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This invention relates to photoelectric cells
having light sensitive electron emissive cathodes.

A photoelectric tube of the types shown in my
prior Patents #2,489,220 and #2,489,222 of No-
vember 22, 1949, comprises a suitable anode as-
sociated with a cathode having a surface that
is sensitive to light and capable of emitting elec-
trons when light-activated. The emission of
electrons from a saturated light sensitive cathode
is proportional, other conditions being controlled,
to the area of the sensitized surface which is acti-
vated by the light rays. These constructions also
comprise an opaque shield or one made of a suit-
able light filtering medium so arranged in front
of and spaced from the cathode that as the angu-~
larity of an impinging light ray is varied, the
activated area of the cathode is varied, and thus
the total electron emission is determined by the
light angularity.

This type of photo cell, which has various uses
as well as those defined in said patents, may de-
pend for its accuracy upon the degree of uni-
formity of the light sensitive coating on the cath-
ode. "It, however, has been found that it is diffi-
cult to coat a cathode having an extensive fiat
or cylindrical surface with sufficient uniformity
to give the desired accuracy, and standard pro-
cedures have resulted in some areas of the plate
being less sensitive than others.

It is the primary object of this invention to.

provide a photo cell with a light sensitive elec-
tron emissive cathode which has a high degree of
uniformity of light sensitivity throughout its ef-
fective area and which may be readily and eco-
nomically manufactured and will provide a sat-
isfactory photo action. Other objects will be ap-
parent in the following disclosure.

In accordance with my invention, I make a
cathode for a photo cell by coating a wire with
a suitable light sensitive eleciron emissive ma-
terial and form the required cathode area of this
wire. Since the wire is small in diameter ag
compared with its length and the total cathode
area, any variation in the uniformity of coating at
a given point on the wire is negligible in its net
result.

In the drawings illustrating one embodiment
of this invention:

.Fig. 1 is a central vertical sectional view
through a photo sensitive tube;

Fig. 2 is a similar view, partly broken away,
taken on the line 2 of Fig. 1;

Fig. 3 is an enlarged section through the cath-
ode, taken on the line 3—3 of Fig. 2;

‘Fig. 4 is a diagrammatic fragmentary per-
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spective view of another form of wire cathode;
and : .

Fig. 5 is a fragmentary elevation of a modifi-
cation having the cathode formed of separate
wires. ‘ )

One form of photo cell construction comprises
my new cathode 10 associated with an anode i1
mounted within a glass tube or transparent casing
12 of suitable shape. . This light transparent tube
may comprise a base {4 of a soft lime glass or
other suitable material which is integral with the
cylindrical tube walls. The vertical anode wire
{1, or a rectangular wire frame similarly used
for the anode, may have a supporting wire por-
tion 15 embedded in and projecting through the
glass base 14, and it is connected within the glass
to a suitable wire lead 16 which in turn connects
with the metal prong I7 carried by the Bakelite
or other insulating base 18 of the tube. Such
tube and anode parts may be of suitable or stand-
ard constructions.

In the tube form shown, a shield 19 of a suit-
able opaque or light filtering medium is arranged
in front of the cathode so as to shadow it. Tt
extends half way, or otherwise as desired, up. the
length of the sensitized portion of the cathode 0.
This shield, as described in my patents, may be
an outside plate or tube spaced from the glass-
casing {2, or, as shown, a.coating on the glass.
12 which provides for shadowing a varying area
of the cathode surface as a light ray moves an-
gularly from the position ¢ of zero illumination
to the position b of full illumination of the cath-
ode, as indicated in Fig. 1. The tubular shield
18 on the glass tube 12 may comprise & gelatin
film, such as the Wratten gelatin filters identi-
fied commercially by the numbers 64, 65 and 67
which transmit light other than red and infrared.
The transluscence of that filter to other light
rays may be controlled by the addition of a‘dye
or an opaque powder, such as dispersed graphite.
Likewise, this shield may be made of other suit-
able light transmitting media, such as a nitro-
cellulose solution or cellulose acetate solution
spread on the outside of the glass shell 12 and
which contains a suitable light absorbing medium
that will prevent the passage of selected wave
lengths of light. - :

My cathode, in the form shown in Figs. 1 and’
2, comprises a rectangular metal wire frame 20
of suifable size having a downwardly project-
ing centrally located metal support 21 formed
preferably of the same type of wire. The sup-
port 21 in turn connects within the glass 14 with
a lead-in wire 22 which terminates in the metal
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prong 23 cairied by the base. Thé ¢up-shaped
insulating base 18 is suitably secured to the lower
end of the glass tube {2 and holds it properly
in place, as will be understood. The central hol-
low projection 25 of the glass tube 12 is for the
purpose of exhausting the air from the inside
of the tube after which the hole in the part 2%
is sealed:

The primary feature of this invention com-
prises making the light sensitive portion of thé
cathode of a coated wire 30 mounted on the
frame 20, or other support, such as a glass plate
of rectangular or other desired shape.
wire is connected to the terminal 23 through the
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metal frame 20 or separately if fivunted o1 in=-i3

sulating material.

In the preferréd foffii, this--

wire 30 is mounted on the wire frame 20 as a set -

of parallel sections, either spaced or in contact.

It is preferred that the wire be continueus ahd ..~

arranged in vertical loops. The wire elements

may, however, be formed of separate wires sol-,
dered or otherwise secured to the metal frame:

aiid suitably connected to the -outside . termi-
nals, - Where one wire section is back -of another;

it is preferred that the loops be vertical relative-

to the angular direction of the light movement,

so that no material front portien of the wire:
will east a shadew on any redr part of required:

use and thus affeet the electron emission: AS
shown in Fig: 2, the cathode frame 20 may com=
prige & separate lower tross bar 81 and &n upper
eross bar 32. The sensitized wire, or a plutality
of separate sections of wire, is secured to these
two bars 31 aid 32, sueh as by wrapping a single
wite theregbout, as shown in Fig. 3; with the
evenly spaced back wire elemetits 30 showing be-
tween the evenly spaeed front wire elements.
The spacing between the adjacent wire elemetits
i§ preferably about equal to the diameter of the
wire, so thaft fio matetial amount of light (in-

dicated by the arrows in Fig. 3) iS lost by pas-.

sage thfough the wire assembly. Vatrious €x-
pedients may be adopted for wrapping a wire

contitiuously around the frameé and insuring that.

the light exposed elements are parallel dnd ver-
tical:

The wire frame 20 with its cross bars 81 and’
32 may be made of a suitable metal; such as:
nickel; platinum, tungsten or a tungsten molyb-.

denum alloy, or other strong and electrically

conductive materisl which will properly sup-.

port the eathode wires. These wire elements 30
are preferably made of nickel coated w;th sil-

ver, and they may be suitably secured to thne.

frame by a silver or other type of solder; or the

frame may have locating ribs or depressions ar=:

ranged to position the wire 30 and insure a defl-
nite spaeing: A preferred light sen51b1ve me-

dium is formed of silver coated With egesium :

metal on a base of oxidized caesium which is se
treated as to provxde a sensitized surface in ac-

cordance with $tandard practice, s0 as o form:

a sxlver-caesmm ox1de eaesium element.

One suitable form of cathode may be made of
a mckel wu'e electroplated hghtly w1th copper -
and then with a eoating of silver. The frame ;210,
The
silver-coated wite 30 may be oxidized and then‘_
coated with caesium and sensitized as described

may also be made of this same maﬁ;enal

below before it is mounted on thé frame 20. If. i
tube 12, the silver plated wiré inay be wrappedj
around tha frafie 20 and the parallel 1oops Of
wités smfiably soldéréd to the frame, such a8 by .

ise

it is 0 be sensitized aftér it is moudnted ih the

a Silver solder Alter the wire frame has beéed
ifisefted in the glass tibe With its lead wite ¢oii-
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nected thereto and in proper association with
the anode, the gas in the tube made be exhausted
by a vacuum system and other suitable proce-
dure. Thereafter, oxygen may be admitted to
the tube in sufficient amount so that when the
cathode wire is electrically heated, the silver
is suitably oxidized. Caesium is applied to this
oxidized ¢b6ating, such a§ by sublimihg the
caesium metal derived from caesium trinitride
ot 3 magnesium ribbon or by decomposition of
a pellet of caesium chromate and silicon that has
been suxtably mounted in the tube for the pur-
pose, The apphcatlon of heat decomposes the
pellet and forms a vapor of caesium which reacts
with the silver oxidizéd coating to form caesium
oxide intefsPérsed with the caesium metal when
the wire is baked at about 200° C. or higher. Ul-
timately the fhibe may be exhausted to provide
the neceéssary vacuum, or an inert gas, such as
argon, may be added. This procedure forms 2
cathode having a threshold at about 11;500
Angstrom units and & selective maximum ab
6,070 A. If the oxidized coating and caesium are
applied to the wire before the latter is mounted
on the supporting frame, suitable precautions
are taken to insure that the sensitivity of the
coating remains or is restored. In that case; the
sensitized wire is preferably wrapped about the
frame 20 but not soldered to it. It will also be ap=
preciated that the other photo sensitive mate-
rials, such as other alkali metals or alkaline
earth metals or combinations, such as antimony-
caesium, may be appropriately provided and
treated. The various sensitive coatings may be
formed by suitable standard precedure:

If desired, as shown diagrammatically in Fig :
4, the ca*hode suppert may ctomprise parallel
rods 25 having one or more sensitized wires 38
wrapped around it as a cylindrieal lielix -or other’
shape, such as a lollow parallelopipedon ot a
flattened helix; and in such cdses the anode may
beé arranged either within or outside of this cath=
ode shell. If the cathode is madeé like a woven
scieen of preferably fite mesh, the twbd Sets of

. substantiglly parallel wiré eleniénts of the wedve

will lié in cofitact Where they cioss. Howevel;
for uses set forth ih WMy prief patents, the verti=
cal wire arrangement without any cfgss wirks i3
desirabie, since tHe overlyiig Portivhs of the
crosied wires Would throw Shadots ohte the
underlyihg &sehsitized portions of theé edthode;
and the effect of thésé shadows would vary with
chinges in the directive angnlarity of the light:
Also, for many purposés the eleietits of the
loobs of a single contititious wire wrapped Hvoutid
the frame 20 need not be in exact paralielisii Hut
may be arrangefl substanmally i parauelmhi a8
a noimally wrapped hehx vhethér cylmdrma’l or
fiat, with an equal progressive spading. be’owéeh
the elements or Ioop permons of the hehx The
size of the cathode wire elements and it§ sup=
porting frame mdy bé varied widely, 45 will bé
understocd. A wire of i5 to 20 gauge w111 serve
for the frafme 29, and a wire of 20 to 50 g4iigs’
can be used for the §ilver caesiiith elethentt, I
have found that a cathode that is suitablé #6r
thée purposes 6f sald patents may be from % to\
1 inch wide and from 1 to 3 1m:h‘és 1éHe, The
size and cross sectiotial shape of the wire 30
may be as desired. Tt is immatetial if the st ahds
touch, n that case the effective portion of the
cathode wire will be that part in front which
i§ &xposed.

Fig. 5 shows a gohstruétidn i which the eath-
odé wire elsments are sEparate wires 48 soldered
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or welded by spot or resistance welding to a rec-
tangular metal frame 41 and arranged in paral-
lelism. 'These wires may be closely spaced, or
they may be in contact, so as to catch a desired
broportion or substantially all of the light on
the front exposed face portion of each wire ele-
ment. Each of the wire elements is a single
separate piece, and the elements are not wrapped
around the frame, as shown in Figs. 2 and 4.
The anode plate 42 is shown as a solid thin metal
plate. It, however, may be made as a rectangular
" loop located outside of the path of the light rays
towards the cathode wire elements. In such con-
structions where the anode plate has a consider-
able area and the cell could not be used for high
frequency work due to its high capacitance, it
is feasible to lower that capacity by the use of an
opaque dielectric with its two vertical edges sup-
ported by anode wires which replace the all metal
sheet shown in the Fig. 5 construction. Such an
anode could be substituted for a central flat metal
plate used in the Fig. 4 construction within the
loop of the cathode wire. It will be appreciated
that many modifications may be made in this
construction within the scope of this invention.
The advantages, utility and operation of such
constructions will be apparent. A eylindrical

wire will give a maximum surface effect, and the.

cathode may be sensitized more uniformly for
my purposes. If a spot on the wire is not properly
coated, this will be immaterial because of the
small percentage of the ineffective ares relative
to the total cathode surface. This cathode struc-
ture is such that the sum of the areas of the
light sensitive coatings of the wire elemenis
which are exposed simultaneously to the light
constitute the effective activation area of the
cathode, subject to the fact that the activation
varies with the cosine of the angle of the im-
pinging light. This activation is substantially
uniform and equal in equal unit areas of the
light exposed cathode, without regard to the lo-
cation of the area, so that the electron emission
varies according to the total area affected by the
light. Since the preferred arrangement of Fig. 2
has the front wire elements 30 spaced by about
the thickness of a rear element and staggered
relative thereto, the assembly forms an appar-
ently continuous surface that catches most of
the impinging light.

It should be understood that these special wire
cathode constructions need not be used with the
light shield {9 above described, and that the
wire cathode is of general utility in many types of
cell and for general purposes where the angle
of the light direction is otherwise varied.

I claim:

1. A light sensitive photo cell comprising g
light transparent casing, a cathode having an
extensive area of surface for light activation,
an associated anode and terminals leading from
the cathode and anode, and a shield terminating
in an edge which is mounted to shadow an area
of the cathode that varies in accordance with
the directive angularity of light passing said
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edge, said cathode comprising a metal support-
ing frame and a plurality of substantially parallel
wire elements mounted on the frame for expo-
sure to said light throughout the major extent
thereof and collectively connected to the cathode
terminal, each wire element having a light sensi-
tive electron emissive coating, and the sum of the
areas-of the light sensitive coating exposed to di-
rectional light impinging thereon constituting
the effective activation area of the cathode.

2. A photo cell according to claim 1 in which
the cathode comprises a metal frame having a
continuous coated wire wrapped therearound in
loops with the rear elements of the loop wire
exposed to directional light passing between the
front elements.

3. A photo cell according to claim 1 in which
the cathode comprises a metal frame and a con-
tinuous light sensitive coated wire wrapped
around the frame and forming substantially par-
allel closely arranged front and rear elements,
the spacing between adjacent front elements be-
ing substanvially the same as the width of a rear
element and the front and rear elements being
staggered so that the rear elements are exposed
to directional light passing between the front
elements, whereby the front ang rear elements
provide a light sensitive area substantially as
large as the area of the frame and form an ap~
parently continuous surface for light exposure.

4. A light sensitive photo cell comprising a
light transparent casing, a frame mounted within
the casing which has opposed supports border-
ing a light transmitting ares, substantially par-
allel cathode elements of wire mounted on said
opposed supports at closely spaced points and ex-
tending across said space, said wire having a,
light sensitive electron emissive coating through-~
out its exposed length within the frame and an
extensive cylindrical surface providing an effec-
tive activation area which is the sum of the coat-
ing areas exposed to directional light, the elec-
tron emission from the cathode elements being
substantially uniform and equal in equal unit
areas of the entire light activated area, an anode
associated with the cathode in the casing, elec-
trical terminals leading from the anode and the
coated cathode wire elements respectively, and
means which shadows a varying area of the sen-
sitized cathode wire elements in accordance with.
the directive angularity of the light.

ROBERT J. HERBOLD.
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