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1 ME

HEH 2L 7l e

- EEEGECE B

O F7FA o]’e] "A(ferro)"54S 2= &4
gt sk, =, A (ferromagnetics) 3 24
e (Ferro elastics), ®=v A %
gt (o)

O A A (ferromagnetics)+= AFeF #}7] #= (spontaneous magnetic polarization)< 7}
A= B4R bl A= 27]) F(magnetic field)9] Wakol] we} 243} ¥k (magnetic
direction)o] W3= 4 o},

O i34 E-E(Ferro electronics)< A A 7] F= (spontaneous electric
polarization)S 7IAE EAE=E, 7lelAE A7) & (electric field)el Wrako] wre} =
7] =] wEke e 4

rl
2
—_>‘i"4
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L
offl
o,
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il
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ol
ol
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30,
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rlr
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~
i)
ro,

m
oX,
o
~N
)
Y
r o
Jm

2

O ARG A oA AFEE = AlAE(sensors) S T2 7744 (Ferro electronics)S z2teE &
A2 BEAAY B AHdA EAELS T3k Fekd Al (Ferro elastics)e]”] = 3t}
=, A7IE=9] WsteE B (shape)9 W3S Fwksit), o8t EHELS 253 AE7]
(sonic detector)oll4] & 3(sound waves)ES Z7]% ¢l Als & W3lsl= dol AFE% a1 Q)
of. T3k, d7]A 2l F4(electric impulse)e 9FdolE (actuator)?] &2 (motion) S
2 A7 = gk (RalEdld)

Direot Camerse

.:'11 Fa \
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[Z18 1] Y& A (piezoelectrics)
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t}. HE 2020 Wasls A

DE=(polarization)
@Z}i‘r(magnet ization)
Q2~EY A (strain)

O 13828 A7]& el B (Electric polarization, P), A+3}(Magnetization, M), 18] ~E
d¢l(strain,)o] A7 A7, 2Ed 2z 93] AHAowE g e AS HAE
o g, Edoy Fxof| wep 7)Aol g ~E# Rl 94%S & v L,
2Ef a7t B Ao S F Fx L.

O "HElH 2~ (Multiferroics)E & & 1 ojA4o] WMars3 Ae(state), &,
(polarization), A}F3}(magnetization), T+ 2~E# QA (strain)S zi+=

O HEH 2] Ao Ao ~\-Ax7e] 45 28 (spin-lattice coupling) T3 JHZ
Ueldtt. o & 5o xd7] @3 (Magnetoelectric effect), = W3S &5 3 AA o]
(polarization change through field-induced phase transition), A7]-f% &3}
(magneto—dielectric effect), 18]aL A}7] Aol o v AA FHEA (dielectric
anomalies at magnetic transition temperatures)% ©|thH(FaliE314).

+ = o+ =

+ — 4 =

(G

[O" 2] ©I7|&(Electric field), ZH(Magnetic field) H, 12|11

A7)
AEY A (stress) 2 4S5 HE
itz

N: D284

Al

M
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1 ME
HEH =z 2 7= B4

O A714 E=(Electric polarization), At3}(Magnetization), Z~E# A (strain)® =%
of whe} theks Feje] HEHZ) 2~ a3 (Multiferroics effect)”} 7Hs3bAq, 714
TR ATHE AL A7H 57 2gte] 5SS FAlO o] &sk= A7) &

(Magnetoelectric effect)o]|T}.

7F. A7) &3 (Magnetoelectric effect)?] A9

O olAL A7) H(electric field)e} A7) (magnetic field)9 A3 ZH8 (interaction) ©I
A= AL onjolt), =, A7 AE el7lelA A3} (magnetization)
5 9AY, A7EE A7tElA Hd71A S (polarization)S @+ Zloltt.

O #H=A}718(electromagnetics)< A7 (electric field)¥ A7) (magnetic field)o]
b o5 Mz ZHAo|X ¢, 435 olFE(coupling) SHthi= AMA oA WHAIEISG T, A7)
o] W3t A7) FA (AR 7] %, electromagnetic induction)S WHEo] Wiz, WhHoj

< M YA (electronic charge)®] F2dolv} AFe A714S AL,

87154

g8 M2e 545 d= A=

3

A71490 =
. 2d7] @3 (Magnetoelectric effect)?]
JS BTF z2te= BEHEl 2 A7) &3
5 2714 EA 74 A

& AT B
S}, o}
ok}

O dy dA=z¥x, =
(Magnetoelectric effect)ES Yed 7154 9]
] AAEA AP (coupling) B, = AA 7] &3 (Magnetoelectric effect)”}
FEE F As Aol

ojg&i  #stE A

A7) Em A7 =
= 545 dAY ANt
i TorR e 87kl

O 7129 71&50] A714L o|gaa BT =
= Ad 7z Aolgd, A4AY] BIHE o] 8F NNEE AR
e},
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1 ME

o4 4]

e

24

7b. futol o] =g s/t 5st A

A WE S (ultifunction) o] B AL A itk Z, shite] dutel s ¥
Fol o 714 o]¥] e & 5 = Aotk

O Ao ARAES] AFe 233k, AFs, Prlsdold. F, A7) Fopm, 7

T GAAME G 7k ool ofe] JbA V%S shAE WE Y AFESe] A%
A A 4ESE R ek wEA, @ 7k AE FE S A 8] 98 of e
H%ﬁ %}%H?]—t— ARk shte] BEo] o /)5S 2t WE|Fe] Bhe] Ak
Alo] RopA 31 gl

i

N o

i

BRG] A% AR 5 FE

O A4 (ferromagnetics) ¥ 744 (ferroelectrics)?] F+ 714 5AE 7
22 Multiferroics)’} F+5& e olf& 150 AT AR +
S 7HA A oldE o] ofy ek, 714 = (magnetic polarization)@} #7]
(electric polarization) Abole] 245 2-8(interaction)= §3lA F7F4<2 75
S 7] wiiolvh(FHaed 4).

O dE 59, #A4d7] &3 (Magnetoelectric effect), & 7] & =3}
(magnetization)S WS WA, =71 # e o3t E=F(polarization)S 9Hso] Y= &
F2 A7)l s 2E s A7) dlolH A% (magnetic data storage) A =F)3} g
A A= A JES e d vk, wgba ol HEHE] A 7
A 2 ATse 2 7)Ee] AdrbsAdd diEiA AN, 48 Be AL g

o,

o\ 1
o
2 lo

o
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TS| BTN &

9] AP B3 9 A
%E].\'ﬂ]i@!"_{\_ 7]%9] 249 Hol W “ﬂ'%ﬁ.ﬂ]‘
U] 7lev|a A
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2 L] A =
U A7 53

=

7V, AA7] @3] gAb
O AW #AA7] &3 (Magnetoelectric effect), =, A7 93 A=t 2713
B2o] 5o gisk Mde 194 7)o olm] =),
2] 2l

o elg 74
O 1960:3t) e Aol FsHA S o8] AA7] w7 AN AL Selg o)l

< AFs0] dgeFit.
= AA=

RE, wEE A7) adke] A7

1A

-

L}, o] A
O =
o]Z7 ¢l olafe} vt A 7)< (thin film growth)® Z}7](magnetic domain) % #7] =
H el (electric domain)®] A& A #z ®WHO HAHE F3| A27] AEHZ ]~
AA

N
rl

=3k
7] 9@ A7) AYE FFE(coexistence of magnetic and electric ordering)dl tf] sk

| <+
(Magnetoelectric Multiferroics)ol]l Whgk A7F &3] 28w a1 Y},

N

oM A71e d7tsksle wel

o, AA7] a9E el =4
- HlR B A7 o]lE FZ(perovskite structure)e A==
A2 Aol (phase transition)E €07l A S -F(hexagonal )9 A EZ
oA H71ES A7Fe S ol AR EAS YeERd = AA7] a3rF Bol] dEE AT,
- =3 2A 7] W2y &3 (Magnetoelectric memory effect)®9} A Z=w <l
(ferroelectric domain)®] AF7] 22913 (magnetic switching) = R ILH T (Far+d4)

=

QA= H 270l E - Z(perovskite structure)

- F Lo AA o] &(magnetic ions, Fe, Co, Ni)¥} Bi, Pb o] 22 FAJd ztE= Hl2H A~

FFolE F-Z(perovskite structure)?] EZE0] a4 2 23} (spontaneous

magnetization)& Zte o= YRt oleld =d =2 F8 T35 (optical

wavelength) @ ol Al wl-¢- En gl A8 (linear) % H] A& (non-linear) 33 EAS H
o ds] w9 Ao} (Faed 4, 5).

AN -
oA qk, M7 o R T ZA e oA A
- AF7HA A 7] @3 (Magnetoelectric effect)S UE W= HZ2B A7F0|E AA ST X
(perovskite structure)? E& 2+ BiFe03 % BiMn03%5°] &4&A vt. (FaF3 4,5)

—_—
Ll

Ki5Ti
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@A G- % (hexagonal )

- Sy (hexagonal) ?Zi A7) @32 JEE 2225 RMn03 (REIEFHF o] 2(rare

@71e A7) Zoe Gehys 24

- Y EHAToE U % w0l 9o X F7HA] AFA 7] @3 (Magnetoelectric effect)ES YEF
Y& =2 =+ boracite, BallF4 (M2 27} Ho]a<o]=(divalent transition metal ion)),
a9al JEF B d(rare—earth molybdates) 5o @& vk GFai®Ed 4, 5).

[O8 3] HZEEATFI0E ZH X —-BaTiO3

[O8 4] H2EATFIO|E X (perovskite structure) ol A 2
A& 7| 23H(Magnetoelectric effect) — %™ HoMnO3

g EX:HIZH
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http://Next10.yeskisti.net LHI‘?T



NEXT10
http://Next10.yeskisti.net

DL e s
- @A X (single phase) HE|H R A= 7|7t S&317|o= £x &), ofvstd A
(room temperature)olA & A7|4 3} x7]%4 B35S FAld zte EZo] AR =
WA EF}, olo] thEk o= HTol AFE zhe o]2Eo] AY|H EIS Hid}
Sttt A4 AR AT 3)
QEFA e 4
- 714 A& (electric ordering)™} A7 % A& (magnetic ordering)S ©dA; oA A
(coupling)st= Aol oA AHE2 7 /MY A= b 54, S A4 =49 %
A A4S A3 HEH 2 F27F Ak AT
@274 EH&FA o] H W
- B3| A A e AAR A T HAE YA Y Ao, S, AR AL
FAANE A2 S ddTS =t Ay FAAAA} FRAA s SR %
== Wyolt

o} 3 w

A =AY AR =2 g S (elastic

@EFA A A &g &
- o]& E3HA (composite) ol A+
components)3+e] & A& (coupling)oll olall 27| &3(Magnetoelectric effect)7} &

X

Ay sty

- Al EFAYA A7 FE ~EYA(strain) S FE3CE. o] AEH IS HAAAHEA
of Ae&¥ar, A7)l A A3} (magnetization) 7} dojwtt}. wheko] Q¥ ¥ o]~ (interface)
o Aol AF 28 (coupling)o] ATHH, o] 7] A= & FHoltp., a8r=z, & 39

A (surface area)(th=2r2(multilayered thin film)¥} & ZFebA Q@ A (Ferro elastic

components)Eo] S7HETh (FuE31).

magnelization Ehrain
ME  affect = g X
sirain alectricfield
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2 ZYe| AT S8

way

NE
H

HEH 2L 79 8 £k

al

+ 92 2

O #AA7] el d 2= Y 2~ (Magnetoelectric Multiferroics)s o8] Fofo] &3 4 9
271743 A7¢E AR AFAAT= HEY] (transducers), 74]7]

olt}. dE &
(attenuators), ZE (filters), A3}e] HA7] ZH(electric control of magnetization)=
7IHko 2 gk HlolH 7]E %X (data recording devices) 5 ©]t}.

O ds =5
Z(loop)o FESl ), A7|7F a1, AFxst7]7
g W AEHE AANE ey slojaw o !

T A Aow A dw adrh A

E F Aud, oY AAAEEC o8 = 2

ol

a
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2 Zje| AT SE
Zule) A& A

O e Yzl geh A ofA7hxE F2 st A o] o] A glow, A A oA
= oA ATE H&ﬂﬂ%ﬁ]%ﬂ.%%?ﬁ%@]lzl ST AAAAE
ATt ol 2R g ATE s 9)

7h Gl el i Ay ds

FAE ddZor e = AAAAA EZWNi, Co, Fe, CoFe203 5)3 77
& ((PbZr1-xTix03, PZT 1S AR AL T 23S YA IS 7}01101: alr), 235l
& U5 7x2E ves A R dA &4 (PbZr1-xTix03, PZT )ﬂ ﬂx} 24 (Tpl-
xDyxFe2, Terfenol- D)% 247y A Z 5k -?Oﬂ ZTZbol =AA HZAE o] &4 2714 EHS
AZA 7= Aelth. o] A ﬂi??_ B2 AFEo] oA TrHAJAT (FaEd 9,10).

O
L
915

N

o]t )=o)l WA Yol 7<% thekal F wo] A <]
drska o (Faed 8,9,10).

O &3+ tb=vtutr] < (multilayer thin film technology)< ©]83dte] 7] A& (magnetic

M2z hdel HgHAlel 3t A7F vl v =w el A% 7hd)7] A
L AR A A el B2 ATE shal 3= ot

5\\?//

3
£ detaelq Q8% °, ol

Terfenol-—™
PZT e .‘I; _____ L- == Polarization
[ T I N in the PZT
Terfenol-D > ’ l \

[O8 5] Terfenol-D2t PZTE M SA|ZI HE|HEAA
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http://Next10.yeskisti.net JKiSTi



NEXT10
http://Next10.yeskisti.net

Ol =4 = H7]

HEHR2oA Vel d48e AT £AF

24

e 2ol s AEl A HE BE G
%7 S W

e zels F1&e AAH $F &
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Zh5] %

v

Folof

~

7ol
A

[e)

T

F Qe 9% 242

1}

7 A EHld(ferroelectric domain) <]
=

= (spontaneous polarization)¢] Z+& W3}
¥ 3} (non-reversible))

}

h s

]

-

o

=

o
o1 %

2]
ing)o] o]

]E

ar
!
|

shwl A

Hoh A7l

1

=

3] (complete rotation)(®]”

A
Z+-g-(large coup

= MHi
S <

3]

(single phase) HE| ¥ 21

= A}

)

=

ol A
(modulation)”7} &

3}

@
e A

O dut o 27)14& 27t

7}

|u)
NM‘._,_AIﬂ/I‘uAI .i o 1 7o EE OI XM ,ni = oH ﬂwu UJ mﬂJ
o PR E#HE o Qeﬂédﬂ
it S 2
Oﬁpo‘mﬂll,l o X = iy oo oM 7o
%E% o X =% o] O J% 4% o
GURCIONECC O R T o T A
o o] o B =X o = F = o8 ") o 14
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DR D 2 Ado . MOLT BN o HW
o oy T Mo =T o S REE W #%H
70 : UWNWWJW myat ml T N cw N 1A.mﬂ R nMJMHmw
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TRT ZET L TET ARy Sy wB%Ln
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SIENTENPE E e

)0 HmH gt T

O 54 Hed =) 2o A=,

ol a7} B4 o]t

] 52
THET, A= ojw A

3 AR FEA

©

op |4

A =75 A3 -7F e A

AAp QoA HEw A ]
gt HEplRe s 23S AAshey sk
S7H 71 = &= Aot}

S

=
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3 Ol EA X HI
e 2oL ZjgdA 2 = FF ot He e

b v ole wjg, 3 g

i

O]

b o

7}. MRAMoI 9] §-&
O HE]H 2ol A= MRAM(magnetic RAM)©l $--&3&}ax}

ul7] A& dgao A e 9l
O 74 A (ferroelectrics)®] A EA (piezoelectric property)d A A o] =F7]w

ot

o
(magnetostriction) 541& MRAMO| ©]&3}a1x} sl Ho|t}.
H 3=
[e)

O A7 ol A7 A A o Q17FsR S wol] AP A o] FEfo]
A71FS A A ] ¢l7bstH ~E# e (strain)o] WSk, o] ~EH QI
o] z}7] WS witThE Aot

—y
Ll

KiSTi
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(perpendicular direction) 2 22] 2}3}(magnetization)

E

2

AH(diffusion)S o

3+

2o A1 o] dA ] (annealing)”

of 42w
~E# 2~ (compressive stress)E 0] oF

T

k9
T
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EE(AE) M
O o]
RIEEE
xDyxFe2) 7} Slt}.

L.

bt

S

dsol i Al

=
=

[e)
744

3

)

13} 2004

O %

770
1131
358
585
520
275
415
525
431
362
332
320
287

Tc (°C)

(magnetostrictive) S & &

E|

k=
-14
-93
-50
60
-165
-2340
59
2630
650
120
-449
-185

—

3/2s(107%)

ol A2l At7|

2
Fe
Co
N1

=

Fe 0,
CoFe 0,
Y.Fe:0p,

SmFe,

GdFe,

ThFe,

DyFe,

HoFe,

ErFe,

TmFe,

A
material

(£ 1]

%
ifd
e
il
K
_x_._._._
H

i
s
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Adterial Speickral Curie Dialectric Fiazoalrerrie
CCcamepae i Ifeney Jernnd Croarandiaral sy eorginrd
G (IR 110 T A

Yan VTR Fased Materlals I 7, day

BaTiC 5 Proovekile 121 1560 150

ima e 13 2 T Tornvslite 333 A0 4

{|J hxﬁa:”\ b 0l Tingsten brnnre Ji0 300 B3

W H

PLTHD - Promesliile 470 160 S6

mieclifiecl F1%

510 . “-Chuart 373 25

g et (> ur-learoelericic) . .

iminple crvsmal -+ A EITELe i {a-T1) (il dy 3

fa s 13 . T allqe Anrivillins - &l 144 Tk
(Fiznmth Tawerh

Sroh . Ta . 100, Prrovehale Layer &30 75 1
Etnchire (TT.5) IJ?‘-;]I[Z\' Uj i “n
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