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Fig. 1. (a) Schematic diagram and (b) XRD patterns of the Au-BFO nanocomposite films.
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Fig. 2. XPS core level spectra of (a) Au 4f, (b) Bi 4f, (c) Fe 2p, (d) O 1s for the Au-BFO nanocomposite films with 0.5 mol% Au.
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Fig. 3. Surface SEM images of the Au-BFO nanocomposite films with (a) 0, (b) 0.25 mol%, (c) 0.5 mol%, (d) 1 mol%, (e) 3 mol%

Au; (f) the variation of grain size with Au content.
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Fig. 4. (a) UV-vis absorption spectra and (b) plot of (ahv)? as a function of hv for the Au-BFO nanocomposite films with 0,

0.25 mol%, 0.5 mol%, 1 mol%, and 3 mol% Au.
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Fig. 5. Out-of-plane PFM phase images of the Au-BFO nanocomposite films with (a) 0 mol%, (b) 0.25 mol%, (c) 0.5 mol%,
(d) 1 mol%, (e) 3 mol%; (f) the variation of the ratio of P,, with Au content.
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Fig. 6. Current density vs. voltage (J-V) characteristics of
the Au-BFO nanocomposite films (a) in dark; InJ vs. V1/2
curves fitted using the Schottky emission and InJ vs. InV
curves fitted using space-charge limited current for the
(b) positive and (c) negative branches.
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Fig. 7. (a) Photovoltaic (J-V) curves of the Au-BFO nano-
composite films with 0, 0.25 mol%, 0.5 mol%, 1 mol%, and
3 mol% Au, and (b) variation of open-circuit voltages and

short-circuit photocurrent densities with Au content.

8 NI LA N 40 s (G IR ATICEAE R
TR Au-BFO 442K & & i, Horb “on” X1 T
ASFERRGS, “off” Xf W T HE . MK 8 il 2|
Au-BFO YK 5 A W 1) ' HRL I 25 B 7E A e iR
SRS AU A i N IR B S . X T BFO
W BOGEAT BRATE 2.70 eV, SR ISGZ Ik Bt
PR RS O, AE RS R AR A 1 3K
ST, REHEH -2 O B, X5 kg R
Au-BFO 94 K & A 118 14 W MSC i K 32230 4 REDKE
(BE500) —2. 7oh, UE G HBEZ B ASHEIRSS
B, 7B 1A ) U B T R, 2 LR AR R AN 1.

127709-7


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 2 3R Acta Phys. Sin. Vol. 69, No. 12 (2020)

127709

IEAh, Au-BFO K E G IR BNV B A Au
BB AR e 9 5 DS . Maruyama 55 19 75 £
2 BFO WA Ag 99Kk F )2, 52455
FAE A R Bk M BE A A S AR 1R, T Ag
YRR 1) 2 T A B8 AR L PR T i A B
(G R I B P Rl 24 . [RIRE, Li 45 22 5@ i
7£ BLFO MU Au 0Kk 72, R
S B IRSERAE B TR A O T IO Wi, HE
S HL R RO FL 3 % B 43 31l BLFO #EIE Y3 1.5
3 A5, WFIE24E 2R H 5% 4 8 4Rk T 2 11 45
B AR AR R A ke B vk L R R R . HUE
A K Au G9K KL F IR B3 A A BFO W, Au
5 AT A MR ODGAR PE R B RE A 5 A AT 4. 7E
A, Au-BFO 9K E A O GR MRS i) =
BRI 1) Au A5 AT LU R e 2 A I
FHA LB, X BES Au/BFO M ) S AR C;
2) P ST P RS A AR A AR Sy 4[] e Ay B 1 R
i, FmAk B R VR S, AR A I AE
T, fEdb e -2 O A . A, B
JEE P AT BRIRAFAE Au G4 KRL 1) 055 Jm) 1ol 5 T 4
B RSEIRBON, BASER T R A] WG AR AE T, i
S TF-AS A U8 AR AR I B VR R R
L =23 ORI 40 S

80

0.5 mol%

I 0 mol% 0.25 mol% On Off

ll.O mol%l

3.0 mol%

VUL

L ! L
0 170 340 510 680 850
Time/s

K 8 AuBFO KK & MK (Auf & H 0, 0.25 mol%,
0.5 mol%, 1 mol% 1 3 mol%) MY YEHL L% BE-BF 1] (J-T) #hk
Fig. 8. Time-dependence of photocurrent density (J-T) cur-
ves of the Au-BFO nanocomposite films with 0, 0.25 mol%,
0.5 mol%, 1 mol%, and 3 mol% Au under the short-circuit

condition.
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SPECIAL TOPIC—Dielectric materials and physics

Optimization of electrical and photovoltaic properties of
Au-BiFeO; nanocomposite films®
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1) (National Demonstration Center for Experimental Physics and Electronics Education, School of
Physics and Electronics, Henan University, Kaifeng 475004, China)

2) (School of Materials Science and Engineering, Nangjing University of Science and Technology, Nanjing 210094, China)
( Received 28 February 2020; revised manuscript received 21 March 2020 )

Abstract

Ferroelectric films, are an important class of photoelectric functional material, which possess the following
characteristics: the breaking of their symmetry can lead to self-polarization and this polarization state can be
regulated by external stimuli. The photovoltaic properties of ferroelectric films have been extensively
investigated due to their potential applications in the field of photodetection, energy conversion harvesting and
nonvolatile storage. In view of the small photocurrent density and the degradation of photovoltaic property
caused by the depolarization effect in ferroelectric films, it is necessary to explore an approach to improving the
self-polarization phenomenon and regulating the conduction mechanism to further optimize their photovoltaic
properties. Here in this work, BiFeO3; (BFO) films dispersed with Au nanoparticles are deposited on FTO glass
substrates by the sol-gel method to obtain the Au-BFO nanocomposite films. Moreover, the relationships
between Au content (0 mol%, 0.25 mol%, 0.5 mol%, 1 mol% and 3 mol%) and microstructure, electrical and
photovoltaic properties of Au-BFO nanocomposite films are investigated to determine the optimal Au content.
Piezoresponse force microscopy studies show that the Au-BFO nanocomposite film with 0.5 mol% Au has the
strong self-polarization phenomenon. With the increase of Au content, the conduction mechanism of the Au-
BFO nanocomposite films is described by the space-charge limited current theory but not the Schottky emission
model any more. The photovoltaic properties of the Au-BFO nanocomposite films first increase and then
decrease. When Au content is 0.5 mol%, the Au-BFO nanocomposite film has the best photovoltaic property.
The open-circuit voltage and short-circuit photocurrent density of the Au-BFO nanocomposite film with
0.5 mol% Au increase nearly 3 and 5 times counterparts of the BFO film, respectively. The photovoltaic effects
of Au-BFO nanocomposite films are improved mainly by regulating the self-polarization phenomenon and
conduction mechanism. This study demonstrates the merits of BFO films dispersed with Au nanoparticles,
specifically, the photovoltaic properties of Au-BFO nanocomposite films are further optimized. In this work, we
propose a simple and effective method to regulate the electrical and photovoltaic properties of ferroelectric films,

which provides a new perspective for further understanding the photovoltaic effects of ferroelectric films.

Keywords: BiFeOs;, electrical property, photovoltaic property
PACS: 77.90.+k, 77.84. Lf, 73.90.4-f, 73.50.Pz DOI: 10.7498/aps.69.20200309
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