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 E: T AmERLSAS KM dibe) XM, L, —84 (Sn0,) kAR —FEHEH
AR A B AT R R M- R KR A &0 Sn0, T B S L, BT A& @i
KA H SnO, AE-5E IR AT IR R A m A 32 3 FT 5 &4 Sn0, 28 Sy M, RATRZ KM b bk, RBEK-
BIERET Sn0, b FEHE, KT EHEEM4. AREAIA, PEFHRMAEA Sn0, KK -5 85 H &K
M|, 4280 °C T &%) Sn0, B Ak-% I % ik - AL 24 h, A T4 R SnCl, K%, 42k Sn0, 4 & Fo 2t 5k
RE. mE, AAREKEBRKHET Sn0, &-F4Em EERE. MERBMEE M, PrH &6 Sn0, 894 & Hfe
WA AR R AR . KA B A 150 pL B, TIRF-FEE G Sn0, B, FTH Sn0, # 4 S A
FAER AR TR 3, 429 B R F E A S 22.77 mA/em®, FF95d EiAF] 1.037 V, A EF 4 0.492,
Kb A EE D 11.617%. KiFmEHZE 300 pl o, 2-F5 440 Sn0, FREE3E 5, 2 F KK,

KR MRMF; KMk, 545 R/ KX B TFERE
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Abstract; The electron transport layer is the key material in perovskite solar cells (PSCs), and tin oxide (Sn0O,)
has been considered as an ideal electron transport material. The SnO, prepared by the low temperature sol-gel method
suffers from low crystallinity and poor electron transport properties. In this paper, the crystallinity of SnO, was
increased by adding water as solvent addictive to sol-gel precursor, which finally increased the efficiency of solar
cells. SnO,-based electron transport layer was prepared through a sol-gel method and the preparation conditions were
optimized. It was found that adding proper amount of water as the solvent addictive to prepare Sn0O, sol-gel under 80
°C for 24 h benefits the hydrolysis of SnCl,, enhancing the reaction and crystallinity of Sn0O,. Finally, the SnO, film
was prepared via spin-coating annealing method. With the increase of water, both the crystallinity and electron
transport properties were enhanced. When 150 pL of water was added, the obtained SnO, layer was compact and

smooth. The short-cut circuit current was 22. 77 mA/cm’, the open circuit voltage was 1. 037 V, the filling factor
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was 0. 492 and the photo-electron conversion efficiency was 11. 617% . However, excessive water addictive leads to

more defects in the prepared SnO, films and finally leads to the decrement of efficiency.
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TiO, HFF-TH 5 51 45 55 8K 5™ K BH B fo b Y6 AR e 1 22
&MY (Sn0,) HSRMBIFITBFIZT AT
TiO,, HA RGHIEFELR, Hl&EREMR, 2
— PP A0 A B B R L AR B A RE. KE 451
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EIR, 2 (0 A 0 R v -5 JE vk ] &5 19
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1.1 SEIH

Aswm KA A ZKE & kLS
(SnCl, -2H,0,fk2#41) | Jo/K £ B (CH,CH,0H, 43
Praf, KP4 <0.3% ) | BLAL4E ( PbL,, 4347
afi) . filt B % ( methylammonium iodide, MAI, 43 #f7
4fi) | N,N-_F & H Bt % ( dimethylformamide, DMF,
Ar¥rat) . B BN ( dimethyl sulfoxide, DMSO, 43
Mrati) . 1-F F-2-nlk 1% %58 B ( N-methyl-2-pyrrolidone ,
NMP, s34 4t) . A AL AL fdt kL 2,27 ,7,77 -4
[N,N-Z(4-FEARHE) E 419,97 48— 7%5(2,27,
7,7’ -tetrakis ( N, N-di-p-methoxyphenylamine )-9,9’ -
spirobifluorene,, Spiro-OMeTAD , 43 #r4fi) . X =% H
FLRR L W 2R (lithium bis ( trifluoromethanesulfonyl ) -
imide, Li-TFSI, 43#fr4l) . ZiE (43t | 4-507 %
NLE (4-tert-butylpyridine, t-BP, 43 #r 4l ) #1524 (43
Hrati) .
1.2 SnO, H#EHI&

Beifil 1 mL 9 0. 1 mol/L i SnCl, #)Z BEIE ,
A3 BN 0, 75, 150 F1300 pL (285 F7K ,80 CHi
3 h R METE, WRb24 h FRERER. 8
A — 4 1k 8} (fluorine doped tin oxide, FTO) %5 4}
EHALN B 15 min 5, 7E25SH 3 000 v/min FE
SnO, BRI 30 s, HEWR 4SR5 Se7E Bk - 100
CINAERETEN], FH DL 180 CHE4h 3 h.
1.3 HihsRFaR

W FTO 30 VTS . TR . CBEA S5 N B
FEIUE 15 min, HREHGEERIRT. & EARF %
il % SnO, WK, ZEFEFED, K 1.35 mol/L 1)
MAPDL, S5 k9" fig I B 3K ¥ ii% T FTO-SnO, HJiE, 5
L1000 r/min EEHEER 10 s, F-LL 6 000 r/min
MR ENR 20 s, JEAESE 15 s TINRIB ISR, e
YREH SR HULE 100 CMAAAR_E AN 10 min 7. Y22
ZFERJE, L3000 r/min JER %S NAERZE (73 mg
f) Spiro-MeOTAD & F 1 mL &7, FREL 520 mg
B Li-TFSI 5 F 1 mL ZEH; ] Spiro-MeOTAD f¥)
SRV % N 28 wL t-BP A1 14 pL Li-TFSI () Z,
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1.4 JKRAE

KA H A iR A 4t JSM-7800F #4513 %

B4 B 7 B % 4% ( scanning electron microscope,
SEM) X SnO, FIE5 80 T S k17 RAE. R A FEE
Bruker %153 D8-Advanced ) X SR AT 54X ( X-ray
diffraction, XRD), 7£ Cu Ka (A = 0.154 050 nm)
IR TR SnO, HEITTR LS A RER HFE K
B /2 F] ESCALab250x &I X S50 F g (X-
ray photoelectron spectroscopy, XPS) M. X F H
7K H A/ ] F7000 5% 565 1% (Y ( photoluminescence
spectroscopy, PL) #4796 1E M. 7E858KH K
FHRE F. Tt > F 5 6 1 B R U 25 - Rt 42 (J-V)
Mk, R ATE S B #% SS-F5-3A BIER A KIH Y
B4 2% (AML. 5G, YEHRERSE N 100 mW/em?) i R
T A1 Keysight B2901A 3, 3, th A 2% 1 2>
0.100 52 cm®.

2 HR5W®

VI -BE RS T VR 5 1l €& SnO, — % LA SnCl, -2H,0
HBIR, T SCl, - 2H,0 By K f# 8 Ui vE, Ak,
K43 SnO, 5 e -BE T B VR AT Al KR SRS
IK 3% v S - B R T ik 1 i £ SnO, B JHE FL Y R BE Y
S, X HA 5 SnO, WA T RAE KR53 Hr.
2.1 SnO, RS
2.1.1 SEM % XRD 4-#f

il SnO, FR-BERCHT, BEE ATIRE oK ImA
HIBGIN, WEE W B, kTR AL SnO, BE
e (435I A 0, 75, 150 #1300 wL 7K Bt #l SnO,
Ve IS -BE RS, T K AR A ) S IR A I SR
AT 4 A AR S1). mE SLATW, mA
300 wL 7K H B M. K SnO, % E-BER FRAL 24 h
J5, #il#& SnO, L FAEH R 2|, I X =TT
SEM 43#fr (SEM KT JE 5 B3 H i 16 SCR A
RS A ER S2). WK S2 AR E], RFEE AN
KM O HEANE] 300 WL, R b 29 K JURLZ i 4 K
IKBINEH 0 ~ 150 wL i il % (4 SnO, gk
WORLRLAE /N T 10 nm, H K% #HESI B 55 FTO; K
INE: Ky 300 wL B £ 0 AR E LA 100 ~ 200 nm
PCRBRDERIE L, B8 A 2 LB FTO, X
FESUAATE KB RBREG, oL 2SSO 25 ) 7E X
SRR R 2 A, ORI, KR

$[ISJ'

S MR AR AS inK XoF f # £ SnO, JHE R4 b 1k
S, XA XRD W or 0. 45 2544 %) SnO,
T E RO OE R, MISERUN Tl

SnCl, +2C,H,OH Sn (OH), +2C,H,Cl

(1)
Sn (OH), SnO + H,0 (2)
28n0 + 0, ——2Sn0, (3)

1 AN R AT R W K B 0 Be ] SnO, 5 i -k
JBETHE 1 Y T 8 19 SO, F, 1% i 0% J2 U R TE 3 38
B A XRD 35 &L B &1 AL, R — R AT 0
20 = 31.8°, R T &L AW ZHR Sn0, (111) &
(JCPDS50-1429) , 5 3CHk [17] 38 i 45 5 — 2.
Xof IO B KIS IR S I, 7 S A R SR, 156 P
HIEKWE s KA 775 F2 (1) H SnCl, B P gt 5
AKfiE, A SnO, HA: L4, .

25 30 35 40 45 50 55
20/ (°)
1 AEHIR &K R NEE &
SnO, BFEHIBZE XRD iEE
Fig.1 (Color online) XRD patterns of SnO, thin films

prepared with different water addictive sol-gel

2.1.2 XPS H#F

R T — A R SN K i S T - R e VAR 1k A
TR 25 (Y W Ry SnO, , X AT XPS L, 43 #r
R OTER KHMA. B2 KR 150
pL B L] SnO, ¥ e -8 1 e U4 il 2% 1) TS XPS 4%
K. H, K2 (a)k XPS &1EE. M XPS 4 [&
FTLER], BTl & m e 2 Sn f1 0 o &,
B2 (b)Fl(c) 434l J& Sn F1 O WG4 . Ho,
K2 (b) RN IERTFE NS5 & E 487. 1 eV F1495.5
eV 2 BIXH N Sn 3d,, A1 Sn 3d,, %, 5 Sn LEIE
VUM 2 A REAEXT I, B 2 (¢) &5 & RE 5311 eV fiT
TEMIEXT N )& O 1s &%, J& Sn0, Y IE M4,
TIEIA BT A 45 1) R SnO,'M . RS ARE (4
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N
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i
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2 150 uL B %) SnO, HEAL-RERCAES 51 &0 SnO, MK XPS i E
Fig.2 XPS spectra of SnO, prepared by 150 pL water addictive treatment sol-gel

2.1.3 PL 4#r

& 3 S MAPDL, 7£ A [5] 7K 75 i 2k e ol 77 50K Y o)
# Sn0, HFIEHIZ LY PL 3. FEE /KIS 0
4% 150 pL B, MAPbI, 78 B %} ) SnO, H 5%
)2 I PL 1558 BEZ W/ s MAPDL, 78R 9K A8
300 pL 7K il SnO, B F1&%i)Z I+ PL 58 & i K.
VLS IK SR 7E 0 ~ 150 wL pY3f inest, MAPBI, 78
XNl £ 9 Sn0, b HF 52500 E A B W/, #*
B SnO, 5154 AE 7 Bl T 9K K A8 & 7E 0 ~ 150
pL HEANHE R, 2K~ 300 pL B, MAPbI,
TEXTRI Y SnO, FHFHERNWEARH B, £
BZK S InER> 300 wL B, Frdfil 5 14 SnO, L& %
PEREA 4T
2.2 G4k HERES T

ME 4 (a) FHIES SEM WL, — 4 A
il 2% ) MAPDL, R R HES AR L AR R % . PR,
XTI A5 0 W 2 R o 8 v A ) 5 K K B g

N
° 0pL
* 75l
» 150 pL
) = FTO/PVK
i
nn_:ﬂ

720 74() 760 780 800
P/ nm
3 MAPDL, AR ERIIR KK R IMEET &8
SnO, B FEHIER FTO EKH PL iZE
Fig.3 (Color online) PL spectra of MAPbI,
on different SnO, films prepared with
different water addictive sol-gel and FTO

Bkt B 4 (b) BT UL, R XRD 77 5 i 5
SCHR[ 18-19 1455 ) MAPDL, 454k 517 51 1 — 3.
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Fig.4 (Color online) MAPbI, thin film characterization

2.3 EithiEsE

AT SnO, V5 HE-BEME Fh 7K VA i % e Tt
SR, X ORTR] S5 A4 4% 14 SnO, 21 %456k K FH RE
HBFEAT J-V L. &5 Ok SnO, ¥ BE-HE SR R K
AN A ES AR K BH AR LI J-V 2k, AR
F14 ' P P 46 M 8 2 550 % FL U %% 8 ((density of short
current,J_ ) . JFB&HL % (voltage of open circuit,U,,) |
75 F (fill factor, FF) 1 PCE .32 1. &S
AL, BEE SnO, ¥ IE-BE K & i 0 ~ 150
pL A3, J WBEZIK, mER 1AM, B
BEM 16.43 mA/cm® B FE 22. 77 mA/em’, S H T
FF J\ 0. 374 #6755 0. 492 i, FFESHLE U, ALK
B, PCE M 6.169 %7 11. 617 % . M4/KEINE
300 WL B, LA T RE S HO R RN, 2K
RV 1.83%.

SRR, BT EERIKA R TR
SnCl,2H,0 (4B fiff a5 H Kk AR 218 WK g ) g, B8
ARTF Sn0, AR S5, M$EE Sn0, M F1%
vERE, AR R bR AR Yokt

B5 SnO, F&AL- BB A [ Kk i hn 2 B ol 2 0
§5ERE KPRBERR L J-V Bk
Fig. 5 (Color online) J-V curves of PSCs fabricated
with different water addictive sol-gel

&, SnCL-2H,0 MK TRIZIS, SBOUER
AR, P R M A RN, SRR
ZRHRTEENEEE, RARI N BHMHHE
o .
F1 SnO, BREZ-EEEA B K A& B il & Y
§5EAT KPRBEF Mt RES
Table 1 Performance of PSCs fabricated with different
amount of water addictive sol-gel

KEsmi/pl  J./(mA-em™) U,V  FF  PCE/%
0 16.43 1.003 0.374 6.169
75 21.90 1.009 0.438 9.693
150 22.77 1.037 0.492 11.617
300 10.23 0.933 0.192 1.830
& iE

0 PR 5L ¥ M- R 1 ) 4 SnO, T JBE 4G i 1k
2%, BZAPEEGERE R AR A b i R R RE AR B0
AL, i H I - R 12 1 4 SnO, 32 il £ 2% A 82 Wi
K, T kAR ) A& AT AR SnO, AR RO R R
Sn0, 4hfmtE. ABHSTE S 1 SnO, ¥ -BEK H A
AR EEIKAE BRI, AR & % SnO, B 1%k
JEWERE, SE R K AN AT ) A B0 7 5 59 Sn0,
e, WERSS AR BT RER R RIS, R
A0 B2 KT 8 £ 9 SnO, S T 57 A B R K FH
REFRL ML BT B i B LR 4R 4R 15 SnO, 194G
A RHETE T HE SnO, BLE AL S 45 fhid 1, AR
e e T 3 3 ] A O SO, W - I T ) 3R
B BRACARBEAEIN R 5 BUR R SnO, MR TS 2@
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