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Abstract

All-inorganic CsPbL,Br perovskite solar cells (PSCs) based on Sn0O; electron transport layers (ETLSs)
TEIEH .
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are considered a promising new generation of photovoltaic devices due to their simple device struc-
ture, inexpensive preparation process, and excellent thermal stability. However, the large number
of oxygen vacancy defects on the surface of the Sn0; ETL seriously damages the power conversion
efficiency (PCE) and long-term stability of CsPbl,Br-based devices. In this paper, a high-performance
all-inorganic CsPbI;Br PSC was successfully realized by introducing a KF modification layer at the
buried interface of Sn0,/CsPbl;Br. The results show that the KF interfacial modification not only
facilitates the passivation of the oxygen vacancy defects on the surface of SnO; film and improves
the interfacial carrier transport performance, but also significantly improves the film-forming qual-
ity and structural stability of the upper CsPbI,Br film. Ultimately, the efficiency of CsPbl,Br PSCs
based on the KF-modified SnO; ETL was enhanced from the initial 12.75% to 16.10%, along with
excellent storage stability and thermal stability.
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1. 518

AL - THLZACE s S E ARHEAE B B 005 106 Fe Ik BRI B A AL i) 2% T2, 7R e R4k 5|
ECAR KT SR [1] [2] [3]. &+ 24EMRRE, B5ERE K PH BE B ith (PSC) I 6 HL 4 4 3% (PCE) UM i
W1 3.8%MTH 2 HOHAIEN 26.1%, X% 152 Sk (p-Si). i fbia(CdTe) i b AR B LEAH 24 4]
SRIM, PSC TE/MVi& % FARAFIEVF 2 IS, iz — R AU TR M =i A IR R A e M )
fBi[5] [6]. TEFETF PSCs Fa s P 045 Fh kel o, A B A TEH LA HE A I AL 085 ERAT (CsPbXs, X =1, Br 1
—FhE R ) BB WL - AL SRS MEMEA PSC H (Y6 IR UZ M R 2 T 4T LA 2 A
Wz —[7. Fln, HEA 1.73 eV IS5 H a-CsPbls M RHEM L m 30 FiER R, FIFEiA
N FEF AR S ZE AR, SRTT, WRALERI) a-CsPbls 76 35 T 45 H RN N 2.82 eV KILIETE
5-CsPblg, MM E a8 F AR M RE I PO A0 [8] . AHJS, CsPbBrs M kHESRTE =R HAT I 5 1A e 1
HFAT RN 2.30 eV, FRIUEAS RE SR T 4% my R AR AR [9]. MHELZ R, BA 1.91eV WIRIES
2 CsPbl,Br M RHU A H AR S (i #hae pEAD R M 5k 7 RMIF A 53 )32 &3 [10] [11].

B 7 OCIRISUZ AR [ A R R AL, SR TR R S S R R AR i ST [RDRER BE A R AR 1 B
RAEAR B OCEEMAEA[12] [13] [14] [15]. #iltn, fEBA SRAB 1 SnO, HF-£ %)= Tl PSC ', i
I RV ] % P AIRIR SnO, HiLF- A& %1 /2 R I A AE KR IR S AL BRIG « BFFU R I, X SeR T S S Ar
AN 22 FCh ST BRSO A e R RE, SEON BN, B SR S R IR,
M L2 E5 R S M R P A, 30 S B R IR MK AR e M [12] o AL, 1R SR 45 S AN AE Kol 7R
H B LI fl FETHT, SOy AR I 3 THI AR Mt 2 B BE RS A B b 2 A AR AR 1V 4 5 R RN R T T 5 [16]
[17]. DRI, SREUE M1 B0 2 A 350G R it SnO, K 2R M J& PR X 2est PSC I PERE S B 2L .

ASCERLE 5 1) KE SSRGSl 4 T i ke e iAo HL CsPhlBr 58K A BH #é Fith .
Wit RGERIRAE AT R, KF ) FE T LIS SnO, £ Sn B ks e AR AR, Wi
RO R T A S AL BRI, e S ER THRMEVERE: KT 7 0A R T 46 1 JE CsPbl,Br H#ER 145 & i

DOI: 10.12677/japc.2023.124033 333 YERAL i


https://doi.org/10.12677/japc.2023.124033
http://creativecommons.org/licenses/by/4.0/

EE F

BAGRRENE, MRS R R 1 & BT R CsPbLBr St = #R. &%, 4l KF &1fi Sno,
B AR R AT T 16.10% M im0, & T ARAE & (12.75%) . SULFIR, AU rF ik
e E AR T B s .

2. SEER
2.1, SEREFFHERZIAF

FTO SHBEBATE(1S Qm %) 2. Wi, 7 AR, Z5E(CAN, 99.8%). N-N-—H % F L% (DMF,
SyHral). TAkEE(Csl, 99.99%). HRALH(PbBr, 99.99%). HLILE(Pbl, 99.99%). FALAH(KF, 99%). =
B PR R IV AT (Li-TFSI, 99.5%). 4-U T JEnt g (TPB, 96%). 2,2',7,7'-PU(N,N- X F 48 JE 2 J1%)-9,9'- 12 —
%j(Spiro-OMeTAD, 99.8%). 7 F &AL (IV) /K IE R (15% IR 7 BOR) « 4 50kE(99.999%) «

2.2. $5%KW KPHAER BAYHIE

221 WHEEE
BTk ZWE . TRERAN S N BEAR UG i e FTO S e B R A i 30 40, A/ ST .

2.2.2. BTFEMBREIE

W7 A B (V) KU 25 B TR IR IR FR LU R BE 22 2.5%159 3 SnO, BT IRV - KF 7KV 733 0.5
mg. 1.0 mg BLJ% 1.5 mg i &1 KF By RS 1 mL E8 7KPHIE. E5, BEG TR0 FTO S
JEER AN AL 60 min. FFSFEIREL 100 uL [ SnO, I SRR INTE FTO 42K, LANERIHEE 3000
r/min. FEERANEE 1500 r/(min-s)jigiR 20 s. 2RJE, 4 FTO #f K E T 150°C 10 #bi iR K AL # 30 min B
133 SnO, BT 1&Hi)E . X T KF FHEEM ) SnO, FFA&%i)=, RIERIE 1) SnO, H-F1&4i /= b4k ki
IS ERREE () 75 pL KF ZK¥EW,  LAEIAH E 2000 r/min. i hnig 5 1000 r/(min-s)figis 20 s. #icla, ¥
FTCE T 100°C By n#hi iR -k AL3E 5 min BT,

2.2.3. §EERE R E R &

# PbBr,.Pbl, 1 Csl DA 1:1:2 B EE /R LLVEMRAE 1 mL ) DMF Hf 41 0.8 M ) CsPbl,Br BBk . 2R )5 ,
AR EL 100 pL (1) CsPbl,Br /i 3R i IN7E ik SnO, FFAE 4 Z KT, LAEREE 3000 r/min. Jig
NI E 1500 r/(min-s) e 30 s. BEJG, ¥ CsPblBr AUk AAIE IR 25 S MU E 5 min, &G ZE 180T
P iRk 2 min BI15 2] CsPbl,Br £5EkH A

2.24. BERERBREIE

23 XA J2 Wi SRR 2 0.167 g Spiro OMeTAD ¥ ARAE 1 mL f& A, [ 731 0.0298 g ) TBP.
0.0103 g ) Li-TFSI fENEInslfg 3], SR/, MBI 50 L i FT KRB0 INE CsPbl,Br 45 EKH " JHiE
e, DABERREESE 3000 r/min. @RI 1500 r/(min-s)jiEik 30 s BP AT,

2.25. SERNEIE

B iR A RN S PRI, 7E(3 x 107%) Pa (IS E T, LA 1.5 Ass (138 B 72 4 JEE TR EE TR 100 nm
EEEM4, 1ERNX M.
2.3. FRAEMR

FH Bruker D8 fiTSHMY ) Cu Ko 552 = 1.5406A)MIRESERT A ) X SHEATH (XRD) B . fd
Bruker Vertex 80v {# 37 AR 21 #M GG & FTIR Yeilh. 83 & F4H1 4 f 7 2585 (FE-SEM; Quanta
250FEG) R LAY A 1R H 30 . F UV-vis-NIR 735656 B (UV-3600, 5 3E) W45 kA T8 A 1K W A
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i, fH PHIS000VERSA PROBE Il X 28317 5 AME S L T RE TS (UPS) MK . 7EA51HE AM 1.5 BHY%(100
mW/cm?, WXS-90L2, Wacom) I 5 T 1] 4% (1) FEL Vb 2 L IR 35 B - Wi SR A h 28

3. ZR5WiE
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Figure 1. Schematic diagram of CsPbl,Br PSCs and KF interface passivation mechanism

1. CsPbl,Br $5K7 KPREEER LA K KF FE S LAIHIEREE

1 5 S T
121
1= —0o— 0.0 mg/mL
é-’ 9- ——0.5 mg/mL
E —0—1.0 mg/mL
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Figure 2. 1-V curves of PSCs prepared by modifying
SnO, with different concentrations of KF

Bl 2. FEIRE KF &1 SnO, Hil & ithiy 1-V #hLk

Table 1. Photovoltaic performance parameters of SnO, modified with different concentrations of KF

F 1. TREIRE KF £5F SnO, Hl & B i K 4 ES 5

KF & Voc (V) Jsc (mA/cm?) FF (%) PCE (%)
0.0 mg/mL 1.24 13.93 73.81 12.75
0.5 mg/mL 1.26 15.22 74.67 14.32
1.0 mg/mL 131 15.69 78.33 16.10
1.5 mg/mL 1.28 15.10 75.53 14.60

AT T il 46 (1) CsPblBr A5 ERE™ KB RE IR A AN 1 s DMERIBEERY], s ik F
B LAY SnO, R ARBLALA Sn J5 1T ks AR ELAEHI » 3T A RBEAL SnO, L 1A% i /2 2 1 PO S8 22 o
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BRFa[18]. BhAl, KTES-FiRn] LUl ity # 77 NN L2 CsPbl,Br oA, M e YIRS Z 1
JE R B A B A R e PE[19]. K, B KF 1A SnO,/CsPbl,Br AT A&7, T AT LA FI I & 45X
Tt BH BH =57 H i A, BT SEER R PR AE R CsPbILBr ABART KR B, v T T KF FL IS s s st
BAESCARERERIFE M, FRATT R Je IR T AN AR KF FLHE &1 CsPbl,Br #5148 [ FLF 3 B - LR (1-V) #i 28,
] 2 firs o 72 LgE— DA T A [ B b 38 AR B AR M BB S 4 T LAE 2, 4 KF VR 224 1.0 mg/mL
B, BRAFIPERERAL, AHRHIB G RIS R T 16.10%, FF#% LR Voc Sy 1.31V, i HLI 25
Jsc A 15.69 mA/em?, AFE[R T FF A 78.33%, 235 T AR AL 3R 4F 12.75% 055 3 38 R (F % HL . Voc N
1.24 V. S HIEE Jsc N 13.93 mA/em?, TSN T FF o4 73.81%). [MiBEH# KF ik ZHE— B4R T3] 1.5
mg/mL B, RS TGRS HE R AT . X AT B BT SR AR FE 1 KF 58U SR db ik 1) b
HUEC IR, 38 FELAS T S 0 7 A& H R [20]

Intensity (a.u.)

690 688 686 684 682 680
Binding energy (eV)

Figure 3. F 1s XPS spectra of different SnO, substrates
3. A[E] SnO, & ik F 1s By XPS Hig

(a) (b)
—o— Sn0,-KF Sn 3d —0—Sn0y-KF O1s
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Figure 4. (a) Sn 3d and (b) O 1s XPS spectra of different SnO, substrate
4. 7N[E) SnO, &K (a) Sn 3d F(b) O 1s B XPS i

T B KE 2R R I I ZELH, FRATTRI A XPS MK T KF BT S SnO, RIS RFS 1)
Atk B 3 TR F 1s XPS Jtils, W LAUESEZ: i KF &1if) SnO, R A7 E F IR+ k4,
i KF &1 SnO, # kR Sn 3d (304t IR 494.68 eV. 486.26 eV [alfE 45 & At 7 [ o B Eh &l T
494.98 eV Fl1 486.56 eV (14 4(a)), XKH] Sn JiF A EM BT =% B4 T8, X2 H TimEB Atk F
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By 53R Sn BT AR E R AER, A2 Sn 3d PUl i T RIS A RETHi[18]. 5] 4(b)idiid &
8 T ANIF] SnO, B O 1s XPS Stk LA Ft KF A2 HixF SnO, i S A5 Az f5M . FR4E 2 BT AR 7, SnO,
VB O 1s AT RAE— B AT Ay it SEL(O ) R BB 4823 I 3 A6 2 TR R B (OH ) 4L, I Bl i
Xof IS FRJUEE S T A R T P SR RN AL SRS S B S B LI [21] . WTRAE R, 22 KF 121 SnO, iE Hh i) 2
FLAE PR 2 FEAIG, B KF AT AT RFEAIR SnOp ZR I A0S LR G, AT S SO/ 5 BRH™ Fit T A 1A 280
Thniateae, MR IERE .

—0— SnOz-KF

Intensity (a.u.)

19 18 17 16 15 14
Binding energy (eV)

Figure 5. UPS spectra of different SnO, substrate
5. A SnO, EJEHI UPS Bi

—o—8n0,-KFICsPbl,Br
——8n0,/CsPbl,Br 4
—o—Glass/CsPbl,Br //

Intensity (a.u.)

600 650 700

Wavelength (nm)

Figure 6. PL spectrum of CsPbl,Br deposited on
different substrates

& 6. STFAEREEE L CsPbl,Br B9 PL i

TSR KFE FEE S E0R F A PE e i sgm, JATEE &4 ORI (UPS)B 7L T A
SnO, WAL R M IR E(WE), W1 5 fioc. BT F BT RSB AAPI16], 4 KF {21 SnO, LT &2
1) We HBIA6 ) 4.37 eV ETHE| T 4.54 eV H-FA&40 =310 D) s 2R S TG )T T B0 73545 55K
ARzl 77, AT HRTH S 80R 7 A M RCR (18] S5 — 71, RIEE 6 B ER BUTREA R 2 b
CsPbl,Br [ PL St th ] LG HY , AT AR AL FEF SnO,, YIFTE KF-SnO, 41 JEE CsPblL,Br ) PL 5% T %,
X R ULET CsPbI,Br 5 2 H 74440 2 7] B A 5 3 A& e [22] -
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Figure 7. XRD patterns of CsPbl,Br deposited on different
SnO, substrates
[ 7. STFATEATE SnO, £ CsPbl,Br i) XRD Eli&

‘ \\\\\\\\

Figure 8. Surface SEM images of CsPbl,Br deposited on different SnO, substrates
8. SRR SnO, EJEK L CsPbl,Br B9 HE SEM El&

I ER RBIRAL K AT 45 R, BATIESE T KF A EHE SnO, fL-1-1& 4 /= R AL R3S i 1%
FPERERIARME M . O 1t BRI S B RGBT IR AR S A AR TS AN, AT Sl
TAEAFEL R BT s A5 ERm M) X SR 26T (XRD) BB I 4 7 AR (SEM) IR . 1 7 JRoR TAS
[FIESERH M) XRD B . 7] LA BAS [FIE R L YTR) CsPbIBr i #R I 1 AH A AT 5 e, X0 KF
AN b R RN R R R S5 . B AT XRD 555K, JURATE KF &1 SnO, #1E E 1)
CsPblBr 5 B A7 5w 5 B IR AT U, SXRWIPITh4-1) CsPbIBr R BA S s 145 dh i . Bhah, s
TRERS R LIE AL RS T KBS T HEN CsPblBr T 3B st SR L. TR, KBTS
A HITH2T+ CsPbl Br AL 2 P58 N A5 R AR E 1, I S 285 5 A e AR J0AE RE 12 [19] [22]
K 8 B s 1A RIS ERE B AR T TS SEM IR . TTRRAE KF 21 SnO, 431 CsPblBr B HA
S EEECE RIS, RA R THRIHS R S LR A AR R R A B T ik RE .

Br 7 A RCR AN, RasE PE B2 v S AR R B e M BE 15 P L T B R B R - 9 T ST KF
X R YRR, ATV S A T =i B AR B 20%~25% 1) 0 4] R I L AR
W IR 5 (1224 (P 9) o T A 2], 28 o KF B4 (1 25 7 ik 47 1000 /M5 75 BEZE 5 909% LA L I 46 23K
1T AR AL B F3 A BRI B 25 BRI Be A, FRATHRINGS T A F SR AE 45 SRR RFSE AT e E k. i
10 frow, 2ot KF 2 S F RIRER L 1 BT e g vk . 2T B RPIMNNRERIE AR, K
I KF FREEHS CsPbIBr #3F1HA5E PE K 83 27T 1 2RI T F &5 13 SnO, i Al S sk fa i) A
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HEEA . KB T30 CsPbl,Br U & 1 e A AR e et . BRI, KR FHEME & —Fhse il
e PERE A TEHL CsPbl,Br £S5 ERAT A FH e L it Fr) 1 {8 EL A 23RN

1.0+ Storage stability: N,, dark, 20-25% RH, room temp.
£
6 0.8
Z
O
0 0.61 —o-Sn02/PVK
—o—8Sn02-KF/PVK

0 200 400 600 800 1000
Time (h)

Figure 9. Storage stability testing of unencapsulated devices

B 9. Rt FRFEFEREENR
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Figure 10. Thermal stability testing of unencapsulated devices

B 10. RERBMIRAFHARE NS

4. #Eig

ARSI AE SnOL/EERE MR AT AL S| KF &1 )Z, AMUAT LLEifL SnO, T 48 25 AL b LR T+ A
IR FAE, T HISREE R L E Bk I ) 45 f i A g iR ek, AT SE Bl s e e a8
ML CsPbl,Br FEkH A PHAE FEth . fe28, 2T KF AZIM 14 TCHL CsPol,Br £5EkH K BHRE HL it 3k A3 T 16.10%
FIBe R, AR R T N 5 A7 A2 e g e 1 .

E&WmE

% 3 2R 5410 H (No. 22075152).
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