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A p-n Junction Modulation Technique for Printed Thin Film Solar Cell
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Abstract: The scarcity of materials with band gap value of 0. 5~0. 85 eV is one of the major
challenges for the multi-junction solar cells. In this study, the compounds Cu,SnS; with band gap
of 0. 83 eV is synthesized by non-vacuum mechanochemical method, and is prepared into absorber
layer by non-vacuum printing technique. The photovoltaic properties of the Cu,SnS; are studied
by employing a superstrate solar cell structure of Mo/Cu,SnS;/In,S;/TiO,/FTO glass.
Experiment result indicates that the short-circuit current density, open-circuit voltage, fill factor
and conversion efficiency of the fabricated solar cell are 12. 38 mA/cm®, 320 mV, 0. 28% and
1.10%, respectively. Furthermore, to better meet the requirements of multi-junction solar cell
on the current matching, the Cu,SnS,/In,S; p-n junction of the fabricated solar cell is analyzed.
A p-n modulation technique with a thin porous buffer layer inserted into the p-n junction interface
is proposed. The results indicate that the technique can promote the short-circuit current density
of the solar cell from initial 12. 38 mA/cm® to 23. 15 mA/cm?, and the corresponding solar cell
conversion efficiency from 1. 1% to 1. 92%. This p-n modulation technique can be an important
reference to the printed thin film solar cells.

Key words: Cu,SnS; thin film solar cell; Non-vacuum printing technology; In;S;/Cu,SnS; p-n

junction modulation technique
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(TiCl) Mg g Wako Pure Chemical Industries Ltd. ;
By (Sn. 4l i 99.5%) W [ Sigma-Aldrich; PU 5Py
B 2k % W ( Titanium (IV) isopropoxide, 4 &
99%). B Ky (S, 4 B 99. 9%) M &L MR By K
(Thiourea) % B Kishida Chemical Co. Ltd. ; &4k
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Fig. 1 Doctor blade process for the preparation of CTS absorber layer
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Fig. 2 Structure of the solar cell
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Fig. 3 Conversion efficiency of the CTS absorber layer

prepared at the optimal annealing condition

w1 LB A T A 2 A Al 25 PRR i) CT'S A1k
REHT B 0. 83 eV, HOW L B8 4 M A o TR G AR i
B D 22 45 K FH RE R 1t R 3 R 0 L AR AR 4l P
IR - 2225 DK FH AE FL L R 1 A b 114 L 3% Pl O %
it 20 mA/em® WA GBS 2 45 K HAE L L Y |
JZ F R AT AR G v DE TC L E T AR A R A 2 4 R
PHBE It DR b 28 3 — 20 B i K FH fE A ¥tb 1) 2L
IS v UL L
2.2 —MHEHH p-n HRBEA

B4 AR KR T A3 B CTS Wiz i
i SEM A A8 11 285 Pl WL Pl m] T 552 36 o ol 5 Y
K BH A8 R 1t WS WAL 0 R 8 B R (H O 35T 5
Bk AR, B L] o5 45 20 59 CTS 3 5 K BH fE HL 1t
CTS/In. Sy p-n &4 fil 11 B . H R T2 58
Sy AR iz CTS K BH fE H Wt 1Y 6 8% F Ui %
JE A7 FLRE B A b T 2 1 R0 45 K BH RE FRL L X R A
DEC AR 5K AR SO 1 — ol B 1) RE 1 5 K FH fiE



16 ot T

¥ ik 2%

R L A6 S FL I R B ) 5 1 3 s AR CT'S IR
JEWMHRA In, Sy Z% w2 Z [ AL A — W A9 B AL In. S,
JZ SRRl R K 05 i ARAE CTS W2 B A
In, Sy 2% vh 2 Z [ i — A3 Y p-n &5, BE T 2
L T 114 L FEL AL S JEE O L B AR,

M4 R KAHETHES CISHE SEMERZTL AR
Fig.4 SEM cross-section image of CTS absorber layer

annealed at optimal annealing condition
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Fig. 5 Schematic diagram of CTS/In;S; p-n junction
of the solar cell
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Fig. 6 Thickness effects (spray volumes) of porous In,S;
layer on the photovoltaic properties of the CTS

solar cell
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0 12. 38 0.32 0.28 1. 10
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