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Abstract: Graphene oxide was stirred with a ZnCl,:NaCl electrolyte and electrochemically coated by cyclic voltammetry
to simplify the electron transpfer layer film forming process for organic solar cells and to fabricate an organic solar cell
having it. The device structure is FTO/ZnO:graphene/P3HT:PCBM/PEDOT:PSS/Ag. Morphology and chemical
properties of ETL were confirmed by scanning electron microscopy(SEM), X-ray photoelectron spectroscopy (XPS), and
Raman spectroscopy. As a result of XPS measurement, ZnO metal oxide and carbon bonding were simultaneously
confirmed, and ZnO and graphene peaks were confirmed by Raman spectroscopy. The electrical characteristics of the
manufactured solar cell were specified with a solar simulator, and the ETL device coated twice at a rate of 0.05 V/s showed
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the highest photoelectric conversion efficiency of 1.94%.

Keywords: electron transfer layer, co-deposition, cyclic voltammetry, organic solar cell, photoelectric conversion

efficiency
1. M =

Graphene> ¥4 72 o] Fo %] 2x19] =4 ol HF
TZE 7ML 3 @ graphene?] FAI= oF 3Ao R
] $- gFo} FrgAJo] =T}.!1D HE3) grapheneS 37] 9] 1
A7} sp? slo] BB = QMg A 3] wio] &2
ANAEZ S a2

Graphene oxide (GO)= =<9 2HslE F3] IS

fCorresponding author
E-mail: emhan@)jnu.ac.kr

© 2022, The Korean Microelectronics and Packaging Society

graphenedl] oFF9] 28715 FASL vk 2
graphene?} 2H-8-7]2] FHAF L2 Q3 sp? sto]HT|=
e¥lgol s AT WPl Bk mebA GOk o)
FAA Aol Aot Bt 2% 7] Wl GOE HYF
A= o] g R AHE-sl7] Qe Shdsto] Frie] 28
715 A A AT GOE FYst7] flsir= B33
A HE St e

FAFHE A A7188 7€ F UE work

RS

3L
o

iy

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.

71



72

¢

o
N
2

electrode®] reference electrode® %
akaL o]of] & HMFE S5t AFASt
WOl ThoN 9] FALE o Berow 113
A oz A9 FAE A sl
ol o2 Hgof e} oy ¥ W
sl duie] 7184 shekE o] %i-"rl 1

Hro. o §]—0]tﬂ- 173_7]_

o=

ojtt57

2 A= B3 8-S =ol7] A=) A7]s
S 2 3 FH (cyclic voltammetry, CV)S H<S A
o] ZnO9} graphene SA o A|2E 4= 9=
Lote] AAeESE FA8AL, ol & Zhe
A o] Az 8l [A71E 545 Rl

ﬁ
M,
e
o
dpr
ki
e,

2 omy o

)

L
o

J

e

o

1 &"

f

o
30 N
£
-

o = o
of o 2 ot 2

N
ofr b
rol N2
oL

_L4
Fi(
o
fot
0

i

>~
oo Lot

oH m[o
o2l

o M
2L do o

_,
=
O

SR

N

ZnO:graphene AxtrE3 AFA Y AZx+= 001M
ZnCl, (sigma aldrich)5=8-<1 o] A& 2 ZA] 0.1 M NaCl
(sigma aldrich)& 7oA 2A17H& <t L HFS}AL graphene
oxide EZ0|= £ (ANGSTRON MATERIALS)<S- 0.01
wi%E H71s F 3087F B4R

B8 ZF AFAE Poly(3-hexylthiophene-2,5-diyl)
(P3HT, RIEKE 4002-EE)$} Phenyl-Cy -Butyric-Acid-Methyl
Ester (PCBM, nano-c)2 1:0.8 wt%<2] H|Z chlorobenzene
Svlloll AF2ellA] 12A17F ARFSFAL 45 umZ P E] 7 5o
RET Y

A ¥ 545 AFA = Poly(3,4-ethylenedioxythiophene)
polystyrene sulfonate (PEDOT:PSS, Plexcore OC AQ-1200
Organic Conductive Ink)<} tert-butanolS- 1:0.5 vol%<] H]

2 AL oA 3087 wrkslA 45 yumE ZE #Elo] A%
O]'ME}'
Fig. 12 3:13A & 2+

fr
o

FAFYS ol g3kl A

Coated by
cyclic voltammetry

_|_

P3HT:PCBM PEDOT:PSS

dried
RT, 10min

"-’-g

Annealed
165°C, 5min

- gren)

T35 st WY BAEolH, 35719 work,
reference, counter 21 =2 717} FTO glass, Ag/AgCl, Pt wire
S ARSI T -1.6~0.6 V R Y] QFoll A 0.5 V/s2] scan rate
o] 273}l 1~3 cycle A =sle] ZnO:graphene A%
5 Attt

Fig. 2& A 23t Bl AR & 2233 Aoz 2=
FTO glass/ZnO:graphene {A+5~%3-/P3HT:PCBM 32
’dZ/PEDOT:PSS 43 T% 3 /Ag electrode©] T}. A 2to]
£ ZnO:graphene A AF+4Z ¢ P3HT:PCBM 44

Z A5 21T 1087 G oA AxT T2
I %"401] PEDOT:PSS €92 2~¥ I Y3 165°Col|A] 5
B e RE AFFEFT S ANSATh nA e R

023%11—7] E 0|83} AgE
sto] AAE A zFekd T
A 9Fet ZnO:graphene AALT55 2] REZA & FAMA
Z}& 1] 7 (scanning electron microscope, SEM) 2.2 2215}
RAL, A2 XA 337} 3 (X-ray photoelectron
spectroscopy, XPS)Z} 2F7H-3-42] 1 (Raman spectroscopy)
2 e, Az B FHA e A7H 5 &
A EH o] Bl E o] 48] 1 SUN, 1.5 AM 273}l A 7]

CHI 660A
I/. Electrochemical workstation [}

@ Working electrode : FTO glass
@ Counter electrode : Platinum wire
® Reference electrode : Ag/AgCl electrode

1 A9 £52 100 nm =2}

Fig. 1. ZnO:graphene electron transfer layer forming process
using cyclic voltammetry method.
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Fig. 2. Schematic diagram of the organic solar cell manufacturing process with ZnO:graphene electron transfer layer formed by the cyclic

voltammetry method.
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Fig. 3. SEM images of surface (a) ZnO, (b) ZnO:graphene and cross-section (¢) ZnO, (d) ZnO:graphene of the electron transfer layer

formed by the cyclic voltammetry method.
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Fig. 4. To confirm the peak of metal oxide and graphene, the XPS
pattern of the ZnO:graphene electron transfer layer formed
by cyclic current method (a) Zn 2p, (b) O 1s, (¢) C Is.
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Fig. 5. To confirm the graphene characteristics Raman spec-
troscopy pattern of ZnO:graphene electron transfer layer
formed by cyclic voltammetry method.
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Fig. 6. JV curve of organic solar cell with ZnO:graphene electron

transfer layer.

Table 1. Electrical characteristics of organic solar cell with
ZnO:graphene electron transfer layer

Scanrate (V/s) Voc Jse FF PCE
/ cycle (number) V) (mA/cm?) (%) m, %)
0.01/1 0.58 5.88 41 1.39
0.01/2 0.56 6.95 41 1.62
0.01/3 0.59 5.48 40 1.28
0.05/1 0.57 6.61 42 1.59
0.05/2 0.58 7.80 43 1.94
0.05/3 0.57 6.15 37 1.29
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