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Fig. 1. The XRD pattern (a) and Raman spectrum (b) of
the BFO thin film at 300 K.
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Fig. 2. The M-H hysteresis loop (a) and the P-E hysteresis
loops (b) of the BFO film at 300 K.
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Fig. 3. The J-V curves of the sample at room temperature
under dark conditions without magnetic field and under

light with the increase of external magnetic field.

FEAOGHL AT LIRR
K =€ N" lletn, (2)
T 0 Fll gy, 0500 SRR i 04 280 - B RN A8 T
TR, AL, AR TR BE AR AL HL S TR E
RZ— TLHIENT, G KT BFO A B R E
TR L R R A 2R T OB AR B T), SN

067501-3


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

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 6 (2023) 067501

BFO MERDETEA. B T80 TR, BFO
VI8 P R B B R R A A LTS 3 A A
5T BFO WG J-V il 2k 19 R 05 Ky s 1
) 10 %, B BFO WA B 5 1Y 6 L S 48000

TREPC ISR AAE , BEAE SMRE IR, J-V ith
LRI IEOR, BIVRH [R) i 1R I L It R/ N i
R, RYDLR SR T SRS IEM K, Ik
HIAE BFO WA bl SEBLREOG R RSN (mag-
neto-photocurrent effect, MPC).

[l 4(a) FIE 4(b) 53508 0 V A1 V RE T/
DG E IR e At 28, MM E R 0V
f, JSCHIREE J H = 0 B A)-40 pA/cm? 28
H = 1.3 kOe B} {160 pA /cm?2 RIFE S HA B 2
ARG LA R

| 2 a0
s Tl e G
R TV Ge g0 85T
25 oosf 30N ‘5{ 1
SE
Z 0.04F (a) il °
—1500 —1000 —500 0 500 1000 1500
Magnetic field/Oe
& B00F P
= ‘E 400 + Q(:::::‘\—\i ‘2_/,_-_—,’_'::’1”
28 ETe, | T
§<E 300 F e \‘{qk;g’
O Py
= 200} (b) ¥
—1500 —1000 —500 0 500 1000 1500
Magnetic field/Oe
250
P ———
X 200F % 4 e
T 150 TSR eV 0
3 100} 3N “i
: sof 0
Q 0F (C) .‘g’o &0
50 . . . .
—1500 —1000 —500 0 500 1000 1500
Magnetic field/Oe
160 —
X 20} .
S S 4 2/__,_:—:,:,
S 40t 3 2 Q:
R ol@ v°
—1500 —1000 —500 0 500 1000 1500

Magnetic field/Oe

4 EWRES51A (a), (c) 0V FI(b), (d) 1 VI, EHRT
FEAR B (a), (b) SCHIRBERE A LA LI K (c), (d) Dwmpc,v
1 BB 1 37 72 A 1Ry g B 7 £

Fig. 4. Change curves of photocurrent (a), (b) and Dwmpc,v
(c), (d) with the alteration of magnetic field for the sample
at room temperature with the bias of (a), (c) 0 V and (b),
(d)1V.
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Fig. 5. (a) Schematic diagram of the Fe®* degenerate orbital energy, spin photoelectron and electron band density of state;

(b) schematic diagram of the Fe** band movement under the external magnetic field.
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Abstract

BiFeO; (BFO) is a kind of room temperature multiferroic material with bulk photovoltaic effect, and it has
been a research hotspot in the field of multifunctional materials in recent years. The coexistence of the coupling
among magnetic, optical, electrical properties brings rich and complex physical connotations. In this work,
BiFeO; thin film is deposited on FTO substrate by pulsed laser deposition, and the solar cell structure with
BiFeOy film used as light absorption layer and Au film serving as electrode is constructed. X-ray diffraction and
Raman spectra indicate that the BFO film grown on FTO substrate has a pure phase structure. The
experimental results of physical properties indicate that the BFO film possesses good ferromagnetic and
ferroelectric properties and obvious photoelectric effect. According to the hysteresis loop, the remanence (M,) of
the sample is 0.8 emu/cm?® and the coercivity (H,) is 200 Oe at 300 K. In terms of ferroelectricity, the
saturation polarization intensity of the sample can reach 0.997 pC/cm?, the residual polarization intensity is
0.337 uC/cm?, and the coercive electric field is 12.45 kV/cm. The above results show that the BFO film has
good multiferroic properties. Under solar illumination conditions, the photocurrent density up to 208 mA /cm? is
obtained when a bias voltage 1 V is applied. More importantly, magneto-photocurrent (MPC) effect is found in
the BFO film. No matter whether the magnetic field starts to increase from the positive direction or the
negative direction, the MPC usually changes with the magnitude of magnetization. When a 1.3 kOe magnetic
field is applied, the magneto-photocurrent change rate up to 232.7% is observed under standard solar
illumination condition. The results show that the photocurrent of BFO films is greatly improved by a positive
magnetic field and negative magnetic field. This magneto-photocurrent effect in BFO thin film comes from the
photo-magnetoresistance effect, that is, the photogenerated electrons become spin photoelectrons under the
action of an external magnetic field and receive spin-dependent scattering during moving in the conductive band
of the material, thus producing the photo-magnetoresistance effect. In addition, the magneto-photocurrent effect
is further enhanced by weakening the domain wall scattering of the spin electrons by the magnetic field. This
work provides a reference for the modulation effect of magnetic field and light field on the magnetic, optical and
electrical properties in multiferroics, and presents a foundation for the research and application of devices in the

field of multifunctional optoelectronic materials.
Keywords: bismuth ferrate, photovoltaic effect, magnetic field, spintronic
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