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A high gain pentode of special design, the EF86 is particularly suitable for
preamplifier 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 to a voltage of
2uV on the control grid for a bandwidth from 25 to 10,000 c/s. The electrode structure
has been made particularly rigid to keep the microphony of the valve to a very low
level, There are no appreciable internal resonances below 1000 c’/s, the vibration at
higher frequencies being effectively dampsd out by the chassis and the valveholder.

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 the
alternating fields set up hy transformers, etc., which otherwise would induce a.c. mains
frequency currents in them.

HEATER LIMITING VALUES
Suitable for series or parallel operation, Va max. 300 v
a.c. or d.c. Pa Max. 1.0 w
Vh 6.3 v Vg2 max. 200 \%
In 0.2 A
pg2 max. 0.2 w
Iy max. 6.0 mA
CHVARACTERB;;;CS " Rgi-k max. (pa> 0.2 W) 3.0 MQ
Vas 0 v Rgl-k max. (pa<0.2 W) 10 MQ
V:z 140 v Vh-k max. (cathode positive) 150 v
la 3 mA Vh—k max. (cathode negative) 100 Y
lg2 0.6 mA *Rh-k max. 20 kQ
VgJ -2 \'4
gm 1.8 mA [V *When used as a phase inverter immediately
ra 2.5 MQ preceding the output stage, Rh_k max. may be
vgl-g2 38 120k Q.

Exact plug-in replacements for the most troublesome tubes in audio and
electronic equipment. Mullard special design and construction, including special mica
supports and internal structure make these tubes superior particularly in critical high
gain circuits where the lowest levels of hum, noise and microphonics are a necessity.

ECC81
R-C coupled amplifiers or phase splitters CHARACTERISTICS (each section)
can conveniently be built around high-mu v 100
double triodes with separate cathodes. In par- L 3.0 200 250 v
ticular, the ECC83/12AX7, with an amplifica- 2 e Tha = A0 R
tion factor of 100, has adequate gain in the & _3'75 -1.0 _gg A¥
cathode coupled type phase splitter used in e by 78-7 & mA/f
the Mullard 510 and 520 high fidelity b
amplifier circuits R 16.5 10.5 " k(2
) *re_x 21 14 25 kO
*Measured at 50 Mc/s
HEATER LIMITING VALUES (each section)
: . . Vaiby max. 550 \'
:ucltac::prledfcor series or parallel operation, Vz[rr]mx. 300 v
7T Series  Parallel s M. W
e max. 15 mA
Vh 12.6 6.3 v -V max. 50 v
Ih 0.15 0.3 A Vg (lg=+0.3pA) -1.3 v
Rg_x max. (self-bias 1.0 MQ
ECCB3 i 150
CHARACTERISTICS (each section) Ru_x max. 20 kQ
Ve 100 250 v ECC82
la 0.5 1.2 mA CHARACTERISTICS (each section)
V -1 -2 A
£ 1.25 1.6 mAV Va 100 250 v
5 100 100 ly 12 10.5 mA
o 80 625 Kk Vi 9 o
Em 3.1 2.2 mAJV
LIMITING VALUES (each section) u 19 17
ol Vapy Max. 550 v Fa 6.2 77 kQ
Va max. 300 v LIMITING VALUES (each section)
h h Q' Pa Max. 1.0 w Vagh} max. 550 v
I max. 8.0 mA
Va max. 300 v
x/ 0°0 g -V max. 50 v N
g F o 0 *Rg_ ) max 22 MQ Pa ’ 75 W
A% L/« Vi max. 180 Vv L max, 8 mA
9\ 0 o /K TRh_k i 20 KQ Rg_x max. (cathode bias) 1 MQ
. o het h-k . sg,k max. (fixed bias) 250 kQ
T . - - h_k Max. 180 v
L] s *With grid current biasing Ry_x max.=22MQ, Ry max. 20 e
Rl Bias TWhen used as a phase inverter immediately preceding [*When used as a phase inverter immediately preceding
the output stage, Ry_x max. may be 120k Q. the output stage, Ry_x max. may be 120 k Q.
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Octal Bans

When operated in a single-ended output stage, the EL84 can deliver an output
of up to 5.7W, and two EL84's in pentode push-pull yield an output of up to 20W.
As these figures suggest, this valve makes available the higher peak powers and low
distortion required for present day medium power amplifiers used in High Fidelity equip-
ment, tape recorders, phonographs, movie projectors, AM/FM radios.

The EL84 requires unbelievably low drive voltage thereby eliminating the
necessity of preceding high gain stages. The EL84 has a very high mutual conductance
of 11,300 u-mhos and a plate dissipation of 12W.

HEATER LIMITING VALUES
Vh 6.3 \' *V, max. 300 A
I 0.76 A *pa max. 12 W
*Vg2 max. 300 1"
pg2 max. (zero signal) 2.0 W
CHARACTERISTICS pg2 max. (max. signal) 4.0 w
V. 250 \ lk max. 65 mA
Vaz 250 v Rgi-k max. (cathode bias) 1.0 MQ
I § 48 A Rgi-k max. (fixed bias) 300 kQ
a
s 5.5 iy Vh-k max, 100 v
Vgl -7.3 v *If the heater, anode, and screen-grid voltages are
gm 1.3 mA /v obtained from an accumulator by means of a
ra 38 k Q vibrator, Va max.=250V, Vg max.=250V,

Lgl-g2 19 pa max.=9W.

Amplifiers which provide nominal outputs of from 30 to 50 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-pull.

An interesting method of connecting the push-pull output stage (Fig. 1)
has been used in a recently published Mullard-designed 520 amplifier. The screen grids
of the EL34’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 a triode is combined with the high sensitivity of a pentode. The valves
are said to be operated with distributed load (ultralinear). The linear characteristics of
the EL34 coupled with the extremely low driving voltage make the EL34 truly the
world’s finest output tube.

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

The maximum plate dissipation is 25W with a high mutual conductance of
11,000 u-mhos

HEATER LIMITING VALUES
Vh 6.3 Va max. 800 A
In 1.5 A Pa max. 25 w
pa max. (max. signal speech and 27.5 W
CHARACTERISTICS music)
v, 250 Y Vg2 max. 425 v
ng 250 vV Pg2 mMax. 8.0 w
Vg3 0 V] Ig max. 150 mA
la 100 mA Rgi-k max. (cathode bias) 700 k €2
{52 :;-‘; m@ Rgl-k max. (fixed bias) 500 kQ
gl T v
Y 1 mAJV Vh-k max. 100
ra |5 kQ
Hel-g2 I



PRELIMINARY DATA

HEATER EZ81
Vh 6.3 v
In 0.6 A LIMITING VALUES
Va (r.m.s.) Mmax. 350 v
EZ80 !’.I.V. max. 1.0 kv
ia(pk) Max. 450 mA
loue max. 150 A
LIMITING VALUES G . % "’MF
Va(r.m.s.) Max. 2350 *Vh-k(pk) max. 500 v
loue max. 90 mA * Heater negative,
C max. 30 uF
ia(pk) max. (per znode) 270 mA
Vh-k(pk) max. 500 v

TYPICAL OPERATION

TYPICAL OPERATION Va(r.ms) 2x250 2x300 2x350

lout 150 150 150 mA
Va (rms) 2x250 2x300 2x350 v C 50 50 50 uF
ng: . |50 2?? 333 :.1.5 tRiim min. 150 200 240
lim min. 25 4
Lk 90 50 90 mA VYout 245 293 347
Vout 265 310 360 v + Per anode.

—t

Per anode.

These three valves are low-impedance, indirectly heated, full-
wave rectifiers that offer many benefits in electronic circuitry:

1. Better voltage regulation due to lowered power supply

impedancs; et

2. Higher output voltage and cooler operation due to lower

voltage drop;

3. Protection of costly filter condensers and power output

valves due to delayed warm-up and reduced ripple.

The GZ34,due to its compactness and unique characteristics
is an excellent replacement for most high power rectifiers such as the
5U4G, 5U4GA, 5V4G, etc., at the same time offering the advantages as
outlined above.

The EZ81 is a miniature tube able to deliver 150 MA and
able to power most medium power amplifiers ahd pre-amplifiers.

The EZB80 and EZ81 are mounted on noval bases; the GZ34
on octal base.

PRELIMINARY DATA

HEATER LIMITING VALUES
Vh 5.0 A4 Va(r.m.s.) Max, 550 v
Ih 1.9 A P.LV. max. 1.5 (3%
ia(pk) max. 750 mA
lout Max. 250 mA
C max. 60 uF

TYPICAL OPERATION

¥a (r.ms)  2x300 2x450 2x550 A
lout 250 250 160 mA
c 60 60 60 uF
+Riim min. 50 125 175 Q
Vout 300 450 610 v

+ Per anode.

bk h Octal Base



TYPIGAL OPERATING CONDITIONS

OPERATING CONDITIONS AS

EF 86 R.C. COUPLED A.F. AMPLIFIER

PENTODE CONNECTION

Yb Ra Ik Rg2 Rk Your Vout Drot Rgi*
v) (k Q) (mA) MQ) (k) Yin Vem.s. (%) (k)
400 100 3.3 0.39 1.0 124 87 5.0 330
350 100 2.85 0.39 1.0 120 75 5.0 330
300 100 2.45 0.39 1.0 16 64 5.0 330
250 100 2.05 0.3% 1.0 112 50 5.0 330
200 100 1.65 0.3% 1.0 106 40 5.0 330
150 100 1.0 0.47 1.5 95 22 5.0 330
400 220 1.55 1.0 2.2 200 73 5.0 680
350 220 1.4 1.0 2.2 196 63 5.0 680
300 220 1l 1.0 2.2 188 54 5.0 680
250 220 0.9 1.0 2.2 180 46 5.0 680
200 220 0.75 1.0 22 170 36 5.0 680
150 220 0.55 1.0 27 150 24.5 5.0 680

* Grid resistor of following valve.

TRIODE CONNECTION (g2 to a: g3 to k)

Vb Ra la Rb VYout Vour* Diot™* Rgit
'\ (k ) (mA) (k ) Vin Vr.m.s. (%) (k)
400 220 1.05 39 32 74 3.8 680
350 220 0.9 39 31.5 . 62 3.7 680
300 220 0.8 39 3l 5 3.7 €80
250 220 0.65 3.9 30.5 39 35 680
200 220 0.5 3.9 305 28 31 €80

*Output voltage and distortion at start of positive grid current. At lower output
voltages the distortion is approximately proportional to the volcage.

tGrid resistor of following valve.

OPERATING CONDITIONS AS
R.C. COUPLED A.F. AMPLIFIER

(with cathode bias)

ECC83

Vb Ra Ik Rk Vout Vout* Dtot* Rgi+
(v) (k) (mA) (Q) Vin (Vrms) (%) (k Q)
400 47 2.45 680 44 37 36 150
350 47 198 820 425 33 4.4 150
300 47 1.55 1000 40 26 5.0 150
250 47 1.18 1200 375 23 7.0 150
200 47 0.86 1500 34 18 8.5 150
400 100 1.72 820 63 38 1.7 330
350 100 1.4 1000 6l 36 22 330
300 100 111 12 57 30 2.7 330
250 100 0.86 151 54.5 26 3.9 330
200 100 0.65 1800 50 20 48 330
400 220 1.02 1200 76.5 38 1.1 680
350 220 0.85 1500 75.5 37 1.6 680
300 220 0.63 2200 72 36 2.6 680
250 220 0.48 2700 66.5 28 3.4 680
200 220 0.36 3300 56 24 4.6 680

*Output voltage and distortion at start of positive grid current. At lower output
voltages the distortion is approximately proportional to the voltage.

1Grid resistor of following valve.

TYPICAL OPERATING CONDITIONS
AS A PHASE INVERTER

CIRCUIT A
Vb leet Ry Your* Vout Dot*
v) (mA) (m (Ve.m.s.) Vin %
250 1.08 1200 35 58 5.5
250 1.08 1200 7 58 1.1
350 1.7 820 45 62 35
350 1.7 820 9 62 - 07

CIRCUIT B
Vb tVa(approx.) latla Rk Ra Vout* Yout Deoc*
V) v) (mA) (k) k) (Vrms)  Vin (%)
250 65 1.0 68 100 20 25 1.8
250 65 1.0 68 100 7 25 0.6
350 90 1.2 82 150 35 27 1.8
350 90 1.2 a 150 10 27 0.5

*Qutput voltage and distortion at start of positive grid current. At lower output
voltages the distortion is approximately proportional to the voltage.
T;'lolhould be adjusted so that 13+ 12" =ImA at Vp =250V and 1.2 mA at V=
S50 V.

OPERATING CONDITIONS FOR

EL 34 TWO VALVES IN PUSH-PULL

Distributed load conditions with screen-grid tapping at 43% of
primary turns (See Fig. 1)

Va+Vak 430 430 V'
Rg2 (per valve) | | kQ
Vg2 + YRk 425 425 v
la'o) 2%62.5 2%62.5 mA
la (max. sig.) 2 %65 2x70 mA
Ig7 (o) 2x5.0 2x5.0 mA
Ig2 (max. sig.) 2x5.1 2x15 mA
Ri (per valve) 470 470 Q
Yin(gi-g) r.m.s. 32 52 b4

a-a 6.6 6.6 kQ
Pout 20 37 w
Diot 0.8 1.3 %

With separate screen-grid supply and fixed bias.

These operating conditions apply with stabilised line voltages and allow for a
25Y drop in the primary winding of the output transformer at maximum signal.
If there is an additional drop of 25V in the line voltages at maximum signal
Pour=90W. The optimum ancde-to-anode load under these conditions is | 1k Q.

Vb(a) 800 ¥
Vi(g2) 400 v
*Re2 750 o]
Vg3 L] v
la(o) 2x25 mA
la (max. sig.) 2:x91 mA
lg2(0) 2x3.0 mA
lg2 (max, sig.) 2x19 mA
gl 37 ¥
Ra-a N kQ
Vin{g!-gl) r.m.s. 47 v
Pout 100 w
Dot 5.0 %

*Screen-grid resistor common to both valves.

OPERATING CONDITIONS AS

E L 84 SINGLE YALYE CLASS “A’ AMPLIFIER

Va 250 250 \
Vg2 250 250
Ra 5.2 4.5 kQ
Rk 135 135 Q
Vel -7.3 -7.3 v
Iy 48 48 mA
lg2 5.5 5.5 mA
Vin(r.m.s.) (Pout =50 mW) 0.3 0.3 v
tPout (Dror =10%) 57 57 w
Vir(r.m.s.) (Drot=10%) 4.3 4.4 v
D3 9.5 8.0 o
D3 2.0 5.0 o,

tPout and Dot are measured at fixed bias and therefore represent the power
output available during the reproduction of speech and music. When a sustained
sine wave is applied to the control grid the bias across the cathode resistor will
readjust itself as a result of the increased anode and screen-grid currents. This
will result in approximately 10% reduction in power output.

OPERATING CONDITIONS FOR
TWO VALVES IN CLASS “AB” PUSH PULL

(See Figs. 2 and 3.)

Va 250 300 v
Vg2 250 300 v
Rk(common) 130 130 Q

a-2 8.0 8.0 k Q2
la(3) 2x31 2x36 mA
1, {max. sig.) 2x%x37.5 2x 46 mA
lg2(0) 2x35 2x4.0 mA
lgz (max. sig.) 2x7.5 2x 11 mA
Vin(gl-g!) (rm.s.) Ié 20 v
Pout 1] 17 w
Dtot 3.0 4.0 %



Strict quality control and uniformity in the manufacture of the EL37 makes
this tube an excellent replacement for the 6L6, 5881, 1614, and KT66 where clean,
undistorted reproduction and longer life is required. The specialized manufacture of
Mullard high fidelity tubes, particularly the EL37, assures balanced audio power output
heretofore unavailable in ordinary power output tubes. The EL37 is highly recommended
where true balanced sound reproduction is required.

HEATER Vi 6.3 v
In 1.4 A
CHARACTERISTICS LIMITING VALUES -
Va 250 v Van) max. 800 v
Veo 250 v Vo max. 400 v
Ve —13.5 v Vg ) Max. 800 \4
by 100 mA Vs Max. 400 v
Igz 135 mA Vh-k max. 75 A%
Rk 120 Q Rg]_k max, 500 k Q2
gm 1 mA/V (cathode bias)
a 13.5 k Q Rgi_i max, 100 kQ
tel-gz 10 (fixed bias)
Pa Max. 25 W
Pgz Max. 6.0 w

s ot MULLARD RETM A

1 Especially designed and constructed for lowest hum, noise and
microphonics
* Maximum levels specified and guaranteed

- @;\ TYPE EQUIVALENT DESCRIPTION PRICE
A eQe ) EESs. o, v T S Output Pentode ... ..$a.95
¥ Matched Pair, 2-EL34 ___ _ 9.
| | i PR : B SFeR6LS 5801 - .. Output Pentode .o .ms =g
h h ka3 Qctal Bass KT66-1614 . .
! Matched Rair, &EL3Y . cvvenninne 7.95
i e EL84 6BQ5 ... Output Pentode, Miniature . 2.40
Matched Pair, 2-EL84 ... ... 5.80
t*EF86. ... ... 6267-2729..... | Low Noise, AF Pentode ......._..... 275
*ECE8L. . 32 o [ e RF Double Triode ooocoooo oo 2.60
t*ECC82. ... 12AU7 ... Low-u AF Double Triode........_._. 2.20
t*ECC82. ... 12AX7 .. High-» AF Double Triode ... 2.50
ECEBY o s s e RF Double Triode ... 2.90
EZ80_ . __.._____. 6va__ . Indirectly Heated, Full ____________ 1.80
Wave Rectifier, 90 MA
EZ81.........._.6CA4 ... Indirectly Heated, Full.._._.....___. 2.20
Wave Rectifier, 150 MA
By i S — BVAG oo Indirectly Heated, Full....__._.__.... 295
Wave Rectifier, 300 MA
——Guve *GZ34. . .. _BU4GA/B_________ Bantam Indirectly Heated _____..._ 3,50
(ref. spec.) Full Wave Rectifier 250 MA
ECCO1.___..___._. 66 _.RF Double Triode with.....________. 2.70
Common Cathode
EB91. . BALD Miniature Double Diode with_____. 1.80
Separate Cathodes
ECO0. ... 688 o o o Miniature RF Power Triode......_. 3.50
EZS0_ ... 6X4 . Indirectly Heated Full Wave_._..__. 1.70
Rectifier, 70 MA
EE94 oincvininn BAUG. ... Sharp cut-off RF or AF Pentode_. 2.15
EM8L . Electron Beam Tuning Indicator.. 3.90
OTHER MULLARD PREFERRED REPLACEMENT TYPES
Mullard Retma Mullard Retma
¥ e Type Equivalent Price Type Equivalent Price
! r‘% - i EBC90 6ATE 1.75 HBC90 12AT6 1.75
Yyting : EBCY1 6AV6 175 HBC91  12AV6 1.70
I 3 EF93 6BA6 2.10 HF93 12BA6 2.10
§ EF95 6AK5 4.90 HK90 12BE6 2.20
T & EKS0 6BE6 2.20 HL92 50C5 2.25
EL90 6AQ5 2.25 HY90 35wW4 1.45



