diode, however, does
have o much lower reverse resistmes that of the elector
tube. Since this back resistance iz affectively ~onny :
in paratlel with R, it luwers the overall cutput resistance
and reduces the value of the lonn time conztant,. Therelore,
more distoriion o produces by the semiconductor diode
lamper than the tube dioas.

From the explanation ot clircuit operation given atove,
it is seen that the positive extreme of the input woveform
hasz been hetd or clampend to zero reference level, and that
the entirz wovelcm hos been shifted negatively with respect
to this reference level.

FAILURE ANALYSIS.

General. Because of the extreme simplicity of the neqe-
tive dicde ciomper citeuit, there are only a few possibilities
of trouble. The capacitor, resistor, and diode can be check-
ed for shorted cr open-circuited conditions with an onm-
Tircult SURCIOoning, nowever, musl he rneckas i

oscope to determine whether the wavelcrn is cor-
rect and }"e speration is normal.

No Qutput. An op T % of input
signel, or o shorted or de[ec ve diodge can cause g no-out-
put indication. Use an oscilloscope 10 determine whether

the vroper inpnt siqnal is present oud whether ( aoper:

A
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Low Qutput. A lacky of partially stiorted copacitor can
cause other than nomal ostput. Usually such a conditian
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the positive porticn of the input sigqnal appears as the out-
put across Rl. This circuit acts to effectively shift the
entire wavelfom in a positive direction by holcing the
negative peak of the input signal to the zero level. There-
fore, the input waveform can only appear as a positive cutput.
Thus the negative portion is effectively eliminated by the
clemping diode.

T il

c
X
\
INPUT } gm #:cm OUTPUT
/
/
V4
P N—

CHARGE PATH ——&
DISCHARGE PATH — — — =@

Positive Clamper

In the following waveiorm illustration the input wavelorm
is shown as a square wave for ease of explanation. Like-
wise, the input waveform level is considered to vary from
—2 to -10 valts. Such an input wavetom is typical of the
waveform generated at the collectorof @ PNP trunsistor
multivinrator. Although a square wave is used in the follow-
ing explanation of detailed circuit operation, any waveshape
applied to the clamper input will be positively clamped
without appreciably changing the shepe of the wave {pro-
vided that the B1-C1 time constant is long with respect to
the pulse duration).

Capacitor Cl is charged os indicated in the waveforn
illustration to a potentia! of -2 velts at the positive peak of
the input waveform (t,). At time t, the input to the clamper
circuit drops 8 volts to a =10 velts. Since capacitor C1 can-
not change its charge immediately the 8 volt chonge appears
across R1 and CR1 producing a neqative spike on the out-
put waveform. Since the anode of CR! is now effectively 8
volts positive with respect 0 its negative cathode, CR1
conducts and charges C1 to -10 volts. The charging of 1
cocurs Tapidly because of the low forward resistance of the
diode, and the low forward resistance of the diode shunting
R1 causes any output voltage to drop to zero during time t,
to t;. Simultaneously, the dicde stops conducting, md
capacitor Cl remains in its charged condition for the Gura-
tion of the pulse.

At t, the input signal rises 8 volts (from ~10 volts to -2
volts). Since Cl is cherged to -10 volts and cenrat dis-
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charge immediately through the long time constant circuit
created by R1, this positive-going voltage appears coross
Rl as a pesitive 8 volt output. (CR1 connot conduct
because its cathode is now positive with respect to its
anode.) Thus at point g, on the wavefor:, the input voltage
rises from -10 volts to -2 volts and the output rises from
zero o 48 volts. Between pulses, during the tme interval
from 1, to t,, capacitor C1 dischorges slightly {say from =10
valts 1o =9 volts) through the long time constant path of B1.

At point t, of the input waveforn the input siqnal again
falls 8 volts (from -2 volts to =10 volts). Once again the
charge on Cl cannot change immediately and the 8 volt
neqative change appears across Rl Because of the pre-
viously assumed discharge of 1-volt through R1 between
time t, and t,, the 8 volt change now exceeds the capacitor
charge voltaqe. Therefore, the output voltage overshoots
the zero reference level, ond a negative {mproximately 1-
volt) siqnal appears across Rl and CR1. With the cathode
of CR1 negative with respect 10 its anods, the diode con-
ducts momentarily and replaces the slight loss of charse on
Cl. As a tesult, the output voltage quickly drops to zero
and remains at zero level until the end of the pulse at time
ta

At time t,, the input signel again increcses from =10 to
-2 yolts. The B volts increase appears as a positive output
across Bl causing the output voltage to rise from zera to +8
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volts. Once again Cl begins to discharge thiough the long
time constant circuit as explained previously.

The output waveform has been purpesely drawn to show
a substantial decrease in voltage caused by the discharge
of C1 during the duration of the positive peck of the wave
form {times 1, to 4, and 1, 16 t). In practice, however, the
value of K! iz relatively larae so that littde distortion
results from the discharging of C1 or from its charging
through CR1. The semiconauctor diode, however, does
have o much lower reverse resistance than that of an elec-
tron tube. 3ince this back resistance is effoctively con-
nected in paraliel with B, it lowers the overall cutput
resistance ans remures the volue of the lory Yime constant,
Therefore
digoe Cla et Ui e WUDE F10CE.
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lost in the discharging of capacitor Cl through the long
time constant circuit hetween pulses, Hence the following
pulse will start at some point abave the zero level, 1f
excessive, it may be possible to reqd a constont positive
voliage across Rl

In the case of a leakv capacitor, the dinde will conduct
conf;mmlv far o nequtive unim.«e IDMD callector -‘_\MNHN\;
applied to the ccthoce, or for the oppesite case (NPN
transistor) it will act as o biased wype of clamp. This con-
dition may be checked by making a voltage check with g
VTVM connected across the output of the clamp.,

BIASED-NEGATIVE DIODE CLAMPER

APPLICATION.

The biased-negutive diode clamper is used in tran-
sistorized equipment when it is desired to shift the ref-
erance level of tho amalic d signal in g negotive direction.
This type of circuit is commonly used in radar, television,
and computers.

CHARACTERISTICS.

Establishes the d< reference level of the waveform,
but does net affect its amplitude.

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

Can clamp either extreme of the input waveform 1o the
negative reference level, by reversing the diode.

Reference level established by the amount of neqative
bias used.

CIRCUIT ANALYSIS.

Generol. The hiosed nejative diode clamper may be of
either the positive or neqative type, depending upon the
relative connection of the diode with respect to the bics.
Under all clrcumstances, the telerence level of the nogatively-
biased diode clamper will be at some negative value. If it
is a negatively-biasec positive diode clamper, the cutput
waveforr: will start at this neqative value and extend in o
positive direction. If it is a neqatively-biased negative
dinde clam er, the output wavelom will start ot this
neqative reference level, @md extend in o neqative direction.
The circuit is comprised basically of a diode and an RC
network, The diode acts as 4 ewitch, closing en one half

cycle to provide a very short BC time for the capacitan, and
opening on the glternate hall oycle, o provide a long time
CORSTaNt Wilch depends upon the size nf o resistc-r i o

nction with the capacitaxr., ik
is a reproduction of the input, hnt shifted 10 ¢ new reference
level.

Circuit Operoiion A t';piccl negatively-bicsed negative
Zode clamper is illustiated below.

ter Bl form an BC rouplinag net-

Capacitor C1 and resi
work and determire the long time constant associcted with
the circuit. Dinde { R] during the time of ite conduction,
together with Cl, determine the short time constant essoci-
ated with the circuit. The bias supply, Voo, alters the
reference level from zem o a fevel equal to the higs.
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Negatively-Biased Negative Diode Clamper

When the circuit is initally eneraized and with no sic
nal applied to the input, the diode benins conducting be-
cause of the negetive potential {¥Voc) applied to the cuthode,
As CR1 conducts, cepaciter Cl berins charging, and when
its charge is equal to V<, the diode cuts off, since its
anode and cathode potenticls are now equal. The volwage
at the output is at this time equal to the bias voltage YCc,
or -1 volt.

When a signal is applied, os illustrated, the following
action occurs. At time t,, the voltage increcses clmost
instantly from 0 velts to a +5 volts. (The voltages used
here are only for ease of explanation). Capacitor C1 connot
chanqe its charqe immediately (beccuse of the property of
capacitors), and the arode of CR1 suddenly becomes more
positive than its cothede ond begins conducting, Becouse
Cl connot immediately change its charge, the entire input
voltage is developed across the diode, and the output,
taken from gcress the diode, incregses S wvolts in a positive
direction. Because it does not start ot § velts, but at 0 -1
volt, as shown on the illustration, the output rises w© +4
volts. The conducting state of CRI1 provides a very short
time constant for the copaciter, however, and C1 rapidly
charges to the new voltage. As Cl charges, the voltage
drop acress CR1 decreoses, ond once again reaches -1 volt
when Cl is fully charged,

The output temains at this voltese until the neqative
swing of the input signal at time t,. At this time the input
swings from ¢ +5 volts to @ =S volts. Again, Tl connot
immediately change its chaorge, but this time the diode
connct conduct, because its anode is negative with respect
to its cathode. The entire input veltene is therefors de-
veloped across R, and the output voltage chenges 10
volts in a neqative direction from the —l-volt reference
level, or to =11 volts. Because the diode is not conducting,
R1 provides a long time constont for Cl and the capacitor
begins charqing very slowly to the =5 volts of the input
signal. The capacitor charnes very slowly because of the

CHANGE 2
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long RC time constant, and when the input signal recches
1y, the total output has only decreased to, for example,

from —11 to -10.5 volts (the caopacitor has charged to .5
volt), At time t,, the input aqain rises to +5 volts, bringing
CR1 into conduction. This sudden +10 volt rise alse pro-
duces a +10 volt increase in the output. Since the total
output is 10.5 volts ot this time, a +10 volt increase

brings it up to —.5 volts, which accounts for the small
positive-qoing peck at t, in the output waveform. Becouse
of the short BC time provided by CR1, the capacitor quickly
charges aqain to —1 volt elimincting the peak, and the out-
put remains @ —1 volt until time t,, when the cycle again
Tepeqts.

By reversing the diode, the circuit can be converted
inte o nenatively-biased, positive diode clomper. The
difference at the output then will be that the entire cutput
waveform will be clamped above the negative bias voltaqge,
instead of helow it as in theneqgative clamper.

Because the reverse resistance of a semiconductor
diede is lower than that of an election tube, the type of
dicde used is selected to have a very high reverse resis-
tance. This is necessary to keep the shunting effect of
the reverse resistance ¢ @ minimum,

FAILURE ANALYSIS.

No Output. The absence of an input signal, or en open
1 are the only prohable causes of @ no-output condition,
Check for the presence cf the input signal with an oscil-
loscope. If sianol is not present, the feult lies in o pre-
ceding stage, and the clomper is probably not defective,

If a signal is present, check Cl with an in-circuit capacitor
checker. There is also the possibility that two components
such as CRI and Voo, or Rl and Voo, are both shorted at
the same time, thus producing a short circuit across the
cutput. Check the bias supply with a high resistance
voltmeter for proper voltaqe, and R1 and CR1 with an
obmmeter. Core should be used in checking the diode, as
erroneous indications may be obtdined by not observing
proper polarities. For the specid case where the diode

is not completely shorted, but reads a very low resistance
of, say 2000-ohms or less, it can be considered to be de-
fective.

l.ow or Distorted Qutput. A partially shorted CRI, o
leaky Cl, or Ri decreasing in value can couse a low output
condition to exist. Actually, the output will not be low
without being distorted, nor will it be distorted without
being low. Check Cl with an inreircuit capacitor checker,
and Bl and CRI with an ohmmeter. Care should be used
in checking the diode, as erronecus indications may be
obtained by not observing proper polarities. For the case
where the dicde is not completely shorted, hut reads a very
low resistance of, say 2000-ohms or less, it con be con-
sidered to be defective,

Change in Clamping Level. A change in the bias SUDDIV
voltage, Voo, will couse the output clamping level o
change. Check for the proper value of voltage with a
high resistance voltmeter.
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BIASED-POSITIVE DIODE CLAMPER.

APPLICATION.

The biased-positive diode clamper is used ir tronsis-
torized equipment when it ic desired 1o shift the reference
ievel of the applied signal in o neqative direction. This
type of circuit is commonly used in radar, television, and
computers.

CHARACTERISTICS.
Establishes the d-c reference level of the waveiorm
but does offect its emplitude.
Uses a diode in conjunction wit
citcuil.
Cun clamp either extreme ot the input waveform to the
positive reference level, by reversing the dinda.
Heference ievel established by the amount of positive
nias used.

an B-T rouplins

CIRCUIT ANALYSIS.
The hicsed positive dicde clomper mav be of
either the positive or neqative type, depending upan the
relative connection of the diode with respect to the bias,
Under all circumstances, the reference level of the
rositively-bissed diode clamper will he at some positive
value, If it iz o positively-hiosed positive diode clam ne-r,
the output waveform will stort at this positive value an
extend in a positive direction, If it is a positively- biospd
negative diode clamper, the output wavelorm will ‘mrt at
this positive reterence level, and evtend in o e
direction. The circuit is comprisec © &cclly uf a led and
an RC network. The diode actc . :
half cycle to provide o very snort BC time ior the capoci-
tor, and opening on the alternate halt cycles, to provide a
lonq time constant which depends upon the :1ze of o resistor
in "U'I‘Un"'u"u‘n with the GO dtor,
Guipul is o reproduction of the input, but s hheﬁ 10 a niew ref -
erence level.

Circuit Operation, A typical positively-hiased
positive diede clamper is illustrated below.

Genetal.

v m P T IE S T
”‘—"""" Lt 9w

<1.>
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Positively-Biased Positive Diode Clamnes
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Capacitor C1 and resistor B form an RC coupling net-
work and determine the long time constant gssocioted
with the cirguit. Tiode URI, during the time of its con-
duction, together with Cl, determine the short time constant
associeted with the ¢ircuit. The bias supply, VCc, alters
the teference fevel from zerto 10 o jevel equat to the bias,

When the circuit iz initiglly energized and with no
signal applied to the input, the diede beqing conducting
because of the positive potential (VCC) applied to the
anode. As CRI conducts, capacitor C1 begins charaing,
mnd when its charge 1s equal o ¥oC, the diode cuts off,
since its cmode and cathode potentials are now eqial. The
voltnge at the cutput ic @t this time equal to the bias
voltane Vo or 4 Luely,

When a signal is applied, as illustrated, the following
action ococurs. At time t,, the input voltage increqses
almest instantly fron O volts 10 @ =3 wolts. { The veltanes
used here are only for ease of explanction). Capaciter Cl
cannot chonge its charge immediately thecause of the
property of capacitors), and the ancde of CRI1 suddenly
becomes more positive than its cathods and beqins con=
ducting. Because Ul connot immedintely chonne its
charge, the entire input voltage is devaloped across the
diode, and the cutsut, taken from aeenae the diode, -
credses 5 volts in a negative direction. Because it does
not start gt U volts, but at the bias level of +1 volt, as
shown on the illustrotion, the cutput decreases to only
negative 4 volts. The conducting state of CR1 provides a
very chart time constont for the capaciior, however, and
Cirapdiy chares 1o the new yoltage.  As Cl charges, the
voltane drop across THI decreases, and once again reaches
tivolt whien 4 is tully chared.

The nutput rem at this voltage until the positive
swing of the inpu: sianal at time t,. At this time the input
swings from o -5 volts 1o a #3 volts, Aaain, T cannot
immediateiy rhonre its charae, but this time the

ol

1 UIUUC
cannot conduct, hecause its ":node iz negative with respect
to 1ts cathode, The eatire input voltage is, thetetore,
develvped aoross R, s the output voltage changes 5
volts in ¢ pocitive direction from the +1 wolt reference
level, or to 45 volts. iZecauze the Jinde is mot conducting,
Plorovides wdung tme constant o 1 and the copacitor
beqins charging very siowly to the +5 volts of the input
signal. The capacitor charaes very slowly because of

the long FC dme conoie the inpui signai

COnorInY, and v

:\.- bt ‘, fur exomn 1-4

fregm 45 el

.2 voh}.

: AT - Cruamed o
wit sroin changes to -5 volts,

rn

: i madden CHenge 1o -0
volis Giso produces =3 volts ot the output. Since the total

- o P
PR TR AT 2T
MDA LD TLLE WL

=St chapne hrinas

it dowr to .8 vol, e for the smali neqative
guinyg peak o 1y 10 e ogtput wavelcm.  Becouse of the
stiort 30 time prowvided by CRy, the capaciter quickly
chorges gqain to +1 volt, eliminatina the peak ond the out-
put remains at +1 wnlt omnl s o when the oyele again
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By reversing the diode, the circuit can be converted
intc « positively biased, negative diode clamper, The dif-
ference at the cutput then will be that the entire output
wavelors will be clamped above the positive hics voltane,
instead of below it as in the neqative clamper.

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

FAILURE ANALYSIS.

Mo Output. The absence of an input signal, or an
apen C1 are the only probable causes of a no-cutcut con-
dition. Check for the presence of the input signal with an
oscilloscope. 1f the signal is not present, the fault lies in

¢ preceding stage, and the clamper is prohably not defective,

If a signal is present, check C1 with an in-circuit capocitor
checker. There is also the possibility that two components
such as CR1 and Vcg, or Rl and Vg, are both shorted at
the same time, thus producing ¢ shert circuit ceross the
output. Check the bias supply with a hinh resistance
voltmeter for proper voltage, and R1 and CR1 with an
ohmmeter. Care should be used in checking the diode, as
erroneous indications may be obtained by not observing
proper polarities. For the specical case where the diode is
not completely sherted, but reads a very low resistance, of
say 2000 ohms or less, it can be considered defective,

Low or Distorted Output. A partially sharted CRI,
a ledky Cl, or R decreasing in value cancause a low
output condition to exist. Actuclly, the output will not be
low without being distorted nor will it be distorted without
being low. Check Cl with on incircuit copacitor checker,
and R1 and CR1 with an ohmmeter. Core should be used
in checking the diode, as erronecus indications may be
obtained by not ohserving proper polarities. Fur the case
where the diode is not completely shorted, but recds a very
low resistance of, say 2000 chms or less, it can be con-
sidered defective,

Change in Clomping Level. A change in the bias sup-
ply wltoge, Voo, will cause the output clomping level
to change. Check for the proper value of voltage with ¢
high resistonce voltmeter.

TRIODE, BASIC COMMON-BASE CLAMPER.
APPLICATION.

The basic common-base triode clamper maintains he -
tween specific voltage levels the maximum positive and
negative voltoges developed at the collector of tre tran-
sistor used in the clamping circuit. This circuit is usually
used as @ switching amplifier to maintein a constant outout
pulse amplitude.

CHARACTERISTICS.
Common base transistor conficuration provides an
output with no current amplification ard no phase inversion.
Collector voltage is clamped, not the output voltage.

CHANGE 2

0967-000-0120 CLAMPERS
Two diodes provides clamping action.
Diode bias potentials establish minimum and maxdmun
clamping levels.

CIRCUIT ANALYSIS.

General. The clamping action to he discussed ocours
in the collector circuit of the commen base connected
transistos. Normally, the sianal voltane in coniunction with
the series combination of the collector leed resistor and
the collector supply voltage develops a certain collector
voltage. If the input signal varies above some level, how-
ever, one of two dicdes begins conducting. These diodes
are connected in parallel with each other and with the col-
lector supply and loed. The conduction of the diode maein-
tains or clamps the collector voltage at the bios value.

11 the siqnal vardes below some level in the oppesite direc-
tion the other diode conducts, causing tne collector voltage
to be maintained or clumped at uncther lower voltage level.
During the time that the signal is between clamping tevels,
the collector veltoge varies in accordunce with the input
signal voltage variation.

Circuit Operation. The circuit of the tricde, basic
commen-hase clamper used in this application is shown in
the accompanying illustration.

Triode, Basic Common Base Clomper

The input signal voltage, as illustroted, is a square-
wave pulse type signal which may vary from maximum te
minimum amplitudes. It is applied to the emitter of tran-
sistar Ql, connected in g common base confiouration. Tre
callectar voltage varigtion corresponds to the Input voltage
vatiation and is developed across the collector load re-
sistor, R, by the collector supply voltage Vccr. Dicde
CRI and its base voltage VCR, establish a negative clamp-
inq level, below which the collector voltage cannat qo.
Diode CR2 and the bias voltage VCR, establish o positive
clamping level above which the collector voltare cannot
qo.
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The input gigral applied to the emitter of Q1 is ampli-
fied and in-pkaose when it cppears as the output voltoge at
the collectar of U1 1f the output voltage developed at the
collector of Gl is between the velteqe limits of VCR, and
VCR, the diodes cannot corduct.  Thre cellector voltage
varies in accordance w1t‘ <8 minus the output voltage
developed oeross Bl LY \,), which depends upon the col-
lector cutrent. Onco the input signal varies encugh to
cquse the positive collector voltage swing to exceed the
value of VOR, (assumed to be -2 volts), diode CR2 conducts
hecause the anode is criven positive ond forward-bigses the
diode. The collector voltage is then maintained at the
yalue of VC&, untl the simal voltane drope to a point at
which the positive cellector wltage swine beromee less
than the volluge Vo, a1 which tme UHZ becomes reverse
biased, atops r:ondnctinq, ard the zollecter voltage is
again Liepe“ it GF \":CB minus vF,.
(neqotlvej ulrF)Cthf’l to cause the coliector voltuqe to
hecome the same as, or more neqgative than the value VCR,
{assumed o be £ volts) diode CR1 is forward-bicsed and
conducts. Tre collector veltage is then maintoined at the
value of VR, wntil the siqnal veltage increases to a value

whera the "ﬁ“w‘*or voltaae bocomes more positive than

the voltone n gt which time dicde CR1I is reverse
bigsed, stops conducting, and the collector voltage is again
dependent on YCC= minus VR,.

By clomping both the positive ond negative levels,
the tranzistor is prevented from soturating and causing
hole storaae effects which would increase the pulse Jenath,
or from being driven to cutoff when the input is in the
other direction, it also has the advartase of not requiring
special zelection of rarsistors ot the time of replacement,
since the operating limits ore made such that ony transistor
of the same type will operate satisfacterily in this circuit.

ln]‘: r‘Irr'wp'f 1= koo r‘nr‘ wiith cu—-u,um e ATk~ EK\,{}DT

PriTtetae]

ipping effects we Jesired.

FAILURE ANALYSIS.
Ne-Qutput. A no-cutput condition may prevail due to
any of the followino defects: no input cignal presen
at the emitter of 1, ar aper or sherted oollector supply
voltgqe vOUE, an open collectsr lood resistor, Ri, ora
defective tranzistor, UL
The location of the cause of the

MUY 5 found by st Jeterminina if ononpir sianal

AC=OIDat oo

1TMGE 18 present,
Check - LUAGDDLY woibage, oo, warn g \'oitmc'er
e wl ¢ 1s present check reasistor Rl
will, wil Wiunietol. L1 all OlLel DOASLHLLes nave been
checked and a no-output condition still exists, transistor

~r o s ST
Giodn e cunsidersd dejertive,

Low or Distorred Qutput. | fus condition mav be due to
a taulty irput siarcl, 16 theinpit sinnal i= found to be cor-
rect by an oscillescope the law ot distorted cutput con-
dition mav be due to any nf the ol
"""”’A'p’:"' ”'\RG' lector \llerly VOl[lK](—' Vi ;

3 'v'\.r\_,: ruur[v w1 nnen

~ conditions:

C
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diodes CR1eor CRZ; or a load resistonce (R i) which is not
the proper resistance value; or g delective transistor, QL.
To determine which of the poccible causes of the low
or distorted output conditien is resy nsib’ ; first, check
the voltage values VoCg, ¥ R, with o high 1e~
sistance voltmeter. Tf any o ¢ ig ingorrect

the particuidr voilage source pr
1t these voltages are correct, check diodes CRI and CR2
with an ohmmeter. If the dmdes are good, the ohmmeter
will read zero resistance when placed across the diode in
¢ forward direction, and will read infinite resistance or a
very high resistance when placed across the diode in the
reverse direction. If the diodes are good, check resistor
R with aii chimmeter. 1f ull ol he vreceding items nave
been checked and found satisfactory, transistor Q) must be
the faultv component.

ﬂr‘inc! tha narticular volias
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