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D = 2 μmφ (c) 1 μmφ (d) 0.5 μmφ (e) 0.3 μmφ  

 



68

 
3.10 tFePt = 5 nm MOKE (a) D = 

2 μmφ (b) 1 μmφ (c) 0.6 μmφ (d) 0.4 μmφ (e) 0.3 μmφ (f) 0.2 μmφ (g) 

0.1 μmφ 
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3.11 FePt Hc D  
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33.2.1 FePt/MgO/FePt  

tMgO = 3 5 8 10 nm FePt/MgO/FePt D = 3 2 1

0.8 0.7 0.5 0.3 μmφ AFM

3.12 (a) (b) (c) (d) tMgO = 3 nm

D = 1 μmφ tMgO = 5 nm D = 0.7 μmφ tMgO = 8 nm D = 0.5 μmφ tMgO = 10 nm

D = 0.3 μmφ tMgO D
50 nm FePt

 

tMgO = 3 nm MOKE 3.13(a) (h)

SQUID FePt

D = 1 μmφ

FePt

tMgO = 5 8 nm ( 3.14, 3.15) D = 3 0.5 μmφ

D = 0.3 μmφ tMgO = 10 nm

( 3.16) D = 0.3 μmφ  

10 nm FePt tMgO = 3 5 8 10 nm FePt/MgO/FePt

D Hc 3.17

FePt FePt Hctop Hcbottom

3.18 MOKE

Kerr Kerr 0 Hctop

Hcbottom MOKE Hctop

Hcbottom FePt D = 3 μmφ Hc

3.2 kOe 10.6 kOe D Hc tMgO 

= 3 nm Hctop Hcbottom D
tMgO = 5 nm D Hctop

Hcbottom  D = 3 0.5 μmφ Hctop Hcbottom tMgO 

= 8 nm tMgO FePt

tMgO = 3 8 nm

D = 0.3 μmφ Hctop Hcbottom D
Hctop Hcbottom

tMgO FePt

tMgO = 10 nm

D = 3 0.5 μmφ D = 0.3 μmφ Hctop Hcbottom
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FePt/MgO/FePt

FePt FePt

 FePt

Ku
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3.12 FePt/MgO/FePt AFM (a)tMgO = 3 nm D = 1 

μmφ (b) tMgO = 5 nm D = 0.7 μmφ (c) tMgO = 8 nm D = 0.5 μmφ tMgO = 

10 nm D = 0.3 μmφ  



73

 
3.13 tMgO = 3 nm MOKE (a)

(b) D = 3 μmφ (c) 2 μmφ (d) 1 μmφ (e) 0.8 μmφ (f) 0.7 μmφ (g) 0.5 

μmφ (h) 0.3 μmφ  



74

 
3.14 tMgO = 5 nm MOKE (a)

(b) D = 3 μmφ (c) 2 μmφ (d) 1 μmφ (e) 0.8 μmφ (f) 0.7 μmφ (g) 0.5 

μmφ (h) 0.3 μmφ  
 



75

 
3.15 tMgO = 8 nm MOKE (a)

(b) D = 3 μmφ (c) 2 μmφ (d) 1 μmφ (e) 0.8 μmφ (f) 0.7 μmφ (g) 0.5 μmφ

(h) 0.3 μmφ  
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3.16 tMgO = 10 nm MOKE (a)

(b) D = 3 μmφ (c) 2 μmφ (d) 1 μmφ (e) 0.8 μmφ (f) 0.7 μmφ (g) 0.5 

μmφ (h) 0.3 μmφ  
 



77

 
3.17 (a)FePt tMgO = (b) 3 (c) 5 (d) 8 (e) 10 nm FePt/MgO/FePt

D Hc  



78

 
3.18  Hctop Hcbottom  
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33.3  
FePt MgO

FePt/MgO/FePt  

FePt D Hc  

tMgO = 3 8 nm D = 0.3 μm

MOKE  

tMgO = 10 nm D = 0.3 μm  

tMgO Hctop Hcbottom  

D Hctop Hcbottom  

FePt/MgO/FePt

FePt FePt

 FePt

Ku
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4 L10-MnxGa(100-x)

 
 

FePt/MgO/FePt FePt

L10-FePt L10-MnGa

 

 

4.1  
MnxGa(100-x)

2 3  

 

4.1.1  

ULVAC

3 4.1

RF 3

1.3×10-4 Pa

1.3×10-5 Pa

700°C  

700ºC 30 MgO 

(100) Cr tbuffer = 5 40 nm 700ºC 30

Cr MnxGa(100-x)

Ts = 50 200ºC Mn MnGa n = 

4 20 20 nm MnGa MnGa 

(40:60 at. %) Mn MnGa

Mn x = 48 60 at. % L10

Ta = 300 500ºC 60 Mn MnGa

L10-MnGa Cr 10 nm  
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44.1.2  

L10-MnGa Cr

Au 5 nm

85º 30

 

 

4.2.3  

(MFM: Magnetic Force 

Microscopy) MFM

MFM

 

MFM 4.2 DFM(Dynamic 

force mode) DFM

 

SII SPA300HV

6 kOe MFM

Si 80 nm CoPtCr/Cr
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4.1 3  

 
4.2 MFM  
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44.2  
 

4.2.1 Ts MnxGa(100-x)  

Ts MnxGa(100-x) tbuffer = 5 nm x = 

50 n = 5 Ta = 300ºC Ts = 50 300ºC XRD 4.3(a) 

(d) Ts = 40ºC MnxGa(100-x)

100ºC L10-MnGa (001) (002)

Mn MnGa L10-MnGa (001)

200ºC (001)

Ts = 100 300ºC σ Ts

 

a c c/a S Ts 4.4(a) (c) a c
Ts = 300ºC S = 0.78  

Ms Ku Ts 4.5(a) (d) 4.6(a) (b)

Ts = 50ºC Ms = 27 emu/cm3 Ts = 100ºC

Ms = 290 emu/cm3 Ts Ms

Ts = 100 300ºC Ku 2 Ts = 100ºC

9.0 Merg/cm3 Ts = 200ºC 1.6 Merg/cm3 Ts = 300ºC 3.4 Merg/cm3 Ku

Ts = 300ºC S XRD σ
σ

Ms  

Ku Ts = 100ºC MnxGa(100-x)

Ta  
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4.3 Ts M50Ga50 XRD (a) Ts = 50ºC (b) 

100ºC (c) 200ºC (d) 300ºC  



85

 
4.4 M50Ga50 (a) a c (b)c/a (c)S Ts  

 



86

 
4.5 Ts M50Ga50 (a) Ts = 50ºC (b) 

100ºC (c) 200ºC (d) 300ºC  



87

 
4.6 M50Ga50 (a) Ms (b) Ku Ts  
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44.2.2 Ta MnxGa(100-x)  

Ta MnxGa(100-x) tbuffer = 5 nm x = 50 n = 5

Ts = 100ºC Ta = 300 350 400 450 500ºC XRD

a c c/a S Ta 4.7(a) (e) 4.8(a) (c) Ta = 300ºC

350ºC 400ºC L10-MnGa (001) (002)

450ºC

500ºC L10-MnGa

450ºC

Ta = 450ºC L10 L10-MnGa (001)

Ta = 300 350 400ºC S 2

Ta = 300ºC S = 0.66 Ta = 350 400ºC S = 0.79  

Ms Ku Ta 4.9(a) (e) 4.10(a) (b)

Ta 300ºC 400ºC Ms 286 emu/cm3 345 

emu/cm3 L10-MnGa 450 500ºC

Ms Ta = 300 450ºC

Ku Ms Ta = 300 400ºC Ta Ku

Ta = 400ºC 15 Merg/cm3 Ku Ta = 450ºC 0.3 Merg/cm3

 

Ku = 15 Merg/cm3 Ta = 400ºC

Cr  
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4.7 Ta M50Ga50 XRD (a) Ta = 300ºC

(b) 350ºC (c) 400ºC (d) 450ºC (e) 500ºC  



90

 
4.8 M50Ga50 (a) a c (b)c/a (c)S Ta  

 



91

 
4.9 Ta M50Ga50 (a) Ta = 300ºC (b) 350ºC

(c) 400ºC (d) 450ºC (e) 500ºC  



92

 
4.10 M50Ga50 (a) Ms (b) Ku Ta  
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44.2.3 tbuffer MnxGa(100-x)  

tbuffer MnxGa(100-x) x = 50 n = 5 Ts = 100ºC

Ta = 400ºC tbuffer = 5 10 20 30 40 nm XRD

4.11(a) (e) L10-MnGa (001) (002)

tbuffer = 5 nm 10 20 30 40 nm

4.12(a) tbuffer a

c c/a 4.12(b)

tbuffer S 4.12(c) tbuffer

tbuffer = 5 nm 0.79  

 Ms Ku tbuffer 4.13(a)-(e) 4.14(a) (b)

Ms Ku tbuffer tbuffer 

S  

tbuffer = 5 nm S = 0.79 Ms = 345 emu/cm3 Ku = 15.1 Merg/cm3

Mn x  
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4.11 tbuffer M50Ga50 XRD (a) tbuffer = 5 nm

(b) 10 nm (c) 20 nm (d) 30 nm (e) 40 nm  



95

 
4.12 M50Ga50 (a) a c (b)c/a (c)S tbuffer  



96

 

4.13 tbuffer M50Ga50 (a) tbuffer = 5 nm (b) 10 

nm (c) 20 nm (d) 30 nm (e) 40 nm  



97

 
4.14 M50Ga50 (a) Ms (b) Ku tbuffer  
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44.2.4  x MnxGa(100-x) (x = 48 60)  

x MnxGa(100-x) tbuffer = 5 nm

n = 5 Ts = 100ºC Ta = 400ºC x = 48 50 52 54 56 58 60

XRD a c c/a S Ta 4.15(a) (g) 4.16(a)

(c) x = 48 L10-MnGa (001)

x = 50 60 x = 58 63º

L10-MnGa

x = 60 63º 30º

L10-MnGa (001) x = 50 60 S

x = 50 58 x = 60

x = 56 58 S = 0.8 c x
a x = 50 54 x = 54 60

x = 48 60 c a x = 52 60

c/a x = 52 60

a  

Ms Ku tbuffer 4.17(a)-(g) 4.18(a) (b)

L10-MnGa (001) x = 48 Ms = 

100 emu/cm3 x = 50

x = 54 x = 54 58 x = 60

Ku Ms L10-MnGa

x = 58 Ms = 433 emu/cm3 Ku = 16 Merg/cm3

Hc  x  

Mn-Ga2 x = 48 60 x = 58 60 L10

γ2 Mn x = 58 S Ku

Ms γ2 Mn σ1 x = 60

γ2 σ1  

x = 58 n
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4.15 x MnxGa(100-x) XRD (a) x = 48

(b) 50 (c) 52 (d) 54 nm (e) 56 nm (f) 58 nm (g) 60  

 



100

 
4.16  MnxGa(100-x) (a) a c (b)c/a (c)S x  
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4.17 x MnxGa(100-x) (a) x = 48 (b) 50

(c) 52 (d) 54 nm (e) 56 nm (f) 58 nm (g) 60  

 



102

 
4.18  MnxGa(100-x) (a) Ms (b) Ku  (c) Hc x
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44.2.5 n Mn58Ga42  

n MnxGa(100-x) tbuffer = 5 nm

Ts = 100ºC Ta = 400ºC x = 58 n = 4 5 7 10 12 15

XRD a c c/a S Ta 4.19(a) (f) 4.20(a) (c)

n = 4 L10-MnGa (001) (003) (002)

σ1 n = 5 15 σ1

n = 5 15 L10-MnGa

n = 4 15 S
S = 0.72 0.79 a c n

Bulk a Bulk c

c/a Bulk

Bulk c a  

Ms Ku tbuffer 4.21(a)-(f) 4.22(a) (b)

n = 4 Ms = 328 emu/cm3 n = 10

Ms = 488 emu/cm3  n = 15 Ms

Ku n 1.0

107 erg/cm3 Ku n = 5 10 1.6 107 erg/cm3

Ku Hc n = 4 5.7 kOe Hc n
Hc  

n Mn Mn40Ga60 1

Ms n

n = 12 15 Ms  

Ms Ku n = 10 Mn58Ga42
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4.19 n Mn58Ga42 XRD (a) n = 4 (b) 5

(c) 7 (d) 10 (e) 12 (f) 15 nm  



105

 
4.20  Mn58Ga42 (a) a c (b)c/a (c)S n  
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4.21 n Mn58Ga42 (a) n = 4 (b) 5 (c) 7
(d) 10 (e) 12 (f) 15 nm  

 



107

 
4.22 Mn58Ga42 (a) Ms (b) Ku  (c) Hc

n  
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44.2.6  Mn58Ga42  

Mn58Ga42 D = 1000 700 500 300 200

140 nmφ AFM

4.23 (a) (c) D = 1000 500 140 nmφ

AFM

 

D = 1000 700 500 300 200 140 nmφ Mn58Ga42 MOKE

Hc D 4.24(a) (g) 4.25 Hc = 3.2 kOe D 

= 1000 nmφ Hc = 4.1 kOe

D Hc D = 140 nmφ 7.4 kOe Hc  

Mn58Ga42 MFM

4.26(a) (e)

D = 1000 500 nmφ

D = 200 nmφ D = 

140 nmφ  

Ku

300ºC 30 400ºC 30

Ku D = 300 200 140 nmφ DFM

MFM Hc D 4.27 4.28

D = 140 nmφ

D = 300 200 nmφ D = 140 nmφ

Hc 300ºC 30

D = 300 200 140 nmφ Hc

Ku

400ºC 30 400ºC 30 D = 200

140 nmφ Hc

 

D = 140 nmφ

 

A
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4.29

γ
rc t A Ku  

 

Um Ms N  

 

rc  

 

 

 

Ms = 488 emu/cm3 Ku = 16 

Merg/cm3 rc = 70 nm N = 0.81 A = 

1.1 10-6 erg/cm 4.1

Fe Co L10-FePt Nd2Fe14B A L10-MnGa A
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4.23 Mn58Ga42 AFM (a) D = 1000 nm (b) 500 nm (c) 140 

nm  
 



111

4.24 Mn58Ga42 MOKE (a) (b) D = 1000 nm

(c) 700 nm (d)500 nm (e)300 nm (f)200 nm (g)140 nm  



112

4.25  Mn58Ga42 Hc D  
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4.26 Mn58Ga42 MFM (a) (b) D = 500 nm (c) 300 

nm (d) 200 nm (e) 140 nm  
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4.27 Mn58Ga42 DFM MFM (a) D = 300 nm

(b) 200 nm (c) 140 nm  
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4.28  Mn58Ga42 Hc D  
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4.29  

4.1
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44.3  
MnxGa(100-x)

 

Mn58Ga42 L10 Ms = 488 emu/cm3

Ku = 16 Merg/cm3  

D Hc  

140 nm  

1.1 106 erg/cm
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5 L10-MnxGa(100-x)/Cr/DD022-MnxGa(100-x)

 
 

Mn-Ga D022-MnxGa(100-x)

L10-MnxGa(100-x)/Cr/D022-MnxGa(100-x)

 

 

5.1  
D022-MnxGa(100-x) L10-MnxGa(100-x)/Cr/D022-MnxGa(100-x)

4

4 2

3  

 

4.1.1  

D022-MnxGa(100-x) 4

700ºC 30 MgO (100) 

Cr 5 nm 700ºC 30 Cr

MnxGa(100-x)

Ts = 100 300ºC Mn MnGa n = 10

20 nm MnGa MnGa (40:60 at. %)

Mn MnGa Mn x = 70 74 

at. % D022

Ta = 400ºC 60 Cr 10 nm

 

Cr

MnxGa(100-x) Mn58Ga42 Ts = 100ºC 20 

nm Cr tspacer = 0 40 nm

MnxGa(100-x) Mn73Ga27 Ts = 300ºC 20 nm

Ta = 400ºC 60 Cr 10 

nm  
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55.2  
 
5.2.1 x MnxGa(100-x) (x  = 70 74) 

x MnxGa(100-x) Ts = 100ºC

x = 70 71 72 73 74 XRD c a c/a
S x 5.1(a) (e) 5.2(a) (c) x = 70 D022

σ1 x = 71 74 σ1

D022

x a  c
Bulk a c c/a x

Bulk Bulk c
S x 0.59

 

Ms Ku Hc x 5.3(a) (e)

5.4(a) (c) x = 70 71 Ms Ku

x Ms Ku x = 71 Ms = 283 

emu/cm3 Ku = 11 Merg/cm3 0 σ1

Hc x = 71 10 kOe

 

σ1 D022 Ts = 300ºC

x = 71 72 73 74 XRD

x σ1 D022 (002) (004)

c D022

Ms x = 71 298 emu/cm3 x
Hc 10.1 kOe Ku

10 11 Merg/cm3 Ku  

L10 x = 48 60 Hc

L10-MnxGa(100-x) D022-MnxGa(100-x) MnxGa(100-x)

 

 

  



120

 

5.1 x MnxGa(100-x) XRD (a) x = 70 (b) 71 (c) 
72 (d) 73 (e) 74 Ts 100ºC  

 



121

 

5.2 MnxGa(100-x) (a) a c (b)c/a (c)S x  
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5.3  x MnxGa(100-x) (a) x = 70 (b) 71 (c) 72

(d) 73 (e) 74 Ts 100ºC  
 



123

 

5.4  MnxGa(100-x) (a) Ms (b) Ku  (c) Hc x  



124

 
5.5  x MnxGa(100-x) XRD (a) x = 71 (b) 72

(c) 73 (d) 74 Ts 300ºC  



125

 
5.5 x MnxGa(100-x) (a) x = 71 (b) 72 (c) 73

(d) 74 Ts 300ºC  
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55.2.2 t spacer L10-Mn58Ga42/Cr/D022-Mn73Ga27

 

4 Ms = 488 emu/cm3 Ku = 16 Merg/cm3

Hc = 3.2 kOe Mn58Ga42

Ku = 11 Merg/cm3 Hc = 11.1 kOe Mn73Ga27

L10-Mn58Ga42/Cr/D022-Mn73Ga27 Cr tspacer

tspacer = 0 1 5 10 20 30 40 nm

XRD 5.6(a) (g) tspacer = 0 nm

L10-MnGa (001) (002) D022-Mn3Ga (002) (004)

L10-Mn58Ga42 D022-Mn73Ga27 c

 

5.7(a) (g) tspacer = 5 nm Mn-Ga

Hc Mn58Ga42 Hc

Mn73Ga27 Mn58Ga42 Ms = 488 

emu/cm3 Mn73Ga27 Ms = 238 emu/cm3 Mn58Ga42 Ms Mn73Ga27

2

2 1

Mn58Ga42  
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5.6 tspacer L10-Mn58Ga42/Cr/D022-Mn73Ga27 XRD

(a) tspacer = 0 (b) 1 (c) 5 (d) 10 (e) 20 (f) 30 (g) 40  
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5.7 tspacer L10-Mn58Ga42/Cr/D022-Mn73Ga27

(a) tspacer = 0 (b) 1 (c) 5 (d) 10 (e) 20 (f) 30 (g) 40  
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55.2.3 D L10-Mn58Ga42/Cr/D022-Mn73Ga27

 

tspacer = 5 nm

D = 2 1 0.3 0.2 μm

 

MOKE Hc D
5.8(a) (e) 5.9 L10-Mn58Ga42

( )

MgO

MOKE

MOKE Hc

MOKE Mn73Ga27 MOKE Mn58Ga42

D = 0.3 μm Mn-Ga

Hc D = 0.2 μm Hc D
D Mn73Ga27 Hc Mn58Ga42 Hc

L10-Mn58Ga42 Ku D022-Mn73Ga27

D L10-Mn58Ga42 Hc 15 nm

D022-Mn73Ga27 Hc  
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5.8 L10-Mn58Ga42/Cr 5nm/D022-Mn73Ga27 MOKE (a) 

(b) D = 2 μm (c) 1 μm (d) 0.3 μm (e) 0.2 μm  



131

 
5.9 L10-Mn58Ga42/Cr 5nm/D022-Mn73Ga27 Hc D  
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55.3  
L10-Mn58Ga42/Cr/D022-Mn73Ga27 Cr tspacer

 

tspacer = 5 40 nm

 

D = 0.3 μm Mn-Ga Hc

D = 0.2 μm  
D Mn73Ga27 Hc Mn58Ga42 Hc

 
L10-Mn58Ga42 Ku D022-Mn73Ga27 D

L10-Mn58Ga42 Hc 15 nm

D022-Mn73Ga27 Hc  
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6  
FePt/MgO/FePt

MnGa/Cr/MnGa  

 

 
FePt MgO

FePt/MgO/FePt  

tFePt = 5 10 nm  

tMgO = 3 20 nm  (001) FePt 10 nm/MgO/FePt 5 nm

 

tMgO = 3 10 nm

 

 

 
FePt MgO

FePt/MgO/FePt  

FePt D Hc  

tMgO = 3 8 nm D = 0.3 μm

MOKE  

tMgO = 10 nm D = 0.3 μm  

tMgO Hctop Hcbottom  

D Hctop Hcbottom  

FePt/MgO/FePt

FePt FePt

 FePt

Ku

 

 

 
MnxGa(100-x)
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Mn58Ga42 L10 Ms = 488 emu/cm3

Ku = 16 Merg/cm3  

D Hc  

140 nm  

1.1 106 erg/cm

 

 

 
L10-Mn58Ga42/Cr/D022-Mn73Ga27 Cr tspacer

 

tspacer = 5 40 nm

 

D = 0.3 μm Mn-Ga Hc

D = 0.2 μm  
D Mn73Ga27 Hc Mn58Ga42 Hc

 
L10-Mn58Ga42 Ku D022-Mn73Ga27 D

L10-Mn58Ga42 Hc 15 nm

D022-Mn73Ga27 Hc FePt/MgO/FePt

L10-Mn58Ga42/Cr/D022-Mn73Ga27
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M2

M1 B4  
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