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Abstract

Silicon (Si)/organic polymer solar cells show a high power conversion efficiency (PCE) by introducing a micro-
textured structures on the Si surface. The textured structures are effective tools to increasing the absorption efficiency
of sunlight. However, when the organic polymers were applied to the textured Si surface, it was difficult to uniformly
cover on the textured structures due to high viscosity of polymers, leading to the degradation of PCE. In this study, we
discuss the effects of chemical polishing etching treatment and APTES modification of the Si textures to improve the

photovoltaic performance for the Si/organic solar cells.
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2. REBHE

2.1 R—5 RTH— FMEEDTK

R—=F AT P — MEE LT, BEBEO LD RR7EL0IF
ez L,m SHE pm BRE O MIMEE(~ A 7 v 7Y — M
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Heraeus £1:#¢ Clevious PH1000)(Z 4.8 wt%® ¥ A F )L ALK
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7-.Fig. 1 |2 CPE UERFii#E DR —F AT — MEEx AT 5
Si FARDOWITH SEM 144 7~3. Fig. 1(a) £ ¥, %9 50 nm OHIFL
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KB L, R0 B2 E L TWDHZ &N Fig 1(c) L Y
TR S 7.
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Fig. 1 Cross-sectional SEM images of Si texture (a) before and
after CPE treatment for (b) 5 sec and (c) 10 sec.
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Fig. 2 Reflectance of planar Si and Si texture before and after CPE

treatment for 5 sec and 10 sec.
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SN TUWD Z &8 Fig. 3(b), 3(c) L W RS-,

Vol47. No.4

_57_

(C)CPE 10s

Fig. 3 Cross-sectional SEM images of Si texture/organic polymer
structure (a) before and after CPE treatment for (b) 5 sec and (c)

10 sec.
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Fig. 4 FT-IR spectrum of APTES modified Si texture.
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Fig. 5 Chemical bond of APTES modified Si texture.
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=T AT — MM OLEIL, 300~1100 nm DIEED A
FHEICx LT 47.5~3.8% TdH 53, APTES Efifi 417 > 7=
—F AT W — MEEIZBW T, 43.5~4.6% %2R LT 5.
FEREmIEM SN APTES IZX D, I AL bR
Lz Ex2 D, £, 5 sec O CPE LB A 4T~ 7R
— T AT — MEEIZK L APTES Efifia 1772 Si £ T
I, 37.6~7.5%% 7 LCE Y, LRI OEA 72 8N % fess
L7z, ZHUE, CPE AL X » THEE N = v F o 7 SHFEH
IRIGIRA LTS &, ST ARNIZIRV A E T, SRS &
NDENEEM Uzl ThdEEZLND.
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Fig. 6. Light Reflection of porous desert structures before and
after APTES modification and CPE treatment.
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3.2.3 AR ) v —DEFMEFEME

Fig. 712 APTES f&fifi & Jifi L 7= AR — 7 A7 — MiEEEH
T 5 Si EICK LT, AWARY ~—% 84 LB O Wi
SEM %% 773" APTES {Efifi 217 > TV 72\ Si Fefizxt LT
HHAR Y ~— &84 L7256, ARAR Y ~— 03 PR AL
DEHETEH L TE BT, ZRAAE T Tz (Fig. 7(a)).
—J5C, APTES {&fifilc £ 0 Si HARFmIZEHAMEDOT 2 /K
G L7 2 & CTHBER Y ~ — 2 HERMIL O £ TR
%S, Si B E AR Y ~ —HDOZER AW L, BAETED
N AL 5 AT (Fig. 6(b)). & 51, 5 sec @ CPE ALHR % Jifi L
7oRUBHT 6 LT APTES (B #i 41T > 728y, VA Y DZER
EIIRE L CHBAR Y v~ —DFAEENR T L L TnD Z &R
eR® S L7z (Fig. 7(c)).

(C)CPE+APTES = 100m

Fig. 7. Cross-sectional SEM images of Si texture/organic polymer
structure (a) before and after (b) APTES modification and (c) CPE
treatment and APTES modification.
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OWT G, KEFEMOZ IS 0.25 cm? L7825~ A
7 AW CHEETT 7. £/, Table 1 12, #7275 CPE ALH
GIEICRT D Si R—TF ATV — MEE/EHER V) ~— K
EHOFERNEA TR, £/, Fig 8 ICERBE-BEJ-VE
%, Fig. 9 [ZHMMBE T IH(EQE) AR ML EIRT . Vo 155
FCEIE, Jo 1ZEAS BB, FF (X#HRA 1, PCE (T= % /L%
— SN R VLB SR A v d . Table 1 £V, CPE L8 % 5
sec{To - KRB EMITIHR S EV 7.46%D PCE Z#7 LT-. Zh
I%, CPE AW LV Si Hp & AR Y ~—DFEEMES W B
L7z Z & C,pn S O E LRI L O BEAHRHTR > D
Wb & Si T 7 AT v —RKE O KFEfE/ N PCE DR DB
NThHsbLEZLHNSD. Fig 9 XY, CPE ALEE % Jifi L 7= KK
T TN BT RO T A HER S 7=, 5 sec @ CPE 4L
HITIE, ARAELO KRS & el LT 350~650 nm D&
W CHN R TR TR A B 5. 10 sec O CPE WFLT
I, 2RI EFDREMME T L TWD 2 EREIN
7z. ZAUZ, Fig. 2 @ CPE ALERFI% OSSR SRR LTz
£ 91T, CPE ALHRIZ L » T Si FREIICEIT D RN
Lﬂ L=z & T%bé L7esx U 73O R E L0
LEZBND. —J7, 10 sec D CPE ALEL L 7= KEEEM Tl K
X RER TR SN2, 2, Fig 1(olZR Lz & 51
T A VIR A LT IRBBIC 22 > TWVD Z & D, ST KR
EEBERY v —BOBERRES|I SR Lz Z EMNFINT
borEBEZOND. £, V=T = I 2L —X|{ZLDH
ETHEOLNT Jse &, BQEI00 (2 X D HIEMFIC LD EQE
MHRO LT Jse & ORNIZITAEN L ALLFIZRE T
Ko7 o7~ None TlE, V—F7—3I2L—4T
33.8 mA/cm? TH - 7=DITXF L, 29.4 mA/em? & 13%, [F]
BRIZ CPE 5s TIE 31.7 7° 5 29.5mA/em? & 14%78/), CPE 10s
TIE 28.8 205 25.9 mA/em? & 10%38 LTz, MK T
U7ZIRIAE, J-7 Rt &2 l1E L72121C EQE ZHIE L2729
AR ~ =PRI THIL LT &2, itIKE'E':*#HJL@f
U~ —BANRED T HIC L 5B MO BLZ T -2
ERBZOND.

Table 1 Cell parameters of Si texture/organic polymer solar cells

before and after CPE treatment.

Treatment Voe Jse FF PCE R
time V] [mA/cm?] [%] [Q -+ cm?

0Os (none) 0.422 33.8 0.481 6.88  0.597

Ss 0.383 31.7 0.625 7.46  0.247
10s 0.369 28.8 0.560 596 0476
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Fig. 8 J-V characteristics of Si texture/organic polymer solar cells
before and after CPE treatment.
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Fig. 9 EQE spectra of Si texture/organic polymer solar cells before
and after CPE treatment.

3.3.2 APTES 1&8hzh R

Table 2 1Z,APTES &£fi % fiti L7z Si AN— 7 A7 % — Mk
IR ) ~— KIGE O R %, Fig. 10 (2 J-V 5% %, Fig.
11 IZ AN R TR EQEHEZ /R . Si A—TF AT F— |k
TS O KB EEHIE, 6.88%0 PCE % /R L7=. TRk LT,
APTES &£ 2 Jiti L 72 K5I T 8.46% % C PCE fHZ t#5/I <
WHIENTE, 2, R—F A7 ¥ — MEERED
BUKMER 12 X0 MR CORREAR U ~— D55 T
DA L7 2 & T pn SEFERIER L, Fv U 7 22050
R CE 7272 ThH EBEZBND. S HIT, 55D CPEAL
AT > 7= 1t%, APTES 1&ffi % Jii L 7= KB 51 9.07%
Db\ PCE x5 2 LR TE7=. 2, CPE LBt
WCEDR—=F AT Y — MEEPD T A YIBR~DOHUE &
APTES 1{Efiilc X 2 BKMEm EOMEALSRICE T, U
A Y OZEBRE S ~DAHER Y ~ — OB HEMEUE DO RN
BonklzdThideBEZLNS. ZOELIY, pn Ao
PER & FHE KM N, Si T 7 2AF v —/HHER Y < —[H
EBET LY VT OBMKEEOMKEAEZ L7256 L, PCE O

FlcFE L2 &R S iviz. —J57C, APTES E8i¥ %
Z & TR O TR HREAME T L7z, APTES 78 Si £k
BUCER &7 2 & C, HARFKEIZI T 20U I8
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LizeEz2bN5. £, 5sec @ CPE WHLA1T - -1,
APTES 1&£fi % i L 7= KF5HEE# TlX, APTES (D A% 1T -
72#EF & Hilg: LT 300~500 nm D% F 1235\ T EQE A3k
FL7-. ZhUE, CPE AVEIC X 2 TEREE & APTES {&£filC
£ % Si b & HHAR Y ~—RBOBFIEOm FI2 LY, BE
WP REL SN EPRERTHD EE2BND. £z,
V=T —vIalb—X | ZIXHHUETENT Jc &,
BQE100 |2 Xk 2 HIERFIC LD EQE B3RO b Jse
EOMITITFER A DI, LITICRT LK) R E o7,
APTES TiE, Y —5—3 3 2 L—& T32.7H 5 28.8 mA/ecm?
& 12%087V, CPE+APTES Tl 343 7> 5 29.6 mA/em? & 14%
Bb LTz, Ziu s OFE,3.3.1 O CPE ALBRZN R Tk~
RN L TWAZETELELDEEZLND.

Table 2 Cell parameters of Si texture/organic polymer solar cells
before and after CPE treatments and APTES modification.

Treatment Voe Jse FF  PCE R
[Vl [mA/em’] [%] Q-
cn’]
None 0.422 33.8 0. 6.88 0.597
481
CPE(5s) 0.383 31.7 0.625 7.46 0.247
APTES 0.426 32.7 0.607 8.46 0.255

CPE(5s)*APTES  0.437 343  0.605 9.07 0.233
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Fig. 10 J-V characteristics of Si texture/organic polymer solar
cells before and after CPE treatments and APTES modification.
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Fig. 11 EQE spectra of Si texture/organic polymer solar cells
before and after CPE treatments and APTES modification.

4 #4E

ARFFRIZED, Si 77 AF v —/fHER Y ~—KEERO
PERET) 1238V T, CPE ALERIS L O APTES Effli DA 0 MEA
RSN, TS OFEIE, WP m R S E SR B
LR AR L0 BEICIT ) S N AEETH
L. ZOD, Ra A MBI TH D SUAKAR Y ~— K
EHLOMERER FIZBWTKREATH Y, WHROFAER
TR L =D L5 LIZEHRL 2 25 TH s &5
ZHN5.

& Xk

1) S. Jackle, M. Mattiza, M. Liebhaber, G. Bronstrup, , M. Rommel, K.
Lips and S. Christiansen, Junction formation and current transport
mechanisms in hybrid n-Si/PEDOT:PSS solar cells, Scientific Reports,
5, 13008, (2015).

2) L. Yu, T. Chen, N. Feng, R. Wang, T. Sun, Y Zhou, H. Wang, Y .Yang,
Z. Lu, Highly Conductive and Wettable PEDOT:PSS for Simple and
Efficient Organic/c - Si Planar Heterojunction Solar Cells, RRL Solar,
4, 1900513, (2020).

3) Q. Liu, L Khatri, R. Ishikawa, A. Fujimori, K. Ueno, K. Manabe, H.
Nishino, and H. Shirai, Improved photovoltaic performance of
crystalline-Si/organic Schottky junction solar cells using ferroelectric
polymers, Appl. Phys. Lett. 103, 163503, (2013).

4) K. Park, H. Kim, M. Park, J. Jeong, J. Lee, D. Choi, J. Lee , J. Choi,
13.2% efficiency Si nanowire/PEDOT:PSS hybrid solar cell using a
transfer-imprinted Au mesh electrode, Scientific Reports, 5, 12093,
(2015).

5) D. Khang, Recent progress in Si-PEDOT:PSS inorganic—organic hybrid
solar cells, J. Phys. D: Appl. Phys, 52, 503002, (2019).

6) X. Zhang, D. Yang, Z. Yang, X. Guo, B. Liu, X. Ren, S. Liu, Improved
PEDOT:PSS/c-Si hybrid solar cell using inverted structure and effective
passivation, Scientific Reports, 6, 35091, (2016).

7) T. Subramani, J. Chen, Y, L. Sun, W. Jevasuwan, N. Fukata, High-
efficiency silicon hybrid solar cells employing nanocrystalline Si

quantum dots and Si nanotips for energy management, Nano Energy, 35,

Vol47, No4, 2021



Photovoltaic Performance of Chemical Polishing Etching Treated and APTES Modified Si Texture/Organic Polymer Solar Cells

154-160, (2017).

8) Y.-T. Lee, F.-R. Lin, C.-H. Chen, and Z. Pei, Organic/silicon nanoholes
hybrid solar cell via interfacial engineering by solution-processed
inorganic conformal layer, ACS Applied Materials and Interfaces, 8,
34537-34545, (2016).

9) K. Park, H. Kim, M. Park, J. Jeong, J. Lee, D. Choi, J. Lee, J. Choi,
13.2% efficiency Si nanowire/PEDOT:PSS hybrid solar cell using a
transfer-imprinted Au mesh electrode, Scientific Reports, 5, 12093,
(2015).

10) P. Yu, C.-Y. Tsai, J.-K. Chang, C.-C. Lai, P.-H. Chen, Y.-C. Lai, P.-T.

Tsai, 13% efficiency hybrid organic/silicon-nanowire heterojunction

solar cell via interface engineering, ACS Nano, 12, 10780-10787, (2013).

11) Y.-T. Lee, F.-R. Lin, C.-H. Chen, and Z. Pei, Highly Transparent Wafer-
Scale Synthesis of Crystalline WS2 Nanoparticle Thin Film for
Photodetector and Humidity-Sensing Applications, ACS Applied
Materials and Interfaces, 8, 34537-34545, (2016).

12) Y. Zhang, W. Cui, Y. Zhu, F. Zu, L. Liao, S.-T. Lee, and B. Sun, High
efficiency hybrid PEDOT:PSS/nanostructured silicon Schottky junction

solar cells by doping-free rear contact, Energy and Environmental

Vol47. No4

_61_

Science, 8, 297-302, (2015).

13) Y. Han, Y. Liu, J. Yuan, H Dong, Y. Li, W. Ma, S. Lee, B. Sun,
Naphthalene Diimide-Based n-Type Polymers: Efficient Rear
Interlayers for High-Performance Silicon-Organic Heterojunction Solar
Cells, ACS Nano, 10, 704-712, (2016).

14) M. Suzuki, K. Sato, K. Hirakuri, H. Sugekawa, Optical and Magnetic
Properties of Fluorescent Ammonium Silicon Fluoride Microparticles
with Magnetic Function. Illum. Engng. Inst. Jpn., 102, 6, 211-214,
(2018).

15) K. Peng, J. Hu, Y. Yan, Y. Wu, H. Fang, Y. Xu, S.-T. Lee, J. Zhu,
Fabrication of Single - Crystalline Silicon Nanowires by Scratching a
Silicon Surface with Catalytic Metal Particles, Advanced Functional
Materials, 16, 387-394, (2006).

16) B. Arkles, Chemtech, Tailoring Surfaces with Silanes, Chemtech,
7,766-778, (1977).

17) N. Majoul, S. Aouida, B. Bessais, Progress of porous silicon
APTES-functionalization by FTIR investigations, Applied Surface
Science, 331, 388-391, (2015).

Kb LA ) F—



