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SINTERED PHOTOCONDUCTING LAYERS 

Soren M. Thomsen, Pennington, N.J., assignor to Radio 
Corporation of America, a corporation of Delaware 
Application December 3, 1954, Serial No. 473,00 

9 Claims. (C. 201-63) 

This invention relates to sintered photoconducting 
layers which are particularly useful in gap type and area 
type photocells. The invention includes methods for pre 
paring sintered photoconducting layers and devices utiliz 
ing the sintered photoconducting layers of the invention. 
A photoconductive device is one which displays a re 

duced resistance to electric current flow when irradiated 
with light. In its simplest form, a photoconductive de 
vice comprises a body of photoconductive material and 
a pair of electrodes attached thereto. When a voltage 
is applied to the electrodes, the device displays a de 
crease in electrical resistance when there is an increase in 
the intensity of light irradiating the device. An amount 
of electric current flows through the device which is a 
function of this electrical resistance. 

Ideally, a photoconductive device is a perfect insulator 
When light to which it is sensitive is absent, and is a per 
fect conductor when a maximum intensity of light to 
which it is sensitive is present. Actually, a photocon 
ductive device behaves as a high resistance conductor 
when light to which it is sensitive is absent and behaves 
as a lower resistance conductor when light to which the 
device is sensitive is present. 
The difference in conduction produced by the presence 

of a unit variation of light intensity is referred to as the 
photosensitivity of the device. The measure of photo 
sensitivity is in terms of photocurrent under standard 
conditions. The current passed by the device in dark 
ness is referred to as the dark current, the current passed 
when the device is irradiated is referred to as the light 
current and the difference between light current and 
dark current is referred to as the photocurrent. 
One type of photoconductive device comprises a single 

crystal of a photoconductive material and electrodes at 
tached to the crystal. Such single crystal photocells 
exhibit large photocurrents and high ratios of light cur 
rent to dark current. However, the crystals are usually 
small in size and, consequently, the total current passed 
by a single crystal is small. When greater currents are 
passed through the crystal, the crystal heats up and the 
photosensitivity of the crystal is reduced either tempo 
rarily or permanently. Furthermore, photoconductive 
crystals are difficult to grow and are fragile. Thus, the 
expense of manufacture and maintenance often prohibits 
the use of single crystal photocells. 
Another type of photoconductive device comprises a 

body including finely-divided photoconducting powder 
particles and electrodes attached to said body. The body 
may include, for example, an unbonded photoconducting 
powder or a photoconducting powder mixed with a binder 
such as a synthetic resin. Such powder photocells exhibit 
a broader band of spectral response than single crystal 
photocells. In addition powder photocells may be pre 
pared in any desired size, shape or current carrying 
capacity. However, these powder-type devices have had 
the disadvantage of low photosensitivity, and relatively 
high resistance when the device is irradiated with light 
to which it is sensitive. 
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The low-photosensitivity and high resistance of powder 

photocels is generally attributed to the large number of 
electrical barriers existing between the electrodes. The 
electric current passing between the electrodes must 
travel through chains of powder particles. The resist 
ance due to poor electric contact between adjacent par 
ticles is multiplied by the number of particles in the 
chain, partly or completely masking the photosensitivity 
of the volume of each particle by limiting the maximum 
amount of current that can be passed by each chain of 
particles and by heating the particles during the flow of 
electric current. 
An object of the invention is to provide improved 

photoconductive bodies. 
Another object is to provide photoconductive layers 

having relatively high photosensitivities. 
Another object is to provide improved photoconductive 

devices comprising the improved photoconductive bodies 
of the invention. 
A further object is to provide methods for preparing 

the improved photoconducting bodies of the invention. 
The photoconducting bodies according to the inven 

tion comprise a substantially continuous polycrystalline 
layer of interlocked photoconducting crystals. The crys 
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tals may comprise, for example, a predominant propor 
tion of a substance selected from the group consisting 
of selenides, sulphides, and Sulphoselenides of cadmium 
having incorporated therein activator proportions of a 
halide and activator proportions of a metal selected from 
the group consisting of copper and silver. 
The devices according to the invention comprise a 

substantially continuous polycrystalline layer of photo 
conducting crystals according to the invention and at least 
one electrode attached thereto. 
A method for producing a photoconducting layer ac 

cording to the invention comprises forming a stratum 
including particles of a material selected from the group 
consisting of sulphides, selenides and sulphoselenides of 
cadmium, recrystallizing said material in a molten solvent 
to a desired range of particle sizes, incorporating into 
said recrystallized material activator proportions of a 
halide and activator proportions of a metal selected from 
the group consisting of copper and silver and evaporating 
said molten solvent, thereby producing a substantially 
continuous layer of interlocked crystals of photocon 
ductive material. 
By producing a substantially continuous layer of inter 

locked crystals of photoconductive material, the photo 
sensitivity existing in the volume of each particle is "un 
masked' and may be observed and utilized for purposes 
heretofore believed impractical. Such a layer is simple 
to prepare, reproducible and the devices prepared there 
with are rugged and weather resistant, 
The invention will be more fully described in the fol 

lowing detailed description when read in conjunction 
with the drawing in which: 

Figure 1 is one embodiment of a photocell according 
to the invention. 

Figure 2 is a series of spectral response curves for 
typical photocells prepared according to the invention 
and 

Figure 3 is a second embodiment of a photocell ac 
cording to the invention. 

Similar reference characters are used for similar ele 
ments throughout the drawing. 
Example 1.-An intimate mixture of 100 grams of 

cadmium sulphide, 10 grams of cadmium chloride, 1.7 
milliliters of 0.1 M copper chloride and 500 milliliters 
of water is prepared. This mixture may be prepared in 
a blender such as is used for mixing powder with Water. 
The yellow, viscous liquid mixture is applied, as by 
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spraying or brushing, to a borosilicate glass plate to a 
desired thickness and then dried. The glass plate bear 
ing a powder coating is fired at 600° C. for about 5 
minutes in a restricted volume of air aid their cooled. 
The product will hereinafter be referred to as a sintered 
photoconducting iayer. 

During the firing step the cadmium chloride raelis dis 
solving the copper sait and some of the cadmiuin sulphide. 
On further heating, substantiaiiy all of the cadrillin 
sulphide recrystallizes, and the cadmium 
rates. This recrystalized castiniuin Silpi; --- 
porated therein activator proportions Cf copper. 
substantially ail of the cadmium chloride has evaporaiad, 
the cadmiuin sulphide crystals are interlecked with On& 
another forming a substantially continuo.3 polycrys 
line layer of interlocked photoconducting 
glass plate. The layer is firmly adi-re gic: 
The sintered photoconducting layei is yellow, fire 

grained, translucent when thin and firmly adherent to the 
glass. The photosensitivity is high, comparable with the 
photosensitivity of single crystals of cadmi:12 Sulphide. 
Unlike cadmium sulphide single crystals, the photocon 
ducting layer is panchromatic in response characteristic, 
having a peak at the red end of the spectrum and de 
clining to almost zero at the blue end of the sp2ctrum. 
The sintered photoconducting layers approach single 
crystals in their speed of response. 

In place of cadmium sulphide, cadmium selenide and 
mixtures of cadmiuinn sulphide and cadmium selenide 
may be used. Cadmium sulphide and its equivalents 
will hereinafter be referred to as the host crystal. 
{admium chloride is introduced into the naixture to 

act as a solvent for the host crystal. In addition to cad 
mium chloride, cadmium bromide, and cadmium iodide, 
for example, may be used as the solvent for these host 
crystals. in general, any material which is a solvent for 
the host crystal at the firing temperature inay be used. 
While cadmium chloride is introduced into the coating 
mixture in the example, it may also be introduced by 
volatilization in the firing chamber during firing, such that 
it deposits upon the powder layer for a sufficient period 
of time to dissolve part or all of the hest crystal and 
recrystallize it. 
At the conclusion of the recrystallization step, sib 

stantially all of the cadmium chloride, which is volatile 
at the firing temperature of the example, evaporates, 
leaving only the interlocked crystals behind. Thus, it 
solvent for the host crystal should be a materia which 
may be reincved, preferably by evaporation during the 
firing step. 
Ammonium chloride may be introduced into the mix 

ture for the purpose of converting any oxides of the mix 
tire to cilorides. instead of copper, silver may be in 
troduced into the host crystal as the activator. The pro 
pertioi) cf copper introduced in Example E is equivalent 
to about 100 parts per million of copper with respect 
to the weight cf cadmium sulphide. it is preferred to 
introduce copper in amounts between about iO to about 
10:30 parts per million. 
The liquid mixture is coated on a borosiiicate glass 

plate in Example 1. Other substrates winich are non 
conductors, which are non-reactive with the ingredients 
of the mixture and which will stand the firing temper 
ature of the Example may be used, for example, mica, 
quartz, glass and ceramic materials. 

In addition to recrystallizing the host crystal, it is be 
lieved that the following phenomena also take place. The 
following explanation is given to aid the teaching of the 
invention. There is no intention that the invertion be 
limited to the explanation. 
When cadmium sulphide crystals grow in molten cad 

mium chloride, some chloride is incorporated into the 
crystal. Each Cll ion that enters the lattice displaces 
one S ion. One free electron also enters the lattice 
to preserve electroneutrality. The free electrons picb 
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4. 
ably come from an oxidation of the S2 ions to free sul 
phur. This reaction does not occur with pure cadmium 
sulphide. it occurs only while electrons are introduced 
to compensate for unbalanced charges in the lattice. 

If Cu+2 ions are present with Cll ions during the 
growth of the host crystal, electrical conductivity is 
greatly reduced. Each Cut 1 probably substitutes for a 
Cdk2 in the host crystal and each Cl" ion Substitutes for 
an SF2 ion. Since each Cutl makes the crystal deficient 
in one electron, the excess electron brought into the crys 
(a gy ach. Oil ion compensates for this deficiency, thus, 
preserving electroneutrality in the crystal. Although 
copper is introduced into the mix as Cut, it nevertheless 
enters the lattice as Cu+1. It is believed that Cut is 
reduced to Cu+1 during firing. 

Thus, when equal amounts of Cll ions and Cut ions 
are resent, electroneutrality is established, and the crystal 
is insulating in the darkness. When light irradiates the 
crystal, the charge-compensating electrons are easily ex 
cited and wander through the lattice imparting a high 
conductivity to the crystal. 
By method of the invention, a balance of copper 

and a halide is attained, such that there is a maximum 
insulating value in the darkness and also an optimum 
number of photo-excitable electrons in the volume of the 
crystal. The photosensitivity of the volume of the host 
crystal is usually masked due to the high resistivity of the 
contact between the host crystal particles. Treatment of 
ihe host crystals according to the invention adapts the 
Surface of each particle to make a low resistance contact 
with other particles with which it is in physical contact 
when light is applied thereto. 

Evainpla 2.-An intimate mixture is prepared compris 
ing 100 grains of cadmium selenide, 10 grams of cadmium 
chioride, 1.7 milliliters of 0.1 M copper chloride and 500 
milliliters of water. The mixture is coated on a mica 
shcet, dried and then fired at about 600° C. for about 
10 minutes in a restricted volume of nitrogen. 

i&eferring to Figure 1, a sintered photoconducting layer 
2i of the invention upoil a glass plate may be made 
into a simple photocell by painting on the surface there 
of a pair of silver paste electrodes 25. Such electrodes 
are Well known in the art, comprising a mixture of 
Inetallic silver and a suitable resin. The electrodes 25 
catch have a side equidistantly spaced from the electrode. 
The gap formed between the two electrodes 25 has two 
important dimensicns: width, which is the distance be 
tween the electrodes, and length, which is the distance 
along which the electrodes are parallel to one another. 

in place of painting silver paste electrodes, they may 
2 applied by other printing techniques, such as silk 

Screening or spraying. Other types of electrodes may be 
used, for example, aluminum, platinum, silver or gold 
may be evaporated upon the sintered photoconducting 
layer of the invention. Similarly, electrode materials 
Emay be Sputtered in a desired configuration upon the 
photoconducting layer of the invention. 
A voltage is applied between the electrodes, and light 

is directed into the gap therebetween. The voltage which 
may be applied to the electrodes and the current which is 
passed by the photocell is determined by the gap width 
and the gap length. Thus, the greater the gap width the 
higher may be the voltage and the greater the gap length 
the greater may be the current passed by the photocell. 
The voltage applied to a photocell of the invention may 
be either alternating or direct current. The specific ex 
amples of operational characteristics given herein are in 
connection with direct current operation although most 
of Such examples are equally representative of low fre 
quency alternating current operation. 
The table summarizes typical data for photocells pre 

pared according to the examples and Figure 1. The data 
is for photocells having a gap 1 cm. long and 0.05 cm. 
wide with 20 volts D. C. applied to the electrodes. The 
compositions include the percent by weight of incorpo 
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rated copper with respect to the weight of host crystals, 
id is the photocurrent of the photocell in the darkness, 
ii and iso are the photocurrent microamperes with 1 and 
50 foot-candles of light from an incandescent source 
present respectively, CD and Ci are the conductivity in 
mhos/centimeter of the photocell in darkness and with 
1 foot-candle of light present respectively and the curve 
refers to the spectral response curve of Figure 2 which 
applied. 

Table 

Composition id i. iso C1 CD Curve 

CdS: Cu (0.001).-----. 0,000 3 300 10-4 10-7 3. 
CdS: Cu (0.0001).----- 0.01 30 | 1,000 103 10-0 33 
CdSe:Cu(0.0001).----- 0.0001 300 3,000 10-2 0-9 35 

Another type of photocell comprises a transparent con 
ducting layer on a glass substrate over which the photo 
conducting layer of the invention is formed. Such a 
transparent conductive coating may be prepared by ex 
posing heated glass to the vapors of silicon, tin or titanium 
chloride and afterwards treating the coating thus formed 
in a slightly reducing atmosphere. In some cases the glass 
plate may be treated with a mixture of stannic chloride 
in absolute alcohol and glacial acetic acid. The elec 
trodes may be in any desired configuration, for example, 
the electrodes may comprise a simple gap structure com 
prising two spaced electrodes. 

Referring to Figure 3, a photocell of the invention may 
comprise conducting areas 25 on a glass plate 23 in the 
configuration of two electrodes having a series of inter 
digitated fingers extending so that the electrodes are equi 
distant from one another at every point. Such a struc 
ture provides uniform gap width and a relatively long 
gap length for a given area. A photoconductive layer 21 
of the invention is now formed on top of the electrodes 
25. 
The photoconducting layers of the invention may be 

used in simple photoconductive devices or in more com 
plicated devices including other structures such as electro 
luminescent materials and in conjunction with television 
pickup tubes including cathode ray scanning means. 
The sintered photocells of the invention have the ad 

vantage over single crystal photocells in that they are 
cheaper and easier to prepare, are more rugged, exhibit 
a panchromatic response to light, may be made in any 
desired size or shape, and may be designed to handle 
large currents. The sintered photocells of the invention 
have the advantage over powder photocells in that they 
are cheaper and easier to prepare, exhibit a greater re 
sponse to light at the blue end of the spectrum, exhibit 
a higher speed of response to light and exhibit greater 
photosensitivity at lower voltages. The sintered photo 
conductive layers of the invention have the advantage 
over presently used widicon targets of greater photo 
sensitivity and are easier to prepare. 
What is claimed is: 
1. A method for producing a sintered photoconductive 

layer comprising forming a stratum including particles 
of a substance selected from the group consisting of 
sulphides, selenides and sulphoselenides of cadmium, 
recrystallizing said substance in said layer in a molten 
solvent, incorporating into said recrystallized substance, 
activator proportions of a member of the group consist 
ing of copper and silver, removing substantially all of 
said molten solvent and sintering said recrystallized sub 
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6 
stance, thereby producing a substantially continuous 
layer of interlocked crystals of photoconductive material. 

2. A method for preparing a photoconductive layer 
comprising forming a stratum including particles of 
cadmium Sulphide, recrystallizing said cadmium sulphide 
in a molten solvent, incorporating into said recrystallized 
substance activator proportions of chloride and copper, 
evaporating substantially all of said molten solvent and 
sintering said recrystallized cadmium sulphide thereby 
producing a substantially continuous layer of interlocked 
crystals of photoconductive material. 

3. A method for preparing a photoconductive layer 
comprising forming a stratum including particles of 
cadmium selenide, recrystallizing said cadmium selenide 
in a molten solvent, incorporating into said recrystallized 
Substance activator proportions of chloride and copper, 
evaporating substantially all of said molten solvent and 
sintering said recrystallized cadmium selenide thereby 
producing a substantially continuous layer of interlocked 
crystals of photoconductive material. 

4. A process for producing a photoconductive layer 
comprising coating a substrate with an intimate mixture 
of about 100 parts by weight cadmium sulphide, 10 parts 
by weight cadmium chloride, and 0.01 parts by weight of 
copper and then firing said coating at about 600° C. in 
an atmosphere that is inert to said coating until a sub 
stantially continuous layer of interlocked crystals of 
photoconductive material is produced. 

5. A substantially continuous polycrystalline layer of 
interlocked photoconducting crystals of cadmium sul 
phide containing activator proportions of chloride and 
copper. 

6. A substantially continuous polycrystalline layer of 
interlocked photoconducting crystals of cadmium sele 
nide containing activator proportions of chloride and 
copper. 

7. A substantially continuous polycrystalline layer of 
interlocked photoconducting crystals, said crystals com 
prising a substance selected from the group consisting 
of sulphides, selenides and sulphoselenides of cadmium, 
said crystals having incorporated therein activator pro 
portions of a halide and having activator proportions of 
an element selected from the group consisting of copper 
and silver. 

8. A photoconductive device comprising a substantial 
ly continuous polycrystalline layer of interlocked photo 
conducting crystals of cadmium sulphide containing acti 
vator proportions of chloride and copper and at least one 
electrode attached to said layer. 

9. A photoconductive device comprising a substantial 
ly continuous polycrystalline layer of interlocked photo 
conducting crystals, said crystals comprising a substance 
selected from the group consisting of sulphides, selenides 
and sulphoselenides of cadmium, said crystals having in 
corporated therein activator proportions of a halide and 
having activator proportions of an element selected from 
the group consisting of copper and silver and at least one 
electrode attached to said layer. 
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