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Abstract ZnTe films were deposited on glass substrates

at different substrate temperatures in the range 30–300 �C.

The thickness of the films was about 200 nm. The films

exhibited cubic structure with preferential orientation in the

(111) direction. Band gap values in the range 2.34–2.26 eV

are observed with increase of the substrate temperature.

The refractive index values are in the range of 2.55–2.92

for the films deposited at different substrate temperatures.

It is observed that the conductivity increases continuously

with temperature. Laser Raman studies indicated the

presence of peaks at 206.9 and 412.2 cm-1corresponding

to the first order and second order LO phonon.

1 Introduction:

The II–VI compound semiconductors have attracted many

researchers, over the years, because of their possible

applications in the fabrication of solar cells, light emitting

diodes (LEDs), photo diodes, photo detectors and many

other opto-electronic devices. Zinc Telluride (ZnTe) is one

of the important members of the II–VI group, having

electrical and optical properties suitable for the fabrication

of various opto-electronic devices. It has a wide and direct

bandgap of 2.26 eV (at room temperature) [1, 2] which is

in the pure green region of the electromagnetic spectra.

This direct bandgap of 2.26 eV makes it a potential can-

didate for the fabrication of pure green LEDs [3–6].

Because of its high electro-optic coefficient, ZnTe also

promises to be useful in the production and detection of

terahertz (THz) radiation [3, 7]. Since there is only a small

valence band offset of 0.1 eV between ZnTe and CdTe,

ZnTe can be used as a back contact material to obtain

higher efficiency in CdTe based solar cells [8]. Though

some research groups have reported the fabrication of

ZnTe based devices like LEDs and THz detectors, most of

them have preferred higher-end methods like molecular

beam epitaxy (MBE), metal organic chemical vapor

deposition (MOCVD), etc. to obtain ZnTe films [3–8], or

electrodeposition from aqueous solutions [9, 10]. ZnTe is a

very attractive host for optoelectronic device realizations

because of its direct bandgap in the green spectral range

(2.26 eV). Specifically, for bright LEDs, ZnTe is an

interesting candidate since the emission wavelength cor-

responds to the maximum sensitivity of the human eye.

Employment of ZnTe were reported by the realization of

LED prototypes [11, 12], high-efficiency multi-junction

solar cells [13], and THz devices [14]. In some former

studies the concept of laser crossing and all-optical laser

transmission digitizing with GaAs [15, 16], CdS [17] and

InP has been demonstrated [18]. In an earlier report on

electron beam evaporated ZnTe films, the optical and

dielectric properties were discussed [19]. The exploration

of novel solutions, materials and simple technologies for

future light-based communication systems, such as all-

optical switches and hybrid device structures [20], have
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been the driving motivation for the current work. In this

study, structural, optical, morphological and electrical

properties of ZnTe films deposited by the electron beam

(EB) evaporation are presented and discussed.

2 Experimental

Thin ZnTe films were deposited using Hind Hivac electron

beam evaporation unit on glass substrates at different tem-

peratures in the range 30–300 �C. Commercial ZnTe pow-

der (99.99% purity) was used as the source. Deposition rate

was fixed as 40 nm/min. The evaporation conditions were:

(1) a vacuum of 10-6 Torr; (2) an accelerating voltage of

5 kV; and (3) electron beam current 10 mA. The substrate

temperature was fixed based on the DTA results which

indicated an exothermic peak at 437 �C due to the partial

evaporation of ZnTe. The films were characterized by x-ray

diffraction (XRD) studies using CuKa radiation from an

Xpert PANanalytical XRD unit. Optical studies were made

at room temperature using a UV–Vis-NIR spectrophotom-

eter. Surface morphology of the films was studied by

Molecular Imaging system atomic force microscope. Raman

studies were made using Renishaw Invia Laser Raman

microscope using a 18 mW 633 nm He–Ne laser. Electrical

resistvity was evaluated by providing Al contact.

3 Results and discussion:

The x-ray diffraction pattern (Fig. 1) shows that the ZnTe

films deposited at various substrate temperatures posses

cubic structure with an average lattice contant

‘a’ = 6.093 Å
´

. The different peaks were indexed and the

corresponding interplanar spacing ‘d’ were calculated and

compared with the standard ASTM values given in ASTM

card No 15-746. Preferential orientation in the (111)

direction is also observed. The films deposited at room

temperature indicate amorphous structure. As the deposi-

tion temperature increased, the peaks became sharper

suggesting improved crystallinity. The thickness of the

films estimated from Mitrutoyo surface profilometer was

about 200 nm. The microstructural parameters like grain

size, strain, dislocation density and number of crystallites

have been calculated and are indicated in Table 1. From

the table, it is observed that grain size increases with

substrate temperature. The dislocation density decreases

with increase of substrate temperature. The substrate tem-

perature plays a vital role in deciding the microstructural

parameters of ZnTe films. First, due to the increase in

crystallite grain size with substrate temperature, the defects

in the crystalline lattice is greatly reduced which subse-

quently reduces the strain. Further, as the substrate

temperature increases, stress developed is reduced within

the film and also the dislocation density decreases. Owing

to the release of stress in the films, the variation of inter-

planar spacing leads to a decrease in the defects and the

related microstrain. Also the peak width(FWHM)

decreased with increasing temperature. The increase in

peak intensity and decrease of FWHM is due to the

improvement in the crystallinity and a reduction in the

microstrain [21]. It is observed that the particle size

increases with increased deposition temperature and

reached a maximum value of 43.2 nm at a temperature of

300 �C. Due to the increase of particle size with deposition

temperature, the defects in the lattice is decreased, which in

turn reduces the stress, internal microstrain and dislocation

devsity [21, 22]. Similar structural dependence of the

microstructural parameters on the deposition of other

materials have been reported [22, 23].

The variation of absorbance with wavelength was

studied for the ZnTe films deposited at different substrate

temperatures. All the films exhibit a similar behaviour in

the wavelength range of 1000–2500 nm. The onset of

absorption is observed in the range 650–550 nm depending

upon the substrate temperature. A very high value of

absorption co-efficient (104 cm-1) is observed for all the

films. Plots of (ahm)2 versus hm (Fig. 2) yielded band gap

values in the range 2.34–2.26 eV as the substrate
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Fig. 1 XRD patterns for the ZnTe films deposited at different

substrate temperatures a RT, b 100 �C, c 200 �C and d 300 �C
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temperature increased. The lower value of the band gap at

higher substrate temperatures is due to the large grain size

developed at higher temperature. Figure 3 presents the

optical transmittance spectra of the ZnTe films deposited at

different temperatures. Interference fringes are observed in

these films which confirms the formation of smooth and

uniform films. The refractive index was calculated using

the interference maxima and minima observed at a wave-

length from the transmission spectra by the envelope

method [22] employing the following equations:

n ¼ ½N þ ðN2 � n2
s Þ�

2 ð1Þ

N ¼ ðn2
s þ 1Þ=2 þ 2nsðTmax � TminÞ=TmaxTmin ð2Þ

where ns is the refractive index of the substrate, Tmax and

Tmin are the maximum and minimum transmittances at the

same wavelength in the fitted envelope curve on a trans-

mittance spectrum.

The variation of refractive index with wavelength is

shown in Fig. 4. The refractive index decreases with

increasing wavelength. The values of refractive index are

constant in the near infrared region. The refractive index

values are in the range of 2.55–2.92 for the films deposited

at different substrate temperatures. These values are com-

parable to earlier reports [23].

Surface morphology of the films deposited at different

substrate temperatures was studied by Atomic force

Table 1 Lattice parameter, grain size, strain, stress and dislocation density of ZnTe films deposited at different substrate temperatures

Substrate

temperature (̊C)

Lattice parameter ‘‘a’’ (Å
´

) Grain size

(nm)

Stress (91010)

dyne cm-2
Strain

(910-4)

Dislocation density

(91016 cm-3)
Standard Calculated

30 6.1037 6.084 18.6 4.37 11.2 0.447

100 6.092 28.7 -1.78 7.2 0.058

200 6.094 34.6 -0.91 6.1 0.043

300 6.102 43.2 -0.89 4.8 0.027

2.3      2.3          2.4 

(a) (b) (c) (d) 

hν (eV) 

(α
hν

)2  (
eV

/c
m

2 ) 

2.2 2.4 2.2 2.5   2.5 

Fig. 2 (ahm)2 versus hm plot for the ZnTe films deposited at different

substrate temperature a RT, b 100 �C, c 200 �C and d 300 �C
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Fig. 3 Optical transmittance spectra of ZnTe films deposited with

different substrate temperatures a RT b 100 �C c 200 �C and d
300 �C
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Fig. 4 Refractive index graph for the ZnTe films deposited at 300 �C
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microscope (AFM). Figure 5 shows the AFM micro-

graphs. The presence of nanocrystallites is evident from the

figure. The grain size and the root mean square (RMS)

value of the roughness varies from 60 to 120 nm and from

2.1 to 0.9 nm respectively with increase of substrate

temperature.

Composition of the films was estimated from Energy

dispersive analysis of x-rays (EDAX). The ratio of Zn:Te

are 48.8:51.2, 49.5:50.5, 49.1:50.9 and 49.3:50.7 for the

films deposited at different substrate temperatures (Fig. 6).

Variation of resistivity with temperature was measured

as a function of temperature in the range of 27–150 �C

(Fig. 7) for the films of deposited at different temperatures

30,100, 200 and 300 �C. It is observed that the conductivity

changes continuously with temperature. A thermally acti-

vated conduction mechanism is observed. The conductivity

can be represented by

r ¼ r0 exp �DEr=KBTð Þ

where DEr is the activation energy, T is the temperature, K
is the Boltzmann constant. The plot exhibits two slopes.
The low activation energies are due to the high resistance
of the samples. When the temperature increases, the acti-
vation energy also increases.

The room temperature Raman spectra of ZnTe films are

shown in Fig. 8 for the films of different thicknesses and

deposited at a substrate temperature of 200 �C. The first

order Raman scattering of a crystalline material with cubic

structure usually shows two peaks corresponding to the

Transverse optic (TO) and longitudinal optic (LO) zone-

centre phonon modes [24]. The presence of peaks at 206.9

and 411.9 cm-1 is assigned to the first order and second

order ZnTe LO phonon scattering. The peak at 233.7 eV

could not be associated either with ZnTe or Te precipitates.

Fig. 5 Three dimensional (3D)

topographic AFM images of

ZnSe fims deposited at different

substrate temperature a RT,

b 100 �C, c 200 �C and

d 300 �C
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4 Conclusion:

The results of this study indicate that uniform and device

quality ZnTe films with cubic structure can easily be

deposited by the EB evaporation technique. Films with

direct band gap in the range of 2.26–2.34 eV can be

deposited. Films with grain size in the range 60–120 nm

can be obtained.
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