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Video L. F. Amplifier Design

By the Engineering Department, Aerovox Corporation

N modern radio communication and

pulse ranging equipment, the neces-
sity of transmitting and receiving a
large amount of intelligence per unit
time, or of handling wave forms which
contain high frequency components,
imposes difficult requirements upon
the bandwidth of the circuits involved.
In the radar system, for instance, the
modulation of the transmitter by very
short, rectangular pulses of energy,
results in the r.f. output occupying
a broad band or spectrum of fre-
quencies. The width in megacycles
of the band required for the trans-
mission of such rectangular pulse sig-
nals is expressed, to a rough approx-
imation, by:

(1

. - 2
Bandwidth (mc.) =

Pulse length ( Microseconds)

Thus, a radar transmitter being mod-
ulated by .5 microsecond pulses would
occupy a band (exclusive of minor
side bands) of 2 divided .5 or 4 meg-
acycles. In television, the transmis-
sion of high-definition picture infor-
mation consisting of several million
elements per second, as well as syn-
chronizing pulses and sound, requires
the allocation of a 6 megacycle chan-
nel for each transmitter in operation.

In any such broad bandwidth sys-
tem, if the receiver is to recover as
much of the transmitted signal as
possible, it must be capable of simul-
taneously accepting the entire band
of frequencies transmitted and am-
plifying each equally. In the super-
heterodyne type of receiver, the sat-
isfaction of this requirement greatly
affects the design of the i. f. ampli-
fier, since it is this channel of the
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receiver which determines the over-
all selectivity to a large extent.

Fortunately, the design of broad-
band or “video” intermediate-fre-
quency amplifiers has been greatly
simplified by war-time research work.
As a result, the design of high gain
amplifiers capable of essentially “flat”
band-pass characteristics as wide as
10 megacycles is relatively uncom-
plicated.

The bandwidth of an if. amplifier
is taken as the frequency difference
between points 3 db. down from max-
imum amplitude on each side of the
response curve and is symbolized by
ANf. See Fig. 1. In the simplest form
of amplifier stage, which is the single-
tuned circuit shown in Fig. 2, the
bandwidth in megacycles is given by:

(2) 1

Bandwidth {Af) = ——
ndwidth (A1) = —mRe

R = the total resistance shunting
the tuned coil in ohms.

C = the total capacitance shunting
the coit in mmf.

As this relation shows, the band-
width of a single-tuned stage is in-
versly proportional to both the shunt
capacity and the shunt resistance.
In practice it is the resistance which
is varied to control the shape of the
response curve. The addition of
“loading resistors” across the tuned
circuits, common in television and
other video if. circuits, broadens the
response as is illustrated by the dot-
ted curve in Fig. 1. Loading the res-
onant circuit lowers the circuit Q and
thus reduces the maximum response
or gain as is shown. The bandwidth
at the new 3 db. point has been in-

creased but the peak response has
been sacrificed proportionately in
favor of bandwidth. This demon-
strates the important fact that the
gain-bandwidth product of such an
amplifier is a constant. This means
that a stage giving a gain of 10 over
a bandwidth of 1 megacycle may also
be made to deliver a gain of 5 at a
2 megacycle band-pass, or any other
combination whose gain-bandwidth
product (G x B) is equal to ten. The
gain-bandwidth product, which is the
accepted “figure of merit” of an am-
plifier stage, depends on the trans-
conductance (gm) of the tube type
used and the fotfal distributed shunt
capacity in the following manner:

Af=f,— 1,

1.0 A
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Since the gain-bandwidth product
is inversely proportional to C, which
includes the distributed wiring capac-
ity as well as the tube interelectrode
capacitances appearing across L, it is
very important in circuit lay-out to
reduce stray capacity to a minimum,
In practical circuits using modern
tubes, the total C may be limited to
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10 mmf. Table I shows the GxB (Micromhos ) | +3 mmf. | (Megacycles)
products for some frequently used 6ACT 3000 21 68.7
tubes, allowing 5 mmf. for distributed
circuit capacity. 6AU6 5200 15.5 53.6

Unfortunately, when single-tuned
amplifier stages resonated to the same 6846 4400 i i
frequency (synchronously tuned) are 6AG5 5000 13.3 59.5
cascaded, the overall band-pass does
not remain that of the individual 6AKS 5000 11.4 69.4
stages, but is reduced radically with
the number of stages. Four stages, TABLE I
each 4 megacycles broad at the 3 db. _ . .
point, when cascaded would thus have transmitter). When the picture-car-

an overall band-pass of only 1.75 meg-
acycles. This is evident from the
fact that if the voltage gain at the
center frequency (fo) is 10, the gain
at the 3 db. points is only 7.07. Up-
on amplification by a second identical
stage, the gain at fo is 10 x 10 or 100,
while the gain at the former 3 db.
points is now only 7.07 x 7.07 or 50,
which is 6 db. down in voltage. The
bandwidth at the 3 db. points has
been reduced to 649 of that for
the single stage. Further amplifica-
tion by similar stages would result in
the overall bandwidth being reduced
to 519% for a third stage, 44% for a
fourth stage, 399 for the fifth, etc.

In addition to the undesirable fea-
ture of rapidly decreasing pass-band
for multiple stages, the synchronously
single-tuned system does not satisfy
the requirements of the television
video i.f. since it is incapable of pro-
ducing the flat-topped response curve
required for picture reproduction.
The shape of the video if. response
which is accepted as the standard in
television practice is shown in Fig.
3. An essentially “flat” band-pass of
nearly 4 megacycles is required for
high-definition picture reproduction
on large-screen cathode-ray tubes, al-
though sets using small tubes may get
along with much less. The gradual,
nearly linear decrease in the response
at the picture-carrier end of the curve
is intended to compensate for the
presence in the transmitted signal of
the first 1.25 mec. of the lower side-
band. . (The rest is suppressed at the

rier if. frequency is aligned to the
mid-point of this slope, the small por-
tion of the vestigal lower side-band
which is under the response curve is
compensated for by the omission of
a similar area from the lower 1.25 mc.
of the upper side-band. Therefore,
the response to the lower video fre-
quencies is made nearly equal to the
higher ones, although derived partially
from both upper and (vestigal) low-
er transmitted side-bands.

Considerable improvement over the
performance of synchronous single-
tuned amplifiers may be obtained by
the use of multiple-tuned circuits.
In a double-tuned, transformer-coup-
led stage such as is shown in Fig. 4,
the coefficient of coupling (k) and
the primary and secondary circuit Q's
may be adjusted so that the response
curve is essentially flat topped. Such
maximally flat or “transitional” coup-
ling occurs when the circuit Qs and
the coefficient of coupling are related

as shown in Fig. 4. The term “tran-
sitional coupling” is derived from the
fact that the coupling is adjusted to
the point of transition between the
single and double-humped response
curve. It will be recalled that, as the
coupling coefficient of the tuned trans-
former is increased from a very small
value, the curve of secondary current
versus frequency changes from a small
sharp peak when the circuits are un-
der-coupled, to a broad double-peaked
response when the circuits are over-
coupled. (Dotted lines, Fig. 4). The
coefficient of coupling of the inter-
stage transformer may be determined
by measuring the capacity values
necessary to resonate the primary to
a given frequency when the secondary
is alternately open- and short-cir-
cuited. (Co and Cs respectively.)
Knowing the ratio of these capacities:
At the value of k corresponding to
critical coupling, the transfer of ener-
gy to the secondary is maximum and

Coefficient of coupling (k) = \/ 1= ‘éo
s

the curve is flat-topped. The response
characteristic obtained in this manner
is more nearly that required by the
television video i.f. Furthermore, be-
cause of the more uniform response
over the pass-band, the overall band-
width does not decrease as rapidly
when identical stages are cascaded as
in the case of synchronous single-
tuned stages. When two double-tuned.,
transitionally-coupled amplifier stages
are cascaded, the output bandwidth
is reduced to 809 of the width of
an individual stage. The corres-
ponding figure for synchronous single-
tuned stages is 64%%.

Further improvement in gain-band-
width performance may be obtained
by the use of more complicated inter-
stage coupling networks. These in-
clude; double-tuned stagger damped,
triple-tuned transformer-coupled, sin-
gle-tuned inverse-feedback and com-
plex filter-coupled stages. Most of
these types are difficult to design and
troublesome to construct and align,
so will not be discussed here in de-
tail.
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One type of band-pass amplifier
which does retain the simplicity of
design and alignment of the synchron-
ous single-tuned type, and yet over-
comes most of it’s disadvantages, ex-
ists in the stagger-tuned amplifier.
Wallman* and others have shown
that if the successive stages of a
simple single-tuned amplifier are ad-
justed to slightly different frequen-
cies (staggered) throughout the de-
sired pass-band, the composite re-
sponse curve may be made flat-topped
and the gain high. Furthermore, the
design work requires only high school
math and a few simple tables, the
construction done with common tools
and the alignment may be accomp-
lished in a few minutes with the aid
of a spot-frequency signal generator
and an output meter. The double-
tuned and other more complex types
previously mentioned require the use
of a swept-frequency signal generator
and an oscilloscope. Stagger-tuned
systems are being used extensively in
commercial television practice.

Since the individual stages of the
stagger-tuned amplifier are merely the
single-tuned type shown in Fig. 2,
the design equasions (2) and (3)
which were presented in connection
with the synchronously tuned ampli-
fier may be used. These, used in con-
junction with the table of stagger-
tuning and bandwidth factors shown
in Table II (after Wallman) and a
method of cutting the coils to reson-
ance, are all that are needed to com-
plete the design.

To illustrate the method of pro-
cedure, suppose that a video i.f. am-
plifier using 6 AKS pentodes is to have
a uniform gain of 75 d.b. over a band-
width of 4 mc. centered at 24 mc. Re-
ferring to Table I it is seen that the
6AK5 has a gm of 5000 micromhos
and the total interstage capacity may
be limited to 11 mmf. The gain-band-
width product (Eq. 3) then becomes
5000/6.28 x 11 or 72.4 megacycles.
If this stage “figure of merit” is di-
vided by the required overall band-
width of the amplifier, the result
(18.1 or about 25 db.) is the mean
stage gain available using 6AKS’s.
Therefore, three stages, properly stag-
gered should be capable of providing
the specified 75 db. gain. Table II
gives the value of frequency and
bandwidth to which each of the four
coupling networks associated with the
three stages must be adjusted to form
a flat staggered-quadruple. In this
example, the factor d, which is
equal to the bandwidth divided by
the center frequency, is 4/24 — .166.
Using this figure in Table II indicates

*Wallman,
Report No.

Henry. MIT Radiation Lab

524.

+ STAGGER-TUNING TABLE- .
At = Required overall bandwidth, fo = Center frequency, d = _ﬁo
NUMBER OF CIRCUITS CIRCUNT FREQUENCY CIRTUIT  BLDWIL T~
Staqgqered - pair fi= 1 +.354¢ A ()
tp= fg -.35afF Td (£)
Staggered - triple o=ty af
fo= fo t.43 ¢ S 59 (f;)
fy= fo —.43 af 5a (fa)
Staggered - quadruple f, = 5, + 46 af 381 (%,)
t,= %, - d6at 384 (f,)
fy= 15, + .13 af 924 (1)
fa= fy —.19af 920 (1,)
Stagqered -guintuple f, = 14 af
t,= 1o +.29AfF 813 (%)
fy=f, —.29af 814 (3)
fa= fo +.48af 314 ()
fo= 5 —.48 af 314 (%)
TABLE I[ 2frer Watimas

the four circuits should be stagger-
tuned to; 24.76, 23.24, 25.84 and 22.16
megacycles with the bandwidths ad-
justed to; 3.77, 3.56, 1.63 and 1.39
megacycles, respectively. Knowing the
required bandwidths and the value
of total C per stage, the values of the
needed loading resistors may easily
be found from the equation for the
bandwidth of a single-tuned stage (Eq.
2). Solving for R in this equation
yields values of 3845, 4060, 8900 and
10,400 ohms, in the order of decreas-
ing bandwidth. In practice, the next
higher standard values of resistance
may be used, since other tube and
circuit resistances are in parallel with
the loading resistors and lower the
total effective value somewhat. The
inductances required to resonate with
11 mmf. distributed circuit capaci-
tance at the above stagger-frequencies
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may be determined by the use of a
reactance calculator, a "Q Meter”
where available, or by emperical for-
mulas. Since additional capacitance
is very detrimental to the gain-band-
width product of the stage, the coils
should be self-resonant with the cir-
cuit capacity or tuned with high qual-
ity powered-iron slugs.

When resistors and inductors cor-
responding to the values determined
for R and L are inserted in typical
single-tuned stages such as that shown
in Fig. 2, and these stages are con-
nected in cascade, the resulting stag-
ger-tuned amplifier is non-critical to
adjust and will compare favorably
with more complex types in perform-
ance. The overall gain-bandwidth
product is better than a synchronously
tuned amplifier of the same number
of stages by a factor greater than two.
Alignment is accomplished by con-
necting a standard AM signal gener-
ator to the input of the amplifier and
an amplitude indicating device such
as a voltmeter to the output. The
signal generator may then be set to
the recommended stagger frequencies
in succession and the individual stage
corresponding to that frequency peak-
ed for maximum output response. Due
to the isolating action of the tubes,
there is virtually no interaction be-
tween stages while tuning. This is
in sharp contrast to the procedure
with double-tuned or triple-tuned cir-
cuits. In this case, a swept-frequency
signal source and an oscilloscope must
usually be connected to the input and
output (respectively) of each stage
in succession and the coupled circuits
tuned and retuned until the desired
response is observed on the ’'scope.
If adjacent-channel and sound carrier
frequency “traps” such as are found
in most television video i.f. amplifiers
are incorporated in the single-tuned
system, some slight tuning interaction
may be noted.
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in assemblies that must stand the gaff...day-in-
and-day-out . . . for months and years to come:

TELEVISION

Minimizes costly
servicecalls. Shows
greater profit on
usual maintenance
deals.

MILITARY

Roughest handling
without failure.
Withstands cli-
matic conditions
without flinching.

AUTO RADIO
Unaffected by
temperatures from
sub- zero to 212¢
F. Nothing to melt.
Humidity-proof.

In several sizes. This size
1%’ long by Y2’ diameter.

®

SOUND SYSTEMS

No “noise’" trou-
bles due to mois-
ture penetration
and electrical leak-
age. Dependable.

® Component-breakdown insurance. That's precisely
why assemblies that must stand up —regardless of
humidity, heat, cold, mechanical or electrical abuse—
are featuring Duranite capacitors.
Duranite means- different. Not just another plastic
tubular. Not just an improvement over previous paper
tubulars. Duranite stands for an entirely new concept

INSTRUMENTS

No shelf datenora-
tion.Canbestocked
well ahead of use,
yet remain’'fresh’
and reliable.

BROADCASTING

Greatestfreedom
from component-
breakdown trou-
bles and “‘off-the-
air' spells.

HOME RADFO

Smaller than usual
papercapacitors,
Contribute to more
compact chassis.
Build good will.

AIRCRAFT
Withstand wide
temperature rang-
es,varyingairpres-
sures, vibration,
shock.

of the capacitor art — new impregnant, Aerclene, doing
the work of both wax and oil; new casing material,
Duranite, providing rock-hard, non-varying, impervi-
ous sealing throughout; new processing methods in-
suring quality with economy. You will never know
how dependable radio-electronic components can be
until you have tried Duranite capacitors.

e Write on your business letterhead for samples. Detailed
literature on request. Let us quote on your requirements.
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