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Development of Organic-inorganic hybrid perovskite thin film solar cells
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Abstract

The pore-free and compact FA,sCsq,Pbls organic-inorganic perovskite films were fabricated by a
two-step method using reaction of a porous Pbl,-(Csl), thin film with FAI 2-propanol solution. The
thin films were characterized by XRD, UV-Vis absorption, FESEM, and AFM. The thin films were
applied in planar structure solar cells, giving a maximum PCE of 14.7% with Voc of 1.02 V, Jsc of
21.4 mA cm?, and FF of 67.5 % in reverse scan. Further, uniform surfaces with minimal roughness
FA, sCsooPbl; thin films by one-step method using 1-Cyclohexyl-2-pyrrolidone having a high boiling
point and a low vapor pressure as additive.
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AR~ 7 2 A D A A MZ CH;NH; (MAT), ® A GENFAY
B AT Pb?*, X $ARC & AV 7= MAPDI; % IV 7= 4 © : B&E
HHIRRHZ VA, MATIZIE O @A=L,V

CH;3;NH;" S CH3NH, (# 4-6°C)+H"
DA 7380 F- 3 D CH3NH, 28 100°CFEFE DB | F B 22 1 ROTRAhAMEE
HCE BT DT THBEDF A BEEL, MAPDl 23 fELCT W EWO RIER DD . A FA A
CH(NH,),"(FAND LA IZIE LRt D X572 E#11d72<, FAPDI; i3 MAPbI; KO EWE NN TRY, &
IZHEFE N RE Yo7 H MAPDI O 1.55 eV 75 1.48 eV E/NEL720, HEEA O KI5 E M I ERARA 722
NURX Yy 7 1.4 eV I/ 5. 2D FAPbI; (21X ZE I #E P3m1 CRA DL, ZZM AL P63me Tk
B OSROHEE BAERPFEL, BIRM I CIIOEEEBA 2 RIRWSIER L E THD °. FAPDI;
D AP A% CSITHER Iy EHL L T2 FALCsPbls 1X IR Caff 222 E THY, @\l E - e P2~ L
BN B AR 2 R T ZENDIE B 2 E D TS 42,
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HIDIZ PoX, A AL, AX VAR & SOG ST ABXs MR AT K 5 — Be B (X 3)12d0
FALCsPbl; H D R A2 5 7=, ZORE, LD 2 L —IREZHND.

Pbl, (thin film) + (FAID)14(Csl) (solution)
— FA..Cs,Pbl; (thin film) (1) 7
Pbl,-(Csl), (thin film) + FAI (solution) AX APLX,
— FAL,Cs,Pbls (thin film) @) h"i"— —’hl—ﬂ*
Csl I%, FA,Cs,Pbl; Z{&fiE 3% DMF °0A% /) — )VIZ R TC B . i

R ‘ ) ‘ 3 ZERZORAR
HDHDY, FALCSPhl; ZIEME LR 2-7 103 ) — JLIZIZ AR
THHDTQR)DN—MetR LTz, 72 PbL I RBE THY, FAI 55 PhX, IR ETRIEL T
SERIIN LEEWEDN TSNNSO T, DMF B 4-tert-7 F /ALY (TBP) ZIR L T,
PbX,-TBP $& 1A% — HIE R Li=t4k, B\T =— VIC L DR D5 fRICEV AT DL LIME T AX IR’
EDREMED R PhX, B OF]H & Mgt Lz °.

HARELTT v HER—T L AR (FTO)AS 300 nm 2 — kS 7= H TR Bic, FHLIO4Y Ty
VREA(TBF AT B =R EFEEL TAE 3 —hET 40 nm O#E TiO, @2k Li=b o
Z 7=, 1.2 mol/L Pbl,-(Csl)o, ® DMF XX DMF:TBP 9:1 v/v A &85, UV/O; Peif L7z
Glass/FTO/TiO, 24 112 2000 rpm, 20 F TAE=—kL 70°C T 10 437 =—/LL7= Pbl,-(Csl)o.
5D SEM #4723 4(a), (b)TH
%. DMF IR L 72
Pbly-(Csl)g., 7 BI85 TRk
#iE%& /R L7223, DMF.TBP J&
BB DR L 72H D 1X 2 5K
DZEHLEA LT, i R
470 mM @ FAIl 2-7 18 ) — )L
R % F1LC 3000 rpm, 20
BCeAr a—hL TGS HE, REIFEE LR E O FAl 2 2-7 a8 ) — LTV L, 150°C,
10 4y 7 =—/ VL 7= 5 % X #R[51 31 (Bruker D8 Advance Eco), 284+ - AR U 45 S (UV-Vis, &
A UV2600) TREA L 7D A3 5(a), (b)E725.

2 (a) DMF BEMSHIEL: TUFYILRUNED
FA sCso,Pbl; EE D SEM & BEXX

4 Pbl,-(Csl)o, BIE®D SEM & (a) DMF, (b) DMF:TBP &%
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B 5 (a) Pbl,-(Csl)o, BT X5 (b) RATRAANEED
ROTRADANEFED XRD /83— UV-Vis ARIEIL

DMF & 175 AR IBE U 72 4808 722 Pbl,-(Cs1) oo #2225 13 Pbl, ©(100), (210)12)F B Sivs 12.7°,
39.6° DY — 73 &4, FAI IR &S HITHTT2IZ 14.07° RN EE =27 DNmT 2L D alkd
E—INABNDD, RSO Pbl, DE—27 D)5 NS E N TS, —J7, DEM: TBP IEEE) B
BEL 722 FL'E Pbly-(Csl)o, i E FAI R IR A RS SETe_Xa 7 2 A MNEE ) HIE Pbl, DE—2
SRR HENT IS NERIZEITL TS, ZHUSHEW UV-vis AXZ ML TIERIURIZE L LY
810 nm THHAY, WL HEAS 530 nm @ Pbl, 2MFTE L7 FLE Pbly-(Csl)o o WS AL LT
R 2 A NERD J5 75 810~530 nm [ OW K E .

130 nm

6 RATRAANEE®D (a) SEM 12, (b) AFM 1%, (c) KIBEMEE D SEM &

% FLE Pblo-(Cs1) g N B R L Te a7 2 A MNE D F 1l SEM % %1% 6(a)lZ, JR 77
BEMEE (AFM) 82X 6(b)IZ, IEFLE@REE LT 2,27, 7-T FIF A(NN-T-p-AF LT ==L 73
/)-9,9-AE'HE 7 /LA L L (Spiro-OMeTAD) & AL L o — M L, $RFEMA B 2278 35 L TIERIL
7oK R O W SEM 4% X 6(c) _/Ta“ HITER AR D Pbl,-(Csl)o o HEMRIZIZZ F D22 FLINMFAE
L7208, FAI R E DS EDEFEIZIEIC LV ZE AL F0, B 2 & 4 SR NS ST,
AFM 53R D7) H Fe L1321 nm EELERAY IR THY, Wil SEM B25I1X TiO, /e~
AHANE, X7 AHA K&l Spiro-OMeTAD J& i ZIE K BGIZFEE T, AL—XR R mTh
5.

ESLL 7= KA AM1.5G, 100 mW/cm? D &L K
B5 6 FRS N CREM L 7= & XA S5 17 (FS -0.5—1.5 V)&
W5 (RS 1.5—-0.5 V)IICAF v L, A7y 7 10 mV, &

FERFRD 1 ms TIT -7z, if ﬁmfﬁaﬁﬁ&%‘éE Voc 1.02 V, :
IR B E T Joc 214 MA cm?, HUARIR T FF67.5%, % aod | |

B HL) TR PCE 14.7%, JHEJ?F’FU“C‘ Voc 0.916 V, Jsc O e, M

20.2 mA cm’, FF 53.7%, PCE 9.93%% ~L7- °. Z¥F+ 7 ROTRAAACKEEMD

VI NC RV B o7 BB E-EBE R R LN, & R ABRARSE TOEREE-SEHE
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INFETEMIEIZLV a7 ANANERZ R IREL TE2, ZEEETE T e ARZ 00T
IR N <720, NRTA—Z— NG R 2DEVHRIEN S D . 2T i 45.(286°C) - KR &UE
(7 Pa, 25°C) @ 1-37u~FL-2-t' R (CHP)® % DMF ¥A 2/ BRI L CIA AR 96 i %
T HZEIZENT TN NEE WD S, — B E TS T — 72 a7 A A MNE R
DO %Z HFE L7, 1 mol/L FAgsCso,Pbl; DMF:CHP(CHP=0, 3.5, 7.0, 14 vol%) & iR %
Glass/FTO/TiO, £:4K _E {2 4000 rpm, 50 B CTAE > 22—hL 170°C T 10 43 7 =—/LL7= SEM &3 [X
2(a) B LV 8(a)~(c)E72%. CHP D is & 7.0 vol% T X 8(b) D22 LN n KB 70 26 #ik il T i
RV 15V Wil

) 5 ,:(‘ l h:‘—‘% § ,..\ 3 “ - ",., ." ~ _‘,":- % ,_j\:’ ;
8 RAJTRAANERE®D SEM 18 (a) CHP 3.5 vol%, (b) CHP

7.0 vol%, (c) CP

O A KB L7-E 2 AW T Voe 1.08 V, Jsc 19.1 mA c¢cm, FF 69.0%, PCE
14.2%, JIEJ5 161 T Voc 0.978 V, Jsc 18.9 mA cm™, FF 49.8%, PCE 9.20%& — B [ 15 L1 EIT [ 25 o1
VAV 2y ahrall

4 Fk¥

ATBR AR L LT ALE Pbl,-(Csl)oo A U FAI VAR & PSS DL IVR G D Pbly MFELE
L2V 72 FAQsCSooPbls TR 2 Rk L7, 23L& I KR d 2o FH L= &2 A 7 [a) A v
RFIZ BB AN R 14.7% G0z, Flombh A - IRARIED 1-v7ma~F o v-2-'a N4 &
TN HZ AL — BEPE1ETH — s OB 72 FAQsCso Pbls MR Z/ERLL, ZH 5% e #agh =R
ELT 14.2%E — BB LITIE RS O RN S b7,
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