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Abstract

The FePt film displays a large perpendicular magnetic anisotropy property and
Is a promising material for high-density perpendicular magnetic recording media The
strength of perpendicular magnetic anisotropy is strongly correlated with its crystal
structure. Recent studies showed that doping of inpurity and monolayer superlattice
growth can often result in marked change of the transition tempeature of chemical
ordering and the magnetic properties.
By using the molecular-beam epitaxial technique, 300 A thick [Fe (x A)/Pt (x
A)]» (4 =x =10 or 38 = n = 15) superlattice films were deposited on 100 A thick Pt
buffer layers at 100°C on Al,O; (0001) or Si(100) substrates. After post annealing at
300°C, 400°C, 500°C and 600°C for an hour, we analyzed the crystal structure and
magnetism of FePt superlattice films.
The structure was fce (111) for the [Fe (x A)/Pt (x A)], superlattice films grown
on Al,O; (0001). For the post annealing temperature higher than 400°C, FePt fcc (100)
orientation appeared. At the same time, the coercivity of FePt films reached 12 kOe.
Furthermore, as decreasing the bilayers thickness, FePt superlattice films formed a
hard magnetic phase at a low annealing temperature. On the other hand, the [Fe (x
A)/Pt (x A)], superlattice films grown on S (100) substrates displayed a polycrystal
structure. After post annealing at 400°C for an hour, that realized Pt;Si and Fe,Si
phases were observed. That indicates that Pt buffer layers can not prevent the diffusion
of S atoms. Therefore, the FePt superlattice films lost its ferromagnetic behaviors

after post annealing.
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”(Magnetic anisotropy)

n[33]

[34]

(1) (Crystal anisotropy Magnetocrystalline anisotropy)
(2) (Stress anisotropy)
(3) (Shape anisotropy)
(4) (Exchange anisotropy)
(5) (Induced anisotropy)
€) (Magnetic anisotropy induced by magnetic annealing)
(b) (Magnetic anisotropy induced by plastic
deformation)
(c) (Magnetic anisotropy induced by irradiation)
(intrinsic) (extrinsic)
(induced)

1. [34]



(magnetocrystalline anisotropy )

(1) (spin-spin coupling)
(2) (orbit-lattice coupling)
(3) (spin-orbit coupling)
(exchange
interaction) (exchange energy)
(be quenched)

(@)

(Fe Ni

(1)
(even-power)

(2) a;

(anisotropy energy)

(cubic crystal)
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E=K,+K, (@/a’+ajaZ+afa’)+K,(@/alra’z)+xx (2.1.1)

Ko Ki K, a, a, as
Ko Fe Ni (bulk)
Ki K, 211
Fe Ni
211 (b) Fe Ni
Fe :<100> <110> <111>
Ni :<111> <110> <100>
Ki K,
K, 212
(b)
Co

(hexagonal closed-packed structure)

E=K,+K,sin?q +K,sin*q + ... (2.1.2)
K0 K1 K2 0 C
Ky
Ky, > -K; C K, Ky, > Ky /2 K,
Kz <-Kq (base plane) (easy plane)

Co Ki K 4.5x10 ® ergs/cm’ 1.5x10 ° ergs/cm®



Co (hcp) C 2.1.2

(34]

(magnetostriction)A A
A
(tensil stress)
(magnetization) A
213 2.1.4 68 permalloy(NiggFes,) A Ni A
2.15 H,
+0 4 B
C +0 D

(saturation magneto-striction) 2

.= %I (@2b?+a2b?+a’b? - %)
+3 ,,(@a,b,b, +aab,b,+aa,b;b,) (2.1.3)
200 7w [100] [111]
1 02 O3 Y1 Y2 Y3

(stress)

K, (fcc  bec)



E=K,(@a; +a,; +aa,)

3
- El 100° (3-12912 +a2292 +asgs

3l 1S @@2,0:9, ta,8:9,0; +a:2,9:9;) (2.1.4)
E erg/cm’ o dynes/cn?
(2.1.4) ( (21.1) )
magnetostrictive strains  stress (magnetoelastic energy)E e
E Ki Ao Aanw O
K1 A 100 A 10 Ms
(isotropy) A 107N 1= (2.1.9)
((2.1.4) )
3
E,.=- EI S cos’q (2.1.5)
0 Ms o (2.1.5)
A s O A s
(0 >0) A s (0 <0)
cogq = (1- sirfq) (2.1.5)
3 . 5
E. . =§I ¢S sin“q (2.1.6)
(2.1.6) A 4O Ms o (



Ene=0 Ms o (Eno =3\ 40 /2) A 4

o Ms o (Eme= 3N 40 /2)
(permalloy  NigoFezo) A
(c >0) 2.1.6(
2.1.6(9
2.1.6(b)
Eme 180°
2.1.6(c) 2.1.6(d) A 4O
NigFey (0 <0) A 4O
(2.1.6)

(easy plane) 2.1.7

3 25

(Demagnetizing field)

(H)

2.1.8



(Ho)

4pM

(M):

Hd:Nd M

B(B =- Hy+4pM)

Ng (Demagnetizing coefficient)
Nd = 4p/3
(ellipsoid)
(ellipsoid) Maxwell
[17.18]
2a 2b 2c
N, N,+N,+N.=4p Prolate spheroid
) 2.1.10
ch_gp [ In¢+r2-1)-1
r<-1 1“2 -1
_n 2P NG
Na=Ny=—
r=cla r ( )
Nag = Nb €2p

(2.1.9)

ruc@ﬁ%%nnzr-ﬂ
r

2.1.9

(2.1.7)

Stoner

Na

rod(a=b?' c

(2.1.8)

(2.1.9)

(magnetostatic



energy  Ey

1 1 .
Ems = EN OIM 2 = E[(M cosq)ZN ct(M smq)ZN al
1 1 .
=SMZNG+2(Ng- NoMZsin? g (2.1.10)
(M) c 0 (2.1.10)
Ks
Ko=Z(N,-N_.)M?2 2.1.11
s - E( a - C) ( .. )
c>a Ks 0
Co 1422 emu/cm’( )
cla=35 Ks 45 10° erg/cm’
Ky
(1) (Torque curves)
(2) (Torsion pendulum)
(3) (Magnetization curves)
(4) (Magnetic resonance)

(MOKE)

(easy axis) (hard axis)



E = Ksn?’q

K>0

Ms

X

Y

E =-M_H,cosq - M,H,snq +Ksn’q

H=0 M,=Mgcosb

(2.1.13)

E=-M_H, cosq +Ksdn?q

TE

S

—=M_H , sing + 2K sinq cosq

19

1°E

Tq°
(2.1.15) =

M SHX =
sing =
(2.1.17)

1°E

Ta °

(2.1.18)

1°E

9%

0

- 2K cosq

0

(2.1.16)
-2K dn?qg <0

E
(2.1.16)

M H, cosg + 2K

=M _H, cosq + 2K (cos®q - sn*q)

E:O
g

(2.1.12)

(2.1.13)

2
E>O
Ta

(2.1.14)

(2.1.15)

(2.1.16)

(2.1.17)

(2.1.18)

(2.1.19)

(2.1.20)



sing =0 =0 m

8 =0 M=M,
2
ﬂE>O HX>_2_K
q M
0=t M= M
2
1°E ., Hx<2K
Tq 2 M,

(21.21) (2.1.22)
2.1.11(a)

H,=0 M,=Mgsind E (2.3.2)

E=-M.,H,sing +Ksin?q

TE . M _H  cosq + 2K sinqg cosq

Tq T

EE:MSHanq + 2K (cos ?q - dn *q)
(2.1.24) =0

cosqg =0

MH, =2Ksnq
(2.1.26) q :i%

_p -
q_E My_Ms

(2.1.21)

(2.1.22)

(2.1.23)

(2.1.24)

(2.1.25)

(2.1.26)

(2.1.27)

(2.1.28)

(2.1.29)



YT 2K
2 2 2 2
1°E _, AKT-MHy oo (2.1.30)
Tg? 2K
K>0
2K 2K
- SSEH,E=C (2.1.31)
| M 2 2K 2K
: 2K "y Y s BHyE s
M y = |l M s H y > i/l_K
_:_ o (2.1.32)
;e M, H, < -
(2.1.32) 2.1.11(b)
H M (
)
— ‘M 3
W = Q HdM erg/cm (2.1.33)
(MOKE)
MOKE M
(2.1.33)
2-2 156

Fe Pt Pd (Boby Centered Cubic bcc)



(Face Centered Cubic fcc) (fcc)

22.1 (fcc  bce) ( 2.2.1)
Fe Pt x (bulk) Fe Pt
(order)
(disorder) Fe Pt Pt 33 57
Fe Pt L1, ( 2.2.2(d)) Pt
33 ~57 Fe Pt 4 L1, 2.2.2(b)
fcc Fe Pt (bulk)
1300 Fe Pt 1300
fcc 2.2.3
2-3
(magneto-optical recording materials MO) 1988
Tox(FeCo): x
Co-Pt Fe-Pt Co-Pd Co-Au
(PMA)
- - 0 1 [37]
231 232 231

(Tc)

2.3.2

(Kerr rotation angle 0 )

0



0/1
231
(1) Ku Ku >
21 Ms
) (Hc) (stable magnetic
domain)
(3 (SN) SN

RY?0 k(R Laser reflectivity 0 ¢ Kerr rotation Angle)

®x )
(MO Disk) 3.5inch  5.25inch
[38]
(a) CD-ROM CD-R MO
(b) MO
(© MO

(d)
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(Molecular-Beam Epitaxy, MBE)

Dr. John Arthur 1968 [39]
() (  <10°torr)
1 A/min
(in-situ)
MBE
(1) 80K~1500K
(2)

3



1. MBE

EIKO EL-10A
3.11
3.11
(1)
(2)
(3)
(4)
Q) Ultra-High Vacuum System, UHV
3.13 (sample
exchange load-lock chamber) (main chamber)
312
311
10°° torr (liquid nitrogen cooled
shrouds)
@)
EIKO MB-5031V
(E-beam gun) 3.13

(knudsen cell K-cell)

(E-beam gun) (power supply)



3.1.4 (b)
( mA)
©)
(a)
INFICON XTC
monitor)
2
dn =- D x " dx
N r
r r

N = 1670 kHzxnm
dx

3.14 (3

( 3.6-5KV)

(outgas)

(knudsen cell)

(quartz crystal thickness

(3.1.1)

(b) (Reflection High-Energy Electron Diffraction,



RHEED)

3.15 20 kV
| = D @A
p E
0.08 A Bragg

(sngle crystal)
(polycrystalline)

t=1L" tan2q, t:
L :
| = 2dsing = —22_sing
J(h* +K%)

(
g<3°pP sing @q, tan2q @24,
a = (H+K)Y Lt?

a

(3.1.2)

(3.1.3)

(3.1.4)

(3.1.5)

[40] 3.1.6

(<3



(4)
313

(sample holder)

chamber)

3.1.3

(V1)

Y

800 )

(thermo couple)

(

(main chamber)

107 torr

(V2)

V2

)

(transfer rod)

(manipulator)

(load-lock

(ionization gauge)



3 10 torr 108 torr

(
)
(V2)
10 torr
(bake)
10° torr
(outgas)
10" torr V2
100°C 30/40
10°® torr
10°° torr (
6.0 10" torr)
2.
(107 torr)

( main chamber )



650°C  (

(view port)

3.

3-3
[Fe (x A)/Pt (x A)],

3.3.1
[Fe (x A)/Pt (x A)],
(1)

RCA

density Z-ratio

Si (100)

Al,O5 (0001)



332
(2)

6.0° 107 torr V2
V2
(3) 650°C
(4) ( ) Pt
Pt
600°C Pt
Pt Pt (0.5 Almin)
Pt Pt 100 A
(5) Fe-Pt 90 A Fe
Pt 100 A
100°C Pt Fe
(1 Amin) Fe [Fe
(x APt (x A)],
Pt ( Fe ) Fe ( Pt
) Fe(Pt)
( ) [Fe (x A)/Pt (x A)l,

[Fe (x A)/Pt (x A)],



(6)

(10° torr)
3-4
(MBE)
7x10°~2x10® torr Pt (buffer layer) 600°C Fe/Pt
100 °C
D). (in-situ) (Reflection High-Energy
Electron Diffraction, ) X- (powder X-ray
diffraction)
(2). (Magneto-Optical Kerr Effect, MOKE)
(3). (Vibration Sample Magnetometer, VSM)
4. : (Superconducting
Quantum Interference Device Magnetometer, SQUID)
1. X- (powder X-ray diffraction)
PW3040 X
(X-ray Powder Diffration) CuK, (K, = 1.540598A 2K, =
1.54426A 7Kg= 1.392250A) X ?2-27?

40kV 40mA 0.01 deg/ 1



0.6 deg/min 200k counts/s

20° 90°
Ko Ky  X- Cu K1 Cu Ky,
X- CUK@
X- 34.1
(Bragg Law)"*®
2dsind = n\ (3.4.1)
| £2d
X- (10k V) 1A
@ (Rotating-crystal method)
(b) (Laue method)
(c) (Powder method)
X- X -
(1) X
34.2
X
10 keV
X X

1%



X 3 kW

(2)

(3)

2. (Magneto-Optical Kerr Effect, MOKE)

(1) [41]
19 (Faraday)

(Kerr)



(Kerr ellipticity o )

3.4.3(9) (Kerrrotationangle 9 )

=

0 O

42 1932  Hulme

[43]

(Faraday rotation)

angle 0 ) 10°~10° rad/cm
p mode
S mode
(longitudinal) (transverse)
(@) (PMOKE)
PMOKE
M

(b) (LMOKE)

1908  Voigt

(Kerr rotation

102~107° rad/A

s mode p mode
3.4.3(b)
(polar)
3.4.3 (b) (c) (d)



LMOKE

M LMOKE
(c) (TMOKE)
TMOKE
M [44]
[45]
(2
LMOKE PMOKE 344
He—Ne
meter
(@)
( )HeeNe
He-Ne 632.8 nm 5 mw
He-Ne (interference effect)

6328 A  He-Ne

200 A

()



X
0 Y
detector
0 «
M
lpqp M
()
(photodiode)
silicon photodiode
(b)
LMOKE
LMOKE

()
LMOKE

(Polarizer)

(Analyzer)

34.5

(3.4.2)

Planar diffused

(detector)

PMOKE



700

Oe PMOKE WALKER
2Teda
(d)
/ (D/A converter) detector
GPIB
GPIB
(real time)
(Gauss meter) GPIB
Lab. View

(Vibration Sample M agnetometer, VSM)

DMS 880 VSM
Maxwell's law
.. dB
N™ E-= _t (3.4.3)
Stokes Theorem
N d . d
-dl=-—-ds=- —
9= p at (3.4.4)
N
dF

V..=-N o (3.4.5)



VSV

(Hystersis loop)

M ( )-T( ) 346 VSM
M-H
+12 kOe -12 kOe 500 Oe
96 emu
1x1 cm?
(3.4.6) emu/ent

(M sample films — M substrate X A samplesubstrame)

I (A sample films X d sample thickness) = M real sample  (3.4.6)

M sample films ( emu) M substrate 1X1 sz (
emu) A sample substrate ( sz) A sample films
( sz) d samplethickness ( cm) M e
sample ( emu/cm’)
4. (Superconducting Quantum Interference

Device Magnetometer, SQUID)

(SQUID) ( 10~20 nm)
(wesak link)



Josephson

2.07x10" gauss-cnt

1078
10" Teda
Josephson
2¢eV/?
4K
SQUID-MPMS-5s
2K~350K
107 emu
(VSM) M-H

M-H

+30kOe -30kOe

1018

Josephson

Josephson

3.4.7

300K

Josephson

SQUID

Quantum Design

ST

5 mm



VSV

(3.4.6)

VSM



Fe-Pt Fe-Pt

[Fe(x A)/Pt (x A)],(x=4 6 8 10 n=38 25 19 15)

(bilayers) 300 A Fe-Pt
Fe-Pt
Fe-Px
(1)  ALO,(0001) S (100) [Fe (x A)/Pt (x A)],
(2) [Fe (x A)/Pt (x A)],,
(3) [Fe (x A)/Pt (x A)],

4-1 [Fe(x A)Pt (x A)],

AlL,O; (0001) S (100)

in-situ RHEED
X-ray
411
Al,O; (0001) S (100) 650°C 600
°C 100A Pt 100°C [Fe (x A)/Pt (x A)],

bilayersx =4 (n = 38) Fe-Pt 300 400



500 600°C

Al,O; (0001) S (100)
°C 100A Pt
bilayersx =6 (n = 25)
500 600°C

Al,O; (0001) S (100)
°C 100A Pt
bilayersx =8 (n=19)
500 600°C

Al,O; (0001) S (100)
°C 100A Pt
bilayersx =10 (n=15)

500 600°C

1. Al,O5 (0001)

4A 6A 8A
Pt 100 A

4.1.2 100 A
9Q°
Pt [-211] [0-11]
Al, O, (0001)
6A Fe
4.1.3
Fe

Fe

[-211] [0-11]

650°C
100°C

Fe-Pt

650°C
100°C

Fe-Pt

650°C
100°C

600
[Fe (x A)/Pt (x A)],
300 400

600
[Fe (x A)/Pt (x A)],
300 400

600

[Fe (x A)/Pt (x A)],
300 400

Photoshop

(1.94 + 1.10 = 1.74)

48 +2.77 =173

fce (111)

10A Fe Pt100A

Pt

(1.81 + 1.04 = 1.74)

4.96+2.86 1.73



Fe fcc(111) Pt

411 Fe bulk Fe
lattice mismatch
38 25 19 15 Fe-Pt 38 15
Fe-Pt
feo(111) 414
(bilayers )
X-ray 415 20 = 41.66°
Al, O, (0006) 20 = 39.69° 20 = 85.39° Pt (111)
Pt (222) Pt (111) Pt (222)
Pt Al,O, (0001)
[Fe (10 A)/Pt (10 A)]4s 100 °C Pt 100 A
AlL,O; (0001)  X-ray 416 39.69°
41.32° Pt (111) FePt(111) 36.93°
33.67° FePt (111)
Fe-Pt Pt (111)
[Fe (x A)/Pt (x A)],
X-ray
4.1.7 [Fe (10 A)/Pt (10 A)]1s
bilayers
Fe Pt FePt (111) FePt (222)
600°C 1
Pt 100 A Pt (111) Pt (222) FePt (111) FePt(222) Pt

[Fe/Pt], :



X-ray

Pt Fe-Pt
4.1.8
2. Si (100)
Al,04(0001) 41.13@) Pt 100 A
Si(100)
Al,0;(0001)
Si(100)
Si(100) Fe-Pt
4.1.13(b)
[Fe (x A)/Pt (x A)],
X-ray
41.9~ 4.1.12 100°C
300°C( ) 27=72.81° 88.41° 44.67°
PtS 27=22.23 4525 Pt,S  FeS



4-2

Fe-Pt

600°C

1 MOKE

2 VSM
3 SQUID

1. Al,O3 (0001)

[Fe (x A)/Pt (x A)],
100°C

300°C 400°C 500°C

(Hc)

Ms

100°C Al,O; (0001)/Pt (100A)/[Fe (x A)/Pt (x A)],

500 Oe
MBE
300°C
-50 Oe
~ 10 mV 400°C
~10 mV

[Fe (x A)/Pt (x A)],

(Ms)

(LMOKE) (
) 421 424

VSM
400°C ( 400°C)
Hc
Ms

(300°C



400°C 100°C ) [Fe (x A)/Pt (x
Aln Fe FePt
[Fe (x A)/Pt (x A)], Al,0; (0001) Pt 100A
Pt (111) Pt (001)
VSM [Fe (x A)/Pt (x A)],
Hc 422~ 428 VSM
(12 kOe)
SQUID 40 kOe 300K
VSM Hc Ms
VSM
SQUID
VSM
SQUID VSM
( )
Ms Ms
VSM SQUID
429~ 4211 421~ 424 Hc
100°C 300°C Hc
300°C 400°C 500°C  600°C Hc
4212~ 4215 (Ms)
4216~ 4.2.19 [Fe (x A)/Pt (x
Aln Fe FePt



PMOKE( MBE
14 KOe ) VSM
4219~ 4222 PMOKE
100°C 300°C
400°C 500°C  600°C 100°C
300°C
400°C 500°C  600°C

(Ho) PMOKE
(AlL,O;
(0001)/Pt (100 A)/[Fe (x A)/Pt (x A)], 300°C  400°C 500°C  600°C
VSM 4.2.23~
4.2.26 (Hc)
(Ms)
300°C 400°C 500°C 600°C
(Ho) (Ms)
AlLO, (0001)/Pt (100 A)/[Fe (x A)/Pt (x A)],
(001) (001) 54.7° (111)

AlLO, (0001)/Pt (100 A)/[Fe (10 A/Pt (10 A)]s (111)

300°C(  300°C)
PMOKE LMOKE

FePt



2. Si (100)

[Fe (x A)/Pt (x A)], Si (100)
Al, O, (0001) [Fe (x A)/Pt (x A)], S Fe-Pt
100°C 300°C( )
LMOKE
300°C( ) 100°C
4227~ 4.2.30 400°C) 500°C 600°C
MOKE VSM VSM
300°C

MOKE VSM
(Hc) (Ms) 425



Fe-Pt

(1) MOKE
(2) VSM
(3) SQUID

1. Al,O3 (0001)
[Fe (x A)/Pt (x A)],

25
300°C
( Fe Pt
x=10A
()

2. Si (100)

(bilayers)
100°C
A 6 A

FePt

300 A)

[Fe (x A)/Pt (x A)],

100°C
(bilayers)
(He)
Ms
x 10 A 6A( n 15
500°C
X = 6A
) Fe Pt FePt
Fe Pt FePt
(He) (Ms)
431 4.3.2 431~ 435
[Fe (x A)/Pt (x A)l,
300°C x =10



4.2.5



Si (100)
FePt
Al,O; (0001)

XRD AlL,O; (0001) FePt
Pt (111) FePt (111) (222)
Si (100) S Pt
PtS Pt,S S Fe Fe,S

Al,O; (0001)
Si (100)
400°C( ) S
FePt
(bilayers) Al,O; (0001)
Si (100) S



211 Fe Ni

K,(ergs/cm®) K,(ergs/cm®)
Fe 4.8 10° 5.0 10*
Ni -5.0" 10* -2.0" 10*
212 K K,
K; + + + - - -
+8to -9K/4  -9K;to -8 to IIK,|/4 9IK4|
Ky
-9K,/4 To-9K; -8 9| Kyl/4  to9|K,] to +8
Easy <100> <100> <111> <111> <110>  <110>
Medium <110> <111> <100> <110> <111> <100>
Hard <111> <110> <110> <100> <100> <111>
221
Fe Pt Pd
bcc fcc fcc
a(A) 2.87 3.92 3.89




231

Ku> 21 Ms? a - Ku
b. - Kerr
Ms
d
HC d ~0 oo/MSHC
O o
gN -~ Rllze K R
SIN 0 «
3.3.1
a a 760 torr-10torr
b. b. 10 torr-10 torr
C. c. 10°torr-10* torr

d. d. 10°torr-10* torr




411 Fe Bulk

Pt Fe

Fe[-211] Fe[0-11]
Fe 2.86 A 4.96 A
RHEED 2.93A 5.07 A

421 AlL,O, (0001)/Pt (100 A)/[Fe (10 A)/Pt (10 A)]s

SQUID M-H Ms Hc
(kOe) (emu/cnT)
Hc Ms
100°C 0.12 1244.66
300°C 0.35 1102.52
400°C 5.61 875.38
500°C 1.47 705.03

600°C 10.48 448.82




4.2.2 AlL,O; (0001)/Pt (100 A)/[Fe (8 A)/Pt (8 A)]io

SQUID M-H Ms Hc
(kOe) (emu/enT)
Hc Ms
100°C 0.17 735.50
300°C 1.59 681.20
400°C 7.80 451.28
500°C 10.05 464.04
600°C 10.14 445.19
4.2.3 Al,O; (0001)/Pt (100 A)/[Fe (6 A)/Pt (6 A)lus
SQUID M-H Ms Hc
(kOe) (emu/cm®)
Hc Ms
100°C 0.17 729.40
300°C 7.26 684.92
400°C 11.56 448.38
500°C 11.82 429.23
600°C 11.98 539.76




424 AlL,O; (0001)/Pt (100 A)/[Fe (4 A)IPt (4 A)]ss

SQUID M-H Ms Hc
(kOe) (emu/cm’)
Hc Ms
100°C 0.27 364.29
300°C 0.28 399.67
400°C 0.66 212.78
500°C 0.28 146.08
600°C 0.21 250.80
4.25 [Fe(x A)/Pt (xA)],(x=4 6 8 10 n=38
25 19 15) 100°C 300°C( )
Si (100) LMOKE  VSM Ms
Hc
Hc (Oe) Ms (emu/cm®)
100°C 300°C 100°C 300°C
[Fe (10 A)/Pt (10 A)] 45 80.88 101.94 1268.06 591.25
[Fe (8 A)/Pt (8 A)]1o 59.95 125.58 1352.80 637.43
[Fe (6 A)/Pt (6 A)],s 66.93 228.81 1685.29 1205.62
[Fe (4 A)/Pt (4 A)]sg 15.38 23.65 1638.58 50.56




43.1 [Fe(x A)/Pt (x A)], (x=4 6

8 10 n=238 25 19 15) 100°C
Al,0; (0001) SQUID
M-H Ms Hc
(kOe) (emu/cm®)
[Fe (x A)/Pt (x A)], He Ms
[Fe (10 A)/Pt (10 A)] 45 0.12 1244.66
[Fe (8 A)/Pt (8 A)]io 0.17 735.50
[Fe (6 A)/Pt (6 A)],s 0.17 729.40
[Fe (4 A)/Pt (4 A)]sg 0.27 364.29
4.3.2 [Fe(x A)/Pt (x A)],(x=4 6
8 10 n=38 25 19 15) 100°C
Al,O; (0001) 300°C(
) SQUID M-H
Ms Hc
(kOe) (emu/cm®)
[Fe (x A)/Pt (x A)], He Vs
[Fe (10 A)/Pt (10 A)];s 0.35 1102.52
[Fe (8 A)/Pt (8 A)]1o 1.59 681.20
[Fe (6 A)/Pt (6 A)].s 7.26 684.92

[Fe (4 A)/Pt (4 )]s 0.28 399.67




4.3.3 [Fe(x A)/Pt (x A)],(x=4 6

8 10 n=38 25 19 15) 100°C
Al,O; (0001) 400°C(
) SQUID M-H
Ms Hc
(k Oe) (emu/ cm®)
[Fe (x A)/Pt (x A)], He Vs
[Fe (10 A)/Pt (10 A)]1s 5.61 875.38
[Fe (8 A)/Pt (8 A)]1o 7.80 451.28
[Fe (6 A)/Pt (6 A)].s 11.56 448.38
[Fe (4 A)/Pt (4 )]s 0.66 212.78
434 [Fe(x APt (xA)],(x=4 6
8 10 n=38 25 19 15) 100°C
Al,O; (0001) 500°C(
) SQUID M-H
Ms Hc
(kOe) (emu/cm?)
[Fe (x A)/Pt (x A)], He Vs
[Fe (10 A)/Pt (10 A)] 15 7.47 705.03
[Fe (8 A)/Pt (8 A)] 1o 10.05 464.04
[Fe (6 A)/Pt (6 A)] 11.82 429.23

[Fe (4 A)/Pt (4 A)] s 0.28 146.08




435 [Fe(x A)/Pt (x A)], (x=4 6

8 10 n=38 25 19 15) 100°C
Al,O; (0001) 600°C(
) SQUID M-H
Ms Hc
(kOe) (emu/cm®)
[Fe (x A)/Pt (x A)], He Ms
[Fe (10 A)/Pt (10 A)] 15 10.48 448.82
[Fe (8 A)/Pt (8 A)lio 10.14 445.19
[Fe (6 A)/Pt (6 A)],s 11.98 539.76

[Fe (4 A)/Pt (4 A)]ss 0.21 250.80
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M (emufem3)

B (kilogauss)

1 Hard
] E [ A I | |
1000 2000 3000 4000 5000 6000 7000 8000 9000 10,000
H (0e)
212 Co
14— + 2 kg/mm? (+ 2840 1b/in?)

H (Oe)

2.1.3 68 permalloy NiggFes,



500 —

400 —

No stress

-HE 300 |
:EJ- M
= 200 0 H 500
+10,000
100
| | f | | -
0 10 20 30 40 50 60
H (0e)
214 Ni tesile compressive
M




(a)
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216 A 4O

1y

217 A 40

(c)

—— — o~
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© ® n
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ETD
Fe(x A

>~ n=38 25 > 300 A

19 15
PixANE x=4A 6A
—————— — 8A 10A -
Fe(x A
Pt (100A Substrate  AbO= (0001)  Si (100)
Substrate
411 Fe-Pt
48 A Pt (111

P pt [-211]

Pt [0-11] Pt [-1011

b

a=192cm

b=1.10cm

412 Al,0;(0001)/Pt (100A) RHEED



P Fel-211]

Fe[-101]

Fe[0-11]

c=181cm

d=1.04cm

4.1.3 Al,0;(0001)/Pt (100 A)/Fe(6 A) RHEED

[Fe(4 A)/Pt(4 A)]as [Fe(10 A)/Pt(10 A)]15

4.1.4 (a) Al,Oz(0001)/Pt (100 A)/[Fe (4 A)/Pt (4 A)ss  (b) Al,O5(0001)/ Pt
(100 A)/[Fe (10 A)/Pt (10A)];s [0-11] RHEED
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