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Amplification by Secondary
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e us, especi-
ally for televisi amplifiers,
valves having very high mutual
conductances are necessary to

obtain useful amplification with circuits

of only low impedance. It is also im-

portant that this high value of mutual

conductance be unaccompanied by any
great increase in valve capacities or input
damping.

There are several methods by which a
high mutual conductance can be achieved
in a radio valve. For example, the
cathode area can be increased to give a
higher emission, which necessitates a
higher cathode-heating wattage to main-
tain the same operating temperature ; or
the distance between the cathode and con-
trol grid can be reduced. Both these
solutions have the obvious and important
disadvantages of increased heat develop-
ment, a tendency to primary grid emis-
sion and increased inter-electrode capa-
cities.  For operation at very high fre-
quencies both temperature effects and
high capacities are to be avoided.

Other methods of increasing the
mutual conductance have been explored
and the application of secondary emission
has been found te be a satisfactory selu-
tion. Making use of this principle a valve
has been developed which attains the high
mutual conductance of 14 mA/v. with
low input and out-
put capacities and
acceptable input
damping.

T h e original
development of the
secondary emission

Fig. 1.—In this dia-

grammatic represen-

tation of the new

valve the path of the

electrons is shown
by dotted lines.

valve was made available in the TSEy4,
which is now superseded by the type
EE50 in the new ** all-glass "’ construction,
providing additional  electrical and
mechanical advantages.

Electrons emanating from a cathode
traverse the intervening grid or grids and
impinge upon an electrode where second-
ary electrons are liberated as a result of
the bombardment. These secondary
electrons can move away from this elec-

A DISTINCT departure from
normal wvalve practice is de-
seribed in this article and it is one
which is of especial interest to the
television worker. - By making use
of secondary emission a considerable
increase in mutual conductance Iis
obtained without a corresponding in-
crease in the interelectrode capacities.

1
i

trode under the influence of a relatively
positive potential at which an adjacent
electrode is maintained. The electrode at
which the secondary emission occurs is
known as the secondary emission cathode
or anxiliary cathode and its efficiency as a
cathode is expressed by the secondary
emission factor 6. This factor is the aver-
age number of secondary electrons re-
leased for each of the electrons striking
the auxiliary cathode, and usually known
s the primary electrons.

The Auxiliary Cathode

The quantity and path of the second-
ary electrons depend upon the mechanical
arrangement and the potentials of the
electrodes, as well as the physical pro-
perties of the material at the surface of
the bombarded electrode. The materials
normally used in the construction of
valves have low secondary emission
factors. For instance, in a valve having
a nickel electrode at 150 volts positive
with respect to the cathede, §=0.94, and
it is not possible to obtain electron multi-
plication using nickel under these condi-
tions because the total secondary emission
from the electrode will be less than the
primary current flowing to it.

The behaviour of secondary electrons in
a valve depends mainly on the potential
gradient in the vicinity of the electrode
from which they are liberated ; that is on
the type of valve and its operating con-
ditions. As an example, take the case
of a triode which normally operates with
the anode at a positive potential and the
grid biased mnegatively; any secondary
electrons which leave the anode soon lose
their initial velocity and return again to
the anode becaunse there is no other posi-
tive electrode to attract them. The con-
ditions in a tetrode, however, are usually
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different and secondary emission from the
anode is drawn towards the positive auxi-
liary grid unless the valve has been speci-
ally designed to avoid this effect by
critically spacing the electrodes.

By making use of a material having a
secondary emission factor greater than
unity, electron multiplication can be
achieved and the method adopted is illus-

* frated in Fig. 1.

The primary electrons pass from tlie
cathode Kr through the control grid Gr in
the usual manner and are then subjected
to the influence of certain other electrodes,
omitted from Fig. 1 for simplicity. These
direct the electron stream towards the

Fig. 2.—The general arrangement of the
electrodes is shown here together with the
electron paths.

auxiliary cathode K2 which is suitably
treated to have a high secondary emission
factor.

The Secondary Current

The secondary electrons liberated are
then attracted towards the anode and form
the anode current. This current is greater
than the primary current by an amount
dependent upon 8. The grid controlling
the primary current will, therefore, in-
fluence a greater anode current and a
higher mutual conductance than normal is
obtainable. As each primary electron
liberates several secondary electrons
which pass to “the anode, the supply of
electrons at the auxiliary cathode must be
supplemented from an external source.
While in normal multiple grid valves a
negative charge'is led away from the posi-
tive clectrode, it is necessary to supply a
negative charge in the case of the auxi-
liary cathode of secondary emission
valves.

In the application of secondary emis-
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sion for electron multiplication many
problems arise.  The presence of '‘the
cathode and secondary emitting electrode
in the same bulb ean result in the second-
ary emission surface becoming coated
with a layer volatilised from the cathode
(Ba, BaO). The effect of this is to reduce
the secondary emission factor, but

& assuming that this and other difficulties
‘can be surmounted by suitable design, it
s of primary importance to investigate

the possibilities of the application of

~ secondary emission.

_Comparing two valves designed for a
similar purpose, one employing secondary
emission and the other of usual design, it
will be found that at the same anode cur-
rent the mutual conductance of the

secondary emission valve is appreciably |

higher than that of a wvalve not sing

secondary _enﬁssW the factors
S awbelr-femit—the imum mutual con-

ductance and anode current are the maxi-

mum permissible anode dissipation and

the maximum secondary emission obtain-

able from the auxiliary cathode.

The Electrode System

It can be shown that for the same
values of anode current and for valves of
similar design, a secondary emission valve
has a mutual conductance greater than a
normal valve by the factor 8'/%, More-
over, its mutual conductance is propor-
tional to 8'/k, under these conditions.

Except at low cathode cutrents the
constant K has a value of about 1.6 and
the mutual conductance is therefore pro-
portional to *. In a valve having an
auxiliary cathode for which 8=35, the
mutual conductance will be 5"*=2.5 times
that of a valve without secondary emis-
sion for the same anode current.

The difficulty due to volatilisation of the
cathode coating has been overcome in the
Mullard secondary emission valve by
deflecting the electron stream. As vola-
tilisation in vacuo takes place along prac-
tically straight lines, the remedy lies in

Arrangement of electrodes and base connec-

tions, The dotted line across the valve

holder indicates the correct itioning of

the interstage screen | below the
chassis.

the use of a construction in which the
auxiliary cathode is screened fron¥ the
volatilised material emanating from the
cathode. The electrons emitted from the
cathode can be deflected on to the
auxiliary cathode by an electrostatic field.

Fig. 2 shows the basic arrangement of
the EEs0. The cathode K1, the control
grid G1 and the auxiliary grid G2, which
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operates at 250 volts positive with respect
to the cathode, are similar to an ordinary
tetrode valve. The auxiliary cathode Kz,
operating at 150 volts positive with respect
to the cathode, is protected from the
cathode material by the screen Sr, whiclk'

/together with screen Sz is at cathode

potential. v .
The effect of these two screent at low
potential, in conjunction with'the anode
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b
Mullard EEso *fall glass”’

v vh which
supersedes the original mnmm
valve TSE4. \ )

Ar and auxiliary cathode at a high posi-
tive potential, is to direct the primary
electron stream along the path indicated
by the dotted line in the diagram, towards,
the auxiliary cathode Kz. e divergent -
stream of electrons emerging from the

screen grid G2 is refracted and finally, as

”

two convergent beams, impinges on the

auxiliary cathode, where secondary elec-
trons are dislodged and accelerated
through the open mesh of the anode,
situated at about 1.5 mm. from the sur-
face of the auxiliary cathode, to be col-
lected by an anode Az made of solid
material. Although this anode is a con-
tinuation of A1 it is not made in the same
form, because there would then be a ten-

dency for electrons to in the
spaces between the wires, g rise to
increased output damping when operating

at the higher frequencies.
The Anode Voltage

If the open-mesh anode is not present,
the potential difference between the re-

TENTATIVE DATA FOR EES0

Indirectly heated sccondary emission valve
of * all-glass " construction.

Heater voltage ... == B3V,

« Heater current ... we=0.30 A,
Grid-anode e <0003 pul.
Input e 1.8 ¥,
Output . . T puP,

Operating Characteristies :
Anode voltage oo == 2H0N

Sereen grid voltage v == 280 V.
Secondary cathode voltage = 150 V.
Negative grid bias e —3Y,
Anode current ... we = IMAL
Secondary cathode current = —8.0 mA.

Sereen grid current wo= 07T mA,
Mutual conductance (at
Ta= 10mA.) ... o= 14 mA[V.

't Internal resistance

o= =0.1 megohm

=TTy -.m\)** s s T

+volts, and it is then 100 volts
‘:-.”Fe_spé'ct to the auxiliary }ﬁth(}de.' 27

Pt
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maining anodes-and the screen grid would
need to be considerable in order to estab-
lish a potential gradient at the surface of
the auxiliary cathode high enoughfo draw
all the secondary electrons to-the anode.
In ang’ case it 11.;, obvious that the anode
must be at a higher positive potential than
the auxiliary cathode, and in the EEs0
the anade voltage has been fixed at 250
positive with

3 Grid P‘ms ,

The advantages the EEs0 are of
special  value in/"wide-band “amplifiers
using low-circuit impedances, such ‘as tele-
vision amplifiers. Due to the high mutual
«conductance of 34 mA/v, the high AC
resistance ( =100,00002) and low input and
ottput capacities, it is possible to obtain

appreciable amplification with the low cir-
cuit i c ary to obtain a unj-
form responsc over a wide band of fre-
quencies. using this higli value of

mutual conductance it is, of urse, neces
sary to take adequate preca{itions'h”gmnsi

A p_ract;ca] -pbindt_-c;some imp&hﬂoe..
the method of providing Bias

is
¢ Biaswfor the
control-grid.  Valves are-usually biastd -

Fig. 3.—This diagram ﬂtustrat-- the "esm“
of the bias system adopted. :

by means of a cathode resistance, and the
working point on the characteristic is
given by the intersection of the resistance

line OA with the curve, as illustrated in =

Fig. 3.

‘Small differences in the characteristics
of valves or small variations in the oper-
ating voltages then cause only slight
changes in the anode current. In the case
of the EE50 the negative bias for the con-
trol grid is also obtained from a resistance
in series with the cathode. But since the
bias is a function of the cathode current
and this does not include the anode cur-
rent, which is-supplied by the auxiliary
cathode, the compensating action of the
bias is negligible. Special measures have,
therefore, to be taken to provide some
compensation. This can be effected by
using a higher value of cathode resistance
as indicated by the line BA in the Fig. 3
and applying a positive counter voltage to
the grid so that the initial working point is
the same as before. This pesitive voltage
is represented in Fig. 3 by OB.

The line BA shows the total y
Ty I. y
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veloped across the cathede resista
a function.of the cathode curmrent
comparing it with the line OA it will"be
seen that the variation of cathode current
between the conditions of curves 1 and 2
is considerably reduced by the adoption
of the higher value of cathode resistance.
Under the conditions usually'eneoun-
tered in the circuit of television amplifiers,
where parallel damping resistances of less
than 5,000 ohms are used to obtain satis-
factory rtesponse over wide frequency
bands, it can be shown that the stage
gain is proportional to g /C, where g isthe
mutual conductance of ‘the wvalve and C
‘the total capacity in parallel with the
anode circuit. .
This capacity is the sum of the out-
put capagifg of the amplifier valve, the
input ¢l of the succeeding valyé,
the cirenit and thg

_'lhi; .umﬂf?d. it g

VP4B = eV
acom pentode
are obtained
the circuit

B/C
LI i
.ﬂ,l.
vementin the
kby increasing
<6r reducing the

n. g C eompared with the
spite-of its lower mutual con-
Moreover, it has been assumed
stray circuit capacity would be
ime for both these valves, which is

ely in practice, and the acorn valve
ould probably show a greater improve-

~ ment than that indicated.

Owing to the very high mutual conduc-
tance the secondary emission valve repre-
sents a considerable improvement. The
ratio g/C amounts to 0.68 for the EEso,
assuming the same stray “capacity of 6
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A Free

Booklet
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With next week's issue of The Wireless World will be presented a 32-
“page booklet entitled “ Better Reception.” : : i
important aspects of reception, this booklet has been compiled with the
needs of the new reader especially in mind and to these -it is hoped
that.it will serve as an introduction not only to a deeper interest in |
wireless matters but also to the pages-of The Wireless World. {

pe ‘that regular readers will assist us in this endeavour by drawing
n-or-their wireless friends to this special issue. e

Dealing with all the more

N
. Operators’ Vade Mecum
of Technical Instruction for

s5. Telegraphists. By H. M.
. Pp. 624, with 578 figures.
«d from the offices of The
4 World by lliffe and Sons, Ltd.,
_BDorset House, Stamford Street, London,
/ S.E.i. Price 21s.; by post 21s. od.
ST HE sixth edition of this well-known work
has now appeared. Although the aims
of the book are not vastly dissimilar to those
of the first edition of 1913, the apparatus
now described is, however, in striking
contrast to the spark transmitters and mag-

—receiver; (above)
coil assembly for a
five-band  receiver;
{left) triple gang
band-spread conden-
ser; (right) magazine
soldering iron, fed
from a coil of solder
wire housed in the
handle.
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netic detectors that were then dealt with.
An important object of the book i5 to
provide a complete theoretical course for
prospective marine wireless operators who
intend to sit for the Postmaster-General's
certificate of competency. As this examina-
ticn is of a practical nature, no study of
books can entirely displace practical worl,
but those who have mastered the contents
of ‘" Dowsett '’ will find little difficulty in
translating their knowledge into practice.

AT THE PARIS COMPONENTS
EXHIBITION. Press-button tuning
devices were well to the fore at the
recent exhibition organised by the
S.P.L.R. (French radio trade organi-
sation). The photographs show :
(above, right) remote control press-
button unit for attaching to any—




