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INFL BRIRHE (Cs,COy), (411 99.9%) . 1-1+ /Ui
(ODE) (4l & 90%). iR (OA)(ZEJE 90%) . il i
(OAm) (4l 70%) 45 i 38R0 T By hir T30 2
Al BIFHEATAEY) (PTAA), M, = 30000 g/mol,
RIAT EiE A TRHCA RA R WP EE MA
(AR). IE=F%E (AR). LK HEE (AR). &% (Au)
(4 99.99%), ¥k A [ 25 5 W1k 7 A RS A
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P 10 min, SR )5 Ny 3 T8 ZEUIRE TiO, Z i,
JRA R E#E— 26 UV-SRATEBE 15 min. 42
AT 22, 30 3 (bR TR AR VS 15 19 FTO #i
%R E—ZEBE M Ti0, )2, F FTO/ TiO, 2k
£ 200 °C z5 K MRk 40 min F7H.

2.2 CsPbBr; MR
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PR 46 AN 3 mL i R I A B IS = B, A
30 mL +/\J% (ODE), Ft Bl T AL, 5
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Z0F R AN B 30 min, £33 B A9 CsHl iR 5
RAHW. 5IFEE, ¥ PbBr, (0.69 g) f1 ODE
(60 mL) It A5 —4~ = O BB R HiRE, IR
FEFHZ 120 C fhE 2 K ERAS SRUK, 4505 4 il
AR, 49 5 mL OLA 1 5 mL OA,
i EC 7 L2 SORUK, 24 PbBry 58 4V i 15 T AR i85
WIS, T RO 160 °C. Bm EE A
ZHIA R CstilmeEh, Kb 30 s J5, R
IR A WIHCAE VKIS FR e 31, 453 (0 e DT TE ) B
4 CsPbBrsy 40, P14 LR R (MA) Z2BRiR
34N i R T SRR B0 E Uk, S G S R A
5 mL 1EERe I BT, TR R T F A i
UK, V2 50 mg/mL, 77458 i g 2% 1Y 5 45
SRy mT R R AE.

2.3 CsPbBr, $5$K# KPR AT HI &

FERS IS, B 60 L ) 50 mg/mL
CsPbBry 40 5t 88 THETSREE 2] FTO 3555 /TiO, #=
[fil, 2500 rad/min % BEWR 30 s, i FEH (GEvR T
1 5 s J5) ¥ 300 pL £ P& Mg 2 A S 1, e R
51k )5, 43908 100 uL Pb(SCN), 2.2 F ik i Al
VWO 100 pL NH,Br 2 R (MA) 18 FE
T R W, B E 30 s J5, L 3000 rad/min F
il 30 s. AREH R FiRid R 5K, AIJEAL 500 nm
FOWERE AR TS TE 70 °C IR E EHET 3 min
J&, B B AR PTAA W W7E 55 Bk 5 6 i LA
5000 rad/min ¥ T HER 30 s, JERORME 100 nm
JEL B IS, AR TR AR R 10 b, dRJE, R A
PR K JEFE N 80 nm 1K) Au 1E Ky BHME, B it 1 AR
4 0.1 cm?.

CsPbBry 44 {25 7 K IR 26 56 B 7ok
325 nm EAMT L, BRSO K B8 5 iy e
TR FH B #0ERs (PicoQuant Fluo Time 300) #
&, WK 375 nm. X FEATHL (D8-Advance,
Bruker) #1540 0] WL 435656 % i (JASCO V-570)
G IR b A T AR ARG IE A R K
o7 B85 (FE-SEM, SU-8020, Hitachi), i
ST BB (JEM-2100 JEOLTEM) X i JiF %
EIESEA T RAE. KPHREH LAY J- V L 22 EPEDIR
B, SGUE R FH R BRI ES (Pharos Technology) £
SIS, R R 100 mW /em?, $HE I %
(Keithley 2400) 153 J- vV #tEih <. FIH EQE Ml
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Fig. 1. CsPbBr; nanocrystalline: (a) XRD spectrum, (b) TEM image; (¢) SEM image; (d) SEM image of polycrystalline film, the in-
terpolated photos show the fluorescence emission of nanocrystalline ink, nanocrystalline and polycrystalline films under natural light

and ultraviolet lamps, respectively; (e) UV-VIS absorption spectra and (f) photoluminescence spectra of CsPbBr; nanocrystalline

ink, nanocrystalline film and polycrystalline film, NC in the figures represents nanocrystalline.
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JIES Hy 22 UL 2 HE R, R R /NEE 300 nm ZE A7 .
PFE AL TS CsPbBry 985 i ploa DLEC AR A,
Gy A BE RO S A ML R, B 1(b) PG
HE R A CsPbBrs 44 i T3¢ BE TR U S5 7. 4
Bl 1(b)—(d) WG RE A B, S8 7TAR Sl R 7E B
SRICHIRES N 28 hi (0, (e SAMT IR T4 W i
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SRR 1(F) WS P SR 3 iR S R S
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(f) AT LAVE B 2, AN i S5 2090 S i 31 2
AT =3 BRI RN e G0 H BRI 8 A 2T B R
%, X SEH T CsPbBry SR FURLESTAS K, Hi B %
WA /N, Wt 75 A8 5E. CsPbBry 22 BRI
WA AE 538 nm, THE AR 2B R 2.3 eV, 5
FA Y PL WX .
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FR it 1 BE B 52 i

& 2(a)—(d) A CsPbBrs F56kH A BH Hi v A
], HH CsPbBry 445/ 2 At (500 nm), PTAA
B (100 nm) . TiO, # 5 (70 nm) . FTO 43 74E
k1 CsPbBry S54RI B L b 1 W2 | 25 AL A
EL . L AL F R RS B S 2. IRl 2 iR,
2 Pb(SCN), il NH,Br ¥ Z 2 g (MA) 1 #1%
WAL, TR0 NS ERA 290 it Yo A A A A Ay
W2 AR, e 208 U R R AT DLEE 1B 2R A

() PTAA o s
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TinQ' g A
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(e)

500 nm [

AR, AT eA s o B Sk, ] 2(e)—(h)
A3 BIXF I A FVE AL 08, 55, 158, 30 s )i,
CsPbBrs i[5 M2 /i 51] 22 i 8 FIE 35 1 T 304 114 5 2
I RE. MFRRALEE 5 s J5, 9T 4R A1 3R,
FBFEIINK:, CsPbBry 4953 i _EHOk#k 22 13 iR
FIH LA U, ARARAN it 3 i B HE S A /R
FRRZE A, 78 B B2 HR AR R ) P2, Brdt,
SCN", NHj & F-tn] DL FIp o B e, &8
NN A

N T WS FNA AL PN CsPbBry 454k K
BH HL AR RE IG5 MR, [R)B BG TR A5 T 20 n] &
S M, CsPbBry 44 i B, 1 RIS W AL 38 15 s il
30 s 13 CsPbBry 22 it A543 A S W 502 il 4%
20 A PHEL AR - EA T LR, 3 R AR eIk kR
HL2E SR R (B A SAETE R 1 90, Seitor i
DLANFE#EREE] ST (online). Z5 5 B, 3 Fh#sfbot
HUFEARRCR I TIIE 5N 5.23%, 6.80% 1 8.35%,
BRI AR E R 22 43 9] R 0.215, 0.180 F1 0.118, %
Wzl 4 T2 T de i B 2 1B B 3(a),
(b) 531k 3 B RCR B KAE I R R (J-V)
Frrkih <k . EQE . & 3(a) AT WA T CsPbBr;y 44
i T B O 4% A0 K PH AR PCE 5 KB R 5.36%,
TP HLE (Vo) 9 1.49 V, 5 BRI B B (Jso)
9 5.62 mA Jem?, HILH T (FF) Jy 64.1%. BmIRH
1 CsPbBry 2 b, 44 iR it e R, (HTF
FEH R, O TR R IRR T 2 BTN IR
FUH R RO A, BREGEER 2, SOl At AR R L BH A K,

500 nm 2 SKOQ., nm

El 2 CsPbBry #54k @ K FH i i BRI L (a) 0 A HEREE; (D) 24 W SR 25 s (o), (d) 494 b T 8 28 4 R W 3 ) b 3 15 s
30 s TR0 2 R, F5ER IR AR () DAMRWENE; () 4SBT RWEIE; (g), () Z- 0% i (), () 25 & i

Fig. 2. Cross-sectional SEM images of CsPbBr; perovskite solar cells: (a) Nanocrystalline; (b) nanocrystalline agglomerative crystals;

(¢), (d) polycrystalline films obtained by treating nanocrystalline films with saturated solution for 15 s and 30 s, respectively. Mor-

phology of perovskite films: (e) Nanocrystalline film; (f) nanocrystalline agglomerative film; (g), (h) corresponding to panels (c),

(d) polycrystalline films, respectively.
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Table 1.  Photovoltaic properties and electrical parameters of solar cells prepared by three thin films.
Device Voc/V Jsc/(mA-cm?) FF/% PCE/% R,/Q
STON:E 1.49 5.62 64.1 5.36 261.4
NC film
TEIH 1.46 5.61 63.8 5.23 —
S IN:] 1.47 6.34 74.2 6.92 71.7
15 s PC film
TEIH 1.46 6.34 73.5 6.80 —
S IN:] 1.55 6.96 78.1 8.43 65.9
30 s PC film
FAME 1.54 6.94 77.9 8.35 —
8 100 7
T (a) o
g 80+ 16 =
< 6 15 @
g 60 <E
< sl . L
5 < 13
% M 8’ 40 ’ﬁ;;
i 3
< sp = 3
S
R 20 12 ¢
8 —=— NC film —a— NC film 0
= 1} —— 15 s PC film —e— 15 s PC film 1 =
O L 4305 PC film 0 —+— 30 s PC film =
0 ) ) ; . )

0 0.2 04 06 08 1.0 1.2 14
Voltage/V

1.6

3

! 0
400 450 550

Wavelength/nm

300 350 500

CsPbBr; 54k K FHAEHE MY (a) J-V F1 (b) EQE Bk, K7 NC film F /R840 5 IR 258, 15 s PC film M1 30 s PC film 43

SR G4 i T G MR RS VR 43 A 3 15 s I 30 s T A4 14 22 b SR 45 1
Fig. 3. (a) J-V curves and (b) EQE curve of CsPbBry perovskite solar cells, where NC represents nanocrystalline film, 15 s PC film

and 30 s PC film represent devices of polycrystalline film obtained by nanocrystalline film treated with saturated solution for 15 s

and 30 s, respectively.

WM 1R, BB 261.4 Q, #efFh T 5
AT, BRI IR RN SR
WALHR 15 s J5, #HFHY Jse 1 FF SE0494 W 5L
PETE, WORIEF 6.92%, LGN S AR Sy 2 i
FRASE A5 FL Tt ) ER I FLBEL AR /)N, FELBHAEIREAIRSA 71.7 Q,
H TR PR 2, IR R AR, b P
3R 30 s B, 4K S AR 45 808 | ok
RH R Sl 28 A 22 AR, KA mT A 1
DUEFREANHEE, RS ERmT rh ™ A B R 1 R LA A
RO oy B RNRE , BRI & S SO B B 1Y
$ETF, Voo B8 1.55 V, AR TFIiRE] 78.%, Js 4
KN 6.96 mA /em?, AL I A AR R 5 8.43%.
CsPbBry 44K Sh AR I RER, 78 LR H Ak #H it
R, TR AR 450 (BeoE ) i A
FEE /L 2 Hh B AR S A, SRR A R A A
SRR RERFAIS, MM R 0L 281, >4 201 HH i
1 Ab S [ E M 40 s S5, A0OK SRR R KR T HL
SCRERORAP, FEORVA IR, VIR W AR 5 B Tk
P, S B L B s 3 R ) AL D FE R A RS2
(online). ULA, FEMLFARH H A9 HH, #£ 11.89°

TG A 3T T B AT G %A TS CsPbBr,
(SCN) 5, 7E DL AL () AT i 0 X6 17 290 158 B il 45 Ak 3
FIE] A3 1, B 221 SCN B R 4 T Br &5
TEE A2 07, $3 CsPbBr,(SCN); , TEILAL )
TS 0Ge i B I 1 R, DLIE] S3 (online). 7] UL AL 3
FI PR X6 60 MR i 245 o S T At A 1) s PEAE
T SCN W] LI B Eifb s sa e . o T 8T
Pb(SCN), F1 NH,Br M4EILRECR, 435Kk H 3 1)
TR WY TG R W ERL A Ab 3 CsPbBry 4 it 18 A
30 s, Irigan R rERE 5 —F L R Ab 3 2154
AR, 459 E] S4 (online), Pb(SCN), I NH,Br
3 ) Bk G Ak BT T A B 1 A R AR 80R 4  h
7.96% F17.24%, LU SCN BHRIVEEILIER].

Kl 3(b) 3 Fpas 1 EQE M AR 3 Fir 5 1
RS, BN SV PR R Jyo 45
J—3. CsPbBry 4K MR R HBPE 2, R M
i T AT WL S 2 ML 300 F 5 S, 2R
300—520 nm i Fl N EQE HIKT 70%. 90 4%
PFAE S I X 300—450 nm 3 K {5 Fl EQE {H4: K
e XAV, = 2 i R 2 e DX i A2 W i
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— R FA N LT A O, SR AR, i
A3 LIOG L AR k. AR oK R A
1, Z SR EQE {BAE 300—520 nm I K
JEFE ISR, R T A R AR
b AN T Pb2t, Brdt, SCN-, NHJ B 75 ik
BREE BV E R, A ESERE AR AT L7 A R 45 Y
#ZHii T+, IFET AR . BT CsPbBrs Z /i
JEE B AE J 0 OGRS B R /N, IR EQE {5 7E
300—450 nm i [l YT+ I

4  CsPbBry #54k 7 K [0 v o G 3R 5
HY ALIE AT

itk — 20 3 A bR 3 A (KA Z AR
VAL FEAY 15 s F1 30 s fIT15 22 e M2 4
R S A G IR YERE RO MLER, 43 BIXT 3 ol A
T XRD, PL, TRPL, M FaFmEA LV,
Kl 4(a) R )ELH CsPbBry 44 i 8 IR FIZE (R R Ak

—=— NC film
——15 s PC film
——30 s PC film

Intensity/arb. units
T % T T T

Intensity/arb. units

20/(%)

A(c) —a— NC film
H —o— 15 s PC film
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Fig. 4. (a) XRD patterns of CsPbBrj nanocrystalline and polycrystalline films obtained by treating it with saturated solution for

15 s and 30s; (b) PL spectrum obtained by positive irradiation of the films (laser excitation wavelength is 375 nm); (c) time-

resolved fluorescence spectrum; (d) dark state IV curves of single electron device (internal illustration of the structure of single

electron device).
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Table 2.  Fitting parameters of time-resolved photoluminescence of three thin films.

2R S FF T e /1S Ffir /ns NEA, T/ ns A A,y
FTO/TiOZ/NC film 14.60 19.71 261945 9.73 556783
FTO/T102/15 s PC film 4.36 4.36 875893 4.36 875893
FTO/T102/3() s PC film 2.13 2.13 3112950 2.13 3112950
o, 7 R R R, A, SEW
HIABEOIT 42 WE 2 AU, Sapemee 5 & W

mn X6 A (14.60 ns) FHEE, 22 SR 70
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AR Y 7,0 AN 4.36 s FRAI 2.13 s, 10 BH 40 i v i
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BT AT LUK b AR 1 78 o A S R

Lo 7 24 F S PR RE A B R, AR L MR
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JER 9.3x10™ cm 3, 22 i TR ) HL T S AN 4
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IR 2 SAME T, DA T e 4 K g e
P, FF1EPEZ 4 I CsPbBry 58k 0 # 8LAY 5
Bk, kb 5 R RHE S6 (online) FFr , 2e1k7E
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Abstract

In the process of preparing perovskite polycrystalline films by solution method, toxic solvents are used, and
heat treatment is still the main way to induce perovskite grain growth, which not only increases energy
consumption, but also hinders the development of flexible solar cells. In order to avoid the use of toxic solvents
and high-temperature process, CsPbBrs nanocrystal films are treated with low temperature solution to obtain
corresponding polycrystalline thin films, which are applied to solar cells. Firstly, CsPbBr; nanocrystalline
(nanocrystalline NC) ink precursor is prepared by hot injection method, and nanocrystalline film is prepared by
spinning coating method. In atmospheric environment, CsPbBr; nanocrystalline films are prepared by saturated
solution of Pb(SCN), and NH,Br methyl acetate. Using the CsPbBr; nanocrystalline film as an absorbing layer,
the perovskite solar cell is prepared and the performance of the cell is effectively improved, and the efficiency of
the cell reaches 8.43%. The results show that the saturated solution of Pb(SCN), and NH,Br methyl acetate
(MA) can not only continue the nanocrystalline crystallization, but also effectively passivate the defects in the
perovskite films. In the process of preparing CsPbBrs polycrystalline films, neither high temperature treatment
nor the high boiling point toxic solvent is used, which is suitable for the preparation rigid and flexible solar

cells.
The inorganic halide perovskite nanocrystals are 8
developed and used as “ink” to fabricate fully air- 7
processed, electrically stable solar cells. Although the 6
prepared film is composed of mosaic nanocrystals 5} —=— NC film

—e— 15 s PC film

capped with a large number of organic ligands and L —a— 30 s PC film

w

surface traps, this method provides a new approach for
single-step,  large-scale fabrication of inorganic

Currrent density/(mA-cm—2)

perovskite devices. Moreover, the flexible control of the

material composition provides a platform for . . .
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uncovering the optimal conditions for optoelectronics
and photonics.
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