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Introduction

The safe and economic use of expensive means of conveyance, such
as ships and aircraft, relies largely on radio communication. As
far as safety is concerned the use of radio is paramount, but by
its use the cconomy is also greatly served.

It was found a relatively short time ago that under many conditions
the efficiency could be served by installing small radie communi-
cation equipment in motor vehicles, with police patrol-ecars and
fire brigades in the leading, and doctors cars, expedition vans,
service vehicles, taxicabs and even private cars following.

The size, weight and power consumption of radio communication
equipment aboard big ships, such as liners and freighters, are of
no great importance. All the other traffic means: aircraft, motor
vehicles and alse tugboats, fishermen and yachts, are best served
with small, light and highly efficient radie communication equip-
ment. In this respect the receiving section creates ne great prob-
lemz, but the transmitters call for highly efficient tubes, so
that the required results can be obtained with @ minimum of bulk,
weight and, last but not least, power drain.

In equipment operating at frequencies below 100 Mc/s, a single
tube class C output stage may be chosen. Such a stage may be equip-
ped with the QE 05/40 beam power tetrode, which has an anode dis-

sipation of maximum 235 W when used in intermittent FM telephony
service.

For frequencies higher than 100 Mc/s, the R.F. amplifiers are pref-
erably designed as push-pull circuits, which offer the advantages
of simple construction and higher efficiency. The input and sutput
capacitances of the tubes are halved and the radiation is low.

In push-pull stages the circuit losses due to the inductances of
the leads between the cathodes and the screen grids can be kept
small when the two tube systems required are incorporated in a
single envelope. These losses can be reduced to an ultimate limit

when a common cathode and a common screen grid are used for both
tube systems,

This idea was realised first in the QQE 06/40, a heater type double
tetrode with an anode dissipation of 2 x 22.5 W in intermittent
FM telephony service. It was soon followed by a directly-heated
double tetrode QQC 04/15 for 2.x 8 W anode dissipation in inter-
mittent FM telephony service.

The QQE 03/20 is a double tetrode with a base identical to that of
the QQE 06/40, but the height of the tube systems and the bulb are
smaller. It stands 2 x 10 W anode dissipation.

A new development was introduced with the QQE 03/12, which is a
transmitting double tetrode with the appearance of a receiving
tube, the envelope being of the noval type. It has been designed
for frequencies up te 200 Mc/s and has maximum anode dissipation
of 2 x 7 W under intermittent FM telephony service conditions.



A recent development is the (QQE 02/5, which has been designed for
frequencies up to 500 Mc/s. This tube has been provided with the
modern frame grids, and is also contained in a noval envelope. The
maximum anode dissipation is 2 x 3.75 W under intermittent FM te-
lephony service conditions.

The Limiting Values and the principal Operating Conditions of the
tubes mentioned are given in the following Tables. From these data
it is seen that a wide range of frequencies and output powers is
covered and that the tubes may be used in AM and FM telephony ap-
plications, as frequency multipliers and as A.F. modulater tubes.

The small QQE 02/5 is not published for A.F. Class B applications.
The special grid construction makes this tube more expensive than,
for instance, the QQE 03/12, se¢ that the latter will be preferred
for use as a modulator in small-power V.H.F. transmitters.

In the Tables are entered the Limiting Values under both C.C.5.
(Continuous Commercial Service) and I.C.A.S. (Intermittent Commer-
cial and Amateur Service) conditions, together with the Operating
Conditions at low and high supply voeltages, so that the correct
tube for a given frequency and a given output power can easily be
selected. For complete information as to the technical data, ref-
erence is made to the Tube Handbook. Vol.IV.

The Table for the QE 05/40 contains only the single-tube R.F. ap-
plications. The tube may, of course, also be used as an A.F. modu-
lator tube in push-pull class B, but the modulating power thus ob-
tained is far in excess of that required for modulating a single-
tube R.F. amplifier, so that these operating conditions have not
been entered.
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PUSH-PULL R.F. CLASS C FREQUENCY TREBLER C.C.S.

TABLE 2
L QQE 02/5 QQE 03712 QQE 03/20 QQE 06/40 QQC 04715
labsalute Limital
rf'qu.n¢r 500 200 200 400 250 500 lBE A00 | Mefs
Apnade
Voltage 250 300 600 400 750 EOD B0D 450 | ¥
Input power 2xd 2x7.5 2x60 2x50 2xl2 Ix9 ¥
Disslpation 2x3 Zxs 2x10 Ex20 1
Current 2=30 2x30 2x45 2x110 2x30 sh
Grid Ne. 2
Yoltage 200 200 250 oo 250
Dissklpatien 3 2 3 7 7
Grid No.l
Voltage =100 -150 =200 =175 - 200 v
Current Zxd 2x2 2x2.5 Zxh 2x5 ak
Cathode
Current 2x35 2x50 A
Cathode-te-heater
voltage 16d 160 loo loo ¥
OFERATING CONDITIONS
Frequency 1gg.E/500 l_. E7S200 E7/2000133/400 507150 LEG/ 500 E2s188 Mcis
Foltages
Apode 1ag 41 ]i] 200 300 300 300 400 400 400 230 L
Grid He, 2 180 150 (155 250 250 250 250 220 Z00 200 ¥
Grid Mo.l - 100 - -175 -175% - 150 =150 =175 ~1Ts| 175
Hesistors
Grid No.2{dropping) 1.8 15 - - . . - kil
Grid No.llbias) 2x82 a3 . - . 5 kil
Currents
Apode 2%20 224 | 2x2B.5 Txd S Exd5 2xE0 2x73 Tx70 Zx24 | 2x30 1.
Grid Neo.2 5.7 2 3 [ 5.8 10 16 5 3 B 1.
Grid No.l 2x0.9 2x1.0 2x1.6 0§ Zxl.5 2xl. 2 2x3 | 2x2.5% 2x2. 5 2x0.6 |Zx1.1 sk
Poak qudatn-grid
drive 185 230 230 - - 460 0 430 430 L)
Pﬂ-.‘f
Input grid Ho.l i hae ! 0,23 0.35 2 4 1.2 1 ] D.24 ) 0.44 W
Grid No.2 1.65 0,30 0.48 1.5 1.4 2.5 4 1.1 0.6 1.2 L
Anode input 2x3.8 2x7.2 2x5.7 f2x13.5 |2=13.5 2x30 ix29 2x IR Zx9,6 |2x7.5 |
Apode dissipation Zxd. 45 ix4.0 Z2x3.8 || ZxB.5 2x8.5 Zuzl 2x20 Zx6 |2x5.2 L
Output 2,35 6.5 3.8 10 B 20 1g L 7.2 4.8 W
Efficiency 33 45 33.5 a7 29.5 a3 al 3T.5 31 x
Useful power im load l.a 3.5 i.8 - - 1& 14.5 19 - - ¥




PUSH-PULL R.F. CLASS C A.M. TELEPHONY
ANODE AND SCREEN-GRID MODULATION

TABLE 3
LINITIWG Y RLIES QqE 02/5 | QE 03/12 QQE 03/20 QQE 06/40 QaC 04715
labeclute limital
Fr.quqn:r 500 200 200 400 250 00 186 0o Mci s
Ancde
vgltug* 200 240 500 300 EOD 480 480 JED
lnput power x4 22T .5 220 2z 12 2x4% | 2x33.5% xzll.5 2x5.25 ¥
Dissipation 2x2 2xd.3 2= 10 ixzld 2xd L]
Current w32 2x3T.5 = Tx92 ix2% mk
Grid Ne.2
Yaltage 200 200 250 00 250 v
Dissipatisn 2 1.3 3 : ?1} 4.5 ¥
.63
Grid No.l
¥Yoltage = 50 - 150 = 100 =175 - 200 v
Currant 2x3 2x3 2x2.5 x5 x5 mA
Cathoda
Current = Zxdb 2x50 sh
Cathode-ta-haater
¥aoltage log loo 1o 100 - ¥
Grid No.l-to-cathode { MI-:I ¥l
Regiztance 257 )
CPERATING COMDITIONS
Fregquency 500 200 200 400 &o 250 (] 18 Heda
Voltages
Bnode 180 200 500 Jon 300 BOO B00 450 250 250 v
Grid Mo.2 i - 250 250 230 250 250 . - = W
Grid Wo.l =20 -80 -50 =50 - B0 -80 - Bl =70 =70 L
Resistors
Grid Mo.2(dropping) 0.1 3a+12%) . - . . - - kil
Grid Ho.l{bias) 2xE8 33 - - g 1o 10 Kl
Curr-ut:
Apnode 2x20 2x33.5 2z 40 Zxd0 2x40 2xTH ZuTS 2x25 | 2x19.5 | Zx19.5 mh
Grid Ma,? 9.5% .6 B 8 B 20 & 14 11 11 mA
Grid Ma.l 2x0.3 1.5 2zl.0 Zul.0D Z2xl.0D Ix3.8 Zxl.6 zxl.0 Z2xl.5 2xl. 5 mh
Peak grid-to-grid
drive 4% 130 - 105 130 B3 iio 110 ¥
FPower
lnpul grid Ho.l 1.0 0.1 2x3 Zxl.5 - - lx0.08 | 2x0.15 | 2x0. 15 ¥
Grid Mo.2 1.7 0.46 z 2 1.5 5 4.5 Z.B 1.8 1.6 ¥
Anode input 2z3.6 2= .T 2x20 IxlZ I=l2 Zuds ZedS|Zx1l. 25 2xd.9 Zud.3 ¥
Anod e dil.l-j.'pﬂtl'.tl-ll 2x1.5% =2 .65 Zxd .5 Z2x3.5 2x5.5 ix9.5 Inld Ixd.d ixzl. B. ixl.9 L
Out put d.2 &.1 a1 17 13 7i Ed I¥.5 B.2 5.0 ¥
Efficiency LB &0 TT.5 7l 54 74 71 TT. 5 653 6l z
Useful power im load 3.5% 7.1 . . - - - u
MNodulation 106 100 i 1080 100 100 100 100 100 100 loo x
Modulation power 4.5 B.T 20 12 1% 43 45 11.5 3 5 L
Peak Grid No.Z
vollage E - = 90 11 " = ¥

Fer tube.

oo G B

I
i
| Each ayatem,
)
i

Aesiptar of 39 H] canpected to the

Screen grid moduloted vio o choke.

For all other modulation syatems.

supply,. 12 Kl to the anods and the scrasa grid te the interconmnection,
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PUSH-PULL CLASS B A.F. AMPLIFIER AND MODULATCH WITH QQC 04/15
TABLE 5

LIMITING YALUES
(abaaslute limitas) C.C.s. I.C.A.5. UNIT
Anode
Voltage 1 ]1] 600
Input power 2xl8 Zx24
Dissipation 2x6 Z2xn8
Current Ex30 x40 mA
Grid No.2
"l'u-ltu.qc 250 250
D:i.li;i.pl:lti.nn T T W
Grid No.l
Yaltage - 200 - 200 Y
OPERATING CONDITIONS
Foltages
Filament (d.e.) 6.3 6.3 W
Ancde 450 250 (i ¥
Grid Ho.2 200 175 200 v
Grid He.l -24 - 20 - 24
Anode- to-anode
load resistance 20 B 25 ﬁ1
Grid drive
prak-teo-peak 0 94 0 100 0 B85 ¥
Currents
Anode 2x2.8 | 2x232.5 2x2.9 2236 |2=3.0 | Z2x33.5 1
Grid Mo.2 b.32 1a 0.4 1o 0.36 g mi
Grid Ho.l 1] 2xzl.1 o | 2=l.5 1] 2xl.2 mh
Power
Ancde input 2xl.3 | 2xl4.6 |2x0.71 2x9 [2x1.8 | 2x20.1 L
Ancde dissipation 2xl.3 2x5.6 |2x0.7L1 | 2x4.5 |Z2xl.B Z2xh L]
Grid Heo.,2
Dissipation 0.06 2 0.07 1.75 0.07 1.8 L]
Output 0 la 0 9 0 28.2 W
Efficiency Gl.5 50 TaQ ®
Tetal Distortion 5 5 3 %




PUSH-PULL R.F. CLASS C F.M. TELEPHONY I.C.A.S.

TAB B
e
e e QQE 02/5 QQE 03/12° |QQE 03/20| QQE 06/40 QQC 04715
(absolute limktal
Frequency 500 200 250 | 500 186 | 300 Me/a
Ancde
Yaltage 250 100 750 &00 a00 450 v
Input power ZnT ax15 e 8xT5% | Zx60 Zx24 | 2xi2 W
a
Dissipaticn 2x3.75 227 2 : 2x22.5 2x8
Current 2%50 2x55 E = 2x120 2x40 sA
Grid No, 2 B
Yaltage 200 200 2 : 300 250 ¥
Dissipation 3.5 2 L el ] 7 ¥
L ==
Grid Na.l o ;
Yaltage - 50 =150 : -175% - 200 ¥
Current Zxd ixd E F__ iz 2ud 1.
B e
Cathode =
Current - ixB% Y s . al
g 1]
Cathede-to-heater Sir e
vaoltage 100 g 100 ¥
Grid Ne.l-te-cathade
reststooces 50 kn
OFERATING CONDITIONS
Frequency 500 200 250 &0 leg Mc/ =
Foltages
Anode Zoo 300 200 750 600 250 GO0 250 ¥
Grid Mo.2 200 200 = 250 200 175 200 175 v
Grid Ne.l = 20 =45 - - B0 = B =70 - B0 =T
Hesisters [P
B
Grid No.2 - . B.2 L . ki
Grid Ne.l 2x27 L 15 e i . Kl
KR
Currents = &
Ancde 2x31 2x50 2x42 e 2x90 2x40 2x40 2x40 2x40 | mA
a A
Grid He.2 14 3.0 3.1 B 14 5.5 7.5 4.5 7.5% nh
Grid Ne.l 2x0.75 w15 3 : - 2x1.7 2x1.2 2x2.5 | 2x1.3  2x2.0 | =A
Peak grid-to-grid "'T E
drive 0 130 130 g o 180 20 30 220 230 v
=] -
Pawer " EF E
Input grid He.l L2 2x0.1 .18 E- - - 2x0,.12 2x0.26 |[Zuw0.l3d 2Zxb.2Z6 W
Grid Mo.2 2.8 I T T (S 3.5 1.1 1.2 0.9 1.3 | w
Aucds foput 2x6. 2 2x15 2x8.4| " 2x67.5 2x24  2x10 | 2x24  2xlo | W
Anode disaipation 2xZ.6 2xB 2x3.4 2zl8.5 2x6. o 2z 3.0 Ix7.2 Ixd. 4 L]
Out put 7.2 18.5% 1a 9 x5 14 33.8 13.2 L
Efficiency LB E2 &0 71 73 Ta * 1o B x
Useful power in load E 16 ] - - . ¥




PUSH-PULL R.F. CLASS C FREQUENCY TREBLER I.C.A.S.

TABLE 7
LMD NG, YL QQE 02/5 agE 0371y | WAl QQC 04715 |UNIT
labgolute limits) QQE 06.S40
Fregquancy 200 200 186 300 (Mc/s
Anode
Yoltage Z250 400 S et 60D 450 v
Input power Tud 2=x10 ; h 2x1l6 2x12 L
Dissipation 2x3.75 2x7 - } 2x8 W
Current Exd40 2xd2 o = 2x40 mh
Grid No.2 o o
0 &
Yoltage 200 200 e 250 v
m o~
Dissipation 3.5 2 s ;‘ T W
e ] =]
Grid No.!l = -
o
Veltage - 100 - 150 - n - 200 v
Current 2xd 2x3 o e 2x5 mhi
LE R -8
H &
Cathode = o
Current - 2xd5 mA
Cathode- ta-heater
voltage 100 100 v
OPERAT ING CONDITIONS
Fregquency 166.65500 &7/200 5 E2/188 Mc/a
¥oltages 2
Anode 200 300 200 Fl' 400 250
[
Grid Ma.2 200 150 175 = 200 200
Grid No.l - - 100 - o 175 =175
o
Rezistors =
Grid No.2(drepping) 1.2 : 4.7 e = : kil
=
Grid No.libias) 2¢82 22 - : - Wl
8
Currents ;
Anode 2x22.5 |2x32.5 2x39 e 2x32.5 2x40 =l
Grid No.2 11 3.5 5.2 a 4 6.5 | =mA
Grid Ho.l 2x0.9 2x1.9 Zx2.3 E 2%1.1 2x1.5 mA
[}
Peak grid-to-grid i
drive 165 240 230 s 430 430 | v
7
F-ﬂ"fr F’
Input grid Ne.l 1.1 0.45 .52 7] 0.44 0.6 W
Grid Ma.?2 2.05 .33 0.91 a 0.8 1.3 ]
Anade input 2x4.5 2x9.7 Z2xT.8 E_ Z2xl3 E2x10 ]
Anode dimsipation 2%3.05 Z2x5. 8 Zx5.355 5= 2x8 Zx6.9 ]
as
Output 2.95 7.8 4.5 5 L0 B
k|
Efficiency 33 40 9 i 38.5 3l x




PUSH-PULL R.F. CLASS C, ANODE AND SCREEN-GRID MODULATION I.C.A.S.

TABLE 8
| L T QQE 02/5 | QQE 03/12 | QQE 03/20 QQGE 06/40 QQE 04715 UNIT
- [absolute limitas)
| Frequency S00 200 250 S500 1Eg I60 | Mcifa
| Ancde
Yoltage 200 40 L] 480 4a0 A60 ¥
Input power 2xd 2x 10 o 2x30 2xd0 | Zxl3, 3 2xT
Dissipotion 2x2.5 2ud. B ~ 2xlS 2x5 L]
Current 2x40 2x46 o= 2x100 2x32 =A
-
Grid No. 2 0
Voltage 200 200 n e 300 250 v
Dissipotion 2.3 1.1 n i B 4.5 ¥
o e
Grid No.l ; 8
Voltags .50 -150 E » -175 - 200 v
Current 2.4 2x4 & E 2% 5 28 " |
Cot hode 5 B
o @
Currant . x5l " B = ak
Cothode-to-heater
voltage 100 100 100 - v
Grid No.l-te- 507) 9
heater resistance 25‘!
OFERAT IRG CONDITIOMS
Frequency
&
Fﬂjfﬂgil S00 200 50 250 &0 188 Meda
Apade 180 200 L ao0 600 250 250 W
Grid No.2 1'! 2! = 250 250 = - W
Grid HNe.l =20 . ? =80 =80 =70 =70 W
[41]
RAesistors : A
r]
Grid Ne.2 (drepping) ﬂ.l.j'} 33+12%) g - - 10 10 | ol
Grid He.l (bias) 2x27 15 = . - . - Wl
Currents E
Anode Ixl27.5 Zud3 o Ixdd 2xB83 | ix26.5 2x26.5 al
Grid Ne.2 12.5 3.1 : 16 16 3 g | =a
Grid MHe.l : 2x0.75 3.3 b Tud 2x1.7 'xl.B 2xl.5 sh
Peak grid-to-grid drive | 50 130 5 105 130 110 1o | v
| ri
Fewer i 2
Input grid Ne.l | 1.2 0.2 3 - - | 2x0.108 2x0.1% | W
| Grid Me.2 | z.25 0.54 L 4 | 1 1.5 1.5 L]
Ancde imput x5 IxB.B ; x50 2x 50 Zx6 .6 Zeh . B L]
H Ancde diassipation | zx2.25% E2x3.7 h 2x10.% 2Zxl4.5 ZxXL. 5 Zx2. 7 W
| Out put 5.8 9.8 g 748 T 8.2 7.8 L]
=
| Efficiency 58 57 = 79 71 B2 59 | x
s Fabyigmmary fu gl | 00c s B I Sins he sl n G il LD T n B
Nodulation 100 100 2 100 100 100 1wo | x
Modulotion power 8.6 50 a0 7 7 W
Peak grid He.2 valtage S50 S0 L
1 :
} Connected to the anode aide af the medulation transformer.
2! The 33 K} resintor is connected to the supply., the 12 ) resistor to the ancde aide of the
soduletion transformer. The interconneciion ia connected to the screen-grid,

3'} Each system.
'I FPor tube.
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QE 05/40 SINGLE-TUBE CLASS C R.F. AMPLIFIER

TABLE 5
Apode and Apode and
LIMITING VALUES F.H. Telephony screen-grid F.M. Telephany Bcreen-grid Ugir
(absolute limits) 3 -
modulation sodulation
Fregquemcy B0 175 E0 175 80 175 &0 17S Mecln
Anode
Yoltage GO0 320 480 285 T50 400 800 JE0 W
Tonput power BT .5 45 i5% 30 a0 (1] BT.5 45 L
Dissipaticon 20 13.3 25 LE.T L
Current 140 117 150 125 1
Grid No.2
Vol toge 250 250 250 250
Dissipation 3 2 3 o
Grid No_l
Yoltage = 150 - 150 - 56 =150 v
Currenmt 3.8 1.5 i Fl ahk
Caotbhode
Cathede-to-heater
voeltage 135 135 135 135 ¥
Grid Mo.l-to-
-cathode resistor a0 24 an an kil
OPERATING CONDIT IONS
Frequency &0 175 1] &0 175 &a Meis
Foltages
Anocde &00 120 475 T50 400 00
Grid Ho.2 150 lad 135 160 130 150 W
Grid Ma.1l - 58 =51 -TF =62 = 54 - 87 W
Currents
Anode 112 140 94 120 150 112 1.
Grid Ho.2 i | 10 E.4 11 1o.4 7.8 ah
Crid Ha.l Z.8 2.0 2.8 3.1 2.2 3.4 1.
Peak grid drive Ta 654 95 T4 [ Lo7 ¥
Fower
laput grid Ho,l 0.2 : 0.3 0.2 3 0.4 w
Grid MWa.2 L.4 1.8 1.0 1.8 2.0 1.2 Li
Anode baput BT.3 i3 435 a0 &0 67.5 L
Anode dissipatisn 15. % X0 1l 20 15 15.5 L
Dutput 52 235 a4 14 x5 52 L
Efficiency 77 55.5 75.5 TE 58 77 x
Modulotion 100 166 =
Poawer z3 T4 W
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Operational Notes

Limiting Values and Operating Conditions

It should be noted that the Limiting Values given at the head of
each Table are absclute limits. They have been given in order to
enable the equipment manufacturer to provide reasonable margins to
safeguard the tube against occasional fluctuations of all kinds
(thereby giving the best guarantee for a satisfactory life). It is
obviously in the user’'s own interest to keep below these limits;:
they should never be exceeded for fear of damaging the tube or
shortening its effective life.

When operating a tube, all the limits will not necessarily be met
simul taneously, but nevertheless none of the individual limits
should ever be exceeded.

To give an indication of the capabilities of the tube, the Tables
of Operating Conditions include some of the maxima, no reserves
having been made for compenent tolerances and voltage variations.
The equipment designer must make allowance for these tolerances
and for possible excession of the nominal ratings when in normal
operation, by selecting a tube type that can give the required
performance at somewhat less than full ratings. Some examples of
divergence from nominal are: telerances and drift in components,
variation of supply voltage: overdrive when a tube is replaced due
to lack of re-adjustment in the driver output: and change of load
impedance, arising for example from frequency-band switching on a
common aerial.

When in some cases it is desired to depart from the published con-
ditions, the anode voltage rather than the current should be re-
duced to obtain best performance, particularly at high frequencies.
The output of the tube is shared between the circuit lesses and
the aerial power. The circuit resistance gives rise to losses of a
value P = V2/R, in which R is the circuit resistance. It obviously
pays to make the voltage V as low as possible. On the other hand,
the conversion efficiency of a tube decreases with the voltage, so
an optimum range of anode voltage canm be found for a given circuit
and frequency. which is generally in the range of published opera-
ting conditions depending upon the circuit quality.

Bulb and seal temperatures

The maximum permissible temperature of the base pins, where they
are sealed in the glass, is 120 °C for the QQE 02/5 and QQE 03/12.
Beth tubes can withstand a maximum bulb temperature of 225 °C. For
the QQE 03/20 and the QQE 06/40 the following temperature limits
apply: for the base pins at the seal 180 °C and for the bulb and
the anede seals, 200 °C.

There are four major effects of heat which make it necessary to
keep the operating temperatures below the prescribed limits.



(1) When the temperature of the pins is high, there is a risk of
the glass cracking at the glass-to-metal seals due to slight
differences in coefficients of expanszion.

(2) At high temperatures the thermal gradient along the length of

the pin may give rise to unequal expansion and hence to air
leak.

(3) When the base glass is heated excessively and a high potential
difference is applied between the pins., an electrical current
flows through the glass and electrolysis may cccur. which can
affect the composition of the glass around one of the pins, so
that a risk of air leak arises.

(4) Should the glass bulb be heated beyond 260 °C, gas may be
liberated insufficient quantity to spoil the emissivity of the
cathode by cathode poiseoning.

Therefore the equipment designer should consider his proposed
loading level for the tube, the heat dissipation of nearby compo-
nents, and the heat transfer properties of the complete equipment.
Temperature measurements should be carried out with the tube oper-
ating in the completely assembled transmitter with all the shields
and covers in place. delivering maximum output under the highest
possible ambient temperature conditions and during the longest
duty cycle for which the equipment is designed.

The actual temperature of the glass close to the pins and on the
bulb can be conveniently measured by means of temperature-sensitive
lacquers, such as "Tempilac”*), which change appearance at spe-
cific temperatures. It is important, when using such lacquers,
to shake long and vigorously before applicatien, to enzure that
the sediment clays and pigments are all taken up into the suspen-
sion. The makers point out that it is also important not to con-
taminate the contents of one bottle with that of another through
using the same brush.

The method of measuring the temperatures by means of temperature-
sensitive pencils is, in general, not recommended because the
change in colour is alseo a function of time.

With the noval tubes., cooling is usually obtained by radiation and
convection. The use of closed screening cans is not allowed. With
the QQE 03/20 and the QQE 06/40, natural cooling is sufficient at
the voltage and frequencies shown in the Table below.

TABLE QQE 03/20 QQE 06/40
10
600 V at f = 150 Me/s 750 V at F = 100 Mc/s
500 V at £ = 200 Mc/s 600 V at f = 150 Mc/s
300 V at F = 430 Mc/s 300 V at f = 430 Mc/s

Above these limits it may be necessary to direct a flow of air {up
te 150 1/min) on the top of the bulb, to keep the seal and bulb
temperature within the permitted limits.

If forced-air coocling cannot be applied for such reasonz as cost
or space, then, perhaps, the operating conditions of the tube must
be set lower. A flow of cool air must always be allowed to reach
both the top and the base of the tube, and suitable apertures must

*) Made by the Tempil Corporation, 11 W 25th street. New-York 10. N.Y,
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be provided in the transmitter enclosure to assist natural convec-
tien or ferced draught.

Cooling of the base pins and alsc of the anode pins of the larger
tubes is promoted by the connectors in the tube socket and the
anode connectors. For the latter. type 406823 is recommended. Con-
necting leads with a large surface (metal strip or tube) soldered
te the base connecters in the tube socket are to be preferred to
insulated copper wire, both from a point of view of cooling and of
R.F. losses.

Grid dissipation

The grids ceonsist of fine wire and do not have such large safety
factors as the anodes. So the input power to these electrodes must
be kept well under contrel. The screen-grid current is very sensi-
tive to anode loading, and a low anode current can result in an
excessive screen-grid current. A screen-grid current meter is thus
essential during ad justment of an experimental cirecuit, and reduec-
tion of anode and/or screen-grid voltages is recommended.

When the screen grid is fed from a separate supply. switching ar-
rangements must ensure that the anode voltage is applied first,
otherwise the screen grid will draw excessive current and become
overheated. When the same supply source is used for the anodes and
screen grid, either alternative method may be used: feeding via a
geries resistor or a voltage divider. For optimum performance,

Sﬂj 5'5": Fig.l. Graghs showing the apread in
25 . %

grid current [Igll and in screen-

grid current (I .} measured on a

40+ 40 g2
1 1 batch of QQE 03720 double tetrodes

ata frequenay of 150 Mefa. The tubes

.:h:f-_ | .3'{]'—3 were adjusted te an anode voltage
cof 300 V, a screen-grid woltage of
1 - 200 ¥V and a grid bias of
204 20 -
4 1 =60 ¥. The anode current
- was 100 mA. The currenta
FJ:I'-. !ﬂ'—: measured are plotted hori-
J_ ] zentally, the percentaoge
Y 1 3
. . _I_ af tubes lt:q-'l']_'nl:‘ l;|'|1:|l: cCur-
'U 1 | L L T L] | R '!:I I_l L] L] T T T L] T | i & ] 11
kN I C R S R T R s
i EL I_FrfmAJ IE?I'.I'T.'A.’
50 4 50
Y %
404 40 -
30 4 J0 4
Fig. 2. As Fig. 1., ‘but |
meczsured on a batch of 20 20 7
QQE 06/40double tetrodes, = =]
atk an anode vn:l'l:l:lqr: |;|-|: Fﬂ- if-l:l‘—
400 ¥, Bcreen-grid wolt-
age of 250 ¥ and a grid 1 | I_
biacs of -60 ¥. The apncde a I_nn T T YT T T T "1 0 B Doy o [ B R A
2 3 & 5 & Is I 20 22

current was 200 mA, e Loyimal Igzima)




however, fixed voltage conditions are preferred because of the re-
duced tolerances.

With a series resistor any change of screen-grid current results
of course in a change of screen-grid veltage. Toc maintain the out-
put performance of the tube, the control-grid conditions should be
modified to match the new screen-grid voltage. These variations
are easily noticed when adjustments are being made, but it is not
generally realised that a similar effect occurs when tubes are re-
placed in a pre-set transmitter. There is. unfortunately. a cer-
tain spread in the control-grid characteristics. which cannot be
avoided except at prohibitive cost. Te a smaller extent this also
applies to screen-grid currents (see Figs 1 and 2). When series
resistors are employed the electrode voltages are apt to be diffe-
rent from tube to tube, resulting in under-drive and lew power
output in one case and over-drive and excessive anode and screen-
grid currents in the other.

Optimum performance of the tube can be obtained by making the
screen- and control-grid resistors adjustable, as far as thedriver
and /or ocutput stage is concerned. Another measure is to insert an
adjustable cathode resistor. Fixed resistors may be fitted when
the lower standard of performance can be accepted.

At the higher frequencies the increased resistance of the control
grid causes additional heating which, for long life. should be
kept to a minimum by ensuring that the R.F. drive is not higher
than is sufficient for the intended function. It is easy to go
wrong in this respeect when using grid leak biasing., because the
drive may be set higher and higher with little increase in ancode
current, due to the automatic bias which is directly derived from
the driving voltage. The R.F. component of the grid input power,
however., will have increased with the square of the R.F. voltage,
and might have become excessive.

The value of the grid bias is given by the product of the direct
grid current and the resistance in the grid circuit. The resistance
should be as low as possible and the resultant grid bias should
never need to exceed the value given in the "Typical Operating
Conditions . It has already been stated that the grid currents
vary @ little from tube to tube. It is therefore impractical to
drive always to one stated value of Igl. Adequate drive is better
indicated by the ratio of Igz to I given in the published opera-
ting conditions. The final criterion should be the maximum anode
efficiency for the lowest screen-grid current. Serious overdrive
is certainly present when the rate of change of the screen-grid
current increases rapidly with the drive.

Screening

For stable operation the input circuits of the tube must be screened
from the output circuits. For the QQE 03/20 and the QQE 06/40 this
can easily be done by mounting the tube socket about 1B mm below
a 52 mm hole in the chassis, so that, when the tube is inserted in
the socket, the internal screening disc will be in the same plane
as the chassis, forming a virtual continuation of the latter. When
the tube is horizontally mounted in closed compartments, the tube
may be mounted in the same way on the partition screen between one
compartment and the other.

15
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With the QQE 02/5 and the QQE 03/12, which are
single-ended tubes, screening is obtained by
connecting the screen across the tube socket
where it is soldered to the central spigot as
shown in Fig.3.

Fig,ﬂ-. Strqcning across the tube socket of QQE 02/ 5
apnd QOQE 03,12 double tetrodes when the tube iz used as

R.F. amplifier.

It should be noted that usually screening from input and output
circuits is only regquired when the tube is operated as an R.F. am-
plifier. For frequency trebler operation screening is as a rule
not found to be necessary.

Asymmetry

For stability of an R.F. push-pull amplifier it is necessary that
R.F. currents, flowing in any part of the circuit that is common
te the grid and the anode circuits, are low. This requires good
balance so that nominal centre-points of circuits are indeed prac-
tically at zero potential difference. In practice., the ideal con-
dition of absolute balance is not easily met, and a slight harm-
less asymmetry will usually be present with double tubes. There
are external and internal couses for asymmetry. The former cam be
prevented by very careful and symmetric circuit lay-out. Causes of
internal asymmetry are: slight differences in the capacitances of
the electrode system, in internal inductances, in the transit
times and in the characteristics.

As a rule class C adjustment is not very critical as to asymmetry
in characteristics., in contrast to class B operation. In the lat-
ter case individual adjustment of the grid bias is recommended if
distortion has to be kept low.

Extensive tests have been carried cut on an experimental transmit-
ter with JQQE 03/12 tubes, which revealed that much can be dene by
simple measures in the circuit to reduce the influence of the ef-
fects of asymmetry. The measures are fundamental, so that they
apply also to other types of double tetrode. They are described
belaw.

(a) Centre tapping on the anode coil

When the anode circuit is perfectly symmetrical, it makes no dif-
ference whether the anode supply is connected directly te the tap-
ping of the coil or via a bypassed choke, the centre being at zero
potential. However, when some asymmetry occurs - which usually
will be the case - and the centre tapping of the anode coil is by-
passed, part of the R.F. power will flow to earth via the capaci-
tor and be lost. Therefore the anode circuit should be fed via a
choke that is not bypassed. It isadvisable to wind the anode supply
choke or resistance wire, or to connect a 47 [l or a 100 {l resistor
in parallel with a copper-wire choke, to prevent parasitic oscil-
lations.

When transmission line circuits are mounted near the chassis., the
twoe tube sections and the two anode lines sometimes operate in



paralle]l with respect to chassis, to form an unbalanced circuit
at some undesired frequency. Such a tendency can be effectively
smothered by connecting the mid-point of the twin line to chassis
via a series connection of a 47 {l resistor and a 200 pF capacitor.

(b) Jypassing of the screen grid

If the anode circuit is fed correctly as described under (a), it
is immaterial whether the screen grid is bypassed or not. Some
designers are inclined to feed the screen grid via a choke and to

+

ﬂ L el

Fig.4. The screen grid is sometimes fed via a bypassed drop-

ping resistor and a series choke (gl which gives occasicnally
satisfactory results but may give rise to instability. As a
rule the circuit of (k) with unbypassed d:nppinq resietlor

gives the best stability.

cbtain the required voltage from a bypassed resistor, as shown in
Fig.4. This circuit gives occasionally satisfactery results. but
may ¢give rise to parasitic oscillations. As a rule the best results
are obtained with an unbypassed dropping resistor.

{c) Grid circuit

One of the aspects of asymmetry is some difference in contreol-grid
capacitance of the tube sections, because this may lead to unequal
driving voltages. Experiments reveal that this form of asymmetry
is practical ly annihilated when the centre tapping of the grid

Q

-b- frrey

Fig.5. From a point of wview of balancing the input capacit-

oz

N

ances of the double tetrode the circuitef (b) with a bypassed
grid leagk is to be preferred to that of (@) in which a single

upbypaossed grid leak is used.

coil or trangmission lines is capacitively connected to earth
(see Fig.5). In this case a single grid leak may be used for the
two grids, With this circuit the driving voltages in the coil-
halves become substantially equal and independent of the input
capacitance of each tube section, provided the coupling te the
input stage is tight, and the circuit lay-out symmetrical.

{d) Cathede connections

Coils in the cathode eircuit, bypassed or not, may give rise to
parasitic oscillations and affect the stability.

17
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Experience ‘has shown that it is advisable to make the cathode
contacts the earthed points in the circuits. Such a common-cath-
ode contact should be tied directly to the chassis by a strip of
copper foil, about % cm wide and as short in length as possible,
e.g. 1 cm. When cathode bias is used this strip is replaced by a
bypass capacitor of low selfinductance and which must have very
short connecting strips.

(e) Heater connections

For operation above 300 Mc/s the heaters should be fed via Ehﬂk&ﬂ.‘
otherwise R.F. currents are transferred to the heaters via the.
interelectrode capacitance between heater and cathode. The chokes
should be mounted as close to the socket contacts as possible and
placed so as teo aveoid coupling with other chokes that may be pre-
sent in the circuit, for instance, in the screen grid or cathode
leads.

Below 300 Mc/s it is usually sufficient to join one heater pin
direct to the cathode R.F. return connection and to decouple the
other to the cathode by means of a small 500 pF ceramic capacitor,
the connection wires of which being cut . to the shortest possible
1Ength+

It should be noted that the recommended measures mentioned under
{a) to (d) apply in general to a frequency of 200 Mc/s. At higher
frequencies the use of chokes., for example, cannot always be
avoided for obtaining sufficient power gain. Moreover, grid leaks
must often be connected close to the tube sockets so that a common
bypussed grid leak cannot be used.

R.F. CIRCUIT DESIGH

To obtain satisfactory performance in the V.H.F. and the U.H.F.
regions, careful attention should be given to the design and lay-
out of the circuits,

The connections from the tuned circuits to the tube can have con-
s iderable inductances, which are in series with the circuits. Hence
not all the available voltage appears where it is wanted, viz.
across the external circuit, especially so when the internal tube
capacitance forms an important part of the total tuning capacitan-
ce. Components must therefore be mounted as close to the tube ter-
minals as possible and interconnecting leads carrying R.F. currents
must be formed by short, broad strips or tubes so positioned as to
have the minimum parasitic capacitance. These connectors and the
circuits should preferably by plated with silver or gold to reduce
their R.F. resistance.

Another condition for maximum efficiency is that the capacitance-
in-circuit should be as low as possible. The interelectrode ca-
pacitances of the double tetrodes have been kept to a minimum,
but even so, for frequencies above 150 Mc/s, it is preferable that
no extra circuit capacitance should be added. Variable inductance
tuning is therefore recommended. For fixed-fregquency operation,
provided the inductance is exactly designed, a small amount of
trimming capacitance can be useful for taking up differences be-
tween tubes and load reactances. The essential feature of the
trimmer is a low capacitance at minimum setting. l pF or even less.
Since 10 pF at 200 Mc/s is a resistance of only B0 {l, with low



circuit reactances and normal "loaded quality factors” the im-
pedance in series with the tube can become.comparable with or even
lower than that of the tube itself, se that only a small propor-
tion of the voltaoge appears across the external circuit, and the
overall efficiency becomes very low.

For example, when endeavouring to tune over the range from 200 Mc/s
to 400 Mc/s with o capacitor of 3 pF to 150 pF and a fixed induc-
tance, less power may be obtaoined at 200 Mc/s than at 400 Mc/s.
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Fiq.E- Eruph nhniing the cutput power ['ui and the

anode current dip lIudip] pletted as a percentage

againat the tank circuit leading capacitance,

Fig.6 demonstrates the effect of variations in the L/C ratio on the
power conversion at 200 Mc/s. A QQE 03/20 was used as an R.F. am-
plifier at 200 Mc/s, with an anode voltage of 500 V. a screen-grid
voltage of 250 V, and a grid bias of -50 V. The circuit was tuned
with a variable inductance, and the output and the anode current
were measured. Subsequently additional tuning capacitance was
brought in circuit and the inductance was accordingly decreased.
The power output and the anode current at the dip were measured
again, and so on. The result is plotted in Fig.6, in which the
power ocutput {Wﬂ] and the anode current at the dip (I_,,.1. are
plotted as a percentage against the tank circuit loading capacitan-
ce. These curves illustrate clearly the superiority of variable
inductance- tuning to tuning with a variaeble capacitor.

At U.H.F. the anode circuit almost inevitebly !HHI
tecomes a balonced line circuit, consisting

either of a pair of rods tuned by ¢ short-cir- g .
cuiting bridge at the electricel A/4 distance,
or of a hairpin loop with a trimmer capacitor

at the anode terminals. Since extra capaci-
tance should be avoided, the adjustable line
should give higher efficiency, pfuvided the
wiping contacts of the bridge are well de-

Fig.7. Sliding bridge
for inductive pre-set

tuning.
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