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By FRANK C. JONES,* WGEA|F

Some amateurs are grid-modulation addicts; others prefer

plate modulation.

But it appears we have been passing up

a good bet by not using a combination of both. The many
advantages of cathode modulation make it safe to predict
great popularity for this system.

An excellent system of modulation has long
heen overlooked by radio amateurs. The pur-
pose of this article is to bring the system into
the limelight and to attempt an easily under-
standable explanation of cathode modulation.

The audio power required for full modula-
tion with cathode modulation is a great deal
less than that required for plate modulation.
The average value of audio power for 1009,
modulation is 109% of the value of d.c. in-
put to the plate circuit of a cathode mod-
ulated class C amplifier. Plate modulation
with pure tone input requires an audio power
of 509 of the class C amplifier input for full
modulation. For example, a plate modulated
200 watt transmitter requires an audio modu-
lating power of 100 watts, while the same 200
watt set requires only about 20 wats for
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Figure 1. Simplified schematic of a cathode
modulated triode r.f. amplifier

cathode modulation. In addition, the cathode
modulated amplifier does not require as much
grid excitation.

The 200 watt plate modulated set will sup-
ply a carrier output of from 130 to 150 watts.
A 200-watt cathode modulated set will sup-
ply a carrier of from 100 to 120 watts. For
further comparison, a 200-watt grid modulated
set will supply a carrier of from 35 to 90
watts, depending upon the system of grid
modulation. It can be seen that cathode modu-
lation approaches plate modulation in efficiency
and will supply roughly two times as much
output as can be obtained from a correctly
operated grid modulated transmitter.

Cathode modulition is a combination of
grid modulation and plate modulation, and is
exceedingly sunple to adjust for proper opera-
tion, The audio power is inserted into the ca-
thode or center-tap lead of the class C ampli-
fier, which is commoen to both grid and plate
circuits. A typical circuit is shown in figure 1,
in which the filament or cathode is by-passed
for v.f. only with a total capacity of not over
005ufd. The modulation transformer works
into an average load of about 300 ohms but
this value is not critical. Values of load of
200 to 1000 ochms have been tested and found
satisfactory in a number of different class C
amplitiers. The actual cathode impedance

1
seems to be proportional to —
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the operating transconductance of the tube.

As far as zudio load values are concerned,
push-pull or parallel class C tubes are similar
to a single tube but with twice as high a value
of transconductance or half as great a cathode
impedance. An impedance mismatch of 4 to 1
or even 6 to | in practice has practically no
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Front view of the 6L6G cathode modulated
phone.

effect on the quality of modulation; however,
some audio power is wasted and a larger mod-
ulator stage is required. A value of 500 ohms
seems to be optimum for nearly any type of
class C amplifier of high or low power. Sev-
eral manufacturers produce public address or
class B output transformers having a second-
ary designed to work into a 500-ohm load, and
most of these have sufficiently heavy wire on
the 500-ohm winding to handle considerable

£,

The audio modulating power is applied to
both grid and plate circuits of the r.f. amplifier
in figure 1. If 10 watts of sine-wave audio
power is applied across a 300-ohm load resist-
ance, the r.m.s. voltage would be 71 volts or
the peak value of 100 volts. This value of 100
volts would be applied to the grid bias voltage
and also to the d.c. plate voltage. The a.f.
variation in d.c. plate voltage of 100 volts pro-
duces plate modulation of relatively low per-
centage at normal values of plate voltage sup-
ply. A similar variation of a.c. cathode current
aids in the plate modulation function. The
same a.c. voltage applied in series with the
d.c. grid bias produces grid modulation of
from 50% to 809%, depending upon the effec-
tive grid impedance and whether 2n external
resistance is connected in the a.f. grid circuit
to limit the degree of grid modulation. The
ideal arrangement is to balance tke grid and
plate modulation values to obtain perfectly
linear modulation up to 100%. Fortunately
this is automatically obtained without an ex-
ternal resistance in nearly all types of tubes
used in class C amplifiers.

An r.f. linear amplifier or a grid modulated
amplifier of conventional type usually operates
at about 309 efficiency with no modulation.
If the degree of modulation is limiced to 607
or 70%, the resting efficiency can be greatly
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increased and about twice as much carrier
power can be obtained. In cathode modulation
this elfect is used to obtain resting or idle effi-
ciencies of from 350% to GU%. This permits
grid modulation up to 709 or even 80
the remainder is obtained by plate modulation
in the cathode circuit.

If the d.c. plate input is 100 watts, an audio
power of only 3V watts will permit plate
modulation of 25¢, if the plate impedance is
matched. In this example, with 10 watts of
a.f. power in the cathode circuit, about | watt
is needed for the grid circuit modulation and
about nine watts is available for plate modula-
tion.

A positive peak of a.f. voltage in the ca-
thode circuit between the tube hlament (or
cathode) and ground acts as an additional
negative grid bias peak which tends to reduce
the peak r.f. output from the amplifier. At the
same time a positive peak on the cathode
reduces the d.c. plate voltage and so further
reduces the r.f. output. In a similar manner
a negative a.f. peak adds to the d.c. plate
voltage and subtracts from the negative d.c.
grid bias to increase the r.f. output. From this
it can be seen that the grid and plate modu-
lation are in phase, or additive, and the sys-
tem is capable of reaching 1009 modulation
easily.

The d.c. grid bias should preferably be ob-
tained from a C hias supply or C battery;
however, grid-leak bias can be made to oper-
ate satisfactorily. The grid leak must be by.
passed for andio frequencies. This sometimes
causes a little blocking action if the d.c. grid
current is not high enough, This effect may
be noticed if the crystal oscillator is detuned or
quits oscillating, in which case a "“singing”
action may be set up in the modulated ampli-
fier. No difficulty is present when the set is
operating normally.

The d.c. grid current is set at some inter-
mediate value between that for grid modula-
tion and that required for plate modulation.
The d.c. grid bias should be several times cut-
off value, and if grid leak bias is used exclu-
sively, the grid leak value will be from 4 1o 8
times as high as that wsed for c.w. or plate
modulation. The r.f. driver should be nearly
as large as that required to drive the final
amplihier as a c.w. transmitter, or roughly
half as large as for a plate modulated ampli.
fier of the same power.

Cathode modulation has several advantages
over grid or plate modulation. It is not at all
critical in adjustment as regards audio quality.
If too much rf. drive is present, the audic
quality does not suffer appreciably, but the
modulation capability drops. Similarly, insuf.
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Figure 2. Schematic of the cathode modulated 6L6G phone.

Ri—1 megohm, 1, T,—2500 ohms to

mica trimmer con-
denser,
C:—.01.-pfd, 600-volt
tubular
C—100-ppfd. midget
variable.
Ci—.01-pufd.
volt tubular
C:—0.5-pufd.
volt paper
Co—005-ufd. 600 -
volt mica
Ci—Homecmade neut.
condenser, 1" by
2" parallel plates
C.—.002.pfd. 600 -
volt mica
Cir—=100-pptd. per
section split stator
Cu—01-pfd. 600 -

600-
200 -

volt tubular

Cy—.005-pufd. 600-
volt mica

Ci—10-utd, 25-volt
cleet,

Ci—8-pfd. 450-volt
eleet.

Cit——16-pfd. 450-volt
clect,

R:—100,000 ohms, 1
watt

R.—300 ohms, 10
watts

R:—10,000 ohms, 1
watt

R+—10,000 ohms, 10
watts

R—3000 ohms, 1

watt

Ri—25.,000 ohms, 3
watt

Rs—2 megohms, 14
watt

Ri—500,000 ochms,
V2 watt

Rir—1 megohm, 13
watt

Ri—400 ohms, 2
watts

Riv—200 ohms, 10
wiatts

Rip=—=25,000 ohms, 50
watts

R14+—50 ohms, 1 watt

T—800 v, ¢.t, 175
ma.; 63 v, § a;

500 ohms, 10-watt
rating

CH—15-hy., 200-ma.
choke

BC—Bias cell

Coijls—Sce coil table

S=—Plate on-off
switch

S.—A.e. on-off
switch

Pi—150-ma. &-volt
lamp

P.—250-ma. G-volt
lamp

Ji—Crystal plate cur-
rent jack

|]:=~6L6G cathode
current jack

RFC—2.5mh., 125 -
ma. choke

volt paper watt
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fhicient antenna coupling reduces the potential
linear modulation. (Too little antenna load
will produce “downward” modulation of an-
tenna current.) Cathode modulation is more
eticient than any of the popular forms of grid
modulation, and is not as critical to adjust.

Cathode modulation is more economical than
cither grid or plate medulation for a given
power output. The modulator and its power
supply are only ¥ to 1/5 as large as for a
plate modulated rig with the same carrier nut-

put. The class C tube or tubes should be a
little lacger unless their dissipation rating is
high in proportion to plate current and plate
voltage maximum ratings. The plate dissipa-
tion of a plate modulated set increases with
modulation. Tt decreases somewhat with grid
modulation, and usually decreases very slightly
with cathode modulation. Therefore, by oper-
ating the tubes at a little greater plate dissipa-
tion under resting conditions, no larger tubes
are required.
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The peak plate current is less with cathode
modulation, which should result in greater
tube life. The plate tuning condenser in a
cathode modulated amplifier 1s smaller physi-
cally because only 60 to 709 as much plate
spacing is required.

Transmitter Example

The small transmitter illustrated in the
photographs and diagrammed in figure 2 has
cathode modulation applied to a pair of 6L6G
tubes. A carrier output of about 25 watts is
obtained with slightly over 40 watts input.
Better modulation linearity was obtained with
the 6LGG tubes connected as low p triodes
rather than as tetrodes. This amplifier is mod-
ulated by a 6F6 tube which has an audio out-
put of about 4 watts. The modulation trans-
former has a 500-ohm secondary and the 6F6
tube was connected across the 25C0-ohm pri-
mary., A 65J7 high gain pentode drives the
6F6 from an ordinary high level crvstal micro-
phone for cluse talking purposes.

The crystal oscillator is inductively coupled
to the 6L6G triode push-pull stage in order to
conserve space. The crystal osciliator is an
improved form of harmonic oscillator in which
160-, 8O- or 40-meter crystals can be used on
their fundamental or second harmenics. 10-
and 20-meter crystals should be used "straight
through,” that 1s, with the 6V6 plate circuit
tuned to 10 and 20 meters respectively. The
screen grid of the 6VG is by-passed to the
cathode rather than to ground as this gives
a circuit in which the adjustable czthode con-
denser can be set at one value for all bands.
The 10,000-ohm 1V5-watt resistor in series with

Top view of the chassis of the 6L6GC cathode
modulated transmitter

the GV6 screen acts as an r.f. choke to prevent
an r.f. short circuit across the cathode circuit,
A combination of cathode and grid leak bias
in the 6V6 provides for fundamental efhicient
doubler action and low crystal current for fun
Jamental or second harmonic operation.
The 6L6G amplifier has a ¥5-pufd. 400-volt
condenser connected across the grid leak to
pass the audio frequencies. Better linearity was
obtained with a 3000-ohm resistor connected
in series with the condenser in order to reduce
the actual a.f. voltage applied to the grid
circuit. Too much grid modulation in compari
son to plate modulation in this particular tube

COIL DATA
CATHODE MODULATED 6L6C TRANSMITTER
T em | T OSCILLATOR B S e
BAND  (1Y2" dia. torms) B FINAL PLATE
| o oy Plate )  Grid . - -
| 315 turns no. 20 d.e.c. 17| 5 turns no. 20 dec. 12" | 6 turns no. 14 E, 114" long.
10 long, 15" separation btwn | long, c.t. 114" dia., <t
plate and grid coils |
7 turns no. 20 d.c.c. 17 long. | 12 turns no, 20 d.ce. %" | 8 turns no. 14 E 17 long,
20 14" separation btwn plate | long, c.t. 134" dia., c.t,
and grid coils
| 14 turns no. 20 dicc. 17| 32 turns no. 24 dice. 17 | 18 turns no, 16 E. 134"
40 | long. g™ separation btwn | long, c.t. long, 134" dia., c.t.
plate and grid <oils
| 24 turns no. 24 d.cc. close- | 56 turns no. 26 E. close- | 32 turns no. 18 E. 12" long,
80 | wound. 33" separation btwn | wound, c.t. 115" dia, ct.
: plate and grid coils
i 44 turns mno, 26 E. close- | 80 turns no, 28 E. close- | 56 turns no, 22 d.c.c. 27
160 wound. 33" separation btwn | wound, e¢.t. Shunted with | long, 214" dia., c.t.
| plate amd grid ctoils 3-30 uufd. trimmer |
Amp. “grid” windings semi-resonant, Space for best operation before cementing turns an form,




Bottom view of the chassis
of the SLEGC cathede modu-
lated phone transmitter,

arrangement produced a slight curvature on
the sides of the triangle or trapezoid as viewed
on an oscilloscope. The 6L6G tubes connected
as 51]0\\'1'1 have a 2t Of 3b()l.lt 6 :Il'l'd are more
easily grid modulated than are medium or
fairly high p tubes. No grid a.f. resistor is
needed in transmitters having tubes with a
of from 25 to 30.

The final amplifier has a combination of
cathode and grid leak bias, the former to pro-
tect the tubes in case of oscillator detuning or
failure of excitation. In the particular layout
used, a u.h.f, parasitic oscillation took place in
the neutralizing circuit until it was damped
out by the use of a couple of 50-ohm 1-watt
resistors in the 6L6G grid leads. The neutral-
izing condensers were each made of two plates
1" x 2" separated about 1/10 of an inch. Neu-
tralization was accomplished by removing the
250-ma. 6-volt lamp from its socket in series
with the 6L6G cathodes—then bending the
neutralizing condenser plates while checking
the plate circuit with a 2-volt 60-ma. lamp and
turn of wire coupled to the plate coil. Pilot
lamps in series with the tube cathodes act as
tuning indicators when no d.c. milliammeter
is available.

The set was built on 2 10" x 14" x 3" chas-
sis and fits into a 11" x 15" x 9”7 cabinet. It
has a single power supply built in and re-
quires no cxpensive parts. Operation in any
band from 160 to 10 meters is possible with
proper crystals and coils. If the set is operated
straight through on the crystal frequency, the
6VG cathode condenser can be left at about fuli
capacity. However, less crystal reaction takes
place when doubling in the 6V6 plate circuit,

in which case the cathode condenser should
be set at a lower value. Too low a value will
cause uncontrolled 6VG6 oscillation and r.f.
output at other than that of the crystal har-
monics. Good active crystals are needed for
harmonic operation.

The 6L6G grid coil turns and location on
the coil form were chosen to result in about
10 to 15 ma. of cathode current (grid current
mainly) when no plate voltage is applied to
this stage. Too much grid current or too much
r.f. grid drive will not allow 100% modula-
tion to be obtained. Too little grid drive means
low carrier output.

The antenna coupling should be fairly heavy
so the cathode current 15 from 125 to 150 ma,
The antenna coupling should be great enough
to reduce the amplifier efficiency to a point
where "upward” modulation of antenna cur-
rent takes place. A small lamp and turn of
wire loosely coupled to the ninal amplifier coil
will serve as an indicator for this test.

A larger cathode modulated transmitter with
a pair of T40's is tentatively scheduled for
the next issue of RaDIO, together with data on
cathode modulation of larger tubes of several
varieties.

Correction

We forgot to let you know the wire sizes
for the coils of the Conklin-Reubhausen Con-
verter unit, published in the July issue. All
coils should be wound with no. 14 except
the antennz coil, which should be wound
with no. 22.



