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Fig. 7 Select Definition  
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Fig. 13  
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Fig. 22  
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Fig. 24 Eigenmode  



２－ 56 ２－ 57

(3)  
[mm]  

 
(4)  

Vacuum  
 
(5)  

 

 

Fig. 25  

(6)  
 

 
(7) Solution type  

[HFSS]>[Solution Type]  
Solution Type  

 

Fig. 26 Solution type  
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Fig. 27 Solution Setup  
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Fig. 28 Eigenmode data 
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Fig. 33 /2  
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Fig. 36  
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Fig. 39  
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[Components]>[default]>[
] [Change Material]

Material
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Fig. 40  
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[Solve]>[Frequency] Frequency 
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[Solve]>[Boundary Conditions]
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Fig. 42  
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(9)  
[Mesh]>[Mesh View]

 
[Mesh]>[X/Y/Z Plane 

Normal]
[Mesh]>[Increment/Decrement Index]

 

 

Fig. 43  

[Mesh]>[global Mesh Properties]
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[Components]>[default]>[
]

[local mesh property]
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[Object]>[Pick]>[Pick Face]
Face  

 

 

Fig. 44  

[Solve]>[Waveguide Ports] Ports
 

 

Fig. 45 Port  

[OK]  
 
(11)   
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Fig. 46  

[Start]
 

 
(12)  

[2D/3D 
Results]>[Port Modes]>[ ]>[

(e1 h1 )]

 
[Results]>[Plot 

Properties]

 
 
(13) S-  

[1D Results]>[Port signals]
 

0  

 
S-

[1D Results]>[|S| linear]/[|S| dB]
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Chart]  
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[Start]
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[Yes]

 

 

Fig. 49  

(15)  
[Solve]>[Field Monitors]

 
Monitor (Type)
Frequency [Apply]
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[Results]>[Plot Properties] 3D

  
[Results]>[3D Fields on 
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[Use broadband frequency sweep]
 

[Start]
 

 

Fig. 52  

3.3.2.3. Eigenmode  

(1) (9)
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(3)  

Dimensions mm 
Frequency  GHz 
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Fig. 54  
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(9)  

 

Fig. 55  

(10) Eigenmode  

 
 

[Solve]>[Eigenmode 
Solver] Eigenmode Solver Parameters

 
 Solver setting  
 Method  
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 (5 ) AKS 
 Mode  

 

Fig. 56 Eigenmode  

[Start]
 

 
(11)  

N
 

Table 1  

Navigation tree Type of results 

[2D/3D Results] > [Mode] 
> [Mode N] > [e] Electric field 

[2D/3D Results] > [Mode] 
> [Mode N] > [h] Magnetic field 

[2D/3D Results] > [Mode] 
> [ModeN] > [Surface 

Current] 

Surface current 
field 

[2D/3D Results] > [Mode] 
> [Mode N] > [Energy 

density] 
Energy density
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Fig. 57 0  

 

Fig. 58  

 

[1] 
 

[2] 
 

[3] 

 

[4] FDTD
 

[5] 
 

[6] 
 



２－ 66 ２－ 67

3. 
 

1.  

RF

 

 

 

"
" 

 
 

 

  

  

  

  
 

2.  

2.1. 
 

 

 -

 

 

 

 

 

 -
 

2.2.  

Fig. 1 
 



２－ 68 ２－ 69

 

Fig. 1  

Fig. 1 

0Z

Z
Z R jX  

 
0

Z
z r jx

Z
 (2-1) 

 0Z 1
y g jb

Z z
 (2-2) 

z y Z 0Z

0Z Z (z 1)

0Z Z (z 1)

 

z 1

 

V exp j( )i t l  (2-3) 

0V / exp j( )i Z t l  (2-4) 

 

V exp j( )r t l  (2-5) 

0V / exp j( )r Z t l (2-6) 

V ,Vi r 0l

2 / g g  

l

Zl  

 0
V V

Z Z
V V

j l j l
i r

l j l j l
i r

e e

e e
 (2-7) 

0l Zl Z

 

 0
V V

Z Z
V V
i r

i r

 (2-8) 

 

 0

0

V Z Z z 1
V Z Z z 1
r

i

 (2-9) 

(2-3) (2-6)

V ,V ,r i z

| | exp j

S-
 

 11S  (2-10) 

 

l
V (2-3) (2-4) (2-9)

 



２－ 68 ２－ 69

 

( ) ( )

( ) 2

( ) ( 2 )

V V V

V (1 )

V (1 | | )

j t l j t l
i l
j t l j l

i
j t l j l

i

e e

e e

e e

 (2-11) 

V  

2| V | | V | 1 | | 2 | | cos( 2 )i l  

  (2-12) 

Fig. 2 / 2g

(2-11)  

 | V | | V | (1 | |)max i  (2-13) 

 | V | | V | (1 | |)min i  (2-14) 

| V |max | V |min

 

 
| V | 1 | |
| V | 1 | |

max

min

 (2-15) 

 

Fig. 2  

(2-9) (2-15)  

 
1

| |
1

 (2-16) 

 
1

z
1

 (2-17) 

 
 

2.3.  

z r jx

I Q| | jje (2-16)

r x   

 
2 2
I

2 2

1
r

(1 )
Q

I Q

 (2-18) 

 
2 2

I

2
x

(1 )
Q

Q

 (2-19) 

 

 
2

2
2

r 1
I

r 1 ( 1)
Q

r
 (2-20) 

 
2

2
I 2

1 1
( 1) Q x x

 (2-21) 

r

I r / (r 1) 0Q 1 / (r 1)

x

I 1, 1 / xQ 1 / x

Fig. 3 
Fig. 4 Fig. 3 
r = 0 Fig. 4 

1(| | 1 )

Fig. 5  



２－ 70 ２－ 71

 

Fig. 3 z 1 / z 1

 

Fig. 4 je  

 

Fig. 5  

2.4. Q  

Q

Fig. 6 
 

 

Fig. 6  

0 Q unloaded Q 0Q  

 0
1

LC
 (2-22) 

 0
0

C
Q

G
 (2-23) 



２－ 70 ２－ 71

 

 0

0

C
Y G j

Lin  (2-24) 

 

 0  (2-25) 

 
0

1  (2-26) 

 

 0
0

Y G 1 2jQin  (2-27) 

 

Q Q
Q loaded Q QL  

 0

0

Q
G YL

C
 (2-28) 

Q
Q external 

Q Qext  

 0

0

Q
Yext
C

 (2-29) 

(2-23) (2-28) (2-29)  

 
0

1 1 1
Q Q QL ext

 (2-30) 

 

 

 0Y

G
 (2-31) 

Q  

 0Q

Qext
 (2-32) 

(2-30)
 

 0QQ
1L  (2-33) 

(2-26)
 

 0
0 0 0

Y G
1 2jQ g jb

Y Y
in  (2-34) 

 

 0

0

Y Y (1 g) jb
Y Y (1 g) jb

in

in

 (2-35) 

Fig. 7 
 

 

Fig. 7 Q  



２－ 72 ２－ 73

b g (2-34)  

 
0

0

0
0

2Q 1

Q
2

 (2-36) 

0

 

 0
0

0

Q
2

 (2-37) 

Fig. 7 
b g 0Q

0

 
1b (2-31)

(2-34)   

 
0

0 0

0
0

G
2Q 1

Y
1

Q Q
2 ext

 (2-38) 

ext  

 0Q
2ext

ext

 (2-39) 

Fig. 7 
b 1 Qext

ext

 
(1 g)b

(2-31) (2-33) (2-34)  

 
0

0 0 0

0
0

G G
2Q 1

Y Y
1

Q Q
2 1 L

 (2-40) 

L

 

 0Q
2L

L

 (2-41) 

Fig. 7 
b (1 g) QL

L

 
QL 0Q Qext

(2-32)
 

 

2.5.  

S Q

 

(2-7)
 

 0
0

0

1

jQext

Z  (2-42) 

 

0

0

V V 1
Z

V V Q

j l j l
i r

l j l j l
i r

ext

e e

e e j

 (2-43) 

 

 
Z 0

V V
l

i r

 (2-44) 

 



２－ 72 ２－ 73

 
0

0

cos( ) 1
0

sin( )
Qext

l
j l

j

 (2-45) 

 

 

0

0

0 0

0
0 0

1 2
tan

Q ( )
2 2

, ( )
2

ext g

g

g
g g

l

l

l l

 (2-46) 

g
1/4

=0 0

l

l

 

 

2.6.  

Q

Q0

QL
 

2.7.  

L
f/ L

r / r  
L, r

 

3.  

3.1.  

 

  

  

 
 

 
R

 

 
 

 
 

 

(SUS316L)

 

 
TIG HIP



２－ 74 ２－ 75

O
200

 
 

JIS

 

3.2.  

CAM

CAM

 

  

 

Fig. 8  

  

 

Fig. 9  

 NC CAM 

 

Fig. 10  



２－ 74 ２－ 75

 

Fig. 11  

 

0.025 mRa

 
 

 

 

3.3.   

 

3.4.  

 

Table 1  

   

ECB EP CP BUFF 

    

 

  

 

  

 
   

 

  

  

  

 
    

    

    

    

 

4.  

4.1.  

4.1.1.  



２－ 76 ２－ 77

 
 

 

 
 

 
10 4torr

 
 

 
10 4torr

 

4.1.2.  

Fig. 
12 

 

 

 

Fig. 12  

(1) exp
 

(2) T1

T1

 
(3) T2

OFF

T2

OFF

 
(4) T2  200

 



２－ 76 ２－ 77

(5) 50 100

 

4.1.3.  

 
 
(1)  

2 5%  
 

(2)  
 

(3)  

 
(4)  

40  
SUS 70  

 

 

4.1.4.  

Fig. 13 
Fig. 14 

Table 2 Table 

3 
 

 

 

Fig. 13  

 

Fig. 14  

 



２－ 78 ２－ 79

Table 2  

 mass%  
A B Ag Au Cu  

BVAg-0 BV-Ag100-961 99.95  - 0.05  - 
BVAg-6B BV-Cu50-780/870 490 ~ 51.0 -  - 
BVAg-8 BV-Ag72Cu-780 71.0 ~ 73.0 -  - 
BVAg-8B BV-Ag71CuNi-780/795 70.5 ~ 72.5 -  Ni 0.3 ~ 0.7 

BVAg-18 BV-Ag60CuSn-600/720 59.0 ~ 61.0 -  Sn 9.5 ~ 10.5 

BVAg-29 BV-Ag61CuIn-625/710 60.5 ~ 62.5 -  In 14.0 ~ 15.0 

BVAg-30 BV-Ag68CuPb-805/810 67.0 ~ 69.0 -  Pd 4.5 ~ 5.5 

BVAg-31 BV-Ag58CuPd-825/850 57.0 ~ 59.0 -  Pd 9.5 ~ 10.5 

BVAg-32 BV-Ag54PdCu-900/950 53.0 ~ 55.0 -  Ni 24.5 ~ 25.5 

BVAu-1 BV-Cu63Au-990/1015 - 37.0 ~ 38.0  - 
BVAu-2 BV-Au80Cu-890 - 79.5 ~ 80.5  - 
BVAu-3 BV-Cu62AuNi-975/1030 - 34.5 ~ 35.5  Ni 2.5 ~ 3.5 

BVAu-4 BV-Au82Cu-950 - 81.5 ~ 82.5 - Ni  

BVAu-11 BV-Cu50Au-955/970 - 49.5 ~ 50.5  - 
BVAu-12 BV-Au75CuAg-880/895 12.0 ~ 13.0 74.5 ~ 75.5  - 

Table 3  

  
A B    

BVAg-0 BV-Ag100-961 961 961 961 ~ 1080 
BVAg-6B BV-Cu50-780/870 780 870 870 ~ 980 
BVAg-8 BV-Ag72Cu-780 780 780 780 ~ 900 
BVAg-8B BV-Ag71CuNi-780/795 780 795 795 ~ 900 
BVAg-18 BV-Ag60CuSn-600/720 600 720 720 ~ 840 
BVAg-29 BV-Ag61CuIn-625/710 625 710 710 ~ 790 
BVAg-30 BV-Ag68CuPb-805/810 805 810 810 ~ 930 
BVAg-31 BV-Ag58CuPd-825/850 825 850 850 ~ 890 
BVAg-32 BV-Ag54PdCu-900/950 900 950 950 ~ 990 
BVAu-1 BV-Cu63Au-990/1015 990 1015 1015 ~ 1095 
BVAu-2 BV-Au80Cu-890 890 890 890 ~ 1010 
BVAu-3 BV-Cu62AuNi-975/1030 975 1030 1030 ~ 1090 
BVAu-4 BV-Au82Cu-950 950 950 955 ~ 1005 
BVAu-11 BV-Cu50Au-955/970 955 970 970 ~ 1020 
BVAu-12 BV-Au75CuAg-880/895 880 895 895 ~ 950 
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Table 4  

 Ag Al Au Be Cd Co Cr Cu Fe Mg Mn Mo Nb Ni Pb Pt Re Sn Ta Ti V W Zr

Ag            

Al            

Au            

Be            

Cd            

Co            

Cr            

Cu            

Fe             

Mg             

Mn             

Mo             

Nb             

Ni             

Pb             

Pt             

Re             

Sn            

Ta            

Ti            

V             

W             

Zr             
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