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TiO, BT 5l 1) 2 & A AR, 2T 5 e R
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ESA) A a] W43 6ot B v 2= R A5, O iR
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AL 53 6 1) 500 W aLKT 6 (Solar 500) #2 4. Ot
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PR EE AR AL — 2, CH3NH3Pbl(5_,Cl, 78 i
Bt AT IR NN 2,75 £ BE R F
CH3NH;IBf (€ 2(d)), CH3NH5Pbl3_,)CL, ik
TERFEE, BHERD Ao A (AR BAE — 2, TB R AR 45
H4). CH3NHzI I & ik — 5 38 0 21 3 £ BE /R & B
(F12 (e)), {3 CH3NH3Pbl (5, CL, ITESRFHE S
AR5 2.75 A5 AR TR S bl o i OR7 f &% H fA
BRA B T AT DA B, B9 00 A 3R CH3NH;1
(R ELAB, A7 B T 4R v A B IR 4 o R R N7
THIAA.

038104-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 64, No. 3 (2015) 038104

- \:'-' i ’: Q m .
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TR SeZE SEMES  (a) 1:2; (b) 1:2.25; (c) 1:2.5; (d)
1:2.75; (e) 1:3

PbCly: CH;NH;I

SR /arb. units
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RAYRE/ eV
()
Cl2ps/2  ppCl,:CH,NH,I

jg .

‘g

=

S

-

@
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HRAGRE eV
3 AN[E CH3NHsI A0 & 1 HT 9% & A5k 1 X
L TRE  (a) CHaNH3PbI(3_.)Cly [ X £
JGHLFREE; (b) T X SFEOLHTFREN; (c) CLIM X 4
JeHLFRE S

F1 AF CHNHaT IR AT SR ) & A5 4657 T A1 C1 ¥ L)

PbCly:CH3NH3I?) 1:2 1:2.25

1:2.5 1:2.75 1:3

L:CI?) 1:0.64 1:0.15

1:0.04 1:0.03 1:0.02

2) FiiH PhCly AT CH3NH3I B /R il D) £54K8™ 0 T4 C1 ) B /K ELf5i.

B 3 AN [ I SRV ) 46 (19 CH3NH3 Pbl 5y Cl,
FRERD I X SR e BT REIE. MR 3 (b) F (c) AT A
THEHT, CLHMIGE S EMIE, FIfER L H. 7]
DA Y, B AT 9K CHNH ST E 38 i, 45
ERA R CLIC 3 B sl PR AR, 5 L7 Al 9k
CH3NH3I 27 2.5 i BE /R & % 3 {5 BE/RE I, Clut
RN & EHAR DN, EHA CLT RAFE, I
P3RS & CHsNH3PbIg. B4R XPS & 3 H

BT JE R C R 5 S, (AE L Re R 5
A~ CH3NH3Pbl 3, Cl, IR 76 ZH 4L ibE CH3NH;1
N AR A B CH3NH3Pbl 5, Cl, 72
I8 3 PbCly 5 CH3NH3I7E in #4 o 72 1 J 87 A=
J ), 1 CH3NHsPbI (3, CL, i I/CLEL B2 1
L) 5 7= WA IS A T I 4 o R R E Y (0
CH3NH;3Cl, CHsNH3I 1 PbCly I K). TIA 2 1%
JEE /R B I CHsNHI I, Cloe & & BBk, " fig
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M CH3NH3If — & #5 K; 2 5 CHaNH3I A A
B 3EERE, ClER/NT 5%, nlRedH TR
JZH CH3NH3CLAI PbCly FI# k. thAk, 72 3 (a)
(1) X 4 46 6 LT e, R AR 7E 530 eV b N O
JLE, WA RETE 460 eV &b N TiL &K, 1l LLE H|1X
PR AN 1) R /INBE 11 9KV P ) CHNH T B2 ) 3
BTN, FEIIN 2.75 f5F0 3 £:% B8 /R & ) CH3NH;31
¥ 2%, R B CH3NH3Pbl (3, Cl, 7E TiOo F M)
7 5 AR A ORI CHNH LU FER i A2 K,
X5 22 A T AR 1 2 SR UL .

P 4 52 AN [ AT 3R] 26 (1) CH3NHs PbI 55 Cl,
5 EK BT K PH BB F T 1R e FR U B R O H Tl
o, RSBy R2P. WTLUE W, 773K+
CH3NHsI Il & 75 2 £% 3] 2.75 % JBE /R & 22 [8] i,
B 5 CH3NHI ¥ B (1) 386 n, #fth 25 14 19 91 2%
JE B 38 0, 3k — 25 3G 0 ) 3 4% BE R = A, T %
HI PR R AR AR RO CHNH T DA &= A7E 2 7%
B 2.75 45 BE IR B[R], @8 4 19 ' L IR 2 B A B
% CH3NH3I ¥ £ 1) 38 Jin i 3 hn, 17 CHNH,1 3
— 2 8 0 #1345 BE R B, O HLIR B R /N 0.2
mA /em?. #5146 L 3 2803 Bl CH3 NH LK
J5E B3 N 3G, 2.75 £5 A0 3 £5 BE /R fE 1) CH3NH31
(S EOEAZCR e ST

20

R EE AR,

AANNNNNNNNNNNNINNNNNNN

PbCly:CH3NH;3I
—a— 1:3

—0— 1:2.75
—A— 1:2.5
—4— 1:2.25

10

FCHLFEEEE / (mA /cm?)

—v—1:2

0O 0.I2 0.I4 0.I6 0.8 1.0
JHE/V
B4 R CHaNHaT A i i SRR 4 1045 6k A e
i LA LI A B e LI
Bl 5 (a) & A [F] |7 5K il % (1) CH3NH;3Pb-
30 Cly 85 KA M B W Wi s 3. AT DL, B
CH3NH3T I & 2 7% 39 2] 2.75 £ BE R &=, &
BN UL B O 2 BT s, CHNHI A
BN R 3 A5 BE R S, FE IR T T RO FE RS A Y
I, AR 7 T ROGRE A BT T B
K15 (b) /& A [A] A/if 3K ¥ il % ) CH3NH;3Pb-
L5 Cly 85 BK A A FH fe f It 10 52 8 & 1 7 %2

A LLE i, IPCE W AR SOk 3 DB AR 47, KA
400 nm £ 500 nm 2 [8] B b 2% 14 R B AR = ) #
R, AR A CHNHSI K BT 6 37 ) 28 4F,
A AR I, CH3NH3I N TR 2 521 2.75 £ BE /R &
2 [a], IPCE B CH3NH3T ¥ B 0 386 Jin i 6 i, iX 5
Bl A Hh o' LR R AR A B — B CHNHL N &
Yk 238 0 21 3 £% BE R &, 7F 400 nm 5 520 nm Z [A]
IPCE {H B& A 38 b, 1 i K8 i 520 nm b, IPCE
18 S T AT T AR, 3 — T 5 R R AT ' i e 44 DT
B, U BH A 22 980 85 BT /T SR R CHNHST )0
ANE, 15385 AR RO = e K 7 A B =
LU ES
F2 R AR RE S

PbCly:CHsNHsI V2 /V J% /mA-em=2 FFO 59 /%

1:2 0.77 13.6 0.63 6.63
1:2.25 0.82 14.0 0.68 7.80
1:2.5 0.86 14.7 0.65 8.18
1:2.75 0.91 16.3 0.66 9.75

1:3 0.92 16.1 0.70 10.5

a) SR HUE; b) MM FIREEE; o) AR T d) SRR,

PbCly:CH3NH;I
—a— 1:3

—o— 1:2.75
—A— 1:2.5

. . —— 1:2.25
I e TV, —v— 1:2
% AAAAAAAAA -
1.0 Frgrrrrrrrre
0.5
(a)
0 ' ' '
400 500 600 700 800
K /nm
100
PbCly: CH3NH3l
= 1:3
80+ o 1:2.75
W 5 A 1:25
. A 1:2.25
e 602
% v 1:2
g ., oo
A 40
20
(b)
0 ' ' :
400 500 600 700 800

Pk /nm
5 () AR CHyNHT A EE 353006 6 5
R OGS (b) AS[H CH3 NH3T I 5 1 B 387 1 %
HIESERD R BH A At () B ok 7 = %
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16 (a) 9 A [ iy S8 1 5% FAD %S AR X P i
TLLE A [R) B 2% F T T B HUR SRR 26 D
L PSR RO 25 A1 PR Gl L7 AR A AT G, Dl HL TR I
PRE LR, A O BT I A G B LU
i, A TR CHaNHa LR EERE 0, #30F 0t
JESERARG, I CLE B/ M as A A B KD
T WHOLRE R (B5 (a)), CLE B/
CH3NH3Pbl(5_,)Cl, JRWRIEEE K, FT LAFRAGHK
JeH T AR, IR, e A
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SPECIAL ISSUE—New generation solar cell
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Abstract

Perovskite solar cell, which is prepared by using the organic-inorganic hybrid halide CHsNH3PbX3 (X = I, Cl
and Br), receives widespread attention because of its solution processability and high photon-to-electron conversion effi-
ciency. The highest reported photon-to-electron conversion efficiency is that using CH3NH3PbI(3_,)Cl; as an absorber.
It is reported that the diffusion length is greater than 1 micrometer in this mixed halide perovskite. The method most
commonly used in preparing CH3NH3PbI(3_,)Cl, film is the one-step pyrolysis method, which has a complex reaction
mechanism. In this paper, we review the work about CH3NH3PbI(3_,)Cl, perovskite, in which emphasis is put on the
importance of the preparation process, and analyze the role of CHsNH3I in the one-step pyrolysis method for fabricating
the CH3NH3PbI(3_)Cl.perovskite layer. Scanning electron microscope images show that CH3NH3I can improve the cov-
erage and crystallinity of the perovskite layer for precursors in low CH3sNHsI concentrations (CH3NH3I/PbClo=2.0 and
2.5). For precursors in high CH3NH3I concentrations (CH3NH3I/PbCl,=2.75 and 3), this change is not obvious. X-ray
photoelectron spectroscopy confirms the change of coverage, and indicates that the content of Cl in CH3NH3PbI(3_,)Cl.
will be less than 5% for precursors with high CH3NHsI concentrations (CH3NH3I/PbCly > 2.5). Perovskite solar cells
based on CH3NH3PbI(3_$)Clz with different Cl dopant concentrations are studied by photoelectric measurements. Pho-
tocurrent density-photovoltage curves show that the performance of the devices increases with the increase of CH3NH3I
concentration in precursors. And the incident-photon-to-current conversion efficiency (IPCE) measurements indicate
that the devices fabricated by using precursors with high CH3NH3I concentration have a relatively high external quan-
tum efficiency. These results imply that only CH3NH3PbI(5_,)Cl. with very low Cl dopant concentration will be effective
material for photovoltaic application. To further understand the difference between these devices during working con-
dition, transient photovoltage/photocurrent measurements are carried out to investigate the carrier dynamics in the
device. Transient photovoltage decay curves indicate that high Cl dopant concentration may decrease the photoelectron
lifetime in CH3NH3Pbl(5_,)Cl., and results in a relative low open-circuit photovoltage in the corresponding photovoltaic
devices. The charge transport time in the devices of various Cl concentrations are studied by transient photocurrent
decay method. CH3NH3Pbl(3_,)Cl,with low Cl dopant concentration has relative short transport time, which can avoid

the recombination process and increase the charge collection efficiency.

Keywords: organic-inorganic hybrid materials, perovskite, solar cells, CH3NHj3I
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