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Ak, KRR, fE2 A 0eirik, &
PbX, il 28 CH%E, O SR 25k W () T 5 A 4
SRR R T PeE R, Liuge NP EPLBr,
B B4 8 T Ao 2 i o s 5 751 S (chlorobenzene, CB),
CBHYAMA T 2 55 v 15 PN 7 B AN N- P RE Y fl (N
N-dimethyl-formamide, DMF), MIfiiNtPbBr, %,
S ESER AT 2 — M, IRAERMARCR 2 HM6.94%
PR F18.55%. Zhu% NTRI R 43T B I (mela-
mine)ff PbBr, B A BN IS5, IESE | F54K0 145
A, TR O RS ok, /b 1 . Tang AU fdi
FHZES S B KX PoBr, s EgE A T AL 3, 7E A BE (pyri-
dine, Py)RIZES S T, £ B T PbBr,- Py [HJAH ) A A,
3] T PoBr, 2 ik, f#PbBr, 5 CsBrif) N TG AL BERE
%, B AL AR IR R 1 250°CR#A 2 160°C.  WangZ%:
SR WAL e i vk i S b, R (i -
methyl sulfoxide, DMSO)X 55— HEWR A PbL, M5k
TR K, TERL T Z4LAPbL A, (H15PbL,
5 FHAZ R R FUMAPDBI A, sk 1 48 i
18% A G HL A A,

ARICHEF LA TelRE:, TEDMSOZE TS T X4
— Y W P Br, IS T AR B, Il T
{8 (scanning electron microscopy, SEM). XHf£AiT
BFr#1(X-ray diffraction, XRD). Faz59¢t 761 (photo-
luminescence, PL)FIH, fb24FH#Ti% (electrochemical im-
pedance spectroscopy, EIS)ZHMRTF-Boxt a4 454k0 2
PIVERRIE A . SRAHZS R B Ak 22 R RB A EA T T — R 51
FAES 5. 45 1RW], FIFHDMSOZE iR A Ak 3
FIIE USSR SR RIS
FEAR, 33X A F| T4 75 CsPoBry i 5 i 2 I T & 0K,

M8.73% 4T+ %29.95%.
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1.1 J5ORF
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HIRAF. JRALH(CsBr, 99.999%). R4 (PbBr,,
99.999%) ¥ [ Sigma-Aldrich. PO L4k (TiCly,
99.9%) I F[#7 T (Aladdin). FIFE(>99.5%). 1
(>99.5%). —HILTMKDMSO, >99.5%).
(>99.5%)~ N,N-_HIJLHI It (DMF, >99.5%) 34 [ -
I EAER AR AR AR, SRR (Carbon,
99%)4 1 _FIEHE A BRA . RERHRUA, T
A RHE M FH AT AR 2P 34l

TiCL TSR MR VKIBHEFE T, Z2123% N9 mL
TiCLA R T400 mLyK/KH, I SE BUS PRIFVKVE 9
$£5 min, J£0.2 mol mL™ B TiCL TR,

PbBr, i M CsBrim i L Hl: E AN FE
46 FRHL7.38 g PbBr, 720 mL DMFHY, 110°C R /4 14
PEEE VR, B mol L™ (UPbBr, AW, FREL
0.5958 g CsBr 40 mLH L, 45°C N g P E5E 4
Visfi#, T2 %0.07 mol L™ A CsBria . %5 B b5 45 1.

Al

Pl E AR I R, R 2 i A FTOBY
W ATEL, HHTCK OB A E B3R, IR
20 min. I OB S A SN R AL
T 1E20 min, HE A SEE T HVEILE TS min. FHE
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MBS AL PERE, RS I ERFAYPCE  h, BIAT10 mL TiCLFTHKWE, A BV I S XU T4
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Figure 1 (Color online) Schematical illustration of the device fabrication process
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Farh, 70°C TS0 min/FHR . 435 /KM S B R
SRIGFESIEHLA LT, BUASHCNA4000 r min~'y 20,
120°CHEEIRIAA FIB K5 min W SRS HR 2 Db,
500°C FHEBET h. B IR SE TIO A B3 5L A AL BH20 min,
SEBS AL PE6 min, Vi UESE R R T IR BER AV 2, B
SIEHLZE 2000 r min~ . 30's, IR IZH110 L
WAL 8) 20V S 08 eaR11 7)1 R BTO = el D U i BSR4 ¢ 03
SATBNIR JOBBE, T e R o8 UG B 2
100°CHY R G |, TERRBRAN ALY emkb 351
NS0 uLEDMSO TG b, fEinse s, Mg
HHAE A60 mm. =5 k15 mmP s 57 L5 AE B 1, 7
DMSOZEA 4 R k30 min. 1B KZEHS, TFBEA
H, BB SIEHLBECN2000 r min~'y 30's, FHARSHAGIL
J120 pL 2 ACH] B CsBrigt i in T B s b, ek
S H R A W RS B 250°C LA & 13 S min,
DL RSO, o, SR FH 22 W Bkl B LB, BRI S5
H5, AR E100°CHYMA A 1 T44#20 min. F U,
LA 25 8 B RIS, FEAH R 258 B il 2 AR Z:DMSO
2R IR AL BRAY SR
1.3 FAEJiik

FEEHE 100 W m™ I AM 1. SGIIBL G (New-
port, PVIV-94043)F, W% (% v it 25 B - HL FE (cur-
rent density-voltage, J-V)FEM:RTZk, il Keithley-2400
BB IR IO RIS R, 7 & S AT B
Bi(Hitachi S-4800)%} PbBr, #5155 kB Vo ) 22 1
A TRAE. fd R 1 8 3%5E (Bruker Multimode-8J
German) % 55 K0 V5 3 DR B2 A 7R AE. (X
LM ARATEH U (Bruker D8 Advance) X #54kH |2 1Y fb A
SER PRI TRAE. SRRSO EHE X (Thermo
Scientific Lumina)FlHs} 8] 43 BEEEUR OGS (time-re-
solution photoluminescence, TRPL, OmniFluo TRPLS)#
FERGERN 2 A B e vk BE RN B T AR AR S R AR, Bk
Z)GHL i (transient  photocurrent, TPC)HIBFZGHL &
(transient photovoltage, TPV )R & EZAHNERZA A Y
Zahner 8 H A0 2 TARR A TINE. A 2850 AT WO TE (X
(ultraviolet-visible spectroscopy, UV-Vis, Perkin Elmer
Lamda 950)WFFE 8 EAW WA OEHERE. M Ak AT
K FHTE R TM6e Y HLAb 2 T ARG R Tl

2 GRS
T BT DMS O 2% Al B 1B IO P B, 1 B4 52

M, XHE K ANEERT S APbBr, ST T SEMI, 4N
E2ftR. XFEEE2(a), (b)T LA EE, ZDMSOZES 4iBh
B, PoBrifE FAYFLIAECEA T B e, HAL
TN —, FEARFUI, ¥55) b o3 A fE 38 TR R
I, X P LR IE K 238 K PbBr, 5 CsBr /s IV )42
TR U (T [1B o A o 15k <1 1 9 LT V5 NS
CsPbBrs ik, e a5 ek n Wit g 24— e [w)e, @ik
X ECES R A AR A SEME (K12(c), () PTLAFE H, 4
DMSOZES i BB K i G ER T WA S N8 &), fbk
REFER, fHF#EE/N, X Ui DMSOZE 4l BhiE k.
b R RE NS BB AR AR W A i, AT A AR A R
%, R FTEBRMCRER, REAMER
PSCsHtrLpEfE! .

R T iR AR ORLRS B 1 ARk, X
YEAT T T 1 i i (atomic  force microscope, AFM)
FAE. HIE3(a), (b)ATH, FHEST 25 A, £.DMSOZE
SR KR RS ERET AR A4 35 7 MOMLRE B 50.4 nm
FEAK%36.7 nm. X BEHI i DMSOZE A Bl K5 Y
FHERA R T AR =, FLBRAE /D, REAE A RIS D B
TR SIS, [Fn, MRS KR A
KR = R WO 2 5 HAb ) BB 2 22 8] ) AL T VE R,
AR T AL RCR T m ™ RS B i A AT I R T
FEDMSOZE A BIIE K it FE P A T ZFL45H Y PbBr,
WEIE, XK T H S CsBriv il AR, A A T s
PbBr, 5CsBrit) e i, MIIE 483 — ) CsPbBry #54k
1 HESE.

1 um 1 um

2 SEMZEIH . (a) PbBriifiE; (b) £DMSOZEMHIR K IEHY
PbBr, I (c) F5EkE W, (d) ZDMSOZES SN K5 A5 Ek

Jist

Figure 2 SEM surface images. PbBr, films without (a) and with (b)
DMSO vapor-assisted annealing; perovskite films without (c) and with
(d) DMSO vapor-assisted annealing
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Figure 3 AFM images and XRD images of perovskite films. AFM images of perovskite films without (a) and with (b) DMSO vapor-assisted
annealing. (¢) XRD image of perovskite films without and with DMSO vapor-assisted annealing. (d) Partially enlarged XRD image
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(DF7R, 15.7°0 21.5°F137.7°4k 94T 43 5 %k o7 T
CsPbBr, A 1(100). (110). 1) =A™ %t
FI3(c)MPL i Ze T AL BE, 2203 DMSOZE 4l Bhil k
JE AR I, L CsPbBrs A (14 34 & T8I T 6T 7 174
frtwgEsR R, HE ARBL. E3(d) N RF AR
XRDiEE], v LATE A W E ), 2 DMSOZ B
1B K5 I CsPOBr; S AALE 15. 70121540 A AT S 1 it
MG 33X 156 I CsPbBrs AR 40 BE A 25 1 WA T it
T, 45 SR B, X5 2 AT ESEMEUE b iz
FIMIMEATE. X —IE N KB, Z3IDMSOZER,
%l BhiR K AL BEPOBr, ITIE B 2 FLAS {2 i T CsBrit)
P, HFITCsPoBrs AR KK, AR T H58-
WL AR,

Kl4(a), (b)E45 4 SEM. AFMAIXRDZEAFE LS 5T
220 1Y 25 1 2H A S 6 2H CsPBr 85 Sk it B2 1 7
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Figure 4 Schematic diagram of CsPbBr; perovskite film-formation processes. (a) The pristine group; (b) the experimental group
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Figure 5 Study on carrier transfer and recombination process of perovskite solar cells. PL (a) and TRPL (b) spectra of perovskite films with and
without DMSO vapor-assisted annealing; TPC (c) and TPV (d) attenuation curves of the corresponding devices
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F1 THEESZDMSOESHBIR KSHT BERTRPLELE S5
Table 1 The fitted TRPL data for perovskite films with and without DMSO vapor-assisted annealing

B Tave(DS) 7,(ns) A,(%) 7,(ns) Ay(%)
25 10.78 14.80 62.10 4.24 37.90
FEERA A 16.36 19.85 72.93 6.94 27.07

Hu RSB VR A B P 3, JRFRIN R A
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FEHE(TPV)I, #E—2WF7E DMSOZE IR K X #1F
PR TR A SRR, K5(e) BRSO HL IS A,
ATLAE ), ZDMSOZE A BhR K5 s, HEm 1
HL T PRI  H1 234,77 ps FRER125.42 ps, UEBHZ T
DMSOZES S BIR K5, 2R FREW T A Sob bl i
E )2, A iR KI5k
WS R RS RL, dEax FerT AR B, SEER 2 AR T
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Figure 6 Study on the performance of perovskite solar cells. (a) UV-Vis absorption spectra of perovskite films. J-V curves (b) and EIS spectra (c) of
different perovskite devices in the dark state. (d) Jsc of the devices as a function of illumination intensity. (e) J-V curves of PSCs based on different
annealing methods. (f) Device efficiency distribution histogram of 18 independent devices
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KI(EIS), anEl6(c)fizn, ol B i B S Eim
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RS, SRR 21 R (4256 Q)W K T2 I %
TFRIR (2806 ), TiHAALHH IS 2814 N R T2 A 1Y
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P 2 B, DT 2 2 I F 3T FMELFE R F(fill. fac-
tor, FF), JEMH TR CHIERERE™ . o T I ox
SRIHE, TR ESERD 2R PO F B S,
BATE T PFP A EAEAR RS T BJge, WEI6(d)IT
. Jsc I AR & AT O AT U
Jse x 1%, Hha @ 500 FiaitEAa MHE T, 75
RIrh RO AR, HAEMEALF1, RESEP R
FRAET/N. ATUFRH, 2 a5 24DMSOZE S 4B
B KA o/ HS UL T 1. (HZ3d DMSOZE S il
BB K5, # el B30T 1, UHZDMS0Z#S
R K5, SR Bh A ISR R T — 2
o2fil",

El6(e) e 2s A Sl s b Vil <k, Holkd
PERESEE T2, R LIE H, ZLDMS0%
AR KRBT, Vo N 1.5 V, Jsch7.87 mA em™,
FFA81.58%, SCORZH#S 4SS EAHE s AR A T
—SEMETE, HPCEWM8.73%HET139.95%. Ak, 5]
JECsPOBrLa SR L& A3 fis. [|is, AT

F 3 CsPbBroE g R EX AR 2808 i i Uk 45

* 2 ZARFE5ZEDMSOEHEE X FHRHHLRIEES
%

Table 2 Photovoltaic parameters of devices with and without DMSO
vapor-assisted annealing

B Voo(V)  Jse(mA/em®)  FF(%) PCE(%)
7 H 1.52 7.38 77.99 8.73
£ DMSO7E
i iED 1.55 7.87 81.58 9.95
SR

e VIR BRI EE T, 15T T 184125 Fias L
PSR e b e & I B s WA ME R I
mEeOFTR. FTLIE H, ZidDMSOZEHiBIE X5, &
PRBPFSA R ACRAR I K28 R, X 5V
SERAAWIA, Ui DMSOZE S Sl Bl A H AP R
FRABERE" A PHAE FE L #5  n] A7 Ao,

3 45

AR SCH 11 DM SO 77 258 4 BB ki 77 Ak v
S, B SCTE A P B i B £ T DM SOZE S il B
K, fEPOBr Wi AR N ZFLEEH, XA R TTERE
Je B i R A #EPbBr, 5 CsBrAH ELAEF, M
BRHYCsPbBrsfthr. 45K M, Z2DMSOZE A Bk -k
J5, AT M AE SRR T — 2 BkEE, CsPbBryZh
R, IR B N H AR R T R A A
PR EE, MRS T 200 FERROR, 87 T 8
AE. 2, ZDMSOZEAHBIR KIG, VocikEI T1.55V,
FFik ] T 81.58%, JarL Ll 8. 73%HE T 229.95%,
A28 AL HOC PR RER TR RBG4ETE. b,
IS ERFL I e T4 A 157 B B 2 I DMSOZE <,
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Table 3 A literature review of CsPbBr; based device structures and the effects on photovoltaic parameters

X PbBr, i AL B TRk Voc(V) Jee(mA em™) FF(%) PCE(%)
$74SnBr,”” FTO/c-TiO,/m-TiO,/CsPbBr;/carbon 1.37 7.66 82.22 8.63
$£241nBr,"" FTO/c-TiO,/m-TiO,/CsPbBr;/carbon 138 6.52 72 6.48
#7=PbCl,”"! FTO/c-TiO,/m-TiO,/CsPbBr;/carbon 1.571 7.47 82.93 9.73

$J4Eu? FTO/c-TiO,/m-TiO,/CsPbBr;/carbon 1.4523 6.33 79.19 7.28
$#7<HB FTO/c-TiO,/m-TiO,/CsPbBr;/carbon 1.36 7.47 68 6.91
$#B2eKBrY FTO/c-TiO,/m-TiO,/CsPbBr;/carbon 1514 7.25 78.4 8.61
B R R FTO/c-TiO,/CsPbBry/carbon 1.25 7.49 68.9 6.5
DMSOZES iR & FTO/c-TiO,/CsPbBr;/carbon 1.55 7.87 81.58 9.95

1695



M % d & 2023458 H68% H£13H

5% 3CHik

1

10

11

13

14
15

16

18

19

20

21

22

23

24

25

26

27

Kojima A, Teshima K, Shirai Y, et al. Organometal halide perovskites as visible-light sensitizers for photovoltaic cells. J Am Chem Soc, 2009, 131:
60506051

Wang R, Mujahid M, Duan Y, et al. A review of perovskites solar cell stability. Adv Funct Mater, 2019, 29: 1808843

Niu G, Guo X, Wang L. Review of recent progress in chemical stability of perovskite solar cells. ] Mater Chem A, 2015, 3: 8970-8980
Kulbak M, Gupta S, Kedem N, et al. Cesium enhances long-term stability of lead bromide perovskite-based solar cells. ] Phys Chem Lett, 2016, 7:
167-172

Zhang C, Liang S, Liu W, et al. Ti,-graphene single-atom material for improved energy level alignment in perovskite solar cells. Nat Energy, 2021,
6: 1154-1163

Tong G, Ono L K, Qi Y. Recent progress of all-bromide inorganic perovskite solar cells. Energy Technol, 2020, 8: 1900961

Zhao Z, Sun W, Li Y, et al. Simplification of device structures for low-cost, high-efficiency perovskite solar cells. J Mater Chem A, 2017, 5: 4756—
4773

Zou Y, Li Z, Chen H H, et al. Effect of interfacial modification for TiO,-based planar perovskite solar cells using NaTFSI (in Chinese). Chin J
Lumin, 2021, 42: 682-690 [485*, 250, PA#3%, 5F. NaTFSIF AT [ TIO AL E5 kA A FHAE FL ML A 2. & O24R, 2021, 42: 682-690]
Chang X, Li W, Zhu L, et al. Carbon-based CsPbBr; perovskite solar cells: All-ambient processes and high thermal stability. ACS Appl Mater
Interfaces, 2016, 8: 33649-33655

Stoumpos C C, Malliakas C D, Peters J A, et al. Crystal growth of the perovskite semiconductor CsPbBr;: A new material for high-energy radiation
detection. Cryst Growth Des, 2013, 13: 2722-2727

Yuan H, Zhao Y, Duan J, et al. All-inorganic CsPbBr; perovskite solar cell with 10.26% efficiency by spectra engineering. ] Mater Chem A, 2018,
6: 24324-24329

Liu X, Liu Z, Tan X, et al. Novel antisolvent-washing strategy for highly efficient carbon-based planar CsPbBr; perovskite solar cells. ] Power
Sources, 2019, 439: 227092

Zhu J, He B, Gong Z, et al. Grain enlargement and defect passivation with melamine additives for high efficiency and stable CsPbBr; perovskite
solar cells. ChemSusChem, 2020, 13: 1834-1843

Tang K C, You P, Yan F. Highly stable all-inorganic perovskite solar cells processed at low temperature. Sol RRL, 2018, 2: 1800075

Wang Y, Li S, Zhang P, et al. Solvent annealing of Pbl, for the high-quality crystallization of perovskite films for solar cells with efficiencies
exceeding 18%. Nanoscale, 2016, 8: 1965419661

Liu J, Zhu L, Xiang S, et al. Growing high-quality CsPbBr; by using porous CsPb,Br; as an intermediate: A promising light absorber in carbon-
based perovskite solar cells. Sustain Energy Fuels, 2019, 3: 184-194

Liu X, Wu J, Guo Q, et al. Pyrrole: An additive for improving the efficiency and stability of perovskite solar cells. ] Mater Chem A, 2019, 7:
11764-11770

Liu H, Liang C J, Zhang H M, et al. Effects of surface morphology on the ionic capacitance and performance of perovskite solar cells. Jpn J Appl
Phys, 2017, 56: 090305

Zhu J, He B, Yao X, et al. Phase control of Cs-Pb-Br derivatives to suppress 0D Cs,PbBr, for high-efficiency and stable all-inorganic CsPbBr;
perovskite solar cells. Small, 2022, 18: 2106323

Zhu W, Bao C, Lii B, et al. Dramatically promoted crystallization control of organolead triiodide perovskite film by a homogeneous cap for high
efficiency planar-heterojunction solar cells. ] Mater Chem A, 2016, 4: 12535-12542

Du Y, Wu J, Zhang X, et al. Surface passivation using pyridinium iodide for highly efficient planar perovskite solar cells. J Energy Chem, 2021, 52:
84-91

Wu Z, Liu Z, Hu Z, et al. Highly efficient and stable perovskite solar cells via modification of energy levels at the perovskite/carbon electrode
interface. Adv Mater, 2019, 31: 1804284

Luo D, Su R, Zhang W, et al. Minimizing non-radiative recombination losses in perovskite solar cells. Nat Rev Mater, 2020, 5: 44-60

Jiang S, Wu C C, Li F, et al. Machine learning (ML)-assisted optimization doping of KI in MAPDbI; solar cells. Rare Met, 2021, 40: 1698-1707
Wang G, Dong W, Gurung A, et al. Improving photovoltaic performance of carbon-based CsPbBr; perovskite solar cells by interfacial engineering
using P3HT interlayer. J Power Sources, 2019, 432: 4854

Wang S, Cao F, Sun W, et al. A green Bi-Solvent system for processing high-quality CsPbBr; films in efficient all-inorganic perovskite solar cells.
Mater Today Phys, 2022, 22: 100614

Blom P W M, Mihailetchi V D, Koster L J A, et al. Device physics of polymer: Fullerene bulk heterojunction solar cells. Adv Mater, 2007, 19:

1696


https://doi.org/10.1021/ja809598r
https://doi.org/10.1002/adfm.201808843
https://doi.org/10.1039/C4TA04994B
https://doi.org/10.1021/acs.jpclett.5b02597
https://doi.org/10.1038/s41560-021-00944-0
https://doi.org/10.1002/ente.201900961
https://doi.org/10.1039/C6TA10305G
https://doi.org/10.37188/CJL.20210045
https://doi.org/10.37188/CJL.20210045
https://doi.org/10.1021/acsami.6b11393
https://doi.org/10.1021/acsami.6b11393
https://doi.org/10.1021/cg400645t
https://doi.org/10.1039/C8TA08900K
https://doi.org/10.1016/j.jpowsour.2019.227092
https://doi.org/10.1016/j.jpowsour.2019.227092
https://doi.org/10.1002/cssc.201903288
https://doi.org/10.1002/solr.201800075
https://doi.org/10.1039/C6NR07076K
https://doi.org/10.1039/C8SE00442K
https://doi.org/10.1039/C9TA02916H
https://doi.org/10.7567/JJAP.56.090305
https://doi.org/10.7567/JJAP.56.090305
https://doi.org/10.1002/smll.202106323
https://doi.org/10.1039/C6TA04332A
https://doi.org/10.1016/j.jechem.2020.04.049
https://doi.org/10.1002/adma.201804284
https://doi.org/10.1038/s41578-019-0151-y
https://doi.org/10.1007/s12598-020-01579-y
https://doi.org/10.1016/j.jpowsour.2019.05.075
https://doi.org/10.1016/j.mtphys.2022.100614
https://doi.org/10.1002/adma.200601093

28

29

30

31

32

33

34

35

1551-1566

Zhong Y, Seeberger D, Herzig E M, et al. The impact of solvent vapor on the film morphology and crystallization kinetics of lead halide
perovskites during annealing. ACS Appl Mater Interfaces, 2021, 13: 45365-45374

Guo H, Pei Y, Zhang J, et al. Doping with SnBr, in CsPbBr; to enhance the efficiency of all-inorganic perovskite solar cells. J Mater Chem C,
2019, 7: 11234-11243

Meng X, Chi K, Li Q, et al. Fabrication of porous lead bromide films by introducing indium tribromide for efficient inorganic CsPbBr; perovskite
solar cells. Nanomaterials, 2021, 11: 1253

Li X, He B, Gong Z, et al. Compositional engineering of chloride ion-doped CsPbBr; halides for highly efficient and stable all-inorganic perovskite
solar cells. Sol RRL, 2020, 4: 2000362

Karunakaran S K, Arumugam G M, Yang W, et al. Europium (II)-doped all-inorganic CsPbBr; perovskite solar cells with carbon electrodes. Sol
RRL, 2020, 4: 2000390

Han X, Wang X, Feng J, et al. Carrier mobility enhancement in (121)-oriented CsPbBr; perovskite films induced by the microstructure tailoring of
PbBr, precursor films. ACS Appl Electron Mater, 2021, 3: 373-384

LiY, Duan J, Yuan H, et al. Lattice modulation of alkali metal cations doped Cs,_R,PbBr; halides for inorganic perovskite solar cells. Sol RRL,
2018, 2: 1800164

Liu C, Liu Z, Chen J L, et al. Photovoltaic performance improvement of all-inorganic CsPbBr; perovskite solar cells by antisolvent assisted
crystallization. ChemistrySelect, 2022, 7: €202202793

1697


https://doi.org/10.1021/acsami.1c09075
https://doi.org/10.1039/C9TC03359A
https://doi.org/10.3390/nano11051253
https://doi.org/10.1002/solr.202000362
https://doi.org/10.1002/solr.202000390
https://doi.org/10.1002/solr.202000390
https://doi.org/10.1021/acsaelm.0c00909
https://doi.org/10.1002/solr.201800164

M % d & 2023458 H68% H£13H

Summary for “DMSOZ& 5 BYIE K Xt CsPbBry 85 £k A FHAE HLt 1tk B Ay S mi”

Effects of DMSO vapor-assisted annealing on the performance
of CsPbBr; perovskite solar cells
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Perovskites solar cells (PSCs) have become a research hotspot in the photovoltaic field due to their skyrocketing power
conversion efficiency (PCE), low cost and simplicity in fabrication procedures. The current PSCs have attained PCE over
25%, which is very close to the efficiency of traditional silicon based solar cells. However, the stability issues stop the
further commercialization processes of PSCs. The major problem lies on the ingredients of perovskite that contains
versatile organic ammonium cations, leading to the deformation of as-constructed devices under continuous illumination or
exposure to atmosphere.

Therefore, to improve the durability of PSCs fundamentally, the all-inorganic CsPbBr; perovskite and PSCs based on it
have received great attention. Different from other photovoltaic perovskites, the deposition of CsPbBr; normally utilizes a
multistep spin-coating method, leaving many uncertainties about the film quality. More precisely, the solution-processed
CsPbBr; film often lacks homogeneity and purity with undesirable phases randomly distributed, which is detrimental for
the photoelectric performance of the device. For the multistep method, the PbBr, film is firstly deposited, and then CsBr is
spinning for several times to form the CsPbBr; layer. Therefore, the quality of the first deposited PbBr, film can exert a
great influence on the morphology and crystallinity of the subsequently formed CsPbBr; film. Many studies following this
approach tend to focus on the modulation of the PbBr, precursor solution, whereas few have reported post-treatment (PT)
procedures implemented on the PbBr, film. In fact, PT is already a widely accepted proposal to the Pbl, film, contributing
to the formation of a compact, homogeneous and uniform perovskite film with large grain sizes.

In consequence, a facile PT methodology was developed to regulate the microstructure and crystallinity of the first
deposited PbBr, film, which is inspired by the solvent vapor-assisted annealing (SVAA) technology that has been broadly
applied in the PT for Pbl,. The after-spinning PbBr, film is transferred to an atmosphere saturated with dimethyl sulfoxide
(DMSO), and the PbBr, crystals can further transform into a porous structure under this condition, which accelerated the
reaction with CsBr subsequently. The main results and discussions are listed below.

(1) The SVAA-treated PbBr, film displays a higher porosity than the pristine one, providing numerous diffusion paths for
the CsBr solution. According to the images of scanning electron microscope, this PbBr, scaffold can improve the growth
kinetics of CsPbBr; grains, which effectively enhances the grain size and evenness of the resulted CsPbBr; film.

(2) A series of optical and electrochemical tests prove that the defect density within the CsPbBr; film can be greatly
reduced through SVAA modification. This can be attributed to the decreased grain boundaries and ameliorated crystallinity
of the SVAA treated CsPbBr; film, beneficial for the extraction, transportation and collection of photogenerated carriers
and the curb on nonradiative charge-carrier recombination.

(3) As aresult, PSCs with the configuration of FTO/TiO,/CsPbBr;/carbon are fabricated. The devices treated with SVAA
can attain an optimal PCE of 9.95%, which is an obvious enhancement in reference to the initial efficiency of 8.73%.
Moreover, the reproducibility of CsPbBr; devices without encapsulation is also investigated, where a more centralized
distribution of PCEs of SVAA-PSCs is demonstrated and the average efficiency of the modified devices is much higher
than the untreated one.

all-inorganic CsPbBr; perovskite solar cells, dimethyl sulfoxide, solvent vapor-assisted annealing, porous structure
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