JP 2004-536287

A 2004.12.2

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
153 2004-536287
(P2004-5362874)
) AEE  FRIGE12A2E (2004.12.2)
(51) Int.CL." Fl F—va—F (B%)
GO1R 27/% GO1R 27/26 T 2G028
HO1P 1/208 HO1P 1/203 510086
HO1P 1/206 HO1P 1/205 B
HO1P 7/08 HO1P 7/08
SEEX FEX PRBEERE (& 65 H)

@) LESEE 15RE2002-582012 (P2002-582012) |(71) EEA 503370192
(86) (22) BEEH SERL14EE4A2H (2002.4.2) Fawks TAPLA a2—RLAf¥a
85) BIFASCIRME  FELISEI0ASH (2003, 10.8) v
(86) EEHESEE  PCT/IB2002/001027 FAVHERE HVTEAZT 921
87 EREAMES  ¥02002/084310 21, H¥Y FL4ILT, FoLR
87 HELHAB SERI4EE10H24H (2002.10.24) BLr K47 10300
(Bl) BEEZEEE  60/283,093 (74) {RIE A 100078282
(32) E5%H PREIEAR11H (2001, 4. 11) #E+ WE HH
(33) IBEEEERE *ME (US) (74) R A 100062409
(Bl) BEIEEZESEE  09/904,631 £E+ 2 &R
(32) ®5H ERRI3ETA 136 (2001.7.13) (74) {RIE A 100113413
(33) IBEEEERE #KE (US) #E+ HT EHiE
(31) EAEEERES 09/912,753
(32) B5H ERRISETH 248 (2001. 7. 24)
(33) BRIETERE HEH (US)
BRI S

64 (REAOEM] BEkF 21— UAREEMERT A A B L UFEREDHE
GNHOO0O
O000000000000000000000000 &2
O000000000000000000000000 .
0000000000000000000000000 voc | rems @M
O000000000000000000000000 | w  em, ok | o FLM

e
O000000000000000000000000 v M
0000000000000000000000000 e T
O000000000000000000000000 s gl [N Nen

+C1 REALIZED AS

0000000000000000000000000 AP CAPAGITORS
O000000000000000000000000 20~ —
O000000000000000000000000 o —

ogooooooobobobooooooooooooo
ggoooooooboobobooooooooooooo
ugogoooobobobbootooooauoaoooo
goobOooooobobooooooboooooooo
gooObOooooobbooooooboooooooo

PLANAR REALIZATION OF SINGLE RESONATOR BPF



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

Ooo0oooogoQgdg

Ooooooooooooooo0ooDoooogooooao

Ooooooooooooooaono
Ooooooooogoogoao

O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O
(]
O

Oo0oooogoQgg

O

Oo0oooogoQgg

Oooooogogdg

O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo

O
O
O
O
O
O
O
O
O
O

Ooooooggdg

O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
OJ
O
O

(2)

O
O
OJ
O
O

O
O
O
O
O

JP 2004-536287 A 2004.

O
O
O
O
O
O
O
O
O
O
O

O
O
O

O O
[ |
O O
O O
O O
O O
O O
O O
O O
O O
O O

12.

O
O

10

20

30

40

50



e R ey [ s R s [y |

e e e I A
[ s e e e ey e s s e I
e s e e e e e ey e s s e Y o

OooooocoooooooooooDooooooooooaoo
OoOooooooo0ooDooooooDoDoooooooooaoo
OooooooooooDoooooooDoDoDooooooooao

Oooooooodg
OOo0ooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooog

OOo0ooooocooooooao

O
O

Oo0oooooogoogodg
Oo0oooooogoogog

O Ooo0oooao
O O0Oo0gooao

O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O

O
O
O
O
O
O

O 0Oooo

O Oooo

O Oooo

O Ooogoo

O

O

O 0ooo

O
O
O
O
O

O 0Oooo

O Oooo

O Oooo

O Oooo

)

O 0oo o

O 0Oooo

O Oooo

O Oooo

O Oooo

O Oood

]

O 0Oooo

O Oooo

JP 2004-536287 A 2004.

ugboobooaooboodoboad

12.

O

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Oo0o0ooooU0U0ooDoooUddUoDoDoDooUooUUoooDoDooggogogoao
OoOoooooooo0ooooooooDoDooooooooooogoogooao
OooooooooDoooooo0o oo oDooooooDoDoooogogogooao

OO0 o0DoDooo4gogogogooDoooggogg
OOo0oooooooooooooQgogoaQg

O

Ooooooooooooodg
Ooooooooooooodg

O
O

O

Oooooooooooooogogogooao

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo

[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog

O Ooooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

(4)

O

JP 2004-536287 A 2004.

12.

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

OO0 oDoooooo0ooDooogQgogoo
OO0 oo oooogogoooooogoggg
OO0 0o oDooogooooooggdg
Oo0ooooooooooooooQgodg
OO0 ooooooooooooooQgodg
OO0 0o oDoooooooooooQgdg
OO0 oo oooogooooooogoggdg
OO0 0o oDooogooooooggg
Oo0ooooooooooooooQgdg
OO0 oooooooooooooQgdg
OO0 oo oooogooooooooQgdg
OO0 ooooogooooooogogogdg
OO0 0o oDooogogoooooogoggdg
Oo0oooooooooooooogdg
OO0 oooooooooooooQgodg
OO0 oo ooooooooooogoQgdg
OO0 oo oooogooooooogoogdg
OO0 0o oooogogooooooogoggg
OO0 0o oDooogoooooogogdg
OO0 oooooooooooooQgodg
OO0 oo ooooooooooooQgodg
OO0 o oooooooooooogogogdg
OO0 0o oooogogooooooogoggdg
OO0 0o oDooogoooooogogdg
oo oooooooooooooQgodg
OO0 oo ooooooooooooQgdg

OO0 o0oooDoooogooooooo
OO0 o0oooDoooogoggogogooooo
OO0 0o oDoooggoggoooao
oo ooooooooooooao
oo o ooooooOooooooo
oo o0 ooDoooogogoooooo
OO0 o0oooDoooogogoooooo
OO0 0o oDoooggoggogoooao
Ooooooooooooooao

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo

Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OooDoDoogogoooooogd
OOo0ooooooooooood
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooogogoooooogdg
OO0 OoDoDoogogoooooogd
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDoogogoooooogod
OO0 oDoDoogogoooooogd
Oooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OO0 ooDoogogoooooogd
Oooooooooooood
Ooooooooooooogodg

()

O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

JP 2004-536287 A 2004.

ugboobooaooboodoboad

OooooooooooooogoQgdg
Ooooooooooooooggdg
OOoDoDoDooo4goooooogogdg
OoooooooooooooOod
OooooooooooooooQgodg
OooooooooooooogoQgdg
Oooooooooooooogoggdg
OOoDoDoDooogogoooooogogdg

Ooooooooogoogoo

O o

O

12.

O

OoooDooooooooogdg
OO0 ooDoogogoooooogd

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo

[ s e e e e e e e e e e s s [ [ |
e s e e e s e e e e e e A s s [ [ |
Iy e ) [ [y |
I s e e oy s [ s [ |

Oooooooog

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |

O Ooo0ooooao

O0Ooo0oooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo

O Oooo
O Oooo
OO oo
O 0ooo

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo

O oo oooog

O 0O0ooooog

Ooooooooo

O

O
O
O
O
O
O
O
O
O
(]
O
O
O
O
O
O
O

Oooooooo

O Oooo

Ooooooog

O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O Oooo

O oo oooog

O Ooogoo

OO0 ogooooog

O 0ooo

OOooooooo

O 0Oooo

Oooooooo

O Oooo

Ooooooog

O Oooo

Ooooooog

O Oooo

O Oo0ooooog

(6)

O 0oo o

OoOooOooOooooo

O 0Oooo

Ooooooooo

O Oooo

Oooooooog

O Oooo

Ooooooog

O Oooo

O Oo0ooooog

O Oood

]

O

Oooo0ooogo

O

O 0Oooo

Oooooooo

O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

O Oooo

Ooooooog

JP 2004-536287 A 2004.

O Oooo
O Oooo
O 0Ooogo
O 0ooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo

O
O
O
O
O
O
O
O
O
(]
O

O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

O O
O O
O d
0O O
[ |
O O
O O
O d
0O O
[ |
O O

Oooooooog
O oo oooog
OO0 ooooog
Ooooooooo
Oooooooo
Oooooooog
O oo oooog
O 0O0ogooooog
Oooooooo
Oooooooog
Ooooooog

O
O
OJ
O
O
O
O
OJ
O
O
O

12.

O Oooo

O
O

O oo oooog

O
O

O Oooo

O 0o oooodg

10

20

30

40

50



[ s [ [ [ e e e e e e e e [ e [ e [ i

Ooooooo0ooooooogoooo:@e

Oooooooo0ooDoooo oo oDoDoooo0ooooDoDoooggogaoQg

OoOo0ooooo4o0oooooo 0o oDoDooooo Do oDoDoDooUU oo oDoDoDooUoUUUoDoDooogogooao

OOoogooogoe

O
O
O
O

O
OJ
O
O

s e e s Y Y I

Ooo0ooooooo0 o0 oo oo o o0 o0 oD oD oo o0o o0 oo oD oo oo oD oD oo o0o0oo0oooogooooo

OoOoo0ooooao
OoOoooooaoo
OOoo0ooooao
OOooooog:oe
OOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooaoo
OOoo0ooooao
Ooooooog@e
Oo00oooao

ey e s [ |

OoooooogoQgogoaoQg
OoooooogQgogaoQg
Oo0oooooggogodg
OoooooooOooOgoo
OooooooogooQoogoo
OoooooogoQgogoaoQg
OoooooogQgogooQg

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OO oOooogao
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OooOoooodgo
OOoo0ooooao

Ooooo® ooogogoog

O
O
O
O
O
O
O

Oooooooogogog
Ooooooogogg
OoooooooogoQgodg
Oooooooogoogoog

OoooDeEooooaog

Oooooooogogog
OO Oge ooooogao

s B

Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
OoOooooooOoand
OooooooQgoQgad
OooooooQgogoQg
OooooogogaoQg
Oooooogogog
OO0 ooooogogdg
OooooooOogao
OooooooQgoQgaog
OooooogoQgaoQg
OooooogogaoQg
Oooooogogodg
Oooooooogoogod
OoooooooQgoQgQd
OooooogogaoQg
OooooogogaoQg
Oooooogogog
Oooo0ooooogogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
OOooooogogdg

O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

O 0Oo0ooOoo

O

OooooooogooQgdg
A DO OoOOoOoooooo

O

OOoo0oo0oooao
OoOoo0ooooao
OOoooooaoo
Ooooooog@
O O0Oo0oo0oo0ooand
O0Ooo0oo0oooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooaoo
oo Ooooogo
O 0Ooo0oo0oo0oao

O 0Ooo0oooao

OoOoooos

~
R
~

O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao
O 0Ooo0oooo
O oOooQgoooao
O O0OoQgooao

O o0ooQgoogoooo
Oo0Dooooogogdg
Oooooooogodg
OooooooogoQgodg
OooooooogooQgdg
OooooooogoQgdg
OoooooogoQgg

O

6 00O

googan

O O0OoQgogoao
OooooooogoQgodg

[}

O

[

O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

O
O
OJ
O
O
O
O
OJ
O

O
O
O
O
O
O

JP 2004-536287 A 2004.

O Ooo0oooao
O Oo0oooao

O 0Ooo0oo0oo0oao
O 0Ooo0oooao
OOoo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooOoao
O Ooo0oooao
O Oooood

O
O
O
O
O
O
O

O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

12.

O

O Ooo0oooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OOo0o0oooddUoooDoooggUgooooaogno
OoOoOooooo0Dooo0DooooooogooQgooao
OoOoOooooo0Dooo0oooooooooogoogao

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

e e e e e e s s e
OO0 o0oooOoooo0ooDoooo o ooDoooooooooofdg
I s e e s A

O oOooo
O Oooo

OooooooogoQgdg
OooooogoQgdg

OoooooogoQgooao
OoooooogQgooao
OO0 ooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogoQgooao
Ooooooogogogooao
Oo0Dooooggogooao
OoooooooQgooao
Oooooooogoogooao
OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogQgooao
OoooooogogQgooao

Ooooood
OoOooooogod
OoOooooogod
Oo0Ooo0ooood
OoOoo0ooood
Ooooood
OoOoooood
OoOoooogho
Ooooogooao
Ooooogoog?o
OoOoo0ooood
OoOooooogod
OoOooooogod
OO0Oo0Oo0oood
OoO0Oo0oood
Oo0o0ooood
OoOoooood
OoOoo0oooogod
Ooooo= »o
I B
Oooo0ooood
OoOoooood
OoOoo0oooogod
OOo0o0oooogod
OO0Oo0o0oood
OO0o0o0oood
OooOoooood
OoOooooogod
OoOoo0oooogod

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogog

O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O
O
O
O
O

O 0O0ooooog

Ooooooooo

Oooooooo

Ooooooog

O oo oooog

OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao
OooooooQgogoo
OoooooQgogoao
OooooogogQgogaoQg
OO0 oooogoQgogaog
Oooo0oooQgoogoao
OooooooQgogoao
OoooooQgogoao
OooooogoggogaoQg
OO0 ooooggogaog
Oooo0oooOooOgoao
OooooooQogogoao
OoooooQgogoao
OoooooQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogo
OooooogoQgogoaoQg
Oooooogoggogaog

OO0 ogooooog

OOooooooo

Oooooooo

Ooooooog

Ooooooog

O Oo0ooooog

(8)

OoOooOooOooooo

Ooooooooo

Oooooooog

Ooooooog

O Oo0ooooog

O

Oooo0ooogo

Oooooooo

Ooooooog

JP 2004-536287 A 2004.

O
O
O
O
O
O
O
O
O
O
O

Oooooooog
O oo oooog
OO0 ooooog
Ooooooooo
Oooooooo
Oooooooog
O oo oooog
O 0O0ogooooog
Oooooooo
Oooooooog
Ooooooog

O 0OoO0ooOoo0oao
O 0Ooo0ooOoo0oao
O Ooo0oooao
O Oooooao
O OooOoooao

12.

O
O

O oo oooog

O 0o oooodg

OOoooooogogg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e R [ s [ |
[ e e e s e e e e e s [ s [ [ |

[}

]

e A s e s e e ) e e ) e e A |
Oooooocooo0oooooooooDoDoooo oo oDoooooooDoDoooooooooodo
Oooooooo0oDoooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg

]

L [ I e |
O Od
OoOoooo9

O

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O
O
O
O

Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod

OoooooQgogoao
OooooogoQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog

OooooooogoQgdg
OooooogoQgdg
OO0 oooogogdg
Oooooooogogd
OooooooogoQgdg

oo ooooogooQgog
OO0 ooooogogogdg
OO0 ooooogogg
OoooooooOodg
OoooooooQgodg
oo ooooogooQgodg

O OoQgoo

=

OoOoo0oo0oogao
O0Ooo0oooao

OooOoo0ooo®@

Ooooooog

Oooooog®@

O oo oooog

O Oooo

[}

O 0Oooo
Oooo
O 0Ooo
O 0Oooo
O 0Oooo

OO0 ogooooog

OO0 ooooogogg
Oooooooood
OooooooooQodg
oo ooooooQgodg
oo ooooogoogg
OO0 ooooogoogdg
OoooooooOod
Ooooooooodg
oo ooooooQgodg
oo ooooogooQgg
OO0 ooooogogogg
OO0 ooooogdg
Oooooooaog?o

[}

OOooooooo

[}

Oooooooo

[}

Ooooooog

Ooooooog

O Oo0ooooog

(9

OoOoooOooood
Ooooooood
Ooooooood
Oooooooogodg
Oooo= ooogod
OOo0Dooooogod
Ooooooood
Oooooooodg
Ooooooodg
Ooooooogod
OOo0ooooogod
Ooooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OooooOooood
Oooooooodg
Oooooooodg

OoOooOooOooooo

Ooooooooo

O

Oooooooog

Ooooooog

O Oo0ooooog

[

Oooo0ooogo

Oooooooo

O

Ooooooog

oo ooooooQgdg
oo ooooogoogg
Ooooooogogg
OO0 ooooogoogg
OooooooooQgodg
oo ooooooQgdg

JP 2004-536287 A 2004.12.2

gbooobooooobaoad

Oooooooog

O oo oooog

OO0 ooooog

Ooooooooo
Oooooooo
Oooooooog
O oo oooog

oo ooooogoogdg
OO0 ooooogogg
OO0 ooooogoogg
OooooooooQgodg

DDDD

O Oo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao

O 0O0ogooooog

OOoo0oooao
O Ooo0ooogoao

Ooooooogod
OOoooooogod

Oooooooo
Oooooooog
Ooooooog
O oo oooog
O 0o oooodg

OoooooooQgdg
Oooooogoogdg
Oooooogogg
Oooooogogdg

DDDDD

10

20

30

40

50



e R ey [ s R s [y |

[}

[}

OOooooooo0ooDoooooooDoooogogB
OOo0oDoDoooo0ooDooooooooDooogogB
OO0 oDoooUoUoooDoDoDooooooDooogog?s

OooooooooooDooooo0ooDoooogogos
OOo0ooooooooDooooogooDoooogogos
OO0 Oo0oDooggUooooDoDooUogUooDoDooogogao?s
A [ o
e e [ [ O o

[}

[}

O

[}

O

Ooo0oooooooooooDooo0ooogogooov

Ooooooooo0ooooooo0oooooogogoooOoao

O
O
O
O
O

Oo0oooooogogodg

oo ooooogooQgog
OO0 ooooogogogdg
OO0 ooooogogg
OoooooooOodg
OoooooooQgodg
oo ooooogooQgodg
Ooooooogoogdg
OO0 ooooogogdg
OoooooooOodg
Ooooooooodg
oo ooooogooQgodg
oo ooooogoogg
OO0 ooooogoogdg
Oooooooood
Ooooooooodg
oo ooooooQgdg
oo ooooogooQgg
Ooooooogogdg
OO0 ooooogoogdg
Ooooooooodg
oo ooooooQgodg

I s [ o

oo ooooogooQgog
OO0 ooooogogogdg
OO0 ooooogogg
OoooooooOodg
OoooooooQgodg
oo ooooogooQgodg
Ooooooogoogdg
OO0 ooooogogdg
OoooooooOodg
Ooooooooodg
oo ooooogooQgodg
oo ooooogoogg
OO0 ooooogoogdg
Oooooooood
Ooooooooodg
oo ooooooQgdg
oo ooooogooQgg

O OooOooo
O Ooooo
O O0OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O Ooo0ooo
O Ooo0oono
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O
O
O
O

Oo0oooooogogdg

O 0o o O
O O g o
O 0o oo

OO0 oooooogogg

OoOoooooooOod

OoooooooogoOog

I [ [y
O 0o oo
O 0o o O
O O g o
O o oo
O 0o oo
O 0o oo
O 0o oo
O O og o
I I [ By
I [ I [y
O 0o oo
O 0o oo
O 0o o O
O O g o
O 0o oo
O 0o oo
O 0o oo
O 0o o O
O O g o
O 0o o0 o

O d

O o>
O OO
O O o
O 0O O

Ooooooo:ve
Ooooooo:ve
OoOooooog:@e
OoooQooooge

O
O
O
O
O

O
O
O
O
O

OoOoooooooodg

Ooo0oooooogooQgog

Oo0oooooogoQgg

O Ooo0oo0oooao

O o

O

(10)

O

OoOoooooooOod

OoOoooooooodg

OoooooooogooQgodg

O

Oo0oooooogogog

OO0 oooooogogg

OoOooooogogdg
OO0 oooogoogdg
OooooooQgdg
OoooooooQgdg
Ooooooogdg
Oooooogogogdg
Oooooogoogdg
OooOoooooOodg
OooooooQgdg

o

Oooooooood

OoOoooooooOodg

Oooooooooogodg

O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo
I [ [y
I Y o [
O OO o
O 0o oo
O 0o oo
I [ [
I Y [

JP 2004-536287 A 2004.

gobooaoooobodado

Ooo0oooooogogoQgog
Oo0oooooogogg
OO0 oooooogogdg
OOo0oooooooodg
Oooooooooodg
Oo0oooooogooQgg
OO0 oooooogdg
O oD ooooogdg
OoooOooooood
O oo oooogoao

Ooooooogdg
Oooooogogogdg
Oooooogoogdg
OooOoooooOodg
OooooooQgdg
OooooooQgdg
Oooooogoogdg
Oo0oooogogdg
OooOoooooOodg
Oooo0oooQgdg

O 0o oo
O 0o oo
O 0o o O
O O g o
I I By W
I [ [y
O 0o oo
O 0o o O
O O og o

O Oooo
Oo0oooogogdg
Oo0o0oooogogdg
OoOoo0oooOodg
Ooo0oooQgdg
OoooooQgdg
Oo0oooogoogdg
Oo0o0oooogogdg

O
O
OJ
O
O
O
O
OJ
O
O

O

Ooooooogno

OoooooQgdg

O
O
O

12.

O

Ooooooogh?o

Oooooogogogdg

O

OO0 ooooogh?o

Oooooogoogdg

10

20

30

40

50



e R ey [ s R s [y |

Oooooogh?o
o= Oooogh?-
Ooooogh?-
Ooooogooo

O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooOoao
O 0Ooo0oooao

Ooo0ooooooooooooogo

Ooo0ooooooooooooogo

O O0OoOgod
O OoOgod
Y o

Oo0oooooooooooooogo

O O0Ooogood

Oo0oooooooooooooogo

oo oo oooogo

I Y [ o

OO0 ooooogoggogoooooog?o

Oo0ooOoov

I e [ e s o

OoooooooogoQe

[ e e e e e e e e e e e s o o

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |

OoOoooooogd
OOoo0ooooogd
OOoo0ooooogd

O
O

Y
Y s

oo ooooooogdg

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo

O oOooo

Oo0oo0oooogod
OoOoo0oooogd
OO0O0o0oooogd
Ooo0Ooo0ooood
OooO0oo0oood
Oo0o0o0oooogod
OoOoo0oooogd
OOoo0oooogd
Oo0Ooo0Ooood
I B
B
OoOoo0oooogd
Oo0Ooo0oooogd
Ooo0Ooo0Oooood
Ooo0Ooo0oood
Oo0o0o0oooogod
OoOoo0oooogod
OoOoo0oooogd
OO0oo0oooogd
OooOoo0ooood
Ooo0o0o0oood
Oo0o0o0oooogod
OoOoo0oooogd
OO0Oo0oooogd
Ooo0Ooo0ooood
Ooo0O0o0oood
OoO0oo0oooogd
OoOoo0oooogd
OOoo0oooogd
Ooo0Ooo0ooood
Oo0Ooo0oood
OoOoo0oooogod
OOoo0oooogd
OOoo0oooogod

OO0 ooooooogdg
OO oooooooggdg
Oooooooooogod
oo ooooooogd
OO0 ooooooogdg
OO0 ooooooogdg
OO0 oooooooggdg
Oooooooood
oo ooooooogd
oo ooooooogdg

O oOooo
O Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O o0Oooo

O Ooogogoao

OoOooooood
Oooo0ooooogd
Oo0ooOoooQg oo
OO o OoOo0og oo
OO0 oogoao

O 0OooO0oooao
O 0Ooo0goooao
O 0OooQgoooao
O Ooogooao
O Ooogogooao

OoOooOoooood
OoOoooooogod
Oooooooogd
OOoooooogd
OOoo0ooooogd
L« [ s O o B
OoOoooooogd
Oooooooogd
OoOoooooogd
OOoo0ooooogd
OO0oooooogd
OoOooooood
OoOoo0ooooogd
OO ooOoogooogo

O 0OoO0ooOooao
O 0Ooo0oooo
O 0OooQgooao
O OooQgooao
O Ooogooao
O 0Oo0oo0ooo

]
O

O
O
O
O
O
O
O

OoooooogQgogoo
Ooooooggogo
Oooooooogoo
OoooooooQgoo
OoooooogoQgoo
OooooogoQgoo
Ooooooggogoo
OO0 ooooggogo
Oooooooogoo
OooooooQgoo
OoooooogogQgoo
Ooooooggogoo
Oooooogogogo
OooooooQgoo
OoooooooQgoo
OoooooogogQgoo
Oooooooggogoo
Ooooooggogo
Oooooooogoo
OooooooQgoo
OoooooogQgoo
OooooogQgogoo
Ooooooggogo

(11)

O 0Ooo0ooao
O OooOooo
O Ooooo
O OooOooao
O OooOooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OooOgooo
O 0OooOooo
O 0OooOooao
O Ooooo
O Ooooo
O OooOooo

[}

O
O
O
O
O
O

[}

O
O
O
O

O

JP 2004-536287 A 2004.

O 0Oooo
O 0Oooo
O Oooo

OOoooooogd
OOoooooogd
OoOooo0ooood
OoOoo0ooooogd
OOoooooogd
OOoooooogd
OOoooooogd
OoOooo0ooood
O O0Oo0oo0oooao
O 0Ooo0ooooao
O O0Oo0ooooao
O O0Oo0goooao

O 0ooo
O 0Oooo
O Oooo

O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

12.

O Oooo

O

O
O

O
O

O Oooo

O

10

20

30

40

50



OooooooooooooogogQgogoaoQg

O Ooo

OoOooooocoo0o0oooooo0 oo oooo oD oo oDoooooooo-
e e e e e ) ey Y Y I A O

OoooooogoQgogooQg
OoooooogQgogoQg
OOo0oooooggogog

O OoOoo
O oo
O oo

O O

O O

]

Oo0oooooo0oUooooooUoo Do oDoDooooUUoooDoDoDoogLooooDoooog?o

]

s e s e e s e e e ) ey B

Oooooooooogoogoo
OoooooooogogoQg

OoooooooooooooogQe

Oooooooooooooogooooao
Ooooocoooooooooooooao

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo

OooooooooooogoooogQe

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo

O
O
OJ
O

OOoo0oo0ooooo

Oooooooogdg
Ooooooogd

O O oOgod
Oo0OoQgod
Oo0oogod

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |

O0Ooo0oooo

O oo ooooo

(]

O0Ooo0oooao

O0Ooo0oood
O0Oo0Oo0oood

I o R |
I Ry |
[ Ry |

O 0Oo0oooao

(]

O0Oo0oo0oo0oao

OO o0googoo
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
OO0Oo0ooood
O0O0o0oooad
O0Ooo0oooad
OO0Oo0oood
OO0oo0oooooog

O
O
O
O
O

[m]

O0Ooo0oooao

[ ]

(]

Oooooooogod
Oooooooogd
OOoooooogd
OoOoooo0oood
OoOooooood
Oooooooogod

O0Ooo0oooo

[ ]

O
O

[}

O0Ooo0oooao

(]

O0Ooo0Ooooog

(]

O0Oo0oo0oo0oao

[ I |

O

O

[}

O0Ooo0oo0ooao

O 0Ooo0ooao
O 0Ooooo

[}

OOoo0oooao

[}

Oooooooogd
Ooooooogd
OoOooOooo0oood
OoOooooood
Oooooooogod

O0Ooo0oooo

[ B R |
[ o R |
[ I R |

O

O
O
O

[}

O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O OooOgooo
O Oogoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooogooo
O O0Oogoo

O

(12)

O

Ooo0oooooog

O 0Ooo0ooao
O 0Oo0ooo
O 0Oooo

Oo0ooooogooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O > 0OoOoogooo

Oooooooogd
Ooooooogd

O Oooeo

OOoo0oooooo

O
O
O
O

[ O o R |

[}

O

O 0Ooo0gooo
O 0Ooo0oogo.o
O 0Ooogo.o

O 0ooogoo

[m]

O Odood

O 0Oo0ooog
O 0Ooo0ooao
O 0Ooo0ooao
O 0Oo0ooo
O 0Oooo
I I =
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Oooo
O O0Oooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Oo0ooo
O 0Oooo

[ ]

O o0ooo =

O o0ooo

I I

[}

I I

JP 2004-536287 A 2004.

ugboobooaooboodoboad

[m]

Oooooooogod
Oooooooogd
OOoooooogd
Oooooo0oood
Oooooooogod
Oooooooogod
Oooooooogd
OOoooooogd
OoOoooo0oood
Oooooooogod
Oooooooogod
Oooooooogd
OOoooooogd

(]

OOoo0oooooo

O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

OOoo0oooooog

Ooo0oooooog

Oo0oooooog

Oooooogooaog

OO0 O0ooogooaos

OO0 O0o0ooOoogaos

Ooo0ooooaono.
Ooooooog?o.
Ooo0ooOooooao

o

12.

O

O I R |
[ O B R |

I o

T OO g

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e e s e e [ [ e e [ B i A

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

OoOooooooooooooo xgogoooooooopooooooooooooooDoooooooooooQgooQgao
e [ ey e [ s [y [ |

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
Oooooooogod
Oooooooogd
OOooooogd

Oo0oooogoQgg

O 0OooOgooo

oo oooooogogooo
OO0 o ooooogogoo
O X Oooooogogogao
Oooooooooogogooo
oo oooooogogoo
OO0 oooooogogoo
OO0 o ooooogogoo
OO0 ooooooogogoo

O Ooo0ooooao
O OoQgx ooo
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooo
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao
O 0O0OooOoooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0OoOo0ooooao
O OooQgooooao
O 0OO0ooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O Ooo0ooooao
O Ooo0ooooao
O O0O0ooooao
O 0Ooo0oo0oooao

Oooooogogdg

O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

Ooooooggdg

OooOoooooQdgdg

OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OO0O0oo0ooooao
O O0Oo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
I [ o

OoooooooogooOooOoo
OO xooooogoogogoao
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OoOoooooooOoogooOoao
Ooooooooogogogogoao
Oooooooogogooao
Oooooooogogogoao
ODoooooooooao
OO0 ooDooogogogao
Ooooooooogogooao
Ooooooooogogooo
Oooooooogogooao
Oooooooogogoao
OOoDooooogogoao
Ooooooooogoogooao
Oooooooogogooo
Oooooooogogogoao
Oooooooogogooao
OO0 x ooodgogogao
Ooooooooogoogooao
Ooooooooogoogooao
Oooooooogogogooao
Oooooooogogogoao
Ooooooogogoao

(13)

[ |

JP 2004-536287 A 2004.

O d
0O O
[ |
0O O

OO0Oo0ooooao
OO0Oo0ooooao
Y s [ o
I I [ o
I s [
OOoo0ooooao
O Ooo0ooooao
O Oo0ooooao
[ I [ =
O O0Ooo0ooooao
OO0Ooo0ooooao
OOoo0ooooao
O Oo0ooooao

O0Ooo0oo0ooao
O0Ooo0oooo

12.

O0Ooo0oooao

O 0Oo0oooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo

oo o oooooogoQgog

OO0 o0oooDoooogooooooo
OO0 o0oooDoooogoggogogooooo
OO0 0o oDoooggoggoooao
oo ooooooooooooao
oo o ooooooOooooooo
oo o0 ooDoooogogoooooo
OO0 o0oooDoooogogoooooo
OO0 0o oDoooggoggogoooao
Ooooooooooooooao
oo o oooooooooooo

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo

oo oooooogodg

Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg
OooooooogoQgg
Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogoOodg
OooooooogooQgg
OooooooogoQgg
Oooooooogogog
OOoooooogogg

O oo ooooogdg

OO0 oooooogdg

Oooooooood

oo oooooogodg

oo oooooogodg

OO0 oooooogdg

O d

O

O d

OO0 ooooogdg

O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo

Oooooooood

Ooooooooodg

Ooooooooooooogodg
OoooDooooooooogdg
OooDoDoogogoooooogd
OOo0ooooooooooood
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooogogoooooogdg
OO0 OoDoDoogogoooooogd
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDoogogoooooogod
OO0 oDoDoogogoooooogd
Oooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OO0 ooDoogogoooooogd
Oooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
Ooooooooooooogdg
OO0 oDoDoogogoooooogd

oo ooooooQgodg

O 0Oooo

OO0 oooooogdg

O
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O oOooo
O 0Ooo

OO0 oooooogdg

(14)

Oooooooood

Oooooooodg

OO0 ooooooQgdg

oo oooooogdg

OO0 oooooogdg

Ooocogooogoo

Ooooooooodg

OO0 ooooooQgodg

JP 2004-536287 A 2004.

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

OO0 oooooogodg
O oo oooogdg
OO0 ooooogdg
OoooooooOodg
oo ooooooQgodg
OO0 oooooogodg
OO0 oooooogdg
Oooooogdg
OoOoo0ooooOod
Ooo0oooOodg
Oooooogdg

[ |
[ |
O d
O d
[ |
[ |
[ |

12.

Ooooooogdg

O
O

OOooooogdg

10

20

30

40

50



e e e e e e S [ i Y

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OO0 ooooogog4Qgoooooaogho

e e e s e e ) s e

Oooooocoo0 o0 oo oooo0 o0 oD oo oo o0 oo oDoO oo o0 oo oD oo o0 oo ooooo0ooDoDoooQgooQgaoo
e [ ey e [ s [y |

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
OooOoogYYoooadag
OooooogQgoao
Oo0ooogogogao
OooooooQgoao
Ooo0oooogoogoo
Ooo0oooogogQgoo
Oo0oooogQgoao
Oooooggogao
Oooo0oooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoo
OooooogQgoao
Oooooggogao

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooo

OoooooogoQgg
Oooooooggg
OO0 oooooggg
OoooooooQgodg
OooooooogooQgodg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgodg

OoooooogooQgooao
Ooooooogoggogooao
OoDoooooggogoao
Ooooooooogoooao
OooooooooQgooo
OoooooooQgooao
OoooooogogQgooao
Oooooooggogoao
OooooooooogoOooOoao
OooooooooQoooao
Ooooooogoogooao
Ooooooogoggooao
Oooooooggogooao
OooooooooOooOooOoao
OooooooooQogooao
OoooooooQgooao
OoooooogogQgooao
Oooooooggogooao
OO0 oooooggogoao
OooooooooQogooao
Ooooooooogooao
OoooooogoQgooao
Ooooooogoggogooao
OoDoooooggogoao
Ooooooooogoooao
Ooooooooogooao
OoooooogogQgooao
Ooooooogoggooao

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
OoOooooooOoand
OooooooQgoQgad
OooooooQgogoQg
OooooogogaoQg
Oooooogogog

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

(15)

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

OoOoooogoood

OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 oooood

OooooooQgdg

O Oooo

Oo0oooogoQgdg

JP 2004-536287 A 2004.

O Oooo
O Oooo
O 0O oo
O O0ooo
O O0ooo
O Oooo
O Oooo
O O oo
O O0ooo
O O0ooo
O 0Oooo

OooooogQgog
Ooooooggdg
Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg
OooOooooodgadg
OoooooogoQgdg
OoooooogQgdg

OO0 oooooogogdg
OoOoooooooOod
OoooooooooOodg
Ooo0oooooogoQgodg

12.

O Oooo

Oo0oooogoQgdg

Oo0oooooogoQgog

O Ooogo

Ooooooggdg

OO0 oooooogogdg

10

20

30

40

50



O 0Oooo

OOoo0ooood

O

[ [ e e I

Ooooooogogogoos
Oooooogogoos

OoooooooooDoooo0o oo oDoooo4o0ooDoooogoQgogoao
OOoooooooUooooooUooUoDoooDoDoooogooDoooggogoao
Oo0o0ooooUdUoooDoooUUUooDoDooUooUooDoooggogaog
OoOooooocooo0oooooooooooDooooooooooooQgogoao
OooooooooDoooooo oo oDooooo0ooDoooogoQgoao

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
Ooo*T O

O Ooo0oooao
O Oo0oooao

OoDoDooogogogooos

Ooooooooooooooogogooao

Ooooooooogos

Oo0oo0Ooood
OoOoo0oood

Ooo0ooOgoooogo

O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

Oo0oooooogogodg

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo
O Ooogooo
O Ooogooao

Ooooooooooooodg
OO0 ooDooooogooood

Oo0ooOQogooao

Oo0oooooogogdg

OO0 oooooogogg

Ooooooood

OoOoooooooOod

O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo
O Ooogooo
O Ooogooao

Oo0ooooooooooodg
Ooooooooooooogdg
Oo0ooooooooooodg

O Ooogood

OoooooooogoOog

Ooo0oooooogoogog

Oo0oooooogogdg

O Ooo0oooao

(=

OO0 ooooooggdg

OOo0ooooooooooood

OoOoooooooOod

oo oooooogooooo

O o0 oooooogo

OoOoooooooQodg

O 0Oooo

OoooooooogoQgodg

oo ooooooQgoooo

OO ooogao

OO0 oooooogdg

O O

O Ooood
I o

OO0 oooooogdg

(16)

0O O

O 0Ooo0oo0oo0oao

I s [ o

Oooooooood

Ooo0oOooooo

Oooooooodg

oo ooooooQgooooo
oo ooooooQgoooo
O oD oooooogogogooo
OO0 oo oDooogogooao
OO0 oooooogoogoooao
oo oooooogoooo
oo ooooooQgooooo
O oo ooooogogogooo
OO0 ooooooogogooao
OooooooooOoogoooao
oo oooooogoooo
oo ooooooQgooooo
O oo ooooogogoooo
OO0 oo oooogogooao
OO0 oooooQgooB

OO0 oOooooao
OO0 oOooooao

OO0 ooooooQgdg

oo oooooogdg

OO0 oooooogdg

O

|

Ooocogooogoo

Ooooooooodg

OO0 ooooooQgodg

JP 2004-536287 A 2004.

O O
O 0Ooo0oogoo
I [ |

O
O

O
O
OJ
O
O
O
O
OJ
O
O
O

OO0 oooooogodg
O oo oooogdg
OO0 ooooogdg
OoooooooOodg
oo ooooooQgodg
OO0 oooooogodg
OO0 oooooogdg
OO0 oooooogdg
Oo0oooooood
oo oooooodg
oo ooooooQgodg

O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

12.

OO0 oooooogogoooao

O
OO0 ooooooogao

O

OO0 oooooogdg

[ o R |

O oo oooogdg

10

20

30

40

50



I I = s s |
e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OO0 o0Dooo40ooUooDoDoogog4gooooao
Oooooooooooooogooooao
Ooooo*®= 0o oooooogooooao

Oo0oooogoQgg

OO0 ooooUUoooDooUooUddUoooDoDoDoUgUoUooDooogogogaog

Oo0ooooooooooooooooDooooooooooao
OOo0ooooooooooDoooo0oooDoDoooooooooao

O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogog
OO0 o0 oooooogodg
OO0 o oooooogodg
Oooooooood
oo o oooooogodg
oo o0 oooooogog

Ooooooooogoogoao
Oooooooogogoao
OOoDooooogogogao
Oooooooooogoao
Ooooooooogoogoo
Oooooooogogogoo
Oooooooogogoao
OoDooooogogogao
OooooooooogooOoo
Ooooooooogoogoao
Oooooooogogogoo

Oooooooog
Ooooooodg
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 oooood

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao
OooooooQgogoo
OoooooQgogoao
OooooogogQgogaoQg
OO0 oooogoQgogaog
Oooo0oooQgoogoao
OooooooQgogoao
OoooooQgogoao
OooooogoggogaoQg
OO0 ooooggogaog
Oooo0oooOooOgoao
OooooooQogogoao
OoooooQgogoao
OoooooQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogo
OooooogoQgogoaoQg
Oooooogoggogaog

OO0 ooooooogdg
OO0 oooooogdg
Ooooooooood
Oooooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
oo oo ooooogdg
Oooooooooogodg
oo ooooooogog
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooooogodg
oo ooooooogodg
oo ooooooogg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg

Ooo0oooogoQgdg

Oooooogogdg

an

OooOooOooo= O

O

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

OoOoooogoood

OooooooQgdg

OooooT Ogodgdg

JP 2004-536287 A 2004.

ugboobooaooboodoboad

OooooogQgog

Ooooooggdg

Oo0oooogogdg

Ooooooodgdg

Ooo0oooogoQgg

OooooogQgg

OooooogoQgdg

Oooooogogdg

OooOooooodgadg

OoooooogoQgdg

OoooooogQgdg

12.

O

Oo0oooogoQgdg

Ooooooggdg

10

20

30

40

50



e R ey [ s R s [y |

Ooooooooooooood

Oooooooooooooogogo

Ooooooooooooogogogoooao

OOoooDooo4oooooooUoDUooDoDooooooooDoDooggogaoQg
e ) e e e [ |
Ooooooooo0oooooooooDooooooooooooOgogogao
OoOoooooooo0oooooooD oo oooooooDoooogogoQgogoaoQg

O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

O

Ooooooooooooogogoooao

OO0 o0Dooo4dgUoooDooogogooao

Oooooooooooooogoogoooao

Oo0oooooooooodg
OoooooogooQooooao
Oooooogogogoooao
OO0 oDooogogogoooao
Oooooooogooooao
Ooooocooooooao
Ooooooogooooao
Ooooooogooooao
OO0 oooogogoooao
OoooooooOooOoooao
Oooooocooooooao
Oooooooooooao
Ooooooogogogoooao
Oooooogogogoooao
OoooooooOooOoooOoao
Ooooocooogooooao
Oooooooooooao
Ooooooogogooooao
OoDooooogogogoooao
OO0 oDooogogooooao
Oooooooooooao
Ooooocooooooao
Oooooooooooao
Ooooooogogoooao

O 0Oooo

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao

OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
OOoo0oo0oooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooaog
OOoo0ooooaog
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooaog
OOoo0ooooaog
OOoo0ooooog
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooaoo
OOoooooaog
OOoo0ooooaog

Ooox

OOoo0ooooaog
OOoo0ooooaog

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OO oo

O o

OJ

O0Ooo0oo0oo0ooao
OoOoo0ooooao

O 0Ooo0oooo
O Ooogoooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo

O 0Ooo

O 0Oooo

O Oooo

O Oooo
O Ooooo
O 0OoOooo
O O0oooo
O0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O O0oo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo

O

O

O

(18)

[ O B R |

O

O Od

O Ooogooao
I I

|

O 0Ooo0oo0ooao

)

O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao
O 0Ooo0oooo
O oOooQgoooao
O O0OoQgooao

O Ooooo
O Ooooo
O 0Ooooo
OO oOooo
O 0OooOooo
OO0oo0oooao
OO0oo0oooo
O 0Ooogooo
O 0Ooo0gogooao
O 0Ooo0oooao
O0Ooo0oooao
OO0oo0oooao
O 0Ooogooao
O 0Ooo0gooao

JP 2004-536287 A 2004.

[ I |
O 0Oooo

O 0Ooo0oooao
=]

OoOoo0ooooao
O 0Ooogoooao
O
O o0oo0ooOooao
OoOoo0oooao
O Oooooo
O 0Ooo0oooao
O Ooogooao

)
o
o
o

O 0OooOooo

o= 0O 0O
O 0Ooooo
O 0Ooooo
O oOoo=e O
O 0OooOooo
O 0Oooo
O O0oooo
O 0Ooooo
O 0Ooooo
O 0OooOooo

O
O
O
O
O
O
O
O
O
O
O

OO0 ooDooogogogao
Ooooooooogoogoao
Ooooooooogoogoao
Ooooooooogogogoao
Oooooooogogoao
OO0 ooooogogogao
Ooooooooogoogoao
Ooooooooogoogogoo
Ooooooooogoogoo
Oooooooogogoao
Ooooooogogogao

12.

O
O

10

20

30

40

50



goodogaoaad
oo0oooooDoDoooooooao
gooooooooooooboan
ooooooooDoooooooao
gooooooooao
goooaoad
ooooooooDoooooooao
aad
gogooooooooooobonn
O
gooooooooooooboan
oooao
dodoooooooooooooao
gooooooooooooboao
ooooooooDoooooooao
goooooooooooooboao
gogooooooooooobonn
oo0oooooDoDoooooooao
gooooooooooooboan
ooooooooDoooooooao
dodoooooooooooooao
Ooooao
ERCZE S TAPL S
0570 OEEDF-, DK = 000, TAN ()= 002
™ * -o— 5340y
10 A
,% 1.000] ls20370>
0.000 . —_— .
g0 70 60 5 40 a0
FryTiE (2 1) 5
- _
FiIG. 3
aooao
?m
320
ST AR T o
w2 (o
/ o) Sk
N Tﬂ\ ‘l~/ -200pF
f-elé"'\\\_j—/zaso a0

(5EF2)

O
O
O
O

oo ooooooQgodg

OO0 oooooogdg

OO0 oooooogdg

I [
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo
O O oo
O O g o

(19)

Ooo0ood

O
O
O
O

O O0ooo
O O0ooo
O Oooo
O Oooo

O
O
O

O o0ood

O O0ooo

O Oooo

JP 2004-536287 A 2004.

O

O Oooo

O
O
O

O Oooo

O
O
O
O

O
O

NRL
Fen'ys

NRL

KWC
Fiy7]

KWC

Fa= 1 b

(pF)

©

(pF)

{0

@
VDC)

1.012

10.1

0.99

190

1.012

10.1

0.98

183

1.004

10.1

0.80

101

123

0.76

10.2

0.75

0.78

10.2

[0.72

0.78

102

0.71

198

1912

gooao

FIG. 7

FIG.

9

O

12.

10

20



goboodgbad

T Jyut fefry7 Gy

o

(o]

A4 RS

- R4HYaRM YT
- At

- AT

FIG. 10a

(20)

goooagboad

JP 2004-536287 A 2004.12.

602

vbe

284 7 AEH
825 812

T

TYh fo-
17 C

A

814 72

[ N

<

816

¥J610
’

5

y
| fo %

—L

I

-

1

]

ez

J

630

6207

N80 g

(02 I —

FE 07 envaELT
EHEhiC1

]

=750k

€7

B—HIRRBPFOTHEIL

FIG.

10b



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

(21) JP 2004-536287

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Tniernational Bureau

{43) International Publication Date

{10) International Publication Number

24 October 2002 (24.10.2002) PCT WO 02/084310 Al

{51) Taternational Patent Classification” GO1R 27726,

101G 7/06

{21) International Application Number:  PC1/1B02/01027

{22) International Filing Date: 2 April 2002 (02.04.2002)

(25) Filing Language: Fnglish
(26) Publication Language: English
(30) Priority Data:
60/283,093 11 April 2001 (11.04.2001)  US
09/904,631 13 July 2001 (13.07.2001)  US
09/912.753 24 Tuly 2001 (24.07.2001)  US
09/927.732 8 August 2001 (08.08.2001)  US
09/927,136 10 August 2001 (10.08.2001)  US

i (71) Applicant: KYOCERA WIRELESS CORPORATION

WO 02/084310 Al

[USATS]; 10300 Campus Point Drive, San Diego, CA
92121 (US).

(72) Iuventor: TONCICH, Stanley, Slavko; 11155 Spooner

Court, San Diego, CA 92131 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CII CN, CO, CR, CU,
€z, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GII,
GM, HR, HU, 1), IL, IN, IS, JP, KLi, KG, KP, KR, KZ, LC,
LK, LR, LS, LI, LU, LV, MA. MDD, MG, MK, MN, MW,
MX, M7, NO, N7, OM, PH, PI, PT, RO, RU, SD, SE, SG,
SI K, SL, TI, TM, TN, TR, TT, TZ, UA, UG, UZ, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): ARTPO patent (GIT, GM,
KE, LS, MW, MZ, SD, SL, 87, TZ, UG, ZM, ZW),
Liurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 'L, TM),
Liwropean patent (AT, BIi, CH, CY, DI, DK, LS, IL, I'R,
GB, GR, I, IT, LU, MC, NI, PT, S, TR), OAPI patent
(BF, BI, CF, CG. CI, CM, GA, GN, GQ, GW. ML, MR,
NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Noies on Codes and Abbreviations " appearing at the begin-
ning of each regular issue of the PCT Gazelte.

{54) Title: LOW-LOSS NABLE FERRO-ELECTRIC DEVICE AND METIIOD OF CIIARACTERIZATION

602

fe FILM

820 A

O

N
+C1 REALIZED AS

‘GAP CAPACITORS

[=— SUBSTRATE

~st——————— GROUND VIA

PLANAR REALIZATION OF SINGLE RESONATOR BPF

{(57) Abstract: A tunable ferroclectric component (610-614) and a narrowband resonant circuit (610-620) for measuring the loss of
the ferroelectric component. The ferroelectric component may be a capacitor integrated in the resonant circuit. ‘I'he testing method
eliminates ather sources of Toss Lo isolale the Toss due 10 the erroelectric material and o demonstrate that this Toss is low.

A 2004.12.2



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

15

20

25

30

(22)

WO 02/084310 PCT/IB02/01027

LOW-LOSS TUNABLE FERRO-ELECTRIC DEVICE AND METHOD OF
CHARACTERIZATION

Related Applications

[01] This application c¢laims the benefit U.S. Provisional
Application 60/283,093, filed April 11, 2001, which is hereby
incorporated by reference. Additionally, this application
relates to U.S. application “Tunable Ferro-electric Filtexr,”
filed on July 13, 2001, and U.S. application “Tunable Ferro-
electric Multiplexer,” filed on July 24, 2001, which are
hereby incorporated by reference.

Field of the Invention

[02] The field of the present invention is ferro-electric
tunable electronic devices and components.

Background of the Invention

[03] Variable capacitors are advantageous as different
electronic responses can be obtained by wvariation of the
capacitance. The' structures presently used to implement
variable or tunable capacitors, however, have significant
performance and practical limitations. Movable parallel
plates, while providing variable capacitance for radio tuning,
are bulky, lossy, noisy, generally operate over only a limited
range of frequencies, or have any number of these limitations.
A “lossy” compeonent or device has a high insertion loss (IL)

which is the ratio of power dissipated in the cowponent to
power delivered to a load. An electronic varactor is a
semiconductor device that adjusts capacitance responsive to an
applied voltage. Varactors are typically lossy and noisy, and
are therefore generally ineffective for high-frequency
applications, particularly those above 200 MHz. Hence, they

are not suited for tuming insertion loss-critical devices such

JP 2004-536287 A 2004.12.2
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as filters and multiplexers in wireless applications,
particularly where Code Division Multiple Access (CDMA) is
used. Another implementation providing wvariable capacitance is
a micro-electro-mechanical system (MEMS). This is a miniature
switching device that physically selects a different capacitor
responsive to an applied signal. MEMS, however, is typically
costly, unreliable, requires a substantial control voltage,
and enables only a discrete set of pre-selected capacitance
values.

[04] Because of their variable dielectric constant,
ferroelectric materials are good candidates for making tunable
capacitors or other tunable components. Under presently used
measurement and characterization technigues, however, tunable
ferroelectric components have gained the reputation of being
consistently and substantially lossy, regardless of the
processing, doping or other £fabrication technigques used to
improve their loss properties. They have therefore not been
widely used. Ferroelectric tunable components operating in RF
or microwave vregions are perceived as being particularly
lossy. This observation is supported by experience in RADAR
applications where, for example, high RF or microwave loss is
the conventional rule for bulk (thickness greater than about
1.0 mm) f-e materials especially when maximum tuning is
desired. In general, most f-e materials are lossy unless
steps are taken to improve (reduce) their loss. Such steps
include, but are not limited to: (1) pre and post deposition
annealing or both to compensate for O, vacancies, (2) use of
buffer layers to reduce surfaces stresses, (3) alloying or
buffering with other materials and (4) selective doping.

1051 As demand for limited range tuning of lower power
components has increased in recent years, the interest in
ferroelectric materials has turned to the use of thin film
rather than bulk materials. The assumption of high
ferroelectric loss, however, has carried over into thin film

work as well, Conventional broadband measurement techniques

JP 2004-536287 A 2004.12.2
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have bolstered the assumption that tunable ferroelectric
compenents, whether bulk or thin film, have substantial loss.
[06] A broadband measurement of the capacitance value of a
ferroelectric capacitor is typically obtained using a device

such as an LRC meter, impedance amalyzer or a network

analyzer. From power measurements, one can calculate the
lossiness of the capacitor. The inverse of lossiness is
referred to as the Quality Factor (“Q”). Thus, a lossy device

will have a low Q and a more efficient device will have a high
Q. Q measurements for ferroelectric capacitors with
capacitances in the range of about 0.5 pF to 1.0 pF operating
in a frequency range of 1.8 GHz to 2.0 GHz, obtained using
conventional measurement techniques, are typically claimed to
be in the range of 10-50. This is unacceptably inefficient,
and ferroelectric tunable components are therefore considered
undesirable for widespread use. In wireless communications,
for example, a Q of greater than 80, and preferably greater
than 180, and more preferably greater than 350, is necessary

at frequencies of about 2 GHz.

[07] As will ©be shown below, conventional ferroelectric
components have been wrongly fabricated, measured and
characterized. As a result, it dis commonly assumed that

ferroelectric tunable components are very lossy with Qs in the
range of 10-50 in the IL-band. Ferroelectric tunable devices
operating in other frequency bands have also been labeled as

having Qs unacceptable for most applications.

Summary of the Invention
[08] The methods of testing the loss, or its inverse, Q, of f-
e films are flawed in the prior art. The prior art methods
typically use broadband testing wmethods and non-integrated
components. All of the loss mechanisms of the testing methods
and devices under test are typically not accounted for. This

has led investigators to believe that f-e materials are lossy.

JP 2004-536287 A 2004.12.2
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[09] The invention provides for narrowband testing methods and
integration of components. All loss mechanisms are accounted
for and eliminated or minimized. This results in more accurate
test results, showing that some f-e materials are much less
lossy than previously thought.

[10] with this testing method, f-e materials can be
successfully investigated to find ideal tradeoffs between
less, tunability and other parameters. Low loss tunable f-e
devices can be built. A low loss, f-e tunable capaciiior can be
built. Such a capacitor can be used as a building block in
many applications where tunability is desired, but low loss
requirements had been preventing the use of any other tunable
devices. An example application is in wireless communication

devices.

Brief Description of the Drawings

[11] The details of the present invention, both as to its
structure and operation, may be gleaned in part by study of
the accompanying drawings, in which like reference numerals
refer to like parts, and in which:

[12] Figure 1 is a top view of an interdigital capacitor
fabricated with a thin ferroelectric £ilm;

[13] pigure 2 is a sectional view of a tunable ferroelectric
gap capacitor according to the present invention;

[14] Figure 3 is a table showing the relationship between gap
width, ferroelectric layer thickness and capacitance;

[15] Figure 4 is a top ‘view of a ferroelectric overlay
capacitor according to the present invention.

[16] Figure 5 is an exploded view of a portion of the overlay
capacitor of Figure 4.

[17] Figure 6 is a second order narrowband resonant testing
circuit according to the present jinvention;

[18] Figure 7 is a table comparing data obtained with the
testing circuit of Figure 6 with data obtained using

conventional test methods;

JP 2004-536287 A 2004.12.2
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[19] Figure 8 is another embodiment of a second orxrder
narrowband resonant testing circuit according to the present
invention;

[20] Figure 9 is a single resonator narrowband testing circuit
according to the present invention;

[21] Figure 10a is a schematic of another embodiment of a
single resonator narrowband testing circuit according to the
present invention; and

[22] Figure 10b is a planar realization of the circuit

schematic of Figure 10a.

Detailed Description of the Invention

[23] The present invention provides test methods utilizing
narrowband resonant circuits that accurately measure and
characterize the efficiency of tunable ferroelectric
components in the frequency range in which they will be used,
and with topologies that will be used. These test methods and
circuits establish that tunable ferroelectric components are
not as uniformly lossy as previously thought and that they may
advantageously be used in low-loss applications and devices,
such as wireless handsets. With an accurate determination of
loss, tunable ferroelectric components can be properly
optimized and designed. Specific loss mechanisms can be
identified and eliminated, or otherwise reduced and bounded.

[24] Tunable ferroelectric components, especially those using
thin films, can be emploved in a wide variety of frequency
agile circuits. Tunable components are desirable because they
can provide smaller component size and height, lower insertion
less or better rejection for the same insertion loss, lower
cost and the ability to tune over more than one £requency
band. The ability of a tunable component that can cover
multiple bands potentially..reduces the number of necessary
components, such as switches ‘tﬁép would be necessary to select
between discrete bands were = multiple fixed frequency

components used. These advantages are particularly important

JP 2004-536287 A 2004.12.2
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in wireless handset design, where the need for increased
functionality and lower cost and size are seemingly
contradictory requirements. In CDMA handsets, for example,
performance of individual components is highly stressed.
Ferroelectric materials may also permit integration of RF
components that to-date have resisted shrinkage, such as an
antenna interface unit (AIU) for a wireless device.

[25] For example, an AIU could integrate cne or more tunable
duplexers (US PCS and cellular in a dual band wireless
communication device), diplexers, PA’'s and LNA’s. Some or all
of these components could be advantageously integrated, their
total size or volume or both Dbeing reduced and their
electronic performance improved. Further applications for
tunable ferroelectric components are set forth in the latter
portion of this specification.

[26] As with any dielectric, ferroelectric material has two
primary Jloss mechanisms, conductivity loss and damping from
lattice vibrations in the dielectric. The combination of the
two effects is referred to as the material’s loss tangent
(tan(8)) . For ferroelectric materials considered in tunable RF
or microwave circuits, damping f£rom lattice vibrations
dominate, as there are no free charge carriers. However, any
method which measures tan(d) will include effects of finite
conductivity if present. This is because the loss effects of
the two machanisms are indigtinguishable as far as
rf/microwave properties are concerned.

[27] A primary component in RF circuits is the capacitor. F-E
tunability will now be discussed in terms of f-e capacitors.
The total loss of a capacitor, whether tunable or not, is
given by its quality factor (Q) which is expressed as a ratio
of its stored to dissipated energy, where the energy is stored
in the electric field and dissipated in resistance. For a
lumped element capacitor, the unloaded Q (Qu.) is given by:

[28] Qu=X/Rs=1/(0*Re*C) (1)

JP 2004-536287 A 2004.12.2
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[29] where ® = radian frequency; Rs = the series resistance of
the capacitor; and C = the capacitance of the capacitor. Rg is
measured and given that C and ©® are known, Qu can be
calculated. The serles resistance arises from both the
conductor and dissipative loss in the dielectric, i.e. tan(d).
[30] If a tunable capacitor is integrated into a resonant
circuit, the total Q (Q¢) of the system is now given by:

[31] 1/Qe=1/Qc+1/Qa+1/Qx (2)

[32] where Q. is the conductor Q; Qg is the dielectric Q and Q.
is the radiation Q. For a well designed non-radiating system,
there is no radiation loss. Hence, the conductor loss and the
dielectric loss determine the total loss. The dielectric loss
is the effect of the 1loss tangent, tan(d), including
conductivity loss attributable to the dielectric, 1f the
latter loss is present. Hence, for both the unloaded Q and the
total Q, a correct measurement of tan (8) dis crucial in
determining whether a tunable device can be fabricated with
acceptable loss characteristics.

[33] Cavity resonator methods are conventionally used to
measure a material’s dielectric constant and loss tangent.
These methods are difficult, especially at lower microwave
frequencies (~ 2 GHz) where cellular phones operate, as the
size of the cavity is quite large. Use of cavity resonator
methods on thin ferroelectric films poses a greater problem,
as it is wvery difficult to measure the perturbation introduced
to a cavity from a structure having a thickness in the range
of one micron. The potential for error is significant.

{34] Because of this difficulty with resonator methods,
interdigital capacitors (IDC’'s) are usually used to measure
ferroelectric film quality. A ferroelectric interdigital
capacitor (IDC) 100 in a conventional microstrip configuration
is depicted in Figure 1. Interdigital capacitor 100 comprises
base substrate 110; thin film ferroelectric layer 120; and

first and second conductors 130 and 140. Interdigital

JP 2004-536287 A 2004.12.2
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capacitors are typically used in applications such as
monolithic microwave integrated circuits (MMICs) and in
applications where small footprints and capacitances in the
range of 0.1-6 pF are needed. In an interdigital capacitor,
the capacitance is c¢reated between conductive parallel lines
or fingers in the structure.

[35] Base substrate 110 typically comprises a low loss
material such as magnesium oxide (MgO), sapphire or high
purity aluminum, for example. The substrate is chosen based on
its inherent low loss tangent and its ability to accept the
direct deposition of a wide range of f£-e films without
additional buffer layers. A thin ferroelectric £ilm 120 is
deposited on base substrate 110. Ferroelectric f£ilm 120
typically has a thickness in the range of 0.15-1.5 microns. A
conductive layer is then deposited onto ferroelectric £ilm
120. Sometimes an adhesion layer is needed. The conductive
layer is preferably a metallic material such as copper, gold
or gilver. These metals are advantageous due to their
relatively low loss at room temperature. For purposes of this
specification, room temperature is defined as being in the
range from -30°C to +85°C which covers the typical operating
temperature range for most commercial components. The
conductive layer typically has a thickness in the range of 0.5
to 6.0 microns, with a thickness in the range of 0.5 to 1.5
microns being most common. Thickness requirements vary based
on skin depth which varies based on frequency.

[36] While thin film (t;. less than about 1.5 um) f£f-e
materials have been discussed, thick film f-e material can be
used as well. Here, “thick film” is defined to be t:. greater
than about 1.5 pm and less than about 1.0 mm. Bulk is greater
than about 1.0 mm. The fabrication and application of thick
film f-e material is quite different than that of thin £ilm £-
e material. It wusually involves a paste or a sol-gel

technique, and the f-e materials to produce the significantly

JP 2004-536287 A 2004.12.2
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added thickness. The added thickness and especially reduced
cost comes at the price of somewhat degraded f-e performance,
notably, reduced tunability.

[37] Interdigital capacitor 100 is then fabricated using
either etch-back or 1lift-off techniques to form Ffirst
conductor 130 and second conductor 140. First conductor 130
has fingers 132 and spaces 134 that are proximate fingers 142
and spaces 144 of second conductor 140. The conductors are
arranged so that fingers 132 of first conductor 130 are in
spaces 144 of second conductor 140, and so that fingers 142 of
second conductor 140 are in spaces 134 of first conductor 130.
To date, most researchers and other practitioners in f£-e £ilm
fabrication and characterization have designed 1IDC’s with
fingers typically 1-5 microns wide, and the gap or space
between the fingers typically 1-5 micreons wide.

[38] The capacitance is created primarily between fingers 132
and 142. To generate a high level of capacitance, small gap
size (< 5 microns) and long fingers are required. When used
as a ferrcelectric tuning capacitor, small gap size also
aggists in creating a large tuning field between the fingers.
This is critical because much of the tuning field is lost in
the air region above capacitor 100.

[39] The greatest loss component in this configuration is in
the odd mode generated in the finger region. The coupling
between the parallel lines can be expressed in terms of an
even mode and an odd mode. The even mode occurs when both
lines are excited in phase (usually taken to be zero), and the
odd mode occurs when the lines are excited 180 degrees out of
phase. In microstrip circults, the velocities at which the
even and odd modes propagate are different. The logs further
increases when a thin conductive layer (less than 1.5
microns), narrow finger width and gap spacing (either or both
less than 5 microns) and sharp corners are used.

[40] The standard procedure for measuring thin ferroelectric

film loss via an interdigital capacitor is as follows. As

JP 2004-536287 A 2004.12.2
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described above, approximately 0.5 microns of ferroelectric
film is deposited on a low loss substrate such as magnesium
oxide. Then, a conductive layer having a thickness of 1
micron or less is deposited to permit fabrication of an
interdigital capacitor of the smallest possible size. Finger
width and gap spacing are both typically in the 1 to 5 um
range. Etch-back or 1lift-back technigues are used to form
narrow, long fingers with sharp corners. The resulting
interdigital capacitor 1is characterized wusing a broadband
measurement tool such as an LRC meter or an impedance ox
network analyzer with probe tips that contact the capacitor.
[41] Using this procedure, capacitors in the range of 0.2 to
1.5 pF are obtained, with Q’s in the range of 10-100 at an
operating frequency of anywhere from approximately 500 MHz to
approximately 2 GHz is typically measured. This loss is
typically attributed entirely to the ferroelectric film.
These Q values are considered quite low and, consequently,
ferroelectric tunable components are commonly assumed to be
high loss and unacceptable for many uses. In wireless
communications, for example, a Q of greater than 100 and
preferably greater than 250 is necessary at freguencies in the
range of 2 GQHz for f-e capacitors in the vicinity of 1.0 pF.
As will be described below, however, conventicnal fabrication
and loss wmeasurement techniques do not yield a reliable
indication  of the actual loss  attributable to  the
ferroelectric £ilm.

[42] As indicated in Equation (1), capacitor loss (whether
tunable or not) is proportional to the series losgss Ry at radio
frequency (£ > about 500 MHz) where the effect of the laxge
parallel resistance that shunts the capacitance is negligible.
The capacitor does not care what the source of the series loss
is, only that there is a source. For example, for a 1 pF
ferroelectric tunable capacitor to have an acceptably low loss

(Qu=250} at 2 GHz, the series loss must be only 0.32Q. The

JP 2004-536287 A 2004.12.2
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series loss includes the total loss from all sources arising
from the capacitor’s use. In order to minimize or eliminate
the sources of series loss, one must first account for each
loss mechanism that is present. This will permit a more
accurate determination of the loss attributable specifically
to the ferroelectric film.

[43] For f-e devices, the total loss is governed by summing
each source contribution as follows:
[44] L¢ = Lgeom + Lattach + Imetal + Lsub + Lrea + Lmeas + Lig-ei

where Dgeom is derived from the topolegy of the capacitor,
Lactacn 18 loss due to device attachment,

DIigetar 18 the total metal loss,

Lew i the base substrate loss (if present),

Lyag 1s the radiation loss, both desired and undesired,

Lyeas 18 the total loss arising from measurement errors,

and
L¢. i8 the f-e loss tangent.

[45] This loss allocation can first be used to ocbtain an
accurate value of Ly, (or f-e tan 8) at the desired operating
frequency in the manner in which the f-e capacitor will be
used. To correctly derive Lg., one must eliminate or comstrain
all of the other loss contribution sources ijust described.
For example, Dgem Will wvary according to topology, being best
for an overlay capacitor, worse for a gap capacitor, and much
worse for an IDC capacitor. Although this loss can be reduced
and controlled, it is inherent to a device. Consequently, the
choice of topology for a given f-e capacitor will affect the
best possible Qe attainable from the f-e capacitor.
Electromagnetic (EM) software can establish a baseline loss

for a desired geometry, assuming a lossless f-e film. This
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baseline loss represents the best (lowest) loss for a given
geometry.

[46] In general, a gap capacitor is easiest to fabricate. An
IDC is mnext easiest, and an overlay capacitor is hardest of
these three. Compared to an IDC, the gap capacitor will have a
better Q but lower capacitance per unit cross section (W in
Fig. 1a). The IDC’'s capacitance is greater due to the use of a
number of fingers per unit cross section. For many
communication £ilter applications, however, large capacitance
(C 2 4.0 pF) is not needed. Thus, a dap capacitor often can
provide adequate capacitance. The inherently high value of x
for most f£-e films helps provide relatively high capacitance
per unit cross section, W, compared to a conventional gap
capacitor.

[47] Dartecn arises from discrete device attachment techniques,
including, for example, solder, silver paint, or wire bonding.
These attachment losses may be large and unpredictable. The
lowest losses are achieved by direct fabrication of the f-e
capacitor to the rvesonator or other RF circuitry, thus
minimizing if not eliminating this loss component.

[48] The inherent loss of a stand-alone f-e capacitor is of
little conseguence. What is of much greater consequence is
any added loss arising from the attachment of the f-e
capacitor to a circuit. Even 1f the f-e capacitor were
lossless, should a large loss connection be used, the overall
effect is that of a lossy f-e device. For example, if a Q 2
250 at 2.0 GHz is desired for a capacitance of 1.0 pF, then
the total series resistance R; must be < (.32 ohm. Any
additional loss will thus further reduce the Q of this
capacitor. That this additional loss is external to the actual
capaciteor is irrelevant. Even unavoidable loss mechanisms,
such as those due to mounting, for example, lower the
effective Q of the capacitor from the perspective of its

effect on the system.
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[42] For minimum added loss, the connection between the f-e
capacitor and the resonator should provide the lowest added
resistance. Thus, the electric currents and charges
associated with the f-e capacitor should see a minimum added
loss. Conventional bonding or mounting techniques, such as
(but not limited to) soldering, wire bonding or silver paint
or paste do not provide for such a low loss, controllable
bond.

[50] The added, unpredictable loss arising from the use of
such bonding methods degrade the realized Q regardless of
whether or not the f-e capacitor is being used for resonator
tuning purposes or characterization of an f-e film. Thus, for
best performance (lowest loss) the f-e capacitor structure
should be directly fabricated onto or with the resonator it is
meant to tune or ontc other essential RF circuitry. Only by
direct fabrication can there be a minimum loss transition for
electromagnetic (EM) sources (currents) from the f-e tuning
elements to the resonator. The desirable effects of direct f-e
capacitor fabrication onto or with a resonator can be enhanced
by the lack of sharp corners or transitions.

[51] Factors for ILgetay include the surface roughness (SR} of
the metal, metal thickness as compared to skin depth, 8=, and
conductivity. SR may be effectively eliminated as a factor if
SR is less than aproximately 10 micro inches root mean square
{rms) for operating frequencies in the L and S band (1-4 GHz).
The metal thickness may be reduced as a factor if the
thickness 1s 1.588 or greater, or effectively eliminated if
the thickness i1¢ 2 58s. For electrode contacts, metal
thickness (tp) can be approximately 1.58s. For the case of
electromagnetic resonators, where a travelling or standing
wave must be supported, i.e., where the metal in question
extends for an appreciable fraction of a wavelength (about 10%
or greater), the metal thickness should be closer to about 58s

or greater.
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[52] Conductivity is best for Au, Cu, or Ag. Thus, Lpetal Can
be reduced and controlled, but not eliminated as a £factor.
Its effect, however, can be calculated by expressions well
known to those skilled in the art, or by using line calculator
tools availlable in commonly used circuit simulators, such as
Eagleware or Touchstone. Further, precise fabrication control
can bound geometric variations in Lpeai.

[53] The loss contribution represented by Lsw may be minimized
by choosing a low loss substrate with a loss tangent less than
0.001 and preferably less than 0.0005 at the operating
frequency of interest. Suitable materials include >99% pure
alumina, a best current choice for loss/cost benefits.
Sapphire or Mg0 are better than alumina in that they have
lower loss tangents, but they are more expensive. All these
materials will accept many f-e thin films without buffer
layers and have a surface roughness that is acceptable with
little or nc further polishing. Semiconductor substrates are
poor choices because of their relatively high conductivity.
In addition to the factors of loss tangent, surface roughness
and price, suitable substrates should not be brittle, can be
fabricated as larger area wafers, and can be easily metallized
without extensive pre-processing.

[54] Separating out Lgy from the total loss of a composite
substrate (f-e film plus substrate) can be achieved by using
EM field or circuit simulation software. For example, Sonnet,
Momentum, or IE3D may be used. Thus, Lgw can be reduced
significantly and calculated precisely.

[55] Lyas can be eliminated by proper sghielding and design, and
so is typically not a factor. It should be noted that a wide

variety of filters, especially planar filters such as combline

or hairpin, depend upon radiative coupling to achieve their

desired performance. In these cases, one should ensure that
the unwanted, stray coupling is reduced, if not eliminated.
[56] Lpeas can add significantly to the circuit loss error

because small, added loss significantly reduces the measured Q
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of the device-under-test (DUT) or system thus obscuring the
intrinsic Q of the DUT. The conventional method for measuring
dielectric constant and loss tangent in a material is the
cavity perturbation technique, which is well known to anyone
skilled in the art. At L-band, however, the size of the
cavity becomes guite large. When characterizing thin films
(as opposed to bulk) with film thickness < 1.5 um, such as f-e
films, the problem becomes very difficult as measurement
errors can be severe. Furthermore, one should characterize an
f-e capacitor (or filter) in a mamnner most similar to how it
will be wused. Thus, the preferred way to characterize f-e
compounds or f£ilms is by microstrip resonator technigues.

[57] For measurements on resonant circuits, a network analyzer
is the preferred choice. To minimize measurement loss and
attain the most accurate measurement using a network analyzer,
loss to DUT should be calibrated out, a £full two port
calibration of the analyzer should be performed and averaging
should be used for calibration and measurement.

[58] Through minimization or elimination of the device
attachment, substrate, radiation and measurement error loss
components, the total logs becomes:

[59) Lot = DLgeom + Lmetal + Ls.e + Almige (4)

[60] Iwox is the total loss for a given ferroelectric capacitor
geometry, and Lgeom &nd Lpetal 2are integral parts of that
geometry. Their presence is appropriate for determining the
actual loss of a specific device, but they can be quantified
and removed in order to determine the loss due solely to the
ferroelectric material. Lgeom can be determined from an
accurate electromagnetic simulation of the circuit assuming a
lossless ferroelectric material; and DLpets1 can be determined
using the expressions for metal loss assuming conductivity,
surface roughness (if applicable) and skin depth. Algise
represents a combination of incomplete removal of the other

loss mechanisms with the finite bounds on Lgeom and Diega:-
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[61] This two-step process of (a) accounting for all loss
mechanisms; and (b) eliminating or bounding these losses not
only permits an accurate determination of the ferroelectric
loss, it also helps establish correct design guidelines for
low loss tunable components. Correct knowledge of L:. allows
one to first determine whether or mnot the £ilm wunder
consideration can be used for a proposed application.
Knowledge of L¢.. further provides a necessary baseline for any
type of optimum design using ferroelectric films. This
knowledge is necessary if one is to effectively trade-off loss
tangent for tunability. In short, accurate fabrication and
measurement techniques result in consistent ferroelectric f£ilm
loss characterization.-

[62] Based on this loss analysis, low loss tunable
ferroelectric components, and in particular tunable
ferroelectric capacitors, can be designed, tested and
implemented in a wide wvariety of applications. Design
procedure and implementation based on this loss analysis for
three common types of capacitors- (1) gap capacitors, (2)
overlay capacitors and (3) interdigital capacitors - will now
be discussed.

[63] A ferroelectric tunable gap capacitor 200 is illustrated
in Figure 2. Gap capacitor 200 comprises substrate layer 202;
ferroelectric layer 204 and metal layer 206 defining
capacitance-inducing gap 208. The following design
implementation minimizes losses from other sources and permits
an accurate determination of the loss due to the ferroelectric
£ilm 204. It assumes an operating freguency in the L-band (1-
2 GHz) for wireless handsets, though the same methods could be
applied in other bands.

[64] In one implementation, substrate 202 is a layer of 99.5%
pure alumina having a thickness in the range of 20-40 mils.
Surface roughness should be less than or equal to about 5
pinch rms. Ferroelectric layer 204 is a film of barium

strontium titanate, Ba,Sr; ,TiO;, (BSTO) having a thickness in
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the range of 0.15 to 2.0 microns. Using a film thickness »1.0
pm maximizes capacitance and tuning range.

[65] Adjusting the Ba/Sr fraction, doping or annealing are

preferably chosen to provide the minimum tan & while providing

the required tuning range. In one embodiment, x = 0.5 (in
BaxSr;.Ti0;) for room temperature operation. Alternative
ferroelectric materials could alsc be used. Metal layer 206

has a thickness of approximately 2.5 pm, which makes it
suitable for electrode application. Gap 208 ig 30-80 mils
wide, and the edges should be rounded to maximize loss
reduction. The capacitance demonstrated by gap 208 is in the
range of 0.6 pF to 1.5 pF at 0 volts DC bias.

(66] EM simulations indicate that for a capacitance of
approximately ome pF at two GHz, a gap capacitor has 0>700,
assuming a loss tangent of 0.002, or Q>300, assuming a loss
tangent of 0.005. Figure 3 is a table showing the
relationship between gap width, ferroelectric layer thickness
and capacitance. This data is very useful for target design
of gap capacitor test circuits. The results in Figure 3
assume a 0.5 micron thick ferrcelectric film with a dielectric
constant of 1000 at OV DC bias, a 40 mil thick substrate layer
of 99.5% pure alumina, and a loss tangent of 0.002 for the f-e
film.

{67] A ferroelectric overlay capacitor 300 according to the
present invention is illustrated in Figure 4. Capacitor 300
comprises substrate 310; bilas pad layer 320; ferroelectric
layer 330; and capacitor pad layer 340. Bias pad layer 320
defines a DC bias pad and capacitor pad 340 defines capacitor
pad 342 and DC blocking capacitor pad 344.

[68] In one implementation, base substrate 310 is alumina
having a thickness in the range of 20-40 mils. Bias pad layer
320 comprises a base electrode layer of silver having a
thickness of approximately 2.0 microns covered by a layer of

platinum having a thickness of approximately 100 nm. The
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platinum layer prevents the silver layer from oxidizing during
growth of the ferroelectric layer. Layer 320 has a pad built-
in for connecting a resistance in the range of 0.5 to 1.0 MQ
to provide DC bias. If needed, a thin (10 nm) chromium layer
may be interposed between the alumina and silver to provide
better adhesion. Ferroelectric layer 330 is a thin film of
BSTO having a thickness of approximately one micron.
Capacitor pad 342 has a minimum area of 8.0 by 4.0 mils and is
topped by electrodes of gold or silver that have an area of
approximately 4.0 by 4.0 mils. The DC blocking capacitor has
a capacitance of at least 150-200 pF and an area of
approximately 100 by 100 microms. The total area of contact
pad 344 is a minimum of 7.0 by 8.0 mils.

[69] An overlay capacitor has a minimum capacitance in the
range of 0.8-1.5 pF. As can be seen in Figure 5, which is an
enlargement of a portion of capacitor 300, the overlap area
350 of capacitor 300 is very small. In one implementation,
overlap area 350 has a size of 0.3 mil by 0.3 mil. This is
based on a BSTO dielectric constant of about 1000 at 0 volts
DC and a film thickness of about 1.0 microns. The pads 342
and 320 taper to and from capacitor overlay area 350. The
taper is from 4.0 mils to about 0.25 mils in 1.0 mil distance.
[70] The loss target for capacitor 300 ig a Q of at least 350
at 2.0 GHz for 1.0 pF. If needed, the ferroelectric film 330
can be further optimized via doping, annealing or use of a
buffer layer or layers. Finally, the change in capacitance
should preferably be 2:1 (50%) or greater for a change in bias
voltage of 0-2.5 volts.

{71] One aspect of the present invention is optimal structures
and design criteria for tunable ferroelectric components, of
which the capacitor structures described above are one
example. Another aspect of the present invention is
measurement methods and apparatus for accurately
characterizing the losses in tunable ferroelectric components.

These methods invcolve the use of resonators and narrowband
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resonant circuits. Narrowband measurements are appropriate
since the devices being measured are designed to operate at a
narrowband of freguencies. Narrowband (resonant) measurements
are also preferred as the mnaturally enhance the effect of
small losses making them easier to measure, and they make the
measurement more accurate. Prior methods have involved
broadband measurements that are inappropriate and inaccurate
for narrowband devices. Two inventive implementations of
these testing resonant circuits will be described: second
order narrowband bandpass filters, and microstrip rescnator
,circuits (halfwave or quarterwave) .

{72] Figure 6 shows a resonant narrowband testing circuit 400
configured to test two ferroelectric capacitors 410 and 412.
It is a 2™ oxder planar combline filter. Capacitors 410 and
412 are configured as described with respect to Figure 1 and
Figure 2 and are implemented to minimize loss components.
Testing circuit 400 comprises a planar, second order combline
bandpass filter and includes two resonators 402 and 404
coupled in series with, respectively, ferroelectric capacitors
410 and 412. A DC bias voltage is applied to capacitors 410
and 412. Capacitors 410 and 412 may be fabricated and mounted
for testing either as lumped elements or by printing directly
on the substrate. DC blocking capacitors (capacitance equal to
about 180 pF) are not shown. In a lumped configuration, the
capacitors are soldered oxr attached with silver paint or
paste. This permits use of a wide variety of devices,
however, there is an increased and unpredictable loss due to
this mounting wmethod. In a printed configuration, the
capacitors are printed directly on the substrate. Printing is
advantageous in that no soldering or bonding is required and
there is a lower loss due to the direct fabrication. The type
of substrates that may be used is limited, however, due to the
presence of the ferrcelectric film. DC blocking capacitors are

not shown.
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[73] The response is measured through input and output lines
406 and 408 connected to a network analyzer. A measurement of
the resonator center frequency £, permits determination of the
actual capacitor wvalue (see equation (1), above), and the
insertion loss at f, determines the capacitor Q. After these
measurements are obtained, a circuit simulation can be used to
obtain capacitance and Q values and the results compared.

[74] In order to demonstrate the dramatic difference in test
results obtained using the test method of the present
invention relative to conventional test methods, reference is
made to Figure 7. The table in Figure 7 presents measurement
data obtained from ferrcelectric interdigital capacitor
samples fabricated at the Naval Research Laboratory (NRL),
Washington DC, under contract to Kyocera Wireless Corporation
(KWC) , the assignee of the present invention. Capacitance and
Q measurements taken from the interdigital capacitor samples
at NRL using conventional test methods (in this case, an HP
4291B Impedance Analyzer and a Cascade Tech microwave probe)
are compared to measurements taken from the same samples at
XWC using the novel test methods described above.

[75] For ©purposes of this experiment, the interdigital
capacitors were fabricated to have a capacitance in the range
of 0.5-1.2 pF; a gap spacing of approximately 5.0 microns; a
finger width of at least 150 microns; a ferroelectric f£ilm
thickness of approximately 0.5 microns; a metal thickness in
the range of 1.5-~2.5 microns; and a finger length less than or
equal to 100 microns.

[76] The KWC testing circult is configured in like fashion as
circuit 400. It is a second order planar Chebychev bandpass
filter configured to resonate at approximately 1800 MHz. The
interdigital capacitor samples, lumped element capactitors,
were “flip-chip” mounted and attached wusing silver paint.
Bias was applied to correct for the fact that typically ClzC2,
where Cl and C2 are the two combline bandpass filter loading

capacitors required for correct operation of the filter.
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While C1 ie intended to be equal to C2, in practice Cl=C2 is
rarely achieved. The more common condition of Clz C2
significantly increases passband insertion loss (as far as Q
determination is concerned) if not corrected.

[77] High Q ATC and AVX chip capacitors in the range of 0.6 to
0.8 pF were used to establish a baseline passband insertion
less. The Q’s for these chip capacitors were in the range of
600-800 at the test frequency. An Eagleware circuit simulator
was used to determine actual capacitance and Q's for the
interdigital capacitors to give the same resonant frequency
and passband insertion loss as the measured data.

[78] The data in Figure 7 is essentially worst case Q data, as
no attempt was made to remove (calibrate out) all possible
loss components. One such loss component includes bonding
{attachment) losses which are different for each line and
interdigital capacitor. Another is the resulting resonator
length mismatch; microstrip gap open end effects below the
location of the capacitors; and losses arising from the basic
interdigital capacitor geometry. This being the case, the
difference in Q values obtained using the present invention
relative to conventional methods is even more striking.
Further reduction or elimination of error socurces such as, for
example, the direct fabrication of gap capacitors useing an
alumina or MgO substrate will only improve the Q data.

[79] Use of a second order bandpass filter as the narrowband
resonant test circuit has several advantages. Capacitor data
can be extracted at the operating frequency. The topology is
simple, repeatable and easily fabricated. The measurements
are simple and there is little added error by virtue of taking
the measurements. The results are easy to compare to the
simulated results. There are also several disadvantages that
should be noted. The potential for difference in capacitance
values described above may show up in the measurement data as
increased loss. A small adjustment in one of the bias

voltages, however, can compensate for this discrepancy. Also,
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stray capacitance and coupling can effect the f;, and Q values
obtained. These effects can alsc be accounted for via the EM
field simulator. Unequal mounting of f-e capacitors results in
slight differences in the two resonator electrical lengths,
which directly adds to I.L. Misalignment of the f-e caps can
also result in added loss, manifesting itself as lower Q.

[80] Another embodiment of a second order narrowband resonant
testing circuit 450 is depicted in Figure 8. Testing circuit
450 takes the form of a coaxial rescnator tunable filter
although other rescnators, such as moncblock, stripline or
microstrip can be used. Again, ferroelectric capacitors 452
and 454 may be lumped or printed. Test circuit 450 further
comprises coaxial gquarter wavelength resonators 462 and 464.
Non-ferroelectric capacitor 470 (€¢2) is coupled between
resonators 462 and 464, and non-ferroelectric capacitors 472
and 474 (C1) are coupled on the outsides of the resonators.
This basic structure is a conventional fix-tuned 2™ order top
capacitively coupled BPF. '

{81] The measurement technique wusing circuit 450 is as
follows. BPF performance is measured first without, then with
f-e capacitors in place. In the first instance, the resonator
center fregquency fo; and the insertion loss IL; of the filter
is first measured without ferroelectric capacitors. In the
second instance, the resonator center frequency £5, and
insertion loss IL; of the filter are measured with
ferroelectric capacitors 452 and 454. Notably, f£o will always
be greater than fy; and IL; will always be greater than II; as
long as resonators 442 and 444 are the same length. The
capacitance Ce. can be determined from E£yi-fo3, and Q(Ce) can be
determined from IL,-II; by comparison with simulations to great
accuracy. The f-e capacitors need not be added to the original
circuit. Rather, the basic top capacitively coupled BPFF can be
fabricated with no f-e capacitors, and a second BPF fabricated

with f-e capacitors directly. This would lead to a minimum-
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added-loss tunable test circuit as it allows for direct
fabrication of f-e capacitors with the circuit.

[82] An alternative testing circuit would involve the use of
physically shorter resonators 442 and 444 when wused in
cenjunction with f-e capacitors. This would cause the BPF to
resonate at or mear the same resonant frequency as the non f-e
BPF. The same f-e capacitor Q extraction method would be used.

[83] Second order test circuit 450 has several advantages over
second order test circuit 400. Both circuit 400 and circuit
450 are inherently narrowband structures but the coaxial
resonators 462 and 464 can have a very high Q, resulting in a
very low insertion loss. Very little stray coupling is
involved due to the inherent shielding. Also, as with circuit
400, test circuit 450 is not only a test circuit but could be
used as a bandpass filter in real world applications.
However, circuit 450 is a little harder to fabricate and test.
Fixturing is critical and adding the ferroelectric capacitors
results in extra losses due to mounting. This can be overcome
via direct fabrication of the ferroelectric capacitors on the
same circuit used to realize €1 and €2, and then having an
additional circuit without the ferroelectric capacitors.

[84] The testing circuit and method can be further simplified
by using a single resonator rather than two. This eliminates
the problem of capacitor mismatch. The resulting circuit is
more robust, easier to model and less prone to errors. Note
that though the results shown in Fig. 7, are the results of
tests on interdigital capacitors, gap or overlay capacitors
can be advantageously used, since they both can have higher
Q’s than interdigital capacitors.

[85] A testing circuit 500 comprising a gap coupled microstrip
resonator in its simplest form 1is depicted in Figure 9.
Circuit 500 comprises a low loss substrate 502, and a
microstrip resonator 504 separated from input line 506 by a
gap 508. A ferroelectric thin film is deposited in gap 508 to

create the ferroelectric gap capacitor. Hence, resonator 604
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and the gap capacitor are fabricated as a single, integrated
structure. Alternatively, a ferroelectric material can be
deposited underneath the resonator 504, creating a tunable
resonator.
[86] Substrate 502 should Dbe a high quality, low loss
substrate such as magnesium oxide, alumina having a purity of
greater than 99% and sapphire. Substrate 502 should also have
a low S.R. (less than 5.0 pinch). Resonator 504 can be either
a half wavelength (open circuit) or quarter wavelength (short
circuit) resonator. A half wavelength resonator is longer but
easier to fabricate, while a quarter wavelength resonator is
shorter but requires wvia. The width of gap 508 is chosen for
near critical-coupling.

A network analyzer is preferably used for the capacitance
and Q measurements. The model for gap capacitance and
expression for metal less are used to extract the Q of the
dielectric, which is now a composite of the Q of the base
substrate and the Q of the ferroelectric thin film. Hence,
the added loss over that of the base substrate represents the
loss of the ferroelectric film. Finally, proper analysis of
the measured data, such as that outlined in “Data Reduction
Method for Q Measurements of Strip-Line Resonators,” IEEE
Transactions in MTT, S. Toncich and R.E. Collin, Vol. 40, No.
9, Sept. 1992, pp. 1833-1836, hereby incorporated by
reference, is required to accurately extract the Q, or loss,

of the capacitor under test.

[87] It is useful now to compare the second order narrowband
resonant test methods and circuits described with reference to
Figures 6-8 with the gap coupled single resonator test method
and circuit described with reference to Figure 9. The gap
coupled single resonator is advantageous in that is small,
simple and very easy to fabricate. It also requires no tuning
for any possible mismatch of the input and output capacitors

c1. However, it is more difficult to extract the
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ferroelectric loss tangent from the overall sgubstrate and
coupling capacitor loss. The second order resonant circuits,
on the other hand, can be actual devices in addition to being
testing circuits. Moreover, it is very easy to compare the
measured data to either simulation data or data obtained using
non-ferroelectric capacitors with high Qs. The drawbacks of
the second order circults are that they are larger, more
complex circuits and more tuning of the ferroelectric
capacitors may be required to obtain minimum insertion loss.
[88] Figures 10a and 10b depict a preferred narrowband
resonant testing circuit 600. Circuit 600 takes the form of a
single resonator bandpass filter. Referring to Figure 10a,
which is a schematic of circuit 600, circuit 600 comprises
ferroelectric capacitor 610 coupled to resonator 620.
Capacitors 630 and 640 (Cl) are input and output capacitors
connecting the resonators to the measurement instrument.

[89] Figure 10b is a planar realization of circuit 600. As
can be seen, capacitor 610 and resonator 620 are fabricated as
an integrated component. Ferroelectric film 616 is deposited
on low loss substrate 602. Resonator 620 and conductive pad
612 are separated by gap 614 over ferroelectric film 616 to
define ferroelectric gap capacitor 610. A DC bias voltage is
applied to pad 612 and may include a bias resistor 625. DC
blocking capacitor 618 is connected between pad 612 and
ground. Capacitors 630 and 640 are realized by conductive
strips 632 and 642 deposited on substrate 602 that are spaced
from resonator 620 to form a capacitive gap.

[90] In one implementation, substrate 602 is formed from 99.5%
pure alumina and has a thickness of approximately 40 mils and
an SR of approximately 5.0 pinch. Ferroelectric film 616 has
a thickness of approximately 1.0 pum and is deposited in the
region of gap capacitor 610 only. Microstrips 612 and 620

have a thickness of 4-6 pm and are spaced by approximately 10

pm to define gap 614. The length of resonator 620 is selected
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so that the overall structure (capacitor 610 and resonator
620) resonates in the desired frequency band. In one
implementation, resonator 620 is a quarter wave resonator.
Further fabrication cycles can be used to fine tune the
resonant frequency 1f a specific resonant frequency is desired
or required.

[21] Resonator 620 may be configured as a microstrip, coaxial
or stripline resonator. A planar microstrip configuration is
preferred as it facilitates easier extraction of the
capacitance and Q wvalues from circuit 600. The use of an
integrated component structure (i.e., a resonator having an
integrated gap capacitor, such as resonator 620/capacitor 610)
is advantageous relative to the use of a separate resonator
and a lumped element capacitor as the unpredictable and hard
to measure losses and errors introduced by a lumped element
capacitor are eliminated.

[92] A testing method wusing a single resonator bandpass
testing circuit, such as circuit 600, proceeds as follows.
First, a single resonator bandpass filter test circuit having
an integrated gap capacitor is fabricated as described above.
Precise thin film fabrication and processing techniques should
be used to ensure that the desired geometry and properties are
attained. Preferably, a technigue should be wused with
tolerances in the range of 0.5 microns. Once the circuit is
fabricated, the center frequency f, and insertion loss IL, are
measured. Preferably, these measurements are obtained using a
network analyzer calibrated by means of a full two port
calibration and using averaging.

[93] Next, the same circuit is designed and analyzed on an
electromagnetic field simulation tool such as Sonnet, IE3D or
Momentum. Initially, the simulation assumes no loss due to the
ferroelectric film (i.e., a loss tangent of zero). The
ferroelectric dielectric constant is then adjusted in the gap
region to give the same center frequency f, as measured in the

test circuit. ILp is then calculated for the ferroelectric gap
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capacitor alone. This value is then used in the simulation to
account for the loss component ILgei.y associated with the metal.
[94] Next, amother circuit simulation is run, but this time
using a non-zero loss tangent. In one implementation, a loss
tangent of 0.003 is used and IL, is recalculated. This
iterative process is continued until the measured insertion
loss ILp from the test circuit is obtained, thereby yielding a
very accurate approximation of the loss tangent for the
circuit, as well as the loss component Igem due to the
particular structure being tested (in this case, a gap
capacitor) .

{95] The baseline performance of the SR-BPF can be established
by fabrication of the circuit with no £-e film. The resulting
resonant frequency will of course be higher as the loading
capacitor 610 is smaller. This result will provide accurate
information on overall shape and frequency response of the SR-
BPF.

[96] Circuit 600 1is mnot only an accurate mechanism for
measuring the loss introduced by a ferroelectric gap
capacitor, it is also a basic building block for low loss
tunable filters that may be implemented in a wide range of
applications, such as wireless handsets. Narrowband resonant
circuits configured as taught herein can be used to enhance
the efficiency of, and add tunability to, many components of a
typical RF transceiver. Examples of RF components in which
the present invention could be implemented include, but are
not limited to, duplexers, isolators, matching circuits, power
amplifiers, multiplexers, bandpass filters and low noise
amplifiers. With each element being tunable, it becomes
unnecessary to use multiple circuitry blocks to accommodate
multi-band modes. If necessary, the resonant circuits can be
cascaded in an appropriate fashion to create desired filters
and systems, vastly d1mproving system performance while
decreasing cost and size. Many of the components of a typical

wireless handset would benefit from tunability.
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[97] The description and drawings contained herein are
particular embodiments of the invention and are representative
of the subject matter broadly contemplated by the invention.
However, the invention encompasses other embodiments that will
be obvious to those skilled in the art. Accordingly, the

scope of the invention is limited only by the appended claims.
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Claims
1. A method for determining loss associated with a

ferroelectric circuit component comprising:

fabricating a circuit comprising the ferroelectric
component ;

measuring a combined loss comprising an insertion loss
due to the ferroelectric component plus other losses due to
the other loss sources;

determining components of the insertion loss that are due
to other loss sources; and

removing the components due to other loss sources from
the measured combined loss to determine the loss associated

with the ferroelectric component.

2. A method as claimed in claim 1, wherein the

ferroelectric component is a gap capacitor.

3. A method as claimed in claim 2, wherein the circuit
comprises an integrated structure including a resonator

integrated with the gap capacitor.

4, A method as claimed in claim 3, the integrated
structure comprises conductive strips deposited on a low loss
substrate separated by a gap, and a thin film of ferroelectric

material underneath the gap.

5. A method as claimed in claim 1, wherein the
ferroelectric component is selected from a group comprising an
interdigital capacitor; a gap capacitor and an overlay

capacitor.

6. A method as claimed in claim 1, wherein the circuit

is a narrowband regonant circuit.
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7. A method as claimed in claim 1, wherein the combined

loss is measured using a network analyzer.

8. A method as claimed in claim 1, wherein the components
of the insertion loss that are due to other loss sources are

determined using a circuit simulation tool.

9. A method as claimed in claim 1, wherein the components
of the insertion loss that are due to other loss sources are

determined using a electromagnetic field simulation tool.

10. A method as c¢laimed in claim 1, wherein the

ferroelectric component has a Q greater than 100.

11. A method as claimed in claim 1, wherein the

ferrcelectric component has a Q greater than 200.

12. A method as claimed in claim 1 comprising:

fabricating a narrowband resonant circuit that integrates
the ferroelectric component;

measuring the center frequency and a insertion loss of
the circuit with a network analyzer;

analyzing the circuit on a circuit simulation tool to
determine the components of the insertion loss due to
conductive metal components of the resonant circuit and due to
the geometry of the ferroelectric component;

removing the components of the insertion loss due to
conductive metal components of the resonant circuit and due to
the geometry of the ferroelectric component from the measured
insertion loss to determine the loss due to the ferroelectric

component .

13. A method as claimed in claim 12, wherein the
narrowband resonant circuit comprises a microstrip resonator

having a gap to define the capacitor.
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14. A tunable thin film ferrcelectric device fabricated
using a method that isolates the loss due to the ferroelectric
film.

15. A tunable device as claimed in claim 14, wherein the

device comprises a ferroelectric capacitor and a resonator.

16. A tunable device as claimed in claim 14, wherein the
device comprises a planar, second order combline bandpass

filter coupled to a lumped element, interdigital capacitor.

17. A tunable device as claimed in claim 14, wherein the
device comprises a microstrip resonator having an integrated

gap capacitor.

18. A tunable ferroelectric capacitor comprising:

a first conducting surface;

a second conducting surface, the first and second
conducting surfaces comprising a capacitor;

a ferroelectric material proximate the first and second
conducting surfaces;

a variable voltage line coupled to the ferroelectric
material for changing a capacitance of the capacitor,
responsive to a changing dielectric constant of the
ferroelectric material, responsive to a voltage applied to the
variable voltage line;

wherein a Q of the capacitor, when operated in a
temperature range between about -50 degrees Celsius and 100
degrees Celsius, is greater than about 80 in a frequency range

between 0.25 GHz and 7.0 CGHz.

19. A tunable ferroelectric capacitor as in claim 18,
wherein the gquality factor, when operated in a temperature

range between about -50 degrees Celsius and 100 degrees
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than about 80 in a frequency range between

0 GHz.

20. A tunable ferroelectric capacitor asg in claim 18,

wherein the quality
range between about

Celsius, is greater

factor, when operated in a temperature
-50 degrees Celsius and 100 degrees

than about 80 in a freguency range between

about 0.25 GHz and 2.5 GHz.

21. A tunable ferroelectric capacitor as in claim 18,

wherein the quality
range between about

Celsius, is greater

about 0.8 GHz and 2.

22. A tunable
wherein the quality
range between about

Celsius, is greater

factor, when operated in a temperature
-50 degrees Celsius and 100 degrees
than about 80 in a frequency range between

5 GHz.

ferroelectric capacitor as in claim 18,
factor, when operated in a temperature
-50 degrees Celsius and 100 degrees

than about 180 in a frequency range

between 0.25 GHz and 7.0 GHz.

23. A tunable
wherein the quality
range between about

Celsius, is greater

ferroelectric capacitor as in claim 18,
factor, when operated in a temperature
-50 degrees Celsius and 100 degrees

than about 180 in a frequency range

between about 0.8 GHz and 2.5 GHz.

24. A tunable
wherein the quality
range between about

Celsius, is greater

ferrcelectric capacitor as in claim 18,
factor, when operated in a temperature
~50 degrees Celsius and 100 degrees

than about 80 for a capacitance in a range

between about €¢.3 pF and 3.0 pF.

25. A tunable

ferroelectric capacitor as in claim 18,
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wherein the quality factor, when operated in a temperature
range between about -50 degrees Celsius and 100 degrees
Celsius, is greater than about 80 for a capacitance in a range

between about 0.5 pF and 1.0 pF.

26. A tunable ferroelectric capacitor as in claim 18,
wherein the quality factor, when operated in a temperature
range between about -50 degrees Celsius and 100 degrees
Celsius, 1is greater than about 180 for a capacitance in a

range between about 0.3 pF and 3.0 pF.

27. A tunable ferroelectric capacitor as in claim 18,
wherein the guality factor, when operated in a temperature
range between about -50 degrees Celsius and 100 degrees
Celsius, is greater than about 180 for a capacitance in a

range between about 0.5 pF and 1.0 pF.

28. A capacitor as claimed in claim 18, wherein the
capacitor has a capacitance of about 0.8 to 1.5 pF when zero

voltage is applied to the ferroelectric material.

29. A capacitor as claimed in claim 18, wherein the

ferroelectric material comprises barium strontium titanate.

30. A capacitor as claimed in claim 18, wherein the
ferroelectric material comprises a film having a thickness of

approximately one micron.

31. A capacitor as claimed in claim 18, wherein the

capacitor is a microstrip gap capacitor.
32. A capacitor as claimed in claim 31, wherein the

first conducting surface and the second conducting surface are

separated by a gap approximately 2.5 microns wide.
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33. A capacitor as claimed in claim 18, wherein the
conductors are metal strips having a thickness in the range of

2-3 microns.

34. A capacitor as claimed in claim 18, wherein the

capacitor is an overlay capacitor.

35. A capacitor as claimed in claim 18, wherein the

second conducting surface comprises either gold or silver.

36. A dapacitor as claimed in claim 18 wherein:

a first taper to the ferroelectric capacitor from a
ferrcelectric capacitor bond pad comprises a contracticn of
the first conducting surface from about 4.0 mils wide to about
0.1 mils wide over a distance of about 1.0 mils; and

a second taper from the ferroelectric capacitor to a DC
bias pad region comprises an expansion of the second
conducting surface from about 0.1 mils wide to about 4.0 mils

wide over a distance of about 1.0 mils.
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