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Abstract

ZnTe and ZnSe have potential applications in many research areas, high-quality ZnTe and ZnSe were synthesized with
deposition rate (10-15nm/min) at 200 nm thickness. The deposition films proceeding glass substrate and Si wafer and
annealed at100K annealing temperature were active to assess film properties and applications as optoelectronic
devise (solar cell). The central determination of that work was a comparative study amid two important materials in
addition an advance in the photoelectric properties. X-ray diffraction analysis showed that polycrystalline for two
simples film highest sharp peak corresponding to (111) planes, and have direct energy gap in optical measurements.
Hall measurements yielded different majority carrier concentration and an increase of carrier mobility value for ZnTe
samples. The current -voltage characteristics of the fabricated solar cells were measured. Fill factors approaching

0.445 and energy conversion efficiencies as high as 4% were obtained for ZnTe.
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Introduction

Solar cells grip greatest optimisms for used as
conservational friendly and frugally practical
renewable energy source, thin film materials are
existence  explored by several research
organizations and sets, zinc-based II-VI
compounding semiconductors must great band gap
energy [1], and may practical in optoelectronic
devices for instance light emission diodes and
photovoltaic solar cells [2]. The compounds, which
have been broadly considered in interpretation of
their opto-electronic applications, is zinc telluride
(ZnTe), a direct optical band gap of 2.2-2.3 eV at
room temperature material in the green region of
the spectrum [3]. Moreover Zinc selenide (ZnSe)
are expanded a extraordinary attention by reason
of its tuneable energy band gap, the physical
properties direct wide band gap of about 2.7 eV,
low electrical resistivity [4-6]. Thin films of ZnTe
could attained thru diverse physical and chemical
techniques. The extra typical techniques are

thermal evaporation [7], sputtering [8], chemical
vapour deposition [9], and electro deposition [10-
12]. Vacuum evaporation technique is used by
Khalid Z. Yahiya et al. to study optical constants of
ZnTe thin films in the visible and near-Infrared
regions [13], Murilo F. Gromboni et al. ZnTe thin
films were electrodeposited by Multiple Potential
Steps, were the morphology and film configuration
be contingent of deposition situations [14], ZnTe
thin films prepared from M.U. Farooq et al. by used
(CSS) and (EBE) thin film fabrication techniques for
optoelectronic applications [15]. Xiaojun Zhang
study substantial p-type doping of ZnSe thin films
utilized Cu;Se in pulsed laser deposition, to
resolve dopant complications and interaction
difficulties of wide-bandgap semiconductors[16],
also successfully synthesized by a simple
potentiostatic mode of electrodeposition for the
photo electro chemical cell, nickel dopant (ZnSe)
thinfilms have prepared by Lohar, G.M et al.[17].

Corresponding author: Bushra H. Hussein

Address: 1"Physics Department, College of Education for Pure Science (Ibn Al- Haitham), University of Baghdad, Baghdad,
Iraq; 2Physics Department, College of Education for Pure Science (Ibn Al- Haitham), University of Baghdad, Baghdad, Iraq.

1*E-mail: bushrahhz@yahoo.com
2E-mail: hanan.kadhem@yahoo.com

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.

Received: 17 April 2020 Accepted: 15 May 2020

elSSN 1303-5150

www.neuroquantology.com



NeuroQuantology | May 2020 | Volume 18 | Issue 5 | Page 77-82 | doi: 10.14704/n¢.2020.18.5.NQ20171

Bushra H. Hussein, Comparative Study for Optoelectronic Properties of Zn (Te, Se) Solar Cells

In our recent study, we have deposited ZnTe and
ZnSe thin films using evaporation techniques. The
comparatively revision is done on the influence of
properties with these two thin film materials.

EXPERIMENTAL

Before fabrication, glass substrates were
ultrasonically disemboweled with isopropylalcohol.
The temperature of the substrate was measured
utilized a temperature regulator thru form
thermocouple associated through the source and
substrate. Also n-Si wafer was engrossed and
enthused in a chemical solution. Then these
specimens were rinsed by distill water numerous
time then desiccated used softpaper. The films
thickness were measured via used an optical
interferometer, method be contingent on the
intrusion of the laser beam reflecting since thin film
surface and then substrate, thin films (ZnTe and
ZnSe) were equipped by vacuum evaporation
(Edwards - Unit 306), thin films were exposed to a
thermal annealing containing in heating at 100K .
Different measuring instruments have been used to
investigated for their structural, surface properties,
optical and electrical measurement. X-ray
diffractograms with CuKa radiation (1.5418 A), the
optical studies (1800 spectrophotometer) were
agreed in the wavelength range of 400 - 1000 nm,,
Hall measurement with VanderPauw (Ecopia HMS-
3000). The electrical behavior was examined by [-V
investigation in darkness in addition below lighting
with 100 mW/cm?2.

RESULTS AND DISCUSSION

The XRD decorations of (ZnTe and ZnSe) films
indicates that films are polycrystalline in nature
having cubic structure, and highest sharp peak
corresponding to (111) planes, see (Figs. 1a and
1b).
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Figure (1a,b). X-ray diffraction for (ZnSe and ZnTe) films.

As of the figures it container that important
perfection in crystalline is cleared besides not any
additional peak were experiential after thermal
annealing. The difference in the peak position and
the intensities of the peaks can be observed for two
simples.

The crystallites size (estimated by Scherrer
formula)[18] is listed in table (1) and comparison
between the experimental value of ZnTe and ZnSe
thin films, the crystallite size was reduced for ZnSe
films than ZnTe induced by better orientation of the
films [ 18,19].

Table 1. X-ray Diffraction Strictures for (ZnSe and ZnTe) Films

20(Deg. | dnwa(Exp. FWH
Thicknes | | (Deg.)
S 27112 3.28026 0.408 20.787
(200nm) ' 1 8 5
InT 25276 3.53091 0.404 23.952
e 1 1 1

Figure (2) demonstrations AFM images for (ZnSe
and ZnTe thin films deposited on glass substrate
with thickness about 200 nm, the images show very
good smoothness of the surface topography, while
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the average surface roughness, (RMS) values and
the average surface grain size results were
registered in table (2).

For two simples very smooth surface with small
roughness is probably attributable to order of

surface atoms to achieve lower energy state. Also
result indicates larger grains for ZnTe film and the
roughness increase, recrystallization in grains
foremost to a reorientation of the film then a
significantly upsurge in average grain size.
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Figure 2. AFM images of the films (ZnTe and ZnSe)

Table 2. Average Grain Size and Roughness of the Films (ZnTe and
ZnSe)

Thick 200nm | ZnSe | ZnTe
Grain size 60.21 | 85.66
r.m.s(nm) 0.458 | 0.915
Roughness(nm) | 0.382 | 0.782

The energy bandgap values attained are similarly in
the range where these canister be effortlessly
utilizing for maximum output conversion efficiency.
Figures (3and 4) show plots of optical band gap and
optical transmittance for ZnTe and ZnSe
respectively. The optical band gap values obtained

using Tauc equation [ 20] , where its increases for
ZnTe sample due to the growth of grain size. Also,
the roughness caused more scattering light then
allow transmittance occur while increase grains
boundaries, it was expected that light transmission
would decrease with increasing roughness.
Furthermore, increasing grain size leads to
decreasing grain boundaries and decreasing the
barrier height between the grains and finally
energy gap decreased, good agreement with
Umesh et.al [21].
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Figure 3. The Energy Gap and Optical Transmittance for (ZnTe) Films
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Figure 4. The Energy Gap and Optical Transmittance for (ZnSe) Films
From the Hall Effect measurements, the resistivity than p- ZnSe/n-Si heterojunction which is

(p), charge carrier concentration (n) and carrier
Hall mobility (pu) values were intended as well as
assumed in table(3). The explanation of increasing
in Hall mobility for ZnTe film is due to lessening of
the scattering of the carrier from the surface which
increase the crystallinity that reductions the
quantity of grain boundaries. Moreover the carrier
concentration and mobility of ZnTe thin film
increased than ZnSe films .This is credited to the
enhanced crystallinity and increase grain sizes that
weakens inter-crystallite boundary scattering and
intensifications carrier lifetime [22].

Table 3. Hall parameters for the films (ZnTe and ZnSe)

Thick 200 nm | ZnSe InTe

o 6.44E-02 | 7.36E-01

tu(cmz/V.S) 95.22 140.11

n (cm3) 4.23 E+15 | 3.28 E+16
p 1.55E+01 | 1.36E+00

Figure (5) show (I-V)characteristics for (p-ZnTe /n-
Si, p- ZnSe/n-Si) heterojunction at forward and
reverse bias voltages, it is clear that the forward
dark current have exponential growth in the
current amount per increasing of the voltage and
the value of the current of p-ZnTe /n-Si increasing

attributed to result on the mobility of charge
carriers.

Furthermore, we observe that the photocurrent
(Ipn) rises with cumulative of the bias voltage, the
increasing in the grain size and dropping the grain
boundaries then enhancement of structure which
mains to the escalation of the mobility and growth
Ion besides the increased of the depletion width
which leading to formed new electron-hole pairs.
Table (5) shows the Voc and Isc for(p-ZnTe /n-Si, p-
ZnSe/n-Si) solar cells, the F.F and n are estimated
as 0.445 and 4.56 % for p-ZnTe /n-Si, consequences
of Hall measurement, the carrier concentration
increases for p-ZnTe sample , therefore, Voc was
also enhanced, this result is close to the
study[19,23].
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Fig. 5. I-V characteristics under dark and illumination for ZnTe , ZnSe
Solar cell

Table 5. (4.38) the parameter of (p-ZnTe /n-Si, p- ZnSe/n-Si) Solar cell

Voc ]sc ]max (m
(2 00 Vmax n
(Vol | (mA/c A/cm? | F.F o
nm) ) m?) (Volt) ) %o
ZnSe 0.24 | 31 0.18 18 0.415 i'z
4.5
ZnTe 0.28 | 37 0.19 24 0.440 6
CONCLUSION

The contrast study was executed in ZnTe and ZnSe
solar cells, the films were annealed at 100K. For
comparison with device reported previously and
deposited on n-Si single crystal substrate, we can

see better structural, optical and electrical
properties for (p-ZnTe /n-Si) Solar cell.
Furthermore, reduction in resistivity values

donates to the improve of optoelectronic
properties, the fill factor values and efficiency for
(p-ZnTe /n-Si) made (0.445 and 4.56%)
respectively.
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