Indian Journal of Pure & Apphed Physics
Vol 38, Lanuary 20000 pp. 48-52

Deposition of cobalt sulphide thin films by successive ionic layer adsorption
and reaction (SILAR) method and their characterization
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Suceessive tonic layer adsorption and reaction (SILAR) method was used to deposit cobalt sulphide (CoS) thin films on

amorphous elass and Si (111) waler substrates in aqueous medium using cobalt sulphate (CoSOy) solution as the cationic

precursor and sodium sulphide (NasS) solution as the anionic precursor. The conditions for the Tormation ol good quality films

such as concentration. prL and temperature of anionic and cationic precursor solutions, immersion and rinsing times and number

ol immersions were optimiscd. The structural. optimal and clectrical properties ol the Tilms are reported,

I Introduction

Cobalt sulphide is a semiconductor with bandgap
energy equal 1o 0.9 eV and has potential applications in
solar selective coatings, IR detectors and as a storage
clectrode in photoelectrochemical storage devices'”

Chemical deposition of cobalt sulphide (CoS) thin
[1lms from an alkaline medium bath using thioacetamide
as the sulphide ion source has been reported by Basu and
Pramanik . For this, 0.25 M cobalt (11) chloride solution
was mixed with 16 N TEA and 14 M NH,OH solution
with constant stirring and 0.2 M thioacetamide solution
was added to it After 6 to 7 hr, the shides were covered
with thin black deposits. The films were polycrystalline.
The band gap energy was estimated to be 0.62 eV and
clectrical resistivity was of the order of 10" Q-cm.
Thermoelectric power measurement showed that CoS
films is a p- type semiconductor. Lokhande has prepared
CoS llms (rom acidic medinm using sodium thiosul-
phate (Ni:S:01) as the sulphide ion source’. For this, 25
ml 0.1 M cobalt sulphate and 25 ml 0.74 M sodium
thiosulphate (NaxS-01) solutions were mixed together
with constant stirring and to this, 10 ml 0.1 M EDTA
solutton was added. The solution was kept at 80 °C.
After one hour the shides were covered with dark-grey
shining deposit. The lilms were found polycrystalline in
nature and showed p-type electrical conductivity. The
optical band gap was found to be 0.94 ¢V and electrical
resistivity was of the order ol 10 10 10" Q-cm. E’ze and
Okeke have deposited CoS films usig cobalt chloride
and thiourca as Co " and S 1on sources. respectively

through chemical bath deposition technique . Mane et

al.” have prepared the CoS films by spray pyrolysis
method using thiourea as a sulphide ion source and
cobalt sulphate as a cobalt ion source”. The films were
microcrystalline. It was found that the opitcal band gap
is 0.97 ¢V and electrical resistivity is of the order of 10"
Q-cm. Thermoelectric power measurements revealed
that CoS is a p-type semiconductor.

The successive ionic layer adsorption and reaction
(SILAR) is a new, simple and convenient chemical
method for large arca deposition of thin films ol metal
chalcogenides. The successive ionice layer adsorption
and reaction (SILAR) method is based on immersion of
substrate alternately into different cationic and anionic
precursor solutions (adsorption and reaction) and rins-
ing in between with ion exchanged solution to avoid
homogeneous precipitation. The time durations for ad-
sorption, reaction and rinsing can be experimentally
determined. In principle. it is possible to deposit metal
chalcogenide thin films using this method onto variety
of substrates™. The detailed mechanism of CdS thin
f1lm formation by successive ionic layer adsorption and
reaction (SILAR) method has been discussed carlier’
The method has been applied for the preparation of thin
films ol CdS., ZnS. CdZnS. PbS. Cu,S, Sh->S; cte. | Ref,
0-12]. As far as authors are aware ol. there are no
attempts made to prepare CoS thin films using succes-
sive fonic layer adsorption and reaction (SILAR)
method.

In the present investigation, we report the first suc-
cessful deposition of cobalt sulphide thin films by suc-
cessive ionic layer adsorption and reaction (SILAR)
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method. Conditions for the formation of CoS thin film
are optimized. X-ray diffraction (XRD). optical absorp-
tion, electrical resistivity and thermoemf measurements
are carried out to study the properties of the CoS films.

The cationic precursor for CoS thin film formation
was .02 M cobalt sulphide (CoSOy) solution. The pH
was adjusted to — & by adding liquid ammonia. The
cationic precursor was (0.05 M sodium sulphide (Na»S)
solution with pH ~12. For rinsing purpose double dis-
tilled water (resistivity ~18 M Q-cm) was used. Mi-
croslide glass of the dimensions of 26 mm x 76mm x 2
mm and single erystal Si (111) wafer of dimensions 20)
mm x 20 mm x 0.5 mm (n-1ype, electrical resistivity
0.005 10 0.015 Q-cm) was used as substrates. The glass
substrate was cleaned ultrasonically for 10 min, first in
acetone and then i distilled waterethanol (1: 1) solution.
The single crystalline St (1) wafer substrate was
clched m 10% NHEF solution at 10°C for 10s to make it
hydrogen terminated and then rinsed with double dis-
tlled water deposition was carried out at room tempera-
ture (27 °C).

The adsorption, reaction and rinsing time durations
for CoS thin film deposition were optimised by conduct-
ing several trials, so that the homogeneous thin film
formation takes place. One SILAR growth cycle in-
volves following Tour steps. 1) The substrate was im-
mersed into cationic precursor (0.02 M CoSO; solution)
for 50 5. so the Co™ ions were adsorbed onto the sub-
strate surface. 2) Then the substrate was rinsed with
double distilled water for 755 to remove loosely bounded
Co™" ions from the substrate. 3) Further, the substrate
was immersed into anionic precursor (0.05M NisS so-
lution) for S0s, so S™ ions were adsorbed and reacted
with Co™" ions to form thin film of CoS. 4) Again the
substrate was rinsed with double distilled water for 75s
to remove the unadsorbed and unreacted S™ ions from
the substrate. Thus one SILAR cycle consisted of 50s
adsorption of cattons, 755 rinsing, 50s adsorption and
reaction of anions and 75s rinsing.  In order to study the
versatility of the method. large area films of CoS up to
~ 50 em” were deposited on the amorphous glass sub-

strate.

Film thickness was determined by the method of

weight difference in which area and weight of the film
were measured. The thickness was obtained by assum-
ine bulk density of CoS (5.45 ¢/em’). The crystal struc-
ture and crystalline orientation of the films were
determimed with a Philips PW-1710 X-ray diffractome-

terusing CuKa radiations ( A= 1.5405 A). Scanning was
made between 10 to 100°C. Optical absorption spectra
of the films were recorded on the UV-VIS-NIR spectro-
photometer (Hitachi model. 330, Japan). The electrical
resistivity was measured using de two probe method
with silver contracts.

The CoS films deposited up to 25 SILAR growth
cycles were uniform and well adherent to the substrate.
The films were black in colour. Film thickness was
found to be about 0.3 tm for 25 SILAR growth cveles.
After 25 SILAR growth cycles, film started peeling off
the substrates, probably due to formation of powdery
f1lm over a compact film adherent to the substrate.

Fig. | shows the XRD patterns of cobalt sulphide thin
films on a) amorphous glass and b) single crystalline Si
(111) water substrate. The film onto amorphous class
substrate is amorphous or consists ol very fine grains,
whereas film onto Si (111) waler substrate is polyerys-
talline. Such type of improvements in crystallinity in
cuase o ZnS thin films by using smgle crystal St (100)
substrate has been reported carlier'. The comparison of
the observed o values with standard o values' for CoS
thin film is shown in Table 1. These values are in good
agreement confirming that the deposited material s
CoS.

The optical absorption spectra ot CoS films deposited
on amorphous glass substrates were recorded in the
wavelength range 1000-2000 nm with amorphous ghiss
as areference at room temperature (27 °C). Fig. 2 shows
the plot of adsorption coefficient against wavelength for
CoS thin film. The optical data were analysed from the
following classical relation.
_A(hv-Eg) i

(§
Iy

where o is absorption coeflicient, /2, 1s the semiconduc-
tor band gap and A is a constant which s related to the

Table | — Comparison ol observed o values with standard o vilues
[Rel, 13 ] of CoS thin film onto glass and S0 waler substrates

Substrates Observed Standard  Rellection Remark
d values o values  planes
(A) A thkl)
Amorphous 46 146 2000 amorphous
alass .08 1.08 211
SicH) waler .54 18 103 polvervstalline
.04 ].03 114




effective masses associated with the valence and con-
duction bands. For allowed direct transitions, n equal to
I and for indirect transitions equal to 4. Fig. 3 shows plot
of (ehv)” against hy of CoS film. Since the variation of
(chv)” with /i for CoS film is a straight line indicating
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that the involved transitions is direct one. Bandgap
energy, Fg was determined by extrapolating the straight
line portion to the energy axis for zero absorption cocl-
ficient (o). The bandgap was found to be ()94 ¢ V. which
is comparable to the values reported earlier”.
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Fig. 1 — X-ray diffraction patterns of CoS films on a) amorphous glass and b) Si (111) wafer subsiries
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Fig. 2 — Plot of optical absorption cocllicient (o) against wavelength (A) for CoS films
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Fig. 4 — Variation ol jog p with 1000/T of CoS films
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Variation of electrical resistivity (p) with temperature

was studied in the temperature range 300-500 K. Plot of

log p against 1000/7 (Fig. 4) shows linear nature. Resis-
tvity deereases with increasing temperature showing
that CoS film is a semiconductor. The dark electrical
resistivity at room temperature (27 °Cy was found 1o be
of the order of 10" Q-cm which is comparable to the
values reported earlier” . From the thermoemf measure-
ment. it was found that CoS film s a p-type semicon-
ductor. similar to previous reports'”

Relatively new and simple successive ionic layer
adsorption and reaction (SILAR) method 1s employea
to deposit CoS films on amorphous glass and Si (111)
wifer substrates. The crystallinity of the films depends
upon the substrate. Using this method large arca depo-
sition up 1o 50 em’” have been obtained on amorphous
vluss substrate. The optical tansition involved in CoS
is ol direct and its bandgap was found to be (.94 eV.
From clectrical resistivity measurements, it is clear that
the CoS films are semiconductor with dark electrical
resistivity at room temperature of the order of 10" €Q-cm.
From thermoeml study the CoS is p-type semiconduc-

Lo,
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