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Abstract:

Cd-Se thin films of varying thicknesses were prepared on glass substrate by chemical bath deposition tech-

nique at room temperature in which selenium dioxide is source of Se®~ while cadmium acetate is source of Cd*" ions.
Ammonia was used as complexing agent. Nickel doping is achieved by adding Ni(NO3), solution to the bath. Approximate
thickness was measured by gravimetric method. Band gap of the films was determined by measuring percent transmittance
of film at various wavelengths. The band gap and thickness of the film were found to increase with increase of Ni
concentration in films. The composition and structural characterization was carried out by using EDAX and SEM.
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1. Introduction

Cadmium selenide (CdSe) is a II-VI group semiconductor
compounds having suitable band gap (1.7 eV), high
absorption coefficient and can be utilized in a number of
opto-electronic devices such as PEC cells [1-3], hybrid
solar cells [4], transistors [5], light emitting diodes [6], etc.
A variety of deposition techniques such as electrode
deposition [7, 8], vacuum evaporation [9—11] and chemical
bath deposition (CBD) [12-14] have been used to deposit
CdSe thin films. Among them, CBD method is the best
suited for thin film deposition because of its convenience,
least expenses and its ability to deposit solid solutions
without the aid of sophisticated instrumentation [15]. We
have used this method successfully for getting uniform,
well adherent, nearly stoichiometric CdSe films, with fewer
defects [12]. In recent year’s major attention have been
given to the investigation of electrical and optical proper-
ties of CdSe thin films in order to improve the perfor-
mances of the devices and for finding new applications
[16-20]. Various researchers demonstrated the higher
energy band gap ternary system (doped with other metal)
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for increasing the short circuit current in the solar cell [21].
Investigation have also been made on the improved prop-
erties of CdSe thin film doped with Al [22], In [23], Hg
[24], Cu [25], Sn [26], Fe [27]. Literature survey shows that
there is no work on Ni doped CdSe films. The objective of
present work is to study the effect of Ni doping on optical
and structural properties of CdSe thin films prepared by
CBD technique at room temperature on glass substrate.
Recently there are many reports on various thin films
prepared by different techniques [28-34].

2. Experimental details
2.1. Thin film deposition

The thin films of CdSe were deposited onto glass substrates
with dimensions (76 mm x 26 mm x 1 mm) of a stan-
dard microscope glass. Glass substrates were immersed in
chromic acid solution for 1 h then washed with distilled
water and acetone and dried in oven.

The adhesion with the substrate is of prime importance
for the quality of the deposited thin films. To improve the
film adhesion, the glass substrates were immersed in a
diluted solution of tin chloride (SnCl,) prior to the depo-
sition process and afterwards thermally treated at 200 °C.
Chemical deposition of CdSe film is carried out at room

© 2012 TACS



872

R R Pawar et al.

temperature. As precursor of selenide ions, sodium sele-
nosulphate (Na,SeSO3) was used. 0.05 M Na,SeSO;
solution was prepared by refluxing the mixture of 0.05 M
sodiumsulphate (Na,SO3) and 0.05 M selenium dioxide
(SeO,) solutions in equal proportion with constant stirring
for 5h at 110 °C. The deposition bath is prepared by
taking 30 ml freshly prepared 0.02 M cadmium acetate
(CH3COO0),Cd-2H,0 and 50 ml 0.05 M Na,SeSO; in
250 ml beaker. pH of the bath solution is adjusted to 9.0 by
adding excess of liquor ammonia. The glass substrates
were immersed in solution. The solution was continuously
stirred using mechanical stirrer. The substrates with CdSe
coating were taken out of the bath after deposition period
of 16 and 18 h, washed with water and dried using hot air
blower. For Ni doping, to above solution Ni(NOs), solution
was added in varying quantities (0.5, 1.0, 1.5 and 2.0 ml).
Ni(NOj3), solution was prepared by dissolving 1 mg of pure
nickel metal in 25 ml of concentrated HNO5 under vigor-
ous stirring.

2.2. Characterization of thin film

Approximate thickness of the film was measured by
gravimetric method (weight difference method). In gravi-
metric method, the thickness of film was determined by
weighing the glass substrate before and after deposition on
the microbalance of sensitivity 0.0001 g, assuming the
density of film to be same as that of bulk material, thick-
ness may be calculated by using the relation.

M 1
d= e o’ (1)
where A is the surface area of the films, M is mass of the
films, p is the density of the CdSe.

The microstructure of the films was studied by using a
scanning electron microscope (JEOL Model-6360),
attached with an energy dispersive X-ray analysis (EDAX)
to measure quantitatively the sample composition. The film
was coated with 10 nm gold layer using Polaron SEM
sputter coating unit, before taking micrographs and EDAX.
The elemental composition of the CdSe and Ni doped CdSe
deposited films were carried out by using the EDAX
technique The optical absorbance/transmittance of the
films were studied at room temperature in the spectral
range of 500-1,000 nm using UV Visible spectrophotom-
eter (Chemito, spectroscan UV 2700) from which the band
gap is calculated by using the formula

hc
E=— 2
3 @)
where 4 is plank constant, ¢ is velocity of light, and 4 is
wavelength.

3. Result and discussion
3.1. Reaction mechanism

The deposition of CdSe thin film takes place when the ionic
product (IP) of Cd** and Se’” ions exceeds the solubility
product (SP) of CdSe (i.e. IP > SP (107*%). The CdSe
deposition takes place according to the following steps
[28]:

The hydrolysis of sodium selenosulphate (Na,SeSO3) in
solution to give Se*” ions is according to the chemical
reaction

Table 1 Thickness of CdSe and CdNiSe thin film at different con-
centration of Ni as well as deposition time

Deposition time  Thickness Composition Doping
(h) (pm) (ml)
16 1.55 CdSe 0
18 1.62 CdSe 0
16 1.63 Cdy3.90Nig49Sesss2 0.5
18 1.68 Cd43_99Ni0_4gSe55_52 0.5
16 1.64 Cd45_55Ni0_g3ses3_51 1
18 1.7 Cdys.65Nig.g3Sesasi 1
16 1.72 Cdeo.30Ni1 3253837 1.5
18 1.76 Cdgo.30Ni; 325€3837 1.5
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Fig. 1 Variation of %transmittance with wavelength for films;

CdSe (M), Cdu390Nig40Sesssy (A), CdysesNiggsSesssi (@),
Cdgo.30Ni| 325€35.37 (@)

Table 2 Band gap of CdSe and Ni doped CdSe thin films

Thin films Band gap (eV) /A max (nm)
CdSe 1.77 700
Cdy3.99Nig 495€55.52 1.88 640
Cdys 6sNig g35€53 51 2.07 600
Cdeo.30Ni;.325€38.37 221 560
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N2,SeSO3 + OH™ — Na;SO4 + HSe™ (32)  [Cd(NH3),]*"+ Se>” — CdSe + 4NH; (3f)
HSe™ + OH™ — H,0 + Se>~ (3b)

Similarly, the hydrolysis of ammonia in water to give
OH™ ions,
NH; + H,O0 — NHj(—i— OH™ (3¢)
When the ammonia is added to the Cd*' salt solution,

Cd(OH), starts precipitating when the SP of Cd(OH), is
exceeded,

Cd** + 20H" — Cd(OH), (3d)

The Cd(OH), precipitate dissolves in excess ammonia
solution to form the complex cadmium tetra-amine ions
[CA(NH3)4]*" as follows,

Cd** + 4NH; — [Cd(NH3),]*" (3e)
Finally, the CdSe thin film formation takes place,
Fig. 2 SEM images of a CdSe,
b Cdy3 99Nig 49555 52,

¢ Cdys 6sNio g35€s3.51,
d Cd60.30Ni1_3zse33_37 thin film

Ordinarily nickel metal was dissolved in concentrated
nitric acid (HNO;) the doping of nickel was carried by
adding the different volumes of nickel nitrate (NiNOj3)
solution to the above chemical bath. The reaction
mechanism is as follows:

2HNO; + Ni — Ni(NO3)2—|— HT (3g)
Finally we get CdNiSe

[Ni (NH3),]* +[Cd(NH;),] "+ Se~
— CdNiSe + 8NH; (3h)

3.2. Growth mechanism

The growth mechanism of thin films in the CBD method
can take place either in the bulk of the solution (homoge-
neous precipitation process) or at the substrate surface




874 R R Pawar et al.

(heterogeneous process) [35]. Froment and Lincot have cluster” growth, leading to particulate film. The second
proposed that the first process is associated with the  process is the growth mechanism involving the reaction
agglomeration of colloids formed in the solution by the  of atomic species at the surface; it corresponds to an atom-
homogeneous reaction. It can be considered as a “cluster-by =~ by-atom process commonly known as an “ion-by-ion”
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Fig. 3 EDAX analysis of CdSe and Ni dopped CdSe thin film
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Table 3 Elemental analysis of CdSe and Ni doped CdSe thin films

Composition Amount of Ni(NO3) Element Weight Atomic
solution added (ml) % %
CdSe 0 Cd 59.8 50.5
Se 41.2 49.5
CdNiSe 0.5 Cd 54.56 45.65
Ni 0.5154  0.49
Se 4491 53.51
CdNiSe 1.0 Cd 52.90 43.99
Ni 0.61 0.83
Se 46.46 55.52
CdNiSe 1.5 Cd 68.55 60.30
Ni 0.79 1.32
Se 30.65 38.37

nucleation and growth mechanism. The predominance of
one given mechanism is governed by classical laws of
homogeneous versus heterogeneous nucleation on a solid
surface, involving the super saturation ratio in the solution
and the catalytic activity of the substrate and the rate of
stirring [36]. In short, the growth mechanism depends on the
experimental conditions.

In the present study, due to the absence of thermal and
mechanical agitation, a strong [Cd(NH;),)*" complex, and
a stable Na,SeSO; precursor, the Cd*" and Se*~ ions were
slowly released in the solution, which then condense with
an “ion by ion” basis on the substrates that are suitably
mounted in the solution. CBD of semiconductor thin
films involves a nucleation/incubation phase followed by a
growth phase and terminal phase [36]. In the present
study the film thickness was linearly increased with time
(Table 1). CdSe films were extremely adherent to the
substrate and did not peel off although the deposition was
carried out for prolonged time intervals. After a certain
time interval or terminal thickness some powdery CdSe
material was deposited over the adherent film surface that
could be removed with water. The Ni doped CdSe thin film
were prepared by using same technique. After addition
of NiNOj in a bath of CdSe a heterogeneous reaction and
precipitation occurs to form CdNiSe thin film [37]. The
film thickness lies between 1.55 and 1.78 um and it
increases with increases in the concentration of Ni as well
as deposition time (Table 1).

3.3. Optical properties

Figure 1 shows transmittance spectra of the CdSe and Ni
doped CdSe films. Band gap value is calculated by using
Eq. (2) for wavelength at which Percentage transmittance is
minimum or zero. The value of this wavelength decreases
as the concentration of Ni in the film increases. The band

gap value of the undoped CdSe film (1.77 eV) was found
somewhat smaller than the Ni doped CdSe thin film
(1.88-2.38 eV). Also as the Ni concentration in the film
increases band gap increases (Table 2). This may be due to
change in structure and stoichiometry of film as Ni content
in the film changes as can be seen from SEM images. As
the structure changes the lattice constants are also changing
which are related to band gap [38-40].

3.4. Structural and Elemental properties

Scanning electron microscopy (SEM) is a convenient
technique to study microstructure of thin films. Figure 2a—d
shows the SEM pictures of the CdSe and Ni doped CdSe
thin films of various atomic percent of Ni 0.49, 0.83,
1.32, respectively at room temperature. Figure 2a shows
irregular shape crystallites and some of them are agglomer-
ated and chank type crystals, in Fig. 2b, ¢ most of the
crystals are rectangular with smooth surface, in Fig. 2d cubic
crystals with large surface area with uniform coating are
seen.

From images, it is clear that the all films were compact
and homogeneous with well defined, fine grain back-
ground. As the concentration of Ni increases, there is a
sharp change in structure as well as thickness of the film.
Increase in the thickness of the films shows a substantial
granular growth and dense porous network structure.
Increase in overgrowth of surface particles with thickness
is well known for chemically deposited films [41]. Figure 3
shows a typical EDAX pattern and the details of the rela-
tive analysis are depicted in Table 3. The strong peaks for
Cd and Se were found in the spectrum, and no impurity
peaks were detected in the EDAX spectrum. The average
atomic percentage ratio of Cd:Se was found to be
50.5:49.5, showing that the film was in good stoichiometric
ratio. The EDAX analysis results indicated that the Cd:Se
ratios are very close to a 1:1 stoichiometric composition
as shown in (Table 3) and the Cd:Ni:Se films having the
average atomic percentage ratio were found to be
43.99:0.49:55.52, 43.65:0.83:53.51, 60.30:1.32:38.37 for
0.5, 1, 1.5 ml Ni concentration, respectively.

4. Conclusions

CdSe and Ni doped CdSe thin films were successfully
deposited by using CBD technique from aqueous medium
at room temperature. Thickness of the films was measured
by gravimetric method and it was found to be increased
with the deposition time as well as the increased Ni con-
centration. The structure of the films consists of fine and
highly oriented grains. The crystallites size, i.e. the thick-
ness increases when the Ni content and the deposition time
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increases. A direct optical band gap of was found from
transmittance spectra. As the concentration of Ni in the
film increases the band gap of the film increases.
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