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ABSTRACT: The large length of silicon nanowires
(SiNWs) leads to their good optical properties, which causes
increasing losses in the electrical performance of solar cells.
The SiNWs in PEDOT: PSS/Si hybrid solar cells were
optimized by simulations and experiments, and the effects of
surface recombination rate and series resistance caused by
SiNWs length on the performance of solar cells were studied.
The results show that with the increase of SINWs length, the
surface recombination mainly affects the open circuit voltage
and has great influence on the performance of solar cells.
Moreover, the series resistance mainly affects the filling
factor and has little effect on the performance of solar cells.
Experiments show that when the length of SiINWs is about
246 nm, the highest conversion efficiency (12.88%) of
PEDOT: PSS/Si hybrid solar cells can be obtained. The
research results can provide guidance for the design of Si-
based solar cells with SINWs.

KEY WORDS: silicon nanowires (SiNWSs); PEDOT: PSS/Si
hybrid solar cells; structure optimization

0 38

p B WA RE 3R 3,4- 20 S EM IR 2K 20
fifi R £k (PEDOT:PSS) Fl n %Y Si % Jil 57t ot 4 /i, 52
MEIR o5, HEE BT R A R oK
FH H.9th PEDOT:PSS/Si™, T PEDOT:PSS/Si 24
PR BH S A TAENL. EHLRER S, Kk
S 0T 45 T SR PR IR VA V) 7 v ) &, IR RO L 7



686 EEL, ETRYIRLE K PEDOT:PSS/Si 224k A FH i & HIth 4k K SIS R 5%

Vol.44 No.5

T ORI E M A T2, B T Hl A mA,
NRESE R BH b R a3

BTS2 REM R A B e 2 i R A PR, 5 e
Tok A 2 45 A 195 5 K BH FRL T (1 e RS BRI Lk
RS A Gy Tk B K PH FE PP AR R e A,
& EEYK R (silicon nanowires, SINWS).
HeE. A, 99KFLIASE, 76 PEDOT:PSS/Si Z=1k K
FH I B B R AP I RAERRA . o SINWS
AT DATE A Y6 Y N S BB B e R, B
MR 2R A,

7 % T SINWSs ] PEDOT:PSS/Si 4% 1k & FH
e, VA SiNWSs Tl 5 PEDOT: PSS #2fi J il 5+
R4, HoAbEE 2 Y SINWSs R R iR fE 4, )
Gy TR T A A A0, B e R Bt
Y1) SINWS, - TEIX AN FE H 3 2 7 2 B A
BRI RMMAASINWS RHHRMES. B
A, O ) S B R Bt 23 B 5 SINWS K FE 1)
K, AR e AR R 2 W
REIFE. BT H SINWs K iE iR 72 &
AT ER BB FL B 6 PEDOT:PSS/Si 24 4k A BH FRLth 12 BE 1)
SO R, 63 SINWS Fffit 35 K BH Lyt B &
B GE

A FK FH A TR 44 B9 (finite volume method
FVM) X} PEDOT:PSS/Si 2% 14 K BH FiL it F 25 7 4 e
BEATAEAOL, 20 i) i SINWS K8 38 B i 22 10 5 &
FHR B L BH AT I 9T, #5931 PEDOT:PSS/Si 42 kK
FHEILIIPERES 2L, BFETFEE HE Voo JHES FEIR
B Joon SEFEA T (fill factor, FF). 3408y Al
L% E - R Q-V) 2. 54h, 78525 il &
T BA A F K BE SINWSs B4 51 [ PEDOT: PSS/Si 44
RBHER M, LIS IEASILEE 5 .

IR e S V)

£ SINWSs (1] PEDOT: PSS/Si 2% 4k A FH Ha, b ()
SRR S5 3T S 2 o A I B LT R, SINWS I B
M RE AT DLIE I 45 R J B 1 (effective medium
approximation, EMA)MEAT /4T, SR T
7AS N/

n2—n?

"nZ+2n?

2_ 2
n;—n -0 (1)

+(-f) nZ+2n?

PEDOT:PSS

nZ AR

\£

SRR
Bl1 & SiNWs[{] PEDOT:PSS/Si 44k A FH et iy 45 #4040
SR EN

Fig. 1 Structure and equivalent refractive index

distribution of PEDOT:PSS/Si hybrid solar cell with
SiINWs
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Fig. 3 Schematic diagram of structure and carrier
transport process of PEDOT:PSS/Si hybrid solar cell with
SiNWs
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Fig. 4 J-V curves of PEDOT:PSS/Si hybrid solar cell
with SINWs length of 1 000 nm at different surface

recombination rates

R ) 1 RE S BB R T B A R AR L A AR
Fig. 5 Variation of performance parameters of PEDOT:
PSS/Si hybrid solar cell with surface recombination rates
when SiNWs length is 1 000 nm
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Tab. 2 Performance parameters of PEDOT:PSS/Si

hybrid solar cell with different surface recombination rates

RIME AR MRS E JHRRE Ry Feaesl

(cm-s™) (mA-cm™) mv % %

0 33.24 579 80.26 15.45
200 32.95 537 74.34 13.15
400 32.65 516 71.87 12.11
600 32.36 509 69.06 11.37
800 32.07 495 67.98 10.79
1000 31.78 488 66.43 10.30
1200 31.50 481 65.19 9.88
1400 31.22 474 64.19 9.50
1600 30.95 467 63.38 9.16
1800 30.67 460 62.70 8.84
2000 30.40 460 61.20 8.56

#30.40 mA/em?, AL ELIN: Vo BEERITE
R RS POk TR 2218 N, 579 mVv
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Fig. 7 Variation of performance parameters of PEDOT:
PSS/Si hybrid solar cell with SiINWs lengths when the
surface recombination rate is 1 000 cm/s
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Tab.3 Performance parameters of PEDOT:PSS/Si
hybrid solar cell with different SINWs lengths
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SINWS KR/ FHFS RS Jrigris/ ERR T Fasg/

nm (mA-cm™) mv % %

0 33.84 579 82.02 16.07

200 33.66 530 73.63 13.13

400 33.53 509 72.52 12.38

600 33.30 495 71.66 11.81

800 32.81 495 68.72 11.16

1000 31.78 488 66.43 10.30
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Fig. 6 J-V curves of PEDOT:PSS/Si hybrid solar cell
with different SINWSs lengths at the surface recombination
rate of 1 000 cm/s
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Fig. 8 J-V curves of PEDOT:PSS/Si hybrid solar cell
without surface recombination under different SINWs
lengths
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Tab. 4 Performance parameters of PEDOT:PSS/Si
hybrid solar cell without surface recombination under
different SINWs lengths
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nm (mA-cm™) mv % %

0 33.84 579 82.02 16.07

200 33.70 579 82.06 16.01

400 33.64 579 81.80 15.93

600 33.47 579 80.64 15.63

800 33.47 579 80.64 15.63

1000 33.24 579 80.26 15.45

/N, A 0.6 mA/em?; AHELZ R, SINWs K )
Bt PRI 8E R, 24 SINWS 5 M 0 nm 3
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Fig. 12 Current and voltage output characteristics of
PEDOT:PSS/Si hybrid solar cell with different SINWs
lengths
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Fig. 13 Spectral characteristics of PEDOT:PSS/Si hybrid
solar cell with different SINWSs lengths
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