JP 2004-506180 A 2004.2.26

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
}53%2004-506180
(P2004-5061804)
(49 AEB  FR165£2H 268 (2004.2.26)
(51) Int.CL." Fl F—va—F (B%)
GO1L 9/00 GO1L 9/00 303Q 2F055
GO1K 7/2 GO1L 9/00 305H 4M112
HO1L 29/84 GO1K 7/22 A
HO1L 29/84 B
HO1L 29/84 Z
BEWR S TRBEWR T (£330 B
(2l HEES #5$E2002-514356 (P2002-514356) |(71) HEEA 500481330
(86) (22) HERR TRy 1347H 198 (2001.7. 19) IYFIVA 4 Am R =Ty
G5 BIRTREE EERISEFEIALITH (2003.1.17) PAVHEERE 55318 31ivV4A,
(86) B HEES PCT/US2001/022919 FrAAh, AV T—As—F 35
B7) EERLHES ¥02002/008713 00
(87 EEEAHA SERLI4EE1A3LE (2002.1.31) (74 A 100064344
(31) EAREETEEE  09/620,007 HELT [EH =EE
(32) & H SERE125T7H 208 (2000.7.20) (74) 1A 100087907
(32) BRETER  RE (US) #E+ BE BE

(74) fREE A 100095278

EL R EE
(74) fLE A 100105728

f#EL T BT
(74) fLE A 100125106

EL A &

B EICHE S

(54) [READER] EMBEOFRRCBEEORVGERBICEVGCERTREL £

GNHOOOD
0000000000000000000000000 /8
0000000000000000000000000
0000000000000000000000000 4
0000000000000000000000000 , Dy
0000000000000000000000000 o RN
0000000000000000000000000 /ﬁ /
0000000000000000000000000 20 14 30 32
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

00




e R ey [ s R s [y |

Oo0oooooo0ooooooo0o oo oDoDoooo0oooDoDoDoooDoooooogdg
Oo0ooooo04ooooooUoo Do oDoDooooUoDoooDoDoDoogggooooogdg
e A s e e s e e e e ey e A s [
Ooooooooo0ooooooooooDoooooooDooooooooooodg
OoOoooooo0o0oooooo oo oDoDoooo0 oo oDoooo0ooDoooogdg

Oooooooooooooogogoao

OO0 ooooooQgoooo
OO0 oo oDooogogogooo
OO0 oo oDooodgQgogooao
Oooooooogooooao
OO0 oo ooooQgoooo

OoooooogoQgg
Oooooooggg
OO0 oooooggg
OoooooooQgodg

[ |

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

(2)

OooOoo0oooodgadg

OoooooogoQgdg
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oo0ooo
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

JP 2004-506180 A 2004.2.26

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 s e e e e e ey e s s e Y o
OoOoooooooo0oooooo oo oDoooo oo oDoDooooooDoooooooooao
OoOoooooo0ooooooo oo oDoooo o0 oo oDoDooo0DooDoDooooooooao

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
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooog

O

Ooooooooogoogoao
Oo0oooooogogdg

Ooooooo0ooooooogooooao
Ooooooooooooogogoooao

OO0 oooooogdg

Oo0DoDooo4ogUoooooogogooao

Oooooooood

OoooocooooooooogoogoooOoao

oo oooooogodg

Ooooocooooooooogoogoooao

oo oooooogodg

Ooooooooooooogogoooao

OO0 oooooogdg

Ooooooooooooogogogooao

OO0 ooooogdg

Oo0DoDooo4gogoooooogogooao

Oooooooood

OooooooooooooogoogooOooOoao

Ooooooooodg

Oooooooooooooogoogoooao

oo ooooooQgodg

Oooooooooooooogogoooao

OO0 oooooogdg

Ooooooooooooogogoooao

OO0 oooooogdg

OoDooooogoQgogoooao

O 0Ooooo

)

O
(]

Oooooooood

OooooooooooooogoogooOooOoao

Oooooooodg

Ooooocooooooooogoogoooao

OO0 ooooooQgdg

Oooooooooooooogooooao

oo oooooogdg

Ooooooooooooogoooao

OO0 oooooogdg

OooDoooooooooogogooao

Ooocogooogoo

Oooooooooooooogooogoogo

Ooooooooodg

Ooooocooooooooogoogoooao

OO0 ooooooQgodg

Oooooooooooooogooooao

JP 2004-506180 A 2004.

uod

O

OO0 oooooogodg

Ooooooooooooogogoooao

O

O oo oooogdg

Ooooooooooooogogooao

0

OO0 ooooogdg

OO0 o0Dooo4ogUoooooogogooao

gooaooaoan

O

OoooooooOodg

Ooooocooooooooogooooao

O

oo ooooooQgodg

Ooooocooooooooogooooao

O

OO0 oooooogodg

Ooooooooooooogogoooao

O

OO0 oooooogdg

OooDoooooooooogogooao

O

OO0 oooooogdg

OO0 ooDooogoQgogoooao

O 0OooOooo

O

Oo0oooooood

OooooooooooooogoogoooOoao

oo oooooodg

Ooooocooooooooogoogoooao

oo ooooooQgodg

OooooooooooooogQgogaoQg
OOoooooooooooooggogaoQg
OO0 ooooo4oogoooooggogog

OO0 oooooogdg

.26

O oo oooogdg

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 [ |

Ooooooooooooogdg

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

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

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod

OooooooogogQgogooQg
Oo0ooooooggogooQg
OO0 oooDoooggogog
Ooo0oooooooOoogoo
OooooooooQgogogoaoQo
Oo0oooooogogoQgogooQg
OoooooooggogooQg
OO0 ooooooggogodg
Ooo0oooooooogooOgoo
OooooooooQgoogoo
Oo0oooooogogogogooQg
Oo0oooooogogogoQg
OO0 ooooooggogog
OooooooooOooOood
OooooooooQgoogoao
OoooooooogogQgogooQg
Oo0oooooogogogogooQg
OO0 ooooooggogoQg
OO0 oooDoooggogdg

Ooooooogooooogdg

Oo0DoDooo4gogoooooogdg

Oo0oooooooooooOod

OoooooooooooQgodg

OoooooooooooQgdg

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

Oooooooooooogdg

OoDoDooo4gogooooogdg

Oo0oooooooooooOodg

OoooooooooooOgodg

Oooooooooooogdg

Oooooooooooogdg

Oo0oDooo4ogooooogdg

(4)

O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao

Oo0ooooooooooood

OoooooooooooQgodg

OoooooooooooQgdg

Oooooooooooogdg

OooDoooogoooooogdg

Ooooooooooogogood

JP 2004-506180 A 2004.2.26

ugboooboobobadd
gooobooboobooboaodab
oooooooboooooogano
gooobooboboobonb
gboooboobooboooboaoadab
oooooooboooooogao
gooobooboboobonb
gooobooboobooboaodab
oooooooboooooogano
gooobooboboobonb
gboooboobooboooboaoadab
ugbooobooboboobooadhb
oooooooboboOoooogao
gooobooboobooboaodab
oooooooboooooogano
gooobooboboobonb
gboooboobooboooboaoadab
ugbooobooboboobooadhb
oooooooboboOoooogao
gooobooboobooboaodab
oooooooboooooogano
gooobooboboobonb
gboooboobooboooboaoadab
oooooooboooooogao
gooobooboboobonb
ugbooobooboboobooadhb
oooooooboboOoooogao
ooano
gooobooboboobonb
gboooboobooboooboaoadab
oooooooboooooogao
gooobooboboobonb
ugbooobooboboobooadhb
oooooooboboOoooogao
gbooobooboobooobad

oooooooboooooogano
gooobooboboobonb
gboooboobooboooboaoadab
oooooooboooooogao
gooobooboboobonb
ugbooobooboboobooadhb
oooooooboboOoooogao

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 [ |

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
OO0 oDooogogoooao
Ooooocooooooao
Oooooooooooao
Ooooooogoooooao
Ooooooogogogoooao
OO0 oooogogoooao
OooooooooOoooao
Ooooocooooooao
Ooooooogooooao
Ooooooogogogooooao
OoDoooogogoooao

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

oo oooooogodg

Ooooooooooooogodg
OoooooogogQogooooaog
OO0 ooDoogog4Qgooooaog
OOo0oooooooooooao
Ooooooooooooaoo
Oooooooogooooaoo
OoooooogogQgooooao
OO0 ooDoogog4Qgooooaog
OOo0oo0ooooooOoooooao
Ooooooooooooaoo
OoooooooQogooooao
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOoooooab-o
Ooooooooooooao
Oooooooogooooaoo
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOoo0oooooOoooooao
Oooooooogooooaoo
OoooooooQogooooao
OoooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOo0oo0oooooooooao
OoooooooOoooooaoo
OoooooooQogooooao
OoooooogQgooooaog
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOogooooaoo
Ooooooooooooaoo
OoooooooQogooooaoo
OooooooQgooooao
OO0 oDoDoogog4Qgooooaog

O Ooo0ooooao
O 0Ooo0ooooao
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

O oo ooooogdg

OO0 oooooogdg

Oooooooood

oo oooooogodg

oo oooooogodg

OO0 oooooogdg

OO0 ooooogdg

Oooooooood

Ooooooooodg

oo ooooooQgodg

Ooooooogdg

OOooooogdg

()

OOoo0oooood

Oooo0oooOodg

Ooo0oooQgdg

Ooooooogdg

OoOooooogdg

Ooooogoood

OoOoo0oooOodg

OooooooQgdg

JP 2004-506180 A 2004.

Oooooogdg

OOooooogdg

Oooooogdg

ugoooaooboadd

O
O

OoOoo0ooooOod

O

OoooooQgodg

O

Ooooooogdg

O

Ooooooogdg

O

Oooooogdg

O

OoOoo0ooooOod

O

Ooo0oooOodg

O0Ooo0oo0ooao

Oooooogdg

O0Ooo0oooo

Ooooooogdg

O0Ooo0oooao

.26

OOooooogdg

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 [ |

OoooooogoQgooao
OoooooogQgogaoQg
Oo0oooooggogodg
OoooooooOooOgoo
OooooooogooQoogoo
OoooooogoQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog
OoooooooOooOoo
OooooooogoQoogoo
OoooooogogQgogoog
OoooooogQgogooQg
Oooooooggogaog
OoooooooOooOono
OooooooogoQooOgoo
OoooooogogQgogooQg
OoooooogQgogooQg
OooooooggogaoQg
OO0 oooogQgogog
OoooooooOooOgoo
OooooooogogQgogooQo
OoooooogoQgogooQg
OoooooogQgogoQg
Oo0DoDooooggogog
OoooooooOooQgoo
OooooooogogoQoogoo
OoooooogoQgogoog
OoooooogQgogooQg
Oo0ooooggogog
OoooooooOoogood
OooooooogoQoogoo
OoooooogQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
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

OooooooogoQgdg
OooooogoQgdg
OO0 oooogogdg
Oooooooogogd
OooooooogoQgdg
OoooooogQgo-g
OoooooogQgdg
Ooooooggdg
OoOoooooogodoad
OooooooogoQodg
OoooooogoQgdg
OooooooogQgdg
Ooooooggdg
OoOoooooogoOoad
OooooooogoQgodg
OooooooogQg™g
OoooooogoQgdg
Ooooooggdg
O0o0Dooooogogdg
OooooooogoQgdg
OooooooogQgdg
OoooooogoQgdg
OooooogQgg
OO0 oooogogg
OooooooogoQgdg
OooooooogoQgdg
OooooooogoQgdg
OoooooogQgdg
OOoooooggdg

oo ooooogooQgog
OO0 ooooogogogdg

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao

O
O
O
O

O
O
O
O
O
O
O
O
O
O

O

Oooooogogdg

OooOoooooOodg

OooooooQgodg

Oooooooogod
Oooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooo0ooooogod
Oooooooogd
Ooooooogd
OOoooooogd
OoOoo0oooood
Oooo0oooogod
Oooooooogd
Ooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooooooogd
Ooooooogd
OOooooogd
OOoooooogd
OoOoo0ooooogod
Oooooooogdg
Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oooood
Ooo0oooogod
Oooooooogdg
Ooooooogd
OOoooooogd

OoooooQgdg

Oooooogoogdg

OOooooogogdg

OooOoo0ooooQgodg

OooooooQgodg

OoooooQgdg

OooooogooQgdg

Oooooogogdg

(6)

OooOoo0ooooOgoadg
Oooo0oooQgdg

OooooooQgdg

OooooogooQgdg

OoOooooogogdg

Oooooogoood

|

OooooooQgdg

OoooooooQgdg

JP 2004-506180 A 2004.

Ooooooogdg

Oooooogogogdg

Oooooogoogdg

OooOoooooOodg

OooooooQgdg

OooooooQgdg

O
O
O
O
O
O
O

Oooooogoogdg

Oo0oooogogdg

Oooooooo

OooOoooooOodg

Oooooooog

Oooo0oooQgdg

Ooooooog

OoooooQgdg

O oo oooog

Oooooogogogdg

.26

O 0o oooodg

Oooooogoogdg

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

OoooooogoQgg
Oooooooggg

OO0 ooooooQgogooo
OO0 oooooogogogooo
OO0 oDooDooogogogoao
Ooo0ooooooogogooao
oo ooooooQgogooo
OO0 ooooooQgogooo
OO0 oooooogogooo
OO0 oooDooogogogoao
OoooooooogoOooao

Ooooooooo0ooooogogogoao
Oooooooooooooogogoao
OO0 oDooDooog4gogooDooodogogao
Ooooooooooooooogogogoao
Ooooooooo o ooooogogoo
Oooooooooooooogogogoao
Oooooooooooooogogoao
Oo0oooDooo4gogooDooogogoao
Oooooooooooooooogoogoao
Ooooooooooooooogogooao
Oooooooo o0 ooooogogogoo
Oooooooo4o0ooooogogoao
Oo0oooooo4oooooogogoao

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Ooooooooogoooao
OoooooogooQgooao
OoooooogQgooao
Oooooooggogooao
OooooooooOooOooOoao
OooooooooQgoooao
OoooooooQogooao
OoooooogogQgooao
Oooooooggogooao
OO0 oDoDoooggogoao
Ooooooooogoooao
Oooooooogooao
OoooooogooQgooao
Ooooooogoggogooao
OO0 oooooggogoao
Ooooooooogoooo
OooooooooQgoooao
OoooooogogoQgooao
Ooooooogoggooao
Ooooooggogooao
OoooooooogogooOoao
OooooooooQgooo
OoooooogooQgooao
OoooooogogQgogogoao
OO0 oooooggogogoao

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

€]

OooOoo0oooodgadg

Oooooooooooooogoogooao
Ooooocooooooooogogogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
OooDoooooooooogogoao
OO0 oDooog0gUoooDooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao
OooDoooogooooooogogoao
Oo0DoDooogdgUoooDooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogogogoao
Oooooooooooooogogoao
OooDoocoogooooooogogoao
Oo0oDoooggUoooooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Oooooooooooooogogoao
Oooooooooooooogogoao
Oo0DoDooogg4oooooogogogao

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

OoOoooogoood

OooooooQgdg

Oo0oooogoQgdg

JP 2004-506180 A 2004.

OooooogQgog
Ooooooggdg
Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg
OooOooooodgadg
OoooooogoQgdg
OoooooogQgdg

Oo0oooogoQgdg

.26

Ooooooggdg

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 [ |

OoooooooDooooooo0 oo ooooooooDooooooDoDoooooooooao

OoooooooOgoad
OoooooooQgooQgQd

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

Oooooooo0ooooooo00 oo oooo oD oo oDooooooDoDoDooooooooaog

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
O
O
O

Ooooooooogoogoao

OO0 ooooooQgooo
OO0 oooooogogooao
OO0 oDooooogogogoao
Ooooooooogooao
OoooooooQgooao
oo ooooooQgooao
OO0 oooooogooao
OO0 ooooooggogogoao
Oo0oooooooOgoOooao
OoooooooQgooao

Oooooooogooooao
OOooooooQgooooao

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
oo o0 oooooogg
OO0 o oooooogdg
OOooooooood
oo ooooooogodg
oo o0 oooooogodg
OO0 o0 oooooogodg
OO0 o oooooogdg
OO0 oo ooooogdg
oo ooooooodg
oo o oooooogodg
oo o0 oooooogg
OO0 o oooooogodg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogodg
OO0 o0 oooooogdg
OO0 o oooooogodg
oo ooooooodg
oo o oooooogog
oo o0 oooooogdg
OO0 o0 oooooogodg
OO0 o oooooogodg

OO0 ooDooogogooao

OOo0oooooooooooao
OoooooooOoooooao
Ooooooooooooao
OooooooQogooooao

OO0 ooooogogooao

OOo0oooooooOoooooao
Ooooooooooooao
Oooooooogooooaoo
Oooooooogooooao
OO0 ooDooogooooao
OOo0oooooooooooao
OOoooooooOoooooao
Ooooooooooooao
Oooooooogooooao
OO0 ooooogogooooao
OO0 oDoDooo4Qgooooao
OOoooooooooooao
OoooooooOoooooaoo
Oooooooogooooao
Ooooooogooooao
OO0 oDoDooo4Qgogoooao
OOo0oooooooooooao

OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao

O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

(8)

JP 2004-506180 A 2004.2.

OO0 ooooooQgogooo
oo ooooooQgogooo
OO0 oooooogogogoo
OO0 oooDooogogogoao
Ooo0ooooooogogooao
OO0 ooooooQgogooo
oo ooooooQgogooo
OO0 oooooogogogoo
OO0 oooooogogogoao

26

0O O
[ |
O O
O O

O

O Ooooo
O OoOooo

O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

gooaod

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 [ |

OoooocoooooooooooooooOodg
Ooooocoooooooooooooooodg
OooooooooooDoooooooooog
OooooooooooDoooooooooog
OO0 OoDoDoogog4UoDooDooogggogooooog
Oooooooooooooooooooono
OoooooooooDoooooooooog
OoooooooDooDoooooooooog
Oo0ooooooo0oooDooooogooooog
Oo0DoDooogog4ooooDooogog4ogooooog
Oo0oooooooooooooooooooo
OoooooooooDoooooooooon-o
OoooooooDooDoooooooooog
Oooooooo0ooDooooooooooog
Oo0ooooogoDooDooogogogooooog
Oo0oooooooooooooooooooo
OoooooooooDooooooooooo
Oooooooo0ooDoooooooooog

Ooo0ooooooooooDooooooooooogoooao

Ooooooooo o ooooogogooo

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Ooo0ooooao
OO0Ooo0ooO0oo0ooao

Oooooooodg
Oooooooog
Ooooooodg
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg

gboogogbodaoand

I Y [y
O 0o oo
I [

g
O
g

O Ooo0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

a
O
g

O
O

oooggao

ood
od

Oo0oo0oooooOooOooOooOoao

~
©
~

OoooooogQgogoaoQg
Oooooooggogaog
OoooooooOooOono
OooooooogoOooOgoo

u
O
a
O
g
a
O
g
u
O

OoooooooQooooao
OoooooooQooooao

O
O

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
O

gooooboao
oooooaoaao
oo* oooao
gooobad
ugoooaoboaao
ooooooao
oooooboaoaao

OoooooogogaoQg
Oooooogogaog
OO0 oooogogdg
OooooooOoQgQd
OooooooQgoQgaoQg
OoooooogogaoQg
OooooogogoQg
Oooooogogodg
Oooooooogoogoad
OoooooooQgogQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
Oooooooogoad

OO0Ooo0ooooao
O Oo0ooooao

Oooooooooooooo4gogoooog
OoooDoooooooooog4goooog
OO0 o0ooDooo0oUoooDoDoogogUgoooog
Ooooooooooooooogogoooodo
Ooooooooooooooogoooog
Oooooooooooooo4ogoooog
Oooooooooooooogogoooog
OO0 ooDooogoooDoooogog4goooog
Ooooooooooooooogogooooo
Ooooooooooooooooooog
Ooooooooooooooogoooog
Oooooooooooooo4gogoooog
OOo0ooDooo4oooDoooog4goooog
Ooooooooooooooogogoooodo
Ooooooooooooooooooog
Ooooooooooooooogoooog
Oooooooooooooo4gogoooog
OOo0ooDooooooooogoggogoooog

O O

O0Ooo0ooooao
OOoo0ooooao
OOoo0ooooao
O Oo0ooooao
O O0Oo0ooooao
O0Ooo0ooooao

O 0ood

JP 2004-506180 A 2004.

oogaod
oo
oo
ogagaod

oooao
ogooad
oooao

ooogao
oogao

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

OO0Ooo0ooooao
OOoo0ooooao
OOoo0ooooao
OO0Ooo0ooooao
O Oo0ooooao

OoOoo0ooood
OoOoo0ooood
OOoo0ooood
O0O0Oo0oooogod

O

O

O

oooao
goooobooocooooooooao

ooooooobooobooooooooboDbooOono
ooooooobooooocoooooooboDboooboo

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 [ |

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
OO0 oDooogogoooao
Ooooocooooooao
Oooooooooooao
Ooooooogoooooao
Ooooooogogogoooao
OO0 oooogogoooao
OooooooooOoooao
Ooooocooooooao
Ooooooogooooao
Ooooooogogogooooao
OoDoooogogoooao

Oooooooogogogogoao
Oooooooogogoao
OO0 ooooogogoao
Ooooooooogoogooo
Ooooooooogoogogoo
Oooooooogogogogoao
Oooooooogogoao
Ooooooogogoao
OoooooooogooOooOoo
Ooooooooogogogoao
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OoOoooooooOoogooOoao
Ooooooooogogogogoao
Oooooooogogooao
Oooooooogogogoao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogogooao
Ooooooooogogooo
Oooooooogogooao
Oooooooogogoao
OOoDooooogogoao
Ooooooooogoogooao
Oooooooogogooo

Oo0oooooooooog
Oo0ooooogogooooodg
OO0 oDooo4gogooooodg
Oo0ooooooooood
Oo0ooocooooooodg
OoDoooooooooog
Ooooooogooooodg
OO0 oDooo4gooooodg
Oo0ooooooOoooood

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
oo o0 oooooogg
OO0 o oooooogdg
OOooooooood
oo ooooooogodg
oo o0 oooooogodg
OO0 o0 oooooogodg

Ooooooooogooao
oo oooooogoogoooao
Oooooooogoogooao
OO0 oooooogogooao
OOoooooooOgooOooao
Ooooooooogooao
Oooooooogoogoooo
Oooooooogoogooao
Oooooooogogogooao
OO0 ooooogogooao
Oooooooooogooao
Oooooooogoogoooao
OooooooogoQgooao
Oooooooogogogooao
OO0 ooooogogooao
OooooooooQgooao
Ooooooooogooo
Oooooooogoogogooao
Oooooooogoogooao
OO0 ooooogogooao
OOoooooooOoogooao
Oooooooogoogoooao
Oooooooogoogoooao
Oooooooogoogooao
OO0 ooooogogooao

(10)

OooooogogQgogaoQg
OO0 oooogoQgogaog
Oooo0oooQgoogoao
OooooooQgogoao
OoooooQgogoao
OooooogoggogaoQg
OO0 ooooggogaog
Oooo0oooOooOgoao
OooooooQogogoao
OoooooQgogoao
OoooooQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogo
OooooogoQgogoaoQg
Oooooogoggogaog

JP 2004-506180 A 2004.

OO0 oooooogoogog
Oo0oooooogogodg
OO0 oooooogogdg
Ooooooooood
Ooooooooodg
OO0 oooooooQgodg
OO0 oooooogogg
OO0 oooooogogdg

.26

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 [ |

Oo0oooogoQgg

OO0 oo ooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogQgogogooao

Oooooooood

Oo0oooooooooooooogdg
Oo0oooooooooooooogd
OO0 oooooogooooooogd

Ooooooooogogog
OOooooooogoQgg
OO0 oooooogogg
OoOooooooooOodg
OoooooooogogoQgog
OoooooooogoQgog
Oooooooogogg
OO0 oooooogogg
OoOoooooooOod
OoooooooQgog
Ooooooooogogg
Oooooooogogg
OO0 oooooogogg
OOoooooooOod
OoooooooogooOodg
OoooooooogoQgog
OoooooooogoQgoog
Oooooooogogg
OO0 ooooogogg

Oooooogogdg

Ooooooggdg

(11) JP 2004-506180 A 2004.2.26

uboboobooboboboobdoobooboobooboobooboodno

oooooooooboooooooooooboooobooooooooao

goboobooboboooboooboobooboooobooboaodnb
oooooooooooooooooooobooocoooooooao

Ooo0oooQgodg
Ooooooogdg
OoOoooooogdg
OOooooogdg
OoOoo0ooooOod
Oooo0oooOodg
Oooooogdg
Ooooooogdg
OOooooogdg
OOoo0oooood
Oooo0oooOodg
Ooo0oooQgdg
Ooooooogdg
OoOooooogdg
OOooooogdg
OoOoo0oooOodg
OooooooQgdg
Oooooogdg
OOooooogdg
Oooooogdg
OoOoo0ooooOod
OoooooQgodg
Ooooooogdg
Ooooooogdg
Oooooogdg
OoOoo0ooooOod
Ooo0oooOodg
Oooooogdg
Ooooooogdg
OOooooogdg

oo ooooooooooooao
oo o ooooooOooooooo
oo o0 ooDoooogogoooooo
OO0 o0oooDoooogogoooooo
OO0 0o oDoooggoggogoooao
Ooooooooooooooao
oo o oooooooooooo
oo o0oooDoooogooooooo
OO0 o0 ooDoooogogoooooo
OO0 0o oDoooggogogogoooao
oo ooooooooooooao
oo ooooooooooooo
oo o0 ooDoooooooooo
OO0 o0oooDoooogogogoooooo
OO0 o0oooDoooggogogooooo
OO0 0o oDoooggogogogoooao
oo ooooooooooooao
oo o ooDoooogooooooo
oo oo oDoooogooooooo
OO0 o0 ooDoooggogogooooo
OO0 0o oDooogogogogoooao
oo ooooooooooooao
oo o0 oooooooooooo
oo o0oooDoooogogoooooo
OO0 o0oooDoooogogogoooooo
OO0 0o oDoooggogogogoooao
oo ooooooooooooao
oo o oooooooooooo
oo o0oooDoooogogoooooo
OO0 o0 ooDoooogogoogogoooo
OO0 o0ooDoooggogogoooo

Ooooooooodg
oo ooooooQgodg
Ooo0oooooogg
Ooooooogogg

SO0 oQgo4dgogooo

000 0go0ooo
oo ooooooQgodg
oo ooooogooQgodg
Ooooooogogogdg
OO0 oooooggdg
OoooooooOgodg
Ooooooooodg
oo ooooogooQgodg
Ooooooogogg
OO0 ooooogogdg

O
O

O
O

O
O

OooOoooooQdgdg
Ooo0oooogoQgdg
OoooooogoQgog
Oo0oooogoQgdg
Ooooooggdg
OooOoo0ooooQgadg
Ooo0oooogoQgdg
Oo0oooogQgdg
Ooo0oooogoQgdg
Oooooogogdg
OooOoo0oooodgadg
OoooooogoQgdg
Oo0oooogQgdg
OoooooogoQgg
Ooooooggg
Oo0oooogogdg
OooooooQgdg
Oo0oooogoQgdg
O oOooo

Ooooooggdg
Oo0oooogogdg
O 0Oooo

Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg
OooOooooodgadg
OoooooogoQgdg
OoooooogQgdg
Oo0oooogoQgdg
Ooooooggdg

10

20

30

40

50



OO0 ooooooQgoooo

OoOoooooo0o0oooooo oo oDoDoooo0 oo oDoooo0ooDoooogdg

Ooooooo0ooooooooooDoooogogoQgogoaog

OoooooooQogoooao

Ooooooogoooooao
OoDoooogogooooodg
OO0 oDooogoggQgooooaog:o
O oo ooooooQgoogo

OoooooogoQgogoooao
OO0 0o oDooodgogooao

[m]

OOo0ooooo4o0oooooogogoooao
OO0 oDoooo4dgoooooogogdoooao

O
O

O
OJ

Ooo0oooooOooOooOooao

Ooo0Ooo0ooood
OoOoo0oood
OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao

OoooooooQooooao

OooooooooOogooogod
OooooooogoQgoos
Ooooooogogoos
OO0 ooooggogooao
Ooooooooogooao
Oooooooogoogooo
OoooooogooQgooao
Ooooooogogogooao
Oo0ooooggogooao
OoooooooQgooao
Oooooooogoogooo
OooooooogoQgooao
Ooooooogoogooao
OoDoooooggogooao
Ooooooooogooao
OoooooooQgooao
OoooooogogoQgooo
OoooooogooQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooo
Ooooooogoogooo
OoooooogoQgooao
Oooooooggooao
OO0 oooooggogoao
Ooooooooogooao
Oooooooogoogooo
OoooooogogQgooao

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

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
O 0Ooo0ooo
O Ooooo
O Ooogooo

]

[mN|

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
O Ooooo
O Ooooo
O OooOooo
O OoOgooo

(]

|
=]

|
o

O

O

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

|
m|

O
o

(12)

a

O

|
m|

JP 2004-506180 A 2004.

[m]

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

O O0ooo

O O0ooo

O Oooo

°c OO oo oo

OoDoooooggogooao
Ooooooooogooao
OooooooogooQgooo
OoooooogogQgooao
OoooooogogQgooao
Ooooooggogooao

O 0Ooooo

O Oooo

O O oo

O O0ooo

O O0ooo

O 0Oooo

O Oooo

O Ooogo

gboooooboonbad

gboooodgan

10

20

30

40

50



Oo0oooooooo0 oo oooooooDoooQgogo-g
OO0 oooooo4o0ooDooogogooooDooogogooQg
Oo0oooOoooo0ooDooogogoooooogogaoQg
e e e e e ) e s s Y [ |

OOo0oooooooooooooooooooao

(13)

JP 2004-506180 A 2004.2.26

gobooobodaoad

10
gboooboooooboooan

gboooboooooboaoaoan

gbooobooaooaod

20

oooooobOoooogao



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

—
«
o
o
~
®
<
N
=
g

(14)

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publieation Date
31 January 2002 (31.91.2002)

PCT

OO OO

(10) International Publication Number

WO 02/08713 Al

(51) International Patent Classification™  GO1L 19/04

(21) International Application Number: PCT/US(1/22919

(22) International Filing Date: 19 July 2001 (19.07.2001)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
09/620,007 20 July 2000 (20.07.2000) US

(71) Applicant: ENTEGRIS, INC. [US/US); 3500 Lyman
Bonlevard, Chaska, MN 55318 (US).

(72) Inventors: PETERSON, Tom; 7020 Sandy Hook Circle,
Chanhassen, MN 55317 (US). DIAZ DIAZ, Jorge, An-
dres; 387 Arlington Road, St. Paul, MN (US). CUCCI,
Gerald, R.; 1201 Yale Place, #1907, Apt. #1907, Min-
neapolis, MN 55403 (US).

(74) Agents: DOUGLAS, J., Christensen et al.; Patterson,
Thuente, Skaar & Christensen, P.A., 4800 IDS Center, 80
South Eighth Street, Minneapolis, MN 55402-2100 (US).

(81) Desiguated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH,CN, CO, CR, CU,
Cz, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, IP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TI,TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(84) Desiguated States (regionalj: ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
pateni (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Buropean
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BI, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in ithe event of receipi of
amendments

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

(54) Title: SENSOR USABLE IN ULTRA PURE AND HIGHLY CORROSIVE ENVIRONMENTS

34

/8 16

Sl

ﬂﬂlﬂlﬂmo\\\\ NSO

2t

|24

30 32

) 7
20 /4

(57) Abstract: A sensor operable at iemperatures in excess of
400 °C is described. The sensor of the prevent invention op-
erates without fluid fill, is non-porous, non-contaminating, and
has no exterior exposed metallic components. The sensor in-
cludes a X Je sensing d that may
be positioned in direct contact with fluids in an ultra-pure sovi-
ronment, The non-porous surface may be comprised of a layer
of single crystal sapphire that is glassed to a backing plate. The
sensor of the present invention is suitable for use in a chemically
inert pressure transducer for sensing pressures and/or tempera-
fures in process fluids and may be molded directly into the high
temperature plastic housing of the pressure transducer module.
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-1-
SENSOR USABLE IN ULTRA PURE
AND HIGHLY CORROSIVE ENVIRONMENTS

L Field of the Invention

This invention relates generally to sensors and more particularly relates to a pressure
and/or temperature sensor having exceptional stability up to 200°C and effectively operable
up to 700°C. The pressure sensor of the present invention operates without fluid fill and has
no exterior exposed metallic components. The pressure sensor includes a non-porous,
impermeable surface that may be positioned in direct contact with fluids in an ultra-pure
environment. In one embodiment of the present invention, the non-porous surface is
comprised of a layer of single crystal sapphire that is impervious to chemical attack. In this
manner, chemicals or contaminants cannot be extracted over time from the sensor into a
process stream. Without limitation, the pressure sensor of the prcsém‘, invention is suitable for
use in a chemically inert pressure transducer fodule or flow meter for sensing pressures in
process fluids and may be molded directly into the high temperature plastic housing of the
same.
I Background of the Invention

Pressure sensors have been utilized in various applications to measure either gauge
pressure or absolute pressure. Many of these applications involve the measurement of
pressure in unfavorable environments. The i)ressure sensor may be of a capacitive type or
piezoresistive type. For example, an alumina ceramic capacitive sensor may comprise a thin,
generally compliant ceramic sheet having an insulating spacer ring sandwiched between a
thicker, non-compliant ceramic sheet. The first thin ceramic sheet or diaphragm is
approximately .005 to .050 inches in thickness with a typical thickness of .020 inches. The
thicker ceramic sheet has a thickness range between .100 to .200 inches. Those skilled in the
art will appreciate that the thickness of the diaphragm is preferably dependent upon the
diameter of the diaphragm. The spacer may be constructed of a sujtable polymer. The
apposed faces of ceramic disks are metalized by metals such as gold, nickel or chrome to
create plates of a capacitor. A similar caphcitive pressure transducer is described by Bell etal.
inU.S. Patent 4,177,496 (the ‘496 patent). Other capacitive pressure ttansducers similar to
that described in the ‘496 patent are available and known in the art. A piezoresistive sensor
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typically utilizes 2 Wheatstone bridge, measuring changes in voltage and correlating the

voltage changes to changes in sensed pressure. Either of these pressure sensor types may be

utilized to measure the pressure of flnids in ultra-pure environments, however, there is aneed
for a non-confaminating pressure sensor.

Ultra puré processing of sensitive materials typically requires the use of caustic fluids.

The susceptibility to contamination of the sensitive materials during the manufacturing

process is a significant problem faced by manufacturers. Various manufacturing systems have

. been designed to reduce the contamination of the sensitive materials by foreign particles, ionic

contaminants, and vapors generated during the manufacturing process. The processing of the
sensitive materials often involves direct contact with caustic fluids. Hence, it is critical to
deliver the caustic fluids to the processing site in an uncontaminated state and without foreign
particulate. Various components of the processing equipment are commonly designed to
reduce the amount of particulate generated and jons dissolved into the process fluids, and to
isolate the processing chemicals from contaminating influences.

The processing equipment typically includes liquid transporting systems that carry the
caustic chemicals from supply tanks through pumping and regulating stations and through the
processing equipment itself. The liquid chemical transport systems, which includes pipes,
pumps, tubing, monitoring devices, sensing devices, valves, fittings and related devices, are
frequently made of plastics resistant to the deteriorating effects of the caustic chemicals.
Metals, which are conventionally used in such monitoring devices, canmot reliably stand up to
the corrosive environment for long periods of time. Hence, the monitoring and sensing
devices must incorporate substitute materials or remain isolated from the caustic fluids.

While the processes must be very clean they often involve chemicals that are very
aggressive. These could include for example harsh acids, bases, and solvents. The
semiconductor industry has recently introduced processes, which make use of aggressive
abrasives. Both the process equipment and the monitoring instrumentation must be
impervious to the mechanical action of these abrasives.

Further, high reliability of process equipment instrumentation is 2 must. Shutting
down a semiconductor or pharmaceutical line for any reason is costly. In the past,
pressure transducers have commonly employed fill fluids to transmit pressure from the

process to the sensor itself. The fill fluids are separated from the process by an isolator
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diaphragm of one sort or another. Failure of this isolator diaphragm and subsequent loss
of fill fluid into the process can cause loss of product and require system cleaning before
restarting operations. Eliminating the isolator diaphragm and fill fluid from the design is
advantageous.

Also, the processing equipment commonly used in semiconductor mamifacturing
has one or more monitoring, valving, and sensing devices. These devices are typically
connected in a closed loop feedback relationship and are used in monitoring and
controlling the equipment. These monitoring and sensing devices must also be desigoed
to climinate any contamination that might be infroduced. The sensing devices may include
pressure transducer modules and flow meters having pressure sensors. It may be desirable
to have a portion of the pressure sensor of the pressure transducer or flow meter in direct
contact with the caustic fluids. Thus, the surfaces of the pressure sensor in direct contact
with the caustic fluids should be non-contaminating. It has been found that porous
materials allow the ingress and egress of canstic fluids through such materials. For
example, ceramic materials are bound together with various glass like materials which
themselves are easily attacked by the more aggressive corrosive materials. Hence, it is
preferable that those portions of the pressure sensor in direct contact with caustic fluids be
made of non-porous materials.

U.S. Patent 4,774,843 issued to Ghiselin et al. describes a strain gauge having a
single crystal sapphire diaphragm adhered to an aluminum oxide base. Ghiselin et al.
indicates that the sapphire is adhered by means of a glass bonding material, epoxy or other
adherent methods. Ghiselin et al. does not provide a further description of the glass
bonding material or how the glass bond adheres to the sapphire and aluminum oxide base.
However, Ghiselin describes the glass bond as a low strength material that separates at
strain points. Ghiselin describes a change in geometry to reduce the strain point and
thereby avoid the deficiencies of the low strength of the glass. U.S. Patent 5,954,9()0
issued to Hegner et al. describes problems with using a glass to bond to an aluminum
oxide ceramic part. Hegner et al. describes the use of alumina as the joining material to
alumina ceramic. The devices described by Hegner et al. and Ghiselin et al. are believed
to be limited to effective operable temperatures below 400°C. Thus, the reliability of the

sensors described by Hegner et al. and Ghiselin et al. decreases as temperatures exceed
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400°C. The caustic fluids of the processing equipment may often exceed 400°C. Hence,
there is a need for a pressure sensor having 2 non-porous surface that is bonded to the base
with a high strength bond, wherein the bond between the non-porous material and the base
is stable at temperatures in excess of 400°C.

Tt has also been found that Electromagnetic and Radio Frequency Interference
(EMI and RF1I respectively) degrade the performance of piezoresistive sensors. A
conductive shielding layer cannot be positioned directly between a silicon layer (on which
the Wheatstone bridge is formed) and the sapphire because of the epitaxial cr;nstmctiou of
silicon on sapphire. A conductive shielding layer on the outside of the sapphire is not
preferred when the outside of the sapphire is positioned in contact with the canstic fluids.
Hence, a need exists for a non-contaminating pressure sensor that blocks the EMI and RF]
from affecting the sensing element formed on a non-exposed surface of the pressure
sensor. The present invention meets these and other needs that will become apparent from

a review of the description of the present invention.

SUMMARY OF THE INVENTION

The present invention provides for a pressure sensor that includes a non-porous outer
surface. The non-porous surface is characterized by a low diffusivity and low surface
adsorption. In the preferred embodiment, the pressure sensor includes a backing plate, anon-
porous diaphragm, a sensing element adjacent an inner surface of the diaphragm, and a glass
layer of a high strength material that is bonded by glassing to the backing plate and the non-
porous diaphragm. The backing plate provides rigidity to the structure. The rigidity of the
backing plate resists stresses fransmitted from the housing (not shown) to the sensing elements
on the sensor diaphragm. Although the backing plate is not in direct contact with the process
medium it is required to be mechanically stable and amenable to high temperature processes.
The thermal expansion rate of the backing plate should approximate closely that of the sensing
diaphragm. While it is possible to compensate for thermal effects, a large mismatch will
produce stresses during manufacture that may cause the bond between the two pieces to yield
over time. Those skilled i the art will appreciate that the non-parous diaphragm may include
a Wheatstone bridge or a conductive layer formed thereon as part of a piezoresistive or

capacitive type sensor respectively.
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Without limitation, in the preferred embodiment, a silicon layer is formed on an inner
surface of the non-porous diaphragm, wherein a strain gage such as a Wheatstone bridge is
formed thereon. The backing plate includes apertures extending therethrough, the apertures
being adapted for receiving electrical leads coupled to the sensing element. A change in
pressure néar the non-porous diaphragm is detectable by the sensing element. An increase and
decrease of pressure against the diaphragm causes deflection of the diaphragm which in turn
changes the resistances of the strain gage. The changes in resistance is correlated with the
pressure adjacent the diaphragm.

Without limitation, the nion-porous diaphragm is preferably comprised of a
chemically inert material such as sapphire. The glass layer between the sapphire and the
backing plate is preferably made of high bond strength borosilicate glass or other glass of
suitable known construction having a high bond strength and melt temperature above
700°C and preferably above 1000°C. The amount that the diaphragm flexes is controlled
by the thickness and diameter of the glass layer. The glass layer may have a thickness
ranging between .002 and .030 inches with .010 inches being preferred and an outside
diameter ranging from .100 to 2.0 inches with 0.700 inches being preferred. The active
sensing érea of the diaphragm may range from .050 to 2.0 inches with 0.400 inches being
preferred. Those skilled in the art will appreciate that the range of thickness and diameter
of the diaphragm should not be construed as limiting, but that the thickness and diameter
in certain applications may be further reduced or increased as desired. In this manner,
when the non-porous diaphragm flexes to the maximum flexure, a portion of the inner
surface of the diaphragm engages an inner surface of the backing plate. Those skilled in
the art will appreciate that the backing plate and non-porous diaphragm are constructed of
materials having similar thermal expansion rates to avoid unnecessary stress throngh a
wide range of temperatures. As described below in greater detail the pressure sensor may
be constructed such that the sensing element may detect an absolute pressure or gage
pressure.

The pressure sensor may further include a silicon nitride layer and a metalization or
conductive layer positioned between the silicon layer and the backing plate (see Figure
11). In this manner the silicon nitride layer acts as an electrical insulator and the

metalization layer blocks EMI/RF from affecting the sensing element 20. The pressure
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sensor may further include a coating, gasket or seal adjacent to at least a portion of an
outer edge of the layers of the non-porous diaphragm, silicon nitride layer, metalization
layer and the backing plate. Without limitation, acid resistant epoxy or cotrosion resistant
polymers such as PTFE (polytetrafluroethylene), PVDF (Polyvinylidenefluoride), PEEK.
(polyetheretherketone), urethane, or parylene may be utilized, wherein an acid resistant
epoxy is preferred. '

The pressure sensor includes bond pads formed on the diaphragm between the
glass layer and the non-porous diaphragm. Without limitation, the preferred embodiment
of the bond pads comprise a titanium layer and a diffusion barrier. The doped silicon thin
film interconnects the bond pads in a known suitable manner to form the Wheatstone
bridge. A window is formed in the glass layer and backing plate, thereby providing access
to bond pads. Electrical leads extend through the windows formed in the glass layer and
backing plate and the electrical leads are brazed to the bond pads. The electrical leads are
brazed to the bond pads and the glass layer is glassed to the diaphragm and backing plate.

In an alternate embodiment the diaphragm and sensing element is modified to
create a capacitance rather than a piezoresistive sensor. The thin sensing diaphragm,
which flexes when pressure is applied, has a capacitive plate formed on the inner surface
of the sensing diaphragm and another capacitive plate is formed on the inner surface of the
backing plate. One electrical lead is connected to the capacitive plate formed on the inner
surface of the sensing diaphragm and another lead is electrically coupled to the inner
surface of the backing plate. As the spacing between the diaphragm and the plate vary
with pressure the capacitance of the plates changes. This variation in capacitance is
detected by an electrically connected sensing element of known suitable construction.

The advantages of the present invention will become readily apparent to those skilled
in the art from a review of the following detailed description of the preferred embodiment
especially when considered in conjunction with the claims and accompanying drawings in
which like numerals in the several views refer to corresponding parts.

DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of the pressure sensor of the present invention;
Figure 2 is a partial sectional side elevational view of an embodiment of the pressure

sensor of the present invention;
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Figure 3 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention;

Figure 4 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention;

Figure 5 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention;

Figure 6 is a top plan view of the diaphragm having a Wheatstone bridge formed
thereon of the present invention;

Figure 7isa part.ial sectional top plan view of an embodiment of the diaphragm of the
present invention;

Figure 8 is a partial sectional top plan view of an embodiment of the bond pads of the
present invention; .

Figure 9 is a partial sectional side elevational view of an embodiment of the bond pads
of the present invention;

Figure 10 js a partial sectional side elevational view of an embodiment of the bond
pads of the present invention;

Figure 11 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention;

Figure 12 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention;

Figure 13 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention shown positioned in a pressure transducer housing;

Figure 14 is a partial sectional side elevational view of an embodiment of the pressure
sensor of the present invention shown molded into a pressure transducer housing;

Figure 15 is a partial sectional top plan view of an embodiment of the diaphragm of
the present invention;

Figure 16 is a partial top plan view of an embodiment of the diaphragm of the present
invention; ’ ( '

Figure 17 is a paitial sectional side elevational view of an embodiment of the pressure
sensor of the present invention; and

Figure 18 is a partial sectional side elevational view of an embodiment of the pressure
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sensor of the present invention having a seal or gasket adjacent an edge of the sensor.
DETAILED DESCRIPTION
The present invention represents broadly applicable improvements to pressure sensors.
The embodiments detailed herein are inténded to be taken as representative or exemplary of

those in which the improvements of the invention may be incorporated and are not intended to
be limiting. The pressure sensor of the present in;/enﬁon may be constructed as a
piezoresistive or capacitance sensor having a sensing diaphragm. The sensing diaphragm is
made of a piece of single crystal sapphire. Altematively, the sensing diaphragm may be
constructed of a single crystal diamond. The sensor 10 of the present invention generally
comprises a backing plate 12, sensing diaphragm 14, silica glass bond between the backing
plate 14 and diaphragm 16, and electrical leads 18 (see Figures 1 and 2). During the
manufacture of the sensing diaphragm 14, a large wafer of the single crystal sapphire is used
so that many sensors can be fabricated at the same time using the familiar planar processes of
the semiconductor technology.

Those skilled in the art will recognize that sapphire is an electrical insulator. When
the sapphire is cut along the R-plane it is possible to grow a single crystal epitaxial film of
silicon of appropriate thickness on top of the sapphire. The silicon layer can, by diffusion,
ion implantation, or other means be doped with atomic species such as boron or

phosphorus to give the film semiconducting properties. By varying the implantation

energy and dopant cc ion the area resist value of the film can be adjusted. This

film, in addition to having electrical resistance, will change its resistance in response to
strain. This property is known as piezoresistance. As described easlier, deflection of the
sensing diaphragm 14 will strain the film and produce a change in resistance. The
pressure-sensing signal is derived from this change in resistance.

If ion implantation is chosen to dope the silicon, an annealing step is desirable
following doping to remove stresses that build up in the film during the implantation
process. The annealing step also helps distribute the dopant atoms more uniformly
throughout the silicon layer. The silicon patterns 20 form a Wheatstone bridge 22 (see
Figures 6 and 7). Those skilled in the art will appreciate that several different patterns can
produce the Wheatstone bridge 22. The silicon resistors 20 may be patterned by standard
photolithographic techniques. An insulating layer of silicon nitride 24 (see Figures 8 and

JP 2004-506180 A 2004.2.26
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10) is applied to the entire surface of the sapphire wafer by chemical vapor deposition.
Photolithographic resist is used to prevent the silicon nitride layer 24 from being deposited
in the bond pad 26 region. When the resist is etched away a window 28 is opened up
above and adjacent to each of the connection points or bond pads 26 to the Wheatstone
bridge (see Figure 8). The silicon nitride layer 24 is a tough insulating layer and further
protects the delicate silicon layer.

Metallic bond pads 26 are needed to connect the electrical leads 18 to the
Wheatstone bridge 22. Metals commonly used as bond pads 26 in semiconductor devices
such as gold and aluminum are unsuitable because they will alloy with the silicon at
glassing temperatures. In the preferred embodiment a two metal layer bond pad is
constructed (see Figure 10). Using a process called radio frequency (RF) sputtering a
layer of titanium 30 is deposited on the entire wafer. Titanium is a very active metal and
has excellent bonding properties. Titanium, however, requires a diffusion barrier 32
between it and the braze material 34, The braze alloy 34 joins the bond paci 26 to pins 18.
Without a diffusion barrier 32 the braze 34 will alloy with both the titanium layer 30 and
the thin silicon layer 20. Upon coo}ing, this alloy would be drawn together by surface
tension forces and locally destroy the silicon film. The diffusion barrier 32 needs to be a
refractory metal that will not form alloys at the brazing temperatures (approximately
1000°C). Without limitation, niobium, tungsten, iridium, molybdemim, tantalurm,
platinum, and palladium are suitable for this purpose. The barrier material 32 must be
capable of being made into a film haviag a minimal amount of pinholes extending through
the film. Any oxides must dissociate at brazing temperatures. Niobium is found to work
well as a diffusion bartier. The niobium is RF sputtered across the entire sapphire wafer
14 on top of the titanium layer 30. The niobium layer is then patterned using known
lithographic techniques. .

In the preferred embodiment, the metal for the bond pads 26 is deposited and
patterned with methods known to those skilled in the art including, without limitation,
evaporation and sputtering. The bond pad 26 is patterned in such a way that the metal
overlies (see Figure 8) a portion of the silicon layer 20 but is primarily in direct contact
with the sapphire diaphragm 14. The reason for this is that metalization layers may have
small pinholes. It has been found that if the braze 34 is able to penetrate the diffusion

JP 2004-506180 A 2004.2.26
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bacrier 32 it will alloy with the silicon with consequent failure of the film. During glassing
and brazing, the silica glass 16 can serve to inhibit the flow of the braze 34 from the pinto
the region where the bond pad 26 metal overlies the silicon pattern 20. The braze 34 must
not overly the silicon pattern 20.

Once the sapphire diaphragm 14 is patterned, the sapphire wafer is diced using
known methods of dicing to separate the plurality of sapphire diaphragms from the
sapphire wafer. Without limitation, several methods including scribe and fracture along
crystal planes, ultrasonic machining, or laser cutting, may be utilized. The use of known
methods allows for cutting round diaphragms 14 that are desirable for pressure sensor
fabrication. .

The electrical Jeads 18 are brazed to the bond pads 26 and the backing plate 12 is
glassed to the diaphragm 14. The thick backing plate 12 or wafer is constructed of
ceramic having holes or vias 36 (see Figure 2). The vias 36 are formed in the backing
plate 12 to align with the bond pads 26 and provide passage of electrical leads 18 ftqm the
sensor diaphragm 14 to the electronics utilizing the pressure information. A vent hole 38
is provided through the backing plate 12 when a gauge pressure sensing is desired.
Generally, ceramics consist of metal oxide powders that are sintered together at high
temperature typically using a small amount of glass to act as a binding agent. A common
ceramic is alumina which has many similar properties to single crystal sapphire. As long
as the glass content of the alumina ceramic is kept below a few percent the thermal
expansion properties of the two materials will be negligibly different.

A glass 16 that will bind well to both sapphire and alamina ceramic needs to have
similar thermal expansion properties. Borosilicate glasses have been found 1o be well
suited for this purpose. These glasses have far higher melt temperatures than those glasses
used for frit bonding materials together. It has been found that sensors fabricated from
bulk silicon experience excessive diffusion of dopant atoms into adjacent regions. TJ hus,
these bulk silicon sensors are typically restricted to processing temperatures of no more
than 450°C and then for only brief excursions. As indicated by Ghiselin et al. in U.S.
Patent No. 4,774,843, reliable bonding of sapphire diaphragm to a ceramic backing plate
has been a significant problem. The proposed high bond strength borosilicate glasses used

in glassing are distinct from lower temperature low strength solder glass or glass frit. The
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solder glass has a melt temperature around 450°C and is of lower strength.

In order to bond the sapphire to alumina ceramic by “glassing” rather than brazing,
a silica glass 16 may be pre-formed or screened onto the surface of the backing plate 12.
In either case it is important that the silica glass does not flow far from where it starts. If
the inner diameter of the glass pattern changes significantly the pressure characteristics of
the sensor 10 can change drastically. Further, during the glassing process, if the glass 16
flows over the metallized bond pad 26 before the braze 34 on the bond pad 26 melts, the
‘pins 18 will not braze to the bond pads 26. The firing of the glass should be at constant
temperatures to avoid leaving stresses in the glass bond that could result in instability or
glass fracture. Further the silica glass 16 must have openings or windows for the electrical
pins 18. Additionally, by controlling the thickness of the silica glass bond 16 between the
diaphragm 14 and the backing plate 12, the sensing diaphragm 14 will bottom out on the
backing plate 12 during overpressure (see Figure 4). Thus, this overpressure stop
increases the overpressure capacity of the sensor 10 by a factor of 100 or more.

The braze alloy 34 used to bond the electrical lead 18 to the bond pad 26 musti melt
at a temperature slightly below that of the silica glass 16. Further, the braze 34 must be
aggressive enough at its melt temperature to remove any oxides from the metal layers 26.
Without limitation, it has been found that several copper braze alloys of suitable known
construction are capable of meeting these requirements. When the braze 34 melts before
the glass 16 begins to flow, then if the silica glass 16 flows over the bond pad 26 it will
flow over the braze 34 and bond pad 26, thereby providing significant stress relief to the
bond pad region. Without Jimitation, a braze alloy such as Pakusil-15 sold by Wesgo
Metals, San Carlos, California, a Division of Morgan Advanced Ceramics Incorporated
has been found to braze acceptably.

The electrical lead or pin 18 should be of a small cross section and preferably be
made of a ductile metal. Such a pin 18 confined Ey the geometry of the holes 36 in the
ceramic 12 will have good strain relief properties and will not conduct stress from the pins
18 to the sensing elements. The pins 18 should be plated with a material with good braze
and reasonable soldering capabilities such as nickel or gold.

The high temperature capabilities of all of the materials of construction of the

sensor 10 allows use of such sensor 10 at very high temperatures (above 400°C) over
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extended periods of time and/or such sensor 10 may be molded directly into high
performance plastic housings such as TEFLON® (“Teflon” is a registered trademark of
E.I DuPent DeNemours and Company) (see Figure 14). Such molded in pressure sensor
provides an extremely reliable seal between the sensor 10 and plastic housing.

‘With reference again to the Figures 3 and 4, flexure of the diaphragm 14 will now
be discussed. First dotted line identified by 40 represents a greatly exaggerated flexure of
the diaphragm 14. Second dotted line identified by 42 represents a flexure of the

diank

1 due to overy ire (disregarding the stopping affect the backing plate 12 has
on flexure of the diaphragm during overpressure). Such drastic flexure would likely
fracture or break the diaphragm 14. Figure 5 shows a modified diaphragm 14, having a
thinner central portions of the diaphragm than the outer portion of the diaphragm.
Typically, as the diameter of the diaphragm is decreased, the thickness of the diaphragm
should decrease for maximum sensitivity. The gap between the diaphragm 14 and backing
plate 12 may be controlled by the thickness of the glass bond 16. Without limitation, a
typical flexure of the diaphragm is between 0.01 to 0.0001 inches and the spacing may be
between .02 to .0002 inches depending upon the thickness and diameter of the diaphragm
14. The order of magnitude of the gap is preferably twice the thickness of the diaphragm
14. The active sen;sing region of the diaphragm may range between 0.075 to 2 inches for a
diaphragm having a thickness ranging from 0.002 to 0.050 inches. Practical constraints
limit the thicknéss of a single crystal sapphire wafer during wafer fabrication. Unlike
single crystal silicon, however, there is no easy method of forming thin sapphire
diaphragms by chemical processes. Although manufacture of the diaphragm from a
thinner sapphire wafer works up to a point, the high thermal stresses induced during the
sensor forming process result in self-destructing internal stresses. Alternatively,
increasing the diameter of the sensing area of the diaphragm increases the sensitivity of a
pressure device. However, typically as the diameter of the diaphragm increases so do the
costs.

The modified diaphragm 14 shown in Figure 5 reduces the thickness of the
diaphragm proximate the sensing area while being manufactured from a thicker sapphire
wafer. Thinning the diaphragm after thin film processing has been completed allows for

more compliant pressure sensing diaphragms. A rim of material left around each device
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provides strength required, for example, when the sensing diaphragm is in direct contact
with a pressure sensor housing. The thin central area 46 provides the sensitivity required.
The sapphire diaphragm 14 can be thinned by conventional mechanical means such as
abrasive machining or ultrasonic machining known to those skilled in the art,
Alternatively, an annular groove 80 may be formed on the outer sensing surface of the
diaphragm 14 (see Figure 17). Those skilled in the art will appreciate that although the
shape of the grove is not critical, rounded edges and groove is preferred. Also, although
the groove is annular, other geometric shapes may be adequate to relieve flexure stress in
the region adjacent the glass bond 16. )

Referring now to Figure 11 an alternate embodiment of the pressure sensor of the
present invention is shown having a conductive layer sandwiched between the backing
plate 12 and the silicon nitride layer 24. The conductive layer 48 is shown electrically
grounded. In this manner electromagnetic and radio frequency interference (EMI and RFI)
are blocked. EMI and RFI are known to degrade the performance of piezoresistive
sensors. Because of the epitaxial construction of silicon on sapphire and the desire to bond
the silicon directly to the sapphire, it is not desirable to put a conductive layer between the
silicon and the sapphire. Further, putting a conductivc layer on the outside of the sapphire
diaphragm would defeat the non-porous, chemically inert attributes of the sapphire
diaphragm. Without limitation, the conductive or metalization layer 48 may comprise a
layer of niobium, tungsten, iridium, molybdenum, tantatum, platinum, and palladium, or
other material known to shield EMI and RFI. Thus, the metal layer 48 shields the sensing
element from EMI and RFI originating from above the conductive layer.

Since the conductive layer 48 is at ground potential, the EM] and RFI will set up
standing waves with zero potential at the conduetive layer 48. It is known that if the
radiation of the standing waves has frequency components whose wavelength is on the
order of the distance between the ground plane and the resistive components, significant
interference will result. If, on the other hand, the distance from the ground plane to the
resistive components is small, then the standing waves will have negligible amplitude at
the location of the piezoresistive element and no interference will occur. Since EMI and
RFI interference occurs in the range of IMHz to 1,000 MHz, the minimum wavelength for

this frequency range is 0.3 meters. Further, the distance between the ground plane and the
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piezoresistive elements or the silicon pattern 20 is equivalent to the thickness of the silicon
nitride layer, which is on the order of 500 Angstrom’s or 0.00000005 meters. Thus, the
expected effectiveness of EMI and RFI shielding is approximately 6,000,000:1 .

Referring now to Figure 12 another alternate embodiment of the sensor 10 of the
present invention is shown. A non-porous chemically inert pressure sensor may be used
advantageously to detect pressures in a highly eaustic environment. Sensors having a sensing
diaphragm constructed with single crystal sapphire provide excellent protection against
chemical attack. The sensor 10 may be positioned within a pressure transducer housing 50
(see Figure 13) having primary and secondary seals 52 and 54. Ifthe primary seal engages the
outer surface of the sapphire diaphragm, the process fluid wets only the seal and the sapphire.

Since seals of known suitable construction are permeable to process fluids, some process
fluid will get beyond the primary seal. Very aggressive process fluids such as bydrofluoric
acid that permeate past the first primary seal may attack the joint between the sapphire
diaphragm 14 and the ceramic backing plate 12. The contaminants from the corrosion of the
joint may then permeate back into the process fluids. The present invention may include a
chemically resistant polymer such as an acid resistant epoxy, for example without limitation,
acid resistant epoxy EP21AR available from Master Bond, Inc. of Hackensack, N.J. applied to
the edge of the sensor 10 surrounding the joint. Alternatively, a gasket type seal made of, for
example without limitation, TEFLON, or an elastomeric type seal 84 made of, for example
without limitation, KALREZ, may be compressed against the joint of the sensor as shown in
Figure 18. The seal 84 has an L-shaped cross-section and may wrap around the side of the
sensor 10 and onto the diaphragm 14 sensing outer surface. Those skilled in the art will
appreciate that the gasket seal 84 may be formed as part of the housing 50. Further, to
enhance electrical shielding, the material could be made electrically conductive by blending in
carbon powder. The conductive epoxy could be connected to an electrical ground by means
of conductive ink 58 which is coupled to the ground.

Referring to Figure 13 the sensor 10 is shown positioned within a pressure
transducer housing 50 having fluid port 60. The sapphire diaphragm seals against the
primary and secondary seals 52 and 54. A vent or drain 62 may extend from the outside of
the pressure transducer housing into the housing between the primary and secondary seal.

The vent 62 may relieve pressure between the seals and/or provide a passage for fluids

JP 2004-506180 A 2004.2.26



L B e B |
L T e T e T e T s T e T s T e T e O e T e T e, B s Y s T e B e T e B e R e T e O e O e O e B e B e |

15

20

25

30

(29)

WO 02/08713 PCT/US01/22919

-15-

permeating through the primary seal to exit out the pressure transducer housing 50. The
sensor 10 of the present invention having a sapphire diaphragm 14 provides a pressure
sensor that is corrosion and solvent resistant, has desired flexure with no measurable
temperature or pressure hysteresis, and can tolerate process fluid temperatures exceeding
400°C. Referring to Figure 14, since the pressure sensor is able to withstand high
temperatures, the pressure sensor may alternatively be molded into the plastic housing 50
of the pressure transducer as an insert during the plastic injection molding process, thereby
eliminating the need for a primary or secondary seal. The housing itself acts as a seal to
the sensor 10. Such mold in place pressure sensor and module is expected to reduce
production costs, simplify construction and decrease the overal} size of the pressure
fransducer module.

Referring to Figure 15, another alternate embodiment of the sensor 10 of the
present invention is shown. The sensor 10 is capable of detecting both the pressure and
temperature of the fluid adjacent the diaphragm 14. The sensor 10 further inchudes a
resistor 70 patterned on the sapphire diaphragm 14. Bond pads 72 are formed on the
sensor in a similar manner and at the same time as bond pads 26. The resistor 70 is
formed between the glass bond 16 and the diaphragm 14. By positioning the resistor
outside the pressure stress zone, pressure induced stresses that may affect the resistance of
resistor 70 are thereby avoided, The resistance of the single crystal silicon resistor 70 has
well-defined temperature dependence. It has been found that for high doping
concentrations (p doping above 10" atoms/cc) the function between temperature and
resistance closely approximates a linear function. Thus, as resistance changes the
temperature change is readily determinable.

Figure 16 shows another embodiment of the sensor 10, wherein the resistors of the
Wheatstone bridge 22 are utilized to both determine pressure and temperature. The outer
periphery of sensor 10 is represented by a dotted line. Again, the resistance of the single
crystal silicon resistors that comprise the Wheatstone bridge have well-defined
temperature dependence. A resistor 76 designated as “Re” in Figure 16 is electrically
coupled to the Wheatstone bridge 22 but may be isolated from any temperature affects
from changes in temperature of the process fluid. For example, without limitation, the

resistor 76 may be located with the sensing electronics of a pressure transducer and remote

JP 2004-506180 A 2004.2.26
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from the diaphragm 14. The value of the resistor 76 is preferably approximately half of
the value of the Wheatstone bridge 22 resistance. The effects of pressure on the accuracy
of the temperature determination is negligible when the temperature is determined using a
polynomial along with data fitting procedures known to those skilled in the art. Asthe
‘Wheatstone bridge 22 resistance changes with temperature the voltage Vt will also vary.
The whole bridge may be utilized as one resistor in a voltage dividing circuit. The voltage
Vt can then be used as a temperature signal for an analog or digital correction scheme.

The voltage Vt will depend almost entirely upon the temperature of the Wheatstone
bridge 22, especially if the silicon resistors are heavily doped. If the silicon resistors are
lightly doped or if the user desires to reduce the uncertainty in the measurement of
temperature, the temperature can be derived by a matrix characterization. The following
polynomial may be utilized, wherein temperature T is expressed both as a fimction of
outputs Vt and Vp:

T =ay +ayVy +anl7 +..+awV, + ayVoly +a Vo Vi +.t Vi + ..

v wherein the coefficients a,, are obtained by a least squares fitting procedure known
to those skilled in the art. Utilization of the above characterization along with the data
fitting procedure will provide a sensor with a calibrated temperature output that is
calibrated for strain effects. Thus, the simultaneous measurement of pressure and
temperature from a single sensor is achieved with quick response times. Alternatively, if
only temperature output is desired, pressure characterization can be avoided by orienting
the legs of the resistor in the axis that is not strain sensitive. For example, maximum strain
sensitivity of R-plane silicon on sapphire is attained by orienting the resistor elements 45
degrees to the projected C-axis, where the R-plane and C-axis are defined by Miller
indjces of erystal geometry. Piezoresistance is zero for resistor elements aligned paraltel
or perpendicular to the projected C-axis. The axis of the resistors can be rotated to
eliminate pressure sensitivity. In this manner, sensor 10 could be made to eliminate
pressure sensitivity and to, thus, only determine temperature proximate the sensor 10.

This invention has been described herein in considerable detail in order to comply with
the patent statutes and to provide those skilled in the art with the information needed to apply
the novel principles and to construct and use such specialized components as are required.

However, it is to be understood that the invention can be carried out by specifically different
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equipment and devices, and that various modifications, both as to the equipment and operating
procedures, can be accomplished without departing from the scope of the invention itself,
What is claimed is:

2004-506180 A 2004.2.26
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CLAIMS
1. A sensor having non-porous outer surface, said sensor comprising:

a backing plate baving an inner and outer surface;

a non-porous disphragm baving an inner and outer surface;

a sensing element adjacent the inner surface of the diaphragm;

a glass layer that is bonded by glassing to the inner surface of the backing plate and
the inner surface of said non-porous diaphgram proximate an outside periphery thereof,
thereby bonding said backing plate and said non-porous diaphragm, wherein at least one of
pressure and temperature near said non-porous diaphragm is detectable by said sensing

element.

2. The sensor as recited in claim 1, wherein the non-porous diaphragm is

comprised of a chemically inert material.

3. The sensor as recited in claim 2, wherein said glass has both a high bond
strength and high melt temperature.

4. The sensor as recited in claim 1, said glass layer having a thickness dimension,
wherein when the non-porous diaphragm flexes to a desired maximum flexure, a portion of

the inner surface of the diaphragm engages an inner surface of the backing plate.

5. The sensor as recited in claims 1-4, wherein the backing plate and non-porous

diaphragm are constructed of materials having similar thermal expansion rates.

6. The sensor as recited in claims 1 and 2, wherein said sensing element detects
an absolute pressure.
7. The sensor as recited in claims 1 and 2, further including an aperture

extending through said backing plate to allow detection of gange pressute.

8. The sensor as recited in claim 1, further including an epitaxially deposited
silicon layer on a sapphire diaphragm between the backing plate and the diaphragm, wherein

said sensing element is formed thereon.

JP 2004-506180 A 2004.2.26
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9. The sensor as recited in claim 8, further including a chemically resistant layer
positioned between the silicon layer and the backing plate, wherein said chemically resistant

layer acts as an electrical insulator.

10.  The sensor as recited in claim 8, further including bond pads between said

glass layer and said non-porous diaphragm.

11.  The sensor as recited in claim 10, further including windows formed in said

glass layer providing access to said bond pads.

12.  The sensor as recited in claim 1, further including a silicon layer positioned
between the non-porous diaphragm and backing plate, wherein said sensing element is

formed thereon.

13.  The sensor as recited in claim 1, further including a metalization layer
between the non-porous diaphragm and the backing plate to block EMI/RFI from affecting

the sensing element.

14.  The sensor as recited in claim 10, wherein said bond pads comprise a titanium

layer and a diffusion barrier.

15.  The sensor as recited in claim 1, further including a chemically resistant
polymer adjacent to at least a portion of an outer edge of said non-porous diaphragm and said
backing plate.

16.  The sensor as recited in claim 1, wherein the non-porous diaphragm is

comprised of saphhire.

17.  The sensor as recited in claim 1, wherein said sensing element is of a

capacitive type.

18.  The sensor as recited in claim 1, wherein said glass layer is selected from a

glass having a melt temperature above 700°C.

JP 2004-506180 A 2004.2.26
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