LAt

1> Journal of The Korean Magnetics Society, Volume 7

Number 6, December 1997

c 2

CoFe.0.-PZT %o*ﬂlol Magnetoelectric

(19971 1144 299) W3-

Cobalt ferrite ¢} Pb(Zr, Ti) Oy 53l 2 Ak uk2- o @ ] £6}o], magnetoelectric & ZAaksdch &
7 21743} cobalt ferrite 2| 2u|u) 7} Z71akel] ul} magnetoelectric | qF Al 5-2) 2ol gkl Fohabadek. qh, ol
H S el 27| A 273 A7) 2ol whil e Fo @ cobalt ferrite -3 Fobol ube} B Hoz o
Sobolch olelgk AT 7b abel Qlxp =) wEkel olol up il Hub i) 2} wl £ Leo]wwm Avs[9)

o}, w|gheketar 24lal CoppFe wO it Ab-g-ahod,

o} magnetoelectric g} Al 4% Aok

.M B

Magnetoelectric &7t 214 A 7| 2ol ulb& -2 =}

27V kol wbE fw A7) o] viEhas

Aoz 19601 Astrov'! 7} Cr.Oyll 4

3} 5o ol

(ﬂ /\L_CL U]»” _‘:

Hoo 7 u7dg & urel A A gol el o Mol A
Yelol o rtrl, 197413 27b=] Abe] Bgh ol w2 G
o] o}zl theyE = hal A Mk olulel gt A g ol
Bhato] 24 q) ol 7 ”’4 oz ek, olelat <)

Fo| 242 magnetoelectric o 7 & =7 Al G

o 7l%Hos S&a| Sla Hew FAx
AN A8 3

[e}
Aubs| A oo Aoz

foh, e
T4 avle] avkn Ad Aart
o% Ao},

Magnetoelectrlc %?M] = 2R Ay A e =
Qe ofu 271 goe = gla] x4 Aol A bl gk =}

‘Oo

7] tﬂfﬁ(magnetostrlctlon ol 7144 714 (mechan-

ical coupling) & &tar 9li= b Aboll 4 A =fs]of b4

(piezoelectric) &zloll 2l A 7| zbe] &A= Al 5lct,

QB A 7|t 4] ghAl Aol Al Sdoint WA

(strain) 2.2 =4 Aol =p7] o]l B Adgiet ubels

12 magnetoelectric T2HE 7] 9sleie 7|RHeor
|

Q:l o7

A7) W) o asboh & el o] &Eefok 3 &
Folar, vhgah 28 2alEo] FEslofob drb A, %
A Az F Aol AR hgEle] A 2E SRk WA
3hA| grotok gheh. ofi= ahhEel HAlH - 7 %91 aL
- 5AE 20g 383 4 ql7) aigelrh EA, A

SEEERE

f FHol mabuet oF 30 ”o ¥ 0.174 V /cm Oe

o] &7 ;(<]'E§l»o] olof Flr, =pAdAle] AH7]
7 9-olli=, gbH Abel 753 =ellel (ferroelectric domain)
£ AAdAA 7 7] gk A Bt A2 A] AR ez ‘47’
7} Fefniglo) ube} =5 ﬁvo] ol gal oh]e), F5
magnetoelectric &toll 2]sl] ublg)d= A7) A 2P A4S
£33k =2 A% (leakage current) wfF-ofl =LA ylolA]
7] ol Al 1Al 713 (pore) st 7ol
7| A= 73S 7 ssl= g 47} glojo} shcl, F Abo) 3}gk
H5 uhga] e E 7hale] R HAdo] e HEH
A 2.3 CoFe. O et Ph(Zr, Ti) 052 H3hali 1
2 9lek, e{v} G, Harshe ™ 58 CoFe,0;2] 4t
2 7] #} &k} o) magnetoelectric £43-% ¢l =t of ¥
o) glebar marsleic) wlgthil ol Ee] ®ily 4
ol egh F 84k s4lo] A mlF3t o] Uk
2 oA, Coy-xFexO, 2 A7| g o] Co:Fe
Aau) o] w45k W atol|l A 2$-glch= X‘O?] zkals}
o1 21 7] A o] CoFe,O, ol wlsted 107w} ol 4+ 3
vl shelelaks 249l CorpFerwOy i i N 319l ot
H

_‘: xoLo]

~0

ol
ok

BT

£l o r\‘o

rle

o145+ Pb(Zr, Ti) Oy &} a7 olubaol mAakgHo R
A o] T oAbel ] wish £7 A7kl we
magnetoelectric effect 5 4Fsd ¥k
0. & & 2
1A HZ=
Aa 5L 999 % olAe] x5 7= CoO, Fe, 0y,

— 285 —




— 286 —

PbO, TiO,, ZrO, & 52 Algsle] Adudbae] 1Akl
oz et CovnFer w0y (Co-ferrite) 8+ Pb
(Zrose, Tinw) Oz (PZT)E 22k 1000 ¢, 24417k}
900 T, 3478l A AL FLAAT PLTe 7

- Pbe] #uk-g- 18dsted 0.1 & %2 PbOE H7A14
o}, 747bel AEg Co-ferrite : PZT =20 : 80, 30 : 70,
401609 ¥-Ful2 o] 24417 ball milling-2 3lol

F83 Egetolch £3 2uS 27 1eme) FEob25
ton /cm- 2] t,L 4 ¢] CIP(Cold Isostatic Pressing) &
AYabedet 248 Ao} moh ol 1250 COH
A6, 12, 18, 24, 30 Alzterm WAl Falgon

PbO 3-8 AA|elr] ¢ste] £9)7] ke PbZrO;;:—r
ARt 24 S 2ol Y7t £55 5 C /min

bolet.

2.2 A
XA 54 4zt A A Aol 1w A0 vE x

=4
%] 14] Co-ferrite o} PZT 9]¢ A 3 A& HAZx5]x o

(Fig. 1). <k, X-A1 8] 4ol olgh 4 2% A
7R3 B8 1 % ol 4dS ghek 3w, Al 39| Ao &
Ak st = ol wlvjgl ofo.z gixkdeh & A
ol ool whaasl Adelet glovh abef F2b shghgol
EAGeh o] & W7ol 2 oFol&ql Pbel Ao 4bshE
Aldel S abghA o) EAl Thgadel av, oleldh 4

< Az shade] Helz 2T Zo) olabsich 2,
d2F dnl7d B Az o3l Aol e &eld
T oick(elal] Ael Axt Ax), ulepsd 2] 340] E4)
g} Ftodx whf ool okelmz, u3
netoelectric &3 ol] & 332 & 4+ 3l
H otz ool 2ol YulE o] &l =4

= RE 437} 98 % AE AYg £7e] o) Folxl

ﬂlxﬂ%i B2 #e 0.05 umn Al,Oy 227 2% A
uhel &, shelA oA o2 PZT 43t A| 8.5, 944 oxe
2 Co-ferrite 343 A 88 Fu|slod, Fal A=} &ojHd e
2 vl 2z dasledcl s ol H& 10 % HClE
oA 20 mloff 1~2 uh-g-9) HF 2 41-& folo]] oF 1027} 1t
o] PZTE Alelde 2 o dA7m, A o] 4L 1150
C, 4037+ dHelsted Coferrites Ao o 4]
Ak oloh o] AElHo = o HHl Al8e] A A
o) 7 A}x‘lgi)?_ﬂ 2+ ALS TR slolsl= 7L folgt

[¢]

Aefeler, vobh, o5 7} 4ol

17 27] ¢ = 3054719 4
5o Z1% Wol7 Adle Azsla, Fier] 1o}

AAK}.

gh=-x}7] 8k3) 2] Volume 7, Number 6, December 1997

*  PZT peak -]
" + Co-farrte peak |

- P - - + -
. 4
el ikt bt Nt et et e e s o

{a) com20

Inlensity

i (b) com30

|

:"“"‘"“" M'M'MW’L\.WVWM

{c) com40

!
‘««»J \‘wg E_—M abﬁ/\*‘&: A - e
30 40 50 80 70 80
2

Fig. 1. XRD patterns of composites sintered at 1250 ¢
for 30 hrs, Co-ferrite : PZT=20:80 (a), 30:70 (b), and
40:60 (c). No other phase than Co-ferrite and PZT is
observed.
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Table 1. Grain sizes of Co-ferrite and PZT in composites
sintered at 1250  for various time.

(pm)
Sample Sintering time
Cofertite ) hrs | 18hrs | 24hrs | 30k
faction ase 12 hrs s 24 hrs 30 hrs
PZT 148 214 | 268 3.2
20 %
Coferrite | 101 875
PZT 183 25 | 282 15
30 %
Coferrite | 112 125"
PZT 210 259 | 287 353
0%
Co-ferrite | 126 15"

* abnormal grain size

Table 2. Piezoelectric coefficient, d., of Co-ferrite and
PZT composites of various composition sintered at 1250
¢ for various time. Low piezoelectricity in 40 % Co-fer-
rite composites is due to the percolation of conductive
Co-ferrite.

(pC/N)
Co-ferrite
fract] 6hrs 12hrs 18hrs 24 hrs 30 hrs
raction
20 % 91 96 92 94 100
30 % 80 75 383 81 &
40 % 57 53 61 60 42
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Fig. 2. SEM micrographs of chemically etched composites
of Co-ferrite : PZT=40:60, sintered at 1250 C for 12 hrs
(a), and 30 hrs (b). The chemical selectively attacks PZT
and Co-ferrite appears with flat surface.
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Fig. 3. SEM micrographs of thermally etched composites of (c)

Co-ferrite : PZT =40 : 60, sintered at 1250 ‘¢ for 12 hrs (a),
and 30 hrs (b). The thermal etching selectively attacks the
Co-ferrite and PZT appears with flat surface, The abnormal

grain in (b) is Co-ferrite,

Fig. 4. Magnetization curves of composites, Co-ferrite :
PZT=20:80 (a), 30:70 (b), and 40:60 (c), sintered at

1250 C.
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(a), 30:70 (b), and 40 : 60 (c), sintered at 1250 C.
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Magnetoelectric Effect in CoFe,O,-PZT Composites
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We have studied magnetoelectric effect with cobalt ferrite -Pb(Zr, Ti) O composites made by solid state
reaction., The maximum magnetoelectric voltage coefficient, (dE /dH)mx, increased with longer sintering
time and higher volume fraction of the cobalt ferrite. The magnetic field for (dE /dH) rax became lower with
increasing the sintering time and decreasing the volume fraction of the cobalt ferrite, The phenomena were
explained in terms of grain size change, mechanical coupling efficiency, easiness of magnetization and
polarization. We obtained the highest magnetoelectric voltage coefficient of 0,174V /cm-Qe, which is about
30 % higher than the best value reported.



