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Abstract: Pure BiFeO; (BFO) and codoped Bigodo1Feo 975200025055 (A=Eu, Dy) thin films were prepared on Pt(111)/
Ti/Si0,/Si(100) substrates by chemical solution deposition. The remnant polarizations (2Pr) of the BigoEug1Feo975Zn0.02503-5
(BEFZO) and Big oDy Feo975Zn002503.5 (BDFZO) thin films were about 36 and 26 pC/em’ at the maximum electric fields
of 900 and 917 kV/cm, respectively, at 1 kHz. The codoped BEFZO and BDFZO thin films showed improved electrical

properties, and leakage current densities of 3.68 and 1.21x10°® A/cm?,

lower than that of the pure BFO film, at 100 kV/cm.

respectively, which were three orders of magnitude
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E(Eu)e} gAZEZ&(Dy)S AE sML Feo] |8t =
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B =20ME 45 BFO vhato] Euet DyE Zn
oF A =3 a5 RARGIAC 45t BFO Bfat
1} Big.gEuo.1Fep 97520025035 (BEFZO) 8F2F, Bio9Dyo 1
Feo.975Zn0.02503-5 (BDFZO) 81ah-g &}sh 8o =xhH o
2 PY(111)/Ti/Si0,/Si(100) 7] 9Jo] ZAtsto] viar
o A7A - f2A 54g "l 2AstH.
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43t BiFeOs (BFO) 92t} Eu, Dyt Zno] -3A
== (BygEuo.1)(FeoorsZno.025)03-s (BEFZO) Eratbat
(Bo.oDyo.1)(Feo.075Z10.025)03-5 (BDFZO) 8}9r-5 2}st-8-of
SAHZ o]&afo] Pt(111)/Ti/SiO,/Si(100) 71 2ol
MEE At gfake ujAR A ZAA (bismuth nitrate
pentahydrate) [Bi(NOs); - 5Hy,0], S-2F AAMA(europium
nitrate pentahydrate) [Eu(NOs); + 5H,0], fJAZ 2%
AArA(dysprosium nitrate pentahydrate) [Dy(NOs); «
5H,0], A AAM(iron nitrate nonahydrate) [Fe(NOs)s +
9H,0] J12]a1 o} AXIH(zinc nitrate hydrate) [Zn(NOs), -
xH01S &8 242 ARSIt S0i2E 2-0&A] o
E1-2(2-methoxyethanol) [CH3;OCH,CH;OH]x} ofA|e]l Ar
(acetic acid) [CH3CO,H], oj&d2llZ2]=Z(ethylene glycol)
[HO(CH,),OH-Z =%t&= AREsIITt 40°Ce] 2-MOES}
ofgdll 2= &ulo] v|ARA AMAS ISt 30&
e wykst & o A2 AViste] 307 A= wyh
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StTt. Alxe urare] AXgstE ¢sfiA 550°Co] AA
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71014 30% B9t SRR BAZE Alegstit

Axs wore 15 @ 2 =Hsh] SsiA
X-A A& AX|[X-ray diffractometer (Rigaku, Mini-
Flex )2 AMgsleln, mwl Aol SAl= Zap Axt
JA0]7d[scanning electron microscope (Tescan, MIRA
I LMH)IS o]gslo] slelstgir}. wtate] A7]d £A4
2 £7517] isto] ol Aujely Mo Wk muo|
1 5410 cm® 3719 WZ(Pt) A=E o] AMEY
¥g ol8sto] P/BFO/Pt BAW FA7]S §As
o e/ pP-E o]2l EX(hysteresis loops)¥t +
A Kﬂ%'?:_!EL HEZ35 779 A HIAE A]AE(modified
sawyer-tower circuit with oscilloscope)?t 04 #H
F7(Keithley, 6517A)5 AF&ste] F7sHc.
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g 12 sbsh 8 Aoz AAFE 435t BiFeOs
(BFO) ¥fatut FA] ==l BiggAy, 1F90975Zn002503—6 (A=
Eu, Dy) ¥12KBEFZO, BDFZ0)9] AR LXE X-A g
AR S oA EAsh Aupoltt. XRD é’%‘% Cu K
o SAF X-A(A=1.5046 A, 40 kV, 30 mA)S AHE5}
itk XRD o8& of== bﬂqiﬂﬂ(rhombohedral)
H| 2 A7}0] E(perovskite) 22 Zt= ttAA BFO A
2 Ho Z3 Qlt}y. A mIE —‘E— o Q" O| A&

HOJX] oror1, =35t AXS JIK| L
T Qit}. BEFZOS} BDFZO utare] 7
oA (110)/(110) &%

w29 20 9

Intensity (arb. units)

Fig. 1. X-ray diffraction (XRD) patterns of the BFO and the
BigoAo.1Feo975Z1n0.02505.5 (A4=Eu, Dy) thin films deposited on Pt(111)/
Ti/Si0,/Si(100) substrates.
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Fig. 2. FE-SEM morphologies of the BFO and the Bigodo:
Fe0,9752n0‘02503_5 (A=Eu, Dy) thin films.

goz olggo] glrt. ol2jdt dA2 Eu®9] o] A
(1.29 A)xt Dy*o] o]& %]7(1.24 A)o] Bi* o]
7(1.45 A) o] 20 vls|Aq Aoz Aobd, Eu,
Dy =3gofl 9§t AR} J40] wighet SHAEY H]
9ol At 129 55 7RSS BHolETt [11].

a7 2% PH(111)/Ti/Si0,/Si(100) L&A oA BFOS}
BEFZO, BDFZO otz FAFstaL Aa 2917] 550°C
oA 308 =oF Wx|2)st &, BFO9} BEFZO, BDFZO
graro] m el olA] pxet UwE FAF AAL @ojgoR
WAsh Aug wWol R 9ty 21 20] wAlE uet
Zo] Eu, Dy9} Zno] 4] =3¥ BEFZO, BDFZO ut
ako] Taj|9l A7) &28h BFO whatol] H|sfA] Ards]
33 xAo] x|Ystr}. 43 BFO vfake ZApHo=
50~100 nmo] el 37]E Ho|: dhH  BEFZO%}
BDFZO 8take 717} 50~100 nm, 100~200 nmo] 12]
Ql 3715 ®ol 1 Qlt} wabA Eu, Dy} Zn9| &

2 oY o

o
Al 2oz QlsjA £43F BFO whoto] xxo] 33
AU wot opal 29l 37| EtES o &
Aot FAuFF [14]o] 9fstd, eQl FAlole W

R F  ——BFO
107y —o— BEFZO
i —=—BDFZO |

Leakage current density (Alcmz)
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Fig. 3. Leakage current densities of the BFO and the Bigodo;
Feo 975700025055 (A=Eu, Dy) thin films measured at room temperature.
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a4 32 4% BFO w9ty FA] =39 BEFZO,
BDFZO ®iato] o] Z7|&to] QIZIE|E o, 4=l
AN 58E A AREEE Ho| 21 9tk SA] =3E
BEFZO, BDFZO ®8tato] =X mMaalg st 528t BFO 8t
grEh dAXsHA A2 32 Eolil oy &7]7ge] 100
kV/cmo| QIZIE]}S m, 43t BFO &jato] =4 HiF
Qg 2.38x107° A/cm?, BEFZO ®totu} BDFZO Bhato]
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Fig. 4. P-E hysteresis loops of the BFO and the BigoAoFeooss
710025035 (A=Eu, Dy) thin films at 1 kHz.

£ daAF 4 Qo [15]
23} BFO ot} BEFZO, BDFZO Hlutol
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Fig. 5. Fatigue behavior of the BFO and Bigedo.1Fe0975Z10.02503.5
(4=Eu, Dy) thin films.

Table 1. Fatigue measurement summary of BFO, BEFZO and
BDFZO thin films.

P, -P. Remark
BFO 0.72 0.79 ~30%@10 V
BEFZO 0.91 0.93 ~10%@10 V
BDFZO 0.86 0.85 ~15%@10 V

7FsE7] SlsiA Q7] 270 me w5 wets BoKt 2
wolct. BFO, BEFZO 2]l BDFZO Hfef Algof +10
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el wigks 77 A4Skl 27 5ol & 4
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g o 36 pC/cm’?] e BPY, FAH AFU=E &
23+ BFO uhato] vlsfA 324 Ahe kS w itk Dyet
Zn7t §Al =¥ BDFZO wfoto] kg %% B2p)e
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