


[E CLIPPING CIRCUITS

Series Diode Clipping Circuit. The unilateral cha

teristic of diodes which allows

rac
current to flow in one direction but not in the other, makes diodes useful in
clipping circuits. The characteristic can be used in two ways. The first is by
arranging a diode in series with the signal path so that the diocde is non-conducting
for input signal amplitudes to be clipped. Secondly the diode can be arranged in
shunt across the signal pasth in such a way that it is conducting for signal
amplitudes to be clipped.

A series diode clipping circuit is shown in Fig. la. Considering a perfect diode
with zero forward {conducting) resistance and infinite reverse (non-conducting)
resistance, the diode conducts when the input signal (ein) is positive and the
input is directly connected to the output. However, when the input is negative
the diode becomes non-conducting, and the output is zero. The input and output
waveforms for the circuit are illustrated in Fig. 1b.
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FIG. 1. SIERIES DIODE CLIPPING CIRCUIT.

A sine wave input signal is used as this gives indication of the clipping
level. The outour waveforn indicates that the of the waveform which is
more negabive than the clipping level has been removed and the circuit is therefore
a negative series diode cl ping circuit. The output waveform also shows that

the cirecult of Fig. la is a nalf wave rectifier circuit. Used as s clipper,
however, greater attention must be directed towards the relative values of the
circuit resistance and capacitance, than would be necessary for a rectifier circuit.
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2.2 The series diocde clipping circuit can be arranged to clip at levels other than zero
by including a reference voltage in series with the resistor Rl as shown in Figs. 2a
and b. The reference voltage can be of either polarity. The reference voltage
biasses the clipping diode and the input voltage must be more positive than the
reference potential before the diode can conduct to produce an output (Fig. 2c).

Any section of the input signal that is more negative than the reference potential
causes the diode to become non-conducting and the output remains at the clipping
reference potential.

Reversing the connections to the diode to give circuits as in Figs. 3a and b, allows
the sections of the waveform that are more positive than the reference potential to
be clipped. Txamples of output waveforms for two different bias conditions are

illustrated in Fig. 3c.
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BIASSED CLIPPIIG CIRCUITS,

A convenient means of providing is to
use the shunt resistor as part of a voltage divider supplied from a convenientliy
available voltage as shown in Fig, 4. The input voltage to this circuit must be more

positive than the voltage at the output set by the voltage divider, before the dicde

the bias for a series dlode clipping circuit

can conduct and transmit the
circuit shunt resistance and
applying Thevenin's Theorem.
circuit in Fig. 2a when Rl =

input signal
the clipping
The circuit
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to the output. The effective values of the
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2.4 Transfer Characteristics. The effect of a clipping circuit on an input waveform is

conveniently estimated from a transfer characteristic for the circuit. The transfer
characteristic is a graph of output voltage (on the "Y" axis) for each value of input
voltage (on the "X" axis). Consider the clipping circuit in Fig., 6b. When the input
voltage is such that the diode is non-conducting, that is, the input is more pesitive
than -ER, the input is transferred directly to the oubput.

The transfer characteristic for these input +
voltages (Fig. T7) is a straight line with a
slope of 1 (the circuit has no loss or gain).

€out
Notice that the line (or an extension of the
line in some cases) pass through the origin.
.. . . R it SLOPE =
For any input signals more negative than -ER -
the diode conducts and the output remains at ein  +
-ER. The transfer characteristic for voltages ==

below -Eg is, therefore, a straight line parallel
to the "X" axis. The total characteristic is
illustrated in Fig. 7. This characteristic is
also obtained with the circuit of Fig. 2b.
Transfer characteristics for other circuits

can be prepared in a similar way.
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FIG, T. TRANSFER CHARACTERISTICS.

2.5 Clipping at Two Levels. Two biassed 4di

VOLTAGE (V)

T T ==

de clipping circuits arranged to clip
levels will select a section of an input wave M is often calied "sl
The circuit in Fig. 8a includes two shunt diode clippers; a rositive clipper which

clips the sections of the input signal that are more positive than +5V, and a
negative cliipper To remove section more g -5Y. The section of the signal
between these clipping levels e tly %o the outout. The transfer

characteristic for the complete tea in Fig. 8b. It has a centre
section with a slope of 1 indicati n the input is iransferred
directly to the outrut. This conciudes at +5V and -57 in horizontal sec ns

indicating no additional output for input gnals above +5V and below =57%

Waveforms for the circuit (Fig. 80) illustrate an epplication for clipping at two
levels. The sine wave input cl iy avous the zerc axis has become
approximately a sguare wavs. Tae ansitions have a definite rise time Zul are
almost straight since the slope of a sine wave close to the zero axis is almost
constant. For given clipping levels, the rise time of the output square wave is
inversely proportional to the fregquency, and approximately inversely proportional to
the amplitude of the input signal. The rise time of rectangular waves can be
reduced using the same technique of amplifying the signal and clipping at two levels

to select a "slice" of the input waveform. In addition, noise compeonents of the
input rectangular wave are removed as shown in Fig. 8d.
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A diode suitable for use in a clipping circuit should be selected to have a low Ry,
2 high Ry and so give a high value for the ratio Ry to Re. The oubtput waveform
for an exaggerated example of & negative series diode cllpper where Ry and Ry are
considered constant with Ry = 9R1, Rl = ORp and the ratic of Ry to Ry = 81, is shown
in Fig. 10a, The outpub waveform for the same civcult with an ldEal diode is also
shown.

1

transfer characteristic for the circuit

can be drawn to take into account the diode
resistances. Consider diode resistance in
the negative series dicde clipper of Fig.
such that Rp = 0 al
diode is conducting the input is Transfer
to the output but with a loss and, in ©
case, the ratio of e,y to 24y
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the diods voltage and cur rent ig increased. (A
Therefore, increasing the signal amplituds 204
decreases tk diode resistance and improves the

f*ect‘qeness of the clipping circuit. For
; ing is best carvied out at REVERSE 10+
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transfer characteristics FORWARD
lipping circu include practicsl REVERSE VOLTAGE
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dicde, i

de can be obtailned by
ous values of input

ies diode clipping
shunt

T as might be expected
R 1e circult resistance reduces the
eu increases the & This tends to offset the original
improvement. The T?gﬁaf@r charac shunt resistance is shown
dotted in Fig small signal ar ccticns of the transfer
characterist 12a are shown to = _angr scale 12b. These
characterist 2 the pocr performance of the ¢l ircuit at low signal
levels,
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FIG, 12, (HARACTERTISTICS USING PRACTICAL DIODES.
The eixec“ o the charsc : v al diodes on shunt clippers is
11<Lv d by the transfer chsar: risti iJ Fig. 3 Again the curvature of the
sentlion of tb 3

dicde chara rist sed pears on the transfer characteristic,
t i secticn of the waveform that should
ge enough to be neglected no non-

i
e clipped. With a diode ar
linearity distortion is section of the signal that is required
to be transmitted to the he series 'ipplng circuit, an increase in
the circult serie resisianc; doeg not improve the clipping grﬁatly, because of the
increase in dlode resistance with reduction in dicde current. Fig. 13b shows the
rather poor clipping achieved at low signal levels.
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FIG. 13. CHARACTERISTICS USING PRACTICAL DIODES.
Junetion diodes have a lower forward resistance than point contact diodes, but
because of their smaller junction capacitance, point contact types are usually

preferred in high speed switching spplications. Also, transfer characteristics

for clippers including junction aiodes snd suitable values of circuit resistance,
have effective clipping levels that are displaced from the clipping reference
potential. This is because junction diode characteristics, when plotted on linear-
linear paper, have a sharp change between their high resistance and low resistance
regions, which does not occur 7nen the dicde voltage is zero.

The non-linearity of diodes at low voltages is used to aGvantege in the "eclick"
suppressors of telephone circuits where twe diodes are connected in opposite
dirvections across the telephone receiver. They act as positive and negative shunt
clippers, but because of diode non-linesrity, clipping does not commence until the

Tavel
level.

signal at the recelver exceeds the normal meaximum

Effect of Source Impedances. 7Zero in source impedesnce has been considered
in paras. 2.1 to 2.8. With a io pping circuit (Fig. 1ba), when the
source resistance (RS) becomes aravle wi +he resistance R1, it must be
considered. This is likely to occur when R1 has a low value, in an attempt to reduce
the effect of circuit capacitance. The

resistors Rl and Rg in . lha form a voltage
divider which attenuates the signal passed by
the circuit during its transmission time.

A practical circuit which has source
resistance similar to the circuit of Fig.lha is

shown in Fig. 1hb.

The valve and its anode

load (R2) can
with a source
resistance of
of the valve.

be considered as a generabor
resistance equal to the parallel

B2 =nd the anode resistance (ry)
The resistor R3 forms the shunt

resistance of the clipping circuit, and the 4250V 200V
+200V supply is the clipping reference ?
potential. Alternmately the anode voltage can .

be found by considering the circuit as an 1okfd 3
amplifier in which the value of load vesistence }
changes dependent on whether or 3 <
is conducting. Calculstions to #
output voltage using either app |
same regults. The dicde in Fig !
whenever the anode voltage is g2 eour

+200V and the signal is present
For signal voltages that cause
voltage to fall below +200V,
beccmes non-conducting and the

clipred.
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ce it is in series with El1 which shou¢a be as large as po ossible w¢tnln the
limitatations set by the diode reverss resistance and the circuit stray capacitance.
In many cases, the source resistance is used as the only series resistance in the
shunt diode clipping circuit. The circuit in Fig. 15b is in this category. lNotice
that diode clipping circuits are often an integral part of amplifier circuits,
though this is not a necessity.

In Fig. 15b, for large values of anode current, giving anode voltages less than the
reference veltage of +200V on the cathode of the diode, the diode is non~conducting
and the circuit behaves as an ordinary amplifier, Additional negative voltsge on the
grid causes the anode current to decrease and the anode voltage to increase until, at
an anode voltage of 200V, the diode commences to conduct and the anode potential is
clamped, by the low resistance of the diode, to +200V. Further decrease in the anode
current, therefore, has no effect on the ancde voltage and the positive extreme of
the output signal is clipped at +200V. The diode in this application is sometimes
referred as a "catching diode" as it "catches" or stops the increasing anode voltage.

The anode voltage can be confined between two specific levels by including in the
circuit both a positive and a negative clipper with appropriate reference potentials
as in Fig., 15c. Here the cutput signal is confined between +150V and +200V. This
technique is commonly used in high speed transistor switching circuits to prevent the
transistor from being operated in the saturation region, and to accurately set the
limits of the switching waveforms at the output, under varying external load
conditions. It is also used to protect circuit elements, particularly transistors,
from excess voltage.

+250V +200V 4250V 4200V 4150V

Cout
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FIG. 15. EFFECT OF SOURCE RESISTANCE,

2.10 A further consideration for correct cperation of clipping circuits is the impedance

2.11 R-C Input Circuit with Cl“Qplng

of the clipping reference potential., The reference voltage for a shunt diode
clipping circuit must be obtained from a low impedance source as any source
impedance has the same effect as inc rLaGLQg the forward resistance of the diode,
which reduces the effectiveness of the circuit. The reference source for the series
diode clipper is connected in series with the shunt resistor, and the internal
impedance of the source is far less important. For the clipping of the A.C.
component of waveforms, it is satisfactory that the reference potential be maintained
capacitor ‘i.h a value such that 1itile change of charge occurs during
time, that ¢ rezctance of the capacitance is small compared with
Kl for the series clipper and E¢ for the shunt clipper, abt the repetition fregquency
cf the input waveform

3

Circulis. For correct operation of the clipping
cireuit it is necessary for the inpub signal to be direct coupled from a source
having a resistance that is low nmpared with the clipping circuit resistance, If
an R-C coupling circuit is inc in the input as igs, 162 and b, the circuit
has a peak rectifier clamping on the signals present across R2. Accurate
clamping of the peaks does not occur, however, because of the high resistance in
series V1tn the diocdes. For the I.ak rectifier clamping action to be negligible, R1
must be nmuch larger than R2.




CLIPPING.
PAGE 11.

Fig. 16c shows the waveforms applicable to the series and shunt diode clipping

circuits of Figs. 16a and b.

In each of these examples the discharge time constant

of the coupling capacitor is twice the charge time constant, and the waveform across
R2 has a negative area that is twice its positive area, because of peak rectifier

clamping. Also a tilt dependent on the circuit time constant is introduced onto a
rectangular input signal. +
With no clamping action the coupling circuit
would remove any D.C. component at the input ein O
F Sy SN NI R .
and the waveform would be clipped at the =_
average axis of the input signal. The ik
circuits in Fig. 16, however, do not clip at -
this level, but clip at the zero axis of ¢t NEG. AREA = TWICE POS. AREA
waveform across R2. Note that the clipping + ]
level will not be changed when the input = ——
signal contains a D.C. component . CR2 O q-- T ettt S
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FIG. 16. EFFECT OF R-C COUPLIKG CIRCUIT
The clamping action can be removed by making R1 equal To R2 and including a diode
in series with RZ as shown dotted in Fig, 16. Both charge and discharge circults of

the capacitor then have the same time constant.

.12 When the R-C combination of either Figs. 16a and b has values so proportioned that the
circuit is a differentiating circuit, and any change of charge on the capacitor is
completed between transitions of an input rectangular waveform, no peak rectifier

clamping occurs. With a square wave

input to the differentiating circult the

output is a series of "spikes" with +

polarities corresponding to the ein ok s

directions of the transiticns of the
input as shown in Fig. 17.
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Because the time constant of the circuit
is changed when the clipping diode

changes from conducting to non-conducting,
the shapes of positive and negative a
pulses across R2 differ slightly. After a L
negative clipping stage (for example Fig.

16a) the negative "spikes'" are removed and
the outuu+ is a series of pulses coincident
itive transitions of the Sout
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ffect of Qtrav Capacitance. ne slray iz both series and shunt dicde

clipping circuit places a limit on the 1 values of shunt and series resistors
respectively that are allowanle wiile the rige time of the sutput waveform is
maintained within prescribed limits.

Typical values of the capacitances across the diode and across the ocutput of a
series diode clipping circuit are as indicated in Fig. 18a. For simplicity the
diode capacitance is considered to be fixed, although the junction capacitance of a
practical semi-conductor diode depends on dicde bias. Consider the circuit at a
time when the input is -5V and the diode is clipping the input square wave of

10V p-p as in Fig. 18b. The diode is non-conducting and the output is zero. The
output capacitance (Cl) is therefore uncharged.

5pF

...--«ﬂww

] i

1 ]

H : ?__l_ﬁ ______
T sc1 2000
€in R1 = {C1+ C2) R1
l 200K§}
£,
L

b

CAPACITANCE,

At the commencement of +he ros itive half cycle of the input square wave the input
voltage steps vided between the capacitors in inverse
proportion to ltage, therefore, steps by 0.2 of the
input voltage then rises exvponentially to a value

ces,

determined by circuit resistan 1 Fig. 18a, since R is negligible compared
with R1, the output veltage rises to +5V. Using Thevenin's T em it can be
derived that the charge circuit is equivalent to = circuit consisting of C1 and (2
in paraliel, in series with Ef and Rl in parsllel. But Rl can be neglected because

of its high value compared with Ry and the circuit time constant is:-

71 = (C1L + C2} Ry

With the values chosen in Fig. 18a the equivalent circuit time constant is 0.005uS
and can be neglected.

At the end of the positive half cycle of the square wave, however, the effect of
the capacitance cannot be neglected. The 10V step in the negative direction again
divides in inverse proportion to the circuit capacitance and the output steps by

2V to +3V. However the input has stepped to -5V and has caused the dicde to

become non-conducting. Therefore, the time constant for the change of charge of the
capacitors is:-

T2 = (¢l + C2) Rl.

This is 5uS with the values as in Fig. 18a, giving a rise time of 2.2 T2= 11u8., To
reduce the degradation caused by the circuit it is necessary to minimise the stray
capacitance and to reduce R1 te give a suitable rise time for the output waveform.
To achieve a rise time of 0.1uS, Ri in g. 18a has to be reduced to 40, and
values of this order are common in practical circuits. However, this low value is
becoming comparable with Re and attenustion and non-linearity distortion of the
transmitted section of the waveform mey be introduced. This type of deterioration
is partly offset since the low value for Rl increases the diode current and
decreases the diode forward resistance.
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2,14 In a shunt diode clipping circuit bosh the diode and the load ¢ capacitances are
directly across the output and during the transmission time of the circult these
capacitances must be charged via the series resistor R1l. The circuit therefore
introduces loss at high frequencies and increases the rise time of transitions of
the waveform when the diode is non~conducting.

Consider the circuit in Fig. 19a at a time when clipping is occurring. The circuilt
waveforms for a scquare wave input are illustrated in Fig. 19b. Since Rl is much
greater than the diode forward resistance (R¢), the output is zero and no charge
exists on the output capacitance. With the positive step at the commencement of
the next half cycle, the output capacitance is charged via the series resistor and
the output voltage rises exponentially with a time constant given by

71 = (C1 + C2) Rl. The value of 71 for the components in Fig. 19a is 5SuS.

+5 4
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200K
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FIG. 19. EFFECT OF STRAY CAPACITAICE.

The next transition causes the input to fall to -5V, but the output capacitor
still maintains its charge and the shunt diode is still malntained nonsconducting.
The output voltage changes exponentially towards -5V with a time constant equal to
T2 = (€1 + C2) Rl until the clipping level is reached. The diode then conducts
and the output cannot change further. The negative transition is, therefore, the
first section of an exponential curve., The rise times of both transitions of the
output waveform of a shunt diode clipping circuit are improved by reducing the
value of Rl. When the diode has some forward resistance, and this is comparable
with RL, incomplete clipping occurs.

Comparing the output waveforms of the shunt and series clipping circuits indicates
that the series circuit has an advantage of a faster rise time for one cf its
transitions. However, when the diode resisteance is significant, the incomplete
clipping of the shunt circuit may be more acceptable than the Don—llne arity
distortion introduced by the series circuit duving the transmission time.

2.15 There is an additional effect which increases the rise times of waveforms from
clipping circuits using semi-conductor diodes. The switching time of a diode from
the conducting condition to the ncn-conducting condition is nct instantanecus.

A study of the physics of the operation of a diode shows that, when a diode is
conducting, minori carriers are concentrated in the region of the diode juncticn.
When a reverse bias is applied, a large reverse c“ rent flovs u,T il the winority
carriers are removed from the J
junction.




ing the Effect of Stray Capacitanc

a irpr in the rise time
obtained by reducing the values of the > a i tances of series and
shunt diode clipping circuits respectively, an improvemen

clipped waveform can

in the rise time of a
produces clipping of

.
L
ireuit in Fig. 20a. The circuit
waveform at a level set by the
th the chunt diode. The shunt resistor
An output cavacitance of 25pF is

ircuit, but in Fig. 20 dicde capacitance is neglected and the
clipping level is considered as zero.

2
be achieved by using th
the negative extrem
clipping reference potential associated wi
is returned to a large negative potential.
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The circult waveforms are shown in Fig. 20b.
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EFFECT OF STRAY CAPACITANCE,

Consider the circuit durin

on the output capacitance

square wave, SC1 conducts & capacitance

time constant circult to the positive peak of
s s

time. The output voltage and the charge

transition of the input
charged in a very short
input square wave. With the

s reverse blassed, bubt the output

1

The charge on

itive

a
4

negative transition of the input signal, SCL 1
capacitance maintains its charge and SC2 is he
C2 changes via R1, but, since the asymphtote
-100V, 1t takes only a fracticn of the time ¢
voltage to reach zero voltage.
the output voltage
current through Rl and the output voltage is "clamped"” at the clipping level.

Fegative input voltages causing SC1 + e non~conducting, produce ¢lipping of

input signals that are more : { than the clipping level., During clipping the
series diode is shunt diode is conducting.

charge curve is
ircuit for the output

At this time th commences to conduct and

cannot change Further.

non-conducting and th

..... pping circuits
with both eircuilts clipping at the same level. The circuit can be arranged to clip
input signals more positive than the clip g

g reference potential by reversing the
polarity of the diodes and the asymptote supply (Ep).

The rise time of the negative transition of the output waveform from the circuit of
Fig. 20a is approximately 0.2u3 compared with 11uS for the simple series dicde
cli

ipping circult, considering an output cepacitance of 25pF and no diode capacitance.
If diode capacitance had been considered in Fig

g. 20, an initial step preceding any
exponential changes would have been intrcduced onto the output waveform.

2.17 Thermicnic Dicdes. The preceding circuits have included

‘ 2 semiconductor diode
gymbol. Thermionic diodes may also be used in clipping circuits. Their main
advantage is their infinite reverse resistance. However, they have the
disadvantages that they require a heater supply, and that capacitive coupling

of the heater to the cathode may introduce hum, particularly when the cathode is
nct connected to earth.
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Also, the anode current does not fall to zero until the anode is slightly negative
relative to the cathode (up to approximately 1V depending on the circuit
resistance). The latter is caused by contact potential and the initial electron
velocity of emitted electrons, both ¢f which vary with cathode temperature.

As semi-conductor diodes continue to improve in their characteristics, thermionic
diodes continue to fade from practical circuits.

2.18 Zener Diode Clippers. Zener diodes have a sharply
defined "knee' in their reverse {normally non-
conducting) characteristic (Fig. 21) and, for ﬁggngD
higher reverse voltages than this "knee", the CURRENT
dynamic resistance of the diode is low. The
forward characteristic of the zener diode is
D ) Lo REVERSE
similar to that of a normal diode. VOLTAGE

The reverse characteristic of a zener diode can FORWARD
provide clipping at a fixed level. The single e VOLTAGE
diode circuit in Pig 22a causes very i
effective clipping for input signals more
negative than the zener voltage (knee voltage),
but, because of the forward characteristic of
the diode, clipping also occurs when the input
signal exceeds zero voltage. For thisg reason
the circuit has applicetion when clipping at
two levels separated by the magnitude of the FIG,
zener voltage is reguired. ZEYER DIODE CHARA

REVERSE
CURRENT

o

The transfer characteristic for the circuit is shown i: 22c.
produced by the forward characteris 5 not as ef ve as that
zener characteristic because of the higher dynam s‘s*a&ce of th
characteristic. The dynsmic resis ce i

the characteristic in Fig. 21. R1

Notice that the circuit is exactly the same as Bt * VV"“‘"?""“‘”"‘C?
the shunt regulator cirvcuit used in power é E %

supplies, in whiz ase the i -~ E i i

voltage more g 2 hel V. 2in SCH g €out
and the outpub is a regulated supply with & &5 i i

magnitude egqual to the zener voltage. £ } %

Clipping of the input signal at two levels on L3

either side of the zero axis is conveniently @)
achieved with the circuit in Fig. 22b. When ’ <
the input voltage is more negative than the
zener voltage of SCLl this diode has a low
dynamic resistance and 3C2 is forward biassed.
Jointly they form a low resistance path across
the output, and because of the series
resistance (Rl), the input signal 1s clipped
at approximately the zener volbtage of SCI.
When the input voltage is more positive than
the zener voltage of SC2 the reverse occurs.
302 has a low dynamic resistance because of
the zener characteristic and SC1 is forward
biassed. Therefore clipping again occurs.
Between these two limits, one of the two +
diodes is reverse biassed below
voltage and is non-conducting, and
transferred directly to the output
transfer ﬂharaﬂter¢sulu : i
illustrated in
large ﬂmlep“de
simple means of
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L Clip}*ing .
of viays to produce clipping.
clipper followed by a tricde
respect to the cathode, grid g )
grid-cathode resistance, the grld potentlaL cannot vary far from the patnodc

potential. A typical dynamic grid characteristic for a triode is shown in Fig. 23b.
Without the grid resistor the snode current would continue to increase as the 1uout
to the grid was de positive. The grid resistor, however, causes an almost

constant anode current for positive input s 8. A deviation from this condition
is caused by resistance of the conducting grid-cathode diode similar to that
considered for the snunt diode clipper in paras. 2.7 and 2.8, An input signal which
causes grid current is clipped in the grid circuit and results in a clipped ancde
current waveform. The output voltage (Fig. 23c) is an amplified and inverted replica
of the imput, but with its negative extreme clipped at a voltage level dependent on

I c

the anode supply voltage, the ancde load resistance and the ancde current for zero

grid-cathode voltagze.

The transfer characteristic for the t om the dynamic grid
characteristic when the anode load res : d e hign tension voltage are
specified the transfer characteristic has the same shagp ne grid characteristic
but, as is normal for ¢ appears inverted.
The output decreases pe of the
transmission section of the er characteristic
is shown in Fig. 234d. 2 characteristic
cteristic

indicates the g;ln of t ic ne r levels
that are not clipped. The ; zal condition is calculated
in the same way as it is for a normal
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The circui

an provide clipping at other input signal levels if a bias is included.
Bias in n Fi

t 1

rted at polnt A in g. 23a does not alter the level for the clipped section
of the o tp raveform. The clipping point is changed by shifting the input

waveform re ive to the fixed clipping level at zero grid-cathode volitage. On the
transfer characteristic this is eguivalent to shifting the designaticns for eip
horizontally by an amount egual to the bias voltage as shown in Fig. 23d. A
convenient place to provide btias in a pra
Bias at this point changes the effective

0
CF

ical circuit is at point B in Fig. 23a.
1igh tension supply to the wvalve.

3

-

A disadvantage of the grid current clipper is that, as a result of Miller effect when
the valve is amplifying, the anode-grid capacitance multiplied by approximately the
amplification of the gtsge, appears acrosg the grid-cathode circult. The grid-
cathode apa“;uanfe and the series resistance, 1imits the rise time of resctangular
wavw% at the grLd in the same manner as a shunt diode ciipper. The effect ig

greater in this ‘ective shunt capacitance. An
mprovemnent is obtained w1th perntodes s3ince pentodes have a very small anode-grid
apacitance.

(‘) P’-

the anode current ceases

when, because

o

le voltage is made mcre
negative than the bias shcwn in v tion
to the grid <! istic i i e - ent cut-off for a section ¢
each cycle. t : e drop acrosg the anode
load r e:lSUVr oltage. The section of
the ;nnuu f the valve

O

is inverted and the cl
he tran fer characteristi
in

be w

o
on

L necessary t
3 current t
of

|te

Cut-off cligpirz 1s commoznly u particul non-exscting applicationsz, wut
the clipping level is not very steble. It dent on anode voltage, screen
voltage for pentodes, and cathode temperatu se of

ot

curvabure of the valve characteristics, the etween the transmissi
clipping sections of the transfer characuveri not very sharp. This
apparent in Fig., 234 in the vicinity of pol harp cut-off valves with high
smplification factors, particularly pentods :
most definite divieion between the trausmis

o
voltage). Alsoc, becau
on
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. 0ssible with thermionic valves
prirg. The transfer charscteristic in

tage between the two clipping levels, referred to
nput 51gnal, is fixed and equal to the magnitude of the cut-off voltage. A
'31 combination than this for clipping between two levels combines peak
er clamping and cut-cff clipping.

Sync. Separstor. Clippin
both gt

OO

The circuit of Fi 252 illustrates a typical example of a clipping circuit combining
peak rectifier cl lplng and cut~off clipping. The p051t1ve extreme of the signal is
clamped to the cathode potential by peak rectifier zction (as with grid leak
biagsing) and hne 51gnal is of sufficient amplitude to make the required clipping
level coincide with the cut-off potential.

&
an

An application for this type of clipping is the removal of amplitude variations of
rectangular pulses. In televisiou practice the circuit is used for syac. separation.
The composite video sigrnal with sync. pulses positive going (Fi . 25b) is applied to
the grid circuit and the tips of the sync. pulses are clamped the cathcde potential.,
The tips of the sync. pulses produce grid ST

current and a charge isaccumulated on

the series capacitor (Cl). This charge

is maintained between sync. oulses, because
of the long time constant of the discharge
circuit and it inserts a D.C. component
which maintains the sync. tips st
approximately the cathode potential,

[oN
3
TO

[
£

The signal amplitude and the cut-off

potential are arranged so that blanking
level is more negative thar the cut-off
potential and all of the
information csuses anode
The output signal at the

and containz the sync. infor SYNC. p=--
It has a congtant amplitude varying from B1ANK e
the high tension potential to the anode
N PR e
potential for zexc grid voltage. Pl ﬂfi
Details of peak rectifier cl ng circuits
R . g S
are discussed in the course paper "D.C. WRITE

Restoration and Clamping'. From this
discussion we see that the time constant of
the peak rectifier clamp cire: nust be
long so that little change of charge occurs
between clamping times, bult short enough so
that clamping is maintained in the presence
of changes in the D.C. component of the T
input signal. Tt i H i o

Tne time constant reguired is
related to the low freguency characteristics
of the preceding amplifier stages since any ——

tilt introduced by these steges will affect ?
the extent of the variation of the sync.
level to be clamped. (b}

FIG, 25. DBASIC BYNC, SEPARATOR.

The design of the pesk rectifiey clamp circuit for sync. separator applications is
far less exasting tn or restoration of the D.C. component to establish
reference le cl ite video signal. The circuit is commonly designed so
that the signal iz considerably clipped because of grid current through

a high source re s cepusidered in the course paper "D,C. Restoration
and Clamping”. grid can only tecome slightly positive h
respect to cka ‘Ve peaks of the pulses at the output are always

at vol as determined by tLe high tension potential,
the istance ind he anode current for zero grid-cathode voltage.
The , combines huu~off clipping, grid current clipping and D.C,

res 5 rectifier clamping.
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It is also common in sync. separator circuits for considerable tilt to exist on the
N ]
grid waveform between line times. This makes the circult fast acting to prevent the
loss of clamping in the presence of rapid changes of input signal levels. The shape
g 1Y & ¢ g E
of the output signal is not changed as long as a large signal amplitude always
maintains the blanking level beyond cut-off.

Valves used as sync. separators are seiected so that they h a short grid base;
that is, the range of grid voltages between zero volts and cut -off is small. This is
often obtained by reducing the ancde voltage, and also the screen Vﬁltage for
pentodes. Sync. separators sometimes have anode and screen voltages as low as 20V.
Under these conditions the cut-off voltage is typicaily -2V and large amplitude
video signal inputs are not reguired.

This simple type of sync. separator circuit is only adequate if n
no pulse noise such as petrol engine ignition inte rference, is pr
containing noise components some gating techni s required to

ig i
possibility of generation of false sync. pulses. Sync. separators des
noise immunity are not considered at this stage.

3.4 Saturation Clipping. A third type of clipping is poss ble u51ng thermionic valves and

at low anode

ned mainly by the resistance in

this makes use of the anode current saturation cha
voltages. In this region the anode current
the anode circuit and grid voltage has very

=

m
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The circuit for a saturation clipper is the
Fig. 23a but without the series grid resi
circuit can be examined by superimposing a
The anode characteristic c¢f a tricde is 41

values of grid voltage are in cluded. The I
2)OV and an ancde load r st
Iz =0 and By = 0, Iy = A
found by projecting the grid VOAtwb via t
This is 111 uSuraued in Fig. 2¢a. By simila , the transfer characteristic
in Fig. 26b is con ted. The characteri utput voltage versus grid
Voltage. The ﬂrp ‘oltag will e displace m the grid voltage by an smount

The characteristic has a "bresk"
of approximately +5V but the i
T *bis and because the
considerable grid current vould be

produceda saturation clipping using triodes
has little practical application. It
should be nobted that anode current
g ration is not related in any way to
the current limiting effect associated
with meximum cathcede emissio

rz|

. 2ba. Curves for positive
anode supply voltage ¢
and passes through Ey = 250V,
the anode of the V“er can be
to Tind the anode vo¢tage.

o
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m
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I
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a
on.

(b




e

j shown in Fig.
50k&t. The transfer charad
This shows &
5 The "break"
with a triode. Waen
overrides any grid ”LT“”Q* c
of the load 1

an anode

is shﬂwn in

k0]

J“WT& es
ubsi de the negsz

the characte ve
grid JOLt ags regilon.
The output voltage at th ancd@ of the valve, derived by sjection ol the

x o

voltage via the load ch”
qﬁpuf vol+aré is ver
is sometimes ;errled T

ing saturation cliopr the
The walve in this condition
ode voltage 1
minimum that
ducing an ﬂﬁode
the maximum

)
P

lg (mA)

o
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o
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I i }
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the and
N

symmetricall;
Saturation

Cout

into the circuit, 2 high i 0
could be included in seri e

+t fFethve clan

A VeLVﬁ 8 g

with RI egual tf
constants for chargﬁ an 1 i Fic, 28 28.
the same. OVERDRIVEN AMPLIFLER SQUARER,
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typical circuit for an overdriven amplifier for producing "squaring"
illustrated in Fig. 28. Pentodes are usually used when saturation cli
required and low anode and screen voltages give a short grid base if +h1% is
required. The transfer characteristic for the cirecuit is as shown in Fig. 2Tb. In
this case, however, both "bresks" in the characteristic are used. To provide
symmetrical clipping the valve is biassed so that the axis of the input signal is
midway between the signsl levels for cut-o and gaturation clipping. The
peak-to~peak amplitude of the input s 1 must be large, relative to the ¢
difference between the two clipping 1 s, for square waves with fast rise times to
be produced. As discussed 1n para. Is ise time of the output sguare wave is
a2l to frequency and spproximately ilnversely proportional 1o

5
inversely proportion
amplitude.

3.7 Cathode upl Squaring Amplifier. The
el by
valves i i
and ¢

e
&S
V":;V\ .
A

Conth v |
A




the catl 1 2, i 2] ! this valve no longer

i 5 the ope ing itlor . B cathodse voltage of tends to
follow its grid volt ge .,

The output voltage at the o is pendent on When V2 1s cut-off the
output voltage eguals the hig age. When is fully conducting with
V1 cut-ofi, the outpubt fslls value. input sigral is clipped

]
two levels by the cut-off charascterictics the two valves
characteristic of the circuit Is illustrated 1
currents are considered in more detall 1in Sect ause the circuit is not
balanced, since V1 has no resista anode circuit, the output 51gna7 is
not clipped symmetrically on ei the zero axis. An anode load is

. The transfer
The ﬂircult voltages and

included for V1 in some ¢ Lo prc circuit symmetry. As svwm‘try in clipping
is also introduc i

their ope?atlng
.

provided by ret

throughout
can be

e

4

Vi CUT-0OFF

a gguare wave Irom a sine
rectangular wave input.
much greater than the

In the example of

I

-
coupled clipper. If the

in 1 is cavacitively coupled to the cathode
gnal produces grid current, peak rectifier clamping
occurs and symmetrica ing wi t. Peak rectifier clamping can be

reduced as cons¢aercd

3.8 Effect of Anode Circuit Capa

itance. A1l of the c¢lipping circuits considered in

cepacitance at the circuit output This capacitance is
The effect of the capacitance is the same azs¢ its

that is, the higher freq cy output signals are

of such signals are increased. An improvement, at

oss of gain, is obtsined by reducing the value of the load resistor.

in the form of "peaking” iﬂduotaﬂces, as is included in video

can also be usad to both improve the amplitude-frequency and phase-

freguency chaf:cierlst*:s. Since the details of the compensation in the anode

circult ‘ for videc amplifiers, it is not examined

t this stage.
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4, TRANSISTOR CLIPPING CIRCUITS.

4.1 Effect of Series Base Resistance. Clipping circuits using transistors are allied to
circuits using thermionic valves in many respects. However, in some cases they are
quite different. An example of thelr difference occurs in a transistor circuit with
a configuration similar to that for a valve grid current clipper. Such a circuit
is shown in Fig. 31. The series resistor (RB) in the base circuit has a high value
compared with the base-emitter resistance. Because of this the base current is
practically independent of the base-emitter characteristic and is approximately
proportional to the input voltage. -

The common emitter current gain of a
transistor is almost constant throughout
the operating range. This is indicated
in Fig. 32 by the almost constant slope

of the current transfer characteristic

for a particular collector voltage. Where
a load resistor (R,) is included in the
collector circuit, the collector-emitter
voltage varies as the collector current

Rp

t

€

2

varies, an increase in collector current O— &——§——Q
reducing the collector voltage. In an .l,
approximate examination, the collector N
(output) characteristic of the transitor FIG. 31. TRANSISTOR AMPLIFIER.

(Fig. 32) shows that for collector voltages
above about L00mV, the collector current (Ig) is affected only slightly by the
colliector voltage. The output voltage at the collector, therefore, 1s approximately
equal to the product of the change in collector current and the load resistance
(when Ry, << the A.C. resistance of the collector—-emitter circuit) but is reversed in
phase compared with the voltage at the input.

Since output voltage is proportional to collector current, collector current to base
current, and base current to input voltage, the output voltage is proportional to
the input voltage. The circuit is, therefore, linear and no clipping occurs because
of base current. This circuit does not produce clipping because the transistor is
pasically a current controlled device, and because the input circuit gives current
approximately proportional to input voltage.

CURRENT TRANSFER 6

A) = -
CHARACTERISTIC Ig (A = -100
29 OUTPUT)
IC (mA COLLECTOR ¢
;(m ) -80 CHARACTERISTIC
A -
p 70
-60
(REFER PARA. 4.8) -
!
5 .30
x -20
ul ---A ----------- -10 C
- J7m
8Y 2 0
150 100 50 ': %0 -2 -4 -6 -8 10
D
Ig (@A) E__ (W)
'_E : cE IB (uA) = 0
1
E 0 8
C=
v 0.1
-20
.40
20
EC =-4.5V 22
fae V) 10
INPUT CHARACTERISTIC -0.2 VOL TAGE FEED BACK CHARACTERISTIC

FIG. 32. TRANSISTOR CHARACTERISTICS.




4.2 Transistor Characteristics. A more detailed graph

ical analysis of a transistor
circuit operating in its "linear" region indicates that the collector load resistor
does have an effect on the linearity of a typical circuilb, but not to the extent
that a sharp break in produced in the characteristic that will cause clipping.
Consider a transistor, with a collector characteristic as in Fig. 32, in the circuit
of Fig. 31. A collector supply voltage of 10V and a load resistance of LkQ gives the
load line indicated (line C). The transistor voltages and currents for these
operating conditions must be at some point on the load line.

A dynamic current transfer characteristic can be plotted using this information. As
an example, point X representing a base current of 20ulA is projected horizontally
until it intersects the 20uA base current ordinant in the base current-collector
current guadrant., Other points on the load line are transferred in a similar
manner. Joining the points obtained gives the dynamic characteristic (Curve B).

For reference the collector voltages have been included at several points on the
characteristic. Note that the characteristic is curved and indicates that the

smell signal current gain of the transistor amplifier is reduced slightly when the
collector voltage is reduced by voltage drop across the load resistance. Smaller
values of collector load resistance cause less departure of the dynamic characteristic
from the practically linear ststic characteristic.

When the input to the base circuit is supplied from a current scurce with current
proportional to input voltage, the characteristic relating input voltage to collector
current has the same shape as the current transfer characteristic. To examine the
effect of the input voltage being supplied via a finite resistance in series with
the base circuit of the transistor, the dynamic input characteristic must be known.
This characteristic can be derived from information sbout the collector voltage and
base current at points along the load line on the collector characteristic and from
information obtained from the voltage feedback characteristic. However, it is
usually found that the static input characteristic varies very little with variation
of collector voltage, except at very low collector voltages. Therefore the dynamic
input characteristic is almost the same as a typical static characteristic,

Assuming that the dynamic input characteristic for the transistor circuit is the
same as the static characteristic for a collector voltage of 4.5V as in Fig. 32, the
base current for a given input voltage is found by constructing a "loazd line" on the
characteristic corresponding to the input voltage and the series base resistance.
When the input voltage i1s 0.2V and the series base resistance is 10k, the required
load line is line D in Fig. 32. This intersects the input characteristic at point Y
and gives a base current of approximately 9.5pA. Projecting the base current via
the dynamic current transfer characteristic the collector current is obtained and is
approximstely O0.TmA. By assuming other input voltages, other points on the input
voltage~collector current characteristic can be determined. Fig. 33 shows the
results obtained with series base resistances of zero, 5kf, 10k{, and 20kQ.

3

Rg =0 5KQ T0K§)
2

20K 2
IC (mA)

7

0 - v *

0.2 0.4 0.6 0.8

€in (V)

FIG. 33. EFFECT OF SERIES BASE RESISTANCE.
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Notice that with zero base resistance the characteristic is very non-linear with an
abrupt knee at approximately 70mV. This knee straightens as the series base
resistance is increased, indicating that the input voltage must be supplied via a
high value of resistance to obtain linear operation over a large signal range. The
effect of the curvature of the dynamic current transfer characteristic is evident
in the input voltage-collector current characteristic (Fig. 33).

4,3 Cut-off Clipping. In the circuit of Fig. 31, when the base current is zero, the only
collector current is a very small "leakage" current caused by minority carriers.

The input current and output voltage waveforms for the circuit in Fig. 31 are shown
relative to the collector characteristic in Fig. 34. When the base-emitter junction
is forward biassed the circulit is an amplifier and the input signals appear
amplified and inverted at the output. The voltages corresponding to the input
currents are determined by projection via the load line.

FIG. 34. CUT-OFF CLIPPING.

When the input current is zero, the output voltage is almost equal to the collector
supply voltage, the deviation from this voltage being because of the leakage current.
The leskage current in this case is that obtained in the common emitter connection.
This is the base-collector leakage current amplified by the transistor action as the
current flows across the base-emitter junction. The common emitter leakage current
is significant for germanium transistors but negligible for silicon transistors.

When a reverse voltage is applied to the base-emitter Junction, the base-collector
leakage current is prevented from crossing the base-emitter jurction, and no
amplification of this leakage current occurs. The collector current, then reduces
to a low value equal to the leaskage current for the common base connection. Input
signals that reverse bias the input, therefore, almost cut-off the collector

current meking the collector voltage practically equal to the collector supply
voltage. The input signal is clipped at approximately the zero axis and the clipoed
level at the output is established at the collector supply voltage.

A p-n-p transistor is cut-off when the base is more positive than the emitter and
negative base-emitter voltages will cut-off an n-p-n transistor. The clipping
produced by the cut-off region is not particularly sharp. This is indicated by the
curveture near zero input voltage in the characteristics in Fig. 33 relating input

voltage and collector current.
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L.4 The circuit in Fig. 31 is not very suitable in practice since it does not include any
circuitry to improve its thermal stability. Further the base resistance (Rg) is
often not present as a separate identity, but 1s commonly the output resistance of
the preceding stage. Also a means of varying the clipping level is often required.

& O~

A more useful circuit is shown in Fig. 35

where the clipping stage is direct

coupled to the preceding stage. The R1
series base resistance for improving
linearity is the output resistance of
the first stage. The emitter resistance
provides D.C. negative feedback to
achieve satisfactory thermal stability.
This resistor can be bypassed to prevent
loss of gain when the A.C. component of
the input signal is to be clipped.
Variation of the clipping level is 4VE OR -vE
arranged by changing the bias on the BIAS
clipping stage by altering R2 or the ® _I" O

R4

t-k-

amplitude or polarity of the bias supply.

FIG. 35. CLIPPING CIRCUIT.

4.5 Effect of Fmitter Resistance. An alternative method to series base resistance, for
improving the linearity of the input voltage-collector current characteristics of
a transistor operating as an amplifier makes use of an unbypassed emitter resistance
as shown in Fig. 36. This produces negative current feedback at all frequencies
and gives a feedback voltage proporticnal to the emitter current, which is, in turn,
gpproximately proportional to the base current. The input voltage between the base
and earth is the sum of the base-emitter voltage (Epp) and the voltage across the
emitter resistor (ERE). When ERp is much greater than ERE, the input voltage
differs only slightly from Erg. The input voltage then, is approximately
proportional to the base current, or inversely, the base current is approximately
proporticonal to input voltage. This means that the input circuit is approximately
linear and the input resistance is approximately constant. Also, since the input
voltage is much greater than EpE, but the base current is unchanged, the input
resistance is much greater than it was without negative feedback.

A graphical analysis can be carried out to show the effect of an emitter resistance.
A load line is drawn on the collector characteristic for a resistance equal to the
sum of Ry, and Rg. The collector current for selected values of base current is
read from the load line. The sum of the base current and the collector current
gives the emitter current from which the emitter voltage (Epp) is calculated.

The base-emitter voltage (ERE) for the

selected values of base current is

determined from the input characteristic. RL

The input voltage is Erp + Egg. Fig. 37

shows the relationship between collector

current and input voltage when the SCT

transistor has characteristics as in
Fig. 32. Curves are drawn for emitter
resistors of 1009, 2000 and 400Q when
the collector load resistance is LkQ.
The characteristics derived for series
base resistance are included for
comparison. The curves show that

the linearity is good except in the
region approaching cut-off.

€out

Qe 3 —>0
m m
X
m

FIG. 36. TRANSISTOR CIRCUIT WITH
EMITTER RESISTANCE.
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+.6 Reverse Voltage Protection. Many transistors can be damaged by a small reverse
voltage on the base-emitter junction. The maximum reverse voltage for germanium
"drift" type transistors is approximately 0.5V. To prevent damage, a diode is often
provided in parallel with the base-emitter circuit as in Fig. 38a. When the
transistor is cut-off, the diode is forward biassed and it limits the maximum
transistor base-emitter voltage.

3 9

FIG. 37. EFFECT OF EMITTER RESISTANCE.

The diode has an additional effect when signals are capacitively coupled into

the base circuit. With no dicde, input current flows only when the base-emitter
junction is forward biassed. This causes a D.C. component to be introduced by
peak rectifier clamping action. The inclusion of the dicde maintains input current
during the transistor cut-off time, thus tending to prevent the introduction of the
D.C. component.

(a) ps

FIG. 38. REVERSE VOLTAGE PROTECTION.

Another method of using a diode to prevent demage to the base-emitter junction is to
include the diode in series with the emitter connection as shown in Fig. 38b. When
the base-emitter junction is forward biassed, so also i1s the diode, and the circuit
is affected little by the presence of the diode. An input to reverse bias the
emitter-base junction, also reverse biasses the diode. The applied voltage then
divides in proportion to the reverse resistances of the transistor junction and the
diode. These resistances are selected (or obtained artificially by including a high
resistance in parallel with the base-emitter junction) so that the majority of the
applied voltage appears across the diode. A diode used in this way still allows
peak rectifier clamping to be used to establish the position of the input signal

on the input characteristic.
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4,7 Peak Rectifier Clamping and Cut-off Clipping. When a large amplitude input signal is

€s

RS

capacitively coupled into the base-emitter circuit of a transistor amplifier, base
current causes peak rectifier clamping to occur. Consider a square wave input signal
to the circuit in Fig. 39a which includes a p-n-p transistor. Resistors R1 and R2
provide bias in the absence of an input signal.

For effective peak rectifier clamping to occur, the input signsl must be supplied
from a low resistance source. Under these conditions the input signal (ein) is
almost the same as the source voltage (eg). During the negative section of the
square wave input signal, base current is produced and the capacitor in the base
circuit is charged with a polarity as indicated in Fig. 3%9a. For the positive
section of the signal, with a signal amplitude sufficient to cguse cut-off, the
capacitor discharges slightly via the base bias resistors. However, the time
constant for change of charge under these conditions is arranged to be long and
little of the charge on the capacitor is lost. The capacitor, therefore, provides a
bias which introduces a D.C. component to the signal at the base.
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FIG. 39. PEAK RECTIFIER CLAMPING AND CUT-OFF CLIPPING.

Since the break in the base-emitter characteristic 1s not well defined, the level at
which the negative peaks of the input signal are established is also not very
definite. The clamping level also depends greatly on the signal amplitude and the
source resistance as discussed in the paper "D.C. Restoration and Clamping". In
practical examples the negative extreme of the input signal will be established
approximately coincident with the apparent knee in the input characteristic when it
is drawn on linear graph paper. The knee occurs at approximately 0.2V for germanium
transistors and at approximately 0.6V for silicon transistors.

The input signal is shown relative to the input characteristic in Fig. 39b. Since
negative peaks of the input signal are clamped at approximately 0.2V or 0.6V, only a
small amplitude input signal is required, to cause cut-off. The output voltage with
the transistor cut-off is approximately equal to the collector supply voltage. On
negative peaks of the input signal the output voltage can be found at the point on
the collector load line corresponding to the base current determined from the input
characteristic., In many practical cases the clamped peak of the input signal will
give a base current that is sufficient to produce saturation clipping (see para. 4.8)
in the collector circuit.

Since, for effective clamping to be produced, the source resistance must be low, the
circuit in Fig. 39a is non-linear when it is operating as an amplifier between the
clamping level and the cut-off clipping level. The circuit is, however, very useful
for clipping of signals when the output signal is & rectangular wave. Applications
are, stabilization of the amplitudes of rectangular pulses and sync. separation.
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The linearity of the circuit is improved by adding series base resistance or by
using negative feedback. This, however, reduces the effectiveness of the input
circuit as a peak rectifier clamp, and the input signal extends further into the
negative region., Therefore, large amplitude input signals are required to produce
cut-off clipping.

The non-linearity of the base-emitter characteristic, indicates that the base-emitter
resistance varies with base current. Because of this, a D.C. component is introduced
even when the input signal amplitude is not sufficient to cause transistor cut-off.

4.8 Saturation Clipping. The collector characteristic of & common emitter connected
germanium p-n-p transistor is shown in Fig. 40, As the magnitude of the collector
voltage of a transistor is reduced, for a given base current, the collector current
decreases only slightly until, at low values of collector voltage, the collector
current rapidly falls to zerc., The section of the collector characteristic at lower
voltages than the voltage at the '

knee™ in the characteristic is known as the
saturation region. In this region the collector voltage 1s smaller in magnitude than
the base voltage and both the collector-base and the base-emitter Junctions are
forward biassed. The minimum collector voltage that can maintain the collector in
saturation with a particular value of collector current is known as the "saturation
voltage". This voltage is indicated for a particular operating condition at Point A
in Fig. 40. The saturation voltage of germanium transistors is in the region of o0.2v,
and of silicon transistors, approximately 0.6V, the actual potential depending on

the values of the collector and base currents.
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FIG. 40. SATURATION CLIPPING.

The clipping produced by collector saturation is examined by considering a load line
on the collector characteristic. As the base current is increased by the input
signal, the collector current increases and the collector voltage decreases following
the lozd line. When the base current is increased sufficiently, the load line cuts
the collector characteristic, for the base current in question, below the "knee' in
the saturation region. Further increases in base current produce negligible

changes in collector current and collector voltage. The collector current is at its
meximum value which is determined mainly by the resistance in the collector-emitter
circuit. The collector voltage is at its saturation or "bottomed" value of
approximately 0.2V or 0.6V for germanium or silicon transistors respectively. In
Fig., 40 the collector current and output voltage waveforms, which show saturation
clipping, are obtained by projection from the base current via the load line.
Saturation clipping is responsible for the "obreak" at high base currents in the
dynamic current transfer characteristic shown by the dotted section of curve B in
Fig. 32.
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So that the base current is proportional
to the input signal amplitude when the
circuit is operating as amplifier, the
signal is provided from an approximately
constant current source (by including

a high value of resistance in series
with the source generator) or negative
feedback is included (by an unbypassed
emitter resistor). Both methods
increase the source voltage required

to cause clipping. The curves in

Fig. 41 indicate the linearity of the
input voltage-collector current
characteristic and show the "break" at
high collector currents produced by
saturation clipping. The "break" is
usually very sharp and good clipping

is produced.

However, saturation clipping has a disadvantage.

e 7 Yl

FIG. 41. TRANSFER CHARACTERISTICS.

When a transistor is rapidly

switched from the saturation region to the linear active region of its characteristic,
the collector current is maintained for a significant time at almost its maximum

value before a decay occurs. This results from

region at the instant that the input is removed.

minority carrier storage in the base
This effect will be discussed

further in a paper considering the transistor as a switch.

4.9 Overdriven Amplifier. For clipping at two levels

both cut-off and saturation clipping

can be used. This makes use of both "breaks" in the input voltage-collector current

characteristics of Fig. 41. A typical circuit,
amplifier, but greater than normal input signal
its non-linear operating sections.

shown in Fig. L2, is that of a normsl
is provided to drive the stage into

The amplifier provides a convenient means of obtaining an approximately square wave
from a sine wave input. For symmetrical clipping of the input signal the circuit is
biassed half way between the two clipping levels. The diode in Fig. 42 prevents high
reverse base-emitter voltages and reduces peak rectifier clamping.
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FIG. L42. OVERDRIVEN AMPLIFIER CLIPPER.

4,10 Emitter Coupled Clipping Circuit. Transistors can be used in any configuration to

produce either cut-off or saturation clipping.

An emitter coupled circuit (long—tailed

pair) is commonly used, and, by suitable design, clipping can be produced at two
levels by the cut-off characteristics of the transistors. A circuit in a
symmetrical form with load resistors in each collector circuit is illustrated in

Fig. 432. The circuit is useful for producing "
decreasing the rise time of rectangular pulses.

squaring" of sine waves and for



CLIPPING.
PAGE 31.

I
o
o
=1

+

0
SC2 CUT-OFF
SC1 CUT-OFF
-------- .

Cout *
Cout

COLLECTOR SUPPLY |
VOLTAGE

FIG. 43. EMITTER COUPLED CLIPPING CIRCUIT.

With no input signal the circuit is balanced and equal currents flow in each
transistor. When the input signal causes the base of 3C1 to go negative, base current
increases, the emitter current of SCL increases, and the current through the common
emitter resistor tends to increase. This causes the voltage at the emitters (point A)
to go negative which decreases the base current of SC2. The reduction in base

current reduces the emitter current of SC2 which partly offsets the original increase
in total emitter currert. This total current through the common emitter resistor

(the "tail" current) is maintained approximately constant. Any varigtion is reduced
when R is increased. Further negative changes on the base of SCL will eventually
cause SC2 to be cut-off (if the circuit is designed so that SCl does not saturate
before this occurs) making the collector current of SC2 practically zero.

When the input signal produces a positive change at the base of SCL, Il decreases,
the potential at the emitters goes positive and I2 changes to partly offset the
initial change in Il. With a large enough positive change of input signal SCI is
cut-off and I2 reaches its maximum value.

The output voltage at the collector of SC2 depends on I2, being a minimum negative
value when I2 is a maximum and approximately equal to the collector supply voltage
when SC2 is cut-off. The transfer characteristic for the circuit is shown in

Fig. L3b. The voltages and currents in the circuit are considered in more detail in
Section 5. In a symmetrical circuit using capacitive coupling of the input signal
to the base of SCL, clipping occurs approximately equally on either side of the
average axis of the input signal. Unbslance will upset this symmetry. Diodes may
be necessary to protect the base-emitter junctions of the transistors against excess
voltages and to reduce the possibility of pesk rectifier clamping for capacitively
coupled inputs.

4.11 High Frequency Characteristics. The high frequency response, and, therefore, the rise
time of output rectangular waves from a clipping circuit, are limited by shunt
capacitance across the load resistor., This effect can be reduced, by including
"peaking' or selective negative feedback, to improve both amplitude-frequency and
phase-frequency characteristics. However, this is often not the limiting factor in
transistor circuits when the load resistor is low in value. The high frequency cut-
off characteristic of She transistor itself may be the limiting factor. This cut-off
depends on the transisor mechanism and is related to the transit time of minority
carriers in the base region. The sbove considerations apply also to video amplifiers
and will not be discussed further at this stage.
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5. VOLTAGE COMPARATORS.

2.1 Applications. In many electronic circuits, 1t is required to derive output pulses
coincident in time with the input signal being equal to a selected reference level,
Such circuits are known as voltage comparators or voltage selectors. Applications
for voltage comparators are found in the trigger circuits of high grade C.R.0's and
in electronic counters used for time and frequency measurements. Trigger pulses
have to be derived from the input signal to trigger the time bases and counting
circuits. A suitable method for determining the timing of the trigger pulses is to
compare in a voltage comparator the input signal and a variable reference voltage
provided by the "trigger level" control. Trigger pulses are generated when the two
signals have equal amplitudes. Varying the reference voltage by operation of the
"trigger level" control, allows pulses to be produced at any selected time
throughout the cycle of the input signal.

Another important use for a voltage comparator occurs in the delayed sweep circuits
of many C.R.0's. A timebase sawtooth signal is generated, triggered from some
section of the incoming signal. This sawtooth and a variable reference voltage
derived from a "delay" control are both fed into a voltage comparator. An output
is produced when the sawtooth signal equals the reference voltage. The .output will
be a definite time after the commencement of the sawtooth, the time being dependent
on the rate of change of the sawtooth and the amplitude of the reference voltage.
When both of these variables are known, the "delay" control can be calibrated
directly in "time".

Some types of digital voltmeters also use voltage comparators. In one possible type
an internally generated sawtooth signal is applied to two voltage comparators.

Earth is the reference for one comparator and the D.C. input signal is the reference
for the other., Pulses are generabted when the sawtooth voltage equals zero and also
when the sawtooth voltage equals the input voltage. The time between the two pulses
is proportional to the input voltage and the rate of change of the sawtooth
waveform., This time is measured by counting the number of cycles of an accurate
oscillator which occur Dbetween the leading edges of the two pulses. The time
measured is calibrated directly as voltage.

5.2 Possible Comparator Circuits. The main difference between voltage comparator
circuits and clippers is that in a clipper sections of the output waveform are
reguired to maintain their original shape, while in a voltage comparator, the shape
of the output is not important. It is required to derive a pulse or a step
coincident in time with equality of two signals. Most of the clipping circuits so
far considered can give this information, for example, a negative diode clipping
circuit with the reference voltage used as diode bias (Fig. bha) will give no output
when the input is less than the reference, but the input will be transferred to the
output, when the input is greater than the reference. Equality of the two signals
occurs at the time the output starts to increase. Diode non-linearity causes the
position of the break in the diode clipper characteristic to be indefinite so that
voltage comparison is not very precise. Amplifiers either before or after the
clipper can give some improvement in the accuracy of voltage comparison but these
systems are little used.

Some regenerative circuits, for example, the "Schmitt Trigger" multivibrator, can be
used as voltage comparators, but these will not be considered in this paper.

Cut-off clipping in valves and transistors can also be used to give the information
required for voltage comparison, To allow the use of an input and a reference
potential each with one terminal earthed, the reference can be included in the
cathode or emitter circuit as shown in Figs. Llb and ¢. Output commences when the
input signal causes the valve or transistor to become conducting. One disadvantage
of this arrangement is that the reference supply must carry the current for the
circuit and it must have a low output impedance so that changes in the circuit
current do not change the reference voltage.
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FIG, 4b, BASIC VOLTAGE COMPARATOR CIRCUITS.

Another disadvantage of the circuits in Figs. Lib and c is brought about because
the reference potential is required to vary over a large range. For trigger circuits
of C.R.0's and electronic counters a typical reference voltage variation is from
-10V to +10V, In C.R.O. timebase delay circuits, the range is typically 200V for
valve circuits and 20V for transistor circuits. The voltage applied to the valve
or transistor, therefore, is varied over an appreciable range and this may produce
variations in the cut-off potentisl. (The cut-off potential of triodes will

vary with anode voltage change and of pentodes with screen voltage change. The
collector voltage of transistors has little effect on their cut-off potential).

A cut-off potential variation prevents a variation in the reference potential from
being accompanied by a similar veriation in the clipping level of the input signal.
Ideally, an equal change in both reference and input should leave the valve
operating under unchenged conditions. Variations which cause equal changes at each
input are called "common mode" signals. Voltage comparator circuits should be
independent of "common mode" signals.

5.3 Common Mode Rejection. The effect of common mode signals on a circuit is usually
defined by the "common mode rejection ratio". Consider that both the input and the
reference signals to a voltage comparator circuit change by an amount equal to
AE. If there is some common mode effect, this will cause some output from the
circuit. This oubtput could have been caused by a change (Aein) in the input signal.

The ratio AE
Aein

is the common mode rejection ratio.

The common mode rejection of voltage comparators can be examined by considering the
circuits in their linear operating region before the onset of clipping. In the
linear region the voltage comparstor is called a differential amplifier or a
difference amplifier, because the signal output is proportional to the difference
between the two input signals with minimum effect being produced by common mode
signals.
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In the circuit of Fig. 4ib the grid-cathode voltage of the triode is the difference
between ein and ER. This is one factor determining the anode current, and therefore
the output voltage (eoyt) is approximately proportional to the difference between
the Input signals. To examine the common mode rejection consider ein and ER are
both varied by the same amount. This leaves the difference unchanged and the grid-
cathode voltage unchanged. However, the variation of ER changes the high tension to
the valve, which changes the anode current and produces an output voltage dependent
on the common anode signal.

The common mode rejection ratio of this circuit is poor and is approximately equal
to the amplification factor of the valve. The common mode rejection of the circuit
using a pentode is better than one using a triode, but there is the inconvenience of
having to maintain a constant screen to cathode (not earth) voltage. Transistors are
similar in chsgrscteristics to pentodes but without the complication of the screen
supply, however, the reference voltage, current and impedance disadvantages still
exist.

5.4 Triode Cathode Coupled Voltage Comparstor. The circuits using cut-off characteristics

as voltage comparators are improved if a cathode follower (or emitter follower) is
used to apply the reference voltage to the cathode (or emitter) of the clipper. It

is also common for the two inputs to be reversed. A typical arrangement using
triodes, as shown in Fig. 45, has the "input signal" applied via the cathode follower,
and the reference voltage connected to the grid of the clipper. This circuit has the
same form as the cathode coupled clipper of para. 3.7, but a variable reference
voltage has been added to one grid and the "input" is, in most cases, direct coupled.
An advantage of the cathode coupled circuit is that the reference voltage is

connected to a high impedance point in the circuit, thus giving no current or

impedance problems.
QO +H. T
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FIG. 45. TRIODE CATHODE COUPLED VOLTAGE COMPARATOR.

As a voltage comparator the circuit is conveniently considered as a two level clipper
which selectes a small section of the input waveform. The section selected is varied
by varying the reference voltage and the input is clipped approximately symmetrically
(depending on the symmetry of the circuit) about the reference voltage. The rise

time of the output "rectangular" waveform depends on the rate of change of the
selected section of the input waveform. Rise time is improved by reducing the voltage
between the two clipping levels, or by including amplification before the comparator.

5.5 The operation of the cathode coupled circuit is now examined. Values of Ry, and Rx

are each equal to 10kQ and the two triodes each have anode characteristics as in
Fig. 46 (12AT7). The methods used to obtain values of voltage and current in the
circuit under various conditions, are also useful for the examination of other
similar circuits.



CLIPPING,
PAGE 35.

FIG. L6. ANODE CHARACTERISTIC OF TRIODE,

Consider that the input voltage {eip)

and the reference voltage (er) are

both zero, and that the voltage

between +H.T. and the valve cathodes * O +203v
T 10KQ

is +200V as shown in Fig. 47.
Consider also that the cathode
potential is +3V with respect to +200¢
earth and, therefore, each valve has
a grid-cathode voltage of -3V. From
the valve characteristics, V1 with no

anode load has an anode current of T

2.5mA. V2 has an 10kQ anode load and Y -
@ €in=0 Z.I-y‘mA I

<
E )
Y

200V is applied to the valve and
load. The 10kQ load line from +200V

in Fig. L6 indicates that with 3V 4.3mA l

bias the anode current is 1.8mA. The ———ji 0 40V
total cathode current is then 4.3mA =

and the voltage across Ry is 43V.

These conditions are satisfied when a

negative supply of L0V is provided as FIG. 47. OPERATING CONDITIONS.

shown in Fig. L47.

An input signal is now applied which causes V1 grid to go negative. This decrease I1
and therefore reduces the cathode voltage. As a result the grid to cathode voltage of
V2 becomes less negative producing an increase in I2 which tends to offset the
original decrease. The circuit tries to maintain a constant cathode current. Some
change must occur, but this is small and decreases as the value of cathode resistance
is increased. Consider that the input signal is decreased by an amount sufficient to
cut-off V1, The cathode current then equals the current through V2, V2 has a total
of 20k resistance in its anode and cathode circuits and a 243V supply. A load line
for this voltage and resistance is shown in Fig. 46, Half of the total circuit
resistance is in the cathode circuit providing cathode bias. Note, however, that the
grid is not at the same potentisl as the lower end of the cathode resistance. To
determine the bias on V2, assume various values of bias, determine the cathode current
that will give these conditions and plot these values on the anode characteristic to
form a line which intersects the load line. For example, if the bias on the valve was
zero, the cathode voltage (relative to earth) would be zero, and the voltage across
Rg would be 40V. The current through Rx would then be LmA. Similarly if the Dbias

on V2 was -1V, since the grid is earthed the cathode voltage would be +1V, the

voltage across Rx, 41V, and the cathode current, 4.1mA, Further, if the bias was -2V,
the cathode current would be L.2mA. The line joining these points is almost straight
and horizontal, and it cuts the load line at a grid cathode voltage of -1.8V.
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The stable condition of the circuit glves a cathode voltage of +1.8V with respect to
earth. From the valve characteristics, with an anode voltage of approximately 200V,
approximately -5V bias between grid and cathode is required to produce cut-off.
Therefore, V1 will be cut-off when its grid is more negative than -3.2V (+1.8 -5V).
With a cathode voltage of +1.8V, the voltage across Ry is 41.8V giving a current of
L.18mA, The reduction of cathode current below its no signal value is only 0,.12mA.
The circuit voltages and currents for this condition are shown in Fig. L8a.

When the input voltage is made positive Il increases above its no signal value and
the voltage across Rk increases. This makes the grid of V2 more negative relative

to its cathode, which reduces I2 thus tending to maintain the cathode current
approximately constant. When the input is increased sufficiently to make the cathode
voltage +5V, V2 is cut-off. The cathode current under these conditions (Fig. 48b) is
Li.5mA, an increase of only O.2mA from the no signal condition. The anode to cathode
voltage of V1 is +198V and with this voltage 4.5mA is produced when the bias is —2.uUV
(This same value is obtained by finding the intersection of a 10k{ load iine from

2L3v, with L.5mA anode current). An input voltage of +2.6V(+5-2.4V) or greater will
therefore cause V2 to be cut-off).

-0 +203V > O +203V

T

) 4
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5
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FIG. L48. OPERATING CONDITIONS OF CATHODE COUPLED CIRCUIT.

Input voltages more positive than +2,6V will still cause I1 to increase, but without
the compensating decrease in I2 (since V2 is cut-off) V1 behaves as s simple cathode
follower. Increase in Il causes an increase in cathode voltage which provides
cathode bias attempting to offset the input voltage change. The result is that
large increases in input voltage produce only small changes in grid-cathode voltage
and small incresses in cathode current. The cathode current actually continues to
increase at approximately twice the rate of the total cathode current increase when
both halves are conducting. Considerable increase in input voltage is possible
before zero grid-cathode voltage is produced on V1. In the example considered the
input voltage required for this condition is +72V.

The output voltage at the anode of V2 is dependent on I2. When V2 is cut—off the
output equals the +H.T. voltage of +203V. When V2 is conducting fully with V1 cut-off

V1 is L4.18mA, causing 41.8V to be present across R1,, so that the output voltage is
161.2V (203-41.8v).

5.6 The operation of the cathode coupled circuit can be summarised with the aid of Fig. L9,

Imagine an input signal increasing from a very negative voltage at a linear rate.
With input signals more negative than =3.2V, V1 is cut-off and V2 is conducting fully
with I2 = 4,18mA. When the input signal is made more positive, V1 starts to conduct
and, as Il increases, I2 decreases, so that the total cathode current (11 + 12)
increases only slightly. An input signal increase to +2.6V causes V2 to cut-off and
V1 supplies the total cathode current of 4.5mA. Further increase in the input signal

produces a small increase in cathode current, but does not modify the output voltage
at the anode of the cut-off V2.
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Because of the linearly increasing input voltage, the output voltage shown in Fig. 49c
has the same shape as the transfer characteristic for the circuit. Notice that the
circuit produces a gain but no phase reversal.

From the preceding we see that the input signal is not clipped symmetrically on either
side of the zero axis. This is because of the unbalance of the circuit, since V1 has
no resistance is its anode circuit. An anode load is included for V1 in some cases.
Assymmetry in clipping is also caused by the change in the mutual conductance of
valves throughout their operating range. Compensation to provide symmetrical clipping
of the input signal about the zero axis can be provided by changing slightly the
reference voltage.

The example illustrates the small variation of cathode current in the circuit between
clipping levels. This variation is further reduced if the value of the common cathode
resistor is increased, but this necessitates the use of a higher negative H.T. supply
if the operating conditions of the valve are to be unchanged. Another method of
increasing the effective resistance of the common cathode circuit uses a valve and is
considered in para. 5.8.
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FIG. 49. CATHODE COUPLED CIRCUIT WAVEFORMS.

The cathode voltage variation is shown in Fig. L9z with the input voltage. The
cathode voltage remains constant below the lower clipping level and is slightly more
positive than the voltage on V2 grid. For input signals above the upper clipping
level the cathode voltage is approximately a constant amount gbove the input at Vi
grid. This shows that the cathode voltage tends to follow the more positive of the
voltages at the two grids.
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Between clipping levels tae ce

input voltage change. This can be justifs e i ‘ng the cat: counWDd
eireuit in its balanced form as in Fig. 50. With ej, equal to Er, and identical
valves, Tl equals I2. If es, is increased and ER decreased by a small amount (AE),
I1 will increase and 12 decreases by the same amount, when both valves are operating
on linear sections of their characteristics. The total cathode current is therefore
unchanged, and the cathode voltage unchanged. If, however, both ein and ER are
increased by the same small amount (AE), when a large cathode resistor is included,
the cathode voltage will tend to follow the grid voltages and also increase by AE.

) +H.T.

Sout

PIG. 50. VOLTAGE COMPARATOR.

Adding these two changes gives a change of 2AE on V1 grid, no change on V2 grid and

a change of AE at the cathodes. That is, with a constant reference voltage, the
cathode voltage variation is half the grid voltage variation. This is also
approximately correct when the load resistance is not included in the anode circuit

of V1. It will be noticed that, in the example, the no signal bias was chosen greater
than half the cut-cff bias. This was so that one tube is always cut-off before the
other tube reaches the zero bilas condition which may cause grid current clipping.

5.7 Common Mode Rejection. To examine the effect of the common mode signal, consider the
balanced cathode coupled circuit (Fig. 50) with ein equal to ER. With identical
valves, Il equals I2 and ep between the anodes of V1 and V2 is zero. An equal
variation of eip and BR causes both anode curreants to change by the same amount.
The circuit remains balanced with ep still zero, so that the common mode signal does
not appear between the two anodes. However, since both ancde currents change, eout
must also change and the unbalanced output from the circuit contain s proportion
of the common mode signal. The common mode rejection is improved when the effect
of the common mode signal on the total cathode current is reduced. Therefore, the
improvement can be obtained by making Rg very large so that the valve has only
a small effect on the total cathode current. The combined valve currents can be
considered as being from an approximastely constant current source and large common
mode signals can cause only a small variation in valve current and = small change
in output voltage.

The effect of the cathode resistor value can be explained in an alternative way .
The voltage variation at the cathodes of the circuit follows closely the common mode
variations of eip and ER being considered. The variation is present across any
large value of common cathode resistor, practically independent of its value. 3But
the cathode current variation (A1) is equal to §E3 Therefore, AT is smaller and the
common mode rejection ratio is improved when Ry is made larger. The common moﬂe
rejection is approximately proportional to the value of the common cathode resis

C?
wy
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This information can be used to make a further observation. Considering on input

signal variation only, for any large value of cathode resistance in a linear circuit,

the cathode voltage variation is approximately half the input voltage change, The
- ) ) Aej

change in total cathode current (AT) is approximately equal to gén- Therefore,

for a given input voltage variation, the change in total cathode E%rrent is reduced

when Ry is increased; that is, when the common mode rejection ratio is improved. The

variation in the total cathode current between clipping levels is, therefore, an

indication of the common mode rejection ratio.

For a given change in total cathode current, the common mode rejection of the circuit
with a single load as in Fig. L5 is slightly better than that for the balanced
circuit of Fig. 50. This is because the load resistance in V2 anode only, makes the
variation of I2 (which determines the output) less than the variation of I1, and
therefore less than either wvalve current variation in Fig. 50. For the common mode
rejection ratio of an unbalanced cathode coupled comparator to be better than that
for the basic triode clipper (Fig. LbL) Rg must De greater than the anode resistance
of the valves.

5.8 Increasing the common cathode resistance improves the common mode rejection, but this
has the disadvantage that large voltage drops occur across the resistance, and large
D.C. potentials are required. For example, if the common cathode resistance (Rg) is
IMQ and the cathode current is 1mA, the voltage across Rx is 1,000V. This
disadvantage is removed by using either a pentode, or a valve including negative
current feedback, zs the common cethode resistance., This gives an effective cathode
resistance equal to the A.C. output resistance at the anode of the valve.

The output resistance of a pentode is egual to its A.C. anode resistance (rg) when it
is operating above the knee of its characteristic, and this is typically 1MO.

However the voltage across the valve needs only to be greater than approximately 50V.
Negative current feedback, as can be obtained by including an unbypassed cathode
resistance, increases the ocutput resistance cof 2 valve. The output resistance is
approximately equal to the products of the amplification factor (1) and the cathode
resistance (Rx). In an example where u = 50 and Rg = 0.1¥{ the output resistance
equals approximately 5H A circuit of a voltage comparator, which includes as a
cormon cathode resistance, a triode with negative current feedback, is shown in

Fig. Sla.

5.9 When precise selection of a particular level is required, two cascaded cathode coupled
stages are sometimes employed. An example is illustrated by the simplified circuit
in Fig. 51b. The first stage is a differential amplifier with load resistances in
each anode circuit. The push-pull outputs available at the anodes are direct coupled
to the second stage which gives the required single ended output.

-0 +H.T. ®- — +H.T.
!
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—0 H.T = -
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iG. 51. VOLTAGE CCOMPARATOR CIRCUITS.
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5.10 Transistor Cathode Coupled Voltage Comparator. The collector current and the cubt-off
point of a transistor are affescted very little by change of collector voltage.
Because of this the basic transistor voltage comparator (Fig. Lkc) inherently has
better common mode rejection than the triode circuit. However, this is often not
adeguate, and also the reference power supply impedance and current carrying
requirements are still a problem. The cathode coupled configuration is therefore,
commonly found using transistors. A typical symmetrical circuit using p-n-p
transistors is illustrated in Fig. 52.

O -

FIG. 52, TRANSISTOR CATHODE COUPLED COMPARATOR.

A detailed analysis for the transistor '"long tailed pair' can be carried out in a
similar manner to that explained for the valve circult in para. 5.5. However, in
the transistor case there are the extra complications of base currents and leakage
currents. The details of a graphical analysis are not considered here but the
results are shown in Fig. 53. These waveforms summarise the operation of the
circuit.

5.11 Consider the circuit in Fig. 52 with a reference voltage of zero and an input voltage
that is decreasing linearly but is sufficiently positive to cause SCl to be cut-off,
It will be assumed that germanium transistors are used and that the leakage current
is negligible. With SC1l cut-off the collector current of SC2 is determined largely
by the values of the emitter resistor and the positive supply voltage. This
transistor will be operating at its maximum base and collector currents (for the
assumed reference voltage) and the emitter will be typically between +150 and
+200mV (say +180mV) with respect to the base voltage of zero. The total emitter
current 1s the emitter current of 5C2 which is greater than the collector current by
an amount equal to the base current. This condition is maintained for all values
of input voltage that cause SCl to be cut-off and is shown by the waveforms at the
left hand end of Fig. 53. Notice that the currents are shown with negative values,
because of the use of p-n-p transistors, so that the input voltage and current
variations have the same polarity. However in the following discussion a
"reduction in current" will mean that the magnitude of the negative value of
current is decressed. The base currents in Fig. 53 are drawn to a different
vertical scale to that used for the collector and emitter currents.

SC1 will remain cut-off until the input voltage 1s negative with respect to the
emitter voitage. Therefore SCl will come out of cut-off when the input voltage
decreases to less than +180mV. When this occurs base current will commence in SC1,
producing collector and emitter currents. The emitter current tends to increase the
total emitter resistor current, but the voltage developed across this resistor is

of such a polarity that the base, collector and emitter currents of SC2 are reduced.
Any change in emitter current in SCl tends to be offset by an opposite change in
emitter current in SC2, and the total emitter current is maintained almost constant.
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FIG. 53, EMITTER COUPLED CIRCUIT WAVEFORMS.

A slight increase must occur with increase in input base current to SC1, but the
magnitude of the change reduces as the value of the common emitter resistor is
increased. Since a small change in transistor base-emitter voltage has a large
effect on collector current, the totsl collector current is almost constant even
with a relatively small value of emitter resistor of approximately 1,000%.

As the input volfage continues to decrease, the exchange of currents between the two
transistors continues, as shown in the centre section of Fig. 53, while the total
emitter current is maintained practically constant. In the balanced circuit being
examined, when the input voltage has fallen to zero, the two transistors share
equally the tobtal emitter current. When the inpub voltage becomes negative SC1
provides the major share of the total current and SC2 approaches cut-off.

Accompsnying the decrease in input voltage while both transistors are conducting the
emitter voltage decreases as indicated in Fig. 53. When the emitter voltage has
reached zerc SC2 is cut—off and has no further effect on the emitter current. The
emitter current of SCL is then determined mainly by the input voltage, the positive
supply voltage and the emitter resistance. In this condition the emitter current is
approximately at its meximum value and the base-emitter voltage will be typically
_180mV. Further negative changes in the input voltage will cause only small changes
in both emitter curren: and base-emitter voltage. The emitter voltage of the circuit,
fore, tends to follow the input voltage Lut is more positive than it by
spproximately 180mV.
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5.12 The clipping levels of the signal at the input are small compared with similar valve
circuits. In the example of Fig. 53, clipping occurs at input signal levels of
+180mV. Leakage current in the transistors causes the emitter current %o be
slightly greater than that considered and each transistor in turn is cut-off with
2 slightly smaller input voltage.

The output voltage from the circuit at the collector of SC2 is equal to the collect
supply voltage when SC2 is cut-off and leakage current is zero. It is more positive,
by an amount determined by the collector load resistance and the collector current,
for other conditions. The output voltage variations at this point have the same
polarity as the input voltage variations. Variations of opposite polarity are
available at the collector of SCI1.

Fig. 53 shows that for a linear change in input voltage the collector current between
clipping levels is non-linear. This is caused by the non-linearity of the

transistor input characteristic. However both the base current and collector

current waveforms have similar shapes and this suggests that, if linearity is
required, it can be obtained by feeding the circuit from an approximately constant
current source.

5.13 Common Mode Rejection. In para. 5.7 relating to the valve cathode coupled circuit it
was derived that an indication of the common mode rejection was obtained from the
variation of the total cathode resistor current with change of input voltage. This
applies also to the transistor emitter coupled circuit; that is, the common mode
rejection is improved when the variation of emitter current, for a given change in
input voltage, is reduced.

Increasing the value of the common emitter resistance improves the common mode
rejection. However, since the base-emitter voltage has a large control over the
collector current and collector-emitter voltage has only a small effect, the common
mode rejection of the transisitor circuit is good even with relatively small values
of emitter resistance.

The effective emitter resistance can be increased by substituting a transistor for
the emitter resistance. However, this is not usually necessary, since high values
of resistance of the order of 20kl to 100kQ give extremely good common mode
rejection. These values require high voltages by transistor standards, but the
voltages are not hard to obtain. For example, with a 100k common emitter
resistance and a ImA "tail" current, the emitter supply voltage required is 100V,

5.14 Voltage Limitations. The amount of variation of reference voltage (and also input
voltage) possible in a voltage comparator circuit, is limited by a number of factors.
It is required that sufficient voltage be present across the valve or transistor to
allow it to operate correctly, therefore, the reference voltage cannot approach too
closely, or exceed, the anode or collector supply voltage. The other extreme of
reference voltage depends on the requirement that a considerable voltage be present
across a common cathode or emitter resistance for it to appear as a constant current
source. If an active device is used as the common coupling "resistor" a minimum
voltage must appear across it to give correct operation. At the latter extreme
of the reference voltage, the voltage across the cathode or emitter coupled valves
or transistors is at & maximum, and the maximum voltage ratings of the device
must be considered. Because of the lower values of supply voltage and the lower
maximum voltage ratings of transistors as compared with valves, the change in
comparator reference voltage allowable in transistor circuits is normally
considerably less than that possible in valve circuits.
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(i) Draw a basic series diode clipping cireult which will clip voltages more positive

than +20V.

(i%) Draw a transfer characteristic for the circuit and describe how the circuit

produces the szctions of the characteristic.

(i) In the circuit of Fig. 54a, at what input voltage would clipping occur?

(ii) Considering an ideal diode, illustrate the effect of the circuit on a sawtooth

input waveform which varies between +70V and +110V,

(iii) If the diode in Pig. 54a has a constant forward resistance of 3002 and a constant
reverse resistance of 60k9, what is the output waveform from the circuit when

the input waveform is the same as that in Question 2(11)?
voltages on the waveform,

Mark significant

+250V O +250V
R1
3000 18K}
15K ¢ O ouTPUT
Vi
RV1
51 25k ()
INPUT
J ?
W0KQ Cour 82K
C1 15K}
0.5uF |
> O & . 4 -0 OV
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FIG. 54. (IRCUITS FOR QUESTIONS 2 AND 3.

What functions would the following components perform in the circuit of Fig. 54b7

(<) R1, (ii) SC1, (iii)ve, (<v) C1, (v) RVI.

(i) Draw a basic shunt diode clipping cireuit which will produce negative clipping

at -15V,

(i1) Sketch the ideal output waveform from the circuit for a sine wave input of 40V

p-p.

(1i4) How would the output waveform be affected if the diode forward resistance was
P J T J

stignificant?

. Explain, with the aid of approwimate transfer characteristics, why clipping circuits

ueing practical diodes are not very effective with low input signal voltages.

(1) Dvaw o circuit of a valve amplifier which uses two "catch diodes" to limit the

anode voltage variation to betuween +160V and +180V.

(i1) This civeuit can be considered as a shunt diode clipping circuit. What components
form the equivalent of the series resistor of the shunt diode clipping cireuit?

. A circuit consists of a differentiating circuit followed by a positive clipping

civewit. What would be the output waveform if the input waveform is rectangular with

peak values at:~ (i) +100V and +150V, (ii) +140V and +240V?
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with no input signal is 20mA. V1 has a u = 20 and an rg = okQ. VWhen a sine
wave input signel of 12V p-p <s applied, thpobno 18 produced by SC1. Draw the

9. In the circuit of Fig. &5a, VI operates as o linear amplifier and the anode current

voltage wovefbrms that will exist on the anode of VI (eyp) and at the output (eout)'
Mark on the waveform significant voltage values.
+250v +180V
£y +250V
5k 10K} 120k Q
$C1
Vi 3
€ out Sout
i2v 120K}
pp
Q -—Q ov

-l- (b)
oini

FIG, 55. CIRPCUITS FOR QUESTIONS & AID 10.

10. Draw a transfer characteristic relating anode voltage of VI (ey) and output voltoge
(eout) for the cirveuit of Fig. 5&b. Show the voltages at which clipping occurs and
explain the operation of the circuit.

11. A megative series diode clipping circuit, which clips at zero voltage, has a shunt
resistance of 10k and a shunt capacJtance across the output of 20pF. What is the
output waveform when the input is a 20V p-p square wave witn no D.C. component? ‘ari
significant voltages and time constants on the relevant sections of the waveform.
Consider that the dicde forword resistance is constent at 1000, the reverse
resistance 1s negZigine and the diode capacitance is a conotqn+ 4pF.

ot
[A\]

(1) Draw a bastc circuit that would be suitable for extracting synchronising
information from a television composite video signal.

(i1) Describe the operation of the circuit and shou the cireuit waveforms.

13. Does the addition of a series base resistance in a transistor amplifier produce
elipping? Give reasons for your answer.

14. Describe, with the aid of a cirvcuit, how a transistor cut-off clipping circuit, can ke
protected against excess reverse base-emitter voltage.

Lon.

o

15. Draw an emitter coupled clipping civeuit and briefly describe its opera
16. Describe briefly two applications of a voltage comparator in a high quality O.F.0.
17. What is meant by:- (Z) Common mode signals, (11} Common mode rejection ratio?

18. Describe briefly the operation of a cathode coupled voltage comparator. Drow typical
eirecuit waveforms oy characteristics to assist in the description.

19. (i) Draw a ecircuit of a cathode coupled voltage comparator using a triode valve,
with negative current feedback, as the common cathode resistance.

(ii) What advantages are obtained by using this form of common cathode resistance?

END OF PAPER



