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PROVISIONAL SPECIFICATION

“IMPROVEMENTS IN OR RELATING TO PROCESS OF MAKING PHOTOSENSITIVE SILVER
SULPHIDE THIN FILM DEVICE”

COUNGCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, RaFi MARG, New DELHI-1, INDIA, AN INDIAN
REGISTERED BODY INCORPORATFD UNDER THE REGISTRATIGN OF SOCIETIES ACT (ACT XX, COF 1860)

The following Specification describes the natyre of this invention ;—

This is an invention by : 1
CHITTARI VENKATA  SURYANARAYANA Central
Scientist .
NARASIMHAN RANGARAJAN Senior Scienti- Electrochemical
fic Assistant . Research
KRISHNAMOORTHY NAGARAIJA RAO
Senior Scientific Assistant Institute,
MARY JULIANA MANGALAM Senior Scien-
tific Assistant KARAIKUDI-3.
Nationality ; INDIANS j
This invention relates to improvements in or (i) lons of group II{b) (zinc, cadmium,
relating to Silver sulphide photosensitive cells. mercury) in the periodic classification
Hitherto only photo voltaic silver sulphide cells with selenium or/and teleurium,
‘are kmown and they were used mainly in spectropho- (ii) Antimony or/and bismuih and alkali-
tometers. Photo-conductive silver sulphide cells have halides,

uot been in vogue. (iii) Other ions of group I B in the periodic
Photo-voltaic cells in general give less signal classification with alkali halides.

than if the same cells can be worked as a photo- A proper choice is to be made between sensi-

conductive one. The photo-voltaic signal obtainable tivity and stability of dark resistance with

theoretically is limited in the case of Silver Sulphide

time.

to about 900 mV, As a  photo-conductor, . .
signal voltages obtainable depend on the applied (f) Heat treatment of the g:?osﬂed ZngTl‘Ssolcﬂ
voltage limited only by the breakdown voltage of the a range of temperature between fl - ?f
semi-conductor, Silver sulphide cells were not used in an atmosphere of oxygen for a few
as photo-conductive ones for the reason that due to minutes resulted in additional augmentation
ionic conduction the dark resistance values would of sensitivity in the entire spectral region.
drift and also give rise to small signals. The following typical examples are given to illus-

The object of this mvention is to obviate these gate tlhel invention :
disadvantages by processing the Silver suiphide cell Xample T .
as a photo-conductive one without the disadvantages Applicd Bias '3V, 50 cfs
mentioned above. Electrode spacing=35 mm

Resistance of the cell 15 Megd

To these ends, the invention broadly consists in d=distancc between the cell and source

the following observations and modifications by us

: > Ceil Philips Infraphil white
meniioned below : Jamp (cod) liohe
(a) Silver sulphide cell (undoped) behaves as a (150 watts) (60 Watts)
stable photo-conductor, when a Jow d.c. of d=50 cms d=25 cms.
the order of one tenth of a microumpere signa! signal
or ac. of the order of one micro-ampere or AES 400 mV 0 mV
less is passed. Ag,S (doped) 900 mV 100 my
Alternatively when doped suitably, not only the .
sensitivity increases about two fold but also the cell Example 2
remains stable when d.c. of about 1/5th micro ampere Applied Bias 13V, $0 cfs
or a.c. of any higher value of the order of milliamps Elecirode spacing—4 mm
s passed. Resistance 12 Me()
(b) That this signal obtained is dependent on Cell Infra-phil Lamp Whitwe light
the frequency of the applied a.c. 150 Watlts dﬁoﬂwaus
(¢) That a frequency in the range 20-60c/s d=50 cms 25 cms
gives good signals. Ag,S 350 mV 70 mV
. doped 1400 mV 220 mV
(d) That about 10 V ac. of 50c/s. applied Ag,S (doped)
voltage gives enough signal to be measured Example 3
by a meter. (Effect of frequency?

sgai 3 : Applied bias 13 V.
¢) That the overall sensitivity in the entire ) o
¢ spectral range can be improved by doping Electrode Spacing 5 m

i i i 15 MegQ
i oups of combina- Resistance ‘
ggl}lls the fellowing two group Source ;Infraphil Lamp ac 50 cm.

Price ; TWO RUPEES.
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Frequancy 5 ¢fs 20 to 60cfs 500cfs 1000 ¢fs
S 11n
MilliVolis : 360 400 150 70

‘The following are among the mamn advantages of
the invention :

1. By suitable doping the response as well as
the stability of the cells in the entire range have been
enhanced considerably.

2. Doped Silver sulphide thin film photosensi-
tive layers could be used as stable photo-conductive

cells in the region 0.4 micron to {.4 micron by apply-
ing 10 volts a.c. in the range of 20-60 ¢/s.

_ 3. By balancing the dark current, even smali
signals oblained for low levels of illumination counid
be amplified,

Dated this 23rd day of June, 1967.

(5d./-)
PATENTS OFFICER,
Council of Sciemific & Industrial Research.

COMPLETE SPECIFICATION

“IMPROVEMENTS IN OR KELATING 70 PROCESS OF MAKING PHOTOSENSITIVE
SILVER SULPHIDE THIN FiLV, DEVICE”
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, RaFI MARG, Nuw DELHI |,
INDIA, AN INDIAN REGISTERED BODY INCORFOGRATIE UNDIR ThE RLGISTRATICN OF Socipins Acr
{Act XXI oF 1860)

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 VENKATA
SURYANARAYANA, Scientist, NARASIMHAN
RANGARAJAN, Senior Scientific Assistant, KRISH-
NAMOORTHY NAGARAJA RAOQ, Senior Scienti-
fic Assistant and MARY JULIANA MANGALAM,
Senior Scientific Assistant, all of the Ceniral Electro-
chemical Research Institute, Karaikudi-3, all Indian
citizens.

This invention relates to improvements in of
relating to silver sulphide photoconduciive cells, and
has particular reference to a photosensitive silver sul-
phide thin film device for measuring low levels of
illumination (100 to 1000 Lux) in the spectra: range
of 0.4 to 1.4 microns.

Hitherto these photosensitive thin Iayers of silver
sulphide have been deposited by the method of
vacuum evaporation. Photoconductive silver sulphide
cells have not been in vogue. On the other hand, only
photovoltaic silver sulphide cells sensitive in the range
trom 0.4 t0 1.4 microns are known and they were
used mainly in specirophotometers,

The vacuum evaporation method is governed by
several critical factors, such as 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 element wire, the disposition of
the glass plates on which the material is to be &vapo-
rated and is also costly, Moreover uniformity of depo-
sition and reproducibility are rather difficult to achieve
by vacuum evaporation,

The photosensitive silver sulphide Iayer when
used to form a junction with other suitable materials
like a layer of antimony, works as a photovoltaic cell
when the junction is shone with light in the region
of its response, namely, 0.4 to 1.4 microns, Normalty
the same material without forming a junction when
used as thin layer with two identical electrodes in
electrical circuits should behave as a photo resistor.
But in the particular case of silver sulphide, due to
ionic conduction, the dark resistance values would
drift and therefore the material could not be used as a
photoconductor. It was used only as a junction mate-
rial in a photovoltaic device.

The photovoltaic signal obtainable theoretically
is limited in the case of silver sulphide to about 900
mV. When used as a photoconductor, signal voltages
obtainable, if the material works well, depend on the
applied voltage limited only by the breakdown vol-
tages of the semiconductor. Silver sulphide layers
were not used as photoconductive ones for the reason
given, namely, that due to ionic conduction the dark
resistance values would drift and also give rnse to
small signals.

. The object of this invention is to obviate these
disadvantages by processing the silver sulphide layers
as photo-conductive ones without the disadvantages
mentioned above (namely the ill effects of jonic con-
duction of silver jons).

The main finding underlying the invention is that
the silver sulphide layer can be deposited on ground
glass substrates by an easy and reproducible chemical
method by using silver nitrate, thiourea and ammo-
nium hydroxide as starting materials. The doping is
done by adding the dopant o the chemical bath in
the beginning itself. The cell thus obtained behaves
as a stable photoconducior, when a low d.c. of the
order of not more than 1 microampere or a.c. of the
order of 70 microamperes and more are passed
(limited only by the undesirable heating effects).

The new result flowing from the new finding in
quantaiive terms ;

1. The signal obtained depends on the [requency
of the applied a.c.

2. A frequency in the range of 10-100 c/s
gives good results,

3. 10-100 volts of 50 c/s applied bias gives
enough signal to be measured by a meter -
and the sensitivity will also be a high opti-
mum.

Other new findings :

(a) Improvement in the overall sensitivity in the
eniire spectral range could be achieved by
appropriate doping with the following groups
of combinations using (i) with (ii) or (iii) :

(i) Ioms of group II (b) (zinc, cadmium,
mercury) in the periodic classification
with selenivm or/and tellurium,

(ii) Antimony or/and bismuth and alkali-
halides;

(iii) Other ions of group I (b} in the perio-
dic classification with alkali halides,

{b) Additional augmentation of the sensitivity

in the entire speetral range has been observ-

ed on heat treatment of the deposited layers

in air in a range of temperature between

120 and 175°C for about ten minutes.

According to the present invention, the process
for making a photosensitive silver sulphide thin film
device for measuring low levels of illumination (100~
1000 Lux) consists in introducing dopants into the
silver sulphide layer by adding the dopants to the
bath (consisting of thiourea, a soluble silver sait
made alkaline to pH around 9.5) during chemical
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deposition, namely, (a) ions of group Il (b) (zinc,
cadmium, mercury) in the periodic classification with
selenfum or/and tellurinm, (b) aniimony or/and bis-
muth and alkali halides, and (¢) other ions of group
I (b) in the periodic classification with alkali halides
and subsequently heat-treating the deposited layers
in air in the range between 120° and 175°C for ten
minutes whereby is obtained a thin scasitive layer
of silver sulphide which can aci as a stable photo-
registor in a.c. circuits.

Thus, thin layers of silver sulphide of about 3
nticrens thickness are deposited on ground glass plates
of dimensions 10 mmx5 mm and heattreated
between 120°-—175°C subsequently, which resuits in
the layers acquiring high sensitivity.

Gold is vacuum evaporated on to the plate leav-
ing a strip of 4 mm X 5 mm area of silver sulphide
fayer for the incidence of radiation and on to the
gold electrodes thin wires are soldered using indium
solder. The sensitive part of stlver sulphide is protected
trom atmospheric humidity by using an optical plastic
as for example polymethyl methacrylate.

The device is used for measuring low levels of
illomination (100-1000 Lux) in the following man-
ner: The device is kept in an electrical circur{ with
a lead resistor of about 1/2 megohm in value (the
resistance of the cell being around 2 megohms), the
biasing a.c. voltage being in the range of 10-1000
volts at the frequency ranging from 10-100 ¢/s, and
a milli-voltimeter is connected across the load resisior,
whereby when the light in the given speciral rtange
falls on the celi, a signal by way of a change in the
voltage across the load resistor is recorded (as per

circuit iagram given in Fig. 1 of the accompanying
drawings).

Gold is vacuum evaporated on to the plate leav-
ing a strip of 4 mn X 5 mm area of silver sulphide
tayer for the incidence of radiation, On to the gold
electrodes, thin wircs are soldered wusing indium
soldet. The sensitive part of silver suiphide is pro-
tected from atmospheric humidity by using an optical
plastic such as polymethyl methacrylate. The result of
the above process is that these layers obtained showed
good photoconduciive effects with a.c. bias allowing

currents of abou¢ 70 microampere to pass through the
cell at optimum sensitivity.

But for the dopants introduced info the silver
sulphide layers during deposition and subsequent heat-
treatment, the layers could ouly be used for the cons-
truction of a photovoliaic device which means smaller
d.c. signals. By the above process, the semsitive layers
could stand 70 microamperes of a.c. curreni passing
through them without allowing a drift either in dark-
ness or after illumination. The advantage of using
the cell as a photoconductor with a.c. biasing is that

it enables amplification of even low signals to desired
levels.

Example 1

Deposition bath consists of 15 ml of 0.5 M silver
nitrate solution and 40.0 mi of 1.5 M thiourea solu-
tion dileted to 100 ml with distilled water, The pers-
pex holder containing the affixed plates is immersed
in the bath and contents siirred with a magoetic
stirrer, A mixiure of 5.0 ml of lquor 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 liguor ammonia tilf the pH reached 9.5. The
mirror is violet in colour in the beginning and turps
dark grey towards the end. The plates are allowed
to remain inside the beaker for about 30 minutes,
The holder is then removed, washed with distilled
water and plates are wiped with cotton-wool soaked
in distilled water. The plates are removed and dried
at 110°C. For iniroducing dopants such as mercury,
5 ml of 10° M mercuric chloride solution is taken
along with thiourea solution and the rest of the steps
are the same,
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The characteristics :

Applied bias 20 volis, 30 ¢cjs
Tlumination 5000 Lux {Tungsien filament lamp)
Load resistance 0.42 megohm
Cell Resistance Signal across the load
Silver sulphide i5 megobm 400 mV
Silver sulphide {doped} 3 megohm 1300 mV
Silver sulphide (doped

and heat-treated) 5 megohimn 1600 mV
Example 2

The preparation steps are the same as befotre
excepting that the concentration of the dopant (mer-
cury) has been increased to 10 ml.

The characteristics :

Applied baas 25 volts
Resistance of the cell 7 megohm
Load resistance .42 megohum
[lupination 5000 Lux
Freguency in ¢fs Signai across the loawin mv
1o £700
50 1700
Log 700
10G0 1050
3000 200
10000 100
15000 100

WE CLAIM:

1. A process for making a photosensitive silves
suiphide thin film device for measuring low levels of
Hiumination (100-1000 Lux) which counsists in intro-
ducing dopants into the silver sulphide layer by adding
the dopanis to the bath (consisting of thiourea, a
soluble silver salj made alkaline to pH around 9.5)
during chemical deposition, namely, (a) ions of group
I (b) (zinc, cadmium, mercury) in the periodic
classification with seienium or/and tellurium, (b}
antimony or/and bismuth and alkali halides, and (¢)
other ions of group I(b) in the periodic classification
with alkali halides and subsequently heat-treating the
deposited layers in air in the range between 120° and
175°C for ien minuies whereby is obtained a thin
sensitive layer of silver sulphide which can act as a
stable photoresistor in a.c. circuits,

2. A process as claimed in claim 1 wherein thin
layers of silver sulphide of about 3 microns thickness
are deposited on ground glass plates of dimensions 10
mm } 5 mm and heat-treated between 120°—175°C
subsequently, which results in the layers acquiring
high sensitivity.

3. A process as claimed in claim 1 or 2 whereis
gold is vacuum evaporated on to the plate leaving a
strip of 4 mim X Smm area of silver sulphide layer
for the incidence of radiation and on (o the goid elec-
trodes thin wires are soldered using indium solder,
the sensitive part of silver sulphide is protected from
atmospheric humidity by uvsing an optical plastic as
for example polymethyl methacrylate,

4, A device for measuring low levels of illumi-

nation whenever obtained by the process given in any
of the preceding claims 1 to 3.

5. A photosensitive silver sulphide thin film
device of silver sulphide photiconductor for measuring
low levels of illumipation substantially as described in
the examples.

6. A photosensitive silver suolphide thin film
device for measuring low levels of illumination subs-
tantially as hereinbefore described.

Dated this 3rd day of February, 1968,

(Sd./-)
PATENTS OFFICER,
Council of Scientific & Indusgial Research



