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Preparation of CH;NH;PbI,Br light absorber-layer thin film
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Abstract The continuous CH;NH;Pbl,Br perovskite thin film was prepared by one step method in the
atmosphere. By adding CH;NH;Cl to standard precursor solution ( DMF solution of Pbl, and CH;NH;Br),
CH;3;NH; Pbl, Br perovskite thin {ilm with continuous and high coverage rate was prepared,and the effect of thermal
annealing temperature on crystallization process,microstructure and optical properties of film were explored. The results
indicated that the addition of CH;NH;Cl greatly affected the crystallization process of CH; NH;Pbl,Br perovskite,
which improved the continuity and optical absorption properties of film. What’s more, XRD patterns also showed that
the additive CH; NH; Cl had no effect on the composition of film by formed. When annealing temperature was 100°C , the
film growth was comparably good, the film were of good compactness, continuous and absorption properties. In

addition, the annealing temperature did not affect the changes in the band gap,and it was beneficial to its application in
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the crystalline silicon tandem solar cells.
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crystallization, light absorption characteristics

A AL-To AL 2% 045 Bk K PH B H il PR A K AR
A Gy il 2% 0 i O R B AL BB S5 O T AE [ PR A
2O I Bk AV, L A AR RCR T 2009 4F
() 3. 8% R TLH] 2016 4R 22. 126" 5k b1
WA T — AR AR K B RE H 1t 1% HTAR G I i
MRS RGO 2 B A5 kT I 0 2 A R
CH,NH,Pbl, .52 T CH,;NH,Pbl, 54k # K}
ARBIEEPREMER 2, 5 %2 3R B 80 15
T S R iR 2 A NS BU I NG -
R WU A R X R Y BB E L 4R S S K AR R

atmosphere, CH;NH;Cl, CH;NH;Pbl; Br perovskite, annealing temperature, morphology.,

R E ML A Br BOR T 38 L X BRI Y
RS ERAT T B B A 1R A ik B JE K B R H
TOUHE, A4 6 I 2 . Noh &5 BF5E T — R VIR &
K Z 855k H CH,NH,Ph (1, , Br,), KB fiE b (%
FRE PR . WFE R BU & AL A DU J7 5 48 I A5 EK 87 K FH fig
HLth (& = 0.,0. 06) 7E R AR B (<<50%0) FALE 4d
Je A 7 B ) S A, T AR i 55 0 VR B T
CE 1d 5 ER R RCR B R REAC . R R ST 05 A Y
AR A BH B8 FEL M (& = 0. 20, 0. 29) 78 32898 BE
35 %01 55% FAE 20d N ¥R R B B B 19 AR

ELITE A6 78 S F 58 A B % Bh I H (220056) 5 KETH H AR £ I 4 T S50 H (15]CZDC37800)
EHE BN BHFM (19915 L AR EF 5 AL, FZEHF 57 15 A 35 B 7 4 kLS5 8804
B R AN BEGE 957, B 18 4 B, EEORE 5 ) R B T AR S



+ 156 - b T A B R %46 &

W, H CH;NH,Pb(I, ,Br,); £ 2 =0~0. 2 I} H1
ROR AR F) 12.3%, BE A B AT VA 1.5 ~
2.3eV, 1] FF ik & 2 H b 100 R b 1) 0 W i 2 ok
PEom B 2 A (AR . PR HRE L TRt P S Bk T
BRAE 1.6 ~ 1. 8eV B, fif & 2 M9 M b 8508 e 7
I 763X 267 & 45 8K 9 M 8}, CH, NH, P, Br 4%
8RR 1. TeV A I OGO R B SR R
BT A ik B 2 K B A R il v AL %) S IR T R it A
R A AR A BH BE HL T O R A Bk
W2 A 235 &I 100 T 300 52 ) 5 T 5 7 ' W i L 3
WATRE B T 1 2 R A i S W B L 2 T 5 e
N R L U A v A B T R 3 T 5
T R B R A ' W 2 X A R T A P i R b A 35K
RELHFE,

H T K 2 BT 5 38 1508 1T AR — 25 1k i) 4% 5 2K
WG WS o T A T U Y 3 AR v E T A R 4
s 3R EE AR PR A B A 2 AR ASCER 19l 3 2 S B ) 4 K
1, 3 B 3 55 AR BAR 1 A5 R 2 A5 5 Bk K PH g
F b A 2 S 2 S IO )2 A Ml 3
FL P T 52 L DA T S5 B0 AR T HE T ORI, R
T A B A A L3S A & )= K BH BE L A
BRI, A 5T LR AR P MR B O R 1 B
S 4G Bk B I CH, NH, PbL Br ly #IF 58 % 4 . 78
2SN RE R 55 00 I S N HEAT LI, AR KA
PR — 20 W1 T A% v T A RO W 2
(R il 28 25 A B s i CHL NH, Cl o el 28
CH; NH, Pbl, Br #58k 1 2% i ¢ 14 , I BIF 52 4 551 A
B T B T A A o W A2 8 o R N Y IO R
RIS

1 SCIe#ER4Hy

1.1 FERN(CH,NH,Br) Bl &

¥ 24mL 33 % (wt, BT i 40 50, T [\ W Bk 2 B
WIS 12mL 48% HBr KIEW A 0°C FIR &I &
T O CHyWE P &% LHEHE 2h, SO 5840 i 47 R 5
fiff FH e 5% 78 K ANHE 50°C R % 25 & A9 5 Y 1 (2 [
PR B i AE 80mL L, RN 300mL Z ik Ay
DUVEW . R QRS VR P IK . AR5 ¥ F1 6L D0 TE Wik
EE 2 T AN, fE 60°C F T 24h, 15 2
CH;NH,Br 3%,
1.2 BHESHH(CHNH,Cl)HH &

Stk FE ¥ 24ml 33% M O EEE R S
15mL 37 % AL A KW AE 0°C IR A, A 1.1 J5
2,188 CH,NH,Cl By K,

1.3 CH,NH,PblL, Br B 3K A /& B9 #1 &

B CH,NH,Br 5 Pbl, DIEE/R LA 1: LIRS
AF| N, N-ZH R B (DMP) i, IF 4 60°C T 1
$£ 30min, 4% CH,NH,PbL, Br i DMF ¥ , KL
58 4 I T VR4, R 3 W B LR AR T SRR 117 ) 5
¥ CH,NH,Br.Pbl, 5 CH,NH,Cl LLFE/R It 1¢
L:1RA A E] DMF 1, 378 60°C T $it# 30min,
33 CH;NH, PbL, Br A7 9K I 1, 5V 58 42 19 1 T
o B AR AR L R 2(27),

1.4 CH;NH,Pbl,Br #Er % &

KA — LWL B R S T B
(FTO) #1146 CH,NH,PbI, Br ¥, 7625 508 N
55 % B9 S5 R L REIE FTO 43 51 FH 61 0 v W . ™
Fil  TCoK WL J B KB A T Uk R BRI R R
WA HLRTTCHL S 5, 08 5 i B A I HLAG 2 . e
100pL /9 17 %M %] FTO 3Rif , LA 500r/min W IRFE
HERS 95,3000r/ min [ 55 e 20s. SR 5 A5
2 (1 AR B TR AR 100°C R AR K 20min 75
21 ki CH,NH, PbL, Br # 5 (71 . 3B IR B KGR ok
B[] Ay 28 22 YR 52 56 B0F 5% A5 19 S £ 2% 1) 5 B 27 i
IR N FTO 1 . LA 5001/ min #9155 4 e
%% 9s,3000r/ min Y = 5% 3 BE 5% 205, 154 21 1Y 53
#1 80,100,120 H1 140°C Fil k 35min(if . Zad Z K
S 1S S5 T - 1= S i M 11D B S 4 W - <1
CH,;NH, Pbl, Br # 5, %55 A [A] 3R K ik B2 X 85 £k 6
THEREE Y 2 R P 5
1.5 #RERAE

KA A # B 7 8B (SEM, Nova Nano
SEM450 A1) Wi %< 3 [ 1) 2% 10 B 3 I {f 1] Image]
(image analysis) P 5 43 A7 45 Sk 0 v 165 1% 7 25
RIEO ;R A X L AT 5L (XRD, smart Lab 3kW
F ) 03 Ve S 114 45 R PR L 20=10~50°; % & Hr{Y
(XP-300 7)) I 3 76 AR JEE 3 5 R R 45 A0-17 DL 43 O B
TH(UV-Vis 2600 A I 5 346 5 A9 516 W S0 2k

2 ZERE5Fg

2.1 CH;NH,ClARMFIEERT HRF IR L R
St IR W52 45 1 9 %2 i

B S A 3l A i SR Ol 200nm, B 1
WFERY SEM &, I 1 (a) AT AT, CH,NH, Pbl, Br
TR 2B BCIR 454 L B & B 2 9K G R 4 A, 5
B 5 S VR 2% L BT A AR, X I TR
FRGiE A oo ) 4 & b, 4% CHLNH,Br A1 Pbl,
PR SN R 2 aeh A, S O R G o R A R, B



el ER

@

H; NH; Pb, Br 5t W 5 J22 v 5 1 11 4 « 157

1 CH;NH;Pbl,Br 54k 5 ¥ 69 SEM &
L) REMN CH; NH3Cl; (b %Al CHs NH;Cl]

R T S KT AR ) A R, TR &S Y I BK
WP CHNH, CL AR SR #1714 il 45 J7 i 41
AR I, A5 SEM I 1 (b) s, H
PR AT R0 i JIEE S T S B AR 25 4 L T B T 0% L 4
(45 Sk B T, X 36 ] CHL,NH, CL B s2 ) 1
CH;NH,PbLBr ft A AE Kid #2 . X2 FAHER
O FRB I BTSRW TP IR L T CLA G i)
Y A TSR A R . B AR AT R
V6] 72 0 F 2 W 0 it A AR 45 Bk RE AR DL R AT, 2
e ] 7 ) G il 3 0 R A (45 8 BR 45 o R AR
1RSI LT ¥ A WS Bk R, o rp ] e
(4943 i A5 s A 7] CHL, NH, CL 34 Jit 93 o FH A 9 4
Hk .

& 2 b CH,NH,CI A 5 CH;NH,Pbl, Br
B EK T W BE ) XRD % B BRI OA BN
CH,NH,Cl B 5 # 45 9 CH,NH, PbL, Br 4% £k #" ¥
IR XRD 3% ] 5L A A1 8], 431 569 06 (4 62 & 43 ) 7
20=14.4° (100),20.4° (110), 24.8° (111), 28.9°
(200). 32.6°(210), 35.5° (112), 41. 2° (220) F0
43.8°(300) , 5 SCHk i B A AL, 2 B RS I Ak
3 HESERH CH, NH, PblL, Br. it & rh L & & 8 Cl 5T
FIAETE X UL AR I CH, NH, Cl X T B i 55 8k 5
I R B AT S . N XRD i & i) S Ak
W TE 20=14. 4°.28. 9" Ab A7 5 W 1 58 , R B A5 4K 0
V7 JIEE T 4 o R M O

10 20 30 40 50

K 2 #Hn CH; NH;Cl #iJ5 a9 CH; NH; Pbl, Br
FEER BT B A XRD 3% &
Lo, « 83 FTO AT 4116

K 3 ks CHy,NH, Cl #i 5 £ CH; NH, Pbl, Br
A L R ) 55 AT DO IR S B fR AT
JIEE B4 W Wi 0 241 7E 700nm &b, 5 SCHER [ 16 ] 438 A —
B, MIRMESE S E, SARMERIEKBEL, Z
] 2 (DK R

E, = 1240/A, eD)

A CDAF PR AT 48 09 55 8k 1y 4%
W B BN 1. 77eV, X & W 7E B3R W R
CH; NH; Cl %A A 55 K0 1Y 2541 58 3, A R T 1
ey =3 N R A Rl D O e M S ) IS
b 7E TR W P R I CH, NH, CL, {7545 4k 5™ 4 i A<
FEME AR 700nm K DL B 8 38 58

A NICH,NH,CL

RAFHICH,NH,CL
R

500 600 700 800
P /nm

K 3 #hn CH,NH;Cl i J5 9 CHy; NH; Pbl, Br
A K1 R ) 58 A0 mT DL G i A 1]

2.2 BANEEY CH,NH,PbL,Br $5 4k S fE 45 49

yZe3- A

i E R4y Al T, CHNH, CL 8 38 hn gk 28 7 45
BRI A T S R B L R R T K T I B Y O
WS o IR IR AT BR BT R A Y B R — S B
B3R R B TR TR Y % DT A R4 R
AR 23 2 A 5T, 76 1R KBF RSN 35min T,
B T AR kIR E X i CHNH,CL i & 1
CH,; NH,; PbL, Br 458k i J5% 1) 3% THI JE 50 L &5 o M A
W i B 1) 52 )

Kl 4 S A TR R R BE T # CHy NH, PbLBr 9
SEM [&, IR AT, 238 kIR B Ry 80°C B, 45 8K
IR AN % 2, X R R Ry A RIR. Y R Ak )
100°C i, 8 B 1) 2 30 k26 B S 1 28 Ak L 5 Bk 0 3
BB S R AR T S B R, B R 4k ek
T4 5 R A 2 ] 114 L3 5 3, LR R ST 4
Ty 2438 ST B T B 140°C I IR BB 0% 4
SRR T S 0 R 3 1 R X TR A IR
R EE I TH S IR T A LA G & S BGE R
g b h B A A i RN 2. R R S B
B A4 Tmage] Ab ¥ CH,NH;Pbl, Br ) SEM & 7] 5
HH N T AR kL o 6 K SR IS 114 B i R I O
W 5 frs . B AT SR R BE R 100°C B 45 2k



. 158 - 1 T8 oK %46 B

A 9 IR ) A S R 0K B e K RE B TP A 5 B0 Y
i

4 KRIFHE KR E T CHyNH, Pbl, Br
M) SEM K
[(a)80°C 3 (b)100°C 5(c)120°C ;(d)140°C ]

100
8
3 9ol
o 90
[
§ 80
®
%0 100 120 140
BB C
5 ARFBKIRETF CH,NH, Pbl, Br # Y
55 R

Kl 6 A A TRHE ki BN CH, NH,PbL, Br 45 4k
WA XRD 3% &, i B AT A, 20=28. 9°4b H B
T A9 CH,NH, Pbl, Br j# BEA7 5 06, L0 & 2 —
AN ST A 2 8 A5 B I T2 A S 0 7 i)
16 20=14.4°(100),28. 9°(200),32. 6°(210) ,41. 2°
(220) 1 43. 8°(300) , 5 3CHk B AHAF A

~— BRI
(10 o— Bl
(200) N
Q1% | 140C

.
) PR e e \ |

10 20 30 20 50
20/(°)
B 6 B k¥ E T CHy NH; PbL Br H# K fY
XRD 3% &

H AR 23 2 (G20 W5 4 85 R 3 JBE 4 o
RsE RN

K2
D=—— 2
B + cosf £a

Hp, K 2N Scherrer % $1,0. 89; D N & ki I B
T db 5 1) 07 Y S nms Bk S8 R AT S
i 98B (FWHMD L ()50 AT . (52 g X3
LK nm,

1 A AT IE TR BE TR AR By 85 K BT i
(200) B 1 477 565 08 1) 2 5 9 (FW HMD il it o R ST Bif
B AR,

F1 SHTHEN FWHM MR R+ 5RARENER

B AR/ C 80 100 120 140
Y AG) 0.211 0.113 0.153 0.157
fR R /nm 38. 45 71. 82 53.05 51. 71

FH &1 6 AT, 3R KR FE S IR, B T A R
POBHAS B (47 S 0 51 8 30T PbL, (906 (12, 8°) ,
P Pbl, . CH,NH,;Br #1 CH;NH,Cl K fg 58 4 #%
0% CH,NH,PbLBr #5887, 7£ 14. 4" 858k 5 1Y
(100) 3= 7 AIF 06 2 AR 55 199, 14 I 3R B G B 5 Bk ™
AR TE S Bk M A 25 kAR 25, fhaR 1 W
DL Bl & B JOIR B T & . Aok ROST 2 38 K5 i
N, AEIB KR E R 100°C IF L, FHWM g/, ks R
SFIRE B KL O 71. 82nm . A7 ST I AR 5 L G b 4%
A 5 U B I B 98 B A R M R A T SR R E R
120°C A}, CH;NH, Pbl, Br & #JF 46 2 fft, B T
Pbl, #H , BIVXE R ) & R 407 59 1o 12, 8°,

UHGR JOUR BETE R 140°C B, AH R R T 43 1 14
Pbl, S YA 50 78 12. 8° 4 B 5 4% 53 , 150 B 455 £k
W Le A ™ EE A6 28, 9% 4h 515 BK A B A S e o
55 L F = FE KL WUl CH,NH, PbL Br & 4 45
mm BEAR 22 (R AE A [R] 9 3R KO BE A b R R
Cl I ZE MATE IR oy i B v = 4= 9 CH, NH, Cl
RN RESE:/ e FITRTE PN

h T BFSE B KR E X CH,NH, PbL, Br 454k
TS P BB Y 52 ) AR T 48O [R) AR IR B R ok
B CH;NH; PbI, Br # 5 F£ i B9 28 Zh-71 ULt W i
B EERWE 7 pron . BRI IR R B AE 80~

80C¢—"

500 700 300

600

K /nm

7 Z:IEJJEJ(EET CHaNHzprZBr Z%Hﬁﬂq
52 51-RT LG g i ]



el

ZE AT : CH; NH; PblL, Br D6 Wi )2 B ) 45 ¢ 159 -

120°C #) CH; NH, Pbl, Br 454k 8™ 55 47 2 7] B i 1%
Wil . #97E 700nm Ab 3 U B R kTR B R B2 AR Y
BB

H A AT, 3R IR B S 100°C B 3 R ) o 1%
W iR o i AR IR B 1 S — 2 3G, Y O
WeH BN R 4R IR IS B 120°C B, O i A
700nm Ab [ A B A AR I, 0 WA B BT 45 F
/b HEFE 525nm 4 LT PbL, B W IR RRAE
U, 550 CH, NH, Pbl, Br 45 8k 38 5 1 4 43 . 1
3R KR EE I8 F] 140°C B 5 BK T B A9 AR o R AE
WSO A T L B, U B T P, A i 0, 1
T 5 Bk 25 4 D

3 it

ERAHETFTRHABR - P EH&ET
CH, NH, PbL, Br £5 £k & v B . R 4% 4t (% 115 3K %%
# (CH,NH,Br.Pbl, () DMF if 9K 7% ) i 45 45 %k
VR TP BT B 5 R AR OB TR 2 HOR S
CH,NH,PbL, Br #5 £k & # B . 7E §7 9% % % o
CH,NH,CLJES Cl A7 iy rf 8] 7= 4y, i 18 T 45
BRw o OBE R 45 M R, B R T 8 M
CH; NH; Pbl, Br #58K4" 5 B , I 19 9 1 3 € 1) o't g
WOREPE . XRD S5 R E W, % 5 CH; NH, Cl % B
R B4 B A A S L A3 T A R 3R IR R W R
BT I Y R M . AR TR BE Sl 100°C B, R 4
Al RE R I B MR R O W IR R MR R AL I &
CH,NH,PbL Br #52k 5" i) 445 B LY 1. 77eV,
AR e S 2 b b i R (R IR B TR R
JEE R 52 e Ol 27t B i A2 4k

2% Uk

[1] Kojima A, Teshima K, Shirai Y, et al. Organometal halide per-
ovskites as visible-light sensitizers for photovoltaic cells[J].
Journal of the American Chemical Society, 2009, 131 (17):
6050-6051.

[ 2] National Renewable Energy Laboratory.Best research-cell ef-
ficiencies chart [ OLJ. (2015-02-01) [ 2016-03-13 ]. http://
www.nrel.gov/ncpv/images/efficiency-chart.jpg.

[ 3] Snaith H J.Perovskites:the emergence of a new era for low-
cost, high-efficiency solar cells[J]. The Journal of Physical
Chemistry Letters,2013,4(21):3623-3630.

[47] Etgar L,Gao P,Xue Z,et al. Mesoscopic CH; NH;Pbl3/TiO,

[5]

L9]

[10]

[11]

[12]

[13]

[14]

[16]

heterojunction solar cells[J].Journal of the American Chemi-
cal Society,2012,134(42):17396-17399.
Noh J H,Im S H, Heo J H, et al. Chemical management for
colorful, efficient, and stable inorganic-organic hybrid nano-
structured solar cells[]J]. Nano Letters, 2013, 13 (4) . 1764-
1769.
SRR R R, YO A e A0 85 Bk K B B Tl v AR E
PR R R R [T 3244, 2015, 64(3) :038803-1-038803-7.
Meillaud F,Shah A,Droz C,et al.Efficiency limits for single-
junction and tandem solar cells[ J].Solar Energy Materials and
Solar Cells,2006,90(18) :2952-2959.
Stoumpos C C, Malliakas C D, Kanatzidis M G.Semiconduct-
ing tin and lead iodide perovskites with organic cations:phase
transitions, high mobilities, and near-infrared photolumines-
cent properties[ J].Inorganic Chemistry,2013.52(15):9019-
9038.
Stranks S D,Eperon G E,Grancini G, et al.Electron-hole dif-
fusion lengths exceeding 1 micrometer in an organometal tri-
halide perovskite absorber[ ] ].Science,2013,342(6156) ;341-
344.
Kim H B, Choi H,Jeong J,et al. Mixed solvents for the opti-
mization of morphology in solution-processed, inverted-type
perovskite/fullerene hybrid solar cells[ ] ]. Nanoscale, 2014, 6
(12):6679-6683.
Eperon G E, Burlakov V.M, Docampo P, et al. Morphological
control for high performance, solution-processed planar het-
erojunction perovskite solar cells [ J]. Advanced Functional
Materials,2014,24(1) :151-157.
Heo J H.Im S H, Noh J H,et al.Efficient inorganic-organic
hybrid heterojunction solar cells containing perovskite com-
pound and polymeric hole conductors[ J]. Nature Photonics,
2013,7(6) :486-491.
Collins T J.Image] for microscopy[ J].Biotechniques,2007.43
(1) :25-30.
Zhang M,Lyu M, Yu H,et al.Stable and low-cost mesoscopic
CH;NH;Pbl; Br perovskite solar cells by using a thin poly(3-
hexylthiophene) layer as a hole transporter[J].Chemistry-A
European Journal,2015,21(1) :434-439.
Cao K,Cui J, Zhang H, et al. Efficient mesoscopic perovskite
solar cells based on the CH3;NH3;Pbl;Br light absorber[]].
Journal of Materials Chemistry A,2015,3(17):9116-9122.
Qiu J, Qiu Y, Yan K, et al. All-solid-state hybrid solar cells
based on a new organometal halide perovskite sensitizer and
one-dimensional TiOs nanowire arrays[ ] ]. Nanoscale, 2013,5
(8):3245-3248.

WHE B #:2016-10-17





