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a      [m] 

a0      [m] 

A   [eV] 

Ac      [m2] �� ��� �  Sellmeier    [-] ��� ��� ��� ���� ����������    [-] 

c       [m/s] 

Closs     [dB] 

d d1 d2 dn     [m] 

dD dM    [m] 

dm      [m] 

dp      [m] 

D      [m] 

D1      [m] 

D2      [m] 

Dave.     [m] 

DCo   Co     [m] 

Dint.      [m] 

fa      [-] 

fCo   Co     [-] 

fmax      [-] 

FOM      [° /dB] or 

[° /(A m-1 dB)] 

H       [A/m] or [Oe]

SI A/m CGS Oe

Hd       [A/m] 

Hs      [A/m] 

i      [A]

I0      [W]

Iin   TIA     [A] 

IIG     [A] 
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Ipc      [A] 

It      [W] 

j       [-] 

k      [-] 

kB      [erg/K] 

kp kn    [m-1] 

K    [-] 

L      [m] 

Lb     [m] 

Lc      [m] �	
��� � �   [m] 

Lx     [-] 

M       [T] 

Ms      [T]

n       [-] 

nx  x    [-] 

ny  y    [-] 
�      [-] 

NA       [-] 

Nclad     [-] 

Ncore      [-] 

N      [-] 

P       [Pa] 

P0     [W] 

P1     [°C cm/W] 

P2     [°C cm/W] 

Ploss      [dB] 

Pp   P     [W] 

Ps   S     [W] 

PSLD   SLD   [W] 

r     [m] 

r0      [m] 

r20   20 °C    [�/cm] 

rc      [�/cm] 

R       [%] 

R1     [°C cm/W] 
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R2     [°C cm/W] 

Rcloss-talk   Slow Fast  [-] 

Rtotal      [°C cm/W] 

Re   [-] 

S    [A/W] 

T       [K] 

T0 T1 T2      [%] 

Tmax     [°C] 

Ta      [°C] �	
��� �    [s] 

Tpulse      [s] 

V      [m3] 

V      [min./Oe cm] 

VIG     [V] 

Vn      [-] 

X    [-] 

Ye     [-] 

Z    [-] 

ZTIA    [V/A] 

�   Gilbert    [-] 

�t     [-] 

�x  x     [-] 

�y  y     [-] 

�      [%] 

�R      [-] 

�      [rad] 

�p �n     [rad] 

�       [rad]

�fH�       [J/mol] 

�n      [-] �
�      [-] 

�P   P S    [W] 

��  x y   [-] ��� � � � � ������� �     [F/m] ��      [-] 
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�’     [-] 

�’’     [-] 

�a �b    [-] 

�effect      [-] ��effect     [-] �xx     [-]�xy    [-] �����   Co    [-] �����   Co   [-] ������� !"#$% &  Co  [-] ������� !#%$% &  Co  [-] ��'���� !"#$% &  Co  [-] ��'���� !#%$% &  Co  [-] ���"((")!    [-] ��'"((")!    [-] ���*+,-   MgF2   [-] ./ .0    [-] 10    [-] 2,     [-] 

�    [° ] 

�bias      [° ] 

�F     [° ] 

�F,s     [° ] 

�max       [° ] 

	      [m] 

	a    [m] 

	b    [m] 

	L   Landau-Lifshitz    [-] 3� � � � � � � ���

       [Wbm] 


’      [-] 


’’     [-] 45      [-]6�� � �     [H/m] 


atm    [Wbm] 


ave.   [Wbm] 
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B      [erg/G] 


i      [-] 

v      [Hz] 

�       [-] 

�      [�m] 7� � � � � � � � �89��
�      [eV-1] :,     [° ] 

�n     [-] 

�D �M   [-] 


       [-] 


r      [-] 

�     [%] 

�      [rad/s] 

�0     [rad/s] 

�c     [eV] 

�p      [eV] 
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EMS Energy Management System  [5] EMS FEMS Factory 

Energy Management System BEMS Building Energy Management System HEMS Home 

Energy Management System

EV G2V: Grid to Vehicle

V2G; Vehicle to Grid

HDVC High Voltage Direct Current; FACTS

Flexible Alternating Current Transmission System; 

1990

3

 [6]

SVC Static Var Compensator; 

FACTS

SiC SiC

 [7] SiC

MOSFET



��
�

SiC

in-situ  DC

(a)

(b) EV/PHEV

(c)

(d) 100

(e)

(f)

(g)

(h)

(i)

in-situ
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1-2  [47] 

�
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mT

1-2

 [8] 1-3 (a)

10A

(b)

2

(c)

InSb GaAs

 [9]

SiC
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(a)

(b)

(c

1

	�

c)

1-3

H.P.

[8]
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1.1.3

YIG

�

�

�

1845

G: Y3Fe5O12

Michae

2

el Faraday

1-4

��

1-4

YIG

455 ° 

�
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YIG  [10] [11]

 [12]

CT

CT  [13] [14] [15]

(1)

(2)

(3)

(4) 2

(5)

(6) DC~AC

(7)

4 1-5

SLD [16] LED

CW

SMF PMF [17] POF
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YIG

YIG

�

�
�
�

1-5

�

LD
(Laser Diode)

SLD
(Superluminescent Diode)

ASE
(Amplified Spontaneos 
Emission)

LED
(Light Emitting Diode)

CW

a) 

b) 

SMF
(Single Mode Fiber)

POF
(Plastic Optical Fiber)

PMF
(Polarization maintaining 
Fiber)

MMF
(Multi Mode Fiber)

PZ-Fiber

Holey-Fiber
(Photonic crystal Fiber)

a) SMF

b) Spun Fiber

c) Twisted Fiber

d) Pb doped Fiber

e) YIG dispersed
Fiber

YIG
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 [18]

1.1.4

 [19]

�F = VlH 

�F (min.) V (min./Oe cm) l (cm)

H (Oe) 1-1

(SMF)

 [20]

 [12] [20]

YIG

YIG Bi Ce
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MOD Bi

 [21] [22] Ce YIG

PLD Pulse Laser Deposition  [23]

1-1

 (min./Oe cm) 

633 nm 850 nm 1550 nm

SMF 
(Single Mode Fiber) 

Fused Silica 
0.008 0.0018 

[12] 

FR5 
(HOYA) 

Faraday Glass 
0.30 0.15 0.04 [12] 

VL5000 

( ) 

Faraday Glass 
0.487 ;0.300 [43] 

PBB 
(PbO-Bi2O3-B2O3) 

Faraday Glass 
0.15 [35] 

Cd0.06Mn0.37Co0.03Te 12 [36] 

CoFe2O4

255 [45] 

Bi:YIG 42.5 [31] 

Ce:YIG 81 [40] 

(+ ) 
150 150 60 

[44] 

Fe 2472 [41] 

�
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YIG

Fe Co Ni

Fe Co

2

  

1-1 2016

 [24]

Fe FeCo AlF YF3

TMR  [25] GIGS Nano-Granular 

In Gap Magnetic Sensor  [26] TMD

[24]

MO  [27]

1.1.5

1-6
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YIG FZ Floating Zone

PLD

Pulsed Laser Deposition  [23]

MOD: 

Metal-organic decomposition

 [28] [29]

MBE: Molecular Beam Epitaxy

PVD Physical Vaper 

Deposition

PVD

PVD

1000 °C 3000 °C
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Mo,Ta,W

2

10-1 10-2 eV

102 103 eV

10-2 Pa

Al Fe Ti 10-5

Pa

Ar 0.1 1 Pa

3
< = >�?? @ ?��-A BC�D-�

T K P Pa D m

1 m

10 cm
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Thornton

[30]

1.2

in-situ  DC

 [13]

in-situ

kHz
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R:YIG  [23] [31] Ito  [32] Bi:YIG

R:YIG

Bi:YIG

Gd

 [32] [33] [34]

Fe Co

Fabry-Pérot

[° /�m]

[° /dB] FOM (Figure of merit) 

1.3

1
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2

3

4

Co-MgF2

Co-MgF2

5 Co-MgF2 Fabry-Pérot

  

6 3~5

7
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2.1

2.1.1

[1] [2] y

z y z t y = f (z,t) 

f v

E-FEG- = ?H- I E-FEJ- KKKKKKKKKKKKKKKKLM�?N
Maxwell

Polarization 2-1 x y yz 

yz

TE Transverse Electric mode of propagation S Senkrecht : 

TM Transverse Magnetic mode of propagation

P Parallel : 
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2.1.2

�

	

2-1 (b

�

b)

�

� = �/2, 3�/2 

���

Slow

 

�

�
�

2-1

Fast

2-1 (a)

�
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�
�

[3] [4]

 [5] [6] [7]

2-2

i = 0

i > 0

�F

�
�

�
�

(a) i = 0 (H = 0)                                 (b) i > 0 (H > 0) 

2-2

(a) (b) 

O i

Induced magnetic feild H

Magnetic film

O i

Induced magnetic feild H

Magnetic film

�F
Polarization Polarization
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PQJ��RR = SETEJ = S4U45 EVEJ KKKKKKKKKKKKK � LM�MN
PQJ�V = EWEJ = �U�� EXEJ KKKKKKKKKKKKKKK � LM�>NR � Y � �� 6��

�� 45
1

1 (2.2) (2.3) R (2.4) 

4U�U = ? Z-[ �LZ\ N
PQJ�PQJ�X = S ��Z- I E-XEJ- KKKKKKKKKKKK � � � KKK � LM�]N� 7

2 3 3

�� = ^��� � �� ��� �� � ���_KKKKK �KKKKKKKKK � � LM�`N
z

�� = aS��� ��' ���' ��� �� � �bbcKKKKK �KKKKKKKK � � LM�dN
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�e- = ��� e f��' KKKKK �KKKKK �KKKK � � LM�gN
�
�

�
� = 
�hS
�� = i��� j f��' S i��� S f��' k f ��'i��� K �KKKKK � � LM�lN

M ��'

:, = m, j 2, = Sn�
op = S fqop I ���i��' KKKKKKKKKKKLM�rN

2.2

1

SMF: Single Mode Fiber

PMF: Polarization Maintaining Fiber
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2.2.1

s�

�
�

�

 [8]

(2.10)

2-3

)


t = uv�

2-3

(

mw%x = y)�#"

(a) SMF

�
�

ncore 

�max

"zM�y = y)�

(b)

s� Num

�#"{My)�#" Sy)�

(SMF)

) 

SI

nclad

merical Apert

S y)|%&�#" KKK

ad 

ture

KKKKK � � LLM�?�N

�
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�n SiO2

ncore nclad SiO2 GeO2 P2O5 Al2O3 TiO2

PbO ZrO2 Sb2O3

B2O3 F  [9] SMF

GeO2

1/	4 Si O

OH 1.31 1.55 �m

1.55 �m 0.2 0.3 dB/km

(2.11) Vn

} = Mn~p 
t�KKKKKKKKKKKKKKKKK � LM�??N
2a �� � 2.405

1  [10]

SMF s��= 0.13 2a = 9 �m 	 = 1550 nm �n 

0.4 % �� 2.37   

2-4

SiO2 B2O3
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x y

�

�

x y

�

(2.13

y

30 dB

1 �
3) 

�

2-4

(

B

��
[11]

�� = ��� S �

(a) PMF

���

Slo

x y

�'� = Mnp �y�

(b)

ow Fas

PMF

x y

� S y'� = Mnp

(PMF)

) 

x

st

�

�y�� KKKK

45 ° 

�x �y

KK �KKK � L

�

��

LM�?MN
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�$ = Mn�� = p�y�KKKKKKKKKKKKKK � � LM�?>N
PMF 4.2 mm

2-5(a) 

 = 0  = 1

 = 1 0 <  < 1 PMF

PMF

Spun Spun

 [12] [13]

2-5(b) 

�
�

�
�

2-5

(a) (b) 

�

,�����'�&�

.�����'�&�

,�����'�&�

.�����'�&�

(a) (b)
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Spun

PMF

PMF

2.2.2

10 �m

LD

2 2

1

�	
�� �	
��
(2.14)  [14]

�)��� = Z I B)��� k ?]n I p�p�KKKKKKKKKKKKLM�?]N� �� c

��
DFB Distributed Feed Back Laser SLD
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Super Luminescent Diode 2-6 DFB

SLD DFB N

SLD

2 ��
SLD Lcoh.

2 P-, S-

PMF PMF DFB

�
�

�
�

2-6

(a) DFB (b) SLD 
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SLD SLD ASE

Amplified Spontaneous Emission

2.2.3

YIG

45 ° 

2.2.4

PVA

2
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2.2.5

2

 [15]

1/4 1/2

1/4 �/2 	/4

45 ° 

45 ° 

1/2 � 	/2

� 2�

45 ° 90 ° 

1/2
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1/2

1/2

22.5 ° 45 ° 

2.2.6

PBS Polarization Beam Splitter

PBS 45

PBS P S

Slow Fast

PBS

P S

P S PMF PBS

P S

PBS 40 dB

2.2.7

PN
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P N N

P PN

PN

PIN

PN I

 [A/W]

PN

PN

1550 nm InGaAs

900  1700 nm SLD

1550 nm 100 nm

2.2.8

MU Miniature Universal coupling

1992 NTT  [16]

1.25 mm

2-7

1.249 0.0005 mm
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a)

b)

c)

d)

�

�
�

)

) mm

0.0014 mm

2-

m

PMF

-7

�
�

F

�
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2.3

2.3.1

�
�

�
�

2-8

S

Slo

PMF

PMF

0.1 mm

SL

Slow

ow

F Slow

m

2-8

LD

���

[17]

SLD 1.55 �m

SLD

m AAS5B125EM5

2-9

50M

�
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PMF 45 ° 

PMF (a) PMF

PMF 1/2

1/2 PMF Slow � 22.5 ° 2�

45 ° (b) PMF PMF

45 ° (a) (b) 45 ° 

PMF

2-10

45 ° 

�

�
�
�

2-9

(a) PMF 1/2 45 ° 

(b) PMF 45 ° 

�
�

Ferrule

Split Sleeve

Magnetic thin film

PMF

Magnetic field

PMF

Split Sleeve

Magnetic thin film

PMF

PMF optical axis connected at 45 

Magnetic field

PMF

Half-wave Plate
(Optical axis:22.5 )

(a) (b)

Ferrule

45
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PBS

P S

P S

2-11

P S

TIA Trans-Impedance Amplifier

�

�
�
�

2-10



�

2.3.2

�

Jones

2

2-11

(a) 

���

(a) 

(b) 

(b) 

2×2

2

�
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�? �� �� �� �� ?�
�	
u m, Suv� m,uv� m, 	
u m, �

1/2 �	
u Mm uv� Mmuv� Mm S	
u Mm�
1/4 �z- �? j f 	
u m f uv� Mmf uv� Mm ? S f 	
u Mm�

2-8

�??� �? �� �� �	
u m, Suv� m,uv� m, 	
u m, � �	
u Mm uv�Mmuv�Mm S	
uMm� = a	
u �m, j q]�uv� �m, j q]�c
�

1/2 45 ° �/4

sin cos PBS

� �uv� �m, j �A�� �	
u �m, j �A�� � 2
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2.3.3

P S

P-S [18] P PP S PS

P S

C� = CUuv�-Lm$�%� j m,N�KKKKKKKKKKKKK � LM�?`N
C� = CU	
u-Lm$�%� j m,N�KKKKKKKKKKKKK � LM�?dN

P0 �bias 2-9 �F

�bias 45 ° PMF

Pp Ps �P

�C = C� S C� = CU	
uMLm$�%� j m,N�KKKKKKKKKK � LM�?gN
�
�

�
�
�

2-12

�bias = 45° 
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P0 2-12 Pp Ps �P

Pp Ps �P

PMF Slow Fast

Rcloss-talk Pp Ps �P

�C = L? S �)#����!%|�NCU	
uMLm$�%� j m,N�KKKKKKKKK � LM�?lN
�F �P

2-13  ± 5 ° 
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± 5 ° 

2.3.4

�P

2-14 SLD

400 mA 20 mW
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2-15 20 

mW SLD 400 mA 0.92 mW

14.2 dB PBS P

S P S 0.46 mW

4 Co-MgF2

CoMgF2 2 ° 

�
�

�
�

2-15

SLD  = 400 mA

�

0.1

1

10

SL
D

(
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1+

2
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gh

t i
nt
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ty
 (m

W
)

Optical parts

0.3dB 0.5dB 6.2dB

7dB

0.2dB 0dB

20 mW

0.92 mW
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2.3.5

�

�

�

TIA Tran

Vout

�P (2-1

2-7

ns-Impedance

2

P

TIA

7)

e Amplifier

2-16

S

}��! =

2-16

�
�

0.064 m

= �� I ���� =

mW

P

PD1

S

�C I � I ����

S

2

A/W

K �KKKK

�P

Vou

KKKKK � L

�

ut
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���
�

Iin TIA ZTIA V/A S

A/W �P  (2-18) 

Tholab  FGA01FC

1550 nm S 1.003 A/W TIA

HCA-100M-50K-C DC 100 MHz HCA-100M-500K-C DC 4 MHz

ZTIA 50 kV/A 500 

kV/A TIA

2.4

2.4.1

Ipc

��) = 2U{Bw%x S B�P) I �!�!%| ���KKKKK �KKKKKKKKLM�M�N�
10 Tmax (°C) Ta

(°C) rc Tmax (°C) (�/cm) Rtotal
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= 0.00

�

�

�
�

(°C cm/W)

r20 20

0393 20 °C

D1 D2

(°C

) rc

0 °C

C cm/W)

H

(2.2

P) = P-
������ =

(

R1 R

r0

H

��

2-17

���

22)

-U�? j ��LBw
�� j �- = CM
(�/cm) �t

R2

V� ¡� = ��� K

(2.21)

w%x S M�N¢���K
C�Mn £
¤¥ D-D� j

P1 P2

KKKKKK
H

�

KKKKKK
?�C-n - ���KKK

r

KKK � � KK

Rtotal

KKKKKL
KKKKK � � L

(°C c

KKKKKKL
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¦  ¡ = MnP� H

§ = �MnP ¨P © PU ª��KKKKKK �KKKK � LM�M]N

2-18 2r0 Ipc Hmax

Ipc 25 °C PVC

Hmax r = r0 + 2 2 mm

16 kA/m 200 Oe
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2.4.2

(2.24)

2-19 8 200 1000 10000 mm2 2r0 = 3.2 16.0

35.7 112.8 mm 5 kA/m 62.8 Oe

10 mm

8 mm2 86% 10000 mm2 15%
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2.4.3

8 kA/m

100 Oe

2-1

2.4.1

�
�

2-1

~ 30 kA DC, 50/60 Hz 

~ 800 A DC ~ 200 kHz 

~ 400 A ~ 200 kHz 

~ 100 A ~ 200 kHz 

~ 1200A ~ 200 kHz 

~ 30 A DC ~ 200 kHz 

~ 100 A GHz 

~ 25 kA kHz 

�
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Ipc

��) = « t�iB��|�" ���KKKKKKKK � � KKKKKK � LM�M`N
K 152 Ac mm2 Tpulse s
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16 kA/m 200 Oe

kHz

(A)

100 ms (10 Hz) 10

(B)

5 ms (200 Hz) 5~8

(C)

ms (kHz) 1.5~2

(D)

ns (GHz) 

(E)

�s (MHz) 1 kA 500 kA

GHz 160 kA/m 

2000 Oe

�
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3   

3.1

3

Fe Co Ni s p

3d 3d

Fe Co

 [1]

1550 nm

�-Fe 1043K Co 1388K
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Fe  Co 

3.2

3.2.1

Fe Co IAD Ion Assisted Deposition

HOC-1300 3-1

Fe Co

�
�

3-1 Fe Co

Material

Substrate 

Temperature 

(°C) 

Degree of 

vacuum 

(Pa) 

Deposition 

rate 

(nm/s) 

Ion-gun parameters 

Gas VIG(V) IIG(mA)
Ion current 

density (�A/cm2) 

Fe < 80 1.0×10-2 0.05 Ar 500 600 31 

Co < 80 < 4.0×10-4 0.05 � � �

�



�

Fe CCo

3-1

SCHOTT

80 °C


��

D263Teco

450 °C

X

A

30r

X-tal

Ar

rpm

�

< 80

Fe

3-1

°C



�

Fe

AE

�

�

Fe

3-2

ES: Auger ele

3-2 Ar

Ar

ctron spectro

Fe

r

Fe

oscopy

Fe

70 nm


��

SiO2 Fe

Co

Fe

Si

Fe

iO2

e AE

Fe

Fe

S

e

Co

�
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3.2.2

Fe Co

VSM: Vibrating Sample Magnetometer

BHV-50  [emu] 

 [T] 

KLA Tencor

2

U4100

n k  [2]

d1 d2 T1 T2

(3.1) k

¬ = ­ p]qL � S  -N® £� �B�B-����KKKKKKKKKKKK � � L>�?N
R

R (3.2)

200 nm

� = L? S yN- j ¬-L? j yN- j ¬- ���KKKKKKKK � � K �KKKK � � L>�MN
(3.2) R (3.1) n
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Fe Co 2 2.3

P S

�F (° ) 

m, = ?l�q a¯°��� {C/C± S q]c���KKKKKKKKKKKK � L>�>N�
Pp Ps Agilent Technologies  8163A P

S W 45 ° P

S

�F,s It FOM Figure of merit

²³´Lµ�9¶�N �m,·��C|��� ����KKKKKKKKKKKK �K �KK L>�]N
C|���L¶�N = S?� £
¤ ���U ���KKKKKKKKKKKKK � L>�`N

I0 Ploss FOM

Fe, Co
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3.2.3 Fe, Co

3-3 Fe, Co ± 796 kA/m ( ±10 kOe)

Fe 65 nm Co 55 nm

Fe, Co

Ms Fe

1.88 T Co 1.7 T  [3] Ms Fe 2.16 T

Co 1.78 T

2

± 796 kA/m ( ±10 kOe)

VSM

± 796 kA/m

Hs

Hs Fe ± 1536 kA/m (± 19.3 kOe) Co ± 1456 kA/m (± 18.3 kOe)

Ms Hs

Hd (SI ) 

4U§& = 
 I �̧ ���KKKKKKKK �KKKKK � L>�dN
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0 4�×10-7 H/m N 1

Hs Hd 
r ( = Ms/Hd ) 1

�
�

�
(a) Fe 

�

�
(b) Co 

�
3-3 Fe, Co

(a) Fe 65 nm  (b) Co 55 nm 
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�

3-4  Fe, Co

(a) Fe 65 nm  (b) Co 55 nm 
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3-4 ± 796 kA/m (± 10 kOe) �F

Hs

�F,s

± 796 kA/m (± 10 kOe) Fe  Co  ± 

796 kA/m (± 10 kOe) �F  1.93 1.83 

�F,s �F,s

70 nm Fe, Co

�F,s 3-5

 [1] Fe Co

Fe, Co

1 3-4

1
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�
3-5  Fe, Co

(a) Fe 65 nm  (b) Co 55 nm 
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0 nm

 [4]

  

3-6 Fe Co 65 nm

55 nm 1550 nm

2.2 %

2
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2.3.3 7 dB 20 % 12~15 nm

Fe Co

(3.2), (3.3) n k 3-2

 [5] [6] Fe, Co

  

3.3

Fe Co 

[7]

Fe, Co Ag

3-2 Fe, Co  [5] [6] 

Optical properties 
Fe Co 

Ref. Exp. Ref. Exp. 

Refractive index 

n (@1550 nm) 
3.62 3.65 4.29 4.30 

Extinction coefficient

k (@1550 nm) 
5.56 5.60 6.41 6.17 

�



	��
�

 [8]

dm n jk

Ye (=X + jZ) �

¹ = B? S � = º»L¼"Nº»L½ I ¾N���KKKKKKKKKKKK � � L>�gN

¿½¾ À = Á 	
uÂ yy S f¬ uv�ÂfLy S f¬Nuv�Â ZQÃÂ Ä ¿ ?
Å j f�À

Æ = Mqp Ly S f¬N Ç
Re

� X + jZ 

�

Ta2O5 n = 2.138 SiO2

n = 1.458   

1550 nm Fe Co n k

2  2.3.3

7 dB 20 % 3-7
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Ta2O5 SiO2 	 = 1550 nm nd = 	/4 

Fe Co Ta2O5

3-8 Fe 65 nm Co 55 nm 

1550 nm 10

�

�
�

3-7 Fe Co

�

Glass substrate
n = 1.52

Fe (65nm)

Ta2O5 (181nm)
SiO2 (266nm)

Ta2O5 (181nm)
SiO2 (266nm)

Ta2O5 (181nm)

Ta2O5 (154nm)
SiO2 (266nm)

Ta2O5 (181nm)
SiO2 (266nm)

Ta2O5 (181nm)

Medium n = 1.46

Glass substrate
n = 1.52

Co (55nm)

Ta2O5 (181nm)
SiO2 (266nm)

Ta2O5 (181nm)
SiO2 (266nm)

Ta2O5 (181nm)

Ta2O5 (154nm)
SiO2 (266nm)

Ta2O5 (181nm)
SiO2 (266nm)

Ta2O5 (181nm)

Medium n = 1.46

(a) (b)
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3.4

 Fe Co Ta2O5 SiO2 3-1

 IAD(Ion Assisted Deposition)  HOC-1300

SCHOTT  D263Teco 3-3

�

�
�

3-8 Fe 65 nm  Co 55 nm
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nd

Fe Co SEM 3-9

3-3

Material

Substrate 

Temperature 

(°C) 

Degree of 

vacuum 

(Pa) 

Deposition 

rate 

(nm/s) 

Ion-gun parameters 

Gas VIG(V) IIG(mA)
Ion current 

density (�A/cm2) 

Fe < 80 1.0×10-2 0.05 Ar 500 600 31 

Co < 80 < 4.0×10-4 0.05 � � �

Ta2O5 80 ~ 150 1.5×10-2 0.2 O2 900 900 104 

SiO2 80 ~150 1.5×10-2 0.6 O2 750 900 92 

�
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3.5

�

�

3-10

(a) Fe

3-9 Fe, C

e 65 nm

Co

	
�

(a) 

�

(b) 

 (b) Co 55 nm

�

�

SEM
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 Fe 65 nm 20 %

� 19.9 % Co 55 nm

 25 % �  22.5 % 

Co 55 nm  Fe 65 nm

2.2 %  9 

Co 55 nm  2.2 % 
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Fe, 

Co

1550 nm

3-11

Fe, Co

Fe, Co

3-12

 [9]

3-13 Fe

Essential Macleod Thin 

Film Center Inc. Fe

Co
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3-11 Fe, Co
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3.6

FOM [° /dB] 

3-14 FOM

FOM

Bi:YIG 

 (SiO2/Ta2O5)5 / Bi:YIG / (Ta2O5/ SiO2)5 

 [10] 720 nm Bi:YIG 300 nm  634 nm

56 % (2.52 dB) 0.8 ° 

FOM 0.32 ° /dB 1550 nm 

Fe 65 nm 
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3.7

3-15

	a 

	b 	a 	b 	a 	b  1550 

nm

	a

	b

	a = 1550 +�	 	b = 1550 �	

1550 nm � [%]

Í = �p?``� @ ?�����Î�
�  0 ± � %

3-16 3-17

�F,s FOM �
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3.8

Fe

Co

(1) (IAD) Fe Co

(2) Fe Co

Fe Co 10

(3)

(4) Fe 65 nm
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FOM 0.25 ° /dB 0.32 ° /dB

Bi:YIG FOM   
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4   

4.1

R:YIG

(A) 300 °C  -20 60 °C

 [1] Ce YIG 200 °C

36 48 %

(B) 1550 nm

 [2]

(C)

MHz

(D)
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Fe Co

(A)

(B)

 [3] FeCo-AlF

(C) J. L. Dorman  [4] Fe-Al2O3

1550 nm 3000 ~ 4000 ° /cm

(D)

GHz

MHz  [5]

YIG

Fe Co MgF2

MgF2
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4.2

Maxwell-Garnett

4.2.1

�
�

4-1

Metal Oxide �fH� (kJ/mol) Fluoride �fH� (kJ/mol) 

Co 
CoO -237.74 CoF2 -671.53 

Co3O4 -910.02 CoF3 -790.36 

Fe 
Fe2O3 -825.5 FeF2 -705.84 

Fe2O4 -1120.89 FeF3 -1041.82 

Al Al2O3 -1675.69 AlF3 -1510.42 

Si SiO2 -905.49 - - 

Mg MgO -601.24 MgF2 -1124.24 

�
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4-1

(a) (b) 

�
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 [6] [7]

Fe Co SiO2 Al2O3  MgF2

AlF3 Fe Co Si Mg Al

�fH� 4-1

SiO2

Al2O3 4-1 (a)

MgF2 AlF3 4-1 (b) Fe Co

Al2O3 AlF3

SiO2 Fe Co

MgF2 AlF3

Y2O3 ZrO2

YF3 CaF2

ZnSe [8]

4.2.2 Maxwell-Garnett

2

Bruggeman

Maxwell-Garnet Braggeman
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Bruggeman 2

Maxwell-Garnet 2

2 Maxwell-Garnet

Maxwell-Garnet

4-2 (4.1)

Maxwell-Garnett

�"((")! S �Ï�"((")! j �Ï = F� �� S �Ï�� j M�Ï ���KKKKKKKKKKKK � � L]�?N
�"((")! = �Ð S f�ÐÐ

�Ð = y- S ¬-�· �ÐÐ = My¬
�effect n k 2 �a

�b

Fe Co

�

�
�

4-2

�
�

Actual granular structure
( : volume fraction)

Effective medium
approximation
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k Maxwell-Garnett 4-3

k

1550 nm Fe or Co = 0.33 Fe 

or Co  = 1 2

k k

or 

MgF2 AlF3

1550 nm

Fe Co

Co

k

Co MgF2

�

�
�

4-3 Fe Co

	=1550 nm Fe(or Co) volume fraction = 0.33
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Air
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AlF3 MgF2 PVD

Co

Co MgF2

Maxwell-Garnett Maxwell (2.3) D

E

��effect

��"((")! = a���"((")! � �� ���"((")! �� � ���"((")!c���KKKKKKKKKKK � L]�MN

��"((")! = Ñ ���"((")! ��'"((")! �S��'"((")! ���"((")! �� � �bb"((")!Ò���KKKKKKKKKK � L]�>N

Co MgF2

 [9]

���"((")! = ���*+,- j F��¨� ����� S ���*+,-ª~ ���KKKK �KKKK � L]�]N
��'"((")! = F�� I � ��'��~- ���KKKKKKKKKKKKKKKK � � L]�`N�
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~ = ¿? j L? S FN ¨� ����� S ���*+,-ª���*+,- ��À
Lx

Lx 1/3 

Co MgF2

Co MgF2

Co  [10]

Co

� ����� LÓN = � ������� !"#$% & LÓN� j �� ������� !#%$% & LÓN���KKKKK � � K L]�dN�
� ��'�� LÓN = � ��'���� !"#$% & LÓN� j �� ��'���� !#%$% & LÓN���KKKKK � � K L]�gN�

� Co-interband Co-intraband

dp

� ���Ô��Õ0�¥ÖÏ�0× LÓN� = ? j Ø �? S ØÓÙ¨ �ª��Ó/-Ù¨ �ªÓÚ�? S ØÓÙ¨ �ª�- j �Ó�Ù¨ �ª�-Û���KKKK � � L]�lN�
� ��'Ô��Õ0�¥ÖÏ�0× LÓN� = SØ Ó��Ó/Ù¨ �ª�-�ÓÚ�? S ØÓÙ¨ �ª�- j �Ó�Ù¨ �ª�-Û���KKKKK � � L]�rN�

�c �p 0.089 eV

9.74 eV  [11] dp �(dp)
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?ÙL N = ?Ù j t  ��KKKKKKKKKKKKKK � � L]�?�N
� 0.632 eV-1  [11] A

1.6 nmeV  [10] Co

dp Co

10 nm

4-4 Co

n k Co

�

�
�

4-4 Co Maxwell-Garnett

Co 6 nm 1 �m 1550 nm
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6 13
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Co MgF2   

4.3 Co-MgF2

Co-MgF2 SGC-22WA-RF

4-6

2

�
�
�

�
�

4-6

Vacuum

MgF2 Co

Sheathed heater 

Working Dome

Glass substrate

Evaporation source 1 Evaporation source 2

Film-thck. monitor 1 Film-thck. monitor 2

Rotary
Pump

Diffusion
Pump

Rotation
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SCHOTT

D263Teco Co MgF2

Co 2 ~ 4 mm 99.9 % MgF2 1 ~ 3 mm 99.9 %

<70 °C

450 °C 30rpm

4-2 Co MgF2

MgF2

 [12] 

[13]

Ar

�
�

4-2

Parameters Conditions 

Evaporation rate (nm/s) Co = 0.05 MgF2 = 0.05, 0.10, 0.15, 0.20 

Volume fraction of cobalt 0.20, 0.25, 0.33, 0.50 

Substrate temperature (°C) <70, 250, 350, 450 

Substrate rotation speed (rpm) 30 

Back pressure during evaporation (Pa) <5.0×10-4

Post annealing environment in vacuum 

Post annealing temperature (°C) 500 

Post annealing time (h) 4 

Back pressure during post annealing (Pa) <5.0×10-3

�
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MgF2 MgF2

Mg F

 [14]

 [15]

MgF2

MgF2

4.4 Co-MgF2

4.4.1 Co

2 4-2 Co

MgF2 4 Co

1 �m 70 °C

Co 0.5, 0.33, 0.25, 0.2 4-7 Co

Co

Co 0.20

Co

Co Co 1

1/3
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Co

 Langevin

Langevin

(4.11)

Langevin

�
�

�
(a) fCo = 0.50                 (b) fCo = 0.33 

�

�
(c) fCo = 0.25                 (d) fCo = 0.20 

�
�

4-7  Co fCo Co-MgF2
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¸L§N = �̧ ÜZQJÝ �4%Þ"�§¬ßB � S �¬ßB4%Þ"����à���KKKKKKKKKK � L]�??N
Ms H kB 1.381@10-16 erg/K T

K 
ave. (4.12)

4�á¥� = 4 I ¬ß4ß ���KKKKKKKKKKKKKKKKL]�?MN

 
B

9.274@10-21 erg/G 
ave. (4.13)

Vp (4.14) dp

}� = �4%Þ"�4%!w I ~UâM ����KKKKKKK � � KKKKKK � � L]�?>N
 � = M �>}�]n�

�â ���KKKK �KKKKKKKKK � � KK L]�?]N

atm Fe 2.219
B Co 1.715
B

 [16] a0 Fe 0.2867 nm Co 0.3548 nm  [17]

Ms 


4-8

Co MgF2 1:2

<70 °C

Co 4.587 nm 4-9

TEM: Transmission Electron Microscope

TEM 2.9 nm

min.-max. = 2.4-3.6 nm Langevin

Langevin
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 [18]
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4-8 Langevin

 Co-MgF2 1:2 <70°C

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

-800 -600 -400 -200 0 200 400 600 800

M
ag

ne
tiz

at
io

n 
(T

)

Applied magnetic field (kA/m)

Magnetization curve
(Measurement value)
Langevin fitting results


 ave. 3.60E-17
k B 1.38E-16
T 300

M s 4.950

 B 9.27E-21
a 0 0.3548
V 50.547
d p 4.587
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4-10 Langevin Co
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FOM 4-12

Co fCo = 0.33 Co : MgF2 = 1 : 2

Co fCo = 0.33

4.4.2

Co

Co fCo = 0.33  <70 °C, 250 °C, 350 °C, 450 °C

Co-MgF2

4-13 <70 °C 250 °C
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350 °C

Langevin

Co

TEM 4-14 TEM

Dave.
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�
(a) <70 °C                   (b) 250 °C 

�

�
(c) 350 °C                   (d) 450 °C 
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(a) <70

(b) 250 

(c) 350 

(d) 450 °

C
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°C Dav

°C Dav

°C Dave

°C Dave

Co-MgF2

e. 2.9 nm�

e. 4.0 nm

e. 6.8 nm

e. 10.6 nm�

�

�

�

�
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Co

4-3  [9] [19] [20] [21]

n k Co

Co 0.33

k  0.028 0.183

Maxwell-Garnett Co-MgF2 k = 

0.089 Co 0.33
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4.4.3

3 �m Co-MgF2 Co fCo = 0.33, 350 °C

�
4-3

<References> 

Granular 

structure 

Coating 

method 

Substrate 

temperature 

Volume 

fraction of 

cobalt 

Optical constant 

633 nm 850 nm 1550 nm 

Co MgF2 Co-evaporation
R.T. 

285 °C annealing
0.30 

n=1.998

k=0.558
- - 

Co Al2O3 Co-evaporation <100 °C 0.30 
n=2.177

k=0.339

n=2.207

k=0.267

n=2.256 

k=0.197 

Co ZrO2 PLD R.T. 0.20 
n=2.676

k=0.73 

n=2.458

k=0.61 
- 

Co HfO2 Co-evaporation R.T. 0.30 
n=2.17 

k=0.74 

n=2.39 

k=0.74 
- 

<Experimental results> 

Granular 

structure 

Coating 

method 

Substrate 

temperature 

Volume 

fraction of 

cobalt 

Optical constant 

633 nm 850 nm 1550 nm 

Co MgF2 Co-evaporation <70 °C 0.30 
n=2.049

k=0.386

n=2.117

k=0.309

n=2.186 

k=0.183 

� �
250 °C 0.30 

n=1.972

k=0.466

n=2.073

k=0.392

n=2.186 

k=0.244 

� �
350 °C 0.20 

n=1.935

k=0.173

n=1.910

k=0.091

n=1.939 

k=0.068 

� �
450 °C 0.30 

n=1.669

k=0.082

n=1.649

k=0.055

n=1.632 

k=0.028 

�
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4-17

± 160 kA/m ± 2 kOe

±19.9 kA/m ±250 Oe
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4-19 �F,s k
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4-18 Co-MgF2
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4-21 Co-MgF2 X
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4.4.4 X

MgF2 200°C

 [22] Co

fcc hcp

40 nm fcc

 [23] 4-21 Co-MgF2 X

<70 °C MgF2

Co 250 °C

MgF2 350 °C 2� = 44 ° Co

Co hcp fcc

350 °C 44 ° 
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4-22 Co-MgF2  [24]
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Co MgF2 1:2  Co
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4.5

500 °C × 4 hour

4-26 4-27

k �F,s

350 °C

4-4 Co-MgF2

Substrate 

temperature (°C)

Atomic % 

Co Mg F 

<70 21.63 19.63 58.73 

250 23.44 20.15 56.41 

350 19.12 22.38 58.50 

450 10.73 25.73 64.04 

�
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4-28
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4-31 X <70°C

Co MgF2

Co

hcp-Co (011)

250°C Co hcp

Co

4.6 Co-MgF2

R:YIG

Co-MgF2

Co 4-32

100, 150, 200, 350 °C Co-MgF2 Co:MgF2 = 

1:2 350 °C 350 °C

350 °C 
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4.7 Co-MgF2

Landau-Lifshitz-Gilbert (LLG) 


i’ 
i’’  [25] Co-MgF2


i (4.17)

4Õ = L]n ±̧N-Íå-ÓU- S Ó- j f]npÓ��KKKKKKKKKKK � � L]�?gN�
ÓU- = ]nÍå-L§æ ±̧N��
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pç = �Íå ±̧
Ms �R
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0.01 	L Landau-Lifshitz 4-34 Co-MgF2
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Co-MgF2 5

MHz

Co-MgF2 DC MHz

4.8

(1) <70 °C Co-MgF2

Co

(2) Co-MgF2 1550 nm k

0.028 0.77 ° /�m
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(3) 500 °C

k FOM

3

(4) Co-MgF2 1:2 250 °C 500 °C

0.28 ° /dB Maxwell-Garnett

(5) 350 °C 10 %

Co-MgF2 350 °C
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10 GHz
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5 Fabry-pérot

5.1

Co-MgF2

1GHz  [1]

2/3

1

Fabry-pérot

Fabry-pérot 5-1

M-D-M 3

	0 1/2
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5.2 Fabry-pérot

Fabry-pérot  [6] nd = 	/4 

nd = 	/2 

 Ta2O5 Refractive index n = 2.15,  Extinction 

coefficient k = 0 at 1550 nm  SiO2 n = 1.46, k = 0 at 1550 nm

2 Ta2O5

Co-MgF2 Fabry-pérot 

 Co-MgF2

Co:MgF2 = 1:2 350 °C

 Fabry-pérot 

 350 °C 

	0 1550 nm 5-2 (a) 

x Ta2O5/SiO2 x = 2, 3, 5

Air Substrate Ta2O5/SiO2 2

x = 2

L

5-2 (b) Cp L

SiO2 nd = 1/4 	

y L y = 0, 1, 2, 3 1, 2, 3, 4, Cavity

y = 0
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 [7] 5-4

�n

Z �(Z)

èL�N = éê�ê'Ý�Ý'ë = t ìíí
íî ?Sffi./i./ ïðð

ðñ êòæóô j ½ ìíí
íî ?SfSfi./Si./ ïðð

ðñ ê�òæóô j ¾ ìíí
íî ?fSfi.0i.0 ïðð

ðñ êòæõô j D ìíí
íî ?ffi.0Si.0ïðð

ðñ ê�òæõô��� � L`�?N
¬/ = öÔ i./ ¬0 = öÔ i.0

� =2�v v c A, B, C, D

kp kn ./ .0
Z

�D

÷ø =
ù
úúú
û 	
uÂ � � fz.ø uv�Â� 	
uÂ S fz.ø uv�Â �
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èL�U j DN = L�ø� I �ø-N- I �� I L�ø- I �ø�N� I èL�UNKKKKKKL`�`N�

Co-MgF2

Fabry-pérot
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 [7]

5.4 Fabry-pérot

Fabry-pérot Co-MgF2

Ta2O5 SiO2 5-1 Co-MgF2

Ta2O5, SiO2

Co-MgF2 Ta2O5 SiO2

160 °C

160 °C Fabry-Pérot

�
�

5-1 Co-MgF2 Ta2O5, SiO2

Parameters Co MgF2

Evaporation rate (nm/s) 0.05 0.10 

Substrate temperature (°C) 350 

Rotation speed (rpm) 30 

Degree of vacuum during evaporation (Pa) 4.0×10-4

Parameters Ta2O5 SiO2

Evaporation rate (nm/s) 0.20 0.60 

Substrate temperature (°C) 160 

Rotation speed (rpm) 30 

Degree of vacuum during evaporation (Pa) 2.0×10-4 1.5×10-4

Inlet gas O2

Applied voltage for Ion-gun (V) 900 750 

Applied current for Ion-gun (mA) 900 900 

�
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IAD Ion Assisted Deposition HOC-1300

Ta2O5, SiO2

SGC-22WA-RF Co-MgF2 IAD

SCHOTT �

D263Teco

5.5 Co-MgF2

Fabry-pérot

n k

n, k

 [8] Cauchy Sellmeier

Lorentzian n, k

Drude

Ta2O5, SiO2 Sellmeier

Co-MgF2 Lorentzian

Curve Fitting

 U4100
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Ta2O5, SiO2 Sellmeier   

yLpN = {? j tÐ? S ½Ðp · ¬LpN = ���� KKKKKKKKKKL`�dN�
5-5 Sellmeier ���, ��

Fabry-pérot Co-MgF2 
/2

400 nm

�����������2�!�& �

�

y-LpN = tÐÐ j ¬-LpN j ½ÐÐp-¨p- S ¾ÐÐ-ª¨p- S ¾ÐÐ-ª-DÐÐ-p- ���KKKKKKK �KK L`�gN�
¬LpN = ?MyLpN ½��D��pâLp- S ¾��-N- j D��-p- ���KKKKKKKKKKKKL`�lN�

�
�

5-5  Ta2O5, SiO2

�
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����·����·����·���� Curve Fitting

5-2 2

(Layer 1) (Layer 2)

k

n Co-MgF2

5-6 n, k Drude model

 [9]

1550 nm 1.89

�
�
�

5-2 Co-MgF2

Dispersion analytical model Analyzed results 

Layer Material 
Dispersion 

formula 

Curve fitting 

coefficient 

A’’ to D” 

Calculated optical 

constant at 1550 nm Thickness

n k 

Medium Air - - 1.000 0.000 - 

2 Co-MgF2 Lorentian 

A’’=1.37089

B’’=2.287998

C’’=193.5233

D’’=133.9831

1.918 0.053 325 nm 

1 Co-MgF2 Lorentian 

A’’=1.226106

B’’=1.933150

C’’=157.5613

D’’=141.7150

1.779 0.050 75 nm 

Substrate D263Teco - - 1.506 0.000 1mm 

�
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2 Fabry-pérot

Fabry-pérot Co-MgF2

(nd = 	/2) d 409.6 nm

5.6 Fabry-pérot

Fabry-pérot x

x = 2, 3, 

5 5-7   

�

�
�

5-6  Co-MgF2 n , k
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Air  (Ta2O5/SiO2)2  Co-MgF2 (SiO2/Ta2O5)x  Substrate 

	 = 1550 nm 1550 nm

Fabry-pérot

x = 2

2 %

5-8

�
�

�
�

5-7 x Fabry-pérot
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Experimental result
Calculation result
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�F,s(	)

Fabry-pérot 1550 nm

x

x = 5

13 SLD

2 1550 nm

�F,s

�

�
�

5-8 Fabry-pérot
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m,·� = � ��D��Q�êPLpN��D�JQJ~o��Q�êP I m,·�LpN � p��� KKKKKKK � L`�rN�
5-9 FOM

x

x = 5  -1.24 ° /�m Co-MgF2 3.4

x = 5

FOM

x = 3

�
�

�
�

5-9 Fabry-pérot
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(a) Calculation results
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5.7

5-9 x = 2

FOM x = 2

Fabry-pérot L

y = 0, 1, 2, 3 1, 2, 3, 4 Cavity

�
�

�
�

5-10 y Fabry-pérot
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5-10

Air L  (Cp/L)y  Substrate 

y = 0 ~ 2 y = 3 

�
�

�
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5-11 Fabry-pérot

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1400 1450 1500 1550 1600 1650 1700

Sa
tu

ra
tio

n 
Fa

ra
da

y-
ro

ta
tio

n 
an

gl
e 
� F

,s
(°

)

Wavelength (nm)

y = 0 (1 Cavity)
y = 1 (2 Cavity)
y = 2 (3 Cavity)
y = 3 (4 Cavity)



����
�

5-11 y

�F,s(	)

1550 nm

5-12

FOM

y = 2 (3 Cavity) �F,s FOM

�
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5-12 Fabry-pérot
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(a) Calculation results
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����
�

Co-MgF2 3.1  (�F,s = -1.12 ° /�m) y = 1 (2 Cavity)

FOM y = 2 (3 Cavity)

1.5 (FOM = 0.196 ° /dB) y = 3 (4 Cavity) �F,s 

FOM

SLD

5.8

Co-MgF2

Co-MgF2

Fabry-pérot

(1) Co-MgF2 1550 nm n 1.89

k 0.052
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(2) 1550 nm Co-MgF2 Fabry-pérot

x �F,s x = 5

3.4 �F,s = -1.24 ° /�m FOM

(3) 1550 nm Fabry-pérot

y = 2 3 Cavity �F,s

3.1 -1.12 ° /�m FOM 1.5 0.196 ° /dB

(4) Fabry-pérot

Co-MgF2 Fabry-pérot

�
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�
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6.1

8 16 kA/m (100 200 Oe) 

 [° /(A m-1)] 

6-1  [dB] 

 [° /(A m-1)] 

±80 kA/m (± 1 kOe) 

3

4 Co-MgF2

5 Fabry-pérot
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6-1

Fabry-pérot

�
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Fabry-pérot
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Co-MgF2, 1:2, 450�

References

Ce:YIG[1] FeCo-AlF[2]
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$�-�(+&$ -�(�5$�

 [° /(A

m-1)]  [dB] [° /(A m-1 dB)] 6-1

1:2 450 °C 500 °C × 4 h Co-MgF2

1.51×10-6 ° /(A m-1 dB) Fe

10

�

�

�

6.2

6-1

 ×10-6 [° /(A m-1 dB)] 

Fe  65 nm 0.17 

Fe 65 nm 0.22 

Co-MgF2

1:2, 450 °C
1.35 

Co-MgF2

1:2, 450 °C, 

500 °C 4h

1.51 

Fabry-pérot 3 Cavity 0.65 
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6.2.1

Co

6-2

(a) 

o-MgF2

6-2

2-11

1:2

50 ×

(b) 

�
��

2-16

10 mm

�
�

�
�

350 °C 3 �m Co-

60 Hz

-MgF2

�
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1.5 mm 1000 A rms

± 8 kA/m (± 100 Oe) Optical 

controller 2-10 (a) 

:HCA-100M-500K-C :DC 4 MHz

: 500 kV/A

6-3 SiC

FET FET / 6-3 (b)

FET FET

FET

FET

FET FET

FET

0 ~ 100 A �2 mm

2 mm

100 A 5.3 kA/m = 67 Oe

6-2

2 Co-MgF2
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6.2.2 

DC 4 MHz 8 kA/m ( 100 Oe) 

(2.19) Vout �P 6-2

�
(a) 

(b) 

�
6-3

(a) (b) Turn ON/OFF 

Optical probe current sensor

Time

Time

i

Turn on

i

Turn off

i
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30 mV (Peak to Peak) 8 

kA/m Vout 30 mV (2.19) 

PD S = 1.003 A/W TIA ZTIA = 500 kV/A �P  0.06 �W

(2.17) P0

�F �P 

(2.17) 

�P > 0.06 �W FOM 0.1×10-6 ° /(A m-1 dB) 

S/N

Co:MgF2 = 1:2

350 °C 3 �m 0.53×10-6 ° /(A m-1 dB)

S/N

 [3]

4.8

2.54×10-6 ° /(A m-1 dB) 

6.2.3

(2.17) �P 

Co:MgF2 = 1:2 350 °C

6-4 1~3 �m

FOM 3 3 �m
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3 �m

Co-MgF2

²³´�Lµ�9� I ��� I ¶�N�� ����l>d�  j ��]g?`���� KKKKK �KK �K Ld�?N
d Co-MgF2   

6-5 0~10 �m T0 8 kA/m

�F

BU = »�	L]q¬ 9pN��KKKKKKKKK �KKKK � � Ld�MN�

�

�
6-4 Co-MgF2

Co:MgF2 = 1:2, 350 °C
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k k=0.058 d Co-MgF2 	

	=1550 nm �F (6.1)

FOM T0 8 kA/m 100 Oe

�P

(2.17) �P P0

CU = C
ç��¾|����BU ��KKKKKKKKKKKKKKLd�>N

�
�

6-5 Co-MgF2

Co:MgF2 = 1:2, 350 °C, 8 kA/m
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PSLD SLD [W] Closs SLD

(2.17)

�C = C
ç��¾|����BU 	
u MLm$�%� j m,N��KKK � � KKKKK � � Ld�]N
PSLD 20 mW Closs 7.2 dB 19 % �bias 45 ° = 0.785 rad

�P T0 �F

6-5

(6.4) �P 6-6

�P 8 kA/m 27 % d=2.75 �m

20 35 %

�
�

�
�

6-6 Co-MgF2

 8 kA/m
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Transmittance of granular film (%) 

T0=27 %
(d=2.75 �m)
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Co-MgF2

21.58 % 3 �m

�P

6.2.4

6-7 1000A rms 60Hz

6-8

5.3 ~ 8 kA/m 67 ~ 100 Oe

�
�

�
�

6-7 Co-MgF2

1000 A rms 60 Hz
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6-8 Co-MgF2
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(1) Co-MgF2

Co:MgF2 = 1:2 450 °C 500 °C

1.51×10-6 ° /(A m-1 dB) 

�

P�Q Co-MgF2

SiC

5.3 ~ 8 kA/m 67 ~ 100 Oe

�

�

 Co-MgF2

�
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7   

SiC GaN

Fabry-pérot

FOM

mm in-situ

Fe Co

FOM 1.27 0.32 ° /dB
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Co MgF2

Co

Co

Co-MgF2 350 °C

350 °C 10 %

Co-MgF2 Co

1:2 250 °C

3.1 FOM

Co-MgF2 Fabry-pérot

x = 5

3.4 -1.24 ° /�m

Fabry-pérot
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Fabry-pérot

y = 2 3 Cavity

3.1 -1.12 ° /�m

FOM 1.5 0.196 ° /dB

1:2

450 °C 500 °C Co-MgF2

1.51×10-6 ° /(A m-1 dB) 

0.15×10-6 ° /(A m-1 dB) 10

Co-MgF2

SiC

5.3 ~ 8 kA/m 67 ~ 100 Oe

Co-MgF2 Co-MgF2

450 °C

Co MgF2
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100 MHz < 1 kA
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