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Effects of SnS Doping on Photovoltaic Performance of P3HT:PCBM Multilayer
Heterojunction Solar Cells

LU Guan-Hong'*, ZHAO Xin-Luo', WANG Yan?, ZHU Shu-Ying” , SUN Jing®, XIE Xiao-Feng®
(1.College of Sciences, Shanghai University, Shanghai 200444, China; 2. Shanghai Institute of Ceramics, Chinese Academy of
Sciences, Shanghai 200050, China)

Abstract: SnS was deposited on the surface of FTO/TiO, electrodes with different molar concentration ratio of Sn*” and
S using successive ionic layer absorption and reaction (SILAR) method. Afterwards, the as-prepared TiO/SnS compos-
ite electrode was assembled into a multilayer heterojunction solar cell with an architecture of FTO/TiO,/SnS/
P3HT:PCBM/Ag. The TiO,/SnS composite films were characterized by scanning electron microscopy (SEM), Raman
spectra analysis and Glow discharge optical emission spectrometer (GD-OES). The photovoltaic performance of solar
cells were determined using UV-Vis spectra and -V curves. Results showed that incorporation of SnS significantly im-
proved the short-circuit current of the multilayer heterojunction solar cells. Meanwhile, the dependence of the photo-
voltaic performance of solar cells on the molar concentration ratio of Sn**/S* was investigated systematically. During the
SILAR processes, a series of electrodes were prepared in the precusor solutions with different Sn**/S* molar concentra-
tion ratios (N(Sn”"):n(S)= 1:1, 1:1.25, 1:1.5, 1:1.75 and 1:2). Moreover, GD-OES method distinguished the effects of
Sn*'/S* ratio on the SnS, layer deposition. It was found that the Sn**/S* ratio of SILAR precursors, dominated by thick-
ness and chemical composition of SnS,, affected photovoltaic performance of the solar cells significantly. I-V test results
testified that the ratio of Sn*'/S* molar concentration was optimized at 1:1.5, which resulted in the highest photoelectric

conversion efficiency. The open-circuit voltage (V,.), short-circuit current density (Js.), fill factor (FF), and power conver-
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sion efficiency (PCE) reached 0.373 V, 1.92 mA/cm?, 51.2%, and 0.369%, respectively.
Key words: solar cells; SILAR; SnS; multilayer heterojunction
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Fig. 1 Structure and energy-level alignment of the multilayer
heterojunction solar cell
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Fig. 2 SEM images of TiO,/SnS/P3HT:PCBM multilayer
electrodes

(a) Surface of TiO, electrode; (b) Side view of TiO, electrode; (¢) Sur-
face of TiO,/SnS composite electrode; (d) Side view of TiO,/SnS com-
posite electrode; (e) Surface of TiO,/SnS/P3HT:PCBM composite elec-
trode; (f) Side view of the multilayer heterojunction solar cell



266 TS| R =

#3145

B SnS J5 OGO BELE nT WG A T W 4
1, {E 350~700 nm 2 [A]A AN SE g, X5 K
LR EERIE S XA SnS 2 SRR 4
B FAAARL B EBERZ 1.1~1.5 eV, 4 SnS
A TIO, AN, G4 & & BBt TEE Y K3 n]
WHe S1~S5 MIMRUAEA 8, BWIAR Sn*/S™
EE 451 T 9K A4 ¥ VBT AR B 43 16 77 ) e B i A LR RF AN
A% o S1~S5 AR 1A T R38R FE (R A [R] mT g A2 DR Ry
SnS MU EAN A 2B .

B 4 AR Sn®*/S™ HLAg i S AR v il 4% %2 )2 5
JLE R B se d it ) 1-V ithk, BARttEme 40T
1o Horr S1~S5 HL it 544 2 FTO/TiO»/SnS/ P3HT:
PCBM/Ag; SO HiithZitk: FTO/TiOy P3HT:PCB-
M/Ag). AHXFT SO FEth, S1~S5 & A L jth 1) J i v VR

25

L
=]

i

Absorbance / (a.u.)
P

— =

L

L i i i
400 500 600 700 800

0.0

Wavelength / nm

B3 AN Sn'/S* L] i YR AR VAV UUAR TiO,/SnS 42 45 M 1)
BT WKL
Fig. 3 UV-Vis adsorption spectra of as-prepared TiO,/SnS
films deposited in precusor solutions with different Sn**/S*
concentration ratios
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Fig. 4 1-V curves of the multilayer solar cells deposited in
precusor solutions with different Sn®*/S* concentration ratios
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Tablel Photovoltaic parameters including V., Js., FF and
PCE of the multilayer heterojunction solar cells (S0~S5)

Sample  V,/V J./(mA-cm?) FF/% PCE/%
SO 0.440 0.81 41.5 0.148
S1 0.286 1.03 47.0 0.139
S2 0.296 1.15 51.9 0.177
S3 0.373 1.92 51.2 0.369
S4 0.269 1.00 48.1 0.129
S5 0.264 1.09 45.7 0.132
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(a) S elements distribution curve; (b) Sn elements distribution curve ( I/
[I/II/IV corresponding to Ag, TiO,/SnS/P3HT:PCBM, FTO, Glass)
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