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a b s t r a c t

Annealing effects on structural and optical properties of the thermally evaporated Zn–In–Te (ZIT) thin 
films have been investigated. The structural and the compositional analyses were carried out by means 
of X-ray diffraction (XRD) and energy dispersive X-ray analysis (EDXA). The as-grown and annealed ZIT 
films had polycrystallin e structure and the preferred orientation changed from (220) to (112) direction 
with increasing annealing temperature. The optical properties and constants were determine d by trans- 
mittance measurements in the wavelength range of 200–2000 nm. The effect of annealing on the optical 
parameters was determined by using Single Oscillator Model (SOM), Env elope Model (EM) and Cauchy 
Method. The absorbance studies revealed that the films had three distinct transitions in the high absorp- 
tion region because of the tetragonal distortion, and that was used to eval uate the splitting energies of 
crystal-field and spin–orbit splitting. The fundamental optical band gap values were found to be lying 
in the range of 1.51 and 1.72 eV and the notable change of the band gaps due to annealing temperatures 
was observed. Finally, the Urbach energies were calculated and it was observed that the band tail ener- 
gies were increasing with increasing annealing temperature.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction 

In recent years, the polycrystal line ternary II–III–VI2 (i.e. CuIn- 
Se2, Cu(In,Ga)Se2, CdGa 2Te4, ZnGa 2S4, ZnIn 2Te4) and their binary 
analogies from II–VI (i.e. CdTe, ZnSe, ZnTe) semiconduc tor com- 
pounds have been extensively studied because of their potential 
applications , particularly, in the area of thin film solar cells and 
also large area electronic devices such as field effect transistors,
radiation detector, optical thin film filters, nonlinear integrated 
optical devices, light emitting diodes (LEDs) and laser heterostruc- 
ture for emission in the infrared spectral range [1,2]. Their interest- 
ing and fascinating electrical and optical properties, especially easy 
tunable band gap values and having high absorption coefficients,
make them a candidate for absorbin g layer in the fabrication of 
thin film solar cell [3].

In order to find a powerful candidat e for desired optoelectroni c
device applications, the basic studies about the structural and the 
optical properties of the materials are very important to investi- 
gate crystallinity , energy band gap, refractive index and dielectric 
constants. Some studies have revealed that ZnTe and ZnIn 2Te4

can be suitable compounds due to their direct band gap values of 
2.26 eV [4,5] and among 1.40–1.90 eV [6–9], respectively .

In this work, the ternary compound Zn–In–Te (ZIT) has been 
studied for the possible usages in the optoelectronic and photovol- 
taic device applicati ons. The results of the systematic studies were 
carried out to investiga te the effects of post-anneal ing on the struc- 
tural and optical propertie s of the films deposited on glass sub- 
strates by the thermal evaporation of the sintered crystal powder 
under the high vacuum. The annealing processes were applied to 
the grown films in between 300 and 500 �C under nitrogen 
atmosph ere.

2. Experimental details 

In this study, ZIT thin films were deposited onto well-cleaned soda lime glass 
substrate by thermal evaporation method by using the stoichiometric polycrystal- 
line powder under vacuum of 10 �6 Torr. The evaporation powder was prepared 
using mixture of Zinc (Zn), Indium (In) and Tellurium (Te) with 99.999% purity 
(from Alfa-Easer, US). The constituent elements were weighted in 1:1:2M ratios 
and placed in chemically cleaned quartz ampoule and sealed in vacuum of 10 �5 -
Torr. Following to this process, the quartz ampoule was placed in a specially de- 
signed vertical Lindberg Furnace, and then heated up slowly with the 
temperature rate of 100 �C/h to 1150 �C, oscillation process was applied for 6 h to 
provide uniform mixture of constituent elements and kept at this temperature for 
another 12 h. Then, the same heating rate was applied during the cooling. After sin- 
tering process, the sintered crystal was taken out by cutting the quartz ampoule. For 
the evaporation cycle, the substrate holder was mounted almost 15 cm above the 
source in the evaporation chamber. During deposition under vacuum of about 
10�6 Torr, the substrate temperature was kept at constant temperature of about 
250 �C. The evaporation rate was arranged to �6.00 Å/s and monitored with a
quartz crystal by Inficon XTM/2 thickness monitor. The thicknesses of the as-grown 

0925-8388/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jallcom.2013.03.030

⇑ Corresponding author. Tel.: +90 312 2107646; fax: +90 312 2105099.

E-mail address: parlak@metu.edu.tr (M. Parlak).

Journal of Alloys and Compounds 566 (2013) 83–89

Contents lists available at SciVerse ScienceDi rect 

Journal of Alloys an d Compound s

journal homepage: www.elsevier .com/locate / ja lcom

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.jallcom.2013.03.030&domain=pdf
http://dx.doi.org/10.1016/j.jallcom.2013.03.030
mailto:parlak@metu.edu.tr
http://dx.doi.org/10.1016/j.jallcom.2013.03.030
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jalcom


films were also measured electromechanically by Dektak 3030ST profilometer. Fol- 
lowing to the deposition, the post annealing procedure was applied in the temper- 
ature range of 300–500 �C by 100 �C step for 30 min under nitrogen atmosphere.
The X-ray diffraction (XRD) measurements were performed by using Rigaku Mini- 
flex XRD system equipped with Cu Ka radiation source with the wavelength of 
1.54 Å. The structural analysis together with peak matching was made by using 
the computer software and ICDD database. A JSM-6400 scanning electron micro- 
scope (SEM) equipped with energy dispersive X-ray analysis (EDXA) detector facil- 
ity operated at 20 kV was used to determine the chemical composition of the 
powder and the thin film samples. Finally, the spectral optical transmittance mea- 
surements were carried out by using a Lambda 950 UV/Vis/NIR spectrophotometer 
in the wavelength range of 200–2000 nm.

3. Results and discussion 

3.1. Structural analysis 

The compositi on of constituent elements of the deposited thin 
films and the source powder were determined by using EDXA.
The atomic weight percentages of the constituent elements in 
the powder and deposited films were measure d and listed in 
Table 1 with annealing temperature s. As observed from Table 1,
there are significant fluctuations in the elemental compositi ons 
of the deposited films and the source crystal powder. Particularly ,
it indicates that when the atomic percentage of Zn and Te in- 
creased with annealing at 300 �C, the atomic percentage of In in 
the samples decreased. For the film annealed at 400 �C, the atomic 
percentages of In and Te showed small increasing behavior, as Zn 
was decreasing. When the film was annealed at 500 �C, the varia- 
tion of Te content in the structure had more pronounced effect 
with a decrease as compared with other annealing temperatures 
and the contents of Zn and In increased. The analyses showed that 
the as-grown films had indium deficient, Zn and Te rich composi- 
tions. On the other hand, no systematic decrease or increase was 
observed in the compositions of the annealed films. Therefore,
these differences in the EDXA results of the source and deposited 
films can be explained in terms of the different vapor pressures 
of the constituent elements (PIn > PTe > PZn). That results in the seg- 
regation and re-evapo ration of the constituent elements. This fluc-
tuation can yield the variation in the structura l formation because 
of the solubility of the constituent elements within this ternary 
structure [10]. XRD patterns of as-grown and annealed ZIT films

are given in Fig. 1 together with the crystal powder. As seen from 
the figure, the XRD analysis showed that sintered ZIT powder had 
polycrystal line tetragonal structure having the lattice constant s
a = 6.119, b = 6.119 and c = 12.257 Å with the main diffraction 
peaks along (220), (228) and (316) directions . Also, ZIT thin film
samples deposited at the substrate temperature of 250 �C showed 
a polycrystal line structure whether they were annealed or not. It 
was observed that the diffraction intensity along the (220) direc- 
tion increased sharply with increasing the annealing temperat ure 
up to 300 �C. However, after 300 �C annealing, there was a change 
in the main orientation from (220) to (112) direction for the films
annealed at 400 �C, which could be taken as the beginning of phase 
change in the structure of the films. This can be the verification of 
the compositional changes for the 400 �C annealed samples as ob- 
served from EDXA results. As seen from Fig. 1, for the sample an- 
nealed at 500 �C, the main orientation direction was found to be 
along (112) direction that shows the structural modification by 
giving thermal energy to change and/or to complete the structura l
propertie s. According to Müller et al. [11], comparison of the de- 
gree of preferred orientation in the samples was done in terms of 
the texture parameter RI from the ratio of diffraction peak intensi- 
ties in the XRD pattern. The variable RI values were calculated 
using the relation;

RI ¼
Ihkl

P

all peaks Ihkl

; ð1Þ

in which (hkl) represents the diffraction peak intensity of (220)
plane for as-grow n and the 300 �C annealed film, and the intensity 
of (112) plane for the films annealed at 400 and 500 �C.

P

Ih k l rep-
resents the overall summation of all diffraction peak intensities 
seen in XRD scan. The calcul ated values listed in Table 2 showe d
that RI values for (220) are decreasing, but for (112) are increasing 
with increasing annealing temperat ure, which implies that the tex- 
ture of film structure changes with annealin g temperatur e except 
the values for 300 �C anneal ed sample s. Most probably, that can 
be explained with the changes in the stoichomet ry of the films. This 
is in good agreement with the result obtained from the composi- 
tional analysis.

The average grain size D was estimated from the XRD pattern 
using the Scherrer’s formula [12] and expresse d as;

D ¼
Kk0

b cos h
; ð2Þ

where ko is the wavelength of X-ray radiation source, b is the full 
width half maximu m value of a diffraction peak, h is the diffraction 
angle, and K is the Scherrer’s constan t in the order of unity for usual 
crystal structure and in this study due to cubic symmetry , K was ta- 
ken as about 0.94 [12]. The calculated D values depending on 
anneal ing temperat ures were listed in Table 2. The increase in grain 

Table 1

EDXA results for as-grown and annealed ZIT films.

Sample Zn at.% In at.% Te at.%

Crystal 16.81 39.76 43.43 
As-grown 30.83 16.81 52.36 
A 300 31.92 14.73 53.35 
A 400 30.63 15.67 53.69 
A 500 32.67 17.05 50.00 

Fig. 1. XRD diffractograms for crystal powder, as-grown and annealed ZIT films at 300, 400 and 500 �C.

84 H.H. Güllü et al. / Journal of Alloys and Compounds 566 (2013) 83–89



size with the annealing can be referred as the indicatio n of improve- 
ment in the crystallinity.

3.2. Optical analysis 

In order to understa nd the optical propertie s of ZIT thin films
optical constants, such as, absorption coefficient, band gaps, refrac- 
tive index, and dielectric constants. must be determined by using 
the spectral transmittance measurement that is a simple tool to 
obtain these constants. Transmittan ce spectra of the as-grown 
and annealed ZIT films at different temperat ures in the waveleng th 
range of 200–2000 nm at room temperature were measured and 
shown in Fig. 2. Transmittance values (T(k)) of all films in the spec- 
tral range of 850–2000 nm were around 80%. T(k) values decreased 
when the samples annealed at 500 �C, but the transmittance values 
for as-grown and annealed films at 300 �C and 400 �C were almost 
close to each others. The remarkable decrease of T(k) values for the 
film annealed at 500 �C could be explained with the change in the 
structural and surface behaviors due to the variations in the stoich- 
ometry of the film structure as observed from EDXA results (see
Table 1). Once the ratios of Zn and In rise, the metallic property 
of the film was more effective, therefore the surface of the film be- 
came more reflective.

The complex refractive index, n
_

is expresse d as;

n
_
ðkÞ ¼ nðkÞ � ijðkÞ; ð3Þ

where n(k) is the real part of the refractive index and j(k) is the 
extinction coefficient for the films as a function of incident light 
waveleng th (k). n(k) values of the as-grown and annealed samples 
were calculate d by using the envelope method developed by 
Swanepoel [13]. By the help of EM, n(k) values can be calculated 
by using the relation;

n ¼ N þ N2 þ n2
s n2

o

� �1=2
� �1=2

; ð4Þ

and N can be written as;

N ¼
n2

o þ n2
s

2
þ 2nsno

TM � Tm

TMTm

; ð5Þ

here no is the refractive index of the air which is equal to no = 1, Tmax

and Tmin are the maximum and minimum values of envelope curves 
of transmittan ce, nS is the refractive index of the substrat e that was 
obtained through the following relatio n;

ns ¼
1
TS

þ
1

T2
S

� 1

 !

; ð6Þ

where TS is the maximu m value of T(k). n(k) values were calculated 
in between 800–2000 nm for the as-grow n and annealed films and 
plotted in Fig. 3. This waveleng th region could be expressed as the 
weak absorption and transparen t region according EM [13]. The cal- 
culated n(k) values were also fitted by three-term Cauchy relation 
which is expressed as,

nðkÞ ¼ A þ
B

k2 þ
C

k4 ; ð7Þ

and evaluated Cauchy parameter s (A, B, C) are given in Table 3. It is 
obvious that, there is a sharp increase in n(k) values for the film an- 
nealed at 500 �C because of the changes in the film structure as ob- 
served from XRD and EDXA analyses. In order to check and to be 
sure about the consistency of the applied envelope method,
mecha nically measured film thicknesses were compared with the 
calculate d ones from the EM by using following relation,

dEM ¼
k1k2

2ðk1n2 � k2n1Þ
: ð8Þ

here n1 and n2 are the refractive index of two adjacent T(k) maxima 
or minima of the interferenc e fringes located at k1 and k2, respec- 
tively. The measured and calcul ated thicknesses of the films
(namely, d and dEM) are given in Table 3. dEM values are found to 
be in good agreement with the measured d values. And then the 
other optical param eter, extinction coefficient j(k) of the samples 
was calculate d from expression [14],

jðkÞ ¼
k

4p
aðkÞ; ð9Þ

where a(k) is the absorpt ion coefficient and can be determine d by 
using the equation,

aðkÞ ¼ �
1
d

ln
1

TðkÞ

� �

: ð10Þ

The calculated j(k) values were plotted in Fig. 4. As seen from 
the figure, j(k) values for annealed at 500 �C increases depending 
on the rising of the atomic ratios of Zn and In atoms which causes 
more metallic behavior on the surface and there is no remarkable 
change in j(k) values for as-grown and annealed at 300 and 400 �C
as expected from EDXA results. The relation between the n

_
ðkÞ and

dielectric dispersion eðkÞ can be written as [14],

Table 2

Texture parameter RI values for (2 20) and (11 2) planes, and D values for as-grown 
and annealed ZIT films.

Sample RI (220) RI (112) D (nm)

As grown 0.46 0.39 21.5 
A 300 0.83 0.37 30.2 
A 400 0.50 0.69 25.2 
A 500 0.29 1.11 28.9 

Fig. 2. The transmittance spectrum of the as-grown and annealed ZIT films at 300, 400 and 500 �C.
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n
_
ðkÞ ¼ ½eðkÞ�1=2 ¼ ½ereðkÞ þ ieimðkÞ�

1=2; ð11Þ

where ere(k) and eim(k) are real and imagina ry part of e(k), respec -
tively, and they can be expressed as,

ereðkÞ ¼ nðkÞ2 þ jðkÞ2; ð12Þ

and

eimðkÞ ¼ 2nðkÞjðkÞ: ð13Þ

The calculated j(k) values were very small as compared with 
n(k) values (see Figs. 3 and 4). Then ere(k) is approximately equal 
to n2(k) and also eim(k) is closed to 2j(k). Therefore, the dielectric 
constants could be rewritten as,

ereðkÞ ffi n2ðkÞ; ð14Þ

eimðkÞ ffi 2jðkÞ: ð15Þ

The obtained ere(k) values from Eq. (14) were plotted in Fig. 5.
As observed from the figure, annealing the films at 300 �C resulted 
in a decreasing dielectric constant , but further annealing produced 
increasing behavior of the dielectric constant. This increasing 
behavior together with increasing refractive index may refer to 

the improvement in the crystallini ty of the films as observed from 
XRD analyses. The determination of the refractive index by Cauchy 
equation made it possible to use for Single Oscillator Model (SOM)
which can be defined as,

n2 � 1 ¼
EpEd

E2
p � ðhtÞ2 ; ð16Þ

where Ed is a paramete r which gives a measure of the strengt h of 
the interban d optical transit ions, Ep is a paramete r which gives 
the averag e energy gap also called oscillatory energy, h is Planck 
consta nt and t is frequency [15]. The SOM parameter s Ed and Ep

were calculated from the linear part of ðn2 � 1Þ�1 versus ðhmÞ2 plot
at low energy values for as-grow n and annealed ZIT films as shown 
in Fig. 6. By the SOM model, the static dielectric constant (e0) and 
static refractive index (n0) could be determine d from the intercept 
and the slope of the plots by using Ed and Ep values. e0 approac hes 
the real part of the e(k) value below the Reststrahle n range in opti- 
cal spectra [14] and n0 is the real refractive index via e0 value. The 
optical constant connecting the Reststrahle n-near-inf rared range is 
called the high frequency dielectric constan t e1 [14]. e1 values for 
the studied film were calculate d from Fig. 5 at k = 830 nm which is 
just below the minimum absorption edge (see Fig. 7). The calculated 

Fig. 3. The calculated refractive index values by EM and by three term Cauchy Parameters for as-grown and annealed ZIT films at 300, 400 and 500 �C.

Table 3

Three term Cauchy Parameters, the measured and calculated thickness value s, and SOM model parameters for as-grown and annealed ZIT films.

Sample Cauchy parameters Thickness (nm) Ep (eV) Ed (meV) e0 e1 n0

A B (nm2) C (nm4) Dektak Env.

Asg 2.63 9.39 � 104 1.82 � 1010 1040 ± 1 1046 ± 1 4.05 23.95 4.91 7.76 2.22 
A 300 2.38 1.20 � 105 6.21 � 106 965 ± 1 961 ± 1 3.69 17.23 3.67 6.44 1.92 
A 400 2.52 2.13 � 105 �1.92 � 1010 990 ± 1 992 ± 1 3.06 16.50 4.39 7.66 2.10 
A 500 2.86 1.50 � 105 8.12 � 1010 981 ± 1 976 ± 1 3.11 22.12 6.11 10.22 2.47 

Fig. 4. The determined extinction coefficient values for the as-grown and annealed ZIT films at 300, 400 and 500 �C.
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Ep, Ed, e0, n0 and e1 values for the studied films were listed in 
Table 3. e0 and e1 constants are also related to long-wavel ength 
transverse optical and longitudin al optical phonon frequencies by 
well-kno wn Lyddane–Sachs–Teller relation [16] which gives the 
information about the amount of the polar charac ter in the chemi- 
cal bonds of these compound s [14]. Also, it is noted that eo � e1 and
eo > e1 represen t for homopolar and hetero polar crystal structu res,
respective ly [14]. As a result of analyses on the ZIT sample s, it was 
observed that they had hetero-pola r crystal structur e (see Table 3).

The other important paramete r in semiconduc tor materials is 
the optical band gap (Eg) values and they can be calculated by 
means of absorption coefficient. In general, absorption spectra of 
the materials can be divided into three principle regions accordin g
to the work of Wood and Tauc [17]. They are named as the strong 
absorption region (where a > 10 4 cm�1), the Urbach region (where

104 > a > 1 cm �1) and very low absorption region (where
a < 1 cm �1). In the strong absorption region, (aht) could be de- 
scribed by the relation 

ðahmÞ ¼ Aðhm� EgÞ
m; ð17Þ

Fig. 5. The real part of dielectric dispersion for the as-grown and annealed ZIT films at 300, 400 and 500 �C.

Fig. 6. Plots of (n2 � 1)�1 versus (ht)2 for the as-grown and annealed ZIT films at 300, 400 and 500 �C.

Fig. 7. Typical plot of (aht)2 versus (ht) for the films annealed at 500 �C. The straight lines show the linear parts of the plot for each transition.

Table 4

Band gap values, quasicubic model param eters and band tail energy values for as- 
grown and annealed ZIT films.

Sample Eg1 (eV) Eg2 (eV) Eg3 (eV) �DCF (eV) DSO (eV) EU (eV)

As grown 1.51 1.53 1.72 0.026 0.205 0.084 
A 300 1.51 1.53 1.61 0.019 0.083 0.103 
A 400 1.50 1.56 1.56 0.037 0.026 0.116 
A 500 1.52 1.68 1.72 0.186 0.030 0.146 
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where A is an energy-ind ependent constant and Eg is the optical 
band gap. The exponent m depends on the nature of the electronic 
transition responsib le for the absorption, m = 1/2, 2, 3/2 or 3 for al- 
lowed direct, allowed indirect, forbidden direct or forbidd en indi- 
rect transitions , respective ly [18]. For allowed direct transit ion 
(m = 1/2), the (aht)2 versus (ht) variatio ns for as-grow n and an- 
nealed films at 300, 400, and 500 �C were plotted as seen in Fig. 7
for typical sample and Eg values were calculate d using the extrapo- 
lation on the energy axis of (aht)2 versus (ht) plots for the studied 
films (see Table 4). The non-linea r steps in the high absorption re- 
gion can be attribute d to the absorption related with the impurity 
states or interferenc e effects due to multiple reflections occurring 
at the surface and backside of the film [11]. Howe ver, in these sam- 
ples because of non-stoic hiometry as observed from EDXA results,
any secondar y phase was not observed, then it was concluded that 
these transiti ons obtained from the variations of absorptio n coeffi-
cient most probably related with band to band transitions due to 
the splitting of the valance band into three bands due to d-like va- 
lance band states and p-like conduction band states [19,20]. This 
might be the result of tetragona l distortion and then the quasi-cubic 
model could be used to obtain the crystal-field splitting (DCF) and 
spin–orbit splitting (DSO) [19] by using the relation ,

E1;2 ¼ �
1
2
ðDcf þ DsoÞ �

1
2

Dcf þ Dso

� 	2
�

8
3

DcfDso

� 	

� �1=2

; ð18Þ

where, E1,2 are defined as the energy differences of E1 ¼ Eg2 � Eg1

and E2 = Eg3 � Eg2. The calculate d values of Dcf and Dso are given in 
Table 4. It was observed that Dso decreased as Dcf was increasing 
(except the annealing at 300 �C) with increasing annealing temper- 
ature. This can be related with structu ral changes and modifications 
(with annealing process) as observed from the structural analysi s.
Furthermor e, the Urbach tail region corresp onds to absorpt ion 
involvin g one or both of the band tails with addition al broadening 
expected from any fluctuations arising from charge d defect states 
and lattice vibrations [14]. The Urbach energy (EU) indicates the 
width of the tail states and can be determine d by using the expres- 
sion [14],

a ¼ ao exp
hm� Eg

EU

� �

; ð19Þ

where ao is a constant. As seen from Fig. 8, the semi logarit hmic 
plots of (a) as a function of (ht) were used to calculate Urbac h ener- 
gies for the as-grow n and the annealed films, and the calculate d val- 
ues for the linear regions are given in Table 4. EU values increased 
with increasing annealing temperat ure for ZIT films because of 
the changing of the atomic percenta ges of alloys, which could cause 
to in cr ea se th e ba nd ta il st at es . Cal cu la ted Eg3 va lu es ca n be ac ce pt ed 
as th e ma in ba nd -t o- ba nd tr an sit io n be ca us e of hav in g th e lon ge st 
li ne ar ity fo r th e fu nd am en ta l ab so rp ti on ed ge , an d dec re as in g

via increasing annealing temperat ure due to the rising EU values ex- 
cept for the film annealed at 500 �C. The structural analyses indicate 
that there is a structu ral chance dependin g on anneal ing tempera- 
ture and this could be the reason of the increasing Eg3.

4. Conclusion 

In this work the structural and optical propertie s of thermally 
evaporated ZIT thin films were investiga ted depending on anneal- 
ing temperature s in between 300 and 500 �C. X-ray studies showed 
that the preferred orientation was along the (220) direction for the 
as-grown and the annealed films at 300 and 400 �C, however , for 
the film annealed at 500 �C it chanced from (220) to (112) direc- 
tion. The EDXA analysis revealed that the Zn and In ratios of the 
film annealed at 500 �C increased remarkably . The changes in the 
compositi ons of the samples with annealing resulted in the fluctu-
ation in the film structure and gave rise to the structura l defects.
The optical analysis of ZIT films was studied by measuring the 
transmittan ce spectra in the wavelength range of 200–2000 nm.
The thermal annealing process produced the pronounced effects 
on the refractive index, extinctio n coefficient and the SOM param- 
eters of the ZIT films. The analysis of (aht)2 versus (ht) plots 
showed that there were three different transitions in the optical 
band regions of ZIT films. The fundamenta l band gap values (Eg3)
were calculated as 1.72, 1.61, 1.56 and 1.72 eV for as-grown and 
films annealed at 300, 400 and 500 �C, respectivel y. The remark- 
able change of Eg3 values with respect to annealing temperature s
could be a significant property for the device application of ZIT 
films. The band-to-band transitions depending on annealing tem- 
perature were analyzed and the hybridization of the splitting of 
d-like valance band states and p-like conduction band states were 
determined . Finally, the Urbach energies calculated from the Ur- 
bach tail regions showed increasing behavior with increasing 
annealing temperature . That may also be taken as the modification 
in the structure of the films, and resulted in different trap levels re- 
lated with the surface and the bulk properties of ZIT films.
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