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Factors in the Design of Keyed Clamping Circuits

Introduction

In the various signal processing operations performed in the
generation of the color television signal, it is sometimes necessary that
the signals being processed possess their d-c component, and further be
set at some definite d-c reference level. Keyed clamping circuits are
usually employed to satisfy these requirements, and are commonly used for
this purpose in such apparatus as linearity correcting amplifiers, color-
(ir plexers, encoders, and stabilizing amplifiers.

Several forms of keyed clamping circuits can be used. These in-
clude single, double, and quadruple diode types, as well as various triode
types.' At present however, the most commonly employed clamp circuit is
the double diode type, referenced against some fixed potential. The
analysis to be made in the present bulletin is principally concerned with
this particular circuit, but many of the results are applicable to the

other forms of clamps.

Circuit Description included in the circuit to help prevent the
higher frequency components of the clamp keying
Fig. 1la shows a typical keyed double pulses from appearing in the video signal on
diode clamping circuit as applied to a video the grid of T, ,t. The diodes are connected in
amplifier chain. The video signal to be clamped, a bridge configuration. The lower arms of the
such as that of Fig. 1b, appears at the plate bridge consist of fixed resistors Ry and Rg,
of the amplifier T.,- This signal has lost its and a balancing potentiometer R,,,. The tap on
d-c component as can be deduced from the fact Rpa; is tied to the reference voltage E,. The
that its blanking level is not constant, but total resistance from this tap to point (b),
rather varies as a function of the video con- the plate of T,, is labeled R,, and the total
tent in the signal. The clamping operation resistance from the tap to point (a), the
usually takes place during the latter part of cathode of T, is labeled R,.

the horizontal blanking period. At that time
the clamping circuit is keyed on, and in effect
"looks" at the video signal to see if its
blanking level is constant and at a prescribed Clamping Operation
voltage. If it is not, the circuit operates to
(ldorrect the situation, so that the video signal,

t the grid of T will appear as in Fig. 1c. During the clamping interval a negative
pulse is applied to the grid of the driver tube

T, so that positive and negative going pulses
appear across its plate and cathode loads
respectively. These are the clamp keying pulses.

out?’

The clamping circuit itself forms the grid
return for T,,y and consists of the circuitry
associated with the diodes T, and T, and the

triode driver T,. A resistor R; is commonly . . .
They are applied to the diodes causing them to
(_ *LB-y45, The Television DC Component. conduct through the capacitors C, and C,.
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Fig. | — Keyed clamping operation.

Consequently, during the clamping interval,
electrons leave the upper plate of C,, charging
it in the positive direction, pass through the

diodes and enter the upper plate of C,, charging
it negative. This action develops a back bia
voltage, approximately equal to the peak of the
clamp pulses, across each of the capacitor-—
resistor combinations C,R, and C,R, of proper
polarity to prevent diode conduction during the
video interval.

The operation of the circuit when R,
equals R,, and the amplitudes of the keying
pulses are equal, can be seen by considering
what happens when a video signal which has lost
its d-c component, such as that of Fig. 1b,
appears at the plate of T;,. As long as th
blanking level of this signal is constant,
the voltage during the clamping interval at
the junction point (c) on Fig. 1la remains the
same as that of the reference voltage E,. Con-
sequently, no charge flows into C,, and any
electrons leaving C, flow into C,. However,
when the picture content changes, as shown in
Fig. 1b, for example, the black level shifts
upward and an unbalance voltage which is more
positive than the reference voltage appears at
the grid of T, 4 during the clamping interval.

Under these conditions, electrons are
transferred from C, to C, so that the voltage
of the blanking signal at the grid of T_
falls toward the reference voltage. |f the
video signal is such that its blanking level
occurs at a voltage which is lower than the
reference voltage, electrons are transferred
from C; to C, and the voltage at the grid of
Tout rises toward the reference voltage. In
this manner, a clamping level equal to the
reference voltage is maintained, and the d-c
component is re-inserted into the video signal,
which now appears at the grid of Tout @s in
Fig. 1c. Undesirable low frequency disturbances,
such as hum or line bounce, are removed from
the video signal by this same mechanism.

Clamp Level

|t is usually necessary to set the clamping
level at some specific voltage. This can be
done by setting the reference voltage E, at the
desired voltage, as discussed in the precedin
section. However, the level can also be set by
varying the relative sizes of R, and R, by
means of a potentiometer such as R ,,0of Fig. 1.

In this latter case the level setting

takes place as follows: when the two diodes
conduct during the clamping interval, the tw )
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capacitors charge in series, so that the elec-
(:?ron charge is the same for both. Consequently
nder equilibrium conditions they must each
discharge an equal number of electrons through

R, and R,. If the two discharge resistors are
equal, the voltage developed across them will
be equal and opposite, and the clamping level
will be equal to the reference voltage. How-
ever, when Ry, is adjusted so that R, and R,
are nct equal, the voltage across each of them
will be proportional to their resistance. For
example, if the tap on Rpai
(:1eft, R, decreases and R, increases, thereby

is moved to the

raking point (a) more positive and point (b)
less negative. Consequently, the potential of
the entire bridge circuit, and the resultant
clamp level, is moved in the positive direction.

Effects of Leakage

The preceding analysis assumed that the
resistance looking into the complete circuit
from point (c) on Fig. la was substantially
infinite. However, under certain operating
conditions, such as when there is leakage
across the diodes or C,, or when gas current
or grid emission occurs in Tout’ the resistance

(; looking into the circuit from (c) may be re-
duced sufficiently to affect the d-c level set
by the clamp. This leakage resistance, labeled
R_, is drawn dotted in Fig. 1a, and for pur-
poses of analysis is shown returned to ground.
lts value is usually not stable, but rather
varies as a function of such things as ambient
temperature and humidity, equipment warm—up
conditions and other factors. Consequently it
must be given due consideration in circuits
where a high degree of stability of clamp level
is required. In order to evaluate this effect,
as well as some of the others which contribute
to the stability problem, a more comprehensive
analysis of the circuit is required. The
analysis to be presented, while not completely
rigorous, yields results that are generally
applicable within the limits of operating
conditions usually encountered in television

(;systems. It is based on conservation of the
charge on the three capacitors involved in the
circuit, and as examples of the method consider
the cases of two somewhat simpler but closely
related circuits: the d-c restorer, and the
pulse peak detector.

C

DC Restorer

Fig. 2 shows a d-c restorer operating on a
train of narrow pulses?. The restorer is
idealized to the extent that all the resistance
in the charge path of the coupling capacitor C,
is placed in series with the diode. If it is
assumed further that the charging time constant
R.C, is long compared to the pulse-on period t
and the discharge time constant R ;C, is long
compared to the pulse-off period T, and that t
is much smaller than T, the d-c restored pulses
appear at the point (b) as shown. The problem
is to determine the amount by which the peaks
of the pulses overshoot the reference potential,

r—T—']‘r- Qd—> Lec
- y 1,
_l ﬂ_ s (b) i

1k O

& I maly

¥

€c ed
2 — Qq =— T
Q. Rct d°Rg
BUT AT EQUILIBRIUM
Q¢ =Qqg ’
w8 Re T
ed Rq ¢

Fig. 2 = D-C restorer.

which in this case is ground. Since restoration
takes place with respect to ground, the diode
conducts and C, charges a number of electrons,
Qc, through R_ when the pulse goes above ground.
During the rest of the interval the diode is
cut off and C; discharges a number of elec-
trons, Q4, through Ry The overshoot required
for charging C, is the voltage labeled e  and
the discharge voltage is labeled ey. The d-c
restorer equation to be developed expresses the
relationship between these voltages, and de-
pends on the fact that the .amount of charge
entering C,; during t equals the amount leaving
it during T under steady state conditions. The
charge Q. is equal to the charge current, e_ /R,
times the charge time t, and Q4 is equal to the
discharge current ey /R, times the discharge

2LB-494, Video Output Systems.
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time T. Equating the two charges results in
the expression as shown for the ratio of e_ to
ey The lower this ratio is, the more efficient
the d-c restorer is at maintaining black-level.
As can be seen, the controlling factors are the
ratios of the charge to discharge path re-
sistance and the discharge to charge time.

If it is assumed that all the charge path
resistance is in the source and that the diode
has zero forward resistance, the voltage at (b)
cannot rise above 0. However, the voltage e,
as called for by the equation, is still re-
quired to charge the capacitor and under these
conditions it will be developed across the
source resistance. The result is that the value
of eq in the output remains the same as that
called for in the equation, but that e_ is
clipped off and will not appear in the output.
Since ordinary d-c restorers have both source
and diode forward resistance, some clipping of
the signal always takes place, and it becomes
increasingly severe as the ratio of the re-
quired charge voltage e_ to the discharge
voltage ey increases.

Pulse Peak Detector

Fig. 3 shows a pulse peak detector. The
time constant assumptions are the same as in
the previous case. The input pulses are shown
at point (a) and the rectified output at (b).
In this case the voltage available for charging

T

é— _____(1_
[}
. (a) Re

(b) Ee
e, o
cl Rq
- - -
e, —Eg Eg
Q. = t Qu=—T1
c R¢ “d R4

BUT AT EQUILIBRIUM

Q. = Qq

Fig. 3 — Pulse peak detector.

C is equal to the difference in amplitude
between the pulse height e, and the detecte)
output E,. The equations are set up in the sam
way as in the d-c restorer case by equating the
charge and discharge of the capacitor C.

The resulting relationship is in the form
of a resistance voltage divider equation. The
principal feature of this equation is the fact
that the charge resistance R_. enters the equa-
tion multiplied by the ratio of discharge to
charge times, and consequently appears to be a

)

much larger resistor than it actually is.

Analysis of Keyed Clamping Circuits

With the preceding examples as background,
further consideration can now be given to the
loaded keyed clamp. The circuit is shown in
Fig. 4a redrawn for the purposes of analysis.
Two equal amplitude push—=pull pulses labeled
e, and e_, are supplied by the generators at
the left of the figure. The two equal resistors
both labeled Ra, are the sums of the diode
forward resistance and pulse source impedance
in the two branches of the circuit. Again i )
is assumed that the various RC time constants
are long compared to the duration of the pulses
which act on them, and in addition, that R, and
R, are both much larger than R,, and that the
leakage resistance R, though not infinite, is
still much larger than R, and R,.

The circuit equations are set up in the
same general way as in the two preceding cases.
First we may note that when the circuit is in
equilibrium the individual charge and discharge
of each of the three capacitors C,, C,, and C,
must be equal. In addition, the sum of the
charges on these three capacitors is constant.
Consequently the first group of equations is:

0oy *@urs Rep=Raur Qas=Vgy and Bu5204 %05

wherein the subscript ¢ refers to the charge
flowing during the pulse-on period t, and
subscript d refers to the discharge f]owinr)h
during the pulse-off period T. The numerical<
subscripts 1, 2, and 3 refer to the capacitors
C,, C, and C, respectively.

In order to obtain the required additional
equations, the various voltage drops around th
circuit due to the presence of the c]ampina;,
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(b) Details of clamping pulses.

Fig. 4 — Effects of leakage on clamping operation.

pulses e4p and e_p are added up. is a
somewhat exaggerated,
pulses as they appear at the points labeled
(1) and (2) of Fig. 4a, relative to the various
d-c voltages In this
figure E; was assumed to be some fixed positive
The presence of the
leakage resistance R causes the output voltage
E, to be somewhat lower than it would be under
Considering the posi-
it can

Fig. 4b
expanded view of the

involved in the circuit.

potential above zero volts.

open circuit conditions.
tive going pulse which operates on T,,
be seen that T, conduct when the pulse
goes above the value of E,.
the voltage E,
peak current flowing through R, and R;. This
rise in voltage e,5; is the voltage available to
charge C,. The portion of the pulse voltage
available for charging C, is then the dif-
ference between this peak voltage of E, and the
peak voltage of the positive clamp pulse €4p
and is labeled e.,. Similarly the voltage
available for charging C,
tween the peak voltages of E, and the negative

will
During this con-

duction time, rises due to the

is difference be-

clamp pulse e_p and is labeled €c -

The discharge voltage of C,, labeled €4z
is substantially equal to the clamp output
voltage E,. Since during the discharge time T
the diodes are nonconducting, C, and C, both
discharge toward E,, in the discharge

voltages ey, and ey, shown in the figure.

resulting

By adding up the voltages on the positive
and negative pulses the following two equations
are obtained:

e+p=ed2—(ES—E4)+(e02+eC5)

and e_p=ed|+(E3—E4)+(ec,—e¢3)

These relationships complete the group
required for the development of the clamping
Their solution is worked out
manner in the appendix to the

circuit equation.
in a conventional
present bulletin.

Design Considerations

in Fig. 5 is the clamp-
is the ratio of pulse-
a 18 the combined
pulse source and diode forward resistance. R

The equation shown
ing circuit equation. ¢
off time to pulse-on time. R
S
is the sum of the video source resistance R,
and isolation resistance R;. Rp is the parallel
combination of R, + R,t and R, + R,t. R is the
leakage resistance.

The equation is useful in bringing out

many of the factors involved in the design of

T

T

TOUT

T—

<: RL
_‘[(lo MEG..n)

Ri(3Kn.) Eour

(zooo)lc3 ]
(3K)3 Ry

=

R; = Rg

Est & R ¥ Rp* 2Rgr

Eour =

1
I + 75 (Rp+ RyT)

WHERE 7=V, ,Rg=R, + R,,AND Rp = (R, + RqT)(Rp+ Rat)
(R|+ Rat) +(Rgt Rat)

Fig. 5 - Clamping circuit equation.
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insofar as stability of
For example, the values
parentheses in
| f the ratio
of pulse-off to pulse-on time (1) is 40, and
(Eg) is +1 volt, and the
leakage resistance (R ) is substantially in-
finite, the clamping level (Eg,¢) is also +1
However, if for some reason a leakage
current of one-tenth microampere flows, the
effective leakage resistance drops to approxi-
mately 10 megohms, and the calculated clamping
drops to approximately 0.93 volt. This
probably not be stable since it is
the value of the leakage re-

the circuit, especially
operation is concerned.
of the components shown in
Fig. 5 are more or less typical.

the bias voltage

volt.

level
voltage will
dependent on
sistance.

It can be seen from the equation that in
order to minimize the drift effects of R, the
right hand term in the denominator should be
This requires
that leakage resistance R be large, and the
Rp+RsT
cerned, leakage in the coupling capacitor C,,
the diodes, and the tube sockets can cause
trouble in isolated instances but these troubles

very small compared to unity.

term be small. Insofar as R is con-

can be avoided by employing reasonably high

quality components in the circuit. However, a

more serious problem exists in those instances

when it is necessary to clamp the grid of a
tube of a type which is prone to either gas
currents or grid emission. Under these con-
ditions the effective value of R, may be suf-
instability.
In many cases it is possible tc increase R by
running the tube that is by operating
the tube well its rated dissipation and
by reducing its filament voltage toward the

lower

ficiently low to cause clamp level

"COO] n’
within

limit of the manufacturers tolerance.

Insofar as the Rp+RST term is concerned,
it is desirable to make
that t be as small

it small. This requires
that is, the
clamp pulse be as long as the particular opera—
ting conditions permit. Moreover Ry, which is
the sum of the video source resistance R, and
the isolation resistor R,, and Rp, which is a

combination of the resistors R,, R, and Rat)

as possible,

should be made very small compared to the

leakage resistance R|.

To be sure, these various resistances
cannot be lowered without limit, for other
factors are involved. For example, the factor
which usually determines the lower limits of
R, and R, is the amount of clamp pulse power
available. This
source resistance
finite value and as R, and R, are lowered, C,
and C, discharge more heavily so that the peak
charge current supplied to the diodes must also
is more

is because the clamp pulse

in an actual circuit has some

increase. Consequently the pulse source
heavily loaded and the pulse voltage drops. It
may be noted that since the diode forward
resistance follows a three-halves power law,
it decreases with increasing peak current.
Consequently, R, is lowered as the resistances
of R, and R, are reduced,

beneficial insofar as clamp circuit stability

a factor which is

is concerned.

The lower limit of clamp pulse voltage
required depends on the largest amplitude video
signal to be clamped. In order to prevent video
signals from causing the diodes to conduct,
the back bias voltages must be at
large as the largest video signals, consequentl)

least as

the clamp pulses themselves must be at least

this large and perhaps be 25 to 50 per cent
larger. Keeping the clamp pulse height within
these limits is desirable since it minimizes

the amount of spurious clamp signal which can

appear in the video signal so that a small

isolation is sufficient. In
addition,

the numerator of the clamping circuit equation,

resistor, R;,
as can be seen from the fraction in

increasing the pulse height makes the clamp
more sensitive to a possible drift
in the resistance values of R, and R,: As a
observation it may be noted that the
fraction in the numerator of the equation also
indicates that one difficulty associated with
setting the clamp level by varying the relative
sizes of R, and R, is that the clamp
becomes sensitive to variations in clamp pulse

output level

final

level

amplitude.

2. U AL,

Roland N. Rhodes

)

)

)

)
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Appendix

Development of the clamping circuit equa-—
tion. (see Fig. 4)

Qcs = Qa3 (1)
§ Rj:’;, b eRdL3 T Vil
eqs = Ey (1b)

€cz = T;T B, (1c)

where T/t = ¢t and R, +R; = Rg

ch = Qc! + 003 (2)
e e e
c2 t = c1 s c3 t (2a)
Ra Ra Rs
Rs
of Bgx = e (eco—er) (2b)

a

and substituting from Eq. (1c)

RL
E4 = R 1 (ec2—ecl) (2c)
Qct = Q4 (3)
ecl edl
t =
= =1 (32)
R1
O €4y T 7 Cci (3b)
from Fig. 4
€4 = €p ~ (ecl—ec3) - (E3—E4) (4)

and combining Eqgs. (4), (3b) and (1c)

R1 RST
i (gtl) = ep - E5 v By RL+1) (42)
R,T Rl(ep—E3)+E4(RsT+RL)
Ce1 T g R R = (4b)
L 1 a
Qer = Qqp (5)
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c2 d2
t = T
R R
a 2
RZ
or e = e

from Fig. 4
eqy = €p = (ecprecs)t(Es-k,)
and combining Eqs. (6), (5b) and (1ic)

R.T

2 s

€co (RET+1) = ep+E3—E4( RL+1)

R, T ) RL(eP+E3)—Eu(RsT+RL)

c2 R R,*R,T

Combining Egs. (6b), (4b), and (2c);

ep+E3 . ep-E3
E4 = R - -
R2+Rl’t Rl R,T

| |

-E, (Rg1+Ry)

E.+te L
3 e R1+R2+2Ral‘
. E =
- By — —=
l+RsT+ | (R,*R T )(R1+R31)
L RL R1+R2+2Rar

¥
R,*R,T R *R,T

(5a)

(6a)

(6b)

but [(R2+Rar)(R|+Rar)/RI+R2+2RaT] is the par-—
allel resistance of (R, *R,t) and (R,*+R,T) which
hereafter is called Rp; and E4 is substantially

equal to the output clamping level E

R,-R
E,*8, o M —
R, TR, 2R, 1

out

out’

)

)

)



