
Technical Bulletin Mo. 05
B o x  2 5 1 6 B B  G.P.  0., S y d n e y

I S S U E D  3 R D  A U G U S T ,  1 9 3 6

111  t h i s  i § § n e : <

6B7S and A u d io  A .V.C.  
6Q7 A pp licat ion

ICA»10TIC0 \  <»lt?S A ID  AUDIO A.V.C.
Radiotron 6B7S was introduced so as to have a wide variety of applica

tions, one of which is audio automatic volume control. In receivers employ
ing a large number of controlled stages the A.V.C. characteristic is norm
ally so good as to require no compensation in the audio circuit, but in 
receivers with two controlled stages or less audio A.V.C. may be employed 
to advantage in order to eliminate troublesome effects of fading.

In autom obile receivers p a rticu la rly  a good 
A.V.C. action covering an extrem ely wide range of 
signal strengths is necessary, and in  such an a p p li
cation audio  A.V.C. is very valuable.

A lthough R adio tron  6B7S does not cut off un til 
a bias of nearly  40 volts negative is reached, when 
used as an audio  am plifier the d istortion  created 
due to the curved characteristic m ay be excessive 
over such a wide range of voltage on the contro l 
grid . Tests conducted in the labora to ry  of A m al
gam ated W ireless V alve Com pany Lim ited have 
indicated that a special arrangem ent of screen 
d ropp ing  resistor and potential d iv ider gives very 
satisfactory  operation  with extrem ely low distor
tion over a fa irly  wide range of contro l (F ig. 1 ).

Fig. 2 gives the dynam ic curves of R adiotron 
6B7S when used with a p la te  voltage of 250 volts 
and a load resistance of 250,000 ohms. Each curve 
refers to a constant screen voltage, values from  
zero to 60 volts in 10 volts increm ents being shown. 
It w ill be seen tha t since the ordinates indicate

pla te  cu rren t th rough a fixed resistance they m ay 
also be used to indicate either the steady voltage 
ac tua lly  on the p la te  of the valve or the voltage 
drop  in the load resistance.

6B7-S

R eferring  to the curve m arked 30 volts Eg2, it 
w ill be seen that linear operation  is obtained from  
about - 2  to -3 .5  volts beyond which lim its the 
curvature becomes excessive. I f  a w ider range of 
contro l is requ ired  it is, therefore, necessary to  use 
some system w hereby the screen voltage rises as the
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control g rid  is m ade m ore negative. In  the ideal 
case the screen voltage would be arranged  so that 
the p la te  curren t w ould rem ain constant, e.g., at 
0.6m.A. p la te  current. In any p rac tica l ap p lica
tion this w ould be im possible since it involves the

—|—250 B supp ly  to the screen should be 1 megohm 
and from  the screen to earth  \  megohm. The 
in itia l bias is p rovided by  a 2500 ohms cathode 
resistor. R eturning the A.V.C. diode p la te  to  earth  
provides approxim ately  2 volts delay.

F I G .  2

use of infinitely high screen d ropp ing  resistance. 
A com prom ise has therefore been adopted (Fig. 
1) which incorporates a po ten tia l divider fo r screen 
voltage supply . The value of the resistor from

In  Fig. 2 the w orking path  w ith the specified 
po ten tia l divider is shown as a dash line and it 
w ill be seen that the characteristic is substan tia lly  
linear from  - 2  volts to - 8  volts on the contro l grid.
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W ith la rger inputs which occur w ith signals devel
oping 8 volts bias or m ore, serious d istortion  can 
occur. In  order to avoid d istortion  it is advisable 
to tap  the A.V.C. diode load a t the centre and 
re tu rn  the grid  resistor of the 6B7S to the centre 
tap. (See Fig. 1.) U nder such conditions only 
h a lf  the to ta l A.V.C. bias is supplied  to  the 6B7S 
and the d isto rtion  is reduced. In  addition  to the 
effect of reduced d istortion , tapp ing  down the 
6B7S A.V.C. to the m id-point also provides a m ore 
level A.V.C. characteristic with- an average receiver.

Fig. 3 shows the overall A.V.C. curves taken with 
a receiver having two contro lled  stages before the 
second detector, together w ith three different 
arrangem ents on the audio side. The valves used 
valves used in this receiver were 6A7 Converter, 
6D6 Interm ediate Frequency A m plifier, and 6B7S 
Detector A udio A.V.C. and A m plifier.

W ith no A.V.C. on the 6B7S there is a rise of 
over 12 d.b. between signal inputs of 100 m icrovolts 
and 1 volt, w hile with h a lf  A.V.C. voltage applied  
to the 6B7S grid  the rise  over the same range is 
approxim ately  1 d.b. F u ll A.V.C. app lied  to the 
6B7S grid  causes a fa llin g  response at h igh input 
signals which is a serious disadvantage, pa rticu 
la rly  when tun ing  by ear. I f  few er contro lled  
stages are  used, m ore than  h a lf  the A.V.C. voltage 
may need to be app lied  to  the grid  of the 6B7S, c r  
in the other extrem e if m ore than two contro lled  
stages are used it w ill be p referab le  to have less 
than h a lf  A.V.C. voltage app lied  to the 6B7S grid.

This app lica tion  of the 6B7S provides a A.V.C. 
characteristic which is superio r to tha t obta inab le 
with any other m ethod of A.V.C. and is recom 
mended fo r a ll app lications where an ideal A.V.C. 
characteristic is desired. It m ust be pointed  out, 
however, tha t with a perfect A.V.C. characteristic 
it is difficult to tune a receiver correctly  unless a 
“Magic Eye” tuning ind icato r is used.

SUM M ARY

6B7S— RESISTANCE-COUPLED AUDIO STAGE.

P late  V o l ta g e .........................................  250 volts D.C.
Screen V o l ta g e ..................................... 24 volts D.C.
Cathode R e s i s t o r .......................................  2500 ohms

AVERAGE PLATE CHARACTERISTICS
TR IO D E U N IT

Plate, Load R e s is ta n c e ..................  250,000 ohms
G rid Resistance of follow ing valve . . 1 megohm 
Stage G a i n ......................................................................60

D istortion at 16.5 volts peak ou tput—
3%  to ta l harm onics

6B7S— RESISTANCE-COUPLED AUDIO STAGE 
W ITH  ONE-HALF A.V.C. VOLTAGE A PPLIED  

TO 6B7S G R ID :—

M inim um  bias operating  conditions, as above. 
Screen voltage to be obtained from  voltage divider 
consisting of 1 megohm and ^ megohm to g ive 
in itia l screen voltage of 24 volts.
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APPLICA TIO N OF RADIOTRON
Many designers of radio receivers use a single stage of audio amplification 

between the second detector, which is usually a diode, and the output stage 
in order to obtain rated power output. The type of valve and its associated 
circuit constants to be used in this first-audio stage are determined from a 
consideration of the audio voltage available from the second detector, the 
input-voltage requirements of the output stage, and the desired fidelity char
acteristic of the entire receiver. The use of a triode in the first-audio stage 
is desirable because it is an economical way to obtain good fidelity and

adequate gain.

The am plification fac to r ( f i ) of a triode gives a 

m easure of the voltage tha t can be app lied  to the 

grid  before p la te-curren t cut-off occurs. A high-//, 

triode should be operated with a sm alle r negative 

grid  bias than a low-/* triode if p la te-current cut-off 

during  the negative-voltage excursions of the signal 

is to be avoided. It follow s that although  a high-/* 

triode can give high gain, its signal-handling  ab il

ity is necessarily sm all.

The m axim um  signal voltage th a t should  be 

applied  to the g rid  of a valve is lim ited also by 

the m inim um  grid  voltage necessary to cause flow 

of g rid  current. W hen grid  curren t flows th rough 

a h igh grid  im pedance, the wave form  of the out

p u t voltage is distorted. F urther, when the high- 

im pedance g rid  circu it of a valve is isolated from  

the circu it of the preceding valve by a large block

ing condenser, g rid  cu rren t m ay charge the con

denser to a 'sufficiently  high negative po ten tia l to 

cause p la te-current cut-off.

Because of the effects of contact po ten tia l and 

the in itia l velocity of electrons, a heater-cathode 

type of valve usually  draw s some grid  curren t when 

its grid  has a sm all negative voltage. In  practice, 

therefore, it is necessary to lim it the m ost positive

instantaneous grid  voltage of the valve to a certain  

m inim um  negative value with m axim um  signal 

app lied  in order to prevent the flow of grid  curren t 

during  the positive voltage excursions of the signal. 

Hence, the peak signal voltage that should be 

applied  equals the difference between the value of

CIRCUIT USED FOR DETERMINATION 
OF OPTIMUM BIAS AND PLATE LOAD

0 .3  M f

F I G .  2

this m inim um  voltage and the ex ternal negative bias 

that is required  fo r Class A operation.

The negative g rid  voltage at which g rid  current 

flows is somewhat different fo r  different valves of
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the same type and changes with age and with elec

trode voltages. F or 100-volt operation  of the 6Q7, 

the m inim um  grid  voltage m ay be considered as

OPERATION CHARACTERISTICS
IO O -VO LT  C O N D IT IO N S

P L A T E  LO AD R E S IS T A N C E  (R l )  M EG O H M S  
F IG .3

0.65 volt, a t which po in t the grid  cu rren t is sm all 

enough to be neg lig ib le ; fo r 250-volt operation, 

this voltage m ay be considered as 0.8 volt in o rder 
to prov ide a greater difference between peak signal 

and the m inim um  voltage.

These effects should  be considered when choosing 

a high-/* triode that is to be operated  in an a-f

am plifier in a rad io  receiver. A triode that has too 

high a /x m ay require  such a sm all bias fo r 100-volt 

operation  tha t the perm issib le peak input signal 
m ay not be sufficient to deliver the required  output.

The triode section of the 6Q7, an all-m etal 
duplex-diode triode, has a n  of 70, which is high 
enough to insure adequate gain fo r m ost rad io  
receiver applications and low enough to allow  a 
sufficiently negative bias to be used. * Therefore,

OPERATION CHARACTERISTICS 
IOO-VOLT CO N D IT IO N S

INPUT S IG N A L  V O LT S  (R M S) 
F IG . 4

reasonably  h igh signal voltages m ay be app lied  at 
low p la te  voltages, where the bias required  fo r 
Class A operation  is sm all.
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The circuit of Fig. 2 was used in order to deter

m ine the optim um  bias and p la te  load fo r 100- and 

250-volt operation  of the 6Q7. The bias (E c) and 

the p la te  load (R L ) w ere adjusted fo r optim um  

output. The 0.5-megohm resistor (R) represents 

the grid  resistor of the follow ing valve and was 

connected in the circuit th roughout the tests. The 

value of R l determ ines the operating  po in t for 

given bias and B-supply voltage; the p ara lle l com 

b ination  of Rl and R determ ines the load into 

which the valve works when a signal is applied . 

The ratio  R /R l is im portan t in  determ ining the 
d istortion  and the m axim um  plate-voltage swing. 

When R l is high, the p a ra lle l com bination of R l

OPERATION CHARACTERISTICS
25 0 -V Q LT  C O N D IT IO N S

PLA T E  LO AD R ES IST A N C E  ( R l ) M E G O H M S  
F IG . 5

and R m ay be low enough to cause plate-current 

cut-off during  negative voltage excursions of the 

signal. W hen this happens, the ou tput voltage is

distorted. Thus, in the p la te  fam ily , shown in Fig.

1, (AB) is the load line which represents R j, ; 

(C D ), which passes through the operating  point 

( 0 ) ,  represents the p a ra lle l com bination of R^ 

and R. Load line (CD) is used to com pute voltage 

ou tput and distortion.

lOO-VOLT OPERATION  
OF THE 6Q7

Fig. 3 shows curves of gain, voltage output, and 
d istortion  vs. p la te  load resistance (R L ) fo r g rid  
biases o f -1 .0 , -1 .1 , and -1 .2  volts. In  each case,

OPERATION CHARACTERISTICS
_______  25 0 -V Q LT  C O N D IT IO N S_______

E f  = 6 .3  VOLTS

"  6.2 0.4 0.6
PLATE LOAD RESISTANCE (R l)  MEGOHMS 

F iG .6
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the inpu t signal was that which reduced the instan

taneous grid  voltage to a m inim um  of -0 .65  vo lt; 

the B-supply voltage was 100 volts.

From  these curves, it is seen tha t the effects of 

decreasing the bias are to increase the gain  and 

decrease the distortion . The voltage output is also 

reduced, but this reduction is due to the sm all sig

nal which can be app lied  before g rid  curren t flows. 

I f  the b ias is fixed by the signal voltage availab le 

from  the diode, the optim um  p la te  load resistance 

(R l ) fo r a given app lica tion  m ay be selected afte r 

considering gain and d isto rtion  requirem ents. F or 

a given bias, both gain and d isto rtion  increase w ith 

R l . F or 100-volt operation  of the 6Q7, a bias of 

-1 .0  volt should be used when the applied  signal 

is sm all; a bias of —1.2 volts should be used when 

the app lied  signal is large. F or most applications 

in rad io  receivers, however, a bias of —1.1 volts and 

a p la te  load resistance (Rl ) of 0.15 megohm are 

suitable. The voltage ou tput under this operating  

condition is sufficient to drive a 25A6 to rated  out

put.

Curves of a-c ou tput and d isto rtion  vs. input 

signal fo r the condition of —1.1 volts bias and 0.15- 

megohm p la te  load resistance (R l ) are  shown in 

Fig. 4. At 10.6 volts (r.m .s.) output, which is 

necessary to drive a 25A6 to rated  ou tput fo r the 

100-volt operating  condition, the d istortion  is 5.5 

per cent, and the required  inpu t signal is 0.3 volt 

(r .m .s .) .

As w ith 100-volt operation, highest gain  and 

least d isto rtion  are obtained w ith the sm allest b ias; 

also, the a-c ou tput increases w ith bias, as shown 

in Fig. 6. Since the bias is determ ined by the 

m agnitude of the app lied  signal, the p la te  load 

resistance (R l ) can be selected afte r considering

250-VOLT OPERATION  

OF THE 6Q7

Fig. 5 shows curves of gain and d istortion  vs. 

p la te  load resistance (R L ) fo r a num ber of g rid  

biases. In  each case, the inpu t signal was that 

which reduced the instantaneous grid  voltage to a 

m inim um  of -0 .8  vo lt; the B-supply voltage was 

250 volts.

gain and d isto rtion  requirem ents. F or most rad io  

receiver applications, a bias of —2.0 volts and a 

p la te  load resistance (RL ) o f 0.2 megohm are 
suitable.

Curves of a-c ou tput and d istortion vs. signal 

input fo r the condition of -2 .0  volts bias and 0.2

OPERATION CHARACTERISTICS
____  2 5 0 -VOLT C O N D IT IO N S

6 .3  VOLTS

P LA T E  LOAD RES ISTAN C E  (R l )  = 0 .2  MEGOHM  

G R ID  B IA S  = - 2 . 0  VOLTS

G RID  R E S IS T O R  OF
FO LLO W IN G  T U BE  = 0 .5  M EG O HM

IN P U T  S IG N A L  VO LTS (R M S) 
F IG ,  7
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m egohm  p la te  load resistance (R L ) are  shown in 

Fig. 7. At 11.7 volts (r.m .s) output, which is 

necessary to drive a 6F6 (Class A pentode connec

tion) to rated  ou tput fo r the 250-volt operating 

condition, the d isto rtion  is 1.3 per cent, and the 

requ ired  inpu t signal is 0.27 vo lt (r.m .s .) .

CO N CLU SIO N

U nder the conditions specified in this Note, the 

6Q7 can fu rn ish  sufficient voltage to drive the 25A6 

in 100-volt receivers or the 6F6 in 250-volt receiv

ers to fu ll output. F or convenience, recommended 

operating conditions are tabu lated  below :—

Heater Voltage (A.C. or D.C.) 6.3 6.3 Volts
Heater C u r r e n t ................. 0.3 0.3 Ampere
Plate-Supply Voltage . .  100 250max.Volts
Grid V o l ta g e ........................ -1.1 —2.0 Volts
P late  C u r r e n t ........................ . .  0.25 0.5 Milliampere
P late Load Resistance (R l  ) . .  150000 200000 Ohms
Grid R e s i s to r ........................
Self-Bias Resistor . . 4400 4000 Ohms
Grid R e s is to r* ................... 0.5 0.5 Megohm

* Of the following valve.


