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p-type Cul Films Grown by lodination of Copper and Their Application As
Hole Transporting Layers for Inverted Perovskite Solar Cells

LIU Chang', YUAN Shuai’, ZHANG Hai-Liang®, CAO Bing-Qiang®, WU Li-Li', YIN Long-Wei'
(1. School of Material Science and Engineering, Shandong University, Jinan 260061, China; 2. School of Material Science and
Engineering, University of Jinan, Jinan 250022, China)
Abstract: y-phase copper iodide (y-Cul) is a wide bandgap p-type semiconductor with a band gap of 3.1 eV, which
is suitable for optoelectronic devices like light-emitting diodes and solar cells. A simple and convenient method of
iodination of copper film to prepare Cul film was reported. The effects of iodination time, reaction temperature, and
copper/iodine ratio on the transparent and conductive properties of Cul film were explored. Cul films with high
transmittance over 75% in the visible range and low resistivity of 4.4x10 Q-cm were grown under the optimized
iodination time (30 min) and iodination temperature (120°C). The Cul films were adopted as hole transporting lay-
ers for Cul/CH;NH;Pbl;/PCBM inverted planar perovskite solar cell and a maximum photovoltaic efficiency of
8.35% was obtained. The influences of the transparent and conductive properties of Cul films on the solar cell
photovoltaic efficiency were also discussed.
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(a) SEM image and (b) XRD pattern of copper film grown under optimized vacuum thermal deposition condition
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Table 1  Growth condition of iodination of copper film

Sample  Reaction time/ Reaction Cuw/1

No. min temperature/‘C ratio
1 15 120 1:1
2 30 120 1:1
3 45 120 1:1
4 60 120 1:1
5 30 120 1:1
6 30 140 1:1
7 30 160 1:1
8 30 180 1:1
9 30 140 1:1
10 30 140 1:10
11 30 140 1:100
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Fig. 2 SEM images of Cul films deposited with different Cu/I ratios and corresponding XRD patterns and optical transmission spectra
(a) 1:1, (b) 1:10, (c) 1:100
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Table 2 Hall effect data of Cul films grown with different

Cul/l ratios
Cu/l ratio  Resistivity/(10% Q-cm)  Mobility/(cm* V"™
1:1 8.9 8.6
1:10 8.2 13.5
1:100 11.1 1.5

2 pm
[
3 N[RN[R AR IR 1 45 1) Cull JERRR I FK) SEM
W
Fig. 3 Surface morphology SEM images of Cul films grown
under different iodination temperature and iodination time
(a) 15 min, 120°C; (b) 30 min, 120°C; (c) 45 min, 120°C; (d) 30 min,
160°C
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Fig. 4 Influence of iodination temperature (a) and iodination time (b) on the transmission property of Cul film with Cu/I ratio of
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Table 3 Hall effect data of Cul films grown under
different iodination temperature and time

R

Iodination Resistivity/ Mobility/
time/temperature (10'2 Q-cm) (cmz'V'l-s'l)
15 min/120°C( 1) 9.9 14.9
30 min/120°C(II) 4.4 29.6
45 min/120°C (1) 7.1 17.1
30 min/160°C(IV) 13.9 9.5
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Fig. 5 (a) Schematic diagram and (b) typical SEM image of
Cul film based planar perovskite solar cell. (c) Current den-
sity-voltage (J-V) characteristic curves and (d) EQE curves of
the perovskite solar cells assembled with different Cul films as
hole transporting layers. Curves labeled with (I~IV) correspond
to samples (I~IV) in Table 3 grown under different iodination
temperature and time
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Table 4 Corresponding photovoltaic properties of
perovskite solar cells (I-1V) with different Cul as hole
transporting layer

RS ERE Rt RO 1t

Devices  Voo/V. Jsc/(mA-em™?) FFI%  n/%
I 0.92 14.26 5373  7.05
Il 0.93 15.33 58.51 8.35
11 0.89 12.84 5401  6.17
v 0.86 8.45 51.70  3.75
3 4
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