JP 2008-171001 A 2008.7.24

(19) BFEHSHFF (JP) w4 M4 F A BRA (1) e B A M S
45B882008-171001
(P2008-171001A)
(43 AME  FAR204E7TH24H (2008.7.24)
(51) Int.CI. F1 F—=a—F (%)
GO2B 52 (2006.01) GO2Z2B 5/20 101 2HO04 8
FERL FHER FREOR 2 OL HEEHE (& M B
(2l HEES 5 EE2008-3196 (P2008-3196) (71) HEEA 390040660
(22) EEH SER20E LA 10H (2008. 1. 10) FISLE TFVFAL AraA—EL
(1) miEERES 60/884,599 AFw R
(32) ®scH ERRI9E1AL1H (2007.1.11) APPLIED MATERIALS, 1
(33) B BT RE *E (US) NCORPORATED

T4 IREA

(72) FeRH&E

TANVAEGRE HVT7xA=ZTH 95
064 Hrx 55 NU7P—Z 7
~=a— 3050

100101502

#FEL % EE

Yary I R7Ap

TAVAERE HVT7xA=TH 94
541 ~A9U—F 2o=m— VFoa—
Jr42 2811

F&—2 (%) 2H048 BAO2 BAG4 BB42

64 [(RAOEM] HEMRAELEEARELREDT) Yy FERVT, MEEZENT 007 E., BER

WS AT L

(GHoooo
000000000O0O0000000000000
000000000000 0000000000000
0000000000 00O0O0O0O0000000000
0000000000000000000000000
000000000000 0000000000000
00000000C0C0C0C0O00O00000000000
000000000O00O0O00O00000000000
0000000000000000000000000
ooooo

ooooooo

FIG. 3




e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

Ooooooooooodg

O 0Oooo
O 0Oooo

O
O

O

oo oooooogogoo
OO0 ooooggodg
oo ooooogoQgoQg
O o0 oooogogodg
oo ooooogogoQo
OO0 oooogogog
oo ooooogogoQg
O Oo0oooooogogog
OooooooogogoQg

O Ooogoo
O 0Ooo0gooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O 0Ooogoo
O 0O o0ooo
O 0OooOgooo
O O ogogo
O 0OooOgoo
O O oQgogog

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

(2)

O

JP 2008-171001

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

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

]
O
[
O
O
O
O

O
O
O
O

O
O
O
O
O

2008.7.24

10

20

30

40

50



OoooOoooOooooOooo oo ooOoooOoooOooooOoooOoooOoooDoooooooooobooOooOooOod
I ey e e ) A A B

Oo0oooooo0ooDooooooogogooao

e R e ey e s [y s [ |
e s e e s e ey e s [ [ |
e e e ey s [y [ |
e e st e e e ey s [ [ |

oo oooooQooooodg

OooooooOoooooooooooogogogogogoadg

Oo0oooooo0ooooooooogogooao

OO0 ooooogooDoooUogooDooggooao

OoooooooooogQgg

OooooooooogogooQg

O Oooogd

O0Ooo0oooaoo
O 0OooOoooaog
O0Ooo0oooaoo
O0Ooo0oooaog
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Ooo0oo0ooaoo
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Oo0Oo0ooao
OOoo0oooao
O0Oo0Oo0ooao
O0Ooo0oooaoo
O0Oo0Oooo
OOoo0oooao
O0Oo0oooao
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooaoo
O0Ooo0oooaog
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooaog
O0Ooo0oooao
OOooooao
O0Ooo0oo0ooao

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 ooogod

O oo ogod

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O

€))

JP 2008-171001

O
O
O
O
O
O

O
O
O
O
O
O
O

O
O

2008.7.24

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

Ooo0oooQodg O Ooooo Oo0Ooo0oooo

O 0Ooooo
O 0OoOooog
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0ooOoo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooooo
OO oO0ooog

oo o ooooogoQgg

OooooogQg™g

O

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

O OoOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O 0Ooooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo

O Oooo
O Oooo
O Oooo
O Oooo
OO oo
O Oooo

O 0Oo0oooaog
O0Ooo0oooaoo
O 0Oo0oooaog
O0Ooo0oo0ooaoo
O0Ooo0oooaog
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao

OO0 oooooggg

OO0Ooooogod
OoOoo0ooood
O Oo0oooogod
OoOoo0ooood
O Ooo0oooogod
OoOoo0ooood
OOooooogod
OoOoo0oo0oood
OOoo0ooood
OoOoo0oo0oood
OO0Ooo0ooood
OoOoo0oo0oood
OOoooood
OoOoo0oo0oood

oo o ooooogoQgg

OO0 oooooggog

oo oooooogooQgg

OO0 ooooooggog

Ooooooogoogooao
Ooooogogoao
Ooooooogoogogoao
Oooooogogogoao
Oooo0ooogoogogoao
Ooooogogoao
Oooo0oooogoao
Oooooogogoao
Oooo0oooogoao
Oooooogogooao
Oooo0oooogooao
Ooooooogogoao
OooOoo0ooooogooao
Oooooogogooao
OO0 ooogogoao
Ooooooogogoao
Ooooogogoao
Ooooooogogoao
Ooooogogoao
Ooooooogoogooao
Ooooogogoao
Ooooooogoogooao
Ooooogogoao
Ooooooogoogooao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Ooooooogogogoao

O
(]
O
O
O
O
O
O
O
O
O
O
O
OJ
O

4)

O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo
O O0Ooo0ooo
O Ooooo
O O oOgooo
O Ooooo
O OoOooao
O Ooooo
O OoOooao
O Ooooao
O Ooooao
O Ooooo
O Ooooao
O Ooo0ooao
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo

O 0Ooo0oooo
O 0Oo0oooao
O 0Oo0oooo
O O0Oo0ooOooao
O 0Oo0oooo
O O o0Ogooao
O 0Oo0oooo
O OoO0gooao
O 0Oo0oooo
O OoQgooao
O 0Ooo0oooo
O OoQgooo
O 0Oo0oooo
O OoOgooo
O 0Oo0oooo

O
O
O
O
O

O Oooo
OO oo
O Oooo
OO oo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

JP 2008-171001

O
O
O
O
O
O
O

]
O
[
O
O
O
O

OJ
O
OJ
O
O
O
O

O
O
O
O
]

O
O
O
O
(]

O
O
O
O
O

2008.7.24

O Oooo
O 0Oooo
O Oooo
O 0Oooo

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

OooooooQgdg
OOooooogogdg
Oooo0oooQgdg
OOoo0oooogogg
Oooo0oooQgdg
OOooooogogg
Oooo0oooQgdg
Oooooogogdg
OoOoo0oooQgdg
OOooooogoogg
OoOoo0oooQgdg
OOooooogogg
OoOoo0ooodgdg
Oooooogogg

Oo0oooooooooooo0oooooogdg
OO0 ooDoogoguoooDooggogooooogd
Oooooooooooooooooogdg
OO0 ooDoogogooooogogooooogdg
Oo0ooooooooooooooooogdg
OOo0oooooooooogogooooogdg
Oo0ooooooooooooooooogodg
OOo0oooooooooogogooooogdg

oo oooooQgoooo
OO0 ooooogoggoooao
oo oooooQgoooo
OO0 ooooogogQgogoooao
oo ooooooQooooo
OO0 ooooogogQgoooao
OooooooooQgooooo
OO0 ooooogoQgoooo
Ooooooooogooooao
OO0 ooooogoQgoooao
Ooooooooogogoooo
OO0 ooooogogQgoooo
Ooooooooogooooao
OO0 ooooogogQgoooo
Oooooooogooooao
oo ooooogoQgoooo
OoooooooogooOoooao
oo ooooogoQgoooo
OoooooooooOoooao
oo oooooQgooooo
OO0 ooooogogQgogoooao
oo oooooQgoooo
OO0 OooooogogQgogoooao
oo oooooQgoooo
OO0 ooooogogogoooao
oo oooooQgooooo
OO0 ooooogoggogoooo
oo oooooQgoooo
OO0 ooooogQgoooao
oo ooooooQgooooo
OO0 ooooogoggoooao
Oooooooogooooao
OO0 ooooogogQgoooao
Ooooooooogooooao

OOoo0oooao
O OooOoooo
O0Ooo0oooao
O Ooo0oooo
O0Ooo0oo0ooao
O Ooo0oooao
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oo0ooao
O Ooo0oooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oo0ooao
OOoo0oooao
O 0Oo0oo0ooao
OOoo0oooao

oo oooooooooooogogoooo

OO0 oo ooo4o0oooooogoQgoooo

oo ooooooooooogogoooo

OO0 oDooooo0oooooogoggoooo

oo ooooooooooogogoooo

OO0 oo oooo0ooooogoQgoooo

)

O Ooo0ooooao
O Ooooooaog
O Ooo0ooooao
OOoooooao
O O0Ooo0ooOoooao
OOoo0ooooaog
O 0O0oOooooaog
OOoooooao
O 0O0o0ooooaog
OOoo0ooooao
O 0O0ooooaog
OOoo0ooooo
O O0Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoo0ooooao

Ooooooooooooogoooao

OO0 oDooooo0ooooogoQgoooo

oo oooooooooooogoooao

OO0 oDooooo0ooooogoQgoooo

Oooooooooooooogoooao

O 0Ooo0ooo
O 0Ooooo
O OoOgoao
O Ooooo
O O0OoOooo
O 0Ooooo
O Oogoao
O Ooooo
O Ooogoo
O Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooOoo
O Ooooo
O 0Ooo0ooo

OO0 oDooooo0oooooQgoooo

OoOooOoooDOoooDoooogoogo

OO0 oo oooo0oooooQgoooo

JP 2008-171001

OO0 0o oDoo4QgooDoog4Qgogoooao
OO0 oDooooo0oooooQgoooo
OO0 Do oDoo4gogooDooogoggogogooo
OO0 oDooooooooooQgoooo
OO0 Do oDoo4Qo0ooDooogoggogoooo
OO0 oo oooooooooQgoooo
OO0 oDooDoo4o0oooooogoggogoooo

OO0 oooooooooooQgooooo

2008.7.24

OO0 OoDooDooo0oooooogogQgoooog

OO0 oooooooooooogogoooo

OO0 oooooo0ooDooogogQgoooo

OO0 ooooooooooogogoooo

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A
OoOooooooooooOooooOoooOooooooOoooDoDoooOooooooboDoooooooooooOooOooOod
I e A A A

OoOooooooooooo0 oo oooo0D oo oooo0oDoDooogoooao
e s e Y

OoooooQgooao

OooooooooooooogoQgdg
OO0 oDoDooogogooooooggdg
Ooo0oooooooooooogoQgdg
OO0 ooDooogogogoooooggg
Oo0oooooooooooogoQgg
OOo0ooDooooooooggg
OooooooooooooogoQgg
Oo0oooooogoooooggg
OooooooooooooogoQgg
Oo0oooooooooooggg
Oooooooooooooogogogdg
Oo0ooooooooooogogg
Ooooooooooooogogogdg
Oo0ooooooooooogogg
Oooooooooooooogoogdg
Oooooooooooogogg
Oo0oooooooooooogogogdg
Oo0oooooooooooogogg
Ooo0oooooooooooogogdg
Ooooooooooooogogg
Ooo0oooooooooooooQgdg
OoooooooooooogoQgdg
OO0 o0ooDoogogogoooooogogdg
e 000D o0 oOoooOooOoooOoogogoaog
OO0 oDoDoogogoooooogogdg
Oo0oooooooooooogoQgdg
OO0 ooDooogogoooooogogdg
Ooo0oooooooooooogoQgg
OO0 ooooogoooooooggdg
Oo0oooooooooooogoQgg
OOo0oooooogoooooggdg
OooooooooooooogoQgdg
OOo0oooooooooooggg
OooooooooooooogoQgg
Oo0ooooooooooogogg
Oo0ooooooooooogogoQgdg

O Ooo0ooo
OO oOooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooao
O OooOooo
O 0Ooo0ooao
O OooOooo

OoooooogoQgoao
Ooooooggoao
OoooooogoQgoao
Oooooggoao
Ooooooogoogoo
Ooooooggoao
Oooo0ooogoQgoao
Ooooooggoao
Oooo0ooogogoao
OooooogQgoao
Oooo0ooogoao
OooooogQgoao
Oooo0oooogoao

O0Ooo0oooaoo
O 0Ooo0oooog
O0Ooo0oooaoo

OO0 oooodogoao

OooooooQgooao

O Ooogoo
OoT Oooo
O Ooooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
I e B I

Oo0oooodgogoao

OooooooQgooao

Oooooodgogoao

OooooooQgooao

Oo0oooodgogooao

(]
O
O
O
O
O
O
O
O
O
O
O
OJ
O

OooooooQgooao

Oooooodgogooao

Ooooooogogooao

Oooooodgogooao

OooooooQgooao

Ooooooogdg
Ooooooodg
Ooooooogdg

Oooooodgooao

(6

OoooooogoOooao

O Ooooo
O O0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O O0OoOgoo
O Ooooo
O O oOooo
O Ooooo
O OoOgoo
O Ooooo
O Oogoo
O Ooooo
O Ooogooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo

Oooooodgooao

Ooo0Ooo0ooood
OoOoo0oooogdg
OooOoo0ooooadg
Oo0oooogodg
OOo0oo0oooogdg
Oooo0oooogdg
OOo0o0oooogd
Oo0o0oooogodg
OoOoo0oooogdg
Ooo0oooodg
Ooo0oooogdg
Ooo0o0o0oooodg
OoOoo0oooogdg
OooOoo0ooodg
OoOoo0oooogdg
Ooo0oo0oood
OoOoo0oooogdg
Oooo0ooOod

Ooooooodgogooao

OoooooQgooao

OooOooooogoOooao

OooooooQgooao

]
|

OoOo0oogooogoo

OooooooQgooao

JP 2008-171001

]
O
[
O
O
O
O

OO0 oooodogoao
OoooooQgooao
Oo0oooodgogoao
Oo0ooooQgooao
Oo0oooodgogooao
Oo0ooooQgooao
Oo0oooodgogooao

O
O
O
O
(]

OooooooQgooao

2008.7.24

Oo0oooogogooao

OoooooQgooao

Oooooodgogooao

OoooooQgooao

10

20

30

40

50



e e e Y Iy

e A A A
OooooOoooOoooOoooooooOoooooooooooooooooooOod
A A A |

O oOoooo
O 0Ooooo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo

OO0 o0DoDoo4gQgooooaog
Oooooooooooaog
OO0 oDooogQgooooaog
Oooooooooooaogo
OO0 oooogogooooaog

Ooooooogoogoo
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Ooooooogoogoo
Ooooogogoao
Ooooooogoogoao
Oooooogogoao
Oooo0oooogoao
Oooooogogoao
Oooo0oooogoao
Oooooogogogoao
Oooo0ooooogoao
Oooooogogogoao
Oooo0oooogoao
Oooooogoogoao
Oooo0oooogogoao
Oooooogogogoao
OoOoo0oooogoao
Oooooogogoao
OO0 o0oooogogoao
Oooooogogogoo
Oo0oooogogoao
Ooooooogoogoo
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Ooooooogoogoo
Ooooogogoao
Ooooooogoogoo
Oooooogogoao
Oooo0ooogoogoo
Oooooogogoao
Oooo0oooogoao

e ey e e e sy e e o |
e e s e e e e sy e e |

O o0ooooogdg
OO0 oooogdg
Ooooooogdg
O Oo0ooooogdg
Ooooooogdg
O Oo0oooogdg
Ooooooogodg
O Oo0oooogd
Oo0oooooogodg
O Oo0ooooogd
Ooooooogodg
O Oo0oooooogdg
OoOooooood
O Oo0oooooogdg
O Oooooood
O Ooooooogdg
O Oooooood
O o0oooooogdg
OOoooOooood
O o0ooooogdg
O O0Dooooogdg
O o0oooooogdg
O 0o ooogdg
O o0ooooogdg
OO0 oooogd
Oo0oooooogdg
O Oo0oooogdg
Ooooooogdg
O Oo0oooogdg
Ooooooogodg
O Oo0oooogd
Oo0oooooogodg
O Oo0ooooogdg
Ooooooogodg

O
O
O
O
O
]
©

OooooooogooQogooao
OOo0oooooggogooao
OooooooogoQgooo
OOo0oooooggooao
OooooooooQogooo
Oooooooggooao
OoooooooQgooao
Ooooooogogooao
Ooooooooogooao
OoooooogogQgooao
Ooooooooogooao
Ooooooogogogooao
OoooooooQgooao
OoooooogogQgooao
Ooooooooogooao
OoooooogoQgooao
OoooooooogoOooao
OoooooogoQgooao
OooooooogoOooOoao
OooooooogoQgooao
OO0 ooDoooggogoao
OooooooogoQgooo
OO0 ooooggogogoao
OooooooogogQgooo
OO0 ooDooggogooao
OooooooogooQogooo
OOoooooggooao
OoooooooQgooo
Oooooooggooao
Ooooooooogoooao
Ooooooogoggooao
Ooooooooogoooao
OoooooogQgooao
Ooooooooogooao

OoooooooQgdg
OOooooogogdg
OooooooQgdg
OOoooooggdg
Oooo0oooQgdg
OOoooooggdg
Oooo0oooQgdg
OoOooooogoogdg
Oooo0oooQgdg
OOooooogoogdg
OoOoo0ooodgdg
Oooooogogg
OoOoo0ooodgdg
OooooogoQgg
OoOoo0ooodgdg
OooooogooQgdg
OoOoo0ooodoadg
OooooooQgg
OoOoo0oooodgadg
OooooooQgg
OO0 oooogoogdg

P

O Ooo0ooooao
O 0O0o0ooooaog
O Oo0o0ooooao
O 0Oo0ooooog
O Oo0ooooo
O O0Oooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooooooao
O Oo0ooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooo0oo0oooao

JP 2008-171001

2008.7.24

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I

OO0 oooodogoao

e e A s e s e e ) e e ) e e s e Y

OOoooood
O0Oooooogd
OoOoo0oood
O0Ooo0oooogd
OOoo0ooood
OOoo0oooogd
OoOoo0oood
OOoo0oooogd
OoOoo0ooood
OOoo0oooogd
OoOoo0ooood
OoOoo0oooogod
OoOoo0ooood
OoOoo0oooogod
Oo0Ooo0Oooood
OoOoo0oooogod
Oo0Ooo0Ooood
OoOoo0oooogod
O0Ooo0Oo0oood
OoOoo0oooogod
OO0Oo0oooogd
OoOoooood
O0Ooo0oooogd
OoOoooood
O0Ooo0oooogd
OoOoo0ooood
O0Ooo0oooogd
OOoo0ooood
O0Ooo0oooogd
OOoo0ooood
O0Ooo0oooogod
OOoo0ooood
OOoOo0oooogod
OOoo0ooood

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

Oooooooooood
OO0 oooogog4Qgooood
Oooooooooood
OO0 oooogogooood
Oooooooooood

Oo0ooooooooooQgog
OO0 oDoDoogogooooogogg
OooooooooooogoQgg
OO0 ooDoogoguooooogoggg
oo ooooooooooQgog
OO0 oooogogooooooggg
OooooooooooooQgg
OO0 ooooogooooooggg
OoooooooooooQgg
OO0 ooooooooooggog
OoooooooooooQgog
OO0 oooooooooogoggog
Ooooooooooooogodg
OO0 oooooooooogoggog

O Ooooo
O OooOooo
O Ooooao
O O0OoOooo
O 0Ooooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooOoao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo

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

Oooooogogooao
Oooooooooooao
Ooooooogogogooao
Ooooooooogoooao
Ooooooogogooao
Ooooooooogooao
Ooooooogogogooao
Ooooooooogooao
Ooooooogoogooao
Ooooooooogooao
Ooooooogoogooao
OoooooooogogoOooOoao
Oooooooogogoooo
OoOooooooogooOooOoao
Ooooooogoogooao
OO0 ooDooogogooao
Ooooooogooooao
OO0 oooogogogoao
Oooooooogogogooao
OO0 oooogogooao
Oooooooogoogooo
Oooooogogooao
Ooooooooogooao
Ooooooogogooao
Ooooooooogoooao
Ooooooogogooao
Oooooooooooo
Ooooooogogooao
Ooooooooogooao

C))

Oo0ooooooooooQgdg
Ooooooooooogoggdg
Oo0oooooooooogdg
Ooooooooooogogogdg
Oo0oooocoooooogdg
OoooooooooogogoQgdg
OO0 oDoooooooogoogdg
Ooooooooooogogogdg
Oo0DoDooogoooooogoogdg
OoooooooooogogoQgdg
Oo0DoDooooooooggdg
OoooooooooogoQgdg
Oo0DoDoooooooogoggdg
OooooooooooQgdg
Oo0ooDoooooooogoggdg
Oo0ooooooooooQgdg
Oooooooooooggdg
OooooooooooQgdg
Oooooooooooggdg
Oo0ooooooooogdg

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

O

JP 2008-171001

O
O
O

O
O

O
O
O

OJ
O
OJ
O

O

O
O
O
O
O
O
O
O

oggao

O

2008.7.24

gooano

O

O

O

O

10

20

30

40

50



OoOooooo4o0ooooo400 oo ooooDooDoDoooDoooDoDoooooooaog

Iy e e e ) A

OoooOooooo0ooooo4o00 oo oooo0D oo ooooDUoooDoDooo0ooooo

Oooooooooooooooogooogog

OoOoooooDoooogooogoodg
OoooOoooooooooooOoooOod

O O ogoo

Ooooocooooooogogoao
Oo0Doooo4gogooooogogogaog
OoooocoooooooQgogoao
OoDoooo4gooooogoggogog
Ooooocooooooogoao

OoOoo0oooogd

O
OJ
O
O
O

OO0 ooDoooggogooao

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

OOoo0ooood
OoOoo0ooood
O0Ooo0ooood
OoOoo0oood
O OooOooo

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

O o0Ooo

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

O oOooo

O o0Oooo

O 0Oooo

O 0Oooo

O oOooo

O o0Oooo

O oOooo

O o0Oooo

O oOooo

€))

O 0Oooo

O oOooo

O o0Ooo

O o0Oooo

O 0Ooo

O oOooo

O Oooo O

O

O o0Oooo

JP 2008-171001

goooaon

O
O
O
O

OJ
O
O
O
O
O
O

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

OJ
O
OJ
O
O
O
O

O
O
O
O
O

O
O
O
O

O 0Oooo

O
O
O
O

2008.7.24

O oOooo

O o0Ooo

O oOooo

10

20

30



(10) JP 2008-171001 A 2008.7.24

Ooo0oan Ooo0oano
[ -
g
N
118
8 =7 —
S &
S oy
—\[,__J]j] m 120 122
"N
5 FIG. 2
O/ o
ooon goooaod
FiG. 3 E E
N v
3 &2
™ X B
Tha § i 3
¥ X - o
L ‘:"’ *® :> e
¢
3
A

&Y

| IRYEY:

AF—YI



JP 2008-171001 A 2008.7.24

1)

gogooano

goooano

VS ‘Old

(A
Y > WOG—LY

XyoLE

(B X)
BYLLAGGLA VA CNAANE

e

(FA)
LY > EOL—LY

xyoec#

(PEX)
BYLARGLA A AV ANGL

RN
AFaAs—LY

28T

(upez

L 7/ ez

W3E
(1FG—LY

arold

(u)oez

/
HoyozE

ggooano

gogooano

V9 "Old

as 'old

(BHA)
BY>@OG—LY

YNOZHE

()
HYLRAGLR P AR NE

—

EE]
AFPolc—LY



(12) JP 2008-171001 A 2008.7.24

goooano

FIG. 6B



(13)

gooooooanb

10

15

20

25

30

11715/DISPLAY/INKJET/AKT/RKK PATENT

TITLE OF THE INVENTION
METHODS, APPARATUS AND SYSTEMS FOR INCREASING
THROUGHPUT USING MULTIPLE PRINT HEADS ROTATABLE
ABOUT A COMMON AXIS

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority to US
Provisional Patent Application No. 60/884,599, filed January
11, 2007 and entitled “METHODS, APPARATUS AND SYSTEMS FOR
INCREASING THROUGHPUT USING MULTIPLE PRINT HEADS ROTATABLE
ABOUT A COMMON AXIS,” which is hereby incorporated by
reference herein in its entirety.

The present application is also related to the
following commonly-assigned, co-pending U.S. Patent
Application, which is hereby incorporated by reference
herein in its entirety:

U.S. Patent Application Serial No. 11/212,043,
filed August 25, 2005 and titled "Methods and Apparatus for
Aligning Inkjet Print Head Supports" (Attorney Docket No.
10242).

FIELD OF THE INVENTION

The present invention relates generally to inkjet
printing systems that may be employed during flat panel
display manufacturing, and is more particularly concerned
with apparatus and methods for increasing throughput by
employing at least two inkjet print heads rotatable around a

common axis on a printing carriage.
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BACKGROUND OF THE INVENTION

Inkjet printing is currently being used as a
technique for manufacturing flat panel displays and in
particular in the formation of color filters used in such
displays. One problem with effective employment of inkjet
printing is that it is difficult to dispense ink or other
materials accurately and precisely on a substrate while
having a high-throughput. Thus, what is needed are systems,
methods and apparatus for increasing throughput of inkjet

printing systems.

SUMMARY OF THE INVENTION

In some aspects, the invention provides a printing
apparatus including a platform adapted to rotate about a
rotational axis and a plurality of longitudinally aligned
print heads coupled to the platform. In one or more
embodiments, each of the plurality of print heads includes a
set of nozzles arranged in a line having a nozzle line
length and the print heads are separated longitudinally by a
clearing distance approximately equal to an integer times
the nozzle line length.

In some other aspects, the invention provides an
inkjet printing system for manufacturing color filters which
includes a frame; a stage coupled to the frame and adapted
to move a substrate in a print direction; a print support
coupled to the frame and adapted to support a plurality of
print carriages, wherein the carriages are adapted to be
moved along the print support; a plurality of platforms,
each one coupled to a different one of the print carriages

and each adapted to rotate about a different respective
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rotational axis; and a plurality of sets of print heads,
each one of the sets coupled to a different one of the
platforms and each set including a plurality of
longitudinally aligned print heads.

In yet other aspects, the invention provides a
method of depositing ink on a substrate for manufacturing a
color filter. The method includes longitudinally aligning a
plurality of print heads on a platform; rotating the
platform about a rotational axis to bring the print heads to
a desired saber angle; and depositing ink from the print
heads in a first print pass on a substrate moving in a first
print direction below the print heads.

Other features and aspects of the present
invention will become more fully apparent frbm the following
detailed description of exemplary embodiments, the appended

claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of an exemplary
embodiment of an ink jet print system according to
embodiments of the present invention.

FIG. 2 is a front elevational view of an exemplary
printing carriage provided according to embodiments of the
present invention.

FIG. 3 is a bottom elevational view of an
exemplary print carriage including two print heads provided
according to embodiments of the present invention.

FIG. 4A illustrates an example first print pass

using a print carriage including two print heads as shown in

JP 2008-171001 A 2008.7.24



10

15

20

25

30

(16)

11715/DISPLAY/INKJET/AKT/RKK PATENT

FIG. 3 in which a clearing spacing between print heads as
provided according to the present invention is optimal.

FIG. 4B illustrates an example second print pass
using a print carriage including two print heads in which a
clearing spacing between print heads as provided according
to the present invention is optimal.

FIG. 5A illustrates an example first print pass
using a print carriage including two print heads in which a
clearing spacing between print heads is sub-optimal.

FIG. 5B illustrates an example second print pass
using a print carriage including two print heads in which a
clearing spacing between print heads is sub-optimal.

FIG. 6A is a bottom elevational view of an
exemplary print carriage including two print‘heads provided
in accordance with the present invention in which a clearing
spacing between the print heads is approximately equal to
twice a nozzle line length.

FIG. 6B is a bottom elevational view of an
exemplary print carriage provided in accordance with the

present invention including three print heads.

DETAILED DESCRIPTION
The present invention provides apparatus and

methods for improving printing throughput in a printing
system by including two or more print heads in a single
printing assembly with a common rotation axis, at least
doubling (where two print heads are used) the number of
print heads that are able to dispense ink on a substrate
concurrently. In some embodiments of the present invention,

one or more printer assemblies (‘carriages’) may include two
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or more (‘multiple’) print heads coupled to a rotatable
platform (‘rotation stage’) having rotational axis. In one
or more embodiments, the multiple print heads may include
sets of nozzles arranged in a line, each of a set length,
and may be aligned longitudinally. To provide optimal
throughput, a clearing distance between the print heads may
be set approximately equal to the set length of the lines of
nozzles. In various embodiments, the print heads may used to
dispense ink concurrently, sequentially or in any
combination(s) thereof.

FIG. 1 illustrates a side elevational view of an
exemplary inkjet printing system (e.g., suitable for
manufacturing color filters for flat panel displays) in
which the apparatus and methods of the preseﬁt invention may
be applied. The printing system is designated generally by
the reference number 100. The inkjet printing system 100 may
include a plurality of print head carriages 102, 104, 106
arranged on a print head support 108 or bridge. It is noted
that a larger or smaller number of carriages (e.g., one,
two, four, five, etc.) may be used. A larger number of
supports may also be used to each support multiple
carriages. The print head support 108 may rest on a frame
110, which, in turn, may be supported on a frame table 112.
The ink jet printing system 100 may also include a movable
support stage 114 that may support and convey a substrate.
The frame table 112 and stage 114 define a horizontal (X-Y)
reference plane. In this plane, the direction of stage
motion, or the printing direction, is in the Y-axis
direction (for example, as the system is represented in FIG.
1, the Y-axis extends into and out of the plane of the page
perpendicular to the plane of the page). The print head

JP 2008-171001 A 2008.7.24



10

15

20

25

30

(18)

11715/DISPLAY/INKJET/AKT/RKK PATENT

support 108 may be aligned perpendicular to the printing
direction along the X-axis of the reference frame, or may be
angled with respect to the X-axis. When the print head
support 108 is angled, the print head carriages 102, 104,
106 may be moved or indexed along the print head support
108. The movement of the print head carriages 102, 104, 106
along the support 108 may be controlled by at least one
controller (not shown).

As shown in FIG. 2, which is a close-up schematic
block diagram of a print head carriage provided according to
the present invention, e.g., carriage 102 in FIG. 1, a print
carriage 102 may include a driver 116, a rotation stage
platform 118, and multiple (e.g., in the depicted example,
two) print heads 120, 122. In one or more eﬁbodiments, the
driver 116 may include electronic components adapted to
control motion and/or operation of the rotation stage
platform 118 and/or the print heads 120, 122. However, in
alternative embodiments, such components, or portions
thereof, may be located outside of the driver 116. The
rotation stage platform 118 is rotatably coupled within the
print head carriage 102 (e.g, via bearings, washers, etc.)
and driven by a motor (not shown) to rotate in a plane
(indicated by arrows) around a (generally) vertical axis
which may, for example, be coincident with the central
vertical axis of the rotation stage platform 118. The print
heads 120, 122, are coupled to a lower surface of the
rotation stage platform 118.

In operation, the angular orientation of the print
heads 120, 122 in the horizontal (X-Y) plane, termed the
‘saber’ angle, may be set by controlling rotation of the

rotation stage platform 118. In some embodiments, the saber
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angle may be set by the driver 116 and/or an external
control. By altering the saber angle, the printing pitch
(e.g., the distance in the X-direction between ink drops
deposited by adjacent print head nozzles) may be controlled.

FIG. 3 is a bottom schematic view of an example
print head carriage provided according to embodiments of the
present invention including first and second print heads
120, 122. The print heads may be embodied as, for example, a
Model SE-128 print head manufactured by Dimatix Inc. of
Lebanon, NH which includes 128 channels and corresponding
nozzles. The first print head 120 includes a nozzle plate
having a first set of linearly arranged nozzles 124,
extending from a first end nozzle 125 to a second end nozzle
127, and the second print head 124 includes a nozzle plate
having a second set of linearly arranged nozzles 126,
extending from a first end nozzle 129 to a second end nozzle
131. As shown, in one or more embodiments, the first and
second print heads 120, 122 are longitudinally aligned,
meaning that both sets of nozzles 124, 126 are arranged
along the trajectory of a single line. In alternative
embodiments, the first and second print heads 120, 122 and
their respective sets of nozzles 124, 126 may be arranged
otherwise, for example, in parallel but not precisely
aligned. As noted above, the print heads 120, 122 may be
longitudinally aligned at a saber angle(®) with respect to
the X-Y plane defined by the frame table 112 and support
stage 114.

In some embodiments, the nozzles within each of
the sets 124, 126 may be equally spaced from one another by
an internozzle distance (IND). Thus, in this case, the total

nozzle line length (NLL) of each of the sets is equal to the
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number of nozzles (n) in each set 124, 126 minus 1 (n-1)

times the internozzle distance (IND).
NLL = (n-1)«IND

In one or more embodiments of the present invention, the
first and second print heads 120, 122 may be arranged so
that they are spaced apart in their longitudinal dimension
such that the distance between the second end nozzle 127 of
the first print head 120 and the first end nozzle 129 of the
second print head 122, is (approximately) an integer number
(i) times the nozzle line length (NLL). In the exemplary
embodiment shown in FIG. 3, the integer number is one (i=1),
and the distance between the second end nozzie 127 and the
first end nozzle 129 (the ‘clearing distance’) is set
approximately equal to the nozzle line length (NLL). In one
or more embodiments, the clearing distance is more precisely
equal to an integer number of nozzle line lengths plus two

times the internozzle distance (IND).
clearing space = i-NLL + 2-IND

For example, in at least one embodiment, in which the first
and second print heads 120, 122 each include a Model SE-128
head, each print head includes 128 nozzles and the
internozzle distance (IND) is 508um. Therefore, the total
nozzle line length (NLL) is 128-508um, which is 65.024mm.
The clearing distance in this case is set at the NLL plus
2-IND (or 130 times the internozzle distance (IND)), which
is approximately 66.04mm.

The clearing distance is set in order to

facilitate achieving high throughput as is explained with
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reference to FIGS. 4A, 4B, 5A and 5B. FIG. 4A illustrates a
first print pass of a print carriage 202 including two print
heads 220, 222 having a clearing distance of one NLL plus
2-IND as in the embodiment shown in FIG. 3. In operation,
first and second print heads 220, 222 print as the stage
underneath moves the substrate in the negative Y-axis
direction (downward) during a first printing pass. During
the first pass, as the stage moves downwards, the respective
nozzle sets 224, 226 of the first and second print heads
220, 222 jet at timed intervals, and print drops in rows
inclined at the saber angle with respect to the X-axis in
two separated areas 230, 232. The pitch, i.e., the
horizontal distance along the X-axis between consecutive
printed columns of drops, can be narrowed or‘widened, by

adjusting the saber angle according to the relation:
pitch = cos®:IND

After the stage has moved a certain distance, the
first print pass ends. The print head carriage 202 including
first and second print heads 220, 222 is then moved, or
indexed, in the positive X-axis direction as indicated. As
shown in FIG. 4B, the print head carriage 202 is indexed a
certain distance, such that the first nozzle 225 of the
first print head 220 clears the column printed by the last
nozzle 227 of the first print head 220 during the first
print pass by one inter-nozzle distance (IND). Note that the
distance is equal to the X-component of the clearing
distance. In other words, the distance that the print head
carriage is indexed is equal to the clearing distance

projected onto the X-axis. In this manner, at the start of
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the next printing pass, the print head 220 will not print
over the area 230 previously printed.

Once the print head carriage 202 has been indexed,
the second print pass commences, which is illustrated in
FIG. 4B. In one or more embodiments, the direction of stage
motion in the second print pass may be the reverse of the
direction in the first print pass. This is the case in the
example second print pass of FIG. 4B, in which the stage
moves the substrate in the positive Y-axis direction (e.qg.,
upward in FIG. 4B). As in the first print pass, in the
second print pass, as the stage moves upward a certain
distance (which may be the same as the distance moved
downward in the first pass as shown, or may be a different
distance), the respective nozzle sets 224, 226 of the first
and second print heads 220, 222 jet at timed intervals, and
print drops in rows inclined at the saber angle with respect
to the X-axis in two separated areas 234, 236. Additional
print passes may also be performed to fill remaining
sections of a given substrate such that, for example,
another group of drops may be printed adjacent to printed
area 236 on a side opposite from printed area 232.

As can be discerned from the illustration of FIG.
4B, the printed area 234 includes drops dispensed from all
of the nozzles in the nozzle set 224 of the first print head
220 which fits seamlessly between the previously printed
areas 230, 232. In particular, the distance between the last
column 230(n) of printed area 230 and the first column
234(1) of print area 234 is equal to the inter-nozzle
distance (IND) (taken along fhe saber angle orientation),
and the distance between the last column 234(n) of print

area 234 and the first column 232(1) of print area 232 is

-10-
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also equal to the to the inter-nozzle distance (IND) (taken
along the saber angle orientation). Additionally, the
printed areas 234 and 236 are equal in size to printed areas
230 and 232.

It is noted that both the completeness (in terms
of the number of nozzles of the print heads used) and the
seamlessness of the integration of the second print pass
with the first print pass, is a result of the clearing
distance between the first and second print heads 220, 222.
Firstly, employing multiple print heads simultaneously can
potentially increase throughput in proportion to the number
of print heads employed. For example, a print carriage that
includes two print heads may potentially double the
throughput of a print carriage including only one print head
by operating simultaneously. However, in the depicted
example, to realize this potential, the spacing of the print
heads on the print carriage are preferably set accordingly.

In the example shown, by setting the clearing
distance equal to the nozzle line length (NLL) plus two
inter-nozzle distances (IND) (the latter accounting for the
spaces between the first and last columns 234(1), 234 (n) of
print area 234 and the print areas to which these columns
are adjacent 230, 232), the amount of substrate area covered
by the first and second print passes is maximized, thereby
optimally boosting printing throughput. More generally,
setting the clearing distance to an integer multiple of the
nozzle line length (NLL) plus two inter-nozzle distances to
provide end spacing maximizes throughput when employing
multiple print heads during printing.

FIG. 5A and 5B illustrate how the clearing
distance between the print heads on a carriage affects

throughput by illustrating the negative example of a sub-

-11i-
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optimal clearing distance. FIG. 5A illustrates a first print
pass of an exemplary print carriage 302 including first and
second print heads 320, 322 similar to the first print pass
illustrated in FIG. 4A. However, in the arrangement shown in
FIG. 5A, the clearing distance between the first and second
print heads 320, 322 is reduced in comparison to the
clearing distance of the print heads 220, 222 illustrated in
FIG. 4A. During the first print pass, in which the stage is
moved in the negative Y-axis direction (downward), the
respective nozzle sets 324, 326 of the first and second
print heads 320, 322 jet at timed intervals, and print drops
in rows inclined at the saber angle with respect to the X-
axis in two separated areas 330, 332. As can be discerned,
the areas printed in the first print pass 330, 332 are
reduced in size compared to the areas 230, 232 shown in FIG.
47, corresponding to the reduction in clearing distance
between the print heads 320, 322.

FIG. 5B illustrates the second pass of the
arrangement shown in FIG. 5A. After the print carriage 302
has indexed in the positive X~axis direction to clear
printed areas 330, 332, the stage reverses direction and
moves in the positive Y-axis direction (upwards) while print
heads 320, 332 jet drops. As can be discerned, due to the
reduced distance between printed areas 330, 332, there is
insufficient space for an equal-sized area of drops to be
printed between printed areas 330, 332. Thus, in order to
avoid printing over previously dispensed drops, the print
heads are controlled such that only a portion of the nozzles
of nozzle sets 324, 326, are employed for jetting during the
second print pass, with the remainder of nozzles being
unused in the second print pass (as shown). A print pass in

which a portion of the nozzles in a print head are unused is

-12-
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sub-optimal because fewer drops are being dispensed per unit
time than would be the case if all the nozzles were being
used. In some instances, however, such partial printing is
either desired or unavoidable due to the dimensions of the
substrate, surface features on the substrate, or other
reasons. In these cases, some quantity of throughput rate
may be sacrificed to meet other objectives.

The foregoing description discloses only
particular embodiments of the invention; modifications of
the above disclosed methods and apparatus which fall within
the scope of the invention will be readily apparent to those
of ordinary skill in the art. For example, as noted above,
in some embodiments, the clearing distance between multiple
print heads on print carriage may be twice, fhree times, or
approximately any integer multiple of the nozzle line length
(NLL) of the print heads. As an example, FIG. 6A shows a
bottom view of a print carriage 402 having first and second
print heads 420, 422 in which the clearing distance CD
between the first and second print heads 420, 422 is twice
the nozzle line length (NLL) plus twice the inter-nozzle
distance {(IND).

In addition, a print carriage may include more
than two print heads. For example, FIG. 6B shows a bottom
view of a print carriage 502 including first, second and
third print heads 520, 521, and 522. 1In the example
depicted, the clearing distance between the first and second
print heads 520, 521 is approximately equal to the nozzle
line length (NLL) as is the clearing distance between the
second and third print heads 521 and 522.

In yet other embodiments, the print heads may be
staggered in the Y-direction so that the clearing distance

may be set to zero. 1In such an embodiment, the lines of the

-13-
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nozzle sets are not aligned with each other and thus, the
print heads are preferably disposed so that the point of
rotation about which the saber angle is set, is centrally
located between the print heads in both the X and Y
directions.

In still yet other embodiments, print heads
similarly disposed but on different print carriages may be
employed to subsequently print rows of ink drops
“seamlessly” between previously printed rows of ink drops by
staggering the carriages on different print supports by an
amount equal to the X-component of the clearing distance.

Further, the present invention may also be applied
to spacer formation, polarizer coating, and nanoparticle
circuit forming.

Accordingly, while the present invention has been
disclosed in connection with exemplary embodiments thereof,
it should be understood that other embodiments may fall
within the spirit and scope of the invention as defined by

the following claims.

-14-
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CLAIMS:

1. A printing apparatus comprising:

a platform adapted to rotate about a rotational axis;
and

a plurality of longitudinally aligned print heads
coupled to the platform.

2. The printing apparatus of claim 1, wherein each of the
plurality of print heads includes a set of nozzles arranged

in a line having a nozzle line length.

3. The printing apparatus of claim 2, wherein the print
heads are separated longitudinally by a clearing distance
equal to approximately an integer times the nozzle line
length.

4. The printing apparatus of claim 2, wherein the sets of
nozzles have a uniform inter-nozzle spacing distance and the
print heads are separated longitudinally by a clearing
distance equal to an integer times the nozzle line length

plus twice the inter-nozzle spacing distance.
5. The printing apparatus of claim 1, wherein the plurality
of longitudinally aligned print heads are disposed along a

line that intersects the rotational axis.

6. The printing apparatus of claim 1, wherein the platform

is coupled to a print carriage.

-15-
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7. The printing apparatus of claim 7, wherein the print
carriage is adapted to be suspended from and moveable along

a print head support.

8. An inkjet printing system for manufacturing color
filters comprising:

a frame;

a stage coupled to the frame and adapted to move a
substrate in a print direction;

a print support coupled to the frame and adapted to
support a plurality of print carriages, wherein the
carriages are adapted to be moved along the print support;

a plurality of platforms, each one coupled to a
different one of the print carriages and eacﬁ adapted to
rotate about a different respective rotational axis; and

a plurality of sets of print heads, each one of the
sets coupled to a different one of the platforms and each
set including a plurality of longitudinally aligned print

heads.

9. The inkjet printing system of claim 8, wherein each of
the plurality of print heads includes a set of nozzles

arranged in a line having a nozzle line length.

10. The inkjet printing system of claim 9, wherein the print
heads are separated longitudinally by a clearing distance
equal to approximately an integer times the nozzle line
length.

11. The inkjet printing system of claim 9, wherein the sets

of nozzles have a uniform inter-nozzle spacing distance and

the print heads are separated longitudinally by a clearing
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distance equal to an integer times the nozzle line length

plus twice the inter-nozzle spacing distance.

12. The inkjet printing system of claim 8, wherein the
plurality of longitudinally aligned print heads are disposed

along a line that intersects the respective rotational axis.

13. The inkjet printing system of claim 8, wherein the
plurality of carriages are adapted to be moved a distance
equal to an X-component of a clearing distance between print

passes.

14. A method of depositing ink on a substrate for
manufacturing a color filter, comprising:

longitudinally aligning a plurality of print heads on a
platform;

rotating the platform about a rotational axis to bring
the print heads to a desired saber angle; and

depositing ink from the print heads in a first print
pass on a substrate moving in a first print direction below

the print heads.

15. The method of claim 14 wherein longitudinally aligning a
plurality of print heads includes longitudinally aligning a
plurality of print heads that each include a set of nozzles

arranged in a line having a nozzle line length.
16. The method of claim 15 further comprising separating the

print heads longitudinally by a clearing distance equal to

approximately an integer times the nozzle line length.
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17. The method of claim 15, wherein the sets of nozzles have
a uniform inter-nozzle spacing distance and the method
further comprising separating the print heads longitudinally
by a clearing distance equal to an integer times the nozzle

line length plus twice the inter-nozzle spacing distance.

18. The method of claim 14 further comprising shifting the
platform a predefined distance in a direction perpendicular

to the printing direction.

19. The method of claim 18 wherein shifting the platform a
predefined distance includes shifting the platform a
distance equal to an X-component of a clearing distance

between the print heads.

20. The method of claim 19 wherein shifting the platform a
distance equal to an X-component of a clearing distance
between the print heads includes shifting the platform a
distance equal to an X-component of a clearing distance
equal to an integer times a nozzle line length plus twice an

inter-nozzle spacing distance.

21. The method of claim 18 further comprising depositing ink
from the print heads in a second print pass on the substrate

moving in a second print direction below the print heads.

22. The method of claim 21 wherein depositing ink from the
print heads includes depositing sets of rows of ink drops
seamlessly between sets of rows of ink drops previously

deposited on the substrate during the first print pass.
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ABSTRACT OF THE DISCLOSURE

1 Abstract

Apparatus and methods for printing are provided. A
printing apparatus includes a platform adapted to rotate
about a rotational axis and a plurality of longitudinally
aligned print heads coupled to the platform. In one or more
embodiments, each of the plurality of print heads includes a
set of nozzles arranged in a line having a nozzle line
length and the print heads are separated longitudinally by a
clearing distance equal to approximately an integer times
the nozzle line length.

2 Representative Drawing
Fig. 3
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