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Abstract: Multiferroics exhibiting the coexistence and a possible coupling of ferromagnetic and ferroelectric order are attracting

widespread interest in terms of academic interests and possible applications. However, room-temperature single-phase

multiferroics with soft ferromagnetic and displacive ferroelectric properties are still rare owing to the contradiction in the origin

of ferromagnetism and ferroelectricity. In this study, we demonstrated that sizable ferromagnetic properties are induced in the

ferroelectric bismuth ferrite-barium titanate system simply by introducing Co ions into the A-site. It is noted that all modified

compositions exhibit well-saturated magnetic hysteresis loops at room temperature. Especially, 70Bio.osCo00.0sFeQOs-

30Ba0.95C00.05TiO3 manifests noticeable ferroelectric and ferromagnetic properties; the spontaneous polarization and the

saturation magnetization are 42 ;C/cm? and 3.6 emu/g, respectively. We expect that our methodology will be widely used in the

development of perovskite-structured multiferroic oxides.

Keywords: Multiferroics, Ferromagnetism/ferromagnetic oxides, Superexchange interaction, Ferroelectricity/ferroelectric

oxides, Bismuth ferrite-barium titanate
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Fig. 1. X-ray diffraction patterns of 100(1-x)BCF5-100xBCT5
system with a magnified view of the (111)pc peak.
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Fig. 2. (a)~(f) Polarization and switching current curves of 100(1-x)BCF5-100xBCT5 system measured with an external electric field of 6~10

kV/mm at the frequency of 1 Hz at room temperature.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 5, pp. 386-392, September 2021: Ko et al. 389

595 9 7A7] thgolaet olART [33]. v, of. Ak Wele] WRE ozt 9sty 2euA
70BCF5-30BCT5 A HE = =M X7 ggFo] A o} (relaxor ferroelectrics)o|A] &3] WAL= EXJo|atal
AEA, FRA 2978 w7 2 2= o340l 35t &daiA AL [35,36], ol A =2t X-A o2 o (2
TEEHUY. 5 6] 70BCF5-30BCT5 £AS mat Apgt 2 2 1) U 72978 o] = A (2 2)o|A o] BA 1} AR|5h=
342 4C/em’, BHR B339 4C/em’s 9423 HEH B ARG wATH ARA0R, 9A SAH SR ofa}
A& Al'dE &1 4 . BCTS B]&0] =obA | 4 AV = W59 At 7]E BF-BTe g
B EA0l 4T Bo= Zhashs 2E HAY 4 oletl, =LolN Endt SRS Aol Yxls o ke G
ol X-4 #2 Y(1e 1) BAS £o ol 5E vlet 2 S mo|m 9lrt[26,28). ol Co £UOR T FHHA

o] BCT59] 1-&3F0] Z7tdof thet 5HAl +27F 22 9 %‘_2}7} 719] ithe AolA &5 Tiet Autolot.
SIAIGA el Wl M SAtY Pazo] Mol Al  dugle] Mae ZAbd 949 Cooleg
of 7]lst= Ao ’?ﬂff‘ﬂf%q. ojz{gt 7i¥ Wate= 7]E IEH ATFFOlE 329 BF-BT AJARIQ] A At2]of] 1-8-9F
BF-BT/Jol o] BT .83 %7}o] ube wisket Quas 024, om0 Ab| e A5Ale 282 Aofst
ghot [31,32]. A, ol &l AAHE He= f-este Aot o]EA A
ARAol HBAoz

100(1-x)BCF5-100xBCT5 A] AEM 71917 S ¥ A" 0% xud A45Ae-S Eo
FE Qs T 3o HEUITE Zd B3 o] F S & A=Al &lsh] s, 100(1 x)BCF5-100xBCT5
Mo A &olst ule} 7o, 90BCF5- 1OBCT59} 80BCF5- AJARIQ] x}7] o]F Hd& Ah2oA F4stct (19
20BCT5 R/JoM & 22 FAMAFE ol A7t a8A  4(a)]. S0lEA=, & 4 784 I%PEHE BE RGOl
249 7]L S AHAgHY] 2o Solujst HidE 34 & tjFoR W QY AP = &zt Ab] o] &
gF AA] X300} 70BCF5-30BCTS 2749 ¥y A2 4 AZ UBUle A& &l & ot 7]E BF-BT A|AH

[e] LIS (o] =
TP E(0.1%)2 B FAl0] 29 1P E(0.2%) £ oA+ BF H]&0] =& o SHIAM 2 UEtdl 1, BT v]&
e FEAlE Y] Bfe g #EEQIY, ole RS2 o] oS AR A & UEiHT L &2 A T [27].
M4TOR $2f WYl HoprID g gl JIA  lRNY B & AP x-01-05Y 24 ) 2
A= o2 BAEQT [34]. 29 WP EO| FoISUA M HHoIM % eI 4 9k 90BCF5-10BCT59] A
60BCFS5- OBCT5 Kol ] HE 5L 0.18%2 =7kt o™ ZAHL uRP ] e 7127]2 woln], AAA

Y 1 ]
A|GH 0% AAREE AAA R Fasts RES WY R 0]F ozl T4l HERS LtERATY o] vt o] A

0.2 (a) 90BCF5-10BCT5 (b) 0.2 (0) 70BCF5-30BCT5
;\: 0.1 § 0.1
£ 00 £ 00
£ m
5 01} (‘n‘ -0.1
0.2 -0.2
10 5 0 5 10 ET 0 5 10 ET 0 5 10
Electric field (kV/mm) Electric field (kV/mm) Electric field (kV/mm)
0.2-(d 60BCF5-40BCT5 021 (@) 50BCF5-50BCT5 0.2 (f) 40BCF5-60BCT5
§ 0.1L g N \/ g - \/
s 0.0 £ 00 £ 00
S S -
n 0.1 a S 01
4012)}: -0.2 -0.2
10 5 0 5 10 -10 0 10 -10 0 10
Electric field (kV/mm) Electric field (kV/mm) Electric field (kV/mm)

Fig. 3. (a)~(f) Electric-field-induced strain loops of 100(1-x)BCF5-100xBCT5 evaluated under the same measurement conditions as those of
the polarization hysteresis loops.
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temperature and (b) a plot showing the saturation magnetization (Ms) and the coercive field (Hc) values.
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