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ABSTRACT: Recently, three-dimensional (3D) light harvesting structures are highly attracted because of their high light harvesting
capacity and charge collection efficiencies. In this study, we have fabricated Cu,ZnSn(S«Se;.x)4 based 3D thin film solar cells on PR
patterned Molybdenum (Mo) substrates using photolithography technique. Specifically, Mo patterns were deposited on PR patterned
Mo substrates by sputtering and the thin Cu-Zn-Sn stacked layer was deposited over this Mo patterns by sputtering technique. The stacked
Zn-Sn-Cu precursor thin films were sulfo-selenized to form CZTSSe pattern. Finally, CZTSSe absorbers were coated with thin CdS layer
using chemical bath deposition and ZnO window layer was deposited over CZTSSe/CdS using DC sputtering technique. Fabricated 3-D
solar cells were characterized by X-ray diffraction (XRD), X-ray fluorescence (XRF) analysis, Field-emission scanning electron
microscopy (FE-SEM) to study their structural, compositional and morphological properties, respectively. The 3% efficiency is achieved
for this kind of solar cell. Further efforts will be carried out to improve the performance of solar cell through various optimizations.
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CZTSSe : Cu,ZnSn(S,Se)s

V.. : open-circuit voltage, V
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Subscript

TFSCs : thin film solar cells
RTA : rapid thermal annealing
XRD : X-ray diffraction

pulsed laser
5ol 9l
g el
FE-SEM : field emission scanning electron microscopy
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Fig. 1. Surface and cross-sectional FE-SEM images along with
its schematics of CZTSSe absorber layer fabricated with
3-D structure
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Fig. 2. X-ray diffraction (XRD) patterns of the 3-D structured
CZTSSe absorber layer along with the reference sample
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Fig. 3. Raman spectrum of the 3-D structured CZTSSe absorber
layer

Table 1. Electrical properties of 3-D structured thin film solar cell
compared with reference sample

Voc Jsc o, Rsh
(mv) (mA/cmz) FF (%) n (%) |Rs (ohm) (ohm)
Ref. 363 35.30 51.10 6.60 9.89 406.98

3-D| 292 27.10 37.30 3.00 19.36 87.00

]9l 0 o] CZTSe peak 2 Q1= St} E31338 e of| A]
OF&l peak CZTS peako| THE =]t wheba] 3-DEZ2] CZTSSe
dhato] S = A2-2 SISk

3-DL29] CZTSSe HhatS: o] 8310 2|2kt e kA #] J-V
54 A A= Fig. 49 (a) & Table 10 JE It 352
2 QISFFF O] 734y, Ry9] 27} Ry, & A= Q13] reference Al
RO 858 ok 284 3-D 2] Bl R = A
3%9] B8 B3 o AL (Vo) 292 mV, TR
(Joo)=27.1 mA/em*E UERYTE Fig. 49] (b)= 300 nmA-g]
1400 nmoj|A] 7ke] AtaE Autoln Tubgyg e 450
nm(CdS W #3)9] oF F-7tol| A= -2 EQEE Ho|A| vk At
B o ZAps T Ajo] A= A I 4= Ak

W2 58-S B3l 4 o f= W2 R 2L & Fig. 1014 2}




E.Jo et al / Current Photovoltaic Research 5(1) 20-24 (2017) 23

(a) J-V Curve

NE 40
5 151 Ref.
- —23.D
< 5]
E
= 25-
=
n 204
c
Q 15
T
-'g 10 4
5 ]
0 - v - -
o 0 100 200 300 400

Voltage (mV)
(b) EQE spectra

100

< Ref.

= ——3D

> 80

)

&

G °1

&=

D 40

E

3

c 204

o

5

O oL, : : : .
400 600 800 1000 1200 1400

Wavelength (nm)

Fig. 4. (a) J-V characteristics and (b) the external quantum
efficiency (EQE) results of the 3-D structured thin film
solar cell compared with reference sample
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