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This invention relates to improvements in or
velating to deposition of photosensitive thin films

of silver sulphide layers.

Hitherto it has been proposed to deposit these
thin films only by vacuum deposition. This is open
to the objection that conditions of deposition are
governed by several critical factors and apart
from mvolving costly apparatus, reproducibility
is difficult.

The object of this mvention is to obviate these
Jisadvantages by simplifying the method by using
very inexpensive chemical method 01_" deposition
wherein no sophisticated equipment 1s necessary

at all.

To these ends, the invention broadly consists
in taking a mixture of a so!uble silver salt and
organic suiphur compounds like thiols, thiourea,
substituted alkyl thioureas and some inorganic
thiocompounds along .mtl'z a complexing agent
in solution and then adjusting the pH to be on the
alkaline side in the range 8-1c to get the desited
&lm thickness of 3-6 microns of silver sulphide on

the substrate.

The following typical examples are given to
illustrate the invention :

Example 1

Deposition bath consists of an aliquot amount
of approximately o-5 M aqueous solution of silver
nitrate, about three times by volume of 1-5M
thiourea diluted to about three times. The ground
glass plates affixed to a perspex holder are immers-
ed in the bath and then the contents are stirred.

describes the narure of this invemtion —

Fairly concentrated ammonia or any alkali gra-
dually added until a mirrory deposit is obtained
on the wall of the container, The plates are allowed
to remain inside the solution for 10 to 20 minutes,
Then they are taken out and dried. Fairly good
adherent deposits are obtained which are photo-
sensitive.

Example 2

Deposition bath consists of an aliquot amount

of approximately o-5M aqueous solution of a

soluble silver salt, about three times by volume

of 2:0M of N-N’-diethyl thiourea diluted to about

two and helf times. The ground glass plates affixed

to a perspex holder are immersed in the bath and
then the contents are stirred. Fairly concentrated
ammonia or any alkali is gradually added until
the mirrory deposit is obtained on the wall of the
container. The plates are allowed to remain in-
side the solution for 10 to 20 minutes. Then they
are taken out and dried. Fairly good adherent
deposits are obtained which are photosensitive,

The following are among the main advantages
of the invention :

{1} No costly equipment is needed.

(2) Method of deposition is very easy and
reproducible and can be done at labo=
ratory temperature.

(3} Introduction of dopants into the deposie
ted layers and control of their concens
tration éan be done eastly by adding
the dopants to the deyositing bath itself,
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The following specification particularly describes and ascertains the nature of this invention and the manner
in which it is to be performed :(—

This is an invention by CHITTARI VEN-
KATA SURYANARAYANA, Scientist, NARA-,
SIMHAN RANGARAJAN, Senior Scientific
Assistant, KRISHNAMOORTHY NAGARAJA
RAO, Senior Scientific Assistant and MARY
JULIANA MANGALAM, Senior Scientific
Assistant, all of the Chemical Physics Division,

Central  Electrochemical Research Institute,
Karaikudi-g, Madras ¢, India, all Indian
citizens.

Chemical deposition of thin films of photo-
sensitive silver sulphide layers useful as a solid
state device for measuring low levels of illumina-
tion (100 to rooo lux) in the spectral range of
04 to 1-4 microns.

Prior knowledge :

Hitherto these photosensitive thin films of
sitver sulphide were being deposited by the method
of vacuum evaporation.

- \ ]
Drawbacks connected with hitherto known
processes{deviges :

This method of vacuum evaporation is govern-
ed by several critical factors (the degree of vacuum,
the nature of the heating element which keeps the
material to be evaporated, the current to be passed
through the heating elements which in turn de-
pends upon the length of the heating elements
(wire), the disposition of the glass plates on which
the material is to be evaporated etc.) and is also
costly. Further, reproductbility and the uniformity
of deposition are dithicult to achieve by vacuum
evaporation.

The main object of the invention :

«  The main object of this invention, is to simpli-
fy the method of deposition by minimising the
number of critical factors  (mentioned above)
making it less expensive and gefting uniform de-
p osits of thin films of silver sulphide.

-

- The main finding (the new principle} under-
lying the invention :

The main principle underlying the inventior
is to deposit sitver sulphide films by a chemical
method. The basis of the chemical method con-
sists in making use of the reaction between a soluble
silver salt and an organic rulphur compound
like a thiol or thicurea or substituted alkyl thiourea
or some alkali thiosulphates in presence of com-
plexing agents like ammonia, amines and substi-
tuted alkyl and aryl amines in solution at an opti-
mum pH, which is on the alkaline side in the
range of 8—1o0.

The new result flowing from the new finding
(define in quantitative terms).

By this new method of chemical deposition
we obtained the desired silver sulphide films of
thickness ranging from 3-6 microns of silver sul-
phide on the glass substrates. This method of
chemical deposition, which has not been done
by others so far, has the advantage that the ex-
perimental procedure is quite simple, the deposits
obtained are uniform and the film thus deposited
is photosensitive,

A statement of invention :

According to the present invention, the pro-
cess for the deposition of photosensitive layer of
silver sulphide on a substrate like glass for use as
semi-conductor devices for measuring low levels
of illumination (100— 1000 lux) in the spectral
range from 0-4 micron to 1-4 microns consists
in reacting an aqueous solution of a solublesilver
compound like silver nitrate and a soluble organic
sulphur compound like alkyl thiourea, thioace-
tamide, thiols, in presence of a substance like
ammonia which keeps the silver ions in a com-
plex form, wherein the reaction is conducted in
an optimum pH in the range of 8-10 whereby
silver sulphide is formed which deposits as a thin
layer on the glass substrates having photosensi-
tive properiles.

Thus, an organic sulphur compound con-
sisting of a substituted alkyl thiowrea or alkali
thiosulphates, and a complexing agent for silver
lons such as ammonia amines or substituted alkyl or
aryl amines may be used.

Silver sulphide films of thickness ranging
from 3— 6 microns of silver sulpbide are obtained
on glass sabstrates. The deposition is done at
laboratory temperature (30-35°C).

Cations and anions called dopants {as kno
in the ait) like group I B metal jons in tlfe perio‘cfi?;
table and  halide ions may be introduced into
thle deposited layers by adding the dopants to the
solution,

The present invention thus provides a
process for chemical deposition of films of silver
sulphide which comprises the active elements ip
one of the photosensitive devices for measuring low
levels of illumination. This chemical method js
efficient from the point of view of reproducibility
uniformity of deposition and handling and incorpo:
ration. of dopants. These thin films were previ
ously deposited by a vacuum evaporation me-
thod the disadvantages of which have been
mentioned earlier. The difficulties and disadvan-
tages mherent In vacuum evaporation method
are not only obviated by this invention of chemical
deposition, but in addition this new method is not
only simple but is quite cheap and no sophisti-
cated equipment is necessary here.
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Subsidiary novel features :

Doping of these layers with small quantities
of other ions which will modify the characteristics
of the photosensitive layers could be done under
controlled conditions and In a manner more re-
producible than in vacuum evaporation. In the
method of vacuum evaporation, it is very difficult
to reproduce the conditions and concentrations
of the dopants whereas by this new method of
chemical deposition, it is possible to control the
level of doping i the thin film.

Detailed description

The experimental set up consists of two parts—
(1) The Plate holder (2) the deposition bath in
which the plate holder is dipped.

The plate holder consists of 5 c.m. square
perspex sheet of about o-5 am. thickness firmly
attached at its centre to a vertical rod of stainless
steel. The substrate on which these thin films
have been deposited i1s made of slide glass. The
area of each plate is 1 cm. X 05 c.m. These
plates are ground with emery grade No. 520,
These ground plates are attached with “Quick
fix’* to the perspex holder with the ground surface
facing downwards (the deposition side}.

The deposition bath consists of a mixture
of soluble silver salt solution and cne of the organic
sulphur compounds like thiourea mentioned above
along with one of the complexing agents. The
perspex holder is dipped in the solution such that
the plates are well within the solution. The solu-
tion is kept stirred wsing a magnetic stirrer. After
sufficient stirring, an alkali is added to raise the
pH 0 an optimum value in the range 8-10. The
plates are kept for about 30 minutes by which
time it has been observed that the deposition is
almost complete and the thickness of the layer
obtained is an optimum lying between g and 6
microns. After the deposition is completed, the
perspex holder is take out and the plates are washed
with a jet of distilled water and taken out from
the perspex holder. The surface of the plates is
cleaned physically with a piece of wet cotton and
dried. These plates have been found to be photo-
sensitive and heat treatment in oxygen has been
found to increase the sensitivity.

A few typical examples ¢

Example 1

Deposition bath consists of 10 ml of 0-5 M
silver nitrate solution and 350 ml of 15 M thicurea
solution diluted to 100 ml with distilled water.
The perspex holder containing the affixed plates
is immersed in the bath and the contents stirred
with a magnetic stirrer. A mixture of 5-0 ml of
liguor ammonia (specific gravity 0-91) and 5-0
ml of distilled water is gradually added to the
bath when a bright mirror is formed on the sides
of the beaker, followed by 10 ml of liquor ammo-
nia till the pt reached g-5. The mirror is violet
in colour in the beginning and turns dark grey
towards the end. The plates are allowed to remain
inside the beaker for about g0 minutes. The holder
is then removed, washed with distilled water and
plates are wiped with cotton-wool soaked in dis-
tilted water. The plates are removed and adherent
deposits are obtained which are photosensitive.

Example 2

The depositton bath consists of 15 ml of 05
M aqueous solution of silver nitrate, 45 ml of
20 M N-N' diethyl thiourea diluted to about
100 ml. The ground glass plates atfixed to a per-
spex holder are immersed in the bath and then
the contents are stirred. 2 M sodium hydroxide
its gradually added wuntil the mirrory deposit is
obtained on the wall of the container. The plates
are allowed to remain inside the solution for 1o
to 20 minutes. Then they are taken out and dried.
Adherent deposits are obtained which are photo-
gensinve,

The main advantages of the invention :

The main advantages of this invention are
{1) no costly equipment is needed. (2) The method
of deposition is very eaty and reproducible and can
be done at laboratory temperature (30-35°C) and
(3) Introduction of dopants into the deposited
layers and control of their concentration can be
done easily by adding dopants to the depositing
bath.

Summary (Critical discussion) :

Thin films of silver sulphide have been used as
semiconductor devices {for measuring low levels of
Hlumination in the spectral range from 0-4 micron
to 1+4 microns. The method of making these thin
films was by vacuum evaporation and there was
no other simplified method. This well known
method has been rather difficult in the sense that
it required a sophisticated system comprising of
a vacuum unit for depositing these thin films layers,
Also in several other semiconductor devices, the
doping of these films, which is a process well
known for augmenting the photosensitivity of
these layers could only be done with doubtful
reproducibility. We have evolved for the first
time successfully a method of chemical deposition
to get equally photosensitive layers of silver sul-
phide adherent as well as of the required thick-
ness. The chemically deposited layers are quite
uniform whereas the vacuum evaporated ones are
known to be not so uniform. The handling and
incorporation of dopants is quite easy by the method
chemical deposition whereas it is not so with
vacuum evaporation. Above all, the chemical
method is quite ¢heap compared with the costly
equipment needed for vacuum evaporation,

Noteworthy features @

A process for chemical deposition of thin films
of silver sulphide which compriser the active ele-
ments in one of the photosensitive devices for
measuring low levels of llumination. This method
is efficient from the point of view of reproducibility,
uniformity of deposition and handling and incorpo-
ration of dopants. These thin films were previously
deposited by a vacuum evaporation method, the
disadvantages of which have been mentioned
earlier. The ditticulties and disadvantages in-
herent in vacuum evaporation method are not
only obviated by this invention of chemical depo-
sition, but in addition this new method is not
only simple but is quite cheap and no sophisticated
equipment is necessary here.

WE CLAIM :

1. A process for the deposition of photosepsitive
layers of silver sulphide on 2 substrate like glass
for use as semi-conductor devices for measuring
low levels of itllumination {100—1000 lux) in the
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spectral rarge from 0.4 micran to 1.4 microns
which consists in reacting an aqueous soluticn of
a saluble silver compound like silver nitrate and
a soluble arganic sulphur ccmpound like thiourea,
thioacetamide, thiols, in presence af a substance
like ammonia which keeps the silver ionsin a ccm-
plex form, wherein the reactior is conducted in
an optimum pH ir the range of 8—10 whereby
silver sulphide is formed which deposits 2s a thin
layer on the glass substrates having photosensi-
tive properties.

2. A process as claimed in claim 1 wherein are
used an organic sulpbur compound cowsisting of
a substituted alkyl thiourea ar alkali thiosulphates,
and a ccmplexing agent for silver icns such as
ammonia amines or substituted alkyl or aryl
amines.

3. A process as claimed in claim 1 or 2 wherein
silver sulphide films of thickness ranging from
g-6 microns of silver sulphide are obtained on
glass substrates.

4. A process as claimed 1n any of the preceding
claims wherein the deposition 1s done at laboratory
temperature (30-35°C).

5. A process as clatmed ir apy cf the preceding
claims wherein cations and anicns called dopants
(as knowp in the art) like group II B metal ions
in the periodic table and halide ions, are introduced

into the deposited layers by addirg the dopants
to the solution.

6. A process for the depositior of phatosensi-
tive films of silver sulphide layers substantially
as hereinbefore described with reference to the
experimental set up and example.

Photosensitive layers of silver sulphide on
a substrate like glass suitable for use as semicor duc-
tor devices fcr measuring low levels of illumina-
tion (100—1000 lux; in the spectral range frem
0.4 micron to 1.4 micrans whenever obtaired

according to a process substantially as herein-
before described.

Dated this 15th day of December, 1964,
Sdj—
PATENTS OFFICER,
Council of Scientific and
Industrial Research



