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Introduction 

Compound semiconductors and their al- 
loys are of considerable technical interest 
in the field of electronics and electrooptical 
devices. These materials can be obtained in 
thin film form by evaporation, sputtering, 
pyrolysis, and chemical deposition tech- 
niques (1). Among all these techniques, 
chemical solution growth is relatively inex- 
pensive, simple, and convenient for large 
area deposition. Depositions of thin films of 
CdS, CdSe, PbS, PbSe, and ZnSe by this 
method are well known (2-6). Various 
chalcogenide thin films, e.g., BizSe3, Bi&, 
Sb2Se3, TlSe, and Cur.sS (7-20) have been 
developed in our laboratory by this method. 
We have recently reported the deposition 
of CuSe (II) thin film on glass substrate by 
this technique. In this paper we present a 
detailed study on the growth of CuSe thin 
film on glass substrate depending on vari- 
ous bath parameters. 

Experimental Techniques 

Copper selenide films have been pre- 
pared by using the following overall reac- 
tions 

[Cu(TEA),J2+ + SeSOz- + 20H- + 
CuSe + nTEA + SOa- + Hz0 

(n = 1, 2, 3, . . .) (1) 

[Cu(NHj)J2+ + SeSO:- + 20H- + 
CuSe + 4NH3 + SOi- + H20 (2) 

where TEA stands for triethanolamine. 
The standard deposition technique has 

been discussed elsewhere (11). The follow- 
ing experiments have been performed to 
study the growth of the CuSe thin films on 
glass substrate: 

Variation of thicknesses: (i) with change 
in the concentrations of TEA, ammonia, 
and sodium selenosulfate solutions, (ii) 
with different bath temperatures, and (iii) 
with stirred solutions. 

The solution was stirred with a magnetic 
stirrer. 

Results and Discussion 

It has been observed that film deposition 
as a function of dip time versus ammonia 
and TEA concentrations behave similarly. 
In Fig. 1 film deposition has been shown as 
a function of dip time versus ammonia con- 
centration. At low concentrations of ammo- 
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FIG. 1. Variation of CuSe tilm thickness with deposi- 
tion time for different ammonia concentrations, curve 
(a) without NHS, (b) 3 ml of 0.25% NH,, (c) 6 ml of 
0.25% NH,, (d) 10 ml of 0.25% NHg. [Mixture compo- 
sition: 5 ml of 0.5 M CuSO.,, 10 ml of 9.8% TEA, 
varying concentrations of NHs, 5 ml of 0.45 M Nar 
SeS03, distilled water. Total volume = 50 ml.] 

nia or TEA, the terminal thicknesses of the 
films are less, which gradually increase 
with increase in their concentrations and 
then drop down at still higher concentra- 
tions. Both of these are bases and liberate 
OH- ions in solution, i.e., they increase the 
pH of the solution. Again, both form com- 
plexes with Cu*+ ions. Hence, with the ad- 
dition of TEA or ammonia to the reaction 
solution, two processes start simulta- 
neously, one the complexation of CU*+ 
ions, which retards the rate of formation of 
CuSe and secondly, the increase in the pH 
of the solution which enhances the rate of 
formation of CuSe. Results show that opti- 
mum amounts of both the reagents present 
in the reaction solution lead to a controlled 
reaction yielding the maximum terminal 
thickness of the film. Moreover, it has been 
found that complexing the Cu*+ ions with 

TEA first, and then adding ammonia yields 
better results than the reverse process. 
Hence in all the reported experiments TEA 
has been added before ammonia. 

In Fig. 2 the effect of various concentra- 
tions of the selenosulfate solution on the 
film thickness of CuSe has been plotted. 
Here also an optimum amount of the 
selenosulfate solution is required to deposit 
the thickest film. The deposition may be ex- 
plained as follows. At low selenosulfate 
concentration, the number of Se*- ions be- 
ing insufficient to combine with all the 
available Cu*+ ions, the terminal thickness 
obtained is less. As selenosulfate concen- 
tration increases, more Se*- ions become 
available to form CuSe, leading to greater 
film thickness. Above a certain concentra- 
tion, when rate of reaction becomes very 
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FIG. 2. Variation of CuSe film thickness with deposi- 
tion time for different selenosulfate concentrations, 
curve (a) 3 ml of 0.45 M NazSeSOs, (b) 5 ml of 0.45 M 
Na2SeS0,, (c) 8 ml of 0.45 M NazSeSOj. [Mixture 
composition: 5 ml of 0.5 M CuS04, 10 ml of 9.8% 
TEA, 6 ml of 0.25% NHS, varying amount of Na2 
SeS09 solution, distilled water. Total volume = 50 
ml.] 
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FIG. 3. Variation of CuSe film thickness with deposi- 
tion time at different temperatures: curve (a) deposi- 
tion at room temperature (32°C) (b) deposition at 
41°C (c) deposition at 60°C. [Mixture composition: 5 
ml of 0.5 M CuS04, 10 ml of 9.8% TEA, 6 ml of 0.25% 
NHr, 5 ml of 0.45 M Na#eSO,, distilled water. Total 
volume = 50 ml.] 

fast, precipitation dominates over film for- 
mation, leading again to lower terminal 
thickness. 

The temperature dependence of film for- 
mation has been shown in Fig. 3. With in- 
crease in temperature, the rate of deposi- 
tion of CuSe increases due to increase in 
the kinetic energy of the reacting ions, i.e., 
an increase in frequency of collision among 
the ions. This is reflected in the curve ob- 
tained at 41”C, which has a higher deposi- 
tion rate than that obtained at 32°C. Deposi- 
tions at still higher temperature, i.e., at 
60°C however, again lead to lower deposi- 
tion rate on the substrate surface. Here, the 
rate of precipitation becomes much faster 
than the rate of deposition at the surface. 
However, deposition at 60°C yields greater 
terminal thickness than at 41°C. This is be- 

cause a total loss of complexation of the 
Cu2+ ions occurs at 60°C yielding a color- 
less solution. While up to 41”C, the solu- 
tions remain deep-blue colored even after 
the experiments were over. This extra re- 
lease of Cu2+ ions at 60°C helps to attain 
greater terminal thickness. One disadvan- 
tage that crops up with increase in the dep- 
osition temperature is that the adherence 
property of the film is gradually lost. The 
films start peeling off the substrates at 
higher temperatures of deposition. More- 
over, at higher temperatures, the deposi- 
tion is not uniform. Hence, room-tempera- 
ture deposition is always preferred at any 
circumstances. 

Film deposition was also carried out un- 
der stirring condition, at room temperature. 
As expected, the rate of deposition in this 
case was greater than that obtained for the 
unstirred solution. This is due to the faster 
arrival of the ions on the substrate surface. 
However, in case of the stirred solution, an 
adherent deposit of the precipitate was 
found to develop gradually at particular po- 
sitions over the film after about 3 to 4 hr of 
deposition. This gives rise to nonuniform 
films creating an inaccuracy in thickness 
measurement. 

In all the experiments it has been found 
that an initial induction period of about half 
an hour to one hour is required after which 
film deposition starts. This may be due to 
the fact that the complexing of Cu2+ ions 
with TEA and ammonia being quite strong, 
the release of Cu2+ ions from the complexes 
after the addition of selenosulfate solution 
is a time-consuming process leading to a 
greater time for the ionic product of CuSe 
to exceed its solubility product. 
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