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6 Claims.

The present invention relates to photoelectric
devices and more- particularly to devices such
as are used in electron optical systems in which
the response of the device over its surface varies

in accordance with the local emission of each :

elementary area.

Hitherto devices of extended area of the type
described have generally ‘heen of the photo-
emissive type, formed for example, by oxidising
and treating with caesium' vapour 'a layer of
silver to render it photoelectric. Such devices
are mounted in a suitable vacuum tube and
when a picture is projected on to the surface of
the device each portion of the photoelectric sur-
face of the device emits electrons in accordance
with the local distribution of light over the sur-
face.

However, photoelectric cells of the emissive
type have the drawback that their quantum effi-
ciency is low, that is to say, the number of

electrons that may be detached from the mate-.

rial per light quantum -is-small, the efficiency
usually being to the order -of 10-3. "However,
photoelectric cells of the kind in which -either
the conductivity of an element is varied by the
incident light or in which an-E. M. F. is devel-
oped across the element due to the incident light
have much greater efficiencies than cells of the
photoemissive type, the efficiencies of photo-

conductive and photo-voltaic cells in some cases.
approaching - unity. - However, ‘photoconductive:

and photo-voltaic cells have the disadvantage
that they do not emit electrons into free space.
The object of the present invention -is to
provide ‘a photoelectric device of the kind above
described which will operate with the efficiency
of a photo-volta.lc or photoconductive cell but
whichis, in effect, a photoemissive cell.

According to the main feature of the present

invention & photocathode is provided having'a
superficial electron emitting ‘layer comprising
effectively discreet emitting elements distributed
over its surface and adapted fo be rendered con-
tinuously electron emissive, ‘said layer being

mounted on or closely adjacent to a body whose:

electrical properties are modified from point to
point in accordance .with variations in' the-in-
tensity of illumination- over the said body ‘in
such manner as to a.lter the conditions of equi-
librium’ of ‘the emission from point to point -in

sald ‘emitting layer, whereby the emission from:

said emitting layer can take place in accordance
with a predetermined pattern determined by the

distribution of the-illumination on said body. -
According to a further feature of the invention,
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8, photocathode is provided having a superficial
electron emitting layer adapted -to be rendered
confinuously electron emissive, said layer being
mounted on or closely adjacent to a body whose
electrical properties are modified by variations in
the intensity of . illumination of the body in such
manner ‘that -the effective emission from -said
layer depends on said-intensity of illumination.

Where the invention is applied in picture trans-
mitting devices, the electron emitting surfaces
may comprise a mosaic' of minute emitting ele-
ments -arranged - on & photosensitive " support
whose conductivity parallel to its surface is small
compared with that through the layer, so that
the emission from each of the minute cells in
the mosaic may ‘be determined by the local
illumination of the support, whereby a picture
image may be -impressed on the beamof elec-
trons: emitted by the mosaic.

For example, the electron emitting layer may
be a cold cathode such as a photoelectric mosaic
rendered emitting by being constantly illumi-
nated there being arranged in front of the emit-
ting surface a positively charged grid-electrode
by which -electrons tend to be accelerated away
from the emission surface, the body whose prop-
erties-cause the variation in the emission when
light is incident on the body being a sheet of
photoconductive or photovoltaic material of rel-
atively small conductivity parallel to its surface,
on which said emitting layer may be formed, and
on which an optical image of a picture to be
transmitted may be produced whereby the equi-
librium condition of said emission is disturbed
locally, in accordance with the light and shade
of ;the optical image.

The nature of the invention and the method

of carrying the invention into effect will be read-

ily understood from the following description in
detail with reference by way of example to
Pigures 1 to 3 of the accompanying drawing
which are diagrammatic representations of em-
bodiments of the invention in picture trans-
formers.

'Referring’ to Figure 1 of the drawing, the
photocathode according to the invention is con-=
stituted by the -assembly of elements indicated
by reference letter P.. The photocathode P .com-
prises a- continuous metal layer | which is so
thin as to be transparent, supported on the sheet
2 of glass‘or mica or other suitable transparent
material. A layer of photoconductive material
3 for example of zinec selenide, zinc sulphide or

.selenium with ‘a- relatively- high resistance par-

allel to its surface is applied to the metal layer




2
or formed on the metal layer 1, for example,
by setfling or evaporating or spraying on to
that layer. Above the layer 3 is formed a mosaic
4 of minute photoemissive cells consisting for
example of a mosaic of minute oxidised and
caeslated silver globules. = Arranged in front of
the mosaic. 4 is a grid § which is maintained at
a positive potential to accelerate electrons away
from the mosaic 4. Behind grid 5 as viewed
from the cathode P is a further accelerating
electrode system ¢ which may for example be
a tubular anode having associated with it a mag-
netic lens constituted by coil -1 which fogouses,
electrons emitted by mosaic. 4. and . passing
through grid 5 on to the fluorescent screen 8.
Grid 5 is maintained at a relatively small posi-
tive potential, for example, of the order of three
volts with respect to the conductive sheet i, by
a suitable source -of potential such as the ﬁrst
part of the battery 8 and the anode 6 is main-
tained at a very high potential with respect to
the conductive sheet i, for example 2000 volis,
for example; by. the whole of the source 9. An
image of an object O. which it is required tg
transmit-is pI‘OJECt«,d from the rear of the sheet
1 through the sheet 2 on to the. photoconductxve
layer 1 by means of the optwal system represented
by lens i8, and the mosaic 4 is flooded with a
steady 1]lum1nat10n 1ndlcated by the beam 1.
The face. of the p‘loto conductlve layer 3, on
which the mosaic 4 is formed is rendered (opa,que
50, that the steady 111um1nat10n of the mosaic 4
has substantially no effect on the condition of
the element 3..

It is beheved that this arra,ndement operates
soemewhat in the following manner, As the photo-
mosalc 4.is contmuously 111um1nated and the grid
§ is.at a slightly positive potential with respech
to the conductive layer 4, as long as 1o emission
penetrates into the photoconductlve sheet 3 the
emission from each element of the mosaic 4 will
continue: until the potential of the. mosaic is
slightly higher than that of the grid-5 in which
case -an-equilibrium. condition is established so
that electrons emitted by the: mosaic are forced
to return thereto. .under the action of the retard-
ing field due to the grid. If now a pleture-of the
object O is projected through elements 2 and i
on to. the photoconductive layer 3 then the eon-
ductivity:-of the layer 3 perpendlcular to its sur-
face will-be caused ‘to vary over éach elemental
area -in aceordance with the Iocal Hlumination
thereof so that current may flow from the con-
duetive film [ fo-the elements of the mosaic 4,
the current to each element varymg in accord—
ance with the distribution of 111ummat10n on the
element 8. Thus the local emission from the
element- l% will vary in accordance with the Iocal
llumination -of the element 3 and more" or less
electrons ‘will ‘be emitted from ‘the elements of
the mosaic 4 in accordance with said Mumina-
tion and W111 bass through grld § into the geceler-.
sting field set up. in anode 6, the beam of elec-
trons so emitted being focussed.on the ﬂuorescent
screen S to form ‘thereon an image of the object,
O.. Moregover, the disturbance of the. varlatmn
in the. emission of the, elements of the mosaic -4
will depend od the effect of the light, from ob-

ject O _on the element 3 and will not be deter- 7

mined by response tg light of the mosaic 4. Thus
the. quantum efﬁmency -of the photocathode R
will be that of the photoconductlve layer 8. It
is thus to.be seen that the _sensitivity of an Jec-
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in respect of a mosaic electrode somewhere in the
order of a thousand times.

As some photoconductive materials are highly
sensitive to radiation far into the infra red, de-
vices utilising a photocathode according to the
invention may prove useful for fog penetrating
devices .or for devices for “seeing in the dark.”

The control grid 5 in the arrangement of Fig-
ure 1 should be as fine as possible in order to
necessitate the application of only a small bias
potential between the grid and the conductive
sheet | for full control, owing to the fact that a
large grid bias voltage involves the setting up of
a large potential difference across the photo-
conductive layer and thus there is a risk of a
breakdown of the insulation.

If the layer 3 is formed of a material having
& high specific resistance a flow of current of rela-
tively small density through the element will
set up -a high potential thereover which is likely
to.e-troublesome. Thus, it. is of advantage to
form the element 3 of photoconductlve materials
of low specific res1stance, or alternatively, if such
materials are not available, it is preferable.to use
cathodes of large area in erder to keep the cur-
rent density small. Another reason for keepmg
the bias. potential .on the grid §.small js that the
potential difference between elements-of the mo-
saic adjacent points on the sheet .3 where. the
illumination is almost dark and bright respec-
tively will result. in. chromatic.aberration of the
electron picture and. it.is therefore desirable. to
keep. the potentxal variation between bright and
dark elements. over the mosaic. as- small -as Pos-
sible. It will also be- adva.ntageous from this
pomt of ‘view  tor-accelerate the:. photoelectrons
between the grid 4 and the fluorescent screen. S
ta-so0. high. a velocity that the “chromatic” aber-
xatmn becomes neghglble :

In.the case where. the: maximum potent1a1

' between elements of the mosaic correspondmg to

50;

60:

trode according to. the- nventmn may be 1ncreasec1 75.

hght and, dark respectlvely -of -the plcture is thlee
volts it is summent to accelerate the electrons -
pasging the grid 5 with a, potential .of 300 volts.

5 on the anode § to.prevent the “chromatic” aber-

ration havmg any obJectmna,ble effect. - If neces-
sary-it may be possgb]e to. compensate: thls aber-.
ratlon by- electron mirroxrs. -

As. already mentioned the surface of the ﬁlm 3
on. which the: mosaie: 4. 1s. supported is: rendered.
opague, Thus the mterelement spaces of. the
mosalc 4 are preferably filled by an- -gpaque i
sulatmg material. Thls may conveniently- be:
done: by making the elements of the mosaic of
regular geometmcal :shape for example small.
sgyares-or rectangles, and. then. putting down an.

opaque layer of msula,tmg material-such as mag-

nesium oxide over-the gaps in between the ele-
ments. .

Instead of preventmg the hght from the: beam
“( from- penetratlng mto the photoconductwe

fe e,; for, example some photoconductwe
materxals do not. respond. to blue .or ultra. vielet
ugh whereas potassmm photoem1s51ve cells are-
a selectlve m,axunum in the blue )

Some photoconductive
ell: at’ these tempera-



2,258,204

..: A further possibility is to usé¢ secondary emis-
sion:obtained by irradiating the electrode 4 with
a beam of primary electrons, the:imageé of the
object: O being then. impressed on :the beam of
the secondary electrons.. In this caseit:is possible
to .use the: surface of the photoconductwe layer
itself as a mosaic. :

- Thus, instead .of the single:sided arrangement

described. & double-sided. arrangement in which
electron emission is:set up from both sides of the
layer:3 .could: bé used.
.- Ancathode: constructed according to the inven-
tion  may be used in tubes in which scanning is
effected: as. well as in picture transformers.. For
example, in the ‘case .of::a: projection. tube, the
composite electron beam derived from a cathode
according. to  the invention might be received on
a mosaic -electrode either: of ‘the single sided:or
double - sided  type such .as are used in television:
transmitting ‘tubes -of .the ‘projection type. :In
thisicase the mosaic can be 'scanned to derive pic-
ture:‘signals’ for -transmission. . -Alternatively a
cathode according to-the invention might be ar-
ranged - in a transmitting. tube of .the dissector
type in which the composite beam emitted from
the cathode is scanned across a small aperture
to produce the desired signals. Moreover, if de-
sired, instead of using a beam such as Il in
PFigure 1 for causing an emission of photoelec-
trons to form a composite beam from a cathode
according to the invention, a fasciculated beam
might be used, this beam being caused to scan
the cathode and in this way also, picture signals
may be produced corresponding to the illumina-
tion of elemental area of the optical image pro-
duced on the layer 3 of Figure 1.

A cathode according to the invention may also
be used in picture amplifiers or intensifiers in the
manner indicated in Figure 2 of the drawing.  In
this arrangement the first stage, A, of picture
amplification is similar to the transformer ar-
rangement of Figure 1 same elements of the stage
being indicated by the same reference numerals
as the corresponding elements of Figure 1. In
the case of this stage A the fluorescent screen 8
on which the first electron picture is focussed is
settled on the back of a second transparent mica
disc 2’ similar to the disc 2, carrying a photo-
conductive assembly 1’, 3’, 4’ similar to the as-
sembly 1, 3, 4, of the stage A, This assembly
forms a photo-cathode P’ for a further stage of
picture amplification B which comprises elements
numbered 5’ to 8’ corresponding to the elements
5 to 8 of stage A, grids 5 and 5’ and anodes 8 and
6’ respectively being maintained at equal poten-
tials. In such an arrangement as the photo-
conductive layers are screened from the influence
of light arriving through the photoemissive layer
in the cathodes P or P’, no light from the fluores-
cent screens 8 or 8’ can reach the photoconduc-
tive -layer of the stage and cause back-ground
illuminations. Thus the requirements in respect
of the non-reflecting properties of the internal
walls of the envelope in which the assembly is
housed are not very exacting. It is desirable to
match the colour of the fluorescent screen and
the spectral response of the adjacent photocon-
ductive material 8 in stage A and the adjacent
photoconductive material 3’ in the cathode P’
of stage B so that the latter has its maximum
sensitivity to light in the wave band radiated
from the fluorescent screen. It may be possible
to use a photoconductive material which has good
fluorescent properties as well as being photocon-
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3
ductive, so.that the necessity of utilising-an addi-
tional fluorescent screen is avoided.

If a response for only one waveband is reqmred
suitable fillers may be mounted in front of the
cathode assembly or the transparent metal ilm 1
of the cathode might itself constitute a filter and
in some cases it might be made thick enough to
support the photoconductive layer 3 thereby en-
abling the supporting plate 2.to: be eliminated.

Finally the arrangement may be applied to in-
crease the sensitivity of norimal photoelectric cells
in'which a continuous photoemissive layer is used
instead of the mosaic 4 on:top of the photocon-
ductive material.

‘Figure 3 of the drawing shows an arrangement
in which instead of a photoconductive material,
a photovoltaic. material is used to increase the
sensitivity of the photocathode assembly accord-
ing to the invention.

In: the arrangement of Flgure 3 the ca.thode
assembly -comprises a:thin transparent film of
metal 21, for example, platinum, on which a thin
layer of copper 22; is deposited and completely
oxidised. : On top of the layer of cuprous oxide
thus formed :a mosaic 23 of silver particles is
formed preferably by sputtering through a grid
or by sputtering a continuous layer which is sub-
sequently aggregated by heat treatment, the
silver particles thus formed being sensitised to
light by being caesiated in well known manner.
Alternatively, the cathode Pl may be formed by
heating a sheet of copper to convert it into
cuprous oxide, a layer of silver being sputtered
onto the one side of the oxidised sheet and aggre-
gated, and a transparent conducting layer of
platinum evaporated on the other side of the
sheet. - The composite layer may be mounted on
a suitable insulating support such as the support
2 of Figure 1 with accelerating arrangements ar-
ranged in front of the photocathode and focus-
ing arrangements similar to the elements of § to
1 of Figure 1. 'The potentials Vi and Va respec-
tively of electrodes 5 and 6 are arranged so that
if the silver layer 23 is at the same potential as
the patinum 21, the emission of photoelectrons
from the silver film due to the steady illumina-
tion thereof would just be saturated. When no
light falls on the cuprous oxide through the plate
21, the potential of the silver particles will become
a.dJusted to an equilibrium value such that just
as many photoelectrons are emitted as fall back
into the photoelectric layer, so that no electrons
will pass the grid 5. 'When the photovoltaic layer
22 of cuprous oxide is illuminated, however, an
E. M. F. will be set up between plates 21 and 23
such that plate 23 will be negative with respect
to plate 21 and consequently electrons will be
able to pass the grid 5 and be accelerated towards
the screen 8.

Theoretically, the arrangement of Figure 3
will, assuming the photosurface 23 has a sensi-
tivity of about 20 micro amperes per lumen, have
an over-all sensitivity of about 100 micro amperes
per lumen.

‘We claim:

1. A photocathode comprising a transparent
support surface, a thin layer of metal deposited
upon said transparent support, a layer of photo-
sensitive material supported upon the thin metal
layer, and electron emitting material supported
upon said photosensitive layer said material being
only in contact with said photosensitive layer and
possessing areas from which unobstructed elec-
tron emission may emanate.

2. A photocathode comprising ‘& transparent
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support surface, a thin layer of metal deposited
upon said transparent support, & layer of photo-
sensitive: material supported upon the thin metal
layer, and photoélectric material supported-upon
said photosensitive layer said material being only
in _contact with said photosensitive layer and
possessing areas from which unobstructed elec-
tron-emission may .emanate. .

3. A photocathode -comprising . transparent
support surface, a thin layer of metal déposited
upon said transparent:support,.a’layer of photo-
- sensitive material supported upon the: thin metal
layer, and a mosaic of isolated photoelectric par-
ticles supported upon said photosensitive layer
said particles being only in contact with said
photosensitive layer and possessing areas from
which . unobstructed electron emlssxon may
emanate. '

4. A photocathode compnsmg a transparent
support. surface; a thin: transparent metal layer
supported upon:said transparent support,:a layer
of :photoconductive material positioned upon said
metal layer and a mosaic of photoelectric. parti-
cles supported upon said layer of photoconduc-
tive material, said particles heing in contact only

o]

R
[+

with said layer of photoconductive material and
possessing -areas from.which unebstructed elec-
tron emission’ may emanate. -

;A photocathode comprising . a transparent
support surface;. a :thin transparent metal layer
supporbed upon said transparent support, a layer
of photovoltaic material positioned upon said
metal layer; and a: mosaic of photoelectric parti-
clesi supported. upon-said layer .of photovoltaic
material, said particles being in contact only with
said layer cf photovoltaic material and possessing
areas from which unobstructed electron emission
may emanate.

6. A photocathode ccmprlsmg a transparent

-5 support.surface, 4 thin:metal layer upon said sur-

face, a layer of photosensitive material contain-
ing ‘at:least :an . element ¢hosen from the .group
consisting of sulphur and.selenium, and a photo-
eleetric. mosaic of isolated particles supported
upon_said photesensitive material, said particles
being: .only in. contact with said photosensitive
material and. possessing’ areas from which unob-
structed electron emission may emanate.
HANS GERHARD- LUBSZYNSKI.
- LEONARD: KLATZOW. -



