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Abgract: We have evaluated the ferroelectric and eectrical properties of pure BiFeO; (BFO) and Bi0gAq1F€975V 00250544
(A=Nd, Thb) thin films on Pt(111)/Ti/SiO./Si(100) substrates by using a chemical solution deposition method.
The remnant polarization (2P;) of the BiggTbo1Fe€0o75V 002503« (BTFVO) thin film was approximately 65 pClem?,
with a maximum applied electric field of 950 kV/cm and a frequency of 10 kHz, where as that of the
BigoNdo1Fene7sV 002503 (BNFVO) thin film was approximately 37 pClem? with a maximum applied electric field of
910 kV/ecm. The leakage current density of the co-doped BNFVO thin film was four orders of magnitude lower
than that of the pure BFO thin film, a 2.75x107 A/cm? with an applied electric field of 100 kV/cm. The grain
size and uniformity of the co-doped BNFVO and BTFVO thin films were improved, in comparison to the pure
BFO thin film, through structural modificationsdue to the co-doping with Nd and Th.
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Fig. 1. (@) X-ray diffraction (XRD) patterns of the BFO and
the co-doped BNFVO, BTFVO thin films deposited on
Pt(111)/Ti/SiO,/Si(100) substrates and (b) 26 =22.5° and (c)
20=32
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Fig. 2. Raman spectra of the BFO, the co-doped BNFVO and
the BTFVO thin films measured at a room temperature.
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Fig. 3. FE-SEM morphologies of the BFO, the co-doped
BNFVO and BTFVO thin films with cross-section micrographs.



7R = ste] =241, A30d 105 pp. 646-650, 20179 10E: < & 649

©2 50~100 nmo} I 3712 AL g v A oJu(70713 K/mol)7t Bi-09] AgoIux]
o, BNFVO2Q} BTFVO &fate] T2Ql 37]&= 100~200 (343+6 kJ/mol) B} oF 28 o]A; 7oA, <% H7]
nm e % 4 ok Qursoz el AAdE @ ol AtHUe . Th-0 £ Nd-09 Aol

=
< Aol EXAst= oz g ok, ZQl Z7] Bi-O A vlsiA g7 ohd 4~ ok Eet =2
o Z7he 2E AAY A¥e Farn, R4 YA Hhigh-valence) Vol 20] BFOQ] Fe*9|xo] |
S A7 542 AAIE 4 0 [14]. Bt ghEQle o, o A (D)3 2ol 23 4 ATt [16].
29U 0JAER7F S T2 2717 STreel o

~

2}, BNFVO, BTFVO sloto] 7ked Sxo] ¢48t  1s05 < 2Ve + 50, + 4e (1
BFO wiotuct 7jM® 7oz oast 4 9tk BFO  1/20; + V, + 26 < O,
wtobo] == 300 nmo] BNFVO, BTFVO uuio]

FA= 22 of 350 nm, 400 nmo|ct. AL (DA 2Veee 4AFA BHEAIY FY0 +2 78
24 4+ BFO%} BNFVO, BTFVO 4o o8 A Ashg 2= Vo2, Vexs 2+ & AstE 24+ 44
7170l RIZIE|QIE o, d=2oM 58 A AREE ¥, O AAUS Ata o2& ZHZF oju|sih,
£ HojR1 Qo &A] =" BNFVO, BTFVO vt Ast BA4S HsiA 5719 AAH2e)E A8/ttt 2
o] =4 MAFULr} $45F BFO dhatact dAAsHA 2 =2 YA7Hhigh-valence) V™" = o] oJaA] At
A2 = Holn it QIZbd AI|Agol 100 kV/em A ¥HIARR|Y) A4V +AH ARUE dAsE 2 &
A m, £48F BFO ufke] =M Mgdel 1.58x10°  Qlth
A/cm?, BNFVOZ} BTFVO utolo] =M Hadgi 14 5= £43F BFO ¥gtyt BNFVO, BTFVO &f
2.75x1077 A/cm?, 2.03%107° A/cm’S ztzF gojz3  uto] p-f£ o]& Z M (hysteresis loops) EAS HoZx
Qltt. Tt 45t BFO Eratof H|sjA] BNFVO, BTFVO
7PE A2 B4 ARUEs BNFVO 9fatoA o wiabe] p-f ol R4 540 7IAE S Eojfal Qo
gk BFO ¥l9fe] =4 ARYUE ET 435(order) A ¢438t BFO ¥9to] Zhg 2=(2P)1 FA717(2E)E
2 e BoFth A MRS SWUste £RUA U7 AMYo] 930 kV/em & o, 33 pC/cm’et 1,098
Ata Ylg3H(vacancy)2 H]AEA(B)Q] w2 Tyt kV/ecmE HEQl W, BNFVO 89t Zhf #3(275)
Fe o]29] &(Fe*—Fe*)o] oJaiA wAjsti, vl
SABI) YR Nd* EEe Tb*9] x| ¥]ARAQ]
TS dA7|L Ao A AREEE GAA :ﬁ'IBFIO =2 R
7= Aoz dHA Aot [9,13,15]. sof ]
SER Ui Nd* T Th¥o] H]ADA x|o] xg s
2, Nd-09] A3 ux|(703+34 kJ/mol)e} Th-0°] i ]
§
S o BNFVO ]
£ 1w 2 "‘:.' ]
= . - -100 |- -
2 1wy N\W Qasof, ., . s e
E 4 g -1200 -900 -600 -300 O 300 600 900 1200
‘5 10 ] \-.,. —— o 'E
E 10* 4 ] TioEen ]
o 400 200 0 200 400 1200 500 500 300 0 300 600 500 1200

Electric field (kV/cm) Electric field (kV/cm)

Fig. 4. Leskage current densities of the BFO, the co-doped Fig. 5. P-E hysteresis loops of the BFO, BNFVO and BTFVO
BNFVO and BTFVO thin films measured at room temperature. thin films measured at room temperature and 10 kHz.
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