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RADIOTRONS 309 AND 1623
TRANSMITTING TRIODES
25 WATTS PLATE DISSIPATION

The illustration in the adjoining column is of
one of the most popular types for Experimental
Transmitters. Since its initial release just over
12 months ago Radiotron 809 has heen very
widely applied and has proved its value by
consistent service. Although suitable for use
as a Class B audio amplifier with an output
of up to 100 watts (2 valves), or as a linear
Class B.R.F. amplifier with an output of 12.5
watts, or as a Class C amplifier with an output
of 55 watts, the most popular application of
the 809 is as a plate-modulated amplifier. In
this service the 809 is particularly suited to
transutitters operating with a plate input which
is limited to 50 watts. An output of 38 watts
is obtainable under these conditions with 600
volts on the plate.

Alternatively the 809 may be used with series
modulation, 4 type 50 valves in parallel form-
ing the modulator. The plate supply should
be 1350 volts, the plate current 100 mA. and
the cathode bias vesistor 1700 ohms. The
voltage across the 809 should then be 560 volts,
giving a power input of 50 watts to the final
stage, and a power output of 30 watts.

Radiotron 1623 is identical to type 809 except
that the amplification factor is lower (20 in
place of 50). . -
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RCA APPLICATION NOTE
OPERATION OF RADIOTRON G6SA7

New Type of Converter Valve

The 6SA7 is a single-ended pentagrid con-
verter designed to perform the funetions of
oscillator and mixer in all-wave receivers.
Structurally, the 6SAT differs from other con-
verter valves in two important respects: (1) all
electrodes including the signal grid terminate
at base pins, and (2) there is no electrode
which functions only as oscillator anode.

The single-ended construction employed in
the 6SAT effects an appreciable saving in
installation cost because a flexible grid lead
and top-cap connector are not required; in
addition, the lead connecting to the signal-grid
terminal of the socket can be made short and
rigid. Because there is no electrode in the
6SAT that serves only as oscillator anode, the
oscillator circuit shown in Fig. 2A is recom-
mended for use with this valve. In this circuit,
the screen and the plate funetion as oseillator
anode and are at ground potential for the
oscillator frequency. The construction of the
oscillator coil and the switching arrangement
suggested in this Note for use with the 6SAT
are simpler than those often employed with
other converter valves. As a result, an appre-
ciable saving in coil and eircuit cost may be
realized.

Description of the 6SA7.

As shown in Fig. 1, the 68SA7 consists of a
heater, cathode, a grid (G,) for the oscillator
function, a screen (G, and G,), a pair of
collector plates mounted on the side rods of
(+,, a signal grid (G,), a suppressor (G;) and
a plate. The suppressor is connected to the
shell, and the two grids forming the sereen
are connected together inside the valve. The
presence of the suppressor increases the valve’s
plate resistance and, therefore, increases con-
version gain. This action of the suppressor is
especially hportant when the valve is operated
with a plate-supply voltage as low as the screen
voltage, as in an ac-de receiver. An important
function of the screen and collector plates is
to minimize the effect of signal-grid voltage on
the space charge near the cathode. The nega-
tive voltage on the signal grid repels electrons
travelling toward the plate and turns some of
these electrons back toward the cathode. Any
of these electrons which reach the region near
the cathode affect space-charge conditions in
this region. It can be seen from Fig, 1 that,
because of the position of the signal-grid side
rods with respect to the collector plates, the
collector plates intercept most of the returning
electrons. The electrons returned by the signal
grid, therefore, have little effect on the space
charge near the cathode. Because of the shield-
ing effect of the screen, the electrostatic field
of the signal grid also has little effect on the
space charge. Thus, the collector plates and
the screen serve to isolate the cathode space
charge from the signal grid.

The result is that a change in signal-grid
voltage produces little change in cathode cur-
rent. Although a change in signal-grid voltage
produces a change in plate current, this change
Is accompanied by an opposite and almost equal
change in screen current. An r-f voltage on
the signal grid, therefore, produces little
modulation of the electron current flowing in
the cathode circuit. This feature is important
because it is desirable that the impedance in
the cathode circuit should produce little
degeneration or regeneration of the signal-
frequency input and intermediate-frequency
cutput. Another important feature is that, be-
cause signal-grid voltage has little effect on
the space charge near the cathode, changes in
A.V.C. bias produce little change in oscillator
transconductance and in the input capacitance
of the No. 1 grid. There is, therefore, little
detuning of the oscillator hy A.V.C. bias.
Adjustment of the Oscillator Circuit.

In the cireuit of Fig. 2A, the oscillator circuit
provides peak plate current at the time when
the oscillating voltage (HE«) on the cathode
(with respect to ground) and the oscillating
voltage (k) on the No. 1 grid are at their peak
positive values. For maximum conversion
transconductance, this peak value of plate
current should be as large as possible. The
effect on plate current of the positive voltage
on the cathode is approximately the same as
would be produced by an equal voltage, of
negative sign, applied to the signal grid.
Hence, the amplitude of oscillating voltage on
the cathode limits the peak plate current. Thig
amplitude should, therefore, be small.

During the negative portion of an oscillation
eyele, the cathode may swing more negative
than the signal grid. If this oceurs, the signal
grid will draw current unless the oscillator grid
is sufficiently negative to cut off cathode cur-
rent. This signal-grid current will develop a
negative bias on the signal grid and may also
cause a negative bias to be applied to the 1-f
and i-f stages through the AV.C. systen. As
a result, sensitivity will be decreased. In order
that signal-grid ecurrent should be prevented,
the d-¢ bias developed on the oscillator grid
should be not less than its eut-off value.

Because the peak plate current depends on
how far positive the oscillator grid swings with
respect to cathode, it is desirable that this posi-
tive swing be as large as possible. It folldws
that the oscillator grid-leak resistance should
be low. This resistance, however, should not
be so low as to cause excessive damping of the
tank circuit. 1t has been found, for operation
in frequency bands lower than approximately
6 megacycles, that all these requirements are
generally best satisfied when the oscillator cir-
cuit is adjusted to provide, with recommended
values of plate and sereen voltage, a value of
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RADIOTRON 6SA7 (Continued)
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RADIOTRON 6SA7 (Continued)

Kk of approximately 2 volts peak, and an
oseillator-grid  current of 0.5 milliampere
through a grid-leak vesistance (Rg) of 20000
ohms. With a 20000-ohm grid-leak resistance,
the rectification efficiency of the No. 1 grid is
approximately 0.7. Since the bias on this grid
is 10 volts (0.5 milliampere x 20000 ohms), the
peak value of K, is approximately 10/0.7 = 14
volts. With a 10-volt bias and a peak oscillator-
grid voltage of 14 volts, the peak positive
voltage of the oscillator grid with respect to
cathode is 4 volts. If a higher value of R,
were used, the rectification efficiency would be
higher; hence for the same value of I, the
peak positive voltage of the oscillator grid with
respect to cathode would be lower, and, there-
fore, the conversion transconductance would be
lower.

In the low- and medium-frequency bands, the
recommended oscillator conditions can Dbe
readily obtained. However, in the frequency
band covering frequencies higher than approxi-
mately 6 megacyeles, the tank-circuit imped-
ance is generally so low that it is not easy to
obtain these oscillator conditions, especially at
the low-frequency end of the band. TFor
optimum performance in this band, it is gener-
ally best to adjust the oscillator cirenit for
maximum eonversion gain at the low-frequency
end of the band. This method of adjustment
has the disadvantage that, when the oscillator
is tuned to the high-frequency end of the band,
K« will be greater than 2 volts peak and con-
version gain will, therefore, he less than the
maximum obtainable.  However, this dis-
advantage is usually outweighed by the con-
siderations that overexcitation at the high-
frequency end of the hand improves frequency
stability, that some decrease in conversion gain
at the high end of the band can he tolerated
because the r-f tuned cirenits have higher im-
pedance at this end of the band, and that a
good factor of safety is provided against the
possibility of oscillation being stopped by a
decrease in line voltage.

Maximum conversion gain at the low-
frequency end of the high-frequency band is
usually obtained by adjustment of the oscillator
eireuit to give a value of ¥« of approximately
2 volts peak and an oscillator-grid current of
0.20 to 0.25 milliampere, with a grid leak of
20000 ohms. Because the oscillator-grid bias
voltage developed under these conditions is
less than the cut-off value, some signal-grid
current may he observed. In tests which have
been made on typical receivers, this signal-grid
current and the resultant signal-grid bias have
heen small and have caused no difficulty.

The use of a valve voltmeter connected across
the cathode coil is suggested as the simplest
method of obtaining approximately optimum
oscillator adjustments in all bands. Since the
hnpedance of the 6SAT cathode circuit is never
very high, the requirements with respect to

voltmeter input conductance and capacitance
are not very severe; a diode with a 100000-ohm
resistor and a microammeter would be satis-
factory. Adjustmment should bhe made for
approximately 1.5 volts RMS at the low-
frequency end of each band; when push-button
cireuits are used, the cathode voltage for each
push-button position should be in the range
from approximately 1 volt to 3 volts RMS for
hest results.

The curves of Fig. 3 show how conversion
transconductance varies when oscillator-grid
current changes with tuning or with circuit
adjustment. The solid-line curves were taken
with a-¢ voltages applied to the cathode (with
reference to ground) and to the No. 1 grid
(with reference to cathode) from an external
generator. With the amplitude of cathode
voltage fixed, the amplitude of voltage on the
No. 1 grid was varied. The No. 1 grid voltage
and cathode voltage were in phase, ag they are
in a self-excited oscillator circuit. The solid-
line curves show conversion transconductance
plotted against No. 1 grid (oscillator-grid) cur-
rent for different fixed values of ecathode
voltage. These curves illustrate the desirability
of having Ex not larger than about 2 volts pealk.
Larger values of I give reduced conversion
transconductance. With lower values of L« it
is difficult to obtain strong oscillation. The
dashed-line curves of Iig. 3 show conversion
transeonductance for different fixed values of
P = E«/(Bx + E.). Hence, the dashed-line
curves show how conversion transconductance
varies with grid current when the oscillator is
self-excited with a fixed position of the cathode
tap on the tank coil.

It should be noted that the curves of Ifig. 3
obtain for 19, = -1 volt. An A.V.C. circuit
applies approximately this value of hias to the
signal grid at zero signal hecause of contact
potentials. In a receiver, no other residual hias
need be used.

Space-charge coupling hetween the No. 1 grid
and signal grid is present in the 6SAT, as in
other converter types. This coupling is due to
the effect of No. 1 grid voltage on the space
charge in the region of the signal grid. An
important effect of space-charge coupling is to
cause a voltage of oscillator frequency (f,) to
appear across the signal-grid eireuit. This
voltage is 180 degrees out of phase with the
No. 1 grid voltage when f, is greater than the
signal frequency (fs). Thus, in the usual
receiver in which f, is greater than fs the
effective modulation of the signal-grid-to-plate
transconductance hy a voltage of oscillator
frequency is reduced; the value of conversion
transconductance, which is proportional to this
modulation, is also reduced.

In many converter valve types, the cffects
of space-charge coupling can he reduced hy
connecting a small condenser between No. 1
grid and signal grid.  Although this scheme
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RADIOTRON 6SA7 (Continued)
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RADIOTRON 6SA7 (Comtinued)

reduces the voltage of oscillator frequency that
appears across the signal-grid circuit, it is not
recommended for use in self-excited cirenits
using the 6SA7. Tests in receivers with such
a condenser show that: (1) sensitivity at fre-
quencies in the region of 18 megacyecles is not
greatly improved, (2) the tendency to flutter
increases, (3) frequency stability decreases,
and (4) pull-in between signal and oscillator
eireunits increases, Because these undesivable
effects are produced in self-excited circuits by
capacitance between the No. 1 grid and signal
grid, the direct interelectrode capacitance be-
tween these grids has hbeen made small. The
base pins are arranged so that stray circuit
capacitance between these grids can also be
made small,

‘When the oscillator frequency is higher than
the signal frequency and intermediate fre-
quency, as is' usually the case, the impedance
between cathode and ground has inductive re-
actance at signal frequency and at intermediate
frequency. Any signal-frequency and inter-
mediate-frequency components of eathode cur-
rent, therefore, produce degenerative voltages
across the cathode impedance. The signal-
frequency and intermediate-frequency com-
ponents of electron current in the cathode
eircuit are minimized by the sereen and the
collector plates, as previously explained. The
intermediate-frequency charging current which
flows through the plate-to-cathode capacitance
is small because this capacitance has a low
value. Similarly, the signal-frequeney charging
current which flows through the capacitance
between signal grid and cathode is small.
Hence, the total signal-frequency and inter-
mediate-frequency currents flowing in the
cathode circuit are small. Because the imped-
ance between cathode and ground is not large,
there is little degenerative voltage built up
across this impedance. The slight amount of
degeneration that does exist adds small values
of positive conductance to the r-f input ecireuit
and to the i-f output circuit. The total input
conductance of the signal grid is the sum of
this small positive conductance and the nega-
tive conductance due to transit-time effects.

The conversion transconduetance of the 6SA7
for the 250-volt operating conditions is approxi-
mately 450 micromhos; the valve’s plate resist-
ance is approximately 0.8 megohm. The con-
version gain, which is the ratio of i-f voltage
across the plate load to vf voltage input, is
viven by :

g'EI'PRL
Conversion Gain = —

r + RL
where g« is the conversion transconductance of
the valve, m is the plate vesistance of the valve,
and Ry is the resonant impedance of the i-f
transformer measured across the primary ter-
minals. The conversion gain for different
values of Ry, is shown by the solid-line eurve

of I'ig. 4; conversion-gain curves of two earlier
comparable converter types are also shown.
Frequency Shift.

In a converter valve used at high frequencies,
it is desirable that changes in electrode voltages
should not produce much effect on oscillator
frequency. The curve of Fig. 5 shows the
frequency shift produced in a 6SAT at 18 mega-
cycles by ehanges in AV.C. voltage; the fre-
quency shift is only about 5 ke for an A.V.C.
voltage of 15 volts. Variations in screen voltage
also produce only small effects on oscillator
frequency, as shown by the curve of Fig. 6.
In operation of a receiver, an observed value
of frequency shift is due to simultaneous
changes in a number of electrode voltages.
Such changes oceur, for example, when line
voltage or when signal strength is changed.
The relation between frequency shift and line
voltage at 18 megacycles is shown by the curve
of Fig. 7; the curve of Fig. 8 shows the relation
between frequency shift and r-f input voltage
at 18 megacycles. The data for Figs. 5 to 8
were taken in a commercial receiver of typical
design. These curves may not apply to other
receivers, but show that frequency shift is small
for reasonable changes in line voltage or signal
input.

Operation of the 6SA7 with a Separate
Oscillator.

The 6SAT may he used with a separate oseil-
lator. A typical cireuit for such operation is
shown in Fig. 2. With separate excitation,
there is no oscillating voltage on the cathode,
The amplitude of oscillation, therefore, can well
be made higher than the amplitude used in
self-exeitation. As a result, somewhat higher
conversion transconductance can be obtained
with separate excitation than with self-excita-
tion. When separate excitation is used, it may
be desirable to neutralize the effeets of space-
charge coupling by connecting a small capaci-
tance between the No. 1 grid and No, 3 grid,
as shown in Fig, 2.

The curves of Fig. 10 show conversion trans-
conductance and cathode current vs, No. 1 grid
current under separately excited conditions.
The recommended minimum value of I, = (.18
milliampere is that at which the recommended
maximum value of ecathode current (14ma.)
flows. The cut-off characteristic for separate
excitation with 0.5 milliampere of No, 1 grid
ceurrent is shown in Fig, 9. Tt can he seen from
Fig. 9 that a -2 volt bias on the signal-grid
gives greatest conversion transconductance
under the conditions for which the curve was
taken. Hence, when the 6SA7 is operated with
separate exeitation under these conditions, i
is recommended that a minimum signal-grid
bias of =2 volts be used. If the curve of Fig. 9
is moved 2 volts in the positive direetion wlong
the horizontal axis, the curve is very nearly

(continued on page 14)
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RADIOTRON G6SA7 (Continued)

Tentative Characteristics and Ratings.

HEATER VOLTAGIE (A.C. or D.C.) 6.3 Volts
HEATER CURRENT .. 0.3 Ampere
DIRECT INTERELECTRODE CAPAC[TA\TQES
Grid #3 to All Other Electrodes (R-I* Input) 9.5 ppl
Plate to All Other Electrodes (Mixer Output) f 12 it
Grid #1 to All Other Electrodes t . T put
Grid #3 to Plate . . 0.13 max. puf
Grid #1 to Grid #3 | 0.15 max. puf
(rid #1 to Plate 1 .. . - - 0.06 max. ppf
Grid #1 to All Other Electrodes except Cathode 4.4 wpt
(rid #1 to Cathode . 2.6 ppt
Cathode to All Other Electlodes except (rlld #1 5 it
MAXIMUM OVERALL LENGTH .. . o 2 . 2-5/8"
MAXIMUM DIAMETER . . . . s - i 1- 5/16
BASIG - .. .. . . . o w0 .. Small Wafer Octal 8-Pin
Converter Service.
PLATIE VOLTAGE . .. W i ¥ i i i 250 max. Volts
GRIDS #2 & #4 VOLTAC E .. . - o s - . 100 max. Volts
TOTAL CATHODE CURRENT . . . . . e 14 max. Milliawmperes
TYPICAL OPERATION:—
Self-Ercitation * Separate E.rcitation
Heater Voltage I . - 6.3 6.3 6.3 6.3 Volts
Plate Voltage .. .. 100 250 100 250 Volts
Grids #2 & #4 V oltage . 100 100 100 100 Volts
Grid #3 (Control Grid) Voltage 0 0 -2 -2 Volts
Shell & Grid #5 Voltage - 0 0 0 0 Volts
Grid #1 Resistor . . 20000 20000 20000 20000 Ohins
Plate Resistance (ApplO\) . 0.5 0.8 0.5 0.8 Megohm
Conversion Transcond, 425 450 425 450 Micromhoy
Grid #3 Bias (Approx.) for
Conversion Transconduct-
ance = 5 micromhos . -35 -35 -35 -35 Volts
Plate Current .. .. 3.2 3.4 3.2 3.4 Milliampercs
Grids #2 & #4 (‘unen‘r . 3 8 8 8 Milliamperes
Grid #1 Current . - 0.5 0.5 0.5 0.5 Milliamperes

NOTIH: The transconductance between Grid #1 and Grids #2 & #4 tied to plate (not oscillating) is
approximately 4500 micromhos under the following conditions:

Grid #1 -y
Grid #3 at 0 volts Rk 1 at 100 volts
Grid #5 & Shell ate J

t With shell connected to cathode.

* Characteristics values are approximate only and are shown for a Hartley circuit with a feedback
of approximately 2 volts peak in the cathode cirecuit.

f In circuits where the cathode is not directly connected to the heater, the potential difference
between heater and cathode should be kept as low as possible.

BOTTOM VIEW OF Pin Connections,
SOCKET CONNECTIONS FOR 6SA7 Pin 1—Shell & Grid #5.

Pin 2—Heater.
Pin 3—7DPlate.
Pin 4—Grids #2 & #4.
Pin 5—Grid #1.
Pin 6—Cathode.
Pin T—Heater,.
Pin 8—(Qrid #3.
(Pin nwhers are according to RMA systein).
Mounting Position,
Vertical or Horizontal — No restrictions.
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CATHODE RAY TUBES
DIRECTLY REPLACEABLE TYPES

Certain types of Cathode Ray Tubes differ
only in the ““‘Phosphor’’ material for the screen,
and may be interchanged in an oscillograph or
other equipment without any alteration. Ior
general oscillographic purposes any Phosphor
except No. 2 may be used. TFor long persist-
ence images Phosphor No. 2 ig required.

The following types are directly interchange-
able, apart from the screen material :—

3in. electrostatic deflection: 906, 906-P4, 908,

910.
bin. electrostatic deflection: 905, 907, 909.
Special Reduced Prices.

Special reduced prices have been announced

for the following types:

Australian Price

Radiotron 904 .. ...... £15 0 0 nett
Radiotron 907 ........ £15 0 0 nett
Radiotron 908 ........ £5 0 0 nett

Radiotron 909 ........ £15 0 0 nett

RADIOTRON 6SA7 (continued)

correct for the recommended self-excited con-
ditions.
Suggested Circuits.

Alternative oscillator connections for the
cirenit of Fig 2A sye gshown in Fige 2B and 2C
In Fig. 2B, the tank current of the oscillator
circuit flows through the cathode coil and con-
tributes to grid-plate coupling; this contribu-
tion is not present in the circuit of Fig. 2C.
These circuits are recomimended when the series
padding condenser is to he adjustable. Fig. 23
places this condenser at a small r-f potential,
and is satisfactory in most cases. IMg. 2C
permits grounding one side of the condenser.
Typical wave-band switching connections fou
the oscillator ecircuit are shown in Fig. 2D.
The optimum oscillator conditions for these
circuits are approximately the same as those
for Fig. 2A.

Operation of the 6SA7 with Reduced Screen
Voltages.

In some applications, it may be desirable to
operate the 6SA7 with a screen voltage less
than 100 volts. Screen voltage can he made
considerably less than 100 volts without exces-
sive loss of conversion gain. I'or example,
measurements on a typical receiver show that
sensitivity is reduced only about 25% when
the sereen voltage of the 6SA7 is reduced from
100 volts to 70 volts. When the 6SAT is oper-
ated with self-excitation and reduced screen
voltage, the adjustment of feedback voltage on
the cathode should he made so as to insure that
oscillation will continue when line voltage is
low,

RADIOTRON NEWS
Radiotron 2V3-G is a High Voltage Half-Wave
Rectifier intended for use in equipment supply-
ing high D-C voltages to cathode ray tubes
and kinescopes. The filament is of tungsten,
operating at 2.5 volts 5 amperes. The pealk
plate current is 12 mA. max., and the average
plate current is 2 mA. max. The peak inverse
voltage is 16,500 volts max. The 2V3-(I is
fitted with a medium metal cap and a small
shell octal 6 pin base. Further information is
available on request. Small quantities are
expected to be available in March,

Radiotron 6SA7: See data elsewhere in this
issue.

Radiotron 6SC7: Sece data elsewhere in this
igsue.

Radiotron 1803-P4 is a 12in. Kinescope* wilh
electromagnetic deflection and producing a
black and white picture.

Radiotron 1804-P4 is a 9in. Kinescope® with
electromagnetic deflection and producing
black and white picture.

*A Kinescope is a Cathode Ray Tube suit-
able for use in Television reception. Both
these Kinescopes may also be used for oscillo-
graphic purposes if so desired. These types
are not normally available from stock., Addi-
tional technical information is availahle on
request.

RADIOTRON 6SC7
SINGLE-ENDED TWIN TRIODE

Radiotron 6SC7 is a single-ended metal Twin-
Triode intended primarily for phase inverter
service. Inter-lead shielding between grid and
heater within the base reduces hum voltage
picked up by the grid lead from the heater
leads.

The heater is rated at 6.3 V., 0.3 A. The
maximum plate voltage is 250 volts, the ampli-
fication factor 70, plate resistance 53,000 ohms
and mutual conducetance 1325 pmhos, with a
bias of -2 volts and plate current of 2 mA. for
each unit.

As a resistance coupled amplifier each unit
may be used to give a stage gain of 42 tinmes
at 5 volts R.M.S. output under the following
conditions :—

Plate-Voltage Supply .. 300 volts
Plate lioad Resistor ... 250,000 ohins
Following Grid Resistor 500,000 ohms
Cathode Resistor ...... 1,675 ohms

The peak output when excited to the grid-
current point is 55 volts.

A common cathode for both units is used in
the 63C7, as in its nearest equivalent, which
is the 6N7 in the metal series or the 6N7-G in
the G series. The amplification factor of the
6NT or 6NT-G is, however, 35, compared with
70 for the 68CT.
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