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ABSTRACT: Perovskite solar cells (PSCs) are currently attracting attention as a promising source of photovoltaic power generation for
their rapid increase in efficiency within a short research period. However, the 2-step deposition method, which has been considered as
a proper film fabrication route in commercialization point of view of PSC, requires a complicated control of environment to achieve high
efficiency because each step of the process are affected by humidity in different manner. It is clearly a large hurdle for this technic to be
transferred to industrialization. In this study, we developed a simple surface treatment by which high quality perovskite films can be
fabricated through 2-step deposition method in a relatively wide humidity range without complicated humidity control at each step.
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PSC : perovskite solar cell

MA : methylammonium

IPA : isopropyl alcohol, 2-propanol
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Fig. 1. Schematic diagram of perovskite solar cell fabrication method



K.N. Son et al./ Current Photovoltaic Research 9(2) 23-30 (2021) 25

2.1 Pbl,
2.1.1 87t &2 EZ()30%RH)
Pbl, &8-S 4| 28 ufj ARE-E]= URE Q1 81 QI DMF+=
T} A 9t whabA Pol, S-S 2 5k 3 of| A gk
ol &= S5 Eok
E-2 DMF (0.386) .0} F4 =2 Abf| =-4(1.000)S 7HA =

£ 37| 5 H,07}F -8 Aol 410]74] %™ DMFo}|A] Pbl, 2] &
B &7t 7rasto] Alo] =] 2] ¢k Pbl, 2 o] WAt whetAd,
E97]o| A4 A|Z=H Pbl, BE-2 UHA © Z pinhole

a1, ofof| et 2 #H| 2 H A7 o] E vk A3 5

_.5]- _1_7]
o] AH7;] ;q
A ZHA| Hok

30%RH ©o]/42] A5G E9]7] o A= Pbl,/ DMF £} &
H,09] FFo] 3 wt% o]4o] € 4= )=t o] - A% Pbl, &

So] G448 4 gleka el ek,

2.1.2 O Z4=5t £t4((20%RH)
HA 0 g 22 DMF -21j|o]| 4] Pbl, 0] LS ,9_3]] w2 ola,

H,07} 323hE] 7] ok ol o & A2FE] ppl, W2

fle] A8 BYSHE Ao wasslch ol s o
Q13 A Apo] 27k U A A7) o

= 913} 81t L] pinholeo] Z7H3HeF,

2.1.3 HEsHH =&
Pbl./DMF)
DMF o 2F2 wt% % 2| H,07} 4lo] &
7S A o7 HElom, o] 2 2l5
2 Bt} o] 7Hssle Y,

El &5 2t24(20~30%RH, H:0 2 wt% in

}‘N OLL,
E
g
Iy

2.2 FAI

2.2.1 7} &2 &A()3 vol% H20 in FAI/IPA solution)
371 59 H207}FAL &340l ZHH>3 vol%) H7HE 745,

Zkod Pbl, €42 §HE-© & (FA)Pbls-2H0 F7HA|7} /g = o

B O W0 = ¥hgo] AE| T a-FAPbI, 325 47|

E A4 Aol ATy

2.2.2 I} =St #Z({0.5 vol% H20 in FAI/IPA solution)

Pbl,2} FAIZ} HH-$-3}0 FAPbI; 9| 2 B A7}o] B ARS: & A5}
L 3pge %7k 3k W2l FAPbL; - H,0S 7 3 4] dofut
Ao BEQlt, il AxF BACIAE ol F1H4
£ 9k50] 2 H,07} ARE. 1 Ad} iz HAstole fow
o] yhg-Bo] hasdlo] s ZHAto| £ B Ao A Aoz
o Hep.

2,23 HHSP =HE &% £Z(0.5 vol% H:0 in FAI/IPA
solution)

0.5 vol% =0 H,0 FHeke o2 H Avjo| E 0] Qx}2 =l

. Pbl, &3} A4 v]&-2] H,0E 3313 FAI
W18 A o] ZH4d}o] FAPbL;-H,09] 37+ 4=

i

o= e FAL EolFE Aoz IRk o) 2 Fa H2E
A7bo|E AR omo] Wig HES SV YA A7

~300 nmof| A 2 ym = BT A|A, HFH OB 42} G T
F7HIA .

2.3 o€
2.1.1 871 =2 Z()30%RH)

EE 55 oA of I A AR o d FEetel = 2
S| = H A7Ro| E A4 F=S(RIRbe] Agho] FAE= e
2 HEQt) o]t 32 A AR+ HE A 27 E 4= 9]
1, Voo % FF A5}2] 2lo] rp,

od

0 }24((20%RH)

9 21x5 oAM= 1 71 o d | Alzte] B Atk o]=
Bl g7 o] == FF A4 4] Roll-To-Roll 578 7t
Y
|

Wl ko, A% YR A% S A8 Zuo

21,3 MHEsH| =HE & 5._?;(20~30%RH)
oju g A7k} A4
011431 /\]7]- ZX—]%E:—H Z 3]
& Ao Aj#to] 7158l X 3
o gl 3Ksolvation) & ‘?‘i*ﬂ =4 oo tfgt el & WSol 24
A golslA d57] ujo] P
o| Ao A A st vfe} Zho), Pbl, vk 3 A], FAL -8-8 A
ol Ao H= FFFS A A o7 qokstH, P2} o]d
- 20~40%RH 5= W 9ol 4 = g 2] <1 Hh, FAL §
F20.5vol% F = =& ol eh= v 52 5=
9 1E] H 2 HATRO| E HiukS Y5k Ao Haly
1 TP, o]} B Eo), FAI 28 2|3 o1d e ) fuf Ao

E
°
T

A9 H09}] Bhg-Ado] th2 5 574 T (Pbl, 19 9 od )
o A Kt o ferha e R, ol 55| FAI 89 519
A Q) 4= Aof 7} 71 Al A o] ALt of ke AE AJAE.

24 Y2 &

HHHM T SYE 71531 617] flt 7]

ZE Ad7E

oro] A2 9} o] H,0+= Pbl, FA, FAI 2, o]dd &
2-step 578 Awo]| AA FH I3t Fake Fct ool whef whdt
A|lzo) 7k 34 HE H 0] Fk Aloj7} a3t Aot

E3] 99 I EEZ P, TS AA Hor] o] F2 E Hpio
A Z3lElal o] AL o) 7] 7ol A WaElALE, Pbl,/FAI
T AA S SR HE Ao A 8 £ T 9 FAHSSARAL E
B A E o2 2 olA 8shs 5, 28 30l Aol



26 K.N. Son et al./ Current Photovoltaic Research 9(2) 23-30 (2021)

halide = SCN © & 2|3kot A1 2 AFL310] 15%2] 522
B gk O, g2 BATI0|EQ] A4S wEA ZIPA|A H0
o] JFFS 2| Aslsl7] St TS AlATF] 18.8%2] &
© BTF I8 5 ofe] A7AE0] (L We oo &
= 2 HEPSCO A 27} 7Fs A 1S =g S 72 e

Jejy ol WSS 3 BEAE B ST W
B2 AA =S #of e}, 20% o]l &S HojEA|
ST Aedhutel o] 2 AFto| A =H,07} Pbl, Z&
oA} Hr}=FAIl 2¥ o] F 79| vl-gAo] o =
vl o &2, FAI 8- 519 2] 5-0] 7hekst £ A 2] & At

slo] B4 s@skaA) sl

ot
o

|

oo
o E

ja)
i

=

3. &l 4

H &J3Lo]| A= SnO;, (tin (IV) oxide) colloid precursor, N,N-
dimethylformamide (Alfa Aesar), Pbl,, Dimethyl sulfoxide
(DMSO), 2-propanol (IPA), Bis(trifluoromethane)sulfonimide
lithium salt (Li-TFSI), Chlorobenzene (Sigma-Aldrich), For-
mamidinium iodide (FAI), Methylammonium bromide (MABr),
Methylammonium chloride (MACI), Spiro-MeOTAD (Lumtec)
% g3l

Hju g 4 A2 BE FH L AEPA 2 AEES A
o] )= A3 4] Yjof| A =893} tHCK Solutions Dehumidifier;
SHX-DL-V3-PT-AP). Al5AA] 9] AA-S 2431H 20~40%
RHEJ # 9ol A A o] S5 Alofd 4= Ut

2AE A2k 918 ITO 718l e} & 0.8~1 em 2 S
oAl & DI water, Acetone, Ethanol =0 2 £x}4 0 2 Z2u}
H=5t0] ALg8tTt. 01 AIHEHITO 7158 plasma #2)3
o] A& 3E 7 4,000 rpmof| A 30 % 52t SnO; nanoparticle B
& 29 ARSI 150°Co| A 304 Bt o B sl 1%, 1.3
M Pbl, (DMF : DMSO =9.5 : 0.5)E SnO, & ¢°]| 1,500 rpm ]|
A 302 F¢F 23 FESIAL 70°Cof| A 12 &<t ol e Fsk3ict
FEEPb, S AL 0 Z Al3] T FAL: MABr: MACI (60 mg
:6mg: 6 mgin 1 mL IPA) 3} 8908 Pbl, = 919} 1,300 rpm
oA 302 FeF 2 IRSHY. gl H A A= FAI 23§
o2 TG AT 150°CoIA] 155 ok o] s, A
2274 2-propanol (IPA)2 Z-8 pm3} AJ7F 278 AR&-310]
37 A2} 3l & 7 150°Co) A 153 50k o] I sheiek. o)
HAZLO|E T4Z 9o 72.3 mg 2,2',7,7"-Tetrakis(N,N-di-p-
methoxyphenylamino)-9,9'-spirobifluorene (Spiro-MeOTAD),

35 pL Bis(trifluoromethane)sulfonimide lithium salt (Li-TFSI)
stock solution (260 mg Li-TFSI/ 1 mL Acetonitrile), 30 pL 4-
tertbutylpyridine (tbp), 1 mL Chlorobenzene ©. & <-4 %! Spiro-
MeOTAD &8 ARg-5}0] 302 521 3,000 rppm O 2 A 54
=2 FESH L) v 9O 2 80 nm 2] Au HE-2- Evaporator 2

-V EA-& AM 1.5 G illumination (100 mW/cmz)i Ry
7} E 2= Newport Class A solar simulator?} Keithley 2410
Source Meter& ARg-sto] S5 ITE. S 2xk0] WAL
0.113 cm*o|t}. J-V A2 o4upaf A7H(1.2 V —0 V, step 0.02
V) 3F A0V — 1.2V, step 0.02 V) 24 oA =74
algict.

SEM o|u| 4|3 A W& ZAH A4 @u] A(FE-SEM)..2
Z4 ] I tH(Regulus8220/HITACHI).

H 2B AFIO|E vhako] X A 3] uffEl(20 scans)- SmartLab
(Rigaku) 1D High Speed Detector (1D & 0D), D/tex Ultra 250
oz AU
4, ZDH Y DY

Fig. 29} Table 1-2 <25%RH & o] &% 3H7(0]5} Low
Condition, LC)Z} 35~38%RHE Ao]E &% 3H7(0]3} High
Condition, HC)o[| 4] A| 23 | & 2> 220 TV 24 Ayfo]tt.
LCo A A2 a5 2 2205} Ref-LC) = 19.48%2] H-8
= H3IAL HCOl A A2kt gl f 2 422K 0] 3} Ref-HC) 9] 75
=11.79%2] 882 B Tth Ref-LCHET}7.69% H =2 G-8 #
5= HYch

Ref-HCI-V curve 5 21 Voc2FFF &) ZH47H =2 2] A| 2
ZHelt}. 53] FF= Shunt A|3}0] 4 i 0. 2 Hol=t, &
FrEoA] RS Al2sh 7|E Hare) Zho] wiuk U fL.o) 3=
@40 2 Shunt A3}2] g7k Aojubs 202 LY. o]

25

20

J (mA/cm?)

—a—Ref-LC
—v— Ref-HC

0 I L I I
0.0 0.2 04 0.6 0.8 1.0 1.2

V (volt)

Fig. 2. Effects of humidity on |-V curves of reference devices
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Table 1. PV parameters of reference devices
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Table 2. PV parameters of IPA treated devices

Efficiency Voc Jsc ]
(%) V) (mA/cm?) Fill factor
Low condition o
(22~26%RH) | 2090% | 110 23.07 0.76
High condition 0
(35~38%RH) | 20%8% | 111 2359 0.80
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Fig. 6. I-V curves of IPA treated devices at LC and HC conditions

Fig. 7. (a) Surface and (b) cross-sectional SEM images of IPA-LC
film. (c) Surface and (d) cross -sectional SEM images of
IPA-HC film
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