1980

(GaN)

(€8]
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( )
MOSFET

(nonvolatile)

(epitaxy)

(ferrodectric) (ferrimagnetic)



©)

(physical vapor deposition, PVD)
(chemica vapor deposition, CVD) (
)

(RHEED)

(molecular beam epitaxy)

MBE
10° Torr
5x 10° cm
12 in. 1
1.
(transfer rod) 10 20

10° 10" Torr
(loading chamber)
(deposition chamber)
(substrate holder)

2. (Deposition Chamber)

~10° Torr
€ )
©) 4
1)
(Kundsen-cells)
2
2000 °C
(Tw 1500 °C)
1
AlLO, PBN AlQ;,
6 cm’ K-cell
(shutter)

(thermocouple)
(feedback) K-cell

3000 °C 3000 °C

RF (RF Plasma Source)

13.56 MHz 125 W

ECR (electron cyclotron
resonance) (0)

)
(RHEED)
MBE RHEED
RHEED
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@

1 2 (manipulative substrate holder stage)

3 (loading chamber) 4 RHEED

5 (substrate holder) 6 RHEED

7 CCD 8

9 (transfer rod) 10 RF

11 (K-cell) 12 (shutter)
13

14 (quartz crystal thickness monitor)




(electron gun) (slit)
(magnetic lens) (screen)
1 x 10° Torr

RHEED
20 keVv

( 15 )

A)

RHEED

(power supply) (special
and vacuum feedthroughs)

(charging)
MBE RHEED
RHEED
( )

(Quartz Crystal Monitor)

®)
(1)

(=) [P
d"_(N]X(p]d” ®

© q,
2.(a) ()  Kcdl ()
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P
P 760 10° Torr
10° 10 Torr
3
(rotary pump) (turbo- li=KxPxl,
molecular pump) 1
4) L (ion current: A)
(Substrate Holder) P (Torr)
le (emission current: A)
K (sensitivity: Torr™)
RHEED
~8000
°C
(heater) SiC 1.
SiC
MgO ALLO, STiO,
10 x 10 x 0.5 mm’
(Pirani vacuum gauge)
(ultra high vacuum gauge)
3x10° 760 Torr MBE
Gl
N5
1.5 x 10" 3.0 x 10~ Torr B.A.

(Bayard-Alpert)

2500 °C 10
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5500 °C
20

K-cell
125 W RF

K-cell
~10° Torr
~4.8 x 10° Torr

RHEED

(Fe;0.,)

ferrites MO Fe0O, M

Fe,0, ( )
1950

Neel ferrimagnetic
1980 Bando
Fe;0, NiO CoO
1990
Philips (1994)

Fe,O,

(O

Fe,O,
ferrimagnetism
spinel
(MgO Al,0,)
spinel MO FeO; M
Fe Co Ni Mn
O spinel
( FeO, )

rocksalt ( MgO )
( 3) MgO

FCC ( )
spinel
MgO MgO
3/4
MgO 56 (
rocksalt ) 32
24 Fe

8 F 16 Fe°
A-site B-site

A-site
B-site A-site
B-site A-site  A-
site
Site
spinel normal spinel inverse
spinel  normal spinel 8 A-
ste 16 3 B-site inverse spinel
8 B-ste 16
site
Fe,0, MgO
0.3% MgO

FeO,
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[100]

‘t 1[110]
[010]

O ...0*
o Fe?t A site

o Fc“,Fe“
Bsite

100]

[110]
[010]

3.
FeO, MgO (001)

2. Fe.O, NiO CoO Mn.O, MgO

a/l2=4.20 a=4.17 a=426 |a=b=8.14 a=4.21
A) C = 9.4696

Fe,0./NiO
A B (Fe,O,/Co0O) Fe,0,/MgO Fe,0,/Mn,0O,

Fe,0/MgO
MgO Fe,O,
(coherency) «C ) Fe,0, MgO
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Fe,O,

: . GMR ( )
| I A modulation wavelength MgO ( FeO,
I .
]

== MgO Fe,0,/MgO Fe,0,/MgO

A B
4 A
mm sybstrate MgO(100) ( )
4
X
5 Fe,0,/MgO
30000 —
Fe;0,/MgO (30A/24A4),,
specular scattering
| i
; | w i | “
] [H
r‘ ’ ‘ [ j I “i ‘
HHUELHERON
LN et
| ‘ Ll :“\ | ; ‘ |
(A
if T
N
MgO termination \,"% | ““H}“\i‘ :}
res0d ULy
L
0 \ '
0 10 20 30 40 S.
Time (min) (Fe;0,/MgO)
MgO
Fe;O, termination Fe,O,
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(1200 A)

coherency X
6 (15 12 )
2
6. (Fe,0,/MgO) X
21
Fe,O,
MgO RHEED Fe,O,
MgO
FeO, MgO 1. N. M. Johnson, A. V. Nurmikko, and S. P. DenBaars, Physics
( ) Today, 53 (10), 31 (2000).
(scattering power) 2. G. A. Prinz, Physics Today, 48 (4), 58 (1995).
3. , , , , (1988,
MgO Fe:0, 1989).
20 4, , 22 (6), 1 (2000).
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