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FETH AL (CsPbIy) B4R 2 JCALES BRA K FH A it 2 — i B O ELAT 98 0 B9 DG AR AR, K T i F vl )
BRI IRBAR, BEFE4E RRWIEE AL CsPbIy MR A 2K T L 1 B B 285 T A R i FL P BE . A SCHGE T — oy
UM 2-TR0 2% — HVRR B AL A4 BEXT CsPbIy $5 88 K FH H i PR BE AU S2 M), BIF T 45 SRR W, B 2-TR X 2K — W1 iR
VB AR M, B B O H PR Tt Y D HL e 5 RO S TN S 9L, 2 B R A B2 SR 1 0.2 mg/mLL 1, CsPbl;
FL b SR A i DL 40 280 13.5%. T 3k o 2-YR %) 2R — R B A I 9 805 BR AT Y IR AT R 25 AL RS R T, 4
FE B R 5 S 295 B 7 R 1) 40 R AN R 4 (9 8 1, (R T Bl i 38 4 v 1 CsPIy W IR 10 2 6 4 3 o
1 Ti0,/CsPbly F 1 (4 L T4 BE J1. A S A7 B 00 805 BRA™ 2K FH F it v 15 T 84 B0 A B Rk 54 AR I 8 3t

Rl A& 3 .

KSR TCHUESERE R, BEAL, meR, 2- TR0 K IR

PACS: 88.40.hj, 73.50.Pz

1 5

S A 2 RN RN A 1he e H BR O AT H i EE
PR KA IR, X 25 AL e r RETR BEAR 25 104 Ok
TR, 5K K FHREHL I (perovskite solar cells,
PSCs) & — T B w5 &3 HAR A 1 6 IR e 4 2
B, HAPL-ToPLAek PSCs C3R1S 1t 25% 1)
BCRINIE -4, A EH GO A Re IR L 45 254, HAT
VUHE F 51K i Rt A 8k 1 2544
RN, SRR PE AR PL T4 JCHL PSCs
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FHEEF R EER IR ZR , Eperon 5% M Fl1 Swarnkar
A5 (20 A 2 B AR B i 2 2.9% A1 10.77%. H
Li 45 191 3 o 8 — P B3 & B B i CsPbly
PR AR ZE, il i B e B A AR il A T
2, Long %5 M o iF— 25 IF SIS R A v S v 25 437 1Y)
T W B2 32 R R PGP ARRAS 2 . BLAh, DF5E iR
B A RAC BT B CsPbl; R s 2R
=R RAE (PLY), XAT/E N H FIIEBEE,
5 DR /HE 15 4 )2 S A L S R fE A A ™
FRE A X g R IAGHE i A K T 24
AR XS I A 1y v I A, T LAAE BSR4 fin A &5
R B AR R . Yang 45 19 22 30K 51k
%[, (gadolinium fluoride, GdF5) I AEGELH HT IR A
o AR SRR AR K R h S 5 3 L s
AR, T LA R S ARV R Y BT i R S e
£h (phenylethylamine iodide, PEAT) 1 4 il 7] /f
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REE s 2R, DA R ok ROST e dile 2
Bk, fee A AR KR F 17.08% 7. 4RI, Wang
A5 I8 LT R R T B R RE IR 5T 4
JAESE, FTSRAAHSnfg — H E B L (dimethy-
lammonium iodine, DMAT) {{HF % CsPbl; 1Y
ZEEA TR, TERUBA I DMAT A&5 4163 CsPbly
(A A% N R Tt IR A R R T, XA —
FE AR BE TR A s, T R R = S
(phenyltrimethylammonium chloride, PTACI) %i
L1 CsPbl; % PSCs M fie s 2Rk 2 19.03%,
FRTE T AROR. X SR A5 SR IR A B
JHie ERAG M 5 A ™ 2 T LA 4 iy HAR R AR A A
il

IS5, Sim 5 19, Wang 45 2% 1 Ding %5 2 #
W4 A B RAESE T PEAT RGR Bk (p-
phenylenediammonium iodide, PPDI) S5 G T 5
BRA SR 5 AT AR R A | U KR AR K R
75 (N RV BE A T R, AT S 3 42 R PSCs Yk
AE. LI, Ye &5 P RESIAEH] LiF 282000 BHM I
PR IR A D PSCs B9 JT % HEL R (open-
circuit voltage, V) & E 2] 1.25 V. Rtz
Hh, WF9EE R AR Y 3R T DL
VEFH T 55K B RBHR T R SRFE RS, T B ERn v
N I A, AR LT R A BRI 231 SR H i
B L R AR B B, BRI T PSCs 1Y
R .

A FEREAT FH BN HLAR 27 A E 1Y 2-TR XS
& " H R (2-bromoterephthalic acid, CgH;0,Br,
BBr) 1E R 858k W /25 o\ A% a2 ST A B AR

(a) CsPbl;

BBr
(T100T | 5 | 4 5
<8 <8

2 min

5 min

Step 1
(b)

Br

i .COOH
COOH

B, HarasiumE 1(b) B, BT BBr 454
Fh ] B B A R RE AR AT BBV E R TSR0 44
LR TSR FA S AR EE A, I FRA T A BB RE N V, A
5 LI (short-circuit density, J,.) P8~ 77 T {2
EHE Tl PSCs W ek, ASCHFSE T BBr
Bifb Xt PSCs i th FetE Ry 2, #RE T BBr 4fifk
X BB R R 30 RO FL P RS2 R, ML TiO,/
CsPbl; AHEIME G17 HHBHBTRAE L, 3UFE T BBr
BALXT CsPbly/ 23 7UE i Z A 47 il fEH,
BJa o T L PSCs MERESR T PT REJEIAL.

2 S
2.1 HEmE5iRA

MALSY (lead iodide, PbLy) SR T P4 24 52 34
CH B A PR A ] . B4 (cesium iodide, CsI)
KIET Aladdin. — H MR EE (dimethylamine
hydroiodide, DMAI) R Il4 F TCL 2-7& X%} 4 — H
fi? (2-bromoterephthalic acid, BBr) F1X (= j H
ot ) ek It IV e #R R (bis(trifluoromethane) sulfon-
amide lithium salt, Li-TFSI) R4 T J&K. 2, 2/,
7, 7D [N, N-T (4-FARCREOR AL ) 0 1-9, 9 IR
25 (2, 2/, 7, 7"-Tetrakis[N, N-di(4-Methoxyphenyl)
aMino]-9, 9'-spirobifluorene, Spiro-OMeTAD) 3k
W 3 T B AR RO BR A W) FTO B3
FEARRIG T NSC. KR VY 5+ N TR (tetra isopropyl
titanate, TTIP) R4 T FIER B 7504 BR A
AL S P R B A A v R RN 2 2SR I T Alfa
Aesar, Sigma-Aldrich B [ 2 4E 4]

Kl 1 (a) CsPbl; MM 1 il £ 3 B /R B &L (b) BBr MY 4rF 4520, () ARBHSE JIr il 4 1) T 45 PSC 1 2544 7~ 5 A

Fig. 1. (a) Schematic diagram of the fabrication of CsPbl; film; (b) chemical structure of BBr; (c) configuration of the PSC.
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2.2 BBr $#i{L M HEERA S &

16, ¥ BBr AW T 5 8 B S R )
4 0.2, 0.5, 1 F1 2 mg/mL ) BBr RiRAA R I
FEH R N HEFE 24 h. SR)5, ¥ Pbl,, CsI il DMAI
FIARLL 1:1: 1.5 BLLHIE A DMF LA 0.6 mol /L
4 5 SR B I B AR W, FEAE 60 °C AR B
5 h il 45 B CsPbl; RTAKIA K. Z 5K CsPbly Hif
IKAR I W N F) 285 100 °C AU Y FTO LAk,
£ 3000 r/min 3 FE T HENR 30 s, IF 5454 3|
P | 210 °C Bk 5 min, BIA]753] CsPbl, .
T S 5 TE i 4 () BBr /i 9K 1A 5 V07 Jin E1) CsPbl,
WL, 7 3000 r/min FHER 30 s, IAEHE] 150 °C
AP 3R K 2 min, BPR[#33)] BBr £i{biY CsPbl,
W, A AR 1(a) FR.

2.3 {58 H KPHBMAHELE

HE, B R B TR B B RS T R
FTO JA4K% 30 min. SR)5, F TiO, ATIRART W iE
% % FTO I (3000 r/min, 20 s), FfiJ5 78 & #f 4
H1 510 °C a4 30 min. $2 Rk, #M 2.2 15 kit
UL BBr#lifb Y CsPbl, M. 2 )5, 7EH Fiek
25 Z (3000 r/min, 20 s). JE, BraetEE T
P 5P RCE 2 24 h, FFUTRLE Ag HLbl, PSCs il
otk HELARZEHME 1(c) Fimn.

Horp ) TiO, HiF 9K AV WG B 7 12 o BRI VY 5
IR T L SRS B AN 55 R P K s 50 oh
FHETRCE RRA 2 K. 28 57 UEHZRTIRIA H 72.3 mg
Spiro-OMeTAD #3K . 28.8 pL tBP #117.5 pL Li-
TFSI i &% (520 mg Li-TFSI A% T 1 mL &

) B5NRAFE 1 mL SR TOFAEER FHFE 2 h
3.

24 FHFmBORIESHEENR

K H X 34 AT 5 (XRD, D8Advance, &
) BEAT AR G M R AE, A BT X SR K oA
0.154056 nm (Cu K, ); Al T B0 (SEM,
Magellan400, 3 [#) #E47 M BER AP SRAE; i H
YOI RS (PL, FluoroMax-4, &) #17
TR YR RIS B G R/ AE; RASSMHOLE
I (UV-vis, U-3900H, H 7<) Iz A Wz ek
SRR PR MBI RS (YSS-150A,
HA) 75 AM1.5G (100 mW /cm?) 5% {4 18 5} F il
T FL b 9 O L AR R SR A L AR 2E TR, (GIMPS,

PRI P PSCs WAL AT LR EB1TM.

3 LA R
3.1 BBr &4k xt$5 Sk H" A PR EE it S B 1 B
A

M5 B At Ak s SR SR B AL A R AR B HLA AT ke
FVEEALE O RE 2 B RE M, Hhin BBr 2 F 454 b
FIT LA R IR | SRR L AR SE AT Hodp, Xk AR
FE IR A OBk S 5 R A A B A A SR P,
BEAE [RIRE A 3 A A UTR BBr Bifb 2 it fE
VEPEELAE BBr BISKIAYRE, 78 BIHG BBr 1Y iR
AR AT T, B sk 5% 1.

R TR IR A4 ) BBr ¥ 45 % BBr
AL RIS, W AH B RS PSCs 47 6 H Pk BB I 3t
PSCs (% 1 R 280, 148 Ve, Jo, ALK T
(fill factor, FF) FIREEHAACF (power conversion
efficiency, PCE), W&l 2 fr/x, nlLLE ), 5okt
FRIZ AR L, 35 YR A L2 A B B =
THM T, V. i FF, 5345105 B PSCs 1Y
PCE B3 fn. 53 4Mb& 3, BBr £ifk{i15 PSCs
AR S BB B A e s e A .

FRATAE L2 PSCs Hr e BT AR 21 1) i HH
P2, Kl 3 o, BARROS RS 8003k 1 s,
Al LLE B, BE%& BBr 5 9KAR W M 0 mg/mL 34
JnE] 0.2 mg/mL, PSCs B J,., V..l FF 43 5| 1
T 1%, 1.6%, 1.89%, 4 BBr A 9K {4 1) ¥k 5 4
0.2 mg/mL i, PSCs i) PCE 153 T 13.5%. {HJ2,
MRS BBr AiRAA R EERT, PSCs 9 Jy, Vi
1 FF #IF 46 W1 5 R, 4 BBr A SKAA 4 v B2 3
Jing 2 mg/mL B}, PSCs i) PCE %¢ 0.2 mg/mL A}
FIBARAEREME T 21.8%. MOGHLMEREMIIIRZS R E
i, BBr #lifb# S REILIL 4 TCHL PSCs (1 RE, 41
FoFHAb B LA RE (A0 PEATRZY, PTABr 23]), BBr

F 1 AERMERARE I BB S8
Table 1.  Photovoltaic parameters of representat-

ive characteristic curves.

E‘:ﬁ?fﬁg Vo/V  Jo/(mAem?) FF/% PCE/%
0 0.999 16.85 6.60 1291
0.2 1015 17.02 7814 1350
0.5 0.924 16.90 75.32 11.77
1.0 0.910 16.78 7301 1115
2.0 0.918 16.69 6889 10.55
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(a) 19 1 (b)
1.0 LE ‘.E ‘TI
o 1 B e
. s % e =18t e 3 I
I e g ; Cox M 1
> 09 o , Q . |
& -l T . E | Lo - B
g 'i F:J—‘_i:j g aje '.':E"'
. L 2 @ \L | L 3
0.8 ~ gl
16
0.7 . . . . . . . . . .
0 0.2 0.5 1.0 2.0 0 0.2 0.5 1.0 2.0
Concentration/(mg-mL~1) Concentration/(mg-mL~1)
8o [ (©) 14 @
70 .-II bl 2 .a"-‘ _&i':r_ir 12+ n.[.c T:‘ *
P e a? '.ai dag.a
o 60t 8 G- g 0| " -
50 .I. - 8 I' i
40 + 6
0 0.2 0.5 1.0 2.0 0 0.2 0.5 1.0 2.0

Concentration/(mg-mL~1)

Concentration/(mg-mL~1)

B 2 mir IR Ak BE R [ I BT 45 ) BBr 44k )2 0 PSCs HEfiE  (a) Ve (b) Ji; (c) FF; (d) PCE

Fig. 2. Performance of the PSCs based on the BBr passivation layer with different precursor concentrations: (a) V,.; (b) Jie; (c) FF;

(d) PCE.
& 16r
g
Q
<CE 12
<
>
=
;é) 8 —— 0 mg/mL
o —a— 0.2 mg/mL
] =—a— 0.5 mg/mL
g 4F == 1.0 mg/mL
E
3 2.0 mg/mL

0

O..2 014 016 018 1.0
Voltage/V

3 TR AR A R i T 4 89 BBr SE4LJZ 9 PSCs B9

RV AL R 2

Fig. 3. Representative photoelectric characteristic curves of

PSCs based on the BBr passivation layer with different pre-

cursor concentrations.

Je— R BT AT BEAL R RE. SR 24 BBr Rif K
PRV B I i, 5 E I A B A AR — A, 58k
A7 B FL L BT DM e B AR I AR 1
MG

3.2 BBr #i{LXT$5KH HEIE R MRS
A !

T3¢ BBr #lifk T PSCs it Rt 22 1k

(110) (220)

A 0 mg/mL
g J 0.2 mg/mLﬂ
2
g l 0.5 mg/rnLA

Fl. 1.0 mg/mL ﬂ

2.0 mg/mL
10 15 20 25 30 35
20/(%)

Kl 4 BBrflifkJ5 CsPbI, WA XRD [
Fig. 4. XRD patterns of CsPbl; film after BBr passivation.

MY, B JeXT BBr Bifk 5 CsPbls iR AHZ5 14
MRESFEAT T HEST, 25 R iE 4 FE 5 BiR,
XRD EHERTLIE H, B 1) CsPbl WREERAE 14.4°
1 28.9°40 H BT 7] Fry S AU A7 B 0eg 43 0T T
CsPbl; #55K5 Y (110) A1 (220) &4if, 68 CsPbl,
B KA R A PRI S A AU K AR AR KL 5
i) SEM A LA A Hh 7 2, Byt BBr GifLiRIf:
WA G CsPbly WOWIE S 4 ] R A8k, X — 44
It RH B GE 25 Rt v] LAAS 204K IE, 24 BBr
BALZ P RATIRAR EE M 0 mg/mL B41%)] 2 mg/mL
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5]
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i
16 | (®)
8 12 |
3
o 8r

400 800 1200 1600

Grain size/nm
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400 800 1200 1600

Grain size/nm

Count

400 800 1200 1600

Grain size/nm

Bl 5  BBr#lifb/m CsPbly IR #7250 R AL 45 R A1 SR ROT G H 25 51, BTSRRIk BE 230 (a)— (¢) 0 mg/mL, (d)—
(f) 0.2 mg/mL, (g)— (i) 0.5 mg/mL, (j)— (1) 1.0 mg/mL, (m)— (o) 2.0 mg/mL
Fig. 5. SEM images and grain size of CsPbl; films after BBr passivation with different precursor concentrations: (a)—(c) 0 mg/mL;
(d)-(f) 0.2 mg/mL; (g)—(i) 0.5 mg/mL; (j)—(1) 1.0 mg/mL; (m)-(o) 2.0 mg/mL.

i, CsPbly 35 (1) R K £ 28 400—1200 nm. i#F
— B WEE CsPhI, MR A HOLIE 35 & B, B % BBr
WP BTN, CsPbly A5 | A 2 (0 o) B s R ik &2
HHORGHTE T, 24 BBr BSR4 HNZ] 2 mg/mL
B JC e i Tk e R B4 FE AR VT BE 2 FH T BBr
FALJZ 0 A RIE B SRR G SR B .

3.3 BBr $i{L3tEE5AH IR B I RERI RN

H— L RIE T A [FHR B2 1Y) BBr 2 T8I 1 Xt
CsPbl; B H P RE 952w, LLBA B 51 2 PSCs
i R AL AL & 6(a) AL 6(b) 435145 H
T ARV BE %) BBr £k 5 1 CsPbls #AE T UV-
vis Al PL PERE. M 6(a) 7] LA i, BBr 4 BEA)
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J&i CsPbly HJIE 2840 AT WL SO 35 15 & A A,
W7 736 nm A A7 B B IGH, & CsPbl; £5 8k
TS (1% L AR R0 ) X 5 XRD A R 6 SR —E
{ENIE 6(b) # PL K541 al & 20 559 AR [F), B
Bfi % BBr A SR A BE B34 i, CsPbl; #AK K PL
Tk ISR NS /N e E 0.2 mg/mL ik F|
B KAE, ULRHIZVR FE Al IE Y CsPbly Wi e BT
Rer=A 2 W3 IRIRRAE T ek b2 Uk 2
[ CsPbl; Wiy PL 3%, Wl 6(c) Bz, 24 BBr
T 3R A 4 VR B2 K 0.2 mg/mL B, 25 A% i J2 %)
CsPbl Wi F 7= A 376 S M B ee 7, 24

(a) —— 0 mg/mL

—— 0.2 mg/mL

; —— 0.5 mg/mL
%~  — - 1.0 mg/mL
R 2.0 mg/mL

Absorbance

ey
L

550 600 650 700 750
Wavelength /nm

(b) —— 0 mg/mL

—— 0.2 mg/mL
—— 0.5 mg/mL
—— 1.0 mg/mL
2.0 mg/mL

PL intensity

Y
675 690 705 720
Wavelength/nm

(c) —— 0 mg/mL
— 0.2 mg/mL
—— 0.5 mg/mL
------- - 1.0 mg/mL
2.0 mg/mL

PL intensity

6(.)0 7(.)0 8(‘)0 9(.30
Wavelength /nm
Kl 6 BBrflifb )5 CsPbl; #ilERY  (a) UV-vis Al (b) PL
BN REE AL (o) PURR B 28 U84 2 /5 CsPbl; W PL 19
IAZE R
Fig. 6. (a) UV-vis spectra and (b) PL of the CsPbl; film

after BBr passivation, and (c¢) the PL quenching of the
CsPbl; film after spin-coated by hole transport material.
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Abstract

All-inorganic perovskite cesium lead iodine (CsPbl;) without any volatile organic components has attracted
much attention due to its superior stability, high absorption efficiency and suitable band gap. However, the
power-conversion efficiencies of CsPbl; based perovskite solar cells (PSCs) are substantially low compared with
those of the organic-inorganic hybrid lead halide PSCs. The surface passivation of the CsPbl; film by long-chain
halide salts has been found to be an effective method of improving the performance. In this paper, we report the
concentration effect of an inexpensive 2-bromoterephthalic acid (BBr) as passivation material on the
performance of CsPbl; perovskite solar cells. The experimental results show that the conversion efficiency of
perovskite solar cells first increases and then decreases as the concentration of BBr increases from 0 to
2 mg/mL. The best conversion efficiency of CsPbl; perovskite solar cells reaches 13.5% at 0.2 mg/mL BBr. The
results from X-ray diffraction and scanning electron microscopy suggest that there is no change in the phase or
microstructure of the CsPbl; perovskite film after surface passivation by BBr. By further analyzing the
photoluminescence data of the CsPbl; film with and without capping hole transport layer, it can be found that
the passivation of BBr with the concentration of 0.2 mg/mL can enhance the fluorescence excitation intensity of
the CsPbl; film and accelerate the exciton separation at the interface between CsPbl; film and hole transport
layer. Based on the electrochemical impedance spectroscopy data, we find that the electron transport ability at
the interface between TiO, and CsPbl; can be significantly improved after surface passivation, which is induced
by the acceleration of the exciton separation at the interface between CsPbl; film and hole transport layer. The
decrease of the PSCs performance when the concentration of the BBr precursor increases from 0.5 mg/mL to
2 mg/mL can be attributed to the local agglomeration of the BBr material, resulting in the block of charge
transportation. This research is expected to provide basic support for the low-cost development of the

passivation materials for perovskite solar cells.
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