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ABSTRACT: In this study, we investigate organic-inorganic hybrid solar cells with a very simple three-layer structure (Al/n-Si/
PEDOT:PSS). The performance of hybrid solar cells is optimized by controlling the sheet resistance and optical transmittance of the
PEDOT:PSS layers. As the thickness of the PEDOT:PSS layer decreases, the optical absorption of the n-Si increases, which greatly
improves the short-circuit current density (Jsc) of devices, but the increase in sheet resistance leads to a decrease in the open-circuit voltage
(Voc) and the fill factor (FF). The solar cell with the 180-nm thick PEDOT:PSS layer shows a highest efficiency of 8.45% (Voc: 0.435 V,
Jsc: 33.7 mA/cm?, FF: 57.5%). Considering these results, it is expected that the optimizing process for the sheet resistance and
transmittance of the PEDOT:PSS layer is essential for producing high-efficiency organic-inorganic hybrid solar cells and will serve as an

important basis for achieving low-cost, high-efficiency solar cells.

Key words: Organic-inorganic solar cells, PEDOT:PSS, Conducting polymer, Hybrid solar cells

1LME

AEE A2 2 Qe Bl FA = A
oA 4] s ZX}EH 1 o] A AAIAL
TES Fol7] SR A7F 2dshA| JagEan ik A 4
@ Zb71E2l Si 7R A QOﬂ CIGS ?ﬂ‘%“iﬁ 7= w2
HA710]E 5o thefet 24 & 283t ej Faix
o]t AIZNY EljokA =] of T3} O#:IL_. H}5
A7 el FAA] 5 poly (3, 4-ethylened10xyth10phen €):po ly
(styrenesulfonate) (PEDOT:PSS) 2} n-Si 7| S 7]HES. 2 A2k
e 7] sto| B = B FRIAE 2T 15% o] vl &2
FEES YeR 1 gleH?. E3] SiI/PEDOT:PSS 7]4le] 857
stol = BlopaA) s Ue 34 9 A7He] g0 Aol
75 517] uhgol, 54 B 714 ol A e el Alo] ula) 47
= 7HAaL glom, 7]& AR Bk x| ko] a8 ARE At

*Corresponding author: yhkim113@pknu.ac.kr

ZojUzha 9lr}. Si/PEDOT:PSS 7]¥h-9-27] slo] Ha] & gjok
2] 9] YE4n-Siol| A Lojubu], A E Ak n-Sig 53l
SHE M0 & o) F3}aL, H5->PEDOT:PSSE 53] 0] 5317
=t} 2, PEDOT:PSS = 285} A2 o] /2222 03 =2 A
715 E 7hAfo} 5}0i, Alof] ZAPE Yo] $AIE| %] 953 n-Si
2 E5LE 4 QR 2o eI S H o) ok gl

thofsl S E X2 2 X235} 5 PEDOT:PSSE 1000 S/cm
o] & M7 |HEES 7HA] AL, §HFH 0= 47 A|2to]
7Fsshm, 44 nm o] Hjfo & A &o] 7hss7] wjze FRat
= A Q- £4=5)T), T3 PEDOT:PSSE-5.0 eV o] U3k
2 71R|1 9T, £33 BolE EAL ROl 3k, 1 a8
7}41 Si/PEDOT:PSS 7|8} 9-7] 3fo| H 2] = g oA x| 52t
2 PEDOT:PSS Z370]| Ag A7 =5 =903 25 7HA
I Q). PEDOT:PSS AH4|7} =8 An =2 7jx| 1 glo o
2 organic light-emitting diodes (OLED) L} -3-7] e} %A 2] 2] &
WA=0 2 indium tin oxide (ITO) & A5} A&-0] 7|55}
A9, s A= ol Hls A @o] 27] wj 2ol FA7IA] Hat
=l Si/PEDOT:PSS 7|4t -§-57] gfo| H 8| & g|oFA A= g R 8

(© 2019 by Korea Photovoltaic Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




62 S.Y.Kim et al./ Current Photovoltaic Research 7(3) 61-64 (2019)

H AT Lol A= Ag AR A Q18R] 93l Al/n-Si/PEDOT:
PSSO 32 722 7} tislE 729 Si/PEDOT:PSS 7|4t
77 Sto| el = Hlepx| S s, PEDOT PSS )
Aol Wk efopiz] o] £4 WskS Bel5}sic PEDOT:PSS |
ZA7} oFo} A== n-Si7| 2] 3F-E =7} =713} short-circuit
current density (Jsc)2] 3FAFe] LERD HEH, PEDOT:PSS RHA|
O] HA3; 2712 213) open-circuit voltage (Voc) 2 fill factor
(FF)7} adh= 7 ako] 1%l oF 180 nm+7 & PEDOT:
PSSE 717l Ax}o] 9-8.45% (Voc: 0435V, Jsc: 33.7 mA/em?,
FF: 57.5%) 2] %] power conversion efficiency (PCE)E& L}E}
Ul 248 shelstolry ek 2 Aol A 1 ] AL
PEDOT:PSS %2491 PH1000 A% tj4] FET A58 A}g-5}
o J3A0E §57] Stol el = HeFaAE TS &
QAo A] TI71 371502 ol ol7] B sfo] el
ool Tt A7} garel WAk, 5 A7) nE g
g o] 8ol 7)of8 4 918 Aol e,

2. ABy

Texture= n-Si 7|22 acetone, ethanol, IPAZ A& 3 10
WL%2] HF 4§92 0] 85101 3Ewl 22 AIA3 ATk Clevios
A}©] PEDOT:PSS FET 2:5/3-2 Tholst 4:1(1500, 3000, 5000
rpm) & n-Si 7|3 Aol AW AR 5, 130°CE] =0l A 10+ 5
OF AZRAIFTE 1%, AZE n-Si/ PEDOT:PSS A& 2] sj¢t 2
Bol AlS FINCR FHslel 21 S
PEDOT:PSS 2] H*{3}2 van der Pauw H'H O &2 =43} 11,
R A7 B A 0] §319] 2519
c}. vkt 7= surface profiler& 53l 451310 H, E A
9] 3 9 T o]u]X]+=scanning electron microscope (SEM,
JEOL 7001)= aseich ejofax]9] 542 SefalEd o]
EJ(PEC-LO01, Peccell Technologies)2} Keithley 2401 4~2~0] €]
= o]g3lo] AM 1.5 7]Z AHEY, 100 mW/em® 9] FRAF 2
Zof| A A = Ak

3. Eat A nF

w2 Aol f57] sho| B = B oA o Al &fol| ARE-E
PEDOT:PSS+= CleviosAF2] FET A&o.2 A, 7P g AL
&= PHI1000 A|&ol v} F7A-8 F715 7HA AL QAN FF2
T HSRE 545 7HIh 3000 rppm o= A PH1000
(ethylene glycol =%) HHhS F7: ~50 nm, HA]g ~250
ohm/sq, B+t FIHE: ~95%2] k2 Holn, 5 U gt rpm & FET
whako] Q- =7 ~350 nm, HA G ~94 ohm/sq, Bt £
~92%9%] EAS yERHTE PHI1000-2 YUHHA O 2 ethylene

— 800 100
&
£ 700 L95
S 600 2
2 Loo @
3 500 3
c =3
$ 400 85 8
g 300 80 E
@ 2004 §
g —o— Transmittance [75
o 100 .
—o— Sheet resistance
70

0 T T T T
1000 2000 3000 4000 5000
Spin speed (rpm)

Fig. 1. Sheet resistance and average transmittance of PEDOT:
PSS films as a function of spin-speed

Table 1. Characteristics of PEDOT:PSS films as a function of
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Fig. 2. Transmittance spectra for PEDOT:PSS films with respect
to spin-speed. Inset shows photographs of PEDOT:PSS
on glass
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Fig. 3. Cross-sectional SEM images of n-Si/PEDOT:PSS solar
cells prepared with various spin-speeds
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Fig. 4. Top-view SEM images of n-Si/PEDOT:PSS solar cells
prepared with various spin-speeds
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Fig. 5. Energy band diagram of n-Si/PEDOT:PSS solar cells
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Fig. 6. I-V curves of n-Si/PEDOT:PSS solar cells prepared with
different PEDOT:PSS spin-speeds
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Table 2. Device Characteristics of solar cells as a function of
PEDOT:PSS spin-speed

Sp'?r;z?ed oy | Ve ()| FF (%) | PCE (%
1500 282 0437 629 7.78
3000 387 0435 57.5 8.45
5000 363 0380 55.0 7.40
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