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Abstract

In organic-inorganic hybrid halogen perovskite solar cell, the electron transport material and its
interface with absorption layer play an important role on the photoelectrical conversion efficiency.
The mesoscopic structures of the electron-transport layer will directly influence the growth of
perovskite layer, whose microstructures are crucial for the stability and life-span of solar cells. In
this work, the layer of TiO; nanorod arrays grown by hydrothermal method was used as the elec-
tron transport material, and a compact TiO; thin film deposited on FTO substrate by magnetron
sputtering as the blocking layer. It was found that the compact TiO; layer can effectively inhibit the
recombination of electron-hole pairs at interface. The perovskite layers were prepared via
one-step or two-step chemical solution deposition. The quality of the two-step prepared perovs-
kite layer is much better than the one-step one, and the corresponding short-circuit current and
efficiency are greatly enhanced for the former.
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B A2 I R R, AT T RE R I T SRR, TR A REVR ) H A 55 LA AR A FH oot
WIS g, 51k 7 AT AR BRI A U T 3R o K PH A B it A v — Rl RS I RIS T RE TR, ©&
EAE LR B 2 0. W R R RBHAE, SO T A& B R RO T B RTE SR
R PH f it = B e SRR, 2 SR AR R, BRI S, DL TiO /A ML RHE LRI AT
MU BHfE FE &5

AL - TEHLAAASERE [CHaNH3Pb X5 (X=CI, Br, I)]7£ 2009 425 — /X 4 Miyasaka 25 A\ 37 H T Y6 AR 413,
FHoAr N CHaNH3Pblg VE ARG 2 (1 A B T 3.8% I UL AL AR [1]. 2012 4E, Gratzel W 70 41 [ 75
AP G Spiro-OMeTAD B RAS HUARIT, 4 73T CHaNHPbIg IR 2 i 18 25 3744 45 K FH R
i, SEHFEIRSERIES] 9.7% [2]. HJG, AMTOEERE K BHRE IR IR SR T — RV, Hotmi
ez T 2013 ik F) 15% [3], fE 2014 FFH GRS ACE CIAF] 19.3% [4]. BEEFERE K FH AR HLIt R
RAFAWHRE, AR NG Z b Az e 5] A M[6]. KA A1 1) % (8155 77
T A7

TE [ A 45 R0 K BH BE it fe L RS IR OOE R A WL 8 = Xk AMXs, A — O AHLIHE T
CH,NH; & HN = CH (NH3)"4%, M N & @57 Pb* e Sn®* %, X N CIT, Brok IS x i 1. L&
RgERn I 1 ps, Hb M 5 X EEUE NEARX R, M AT VE R L, TR MX6 #9575 %R
SERE), A AR AT TE )\ THAAR 2E F 0 R0 T BRSE 5 4%, W T 13— 46 1 J PR 45 4 (9] HL AT, 1l 46 CHaNHSPbl,
MR BE B hRRE, POD TR, LR KR ILZE[1]-[5]. Michael M. Lee 55K F — D i ik AEN
FLEAALER B & S ERTT 2, HOR R CRIE R 7.6% [5], ElT ke TEMRS, TP
PSR 2 0 S KBS, N T X — 0], Gratzel B Ft 4R M B e i, AL 74540 2 14
n TR SR TR, 4% HBCRIE E 15.0% 1) WL S5 A E5 KA R BHAE R [3]. e 28 (1) A WL 45 F B B AT
K PHBE H It LLECS Tio, NH TR, /4L Tio, WHESR, fEHE M A=K CHNHSPbI; J5, Jigik p %Y
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Figure 1. The crystal structure of perovskite materials
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e PR BME A2 UL 2 B4R, Liu 555K FH 3L 2050 46 tH = 5 & CHaNHaPblg #5ERH R, il 2% (1)~ 1 7
JREEREVES R OR BH fig FE VAR IA 31 15.4% [10]. 7F CLRIE 1 @ AR AR R R FHAE FE vl A, 440 EK TiO,
SR e d ) AR E AR, T H 2 R RRIVEIE R TiO, 24k, TEJES8HB KA, 185 T A,
TiE N I E AR B F[3]. H BTSSR AT S AR A 1) Wi IR T (<150°C)Hil %% Tio, 3t
fi A2, AN T RS S R AE = . 2) SR E FH AR S5 M R B A AR B AR 4L TiO,
YUK GEHINESE B Tio, T EMZNIT . N T IREA LB EAERZ AN 2 A K s R 2% A
AL, FRATLL TiO, Gk iR HEF I R B T4 )2, IR ZK HGE R % 23 5l i 4 7 A TEgh
KEEHI) n Y TiO, JZ I AR — 0%, WDkl % tH CHaNHgPblg, MARLEE K 5 3844 B vk U7 Tkt
ERERET R PHRE AT 118 . ELAR A B EE A B A0 P 2 B

2. %

2.1. TiO, B FEM BRI &

FTO S HLBI I H AR . LB MK & #5510 min, WF & . — 350 IR AR /R R b,
P E R R . RIS, 7F FTO A LIRS E LN 30 nm (1) TiO, 2, ARJ5 5 7l ik o
A TiO, BUH JZ ARG TiO, BU% )= 1) FTO BRI FIAKIAS M ZEH, A H 30 mL K#HER, 27
mL LB 77K, 3mL JE/K ZEEA 1 mL AKER Y T BsVE & e B BT IRARVA W, 28 150°C /K R N 4 7B HL
t, ER TG R E L))y 500 nm T TiO, 44K 4% [ 51| i

2.2. CHsNHsPbl; Bl P Bl & S BB RAVECH!

— 251k CHaNHPbls 7244 Poly Al CHaNHSl 4% I8 BE R LB 101 ¥ ARAE N, N-— 1 3£ F Bl (DMF)
W, R BROG R T 75 CHRE 12 he PR RIR 2 4% fEOCBR[3] 1 7724 i 462 mg/ml 1¥] Pb12/DMF
AR 10 mg/ml f) CHaNHl/ 57 A EEIA W . Spiro-OMeTAD &AW HIEL Eb oA 72.3 mg Spiro-OMeTAD,
28.5 uL 4-FU T JENENE, 18.5 uL 520 mg/mL LiTFSI ] L5 AT 1 mL SO, WAL % BB 564~ 75°C
bk 12 h % H.

2.3. RtERfFRYE R

FEZK P 4 1) TiO, K BB E ek — 7% CH3NHaPbls ¥, #3d>y 2000 r/min, I [A] 30 s,
SRRAET BT 100°CIBK 30 min; PIBIEH % CHaNHsPbl JZ2 1E K AT % 1 TiO, 4K 713 1
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Figure 2. The structure of perovskite solar cell based on TiO,
nanorod

2. BT TiO, gAKEERIEEEAN K PHAE R ith &5 44 &

LR Pbl, 7, ¥5i# v 2000 r/min, BF[E] 30's, #RJEETFEHH 90°CIB K 30 min, fFEFAH)E, Rl
£ CH3aNH3l [ 5 A BV 10 min, Bl 5 46845 FE 48R K 30 min. £r2 45, ik I Spiro-OMeTAD
FIERVETR, #5384 3000 r/min, 1) 30s, bl & fEuE 3 Frr.

24. HEREME

SR F 2 [ A1 & 50 A \] 1) D8 Discover X i AT 5T 5T TiO, Al CH3NHPbl g FERE I di A 4544 s KA H
A HL TN T 3 RS T B8 (JEOL JSM7100F)fiF 7t 7 s £ 26 T S % i 50 s SR P H A 1 i g 48 b
AL UL 6 B T T R e s SR A B ORI R G R AR e B IR - R R R
2k, oA b T 38 SLA 7 AE P2 1 7TIPX500 245 500W kT 3K 75 AML.5 BBl R BHG, A 5 i A 2 5
PRI 7 4t (Keithley 4200)#EAT 6 HLIA - FE RS ARRIE i 2
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3.1 mib4E

IK AL % TiO, 9Kt K — D3k, Wil CHaNHaPblg i) X SHERATH R 4 s, 781 4(a)
FETLUE R, BT FTO MIXTMOATENIGA, EF TiO, SR 440 A AH(101), (111)Z ATt B, 560
TiO, HBAE FTO K T4 A4 . ] 4(b) A— A% 4 1) CHaNHPbl IIAT I 3%, H i ER 74 CH3NH,Pblg
FThTUgst, AT WG Pbl, (003)fJid B, X2 N,N- 5 H Ik i (DMIF) 5 A A i 1) PR skl BT 28,
CH3NH;l 7E DMF Hrigsfig it e AR 22, S EOCE S L Pbl, 5843 B 4] 4(c) b i1 4% 1) CH3NH3Pbl;
(AT B, Hor U CHaNHaPblg #7504 H B, 3 B 214 Pbl, 08, 356 B 1% 93 25 1L i) %% (1) CH3NH3Pbl,
FEAEFER R, it Scherrer 2470 D = 0.89 M/Bcosd [11]F AT AT LASE Hi 3 25 v il 45 1) CHaNHaPbls [ Stk K

/K42 nm.
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Figure 3. The schematic diagram of preparing CHsNH3Pbl;
via one-step and two-step method
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Figure 4. The XRD of TiO, prepared by hydrothermal me-
thod and CH3NHPbl; prepared by one-step and two-step me-

thod
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3.2. SEM S8R 3 #hr

Vel 5 J9RE il B3 1 4 P B 3 TR 1] o 1] 5(a)  BL3AE FTO A i I K FAGE I 4% 1 TiO, IR THI
TSR ZR T v B X A 3 AT BUA AR K ) TIO, K FRZE G, 9K ELARIS S, £ 15 nm. KRR
J7 1 54 R IVEL T MAFE—E A, XEFNEE . BRI RN T 90k D — & M LK IS
FHARGOK AL T U LA K IO TTRE . [ 5(b) 2 & A MEF IS 802 Tio, Z R il 3, v LLE 3|
FTO B JE B2 250 nm, T2 Ik 1) TiO, 308 2 & B2 24 50 nm, ZK#A: K Tio, 99K #E )& B2 24 500 nm,
A B AR Z 1 R N 550 nm, SE5ERAT K BHAE FEI H ERAR Y N B2 R FEEAHIT . TiO, 4K Ul B
THRAEK, 5 5@ rRIES A —2. 14 5(c)H i 2 22 £ 1) CHaNH3Pblg FIER T3
B, SR R SF Y A 7 S5 R R SR, AR R/ NS 35 nm, g RS AT TE T Scherrer A 30T
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Figure 5. The SEM image of samples: a) The sur-
face topography of TiO, nanorod; b) The cross-
section image of TiO, nanorod; c) The surface
topography of CH3sNH3Pbl;
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3.4. RIFHE
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Figure 6. UV-vis absorption spectrum of different samples
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Figure 7. The current density-voltage image of solar cells assembled by
different electron transport layers and perovskite layers
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Table 1. The detail parameters of cells with 4 different structures

1 MM ESS R RIS

EEMES o] TTi% HL IV JELI LI B ImA x cm T 1% s HLEE A%
—357: AMX/TIO, 0.48 9.98 27.3 1.30
— 9 AMX/TIO)/

S TiO, 0.52 8.61 40.6 1.82
#2513 AMX/TIO, 0.54 10.52 41.6 2.36
W5 AMXS/TIO

5 Tio, 0.56 18.27 36.0 3.69

Bl 1) 1 T S B0 THO, E X PR AT AR SR i L B . HEUE TiOo, BHAYJZE 1 25 il 4% 1)
CH3NH3Pbl Hjth AR St — 25 15 e it i 48 B HL IR B N T 112%, #EHBCRIETE T 102%. X 7843 1t BH 95 25 1 4]
1) CHaNH3Pbl g 2 HAG 8 5 (1 56 AR 125 0 Ok AR 00 B o 11 it A TR i, 07 T B P O E B N I A
Ho —AVEHIE M CHNHPbIg JZ T Pbl, BB, BEAK T 25O B 2R i, 38 1 i = )
FAMRIGE G, 3 BRI 6

AH EE ] B bR A VR ) 46 TS BRAT 5 M R PH R F v, 3% B A8 B R MR e B IR KW 28R . =
L PR il £ (1) CH3NH3Pblg 2 A2 8%, 41 SEM 4] 5(c)FTR . CHaNHPblg St 8] i 25 BRECK, FHAS T
BT O AR . HE— 2B 3T Bt M A 5 B0 A6 CHaNHPbI J2 HI £ 7 id, 32 1m0 R A S50 5

4, g5ig

ARIRER T LA TiO, 9K AR FEZ R Oy B 7156 /2 () CHNH3Pblg FEIBEI ] % 7575, RGUHTTT 1 4
NEUE TiO, FHAYZ SR AL S R — 25 AN 25 11 4 CH3NHgPbIg WO 260 85 ER AT A BH BE FE it 4 BE
SN o BTSSR, TiOp QUK R S mT DL T 45 k0™ ra b i i AR B2, B0 TiO, FHA 2 HIAFAE
RE 5 A7 A B 2 SONHAE ST 2 s AT v 1 HLIHL KT B L s 2D i 46 /K CHNHPbIs RO =
FARS T — PR U BT B T e, REA RN 7 SO P AR R, D R NE S, IRTHE B A B

E&WE

5% E ARl HE G (IS 11374091, 11274100), [F 5 205 &5 4 (it 5 - 211108, 20134208110005)
FOWIAL S B T (S . 2011BAB032) %% B 18 .
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