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P R E F A C E 

M o b i l e transmitters operating at frequencies above 

110 M c / s are preferably designed wi th push-pul l output 

stages because this type of circuit is advantageous for: 

1. Ease of neutral ization 

2. L o w parasitic capacitance 

3. L o w radiation 

4. M i n i m u m power consumption 

5. S imple construction 

W h e n the two tubes are incorporated in a single 
envelope, as in the Amperex 6360, the inductance be
tween the cathode and the screen gr id can be m i n i m i z e d 
by hav ing a common cathode, and a common screen gr id . 
Thi s idea has been successfully appl ied by Amperex to 
its t w i n tetrode series encompassing the 5894, 6252, 6907 
and 6939. T h e 6360 w i t h its small dimensions and r ig id 
construction is an important addit ion to the line. 

T h e 6360 is excellent for use i n mobile equipment as 

a push-pul l amplifier, frequency tripler, and modulator. 

It can also be used as a frequency mult ip l ier w i t h a 

mul t ip l ica t ion factor of 16 obtainable by correct use of 

circuit parameters. 

A d d i t i o n a l information concerning similar and other 

applications is available upon request from the Amperex 

A p p l i c a t i o n Eng ineer ing Department . 
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D E S C R I P T I O N 

T h e 6360 is a twin tetrode w i t h an indirectly heated cathode, and is 
intended for use in low power transmitter stages operating at frequencies 
up to 200 M c / s . It can be used as a class C amplifier and oscillator, and 
in push-pul l circuits as an output tube, driver, or frequency tripler. 
H i g h e r frequency mul t ip l i ca t ion can be obtained by connecting the tube 
sections in cascade. Moreover the 6360 can be used as a modulator output 
tube, w i t h one 6360 in class C being modulated by another 6360. 

PIN CONNECTIONS 

I - GRID I, TUBE I 
2-CATHODE 

! T ' ' T 2 3-GRID I,TUBE 2 
4- HEATER 
5 - HEATER 
6 - PLATE, TUBE I 
7- GRID 2,TUBE I S 

TUBE 2 
8- PLATE, TUBE 2 
9 - HEATER CENTER TAP 

J2 
3 ^ M A X 

Figure 1. 

FEATURES 

1. Cathode 

The cathode of the 6360 is oxide coated and has a center tapped 
heater, the sections of w h i c h can be used either in parallel or in series. 
In parallel the heater current is 0.82 amps at 6.3 volts, and in series the 
heater current is 0.41 amps at a voltage of 12.6 volts. T o cope w i t h 
changing values of supply voltage in mobile equipment (charging and 
discharging periods) the heater of the 6360 has been designed so that 
it can withstand occasional operation w i t h i n the limits of 5.3 volts to 
7.8 volts for paral le l operation and 10.6 volts to 15.6 volts w i t h series 
connected heaters, without the tube life being adversely affected. 

2. Electrode Structure 

Figure 2 shows a cross section of the electrode structure of the 6360. 
The common cathode ( k ) is rectangular in cross section and is coated 
only on its larger sides. T h e inductance of the intercathode connection is 
made negl igible by using a common cathode and connecting the two 
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emitter surfaces by the shorter 
sides. The control grids and the 
screen grid are " shadowed" 
w h i c h means that the screen 
grid wires are placed behind 
the control grid wires in the 
direct ion of the electron flow. 
This measure promotes the for
mation of a radial beam and en
sures the correct space charge 
condit ion between the screen 
gr id and the plate. Thi s type of 
construction leads to a relative
ly low screen grid current. 

Figure 2. 

A shield is placed alongside the rods of the common screen gr id and 
extends into the space between the plates and the screen gr id ; the ex
tending part acts as a beam plate and prevents secondary emission. T h e 
shield is connected to the cathode. 

S. High Plate Dissipation 

T h e plates are Z i rcon ium coated and have cool ing fins, both of w h i c h 
contribute to the relatively h igh plate dissipation. 

4. Internal Neutralization 

Internal neutralization is effected by connecting the gr id of each section 
to the base p i n below the plate of the other. Because of this the 
capacitances are sufficiently w e l l balanced for neutralization to be effec
tive over a wide range, thus greatly s impl i fy ing equipment layout. 

5. Tube Assembh/ 

The tube assembly is mounted on a nova l base. The bulb is precision 
shrunk around the squarish shaped mica spacer so that the inner structure 
is r ig id ly supported against the bu lb . 

6. Output Power 

W i t h 300 volt supply voltage and both sections operating in push-pull 
Class C , one 6360 twin tetrode can del iver 12 watts useful power to the 
load when used in continuous commercia l service ( C C S ) and 16 watts 
in intermittent commercia l or amateur service ( I C A S ) , in both cases at 
frequencies up to 200 M c / s . 

3 



T A B L E 1: O U T P U T P O W E R 

frequency 

HF class C 

frequency 

telegraphy 
plat 
gri< 

e and screen 
1 modulation 

Mc/s 
plate 

voltage 
(volts) 

output power 
( w a t t s ) ® ® 

plate 
voltage 
(volts) 

output power 
(watts) ® © Mc/s 

plate 
voltage 
(volts) CCS ICAS 

plate 
voltage 
(volts) CCS ICAS 

200 
300 
250 
200 

12 16 
9 11.2 
7.4 9 

200 7.1 8.8 

frequency 
RF class C 

frequency tripler 

Mc/s 
plate 

voltage 
(volts) 

output power 
(watts) ©CD Mc/s 

plate 
voltage 
(volts) CCS ICAS 

300 3.5 4.8 
66.6/200 250 3 4.2 

200 2.8 3.5 

© T w o units in push-pull. 
© Useful power output in load, 

AF class AB 
amplifier or modulator® 

plate 
voltage 
(volts) 

output power 
(watts) 

plate 
voltage 
(volts) AB 1 AB 2 

300 12 17 
250 9.3 14 
200 7 8.7 
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A P P L I C A T I O N N O T E S 

I. OPERATIONAL 
A. Maximum Values 

The maximum values listed in the Technical Data are absolute and 
must never be exceeded. The equipment designer should compensate for 
possible variations in supply voltage, load and components in order to 
avoid exceeding the maximum values. 

B. Overload Protection 

When adjustments are made to a transmitter or when a new circuit is 
tested, it is advisable to reduce the plate and screen grid voltages to 
prevent overload. Protective devices such as fuses, series resistors, or over
load relays should be used, not only to protect the plates but also the 
screen grid against overload. The relays or fuses should cut off the plate 
and screen grid voltages when the corresponding currents reach higher 
than permissible values. 

C. Shielding 

Shielding is required between the plate and grid leads. Figure 5 
shows the recommended position for the shield across the tube socket. 

D. Cooling 

The maximum permissible bulb temperature is 225 °C . Natural cooling 
is sufficient for all normal operating conditions. 

N O T E 
Never enclose the 6360 in a closed shielding can (other than 
a bulb temperature reducing type) as this will invariably raise 
the temperature beyond permissible levels. 

II. CIRCUIT DESIGN 
1. Heater 

One heater connection can be directly grounded. At 200 Mc/s, the 
other connection must be bypassed or else the drive power must be 
increased by 60 per cent to obtain the normal plate current. Therefore 
one heater connection should be connected directly to the chassis, and 
the other should be capacitively grounded. 

Figure 3. 

TO CHASSIS 

HEATER CONNECTION 

I 

I 
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Heater current can be reduced dur ing standby by keeping only one 
heater section on. T h e other section should be switched on at the same 
time as the plate voltage. About 50 to 60 per cent of the maximum 
output w i l l be immediately available, and the full output should be 
available in about 10 to 20 seconds. 

2. Cathode Connections 

Inductance in the cathode circuit , whether bypassed or not, may 
influence the stabil ity of the tube by g iv ing rise to parasitic oscillations. 
The cathode is preferably connected directly to ground. 

3. Center Tap on the Plate Coil 

W h e n the layout of the plate circuit is perfectly symmetrical , the center 
tap of the plate co i l can be capacit ively grounded, irrespective of whether 
the plate supply is connected direct ly to the center tap of the coi l or 
via a choke. H o w e v e r when there is some imbalance and the center tap 
of the plate co i l is bypassed, part of the R F current flows to ground 
through the bypass capacitor and is lost. T h e plate circuit should therefore 
be fed via a choke that is not bypassed. See F igure 4. 

4. Shielding Between Input and 
Output Circuits 

W h e n used as an amplifier, correct 
shielding is essential between the i n 
put and output circuits. It is usually 
necessary to use a vertical shield across 
the base of the tube holder between 
the grid and plate pins. See F igure 5. 

5. Bypassing of the Screen Grid 

W h e n the screen is fed correctly 
(F igure 6) it is immaterial whether 
the screen grid is bypassed or not. 
Some designers use a circuit in w h i c h 
the screen dropping resistor is by
passed and the screen grid is fed 
through a choke. This circuit may en
courage parasitic oscillation unless the 
choke is properly designed. General ly 
for best results, the screen grid voltage 
is fed through a series resistor, it 
should be an adjustable type, and 
should not be bypassed. 

6 

6. Center Tap on the Grid Coil 
The effect of mismatch on the tube 

characteristics is almost e l iminated 
when the center tap of the gr id input 
coi l is grounded. T h e dr iv ing voltages 
in the two sections of the co i l become 
substantially equal and independent of 
the input capacitances of each section, 
prov id ing the layout is symmetrical 
and there is opt imum coupl ing to the 
preceding stage. W h e n the gr id resistor 
is not bypassed, mismatch of the input 
capacitances may cause imbalance in 
the grid circuit . The best symmetry 
is obtained w h e n a single common gr id 
leak resistor is bypassed to ground. 

Figure 6. c 

6 E C 2 

Figure 7. 

7. Protection Against Overload with Loss of Drive 

The 6360 is normal ly biased by voltage bui l t up across a common 
grid resistor. U n d e r certain conditions plate current might exceed the 
maximum rating due to : 

a. Loss of dr ive 
b. Fa i lure in one of the preceding stages. 

In frequency mult ipl iers the screen gr id resistor is usually h igh enough 
in value to prevent the plate current from becoming excessive. 

T h e output stages can be protected by using either cathode or fixed 
bias. However the higher supply voltage required for cathode bias is 
objectionable in mobile equipment. T h e 12 volt supply is a convenient 
source for the bias. W i t h the gr id bias der ived partly from the flow of 
gr id current and part ly from the 12 volt supply, there is no risk of over
loading when loss of dr ive takes place. 
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8. Conclusion 

Bes t p e r f o r m a n c e w i l l be o b t a i n e d w h e n : 

a. T h e c e n t e r t ap of t h e p l a t e c o i l is c o n n e c t e d to the h i g h vo l t age 
s u p p l y b y a n R F c h o k e . 

b . T h e s c r e e n g r i d is f e d b y a n u n b y p a s s e d d r o p p i n g resistor. 
c. T h e c e n t e r t ap of the g r i d c i r c u i t is c a p a c i t i v e l y g r o u n d e d . 
d . A s ing le g r i d resistor is u sed for b i a s i n g b o t h c o n t r o l g r ids . 
e. T h e c a t h o d e is c o n n e c t e d d i r e c t l y to the chassis . 
f. O n e hea te r p i n is c o n n e c t e d d i r e c t l y to the chassis a n d the 

o ther v i a a c a p a c i t o r to g r o u n d . 
g. T h e a m p l i f i e r stage is c o n s t r u c t e d as s y m m e t r i c a l l y as pos s ib le . 

6360 

DRIVER 
STAGE 
0 

6 . 4 ^ 

( 

IOOOjuL>if 

Figure 8. P u s h - p u l l o u t p u t stage u s i n g 6 3 6 0 . 

F i g u r e 8 shows a t y p i c a l p u s h - p u l l o u t p u t stage u s i n g a 6 3 6 0 in
c o r p o r a t i n g a l l t h e features neces sary for best p e r f o r m a n c e . 
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A P P L I C A T I O N S 
Two Stage Frequency Multiplier 

F i g u r e s 9 , 10, 11 s h o w the 6 3 6 0 c o n n e c t e d i n cascade as a t w o stage 
f r e q u e n c y m u l t i p l i e r . T h e m u l t i p l i c a t i o n f ac tor of e a c h sec t ion c a n b e 
chosen .as 1, 2 , 3 , o r 4, so tha t f r o m t w o s e c t i o n , m u l t i p l i c a t i o n factors 
o f 2 , 3, 4, 6, 8, 9 , 12, o r 16 c a n b e o b t a i n e d . 

T a b l e 2 ( p . 10 ) g ives va r ious o p e r a t i n g c o n d i t i o n s for the c i r c u i t s 
s h o w n i n F i g u r e s 9, 10, 11 . 

T h e t o t a l c a p a c i t a n c e , C to t , i n p a r a l l e l across the co i l s , consists o f the 
stray c a p a c i t a n c e o f the c o i l , the p a r a s i t i c capac i t ances of the c i r c u i t , 
a n d the t u n i n g c a p a c i t a n c e . 

6360 6360 

Figure 9. B a s i c c i r c u i t for a f r e q u e n c y m u l t i p l i e r i n w h i c h t h e first 
sec t ion f u n c t i o n s as a n o s c i l l a t o r . 

6 3 6 0 6 3 6 0 

Figure 10. B a s i c c i r c u i t for a f r e q u e n c y m u l t i p l i e r i n w h i c h the first 
sect ion has a m u l t i p l i c a t i o n f ac tor of 3 o r 4 a n d the s e c o n d sec t ion is a 
d o u b l e r or t r e b l e r . 

9 



4 

8 
tu

rn
s 

33
 g

au
ge

 
(B

&
S)

 
ci 

= 
0.

47
 i

n.
 

/ =
 0

.7
5 

in
. 

8 
tu

rn
s 

33
 g

au
ge

 (
B

&
S)

 
d 

= 
0.

47
 i

n.
 

/ =
 0

.7
5 

in
. 

8 
tu

rn
s 

33
 g

au
ge

 
(B

&
S)

 
d 

= 
0.

47
 i

n.
 

/ =
 0

.7
5 

in
. 

8 
tu

rn
s 

33
 g

au
ge

 
(B

&
S)

 
d 

= 
0.

47
 i

n.
 

/ =
 0

.7
5 

in
. 

CO 
•a n 
So 
3 Cd 

co — .5 
1/5 ™ t— 

I i i U 
co "a ~-

8 
tu

rn
s 

33
 g

au
ge

 (
B

&
S)

 
d 

= 
0.

47
 i

n.
 

1 =
 0

.7
5 

in
. 

8 
tu

rn
s 

33
 g

au
ge

 (
B

&
S)

 
d 

= 
0.

47
 i

n.
 

/ =
 0

.7
5 

in
. 

8 
tu

rn
s 

33
 g

au
ge

 
(B

&
S)

 
d 

= 
0.

47
 i

n.
 

/ =
 0

.7
5 

in
. 

co
il 

nu
m

be
r 

c 

co »o 

^ 5>|| 
M C — 

S»«*« • i 
"> -S ^ 

co G 

2 cull • 
co 

^ c 
CO 1" 

PQ _ CO 
c 

CU bO || 
b© e

 1 1 

3 C — 
Cd O 

£ *- © 
3 CO " 

10
 t

ur
ns

 2
5 

ga
ug

e 
(B

&
S)

 
ta

p 
3 

tu
rn

s 
fr

om
 g

ri
d 

d 
= 

0.
47

 
in

. 
/ 

= 
0.

20
 i

n.
 

G 

CO JO 

PQ o 
aj II 
b e 
ta . "-t-
b C C | 
co i~-
co E 
S o || 
3 l| o 

c c " a O 

co jo 
"3 £ 
PC o 
4j II 

b0~-

b o g | 
CO 7* 1> 
CO g CM 

S o II 
3 || o 

co tS U 

to jo 
PQ O 

OJ II 
bO— 
3 ^ 

6 0 £ O 
CO 0 
0 0 

^ n 2 ? " 3 || 0 

,g 
CO jo 
PQ O 

0) N 
bO— 
3 " 3 

CO _ OJ 
CO ^ 

c d II 
3 II S 
cc fJ 

— c 
co T 

co 

C-d 
0) || 
bo 'I 
3 — ed 
bO **-

w.£ * 
CO t-

15 1! 

• H "C O 

c 

co »o 

^ 5>|| 
M C — 

S»«*« • i 
"> -S ^ 

co G 

2 cull • 
co 

^ c 
CO 1" 

PQ _ CO 
c 

CU bO || 
b© e

 1 1 

3 C — 
Cd O 

£ *- © 
3 CO " 

10
 t

ur
ns

 2
5 

ga
ug

e 
(B

&
S)

 
ta

p 
3 

tu
rn

s 
fr

om
 g

ri
d 

d 
= 

0.
47

 
in

. 
/ 

= 
0.

20
 i

n.
 

^ c 
cc 

C. o 
<u II 
bO 1 1 

3 — 
ed 
to . *J 

io.S i 
OJ CO 
, „ I— CD 

15 ii 

"a CJ 

C 
CO , 

£S 
<v || 
bC " 
3 — 

bC . ^ 
io.S i 
CM CD 

3 0 || 

. 0 'I 2 
o l ^ U 

c 
CO 

a § 
<u II 
bO 1 1 

3 ~ 
cd 
bO . ^ 

10 .£ a. oj co 

|S« 
ol-c6 

C 
CO 
•a —1 

PQ 

0 II 
bC I' 
3 ~ 

be . ^ 
in .E 1 
OJ . CO 

I~~ cO 

i t I 
OJ . r 
T P " C O 

. pj 
CO 

PQ 2 
0 II CUD II 

cd 
bO . »*j 

in .£ | 

12 11 

111 s 
in "c O 

ci
r

cu
it

 | 

bio 6 
C C c CD CD CD o 0 

1—1 
0 
I—< 

0 

c o 
o © i—( 

i—( 

•—< 

t-
d 

in 
d 

in 
CO 

d d 
in 
OJ 
i-H 

C c o 
1 N 

V 

ID 

d 

CO 
CO 

d 

in 
TP 

d 

IQ 

d 
»n co 
d 

CD 

d 
r—i 

T—< 

in 

co 

c o 
"~ 1—1 
B 
u 
M 

CD 
in 
d CM •—( 

CD co 
in 
d 
1—1 

r—1 
in 
p—( 
OJ 

E c 
o 
o 
V 

o 
•—< 

CD 
in 

cO 
t-H 

OJ 
•—< 

in 
TT OJ 

01 

E 
1—1 
•—1 i—i 

CO 

d 
CD 

d 
CO 

d 
CD 

d 
"Cf 
oi 

EC S o 
OJ 

O 
CM 
•—i 

CO 
CO 

o 
in 

0 
OJ 
OI 

0 
in 
r—l 

0 
OJ 
•—1 

OJ 

u cT 

c o 
"5 |-< 
u 
I/) 

OJ 
CO 

CM 
CO 

OI 
CO 

OJ 
CO 

CM 
CO 

OJ 
CO 

0 1 
CO 

CM 

co 

cc -* c 
.o 

>—i 

o 
0) 
M 

CM 
CO 

OI 
CC 

OI 
CO 

OJ 
CO 

OJ 
00 

OJ 
CO 

0 1 
CO 

CM 

co 

fr
eq

ue
nc

y 
(M

c/
s)

 CO CO 

i—i OJ 

CO CO 
CO CO 

CD CO 

CM CM 
CM CD 
OI CD 

co co 
CM CM 
CD CD 
»~H CD 

CD CO 

l-H OJ 
«—< CD 

CD 

CO CO 

r—i CM 

CO CD 
CD 

r-
OJ — co 
1—1 —. 
r H CM 

CO 
CD 

CD CO 

in CM 
in CD 

CD 

CO CO 
i H CM 
T P CD 

CD 

ct
or

 'cd 
o CM CO TP CO CO CD CM 

r—( 
CD 
1—1 

)l
yi

ng
 f

a>
 

c 
.o 
u 
1/1 

CM CO T P CM CM CO CO T P 

m
ul

ti
| 

c 
'-4-I >—1 o 
OJ 
u 

_L >H 

H " S 2 t-< 'G £ 
£ CO o — 

•J) >H 

8-9 
CO CO T f T P 

6 3 6 0 6 3 6 0 

1 * * ° E b b 

Figure 11. B a s i c c i r c u i t for a f r e q u e n c y m u l t i p l i e r i n w h i c h b o t h sect ions 
h a v e a m u l t i p l i c a t i o n f ac tor o f 4 . 

Mobile Transmitter at 220 Mc/s 
T h e n a r r o w b a n d F M t r a n s m i t t e r d e s c r i b e d i n this s ec t ion is d e s i g n e d 

for o p e r a t i o n at 2 2 0 M c / s . It is o f c o n v e n t i o n a l d e s i g n u s i n g a c r y s t a l 
c o n t r o l l e d mas ter o s c i l l a t o r o p e r a t i n g at a n o u t p u t s i g n a l f r e q u e n c y o f 
2 2 0 M c / s . A cascade f r e q u e n c y m u l t i p l i e r stage (x 16 ) a n d a t r i p l e r 
( x 3 ) f u r n i s h a f r e q u e n c y m u l t i p l i c a t i o n o f 48 . T h e p o w e r o u t p u t , 
m e a s u r e d i n a n a r t i f i c i a l l o a d is 7 w a t t s . 

Figure 12. 2 2 0 M c / s t r a n s m i t t e r w i t h a r t i f i c i a l l o a d a n d p h o t o t u b e 
o u t p u t meter . 

Circuit Description 

F i g u r e 13 s h o w s the s c h e m a t i c d i a g r a m o f the t r ansmi t te r . O n e sec t ion 
of t h e 6 0 8 5 is e m p l o y e d as a c r y s t a l c o n t r o l l e d master o s c i l l a t o r w i t h 
i n t e r e l e c t r o d e f e e d b a c k b e t w e e n p l a t e a n d g r i d f u r n i s h i n g the necessary 
i n phase vo l t age . T h e o s c i l l a t o r o u t p u t is c a p a c i t i v e l y c o u p l e d to the 
f r e q u e n c y m u l t i p l i e r stage. T h e t w o sect ions of the 6 3 6 0 are u s e d i n 
cascade a n d p r o d u c e a f r e q u e n c y m u l t i p l i c a t i o n of 16. T h e o u t p u t o f the 
m u l t i p l i e r is i n d u c t i v e l y c o u p l e d to t h e t r i p l e r w h i c h is u t i l i z e d as a 
d r i v e r for the p u s h - p u l l R F a m p l i f i e r o u t p u t stage. 
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Modulator 

S i n c e a c r y s t a l c o n t r o l l e d o s c i l l a t o r u s u a l l y cannot be f r e q u e n c y 
m o d u l a t e d , phase m o d u l a t i o n is t r a n s f o r m e d i n t o f r e q u e n c y m o d u l a t i o n 
i n the f o l l o w i n g m a n n e r : P h a s e m o d u l a t i o n is o b t a i n e d b y e m p l o y i n g 
a v a r i a b l e i n d u c t a n c e i n the p la te c i r c u i t of the o sc i l l a to r t u b e . T h i s 
is a c h i e v e d b y w i n d i n g par t of the c o i l o n a F e r r o x c u b c r o d w h i c h is 
p l a c e d o n a U - s h a p e d , l a m i n a t e d i r o n core , c a r r y i n g the A F coi l s o n the 
legs. (See F i g u r e 14 . ) T h e p la te c u r r e n t flow of the m o d u l a t o r passes 
t h r o u g h the A F co i l s i n s u c h a m a n n e r tha t the i n d u c t a n c e of the c o i l 
var ies w i t h the A F s i g n a l , a n d phase m o d u l a t i o n of the o sc i l l a to r o u t p u t 
vo l tage is o b t a i n e d . 

Phase m o d u l a t i o n is c o n v e r t e d i n t o f r e q u e n c y m o d u l a t i o n b y m a k i n g 
the a m p l i t u d e o f the m o d u l a t e d s i g n a l i n v e r s e l y p r o p o r t i o n a l to the 
f r e q u e n c y . T h i s is a c h i e v e d b y c o n n e c t i n g filter R 2 C . in series w i t h the 
g r i d of the m o d u l a t o r t u b e . 

INSULAT ING TUBE 

R F 
l - _ C 0 I L _ 4 

|S t A F C O I L 

0.157 f 

2 n d A F COIL 

0.591 

_ J _ 

0.157 - H * O . I 5 7 

F E R R O X C U B E ROD 
- 10 LAMINAT IONS 

0 . 0 2 0 IN. 
A F C O I L 

0 . 6 2 9 
0.197 

Figure 14. D i a g r a m a n d d i m e n s i o n s ( i n c h e s ) o f the m o d u l a t i o n trans 
f o r m e r . 

T h e o p e r a t i n g c o n d i t i o n s of the 6 0 8 5 are t a b u l a t e d b e l o w . 

6 0 8 5 h 

O s c i l l a t o r 2 0 0 V 11.5 m A 2 2 k f l 1.95 m A — 

Alternate Modulation Circuit 

A n a l ternate m o d u l a t i o n c i r c u i t is s h o w n i n F i g u r e 15. O n e sec t ion of 
the 6 0 8 5 is c o n n e c t e d as a v a r i a b l e r eac t ance , a n d is s h u n t e d across the 
p la te c i r c u i t of the o s c i l l a t o r s e c t i o n . T h e c o m p o n e n t s of the o sc i l l a to r 
f e e d b a c k c i r c u i t are so se lec ted that the r e q u i r e d phase shi f t is i n t r o d u c e d 
e m p l o y i n g the reac tance t u b e s ec t ion as a v a r i a b l e c apac i to r . 
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T h e phase modulated signal is transformed into a frequency modulated 
signal by use of an R C network in the input circuit of the oscillator 
section. 

T h e 6081 pentode is used as a pre-amplifier for the A F input. 

Figure 15. Alternate modulator stage of the 200 M c / s transmitter. 

The operating conditions of the oscillator and modulator stages are 
tabulated below. 

T u b e 
Eb 

( V ) ( m A ) (ko) ( m A ) ( V ) 
h 

( m A ) 

6084 200 1.5 390 0.3 1.8 — 

6085 
first 

section 
200 2.4 — — 7.9 — 

6085 
second 
section 

200 12.6 — — — 2.15 

W i t h either modulator stage a frequency sweep of 2 x 15 kc/s can be 
obtained at the output of the transmitter. 

14 

Figure 16. Chassis of the 200 M c / s transmitter seen from below. 

Amplitude Modulation 

A m p l i t u d e modulat ion can be appl ied to the output stage by the use 
of a combined plate and screen grid form of modulat ion. A 6360 operated 
in push-pul l and ut i l ized as a modulator tube operating in Class A B . or 
A B 2 can be employed for this purpose. Note A M modulator in 2 meter 
band application that follows. 

The Frequency Multiplier 

T h e frequency mult ip l ier stage is a 6360 using both sections in cascade 
in a circuit s imilar to F igure 11. The input c ircuit , however, is capacitively 
coupled to the oscillator. 

The control gr id resistors of both tube sections are 82 k ohm, the screen 
grid resistor is 27 k ohm. E m p l o y i n g these values the operating conditions 
of the mult ip l ier stage are tabulated below. T h e negative gr id bias of 
the first tube section is 102 volts and that of the second section 110 volts. 
The screen gr id voltage is 92 volts. 

T u b e 

M u l t i 
p l y i n g 
factor 

E „ 
( V ) ( m A ) ( m A ) ( m A ) 

6360 
first section 4 200 22 

4 
1.35 

6360 
second section 4 200 21.5 

4 

1.25 

15 



Pmli-Pull Tripler 

The push-pul l tripler perforins 2 functions; that of a frequency m u l t i 
plier, and as a driver for the output stage. 

The plate coil in the final quadrupler stage lias an inductance of 
6.2 ^ull and is tuned with a 25 fifit tr immer to the required frequency of 
73.57 M c / s . T h e plate loop consists of a loop of # 13 B & S gauge wire , 
the w i d t h of the loop is 0.71 inches and the length is 2.36 inches. The 
loop is provided wi th a center tap for connection to the plate supply. 

Push-Pull Output Stage 

The output stage is coupled to the tripler by a loop of #15 B & S 
gauge wire , w i t h a w i d t h of 0.71 inches and a length of 1.57 inches. The 
loop is also center tapped lor connection to the common gr id leak 
resistor. The input circuit is tuned wi th a similar capacitor as that used 
in the output circuit of the tripler. C o u p l i n g between the two stages is 
obtained by mount ing the two loops one above the other, and they can 
be adjusted by slight bending. 

The plate circuit coil has the same dimensions as that used in the 
tripler and is also provided wi th a center tap for connection to the supply 
voltage. 

T u b e 
h 

( m A ) 
h* 

( m A ) 
hi 

( m A ) 

Output tube 
6360 67 2.6 1.5 

T r i p l e r 
6360 34 1.1 1.65 

Second quadrupler 
6360 

second section 
21.5 

4 

1.25 

First quadrupler 
6360 

first section 
22 

4 

1.35 

Osci l lator 
6085 

second section 
11.5 — 1.95 

F . M . modulator 
6085 

first section 
7 — — 
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Power Supply 

W h e n the modulat ion system ut i l i z ing the Ferroxcube coi l is used, the 
high voltage supply requirements are 200 volts, 170.7 m A . W h e n the 
modulation system employs a reactance tube circuit 200 volts and 
169.27 m A are required. T h e heater current in the first case is 3.06 amps 
and 3.26 amps in the latter, the voltage being 6.3 volts. D u r i n g stand-by, 
the heater current is reduced to 1.83 amps and 2.03 amps respectively. 
W h e n the heaters are fed from 12.6 volt snpplv, the heater currents are 
1.53 amps and 1.72 amps respectively. 

Overloading of Tubes by Absence of Grid Drive 

A l l of the 6360 s employed in the transmitter are biased by gr id 
current f lowing through the grid leak resistors. W h e n a tube has no 
drive voltage appl ied however, it operates without gr id bias. This has 
no effect on the quadrupler and the tripler tubes because the screen gr id 
dropping resistors are sufficiently high to prevent the plate current from 
attaining too high a value. 

In the output stage, however, absence of gr id bias w o u l d result in 
plate current flow far in excess of achnissable values. It is for this reason 
that an addit ional screen gr id dropping resistor is connected in series wi th 
the other dropp ing resistors whi le the transmitter is being adjusted, and 
short circuited w h e n the transmitter is ready to operate. Thi s is no pro
tection however against loss of grid bias due to a failure in the pre-stages. 
The use of a relay that cuts off w h e n plate current increases above its 
l imited value is recommended to protect the output tubes. 

Two Meter Transmitter 
The two meter transmitter i l lustrated in F igure 17 has been constructed 

wi th two Amperex 6360 tubes. Thi s transmitter w i l l run 17 watt input on 
phone or 30 watt input on C W . 

Figure 17. T o p v i ew of transmitter. 
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Parts Layout 

The transmitter is constructed on a 4 " x 6 " a luminum bottom plate in 
order that a Bud AC-430 4 " x 6 " x 3 " a luminum chassis can be used for 
a base and cover. This smal l size makes the transmitter useful for mobi le 
work since it can be c lamped to the steering wheel post, or kept in the 
glove compartment. 

F r o m the picture of the top of the transmitter (F igure 17) , starting 
from the left, is the crystal, 6360 harmonic crystal-oscillator and tripler 
( V I ) , L l is in front of V I , C 2 , push-pull 6360 amplifier ( V 2 ) , C 3 . 
coaxial output, and C4 in front of coaxial output. 

Circuit Dcscription 

In the schematic diagram (F igure 19) al l leads are shown metered, 
but some of these meters could be el iminated or a single meter and 
switching arrangement used at the discretion of the builder. T h e schematic 
(F igure 19) shows the transmitter set for phone operation: for C W 
operation the plate voltage may be increased to 300 volts. 

The first section of V I is a harmonic crystal oscillator and is used 
wi th a fifth harmonic crystal (48.666 M c ) . C 5 and C 6 form the feedback 
circuit . The amount of feedback is fairly cri t ical . M a k i n g C 5 smaller 
increases the feedback and making it larger decreases the feedback. W i t h 
different make crystals the feedback may have to be adjusted. T h e feed
back should be adjusted so that the crystal oscillates on its harmonic 
readily, but too much feedback w i l l cause the oscillator to oscillate w i t h 
out the crystal plugged in . L l should always be tuned for the harmonic 
frequency (48.666 M c ) because w h e n L l is off resonance the circuit acts 
as a Pierce-Oscil lator and oscillates on the crystal fundamental frequency. 
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The second half of V I is a tripler to 146 M c . This feeds a balanced 
tank circuit to provide balanced drive to V 2 , the push-pull amplifier. 

R 6 and R7 in the screen circuit of V 2 are such as to provide the 
correct ratio of audio to appear on the screen for 100'/ plate modulat ion. 

L 3 is made up of two coils, each being 2 turns of B & W # 3 0 0 3 co i l 
stock and spaced M " apart to al low L 4 to swing in and out. 

The meter readings are approximately as follows using a 200 volt 

power supply. Qsc. Plate ...15 m A 
T r i p . G r i d 1 m A 
T r i p . Plate 25 m A 
A m p . G r i d 1.8 m A 
A m p . Plate 70-86 m A 

Parasitic Oscillation 

Parasitic oscillations are e l iminated in the final stage due to- the fact 
that the 6360 is internally neutral ized. 
Modulator 

The modulator was designed using a 6360, a condenser, a battery, 
and two transformers. The modulator delivers 7 watts of audio w i t h 
200 volts on the plates and screen. This can be increased to 12 watts by 
increasing the plate voltage to 300 volts. The screen is modulated ap
proximately 30% of plate modulat ion bv means of resistor network R 6 
and R7. 

output 
at the 
publ ic 
in front 
carbon 

Modulator Parts Layout 

L o o k i n g at the picture of 
the top v iew (F igure 2 0 ) , the 
6360 is at the rear left corner 
wi th the 22J 2 volt bias battery 
just in front. In the center is 
the modulation transformer. 
(The photograph shows an 

transformer where the modulation transformer should be since 
time the photograph was taken the unit was being used as a 
address system.) T o the right rear is the power p lug and just 

is the output plug. T h e jack on the front is for the single button 
mike. 

Figure 20. Modula tor top v iew. 

L o o k i n g at the photograph of the bottom view (F igure 2 1 ) , we see 
the correct layout for C14 and the mike transformer ( R l ) . 

20 

Figure 21. Modulator bottom view. 

I n the schematic diagram 
(F igure 19) it w i l l be seen 
that the mike is in the cath
ode of V 3 . This eliminates 
the use of a mike bat ten 
wi th its replacement prob
lems. However , a volt 
battery is used for grid bias, 
but the life of the battery is 
practical ly equal to its shell 
life as no grid current is 

drawn since V 3 is operated class A B 1 . T l is a very high gain type in 
order to supply the necessary gr id to grid voltage. 

The modulator is bui l t on the cover of a Premier P M G - 1 0 0 2 miniature 
a luminum case 4 " x 2Yn" x 156". T h e mike jack is a closed circuit type in 
order to prevent the voltage across G14 from exceeding its voltage rating 
when the mike is removed from the jack. Since there is no mike battery 
the mike may be left in the jack at a l l times. 

For mobile use the 200 volt at 60 to 70 m A for the modulator may be 
obtained from the car receiver by inserting a S . P . D . T . toggle switch in the 
b+ lead of the receiver. 

Parts List 

C I 47 fifii tubular ceramic erie 
C 2 , C 3 8 fx/xi butterfly Johnson 9 M B 1 1 
C 4 32 LLLii variable Johnson 3 0 M 8 
C 5 27 n/ii tubular ceramic erie 
C 6 - C 1 3 0.001 tubular ceramic centralab 
C 1 4 100 fit 6 volt electrolytic C D . # B B R 1 0 0 - 6 
R l , R2 100 K Yi watt oh mi te ' 
R 3 10 K lA watt ohmite 
R4 , R 5 , R6 33 K % watt ohmite 
R 7 12 K X watt ohmite 
R F C ! ohmite Z50 R F choke 
R F C 2 ohmite Z144 R F choke 
T l H i g h gain carbon mike trans. T r i a d A - 5 X 
T 2 M u l t i - T a p modulat ion trans. Staneore A-3891 
V I , V 2 , V 3 Amperex 6360 
X t a l 48.666 M c international 
Bat. 22J 2 volt Eveready # 4 1 2 
L I 9/2 turns # 2 0 enam. wire on Nat ional X R 9 1 coi l form 
L 2 2XA turns B & W # 3 0 0 3 tapped at center 
L 3 4 turns B & W # 3 0 0 3 J i " spacing at center 
L I 2 turns B & W # 3 0 0 3 
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