gé.e‘ LOW NOISE zzzg/EFBG

AF PENTODE R 3
i Y VALVES 6.3¥ INDIRECTLY HEATED
Famnt
The Z720 is a commercial equivalent of CV2901,
An indirectly heated pentode with low hum and low micropheny, suitable for use
in low level low frequency amplifiers, measuring instruments, industrial control circuits,
~ etc, Its low grid current makes it particularly useful in circuits requiring a high input
: impedance.
BASE CONNECTIONS AND VALVE DIMENSIONS
Tt
Base : BSA
— Balb : Tubular
Max. overall length : 56 mm.
Max. seated length : 49 mm,
Max. diameter : 22-2 mm.
/'\k
View from underside
—~, of base.
HEATER
Vi 6-3 v
— In (-2 (approx) A
MAXIMUM RATINGS
Vb 550 v
Va 300 v
X Vao 250 v
*Va.g2.e3 250 \i
Pa 1 W
Dg2 0-2 W
AT *Pa+g2+g8 12 W
Iy 8 mA
Vhx 150 v
tRg1—k (fixed bias) 1 MQ
— tRg1-k (cathode bias) 2 MQ
' *Triode connection,
TAt patpea=12W, Va=300V.
CAPACITANCES (of cold externally unscreened valve)
. Cgl—a 0-025 pF €gl—h 0-0025 pF
Cgl—all less a 4.0 p¥ Ca—all less gl 55 pF
CHARACTERISTICS
T Pentode Connection
Va 250 v
Va2 140 v
Ves 0 v
g Va -2 v
Ia 30 mA
Ig2 0-55 mA
Ia 0-05 A
gm i-85 mA/V
£ Ta 2 MQ
: Higl—g2) 38 —
~
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Z129/EF 86

Triode Connection

Va,g2,p3 250
Va -5
Iy 4-0
In 0-06
gm 2-0
Ta 16-5
33
TYPICAL OPERATION
AF Amplifier. Pentode Connection,
Vi R, Rx Rg] (max} Gain Vout'I‘ Rg*
V) | (k) &) | Q) (V) ()
400 100 1-0 22 124 87 5 330
300 100 1-0 36 116 64 5 330
200 100 1-0 80 106 40 5 330
400 220 1-0 2.2 44 200 73 5 680
300 220 1-0 22 80 188 54 5 650
| 200 220 1-0 2.2 100 170 36 5 680
|
AF Amplifier. Triode Connection.
| Vi Ra Ry Rg1 (max} Gain | Voutt | Dtoct Ry*
: V) | (Q) (k) (M) () | (% | )
400 47 1-2 39 24.5 64 4.5 150
300 47 1-2 9 24 43 3-8 150
200 47 1-2 33 235 29 31 150
400 100 2.2 9 28-5 75 4-0 330
300 100 2-2 21 285 50 3-8 330
200 100 22 72 27-5 275 3-3 330
400 | 220 3-9 24 32 74 38 680
300 220 39 60 31 51 37 680
200 220 39 100 30-5 28 31 680

*Following valve grid resistor.

1Vout and distortion at the start of positive grid current.
the distortion is approximately proportional to the input voltage.

INSTALLATION

The valve may be mounted in any position.

recommended. The valve is internally screened.

.

At lower output values,

The use of a retaining device is
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GG.C. CIRCUIT SUPPLEMENT ZI2)/EF86

~~  VALVES 1550E-2

The Z729/EL86 may be classed as intermediate between an clectrometer valve
and one of normal design because of the small grid current to he expected.

In all spplications where low grid current is important it is essential to ensure that
- the grid is always negative with respect to cathede by at least 17V in order to avoid
positive grid current due to the interception of electrons by the grid. The magnitude
of the negative grid current depends upon operating conditions and limits the value of
maximurm external resistance between grid and cathode. Under d.c. conditions the
grid current varies roughly as (VaXPpat Vea X Pge). Under the conditions shown in
the data sheet under ‘‘ Characteristics,” the grid current does not normally exceed
0-2uA and is usually less than 0-05pA. A valve that has becn stored for some time may
have a higher grid current initially but will settle to a satisfactorily low value if operated
for a few minutes under normal conditions with a low value of grid resistor.

| ~— If the valve is used under conditions of maximum voltage and dissipation, the
' external grid to cathode resistance should not exceed 1M with fixed bias or 2MQ with
cathode bias in order to obtain satisfactory operation with all valves. Permissible grid
to cathode resistance values at reduced voltages and dissipations are given below and
apply to both triode and pentode operation.

The majority of valves will operate satisfactorily with resistance values up to four
times those shown and advantage may be taken of this when selection is possible.
However, it is advisable not to exceed 100MQ.

Maximum External Grid lo Cathode Resistance with Fixed Bias

v, Rg—k(max) at pa+g2(max)=
1-2W 0-5W 0-2W 01w

300V 1M 2-5MQ 6MQ i2MQ
200V 1-5MQ 3-75MQ 9MQ 18MQ
R, 100V ©3MO 7-5MQ 18MQ 36MQ

These values may be doubled for cathode bias.

The above table values applies to applications in which the operating point is
determined by a specified grid bias with respect to cathode. On the other hand, any
valve may be operated with the grid left floating and the grid will then adjust itself to
the crossover potential at which the grid current curve passes through zero. In the

N Z729/EF86 this cccurs normally at about Vg=—1-3V. Although this method is useful
for certain special applications, the incremental input impedance is extremely variable,
ranging typically between 1MQ and 50M{) because of the rapid rise of positive grid
current,

AF AMPLIFIER OPERATION AND HUM

The Z728/EFS86 is normally used as an RC coupled pentode amplifier as shown in
fig. 1. Tor exceptionaliy low noise applications, the valve may be used as a triode by
connecting the anode, suppressor and screen together, and fig. 2 gives the performance
to be expected. When high impedance circuits arc possible, very high gain 15 obtainable
as shown by the curve of fig. 4.

To ohtain minimum hum pickup, the heater connections should be twisted together
for three or four inches and kept as far as possible from the grid contact. A valve
socket having low leakage and low capacitance between contacts is Tequired, preferably
of porcelain or PTFE with a central screening boss, this being earthed together with
contacts 2 and 7 which connect to the valve internal screening system. The suppressor
— (pin 8) is normally earthed but it may be connected to the cathode. Special precautions
have been taken to reduce to a mintmum the grid/heater capacitance in order to render

THE M-O VALVE CO. LTD. - BROOK GREEN - LONDON . W.6
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the valve relatively insensitive to an unbalanced heater supply. Similar precautions
must be taken with external components. Normally a centre-tapped 6-3V supply
will be used with the tap earthed. The hum pickup with a 470k(} grid resistor will
then be less than 1-5uV referred to the grid. The use of a higher or lower grid resistance
will modify the hum pickup proporticnally. A balancing resistor may be used if
desired and in some cases this will reduce the hum by approximately 1-2dB. Tf even
this hum level is still too high, a d.c. heater supply must be used.

As the total anode and screen curzent is very low in most applications, it is some-
times convenient to obtain a very smooth, stable, hum-free and low noise h.t. supply
from a standard 120V battery.

To aveid hum pickup, ete., in the input cirenit, care must be taken to avoid coupling
with higher signal level circuits, bearing in mind the possibility that the chassis itself
can be responsible for such coupling.

In order to maintain a low hum level it is essential to bypass any cathode bias
resistor with a snitably large capacitor of at least 500pF. At higher signal levels part
of the cathode resistance may be left unbypassed when negative feedback is necessary,
or for tone control purposes.

At audio frequencies the screen in the pentode circnit should be bypassed to earth
with a paper capacitor of at lsast 0-1pF.

Acoustic feedback is not normally enconntered in the Z729/ETF86 as it is especially
anti-microphonic and it is not usnally necessary to use special techniques such as a
separate flexibly mounted and weighted sub-chassis, except in extreme cases as when
the valve is close to a loundspeaker or when considerable vibration is present. The
internal screening renders an external screening can unnecessary but one may be used
as a retainer when necessary.

The Z729/EF86 may be used in a (-3A series heater chain if the heater is shunted
by a 630 resistor., This resistor should be rated at 5W since it will carry 0-3A if the
valve is removed. The heater should be connected into the earthy end of the chain.

INDUSTRIAL APPLICATIONS

The Z723/E¥F86 has many applications in the industrial field because of its high
order of stability and its freedom from unwanted effects. A high value grid resistor
may be used when required because of the low grid current. The valve is ideal for
photocell circuits and will show a considerable increase in sensitivity over valves nor-
mally used hitherto.

| Many requirements in test equipment can be fulfilled by the Z729/EFS86 ; a valve
| voltmeter, for example, needs a very stable valve characteristic and a suitable circuit
is given in fig. 3. Certain component values are not giver since they depend nupon the
ranges required but the resistors associated with the range switch may total 10-20MQ.




CIRCUIT SUPPLEMENT zzzg / EF86
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Fig. 1. Recommended circuit for a pentode-connected a.f. amplifier. Component
values for various conditions of operation are given below.

Vb Ra Ik Rgz ‘Rk Reg1 {max) Gain \'rcmtT Dot Rg]’*
(V) (kQ) | (mA) MO | (2 (ML) V| (%) | Q)
400 100 3-3 38 19 22 124 87 5 330
300 100 2-45 (-39 10 36 116 54 5 330
200 100 1-85 (-39 10 80 106 40 5 330
400 220 1-55 1-0 2-2 44 200 73 5 680
300 220 1-1 1-0 22 80 188 54 5 680
200 220 075 1-0 2-2 100 170 36 5 680

*Following valve grid resistor.
1Vout and distortion at the start of positive grid corrent. At lower output values,
the distortion is approximately proportional to the input voltage.

Capacitor valves : The reactance of Ck should normally be less than one tenth of
Ri at the lowest frequency ; the reactance of Cgz should normally be less than one
tenth of Ryo and that of Cc shouid normally be less than one tenth of Rer-.
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Fig. 2. Recommended circuit for a triode-connected a.f. amplifier. Component
values for various conditions of operation are given below.

Vo Ra I, Rk Rgt (max) Gain Voutt Diott Rgi*
(V) 1 &) | (ma) Q) (MQ) 0 (%) | &
400 47 37 12 3-9 24-5 64 4-5 150
300 47 2.7 12 9 24 43 3-8 150
200 47 1-83 12 33 235 22 3-1 150
400 100 2 2-2 9 28-5 73 40 330
300 106 1-3 2-2 21 28-5 50 3-8 330
200 100 1-0 2-2 72 27-3 275 3-3 330
400 220 1-05 3-9 24 32 74 3-8 680
300 220 0-8 39 60 31 51 37 680
200 220 -5 38 100 305 | 28 31 680
i

*Following valve grid resistor.

T Vout 2nd distortion at the start of positive grid current. At lower output values,
the distortion is approximately proportional to the input voltage.

Capacitor values : The reactance of Ck should normally be less than one tenth of
Ry at the lowest frequency and the reactance of Ce should normally be less than one
tenth of Rgi- at the lowest frequency.
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CIRCUIT SUPPLEMENT ZTZQ / E F86

RE
A‘A' A'A
Cci S: R7 1G0uA meter EE RS
o——]—— —(wwr—3
Z729fFsh = feFst
1 foman Z729MEFED o g
077, L TN a EES 107
lnput —— : - == < o
l = ==
; J RI4| EZ
° , 3Rz RIE 3
A A A A A A
R3 J 8 ]
am EERS R TR
4l |es
R4 %RB
L
[ [ Ru% = 150-250v
= Lo,

[
E

Range switch resistors

Component values :

Rl
R2
R3
R4
R5  33kQ 10% 1W

R8 5000 wirewonnd variable (zero set)
R7 1k wirewound

R8  1kQ wirewound

R9  Meter resistance

K10
R11
R12
R13
R14 47O 10%, 1W
R15 4760 10% 1W
Cl 01uF

C2  8uF Electrolytic
C3  8uF Electrolytic
C4  O1yuF

C5  0lp¥F

Range switch resistors

Fig. 3. Valve voltmeter circuit.
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