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A high gain pentode of special design, the EF86 is particularly suitable for preampiifier
and input stages, in which hum, noise and microphony must be kept to a minimum. The low frequency
noise generated by the valve is equivalent 1o a voltage of 2.V on the control grid for 3 bandwidth
from 25 to 10,000 c/3. The electrode structure has been made particularly rigid to keep the micre-
phony of the valve to a very low level. There are no appreciable internal resonances below 1000 ¢/s,
the vibration at higher frequencies being effectively damped out by the chassis and the vatveholder.

Hum is kept to a minimum by winding the heater as a bifilar twisted pair of wires, with
the magnetic field of the one wire opposed to that of the other. Effective internal screening reduces
the internal valve capacitances through which hum can be transferred to the output. The screening
also shields the electrode structure from che alternating fields set up by transfermers, etc., which
otherwise would induce a.c. mains frequency currents in them.

HEATER LIMITING VALUES

Suitable for series or parailel operation, Vi max. 300 v

a.c or de Pa Max. 1.0 w
¥h 6.3 v Vg2 max. 200 v
I 0.2 .A Pg2 max. 0.2 w

I max. 6.0 mA

CHVARACTERIS;'S;CS v Rgi-« max. (py>> 0.1 W) 30 MO
V'z b M Rtk max. (py <0.2 W) 10 MO
V:z 140 Vv Vh-k max. (cathode positive) 150 v
I 3 mA Vh-x max. (cathode negative) 100 . v
g2 0.6 mA *Rp-k Mmax. 20 kQ?
Vel =2 v
£m 1.8 mA [V *When used as a2 phase inverter immediately
ra 1.5 mMQ preceding the output stage, Rn.x max. may be
tgleg? 38 120k €2,

R-C coupied amplifiers or phase splicters can conveniently be built around a high-u
double triode with separate cathodes such as the ECC83. The amplificatian factor of this valve is
100, so that adequate gain can be obrained in the cathode coupied type of phase splitter used for
the Mullard designed 5-valve 10-wasc amplifier and the 20-watt amplifier using EL34 output valves.

HEATER LIMITING VALUES
Suitable for series or paraliet operation, {each section)
a.c. or dic. Vi max. 300 v
The heatar is cencretapped and the (wo skchions Pa Max, 1.0 w
may be oparated in series or in parsliel wich one I max, 8.0 mA
anotheri— *Ryk max. 2.2 M0
Series VYn appliad batwaeen pins 4 and §. Viek Max. [1:10] \")
Porollel ¥y sppliad batwaen pin9 and pins 4and § $Rp—k max. 20 0
connectad together,
Series  Poroilel * With grid curreat biasing Rgx max. 22M Q.
Vi 12,6 63 v t When used as a phase inverter immediately
th 0.15 0.3 A preceding the output stage, Ry max, may be
120k Q.
CHARACTERISTICS e
(each section) i
Va [ 250 v
:; : ?: ;g mc ¢ The abridged data in this lesxflet
¢ T & g

tm 1.15 14 mA VY have been chosen to illustrate the

“ 100 100 performance of the vaives.

™ 80 €25 k2 Equipment designers should refer to

Handbook

the Mullard Technical
for complete up-to-date information.




PRELIMINARY DATA

HEATER LIMITING VALUES
Vn 6.1 v Va (r.m.s) Max. 350 v
In .0 A P.LY. max. 1.0 kv
ia(pk) Max. 450 mA
loue Max. 150 mA
C max. 50 uF
*Yh-kipk) Max. 500 v

Rt ORI BN

* Heater negative,

TYPICAL OPERATION

Va(rms) 2x250 2x 300 2% 350 v
tout 150 150 150 mA
C 50 50 50 uF
*Rim min. 150 200 240 114
Vout 245 293 347 v

+ Per anode.
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These two valves are full-wave rectifiers, The EZ8I has
a noval base and 2 6.3 voit, | amp heater. It can supply output currents
of up to 150 milliamps. and is therefore suitable for the Mullard 5-valve
10-watt amplifier eircuit when the circuit is arranged for normal or low
loading {anode-to-anade load 8000 ©2 or 6000 Q), with or without a radic
feeder unit.

The GZ34 is mounted on an octal base and has a 5 volr,
1.9 amp heater. It can supply output currents of up to 250 milliamps.

PRELIMINARY DATA

RN % KIS oL~

HEATER LIMITING VALUES
Vi 5.0 v VYatr.m.s,) max. 550 v
in 1.9 A PV, max. 1.5 kY
ia(pk) Max. 750 mA
louy Max. 150 mA
C max. &0 wF

TYPICAL OPERATION

Vo(rms} 2x200 2 x 450 2x 550 Y
law 250 250 160 mA
Cc 60 60 60 uF
+Riim min. S0 125 175 Q
Vau 00 450 610 v

+ Per anode.




VVhen operated in a singie-ended outpur stage, the ELB4 can deliver an ouipist &f up
to 5.7W at 10", total harmonic distortion. And two EL84's in pentode push-pull yield an output
of up to 17W at 47, distortion. As these figures suggest, this valve makes available the higher peak
powers and low distortion required for present day receivers and medium power amplifiers for
home fistening, and is of particular importance now that better quality reception is provided by the

f.m. service in Band Il

The maximum anode dissipation of the ELB4 is 12W, as compared with the 9W of

earlier valves such as the EL4). It has the high mutua!l conductance of F1.IJmA [V,

HEATER LIMITING VALUES
Vh 6.3 v €V, max, 300 v
In 0.76 A *n, max, 12 w
*V g2 max. 300 v
pg2 max, (zero signal) .0 w
CHARACTERISTICS pg1 max. (max. signal) 4.0 w
A 250 v he max, 65 mA
Vi1 250 v R g1k max. (cathode bias) Lo MO
| ™ mA Ret-n max. (fixed biasy 300 kQ
i Vhek max, 100 v
'1'! 5.5 mA,
Vb -7.3 v *|f the heater, anode, and screen-grid voltages are
Em i3 mA v obtained from an accumulator by means of a
ra k] k 2 vibrator, V, max.=250V, Vg max.=250V,
aglegl 19 Pa max.=9 W,

e e R T I e e —

Amplifiers which provide a nominal output of some 20 watts to handle the loudest
music, or even higher powers for public address equipment. include an output stage equipped
with two EL34's in push.puil.

An interesting method of connecting the push-pult output stage (Fig. 1} has been used
in 3 recently published Mullard-designed amplifier. The sereen grids of the ELJ4's are connected
to taps on the primary of the output transformer, so that the operating conditions lie somewhere
between those of a triode (* tap " connected to anode) and those of a pentode (screen grid connected
to primary centre-tap). Thus the low distortion of 3 triode is combined with the high sensitivity
of a pentode. The valves are said to be operated with distributed load. Two EL34s in the output
stage illustrated <an yield an output of 20W at 0.8", total harmonic distortion, or 37W ac [.3",,
distortion, with 430V between each anode and earth.

For public address equipment, line voltages of up te 800V can be used, and two EL34's
in pentode push-pull with fixed bias give an output of up to 100W,

The maximum anode dissipation of the EL34 is 25W, and it has the high mutuai

conductance of | imA V.

HEATER LIMITING VALUES
Vn 6.3 v YV, max, 800 A\
In 1.5 A Pa Max. 25 w
pa max. (max. signal speech and 7.5 w
CHARACTERISTICS music) 2 v
Vi1 max, &
\' 150 v L4
V:z 50 v Pg2 Max. 8.0 w
V3 [4] v Ik max. 150 mA
ls 100 mA, Rygi-k max. (cathode bias) 700 k2
32 149 '“c Rtk max. (fAixed bias) 500 k2
gl' '13"5 mAJV Vo max, 100 v
m
ra 15 k2

"gl-g2 h



Fig. | PERFORMANCE OF TWO EL34 IN PUSH-PULL WITH DISTRIBUTED LOAD
CONDITIONS. SCREEN-GRID TAPPING AT 434, OF PRIMARY TURNS
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TYPICAL OPERATING CONDITIONS

EF 86 OPERATING CONDITIONS AS
R.C, COUPLED A.F. AMPLIFIER

PENTODE CONNECTION

Ye Ry I Ryz Ry Your  Veut Dot Ry.*

v) ) (mA) (M) &M Ve Vema %) e
400 100 13 0.39 1.0 124 ar 5.0 130
350 100 285 0.39 1.0 120 75 5.0 330
'300 100 2.45 0.39 1.0 - g 64 50 330
30 100 .05 0.39 1.0 H2 50 5.0 J30
200 100 1.6§ 019 1.0 106 40 50 330
150 100 1,0 0.47 1.5 95 1 5.0 130
220 1.5% (K] 2 200 k) 5.0 480
350 220 4 1.0 13 196 63 5.0 680
300 220 Lt 1.0 21 tas 54 £0 [3: 4]
150 120 0.9 t.0 2.2 180 46 5.0 680
200 110 0.75 [H"] 2.2 170 36 5.0 680
150 220 0.55 1.0 2.7 150 245 5.0 450

* Grid resistor of following valve.

TRIODE COMNNECTION (g1 to 21 g) to k)

Vi [N ta Ry Vaut Your* Orot* Rt
[4)) (k1) (mA} (k) Yin Yem.. ) [ 32}]
400 220 1.05 9 3 74 38 480
350 220 0.9 iy 3.5 61 37 680
- 300 220 [+X ] 3.9 3 St 37 680
pils 220 6.65 39 30.5 EL 3.5 630
200 220 0.5 39 305 28 3 400

*Qutput voltage and distortion at stare of positive grid current. At lower output
volteges the distortion is approximacrsly proportional to ths voltage.

$Grid resistor of following valve.

OPERATING CONDITIONS AS

R.C. COUPLED A.F, AMPLIFIER
(with cathods bias)

ECCS83

Vs Ra I Ry Your Yout* Dear” Rt
{v) (ke 12} {mA) (h ;U\ (Yemal) (Y) [{31]]
400 47 21.45 680 44 7 1.6 150
150 47 198 820 42.5 kX ] 4.4 150
n 47 1.55 +000 40 16 5.0 150
250 47 1.18 1200 rs 13 1.0 150
100 47 0.86 1500 L] 18 8BS 150
400 100 L7 10 43 kL] 1.7 110
150 100 (K] 1000 1] 1s 2.2 110
300 100 (81 1200 57 .7 110
%0 100 86 1500 545 W% 19 k2]
200 100 0.65 1800 50 W 48 130
400 pr.] 1.02 1200 788 38 1.t 480
350 10 0.85 1500 7155 k1 1.6 680
300 pri] 0.63 2200 71 16 2.4 &80
250 2o 0.48 21700 66.5 - | 4 480
200 220 0.36 3300 56 24 4.6 680

*Qutput voltage and discortion at seare of positiva grid current. At lower output
voltages the distartion is approximately proportional to the voltage.

+Grid resistor of following valve.

TYPICAL OPERATING CONDITIONS
AS A PHASE INVERTER

CIRCUIT A
Vo Srot L1 Vou* Vo Din*
{v) {mA) () Vema) ¥in ("l
250 1.08 1200 kL L] 5.5
2%0 1.08 1200 7 58 1
80 1.7 820 45 (¥} 15
350 1.7 820 9 62 07
.. CIRCMIT B
Vi V¥, lapprox.) g+ 14 Ry R, Yout® Vout Dot
v)’ (v} {mA) (% ©2) [L§7)) {Mrms) Vin ")
150 £5 1.0 48 100 20 15 1.8
50 48 1.0 8 100 7 25 [+ X3
50 90 1.2 82 150 15 27 %)
350 * 1.2 a 15¢ ] 7 0.5

*Cutput voltage and distortion at scare of positive grid current. At lowar output
voltagss the distortion is approximately proportionsi to the voltage.
1\;510-3ould be adjusted 30 that lg+ 13" =ImA at Vp==250 Y and 1.2 mA ut Yp=

EL 34 QOPERATING CONDITIONS FOR
TWO YVALVES IN PUSH-PULL
Distributed lond conditions with scrsen-grid tapping at 43%, of
primary turns (See Fig. )

Vaq-¥my 430 430 v
Rgl (pur vaive) i | k0
Vi1 o Vax 5 425 A
la'ay 28628 2Ix62.8 mA
14 (max. 3ig.} 1. 65 %70 mA
Iy (o) 2450 1x5.0 mA
g (max. sig.) <51 1x7.5% mA
Ry {per valva) 470 470 0
Yirlgi-g!} roma n 7] v
LY 8.6 6.6 kY
Pout 0 7 w
Deat 0.8 1] LA

With saparacs screen-grid supply and fined bias.

These aperating conditions apply with sabilised line voltages and allow for &
15V drop in tha primery winding of the cucput transformaer at maximum signal,
i chare is an additional drop of 25V in che line voltages at maximum signal
Pour=90W. Tha optimum sncde-to-ancde load under thase conditions is 11k (1.

Yota) 800 . M
Vaig2) 400 v
*Re2 750 Q
va o v
lato) 2x25 mA
Iy (max. sig.} 2x91 mA
leatm) 2x3.0 mA
g2 (max. sig.) 2x19 mA
A -39 %
R ] kQ
Yinigiogh) r.my 47 v
Pout 100 w
Diat 5.0

*Scrziaegrid resistor cammion to bath valies

EL 84 QPERATING CONDITIONS AS
SINGLE VYALVE CLASS "A" AMPLIFIER

Ya 250 150 v
¥ 50 2150 v
Ry : 5.2 4.5 k)
Ry 135 t35 N
Vyi =7.3 =13 v
A L] 48 mA
In2 ) 5.5 55 T mA
Vintr.m.a) {Pour == 50 mW) 0.3 0.3 v
Poue (Dyor == 10M) 5.7 5.7 — w
Vi tr.ma) {Dyag = 102} 4.3 44 v
o) 9.5 a0 L
Dy .0 5.0 =,

tPauy and D.ot are mansured st fixed Bias and cherelere reprasent the powar
output availabia during the repraduction of spaach and music. When 8 sustained
sine wave i1 applied to the control grid che bias across the cathode resistor will
rasdiust itsall as a result of the incressod anode and scraen-grid currents, This
will result in approxi Iy 10%, reduction in power output.

OPERATING CONDITIONS FOR
TWO VALVES IN CLASS “AB” PUSH PULL
{Sea Figs, 2 and 3)

Y, 250 300 v
Ya 250 300 v
Rateommaon} 130 130 [t}
Rya 8.0 B0 0
lulod =1l 2x36 mA
la (emax. Aig.) 2x 378 1x 46 mA
Ig (1 x5 2x4.0 mA
gz (max. sig.} Ix7.5 Ix1l mA
Y oacgi.g1) tr.mad 1 20 v
Pt 1] 17 w
D 0 40 e



