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APPLICATION NOTE
ON
THE 6SK7 AS AN I-F AMPLIFIER

An important advantage of the 6SK7 is its high transconductance.
When the design of an i-f stage is changed to use the 6SK7 in place of
the 6K7, the increase in transconductance enables the designer to increase
gain, or it enables him to improve selectivity, or it may enable him to
reduce i-f transformer cost. It is the purpose of this Note to show how
these improvements can be made.

Increase of Gain

When it is desired to obtain an increase in gain from the change
in tubes, it is important that wiring be arranged o as to cause as lit-
tle feedback as possible. It has been found good practice, in i-f stages
using the 6S8SK7, to locate the avc filter resistor close to the diode load
resistor, The reason is illustrated by Fig.l which shows a widely used
avc circuit. In this circuit, if the avc filter resistor R were close
to condenser C, there would be considerable i-f voltage between lead XY
and ground. Because this lead, and the lead to the 6SK7 grid, are both
under the chassis, the large i-f voltage on lead XY might cause objec-
tionable feedback to the 6SK7 grid. This feedback is greatly reduced
when resistor R is placed close to the diode load, as in Fig.l, because
this placement reduces the i-f voltage on lead XY. Also, it has been
found good practice to place the 6SK7 screen by-pass condenser across
the 6SK7 socket so that the condenser will shield the grid terminal from
the plate terminal. In some cases, it is advisable to place "hot" i-f
leads close to the chassis so as to utilize the shielding effect of the
chassis. By means of these and similar precautions against feedback, it
is possible to change many 6K7 i-f stages over to use the 6SK7 without
the necessity for alteration of i-f transformer design. When the change
in tubes is made in this way, the gain of the stage is increased in pro-
portion to the increase in transconductance. For a stage operated at 250
volts plate voltage and 100 volts screen voltage, the increase in gain
is 38%.

Alteration of I-F Transformer

In some i-f stages, however, the change to the 6SK7 causes instabili-
ty in spite of well-arranged wiring. The reason is that feedback through
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grid-plate capacitance reflects into the grid circuit a negative resist-
ance which is proportional to the product of the resonant impedance of the
plate load, the transconductance of the tube, and the capacitance between
grid and plate. The stability of the stage depends on the sum of this
negative resistance and the positive resistance due to losses in the grid
circuit. The change to the 6SK7 increases the reflected negative resist-
ance because the transconductance of the 68SK7 is higher than that of the
6K7, while the grid-plate capacitances of the two tubes are equal. The
change to the 6SK7 may, therefore, cause instability in a stage where the
resonant impedance of the plate load is high. A convenient way to elimi-
nate this instability is to alter the output transformer of the i-f stage
so as to reduce the plate-load impedance.

In a transformer where the primary and secondary can have different
numbers of turns, the reduction of load impedance can be so made that the
change in tubes gives an increase in gain with no decrease in stability.
When both tubes are operated at 250 volts plate voltage and 100 volts screen
voltage, the increase in gain which can be obtained in this way is 17%.
However, i-f transformers in receivers are generally required to have pri-
mary and secondary coils of equal numbers of turns because this equality
simplifies coil winding. When an i-f stage using such a transformer is to
be changed over from the 6K7 to the 6SK7, and the stability of the stage
is to be held constant by a reduction of load impedance, the reduction of
load impedance must be large enough to hold gain constant. Hence, in such
cases, the change from the 6K7 to the 6SK7 will not yield any increase
in gain. The change, however, can be made to yield other improvements.
The nature of these improvements depends on the method by which plate-load
impedance is reduced. There are three different methods which give dif-
ferent results.

Single-Circuit Analogy

The discussion of these methods can be simplified by considering
first the single tuned circuit shown in Fig.2, where R represents the
series resistance of the coil. As is well known, the resonant impedance
of this circuit, when the coil Q is reasonably high, is L/RC, and the
selectivity of the circuit is determined by the coil Q. It can be seen
that one way to reduce the resonant impedance of the circuit is to reduce
the ratio of L/C, with the ratio of L/R held constant. The reduction
of L/C is, of course, to be so made as to leave the resonant frequency
unchanged. This method of reducing impedance does not affect the coil
Q, and, therefore, does not affect the circuit’s selectivity. However,
when the circuit is used as plate load in an amplifier, this method of
reducing impedance increases the selectivity of the amplifier. The rea-
son is that this method increases the conductance of the tuned circuit
and, therefore, reduces the shunting effect on the circuit of the driving
tube’s output conductance and the following tube’'s input conductance.

For example, let the conductance of the coil be g, and the sum of the
tube conductances be g,. The total conductance is g, + g., and the ratio
of susceptance to total conductance, the Q of the circuit as a whole, is
to a good approximation

1

wL(g, + g4)
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It is this Q which determines the selectivity of the amplifier. If the in-
ductance of the coil is multiplied by a factor 1/A, with coil Q held con-
stant, the Q of the circuit as a whole becomes

A

o L(A go + 8:)

If A is greater than 1, this Q is larger than the former Q. It follows
that selectivity is increased when L/C is reduced with coil Q and resonant
frequency held constant.

A second method of reducing impedance is to decrease both L/C and
L/R. As has been shown, the reduction of L/C tends to increase the selec-
tivity of an amplifier stage using the circuit, while the reduction of
L/R reduces Q and, therefore, tends to decrease selectivity. It follows
that a reduction of both L/C and L/R can be so made as to leave selectivi-
ty unchanged. Because the cost of a coil usually depends to a large ex-
tent on the Q of the coil, this second method may be used to reduce cir-
cuit cost without affecting selectivity.

Improvement of Selectivity Curve

This discussion of a simple tuned circuit indicates how load imped-
ance can be reduced when the load is a conventional double-tuned i-f
transformer. The curves of Fig.3 show the results obtained when load
impedance is reduced by a decrease in the L/C ratio, with coil Q held
constant. Curve I shows the selectivity of a typical i-f transformer
coupling a 6K7 to a diode. The primary and secondary both have a coil
Q of 120, coupling is critical, and gain at resonance is 200. Curve II
shows the selectivity obtained when the 6K7 is replaced with a 6SK7, the
L/C-ratio is reduced sufficiently to maintain gain at 200, the Q of the
coils is held constant, and coupling is again critical. It can be seen
that the response of the 6SK7 at 10 kc off resonance is down to 18% of
maximum, as compared with 28% for the 6K7. The reason for this improved
selectivity is the same as that mentioned in connection with the single
tuned circuit. The reduction of the L/C ratio increases the conductance
of the primary and secondary and, therefore, decreases the shunting
effect on the transformer of the diode circuit and of the i-f tube’'s out-
put conductance. The result is that, even though coil Q has not been
changed, the Q of the circuit as a whole has been raised and, therefore,
selectivity has been increased.

In some receivers, the side-band response of Curve II may be less
than is desired. Side-band response can be improved by an increase in
the coupling of the transformer, as illustrated by Fig.4. In this figure,
Curve I is for the 6K7 stage which has been described. Curve III shows
the selectivity obtained when the 6K7 is replaced with a 6SK7, the Q of
the coils is held constant, the L/C ratio is reduced, and the coupling
is increased sufficiently to give the same gain at resonance and at 10
kc off resonance as shown in Curve I. Curve III shows that the change
from a 6K7 to a 6SK7 can be made to provide better side-band response,
with no change in gain or in coil Q, and with no increase in interference
from stations on adjacent channels. The negative resistance reflected
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into the grid circuit in the stage represented by Curve III is practical-
ly the same as that of the stage represented by Curve I; the two stages,
therefore, have the same stability.

Reduction of Coil Cost

The second method of reducing the impedance of a single tuned cir-
cuit, the method in which both L/C and coil Q are reduced so as to main-
tain selectivity unchanged, can also be applied to a double-tuned i-f
transformer. For example, computations show that Curve I, which is for
a 6K7 and a critically coupled transformer having a coil Q of 120, can
be provided by a 6SK7 and a critically coupled transformer having a coil
Q of 94. In other words, the stage represented by Curve I can be changed
over to use the 6SK7 with a 20% reduction in coil Q and no change in
gain or selectivity. This reduction in coil Q may make it possible to
reduce the cost of the transformer.

AN-120



Computation of Curves

Curve I

Curve I is computed for a 6K7 i-f stage driving a diode detector. Both
the primary and secondary coils of the i-f output transformer have an induct-
ance of 1.62 millihenry and a Q of 120. The total capacitance across each
coil is 75.5 ppf. The primery is shunted by conductances of 1.25 micromhos
due to the plate resistance of the 6K7, and 0.3 micromho due to losses in the
6K7 base and socket. The secondary is shunted by conductances of 1.8 microrthos
due to a diode load of 1 megohm and a rectification factor of 90%, and 0.3
micromho due to losses in the diode base and socket. Coupiing is critical.
Plate voltage is 250 volts, screen voltage is 100 volts, and grid bias is -3
volts. The transconductances of the 6K7 is 1450 micromhos and gain at ‘
resonance is 200.

Curve II

Curve II is computed for the i-f stage of Curve I after the 6K7 has been
replaced with a 6SK7 and the primary and secondary have been changed to 0.918
millihenry and 133 ppf so as to hold gain at 200. Coil Q, the loading con-
ductances, and electrode voltages are the same as for Curve I, and coupling is
critical. The transconductance of the 6SK7 is 2000 micromhos.

Curve III

Curve III is computed for a 6SK7 and an overcoupled output transformer
giving the same gain at resonance, and at 10 kc off resonance, as the stage
represented by Curve I. Primary and secondary inductances are 1.00 millihenry,
capacitances are 122 ppf, and coupling is 1.37 times the critical value.

Coil Q, electrode voltages, and the loading conductances are the same as for
Curve I.

Transformer giving response of Curve I with 6SK7

The critically coupled output transformer giving the response of Curve I
with a 6SK7 has a primary and a secondary inductance of 1.17 millihenries, a
primary and a secondary capacitance of 104 puf, and a coil Q of 94. This coil
Q is 20% less than the coil Q of the transformer with which Curve I was ob-
tained using a 6K7. The loading conductances and eiectrode voltages used in
computing the transformer for the 6SK7 are the same as those specified for
Curve I.

TYPE
6SK7
= v4 .
— ———{}i:L- B
= R R
X 5+B Y
FIG.I FIG.2

The license extended to the purchaser of tubes appears in the License Notice accompany-
ing them., Information contained herein is furnished without assuming any obligations,
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