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Preparation and Characterization of ZnS Thin Films
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Abstract: Zinc sulfide (ZnS) thin films were prepared by chemical bath deposition (CBD) technique on

glass substrates. The chemical bath is an aqueous solution of zinc chloride, thiourea, ammonia and

hydrazine. Various process parameters such as volume of ammonia and hydrazine, pH, deposition time,

and bath temperature are optimized. The depositions were carried out in pH . 11.5. Structure of these

films was characterized by X-ray diffraction. X-ray diffraction analysis of the as-deposited and annealed

films showed that the films have cubic structure (â-ZnS). It was found that the crystallinity of the films

decreased as the annealing temperature increased till 200 °C. The structural parameters such as lattice

constants and volume of the unit cell have been evaluated. The Differential Scanning calorimetry (DSC)

spectra for the ZnS powder prepared under the optimum conditions reported for the first time. 
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INTRODUCTION

ZnS is an important semiconductor compound of

the II–VI group with excellent physical properties and

wide band-gap energy of 3.7 eV at 300 K. It has a

high refractive index (2.35 at 632 nm) . Polycrystalline[1]

and nanocrystalline ZnS thin film has received much

attention lately because of its probable important role

in the photovoltaic technology and its vast application

in optoelectronic devices . Usually, ZnS films can be[2-5]

prepared by numerous techniques such as molecular

beam epitaxy, chemical vapor deposition, sputtering,

thermal evaporation, spray pyrolysis and chemical bath

deposition (CBD). CBD  has been proved to be the

most suitable method to produce ZnS thin films for

photovoltaic applications because of its efficient, cost-

effective and large-scale capability.

Chemical bath deposition of ZnS thin films using

3 2 4the complexing agents [NH ] and hydrazine [N H ] has

been reported by Dona and Herrero . Oladeji and[6]

Chow  have reported that the presence of an[7]

ammonium salt in the chemical bath increases the

thickness of the ZnS film. The importance of ternary

complexes in the chemical bath deposition of ZnS has

been studied and modeled by O’ Brien et al. . F.[8]

Gode et al.  obtained hexagonal ZnS thin films using[9]

triethanolamine and tri-sodium citrate as complexing

agents by CBD  at 80 °C for 4.5 h.

In order to get good quality ZnS thin films, the

preparation parameters such as deposition time, bath

temperature, volume of ammonia and hydrazine, and

PH were optimized.

2. Experimental Technique: Zinc sulfide thin films

have been deposited on glass substrates using the

chemical bath deposition technique. Glass slides

(75×25×1 mm) were used as substrates. The slides

were cleaned with soft cotton and washed with double

distilled water and dried in air. The chemical bath

2containing zinc chloride [ZnCl : 0.2 M], thiourea

2 2 4[(CSNH ) : 0.2 M], 33% ammonia solution [NH OH],

2 4 2and 98% hydrazine monohydrate [N H .H O]. All the

reagents used were of analytical grade. 100 ml  of3

2ZnCl  solution was putted firstly and stirred with a

magnetic stirrer, then 10 ml  of hydrazine monohydrate3

was added and stirred for several minutes to be sure

2 4 3that the [Zn(N H ) ]  complex has been formed. There2+

after 30 ml  of ammonium hydroxide solution was3

added to the mixture, under stirring, to get a clear and

homogeneous solution, and finally 100 ml  of thiourea3

was added. The PH of the solution was . 11.5. Glass

substrates were then placed vertically in the beaker.

The reaction bath was kept in a water bath at 90 °C

for 3h and under continuous stirring by a magnetic

stirrer to ensure a homogeneous distribution of the

chemical reactants. After 3h, the glass slides were

removed from the beaker and were cleaned with

distilled water to remove the white, loosely adherent

powders precipitates in the solution during deposition.

The obtained films were white, uniform and with a
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good adherence to the substrate. These results are

consistent with previous reports . The residual[3 ,4]

powder formed in the reaction bath was collected,

washed with water and dried in air at ambient

temperature.

The thickness of the as-deposited and annealed

ZnS thin films was determined by the weight method.

Post-deposition thermal annealing of the films were

done in a tube furnace at different temperatures [100,

150 and 200 °C] for 2 h in a flux of argon gas. 

Structural characterization of the as-deposited and

annealed films was carried out by using a Panalytical's

X'Pert PRO x-ray diffractometer with Cu Ká

monochromatic radiation. Differential scanning

calorimetry [DSC] of the ZnS powder collected from

the bath was carried out using a Labsys™ TG-DSC16.

RESULTS AND DISCUSSION

3.1 Reaction Mechanism: The deposition process is

based on the slow release of Zn  and S  ions in2+ 2–

solution which then condense on the substrate. The

deposition of ZnS occurs when the ionic product of

Zn  and S  exceeds the solubility product of ZnS .2+ 2– [10]

2ZnCl  is used as the Zn  source and thiourea supplies2+

S  ions through hydrolysis in an alkaline medium2!

according to the following equations:

2ZnCl  « Zn  + 2Cl           (1 )2+ !

2 2 2 2 2SC(NH )  + OH  « SH  + CH N + H O           (2)! !

2SH  + OH « S + H O          ( 3 )! !  2!  

3The first complexing agent is NH , which

 hydrolyses in water to give OH  according to: !

3 2 4NH  + H O « NH + OH          (4)+   !

2 4The second complexing agent is N H , which also

 hydrolyses in water to give OH  according to: !

2 4 2 2 5N H  + H O « N H + OH          (5)+   !

Zn  ions form the metal complexes with ammonia2+

and hydrazine hydrate by the following reactions:

3 3 4Zn  + 4NH  « [Zn(NH ) ]          (6)2+  2+

2 4 2 4  3Zn  + 3N H  « [Zn(N H ) ]           ( 7 )2+  2+

From equations (3), (6) and (7) complexes and

sulfide ions migrate to the substrate surface, where they

react to form ZnS:

3 4 3Zn(NH )  + S  « ZnS + 4NH          (8)2+ 2-

2 4  3 2 4Zn(N H )  + S  « ZnS + 3N H          (9) 2+ 2-

nAssuming the metallic complex of the form ZnL ,2+

where L is the complexing agent, the general reaction

for the ZnS deposition can be represented as:

n 2 2ZnL  + CS(NH )  + 2OH  6 ZnS(substrate) + nL +2+ !

3 2 2 22NH  + CH N  + 2H O        (10)

During the deposition of ZnS thin films, according

2to the reactions (4) and (5), the formation of Zn(OH)

occurs as a competitive process in the bath. so we can

expect that the Zn  ions have to be in form of2+

2Zn(OH)  precipitate, however it is not true due to the

3presence of NH  which forms with Zn , the complex2+

3 4Zn(NH )  which is soluble in this medium .2+ [11]

3.2 Optimization of Volume of Ammonia Solution:

Fig. 1 represents the variation of thickness of ZnS thin

films with volume of ammonia. This dependence is

typical for complexing agents where there are two

competitive processes , which are the deposition[12]

process of ZnS thin films (heterogeneous process) and

the deposition process of ZnS powder in the bulk of

the reaction bath (homogeneous process). The

homogeneous process is easier than the heterogeneous

3one . For small volume of NH , the Zn  free[6 ] 2+

concentration is high, and the homogeneous reaction

3predominately takes place. At large volume of NH , the

Zn  free concentration is low, due to the strong bond2+

between the ammonia and the Zn  (or in other words2+

3 4the high stability constant of [Zn(NH ) ], so that both2+

the homogeneous and heterogeneous processes will take

place at low rate (the solubility product of the

compound to be deposited will exceeds the ionic

3product). There is only a narrow NH  volume range

over which a desirable rate of the heterogeneous

growth process occurs. The maximum thickness is

obtained when the volume of ammonia is 30 ml . A3

similar behavior was reported by several workers .[6 ,13,14]

3.3 Optimization of Volume of Hydrazine: For

optimization of vo lume [ml ] of hydrazine3

monohydrate, concentration of zinc chloride [0.2 M],

concentration of thiourea (0.2 M), volume of ammonia

[30 ml ], bath temperature [90 °C] and time of3

deposition [3 h] were kept constant. Fig. 2 shows the

variation of thickness of ZnS thin films with volume of

2 4hydrazine monohydrate. For small volume of N H ,

most of the Zn  will form a complex with ammonia,2+

3 4[Zn(NH ) ] , which have a high stability constant, so2+

that  the  Zn  free concentration is low, and both the 2+
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Fig. 1: Variation of thickness of ZnS thin films with volume of ammonia.

Fig. 2: Variation of thickness of ZnS thin films with volume of hydrazine

homogeneous and heterogeneous processes will take

2 4place at low rate. At large volume of N H , the Zn2+

free concentration is high, due to the low stability

2 4 3constant of [Zn(N H ) ] , so that the Zn  will undergo2+ 2+

a fast reaction with S  ions and precipitate [the2-

homogeneous reaction predominately will takes place].

2 4There is only a narrow N H  volume range over which

a desirable rate of the heterogeneous growth process

occurs. The maximum thickness is obtained when the

volume of ammonia is 10 ml . A similar behavior was3

reported by Dona et al.  and they also reported that[6]

the presence of hydrazine during the deposition of ZnS 

improves the homogeneity of the films. 

2 4 3The equilibrium constant of the [Zn(N H ) ]2+

complex (10 ) is lower than the equilibrium constant5.5

3 4of [Zn(NH ) ]  which is (10 ) . It was noted that2+ 8.9 [6 ]

3 2 4when NH  and N H  were used separately we have a

3negligible growth . For NH , this is due to the high[7 ]

3stability constant of [Zn(NH )] , so that the Zn  free2+ 2+

concentration is low, due to the strong bond between

the ammonia and the Zn , and both the homogeneous2+

and heterogeneous processes will take place at low

2 4rate. For N H , on the other hand, this is due to the

2 4 3low stability constant of [Zn(N H ) ] , so that the Zn2+ 2+

free concentration is high, due to the weak bond

between the hydrazine and the Zn , and the Zn  will2+ 2+

undergo a fast reaction with S  and precipitate (the2-

homogeneous reaction predominately will takes place).

Thin films of good quality were deposited when both

3 2 4NH  and N H  were used together. There are two

possibilities for this observation; The first is that the 

presence of hydrazine helps part of the complex
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3 4 3 3[Zn(NH ) ]  to exist as [Zn(NH ) ]  in the solution.2+ 2+

This latter has a moderate stability constant[15]

(3.26x10 ) and is likely the major Zn precursor in the6

film growth . The second is that the presence of[7]

hydrazine with ammonia in the solution insures that a

percent of the zinc-complex will be in the form

2 4 3[Zn(N H ) ]  which have a low stability constant, so2+

that we will have a percent of free ions of Zn .2+

3.4 Optimization of Bath Temperature: For

optimization of bath temperature, concentration of zinc

chloride [0.2 M], concentration of thiourea [0.2 M],

volume of ammonia [30 ml ], volume of hydrazine3

monohydrate [10 ml ], PH [~11.5] and time of3

deposition [3 h] were kept constant.    Fig. 3 shows

the variation of thickness of ZnS thin films with bath

temperature. As the bath temperature increases the

thickness increases due to the increase of the rate of

deposition. The maximum thickness was obtained when

the bath temperature was 90 °C. These results agree

with previous works .[6 ,13]

3.5 Optimization of Time of Deposition: For

optimization of time of deposition, concentration of

zinc chloride [0.2 M], concentration of thiourea [0.2

M], volume of ammonia [30 ml ], volume of hydrazine3

monohydrate [10 ml ], PH [~11.5] and bath temperature3

[90 °C] were kept constant. Fig. 4 shows the variation

of thickness of ZnS thin films with time of deposition.

Time of deposition is optimized by taking a substrate

out of bath at regular interval of 1h. The film thickness

increases with the increase in time of deposition up to

3h deposition time and then increases slowly. The

average rate of deposition is 101 nm /h at the third

hour. The maximum thickness obtained by this method

is 328 nm after four hours of deposition. The

deposition process clearly shows three different growth

phases, a none-film one, a quasi-linear one and a

saturation one. In the none-film phase, there has no

continuous film on the substrate. In the quasi-linear

region the rate of deposition is high due to high

concentrations of Zn  and S  and the film thickness2+ 2–

can be controlled easily by time of deposition. As more

and more ZnS is formed, solution becomes deficient in

ions giving lower rate of deposition, which explain the

behavior observed in the saturation region . A similar[9]

behavior was reported by several workers .[13,16,17]

3.6 Differential Scanning Calorimetry (DSC):

Differential Scanning Calorimetry (DSC) measures

endothermic and exothermic processes in materials as

a function of temperature, heat flow and temperature

associated with physical transitions. The result of DSC

experiment is thermal curve that plot heat flow against

temperature. Peaks in the curve are produced as a

result of thermal transitions within the sample such as

melting, oxidation and chemical reactions. A

Differential Scanning calorimetry DSC curve of powder

ZnS is illustrated in fig.5. There are three main peaks.

The first peak is due to dehydration because it is

occurred around 100 °C and it has an endothermic

effect. The second peak is due to crystallization

because it has an exothermic effect and the temperature

of crystallization is 350 °C. As the temperature further

increases and reaches 740 °C the sample eventually

suffer from decomposition or dissociation reaction. This

process results in an endothermic peak in the DSC

curve. So that the third peak is due to decomposition

or dissociation reaction 

3.7 X-ray Diffraction Analysis: In general, Zinc

sulfide exists in two forms, cubic (zincblende) and

hexagonal (wurtzite). The cubic form is stable at room

temperature, while the less dense hexagonal form

(wurtzite) is stable above 1020 °C at atmospheric

pressure . X-ray diffraction pattern of the as-deposited[18]

and annealed ZnS thin films at different temperatures

[100, 150, 200 °C] for 2h in a flux of argon gas was

shown in fig. 6. The diffraction pattern of the as-

deposited and annealed ZnS films exhibited peaks

corresponding to the (1 1 1), (2 2 0) and (3 1 1)

planes of the cubic ZnS phase. It is found that the

crystallinity of the ZnS thin films decreased as the

annealing temperature increased till 200 °C. The overall

intensity of the reflections decreased when the

temperature of annealing increased without the

appearance of any new reflections. Thus, no other

phases were formed by raising the temperature of

annealing but only the crystallinity of the formed phase

was decreased. This observation agrees with pervious

reported works . The experimental recorded[1 9 ,2 0 ]

diffraction angles, the relative intensity of the observed

planes and the interplanar spacing, d, values for the as-

deposited and annealed ZnS thin films at bath

temperature 90 °C are listed in table 1.

The lattice parameter, a, for ZnS cubic phase

structure was obtained from the d-interplanar spacing

of different peaks by the equation:

        (11)

The precise values of lattice parameter are

estimated from Nelson-Riley function:

        (12)
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Fig. 3: Variation of thickness of ZnS thin films with bath temperature.

Fig. 4: Variation of thickness of ZnS thin films with time of deposition.

Table 1: XRD data of the as-deposited and annealed ZnS thin films at bath temperature 90 °C.

As-deposited Annealed at 100 °C

------------------------------------------------------------------------- --------------------------------------------------------------------------

o o2è(°) I/I d (Å) 2è(°) I/I d (Å) hkl

29.0571 100 3.0706 28.9178 100 3.0851 111

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

48.9040 29 1.8609 48.9642 29 1.8588 220

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

57.8928 20 1.5916 57.6071 19 1.5988 311

Annealed at 150 °C  Annealed at 200 °C

----------------------------------------------------------------------- --------------------------------------------------------------------------

o o2è(°) I/I d (Å) 2è(°) I/I d (Å) hkl

28.8929 100 3.0877 28.8714 100 3.0900 111

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

48.8214 27 1.8639 48.5714 35 1.8729 220

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

57.5971 19 1.5991 57.6571 24 1.5975 311
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Fig. 5: DSC Curve of ZnS powder collected from the bath.

Fig. 6: XRD patterns of as-deposited and annealed ZnS thin films at different temperatures.
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Fig. 7: Plot of the lattice constant, a, of the annealed ZnS thin films against F(è) at bath temp. 90 °C.

Table 2: Values of lattice param eter, a, and the volume of the unit cell, V, of the as-deposited and annealed ZnS thin films at bath

temperature 90 °C.

Sample Annealing temp. a (Å) V (Å )3

As-deposited ZnS thin film RT 5.255 145.1

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Annealed ZnS thin films 100 °C 5.261 145.6

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Annealed ZnS thin films 150 °C 5.268 146.2

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Annealed ZnS thin films 200 °C 5.277 147

Where, è, is the Bragg angle. In this method the

value of lattice parameter, a, of different peaks for the

annealed ZnS thin films is determined by extrapolating

of Nelson-Riley function to F(è) 6 0 (fig.7). This is a

method by which the effect of random and systematic

errors on the measurement of è is minimized .[12,1 9 ,20]

The volume of the unit cell, V , for cubic crystals is

given by:

 

V = a                  (13)3

The lattice parameter, a, and the volume of the

unit cell, V , of the as-deposited and annealed ZnS thin

films at bath temperature 90 °C are given in table 2. It

was found that the lattice parameter, a, the volume of

the unit cell, V , increased as the annealing temperature

increased from room temperature to 200 °C.

Conclusion: In this work we prepared ZnS thin films

by chemical bath deposition (CBD). The ZnS thin film

deposition process clearly shows three different growth

phases. In the quasi-linear phase it is possible to

calculate the average growth rate. We also studied the
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influence of solution composition on the thickness of

the as-deposited ZnS thin films. The XRD pattern of

the as-deposited and annealed ZnS film exhibited peaks

corresponding to the (1 1 1), (2 2 0), (3 1 1) plane of

the cubic ZnS. Also, the lattice parameter, a, and the

volume of the unit cell, V, of the as-deposited and

annealed ZnS thin films were calculated.
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