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1. Introduction

The high efficiency of CulpGaSe (CIGS) solar cell
has been performed a world-record efficiency ceER@3%
[1]. However, the cost of indium and gallium
high-priced in mass production for terrestrial sotalls.
Thus, alternative materials based on Cu-Ill-I\i-\dolar
absorbers have been developed, for example,
per-zinc-tin-selenum (CZTSe). This paper is acmgnt

is

respectively, in the CZTSe absorber layer.

3. Resultsand discussion

In Fig.1, it is presented the XRD pattern of theTG2
absorber layer. According to the JCPDS databases tire
several distinct CZTSe peaks, a Mo peak, and twoii

coptensity MoSe peaks from the XRD measurement. No se-

cond phases, such as SnSe, ZnSe, an8r3g, assessed

CZTSe absorption layer composed of materials. Theby XRD. In which the full width at half maximum

CZTSe is considered as a promising material oradimhg
candidate for an absorber of thin film solar callse to its
suitable electro-optical properties, cheap, abundard
nontoxic materials, such as Zn and Sn are moredasmnin
and less expensive than In and Ga. CZTSe has adhigh
sorption coefficient (>1bcm®) [2] and the band gap is
around 1.0 eV that matches the preferred rangeolafr s
irradiation. In this work, the precursors were afion at
substrate temperature at room temperature. Typidhke
metallic precursors are deposited by sputteringctedn
beam, or electro plating methods with various corations
such as stacked or co-sputtered Cu/Zn/Sn layersweM-
er, the efficiency of CZTSe thin-films fabricategl & vac-
uum process is 3.2% [3]. In this paper, we stumydpti-
cal properties and structure of £ZaSnSeg using photolu-
minescence spectroscopy (PL), Raman spectroscaply, a
X-ray diffraction (XRD) in order to increase thdieiency

of the CZTSe solar film. The efficiency of CZTSe
thin-films fabricated by a vacuum process seleionats
4.4 %.

2. Experimental

CZTSe precursors were deposition by radio-frequency —

(RF) magnetron sputtering at room temperature on Mo
The total thickness of the precursor was 750 nnrecuir-
sors were converted into the CZTSe film by annegalinSe
vapor. The selenization procedure was carriediou
vapor of elemental selenium in a vacuum chambehe T
highest selenization temperature is approximat&g’G.
After KCN etching for 30 minutes, buffer layer Cdfs

(FWHM) was 900 arcsec. The MaSemply that the
selenisation reaction has continued through theupsser
layer reaching the molybdenum substrate [4]. Howebhe
Cw,Se, ZnSe, and G8nSaq are close to the same as CZTSe
(the peaks of 27.13°,45.06°,and 53.40° are (112)4)
and (312), respectively from JCPDS 52-0868). Im ou
CZTSe thin film is not the same (the peaks of 27.28.2°,
and 53.4°), maybe the strain, and the ratios isiched to
effect the XRD data. It is arduous to identify #adstence
of single crystal CZTSe by the XRD pattern. lllasion is
shown the thickness of CZTSe is 1.3 um.
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Figure 1 XRD pattern was deposited on Mo.

deposited onto a CZTSe absorber layer by CBD. The

phases, structures and compositions of the CZTlBe fi
were identified by PL, Raman spectroscopy, EDS,EH#S
and XRD. The composition of the films was deterin
using EDS. According to the EDS results, the msatd
Cu/ (Zn+Sn), Zn/Sn, and Se/metal are 0.9, 1.27, @Ad
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In order to support the XRD result, We measured the
Raman spectrum on the above sample.
CZTSe were obtained using “Al” mode at room temgpe
ture. In Fig. 2, Raman spectrum of the CZTSe diesor
was show existence during the room temperatunmeHs-

Raman modes of



ure of this film confirmed the XRD results by shogithe
no any presence of binary compounds, i.e., SnS2¢a8",
151 cm?) [5], ZnSe (250 ciff), CuSg (261 cm?), and
Cw,SnSg (180 cm?) [6], besides the main peaks of CZTSe
[7]. There are two peaks that could be attributelloSe

— at 239 cnit and glass at 125 ¢
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Figure 2 Raman spectrum of CZTSe thin film deposited/o.
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Figure 4 Dark and light I-V curves of CZTSe cell m@&d at
room temperature.

4. Conclusion

In this study, the formation of CZTSe structure wlas
termined by Raman spectroscopy, XRD, and PL measure
ment. The CZTSe absorber has an optical band glae v
of 0.93 eV at room temperature, and the thicknesdnost
1.3 um. In Raman spectroscopy, the CZTSe thinsfilm
don’t have any other phases. It has been showrgtoal

Fig. 3 shows the photoluminescence spectrum medatsurequ(,;l",[y CZTSe with the published data from othés The

at 300 K by using 635nm laser diode. The peak.®8 0
eV that the majority corroborates by several aughisr
CZTSe [8,9].
firmed to form in the absorber layer is based anriésults
of XRD, Raman, and PL measured.
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Figure 3 PL spectrum of CZTSe thin film depositedvim

From the dark- and light- current-voltage (I-V) ces,
showed in Fig. 4, the electrical characteristicthef CZTSe
solar cell were determined. The dark and light tives
for a representative cell with area of 0.33%cmThe cell
achieved without any anti-reflecting coating. Thaximum
power (R0, maximum current density at,B, and maxi-
mum voltage at B, of the CZTSe solar cell are 4.4 mW,
20.79 mA/cnd, and 0.21V, respectively.
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The CZTSe structure/phase can be con

CZTSe solar cell showed conversion efficiency cf %
for 0.33 cnf under standard AM1.5 conditions. It shows the
good quality CZTSe material in our sputtering and
selenisation process. The CZTSe material can béupsal
for solar cell. In further work, we will increagke V.,

and get high efficiency CZTSe thin film solar cells.
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