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Si Ge
MgO. (um)
2-1-1
v (magnetic susceptibility)
(H) M) x=M/H
[21~23] 2-1-2
(1) ( paramagnetism )
X X T
Y =u,C/T (Curie

law) C [24]



(2) ( diamagnetism )
X
-10°°
(3) ( ferromagnetism )
(Fe)  (Co)  (Ni)
Y Tc (Curie temperature)
Tc

x =, CH(T-Te)

(4) ( ferrimagnetism )
Tc
Tc
(5) ( antiferromagnetism )
X
Ty (Néel temperature) Y
Tx

X =2 CI( T+ Ty)

2.1)



< <+ « <
—> > > > > >
| <« 4 < « | < <«
(c) (d)
(2.1)
(c)
2-1-2 [25]
(magnetic domain)
10°~10"

100

(2.2) [26]

1 (permeability)

(domain wall)



(2.2) [26]

(multi-domain) (single
domain) Mg (saturation
magnetization)

Mg (remanence)
Hc (coercive
force)

(hyseresis loop) (2.3) [29]



1115

2-2

(2.3)

[26]
Fe Co Ni

3542 [22]

[29]

770



2-2-1

(growth mode)

[27~30]

1 Frank-van der Merwe mode

(layer-by-layer mode)

2 Stranski-Krastanov mode

3  Volmer-Weber mode

(island mode)
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(2.4) : (a) FM mode ( )
(b) SK mode ( ) (¢) VW mode ( ) [29]

2-2-2

(surface migration)
[27~30]

(D

2

3)

4) (lattice mismatch)

)
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[31]

[32]
Y (Vasowme  Yawvae)  Yinertae (2-1)
Y adsorbate
Y subtrate
Y interface
(2-1) y O
V. W. mode y O
S. K. mode F. M. mode (Co)
2.79 J/m’[59]
Mg —Ia
n - x 100 (2-2)
n (lattice mismatch)
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I'g
n 2
S. K. mode F. M. mode n 2 ,
V. W. mode
[33] (Co) 2.5
(Ir) 2,71  [22] 7.7

Co/Ir(111) V. W. mode

2-3

(magnetic anisotropy)

(easy axis)

(hard axis)
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E

E Ksin’0 (2-3)
K erg/cm’
0 (2.5) [29]
kB 18]
M

— R LR
(2.5)0 [29]
(2-3) K 0 0 E
K 0 0 E
K K, K
t Kegr [30]
K K K, 2Kyt (2-4)
2 K K
Kt t K, Kt
2 K, 2.6)  [34] K,

Kt K,

Keff 1/t
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spin reorientation transition (SRT)

te
t. 2KJK, (2-5)
(Co/Ir), Ki 08mJm’> K, 1.2MJm’
t. 1.3 nm [35] 5.9 ML
5 K; | | (Co/lr),
E 1 i
: ’ /\
tc
h ;tCO (nm) 5
(2.6) K-teo VS. teo
(2-4) 2K, K, +
Ks metal/UHV Ks metal/UHV /
Co(111)/UHV K OHDURY
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-0.17mJ/m’[55] t.  0.525nm 2.38 ML

(roughness) (interdiffusion)
K, K
[56]
[30,36~40]
(1) (shape anisotropy)
(2) (magnetocystalline anisotropy)

— (spin - orbital coupling) -

(uniaxial anisotropy)
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F.=K,sin’0

(suface anisotropy)

(volume anisotropy)

M (10° A/m) 10001]

1400

(1100 T [0001] easy
: .

[1100] hard

2000 4000 6000 8000 10000

H (10°/41T A/m)

2.7) easy axis hard axis

[27]
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3) (stress anisotropy)

(magnetoelastic anisotropy)

(magnetostriction anisotropy)

E= %chcoszﬂ

- o 0
4) (induced magnetic anisotropy)
a
b
c

&) (exchange anisotropy)
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2-4
Co/Ir(111)
(electronegativity)
affinity)

Co/Tr(111)

2-4-1 58]

(F)

19

(electron

3.98



Ir=2.2

Co=1.88 C=2.55 0=3.44[57]

Peri odi c Tabl e @©of t h e
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Co/Tr(111)

ENIr=2 2 ENCOZ 1.88
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(111)

B



Co/Tr(111)

450 K 3 ML Co/Ir(111)
450 K (111)
(111)
4-2-1
Co/Tr(111)
2-1
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(Electronegativity):

EN¢, = 1.88, EN|, =2.2
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2-1




2-4-2 [58]

Ir=1.5638 eV Co0=0.662 eV C=1.26 eV  0=1.4611 eV

[57,60]
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Peri odi c Tabl e o5 t

Co/Ir(111)
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h e



4-1

Co/Tr(111) 2
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3-1 (UHV)

3-1-1

(vacuum)

10 mbar

27

107°~10"" mbar

1) [25]



[27]

n po— 0
\Y p— 0
A cm
T |
& # (mbar)| 10’ 10" 10°° 10°"° 10"
[ n 2.7x10" | 2.7x10™ [ 2.7x10° | 2.7x10" | 2.7x10°
| v | 28107 | 2.8x10" | 2.8x10" | 2.8x10" | 2.8x10°
A | 6x107° | 6x10° | 6x10° | 6x107 | 6x10°
r | =107 | 3@ 54 | 85.8F | 35 &
-1 3 [27]
(Torr)
(bar) (mbar) 1
Torr=1.33 mbar
[30,42~45]
1
(760 Torr) 107
Torr
2
107~ 10" Torr
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10 = Torr
(ESCA) (SEM)
(MBE)
760 — 100 100 - 1 1-10* 10 *-10°% 107
Torr
fem® | 2.5x10" 3.3x10% | 3.3x10'° 3.3x10" 3.3x10°
(at 20 °C) 3.3x10"8 3.3x10'° 3.3x10" 3.3x10°
5x10 ° 5x10 > 510> 5 | 5 5x10* | >5x10*
(A em  |5x10°° 5x10 3
3-2 [27]
3-1-2 [46]
(3.1)
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(1)

()
3x107"° Torr
(2-1)
107 Torr
PFEIFFER VACUUM
(2-2)
2x107" Torr

PFEIFFER VACUUM

521 P 520 liter/sec

31

CVT

DUO 10C

TMU



(2-3)

107~10"" Torr

(2-4)

CVT TSPC-1

40~50
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3)

(feedthrough)

v

(adapter)

A~

C

Co

Co

(adapter)

(feedthrough)
(3.2)

Co Co

(Cobalt)

4)

gauge) (

( 10~ mbar)

(flange)

10~ mbar)

PGC2D

(3.2)
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(ion gauge)
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)

(ion sputtering) Ir(111)
45°
1500 eV 4x10” Torr  (3.3)[48]
OMICRON ISE 10
open this screw

(3.3) [48]

(6)
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Sample temperature (K)

(annealing)

Ir (111)

2.4

925 K (3.4)

1000 bt »Il o L0 1011 1 1

Ir (111)

950
900 4
850
800
750 3
700

650 /./-
600

550 -]

500

450 3 -

400
350

—
300w uun W —

T 1 1 T 1 T rT T
00 02 04 06 08 10 12 14 16 18

Sample current (amp.)

(3.4)
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(3.5)[46]

K-type (thermocouple)

(ceramic)

thermocouple

Samplet & éﬁﬁaﬁ - = e
RNZHBRSK
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(3.5)

(7)
X
(8)
(8-1)
P=5x10"" Torr
H, H,O CO
Ar
ANALYTIACAL
(8-2)

analyzer CHA)

OMICRON
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[46]

(3.6)

Ar CO, (3.7

HIDEN

HAL RC 201

(concentric hemispherical

EA 125



Inits)

pressure (Arb.

L

Units)

pressure ( Ath.

| 38—

.,_
i i i

,_
A4 i

1 3=

mass (amu)

(3.6) P=5x10" Torr

r
1 ——r—r T T r———y
b ! !

mass (amu)

(3.7)
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)

110V 220V

(3.8)

(10) (surface magneto-optic Kerr effect)

IEEE488

3-3
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(3.8)
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3 -

1-3
(7.6x10* Torr)
(viewport)
10
Torr (thermocouple gauge )
4 50
50,000

41

(107 Torr )

(flange)

107

833 Hy

10°°



(heating tape)

(aluminum foil)
Z

(bellows)

heating
120 150

100 O
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70

12
10
9.
1x10® Torr
10.
(order)
5x107® Torr

Torr

10

60

70

5x10~° Torr
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100

5x10~° Torr
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3-2 (Auger electron spectroscopy A ES)
3-2-1 [46]
Pierr Auger 1924 [49]

(Auger effect)

(3.9)[50] KL,L,,

- (BB
T X e of |
[P
K (ONO) O @ Q0
(initial state) (excitation state) (final state)
(3.9) [50]
(a) E, (Fermi level)
(b) (K) E
K



(d) (L)
(L)

KLI L2,3

EKLILZJ = EK - ELI - EL2,3

(3.10) [51]

45



I
I
|
|
!
|
|
1
1
i
|
i
)

Auger electron yield -

e B e o e P2 o
~ D & N o ~ O W
Y T T T T T T T

X-Ray and Auger electron yietd per K-electron vacancy

2
T

X-Ray vield

1234567
HHeliBeB CN

PIREE S TROURN NN N T SN SU SN DU I W SIS G S

‘ 8 G101 121316 151617181920 2122 23262526272829 30 3132333625 ¢
0 FNeNaMgAL Si P S ClL A KCaScTi V CrMaFeCo NiCu In6aBeAsSe Br

il

(3.10) X [51]

EKLIL“ =E¢ - EL1 -E,

2,3

E
KLL LMM
EXYZ :Ex _EY_EZ
XYZ
Co/Ir(111)
[64,66]
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Ir 154 eV NsNgNg[64]

Ir 162 eV NsNgN7[64]

Ir 171 eV NoN,NA[64]

Ir 229 ¢V N,0,0,[66]

Co 95 eV M, M,M, [66]
Co 775 eV L;M.sMs [66]
C272¢eV KL,L, [66]
0512 ¢V KL,L, [66]

3-2-2 [27]

(Auger electron spectroscopy

AES) (3.11)
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3kV

resolution) (transmission)

(concentric hemisphere analyzer CHA)
analyzer CMA)
(3.12) [51]

Ri R

48

[53]

[27]

(energy

(cylindrical mirror

Uy



(a) (b)

(3.12)

(a) (CHA) (b) (CMA) [51]
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CHA

[52]

(3.14)

0.2

eV
(smooth)

(3.14)

N(E)

N’ =N/

max min

CMA

CHA

(3.13)
Ir (111)

(3.13)

Ir39eV Ir54eV Ir171eV 1r229eV

CHA

CHA

(111)

(3.13)

(3.14)

[51]

N'(E)

50

Ir 380

(3.13)



Ir 229 eV

Co 775 eV N’

min

(3.13)  (3.14)

AES

600000 ' : ' : ' : ' : '

500000 o

400000 o

300000 -

N(E)

200000 -

100000 -

T T T T T T T T
0 200 400 600 800

Kinetic Energy (eV)

(3.13) (111
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1

Auger Signals (Arb. Units)

39

54

154

162

171

x5

T T
0 20

(3.14)

3-3
SMOKE)

3-3-1

birefringence)

1+ 1 ' 1
40 60 80

Kinetic

(111)

1 L
100 150 200 250

Energy (eV)

T T T T T T

300 350 400 450

(surface magneto-optic Kerr effect

[21,27,29,37]

52

(magnetic



(Kerr rotation angle 0y)
€k O & (<<1°)
M H, M
0 H. & H,

(magnetic hysteresis loop)

n n
Fresnel equations [29,37]
r =(n -1)/(n +1) r =(n -1)/(n +1)

=r e = r (3-1)

Jones Matrix

J =J +] :EOH +E0F } (3-2)
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= 1 EO{H+ r /o e““/'é)r }} (3-3)

(3.15)

(b)
(d)

(3-4)

(b)

(d)

(a)
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[21,27,29,37]

(1) (PMOKE)
2) (LMOKE)
3) (TMOKE)

[27]

(3.16) [27]
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S

—» M
" H
(b)
H
~F
(c)
(3.16) [27]
(a) (PMOKE)
(b) (LMOKE)
(c) (TMOKE)
3-3-2 SMOKE [27,46]
(3.17)
P 45 Glan-Thompson
( S
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Glan-Thompson (

IEEE488

D

@Enmﬁ’

8 e oOOOD 0 |

A RS A

(3.17)

!
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[46]

(1
632.8 nm 5 mW
500 1 2 61322
)
Glan-Thompson
(1x10)
(3) (photodiode)
Silicon
ST-TOS
4)
IEEE488 Keithley
Model 2000
)
Kepco t6A +72V

IEEE488 BOP 72-6M
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(6)IEEE488
labview

IEEE488

(7)

2.25 2000 Oe
3-3-3 SMOKE [27]

(1)

)
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p (3.18)

[21]
—>
(3.18) [21]
3) photo-detector
90 °
(3.19) [21]
90 °+0.4 °

[21]
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A
A 4

(3.19) [21]
(4) SMOKE
1 p
2 . (
)
3.
(viewport)
4 0

45 45
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7. (XY Z0)

3-3-4 SMOKE

1. LMOKE

62

PMOKE

LMOKE

(

2.475°)



LMOKE PMOKE

PMOKE
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3x107° Torr

Co

Co/Tr(111)

4-1 Collr(111)

4-1-1

Co 775 eV 1Ir 229 eV

(111)
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o0

Ir9 If9

| 16, [1me ™ 1-em
_ Cops Coyss —
R= = d - RO d

e_g e 4229

= (89 /]
. 25, 25
_ Co,75 — Adss — 13.6 :8 476
RO {llol('j ] I”zzo 42/ ‘
10 10
10,/ /136
L Assi |

)[61]
d (111)
4.z 1227 A 775 eV
A= 67 A 229 eV
R
10 quickBasic
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(4-1)

0.221 nm
[62]

[63]
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5 ey
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° 0
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ch o~
<, D,D”D ]
3 o
] o
= otd
= oot
g‘ " = T T T T T T T T T —
AR 0.5 1.0 15 2.0 25
Thickness (ML)
4.1) [46]
4-1-2 (111)
Ar”?
Ir(111) 300 K
(4.2)
Co775eV Ir229 eV
0.2
(4.3)(a) Co 775 eV
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Ir 229 eV

(4.3)(b)
4.1) (4.3)(b)
45 Co Ir(111)
Co
Cyn Osn ,/”\32@1”’#!7'7 ML
2 | i 6.6 ML
E ,/ A )~55ML
44 ML
§ 1 / /// 3.3 MQ
z | 22 ML
% 1.1 ML
2 0 ML
: /
<

T T T T T T
0 200 400 600

Kinetic Energy (eV)

(4.2) Co/lr(111)  Co
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Auger Intensities (Arb. Units)

15000 T
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Deposition Times (mm ) =
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1
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Deposition Times (min.)

Auger Intensities Ratio I, /I, (Arb. Units)

(b)

(4.3) (2) Co/lr(111)  AES

(b)Co Ir

Ir 39 eV

eV

AES

Co 95 eV
Co95eV
20 Ir39eV

(4.4)
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—0O— Ir39

8000 7 —O— Co,|

ﬁg
S 6000 i
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= 4000 -
5
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0;3D 2000 - -
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< o —B—0 °

S S
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Deposition Times (min.)
file:a_growth030812
(44) Ir39 C095 AES
Ir 39 ¢V
4.4
Ir 54 eV
Co 53 eV
(4.5)(a)
Ir 229 eV (N40202)
(4.5)(b) Co 775 eV
(L3MysMys)
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Co 775 eV (L3M45M45)

(4.5)(c)

~ ~
v vl
g p \ é ' A A AL T ML
L~ | Nt 4 i
- ’ ) z'z xt - 6.6 ML
c ] U S 6 - e A 5 5 ML
'e R / \\:\/xf""”' T —155ML e .
< : < 4.4 ML
- 4.4 ML ol 4
b N T B3 ML
= /\'\/\//v\/ﬂf_“% 33 ML = L
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) 0ML o
2 0 20 40 60 80 100 2 200 220 240 260
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(4.5) (a) Co/Ir(111) Ir54eV  Co53eV  AES

(b) Co/Tr(111) Ir229eV  AES

(c) Co/Ir(111) Co775eV  AES

Co/Ir(111)

(4.6) 1.1 2 kOe
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2.2

Co
(1.1
) [56]
| Longltudmal | " Polar |
£
D 3.3 ML
e —
<A
é_
2.2 ML= i
2y S
5
v
i /QVWWWW m -
1.1 ML
5 a0 0 1 2 a2 a0 1 2
Magnetic Field (kOe) file:sm_growth030812
(4.6) Co Ir(111)
Mg Mg
(4.7)(a)(b)
Hc 3.3 (4.7)(c)
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2-3

spin reorientation transition (SRT)

0.525 nm 2.38 ML

4.4 ML

Co Ir

(incoherent)
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31 2 4 Co/Tr(111)

73




375 K

4-2-1 Co/lr(111)
Ir(111) Co
(3ML) (4.8)
Co 775 eV
Ir 229 eV (4.9)(2)
(Ico/Tir)
(4.9)(b)
4.1)  (49)(b) 11
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Gy O M

‘,v,// e ey 525 MLl
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Auger Signals (Arb. Units)
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Ir39 eV
Ir 54 eV
Co 53 eV
(4.11)(a)(d)

(111) -

Ir 229 eV (N40202)

(4.11)(b)(e)

Co 775 eV
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Electronegativity:

EN¢g, = 1.88, EN|, =2.2

BE of Co: Co-Co < Co-Ir - KE of Co: Co-Co > Co-Ir
- growth: KE of Co increases (Co-Ir = Co-Co)
—> annealing: KE of Co decrease (Co-Co = Co-Ir)

BE of Ir: Ir-Ir > Co-Ir = KE of Ir: Ir-Ir < Co-Ir

In submonolayer Co:
- growth: KE of Ir increases (Ir-Ir = Co-Ir)
—> annealing: must consider the MFP and different intermixing
states(Co-Ir = dilute Co in Ir).

More than 1 ML Co:
—> growth: KE of Ir no change
—> annealing: must consider the MFP and different intermixing
states.(Co-Ir interface = dilute Co in Ir).

Co53eVyvslIrs4eV - growth: KE decrease
—> annealing: KE increase

175



Co/ Il gBasi c

CLS
'CLACULATE AUGER INTENSITY FOR Co/Ir SYSTEM
'ratio of Co signal to Ir signal

SCo=28.9/2.5 'SCo IS Auger sensirive ratio of Co 775
SIr=4.2/10  'SIr is Auger sensirive ratio of Ir 229
LCo=12.27 'LCo IS IMFP OF Co 775 'FROM JAP

Llr = 6.7 'LIr IS IMFP OF Ir 229 'FROM SURF. INTERF.
ANAL. 11, 577 (1988)
DCo =221 '"THICKNESS OF A MONOLAYER

'PRINT SCo, SIr; LCo; LIr; DCo
OPEN "C:\PROGRAMS\QB\COIR\COIR.TXT" FOR OUTPUT AS #1
FOR N =0TO 50 'STEP .1
THICK =N/ 10
[Co=SCo * (1 - EXP(-THICK * DCo / LCo))
IIr = SIr * (EXP(-THICK * DCo / LIr))
INTENSITY =1Co / IIr
PRINT "THICK="; THICK; "ML", "Co775/Ir229="; INTENSITY
'PRINT #1, THICK, INTENSITY
'PRINT "THICK="; THICK; "ML", 1Co; IIr, "Co775/Ir229=",
INTENSITY
PRINT #1, THICK, ICo, IIr, INTENSITY
NEXT N
END
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