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WFE R R o % (£ 3C) : This research was focused on an controlling of spins in
semiconductor using magneto-electric (ME) material : Crz0s, which can be controlled their
magnetic or ferroelectric properties can be controlled by an external electric or magnetic field. In
this purpose, we prepared Crz20s/ferromagnetic/CeQO2/Si MIS capacitor. We revealed that the
capacitor can be controlled an amount of injected charge depending on an external
magnetic and electric field applying.

AR ERA
(EHHAL : 1)
[ERESEN MEESET & &t

2008 4 2, 400, 000 720, 000 3, 120, 000
2009 4 1, 000, 000 300, 000 1, 300, 000

FHE

FHE

FHE
&t 3, 400, 000 1, 020, 000 4, 420, 000

WoesyE - 5
B 058 - B BERESF L - B - BEAMETE
¥F—U—F:QET - EXMEIQEXMS NI

1. WHFERIR Y I DT & FTW5 Cr BAEWIZZ DB 2723 A4

AU K DBMEORHIE (b U I3 & IR Cdo o T, AR R DB T/
LA EMEORIE) &SRB 5 BB RIT, SKIEHOBENBITECERSIATIR
TERA R D &> - T b BHE RE 2 TR IS 5K MoTDBRBRTH D, Fx i, WIEEIC X
THHLOTHY, IEAR SN TV D= /LTF o CTHEEITR LR TR E R ER D HEIC
7 = v A 7RO MR 22 B ER SIS T O FinEins Z & 2RMA LT, KEETHER
FHARABLIZbDOTH D, AWFETIDY I THAE BRI EN GO D Z L 2Rk




oI L, TEREA DN DS T IEHA~D
BEEBWZ, £z, 72, Cr:0s 2457 — M
L Le Si BRIRFTHE~CH LE
RCPERRmMOEBEFEZHE L%
WL T&E 7,

2. WEDOHBY

AMFFEO B9, BIHEICR L2 ERBER
(ME)Zh W& % 77— Mg L L7z Si B
e T A | SRR T IR B AR M A S A
EEEAL, BHEEHOKK A OWYAT/
AT HT126 &N D AL ORI 72
HIEB G (BKIEPIR) 2FH L TETF A
v ERorErERE T e —T o
VI —= M RIRFET L2 E AN ET S,
BARMZIE, CroOs/BiER 7 v —F ¢ 7
(F.G.) JE/CeO2/Si A ERI L, LLT D
B L CTRAE L7,

(1) FGJE L L Tommmir4 s (Fe.

F /7 Ky hOrER

FeCr)

(2) MgHELELY FGEL L THSET-
W S E RS C R ]

(3) s F TOELMR MIS F v /30 XD
RN O FEGHEIOEWC L D E
SRR

(4) ERRE MIS & v 233 Z OFLBAFIERE
il

3. WO Ik

HE TS 72 A B ISR 258 5L 27T,
(1) SR/ Ry hva—F7 407
7= MERZITS, BMFORF~ 7R hr v
ARy B2 7R R AV, SRR TH
% CrFe, Fe. Cr (JHREEMEF ¥ MIZED
PRI E R T,) MRERE (S Ky b)) & R
VAR FICERT D, iR RO RS
(IR . RRBEREE, AR DE AT A
) AR IR ELARESE, T/ Ry
MERZ Z ZARD, Fo, REEZOMmE
R~ D I ZVLEE (Rapid Thermal
Annealing(RTA)IENZ X 2 st 179,

(2) (1) ickvBon-elzER -8
EA-VHAE . FE—ELEC-VHITIZL Y EX
B2 33 5, 1V E DRGSR HARER
WA BRI L, BEEORE LTI,
F7o, C-V FRE S REE RS, 51 EEK AT
PERENDL FGRBIE L DR E > T\ <,

(3) B&GH o C-V, IV OBEKFFERHE
179, MEWE TH 5 Cro0s1d. SoRmaE
KTHH D=0, IR F.G.J8 & Ok
BPEANFEC R ET R RS,

(4) ZHETHL NI ORLIRIRE R
(FE - FAHE) ZRHiid 5,

4. WFIEEE

B> T, iR ERT,

(1) Ce02/Si L1z Fe, FeCr ®#f % Ff <
JES TR L, SEREMEIRT 2 RO 4y BelkRE
DRI DHEZER LT, AFMIZEY ZD
REBIRZBIE L, BRI EZRRH D 2
& EMERR LT-, Fig. 1 \CEZe25dnEE 2/
W TCEVILER & it L 7= 508D AFM T8 %79,
T LD R — 7R (R 18 nm) &= L
FRENERTX L2 ENbholz, Fi-.
W OFE S BULERIZ K > TR & Rk
FEREIFROEOR LA LEZRELT
HZENDboT,

) Cr,04/(Fe or FeCr)/CeQ,/Si D% &:-EJ+

(2
JEC X0 BEAEANFEZFME L=, FG)E

il

(2}

b
As( )
€
£4
53
[}
I2
1]
0(m) @5 100 150
Length (nm)

Fig. 1 (a)CeOs/Si LIZHlE L 7= Fe Ki+ D
Fm B (RTA LPEZ)  (b)(a) D sRRE
S SIE RS D VA= R o )%

DITECIRRER Fe O RRIREF O Ha R R E CF 5
1 L CEBMIEARE L OFEEZTT-7-, Fig.
2(a) IZEBMEAZ/RT C-V B AT U A
A (b) ICEMIEAR L SO B IFE DR
AR T, BSGHMEEOBREAREDOZEL S
g TRT,

F OfER BB SR 0.5 nm ORI i b B E
ABNEZNZ LN bhoT-, Zhid., Bk
RENE WA, BRBEER LD & KRB SR
{EHHICETNEASNRLT WD TH D,
COXES R THMBE AN LZDEAR
PEELIZEZA, 05 nm UL F D EGE Tl
FBFVDEAEIND SOOI K L TRE
X722 otz —H T, 0.5nm UL LTI AE
BHEINT 5 Z & nbhoT=, P THEAR
FIZEB T 2 EH-EERE D b BRI A A
HBbolmb A, ADMSEH 2R LESHC
XM BN BRIEAEOHEINICERN L
TWAZ L EHOLMNT LT, ZD2EhT FeCr
ERAWEGE S IRERBEOEmE R LT, =
NODFERIL, ZOF ¥ XU ¥ BNEMEZTE
L. B K> THIOE#HRZ LS CTX 5 AlkE
PWEIRETHHEOTHY, BYOHKTH D
B« WHIC L D2 EL A E UAER O FTREME
XL s,



=
o
T

— 0.5nm

o
o0

g
o
T

N
AN
T

/

|
-1.0 -05 0 0.5 1 15
Sweep voltage (V)

@)

o
N
T

Normalize Capacitance(-)

&9r A

§

< o

S 8 rF

o

2 & A

ST

.g O

=6 A
S ®) o
25‘| | | | |
© 02 04 06 08 10

Fefilm thickness (nm)

Fig. 2 (@) Fe %# 0.5 nm JkfE L 7=
Cr203/Fe/Ce02/Si MIS & ¥/~ % D C-V
HifR(b)(RTA LEEfR) (b) EATEAR &
Pk ORI D BILR

(3) safEMEIRE ORI X > TEMEAR
DEALT 5 Z LR @ . F T2 DOINERES
JIGBEMEL BT D Z E N o Tz, SRS
EDINEEHD LT, ﬁﬁ&ﬂ;ﬂ%wﬁ#
U | RS i AV 5] G = e
j—\’TEL/ﬁ_ Cr203xf\<E Z‘fx_o %@J:jfo‘:g*’l’
Z D TOMBBESSEIINC X 5 8 A SR
@é%&ﬁﬁﬁ@#Akwm% B L CHE
L7, Fig.3 I[ZHEGEIINEI% D C-V B AT
U v A RO E & 8T,
&Y Fe &R ZR & RERICBEGEIINC
XU BAHEAREOHE KPR SN, £o,
B . m%mﬁmm X0 EREMOREN
HINLTEY ., ZiE Cr0; DFERN 20%
tij[]L'Cb‘é L EEWT 5, £7=. Fig. 4
Z DL x OBGEINFIH O ERIEANE
Uxﬁr# BIIDEREE - *FEHHE%@F%%
Tfo_niw REFEIINZ OB LB HT
WO L Wbz Etnbind, ZOZLEVE
PHEARFZIEL, £ 0 2L OEFRHNDFIC
Y, L OBEMETATEL LI ICR-T-
EEZOND, FEABED IV JIEDRE R %
fiftT Lic & 2 A, RENTOETFORZEEN
B LTWDZERbMNY, PURHERS
FIEFIZ ER L TWAZ ERboroTz, ZhiZ
AQUR T E-1E1)) Tk ﬁi%?ﬂ/5“@ﬁl%
faf BN 23 HE AU SRS AT K D A R RN K
W h X VHEED EHIZ ;D%ﬁ#é:&
NhinoTz,

600 | — REBEL et
T 500 |- --- BBAEY g
g /T
g 400 | Wy LR
c 1 [y
[ 1 [y
£ 300t e HEAR
g i/ DRx
g 200F iy
/I 1’ 10mV
100 1 1 MHz
1

-15 -1.0 -05 OO 05 10 15 2.0
Sweep Voltage (V)

Fig. 3 Cr203/ Cr203-+/Ce02/Si MIS & v /¥
v X OWSHEIMAT#IC BT 5 C-V ihifi

&'\10'3 3

IS 3

§ - wHBaY

= 10%F

(%2}

é 10% B o°°Ooooo

= 3 oo°o WiEEL

L E on

5106k &

© FR
-I 1 1 1 1
0 0.5 1.0 15 2.0

Applied Voltage (V)

Fig. 4 Cr203/ Cr203+/Ce02/Si MIS & ¥ /%
X ORESGEIINRTRIC T D T-V ik

(4) LD &5 iz nWTH vy v ¥
O TR OR R RRE K OVEE Ao 1 NSRRI O 2850 12
B L CRMli 24T > 72, Fig. 5(a) 2572 5 sy
TCHIE L7z C-V HIEDRER 2777, (b)IZ(a)

D FEEYER L=} &2~

ZHIC X VB OB EVEREA RS
HIEHE D ENDND, T, A UER
EAHLRODEELFOETN bR R
AN L 0 A B ST B &, 58
BB ICRIRPIZEASI N TS D TH
HEEZD5, Fig. 6 IZB7e DGHREIZE W
THEA SN ER ORFFREDORB R E =T,
WO FTICBWTHEASN-ENE
I% 1000 [sec]D&EIPAN CTLE LIRFFL T D
ZENbND, BT 1 BRERERFGTD
TEHHERR LTS, T EiITkY, Ky
AT AL, BREBAROEHIMIZ LY 8K rh
DEFICAE U NEFREAS L, BIRICZD
THHRERFCEAZIEEZHLNZI L, 1L
. ER A | Y B W TR BRR A 3
fatllEn s, RrEEEBbsEsrZ L7
SHTZICAE U NERENETEDLDOTH
D, ZOWEHFEITENDD EHFHFTE D,
Flo, AV UEREAREECEL LD, Bl
TERE AT TV D A B R EIEE B
ME LAY F T oA Z EOFHIC K
DHTLV, BRI AR CTE D L HIfF T



@)

05 Lowat®” b
-08 -06 -04 02 0 02 04 06
Sweep Voltage (V)

2.25 7
/
/
/
//
L 2.00 /
S
—
X
(5]
ELB-
'S
[15]
< (b)
@) g Vi
1.50 - L
-0.3 -0.2 -0.1

Sweep Voltage (V)

Fig. 5 (a) Z22 2% FTHEL L
Cr203/Cr203-x/Ce02/S1 MIS & v /X ¥
@ C-V i (b) (2) D SRS D HEK K

1.8

16
T4l 5mT
S12 | 25mT
[ 10 L ——
8 VR
s omT
508 |
[45]
T 0.6
806 |
04 L 1 1 1 1 L 1 1 1
0 1000 2000 3000 4000
Time(s)

Fig. 6 B2 285 T CEMEALE
Cr203/Cr203-x/Ce02/Si MIS F ¥ /N ¥
D E AR FRFRIE

5. ERFERRLE

1.

(MRt ) (R 12 )
*Takeshi Yokota, Y. Tsuboi, S. Murata, S.
Kito, and M. Gomi

“Magnetic and Dielectric Properties of

Cr,05/LiNbO3/Cr,05 multi layer”
Electroceramics in Japan XlII, Key
Engineering Materials, 107 (2010),
pp.421-422 (KA V)

4.

5.

*Takeshi Yokota, S. Kito, Y. Tsuboi, S.
Murata, and M. Gomi

“Relationships between negative
differential resistances and resistance
switching properties of SrFeO,., thin films
with excess oxygen” Electroceramics in
Japan XIIl, Key Engineering Materials,
157(2009), pp.421-422(&E#HH V)
*Takeshi. Yokota, Shotaro Murata,Sinya
Kito, and Manabu Gomi
“Electric field-induced resistance changes at
low temperature on a Cr,Os/ultra-thin
(La,Sr)MnO; magnetic hetero structure”
Journal of Ceramic Society of Japan 117[5]
639-642 (2009) (EFHEH V)
*Takeshi. Yokota, Shotaro Murata,Sinya
Kito, and Manabu Gomi

“Relationships between
magneto-capacitance-voltage  characteristics
and magneto-resistance of
AU/Cr,04/Cr,05.,,/FeCr/CeO,/Si MIS
capacitor”

Journal of Applied Physics, 105,

07D905-908, (2009) (A #i A 1)
*Takeshi Yokota, S. Murata, S. Kito, and
M. Gomi

“Relationships  between electric  field
induced resistance changes and an exchange

interaction in interface of
Cry,04/La;,SryMnO4 magnetic hetero
structure”, Extended Abstracts of 14th
US-Japan Seminar on Dielectric and
Piezoelectric Materials, pp.227-230
(2009)(invited)  (&FA V)

*Takeshi__Yokota, Shotaro Murata,Sinya
Kito, and Manabu Gomi

“Preparation Properties
ofCr,0s/Ferroelectric  Film/Cr,O; Hetero
Structure” Proc. of The 26th Korea-Japan
international Seminar on Ceramics, 371-374
(2009) (&EFHA D)

*Takeshi Yokota, Shotaro Murata,Sinya
Kito, and Manabu Gomi

“Injected

and Dielectric

charge modulation using
magnetic  tunneling junction in
Cr203/FeCr/CeOs/Si capacitor”

Proc. of International Workshop on
Advanced Ceramics (2008), 45-47, C42
(BRtEL)



8. *Takeshi. Yokota, Shotaro Murata, Takaaki
Kuribayashi, and Manabu Gomi
“Magnetic and magneto-electric properties
of magneto-electric field capacitor using
Cr,03”
Journal of Ceramic Society of Japan
116[11] 1204-1207 (2008) (EFEH V)
9. *Takeshi. Yokota, Shotaro Murata, Sinya
Kito, and Manabu Gomi
“Resistance Changes of (La, Sr)MnO;z Thin
Film via Exchange Bias Tuning by the
Application of an External Electric Field”

Electroceramics in  Japan XII, Key
Engineering Materials, 19, 107-110 (2008)
(EHAD)

10. *Takeshi. Yokota, Shotaro Murata, Sinya
Kito, and Manabu Gomi
“Influence of an external magnetic field on
injected charges of a Cr,Os/Fe/CeO,/Si MIS
capacitor”
Electroceramics in  Japan XII, Key
Engineering Materials, 19, 157-160(2008)
(EHA D)
11. *Takeshi Yokota, T. Kuribayashi, S.
Murata, M. Gomi
“Preparation and exchange bias of a

Cr,05/(Lag7Sro3)MnO;  magnetic  hetero

junction”

Key Engineering Materials, 18, 289-292
(2008)

12. *Takeshi Yokota,
Murata, M. Gomi
“Preparation and electric properties of Cr,Os

T. Kuribayashi, S.

gate insulator embedded Fe dot”
Applied surface science, 254, 7959-7962
(2008) (f7c A V)

(Fa%R] Gr14p)
1. f{H  H:FE Preparation and Dielectric
Properties of Cr,Os/Ferroelectric  Film/Cr,04
Hetero Structure
% 26 FIAREEREE T I v 7 Ak F—2009
11 H 25 B %

2. BiH CH:F Lal-xSrxMnO3 EiZ 1T 5
CER S S A (e el PSP ON TR S

ARK 21 A FE R SCGH AN ST R 2 2009 4

11 A 28 H =4

3. BAE ] Cr203/LiNbO3/Cr203  fa
BiEEZ 7S — M5 Si-MIS T 30 %Ik

F 5

% B PR fnf R NSRRIV & BB SR R O FE B
HAYZ I v 7 A4 2009 442 20104
3H 23 H HA

4. FPH  EORER, B{H f:F] 5 B M
7 4 IV Z DRGALEEF IR RE 75\ Cr203/SI MIS
Y N H DR R HEBOB
' HREII v A B 22 |l BkF

VIRT T A ZOOQEQH 16 H &
5. Shotraro Murata, Takeshi Yokota
Magneto-charge injection property
Cr,0s/Ferromagnetic filter
/Cr,03,/Ferromagnetic  filter/CeO2/Si  MIS
capacitor
% 26 P HmEEEE T I v 7 A3 —2009
11 H25H RYK

6. Shotraro Murata, Takeshi Yokota Controlling
of spin injection properties in Cr,05/Si-MIS
capacitor having ferroelectric and ferromagnetic

Iayers
F A8 FlE T I v 7 RIBEFEEG S 20104F
1H13H e

7. Takeshi Yokota Injected Charge Modulation
Using Magnetic  Tunneling  Junction in
Cr,05/FeCr/Ce0O,/Si Capacitor

IWACO03 Innovation Ceramics 2008 411 H 6 H
~8 H Limorges, France

8. Takeshi Yokota Influence of an external
magnetic  field for injected charge of
Cr,04/Fe/CeO, MIS capacitor

AMEC-6 The 28th Electronics Division Meeting
of CSJ 2008 4 10 A 22 H~24 H Tsukuba,
Japan

9. Takeshi Yokota Resistance Changes of (La,
Sr)MnO; Thin Film via Exchange Bias Tuning by
the Application of an External Electric Field
AMEC-6 The 28th Electronics Division Meeting
of CSJ 2008 4= 10 }] 22 H~24 H Tsukuba,
Japan

10. Takeshi Yokota Relationships between
magneto-capacitance-voltage characteristics and
magneto-resistance of
AuU/Cr,03/Cr,05.,/FeCr/CeQ,/Si MIS capacitor
53rd Magnetism and Magnetic Materials 2008 4
11 A 10 H~14 H Austin, Texas, USA

11. BEH CHF =T A X NET 4L H
E&¢57m~?4 > 77— ML Si-MIS %
Y RUHITBT D ERE

AARYEZ I v 7 A4 2009 44 2009 4F



316 H~18 H  SUATFRRIA:

12. *ﬁﬁﬁﬂ lH:a Cr203/La1.xerMnO3 TN
T IS D AR HAEA RS L B R
P Lo B

HARYZ I v 7 A2 2009 444 2009 4=
316 H~18 H  HRHEL K

13. #ilH CH:F]  Cr04/Cr,04.,/FeCr/CeO,/Si
Xy XU AT DT XD B IENRE
P4 O il 1)

IEEE Magnetic Society # Bt 2009 4F
3716 H A PN

14. FYHE FORAR, #EH CHEFE] Fe
CrFe % iffithRTENE & 3% Cr,04/Si-MIS
Capacitor (233 1) 5 fsé Uik R

HAME Y42 2008 FEFk RS 2008 4
9H 20 H~23 H HAFK*%

6. WFIEi
(D) WFgEfs
BiH CH:F (YOKOTA TAKESHI)
AR TR - KB LEmrsest - Bh#
fFge 8 %5 © 10402645




