Journal of Non-Oxide Glasses Vol. 7, No. 2, 2015, p. 23 - 31

OPTICAL AND ELECTRICAL PROPERTIES OF CdZnsg,Tey;CHALCOGENIDE
THIN FILMS DEPOSITED BY THERMAL EVAPORATION AT LOW
TEMPERATURE
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Cd,ZngTegychalcogenideglass is prepared by melt quenching technique. The thin films of
as-prepared glass are deposited by thermal evaporation technique under the vacuum better
than 10”torr. The optical parameters such as refractive index (n), extinction coefficient (k),
the absorption coefficient (a), and optical band gap (E,) are calculated from transmittance
spectra in the 200-1800nm region. The evaluation of complex dielectric constant (¢°) and
influence of photon energy & composition on these parameters are also studied. The dc
electrical conductivity is measured as a function of temperature in the range of 293-353K.
It is observed that the electrical conductivity is increased with temperature & Cd
concentration in the alloy composition.

(Received March 2, 2015; Accepted April 27, 2015)

Keywords: Chalcogenide glasses, Optical band gap, Dielectric constant,
Electrical conductivity.

1. Introduction

Chalcogenide alloysare applicable materials in modern optoelectronics& conventional
storage devices applications [1, 2]. These alloysin binary or multi-component systems based on
sulfide, selenide and telluride alloys are very promising materials for various optical and photonic
applications in the spectral range 0.6 to 15 mm. Theyalso found important optical applications in
the infrared region due to their high optical transparency in IR region [3]. In Particular, the
physical properties of metal containing chalcogenide glasses are getting much attention owing to
their interesting features and wide range structural modification. These alloys can be obtained by
mixing the chalcogen elements, viz, S, Se and Te with elements of the periodic table such as Ga,
Ge, Sn, As, Bi, Ag, Cu, Cd and Zn etc. The metal doped chalcogenide semiconductor thin films
posses photo electronic properties, highly dependent on its structure and deposition parameters.
These parameters are characterized by the properties of the material such as lattice constant,
average stress & strain etc. When the measurements for the bulk & thin films materials are shown
on a single plot, shows a difference greatly in average composition [4]. The optical properties of
chalcogenide thin films such as optical band gap, absorption coefficient, refractive index,
extinction coefficient, and dielectric constant provides knowledge about the suitability of the
material for designing and fabrication of optoelectronic devices [5].Cd and Zn based
chalcogenides (S, Se, Te) are technologically important materials due to their direct & rather large
band gap [6]. The decrease in grain size of CdZnSe films with the increase of Zn concentration
was discussed by A. Mahmoode? al.[7] which further affect the optical properties of the thin films
[8]. M.M. Hafiz et. al. reported the optical parameter of Cd,ySegoxMx[M=Zn, In, Sn] chalcogenide
thin film deposited by thermal evaporation [9]. CdZnTe or CZT based surgery probes are very
useful in surgical oncology for patient management and excellent large field of view modules [10].
CZT alloys also possesses many of the physical properties required for detector operation, such as
large enough band gap for high bulk resistivity, a large cross-section for the photoelectric
absorption of gamma-rays, and reduced electronic noise. Many researchers [11-13] have studied
the optical, electrical and structural, properties of CZT thin films prepared by different methods
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such as Chemical Vapor Deposition (CVD) [14], Molecular Beam Epitaxy (MBE) [15]etc. but no
literature is found about the CZT thin films by thermally evaporatedCdZnTe alloys prepared by
melt quench. The different conduction processes in II-VI semiconductors can be analyzed by the
study of I-Vcharacteristic of a material. In 1982, Gogoi&Barua and later on in 1992 Gould and
Ismail studied the [-Vcurves in the II-VI semiconductor films with a variety of methods.

We have made an attempt to prepare the Cd,ZngTeq, (wWhere x= 2, 4, 6 and 8) alloy by
melt quench process and then deposit the thin film by thermal evaporation technique at low
temperature. The present paper is concerned with the preparation of the above system by melt
quenching process & systematic studies of the optical properties of as-deposited Cd,Zng,Teq,
films is carried. An effort has also been made to study the temperature dependence of the
conductivity of CdyZngTeg,thin films.

2. Experimental details

Different compositions of bulk Cd,Zng ,Teq, (Where x= 2, 4, 6 and 8) chalcogenide glasses
were prepared by melt quenching technique. Highly pure (99.999 %) Cd, Zn, &Te elements (Alfa
AesarU.S.A.), were weighted according to their atomic percentages using an electronic balance
(Citizen CX -265) with the least count of 10 ~ gm. The material was then sealed in evacuated (107
Torr) silica tubes [16].The sealed silica tubes containing materials were kept inside a muffle
furnace whose temperature was raised step by step at a rate of 4K/minute, then finally maintained
at 1150°C for 24 hours. To ensure the homogenization of the melt,the silica tubes were constantly
rocked. After rocking for about 24 hours, the obtained melt was rapidly quenched in liquid nitrogen
to avoid crystallization [17]. The chalcogenide thin films used in the present study of the system
were deposited by thermal evaporation technique on to glass substrates at base pressure of =~ 2x10
% mbar using a high vacuum coating unit (HIND HIGH VAC. 12A4D). The substrate is cooled
with liquid nitrogen; the evaporated material is deposited on this cooled substrate. This implies
that the material is further quenched at low temperature [18]. Before the deposition process to
carry, the substrates were carefully cleaned. Commercially available glass slides (Blue Star,
Mumbai India) are dipped in chromic acid for three hours, then washed with liquid detergent and
finally ultrasonically cleaned with acetone [19].To attain thermodynamic equilibrium the films
were kept inside the deposition chamber for 24 h as suggested by Abkowitz [20].

The optical transmission spectra were recorded at room temperature for all the samples
using a double beam (Shimadzu UV 3600) computer controlled spectrophotometer, at normal
incidence of light and in the wavelength range 200-1800 nm. All measurements were obtained at
room temperature (300 K). The measured transmittance spectra were used to calculate the optical
constants and optical band gap (E,) of the different compositions of CdZng 4 Teg,thin films.

For the electrical measurements, pre-deposited thick indium electrodes on glass substrates
are used. A planar geometry of the film (length=lcm; electrode gap=Imm) is used for the
electrical contacts. The thickness of the film is 1500 nm. The d.c. conductivity measurement was
done using KeithleySemiconductor Characterization System (Keithley-4200). For temp
measurements, a copper-constantan thermocouple was used. A vacuum of about 10~ mbar was
maintained throughout these measurements.

3. Results and Discussion

For all the prepared thin film samples, optical transmission was measuredin the
wavelength range 200—1800 nm. The optical constants are obtained by using only the transmission
spectrum. The optical parameters are calculated by using Swanepoel’s method [21,22], which is
based on the approach ofManifacier et. al.[23].
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Fig.1. Transmission spectra of Cd.Zns. Tey, thin films.

3.1. Determination of Optical Constants
For the method proposed by Swanepoel[21, 22], the optical constants are deduced from

the fringe patterns in the transmittance spectrum. The refractive index in the transmittance region
where o =~ 0 was calculated by using the formula.

n= N+ N2-3s2 (1)

where

N = 2s  (s?+1) @)
Tmin 2

where T, is the upper extreme transmission point and T,;;, lower extreme transmission point for
particular wavelength and ‘s’ is the refractive index of the glass substrate (s =1.52). In the weak
region where the absorption coefficient (a # 0) the value of N is given by

N=25Tmax_Tmin 52+ 1

(3)

Tmax Tmin 2

If n; and n, are the refractive indices of two adjacent maxima or minima at wavelengths A; and A,
then the thickness of the film is given by
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Fig.2.Variation of Refractive Index(n) vs Photon Energy (hv).
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Fig.3.Variation of Extinction Coefficient (k) vs Photon Energy (hv.)

g= MA, @
2(Mny — Azny)
The extinction coefficient kcan be calculated from the following relation
k= (1) 5
" 4nd " \x ®)
Where y is the absorbance, given by
Ey —VEZ — (n2 — 1)3(n2 — s%)
x = (6)
(n—1)3(n—s2)
and
8n’s
Ey = + (* = D(0® —s?) (7)
Tmax

3.2. Determination of dielectric constants
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The real and imaginary dielectric constant of amorphous thin films has been calculated by

the relation (8) and (9), respectively.
' 2 ®)
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Fig.5.Variation of Imaginary dielectric constant (¢") with Photon Energy (hv).

And dissipation factor, tan 9, is expressed as

"

tan 6 = 2— (10)

The variation of €', €" and tan 6 with photon energy are shown in figure 4, 5, and
6respectively. These are found to be increase with increase in photon energy.
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Fig.6. Variation of dissipation factor tan é with Photon energy (hv).

3.3 Determination of optical Band gap

The analysis of absorption coefficient of the thin films was found suitable with the Tauc’s
[24] relation given as

ahv =B (hv - EgP9)"™ (11)
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Fig.7. Variation of Band gap E;pt with Photon Energy(hv).

Where a is the absorption coefficient; B is the band tailing parameter that depends on the transition
probability; hv is the photon energy;E; pe optical energy gap; m-index, depending on the nature of
electronic transitions.

The variation of real and imaginary dielectric constants with photon energy follows the
similar trend as followed by the refractive index and extinction coefficient respectively. The
dissipation factor, tan dis found to be decreasing with photon energy. The decrease in E ; ptmay be
attributed to the formation of defects centres and the increase in the disorder with the increase in
Cd concentration.The optical transmission spectra of Cd,Zng Tegthin films is shown in fig.1.
clearly indicates that the band edges shifts towards the higher wavelength side with increasing the
Cd content, indicating a decrease in band gap energy. The variation of band gap is almost linear
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with the Cd concentration into the alloy, which the confirmation is regarding to the formation of
homogenous Cd,ZngTegthin films by the thermal evaporation method. The variation of optical
band gap can be explained on the basis of grain size effect. The grain size increases with the
increase in Cd concentration [25]which is acceptable because the atomic radius of Cd is greater as
compared to Zn. Therefore, with the increase in grain size means increase in defect states which
led a decrease in optical energy gap. All the above reason indicates that the band gap will decrease
due to increase in Cd concentration in the CdyZng_, Teg,thin films composition.

3.4 D. C. Conductivitybehaviour of Cd,Zng ,Tey, thin films

Fig. 8 Shows thel-Vcharacteristics of the samples for different composition ofCd,Zns.
xTegthin films at room temperature. It shows the ohmicbehaviour of the samples. From the I-
Vcharacteristics of the samples, the electrical conductivity has been determined. The I-V curves
were used to calculate dc conductivity of these glasses at 10V. Fig.9 shows the variation of
conductivity at different temperature for all composition of Cd,Zng  Teg,thin films.
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Fig.8.Shows the variation of Current with applied Voltage.

The d.c.conductivity was recorded in the range 293-353K as a function of temperature, in
accordance with the formula given:

64 = 0o exp (=2) (11)

whereAE is the activation energy of the conduction, o, is the pre-exponential factor.
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Fig.9. Plot Inoy. (ohm-cm)™ vs 1000/T (K)™.

It is clear that the conductivity increases with the increase in temperature and also
increases with the increase in Cd content in the alloy composition. It is also observed that the
conductivity curve retains it trend for all concentrations of Cd in the alooy composition. It is
evident from fig.7 that the band gap decreases with the Cd concentration which also supported by
the increase in conductivity (fig.9) and I-V measurement (fig.8).

4. Conclusions

Thin films were prepared by thermal evaporation technique. The transmission analysis
reveals that the optical parameters, namelyreal and imaginary dielectric constants with photon
energy follows the similar trend followed by the refractive index and extinction coefficient
respectively. The dissipation factor, tan § is found to be decreasing with photon energy. The grain
size increases with the increase in Cd concentration, means increase in defect states which led a
decrease in optical energy gap. The decrease in optical energy band with increase in Cd
concentration in the Cd,ZngTeq, thin films alloy composition is also supported by the [-V and
conductivity measurements.

Acknowledgement

The authors are thankful to DST — FIST, New Delhi (India) for providing the facilities for
Optical and Electrical measurements in the Semiconductor Research Laboratory, Department of
Physics, GurukulaKangri University, Haridwar (India).

References

[1] T. M. Razykov, Thin Solid Films. 164, 301 (1988).

[2] G. Hodes, D. Cohen, J. Mannassen, M. David, J. Electrochem. Soc. 127, 2252 (1980).
[3]J. A. Savage, Infrared Optical Materials and Their Antireflection Coatings, Adam Hilger,
Bristol (1985).

[4] E. A. Fagen, H. Fritzsche, J. Non- Cryst Solids 2, 180-91 (1970).

[5] J.J. Politet. al. Alloys and compounds 371, 172(2004).

[6] N. Korozlu, K. Colakoglu, E. Deligoz, J. Phys.: Condens. Matter 21, 7(2009).

[7] A. Mahmood, Shaista R, A. Shah, U. Aziz, E. Ahmed, S. Ali, Q. Raja, Phys. Scr.



83, 7 (2011).

[8] S. Jiyon, S. S. Li,S. Yoon, W. K. Kim, K. Jihyun, J. Chen, V. Craciun, T. J. Anderson,

O. D. Crisalle, R. Fan, Conference Record of the Thirty-First IEEE Photovoltaic Specialist
Conference (IEEE Cat.No. 05CH37608), 449 (2005).

[9] M.M. Hafiz, H. MahfozKotb, M.A. Dabban, A.Y. Abdel-Latif, Optical & Laser
Technology 49,188(2013).

[10]Y. Eisen, I. Mardor, A. Shor et. al., IEEE Trans. Nucl.Sci. 49, 172 (2002).

[11] P. klapetek, I. Ohlidal, A. Montaigne- Ramil, A. Bonanni, D. Stifter, H. Sitter, Jp. J. Appl
Phys42,4706(2003).

[12] Q. Guo, M. Ikejira, M. Nishio, H. Ogawa, Sol. Stat. Commun, 100, 813(1996).

[13] A. A. Ibrahim, Vacuum81,527(2006)..

[14] F. Edelman, S. Stolyarova, A. Chack, N. Zakharov, P. Werner, R. Beserman, R. Weil, Y.
Nemirovsky, Phys. Stat. Sol. 229, 141(2002)

31

[15] F. C. Peiris, S. Lee, U. Bindley, J. K. Furdyana, Journal of Electronic Materials, 29, 6(2000).

[16] M.A. Abdel Rahim, A. El-Korashy, S. Al-Ariki, Materials Transactions 51, 256(2010).

[17] D. Lezal, Journal of Optoelectronics and Advanced Material 5, 23(2003)

[18] N. Salah, S. S. Habib, Z. H. Khan, E. Alarfaj, S. A. Khan, Journal ofNanomaterials (2012)
doi: 10.1155/2012/393084.

[19] M. Chakraborty, International Journal of Engineering Science and Technology 3, 10 (2011).
20] M. Abkowitz, Polym. Engg.Sci, 24, 1149 (1984).

21] R. Swanepoel, J. Phys. E 16, 1224 (1983).

22] R. Swanepoel, J. Phys. E: Sci. Instrum.17, 896 (1984).

23] J. C. Manifacier, J. Gasiot, J. P. Fillard, J. Phys. E: Sci. Instrum. 9, 1002 (1976).

24]J. Tauc, New York: Plenum press p.171 (1974).
25

[
[
[
[
[
[25] A. John Peter, Chang Woo Lee, Chin. Phys. B 21, 8 (2012).



