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3 Claims.
The present invention relates to electron dis-

‘charge devices particularly applicable to the am-

plification of electrical variations, particularly in
the case in which the tension to be amplified is
of extremely high frequency and/or has com-
ponents extending over a considerable frequency
band. '

The invention is also concerned with the am-
plification of tensions of very low amplitude,

0 these tensions being of very high frequency or
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otherwise.

The present invention in particular provides a
method of amplification in which the emissive
properties and the emissive conditions of the
cathode or cathodes utilised are adapted for the
optimum operation of the discharge device in
the specified conditions of use, particularly those
arising out of the amplification of a very high
frequency or a very wide frequency band.

The amplification of low tensions of very high
frequencies and/or those extending over a con-
siderable frequency band by the means known at
the present time of amplification by multi-elec-
trode valves entails difficulties resulting from the
fact that all these amplification means require
the introduction between their various stages of
impedances difficult to achieve if it be desired to
keep a sufficient amplification or to maintain low
the distortion over the whole range of the fre-
quencies to be amplified.

However, amplification systems are known
based on the use of secondary-electron emission
which escape this criticism since they do not re-~
quire the use of said impedances.

Tt has now been noticed that the adaptation of
amplifier systems employing secondary emission
to the amplification of low tensions of high fre-
quency meets with difficulties which are con-
nected with the absolute temperature of opera-
tion of the cathode. These difficulties are over-
come in accordance with one feature of the in-
vention by reducing as much as possible the tem-
perature of the cathode employed, but nevérthe-
less maintaining a sufficient electronic emission;

5 for this purpose the invention describes, in ac-

cordance with another feature, various types of
cathodes adapted to operate at low temperature
with a satisfactory electronic emission.

The invention will be understood better by
means of the following description during which
reference will be made to the attached drawing,
in which:

Fig. 1 represents the curve of variation of the
anode current as a function of the potential of
the control electrode of a thermionic device;

(CL 250—217.5)

Fig. 2 represents the variation of a magnitude
designated under the name of logarithmic slope
as a function of the control tension E;

Figs. 3 to 9 represent various cathode con-
structions; and .

Fig. 10 represents a device employing the sec-

‘ondary emission -and improved in accordance

with certain features of the present invention.
In order to. define more clearly the methods
and means of amplification comprising the ob-
ject of the present invention, it is necessary to
point out that in the amplification devices mak-
ing use of the properties of secondary emission,
the mean current employed. at the input of the
apparatus is amplified at the same time as the
useful current and that from this fact for a
given dimension the mean current at the outputb
will be one of the characteristics limiting the pos-
sibilities of use of said device. The result is that
if Imax is the mean output current, the problem
consists in ensuring an output signal of maxi-
mum value Al but the ratio AImax to Imex is main-
tained in all the parts.of the device and must
consequently result directly from the applica-

tion, to the input of the device, of the tension -

to be amplified. Now, this first part of the de-
vice contains a thermionic electron source and
a control element operating as a grid in the man-
ner usually employed in vacuum tubes with sev-
eral electrodes, that is to say the control is ef-
fected by the limitation of the current caused by
the reduced potential existing on the grid by the
space charge existing between the cathode and
said grid, .

Tt is equally obvious-that it is possible to de-
scribe the relation between the various charac-
teristic elements of the input amplifier as fol-
lows: )

Al Al 1 .8 .
T_-AT/:UXTXAV”— IXAV”

in which I is the mean current in the grid-anode
space; AI is the variation of this current caused
by the control potential AVe available, 1. e. the

. varying potential supplied to the control grid s

is the slope of the characteristic curve of the de-
vice.
In order to obtain a ratio

AT
i

as high as possible when a tension AVe fixed by
the continuous operation to which the device is
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2

subjected has to be amplified, it is necessary to
obtain as great as possible a ratio

8

I

this ratio » representing a characteristic magni-
tude of the amplifier device which it is conven-
ient to call the logarithmic slope of the input
element. A detailed consideration shows that for
a given cathode, it is impossible to obtain a
value of this logarithmic slope p greater than a
limiting value.

Fig. 1 recalls the characteristic of operation
of a tube, that is to say the variation of the anode
current I as a function of the grid potential Ve.

Fig. 2 shows the variation of the factor » as a
function of the control potential E.

It will be seen that the factor p is constant
for a zone of negative values of the control po-
tential, that is to say in the region AB in which
the electrons are emitted in accordance with
Maxwell’s law of distribution, and then decreases
in a continuous manner in the region CD in
which the grid-anode current is limited by the
space charge. It is in this latter region that it is
necessary to employ the tube for amplification,
because it is in this region that the control of
the current by the grid potential is correctly ef-
fected.

It will be seen that the maximum value which
it is possible to reach for the logarithmic slope
p is given by the value of this factor in the zone
AB and that in practice in order to obtain a cor-
rect amplification without distortion even this
value cannot be attained

Moreover, in the region in which the current
emitted obeys the Maxwell law, we have:

Ia=[06—'E/E[)

in which e is the base of natural logarithms, B
is the control potential and Eo the potential cor-
responding to the mean output speed of the
electrons. This potential is given by:

E0p=8.61.10-5T

T being the absolute temperature of operation
of the cathode
The maximum logarithmic slope is thus:

_dlogl, 1 1
Pmex="0g —F, §.6L.1057

‘The cathodes normally employed work at a
relatively high temperature T. Thus a cathode
of the so-called ‘“oxide filament” type which
has the lowest utilisation temperature operates
in the vicinity of T'=1,000 degrees absolute.

The maximum logarithmic slope which can be
obtained is thus:

1
Pmax =g 67 10-5.10°

Its value is thus in the vicinity of 11.

This value of p does not permit the effective
amplification of low alternating potentials of
the order for example, of several hundredths of
a volt. - It is possible fo cause a cathode of a
usual type to operate at a lower temperature
than the normal, but its emission then very rap-
idly decreases and at the same time the sta-
bility of this emission almost wholly disappears.

There have now been found certain suitably
prepared surfaces capable of emitting thermion-
ic electrons at very low temperature, practical-
ly as low as 100 degrees centigrade (or 373 de-
grees absolute). Such temperatures correspond
to a logarithmic slope of about 30,
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It has also been found that under these con-
ditions the stability of the emission is as great
as that of the normal cathodes operated at high
temperature.

These properties are offered by metallic sur-
faces covered with very fine films of alkaline or
alkaline earth metals, such for example as those
prepared to have a photo-electric sensitivity.

By way of example, a plate of silver previous-
ly oxidised, then covered with a film of caesium
in accordance with the well-known manner is
suitable to emit in a satisfactory manner from a
temperature of about 100° centigrade. Towards
130°-~140°, this thermionic emission is of the
same order as the photo-electric emission under
average illumination.

In accordance with one of the aspects of the
present invention in amplifier devices intended
for the amplification of very weak alternating
potentials, surfaces, prepared as mentioned
above and provided with devices permitting the
heating at a suitable temperature of the order
of 100° to. 150° centigrade to be insured, are used
as cathodes.

The control of the thermionic emission of such
cathodes may then be ensured by a grid in the
usual way.

PFigs. 3 to 9 represent various examples of
cathodes incorporating characteristics of the in-
vention.

Fig. 3 shows in perspective a type of cathode
of which Fig. 4 shows a sectional view.

In this drawing a sheet of silver i, of suit-
able thickness, is bent on itself and soldered at
points at 2 so as to form a hollow parallelepiped.
The surface or the two surfaces 3, 3’ of this body
are treated in the well-known manner so as to
give them a photoelectric sensitivity, for exam-
ple by oxidisation, then covered with a fine film
of caesium or another alkaline or alkaline earth
metal.

Inside the hollow body then formed is ar-
ranged an insulating plate 4 for example of
mica, on which has been wound a suitable length
of resistance wire 5 for example of the ferro-
nickel commonly used for the construction of
heating resistances.

Other insulating plates § and 6’ are intended
to insulate the winding from the internal sur-
faces of the silver plate.

At T and T’ are arranged the conductors for
leading the current into the heating wire.

Another embodiment of the invention is
shown in Fig. 5 in elevation and Fig. 6 in sec-
tion. Inside the hollow body | similar to that
of Fig. 3 are arranged ordinary graphite resist-
ances in- the form of rods 5. These rods are
rigidly maintained in position by any suitable
supporting means not shown, or may be carried
directly by the lead-in conductors T, 7°.

Another type of cathode incorporating the
characteristics of the invention is shown in sec-
tion in Fig. 7.

This cathode is composed of a photosensitive
layer 11, supported by an insulating plate 22, itself
in one piece with a metal plate 3: of suitable
specific resistance. -These plates are shown in
the form of plane rectangular plates, but it is
clear that their shape may be any desired one
and adapted to the devices for which they are
intended to be used.  The metal plate 31 receives
the current through the conductors 7, 7' which
are directly connected thereto and thus play the
part of heating element.

It is clear that an element such as that of
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Fig. 7 may be combined with similar elements
so as to give desired polyhedric emissive surfaces.

For such & cathode, it is well to employ a unit
having a high heat inertia which permits the
temperature to be maintained as constant as pos-
sible in spite of slight variations of the heating
current,

Fig. 8 shows a form of cathode particularly
adapted to this latter condition.

The cathode body is formed of moulded insu-
lating material, for example of the two parts
8, §’, in the form of plates and having notches or
grooves 9 inside which are arranged the heating
element b2, supplied with heating current by the
connections 7, 7. The electron emitting photo-
sensitive layer is formed in the well-known man-
ner on the surface 3% on the insulating mem-
ber 8’.

Although the unit is shown in the form of a
parallelepiped sensitised on one surface only,
and the heating wires are shown connected to
each other and to common current leads, it is
obvious that the form given to the body of mould-
ed material may be modified for its use in a par-
ticular structure, that one or more surfaces may
be sensitised and that the current in the heating
elements and the form given fo these elements
themselves may be provided so as to obtain either
uniform heating, or a desired distribution of the
temperature in the cathode.

Fig. 9 shows in plan and in elevation a struc-
ture in which the cathode is ¢f cylindrical form
and consists of a body of moulded material 8s,
externally sensitised as indicated at I3, the heat-
ing element 53 being placed in the axis of the cy-
lindrical insulating body. This structure permits
the use of such cathodes in tubes of the known
types with concentric arrangement of the ele-
ments.

Various obvious modifications can ke made fo
this latier embodiment; its form may be that
of a hollow polygonal bedy of moulded material,
a plurality of filaments, etc.

The various arrangements provided by the in-
vention and employing the cathode forms shown
or directly derived from these may be combined
with all known systems in which it is necessary
to arrange a source of electrons. Nevertheless,
as the emission currents concerned remain of a
relatively low order, generally less than a milli-
ampere, the invention provides a method of ap-
plication permitting considerable output currents
to be obtained, particularly in the amplification
of very low tensions of the order of a hundredth
of a volt and less.

Moreover, the use of these devices permits
where necessary the interpolation of high im-
pedances in the circuit, which in the usual case
in the amplification of very low currents is to be
avoided.

For this purpose a cathode incorporating the
characteristics of the invention, associated with
a control grid, is arranged at the input of any
electronic amplifier structure employing second-
ary emission.

The electron current produced by the said
thermionic cathode is received on the first emis-
sive plate of the amplifier device where its ar-
rival causes the emission of secondary electrons:
The amplification continues in the structure in
the usual manner.

Under these conditions the primary current
from the cathode may be of the order of about
ten microamperes for example. Such a current

is efficiently controlled with a suitable rate of
modulation by & tension of the order of the hun-
dredth of a volt and plays the part of inpuf cur-
rent for the secondary emission amplifier device.
In this way it is easy fo obtain at the output
of the apparatus a current reaching several milli-
amperes whose variations faithfully reproduce
those of the alternating tension applied to the
control grid. Moreover, there is thus obtained an
amplifier system in which the ratio signal to
fundamental noise is very great without high
impedances being used in the circuit.

Fig. 10 represents by way of example an elec-
tronic amplifier device employing secondary emis-
sion.

In this drawing, a sheath 101, which has been
evacuated to a very high degree, contains a cath-
ode of a type in conformity with the character-
istics previously mentioned and comprising for
example a body 102, heating elements 183, and
connections 104, the surface 185 being sensitised
as above described, a control grid 166 and an am-
plifier structure comprising secondary emission
electrodes in the form of grids 107 to 112. There

are also provided concentration cylinders or elec- &

trodes 18 to 18 and a collecting electrode 19
at the opposite end to the cathode.

The heating current of the cathode is supplied
by the battery 20 connected to the current leads
104 through an adjusting resistance 2i. This
battery may be replaced by any suitable source
of current. )

A potentiometer 22, fed by a battery 23, permits
the suitable tensions to be applied to the various
electrodes of the device. Capacities such as 24,
25 and 26 are connected bhetween the cathode
connection 27 and the connections of the second-
ary emission grids, for example (07, 168, 109, re-
spectively. The collecting electrode {9 is con-
nected to an output resistance 28 on the termi-
nals of which the utilisation circuit is branched.
The tension whose variations are to be amplified
is applied between the control grid 186 and the
cathode.

Although the invention has been described in
connection with electronic amplifier systems, it
is clear that it might find application in generator
or modulator systems and other electronic de-
vices.

What is claimed is:

1. An electron discharge device for amplifying
high frequency energy comprising a cathode of
photo-sensitive material, heater means for main-
taining said cathode at a temperature between
100° and 150° C. to produce a primary emission
of electrons, an anode, a secondary electron emit-
ting electrode between said anode and said cath-
ode, and a conftrol grid for controlling the num-
ber of primary electrons reaching said secondary
emitting electrode arranged between said elec-
trode and the cathode.

2. An electron discharge device according to
claim 1, wherein said photo-sensitive material is
caesium.

3. An electron discharge device according to
claim 1, wherein said cathode comprises a re-
sistive carrier body, and a film of photo-sensitive
material coated on said body, and said heater
means comprises means for passing heating cur-
rent through said resistive body.

ANDRE GABRIEL CLAVIER.
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