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Abstract: Inorganic-organic hybrid perovskite solar cells have demonstrated considerable improvements, reaching 25.5% of

certified power conversion efficiency in 2020 from 3.8% in 2009. In normal structured perovskite solar cells, TiO, electron-

transporting materials require heat treatment process at a high temperature over 450°C to induce crystallinity. Inverted

perovskite solar cells have also been studied to exclude the additional thermal process by using [6,6]-phenyl-Cq-butyric acid

methyl ester (PCBM) as a non-oxide electron-transporting layer. However, the drawback of the PCBM layer is a charge

accumulation at the interface between PCBM and a metal electrode. The impact of bathocuproin (BCP) buffer layer on

photovoltaic performance has been investigated herein to solve the problem of PCBM. 2-mM BCP-modified perovskite

solar cells were observed to exhibit a maximum efficiency of 12.03% compared with BCP-free counterparts (5.82%) due

to the suppression of the charge accumulation at the PCBM~Au interface and the resulting reduction of the charge

recombination between perovskite and the PCBM layer.

Keywords: Solar cells, Perovskites, Buffer layer, Bathocuproin, Charge recombination

=

1. M

A gdshd ot HGARE 2, stojEe
H2HAZIO]E BPAAl= 20099 PAHeE & 3.8%
[11€ Exngt ol2ff 2020 0]= =3 AIAAZoIHA] A
TaoA & 1 Fg 25.5% [2HK] &1 Ui
of =g et 2§ FHZ oo ot HzBEAY}
o|E HYAA= AFZE(n-i-p)et AFZE(p-i-n) EY

4 Minsu Jung; mjung@deu.ac.kr,
Dong Suk Kim; kimds@kier.re.kr

Copyright ©2021 KIEEME. All rights reserved.

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.

o2 Ukolxo], PTx9] HEuATlo|E EJFHAIE
QERQ FAL HPE TiO, et AES YA 450
= ool oMo @Rest WARol) [3-5]. o
FE(p-i-n)e] HRUATOE AL HA} HE
ol FHAEEL ALESA] Yot e AHE Was
sPA] Qret). SHAlRE 9Re] MU ATlolE EfepAlA|
olAe MA A9l [6,6]-Phenyl-Ce -butyric acid
methyl ester (PCBM)9] ¥ Z&} PCBM- &4 H=
Atolofl st AjAg o] HAStol m& ol o320l
At ol2fgt ZAIAE siiAst] flsto] bathocuproin
(BCP) [6-8], zirconium acetylacetonate [Zr(ac)s] [9],
calcium acetylacetonate Ca(acac), [10], LiF [11]e}
Ze o wmsel ansol ek a3 uue

BCP= ti#32 54 Yoz WS Alxste A2



74 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 1, pp. 73-77, January 2021: M. Jung et dal.

S| Al 2B A0 E EjFRR] o
of. 3 A2 & ez Axgt BCP
1, Ca(acac),] A2 HH
0] = mRYAIIOIE BRI a5 Hlu o
T HEo] gt mepA 2 Ao e A &9
3749 BCPet Zr(ac)s HMKOI 77t =i g3z
-i-n)Q] W RBAF}OIE = AlArsko

FHA 5o Rl

08 |
0%
o
re
-+
ol
o
38

O 5 o

2. M3 4H

2.1 H2EAII0|E ENUTX| &K} M=t

Fluorine-doped tin oxide (FTO) L8] 7]H®E oA
DI water, oJ&12 £A 2 Y S ultrasonication
olgste] AFstn 70°C @Bo @o] AR 1
Ar Zetso R 2 olgste] FTO §7] 71@o &
WA= ﬁoﬁokq PEDOT:PSSZ FTO &2 7|% 9
of doj=d] & 30%7F 3,000 rpm 27102 AW I
Bog Txst 150°CoA] 1087F EA2E ZIsist
th Hauasiole BBHEL 2s] Yaf 41
o vg= =Y DMFe} DMSO £ofo] 0.4 g9
MAPbI;E = &AZ AF=20A oF 3027t wyrA|zl
S PEDOT:PSSZo| =3%H FTO S2] 7|® 9o 15
ZZF 1,000 rpm = 5,000 rpme g AW FX ZHO
2 IS} opxjet 5000 rpmo 2 10x7F A|E o
solvent engineeringg $¢Jsfl QFe]- 2091 chlorobenzene
2 71 9o Gojz=ic}. 1 5, f2 UAJO|E Bt
27eks Y8l 100°CoflA 1023+ BA2]E Alegsict. of
S FAXo=2 PCBM 15 mgs 1 mLe] chlorobenzene £
ool ol Goke 7] 9jo] Wojmal & 30%7F 2,000
rpm 271o=2 FESH 1§ v#mEeQl 0.5 1, 2, 4
mM BCP = Zr(ac)4 7t7+ 2 [PA gafjof] =91 Ko
S 7% Qo @oj=d & 30%7F 4,000 rpm
2 3. oxgtor AxAt
== =Esh= Z10% p-i-n ¥
AP} AAbI,

for o

—|m

i

BCP 50| £o€l mZHAvtolE Bl Ax}
9] FAF MAF 0|7 (scanning electron microscope,
SEM) £H AFXlE TescanAle] Mira 3 LMU FEGE o]

gato] EAstgict Mg 89 BAo BCPet ZrAcac
BEEo] 247 =Y HRuAsolE EYRA Axt
o] B FSS 450 W Xenon 2BmQ} AM 1.5G
ey} Aatel e} A BelolE A|ARS Abgslo] &
A5t1l Keithley 2420 source meterS 0] 830 7]
=519t QB At -&(external quantum efficiency,

ORIEL InstrumentsAte] 100 W Xenon =i
7F A= IQE 200BS AMg-sto] E4 59t

™
o)
>
rlr

3749 ¥uZoz Ag® BCP ZA}
1(a)oll ettt BCP7F =4 p-i-n
o 2 8 A7}0] E(MAPDL;) BiYAAIE o]l 9l
250 ofyx] ¥l mALol o]So] XEH
a7t FxE 327 1(b), (c)ollA BofFct.
<t a'3']7j‘(SEI\/I) =0 A2 1(d)S E3]
o 2 H A7}0] E(MAPDI;) EJAIX] 9]
3 %#% ARfZ AFRE W 2B AFlo]EX0]
e °F 650 nm= =IE At

A 8d Ao BCP (¥ 2(a)?} Zr(ac) (L
2(b) ¥H5S H=H(0.5, 1, 2, 4 mM)2 27 =
g p-i-n type?] T 2BAF}O]E(MAPbL) EfUA
AXRIS AAEFsto] BAWSIEA S | wstgTh v

IS B L |

ofo
12

o PYo>
L7 ro
|d
nE

)
o
e}

S

[e]l

P L T4

-
[
23

ki
0
m
20
o
4n 4

N
©
o o

o >

o\)p

&
o

(1]
‘)
@
o

@ ‘N" $8d'1003d
T
dod / 2
zie

(o

PEDOT:PS$
FTO glass

Fig. 1. (a) Molecular structure of bathocuproine (BCP), (b) energy
level diagram, and (c) device structure for inverted perovskite solar

cells with BCP buffer layer. (d) Cross-sectional scanning electron
microscopy (SEM) view of BCP buffer layer-based perovskite
(MAPDI;) solar cells.
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Fig. 2. Histogram with normal distribution of photovoltaic efficiency
from inverted perovskite solar cells with (a) zirconium acetylacetonate
(Zr(ac)s) and (b) BCP buffer layers.
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Table 1. Photovoltaic parameters of the best performing perovskite
solar cells as a function of BCP contents from 0 to 4 mM.

BCP Scanning  Voc Jsc FF PCE
content (mM) direction (V) (mAcm?) (%) (%)
Reverse  0.58 21.28 47.05 5.82

0 Forward  0.38 21.21 21.42 1.74
0.5 Reverse  0.80 21.34 54.37 9.24
Forward  0.64 21.41 41.66 5.69

Lo Reverse  0.89 21.50 57.24 1091
Forward 0.81 21.51 46.59 8.10

Reverse  0.90 20.36 65.66 12.03

20 Forward  0.90 20.48 61.51 11.27
Reverse  0.89 21.01 62.86 11.75

+0 Forward  0.88 21.17 55.89 10.36
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Fig. 3. Series resistance (Rs) and fill factor (FF) of inverted perovskite
solar cells as a function of BCP contents from 0 to 4 mM.

I3 7

g
o
os)
Z
1
2
=)
Y,
oot
N

o

=

QI3 7oz Bolrt
27 olsist7] gl
2 =99 Hausiol
(series resistance, Rs)
1 3A&(FF)E =AstH. BCP HmES &5%=7F 2
mM 2 47HR] A E(FF)& S7Fetal AlBAF(Rs)
Tasiedl, o= BCPY T=jo= PCBMIF Au AH
| £E7| A (schottky barrier)ofj4] 291 & ZE(ohmic
wsto] AwolAo] Ast Aol La

2
FA

ol 0O

A
0

to =
o o=
HS sk

=

SO

T

ot

o

sto] §& 4oz olojxl Zoz Helrt [6,7].
38 4 BCP ¥ 39 s|AH A A0 D]R]= 9

&2 &Qshy] s 57485 A gt &3 UE
Y BCP HHZE =xH(0.5, 1, 2, 4 mM)E2 =d%
H2H AJlo]lE EJFAX|Q] reverse?} forward H}sF
o=z A7Hsto] A2 AFYUE-HAY FAolth. HEHZS
o] =YX Q42 W REAIO|E XA F|A
El2] Al A R]4(hysteresis index: HI, 0.70)7} 7} =



76 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 1, pp. 73-77, January 2021: M. Jung et dal.

16

2
Js (MAcm™)

N
L

N
o
L

-
(-2
1

-
N
1

-]
L

-2
Jsc (mAcm™)

»
1

N
5

-2
Jsc (mAcm™)
- - [¥)
» o N (-] o
1 ! h ! N

N
[

?

2
Jsc (mAcm™)
A © N @
1 1 ) !

N
L

2
Jsc (mAcm™)
- - N
[--] N (-] o
. h ! N

£
!

0.0 0.2 0.4 0.6 0.8 1.0

Voltage (V)
Fig. 4. Photovoltaic performance of inverted perovskite solar cells as
a function of BCP contents from 0 to 4 mM. J-V characteristics from
reverse (black) and forward scanning (red).
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Fig. 5. External quantum efficiency (EQE) spectrum of 2 mM
BCP-modified perovskite solar cells.
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