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Preparation of CuS Counter Electrodes Using Electroplating for
Quantum Dot-sensitized Solar Cells
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TCorresponding author :
jykim@dankook.ac.kr Abstract >> Copper sulfide (Cu,S) has been extensively utilized as a counter elec-

_ trode (CE) material for quantum dot solar cells (QDSCs) due to its exceptional cat-
gz\izgzd E gzzzmz:: 2822 alytic activity for polysulfide electrolytes. The typical fabrication method of Cu,S
Accepted 18 December, 2023 ~ CES based on brass substrate is dangerous, involving the use of a highly con-

centrated hydrochloric acid solution in a relatively high temperature. In contrast,
electroplating presents a safer alternative by employing a less acidic solution at
a room temperature. In addition, the electroplating method increases the proba-
bility of obtaining CEs of consistent quality compared to the brass method. In this
study, the optimized electroplating cycle for CuS CEs in QDSCs has been studied
for the highly efficient photovoltaic performances. The QDSCs, featuring electro-
plated CuS CEs, achieved an impressive efficiency of 7.18%, surpassing the con-
ventional method employing brass CEs, which yielded an efficiency of 6.62%.

Key words : Quantum dot(%¥ Xt &), Quantum dot solar cell(%¥ Xt Ej &M X|), Copper
sulfide(&t 8t 2]), Counter electrode(A Iff M=), Electroplating(M 7] £ &)

1. M B AR FAE HFH A (quantum dot solar cell,
QDSC)9] A7} 71 Wo| o]Foj2|aL Q).
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o WA 2 ZAIS siEsty] sl B, S, A719] vEEA] YRpolnk AR 22 Ar]E Qs

x8, v, paouA|et 22 QA 7k ovAle] A 7% &3Nquantum confinement effect)of] P

QT BT AW Yov, S5 B e S wol W Aot Bolatul'?, T A E A

o BjoFdR o] A7 SEs] AP Qck A A(multiple exciton generation) EI}E Q18] A}

AT EFAA] F FAH(quantum dot) S BEE & FRSAIR AMSRE o) Aol FAELY. 1en
785

2023 The Korean Hydrogen and New Energy Society. All rights reserved.



I g
(o]
o~

e
~
|.|—|
oH
ozt
mjo
o
ofo
rol
02
>
oz
oy
olo
o
=
>
o
C
w
0%
sl

£ FYASTE 2] die o2 Z-8Alel sl
o g2 3% W9 /Y. olidt Yo 9l
A kAL LED™, t]AZd o)™, 224 AP0,
A" 5 3sE we HopolA EPJOMI g
w1 9)t}. sz ]n} QDSCE ¢ds', cdse™", pbs™
5o 245 23 AAHLS HiokA Ao 285}
o] B} QAo FAIZF =Qlet. wheba] HE A+t

o A= Cu-In-Se (CISe)"™'?, nP"” & TL=A] oFx}A
< Akl HFHA Y] B FSAR AL k.
H QDSC= 825 7|5 M3 -} pt Ao &
S ARESFRAIE FA o gk Abst B
Sl A= THSHE(S™/S) 7t A ALgs)
, tHEshE AddS ARERS o 7P St A4
o2 dHA Qe CuS A WIS F2 AMES)
O s CwSE AlRehe 34 5 B
(brass)©] EWHL ALSIA|7]7] 98 o e
(HCI) g8& ARgsfoF sh= 9j@4do] et

2 AeMe A7) =u 38S EoH CuSE #%

(

lo w

Hiom

ol

RO oo

50
_q

120{

Ouﬂ/l

¢

A 7ol Istel ALolA] Cus AT A A%
stgon, 47 =7 B4 AL ﬂjo}oa cus %
o $lE stk aelw o) 7E WHr=
5S4 to] A2t CusS Al A5k} vite}
sich

2. o &

2.1 X5 M3 A

2+ Z=o] 7|0 2 fluorine tin oxide (FTO) &
A 7]3H2.2 mm, 8 sq; Pilkington, Tokyo, Japan)
= AHESHATE oAl ED oeEs Ao ® AR
slo] 223} A|27|(SD-B200H; MUIJIGAE, Seoul,
Korea)E £3f] FTO 7| A A3 &, AFejA/e2&
A2 ZH8](Yuil Ultra Violet System; YUILUV. Co.,
Ltd., Incheon, Korea)= 155 FoF A} LA/ Q&S %
Aato] 1ol 97123} 43S AT, AES ul
FTO 713 $Joll 7.5 wt% Ti (IV) bis (ethylacetoacetato)
diisopropoxide (Sigma-Aldrich, St. Louis, MO, USA)

>> S22 AUHO|LIK|3

rrr
MO
e

£ n-butanol (Daejung Chemicals & Metals, Siheung,
Korea)ol| =<l §H& A3 FHE g3 F, #HY
20|41 105 E2t450CE FA|sigiet. o]% 1 9]0
AF8- TiO, o] AE(Ti-Nanoxide T/SP; Solaronix S.A.,
Aubonne, Switzerland)E- doctor blading WH o= I
g3t 3 my2ofA 150CojlA 105, 250 Tl A 10
B, 400Co)A 108, npx|ateg 500CoflA] 3020
2 255 wo7hd 24ANA TiO, A4 #8654
=2 AZE FEFETE TiO, AR} i AL
CISe oFAAS E2kst7] 93) ClSe oFAES HAls)
dichloromethane (Sigma-Aldrich) §-°o] 3% F<!
A8k TiO, AR} 24550 ClSe FAES S35t
Atk o]% &AE CISe %AA A=) zine sulfide
(ZnS) passivation layerS FAA]7]7] Y3l oI o]
2= S 2H(successive ionic layer adsorption and re-
action, SILAR) 342 AF&3t9ich SILAR Z4L&
FAtd FHFE dichloromethane 8402 A2t
%, 0.05 M9] zinc nitrate (Sigma-Aldrich) ofgH2 &
Hof| 5027+ A3}, 0.05 M sodium sulfide of &t
2 &of 5027t FAsh= IS 33 WHEsto] oF
A7 3P o) ZnS passivation layerS A A F Tt

2,2 g M3 HE

3 HAZ 35S o83 CuS A A= A% &
Ao 3 -éé( .25 mm; Alfa Aesar, Haverhill, MA,
USA)S 1.8x2.3 cm’@] A7) & &a} 94K35%; Dagjung
Chemicals & Metals)o]] 70C & 2087+ 2 x|5}o] -

£ AR BE 55 ASZTE o]F A2
FelHe SFFE A5 2 M sodium sulfide, 2
M sulfur (Sigma-Aldrich) 5=8-40] 10&£7F 2 X]5}¢]
Cuss At AL ARk

= HAE A7 E2E 0]83F CuS At A= A
2} 302, FTO 7| Yol CuSE A3t Al
A= Aztetddnh Cu A7) =g 3742 A5 A
2 Aeslon), b Al 245 41271
oMIED} ofRheg wAH e ALgalel A2 FTO

7] LB O A}'g—é}ly OT’H ;ﬁ%'\% Pt ;8.—3_’ 7]% Z‘]:L'Q_

L0 R

)

H34H HMez 2023 12



Ag/AgCl 71% =2 AHEseiT A2 0.009 M
CuSOy4 (Dagjung Chemicals & Metals) 4802 A}
gkl on, Hafd o] pH Fihe o|-8-5fo] 22
A8k Cu A7) =g 0227 -2 V (vs. rever-
sible hydrogen electrode [RHE])E- 713t & 04270V
(vs. RHE)Z 7}5b 42 whashe o A9 o
Al AR A7 Zae stk 19 s
242 1,0003], 3,0003], 5,0003] HFE35}o] Cu layer
FAE =AY o]F, Cu A=< 2 M sodium
sulfide, 2 M sulfur2 A2t thskE A2 15
2+ ZAste] CuS Ao A= AZksHATh

2,3 EHYHX| AKXt K[

2 Aol A AREE A A-2 2 M sodium sulfide,
2 M sulfur, 0.2 M potassium chloride (Sigma-Aldrich)
£ FR4o) o] Azslgick oA AR 2% 7
3} A A 0.135 mme] polyimide (PT) % E]
O] Z(CORETECH, Anyang, Korea)& ©]-&3f 235}
9, ABNLS Felstel AEHOR Fig 19} g

MES]H) 70| QDSCE A=

' Work

S

%)
=)
O

wv

(%]
s

00
)
=
L

FTO glass

Fig. 1. Schematic device structure of quantum dot solar cells
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Fig. 3. SEM images (cross, FTO/Cu; plane, FTO/CuS) and EDX spectra for CuS CEs according to electroplating cycles. (a) 1,000 cy-
cles, (b) 3,000 cycles, (c) 5,000 cycles
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Fig. 5. Tafel plot of symmetric dummy cells using CuS CEs ac-
cording to electroplating cycles
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Fig. 6. J-V curves of QDSCs using CuS CEs according to elec-
troplating cycles

Table 1. Summary of J-V characteristics of QDSCs using CuS
CEs according to electroplating cycles

Jsc Voc . Efficiency

Sample ( mA/cmz) mv) Fill factor %)
Brass 18.19 602 0.60 6.62

1,000 19.24 594 0.54 6.20
cycles

3,000 21.62 594 0.56 7.18
cycles

5,000 19.23 597 0.55 6.51
cycles
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