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'MODULATOR DESIGN MADE FLEXIBLE
BY APPLICATION OF BASIC FORMULAS

By A, (G, Newur, W3ILIL
RCA Tube Departinent

In most amateur applications the problem of choosing a suit-
able audio modulator circuit is allected at the start by eertain fixed
conditions in the ham shaek. Usually, for example, the modulator
platesupply voltage is fixed by the power supplies available, Often
the modulation transformer available has an “impedanee™ rating
that may naol fit the value of |||u|r—l|:-|ll|ulr load resistance pulllinl‘led
under the wypical operating conditions Tor the modulator tubes

Il"'"i.’l‘ll-
design formulas which will aid
modulator stage.

Because efficiency and economy
of operation are wsually of the ur
most  importance, this  disewssion
will be limited 1o push.pull eircuits
using (11 beam power wibes, (21
power pentodes, or (31 power tri

region. Sereen-grid type tules may
be operated under either high-hias
t'l;u-:- .ﬁu. i l'lahs A“; 1'||rllli'linlh;
irinde Iypes operate. of course,
under high-biss class AB, or elass
“H conditions.

Let us start o with values of de
[lluh' \nll:lg_r 1Eeet and de |.Il.'ll<'
current (Lo, i of the fully loaded
class “C7 of stage which is 10 he
plate modulared, These values have
hw'n either I'illll[llll't‘l] " or obtained
from published class C telephony
operating conditions for the desired
tube type.

odes operaling in the |)||:-i1i\'l|‘. ﬂrill'

It i= the purpose of this article to present simplified

in the design of a satisfactory

The average audio power (W,)
in watts required 1o fully modulate
this input power with sine-wave
maodulation is obtained as follows™:
Heguired average andio power W, =
li!'_ plate voltage I'_:l-u x [ plate L'Ilrmn!—!|ﬂ

1.7 [LE]

where Eo, is in valts and Ta. is in
Amperes,

The ac load resistance (R.) in
ohms presented 1o the modulstion
transformer secondary by the «f
stage is given by
(LN K S

| I

Fguations i1} and 12) allow for
an efticiency factor chargeable 1o
the modulation transformer and
Hrlliharil) se1 al ﬂ.'—l':.-. Mo N[lwiﬁr
allowanee  has  been  made for
(Continued on Page 2, Columa 1)

A bl pestatance R,
(2}

IT'S SAFETY FACTOR THAT COUNTS

RUA power tubes have the exira safefy j.urrll_r reguired ill_r plate-rmodulated service ...
ample reserve pf cathode emunon fo salisfy modulsiion peaks . . .
virmcinres that pereii ample drve withowl conung gred emon |

husky grid
. high voliage
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Figure 1.
available.

Nostes:
i) All power supplies returned to grownad.

Modulator circuit designed from calculations given in text.

It has not been built, and therefore, test data are not

2) Eci 1o be obtained from a source of good regulation (internal impedance equal to ar less than 200 ahms).

3} The 250-volt supply may be obisined from a tap on bleeder for Ecq supply. Minimum bleeder currant should be approximately 0,05 amperes.
4) Ty == Driver Transformer—S-watt audio level--Total primary to Y secondary turns ratio o= 3,

5) Ty w= Modulation Transformer—400-wart audio level—oae-half primary fo ro'al secondary turms ratio = (0.8,

6) Ece and Ebb supplies should be adequately bypassed to ground for audio frequencies, Rodie-frequency bypass capacitors ot fube socket

may be required under some conditions.

MODULATOR DESIGN

(Continued from Page 1, Calumn 4)
screen-modulation power which is
usually negligible if a screenvolt-
age tap is available on the modu-
lation transformer. If a dropping
resistor is used to supply the screen
with modulated voltage, the sereen
current per tube of the modulated
stage should be added to Iy, before
W. and R. are computed. [t should
be mnoted that satisfactory plate
modulation of screen-grid tubes of-
ten results if the sereen is fed from
an  unmodulated voltage source
through an audio choke or a high
resistance,

Design Procedure

Let us assume that the de plate
supply voltage for the modulator
stage (Ew) is fixed, and the design
problem is to select suitable modu-
lator tubes and a modulation trans-
former to meet the conditions
imposed above. The following ap-
proximate relations will be used:

For Eve in range  For Euu in range

Trom 400 1o from 1250 1o
750 volts 3500 volts
0.75 Wa C0TLW,
Lo Eub e Ebs @
W =025 W, Wy o= 0.21 Wo (4
Win = 0.75 W, Wia = 0.71 W, (5)
L3 Epn? LT Ebn?
R=u=w_:. Reo ='T:h(ﬁl
e
£ - ‘“::' 7

In the above relations, In is the
max.-signal de plate current per
tube in amperes, W, is the max.-
signal plate dissipation per tube in
watts, W,, is the max.signal de
power input per tube in watts, and
W, is the audio power output for
two tubes (push.pull stage) also in

watts, all for sine-wave modulation,

R,, is the plate-to-plate load resist-
ance presented to the modulater
tubes, and r is the turns ratio of the
modulation transformer defined as
Maodulation transformer turns ratio r =

Y4 total number of primary turns

number of secondary turns @

It is assumed, of course, that the
primary of the moduolation trans-
former iz center tapped and that
the secondary feeds the class “C”
of stage to be plate modulated.

Modulator Tube Selection

Suitable modulator tubes (either
screen-grid or triode types) may
now be selected on the basiz of
maximum ratings’ for either class
AB; or class B audio service (or
class C telegraphy ratings if audio
ratings are nol given) that are
equal to or in excess of the values
found from equations (3) to (6).
It is evident from inspection of
equations (6) and (7) that the se.
lection of Eiw, R., and W. auto-
matically fixes the wmodulation
transformer turns ratio, r. If a
transformer having a di%erent turns
ratio is already awvailable in the
ham shack it will be necessary to
change either one or all of the
three quantities listed in order to
make use of this transformer. If
the turns ratio of the available
modulation transformer is lower
than the value given by equation
(7}, it is possible to operate the
modulator tubes into a lower than
optimum value of R,,.. However,
unless Enn is lowered also, this
maode of operation is very ineflicient
and equations (3), (4), (3), and
(6) are no longer valid. It should
be noted that
Modulation transformer turns ratio r=

(20

\,_‘TI (Tu)

where Z, is the rated “impedance”
of the total primary winding and
Z, is the rated “impedance™ of the
secondary winding.

After a suitable tube type has
been selected, the published “Awv.
erage Plate Characteristics” curves
(*plate  family™) for this type
should be used to determine suit
able operating values. For screen-
grid tubes a value of screen-grid
voltage—and suppressor-grid volt-
age. if required — which can be
readily obtained in the ham shack
from a power source having good
voltage regulation must be selected.
A straight (load) line is drawn on
the “plate family”™ curves connect.
ing the point determined by “Plate
Amperes” — 0 and “Plate Volts”
= Eub to the point determined by
“Plate Volts” = 0 and “Plate Am.
peres” — 1"y where

Iy = HEbL

9
Rop )

‘equation (10},

The optimum value of grid - No. 1

bias may now be obtained from the

relation

(e = ey
[ TR P

Optimum grid bins Eq =
il{'l:
where the values of e and e: are
convenient intermediate values of
grid-No, 1 voltage taken from the
intersection of the load line with
the bias curves, and i, and i; are the
corresponding plate currents. In
this equation it is assumed that
the “e” and *i” points chosen lie
on a linear portion of the tube’s
dynamic transfer characteristic and
that the plate current of the non-
working tube of the push-pull con.
nection is zero. For this reason,
the values of “e” and *i” chosen for
equation (10} should lie well up on
the load line but should not includa
points near the “knee” of the curve
where some non-linearity may usu-
ally be expected. The plate dissipa-
tion under zero-signal conditions
(W..) may now be checked. Pro-
ceeding vertically upwards from
Ewe on the “plate family” curves,
read the value of plate curremt I,
at the value of E.. computed from
Then,

Zero-signal plate dissipation W, =

Eub Ivo

This value of W, (zero-signal plate
dissipation per tube) should not
exceed approximately 1/3 1o 1/2 of
the maximum rated plate diss'pa-
tion of the tube, If the value of E.,
found from equation (10) is not
sufliciently negative to limit W, to
the desired value, it may be made
more negative at the expense of
only a slight increase in distortion

(i

at max.signal levels; smallsignal
operation  will produce larger
amounts of distortion, but this

made of operation is generally of
no consequence in modulator de-
signs lor voice communication. The
peak al grid-No. l-to-grid-No. 1
voltage (E..) in wvolts may he
obtained from

Peak af grid - No. 1-to-grid - No, 1 valtage
Ege=2 (egm — Eal n2)
where e.. is the instantaneous grid
voltage obtained from the “plate
family” curves at the intersection
of the load line with the knee of
the curve. If the tbe chosen is a
filamentary type and if the “Aver-

{Continued on Page 31, Column 1)
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Figure 2. Average plate characteristics of the RCA-813.
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(Continued from Page 2, Column 4)

age Plate Characteristics” curve is
shown for a de hlament voltage
(E¢), the grid bias value E., found
from equation (10} should be made

more negative by % volts when the

tube is used with an ac filament-
voltage supply. This new value for
E.: should not be used in any of the
calculations, however,

Driver Stage

A suitable driver stage and the
turns ratio of the driver transformer
may now be determined from the

following considerations. If no cur-|

rent is drawn l}y grid No. 1 of the
modulator tube, any conventional
resistance-capacitance-coupled push-
pull or phase-inverter vollage am-
plifier, comprising either triodes or
pentodes, capable of supplying the
required value of peak af grid-No.
l-to-grid - No. 1 voltage Eg to the
modulater circuit may be used. If
current is drawn by grid- No. 1 of
the modulator tube, the fo'lowing
approximate relations are useful.
For conventional low- and medium-
mu triodes for the driver stage in
push-pull elass A or AB, connection

The driver transformer turns ratio rq =
24E ka4

= 13)
Ece ¢
and
Driver tube max. allowable plate resistance
rd ELI1I
Rym = 5Tiem (14)

where rq is the driver transformer
turns ratio and is defined as
ra = total number of primary turns
14 number of secondary turns h
Eus is the plate supply voltage of
the driver stage, igm is the instan-
taneous grid current drawn by grid
No. 1 of the modulator tube in
amperes at the value of eg. used in
equation (12), and R,. is the max-
imum allowable drivertube plate
resistance in ohms, Tubes with
values of R, higher than indicated
by equation (14) may be used but
somewhat higher distortion will
result. For singleended class A
driver circuits using conventional
low- and mediuvm-mu triodes

1.2 Epg
Ege

rd4 = (Lg)
Equations (14) and (15) also apply
in this case. The power rating of
the driver transformer should be
adequate to handle at least the
rated power output of the driver
tube(s) in conventional class “A"
(or AB, as the case may be), audio
power-amplifier service.

The final value to be determined
in computing tube operation is the
screen-grid dissipation. Useful rela-
tions for approximating the value
of average screen current (I..) in
amperes and screen dissipation
(W) in watts at max.signal levels
are

Avernge sereen curreol [ o= lrim

4 (17}

Scereen dissipation

‘1'1"';::' =I¢-? I.";..:'r [:l-l']-_r

where ic:m is the instantaneous value
of sereen eurrent in amperes flow-
ing when the instantaneous grid-No.
1 voltage is equal to egn, and E.; is
the de screen volta ge.

Modulation Transformer

Before proceeding with an exam-
ple to illustrate the use of the
relations given above, a briefl dis-
cussion of modulation transformer
“impedance” ratings may prove use-
ful. Modulation transformers are

usually rated in terms of primary
) _ffgf{xr_lnucd' on Page 4, Columna [ )
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{Continued from Page 3, Column 2}
and secondary “impedance” and
audio power (or more properly
KVA) capability. The peak ae
\nliage (Eyw) that may be applied
to 1% of the modulation trans.
former primary is

Peak ac voltage across primary Fpu =

(19}

where Zym is the maximum imped-
ance rating of the entire primary
in ohms and W, is the rated audio-
power-handling eapability of the
transformer in watts. Similarly, the
peak ac voltage (E,n) permissible
across the transformer secondary
wmdmg (aqu:l 1o the de plate

lat lulated rf
amp]lﬁer Eor llJO 7%  modulation)
may be found from

Peak ac voltage mcross secondary E.m =

VIW 2 20)
where Z.,, it the maximum second-
ary-impedance rating of the trans-
former. Of course, any voltage
{and impedance) lower than these
maximum rated values may be used.
However, in order not to exceed
the ac current ratings implied in
the audio power and impedance
ratings of a transformer having a
fixed twurns ratio, the power-han-
dling capability of a transformer
should be reduced approximately
in accordance with the relation
Wi R,

where R. (as defined previously
for equation (2) ) is less than Z.n,
and W', is the reduced audio-power.
handling capability of the trans.
former. The de current ratings of
both primary and secondary wind-
ings are assumed to remain con-
stant when the transformer is
operated at other than rated imped-
ance levels, although a reduction
in primary de current may allow
some increase in ac current (allow-
ing W', as given in equation (21) to
be increased somewhat) and a re-
duction in secondary de current
may allow a slight increase in both
E.n las given in equation (20))
and W'.. For modulation transform-
ers of the “multimatch™ type it is
assumed (unless information to the
eontrary is published by the manu-
facturer) that full power-handling
capability has been preserved by

W= zh

proper design for all rated imped-
ance values.

Example

As an example, let us assume thet
the class “C” of amplifier to be
modulated is a push.pull circuit
using 2 RCA-813"s with a de plate
voltage (Es.) of 2000 volts and a
de plate current (Iv.) of 0.17 am-
peres for each tube or 0.34 amperes

for both. From equation (1), we
obtain
Required average audio power Wa=
Ea.l. Toy _ (200?on 3 400 walts
7 7

From equation 1’2}. we obtain

AC lum! resistance Ry

0 85 (2000]
0.340

= H000 ohms

e
If we assume that it is desired to
operate the modulator from a 1750-
volt supply. equations (3) 10 (5)
yield

Max.-signal de plate current per tube Ly =
0.71 (400}

U(I“‘

= 0.162 amperes

['.n: 750
Max.signal plate dissipation per tube W, =
0.21 Wy = 0.21 (400) = B2 walls
Max..signal de power input per tube Wi, =
0.71 Wa = 071 (400) = 284 watls

Inspection of the maximum rat-
ings in the technieal data® for power
tubes shows that either the RCA.
813 or the RCA-810 types will eas-
ily fulfill all requirements. If a
400-volt screen supply having good
regulation is available, the 813 may
be chosen to advantage, because
this choice will ease the driver
stage requirements somewhat in
comparison to those required for
the RCA.810. Equations (6} and
(7) give us the required modula-
tiontransformer impedance and
lurns ratio ratings.

a-plate load resistance Ry =
l? i] 5007

= 13,000 ohms

Turns ratio of modulation transformer r =

E, 13.000

3 (5000]

The load line can now be drawn on
the curve of “Average Plate Char-
acteristics” shown in Fig. 2 after
Iy is obtained by means of equation
191 as follows

4Euy 4 (1750)
TTHee T 13000
| From equation (10) after points &

= 0506

= 0.538 amperes

N. J

H. 5. STAMM, W2WCT ...

HAM TIPS is published by the RCA Tube Departm
., and is made available to Amateurs and Ra
menters through RCA tube and parts distributors.

Devices and arrangements shown or described herein may wse patents of RCA or othem.

without prejudice to RCA's patent rights,
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Figure 3. Grid characieristics of the
RCA-813.

and e; have heen selected, we ob-
tained .

Oplioum grid hias Foy = _(“u)

o=
_f 20 (0.2
.

L.
0125

= 32 volts

The value of Iu, at a grid bias

~—32 volts is obtained from the
family of average plate character.
istics and then, from equation (11},
we determine
Zero-signal plate dissipation W o =

Evblue =(1750) (0.055) =96 watts

Because this dissipation value is
in excess of 14 the maximum plate-
dissipation rating; that is, greater

than 1;_5 or 63 watts, a higher grid

bias must be chosen. If a grid bias
of —40 volts is used, the zero-sig-
nal plate dissipation is
Woa=Ebs [ha = (1750) (0.023) =40 watls
which is a satisfactory value.
From equation (12), we can deter-
mine
Peak af grid - N -geid-No. 1 voliage
Eeo=2f0am = Eal =
2160 — (— 40)] = 200 volis
For ac

filament operation, an

actual bias of —45 volts is required
because the average plate character-
isties were taken with a de filament
power supply of 10 volts.

If we assume that a push-pull
driver stage having a plate supply
voltage (Eea) of 250 volis would be
most desirable, then from equation
(13} we obtain

Driver transformer turns ratio rg =

24 Eva _ 2.4 (2500 _

200 .
From Fig. 3, at the value of instan-
taneous grid-No. 1 voltage ob-

tained from the plate family curves
at the intersection of the load line
with the knee of the curve, e;m =
60 volts. At a plate voltage corre-
sponding 1o the intersection of the
load line and the curve of e...=
60, the value of instantaneous grid-
No. 1 current (ign) is 0015 am-
peres.

Hence, from equation (14) the
maximum allowable plate resist-

ance of the driver tube (Ry.) is
given by

o Eus __3(250)
Bom $Ticm 57 (0.015) 7460 ohms

An RCA 6SN7-GT in push-pull class
“A" connection will meet the re-
quirements for a driver tube. From
Fig. 2 the instantaneous screen eur.
rent (i is found to be 0.085
amperes.

From equations (17) and (18),
we obtain
Average sereen current To =

1w 0,085

—_— = ———— - 12 -
- 3 0.021 amperes

Sereen dissipation W s =
Eer ler = 400 (0.021) = 8.5 watts

This value is well within the ratings
for screen power input for the RCA
813. All the pertinent design infor-
mation for the modulator is given
in Table I. Fig. L. is a typical eir-
cuit based on these values.

TABLE |
AUDIO MODULATOR USING 2 RCA-813's IN CLASS AB;

DC Plate Vol
D(] d- Mo, uge\ ‘oltage,
1 Girid- No. 2 Yoltag

I‘J( Grid- No. 1 Voltage
Peak AF Grid- No. 1 to Grid-

/J-mﬂnqnal DC Plate Current..
da ignal DC Plate L,um'nl.

M a ignal DO, Screen Curre

Effective Load Resistance [I'Lule lu-lllntm
Max,-Signal Power Output

Outpnt Transformer Turns Ratio, r..
Driver Trunsformer Turns Ratio, ra.
Driver Tube

* For AC filament aperation

Values nre for 2 tubes

No. 1 \f:J{unn-.

L1750 volts
0 volts
volts
5 volts
volis

© 13,000 ohms
400 watts
0806

3
6SNT-GT (or equivalent)

“SZimpli of T
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