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% A TAHLCSPOBr: 4540 ATHREmME M RN T B R ERT &% K E, EEARESERRRMELLEZIE.
BFEMESSRT BEEN R TG, U —FFEN R ARAE, ERAEIEERANEEREFNZ —. KX
X Fl w4 B B AH(NaF . KF, RbF. CsF)XTiO,® 7§ E#AT R @B 16, R %87 & X TiOy/CsPbBryE & 7 H
REBMEMGENNTH. LHhRHA, CFBHTIHESLTIOREEA S MGEETF 5Ti* 48 4) M CsPbBrsHy A fH
BFEMAGRECS EA), PERBRATHRGATE, RARERITE. #1589 8 4 o % # % E (power conversion
efficiency, PCE) )\ 7.71%%& # £10.52%, FF % =, /& (open circuit voltage, Voc)iA 11.63 V, # 75 [ F(fill factor, FF)#2 &
£83.38%. Wb, RHZXBMHEZRINE TEAMIOREMRFNERENI%, BABEFHKEREE. XFR

WS T RS T TENRE R, A5 & TSR T ARy T AR T 3 B 5.

Kol

Bifi 5 A BR AR VR 5 KO 5 A M EUNRL, Ik &
A, AT AR RRIREOR O IE VIR R, KA RELE
HEZ AR OREIR 2 —, HERUE AR 2
TE. F5EEHT K BHAE Wb (perovskite solar cells, PSCs)fE
F LSO T . RTIRAHT BR  m G FL A 0% (power
conversion efficiency, PCE), 434 [RIZCR M 3.8% KTt
227%L L, AR = AOGREARMREN AL shini, A
ML-TCHLZ LR A HLAL 53 5 32 PR (R R . TR
S AR E A L, e E A H AR, A Z T,
STHUEEERT CsPbX; (X = Cl. Br. D RHAL A
FasE MR, O R BORETAH r mB Ho,
CsPbBrs FF RS K (2.3 eV), (HHIFER EMRH, 2
PR B gk A PR 22 2 — (7). HRiTAY CsPbBrs &
PSCsZ &5 T2 UL 2 R FE A 4519, Fe sk

A TALEE SR A FH 88 B3, CsPbBrs, Y2 K 5, CsF, #6+% T2

T T 1%, SHBESHE sof)-Z2 BRI A —E
ZEHEEOY S A Y AR CsPOBry B K™ K BH i H b 14
FARPERES BN RS 1T, R ISR A H I
HBA(~1.5 eV)AYPSCsra, (H AT DL T — LR Eik il 4544
1B J2 45K T2 S S B AR A R) A i 1 TR TR B B
K TAEAOM, T % M BS54, CsPbBr;
TERAEE R A AR A BR, Hagiid 275008, X
TR T HEE S RN AIE, TS TE B CsPbBrs i
PR A AE AR s 2 B ™ 1) Teng e NBWFSE T
PbBry i SR A IS 030 2R S e B 1 (g, RN
1,3-RU( 2RI 3 P ot 5 A5 Bk 0 ks LA e DR i
JE, BARIR ORI IR FI A28 50 11.23%. Shao%F
NGk A2, 18 PRI 0 B CsBrigs i HH s 77 /)
b 3545 T Fe A B 45 S SR, I Ho T LAGE Bid K i AR
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CsPbBrs # AT, Hi17.88 cm’[ CsPbBry KL% 40 B
BT 8.72%MRCR. B4k, HFCsPbBry A B T,
CsPbBry/f& )2 FHAE A AR K e i 22, AL,
1] CsPbBry & Stk St i 5] Adlifh )2 o 28 o 2 02
H R a3 100

TEEPSCsH, HLF1&Hi)Z (electron transport
layer, ETL)XJHLfar$2HL, S & Sas - fese e v
SEVEME NS Tio ffE R w FHETLA R, Hogerm s
B ShFBREG K SR R RESUR L, B S EEIR
T A 5N 3T CsPbBrs A5k K BH AE
Hijth, TiO,5CsPbBrsfy A mAMBAAFER KIYfEZ, KR
il T HLF L CsPbBr; 1] TiO, )2 ff% 1%, MMiBHAS T PSCs
PEREAYIE U2, FETION S5k E L 1f [V 2% vh )2
AT AT 36 e Pl S v fh 0 90 o R 8 AR e R A
XufE NPHRRR TR IEAL B T 86(Sb)IB AR TiO,(Sb-TiO,)
YK T IARVE N ETLC AT S, LASRE o i far i) B EURN %
FefiE 1. Yang®: NP5 A 4Eb R TiSe, F N B SR A4 A4
Bl 2 P E AL TiSe, il £ TiO, ETL, /> TETLH )
FaBEBREE, i E RS TETL S 458k 0 IR Z 8] B9 GE 2%k
¥, 7ETi0,/TiO,-TiSe, ETLESAHIFERE |, 3K4E T
10.16% 85305, Zhou s \PUR S 48 — i &
2 (TMDC QDs), flfEMoS, T s filMoSe, & T 45
YR8 70 S i AR VRN T-TiO, ETLs (L-TiO,) Y H

B4 I AL IV R N A5 B A I AE A R X ETL AN
ETL/45 KB A 1 JF 47 W0 4 3 B 2 nl 47 F0 A 20
WangZs A2 M4 ROF S| A SnOL VA 3 B FISnO, % 1,
FEAIR T SnOL/ 855k FL I Ab BB 1 25 5, 380N T Voc.
Stefaan De Wolf%: A\ P°1L) 4 J& WAL (F lINaF . CaF,
FIMgF M B ER™/Coo ST H R JZ, 38 32 I FL A
g S A S E PCEIA 5129.3%, LAMgF, ALY 28 vh)2
AR TSRS E R RN TR A R
B Zheng®: NPT KEANASnO, 7, 18 i I 2 e AL
CsPbL,Br PSCsfy Ay, fdi 585 ER0 iR i) Sl B 4f
HOPCHD, 4555 T CsPbL,Br PSCsfi#e A iy T B R AT
BEHEV o0).

SRIM, R ZHARTE H OSSR B 7 sk B 5
XGRS B A E . PR TR B Bk
EEARA MR 1R FH A BIS AL B0 SE AR A0S R 4
TOHUEBERA 403, SET Ik, A58 R FH A G 1 S s,
Wt 5 AT 4R ALY B S e T A & T e
25 EAkET 2 B A F i, LAk B i B R R
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#4258 AT A5 B v &% FL AR e B A Y 2 JCHLCsPbBrs 5
BRBORBHAE R, 51 A4 Ak 4 R X JUIC Bt vl
PIONEEA ek, B9 FUH RS AE R, [T RedR 420y
PoBrof A K A% AL AL, TR EER [P U CsPbBr;
PR SIS PR Z W BT i 2, AR OISR, 2R
Bz BEt. ABFRBER T — R A & AR ik
MU, JFE A B4 (scanning  electron
microscope, SEM). XHT£fii4f(X-ray diffraction,
XRD)., 4MGHLFRENE ((ultraviolet photoelectron spec-
tra, UPS)SERAE AT HAE TV 2331800, CsFALIBY
A A RAT BB VCEL, AR AYCsPbBrs AR 5T
AT OB AT A XSO RE I (X -ray
photoelectron spectra, XPS)n] LAFSHI, SXFHEFIH A F
Cs"FIF &1 5305 S i iy ik 25 S G AR, X b
AV A SRR T CsPoBry i I B A A B 3, i
PR NT 71 %R T2 10.39%, I RIS K05
FETE.

1 SEg sy

1.1 St

FTOSHIFFEIE(15 Q ecm™?) ., JR{L4E(CsBr,
99.999%) . JRALES(PbBr,, 99.999%) M LRI A7 FRA
AWK, Jo/K LB (ethanol, AR). FFCLHH(cyclohexa-
none, AR)M L1 [ 25 £ A fb AR AT B WG SE, DY
SR (TICLy, 99.9%) NFEBR C A RBHE A BR A RIIASE,
N,N- 5 ki (N,N-dimethylformamide, DMF,
AR). —HZEV N (dimethyl sulfoxide, DMSO, AR)M
VUK I RS 27 A w] 3K, SN B (isopropanol, IPA,
AR) VG B Bl e A A BRI SE, S AL #h (NaF,
99.99%) . FALM(KF, 99.99%). % ALHN(RbE,
99.99%) . FEALAHE(CSF, 99.99%) M BiTHr T A AL R By
FBRA TR, (KR T (DD-10) [ ) M FE Rk
ok A R F].

1.2 e

O ZIHLXT 15% 15 mm? KA 4 175 WS H 3 3
720, DA 22 B35 38 W MIF TOTE Jii A S v IX . SR,
FHUE TSRS KO VR IE P UEFTO,  BlJS #1728 7oK
M BSEF Y, SHE3m, AREFFE20 min. 5,
FAWR ML T IAF T T R IR P A7 . 7%
PEHl AR IS L. 15, KU FTOB 3 4L



JEIH T REAH20 minf5, 5B FIEPE2IK, HHYK3 min,
THVELE T, AN B A TICL BT BRI AR 2 3535 112/3
Ab, B EEEIEFLAL, E TR, 70°C RN
40 min. PURRZEHR, HEEFKMCEE VIR, TIR
Je I 25 B FOK M B s vt TR E
g, 7E500°C R iR k60 min IR HETIO A AREE AR, Xt
FoLsd, BT LI 120 uL 1 mg mL 548
Na, K. Rb, CsTALYITPAIRIRIYAIGTE, TERHEE N
2000 r/min, FFEEMFR] 425 s, HERJE, BFEME T 100°C
R E TR KA EE, BFE] A 10 min, DT SEER X
TiO, L T2 A% 48 FUAL ) A & 1.

CsPbBr, 855k 1™ 1 I A 75 1 B B LI T A
100°C T, 1 J5 A 100 pL PbBr, [ DMF#
W LA2000 t/minfiEli30 s, BERES A TG 1100°CER
k30 min. AP 1EHEVR AR TH PbBry ¥ A1 HT H 52 e v
JiE, AR RN R E . R KRS R
PoBr YRR M R =R, BRI 120 uL - CsBr/
H,OW M, K nfe ik L, #m#k1ss, 20
2000 r/minfFEHEBER30 s, BERGSH G E TG |
250°CiR k15 min. fHR ARG, H120 pLRNEEH
VELA LR e R A 243 CsBr, FHIRTE250°C FiB &
5 min, DU, F5ERH TG 12 0 i & e 5.

Fie 1.9 L I EC I P s . — PR R AR SR, K
HR 22 20 ft, Wt B 20 b 7 1) XA CsPbBirs 1 3 i
PEATHEAN . SR, TR T S ERD Y 3 B S48k
Z BRI L, [P R A 22 R, AT SR 35 50k [ml
TR T2 MU B, BIG, BEREFRIE R RS 30
£, 120°CiR k15 min, 75 %53 [ CsPbBrs F54kH™ K FH
AEHLHL A

1.3 FAEJiik

i 137 & S A4 FE 1 S fB% (Hitachi. SU8000), il
B R RS.0 kV, XHAEESATIES T, I FINano
Measurer 43T B8k 0 b RiAS AT SE 10, ([EH
Newport Oriel Sol 3AKFAJEHIIAR, AM 1.5 GRE
T OEHREREE 100 mW em AR DGR BT K I BE
R b - I, I Rt A A TR R 0.025 em?.
J-VIh £ & FiKeithley 240080 7R #0521, 14
HLRFEFI-0.1~1.7 V, 25520 mV, FER ] E] 47100 ms;
T XS R AR ATEH U (Bruker D8 Advance) #8545k
W AR SFARFAE, PLCu KofE W XHTZRIR, 7640 kV T LU
10° min~"XF CsPbBry MM HEATHI 4, F48 70 il by 50~55°;

AT WSS R N SR R T, AR
B %Y (Thermo  Scientific Lumina LF-
1303003) FlS 8] 43 HF 6 B & L (OmniFluo
TRPLS)ZEH K K530 nmid) 24 T It {48 4h T
TLHiE{Y (ultraviolet-visible spectroscopy, UV-Vis, Per-
kin Elmer Lamda 950)ifF 5y B54kW TR G2~ E; SR
HEE Zahner BY B Ab 22 T AESE 4T — R A HL ALK,
IR as B akim 2 A 1 0L, XPSFIUPSIIA{H H
B4 2% A [E ThermoFisher Scientific K-Alpha'. XPS{l]
AL AL Ko EABUL IR, UPSIUE FHeI,
e 21.22 eV, HIRINAERRE s A3 oK BRI .

2 g5

1R N [ Bk 4 T8 U AL 00 168 1 1 THO o 3 JE 1) 1 4
B B MG, RTLAR H, SB MY TIO M 5 A4
B A AR TIO A TE 5 U L-F- o5, A WAy
VA SRl R0k B, LSRR R I T, DA A 4
JEER IR I 2352 M TIO, W AT S0, {ELX) T Bifi 5 17T
FACsPbBryyi s, N[RIGH4: Ja AL = 7 ARl Y
SR, AR A SEMEHZ AN 2 (a~e) T s, R AN INAR 4 JE
SR I %) HR 4. CsPbBrs T IR A7 46 B (0 19 TG 2 T 294,
WA S P AN 7 T R A 2, HLRR RGN, X mT
AE PR MBS K. L2 T, SIARHE)E
SACYIIS, CsPbBryfihi i -3 R g, #iisss
AIPERS R Bk, Hirh, CsFIBHRAYRE S FE80 H il
SETE SR, SN i ke, SR K FE sy
it —A e T AR T AR L, EI2(f) R T HRT
N [ 543 T8 S AL Ab B 1) Cs P B 85 Bk 45 (14 b R~
GuitorAn. Gt a5 R, A A R ALY IEiRE &
1) - 359 ok RO 2 B 25 KT B AL R AR E R
J&, CsFBMiRE S 38 ok R R B 291166 nm, AT
ARSI R . A R AR RS R R T Y
CsPbBrs 85 Bk i v I EL AT 5 737 114 H f A% S A50CR ATEAIG
ARSI E AR, OO FSC B S ATCHLAES ER ™ K B
il Fi Tt LA R T,

SIS 4 8 S 16 1 AL 1T 4 CsPbBrs A 45
g J 5 R B R, S 1 X AT S AR R S A T
TRGEFME. WME3@FTR, @i b2 4 s iy
B A A5 Ak R R 5 R b FHARE ) PO XRDRE I, AT LA
25| CsPbBr; #54kH i AE15.2°, 21.7°, 26.5°, 30.4°
F138. 1°4b 52 BURRAEATT ST 06, 3 SO 477 S5 06 7 531 X6 o, F
(100). (110), (111), (200)F1(211)&HHEEY. (HFHE
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B 1 (a) 5. (b) NaF. (c) KF. (d) RbFAl(e) CsFIEHil TiO, MR I T T SEMIE]
Figure 1 SEM images of (a) control TiO, thin films, and TiO, thin films modified with (b) NaF, (c) KF, (d) RbF, and (e¢) CsF

R, Zoit i e AL B IS, (110) 5 THD R 15
SR AR T8 A SE P, FISR AR KB/
BHEFFJECsF. RbF, KF, NaF. X504 @& 4%
BIR/NHERPARAT, PR TRA TR 2 T Cs A i F2F
RAIE, 5% UURIPOBLA BRI SN G E, A
A T PO I Broas (i A, AR R TR
CsPbBr i iR A 28 ik, X —&5 FIESE T 048 ik
PR AR A R IEE, GBS A AU iE CsPbBr;
FHERD R4 AR, 14518 5 SEMEIELS AN I
EPE.

BeAh, FATRRAMFIE T 84 I8 AL it T
CsPbBry I H YRR RYFZ I, nE3(b, o)fis. E3(b)
A RME 254 T AR A28 (photoluminescence, PL)
S, Zh 4 IR AL B (TR 2 B B e
FEVERELN, BB IS 1 CsPbBr i I S fE A& 5 /D,
BT P AR MR AL, HA R A 4
Hgg B2 %25 R S5 XRDAISEM B IS 4516 B A
KRR —BerE. Rl Zeas 080 i PLIG (v 34 HY B —
FEWERS, ARTTRE PR R3S B i v BE R A AR B T
AR, TN T MR A REAS SERER). a2y
LR & (time resolved photoluminescence, TRPL)M]
TR AT LA Sy 75 b b S BB 38 3h B sh 47 R (3
(c)). CsPbBry5EKH MR Y TR PL IR il 4 R RS X
PR LAY, 1(6)=A exp(—t/ 7)) + Ayexp(~t/ ,) + B.
A, A LA 53 5 B PR DB IS S el 2 3 () R X
FLB, oy Rl U 43 5310 %o 7 - PR U 75 i 18 3 0 5 1
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Hrb, o FE WA AR, Mo 5N
TR B A R R UIAN D, ST RS, AT
THIT BT B (taye) % Toye = 417+ A7y, 5
I EE IR, 24 m R B AR S R B
AR i T tye. FREARE RIS, CsFIEMAE M
R AR SRR, FLRARILS SH0T ILERS2.
XA RV, e E B A WA R H T
CsPbBr; i R ShEA A, RIS e T 40 F o H
BOR, SPLEAELGS IS AN A

R T ERGE0A JE ALY E i X CsPbBry v R K
WCREE RS2, AR5 R 58 A0 AT DL IO S (U V-
Vis)XFES AT T RGERAE, SR ME3 IR, L5
B s, ARBEMAUE S H CsPbBry A5 £k Wil A 7E
FHIS TN 29525 nm kb 52 B0 H 5 35 A 0 AE IR i e B
A XRDPAR B WA BT S0, FRATHEN 51 AR
& B RALY A S AR s, TRRE T
TiO,/CsPbBr; At 1, 78 XuE AP 7 v A 4B
HIZEIE. (EAFE AR, S04 Ja A B i A
400~530 nmif K0 [ N 2 B A0S I et fE,
s B ARAE AR S A TR . X — IR R B
W I R ELA B S DGRBS 83, B RS T A A5,
ARASDCF I A 2 A #am -, N 2487t
AR 0 L 08 B i 1 B0, He A, B ' A e
AU TATIE S T 84 b #RA B T 2035 CsPbBr AR 11
iR, SETUV-Vistil, AT AR CsPbBrs i
JE A UrbachRE i (E,) AT T, EAR/NZ B 454 TC
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Figure 2 (Color online) (a) Control, and (b) NaF, (c) KF, (d) RbF, and (e) CsF modified CsPbBr; films, along with (f-j) corresponding statistical
distributions of grain sizes
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— —-— Pristine ~ | Prsting
(a) ; Pristine (b) NaF (c) 3 NaF
(e | Lol “ T | 8 KF
- Py KF > |
3 NaF 3 |~ RbF 7 RbF
8 2 CsF § CsF
> 2 c
= KF o =
(] o B
] : g 2
£ |l RbF £ s
=1l Lo bl w L E
CsF 2
10 20 30 40 50 22 500 520 540 560 0 25 _ 50 75 100
26 (degree) Wavelength (nm) Time (ns)
(d) Y (e) —>— Pristine (f) NaF
— \N“v\_. R E, = 78.660 meV E, = 66.787 meV
3 SN
g
® ,\ =,
= < <
[ [ =
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S NaF
g KF ,)f
——— RbF _
Ber . Lot [ gjope = 12.713
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KF —o— RbF H »— CsF [ ppaicaos
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B 3 (R0, B A CsPoBrs TR LI K A ] 5842 I SR AL 1841 (19 CsPbBr TR I (a) XRDIE& . (b) PLIEK] . (c) TRPLIEE . (d) UV-Visizii

[E-N=N

i, (e~i) UbrachRE i

Figure 3 (Color online) (a) XRD patterns, (b) PL spectra, (c) TRPL spectra, (d) UV-Vis absorption spectra, and (e—i) Urbach energy of pristine
CsPbBr; films and CsPbBr; films modified with different alkali metal fluorides

JPEE . AT B DL SR T AL E TR R (2R A5 i,
Al it a=agexp(E— E, / E )AL Hirf, om il &
B, oo E BN, ERERASDGTFRER, ESN S — 800,
E B TR B Urbachiig . W& 3 (e~i)Fiw, i 183k
48 Urbachfig e 25 KM, RZAILR)JF G CsPbBrs i
EEfH }78.660 meV. Z:3NaF. KF. RbFHICsFI&
MiAb RIS, R EME 3 RN EE66.787 . 67.999 .
68.189F162.712 meV. IX—IMR KM, WislEEhEifitE
A AR CsPOBrs 5 1 A% TO P R R, [R] A ik 2 sk />
SRBEARE, XA BT S AR A O I R R e
%[411_

IR FRAE AT LIS, el J s Ak ml LA ket
. TiO,/CsPbBr; Ui AT AU 6,  $2 175 CsPbBrs iR 1Y

830

g, HCsFRCRE M . Bk, hif—2
BEIHUE RO R AL, FRATTIR T RE XS
Y FHEl%(X-ray photoelectron spectra, XPS)Xf 43
Br, LABFFE CsFXS TiO, MR T bAoA 1y 52 dnf&l4
(@R, XPSAi% Ry iU £ Ti 2p. O 1s, Cs 3d
FIF IEUE YRR, Horp CsATF TR ARG H B B
FEIESE T TIO, MR M CsFIY T A. [K4(b) /R T Ti
2p3/2FNTi 2p1 28 iBE HEAE, El4(c)H O IsHLIE AL
SR 3 3% T TiO, A 4E(~530 e V)R T 2 /i
FRER WA (~532 eV AT LIEE R, Ti 2pifi L KO 1s
BB IEN AR, SR W WA R Es &
Re ik, XFABEM R ERATIEFRBNET =
R T WEEA, WESE T CsSFSTIOZ MIAETEM2:



Pristine Ti2p ™™ Pristine O1s . ™™ Pristinel
@) CoF (b) - CsF () 027 B\ P CsF
- ) O1s - 458.88 f§ . S e
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8 8 s
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Bl 4 (R R0 A TCCsPIEMiBITIO M (a) XPSAHE . (b) Ti 2pif&l . (c) O 1sil[&l; TiO, 5 TiOL/CsFLE(d) cut-of X IH Fi(e) on-setX I Y

UPSIIZL; () CsF5 I AT I RESLBESS 14

Figure 4 (Color online) (a) XPS full spectra, (b) Ti 2p spectra, (c) O 1s spectra of the TiO, thin films with and without CsF modification; UPS curves
of TiO, and TiO,/CsF at the (d) cut-off region and (e) on-set region; (f) energy level gradient structure formed by the introduction of CsF

BEATEH. 454 Yang®: NS IHOBESE FLiuge A BEis
IR, BATA A XA A A VR 2 T
FVEFIRF 5 TR F 2 [ AR A AR, FAE SRR
FES T, nlad st P TiO #4251 S5 Tit T ik e i
O, FEETI AR N TiY, Ml A0 A 1 e - el 7
HEAERE.

FRAMFFECsFRY 5| AXTCsPbBry; PSCs#{FRES
SEFREEIR, A HUPSIIHR (& 4(d, o)W TiO I fE
WEEFIIEAT T 8T, MOCSEUEIE WSS, @ FAIA
R TiO, M TIO,/CSF B Y 2 K RED (Ep) .
WU Evp) FI PR (Ece) ™ Er = Ecuorr — 212, Evp =
Er — Eoner Ecs = Evs + E,. TiO A BRTEIE (E) N
3.18 eVI?!, CsPbBry 5 5kH i S 15 TiO, By A1 22 [H] 7
FE0.5 eVIN I E BB 25 5%, X R ZEF AR THT
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Figure 5 (Color online) (a) Schematic diagram of the device structure of CsPbBr; PSCs and the CsF-modified buried interface; (b) J-V characteristic
curves of pristine CsPbBr; PSCs and CsPbBr; PSCs modified with different alkali metal fluorides; (c) J-V characteristic curves of CsPbBr; PSCs
modified with different concentrations of CsF; (d) steady-state output curves of Jsc and PCE for the pristine (cyan) and CsF-modified (red) devices;
normalized stability test plots of photovoltaic performance parameters for the (e) pristine device and (f) CsF-modified device under atmospheric

conditions
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Table 1 Photovoltaic performance parameters of pristine CsPbBr;
PSCs and CsPbBr; PSCs modified with different alkali metal fluorides

B Voc (V) Jsc mAcem™®)  FF (%)  PCE (%)
B 1.52 7.03 72.12 771
£ NaF 1.60 7.43 81.11 9.64
HKF 1.57 7.48 81.62 9.58
#RbF 1.60 7.42 82.05 9.74
£ CsF 1.63 7.69 83.38 10.52
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of pristine and CsF-modified CsPbBr; devices
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Alkali metal fluoride synergistically passivates the buried
interface to achieve high-efficiency and stable all-inorganic
CsPbBr; perovskite solar cells
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Perovskite solar cells have experienced rapid development in recent years, which has become a focal point for many
researchers for their solution processability, tunable bandgap, and long carrier lifetime. Among them, organic-inorganic
hybrid perovskite solar cells, while exhibiting high efficiency, suffer from instability due to the susceptibility of their
internal organic components to environmental factors. In contrast, CsPbX; (where X is a halogen element)-based all-
inorganic perovskite materials have opened up new research directions for many researchers due to their excellent
photothermal stability.

In high-efficiency perovskite solar cells, the electron transport layer (ETL) plays an indispensable role in the charge
extraction and transfer behavior of the perovskite film under solar irradiation. In this paper, we select CsPbBr3-based all-
inorganic perovskite solar cells as the research object. By introducing various defect regulation materials (such as inorganic
ammonium salts and alkali metal salts) into the ETL/CsPbBrj; interface, we aim to optimize the energy level alignment and
passivate the defects in the buried interface. Based on this, this paper focuses on CsPbBr;-based all-inorganic perovskite
solar cells and introduces alkali metal fluorides to the TiO, electron transport layer, mainly carrying out the following work.

(1) Interface modification of the TiO, electron transport layer using alkali metal fluorides (NaF, KF, RbF, CsF), with the
effects on the perovskite film and its photovoltaic performance presented through SEM, XRD, and J-V curve analysis.
Multiple characterizations demonstrate that the device performance is optimal when CsF is added, resulting in significantly
improved perovskite film quality and the largest grain size. The power conversion efficiency (PCE) of the PSCs with the
optimal concentration after CsF treatment is 10.39%, the fill factor (FF) is increased to 83.34%, and the Vo reaches 1.63 'V,
exceeding the original PSCs (PCE=7.71%, FF=72.12%, Voc=1.52 V). This improvement is attributed to the better
compatibility of the CsF crystal structure with the CsPbBr; lattice, as well as the strong ionic bonding interactions and the
ability to induce hydrogen bonding, which enhance overall stability.

(2) The mechanism behind the performance improvement brought by CsF modification is explored. X-ray photoelectron
spectroscopy (XPS) is employed to reveal the chemical bonding interactions at the TiO,/CsPbBr; interface in relation to
CsF. The observed shifts in binding energy serve as robust evidence of the enhanced bonding at the buried interface.
Ultraviolet photoelectron spectroscopy (UPS) results show that the CsF-based passivation method reduces the valence
band offset between the perovskite and the hole transport layer, while enhancing carrier interface transport. From the
electrochemical characteristics, it is not difficult to see that the interface defects of the film after CsF modification are
reduced, the non-radiative charge recombination is suppressed, and the carrier mobility is improved. Thanks to the
strengthened interface and reduced defect sites, the PCE of unpackaged PSCs only drops to about 90% of the initial value
after aging at room temperature for more than 30 days.
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