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Fig. 1. Pt/BFO/NSTO heterojunction: (a) Schematic illus-

tration; (b) energy band structure diagram.
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Fig. 2. (a) XRD pattern of BFO/NSTO heterojunction;
(b) P-E hysteresis loop of BFO (200 nm) film measured un-
der 2 kHz.
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Fig. 3. J-V curves of Pt/BFO(60 nm)/NSTO heterojunc-
tion in the dark and under the laser irradiation with vari-
ous irradiation intensities at room temperature: (a) A ~
365 nm; (b) A ~ 445 nm. The inset of panel (b) shows the

magnified image at low voltages.
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Fig. 4. Light intensity dependent (a) open-circuit voltage
and (b) short-circuit current density under laser irradiation

with different wavelengths.
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Fig. 5. (a), (¢) Temperature dependent J-V curves of Pt/BFO/NSTO heterojunction under laser irradiation; (b), (d) corresponding

temperature dependent open-circuit voltage and short-circuit current density. In (a) and (b), A ~ 365 nm, 74 mW/cm?; in (¢) and

(d), A ~ 445 nm, 1.56 W/cm?.
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Fig. 6. J,, vs. 1000/ T and the fitting result by Arrhenius
model.
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Abstract

The photovoltaic effect of ferroelectric BiFeO; (BFO)-based heterojunction has been one of hot subjects of
theoretical and experimental studies due to its important application prospects, and the coexistence of varieties
of photovoltaic effect mechanisms (bulk photovoltaic effect, domain wall effect, interfacial barrier effect, etc.)
can bright rich and complicated physics nature. In order to investigate the important role that the interface
plays in the photovoltaic effect, we prepare the Pt/BFO(60 nm)/Nb:SrTiO; (NSTO) heterojunction with an
asymmetric metal/ferroelectric/semiconductor structure, and systematically investigate the photovoltaic effect
under laser irradiation with different wavelengths (365 nm and 445 nm). The heterojunction exhibits much
stronger open-circuit voltage (V,,, ~0.55 V at 74 mW /cm?) and short-circuit current density (J, ~ 208 pA/cm?
at 74 mW/cm?) for the laser irradiation with 365 nm wavelength than those for the laser irradiation with
445 nm wavelength, and the V. and J, are both strengthened with the increase of light intensity. This is
because the 365 nm light with the photon energy ~3.4 eV can stimulate photon-induced carriers in both BFO
(band gap ~2.7 e¢V) and NSTO (band gap ~ 3.2 e¢V) at both the Pt/BFO interface and the BFO/NSTO
interface, while the 445 nm light with the photon energy ~2.8 ¢V can only generate carriers in BFO. Thus the
photovoltaic voltage is much bigger for the 365 nm light. Furthermore, the laser absorption process is much
more efficient for the 365 nm light (79% absorbed in BFO and 21% absorbed in NSTO) than for the 445 nm
light (21% absorbed in BFO). In addition, the temperature dependent V., and J,, are also investigated. It is
found that for the 365 nm and 445 nm laser irradiation, the V. increases with temperature decreasing, which is
possibly due to the variations of the built-in potential, concentration of thermal charge carriers, and/or
electron-phonon scatterings. The sharper variation of V. above ~ 200 K may suggest the more significant role
of thermal charge carriers at high temperatures. Interestingly, the temperature dependent J,. behaves differently
for the 365 nm and 445 nm light. Under the 365 nm laser irradiation, the J,. remains almost unchanged below
170 K and increases sharply with temperature increasing above 170 K, which may be related to the dominant
role of thermal excitation for the 365 nm light. While for the 445 nm light, the J,. decreases with temperature
increasing, which follows the variation trend of its V.. What is more, the conduction mechanism of
Pt/BFO/NSTO heterojunction under laser irradiation is also studied. It is found that the conduction for the
445 nm light can be nicely described by the space-charge-limited bulk conduction (SCLC) model and the
photon-generated carriers may fill the traps and thus leading the transition voltage to decrease. While for the
365 nm light, the conduction is more complicated and cannot be described by the SCLC model. Our findings
may be helpful in understanding the photovoltaic effect in transition-metal oxide based heterojunctions and

designing photovoltaic devices.

Keywords: photovoltaic effect, heterojunction, rectification characteristics

PACS: 73.50.Pz, 73.40.Qv, 73.40.Ei DOI: 10.7498/aps.69.20200280

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51790491, 21521001, 51972296) and the
National Key Research and Development Program of China (Grant Nos. 2016YFA0300103, 2019YFA0307900).

1 Corresponding author. E-mail: yyw@ustc.edu.cn

127301-9


http://doi.org/10.7498/aps.69.20200280
mailto:yyw@ustc.edu.cn
mailto:yyw@ustc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

