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Structural and Electrical Properties of BiFeO; Thin Films by Eu and V Co-Doping
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Absract: Pure BiFeO; (BFO) and (Eu, V) co-doped BiogEuUo1F€ye75V 0025035 (BEFVO) thin films were deposited on
Pt(111)/Ti/SIO,/Si(100) substrates by chemical solution deposition. The effects of co-doping were observed by X-ray
diffraction, Raman spectroscopy, and scanning electron microscopy (SEM). The electrical properties of the BEFVO thin
film were improved as compared to those of the pure BFO thin film. The remnant polarization (2P,) of the BEFVO thin
film was approximately 26 uClem?® at a maximum electric field of 1,190 kV/cm with a frequency of 1 kHz. The leakage
current density of the co-doped BEFVO thin film (4.81x10 ° A/cm? at 100 kV/cm) was two orders of magnitude lower

than of that of the pure BFO thin film.

Keywords: BiFeOs;, Chemical solution deposition, Microstructure, Electrical properties

1. M B

BiFeOs; (BF T RS He HAlE
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sh9ich. Eu™ o] 2o] ¥wixl2e B o]29] ¥Ix|(0.145
nm)ur} A7) mo] Bi Atejo] A|$HE mj Lx o
o oeid A MEUEs} 44 Aoz dEstyn
[11], V¥ o] 29] me Fe¥ xfe]o] xgHelo] Fe of
20 Mat YES FAAAN FHNRE TaAY &
g ZAow oysairt, wety Eugt Vol £A]
02 2% BFO uiuto] 7494 Exo] MY Ao
2 Holct [12,13].

2. Ay Wy

ststgol z=xHo g Pt(111)/Ti/Si0,/Si(100) 7w
ol =43t BiFeO; (BFO) 812ta} Euet Vol sA] =3
=l (Bio.9Euo.1)(Feo.075Vo.025)03:6 (BEFVO) &g A &35t
Aot gk wjAf A AAA(bismuth nitrate penta-
hydrate) [Bi(NOs); - 5H,0), S-2F A (europium nitrate
pentahydrate) [Eu(NOs); - 5H,0], & AAMA(iron nitrate
nonahydrate) [Fe(NOs); - 9H,0] 12]11 vitgs 2A|EZ]
I 22 Ao]E(vanadium oxytripropoxide) [VO(OC3H7)s]
£ 2U=2= Aot Uiz 2-tSA] oEE
(2-methoxyethanol) [CH3OCH,CH,OH|x} ofA®l AF
(acetic acid) [CH3CO.H], of&d=i=
[

i)

Z(ethylene glycol)

HO(CH,),OH] &322 At&stact. 40°Col 2-MOE
ot oZdl =25 &ujo] v ARA HAEZ 715t
30% = whkst § ofNIE AHZ A7tsto] 307 F7t
2 wutehlth. BA] PO B ARATE Sdshs
HS mejstel HlARA AARS 5 B9% B2 Hotst
At olet o] AAE H|ARA oo REF A4t
Fut A Fitds 27 Artsto] 307 A= wytskd
I, Z712 HiUE 2AJE]m 2 E Aol 2 2-MOE of

=
N &MoA 1AIZE ¥ EoF wytsty, vhg &R
w8k FQl H|ARA-H-J2& EoHo 7
2k 30% ¢ wykstRith. £5 &AL °F 0.1 M 5%
2 ARt ch Alxst 8998 Pt(111)/Ti/SiO,/Si(100
71 910 3,500 rpmoflA 25% FQF A%
I YoM 102 &< ARSHo /Fr7l=2 SEA
o], o] Wy 128 vhEsteict AET ol
S 9JslA] 550°C) A BS7I0lA 302 £

ol Axj2l2 Kester),
Az gharo] px= X-4d 3AFA|(X-ray diffrac-
tometer, Rigaku, MiniFlex II, JAPAN)S Ap83sto] 2
eSSk, muNElet SAE FAb AR Ho)

Z(scanning electron microscope, Tescan, MIRA 1I
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LMH, USA)Z o|&stel selsteict. urato] 77|
£4g SR Yatel ol Ameayos v}

AHE(Precision LC II Ferroelectric Tester, Radiant
Tech. Inc. Multiferroic 1I, USA)Q} dmdA EMAF
X](Low Refrequency Impedance Analyzer, Hewlett-
Packard, 4192A, USA)Z o]&s}o] P-£F o]a] EA
(hysteresis loops)S &£A35¥ 1. A4 Ml X
X5 =747 (Electrometer, Keithley, 6517A, USA)
5 Ahgsto} 27gstsct.
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Fig. 1. X-ray diffraction patterns of BFO and BEFVO thin films
deposited on Pt(111)/Ti/SIO./Si(100) substrates and (b) 20=22.5°
and (c) 20=32".
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He = WA (rhombohedral) H 28 A7}0]
a9tk w

L E.'
xof 2 WHepPrth glS2 EOEITJ_ Atk 13 1(b),
1(c)= BEFVO ututo] 79 22.5°9F 32° B.29] 20

ol of| A djsko g o]
S5 JSS HojEch o2t dAR2 Eu’'ol o]yt
73(0.129 nm)o] Bi** 0] £9] ¥t7(0.145 nm)ofl H|3HA]
AR 0 2 Aoba], EuQt V= 51\] =93k o BEFVO
urato] Az pxvth e g HelEn [11]
O 25 A2oA 585 aast BFO dratat BEFVO
utobo] 100~800 cm™ YHoAjo] apgt AmMEN =K

%57 = _Eioq%i_L> O]E} f:fggﬂ )\uﬂEEEH 0
oz waste] 7} A=o] ojgt ehet @A . (mode)o]

gEls 032 pgick & 13 (I'=4A1+9E)7)9] 2t

2= )d 2

I]:ﬂ.l

242 7Y, 53] (11 oz 7% 7](epitaxial) /g
ZHAIZ1 BFO 49hare] 73 Qo ofefet 22 10719 %
AlS UpeRdCH [12]. &, 136, 168, 211 cm™'of Qle
Zyst Arar 7bwo] Al-1, Al-2, Al-33} 425 cm o]
& ofF ok Atgh 7Fwmo] Al-4 WAl Jeja 275,
335, 363, 456, 549, 597 cm'o] &7t AHwzo] itk
des 7= 6719 E So|th. BFO g9t Bi-O 7‘1%
o JOHH 146 cm™ 79t A-19] gt 13

. BEFVO 4ap2 o] m3rp 37 501%21
4 Olq a3 2014 & 4 ARl %4@ BFO2]
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Fig. 2. Raman Spectra of BFO, co-doped BEFVO thin films
measured at room temperature.
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Holown, BEFVO "atolx= 2F AHEO] A7|Lt 4l
=27} oF7b Wiseleitt Al-1~Al1-3 275 cm'9] Ex=
Bi-O && Zgy #do] Qltfy =i qlon Al-2

o A3 547 WSS HO2 olelgitd, ol
Bi-O9} Eu-09] ZAgtzlo] tj=2 1 Bi* o] UB7} A

=t ol ol ThE Eu® o202 x|EEo] SR
50 wjSolzlo] Watstels] WRolct [9,13]

a2 32 Pt(111)/Ti/Si0,/Si(100) 7)o BFOS2t
BEFVO gtahs Z=&+sta b50°CojA] AA EQ7]12 30
% Zob dxjejet ¥, BFO?H BEFVO utuko] mel o]

Al &2 OHE FAF AAF dujdoez daAst FAut
S HoR1 . 1d 304 EO%?% AXE Euet
vol $A] =g BEFVO ulafo] W 1x7} &
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gk BFO diatof v]sfA] 5] 21 240 A
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olZc}. £238F BFO ®hote Zapdoz 50~100 nmo)
AR 3715 Ho|= ¥iMH, BEFVO ¥h2 100~200 nm
o] A4 F71E Bojxu 9ty wela BFO uhulo]
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2f AQE 2717F SO 4 4 Aok 24" A
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Fig. 3. FE-SEM morphologies of BFO, co-doped BEFVO thin
films with cross-section micrographs.
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1_)\4 7(121:!15_] %;% qu%q_ﬂ 91 ) 5}\] Emﬂ
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7}/\ /\]
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o Ata wixkeler B 9t o2 LA Ut (16
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of Fe* 9ol AFHAS T, Fe Y| Fe’ o
G0l GFE FolAl, Fe o £S0] FekE LAAA
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Fig. 4. Leakage current densities of BFO and BEFVO thin
films measured at room temperature.
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Fig. 5. P-E hysteresis loops of BFO and BEFVO thin films at
1 kHz.
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