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Fig. 1. (a) Structural schematic diagram of perovskite solar cells using ZnO nanorods as ETL; (b) comparison of the electrical proper-
ties of ZnO, TiOy; (c) the energy level of ZnO, TiO,, and other usually used materials in PSCs.
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Table 1. Average length and diameter of ZnO

nanobars prepared under different water temperature

conditions.
GIFOWIE/C O PHEA/mm PRI /am
1 50 28 47
2 60 33 245
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(a) g ITO-*
8 T = —~
s |2 n E g
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= * ok
2
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A AL
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. . . . , 1T0-50
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20/(°)
(b)
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g —— ITO-100 °C
4
]
~
2
g
=1
g
S

350 400 450
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K2 REDKEGEE N A KIS IR BERIE  (a) XRD
E 3 (b) FaZs PL %

Fig. 2. Characterization of (a) XRD spectrum and (b) steady-
state PE spectrum of ZnO nanorods growing at different

water thermal temperatures.

(002) fi T AT SR e 2R T 3 i, L 1o S M AR K
VLA AL BE G KR RIE A (002) f T BEILAE KR,
LA AR R 2 i 48 K ik — 25 T 7K ARG 3
100 °C I, £ 5w s B2 ARAIG, 2 i S SR 5, AR AR
SPAR/IN IKIREE R 90 °C B, dbAR R k. TR
23R 1 TR TS50, KGR 90 CH 4
TR K B K B R B A K 948 nm, X5 SEM fip
ARAFI SRR A= — 2.

W g 2(b) Fros R 2 PL G AT A, 78
380 nm ALFAFEIT A 1 K S U, T 00 e ST U
UEIIZAE N A EEUR s B R, AR 2
Al AT KR 70 °C EFHEI 90 C
BF 3T 171 & S5 08 11%) W o6k 0 T 1A 08k, D7 AT A
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Fig. 3. Positive SEM morphology of ZnO nanorods prepared from different seed crystal layers: (a) 3 layers; (b) 5 layers; (c) 7 layers.
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(a) 0.01 mol/L; (b) 0.02 mol/L; (c) 0.03 mol/L;

Fig. 4. SEM photograph of ZnO nanorods prepared on the ITO substrate using different concentrations of precursor fluids:

(a) 0.01 mol/L; (b) 0.02 mol/L; (c) 0.03 mol/L; (d) PL spectrum.
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Bl 5 AR R E b T 0 A P94k B SEMESIE  (a) ITO #K; (b) AZO #E; (c) FTO #Ji
Fig. 5. ZnO nanorods SEM morphology prepared on different substrates. (a) ITO; (b) AZO; (c) FTO.
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Table 2. Average length and diameter of zinc oxide

nanorods prepared under different water heat time.

EIF wE RG]/ SPRE /e FEEA /mm
1 AZO L5 132 76
2 AZO 2.5 244 92
3 AZO 3.5 503 139
4 AZO 5.0 620 121
5 AZO 6.0 722 189
6 AZO 7.0 701 136
7 AZO 8.0 866 204
8 AZO 9.0 470 135
9 AZO 10.0 255 94
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() 8.0 h; (h) 9.0 h; (i) 10.0 b; (j) PrLk Al

Fig. 6. Changes of the length and diameter SEM of ZnO nanorods with water heat time: (a) 1.5 h; (b) 2.5 h; (¢) 3.5 h; (d) 5.0 b
(e) 6.0 h; (f) 7.0 h; (g) 8.0 h; (h) 9.0 h; (i) 10.0 h; (j) line chart.
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Fig. 7. (a) J-V curve of batteries with ZnO nanorods as ETL prepared at different hydrothermal times; (b) steady state PL spec-

trum and (c) absorption spectrum of perovskite on ZnO nanorods with different water heat time.

3 AFEAMBGORE K [T & PSCs “FIMERES B fE PCE

Table 3. Average performance parameters and champion PCE of PSCs from different water heat time of ZnO nanorods.

Vi€ % S LN Scan directions Voo/V Joo/mA-cm 2 FF SEHPCE/ % EPCE/%
2.5 Reverse 0.77 18.51 0.47 6.71 7.96
5.0 Reverse 0.84 20.99 0.48 8.47 9.63
8.0 Reverse 0.52 17.15 0.43 3.85 6.00

P8 ANl K B ] iy AL B AR b A K A B B TR Y R I 45 SEM I8l (a) 2.5 h; (b) 5.0 h; (c) 8.0 h
Fig. 8. Surface morphology of perovskite thin films growing on ZnO nanorods at different hydrothermal times SEM diagram:
(a) 2.5 h; (b) 5.0 h; (c) 8.0 h.
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Abstract

ZnQO is a promising electron transport material. It has not only similar energy level position and physical
properties to traditional TiO,, but also excellent light transmittance, conductivity, stability, low cost and low
temperature preparation. Studies have shown that the one-dimensional nanostructured electron transport layer
has a higher electron transport rate, provides a direct electron transport channel and avoids its being
recombined at the grain boundaries, thereby improving carrier collection efficiency. It has also been reported
that the electron transport rate of ZnO nanorods is significantly better than that of TiO,, showing their great
potential applications. In perovskite solar cells, the verticality of ZnO nanorods is a key factor affecting device
efficiency. The AZO (ZnO:Al) glass, as an inexpensive transparent conductive substrate, is expected to obtain
the best verticality because it has no lattice mismatch with ZnO nanorods. And in the field of perovskite solar
cells, the light absorbing layer is usually prepared in a glove box and it has obviously not been industralized.
However, there are few reports about perovskite solar cells prepared in atmospheric environment with AZO as
substrate and ZnO nanorods as electron transport layer. And it is still much less efficient than the current
perovskite solar cells with TiO, as the electronic transport layer. It can be seen that further improving the
efficiency of the structural battery prepared in the atmospheric environment is an urgent problem to be solved.

In this paper, ZnO nanorods are prepared as an electron transport layer by the hydrothermal method. The
effects of hydrothermal temperature, the number of seed layer, the precursor concentration, the substrate type,
the hydrothermal time, and the other process parameters on the morphology and crystalline properties of ZnO
nanorods are systematically studied, and the growth mechanism is analyzed. The results show that the length of
the nanorods is mainly controlled by the hydrothermal time and hydrothermal temperature, and that the radial
size is mainly determined by the number of seed layers and the concentration of the precursor solution. And the
results also indicate that the verticality of ZnO nanorods’ growth is closely related to the substrate, and that
the ZnO nanorods on the AZO substrate have the best growth verticality. On this basis, the perovskite solar
cell is prepared in the atmospheric environment, and the optimal efficiency of the photovoltaic device prepared
with AZO substrate increases from 7.0% reported in the literature to 9.63%. This is of great significance for

enriching the design ideas of perovskite solar cells and further reducing costs.
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