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Abstract: SnO, deposited by atomic layer deposition exhibits uniform and dense nature, which is commonly used
to improve the stability of inverted planar perovskite solar cells. Meanwhile, the characteristics of SnO, films have an
essential impact on power conversion efficiency (PCE) of devices. In this paper, the characteristics of atomic-layer-
deposited Sn0, are adjusted by the oxygen sources (H,0, 0,), including energy level and conductivity, so as to
achieve the improvement of PCE of devices. The results show that the SnO_ film with O, as a single oxygen source has
good energy level alignment. SnO,, which only has water as an oxygen source (denoted H,0-Sn0,) , performs higher
electrical conductivity. While, taking advantage of mentioned sources, the SnO_ (denoted as MIX-Sn0O,) not only ob-
tains good energy level alignment, but also excellent conductivity, which effectively improves the PCE of the devic-
es, reaching 20. 9%. Moreover, thanks to the denseness of SnO, film, it can largely prevent the ingress of moisture
into devices, and also inhibit the decomposition of perovskite, dramatically enhancing the stability of perovskite solar

cells, which can retain 86% of initial PCE after aging at 85 ‘C (nitrogen atmosphere) for more than 646 h.
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Tab. 1 The procedures of SnO_ deposition using different oxygen sources
o BE
iRyl PR, SEfERPE/ O H,0/ SERRESE O B/ SFRERTE/ Oy SEREN ] AEIRR AR
ms ms ms ms ms ms ms ms w
H,0-5n0, 100 5000 60 5000 — — — — 200
0,-Sn0_ 100 5000 — — — — 30 5000 200
MIX-SnO_ 100 5000 60 5000 100 5000 30 5000 100

AR 78 Ag AR (150 nm) , B> 7 H i H AR 38 & X R 0.35 ¢mX0.35 cm.,
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ray diffraction, XRD) X i B4 A0 £ 17 53 #7 o
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Fig. 2
SnO, thin films with the structure of ITO/C4y/Sn0,/Ag.
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(a) E o in UPS spectra of different Sn0,. (b)Schematic diagram of the energy levels. (¢)J-V characteristics of different
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G2 A SRR o TR PR AR BEAT 25 G, RE X
SnO, 5 BUAR 4 19 4 $5 4 L 15 21 59 MIX-SnO, A Y
FIF O, 5E B RE G VT , 1 8 O/ FE H,0-SnO, 1Y /5
AL
K2 AEAEMTHEE BSEEX(o)2REANXNT=
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Tab.2 Summary of the resistance with different structure,
the conductivity (o) is calculated according to the
formula I = VoSD™", where S is the active area and

D is the thickness of the film

R/ S/mm> D/em o/(S-cm™)
ITO/C,,/MIX-Sn0 /Ag 6. 64 9  3.3x10°  5.52x107
ITO/C,/H,0-Sn0 /Ag 5.17 9  3.3x107°  7.09x107
ITO/C,,/0,-Sn0 /Ag  8.52 9  3.3x107°  4.30x107
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SnO, 1y & £ 32 B0t 5 P 14 6 Fia e 1 A 8 1)
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AM1. 5 GGG M R 1) 3 48 -V ith 28 B AR ¢
Z B0 AR L 3 (e) RN 3 3 R, BT 6 R [ 1E 1)
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SnO, & 5 19 J-V il 2 Wik e 18] S4 rp o 3l 2 4K
PER R A 1 3] 2% 1 ER I H BH (R, A JT B H BH
(R,) , AR MFE3ME S5 iin. w45t
AELAAR A I 1B X4 T 18 3(d) , RS 8090 1
FS2. AJLLE B, R H] MIX-SnO, #5117k fig 2 f
1, 25 T2 800 43 A A L Ay W 3 L, b FE
PCE P 35 2 50 {8 R 78. 7% M1 19. 6%, PCE fi
= B8 #) 20. 9% . A H,0-SnO, 1) &5 1 45 W =
B ms AL T MIX-SnO, 1Y & 7, B 43 A1 35 3 52
— , ¥ PCE BE % ik 2| 18. 8%, XJ L1 5 , Os-

100 25
80 20 &
£
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2
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1.14 L0
124 55%53 = 1S
1.10 -16 ;
1.08- L12
1.06-
T —8

T T T T
with with with with with with
H,0-Sn0, MIX-Sn0, 0;-Sn0, H,0-Sn0, MIX-Sn0, 0;-SnO,

(a) AN IR Z5 44 (ITO/PVK , ITO/PVK/C4o/Sn0,) T i PLYGIE 5 (b) A [al g 245 W (1 EQE ; (¢) A [A] SnO, #4414 M 50 7-v il

(a) PL spectra of perovskite films on different configuration (ITO/PVK, ITO/PVK/C¢/Sn0,). (b) EQE of the correspond-

ing devices. (c¢)Optimal J-V curves of different SnO, devices. (d) Statistics of photovoltaic parameters of PSCs having

different SnO,.
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Tab.3 Corresponding photovoltaic parameters of J-V curves

J./ R/ R,/
N FF/ PCE/ ) )
Devices V./V.  (mA (mQ- (Q-
2 % % 2 2
cm™) cm™?) cm™)
MIX-$n0_1.135 22,21 81.5 20.5 159.4 2077
H,0-Sn0_ 1.122 21.79 78.1 19. 81.41 398.6
0,-Sn0_ 1.122 21.41 74.2 17.8 249.3 219.7

SnO, # fF HA D H sy BEIE R TAE, A S 8K
% B sh &K, F 2 PCE HAEILF] 16. 8% .
3.3 REMEN

HH & SCHR 22 B, A0 B8 BT 6 2% 15 0 4= kA
A I ER PVK BERE B B 14 50 A7 2 52 Wi #45 1F Fa E
PERYCHEEHLE . L, PVK 2 2 b w2 00 56
P T W 7 S ) g R R . FRATE B R T
J1 5 1%8E (Atomic force microscopy, AFM) #IF 58 T
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.
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