JP 2004-507074 A 2004.3.4

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
153R2004-507074
(P2004-5070744)
43 AEE TRI6EIF4H (2004.3.4)
(51) Int.CL." Fl F—va—F (B%)
HO1L 21/206 HO1L 21/205 4KO030
C23C 16/44 C23C l16/44 B 5F045
SEWR KWK TFRBEWR T (&40 B
(2l HEES $5RE2001-575471 (P2001-575471) |(71) HEE.A 500019890
(86) (22) HERR PR I3FE4A6E (2001.4.6) IL—IALL TAVH fA—BELA
(85) BIRRCiRHH ERE145F108 48 (2002.10. 4) Fw R
(86) B HEES PCT/US2001/011223 TAVAERE 85034—-7200
B7) EERLHES W02001/078115 TUOIFN Z7a4—mwZ A A—ZA b
(87 EEAMB TR 134107 18H (001, 10. 18) 2Z8—3F 4 KS4F 3440
(31) EEEEHE  60/195,561 (74 A 100065215
(39) @5 H ERYI2E4A6H (2000, 4.6) £E+ =8 E-
(3) BEETER  RE (US) (74) (REBA 100076510
(B1) fHEE EP (AT, BE, CH, CY, DE, DK, ES, F1,FR, HELT BME BB
GB,GR, IE, IT,LU, MC, NL, PT, SE, TR) , JP, KR (74 A 100086427
#E+ /NE BE
(74 A 100090066
28+ o)l B

B EICHE S

G4) [REAOBM] H5ABMREAN)VTI—F 14 2

GNHOOOD
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00

L4

Fbo

AN

R,
DONN

37

S35



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 [ |

OooooocoooooooooooDooooooooooaoo
OoOooooooo0ooDooooooDoDoooooooooaoo

OoooooogoQgogoaoQg

OOo0oooooooooooooooooood
Oo0oooooooooDoooooooooodg

Ooooooooooooood

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

O Ooogoo

O 0Ooo

(2)

JP

2004-507074

OJ
O
O
O
O
O

2004.3.4

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 [ |

OoOoooooo0ooooooo0o oo oDooooo0oooDoooogoQgoao

Ooooooooooooogoooao

O0Ooo0oooao

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 0Oo0oooao

O0Oo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O Ooogooo
O O0Oogoog
O 0Ooo0ooo

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

O

)

JP

2004-507074

O
O
O
O
O
O

OJ
O
O
O
O
OJ

O
O
O
O
O

O
O
O
O
O

2004.3.4

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

[ s e e e ey e s s e I
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

OOo0ooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooog

OO0 oooooo0oo oo oooo0o oo oDooooooDoDoDoooooooao

O Oooo

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

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

(4)

O
O
O
O
O
O
O
O

JP

2004-507074

O
O
O
O
O
O

O
O
O
O
O
O

O
O
O
O
O

O

2004.3.4

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

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

OoooooogoQgg
Oooooooggg
OO0 oooooggg
OoooooooQgodg
OooooooogooQgodg
OooooooogoQgg

Oooooooogooooao

oo o oooooogoQgog
OO0 o oooooggg
OO0 oo ooDooogogg
Oooooooooogoogodg
oo o oooooogoQgog
oo o0 ooooogoQgg
OO0 o0 ooooogogg
OO0 oo oooooggg
Oooooooooogoogoodg
oo ooooooogoQg-g
oo o0oooooogoQgg
oo o oooooogogg
OO0 o oooooggg
Oooooooooogoogodg
oo ooooooogogog
oo o0 oooooogoQgg
oo o oooooogoQgog
OO0 o0 oooooggg
OO0 o0ooDooogogdg
Oooooooooogoogoog
oo o oooooogoQgg

OO0 oooooogogogooo
OO0 oDooDooogogogoao
Ooo0ooooooogogooao
oo ooooooQgogooo
OO0 ooooooQgogooo
OO0 oooooogogooo
OO0 oooDooogogogoao
OoooooooogoOooao
OoooooooQgogooo
oo ooooooQgogooo
OO0 oooooogogogoo
OO0 oooooogogogoao
Ooo0ooooooogoOooao
oo ooooooQgogooo
OO0 ooooooQgogooo
OO0 oooooogogooo
OO0 oooooogogogoao
OO0 oo oDooogogooao
Oooooooogogooo
oo ooooooQgogooo
OO0 ooooooQgooo
OO0 oooooogogogogoo
OO0 ooooDooogogogoao
Oooooooogogooao
OO0 ooooooQgogooo
oo ooooooQgogooo
OO0 oooooogogogoo
OO0 oooDooogogogoao
Ooo0ooooooogogooao
OO0 ooooooQgogooo
oo ooooooQgogooo
OO0 oooooogogogoo
OO0 oooooogogogoao

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

Oooooogogdg

~
ol
~

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

OoOoooogoood

OooooooQgdg

Oo0oooogoQgdg

[
e}

OooooogQgog

Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogoOodg
OooooooogooQgg
OooooooogoQgg
Oooooooogogog
OOoooooogogg

Ooooooggdg

2004-507074

Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg

OooOooooodgadg

2004.3.4

OoooooogoQgdg

OoooooogQgdg

Oo0oooogoQgdg

Ooooooggdg

10

20

30

40

50



I [ e s sy |

Oooooooooooooogogooo®

Oooooooodg
OOo0ooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
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

Oooooooogogoao
Oooooooogogoao
OO0 ooDooogogogoao
Ooooooooogoogooao
Ooooooooogogooo
Oooooooogogoog
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

Ooooooo0oooDoooo00 oo oDooooDooDooogoQgoQg
OOo0DoOoooo4oUoooooooo oo oooooooDoooggaoQg
Oo0o0oooodUoooDoooUdUoooDoDoogUoooDoooggaog
OooooooooooooooooDooooooooooogogao-g
Oooooooooooooo0 oo oooooooDoooogoQgoQg

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

Oooooooogogogoo
Oooooooogogoao
OO0 ooooogogogao
Ooooooooogooao
Oooooooogoogoo
Oooooooogogogoo
Oooooooogogoao
Ooooooogogogao
OooooooooogooOoao
Oooooooogoogoao
Oooooooogogogoo
Oooooooogogoao

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
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
OJ
O
O
O
O

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

o

~
o
~

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

|

[
e}

2004-507074

OooooooQgoo
oo ooooooogodg
oo ooooooogdg
OO0 ooooooogdg

(]

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

Oooo0oooogoao
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 oooooogdg

O
O

O
O

2004.3.4

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 [ |

Oooooooooooooooooooooogoogoao
Ooooocooooooooooooooogogogoogoao

O O
O O
O d

OOoo0ooooao
OOoo0ooooao
OO0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Ooo0ooooao
OO0Ooo0ooO0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao

O Oooo
O Ooogoo
O 0O oo

I Y [y
O 0o oo
I [

OooooooooooooooooooooogogoooOoao
O 0o oo

Oooooooo0oooooooooDooooogooooao

O oOooo
O 0Oooo
O 0Oooo

gooad

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg

oo ooooooogdg
OO0 ooooooogdg
OO oooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg

O
O
O
O
O
O
]
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O O0ooo

oo ooooooooooooao
OO0 ooooooQgooooooo

O O0ooo

O
O
O
O
O
]
O

O
O
O
O
O
O
O
O
O
O

O 0Oooo

OO0 oDoooooQgooooo

O Oooo

OO0 oo oooogQgooooo

O Ooogo

OO0 0o oDooogoggogoooao

Ooooooggogao
Oooooooogoao
OooooooQgoao
OoooooogoQgoao
OooooogogQgoao
Ooooooggogao
OooOoooooogoOoao
Oooo0oooQgoao
OooooooQgoao
OooooogogQgoao
Ooooooggogoao
OO0 oooogQgogaog
OooooooQgoao
OooooooQgoao
OooooogoQgoao
OooooogQgogoao
OO0 ooooggogao
OooooooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao
Oooo0oooogoao
OooooooQgoao
OooooooQgoao
OooooogogQgoao
Ooooooggogao

O O0ooo

OOo0oooooooOoooooao

O O0ooo

OO0 oooooogogooooo

O Oooo

OO0 oo ooooQgooooo

O
O

O
O
O

OO0 oo oooogooooo

OO0 oo oooogoggooooao

€]

O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

Oo0ooooooooOoooooabo

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

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

O
O
O
O
OJ
O
O
O

O
O
O
O
O
O
O
O

gooobooan

gboooagobodaoan

oooooooao
gooooaoao

JP

O

O

O

OO0 oo oooogog4Qgooooao

2004-507074

OJ

od

OJ
O

O
O

OO0 0o oDooog4gogooooao
Oo0ooooooogoooooao

O

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

OO0 ooooooQogoooooo

O

OoooooooQogooooao
Ooooooog4Qgooooao
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOogooooao
Oooooooogooooaoo
OooooooQogooooaoo
OooooooQgooooao

O

goodaao

O

2004.3.4

uond

O

O

O

O

OOoooooogogag

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 [ |

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

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

Oooooooo0oooooogoggoao
Ooooooooooooooggoao
OO0 ooDoogog4oooDoooggogao
Oooooooooooooogoogoao
Ooooocooooooooogogoao
Oooooooo0oooooogoggoao
Ooooooooooooooggoao
OO0 ooDoogog4ogooooooggogao
Ooooooooooooooogoao
Ooooocooooooooogoogoao
Oooooooo0oooooogogQgoao
Oooooooooooooogoggoao
OoDoDooogog4ogoooooggogao
OOoooooooooooooogoao
Ooooocooooooooogogoao
Oooooooooooooogoggoao
Oooooooo0ooooooggoao
OoooDooo4oooooooggogao
OO0 OoDooogg4oooDoooggogaog
Ooooooooooooooogoao
Oooooooooooooogoggoao
OooDoooooooooooggoao
Ooooooooooooooggoao
OO0 oDoDooog4ooooooggogao
Ooooooooooooooogoao
Oooooooooooooogogoao
Oooooooooooooogoggoao
Ooooooo4ooooooogoggoao
Oo0DoDoDoogog4oooooooggogao
Oooooooooooooogoogoao
Oooooooooooooogogoao

Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 Do oDoooggooooood
Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 oo oDoooggogogooooood
Oo0ooooooooooooood
Ooooooooooooooodg
Oo0oooDoooooooooodg
Oo0ooooooooooooodg
OO0 oo oDooogogoooooodg
Oo0ooooooooooooood
Ooooooooooooooodg
Ooooooooooooooodg
Oo0ooooooooooooodg
OO0 oooDooogogoooooodg
OO0 Do oDooogggooooood
Ooooooooooooooodg
Ooooooooooooooodg
Oo0oooDoooooooooodg
Oo0oooooogogooooooodg
OO0 oo oDoooggogooooood
Oooooooooooooood
Ooooooooooooooodg

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
~

OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
O0O0Oo0oooogod

|

2004-507074

O
O
O
O
O
O

OooDoooooooooood
OooDooooogooooood
OO0 oDoDoooggooooood
Oo0oooooooooooood
Ooooooooooooood
OooDoooooooooood
Ooooooooooooood
OO0 oDoDooogogooooood

O
O
O
O
O

2004.3.4

Oo0oooooooooooooogd
Oo0ooooooooooooogd
OO0 oooooogoooooogd

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 [ |

OoOoooooooDooooooo0o oo ooooooooDoDooooooDoooogoooao
Oooooooo0ooooooo00 oo oooo oD oo oDoDooo0DooDoDooogoooao

OoooooooOoogoo
OooooooogoQgoo

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

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

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

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg

OooooooogooQgooao
Oooooooogogogooao
OO0 ooDooogogooao
Oooooooooogooao
Oooooooogoogoooao
Ooooooooogooao
Oooooooogogogooao
OO0 ooooogogooao
OoooooooogoOooao

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

OooooooooogogooQg
oo ooooooogogoo-g
oo oooooogogoog
OO0 oooooogogogog
OooooooooogooOod
Oooooooooogoogo-g
oo ooooooogogooQg
oo oooooogogoog
OO0 oooooogogog
OO0 oo oDooogogodg
Oooooooooogoogo-g

Ooooooos

(9

[

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

OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogg
OoooooooQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg

O 0Oooo

JP

oo oooooogogooQg
OO0 oooooogogog
OO0 ooooooogogogdg
Oooooooooogoogo-g
oo ooooooogogooQg
oo ooooooogogoo-g
OO0 oooooogogogog
OO0 oooooogogogog
Oooooooooogoogod

2004-507074

OJ

O

O

O O0ooo

O

O Oooo

O

O Oooo

goodaao

O

O O oo

O

O O0ooo

2004.3.4
0000
O

0000
0000
0000
0000
0000
0000
0o0O0O
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0o0O0O
0000
0000
0000
0000
0000
O, 04
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

10

20

30

40

50



e R ey [ s R s [y |

Ooo0oooogogQgoo
OooooogQgoao
Oo0DooogQgogao
Ooo0oooooQgoao
Ooo0oooogoQgoao
Oo0oooogoQgg

I e e s e e [ A I

OO0 ooooooogdg
OO0 oo ooooogdg
Oooooooooodg
oo ooooooogodg

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

OO0 00O ooo4o0oDoDoooo oo ooDoDooogooooodg
e e e e e e s s e
OO0 o0oooOoooo0ooDoooo o ooDoooooooooofdg
I s e e s A

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
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

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

OoooooogoQgogoaoQg
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

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

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

Oooooogogdg

(10)

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

OoOoooogoood

OooooooQgdg

Oo0oooogoQgdg

OooooogQgog

Ooooooggdg

2004-507074

Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg

OooOooooodgadg

2004.3.4

OoooooogoQgdg

OoooooogogoaoQg
OooooogogoaoQg
OOooooogogdg

OoooooogQgdg

Oo0oooogoQgdg

Ooooooggdg

10

20

30

40

50



OooooooogogQgogooQo

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

I [ |
O Ooogogog
s Y
Iy |
I [y |
O 0Ooogooog
[ Y |
OO ogogog
I [y |

O
O
O
O
O
]
O
O
O

(11)

O
(]

O
O
O
O
OJ
O
O

O

JP

O
O

2004-507074

O O

O O o

oooogao
oooggao

googao

googao
goodaao
oooggao

O

2004.3.4

oooao
oogao

oonoao

ogdad

10



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

(12) JP 2004-507074 A 2004.3.4

ugbooobooodoboado

~
«
v
—
e
®
Ly
-
=
@)

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

(19) World Intellectual Property Organization
International Bureau

OO OO A

(43) International Publieation Date (10) International Publication Number
18 October 2001 (18.10.2001) PCT WO 01/78115 A2
(51) International Patent Classification”: HOIL 21/080  (74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson,
and Bear LLP, 620 Newport Center Drive, 16 th Floor,
(21) International Application Number:  PCT/US01/11223 Newport Beach, CA 92650 (US).

(22) International Filing Date: 6 Aptil 2001 (06.04.2001)  (81) Desiguated States (nationa): T, KR.

(25) Filing Language: Bnglish o) Designated States (regional): Buropean patent (AT, BE,
- . CH, CY, DE, DK, ES, FL, FR, GB, GR, IE, IT, LU, MC,
(26) Publication Langunage: English NL. PT, SE, TR).
(30) Priority Data: i
60/195,561 6 April 2000 (06.04.2000) US Published:
—  without international search report and to be republished
(71) Applicant: ASM AMERICA, INC. [US/US); 3440 East upon receipt of that report

University Drive, Phoenix, AZ 85034 (US).
For two-letter codes and other abbreviations, refer to the "Guid-
(72) Inventor: HALPIN, Michsel, W.; 3435 E. Desert ance Notes on Codes and Abbreviations” appearing ai the begin-
Tramped Rd., Phoenix, AZ 85044 (US). ning of each regular issue of the PCT Gazette.

(54) Title: BARRIER COATING FOR VITREOUS MATERTALS

£

Jbo

T R

l
34,38 4
(57) Absteact: A chemical vapor deposition apparatus comprises a reaction chamber and one or more vitreous components having
an outer surface that is covered at least in part by a devitrification barrier layer. In some arrangements, the one or more vitrious
components can include a thermacouple. In a preferred arrangement, the devitrification barrier coating is formed from silicon nitride,
which can be deposited on the vitreons component nsing chemical vapor deposition (CVD).



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 |

20

25

30

(13)

WO 01/78115 PCT/US01/11223

BARRIER COATING FOR VITREOUS MATERIALS
Field of the Invention

This invention relates to the field of protective coatings, specifically the use of protective coatings to prevent
damage to vitreous materials in carrosive environments. More particularly, this invention relates to the use of protective
cuatings to limit the devitrification df quartz components in a semiconductar reactor.

Background and Summary of the Invention

High-temperature avens, which are typically called veactors, can be used to create structures of very fine
dimensions, such as, for example, integrated circuits on semiconductor wafers or other substrates. The ane er more
substrates, such as, far example silicon wafers, ate placed on a wafer suppart inside a reaction chamber of the reactar.
Inside the reaction chamber, bath the wafer and the support (also called a susceptor) are heated to 2 desired temperature.
In a typical wafer treatment step, reactant gases are passed over the heated wafer, causing the chemical vapor deposition
(CVD) of a thin layer of the reactant material on the wafer. If the deposited layer has the same crystallographic structure
as the underlying silicon wafer, it is called an epitaxial layer. This layer is alse sometimes called a munncrystqlline layer
because it has only ene crystal structure.

“Cold wall" reaction chambers are a type of reaction chamber that are desirably made of quartz (vitreous silica)
or other similar materials which are substantially transparent to the radiant energy used for heating the chamber. Quartz is
also desirable because it can withstand very high temperatures, and because it is relatively inert { i.e., it does not react
with various processing gases typically used in semiconductor processing). Quartz is alsa typically used to huild a number
of other reacter cemponents, comprising spiders, which are used to support the susceptors, and stands, which are used to
support temperature compensation rings around the periphery of the susceptors. Due to its material characteristics, quartz
components are also advantageous for ather types of reactors that da not use radiant heating systems.

Ta ensure the high quality of the resulting layers on the wafers, various progsss parameters must be carefully

contralled. Dne such critical parameter is the temperature of the reacter and the wafer during each treatment step of the

processing. Buring CVD, for exampls, the deposition gases react at particular and deposit on the wafer. For
silicon deposition, for example, deposition temperatures can affect the crystal structure of the resultant layers, from
amarphous at low temperatures to polycrystalline at intermediate temperatures, to epitaxial (single crystal) at high
temperatures. If the temperature varies acrass the surface of the wafer, uneven depasition rates can result at different
paints across the wafer, leading to non-uniform thicknesses. Accardingly, it is important that the wafer temperature be
stable and uniform at the desired temperature both before the treatment begins and during deposition. Similarly, non-
uniformity or instability of temperatures across a wafer during other thermal treatments can affect the unifarmity of
resulting structures. Other processes far which temperaturs contral can be critical include exidation, nitridation, dopant
diffusion, sputter depositions, photalithography, dry etching, plasma processes, and high temperature anneals.

Typically, semiconductor reactors are aperated at relatively high temperatures. The reactor can be frequently

cycled up and down frem these relatively high temperatures to relatively cold temperatures. Thermocouples are often

-
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used to manitar temperatures within the reactor. However, because of the corrosive environments present in the
reactar, the thermecouple is typically surrounded by a protective sheath. For example, the thermacouple is coaxially
inserted inte the protective sheath such that the heat-sensing junction of the thermocouple is placed adjacent to the

bottom of the p ive sheath. Accardingly, the th le senses the e of the reactor thraugh the

gly

protective sheath. Such sheaths should be made of a material that withstands high temperatures and thermal cycling

as well as the cotrasive pracessing enviranment. Further, the sheath material should have good thermal conductivity,

@ ;

For semi p ing

whereby the sheathed thermocauple will rapidly react to
applications, the protective sheath is desirably chemically inert and of a suitable chemical purity to avoid
cantaminating the wafer during processing.

The thermocouples used to measure temperature in GVD reactors are typically protected with quartz
sheaths. The inventors have found that, while these quartz sheaths are useful in protecting the thermacouple during
wafer processing, in corrosive environments frequent thermal cycling of the quartz sheath to temperatures in excess of
1000°C can cause devitrificatian of the quartz sheath. Evenin non-corrasive environments, frequent thermal cycling of the
quartz sheath to temperatures in excess of approximately 1250°C can cause devitrification. Some processes, like

epitaxy, typically eccur at temperatures of 1150°C or higher. Devitrification is a second order phase transition of

hous quartz inte bali begins at naturally occurting nucleation sites in the amorphous

quartz. This phase transition results in a twenfy percent density change causing stresses to build up in the
cristobalite. When the quartz sheath is allowed ta cool down to appreximately 275°C or below, the crystallagraphic
inversion temperature rangs, the cristabalite cracks. This cracking ultimately causes the sheath to lose its protective

function, leading to suf failure of the th its

The need to replace thermacouples, and various other chamber companents subject to devitrification, naturally

tesults in downtime for the reactor and significant casts for In addition, there is significant time
and expense in returning the reactor to the operating conditions necessary te produce the desired fitm properties an the

wafers heing coated. Replaci

and other requires an intrusian into the chamber which can
result in undesirable particle generation. The eristabalite transition, and resultant cracking, sccurs most frequently at
the tip of the thermocouple sheath where it cantacts, or is in close proximity fo, the hot susceptor. However, in
addition to thermocouple sheaths, other quartz reactor components are potentially subject to the same problems of
devitrification. Although the problem of devitrification of quartz inte cristobalite has been described herein abave, any
family of amarphous glass is subjeet te undesirable devifrification.

Exposing quartz to acidic i e i jon with high

exacerbates its

devitrification. Althaugh cristobalite can form at temperatures at or above 1150°C in the ahsence of an acidic

the rate of cristobalite f ion in an acidic envi is much more rapid. Many GVD processes,
e.., etching, are performed in acidic envirenment. Reactor cleaning procedures also introduce acid into the chamher.

Generally, in CVO reactars, the reactant materiaf not anly deposits on the substrate, as is desired, but sume material is

2
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alsa deposited on the reactor walls and other components within the reactor. Periodically, in order to maintain a
repeatable process, the reactor has to be cleaned. Reactor eleaning typically occurs by heating the wafer suppart, reactar
walls and ather reacter camponents to a suitably figh temperature and admitting a flow of a halogen containing gas, for
example HCL. Other typical cleaning gases include Cly, NF,, CIF;, or mixtures thereof.

There is a need ta significantly extend the life of quartz and other vitreous materials used as themocouple

sheathis and for otfier components within a EVD chamber. Known methods of p ing are prohibitively
expensive, cannat be used to protect complex companents hecause of fabrication constraints, are a source of
contaminants, or are otherwise incompatible with the high temperatures and acidic conditions found in CVD reactors.
Therefore, there exists a need to protect quartz and ether vitreous materials in an economical manner and without
negatively affecting the beneficial praperties of these materials.

In satisfaction of this need, the preferred embodiments of the invention provide for a chemical vapor deposition

reactor for the p ing of semi wherein the fifetimes of some internal reactor components made of

vitreous materials are extended by coating them with a barier material layer selected for this purpose.

In ane aangement of the invention, a reaction chamber is in the form of a horizontally oriented quartz tubs
divided inte an upper region and a lower tegion by a front divider plate, a susceptor surreunded by a temperature
compensation or slip ring, and a rear divider plate. Meunted atjacent to the susceptor are ene or more thermocouples each
having a sheath made of a vitreous material which is coated with a barrier material layer which is more durable than
vitreous materiaf itself. When coated with the harrier material layer, the thermocouple sheath does not devitrify upon high
temperature cycling and, thus, the life of the thermacouple sheath is greatly extended aver that of previausly used
uncoeated sheaths. The harrier material layer is especially useful in acidic environments.

In accordance with anather arrangement, protective barrier layers are provided on various parts of the chamber

to protect quartz reactor from devitrification. A ive barrier is provided over a quartz sheath cavering a
thermocouple, thereby protecting the quartz fram the processing gases. Protective barrier layers may also be used ta
cover, either partially or fully, other quartz components, such as the quartz spider supporting the susceptor or the quartz

stand supparting the slip ring. It is expected that protecting quartz sheathed iples and quartz with

barrier coatings will significantly increase their lifetime.

In accordance with anather aspect af the invention, 2 methad is provided for forming barrier material layers
on vitreous materials. Advantagseusly, the method includes depositing a barrier material selected for this purpose in
such a manner that the barrier [ayer is thin and has good adherence to the underlying vitreous material, resulting in a
layer with reasonable thermal conductivity.

All of these embodiments are intended to be within the scope of the invention herein disclosed. These and other
emhodiments of the present invention will become readily apparent to those skilled in the art from the following detailed
deseription of the preferred embodiments having reference to the attached figures, the invention not being limited to any
particular preferred embadiment(s) disclosed.

3~
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Brief Description of the Drawings
Figure 1 is an exploded perspective view of an plary ehamber it that may be protected

with a barrier layer.

Figure 2 is a cross-sectional view of the chamber of Figure 1.

Figure 3 is an enlarged cross-sectional view of a with a preferred

embodiment of the inventian.

Figure 4 is a cross-sectianal view shawing a substrate having a plurality of tharmor;auples proximate a substeate
support.

Figure & is a cross-sectional view of a central thermocauple with a barrier coating over a vitreous sheath.

Datailed Description of the Preferved Embadiments

Figures to 1 and 2 illustrate an exemplary CYD reactor charaber 10, which provides an environment in which the
preferred emhodiments of the invention will be described. The illustrated CVD reaction chamber comprises an elongated
generally flat rectangular chamber 10 made of quartz. Detalls of such a ehamber are disclosed in pending U.S. Patent
Application No. 09]184,490 of Wengert et al., filed November 2, 1998 and entitled “LONG LIFE HIGH TEMPERATURE
PROGESS CHAMBER". The di: of the this application is herein & by reference. Although a harizental-

flow, single-wafer, cold wall reaction chamber is used to describe the invention, it should be appreciated that the invention
is applicable to any reaction chamber containing vitreous compenents subject to devitrification, e.g., dome chambers,
vertical reactars, batch reactars, hot wall reactars, ete. The quartz chamber includes a flat upper wall 10a, a flat lower
wall 10b joined by 2 pair of short vertical side walls 10c. A thickensd guartz inlet flange 12 extends across the gas inlet
ond of the chamber attached to the chamber walls. A similar quartz gas outlet flange 14 is shown on the downstream end
of the chamber attached to the chamber walls 10a-c.

The illustrated chamber is divided inte an upper section 15 and a lower section 17 by a quartz flat front or
upstream divider plate 16 and a rear, quartz downstream plate 18 extending between the chamber side walls 10c,
generally parallel to the upper and lower walls 10a, 10b. The divider plates 16 and 18 are supported by supports 19 (see
Figure 2) formed on the side walls 10c, or by supports (nat shown) extending upwardly from the chamber bottem wall.
Such supports are typically fabricated of quartz. The rear chamber divider plate 18 is in approximately the same plane as
the front plate 16. The chamber 10 is further divided by a generally flat circular susceptor 20 and a surrounding ring 22
{see Figure 1), imes referred to as a ion ring or a slip ring, which prevents crystallographic

slip. The slip ring 22 will be described in more detail below with respect to Figure 4.

In the ilustrated arrangement, the susceptor 20 is supported by a spider 24 has three arms extending radially
autwardly fram a central hub and has upwardly extending projections 25 on the ends of the arms engaging the susceptar.
The spider 24 is mounted on a tubular shaft 26, which extends through the chamber lower wall 10b and also extends
through a guartz tube 27 that is attached to and depends from the lower chiamber wall 10b. The spider 24 and shaft 26
are preferably fabricated of quartz. The shaft 26 is adapted to be connected to a drive {nat shawn) far rotating the shaft

A
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286, the spider 24 and the susceptor 20. Details such an arrangement fogether with a drive mechanism can be found in
U.S. Patent No. 4,821,674, which is incorparated herein by reference.

The ring 22 of the fllustrated arrangement is supported by a quartz stand 23 resting on the lower chamber wall
106. In alternative arrangements, the ring 22 can be supported on quartz ledges extending inwardly from the chamber side
walls 10c or on quartz ledges extending from the divider plates 16, 18.

The thamber 10 may contain a number of other components which require support within the chamber 10. For
example, in the illustrated arrangement, there is a getter plate 30, positioned downstream fram the susceptor 20 and the
ting 22, The illustrated getter plate 30 is suppaﬁed on a plurality of pins 31 extending upwardly from the rear chamber

divider plate 18. In alternative arrangements, more than ne getter plate 30 can be used. In the illustrated artangement,

shields ar heat al 32 are also

from the susceptor 20 and are preferably positioned on each
side of the getter plate 30 and adjacent downstream partions of the side walls 10c. In addition, shields or heat absatbers
33 can also be employed on each side of the central area of the chamber adjacent the central portians of the side walls
10c. These elements 32 and 33 may be held in position by any suitable means. For example, the elements 32 might he
pasitioned by the pins 31, and spaced slightly from the chamber side walls 10c. In such an arrangement, the pins 31 can
be fabricated of quartz. If desired, quartz projactions can be mounted on the chamber side walls 10c and on the
dawnstream plate 18 to position the elements 32 slightly spaced from the side walls 10c. Similatly, the elements 33 can
vest on quartz supparts on the chamber lower wall 10b between the chamber side walls 10c and the guariz stand 23
pasitianed by suitable supports maunted on the side walls 10c to space the upper end of the element 33 slightly from the
side walls 10c.

In the ilh d two

34 are supparted beneath the ring by a tubufar portion 22a of
the ring 22, as hest seen in Figure 4. In the preferred embodiment, the tubular portion 22a is canfigured such that it curves
around the auter periphery of the ring 22. Mare specifically, the tubular pertion 22a preferably extends along one side of
the ring 22 and then extends alang the front edge of the ring 22 and then to the other side of the ring 22. Preferably, one
or both of the thermacouples 34 are configured to fit within the tubular portions so & tip end of thermacouples 34 can be
located near the leading edge {ie., inlet side) of the susceptor 20 at the center of the ring 22. In order to facilitate
installation and removal of the corved thermacouples 34, the tubular portion 22a preferably is formed by twe half sections,
which are removably attached to each otfer. A modified arrangement that is similar ta the arrangement deseribed abave is
described in U.S. Patent No. 4,821,674, which was incorporated herein by reference above. It should be appreciated that
the tip end of the th les may also be positioned at one side of the suscepter andfor at the trailing edge of the

susceptar. The thermocouples may alss be positioned in close groximity to the ring, depending on the allowable
temperature reading error or offset. [t should be appreciated that the reactor 10 can include additional thermocauples, as
desired, in other lacations within the chamber. For example, a thermocouple can be provided at the trailing edge of the

susceptor 20.

JP 2004-507074 A 2004.3.4



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 |

25

30

(18)

WO 01/78115 PCT/US01/11223

The illustrated chamber 10 preferably also includes a cemtral thermocouple 38, shown in Figures 1, 2, 4 and 5.
The central thermocauple 38 extends upwardly through the tubular shaft 26 and spider 24, with its tip preferably located
close to the center of the suscaptor 20,

With reference now to Figure 3, each of the thermacouples 34 preferahly includes a sheath 35 that surrounds a
suppart 37, which is preferahly made from a ceramic material. A pair of thermacouple wires 36 extend through the
support 37 and form a junction 36a, which is preferably located at the forward end of the thenmocouple 34 such that the
junction 36a lies near the forward or upstream camers of the ring 2. In modified arrangements, the thermocauple 34 can
include additiona! thermocauple junctions between additional pairs of wires within the sheath 35 . In such an arrangement,
an addifianal junction ean be located adjacent the rear or downstream camers of the ring 22 andfor between the upstream
and downstream comers.

Ta protect the.t 34 from the high

i and acidic envi that is typically found in the
reaction chamber 10, the sheath 35 is typically made of quartz or ather vitreous materials. As described in detail abave,
such quartz sheaths are useful in protecting the thermacouple 34 during wafer processing. However, frequent thermal
cycling of the quartz sheath te temperatures in excess of 1000°C can cause devitrification of the quartz sheath.

To prevent such devitrification, the thermocouple 34 includes a bartier ceating 40 that is preferably formed over
the sheath 35. The barrier coating 40 creates a barier between the vitreaus sheath 35 and the acidic environment
within the chamber 10. Preferably, the barrier coating 40 is very thin, extremely low in mass, has a reasonable
thermal conductivity, and does not appreciably change the surface emissivity of the sheath 35, The bamier coating 40
preferably comprises a material that is more resistant to acids, high temperatures, and thermal cycling than the material of
the underlying sheath 35. In choosing a material for the banier coating 40, the following properties are desirable:
capability of malecular deposition, ability ta adhere to the material of the underlying sheath, resistance to spalling or
with the envi and

flaking, non-nsulating fi.e., hat thermally i ically stable and

materials used in processing and cleaning, and not a source of metals or other cantaminants.

The harrier coating 40 is preferably between ahout 1 and 10,000 angstroms thick, more preferably between
about 50 and 5000 angstrams thick, and most preferably between about 500 and 3000 angstroms thick. In one preferred

embodiment, the harrier coating 40 ises an

proximately 800 thick fayer of silicon nitride (SiN, which
in its stoichiometric form is SigN,). The bartier coating 40 is preferably formed by CYD deposition over the corresponding

vitreous CYD deposition is in that it produces a harrier fayer that is both thin and that has goad

adhesion to the underlying component; improving the thermal conductivity of the layer. However, in addition to CVD,
sputter or other known methods of material deposition may be used. In additian ta silicn nitride, the barrier coating 40
may camprise any high temperature acid resistant coating with similar material properties, including, for example,
diamend, titanium nitride, or titanium carhan nitride.

The barrier coating 40 preferably covers the entire vitreous component. However, in same arrangements the

harier layer can cover selected areas of the component that are more susceptible to devitrification. For example, in

-6
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the illustrated arrangement, the barrier layer is deposited only aver the fip of the thermocauple 34 {see Figure 3)
hecause devitrification occurs most frequently at the tip of the thermoeouple sheath 35 where it contacts, or is in
close proximity to, the hot susceptor 20. Of course, in a modified arrangement, the barrier coating 40 can cover the
entire thermocouple 34, a smaller/larger or different partion of the thermocouple 34.

With reference to Figure 5, the barrier coating is shown with reference ta another vitreaus component, the
central 38. The il central th le 38 ( ple wires 50 by a
quariz sheath 52. A barrier coating 54 is preferably provided over the quartz sheath 52 to protect the thermocouple 38

from processing gases that tend to deposit on the tip of thermacauple, and to prevent devitrification of the quartz sheath
52 as described ahove. As with the thermacouple 34 described above, the hamier coating 54 covers a partien of the

central th le 38. Specifically, in the ilustrated the barrier coating 54 covers a top portion of the

thermocouple.

Other vitreous companents in the chamber 10 can alsa be wholly o partially covered with the barrier coating
described aliove. For example, in the illustrated chamber 10, the spider 24, the quartz tube 27, and the stand 23 are
preferably manufactured using quartz. The upwardly extending projections of the spider 24, which contact and support the
hat susceptar 20 can particularly benefit fram a barrier coating, as described herein. As such, these vitreous companents
can be covered whally or partially with the barrier coating 40 sa as to protect these components as described above. As
such, it shauld be appreciated that a harrier coating 40 can be provided wherever quartz is found in the chamber, so long
as the barrier layer does not substantially interfere with the aperation of the chamber. Other reactor companents that may
comprise quartz, and which may therefore benefit from a protective harrier layer, inelude suppart pieces, pins, ledges,
projections, etc. typically found within a chamber and used to suppart other reacter components. In addition to quartz, any
amorphous material that is subject to devitrification may be protected with a barrier layer. ‘

As a result of the foregoing techniques, the lifetime of vitreous compenents, when pratected with barrier [ayers,
may be significantly extended. Bamier layers are helpful in preventing devitrification in any vitreaus material, including any
family of glass subject to devitrification. Specifically, the life of quartz thermocouple sheaths, protectsd with a barrier
later, have been increased by approximately 300 percent. Preventing devitrification of the quartz sheath decreases
calibratian drift of the thermacauple. Mareover, increasing the lifetime of vitreaus companents abvigusly results in lower
cansumable costs. Likewse, extending the intervals betwesn reactor preventive maintenance resuit in less down time and
less reactor tuning. Less reactor tuning also results in lower use of monitor wafers. Thus, it can be sesn that the use of
barrier coatings to protect components comprising quartz, or other vitresus materials, in the reactor can provide very
significant benefits. .

It e noted that while the invention has been described in connection with a particular type reaction chamber 10,
the invention can alsa be applied to other types of reactions chambers.

It should alsa be noted that certain objects and advantages of the invention have been described above for the

purpose of deserihing the invention and the advantages achieved over the prior art. Of course, it is to be understuod that
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not necessarily all such abjects or advantages may be achieved in accardance with any particular embodiment of the
invention. Thus, for exarple, those skiled in the art will recognize that the invention may be embodied or carried out in &
manner that achieves or optimizes ane advantage or group of advantages as taught herein withaut necessarily achieving
other obiects or advantages as may be taught or suggested herein.

Morsover, although this invention has been diselased in the context of certain preferred embodiments and

examples, it will be understood by those skilled in the art that the present invention extends beyand the specifically

disclosed embodiments to ather alternative embadiments andjor uses of the invention and abvious modifications and

equivalents thereaf. In addition, while @ number of variations of the invention hiave been shown and described in detail,
other madifications, which are within the scope of this invention, will be readily apparent to those of skill in the art hased
upon this disclosure. For example, it is contemplated that various combination or subcambinations of the specific features
and aspects aof the embodiments may be made and still fali within the scope of the invention. Accardingly, it should be
understood that various features and aspects of the disclosed embodiments can be corbined with or substituted for one
another in order to form varying modes of the disclosed invention. Thus, it is intended that the scape of the present
invention herein disclosed shoultt nat be limited by the particular disclosed embodiments described ahove, but should be

determined anly by a fair reading of the claims that follow

JP 2004-507074 A 2004.3.4
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i CLAIM:

1. A semicond) i ising a reaction chamber and one or more vitrsous

components having an outer surface that is covered at least in part by a devitrification barrier ceating.

2. The apparatus of Claim 1, wherein said ene or more vitreous components are formed from quartz.
3. The apparatus of Clalm {, wherein said devitrification bartier comprises silicon nitride.
4. The apparatus of Claim 1, wherein said devitrification barrier coating is formed from sificen nittide

that has been deposited on said ane or more vitregus components using CVD deposition.

5. The apparatus of Claim 1, where said devitrification bartier coating has a thickness between about
1 and 10,000 angstroms.

6. The apparatus of Claim 5, where said devitrification barrier coating has a thickness between about
50 and 5000 angstroms thick.

7. The apparatus of Claim 6, where said devitrification barrier coating has a thickness between ahout
500 and 3,000 angstrams thick.

8. The apparatus of Claim 7, where said devitrification barrier coating has a thickness of ahout 800
angstroms thick.
4. The apparatus of Claim 1, where said devitrification harrier coating is formed from the group

cansisting of silican nitride, diamond, titanium nitride, titanium carhon nitride, and combinations thereof.

10. The apparatus of Claim 1, wherein said devitrification barrier coating covers an entire partion of
said outer surface of said ene or mare vitreous components.

1. The apparatus of Claim 1, wherein said devitrification barrier coating only covers a portion of said

ane or more vitreaus that is most ihle to

12, The apparatus af Claim 1, wherein said wherein said devitrification barrier coating cavers at least
a portion of a quartz sheath of a thermocouple.

13. The apparatus of Claim 1, wherein said apparatus further camprises an upwardly extending
projection positioned on a support device, said projection and support device configured to support a substrate within
said apparatus, said projection being covered at least in part by said devitrification barrier caating.

14. The apparatus of Claim 1, whersin said reaction chamber is a chemical vapor deposition reaction
chamber.

18, A thermacouple configured for use in a chemical vapor depesition process chamber, said
thermocouple comprising:

thermacouple wires;
a vitreous sheath surrounding the wires; and
a devitrification barrier coating covering at least a portion of said sheath.

16. The thermocauple of Claim 15, wherein saitt vitreous sheath is formed from quartz.

9-
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17. The thermocouple of Claim 18, wherein said devitrification barrier coating comprises silicon nitride.

18. The thermocouple of Claim 15, where said devitrification barrier coating has a thickness hetween
about 1 and 10,000 angstroms.

18, The thermocouple of Claim 18, where said devitrification barrier coating has a thickness between
about 50 and 5000 angstrams thick.

20. The thermocauple of Claim 19, where said devitrification barrier coating has a thickness between
ahout 500 and 3,000 angstroms thick.

21. The thermacouple of Claim 15, where said devitrification barrier coating is formed from the group
cansisting silicen nitride, diamend, titanium nitride, titanium carhon nitride and combinations thereaf.

22. The thermocouple of Claim 16, wherein said devitrification barrier coating covers an entire portion
of said thermocouple.

23. The thermocouple of Claim 15, wherein devitrification barrier coating covers a portion of the

le that is most ible to devitrification.

24. The thermocouple of Claim 15, wherein devitrification barrier coating covers a tip of said
thermocouple. )

25. A method of minimizing divitrification in one or more vitreaus camponents of a chemical vapor
deposition procass chamber, said method comprising the step of coating at least a portion of said one or mare vitreaus
components with a baner layer to protect said one or mare vitreuus components from processing gases in the
chemical vapor deposition process chamber.

26. The methed of Claim 25, wherein coating at least a portion of said one or more vitreous
compaonents with a barrier layer includes using chemical vapor depasition ta form said barrier ayer.

27. The method of Claim 25, wherein coafing at least a portion of said one or more vitreous
companents includes farming the barrier layer from silicen nitride .

28. The method of Claim 27, wherein said step of forming the barrier layer aut of silicen nitride
includes using chemical vapar depasition to form said harrier layer.

29. The method of Claim 27, wherein said step of ferming the barrier layer out of silicon nitride
includes forming said barrier layer such that said barrier layer has a thickness between about 1 and 10,000
angstrams.

30. The methad of Claim 28, wherein said step of forming the barrier layer out of silicon nitride
includes forming said barrier layer such that said barrier layer has a thickness between abeut 500 and 3,000
angstroms thick.

31 The methad of Claim 25, wherein coating at least a portion of said one or more vitreous
components with a barrier layer ineludes forming the barrier [ayer fram the group consisting of silicen nitride, diamond,

titanium nitride, titanium carban nitride, and comhinations thereof.

-10-
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32. The method of Claim 25, wherein coating at least a portion of said one or mare vitreous
compongnts includes coating at least a portion of a thermocouple sheath.

33 The method of Claim 32, wherein ceating at least a portion of said thermacouple includes coating a
portion of the thermocauple sheath that is most susceptible to devitrification.

34. The methud of Claim 32, wherein coating af least a pertion of said thermocauple sheath includes
covering a tip of said thermocouple sheath.

35. The method of Claim 32, wherein coating at least a portion of said thermacauple includes covering
a partion of the thermocauple that is near a susceptor of said chemical vapor depasition pracess chamber.

36. The methad of Claim 25, wherein coating at lsast a portion of said ane or mare vitreous
components includes coating an entire portion of a thermacouple sheath,

7. A chemical vapor depasiti ising a said th

comprising
thermocouple wires; a vitreous sheath surrounding the wires; and means for minimizing devitrification in said
thermocouple.

38, The apparatus of Claim 37, wherein said means comprises a silicon nitride coating.

39. A support device configured to support a suseeptor in a chemical vapar depasitien chamber, said
support device including a plurality of arms, each of said arms having a distal end configured to directly contact and
suppart sait susceptor, said distal end being covered at least in part by a devitrification barrier coating.

40. The support device af Claim 38, wherein said support device includes three arms.

41, The support device of Claim 39, wherein said distal end comprises an wpwardly extending
projectian.

42. The support device of Claim 39, wherein said distal end is formed from gquartz.

43. The suppart device of Claim 39, wherein said devitrification barrier coating comprises silicon
nitride.

44, The support device of Claim 39, where said devitritication barrier coating is formed from the graup
censisting silicon nitride, diamand, titanium nitride, titanium carben nitride and cambinations thereaf.

45. ‘The support device of Claim 39, wherein said devitrification barrier coating covers an entire portion

of said distal end.
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