JP 2005-508269 A 2005.3.31

(19) BFEHFEF(P) GERE - N ()] ()L EARES
$332005-508269
(P2005-5082694)
43 £EH RRI7EIFIHE(2005.3.31)
(51) Int.CL." Fl F—va—F (BE)
B29C 33/38 B29C 33/38 4F202
B29C 45/26 B29C 45/%
GO2B 3/00 GO2EB 3/00 Z
[/ B29L 11:00 B29L 11:00
BEWR AR PREBEWR KER (&£ 29 B)
@) HEES FRE2003-542366 (P2003-542366) |(71) LEEA 500342094
(88) (22) HEER SERpl4ELLALE (2002.11.1) ILhLHA—=TLILA - FTFT 4 HL- 42
(85) BIRRCiRHH ERE165E4H 308 (2004. 4. 30) —RrAFv R
(86) B HEES PCT/US2002/035031 TAVAEREISBO8T T/
B7) EERLHES ¥02003/040781 wER, £ H—p =202 058.,
87 EBAME ERR 15558 158 (2003, 5. 15) A% 4 =2
(1) BEIEEESE  60/330, 908 (74) {RIEA 100084146
(32) & H ERE135F11H2H (2001.11.2) #HEL LIKF £
(33) MAEEEEE  KE (US) (74) {IA 100100170

£E+ ®H &=
(74 {RFE A 100111039
#HELT #ilE |2

B EICHE S

(6d) [BADER] F—Ar—ATovF IR TAZTE— N rs~v{ JUNFEREFET I HE

(57)0

O Ooo0oooao
O Ooogoo

O 0Ooo0oo0ooao
OOoo0ooooaoo
OOoooooao
O O0OoO0ooooao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oo0gooao
O 0Ooo0oo0ooao
O Ooo0oooo
O Oo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O Ooo0oooao
O O0OoO0ooOooao
O 0Ooo0oooao
O Ooo0oooao
O Oo0gooao

gbggoobooboobgoboobobooboaoboao
oobOoobOoobOooboooooooooaon
gbogoooboobooobooooboobooboao
ooooobOobobOooboOooooooooaon
goboooboobooobgooboobgoobooboao



e R ey [ s R s [y |

e e e e e e e e s |

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

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

OoooocoooooooooooooooOodg
Ooooocoooooooooooooooodg

Ooooooooooooogdg

Ooo0ooooooooooDooooooooooogoooao
Ooo0ooooooo0ooDoooooDooDoooogoooao

Ooooooooogoogoao
Oooooooogogogogoao
OO0 oooooogogogaog

O
O
O

O

O
O
O
O
O
O
O

OO0 ooooogogogdg
OO0 ooooogogg
OoooooooOodg
OoooooooQgodg
oo ooooogooQgodg
Ooooooogoogdg

Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogoao
OoooooQgogoao
Ooooooggogaog
Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao

O
O
O
O
O
O
O
O
O
O

O OooOooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo

O
O
O
O
O
O

OoOoo0oooogod
OoOoo0oooogod
O0Oo0oo0ooao

(2)

O
O
O
O
O
O
O
O

O
O
O
O
OJ
O
O

JP 2005-508269 A 2005.

O
O
OJ
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

.31

10

20

30

40

50



I s e e e s I [ A A

n

OoOooooooo0oooooQgo e

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

O 0Ooooo
O 0OoOooog
O 0Ooo0ooOoao
O Ooo0ooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

e e s e e s e e e e s s [ A v
e s ) e e s e e s e e s e R v
oo o0ooooooo0 oo oD ooo o o0 oD oD o oo o0oo0o oo oo o oo ooooofg

O0Ooo0oooao

O0OoO0oooo

O0Ooo0oo0ooao

u
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
O
0
O
0
0
O
O
O
O

O0Ooo0oooao

OO0 oooooo4o0 oo oooooooDooogogoaoQg

I Y [y
O 0o oo
I [

O Ooo0ooo
O Ooogooo
O O0Oo0gogo

O
O
O
O
O
O
O

JP 2005-508269 A 2005.

oooag

ogooad

good

ogooad

good

O

O

O

O

O

O

O

O

O

O

.31

oooooboboooooooooobobooobooogo
master moldD OO O OOOCDODOOOOCODOOODOGDO
oooooooooano

OooooooooDooooooooao
laser-direct writeO OO QO O OQOOGO
OoodooooooDooooooooao
Ooo0ooooooDooooooooao
Doodoooooooao

gbooobooboobooobooboooboonb

O0Ooo0oooo

O0Ooo0oooao

O 0Oo0oooao

O0Oo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0Ooooog

O0Oo0oo0oo0oao

O0Ooo0oo0ooao

O

OOoo0oooao
O0Ooo0oooo
O 0Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0ooo
O Ooooo
O Ooooo

O

O

O0Ooo0oooao
O 0OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo

0

O

00000000 OoDoDOoo0DOoDO0Oaondiamond ruling

O

oooooobOoooogao
oooooooooooogod
oooooooooooodo
oooooobooogogao

0000000 diamond turn
machineO O OO OOOOAO

O

O

O

O

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

O 0OoO0oooaog

O0Oo0oo0oo0oao

O0Ooo0oo0ooao

O0Ooo0oooo

O0Ooo0oooao

O 0Oo0oooao

10

20

30

40

50



e R ey [ s R s [y |

OoooooooDooDoooooooDoooogoooao
OoooooooooDooooooooDoDooogogogoooao
Oo0o0ooooUogUoooDoDoDoUgUooDoDooogogooao
OooooooooooooooooooooogogoooOoao
Oooooooo0oooooooooDooooogooooao

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo

I [ |
O Ooogogog
s Y
Iy |
I [y |

Oooooooo0ooooooggoao
OoDooooo4oooooooggoao
OO0 oDoDoogog4oooDoooggogao
Ooooocooooooooogogoao
Oooooooooooooogogoao

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

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

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

O O

oo ooooooogogoo-g
OO0 oooooogogog
OO0 ooooooogogogog
OooooooooogooOgod
oo ooooooogoogoo-g
oo ooooooogogoo-g
oo oooooogogoog
OO0 oooooogogogog
Oooooooooogoogod
OooooooooogogooQg
Ooooooge oogooaag
oo oooo =2 o00o0go-g
OO0 ooooge oogoag
Ooooooos Ooo0gogoad

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

0

t

u

(4)

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

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

JP 2005-508269 A 2005.

ugboobooaooboodoboad

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

O
O
O
O
O

ooooao
ooooao
ooooao
secondary
ooooao
ooao

.31

oooooooobooooooooooao

10

20

30

40

50



Ooooooo=0000:0a0d

OoOoooooo0oooooooo00 oo oooo oD ooDooooooDoooogoQgog

OoOoo0ooood
OO0Oo0ooood
OO0Oo0oo0ooogod
I A
OOoo0oood
O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog

e e s e e e e e e e e e e s S e [ s [

O Ooo0oooao

=

Oo0ooooo4o0oooooo400 oo oDoooo oo oDoDoDo4ggoooDoooogogg

e e Y 1 e 1 e Y Y [

-

OO0 0o0o0oao

-

Ooooooooooooooo0 oo oDooooooDooooooooooQgodg

O 0Ooo0oooao
@ Oooogoaog

~+

e ey R

S

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo

O
O

O
O

O
O

O Ooo0oooao

OoooooogoQgg
Oooooooggg
OO0 oooooggg
OoooooooQgodg
OooooooogooQgodg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgodg
OooooooogooQodg
ocooooooo<s

O Oooo

O Oooooao

I R |

O

Deep Reaction
oooDoooo

O Ooogoo

O
O
O
O
O
O

©C oooogao
S Ooo000ogao

O O
0O O

oo
oo

()

JP 2005-508269 A 2005.3.31

ooooooobooobooooooooooobooooooooooao
oooooooooooooooooooboobooooooooao
GalDOOODOOODODODODODOODOODODODODDODODODODDODDOOD

Oo0oo0oo0oo0ooooDooooooDooooao
OooDoooooDooooooooooao
O0000ODO0O0O0OD exposure densityd O O
0000000000000 0O0O00D0O0aOdHiIgh

. Oo0oooogod

O O

O
O

image

oo

O 0O oo
O O0ooo

O

O O0ooo

()
(2]

O Ooo0oooao
OoOoo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
OOoo0oood
OoOoo0ooood
OoOoo0ooood
OO0oOo0oooogod
O0O0o0Oo0ooogod
OOoo0o0oood
O0Ooo0oooao

O O
O O
O O
0O O
O O
O O

oogoooao
oooooao
impressionl
oooooao
lon
od

O d
0O O
O O
O O

O 0Oooo
O Oooo
O
O
O
O

O

O
O
OJ
O
O
O
O
OJ

O

B R |

O

ire
O
g
a
O
g
u
O
g

O

O
O
OJ
O
O
O
O
OJ

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

O
g
g

0 Reaction
Etching O 0000 Q0O0O0OOAO
0O00000object OO QOO

C
O
g
u
O
g
u
O

t

O

O
0
a

W

OoOooo0oogod

O

O
g
a

oooooodzg,

O

O
g
t

I:II:II:II:II:II:II:I""

O Ooo0oooo
O OooOooo
O O o0goaog
O Ooo0ooo

O
g
t

Ooooooog =2
OoOoo0oooogod
OO0Oo0oo0ooo

Energy Beam

O

O

O

O

O
0
a

u u u o

O 0Ooo0oooao
O Ooooo
O Ooo0oooao
O O oOgooao
O Ooo0oono

O000ooao
O0Do0oo0ooao
impressionl

oooooao
gooogbao
gooooad

lon Etching, O

g gray

0

|

OoOooOooogogoe

c

Ooooooogooe
DDDDDDDU
DDDDDDDO

S
O
g
a
O
a
u
O

OooOoo0ooood

O
O
O
O
OJ
O

ooooao
ooooao
ooooao
Sensitive:

agoaaod
000
darkeningd O O O
Ooooooooad

googobao

O

O
O
O

O
O
O

O Oooooao
O Ooogoooo

OoOoooOoogoaDobo

ces
O
g
a
O
a
u
O

O
O
O

O

I:II:II:II:II:II:II:IU’
OoOoo0oooogod
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

O

O

oooooao
oooooao
control leve
ooogooao
oooooao
oooooao

ooo

00 Odirect

O O
O O
O O
O O
O
O

O 0Ooo0ooOooao
O Oooooao
OOooooao
O OooOoooo
O Oo0oooao
O O0Oo0ooo0oao

gooooboad

O
O
O
O
O
O

HarchankoO O

10

20

30

40

50



O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O Oooo
O Ooogoo
O 0O oo
O O0ooo
O O0ooo
O 0Oooo
O Oooo
O Ooogo

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao

OoooooogoQgogoaoQg
OoooooogQgogaoQg
Oo0oooooggogodg
OoooooooOooOgoo
OooooooogooQoogoo
OoooooogoQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog

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

Oooooooogogogogoao
Oooooooogogoao
OO0 ooooogogoao
Ooooooooogoogooo
Ooooooooogoogogoo
Oooooooogogogogoao
Oooooooogogoao
Ooooooogogoao
OoooooooogooOooOoo
Ooooooooogogogoao
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OoOoooooooOoogooOoao
Ooooooooogogogogoao
Oooooooogogooao
Oooooooogogogoao
Oooooooogogoao
OO0 ooDooogogogao

e [ ey e [ s [y [ |
Ooooooooogogooao

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
L R i B o [
~ O O0O0O0d

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

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 [ |

(6) JP 2005-508269 A 2005.3.31

uoobooboobobobooboobooooobooboadnnb
oooooobooogogao

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

O
O
O
O
O
O
O
O

O O0ooo
O O0ooo
O Oooo
O Oooo
O Ooogo
O 0ooo
O O0ooo
O O0ooo
O Oooo
O Oooo
O 0O ogo
O O0ooo
O Oooo
O Oooo
O Oooo
O 0O oo
O O0ooo
O O0ooo

O

O

O

O

(]

O

O

O

O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

O 0Oooo
[ Y |
OO oo
O 0o o
O 0Oooo
I [ |
Ooooooog
OO0oooood

O o0oo0oo0oofd
Ooooogoogod

O ooao
hard coatingO
Oooo0oooo
O0ooooooao
backingD OODDODODODODODDODODODODODOODOOODOO
Oooo0oooooD0oooooDoooooao

O0Ooo0Oo0oood
Oooooood
Ooooooodg
Ooooooodg
OOo0ooooodg
OO0 oooood
Oooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Oooooood
Ooooooodg
Ooooooodg
Oo0oooooodg
OO0 oooood

Oo0oooooogoodg
Oo0oooooogogdg
OO0 oooooogogdg
OO0 oooooogoogg
OOooooooood
Oo0oooooooQgodg
OO0 oooooogoogog
Oo0oooooogogodg
OO0 oooooogogdg
Ooooooooood
Ooooooooodg
OO0 oooooooQgodg
OO0 oooooogogg
OO0 oooooogogdg

o OO 0o
= O 0Ooo0oo0
Q O oodg
R S R I B [
© O 000
T O Ooog-d
G S N i o [

O Oooo

O Oooo



GCDI:IDDDDDDDDDDDDDDDDDDDDDDDD

Oooooooooooooo0ooooooogoooao

zljDDDDDDDDDDDDDDDDDDDDDDDD

OooooooooDooooo00ooDoooogoogoooao

e e e e o L e e e Y O

OO0 o0oDooo4UoooDooUog4dooDooogogogooao

O 0Oooo

OO0 o0DoDooogog4Qgooooao
OOo0ooooooOogooooaoo
Oooooooogooooaoo

[ e [ [ Y A Y
[ e e [ Y A Y

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

a JP 2005-508269 A 2005.3.31

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Oooooooooooooogogogooao
OoooDoooooooooogoggooao
Oo0DoDoDoo4gog4ooooooggooao
OOo0ooooooooooooooggadg
OoOo0oooooooooooooogogaoQg
Oo0ooooooooooooogoQgo-g
Oo0oooooooooooogogog
OO0 ooooooogogooooogogog
Ooo0oooooooooooooogogadg
Oo0oooooooooooogoQgaQg
Ooo0oooooooooooogogog
Oooooooooooooogogog
OO0 oooooogogoooooggog
OOo0ooooooooooooogQgoadg
Oo0oooooooooooooogogaog
Oo0oooooooooooogogoQg
OOo0oooooooooooogogaog
OOo0oooooooooooogogog
OO0 oDoooooggogooooogogdg
OOoooooooooooooogoQgadg
OOo0oooooooooooogogoQg
OOo0oooooooooooogogog
OOo0oooooooooooogogog
OO0 oDooooogogooooogogg
OoOo0oooooooooooooogoQgadg
Oooooooooooooooogogog
OOo0oooooooooooogogaog
OOo0oooooooooooogogog
OO0 oooooogoggogooooogogog
OOo0ooooooooooooogoQgadg
OoooooooooooooogogoaoQg
Oo0ooooooooooooogoQg-g
OOo0oooooooooooogogog
OO0 oooooogogoooooggg

ocooOoooooOoOooooOobDO0oO0oooDbODOoOoOooDoObODO0O0ODODO0DOOOdda

ooooooooooobooooooooboboooooooooboOoDoOon

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo
O Oooo
OO oo
O 0ooo
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
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

10

20

30

40

50



(8)

JP 2005-508269 A 2005.3.31

oono
goooboooboobooobooboobobooobooboobooboDoboooboobooao
oo
ooooboboouoboooboobooboobooboboboUobooboDoboobobo
000000 o0ooD0oDbOO0oo0ooDO0oDbODO0oO0o0DO0oo0DD0DO0oDDbOO0oo0oDoDOoDoODOoDOooDOoo0DoDOobDOooDoao
gooogooao
oooobooboooboooboobooboobogobobobooboooobogonb
oo0oooboo0ooDoboo0ooDo0obO0oO0oDoo0ooDo0obU0oooDUoboDoDOooDoboDoDoboooOao
oo
ooooooao
oooogooad
ooogao
ooooooao
obooobooooao
ooooboooan
oooad oonoao

RAE—k AE—h

EEERTS. I~30 [ zvrrramnaszais. |40

f

- - o e KE—VUPRLELSRARTY
1
(%Q%/_’\yj;ﬁ;),;%%’{i;étgg I"\M RE—VBRLEERERET 5, lv\__44

‘ BEORS S IRILE—IL KIz

RRAE—NFEERT S,

e

10

BREDORE VITRIFE—ILFIS
RRAGE-WFEERT S,

IvEF

Fig.4

Fig.5



(9

agoono
TREE—NER
N ) .
ZRE—ILK Flg.6
oooao

IREE—N KRR
—RE-LF

JP 2005-508269 A 2005.3.31



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

ugbooobooodoboado

/040781 Al

e

(10)

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

(19) World Intellectual Property Organization
Tniernational Bureau

{43) International Publication Date

15 May 2003 (15.05.2003) PCT

(10) International Publication Number

WO 03/040781 Al

(51) Taternational Patent Classification”
B29D 11/00, GO3F 7/00

GO2B 1/04,

{21) lnternational Application Number:  PCT/US02/35031

{22) Taternational Filing Date:
1 November 2002 (01.11.2002)

(25) Filing Language: Tinglish
{26) Publication Language: Linglish

(30) Priority Data:

60/330,9006 2 November 2001 (02.11.2001)  US

{71) Applicant (for all designaied States except MEMS
OPTICAL, INC. |US/US[; 205 Imporl Circle, Suile 2,
Tlunisville, AT. 35806 (US).

(72) Inventors; and

{75) Taventors/Applicants (for LIS only): BROWN, David, R.
[US/US]; 216 Conslitution Drive, Meridianville, AL 35759
(US). RAUSEO, John [US/US]; 2543 County Road #324,
Moulton, AL 35650 (US).

(74) Agent: MUTTER, Michael, K. Birch, Stewarl, Kolasch
& Birch, LLP,, P.O. Box 747, Falls Church, VA 22040-0747
(US).

(81) Designated States (national): Ali. AG, AL, AM, AT, AU,
A7.BA, BB, BG. BR, BY. BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GII,
GM, TIR, ITU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, L1, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PI, RO, RU, S, SIZ, $G,
ST, SK, ST, TI, TM, TN, TR, TT, TZ, UA, UG, US, U7,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KL, 1S, MW, M7, SD, SL, SZ 17, UG, ZM, 7ZW),
Furasian patent (AM, A7, BY, KG. K7, MD, RU, TJ, TM),
European patent (AT, BE, BG, CI1, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
‘TR), OAPI patent (BI, BJ, CL%, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NLi, SN, T, TG).

Published:
—  with international search report

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

{54) Title: PROCUSSES USING GRAY SCAI
CORRESPONDING MOLDS

1LXPOSURE PROCESSI:

TO MAKIE MICROOPTICAL ELLEMINTS AND

(57) Abstract; Embodiments of the invention provide methods and processes lor creating and using high precision molds for cre-

ating micro-optical clements, such as micro-lenses. A master mold is created using onc of at least gray scale technologies or direct
write lithography to provide highly accurate micro-optical contours on a substrate or resist layer upon which the master mold is
formed. ‘I'he master mold may be used to create secondary molds for use in production of highly precise micro-optical elements
Irom various materials.

00

JP 2005-508269 A 2005.3.31



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 |

(11)

WO 03/040781 PCT/US02/35031

a1-

PROCESS FOR MAKING MICRO-OPTICAL ELEMENTS
FROM A GRAY SCALE ETCHED MASTER MOLD

BACKGROUND

1. Field of the Invention

This invention relates generally to fabricating masters, and more specifically to the
process for fabricating micro-optical elements or micro-lenses for use in mass replication
from a gray scale etched master mold.
2. Background of Related Art

A variety of processes exist for fabricating master molds for making injection-molded
plastics. For example, laset-direct write is a process that is used to create binary pits. This
method is used by the compact disc industry for fabricating the initial master in photo resist.
This method, however, is very specific in its application and has limited uses outside the data
storage industry.

One process for fabricating master molds involves diamond turning, or diamond
ruling engines. This method uses a diamond-cutting tool mounted on a complex staging
system. Selected diamonds, whose crystal axis is oriented for optimum behavior, are used to
shape the structure. A material is placed on the staging system and the diamond tip is used to
mill or cut away the material to leave the desired master mold structure. Diamond turning
and ruling engines are, however, usually limited in the complexity of the structures they can
produce. Further, the resolution and the fidelity on these machines are limiting factors {n
producing a micro-lens.

Another process for fabricating a master mold involves binary lithography. This
process uses standard binary lithography and etching cycles to produce a step-wise

approximation of the desired surface topography and has many additional process steps that
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produce a limited range of surface structures. This process may be problematic in fabricating
certain structures, however, as this process would not be able to effectively produce a smooth
deep structure desired in precision micro-devices.

As such, there is a need for a process dlilt is capable of producing a smooth, deep
structure that has high resolution and fidelity, such that a master mold may be created for

micro-devices, such as for a micro-lens,

SUMMARY OF THE INVENTION

In embodiments of the present invention, gray scale technologies are utilized in
conjunction with a coating process such as electroplating to produce high quality, accurate
master molds for use on the micro-scale Jevel to, in turn, mold micro-lenses out of plastic
material.

In accordance with one embodiment of the present invention, a master mold is created by
providing a providing a resist layer on a substrate and creating a desired pattern in the resist using
gray scale lithographic or direct write lithographic processes. A hard coating material is
provided on the patterned resist. The substrate and resist are removed leaving the precision
master mold. The master mold may then be used to mold subsequent molds or for use in creating
precision micro-lenses or other gray scale structures.

In accordance with a second embodiment of the present invention, a master mold is
created by providing a providing a resist layer on a substrate and creating a desired pattern in the
resist using gray scale lithographic or direct write lithographic processes. The substrate is etched
in accordance with the pattern in the resist. A hard coating is provided on the substrate thus

creating a precision master mold.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing%, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the present invention and, together with the description,
explain the principles of the invention, wherein:

Fig. 1 depicts an exemplary image of a master mold consistent with the principles of the
present invention;

Figs. 2(a)-2(b) depict exemplary images of a process for creating a master mold
consistent with the principles of the present invention.

Fig. 3 depicts an exemplary image of another embodiment of a master mold consistent
with the principles of the present invention;

Fig. 4 depicts an exemplary flow diagram of the steps included in a process for
fabricating a micro-optical element, consistent with the principles of the present invention;

Fig. 5 depicts an exemplary flow diagram of another embodiment of the process for
manufacturing a micro-optical element consistent with the principles of the present invention;

Fig. 6 depicts an exemplary image depicting secondary molds being manufactured by an
original master; and

Fig. 7 depicts an exemplary image depicting a secondary mold producing plastic parts

using molding.

DETAILED DESCRIPTION
In accordance with the principles of the invention, as embodied and broadly described
herein, processes consistent with the principles of the invention may be used to produce a
micro-optical element or other lithographically produced structure having gray scale
contours. One embodiment of the process generally includes providing an etchable substrate;

etching the substrate to produce a desired micro-optical element contour on the etched

JP 2005-508269 A 2005.3.31
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substrate; coating the desired micro-optical element contour with a hard coating; removing
the etched substrate from the hard coating to form a mold master from the hard coating; and
stamping or molding micro-optical elements from the master mold. Additionally, the master
micro-optical element mold may be used to mold secondary molds that can, in turn, be used
to mass-produce parts without wearing down the original master mold.

In accordance with another embodiment consistent with the principles of the
invention, as embodied and broadly described herein an alternative process is provided for
manufacturing a master mold. The process generally includes providing an etchable
substrate; etching the substrate to produce a desired micro-optical element contour on the
etched substrate; coating the desired micro-optical element contour with a hard coating; and
reproducing at least one micto-optical element using at least one of a stamping and molding
process. Additionally, the master mold may be used to create secondary molds that can be, in
turn, used to mass-produce micro-optical elements or micro-lenses without wearing down the
original.

Fig. 1 depicts an exemplary image of a master mold. Fig. 1 includes wafer or
substrate 10, resist 12 and coating 14. The structure depicted in Fig. 1 can be generated using
a gray-scale lithography process as set forth in U.S. Patent Nos. 5,482,800 and 5,310,623 to
Gal, which are fully incorporated herein by reference. In this process a binary mask having a
plurality of openings is produced with the area of the openings for a given location related to
exposure density and contour level. Other gray-scale processes, such as those using High
Energy Beam Sensitive (HEBS) may also be used. In such a HEBS process the HEBS glass is
exposed with a relatively high energy irradiation beam to produce a selective darkening in the
HEBS glass in relation to the applied beam intensity. The exposed HEBS glass may then be

used as a master mask to expose a photosensitive material to facilitate gray scale etching of a



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

(15)

WO 03/040781 PCT/US02/35031

-5.

desired contour. Altemnatively, direct beam writing techniques may be used to expose a

photosensitive material to produce a gray scale contour.

The gray scale lithography process uses a gray s‘cale mask to pattern a photoresist on a
substrate, which is subsequently etched to form curved shapes. Patterning the photoresist to form
a photomask layer can be performed using only a single gray scale mask. Alternatively,
patterning the photoresist to produce a variable thickness photoresist layer can be accomplished
utilizing two gray scale masks.

By varying the thickness of the photoresist at various locations, a pattern is created which
can be replicated in the substrate material. When the photoresist is exposed an impression of the
desired pattern in the developed photoresist is produced.

The image impression in the photoresist is produced by exposing the photoresist material
to light of a selected wavelength through the gray scale mask, transmitted through openings in
the exposure mask for a selected time period. The light is usually ultravioletlight. The exposed
photoresist material is subsequently processed to procure the desired object on a substrate
matetial using an etching method such as RIE (Reactive Ion Etching) or DRIE (Deep Reactive
Ion Etching).

It can be appreciated by one of ordinary skill in the art that the structure depicted in
Fig. 1 may also be fabricated using a direct write gray scale process. Direct write is a process
of pattern transfer in which the elements comprising a pattern are formed serially rather than
simultaneously through a mask. The technique includes scanning a beam of electrons across
a surface covered with a resist film sensitive to those electrons, thus depositing energy in the
desired pattern in the resist film. The beam can be modulated in a variety of ways to vary the
exposure to produce complex non-binary surface topologies. The benefits of utilizing this

process is that it is capable of very high tesolution, almost to the atomic level and it is a

JP 2005-508269 A 2005.3.31
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flexible technique that can work with a variety of materials and an almost infinite number of
patterns.

While the process of the present application generally uses a resist, it can further be
appreciated by one of ordinary skill in the art that the pattern or contour may be etched
directly into the substrate. It can further be appreciated that the initial master mold may be
provided in material other than the traditional photoresist or electron beam resist, such as
polyamide.

Furthermore, a process may be used for providing a pattern in a photoresist layer or
similar material, which utilizes accurate molds for transferring a pattern to the photoresist, as
described in U.S. Patent Application No. 10/115,992 to Harchanko et al, hereby fully
incorporated by reference.

Coating 14 may be any suitablely hard material, for example a plated layer of nickel
fabricated using an electroplating technique whereby the wafer or substrate 10 with the
exposed resist 12 is placed in an electroplating tank and nickel is grown on the surface of the
resist. It can be appreciated by one of ordinary skill that other suitable substances may be
used.

It can be appreciated by one of ordinary skill in the art that other processes for
fabricating the coating 14 may be utilized as would occur to one of ordinary skill in the art.
For example, instead of electroplating, sputtering may be employed whereby a target material
is bombarded with argon ions. The displaced molecules of the target material are then
deposited on the wafer surface. Another process that may be utilized for fabricating coating

14 is to employ a chemical vapor deposition process, in which a controlled chemical reaction
produces a thin surface film.

Figs. 2(a)-2(d) depict an embodiment of a process for fabricating a master mold. Fig.

2(a) illustrates a substrate 10 with a resist or similar material 12 deposited thereon. Upon

JP 2005-508269 A 2005.3.31
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depositing the resist 12 on the substrate 10, a gray scale process, as discussed above, is used
to derive a desired pattern within the resist 12. Fig. 2(b) illustrates the substrate 10 and resist
12 with the desired pattern. Upon achieving the desired pattern within the resist 12, a hard
coating 14, as illustrated in Fig. 2(c) is grown on the resist 12. The surface of the hard
coating 14, which faces the resist 12, is the molding surface of the master mold. A backing
16 may be provided for the master mold, as illustrated in Fig. 2(d) in order to provide
additional support for the master mold in the replication process. The backing 16 may be
fabricated using any suitable materials known to one of ordinary skill in the art.

Upon placement of: the backing 16, the resist 12 and substrate 10 are removed leaving
the hard coating 14 and backing 16, thus creating the master mold. Fig. 3 depicts the bard
coating 14 and backing 16 with the resist 12 and substrate 10 removed. The master mold
may then be used to mass-replicate precision plastic parts. The master mold may further be
used to create secondary molds.

Fig. 4 depicts an exemplary flow diagram of the steps included in the process for
manufacturing a micro-optical element or micro-lens using a molding technique consistent
with an embodiment of the invention. As shown in Fig. 4, a substrate is provided for (Step
30). Aresist is provided on the substrate and a pattern is created in the resist to provide a
contour of a micro-optical element (Step 32). This may be done using a number of different
processes, including a gray-scale lithography process or a direct write lithography process.
The contour is then coated with a hard coating (Step 34). This coating may be formed using
an electroplating technique using nickel or other mold materials. It can be appreciated by one
of ordinary skill in the art that a sputtering or a chemical vapor deposition process may be

used instead of the electroplating technique. Further, after providing a hard coating, a

backing may be added to the hard coating in this step to provide support for the master mold.

JP 2005-508269 A 2005.3.31
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After the surface is coated, the substrate and resist are removed to form the master
mold (Step 36). This may be accomplished utilizing a stripping process that uses a chemical
solvent known to one of ordinary skill. The master may then be used to stamp or mold parts
in a suitable material(Step 38). A suitable material for optical elements might, for example,
be an optical grade plastic or another material that may be softened sufficiently to enable
molding or stamping. For example, the master mold may be used in an injection-molding
machine where the mold is used as one of the walls of a high-pressure chamber into which
plastic is injected. Alternatively, the master mold may further be used in an embossing

hine. It can be

ppreciated by one of ordinary skill in the art that sol-gel glass may be
used instead of plastic.

Fig. 5 depicts an exemplary flow diagram of another embodiment of the process for

manufacturing a micro-optical element consistent with the principles of the present invention.

In this embodiment, the substrate may be etched with the resist design and a hard coating
provided on the substrate. As shown in Fig. 5, an etchable substrate is provided (Step 40). A
patterned resist is provided on the substrate and the substrate is then etched to provide a
contour on a micro-optical element (Step 42). This may be done using a number of different
processes, including a gray-scale lithography process with direct or indirect writing. In an
embodiment of the invention, the etched substrate may be used as the master mold. In
another embodiment, the micro-optical contour created in the substrate may then be coated
with a hard coating, which forms the master mold (Step 44). This coating may be formed
using an electroplating technique using nickel or other mold materials. It can be appreciated
by one of ordinary skill in the art that a sputtering or a chemical vapor deposition process
may be used instead of the electroplating technique. The master mold thus prepared may
then be used to stamp or mold parts out of a plastic or other suitable material as previously

described(Step 46). For example, the master mold may be used in an injection-molding

JP 2005-508269 A 2005.3.31
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machine where the mold is used as one of the walls of a high-pressure chamber into which
plastic is injected. Alternatively, the master mold may further be used in an embossing -
machine. It can be appreciated by one of ordinary skill in the art that sol-gel glass may be
used instead of plastic.

Fig. 6 depicts an exemplary image of secondary, or daughter molds that are produced
from the original master mold. Once the master mold element is manufactured, a secondary,
or daughter mold may be produced from the original master mold in order to avoid wearing
the original master mold. This may be accomplished using suitable techniques known to one
of ordinary skill in the art. For example, the secondary mold may be produced using a
stamping process. The secondary or daughter mold may be used in the molding or embossing
machine as already described.

Fig. 7 depicts an exemplary image of the secondary mold used in creating parts from a
suitable material. For example, when the secondary mold is used in a molding machine and
molding is applied to the secondary mold using techniques known to one of ordinary skil,
parts are produced, such as highly precise micro-lenses made from suitable optical plastic.

Modifications and adaptations of the invention will be apparent to those skilled in the
art from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.

JP 2005-508269 A 2005.3.31
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WHAT IS CLAIMED:
1. A process for manufacturing an optical element comprising:

providing a substrate;
depositing a layer of photoresist on the substrate;

creating a desired pattern in the photoresist using a process for varying the thickness

at specific locations on the photoresist to produce a gray scale contoured photoresist;

coating the gray scale contoured photoresist with a hard coating to form a surface

having the desired gray scale contour;

providing a backing over the hard coating

removing the substrate and photoresist from the hard coating to form a master mold

from the hard coating; and

reproducing at least one optical element using the mold master by stamping or

molding.

2.

The process of claim 1, wherein the desired pattern is created using at least one of a
gray-scale lithography and a direct write lithography.

‘The process of claim 2, wherein a high energy beam sensitive procedure is used in
conjunction with the gray scale lithography.

The process of claim 1, wherein the mold master is used to produce at least one
secondary mold from the master mold and wherein the secondary mold is used in
stamping or molding the optical element.

The process of claim 1, wherein the secondary mold is used to reproduce at least one
optical element using at least one of a stamping and molding process.

The process of claim 1, wherein the coating includes nickel.

JP 2005-508269 A 2005.3.31
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7. The process of claiml, wherein the coating and backing are made from the same
material.
8. The process of claim 1, wherein hard coating may be deposited using at least one of

electroplating, sputtering and chemical vapor deposition.
9. The process of claim 1, wherein the pattern created in the photoresist is provided by a
patterned mold.
10. A process for manufacturing a master optical element comprising:
providing an etchable substrate;
depositing a layer of photoresist on the substrate;
creating a desired pattern in the photoresist using a process for varying the thickness
at specific locations on the photoresist to produce a gray scale contoured photoresist;
etching the substrate to produce a desired optical element contour on the etched substrate
to create a master mold; and
reproducing at least one optical element from the master mold using at least one of a
stamping and molding process
11.  The process of claim 10, wherein the substrate is etched using at least one of a gray-
scale lithography and a direct write lithography.
12.  The process of claim 11, wherein a high energy beam sensitive procedure is used in
conjunction with the gray scale lithography.
13.  The process of claim 10, wherein the master mold is used to produce at least one
secondary mold from the master mold.
14.  The process of claim 10, wherein the secondary mold is used to reproduce at least one
optical element by stamping or molding.

15.  The process of claim 10, wherein the coating includes nickel.

JP 2005-508269 A 2005.3.31
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17.

18.

19.

The process of claim 10, further including the step of coating the etched substrate witha
hard coating in accordance with the optical element contour.

The process of claim 10, wherein the pattern created in the photoresist is provided by a
patterned mold.

A micro-optical element in accordance with the process of claim 1.

A micro-optical element in accordance with the process of claim 10.
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