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Design of Video-Amplifier Peaking Circuits for Optimum Transient Response

transient response.

tions in circuit parameters.

video amplifier. In such cases,

useful only as a starting point.

signal has appreciable rise time,

Introduction

This bulletin presents design data for video amplifier peaking
circuits which yield maximum gain for a given rise time. Although con-
siderable data are available describing the performance of particular
peaking networks, complete data have not been available except for a few
specific ratios of input and output capacitance. Information has also been

lacking on the effect of variations in component values on the overall

In this bulletin the transient response and amplitude response of
shunt, series, shunt-series, and shunt m-derived peaking networks are
given with the circuits adjusted to yield the minimum rise time consistent
with a single 3 per cent overshoot. In the case of the series and shunt-
series networks where a number of capacitance ratios are possible, five
ratios ranging from 4 to 4 are described in detail. The networks are then

compared as to rise time, bandwidth improvement, and sensitivity to varia-

It is frequently necessary to correct for i-f amplifier phase
distortion by the introduction of non-linear phase compensation in the
the normalized curves given here are
However, the curves are directly ap-
plicable in video amplifier design where phase compensation for distortion
introduced in other parts of the system is not required. Where the input
the design must be modified since the

data presented are based on a unit step or square-wave input.

General Discussion

The transient response of a simple re-
sistance-coupled amplifier is shown in Fig. 1.
The rise time corresponds to the time interval
between the 10 and 90 per cent response points.
The insertion of a peaking network extends the
high-frequency response of the amplifier and
consequently shortens the rise time to 1,' as
shown by the solid curve which represents a
typical four-terminal peaking circuit. The
reduced rise time and the improved symmetry
are theresult of the more linear phase response

and increased bandwidth accomplished by peaking.
Peaking circuits tend to introduce an overshoot
whose amplitude y, and duration ¢, may be mea-
sured as indicated. A poor choice of circuit
constants may impair the phase characteristic
to such an extent that smear or ringing may be
present. Smear is characterized by an abnormally
slow rise of the unit step response as the
steady-state level is approached, while ringing
denotes an oscillatory approach to the final
response.
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Fig. | — Transient response of a typical four-terminal

peaking network. The overshoot y, and overshoot
duration t,, are measured as shown. When smear exists,
these factors are evaluated as shown in Fig. 16 (b).

In order to evaluate the improvement in
rise time tor a particular peaking network, it
is convenient to express the rise time as an
improvement over the uncompensated case as
follows:

Tolte® 2.2RC/1o!
where 1,4 2.2RC is the rise time of the
circuit without peaking, and 1.’ is the rise
time with the peaking network inserted.

The overshoot duration, t,, is normalized
with respect to the rise time of the associated
and takes the form t,/1,"'.
[he bandwidth improvement is conventionally
expressed as the ratio f,’/f, where f,’ is the
3-db bandwidth of the compensated amplifier
and f, =1/2nRC is the 3-db bandwidth of the
circuit without peaking.

unit steo response,

The several peaking circuits considered
in this bulletin and a summary of the per-
formance of each circuit are given in Table |.
For each of the capacitance ratios the follow-
ing data are tabulated:
3-db bandwidth
and the normalized values of the circuit com-
ponents. These data are supplemented by the
actual transient and amplitude response curves
in the accompanying figures. The effect of
in each of the circuit components is

rise time improvement,

improvement, overshoot duration,

variations
described by additional response curves.

To obtain the data, the circuit constants
were adjusted to obtain the minimum rise time

corresponding to a 3 per cent overshoot. An

experimental rather than an analytical approach
was used because of the large number of vari-

ables involved.

In peaking networks where there are several
parameters, variation of each component pro-
duces an effect on the transient response which
is peculiar to that parameter. Table ||
the characteristic behavior of the shunt-series
and shunt m-derived networks. The
indicated assume that coil capacitance is
Capacitance across either the shunt
or series coil

shows
results

negligible.
usually produces an increase in

the amount of overshoot.

in this bulletin des-
cribe the unit step response of various video
peaking circuits where the criterion
taining the shortest rise time consistent with
Departures from the
be necessary where phase

The data presented
is ob—
relatively low overshoct.
design data will
correction in the video amplifier
for distortion introduced elsewhere in the
system. Since the data apply to a single-stage
video amplifier, further modification is re-
quired where the input to the amplifier has a
rise time comparable to the rise time of the
itself. In these instances the
data given are useful primarily as a starting
point.

is reaquired

peaking circuit

Shunt Peaking

In shunt peaking the amplitude response is
extended by placing an inductance in
with the load resistor so as to resonate with
the shunt capacitance. The value of inductance
used can be computed from the following re-

series

lationship:

where R is the load resistance of the stage, C
is the total shunt capacitance, is a
design parameter usually between 0.3 and 0.5.
At m = 0.3, the overshoot is 0.5 per cent.
increasing to 6.5 per cent at m = 0.5.

and m

The parameter values and performance data
for the shunt peaked circuit for various values

of m are given in Table |I.
is produced when m =

A 3 per cent over-

shoot 0.42, the corres-

)
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Table |

NORMALIZED CIRCUIT CONSTANTS AND PERFORMANCE DATA FOR VARIOUS PEAKING CIRCUITS

CAPACITY | RISE T BANDWIDTH OVERSHOOT SERIES SHUNT TUNING DAMPING
PEAKING CIRCUIT RATIO vMPROVEJgST (MPROVEMENT |OVERSHOOT| 1ipaTion | INDUCTANCE | INDUCTANCE | CAPACITANCE|RESISTANCE
C,/C,q /T fo /o Y (%) /Ty L Le Cs Rq
RS IC
T | .00 1.00 0
UNCOMPENSATED
(RC)
Le |.57 1.50 0.5 I.4 0.30 R2C
=C 1.74 .62 1.25 2.0 0.35 R?*C
1.82 1.70 2.5 2.6 0.40 R*C
R .90 .76 4.0 3.0 0.45 R*C
- 2.00 1.80 6.5 3.3 0.50 R?*C
SHUNT PEAKING
(FIG. 2)
C L
3 2
L3 'L
b3 1.89 |.83 3.0 1.8 0.428R*C 0.211C
SR
>
TUNED — SHUNT PEAKING
(FIG. 3)
Rq
UEU 1T & .69 | .64 3.0 2.0 0.571 R*C J.1IR
) ! " |.24 .21 3.0 1.6 0.789 R2C 3.27R
°|= :;R ::c2 % 1.90 2.07 3.0* 0.59 0.544 R*C 7.77R
3 I |.43 1.38 3.0 2.0 0.952 R2C I.88R
2 1.5l 1.37 3.0 2.2 1.38 R*C 2.1IR
SFRIES PEAKING 4 | .44 .33 3.0 2.4 2.51 R?*C 2.88R
C, +C, =C
(FIGS 4 -9)
Rq
Lt & .86 |.84 3.0 2.3 0.452 R*C 0.125R*C -
" L2 " 3 2.21 2.28 3.0 2.2 0.513 R*C | 0.138R%C —
! 2 I 2.00 2.00 3.0 2.4 0.588 R*C 0.179R?C 2.67R
R 2 2.16 2.02 3.0 2.0 0.740 R2C 0.245R*C 2.37R
i . i 4 2.36 2.16 3:0 3l 0.585 R*C 0.430R?*C | .78R
SHUNT-SERIES PEAKING
c, +C, =¢C
(FIGS 10 - 14)
Ly
C
3 L2
[ T‘: Co
q H 2.47 2.48 0.3** 1.3 0.466 R2C 0.133R*C 0.146C
3R
SHUNT M-DERIVED PEAKING
c, +C, =¢C
(FIG. 16)
*ringing (see text) *xsmear
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Table Il

Qualitative Effects of Parameter Variation on Transient Response

Parameter

Effect on Transient Response

Series Inductance

Increasing the series inductance
increases the overshoot and the rise
time.

Shunt Inductance

Increasing the shunt inductance
widens the overshoot and decreases
the rise time.

Load Resistance

Increasing the load resistance
reduces the overshoot and tends to
introduce smear. The rise time is
increased.

Ratio (C,/C,)

Terminating Capacitance

Generally produces ringing when
variation is large.

Damping Resistance
(series coil)

Increase of Ry introduces ringing,
especially when C,/C, > 5. Decrease
of Ry reduces or eliminates over-—
shoot, but also increases the rise

time.

Damping Resistance
(shunt " coil)

Damping across the shunt coil
severely increases the rise time
and is preferably omitted.

ponding rise time and bandwidth improvements
being 1.85 and 1.72 respectively.
shoots produced by the shunt peaked circuit are
of comparatively long duration. Peaks
amplitude response become significant for

values of m > 0.5.

The over-

in the

in overshoot trom 1.5 to 4.7 per cent;
change in rise time is negligible. A 10 per

the network is slightly more critical than the
simple shunt configuration. A +10 per cen

variation in the inductance produces a change
the

Shunt peaking is relatively tolerant of
variations in the single peaking coil employed.
The overshoot varies from 1.3 per cent to 4.0
per cent for a *+10 per cent variation in L,
about the mean value corresponding to m = 0.4.
Since L = mR®C, a #10 per cent variation in C
or a +5 per cent variation in the load resist-
ance would affect the response by a similar
amount.

Tuned-Shunt Peaking

An improvement over the conventional
shunt-peaked circuit can be obtained by tuning
the shunt inductance. When m = 0.4, the shape
of the transient response is similar to that of
the shunt network up to the 90 per cent point;
beyond this point theslope becomes considerably
steeper and the duration of the overshoot is
reduced. Investigation of tolerances shows that

cent decrease in C, substantially reduces the
overshoot while a 10 per cent increase in C,
increases the overshoot; both variations occur
without appreciably affecting the rise time.
The tuned-shunt network may also be adjusted to
rroduce an overshoot less than 3 per cent with
a similar improvement in the shape of the
transient response, although the rise time is
increased.

- Four-Terminal Networks

Increased gain for a given rise time

(bandwidth) can be obtained by using the four y

terminal peaking networks shown in Table |. The
separation of output and input capacitance
results in increased gain, and the use of the
filter configuration makes possible an improve-
ment in the phase characteristic so that the

unit step response is more symmetrical than fc ),

two-terminal networks.
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( ‘ Series Peaking

The performance obtainable with series
peaking, the simplest of the four—-terminal
networks, is summarized in Table |. The corres-
ponding transient and amplitude response char-
acteristics are shown for five capacitance
ratios ranging from C,/C, = 4 to C,/C, = 4. The
effect of variations in the circuit parameters
for each of these cases isshown in the figures.

For the case where C,/C, = %, which most
™early approaches the filter case, the per-
formance is shown for two criteria of adjust-

ment: (1) In Fig. 5, the circuit constants are
adjusted for a single 3 per cent overshoot with
no ringing following this overshoot. (2) In

Fig. 6, the circuit constants are adjusted for
a 3 per cent overshoot followed by ringing as
shown. The marked improvement in the rise time
(to/To" = 1.90) where ringing follows the 3 per
cent initial overshoot in criterion 2, as
against the relatively slow rise time (t1o/1o’
1.24) where the circuit is adjusted for no
ringing, is apparent. For capacitance ratieos
other than C,/C, = %, only the characteristics
orresponding to a single 3 per cent overshoot
are shown. Where ringing is permissible, a
slight alteration in circuit constants will in
general result in an improvement in the rise
time which, however, will be smaller than the
improvement shown for the C,/C, = % case.

Shunt-Series Peaking

The performance of the shunt-series peaking
network is summarized in Table | and described
in detail in Figs. 10-14. Shunt-series (or
series—shunt) peaking is more widely used than
any other circuit because its parameters, in-
cluding the series and shunt inductances, as
well as the damping across the series coil, can

e adjusted to provide a good gain-rise time
ratio and a fairly symmetrical transition over
a wide input—-to-output capacitance ratio.

Reduced rise time can be obtained if
ringing is permitted, as against a single
overshoot. As in the other circuits, the rise

ime decreases as the circuit is adjusted to
produce increasing overshoot.

Reciprocity

The data summarized for the series peaking
and shunt-series peaking networks in Table |
show five capacitance ratios. The data for any
one of the capacitance ratios may be applied to
a given circuit regardless of whether the
distribution of capacitances in the video
amplifier is such that the input capacitance is
greater than or is less than the output capa-
citance. This point is illustrated in Fig. 15.
Thus if it is desired to obtain the performance
corresponding to the data given for C,/C,
1/N, the filter will be connected as shown at
(a) or (b) depending upon whether C, is greater
or less than C,. This amounts to interchanging
the input and output terminals of the filter
and it follows from the reciprocity theorem
that the performance will be identical in both
cases and will correspond to the data given
for C,/C, = 1/N.

R4
A1IRS
J L
INPUT A4 L OuTPUT
—Cq TCp
Gy =NGy
(a)
Ry
AR
L2
1 1
INPUT TCq Top OUTPUT
Cq =G
a b/N
(b)

Fig. 15 = Circuits showing the application

of the reciprocity theorem to four-terminal

peaking networks.For a given capacity ratio

N, both networks will give identical per-—
formance.

The choice as to whether the C,/C, = 1/N
or C,/C, = N configuration is used in a video
amplifier depends upon the performance provided
by each circuit; this includes not only gain-
rise time ratio, but also the shape of the unit
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step transition, including the width of the
overshoot, and the sensitivity of the circuit
to variations in component tolerances. These
characteristics may be compared by reference to
the applicable curves for the circuits involved.
An additional factor is the amount of phase and
amplitude correction which may be desired to
correct for distortions introduced elsewhere in
the system, as for example in the i-f amplifier
of the television receiver.

Shunt M-Derived Peaking

Where the circuit capacitances are such
that C,/C, = 3 (or 2, using reciprocity) im-
proved phase linearity can be obtained by
adding a capacitance across the shunt coil of a
shunt-series peaking network. When the circuit
constants are adjusted for optimum transient
response, the rise time is approximately the

same as for shunt-series peaking. However, t'?\\
phase linearity is improved as evidenced by th
more symmetrical transition, and the overshoot
becomes negligible. This network is sometimes
referred to as the Dietzold network. The effect
of component tolerances is shown in Fig. 16
(b=1).

Jt e

¢ / Jack Avins
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Effect of variation in circuit constants is shown in (b) through (e).



Rd =9.1IIR

l l L
S I 7 P YT . =& J
8 o L L,=0.57IR%C ‘ T
: / 4 N
® -4 5
€ o > / G = g R Co S ROY
s ] e | : N
:E) o= / OVERSHOOT 7 3.0% : % ) PROvEmENT T/t 164 \
/ 3 (I
02 /1 / DURATIONT /14 2.0 — i . = 12 | NSO S Y [0 |
. T T T : IR
% i 2 3 4 ol 0.2 04 | 2 3
NORMALIZED TIME — #/RC (0 ) OPTl M U M ADJ U STM ENT NORMALIZED FREQUENGY — 2R fRC
! L] = 0 SSRYRIN
8 os // 8 \
: 7 : \
[=]
ﬁ o. // g 4
e y +10% _— ~10%___[ | i \\
:2‘ 04 4 To/T 151 1.87 I \; a 0% 0%, _.\_
g /// v 04% 0% | | I | PY - \ |
w
o2 W 2 | ® - Ly |
o T 11 IEEEEEI
o i 2 3 5 ol 0.2 04 ] 2 4

(b) TOLERANCE IN R " vomwauzen reecvenor - exo

’ N

/ I
& /
/ +10% _— =10%___
// To/T,' 161 1.69
04|

7

/ v 4.7% 1.5% —

+10% — -10%.___ \\

1|t/ 1.62 1.67 \

TRANSIENT RESPONSE
N~
RELATIVE AMPLITUDE - db
]

o2 Y 7 /7 2.0 1.8 — 2 T 1 T
7 T [ 1] |1 [ [T
T e e (c) TOLERANGE IN L, et

NORMALIZED TIME - t/RC NORMALIZED FREQUENCY — 2XfRC

1.0
4 a ) \\

8 os ]

s’ Vi 4 \

@ 4 S 4

€ o 7 e \

e +10%__ -10%___| | S

g 0a // /Ty 173 63 | | : 8 \\

] // 2z +10%— -10%_—- \\

E i v 2.6% 2.7% [ 5 1 14 1.65 1.59 \‘
02 ] Wy 8 £20 1 = -ig | Ly ) \\ |
ivd T T 1 ] R \

2 . (d) TOLERANGE IN ¢,/C, B mau meeer_ st

NORMALIZED TIME - {/RC

T 1
1 = % ]
( 4 !
8 o ‘ 8
8 / & \
@ 2 A\
& o t
. ’ / +10%__ -10%___| | g \
. / T/T 174 1.63 — w g \
z 04 / 2 +10%_— -10%__- \
] % 32% 29% | 3 e res 1.60 A
02 /7y 1.9 1.9 | = 19! | I |
T 1 1] || \
(' "o [ 2 I 3 4 (e) TOLERANGE IN Rd ol 0.2 o4|4 I HHI! 2 4
NORMALIZED TIME - {/RC NORMALIZED FREQUENCY — 2XfRC
Fig. 4 — Normalized transient and amplitude response of series peaking network, C,/C, = %, adjusted for minimum rise time

and a single 3% overshoot. Effect of variation in circuit constants is shown in (b) through (e).

1



TRANSIENT RESPONSE TRANSIENT RESPONSE TRANSIENT RESPONSE

TRANSIENT RESPONSE

TRANSIENT RESPONSE

]
' =T L:0.789R%C ) IREN
. R 7 \ e ?
1/ | < L é -4 "
o v 7 ‘ S %R TC2 ; \ )\\
v [ A = : N
7 overswoor 7 2% [ £ IMPROVEMENT fo/fy 121 N
i : g ] N
o2l ] / %Enlgrg:T Ty 16 I C/Gus ] B Gl 2 | T V
. / l ] I ‘ I . 1"¥2° ¢ | 2 o I l l ’ I ‘ ’ . |
0.2 04 1 2 4

° NORMAL;ED TIME _a*/Rc * (0 ) o PT I M U M ADJ U STM E NT ' NORMALIZED FREQUENCY — 2XfRC

1.0 —= B ——
-] N M
R // s N
0. //‘ | \\
Y, £ ‘
= \
o, 3 \ )\
/// +10%_ ~10%___ z \ )
04| / To/Tyd LIS 1.33 W -8 +10% — -10%___ \
// ¥ 1.0% 6.0% I 5 L 5/ 113 .29 \\
w
02 1,/74 1.6 2.0 ] ) \\
1/ W/ To 12 Q
0 [
() 2 3 ) ol 0.2 0.4 [ 2 4

NORMALIZED TIME — t/RC ( b ) TO L E RA Nc E l N R L NORMALIZED FREQUENCY — 27 {RC

T
. = ; il
g ms

08 \

7 ;. AN
. g \

///_ +10%— -10%_—-| | g \
o4 / T/T 122 l.e8 _— Y -8 +10%_— -10%_ - \ N\
. // :/T' :r;% :s% : E ] /% 119 .24 \\ )D/]
2| /T i 4 @ [ N R |
) T T T 1] IEEE
ol 0.2 04 ] 2 a

° I NORMALIiED TIME —st/RC * (c ) To L E R A N c E lN L ' N}JRMALIZED FREQUENCY — 2R fRC

. J;’/AL = o S
-
I \
- : A
7 ;.
=
* 7 +10%_— -10%___f | g
04 / /T L4 1.58 I :é_’ = +10%_— -10%-_-
/// ¥ 4.8% 47% — E 1| o/ 1.40 1.46
o8 / 1T e i - * @ Ly \
. T T 111 L[ [T

NORMALIZED TIME — t/RC

° l : > ‘ (d ) To LE R A N c E IN Cl /02 * :‘:RMALIZEO: FREOUENCV'— 2X{RC ’ *

| = == ol N
1// 3 \\\ )/@‘
08 / ‘L \\ /
o # % b |
VA +20%__ -20%_—_| | z \\
o // T/Ts 128 121 . i +20%— -20%_ - ||\
/ v 3.5% 28% S E 1 &4 124 113 \
0% ]/7 W 22 £ | . 12 | Joollo o KR \ )
T T ] TN pp
% i z 3 s ou 0.2 04 1 ) e 4

NORMALIZED TIME - t/RC ( e) To LE R A N c E l N Rd NORMALIZED FREQUENCY — 2X{RC

5 — Normalized transient and frequency response of series peaking network, C,/C, = %, adjusted for minimum rise time
and a single 3% overshoot. Effect of variation in circuit constants is shown in (b) through (e).



C

l. -
// = 1{
g os Y4 <% i T
2
Ea /
e / RISE TIME  {o/T, 1.90
] / IMPROVEMENT
g o8 W OVERSHOOT 7 3.0%
oo/ e g om0 |
| [ [ [ ]
% I 2 3 O
NORMALIZED TIME — t/RC
* — .
" T A ~1
Y v/ 1T~
74 | +
g /
g o /
. / +10%— ~10%_——
5 aa / T/T’ 176  2.06 | |
z
g 7 v 4.0%" 7.0% ||
g / '
02| /7, 1.5 1.4 =]
g | ][ ]
o i 2 3 ¢
NORMALIZED TIME - #/RG
‘ = |
4 o # t !
2 7/ [
g, / L
. +10%— ~10%_——
& 7 ,
2 os To/T,y 1.86  2.00
S / ¥ 4.0% o0.2% |—|
o2 1/7, 0.96 0.7 [
L [ [ [ ]
“o [ 2 3 4
NORMALIZED TIME — t/RC
1 /
$o /
2 T
[ / +10% — -10%———
§ 04 / To/ T 2.00 1.82
H ¥
3 / v 2.5% 2.0% [—
02 ) Wt o.n 0.72 [
| [ ]
% i 2 3 | l
NORMALIZED TIME — t/RC
[ T
| / ——
- .
o
5 /
2, /
; +10% — ~10%___
§ 04l T/T  1.98 1.86
g // v 3.3%  2.6% [—
02| /7y 0.77 0.72 ]
| [ ]
% i 2 3 l 4[,

NORMALIZED TIME - t/RC

C1/Cp=%

C|+02=c

(a) OPTIMUM ADJUSTMENT

(b) TOLERANCE IN R

(c) TOLERANCE IN L,

(d) TOLERANGE IN C,/Cp

(e) TOLERANGE IN Ry

RELATIVE AMPLITUDE— db RELATIVE AMPLITUDE— db RELATIVE AMPLITUDE — db RELATIVE AMPLITUDE— db

RELATIVE AMPLITUDE- db

NORMALIZED FREQUENCY — 2XfRC

0 \_‘\\\ -\
N
- RO\ \
AY
N\
8
N
BANDWIDTH ’
impROVEMENT fo/fo  2:07 N\
N
T LI
ol 0.2 04 1 2 4
NORMALIZED FREQUENCY — 2XfRC
of Sa
‘\ N\
k
\\
\
-4 \\
= +10%— -10%._—- \
F—1| fo o 1.97 2.18 \
| | \
| L[]
ol 0.2 04 [ 2 4
NORMALIZED FREQUENCY — 2XfRC
b ~+
=
BN
AN
4 \
\
1
\\
8 \
+10% — -10%__-
— o4 2.02 2.18 \
12| | I | X
IR N
ol 0.2 04 ] 2 4
NORMALIZED FREQUENCY — 2R fRC
O
N
AN
\
B \
\
- +10% — -10%___ ‘\\
— % 2.7 .99
ol 0.2 0.4 | 2 Py
NORMALIZED FREQUENCY — 2XfRC
[J
™\
N
-4 \‘
\
= +10%— -10%___ \
|t/ 212 2.05
T
ol 0.2 04 1 2 s

Fig. 6 — Normalized transient and amplitude response of series peaking network, C,/C, = %, adjusted for minimum rise time

and 3% ringing,

rather than a single 3% overshoot.

Effect of variation

in circuit constants is shown

in (b) through (e).
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Fig. 13 - Normalized transient and amplitude response of shunt-series peaking network, C,/C, = 2, adjusted for minimum
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rise time and a single 3% overshoot. Effect of variation in circuit constants is shown in (b) through (f).
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Fig. 14 — Normalized transient and amplitude résponse of shunt-series peaking circuit, C,/C, = 4, adjusted for minimum

rise time and a single 3% overshoot. Effect of variation in circuit constants is shown in (b) through (f).
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Fig. 16 — Normalized transient and amplitude response of shunt m—derived peaking network (Dietzold's network) adjusted
for minimum rise time and a single 3% overshoot. Effect of variation in circuit constants is shown in (b) through (f).



