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ZnTe films of different thicknesses were deposited on glass substrates at a substrate temperature of 300 ◦C.
The thickness of the films varied in the range of 110–320 nm. The films exhibited cubic structure with
preferential orientation in the (1 1 1) direction. A very high value of absorption co-efficient (104 cm−1) is
observed. Band gap values in the range between 2.23 and 2.38 eV are observed when the film thickness
was varied between 320 and 110 nm, respectively. The refractive index values are found to vary between
II–VI
Semiconductor
Thin films
Z

2.68 and 2.90 for the films of different thicknesses. It has been observed that the conductivity increases
continuously with temperature as well as with thickness. Laser Raman spectra showed the presence of
peaks at 206.8 and 411.2 cm−1corresponding to the first order and second order LO phonon of monophase
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. Introduction

ZnTe is a promising material for pure-green light emitting diode,
indows layer in tandom solar cells, and transparent conductive

hin films [1]. ZnTe can be used for back contact layer (BCL) on
-CdTe absorber layer in CdTe based solar cells before its metalliza-
ion because the valence-band offset between p-ZnTe and p-CdTe
s less than 0.05 eV [2].

This direct bandgap nature of ZnTe with a value of 2.26 eV
akes it a potential candidate for the fabrication of pure-green

ED devices [3–6]. Because of its high electro-optic coefficient,
nTe also promises to be useful in the production and detec-
ion of terahertz (THz) radiation [3,7]. Since there is only a small
alence-band offset of 0.05 eV between ZnTe and CdTe, ZnTe
an be used as a back contact material to obtain higher solar
nergy conversion efficiency in CdTe based solar cells [8]. Though
ome research groups have reported the fabrication of ZnTe based

evices like LEDs and terahertz detectors, most of them have
referred highly sophisticated techniques like molecular beam epi-
axy (MBE), metal organic chemical vapor deposition (MOCVD),
tc. to obtain ZnTe films [3–8], electrodeposition from aqueous
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ed the formation of monophase ZnTe films with nano grains.
© 2010 Elsevier B.V. All rights reserved.

solutions [9,10]. ZnTe is a very attractive host for optoelectronic
device realizations because of its sensitivity in the green spec-
tral region (2.26 eV). Specifically, for bright light emitting diodes
(LEDs), ZnTe is a technologically important material since the emis-
sion wavelength matches well with the maximum sensitivity of
the human eye. Utilization of ZnTe thin films in device develop-
ment were reported by the realization of LED prototypes [11,12],
high-efficiency multi-junction solar cells [13], and terahertz (THz)
devices [14]. In some reports the concept of laser crossing and
all-optical laser transmission digitizing with GaAs [15,16], CdS
[17] and InP has been successfully demonstrated [18]. In an ear-
lier report on electron beam evaporated ZnTe films, the optical
and dielectric properties were discussed [19]. The exploration of
novel thin film materials and simple technique based technologies
for future light-based communication systems, such as all-optical
switches and hybrid device structures [20], have been the driving
motivation for the present work. In this study, structural, optical,
morphological and electrical properties of ZnTe films deposited
by the electron beam (EB) evaporation technique are presented in
detail.

2. Experimental
ZnTe films of varying thickness were deposited on glass substrates by keeping
the substrate temperature constant at 300 ◦C. Commercial ZnTe powder (99.99%
purity) was used as the source. The substrate temperature was fixed well below
the decomposition temperature observed from the DTA results which indicated an
exothermic peak at 437 ◦C due to the partial decomposition of ZnTe. The films were
characterized by X-ray diffraction (XRD) studies using CuK� radiation form an Xpert

http://www.sciencedirect.com/science/journal/09258388
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ig. 1. X-ray diffraction patterns of ZnTe films of different thickness (a) 110 nm (b)
80 nm (c) 230 nm (d) 320 nm.

ANanalytical XRD unit. Optical studies were made at room temperature using a
V-Vis-NIR spectrophotometer.

Surface morphology of the films was studied by molecular imaging system
tomic force microscope (AFM). Raman studies were made using Renishaw Invia
aser Raman microscope using a 18 mW 633 nm He–Ne laser. PL studies were made
sing Varian Cary Eclipse Fluorescence Spectrophotometer. Electrical resistvity was
valuated by providing Al contacts.

. Results and discussion

The X-ray diffraction pattern (Fig. 1) shows that the ZnTe
lms of different thicknesses deposited at 300 ◦C substrate tem-
erature possess cubic structure with an average lattice constant

a’ = 6.093 ´̊A. The different peaks were indexed and the corre-
ponding interplanar spacing ‘d’ were calculated and compared
ith the standard ASTM values. Preferential orientation in the

1 1 1) direction is also observed. The films deposited at room
emperature indicate amorphous structure. As the deposition tem-
erature increased, the peaks became sharper suggesting improved

rystallinity. The thickness of the films estimated from Mitru-
oyo surface profilometer was in the range of 110–320 nm. The

icrostructural parameters like grain size, strain and dislocation
ensity have been calculated and are indicated in Table 1. The grain

able 1
attice parameter, grain size, strain, stress and dislocation density of ZnTe films of differe

Thickness (nm) Lattice parameter “a” ( ´̊A) Grain size (nm) Stress (d

110 6.084 12.1 2.15
180 6.089 24.2 −1.20
230 6.092 38.2 −0.90
320 6.098 44.6 −1.78
Fig. 2. (˛h�)2 vs h� plot of ZnTe films of different thickness (a) 110 nm (b) 180 nm
(c) 230 nm (d) 320 nm.

size was calculated using Scherrer’s equation:

D = 0.9�

ˇ cos �

where D is the grain size, � is the wavelength of CuK� radiation, �
is the diffraction angle and ˇ is the full width at half maximum. The
lattice strain (ε) is calculated using the relation,

ε = ˇ cos �

4

The value of dislocation density (ı) was calculated using the relation

ı = 15a

εD

From the table, it is observed that grain size increases with thick-
ness. Due to the increase in grain size with thickness, the defects in
the lattice is decreased, which in turn reduces the stress, internal
microstrain and dislocation density [21,22]. The dislocation den-
sity decreases with increase of film thickness. 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 grain size increases continuously with increased film thick-
ness and reached a maximum value of 44.6 nm for a thickness
of 320 nm. Similar thickness dependence of the microstructural
parameters on the deposition of other materials has been reported
[22,23].

The variation of % transmittance (T%) with wavelength was stud-
ied for the ZnTe films of different thicknesses and is shown in Fig. 2.
Interference fringes are observed in these films which confirm the
formation of smooth and uniform films. The onset of absorption is
observed in the range 500–650 nm depending upon the thickness.

The transmittance spectra were used to calculate the absorp-
tion coefficient (˛) at different wavelengths using the following
relation:

T = exp(−˛t)
where t is the film thickness and T is the transmittance of the film
at a particular wavelength.

To determined the band gap Eg, we have used Tauc et al.’s plot
[24] where the absorption coefficient ˛ is a parabolic function of

nt thicknesses deposited at 300 ◦C substrate temperatures.

yne cm−2) (×1010) Strain (×10−4) Dislocation density (×1016 cm−3)

9.4 0.247
7.1 0.052
4.2 0.041
1.4 0.027
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ig. 3. Transmission spectra of ZnTe films of different thickness (a) 110 nm (b)
80 nm (c) 230 nm (d) 320 nm.

he incident energy and optical band gap Eg is given by

= A(h� − Eg)�

h�

here A is the function of refractive index of the material, reduced

ass and speed of light, � is the transition frequency and the

xponent � characterizes the nature of band transition between
he valence band and the conduction band. The band gap can
e obtained from extrapolation of the straight-line potion of the
˛h�)� vs h� plot to ˛ = 0. A very high value of absorption co-efficient

Fig. 5. Atomic force micrographic images of ZnTe films of differe
Fig. 4. Refractive index graph for the ZnTe films with thickness 320 nm.

(104 cm−1) is observed for all the films. Plots of (˛h�)2 vs h� (Fig. 3)
yielded band gap values in the range 2.38–2.23 eV as the thick-
ness of the films increased from 110 to 320 nm. The lower value of
the band gap at higher film thickness is due to the large grain size
developed at higher thickness. Fig. 3 presents the optical transmit-
tance spectra of the ZnTe films of different thickness. The refractive
index was calculated using the interference maxima and minima
observed at a wavelength from the transmission spectra by the
envelope method [22,23] employing the following equations:
n = [N + (N2 − n2
s )]

2

N = n2
s + 1

2
+ 2ns(Tmax − Tmin)

TmaxTmin

nt thickness (a) 110 nm (b) 180 nm (c) 230 nm (d) 320 nm.
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Fig. 6. EDAX spectra of 320 nm thick ZnTe films.

here ns is the refractive index of the substrate, Tmax and Tmin
re the maximum and minimum transmittances at the same
avelength in the fitted envelope curve on a transmittance

pectrum.
The variation of refractive index with wavelength for the ZnTe

lm of thickness 230 nm is shown in Fig. 4. The refractive index
ecreases with increasing wavelength. The values of refractive

ndex are constant in the near infrared region. The refractive index
alues calculated at a wavelength of 650 nm are 2.34, 2.72, 2.84 and
.92 for the films of different thickness 110, 180, 230 and 320 nm,
espectively. These values are comparable to earlier reports
25].

Surface morphology of the ZnTe films deposited with different
hickness was studied by atomic force microscope (AFM) and the
FM micrographs are shown in Fig. 5. The presence of nanocrystal-

ites is evident from the figures. The grain size values increased from
bout 70 to 150 nm and the root mean square (RMS) value of the
oughness decreased 2.1–0.9 nm with increase of film thickness.

Composition of the films were estimated from energy dispersive

nalysis of X-rays (EDAX). The ratio of Zn:Te are about 48.3:51.7,
9.1:50.9, 49.0:51.0 and 49.5:50.5 for the films of different thick-
ess 110, 180, 230 and 320 nm (Fig. 6).

Variation of resistivity with temperature was measured in the
ange between 27 and 150 ◦C (Fig. 7) for the ZnTe films with

ig. 7. Variation of resistivity with temperature for ZnTe film with different thick-
ess (a) 110 nm (b) 180 nm (c) 230 nm and (d) 320 nm.
Fig. 8. Raman spectra for the ZnTe films deposited with different thicknesses (a)
110 nm (b) 320 nm.

different thickness. It is observed that the resistivity decreases
continuously with increasing temperature. This corresponds to a
thermally activated conduction mechanism in the ZnTe films. The
resistivity can be represented by

� = �0 exp
(−�E	

KBT

)

where �E	 is the activation energy, T is the tempertature, K is the
Boltzmann constant. The plot exhibits two slopes, one between 27
and 60 ◦C and the other between 60 and 150 ◦C. The low activation
energies are due to the high resistance of the samples with smaller
film thickness. When the thickness increases, the activation energy
also increases in the range 0.0057–0.0154 and 0.0158–0.0232 eV.

The room temperature Raman spectra of ZnTe films of thick-
ness 110 and 320 nm deposited at a substrate temperature of
200 ◦C are shown in Fig. 8. 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 [26]. The observed peaks at about
206.8–207.0 and 411.1–412.1 cm−1 are assigned to the first order
and second order ZnTe LO phonon scattering respectively. The peak
at 233.7 eV could not be associated either with ZnTe or Te precipi-
tates. Interestingly, the full width at half maximum (FWHM) of the
LO peaks are decreasing with increasing thickness as observed from
the broad and sharp peaks in Fig. 8a and b, respectively. This may
be due to the increased grain size with thickness of the ZnTe films
already demonstrated by the XRD and AFM results.

Photoluminescence study can provide information on the pres-
ence of native defects, impurities and structural defects [27]. PL
spectra were recorded for the nanocrystalline ZnTe films with dif-
ferent thickness and Fig. 9 shows the PL emission spectra of ZnTe
film with thickness 320 nm. The emission peaks in the spectra are
separated in to three distinct regions. They are assigned to the
radiative recombination of excitons bound to neutral acceptor (BE
between 425 and 510 nm), free to a neutral acceptor (FA between
515 and 550 nm) and a donor–acceptor pair (DAP between 560 and
600 nm) [28]. The peak at 485.6 nm may be due to the recombi-
nation of excitons bound to neutral shallow acceptors. The peak

position at 531.7 nm corresponds to a band gap value of 2.33 eV
which is very close to the value of 2.33 eV for the nanocrystalline
ZnTe film of thickness 320 nm. This emission peak is assigned to the
radiative carrier recombination process of band-to-band transition
[29]. The peaks observed between 562 and 592 nm are related to the
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Fig. 9. PL emission spectra of 320 nm thick ZnTe film.

mission processes dominated by a ‘DAP’ band and located within
he reported 2.10–2.27 eV energy interval, which may be ascribed
o a recombination involving a shallow donor and an acceptor com-
lex [30,31]. These PL observations confirm that ZnTe films with
ano grains deposited here are of high purity and can be used for
eveloping luminescence devices.

. Conclusion

The ZnTe thin films with nano grains were deposited onto the
lass substrates kept at 300 ◦C. The results of this study indicate
hat uniform and device quality ZnTe films with cubic structure
an easily be deposited by the EB evaporation technique. Optical

tudies showed direct band gap value in the range of 2.23–2.38 eV
hich are found decreasing with the increase of film thickness. The

rain size was in the range 70–150 nm as observed from AFM stud-
es. Raman scattering and PL results confirmed the nano crystalline
ature of the deposited ZnTe films.
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