JP 2009-38351 A 2009.2.19

(19) BFREREHFT (JP) X M A EA) (1) s A RS
15RE2009-38351
(P2009-38351A)
(43) BBME 21285 198 (2009.2.19)
(51) Int.Cl. F1 F—7I2—F (HBEF)
HO1L 29/786 {2006.01) HO1L 29/78 626C 5F110
HO1L 21/33 {2006.01) HO1L 29/78 618C 5F140
HO1L 29/78  (2006.01) HO1L 29/78 627F
HO1L 21/265  (2006.01) HO1L 29/78 301X
HO1L 29/78 301Y
SEER FWEK FREOR 35 OL HEBELE (£5l B BEEIHR]
(2l HEES $5$RE2008-163159 (P2008-163159) | (71) HEEA 591060898
(22) HEEH SERR204E6H 230 (2008. 6. 23) T v o i y— s 30— 1L
(1) s iEERES 07012358.3 vrphu=Hh-HrpValh-v—-E
(32) B H SEEYI9EE6A 256 (2007, 6. 25) e
(33) B BT RE B MR T (EP) INTERUNIVERSITAIR M

ICRO—-ELEKTRONICA CE
NTRUM VZW
AhF—, N—— 3001 —"Tr . R
SR N—7 758

(74) fLI8 A 100101454
#E+L UA B
(74 LA 100081422
#ELT HP i
(74 L3 A 100112911
B+ TF BX
BHEEICHRS
(54) [READOBM] RBETF A A
(G7)00000000O00o0oo0
0000000000000 000000000000 — 10
0000000D0000D00000000000000 -
Ry 11

gbogoooboobooboobooobooboao
oooobooooooooobooooooooooon
gboooboooboobooboobooboooobooo
gbooooboooboobooboobooobooooboao
ooooboooooooooooooooooooon
gooobobooooooooooooooooooon
gbooobooobooboobooboobooobooo
gbooooobouoboobooboobooboao
goooboooooooooooooooooooon
goooboooboobooboobooboooobooo
gbogoooboobooboobooobooboao
goooboooooooooobooooooooooon
goo

goooooa

—2

7,



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

Yy I I [y o

Ooooooo4oooooo o0 oo ooooDoooDoDooo0DooDooogogoooao

OOo0ooo40oUoooDoDooUooUoooDoDooUogoooogdg

OoooDooooooogood
OoooOooooooooOoooOod

OO0 ooooogogog
O

O
O

O O

OO0 oooooggogao

OOoooood
O 0O0o0ooood
OOoooood
O Oo0ooood
OoOoooood
OO0Oo0ooood
OOoo0ooood

O
O
O
O
O
O
O

O0Ooo0oooao
O 0Oo0oooo
O0Ooo0oooao
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O

O Ooooo O

O O

O Oooo
O 0Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O Oooo
OO oo
O Oooo
O 0Oooo
O Oooo
O Oooo

O
O
O
O
O
O
O
O
O
O

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

(2)

JP 2009-38351

O
O
O
O
O
O
O

O
O
O

2009.2.19

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

Oo0ooogog40dooDooUUoDoDooUUooooogogoao
Oooooooooooooo0ooDooooooooogogoao
OOo0OoOooo0o4ddooDoouUoUUoooDoogggoooooogod
Oo0oooooo0oooooo0ooDooooooooodg

OO0 o0DoDoodooDooodgooDooogoggogogoao
Ooooooo0ooooooooooogooao
OO0 o0oDoo4dooooo4ggooooogoggogooao
OOo0oooooo0ooooooooooogooao

O 0Oo0oooo
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oooao
O Ooo0oooo
O0Ooo0oooao

O
O

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

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

OJ
O

O Oo0oooao

O
O
O
O
O
O

OOoo0oooaoo

O Oooooao

O 0Ooo0oooao

O Oooooao

O0Ooo0oooao

O

3) JP 2009-38351

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

2009.2.19

10

20

30

40

50



OoooOoooOoooooooOooooooooooOoooboOooooooOooooDoooOooooooboooOoobooOoao
Iy ey e e [ Ay

oo ooooQgogoo
O oo ooogogo
oo ooooQgogoo
O oo ooogogo

Iy R e ey e s ey e [ Iy
e s e e e e s e e e e Y [ Y
Iy e e ey e e [y [ Ay

I ) e e e sy Y O

OO0 oDoDoogog4oooDoogogogoao

O Ooooo
O OoOooo
O Ooooo
O OooOooao
O Ooooo
O Ooooao
O Ooo0ooo
O OooOooo
O Ooo0ooao
O Ooooao
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooao
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooao
O O0Ooo0ooo
O Ooooo

O
O
O
O

O Ooooo
O Ooogoo
O Ooooo
O Ooogoao
O 0Ooooo
O Ooogooao
O Ooo0ooo
O Ooogooo
O Ooo0ooo
O Ooogooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo

O Ooooo
O OooOooo
O Ooooo
O OooOooo
O Ooooo
O Ooooo
O Ooo0ooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O OooOooao
O Ooooo
O 0Ooo0ooOoao
O Ooooo

O 0Ooooo
O Ooogoao
O 0Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogoao
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Oo0ooo
O 0Ooooo

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

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

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

4)

goad

O 0o oo
I [ [y

O O
O O

O 0o oo

-’
O oogdg>s
oo ad

O 0Ooo
O OO

O
O
O
O

O
O
O
O

O Oooo

O 0o oo

O Oooo

JP 2009-38351

0

I Y o [

O OoOooao
O Ooooo
O OoOooo
O Ooooao
O Ooooao
O Ooooo
O Ooooao
O Ooo0ooao.o
O Ooooo
O Ooo0ooao

O

O 0o oo

gooooad

I Y o [ |

O 0o oo

O O oo

O Oooo

O O oo
O 0o oo

2009.2.19

gooano

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

O Ooooo
O 0Ooo0ooao

field-effect transistord O O O
goooao

O

O

ud
oo
od
aad

U
0
g
t

O O0Oogoao
O 0Ooooo
O O0Oogoao
O 0Ooooo
O Ooogoo
O 0Ooooo
O Ooogoao

O O oQgogog
O 0Ooogoo
O O ogogo
O 0OooOgooo
O O ogogo
O 0Ooo0gooo
O O ogogo

OJ
O
OJ
O
O
O

O
O
O
O
O
O

O

O O

O
g
a

O
g
u

O
a
a

O
g
t

O
a
a

g
oad
oo
u

O o0Oooo

O 0Oooo
O 0Oooo
O 0Oooo

O O
O O

gugooano
gooao
gooano

O oOooo
O o0Ooo
O oOooo
O o0Ooo

O 0Oooo
O 0Oooo

O
O
O
O

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

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

O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0ooogoao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Oooooao
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo

O 0Oooo

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

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

O
O
O
O
O
O
O

Oo0ooooQogoooao
OO0 oooogodgoooao
Oo0ooooQogoooao
OO0 ooooQgoooao
Oo0ooooQgogoooao
Oo0ooooQgoooao
Oo0oooogooooao
Oo0oooodQgoooao
Oo0ooooogogoooao
OoooooQgoooao

I B
OoOoo0oooaog
O0Ooo0oo0ooao
OoOooooaog
O0Ooo0oo0ooao
OoOooooaog
O0Ooo0Oo0ooa.o
OoOoo0oooog
O0Ooo0Oo0ooa.o

OoOoo0ooood
OO0Ooooogod
OoOoo0ooood
O Oo0oooogod

O
O
O
O
O
O
O
O
O
O

O 0Oooo

O oOooo

O 0Oooo

O o0Oooo

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

O
O
O
O
O
O
O
O
O
O

O 0Oooo

O o0Oooo

O oOooo

O 0Oooo

O oOooo

O o0Oooo

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

O oOooo

O 0Oooo

O 0Oooo

)

goad

O o0ooo
O oOooo

O O
O O

0O O
O O

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 oOooo

O 0Ooo

O
O
O

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

O Ooooo
O OoOooo
O Ooooo
OO oOooo
O Ooooo
OO oOooo
O Ooooo
O OoOooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo

O

JP 2009-38351

O

0

2009.2.19

O

10

20

30

40

50



e S [ |

OoooooooOooooooDoOoooOooooooOhoooooooOooooooooooOooobooOoOoao
[y ) [y o

e [ [ |

v e Y Iy

OoOoo0oo0ogao

ey ) e A I [y

Oooocoooooogog

OoOoo0oooao
OO0Oo0oooog
Oo0Ooo0oooo
OOoo0oooaog
O0Ooo0oooao
OOooooog
O0Ooo0oooao
OoOoo0oooaog
I o B
OoOooooaog
I o B
OoOoo0oooaog
I B B
Oo0Oooooaog
I B
OoOooooaog
O0Ooo0oo0ooao

O
OJ

O
(]

O
O

DO OoOo0oooodg
DO O0oOooood

Oo0Oo0ood

Oo0ooooooooooooooogdg
OO0 o0DoDoogogUoooDoogogooooogd

Ooo0oooQgogoao
Oo0ooogQgogao

O
OJ

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

O0Ooo0oooaoo
O OooOoooaog
O0Ooo0oooao
O Ooo0oooaog
O0Ooo0oooao

O
O
O
O
O

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

O Ooooo
O Ooogoo
O Ooooo
O Ooooo
O Ooooo
O Ooogooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
OO oOgoo
O Ooooo
O OoOgooao
O Ooooo
O OoOgooo
O Ooooo
O Oooao
O Ooooo
O Ooooao

OO0Oo0ood

Oo0Oo0ood

OO0Oo0ood

O0Oo0ood

Oo0Oo0ood

O Ooogooao
O 0Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O O0Oogoao
O Ooooo
O OoOgooao
O Ooooo
O O0Oogoao
O Ooooao
O Ooogoao
O Ooooo
O Ooogooao
O 0Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooao
O 0Ooo0ooao

Oo0Oo0ood

Oo0Oo0oood

Oo0Oo0ood

Oo0Oo0oood

I B

[ R

O0Ooo0ood

OO0Oo0oood

(6

O0Oo0ood

E S [ B R |

O
O

OoOoo0oood

0O O0Oog
OOoo0oooao
O0Ooo0Ooo0ooao.o
OoOoo0oooog
OO0Oo0oooog

O0Oo0o0ood

Oo0Oo0ood

O0Oo0ood
OoO0Oo0oood

|

OOoo0oo0oogao

Oo0Ooo0oooo
OOoo0oooog
O0Ooo0oooo
OO0Oo0oooog
O0Ooo0oooao
OOoo0oooog
O0Oo0oooao
OoOoo0oooog
O0Oo0oooao
OOoo0oooaog
I R B
Oo0Ooo0oooog
I B

OO0Oo0ood

JP 2009-38351

OO0Oo0ood
[ R
OO0Oo0ood
Oo0Oo0ood
OO0Oo0ood
OO0Oo0ood
O OooOooo

OJ
O
OJ
O
O
O
O

O oo o o
O 0o oo
O 0Ooo0ooo
O OooOooo
O 0Oo0ooao

O 0Oooo

2009.2.19

O O oo

O 0o oo

O 0o oo

O Oooo

10

20

30

40

50



e e e Y Iy

e o

Oo0ooooQgoooao
OO0 oOooogodoooao
OoooooQgoooao

OOo0ooogo-gogao

O 0O0oOooooog
OOoooooo
O 0O0oOooooaog
OOoo0ooooaoo
O 0O0o0ooooaog
OOoo0ooooo
O 0O0ooooaog
OOo0o0ooooao
O O0oooooaog
OOoo0ooooao
O Oooooaog
OOoo0ooooao
O Oo0ooooaog
O Ooo0ooooao
O Ooo0ooooaog
OOoo0ooooao
O Ooooooaog
O Ooo0oo0oooao
OOoo0ooooaog
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

OoooOooooooooooOooooooooooooooooaod
I I Iy |

Oo0oooooo0oooooooooo

OoooooQogoooaoo
OO0 oooodgogooao

OO0 ooDoogog4UoooDoogogogoooaog

O Ooooo
O Oogoo
O Ooooo
O Ooogoo
O 0Ooooo
O Ooooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo
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

O d

Ooo0oooogod
OOoo0oooogd
Oo0oo0oooOgod
OoOoo0oooogd
O O0Oo0Oood

O
O
O
O
O
O

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

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

O

OoOoo0oooogd

O

O 0Ooo0ooo

O Ooo0oooao

O0Ooo0oo0ooao

O Oooooao

O0Ooo0oo0ooao

O

O Ooogooao
O 0Ooo0oo0ooao

O

O Ooogooo
O 0Ooo0oo0ooao

P

OOoo0oooo

O 0Oo0oo0ooao

OOoo0oooaoo

O 0Oo0oo0ooao

O

OOoo0oooaoo

OoOoo0oo0odgdao

O Ooo0oooaoo

JP 2009-38351

O 0OoOoooog
OOoo0oooaoo
O OoO0oooo
OOoo0oooao
O Ooo0oooao
O0Ooo0oooao
O Oooooog

OJ
O
O
O
O
O
O

OJ
O
OJ
O
O
O
O

O0Ooo0oooao

2009.2.19

O Ooo0oooao

O0Ooo0oo0ooao

O Ooo0oooao

O0Ooo0oo0ooao

10

20

30

40

50



(8) JP 2009-38351 A 2009.2.19

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

O Ooooo
OO oOooog
O Ooooo
O Oooo
O Oooo
OO oo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Oo o
O Oooo
O 0OoOoo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

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

O Oooo
I Y o Y
O Oooo
O 0o oo
O Oooo
O Ooogoo
O O0ooo
O Oooo
O 0Oooo

O

(]

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

(]

O

(]

comprisingld
oo

OoOoooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
O 0Ooo0oo0ooao
O Ooooo

O Ooo0ooao

O Ooo0oooao
O 0Ooo0oo0oo0oao
Oo0OooO0oo0oood
OoOoo0ooood
O 0Oo0ooO0oo0oao
O 0Ooo0oooo
O 0Oo0gooao
O 0Ooo0oooo
O Oo0gooao
O 0Ooo0oooo
O O0Oo0oooao
O 0Ooo0oooo
O O0Oo0ogooao
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao

Iy [y
O o0OooOo0ogano

OO0 Oooooo0o0 oo ooo o0 o oD oo Qo0 ooDooogoggg
OoOoooooo0ooooo4o0ooDooo 4o ooooogogoQgg
OO0 o0oooodoooouUooddUooDooUooUgooooogogg
OoOoooooo0oooooo0ooDooooooooogogoQgog
OO0Do0oooodoooouUodoooDooUoUUoooooggg

0000000000000 D0DD0DO0O0O00D0DCOoOne embodimentl 0D OO OODODOOOan
embodimentD D 000 0DD0DOOODDDODOODDODODOODDODODOOOODODODOODOOOO
oooooDoODOoo0oDo0oo0oo0oooooDDOoDUOOoDOoO0OoooDoDDODoODODODOoDO0oOo0oOooODoOooDoDOOn
000000000000 0D0DO0O0OdOone embodimentD 00O 00O DO0OOODO an embodimen
t0 0000000000000 o0oDoDoO0o0oDoDoo0o0ooDoDoDo0oo0DoDoDoOoOooOnDaon
jdoooooDoDoOooUoO0UoUoooDoDDoODOoDU0DO0OO0oO0OooODoDoDoDDOoODOoOOoOg
doooooDoDoooooooooooao
O

OoooooogoQgdg
OOoooooggdg
OoooooogoQgdg
OOoo0ooooggdg
OoooooogoQgQg
OOoooooggdg
OooooooQgQg
Oooooogogdg
Oooo0ooooQgQg
OOooooogogdg
OoOoo0oooogoQgdg
Oooooogogdg
OoOoo0ooooQgdg
OooooogoQgdg
OoOooooodgadg
OooooogQgdg
OoOoo0oooodgadg
Ooooooogogdg
I [y |
OoooooogoQgdg
O 0O0oOoooodg
OOo0oooodg
O 0O0o0oooodg
OOoooood
O 0O0o0oooodg
OOoooood
O 0O0oOooood
OOoo0ooood
O O0oOoooodg
OOoooood
OOoooood
OOoooood
OOooood
OoOooOooood

O
O
O

O oOooo
O 0Oooo
O o0Ooo
O 0Oooo
O o0Ooo
O 0Oooo
O o0Oooo
O oOooo
O o0Ooo
O 0Oooo
O o0Ooo
O oOooo
O o0Oooo
O oOooo
O o0Ooo
O oOooo
O o0Ooo
O oOooo
O o0Ooo
O oOooo
O 0Ooo
O o0Oooo
O 0Ooo
O oOooo
O 0Oooo
O o0Ooo
O 0Oooo
O oOooo
O 0Oooo
O o0Ooo
O 0Oooo

O

O

(]

OoooooooooooooooogQgQg
OO0 o0Doo4-odU0oooDoo4Uogoooooggdg
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
OJ
O
OJ
O
O
O
O
O
O
O
O
O

OoooooooooooooooogQgQg
Oo0oDoo40odo0oooDoooooooooggdg
OoooooooooooooooogQgQg

Oo0DoDooo4Qgooooogogogooao



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

Ooo0oooQgogoao

|

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

O OoOo0oooao
O Oo0oooao
O O0Oo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O O0Oo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0ooO0oo0oao
O Ooo0oooo
O O0Oo0oo0oo0oao
O OoOo0oooao
O O0Oo0oo0oo0oao
O OoOo0oooao
O O0Oo0ooogoao
O 0Ooo0oooao
O Oo0oooao
O O0Oo0oooao
O Oo0oooao
O OoOo0oooao
O Oo0oooao
O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0oo0oao

O O0Oooog
O oOoooo
O 0Ooooo
O oOoooo
O Oooogoog
O o0oooo
O Ooooo
O o0oo0ooo
O 0Ooooao
O oOoo0ooo
O oOoooo

OJ
O
OJ
O
O
O
O
O
O
O
O

O Oooo O

O oOoooo
O 0Oooogoo
O oOoooao
O Oooogoao
O oOoooo
O oOoooo
O oOoooao
O oOoooo
O oOoooao
O oOoooo
O oOoooao
O oOoooo
O oOoooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
OoOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooooo
OoOoooo
O 0Ooooo
OoOoooo
O Ooooo
O oOoooo
O Oooogoao
O oOoooao
O Ooooo
O oOoooo

OooooogogQg-g

O
O

O
O

O o0oooooogdg
O Oo0ooooogdg
Ooooooogdg
O Ooooooogdg
Ooooooogodg
O Oo0oooogdg
Ooooooogodg
O Oooooogdg
Ooooooogodg
O Ooooooogdg
Ooooooogodg
O Oo0oooooogdg
Oooooooogodg
O o0ooooogdg
Oooooooodg
O o0oooooogdg
Oooooooogodg
O o0oooooogdg
Oooooooodg
Oo0oooooogdg
OO0 ooooogdg
O oo oooogdg
O oo oooogdg
O o0oooooogdg
O oo ooogdg

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

OOoooooggdg

Ooo0ooogoQgQg
O Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oooao
O Ooo0oooo
O0Ooo0oooao
OOoo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O 0Oo0oo0ooao
O Ooo0oooao
O 0OoO0Oooo
O0Ooo0oooao

O
O
O
O
O
O
O
O
O
O
O

€))

goad

O
O

O
O

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

O
O
O
O
OJ
O

O

O

JP 2009-38351

O
O
O
O

O

goooao

Oooo0ooood
OOoo0oooogd
Oooo0oood
OoOoo0oooogd
Oooo0oood
OoOoo0oooogdg
OooOoo0oood
OoOoo0oooogd
OooOoo0ooood

2009.2.19

gooano

O
O
O
O

O 0Oooo
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

Yy I I [y o
OoooooooOoooOoooooooooooooooooooboooobooOooOgoao

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

OoooDooooooogood
OoooOooooooooOoooOod

O

OO0 oooooggogoao

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
OO oo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0Oo o
O Oooo
O 0OoOoo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O

O 0Ooo

O oOoooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooo
O 0Ooooo
O o0Ooo0ooo
O oOoooo
O oOoooao
O oOoooo
O o0Ooo0ooao
O oOoooo

O 0Ooooo
O Ooogoao
O Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo

Oo0oooooo0oooooo0ooDooooooooogod
Oo0oODooo4ddooDoouUooUUoDoDooggggooooogd
Oo0oooooo0ooooooDooDooooooooogod
Oo0oODooo4U0doooouooUoUoDoDoogoggooooogd
Ooooooo0oooooooooDooooooooogod

Oo0oDooooooogogo:oe

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

Oo0ooooQgoooao

O o0Ooo

Ooooooo0ooooooooDooooooooogod

Oo0ooooooooogoQgo:B

O oOooo

Oo0oooodQgoooao

O o0Ooo

Ooooooo0oooooooooooooooood
Oo0ooOooo4ooooooUoooDoDoogog4ogooooogd
Ooooooo0ooooooooDooooooooogod
Oo0ooOooo4o0oooooUoooDoDoooogooooogdg
Ooooooo0ooooooooooooooooogod
Oo0ooOoooo4oooooooDoDoDooogoooooogdg
Ooooooo0ooooooooooooooooood
Oo0ooooo4o0ooooooDoDoDooooooooogodg
Oo0ooooo0ooooooooooooooooood
Oo0ooooo4o0ooooooDoDoDooooooooogod
Oo0ooooo0ooooooooooooooooood
Oo0ooOoooo4o0ooooooDoDoDooooooooogdg

O oOooo

O o0Oooo

O oOooo

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

O o0Ooo

(10)

O 0Oooo

O o0Oooo

O o0Oooo

O o0Ooo

O oOooo

O o0Ooo

O oOooo

O Oooo

e s e s e e R e
OooooooooooooooDoooooooogdg

OO0 oDooo4goooogXe

O oOooo

JP 2009-38351

O 0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Oooo
O o0Ooo
O oOooo

OO0 oooodgoooao
Oo0ooooQgoooao

OooDoooooooooooDooooooooogdg
OO0 oDooo40oooooouUooooDoogogooooogod
Ooooooo0oooooooooooooooogodg
OOo0o0ooooU0ooooooouUooDoDooggooooogdg
OooooooooooOgs

OO0 oDooo40ooooooouooDoDoogogooooogod
OoooooooooooooDooooooooogodg
OOo0oooo40oooooouooDoDoo4gogooooogodg
Ooooooooooooooooooooooogodg
OOooooooooooouooDoDooogooooogdg
Ooooooo0ooooooooooooooooodg

O o0Oooo

2009.2.19

O oOooo

O o0Oooo

O oOooo

O o0Oooo

10

20

30

40

50



e S [ |

OoOOooOooooo0oooooo00 oo ooo oo ooDoooooooogdg

e [ [ |

e e e sy e e Y
OoOo0ooOooooo0ooooo4o00 oo ooooDooDoDoooDUoooDoDoooooooono

0

I Iy [

0

b O o0DOoDooooOoooooogooo

OooooooogoQgooao
OO0ooooogoogdg

OooooogogQg

O

b OO0 ODooo4gogooDoooggogoao

OooooooQgoo
Ooooooggogao
Oooo0oooQgoo
Ooooooggoao
Oooo0oooQgoo
Ooooooggoao
Oooo0oooQgoo
OooooogQgoo
Oooo0oooQgoo
OoooooogQgoo
Oooo0oooQgoo
OoooooogogQgoo
Oooo0oooQgoo
OoooooogoQgoo
Oooo0ooogoo
OoooooogoQgoo
OooooooQgoo
OooooooQgoo

0

OooooooQgdg
OOooooogogdg
Oooo0oooQgdg

O 0Oooo

[ Ry |
O OO
O 0Oooo

O

e S [ R |

O d
[ |

O

o [ |
O Ooooooaog
OoOoo0ooooao
O Ooooooaog
O Ooo0oo0oooao
O Ooo0ooooaog
O Ooo0oo0oooao
OOoo0ooooaog
O Ooo0oo0oooao
O Ooooooaog
O Ooo0oo0oooao
OOoooooao
OO0OooOoo0oooao
OOoo0ooooao

O O o

O O o

O OO
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O oOooo
O o0Ooo
O oOooo
O 0Ooo
O 0Oooo

O

O

O

1)

JP 2009-38351 A 2009.2.19

000O00D0o00DO0oo0ooooooao
00000000000 o0oooao
000O000O00O00O0o0oOooao
00000000000 oDoooao
00O0o0D0O00DO0o0DO0oo0ooDOoooao
00000000000 o00O0o0ao
00000000000 oDOooOoao
00000000000 DOoO0O0aOo
000O00D0o00DO0oo0ooooooao
000O000o00DO0ooOoooooao
00000000000 o0o0O0o0ao
00000000000 o0DOoooao
000O00D0o00oDo0ooOoooooao
00000000000 o00O0o0ao
o p0ooo0o0oo0oo0o0oo0oo0ooo
00000000000 ooooao
000O000O00O00O0o0oOooao
00000000000 ooooao
000O000o00DO0ooOoooooao
00000000000 o00O0o0ao

charge effect0 0 00 0OD0ODDODODODOOOOODODODDDOOOOOORO
gboobooooboboooooooooobooboooooboooobooboooao

goooao
oono

OoOoooogogdg

OooooogogQg

OOooooggdg

O

OooooogoQgoQ

O

OOoo0ooogogdg

ooooObOoOO0oo0ooooooooboboboooooooooooboao
ooo

Ooooooogoogao

OoOooooogogoQg

s |

O
O

O

O0Ooo0oooao
O0Ooo0o0ooao

O

OooooogogoQg

[ [y |

OooooogogaoQg

OooOoo0oooogao

OooooogogoQg

I |

OooooogogoQg

0O
0O

I [ |
O0Ooo0oooaoo

OO0Oo0Oo0ooo

OooooogogoQg
OOo0oooogogdg
OoooooggaoQg
OOo0ooogogdg
OooooogogoQg
OOo0ooogogodg
OooooogoQgoQo
OOo0o0ooogogodg
OoooooogoQgao
Ooooogogaog
I s [ |
Oooooogogaodg
O0Ooo0ooood

mote plasmal 0 0 000 O0O0O0OODDDOODOOOOODODODODDDODOODOOODGODOODDOGO
gboboboooobbooooooooooobooooobboooooboboooooan
gbooooaogao

OoooooooooooQgg
OO0 oDoogog4gogooood

O

OoooooooooooQgg
OO0 oDoog4gooood

O

O

Ooooooogoooodg
OO0 oooodogoao

O

O

OooOoo0oood

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

O

OOoo0ooodg

O

Oo0Oo0ood

O

OOoo0ooodg

O

OoOoo0oood

O

OO0Oo0oodg

gogooano

O

Oo0Oo0ood

O

Oo0Oo0ooodg

O

Oo0Oo0ood

O

OoOoo0ooodg

O

O0Ooo0ood

goooano

O

OoOoo0ooogdg

O

Oo0Ooo0ood

O

OoOoo0ooodg

O

OO0Oo0ood

O

Oo0Oo0ooodg

O
O

O0Oo0ood

O
O

OoOoo0ooodg

gogoboooobobooooboboad
ooao

gooboooobobooooboboad
ooooOboOO0Ooooooooobooao
goobooooobooooboboo
goobooooobooooobooboad
ooooOboOOooooooooooao
oono

gogoboooobobooooboboad

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

s s s e ) e e e e e e ey e e s e o A [

O O

e s I

e e e e e e e e [ e e e e e s e B s [

OooOoo0ooooQgod
OoOoo0ooogd
Ooo0o0o0oooQgd
OoOoo0ooogd
Ooo0oo0oooogod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0ooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogdg
I [
OoOoo0oooogdg
OooOoo0ooood
Ooooooogdg
OooOoo0ooood
Ooo0oooogd
[
Ooo0ooooogd
OOo0o0oooogd
Ooo0oo0oooogd
OoOoo0ooogd
OooOoo0oooogod
OOoo0ooogd
Ooo0oo0ooooQgod
OO0o0o0ooogd
OooOoo0ooooOodg
OoOoo0ooogd
Ooo0oo0ooooQod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0oooogd
OooOoo0ooooOgod

O O

OOoo0ooooo
O 0O0ooooaog
OOo0ooooo
O Ooooooaog
OOoo0ooooao
O Ooooooaog
OOoo0ooooao
O Ooooooaog
OOoo0ooooao
O O0Ooo0ooooaog
OOoo0ooooao
O Ooooooaog
O Ooooooao
OOoooooaog
O OooOooooao
OOoooooao
OO0Ooo0ooooao
O Ooooooao
O O0Ooo0ooOoooao
OOoo0ooooao
O 0O0o0ooooog
OOoooooao
O 0O0oOooooaog
OOoo0ooooo
O 0O0ooooaog
O Oo0o0ooooao
O O0Ooooooaog
OOoooooo
O Ooooooaog
OOoooooao

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 0Ooooo
O 0OoOooog
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao

O Oo0o0ooooao
O O0Oo0ooooaog
O Ooooooao
O Oo0ooooaog
O Ooo0ooooao
O Oo0ooooaog
O Ooo0ooooao
O Oo0ooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooo0oo0oooao

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

O
O
O
O
O
O
O

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

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

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

(12)

OoOooooaog
O0Ooo0oo0ooao
OoOooooaog
O0Ooo0Oo0ooa.o
OoOoo0oooog
O0Ooo0Oo0ooa.o
OoOoo0ooooo
O0Oo0oooog
OoOoo0oooao
O 0Ooo0oooog
OOoo0oooo
O0Ooo0oooog
OoOoo0oooo
OOoo0oooog
OoOoo0oooao
OOoo0oooaog
I B
OOoo0oooaog
I B
OoOoo0oooog
I B

O

|

|

O

JP 2009-38351

]
O
[
O
O
O
O

O
O
O
O
O
O
O

(]
O
O
O
O

2009.2.19

OOooooaog
O0Ooo0oooao
OOooooog
O0Ooo0oo0ooao

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

O
O
O
O
O
]
O
]
O
O
O
O
O
O
O
O
O
O
O
O
O
O

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

Oooooooogoogooo
OO0 ooooogogooao
Oooooooogoogooo
oo ooooggQgoge

O 0Ooooo
O Ooogoao
O Ooooo
O Ooogoao
O 0Ooooao
O Ooogooo
O 0Ooo0ooo
O Ooooao
O 0Ooo0ooo
O Ooogooao
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo

OoOoo0ooogod
O0Ooo0oooogd
OoOooooogod
OOoo0oooogd
OOoo0oood
OoOoo0oooogd

O Oooo

Ooooooooooogodg

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

O O oo

OoDoDoogogogoooogod

O Oooo

Oo0ooooooooodg

O

O O oo

OooDoogogogoooogod

Oooooooooooo
oo ooooggQgoge

O Oooo

Ooooooooooogodg

O

O 0o oo

Ooooogogooooogod

Oooooooooooao
Ooooooogogooao
Ooooooooogoooao
Ooooooogogooao
Ooooooooogooao
Ooooooogogogooao
OoooooooogooOoao
Ooooooogoogooao
Ooooooooogooao

O0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooo
O 0Oo0oo0oo0oao
OOoo0oooao

DO oo oooogodg O 0Oooo

O O O
O O o

O 0o oo

DO oo oooogodg

Ooo0ooooooooodg

O 0Oooo

O 0o oo

Ooooooooooogod

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

Ooo0ooooooooodg

Ooooooooooogodg

Ooo0oooooooood

(13)

Ooooooooooogodg

Oo0ooooooooood

OO0 ooooogogoog
OooooooogooOgoo
OO0 ooooogogooQg
OoooooooogooOoo

Ooooooooooogodg

Oo0ooooooooood

Ooooooooooogodg

O o0Ooo

Oo0oooocooOoooood
Ooooooooooodg

oo ooooogogoQg
O oD oooogogog:e

O o0Oooo

[

O Oooo

e [ [ [
e S [ [y |
O 0Oo0oooaog
OOoo0oooao
O Ooo0oooao
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O Ooo0oooao

Oooocoooooogogoog O

O

oo ooooogogoog
OO0 ooooogogog
oo ooooogogoog
OO0 ooooogogog
oo ooooQgoge

O oOooo

Ooooooooooodg

JP 2009-38351

O 0Oooo

Oo0oDooogogogogoooogod

O oOooo

Ooooooooooodg

gooano

O

O 0Oooo

Oo0oDoogogogogoooogod

O

O

O oOooo

Ooooooooooogodg

O

OO0 ooooogogog
oo oooooogogoo
OO0 ooooogogog
oo oooooogogo
OO0 ooooogogoog
oo oooooogoogoo
OO0 ooooogogoog
Ooooooooogoogoo

O 0Oooo

OoDoDoogogogoooogod

O

O o0Ooo

DO oo oooogodg

O O

O 0Oooo

DO oo oooogd
Ooooooogooooaoo
Oooooogoooao
OooooooOooooao
Oooooogoooao
Ooo0oooOooooOoao

O O

O oOooo

e [ [y
O ogooQgoo
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oo0ooao

2009.2.19

gooano

O

O oOooo

O

O o0Ooo

O

O oOooo

O

O o0Oooo

10

20

30

40

50



OoOooooooooooo4o0ooDooooooDooogQgog

OoooooooooooooDoDoogogooooaog
OO0 OoDoogogUdooDooUgUooDoogogooao

OO0 oDooggUoDoDooUdUoooooogUoooooaog
Oo0oooooooooooooDoDoDoooogooooao
OO0 o0oooodoooouUooddUooDooUooUgooooogogg
OoOoooooo0oooooo0ooDooooooooogogoQgog
OO0Do0oooodoooouUodoooDooUoUUoooooggg

0

O

O

O

Ooooooo0oooooo0ooooogogQgooao

Ooo0ooooooOoooDoooogooogogoogoo
Ooo0oocoooooooooooooooooOooOoo.o

Oo0oooo4dooDooog4goooooooggdg

0

O
O
O
O
O
]
O
]
O
O
O
O
O

Oooooooogg

O 0Ooo0ooo
O O oQgogo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0gooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O OooQgoo
O 0Ooo0ooo
O Ooogoo
O 0Oo0ooo
O 0Ooogoo
O 0Oo0ooo
O 0Ooogoo
O O oQgogo
O 0Ooogoo
Y Y
O 0Ooogooo
O O ogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0gooo
O Ooogoo

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
O
O
(]

OOooooodg
O O0Oo0ooood
OOoooood
O Oooooodg

O
O
O
O

O
O
O
O

O 0Oooo
O Oooo
O 0Oooo
O 0Oooo

O O0Oo0ooooao
O Ooo0ooooaoo
O Oo0ooooao
O Ooo0ooooaoo
O Ooo0ooooaog
O Ooo0oooooo
O O0Oo0ooooaog
O 0oo0ooooao
O Ooo0ooooaog
O0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0oo0oooao
O Ooo0ooooao
O 0Ooo0ooooao
O Ooo0ooooao
O O0Oo0oo0oo0ooao
O Ooo0ooooo
O O0Oo0oo0oo0ooao
O OoOo0ooooaoo
O O0Oo0ooooo
O Ooo0ooooo
O O0Oo0ooooo
O Ooo0ooooaoo
O Oo0ooooaog
O Ooo0ooooaoo
O O0Oo0ooooaog
O Ooo0ooooaoo
O O0Oo0ooooaog
O Ooo0ooooaoo
O Oo0ooooao
O 0Ooo0oo0oooao
O 0Ooo0ooooaog
O 0Ooo0ooooao

uoao

O

O

O

O

O

OoOoo0oood
OoOoo0ooodg
OoOoo0oood
OOoo0ooodg
OooOoo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoooodg
I B
OoOoo0ooodg
O0Oo0Ooo0ood
OoOoo0ooodg
O0Ooo0Ooood
OoOooood
OO0oo0ooodg
OoOoo0ooodg
O0Oo0ooodg
OoOoo0oood
OOoo0ooodg
OoOoo0oood
O0Ooo0ooodg
OoOoo0oood
OOoo0ooodg
OoOoo0oood
OoOoo0ooodg
O0Ooo0oood
OoOoooodg
OooOoo0oood

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

O

O

ogaao

O

O

gogooano

O

O

O

O

O

O

O

(14)

oono
oo

goao

gogooano

O

O

O

O

O

O
O
O
O
O
O
O
O

O

|

JP 2009-38351 A

gooano

O

O

O

O

2009.2.19

gooano

]
O

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

O
O
O
O
O
(]

O0oo0Do0ooDoDOooOoDooDoooooao
0000D0O0OO00D0DO0O0O0O0ODDOScanning Spreading Resistance Measur
ement0 000000000 OODDDODODODOOOOODDDODODODODOOOODOODODODGO
0000000000000 o0o0DD0DO000D0o0D0Do0DDO0ODo0DO0DOoOO0oDO0oDoOo0oD0OODaO
ooooooao

O
O

O
O

gogooad

O

O

0

O

0

gogooaod

O

O

O

O

O

gooodoad
goooao

10

20

30

40

50



I v e e e s
OooooooooDoooooooooooooooab-o
OO0 oooooo0 oo ooo o0 oo ooogoooooo
s s e e ) e e s e Y I A
OO0 oooooo0 oo ooo o0 oo ooogoooooo
OO0 ooogogoDooDooggUoUoDoDoo4gooooaog

O
O
O
OJ

Oo0oooooo0ooooooooooogooao

OO0 ooooggogao
OoooooogogQgoo
OOooooooggogao

O 0Oooo

(15)

goao

A\

S

JP 2009-38351

go

goooao

2009.2.19

gooano

10

20



B

5

LU

aad
20 8
4 7
v Y v \ 2R | 6

....................... alatat OO /

MANNN\

20
S




OO RO 0000000000 JOOOOMN]
....................................................

MWW\

/’ 10
12
\ 11
5
9
6
rd




goooao

4

B g




(19) JP 2009-38351 A 2009.2.19

ogogoano

§

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;

goono

D
<
<
k4
<
(0]

.........................




(20) JP 2009-38351 A 2009.2.19

goooano

gooooao




(21) JP 2009-38351 A 2009.2.19

gooooooaoo

(G1)Int.Cl. oo gooooboooood
ggoo oooOg 21/265 OO0OO goooo

(72) 000 0O0O0O0OOooOoOooo
gooooobDoO0o0ooOoooooooDobDbooooooooo

(72000 Ooooooooooog
goboooooobooooooooobooboboobooooooooooo

OOoOO(@DO) 5F110 AA30 CC10 DD13 DD25 GGO1 GGO2 GGO3 GG22

o000 OO 5F140 AAOO AC36 BAOO BAO1 BAO3 BAO6 BAO7 BBO5 BC15 BEQ9

oooo oo BF42



(22) JP 2009-38351 A 2009.2.19

gooooooanb

SEMICONDUCTOR DEVICE

Technical field of the invention
The present invention relates to a method for forming a semiconductor
device on a substrate, e.9. a bulk semiconductor substrate or a semiconductor-
5 on-insulator substrate, and to a semiconductor device thus obtained. The
semiconductor device obtained with a method according to the present
invention comprises locally modified regions with increased stching resistance.
This leads to semiconductor devices with improved properties such as good

electrical properties and good mechanical stability.

10 Background of the invention

Silicon on insulator (SO technology refers to the use of a layered
silicon-insutator-silicory substrate in semiconductor manufacturing, aspeciaily
fnicroelectronics. SOI substrates comprise a thin, insulating layer, such as
silicon oxide or glass, between a thin layer of silicon and a silicon bulk

15 substrate. SOI-based devices thus differ from conventionat silicon-built devices
in that the silicon junction is above an electrical insulator, typically silicen
dioxide.

An example of an SOl-based device is a FInFET (fin field-effect
transistor). A FinFET comprises a thin silicon (Si) fin with a gate running over

20 the fin. The gate controis a channel at least along the sidewalls of the fin. The
electrical width of the channel is defined by the geometrical dimensions of the
fin, particularly by the height and the width of the fin. A distinguishing
characteristic of a FInFET with respect to other semiconductor devices is that a
conducting gate is wrapped around the thin Si fin which forms the body of the

25  device.

In FInFET fabrication, the use of SOI substrates with a silicon layer on a
buried oxide (BOX) may, after patterning of the silicon layer of the SOI
substrate, lead {o formation of recesses in the BOX and under-etch regions in
the BOX under the patterned silicon layer. These BOX recesses and under-

30 efch regions may be formed during further processing of the FInFET, for

example during removal of a hardmask used to pattern the silicon layer.
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Residues of materials used during further processing of the FinFET may stick
in these BOX recesses and especially in the under-etch regions. An additional
process step may then be necessary to remove these residues. However, the
residues may be difficult to remove and may thus still be present in the final
FiInFET. This may have an impact on the electrical properties of the device
formed on the substrates, may degrade the mechanical stability of the FinFET
and may degrade the device matching, vield, etc.

The above-described problem may in general arise with any
semiconductor device formed on a substrate, e.g. bulk semiconductor
substrate or semiconductor-on-insutator substrate, lying in a plane, in which
the semiconductor device is formed of a structure extending from the subsfrate

in a direction substantially perpendicular to the plane of the substrate.

Surmmary of the invention

It is an object of the present invention to provide a good method for
forming a semiconductor device on a substrate, e.g. semiconductor bulk
substrate or semiconductor-on-insulator substrate, and a semiconductor
device cbiained by the method according to embodiments of the invention.

Semiconductor devices obtained by the method according to
embodiments of the invention may have improved properties such as improved
electrical properties and improved mechanical stabitity.

The above objective is accomplished by a method and device according
to the present invention.

In a first aspect of the invention, a method is provided for forming &
semiconductor device on a substrate having a first major surface lying in a
plane. The method comprises:

- patterning the first major surface of the substrate to form at least one
structure extending from the substrate in a direction substantially
perpendicutar to the plane of the first major surface of the substrate, and

- forming focally modified regions at locations in the substrate which are not
covered by the at least one structure, thus locally increasing etching

resistance of these regions.
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With increasing etching resistance is meant that the tocally modified
regions have a reduced etching spesd compared'to the original, non-modified
substrate. Locally increasing etching resistance may prevent under-etching of
the at least one structure during further process steps in the formation of the
semiconductor device.

By providing locally modified regions at locations in the substrate not
covered by the at least one structure these regions are protected during
process steps during further processing of the semiconductor device, e.qg.
etching steps, such that formation of recesses and under-etched regions in the
substrate may be prevented.

The method according to embodiments of the invention may lead io
semiconductor devices with good electrical properties and good mechanical
stability.

According to embodiments of the invention the substrate may be a
semiconductor-on-insulator substraie, such as a silicen-on-insulator (SO
substrate, a germanium-on-insulator (GOI) substrate or a silicon-germanium-
on-insulator (8GO substrate. According to these embodiments the invention
may provide a method for forming a semiconducior device on a
semiconductor-on-insulator substrate comprising a semiconductor layer on an
insulating layer having a surface. The method may comprise;

- patterning the semiconductor layer, hereby forming at least one structure
extending from the substrate in a direction substantially perpendicuiar to
the plane of the major surface of the substrate and exposing part of the
surface of the insulating layer, and

- forming locally modified regions in the insulating layer at locations which
are not covered by the at least one structure, thus locally increasing etching
resistance of these regions. Forming locally modified regions may prevent
under-etching of the at least one structure during further process steps in
the formation of the semiconductor device,

The insulating layer may be a buried oxide.

According to embodiments of the invention, the substrate may be a bulk
semiconductor substrate having a major surface lying in a plane, and the

method may comprise:
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- patterning the butk semiconductor substrate, hereby forming the at least
cne structure extending from the substrate in a direction substantially
perpendicular fo the plane of the major surface of the substrate, and

- forming locally modified regions in the bulk semiconductor substrate at
locations which are not covered by the at least one structure, thus locally
increasing etching resistance of these regions. Forming locally modified
regions may prevent under-atching of the at least ocne structure during
further process steps in the formation of the semiconductor device.

According to embodiments of the inventicn, the substrate may have a
major surface lying in & plane. Forming locally modified regions in the
subsirate may be performed by implanting impiantation elements, also called
species or implantation species, in a direction substantially perpendicular to
the plane of the major surface of the substrate. With “implantation elements”,
"species” and “implantation species” in the light of the present invention is
meant the same thing: elements suitable to be implanted into a semiconduster
or insulating layer. With substantially perpendicular is meant that the direction
of implantation of the implantation elements may most preferably make an
angle of between 0 and 5 degrees with a direction substantiaily perpendicular
to the plane of the major surface of the substrate such that substantially no
implantation elements can enter the at least one structure through its sidewalls.
With substantially no implantation elements entering the at least one struciure
is meant that & concentration of preferably less than 1E12 cm™ and more
preferably less than 1E10 cm™ of implantation elements may enter the at least
one structure during implantation of implantation elements to form the locally
modified regions,

An advantage hereof is that implantation elements are not implanted in
sidewalls of parts of the semiconductor device formed on the substrate. For
exampie, in case of a FInFET, implantation elements are not implanted in
sidewalls of the fin.

Implanting implantation elements may, according to embodiments, be
performed by ion implantation.

According te embodiments of the invention, implanting implantation
elements may be performed by plasma doping. An advantage of piasma
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doping or PLAD is that this technique allows implantation of implantation
elements in a direction substantially perpendicular to the plane of the major
surface of the substrate, ie. at an incidence angle of substantially zero
degrees with & direction substantially perpendicular to the plane of the major
surface of the substrate. PLAD furthermore allows implantation of high doses
of implantation elements of 1E13 to 1E17 ¢m™® such that a peak of implantation
elements is located at the surface of the substrate nat covered by the at least
one structure.

The implantation elements may comprise carbon, nitrogen, oxygen or a
combination therecf.

According to embodiments of the invention, the method may
furthermore comprise extending the locally modified regions under the at least
one structure, Extending the locally modified regions under the at least one
structure may be performed by annealing. Annealing may be performed at a
temperature of between 800°C and 1000°, Annealing may be performed during
a time period of between 1 second and 60 seconds. Annealing may lead fo
formation of locally modified regions with a thickness of between 1 nm and 20
nm.

According to embodiments of the invention, patterning the substrate
may be performed by;

- providing a mask onto the subsirate, and
- removing parts of the substrate which are not covered by the mask.

Providing a mask may comprise providing a hardmask comprising at
teast one of a metal, a nitride, an oxide or a low-k material.

According to other embodiments, providing a mask may comprise
providing a photoresist polymer.

In a second aspect of the invention, a semiconductor device is provided
comprising at least one structure extending from a substirate having a maijor
surface lying in a plane, the structure extending in a direction substantially
perpendicular to the plane of the major surface of the substrate, wherein the
semiconductor device furthermore comprises locally modified regions in the

substrate at locations not covered by the at least one structure, the locally
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modified regions having an increased etch resistance with respect to the eich
resistance of the non-modified substrate.

The semiconductor devices according to embodiments of the invention
have good electrical properties and good mechanical stability.

According to embodiments of the invention, the substrate may be a
semiconductor-on-insulator substrate, such as a silicon-on-insulater (SO1)
substrate, a germanium-on-insulator (GOY) substrate or a silicon-germanium-
on-insulator (SGO1) substrate. According to these embodiments, the invention
may provide a semiconductor device comprising at least one structure formed
of a patterned semiconductor layer on an insulating layer of the
semiconductor-on-insuiator substrate, the insulating layer having a surface and
the semiconductor device furthermore comprising locally modified regions in
the insulating layer at locations which are not covered by the pattemed
semiconductor layer. The locally modified regions may have an increased
etching resistance compared to the original, non-modified substrate. According
to these embodiments, the insulating layer may be a buried oxide.

According to the specific smbodiments where the substraie is a
semiconductor-on-insulator  substrate, the locally modified regions in the
insulating layer may comprise SiO,Ny, wherein x and y are integers with Xty =
1, meaning that given the dose range obtainable with PLAD (see further), any
stoichiometric combination of, for example, (Si, O, N) or (Si, 0) or (Si, N} may
be obtained in the locally modified regiens in the semiconductor-on-insulator
substrate. Alternatively, and as an example only, the locally modified regions in
the insulating layer may comprise SiO«C,, wherein x and y are integers with
X+y =1,

According to other embodiments of the invention, the substrate may be
a bulk semiconductor substrate. For example, the bulk semiconductor
substrate may be any of a bulk silicon substrate, a bulk Ge substrate, a bulk
GaAs substrate, a bulk GaN substrate.

The locaily modified regions may be regions implanted with carbon,

nitregen, oxygen or a combination thereof,
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The locally modified regions may have a concentration of implantation
efements, e.9. a carbon, nitrogen or oxygen concentration of between 1E13
cm™and 1E17 cm™.

The locally modified regions may have g thickness of between 1 nm and
20 nm.

Optionally, the locally modified regions may extend underneath the at
least one structure,

According to specific embodiments, the semiconductor device may be a
FInFET.

An advantage of the device according to embodiments of the present
invention, is that by providing iocally modified regions in a substrate or partof a
substrate, e.9. a buried oxide {BOX) of an SOI {silicon-on-insulator) substrate
or part of a bulk semiconductor substrate, at locations which are not covered
by a part of the semiconductor device, the subsirate or part of the substrate is
protected during further processing of the semiconductor device such that
formation of recesses and under-etched regions in the substrate or part of the
subsirate may be prevented.

The device obtained by the method according to embodiments of the
present invention may have good slectrical properties and a good mechanical
stability.

Particular and preferred aspects of the invention are set out in the
accompanying independent and dependent claims. Features from the
dependent claims may be combined with features of the independent claims
and with features of other dependent claims as appropriate and not merely as
explicitly set out in the claims.

Aithough there has been constant improvement, change and evolution
of devices in this field, the present concepts are belfieved to represent
substantial new and novel improvements, including departures from pricr
practices, resulting in the provision of more efficient stable and reliable
devices of this nature,

The above and other characteristics, features and advantages of the
present invention will become apparent from the following detailed description,

taken in conjunction with the accompanying drawings, which illustrate, by way
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of example, the principles of the invention. This description is given for the
sake of example only, without limiting the scope of the invention. The reference
figures quoted below refer to the attached drawings.

Brief description of the drawings

Fig. 1 to 6 iilustrate subsequent steps in a manufacturing process for g
FInFET on an SOl substrate according to embodiments of the invention.

Fig. 7 to 10 illustrate subsequent steps in a manufacturing process for a
semiconductor device on a bulk semiconductor substrate accaording to
embaodiments of the invention.

Fig. 11 shows a Scanning Spreading Surface Resistance Microscopy
(SSRM) profile of a bulk FinFET doped using Plasma Doping (PLAD)
ilustrating an embodiment of the invention.

in the different figures, the same reference signs refer to the same or
anailogous elements.

Description of illustrative embodiments

The present invention wili be described with respect to particular
embodiments and with reference to certain drawings but the invention is not
limited thereto but only by the claims. The drawings described are onily
schematic and are non-limiting. In the drawings, the size of some of the
elemants may be exaggerated and not drawn on scale for ilustrative purposes,
The dimensions and the relative dimensions do not correspond to actual
reductions to practice of the invention,

Moreover, the terms top, over, and the like in the description and the
ciaims are used for descriptive purposes and not necessarily for describing
relative positions. it is to be understood that the terms so used are
interchangeable under appropriate circumstances and that the embodiments of
the invention described herein are capable of operation in other orientations
than described or lustrated herein.

It is to be noticed that the term “comprising”, used in the claims, should
not be interpreted as being restricted to the means listed thereafter: it does not
exclude other elements or steps. It is thus to be interpreted as specifying the

presence of the stated features, integers, steps or components as referred to,
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but does not preclude the presence or addition of one or more other features,
integers, steps or components, or groups thereof. Thus, the scope of the
expression “a device comprising means A and B” should not be limited to
devices consisting only of componenis A and B. It means that with respect to
the present invention, the only relevant components of the device are A and B.

Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at least one
embodiment of the present invention. Thus, appearances of the phrases “in
one embodiment” or “in an embodiment” in varicus places throughout this
specification are not necessarily all referring to the same embodiment, but may.
Furthermore, the particular features, structures or characteristics may be
combined in any suitable manner, as would be apparent to one of ordinary skill
in the art from this disclosure, in one or more embodiments.

Similariy it should be appreciated that in the description of exemplary
embodiments of the invention, various features of the invention are sometimes
grouped together in a single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure and aiding in the understanding of one
or more of the various inventive aspects. This method of disclosure, however,
is not fo be interpreted as reflecting an intention that the claimed invention
requires more features than are expressly recited in each claim. Rather, as the
following claims reflect, inventive aspects lie in less than all features of a single
foregoing disclosed embodiment. Thus, the claims following the detailed
description are hereby expressly incorporated into this detailed description,
with each claim standing on its own as a separate embodiment of this
invention,

Furthermore, while some embodiments described herein include some
but not other features included in other embodiments, combinations of features
of different embodiments are meant to be within the scope of the invention,
and form different embodiments, as would be understood by those in the art,
For example, in the following claims, any of the claimed embodiments can be

used in any combination.
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in the description provided herein, numerous specific details are set
forth. However, it is understood that embodiments of the invention may be
practiced without these specific details. In other instances, well-known
methods, structures and techniques have not been shown in detail in order not
to obscure an understanding of this description.

The invention wili now be described by a detaited description of several
embodiments of the invention. It is clear that other embodiments of the
invention can be configured according to the knowledge of persons skilled in
the art without departing from the true spirit or technical teaching of the
invention, the invention being fimited only by the terms of the appended claims.

Referance will be made to transistors. These are three-terminal devices
having a first main electrode such as a drain, a second main electrode such as
a source and a control electrode such as a gate for controlling the flow of
electrical charges between the first and second main electrodes. It will be clear
for a person skified in the art that the prasent invention is aiso applicable to
similar devices that can be configured in any transistor technology, including
for example, but not limited thereto, CMOS, BICMOS and Bipolar technology.

The present invention provides a method for forming a semiconductor
device on a substrate having a first major surface lying in a plane . The method
comprises:

- patterning the first major surface of the substrate to form at least one
structure  extending from the supstrate in a direction substantially
perpendicular to the plane of the first major surface of the substrate, and

- forming locally modified regions at locations in the substrate which are not
covered by the at least one structure so as to locally increase etching
resistance of these regions. Forming tocally modified regions may prevent
under-etching of the at least one structure during further process steps in
the formation of the semiconductor device.

A device obtained by a method according to embodiments of the
present invention may have good electrical properties and a good mechanical
stability.

The method according to embodiments of the invention may

advantageously be used in the formation of a semiconductor device, e.g. a
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FINFET, on a semiconductor-on-insulator substrate for protecting the insulating
layer of the semiconductor-on-insulator substrate by preventing under-stching
of the at least one structure formed on the substrate during further process
steps in the formation of the semiconductor device. However, according to
other embodiments, the method may also be advaniageously used in the
formation of a semiconductor device, e g. a finFET, on a bulk semiconductor
substrate for protecting part of the semiconductor substrate not covered by the
at least one structure by preventing under-etching of the at least one structure
formed on the substrate during further process steps in the formation of the
semiconductor device. According to a first embodiment of the invention, the
substrate may be a semiconductor-on-insuiator substrate comprising a
samiconductor layer on an insulating layer. The substrate may, for example, be
a silicon-on-insulator (8Ol) substrate, a germanium-on-insulator {GOnh
substrate or a siticon-germanium-on-insulator {(SGO!) substrate. According to
the first embodiment, a method may be provided for forming a semiconductor
device on a semiconductor-on-insulator substrate, the semiconductor-on-
insulator substrate comprising a semiconductor layer, &.g. silicon layer, on an
insulating layer, e.g. a buried oxide, having a surface. The method according to
these embodiments may comprise:
- patterning the semiconductor layer, hereby forming the at least cne
structure and exposing part of the surface of the insuiating layer, and
- forming locally modified regions in the insulating fayer, e.g. buried oxide, at
locations which are not covered by the patterned semiconductor layer, or in
other words which are not covered by the at least one sfructure, so as fo
locally increase etching resistance of these regions. Forming locally
madified regions may prevent under-etching of the at least one structure
during further process steps in the formation of the semiconductor device.
An advantage of the methed according to the first embodiment of the
present invention, is that by providing tocally modified regions in the insulating
layer, e.g. buried oxide (BOX), of the semiconductor-cn-insulator substrate at
locations which are not covered by a part of the semiconductor device, the

insulating layer, e.g. buried oxide, is protected during further processing of the
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semiconductor device such that formation of recesses and under-etched
regions in the insulating layer may be prevented.

Hereinafter, a method for the manufacturing of a FinFET (Fin Field-
effect Transistor} on a silicon-on-insulator (SO} substrate according to the first
embodiment of the present invention will be described. It has to be undersicod
that this is not intended to limit the invention in any way and that the method
according to embodiments of the invention can be used for manufacturing any
semiconductor device on any semiconductor-on-insulator substrate.

Fig. 1 to Fig. & illustrate subsequent steps in a method for
manufacturing a FinFET 10 according o embodiments of the invention.

in a first step, an SOI substrate 1 comprising a bulk substrate {not
shown in the figures), an insulating layer such as a buried oxide 2 and & silicon
layer 3 is provided. The buried oxide 2 may typically have a thickness of
between 50 nm and 200 nm and may, for example, be 150 nm. The buried
oxide 2 may preferably comprise SiO,. The silicon layer 3 may typically have a
thickness of between 10 nm and 100 nm and may, for example, be 65 nm.

Next, the silicon fayer 3, of which an upper surface (surface away from
the buried oxide 2) forms @ major surface of the SOI substrate 1, is patterned
so as fo form at least one structure 20, in the example given at least one fin
{see further), extending from the substrate 1 in, when the major surface of the
substrate 1 is lying in a plane, a direction substantially perpendicular to the
plane of the major surface of the substrate 1. In the example given, anly one
structure 20 is present on the substrate 1. It has to be undersiood that this is
oniy for the ease of explanation and that this is noi intended to limit the
invention in any way. According to embodiments of the invention, the substrate
1 may comprise any number of structures 20 required to form a particular
semiconductor device 10. Patterning of the siticon layer 3 may be hardmask-
based or may be done by photolithography using a photoresist. In the example
llustrated, a hardmask layer may be provided on the silicon layer 3. The
hardmask layer may have a thickness of betwsen 50 nm and 100 nm and may,
for example, be 70 nm. The hardmask layer may, for exampie, comprise a
metal such as e.g. Ti, Au, Ag, Pd, a nitride such as e.g. TiN, TaN, HfN, SisNis,

an oxide, such as e.g. TiOy, SiOz, a low-k dielectric or a combination, e.g. a
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stack, of the above materials. The thickness of the hardmask layer may
preferably be such that, when implantation of implantation elements is
performed in a later step of this method, the hardmask layer may act as a
shield for preventing implantation elements to reach the patterned siicon layer
or, in general, the at feast one structure (see further). The hardmask iayer may
then be patterned and etched to form hardmask 4 which only covers the silicon
fayer 3 at the location where a fin 5 of the FinFET 10 is to be formed and
leaves the other parts of the silicon layer 3 exposed (see Fig. 1). The exposed
part of the silicon layer 3 may then be removed, & g. by etching. Etching may,
for example, be performed by a wet etch, a dry etch or a combination thereof.
The structure obtained after etching the silicon layer 3 is illustrated in Fig. 2.
The patterned silicon layer forms the fin 5 of the FInFET 10. The fin 5 may
have a width of between 5 nm and 30 nm. The height of the fin 5 depends on
the thickness of the silicon layer 3 of the SOI substrate 1 and may thus be
between 10 nm and 100 nm. According to the first embodiments, the removal
of the exposed part of the silicon tayer 3 is up to exposure of the underlying
insulating layer 2.

In a next step, implantation of implantation elements is performed
(indicated with arrows 7 in Fig. 3) to form locally modified regions 6 in the
exposed parts of the buried oxide 2. Therefore, implantation is performed at
locations in the buried oxide 2 which are not covered by the fin 5 The
implantation elements are such that the etching resistance of these regions &
is increased. With increased etching resistance is meant that the locally
modified regions 6 have a reduced siching speed with respect to the original,
non-modified, substrate 1, Most preferably, the implantation siements may be
C, N, O or a combination thereof. Preferably, an implantation dose of between
1E13 em™ and 1E17 em® may be used. During implantation of the implantation
elements in the buried oxide 2, the hardmask 4 may act as a shield for
preventing implantation slements to be implanted in the fin 5. This is because
the presence of implantation elements in the fin 5 can iead to increased
sidewall roughness of the fin 5. Furthermore, the presence of implantation
elements in the fin 5 may iead to scattering of mobile carrier elements which

may affect mobility of these mobile carriers in the fin 5 According fo
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embodiments of the invention, implantation may be performed in an anisotropic
way. Implantation may most preferably be done, when the SO substrate 1 has
a major surface lying in a plane, in a direction substantially parpendicular to the
plane of the major surface of the substrate 1. With substantially perpendicular
is meant that the direction of implantation of the implantation elements may
mast preferably make an angle of between 0 and 5 degrees with the direction
substantiaily perpendicuiar to the plane of the major surface of the substrate 1
such that substantially no implantation elements can enter the fin 5 through its
sidewalls which are not covered by the mask 4. With substantially no
implantation elements entering the fin 5 is meant that a concentration of
preferably less than 1E12 cm™ and more preferably less than 1E10 cm™ of
impiantation elements may enter the fin 5 during implantation of implantation
elements to form the locally modified regions 8. In this way, implantation
etements can be implanted without affecting the physical and electrical
properties of the sidewalis of the fin 5. Therefore, most preferably, implantation
may be performed with PLAD (plasma doping). PLAD allows implantation of
implantation elements in a direction, when the SO! substrate 1 has a major
surface lying in a plane, substantially perpendicular to the plane of the major
surface of the SOI substrate 1 so that there is no space charge effect, Le. no
oceurrence of localised excess charge, In PLAD a plasma, i.e. a cloud of ions
near the surface of the substrate 1 to be implanted, in the example given the
insulating layer 2 of the SOI substrate 1, is created. From this plasma, ions are
extracted and accelerated towards and into the insulating layer 2.

FLAD allows a collisionless ion sheath which leads to an incidence
angle of substentially 0 degree. Furthermore, PLAD allows high dose
implantation of 1e13 to 1e17 cm™®. Extraction voltages may be in the order of
KV. By using PLAD a peak of implantation elements is located at the surface of
the substrate 1, in the present embodiment the revealed buried oxide 2. In this
way the buried oxide 2 is locally modified at those locations where implantation
is performed. However, according to other embodiments, implantation of
implantation elements may aiso be performed by any other known
conventional implantation technique such as e.g. ion implantation, as long as

the direction of implantation is substantially perpendicuiar to the plane of the
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major surface of the substrate 1 as defined above. According to other
embodiments of the invention, any plasma having an anisotropic character
may be applied for implanting implantation elements, e.g. remote plasma or
RIE. The only disadvantage for such plasma may be that it has lower
acceleration voltage (~300V) and hence the penetration deptnh is much less,
e.g. 1 nm. Nevertheless, this may be sufficient depth for particular appiications.

During impiantation of implantation elements the hardmask 4 which is
still present on the fin 5 may act as a shield for preventing implantation
elements to be implanted into the fin 5. Therefore, the thickness and the
material properties of the hardmask 4 should be chosen such that after
implantation only a part 8 of the hardmask 4 is implanted with implaniation
elements and that the implantation elements are substantially not able to reach
the fin 5. By implanting the implantation elements in a direction substantially
perpendicular to the plane of the major surface of the SO! substrate {1},
substantially nc implantation elements are implanted in side walls of the fin 5
as aiready described above.

After impiantation of the implantation elements in the exposed parts of
the buried oxide 2, the locally modified regions 6 may optionally be extended
underneath the fin 5. This may preferably be performed by annealing the S0I
substrate 1. Annealing may be performed at temperatures of between 800°C
and 1000°C for a period of between 1 second and 60 seconds. When the
implantation elements that have been implanted for example comprise N, the
locally modified regions 6 may comprise SiON,, wherein x and y are integers
with x+y = 1, meaning that, given the dose range obtainable with PLAD, any
stoichiometric combination of, for examgle, (Si, O, N) or {Si, O} or (8i, N} may
be obtained in the locally modified regions 6 in the SOI substrate 1. The jocaily
modified regions 6 may have a thickness t in the buried oxide 2 of, for example,
between 1 nm and 20 nm, preferably between 1 nm and 10 nm.

The presence of locally medified regions 6 in accordance with
embodiments of the present invention may be detected by, for example,
chemical analysis of the substrate, for example, by filtered transmission
electron microscopy (TEM),
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In a next step, the hardmask 4 may be removed (see Fig. 4). This may
be done by any suitable technique known by a person skilled in the art, such
as stripping.

In a further step, a dielectric layer 9 may be deposited with on top a
conductive layer 11 to form a stack. Then, the stack may be patterned to form
the gate 12 of the FIinFET (see Fig. 5).

Further manufacturing of the FINFET 10 may be done as known by a
person skilled in the art. For example, source and drain extensions and source
and drain regions may be formed as known by a person skilted in the art.

Figure 6 shows a top view of the device 10 as formed by the method as
described above. The fin 5 is located between source and drain regions 13,
This fin 5 is partly overlapped by the gate 12. The exposed area’'s of the
underlying substrate 1, or in other words, the area’s not covered by the fin 5,
are modified to form the locally modified regions 6 with increased etching
resistance with respect to the originai buried oxide 2.

During process steps performed after formation of the iocally modified
regions 6, these locally modified regions 6 with increased etching resistance
protect the buried oxide 2 against influence of materials and chemicals further
used during manufacturing of the FinFET 10. This prevents recesses and
under-etch regions under the fin 5 to be formed in the buried oxide 2. Hence,
residues of materials or chemicals further used during the manufacturing of the
FINFET 10 cannot stick in these recesses and under-etch regions as they do
not exist. Hence, no additional process steps are required for removing these
raesidues.

According 0 a second embodiment of the invention, the substrate 1
may be a bulk semiconductor substrate. The method according the second
empodiment may be similar to the methed as described for the first
embodiment of the invention and is illustrated in Fig. 7 to 10.

First, a bulk semiconductor substrate t is provided. The bulk
semiconductor substrate 1 may be any suitable semiconductor substrate 1
onto which & semiconducter device 10 may be formed. For example, the buik
semiconductor substrate 1 may be any of a bulk silicon substrate, a bulk Ge
substrate, a bulk GaAs substrate, a bulk GaN substrate.
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In & next step, a major surface of the bulik semiconductor substrate 1 is
patterned so as to form at least one structure 20 extending from the substrate
1 having a major surface lying in a plane. When the major surface of the
substrate 1 is lying in a plane, patterning is performed in a direction
substantially perpendicular to the plane of the major surface of the substrate 1.
In the example given, only one struciure 20 is present on the substrate 1. It
has to be understood that this is only for the ease of explanation and that this
is not intended to limit the invention in any way. According to embodiments of
the invention, the substrate 1 may comprise any number of siructures 20
required to form a particular semiconductor device 10. Pattarning of the bulk
semiconductor substrate 1 may be hardmask-based or may be done by
photolithography using a photoresist. In the example iflustrated in Fig. 7 10 10,
a hardmask layer may be provided on the bulk semiconductor substrate 1, The
hardmask layer may have a thickness of between 50 nm and 100 nm and may,
for example, be 70 nm. The hardmask layer may, for example, comprise a
metal such as e.9. Ti, Au, Ag, Pd, a nitride such as e.g. TiN, TaN, HfN, SisNi,,
an oxide, stich as e.g. TiOz, Si0», a low-k dielectric or a combination, eg. a
stack, of the above materials. The thickness of the hardmask layer may
preferably be such that, when implantation of implantation elements is
performed in a later step of this method, the hardmask layer may act as a
shield for preventing implantation elements to reach the at least one structure
20 formed (see further). The hardmask layer may then be patterned and
etched to form hardmask 4 which only covers the bulk semiconductor
substrate 1 at the location where a the at least one structure 20 is to be formed
and leaves the other parts of the buik semiconductor substrate 1 exposed (see
Fig. 7). The exposed parts of the bulk semiconductor substrate 1 may then be
removed, e.g. by etching. Etching may, for example, be performed by a wet
etch, a dry etch or 8 combination thereof, The structure obtained after etching
the bulk semiconductor substrate 1 is illustrated in Fig. 8. The patterned silicon
layer forms the at least one structure 20 of the semiconducior device 10, The
at least one structure 20 can during further processing of the semiconductor

device 10 be used to form e.g. a gate. The amount, i.e. thickness of removal of
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the exposed part of the bulk semiconductor substrate 1 depends on the kind of
semijconductor device 10 to be formed.

In a next step, implantation of implantation elements is performed
(indicated with arrows 7 in Fig, 9) to form locally modified regions 6 in those
parts of the bulk semiconductor substrate 1 which are not covered by the at
least one structure 2C. The implantation elements are such that the etching
resistance of the regions 6 which are implanted is increased, With increased
etching resistance is meant that the locally modified regions 8 have a reduced
etching speed with respect to the starting or original substrate 1. Most
preferabiy, the implantation elements may be C, N, O or a combination thereof.
Preferably, an implantation dose of between 1E13 cm™ and 1E17 cm? may be
used. During implantation of the implantation elements in the exposed parts of
the bulk semiconductor substrate 1, the hardmask 4 may act as a shield for
preventing implantation elements to be impiantad in the at least one structure
20. This is because the presence of implantation elements in the at least one
structure 20 can lead to increased sidewall roughness of the at least one
structure 20. Furthermore, the presence of implantation elements in the at
least one structure 20 may lead to scattering of mobile carriers which may
affect mobility of the mobile carriers in the at least one structure 20 which may
later serve as e.g. a gate. According to embadiments of the invention,
implantation may be performed in an anisotropic way. Implantation may be
done in, when the bulk semiconductor substrate 1 has a major surface lying in
a plane, a direction substantially perpendicutar to the plane of the major
surface of the substrate 1. With substantially perpendicular is meant that the
dirsction of implantation of the implantation elements may most preferably
make an angle of between O and 5 degrees with the direction substantially
perpendicular to the plane of the major surface of the substrate 1 such that
substantially no implantation elements can enter the at least one structure 20
through its sidewalls which are not covered by the mask 4. With substantially
no impiantation elemants entering the at least one structure 20 is meant that a
concentration of preferably less than 1E12 cm™ and more preferably less than
1E10 em™ of implantation elements may enter the at least one structure 20

during implantation of implantation elements to form the locally modified



10

15

20

25

30

(40) JP 2009-38351 A 2009.2.19

19

regions 8. Therefore, most preferably, implantation may be performed with
PLAD (plasma doping), as was already described in the first embodiment,

According to other embodiments, implantation of implantation elements
may also be performed by any other known conventional implantation
technique such as e.g. ion implantation. For example, according to other,
though less preferred, embodiments of the invention, any plasma having an
anisotropic character may be applied for implanting implantation elements, as
long as the direction of impiantation is substaniially paraliel to the formed
structure 20 as was described above, e.g. remote plasma or RIE.

During implantation of implantation elements the hardmask 4 which is
still present on the at least one structure 20 may act as a shield for preventing
implantation elements o be implanted into the at least one structure 20.
Therefore, the thickness and the material properties of the hardmask 4 should
be chosen such that after implantation only a part 8 of the hardmask 4 is
implanted with imglantation elements and that the implantation elements are
not able to reach the at least one structure 20 (see Fig. 10). By implanting the
implantation elements in a direction substantially paralle! to the formed
structure 20, preferably substantially perpendicular to the plane of the major
surface of the buik semiconductor substrate 1, no implantation elements are
imptanted in sidewalls of the at least one structure 20,

After implantation of the implantation elements in the exposed parts of
the bulk semiconductor substrate 1. the locally modified regions 6 may
optionally be extended underneath the at least one structure 20. This may
preferably be performed by annealing the substrate 1. Annealing may be
performed at temperatures of between 800°C and 1000°C for a period of
between 1 second and 60 seconds. The locally modified regions 6 may have a
thickness { in the bulk semiconductor substrate 1 of, for exampie, between 1
nm and 20 nm, preferably between 1 nm and 10 nm.

The presence of locally modified regions 6 in accordance with
embodiments of the present invention may be detected by, for example,
chemical analysis of the substrate, for exampie, by filtered transmission
electron microscopy (TEM).
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In a next step, the hardmask 4 may be removed. This may be done by
any suitable technique known by a person skilied in the art, such as stripping.

Figure 11 shows a Scanning Spreading Resistance Measurement
(SSRM) profile of a bulk FINFET, i.e. a FinFET formed on a bulk semiconductos
substrate 1, in the example given a silicon substrate 1. A fin 6 is protruding
from a bulk silicon substrate 2. This fin 5 is then doped using PLAD, As can be
seen from figure 11 (darker regions} implantation occurs in the regions
indicated with reference number 6 and on top of the fin 5 but not in the
upstanding surfaces or sidewalls 14 of the fin 5 which remain substantially
unaffected by the PLAD doping process.

Further manufacturing of the semiconductor device 10 may be done as
known by a persen skilled in the art and depends on the semiconductor device
10 required to be formed.

During process steps performed after formation of the focally modified
regions 6, these locally modified regions 6 with increased etching resistance
protect the substrate 1 against influence of materials and chemicals further
used during manufaciuring of the semiconductor device 10. This prevents
recesses and under-etch regions under the fin 5 to be formed in the substrate
1. Hence, residues of materials or chemicals further used during the
manufacturing of the semiconductor device 10 cannot stick in these recesses
and under-etch regions as they do not exist. Hence, no additionai process
steps are required for removing these residues.

The methods according to embodiments of the invention lead to
semiconductor devices with good electrical properties and good mechanical
stability.

It is to be understcod that although preferred embodiments, specific
constructions and configurations, as well as materials, have been discussed
herein for devices according to the present invention, varicus changes or
modifications in form and detall may be made without departing from the scope
and spirit of this invention.
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A method for forming a semiconductor device (10} on a substrate (13

having a first major surface lying in a plane, the method comprising:

- patterning the first major surface of the substrate (1) to form at least
one structure (20} extending from the substrate (1) in a direction
substantially perpendicuiar to the plane of the first major surface, and

- forming locally modified regions (6) at locations in the substrate {(t)
which are not covered by the at jeast one structure {20}, thus locally
increasing etching resistance of these regions (5),

characterised in that forming focally modified regions (6) is performed by

implanting implantation elements in & direction substantially

perpendicular to the plane of the first major surface.

A method according to claim 1, wherein focally increasing etching

resistance prevents under-etching of the at ieast one structure (20) during

further process steps in the formation of the semicondustor device (10).

A method according to any of the previous claims, the substrate {1} being

a semiconductor-on-insulator substrate comprising a semiconductor layer

(3) on an insulating iayer (2) having a surface, wherein:

- patterning the substrate comprises patterning the semiconductor layer
{3), and

- forming locally modified regions comprises forming locally modified
regions (B} in the insulating layer (2) at locations which are not
covered by the at least one structure (20).

A method according to any of claims 1 to 2, the substrate {1} being a buik

semiconductor substrate, wherein:

- patterning the substrate (1) comprises patterning the bulk
semiconductor substrate (1), and

- forming locally modified regions comprises forming locally modified
regions (8) in the bulk semiconductor substrate (1).

A method according to any of the previous claims, wherein implanting

implantation elements is performed by ien implantation.
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A method according to any of the previous claims, wherein implanting

implantation elements is performed by plasma doping.

A method according fo any of the previous claims, wherein implanting

implantation elements is performed at a dose of between 1E13 em™ and

1E17 cm™

A method according to any of the previous claims, wherein the

implantation elements comprise carbon, nitrogen, oxygen or a

combination thereof.

A method according to any of the previous claims, wherein the method

furthermore comprises extending the locally modified regions (6) under

the at least cne structure (20).

A method according to claim 9, wherein extending the locally modified

regions (B} under the at least one structure (20) leads to formation of

locally modified regions (6) with a thickness (t) of between 1 nm and 20

rm.

A method according to claim 9 or 10, wherein extending the locally

modified regions (6} under the at least one structure (20) is performed by

annealing.

A method according to claim 11, wherein annealing is performed at a

temperature of betwsen 800°C and 1000°C.

A method according to any of claims 11 or 12, wherein annealing is

performed during a time period of between 1 second and 60 seconds.

A method according to any of the previous claims, wherein patterning the

substrate {1} is performed by:

- providing a mask {4) onto the substrate {1}, and

- removing parts of the substrate {1) which are not covered by the mask
(4},

A method according to claim 14, wherein providing a mask (4) comprises

providing a hardmask comprising at least one of a metal, a nitride, an

oxide or a fow-k material,

A method according to claim 14, wherein providing a mask (4) comprises

providing a photoresist polymer.
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A semiconductor device (10) comprising at least one structure 20
extending from a substrate (1) having a first major surface lying in a plane,
the at least one structure extending in a direction substantially
perpendicular to the plane of the first major surface of the substrate (1),
wherein the semiconductor device (10) furthermore comprises tocally
modified regions (8) in the substrate at locations not covered by the at
least one structure (20), the iocally modified regions (B6) having an
increased etch resistance with respect to the etch resistance of the non-
modified substrate (1), characterized in that the locally modified regions
(6) comprise implanted implantation elements,

A semiconductor device (10) according to claim 17, the substrate {1
being a semiconductor-on-insulator substrate and the semiconductor
device (10) comprising a patterned semiconductor fayer (5) on an
insulating layer (2) of the semiconductor-on-insulator subsirate (1), the
insulating layer (2) having a surface, wherein the locally modified regions
in the substrate are locally modified regions (6) at the surface of the
insutating layer (2) at locations which are not covered by the patterned
semiconductor fayer (5},

A semiconductor device (10} according to claim 18, wherein the locatiy
modified regions {6) in the insulating layer (2) comprise SiONy, wherein x
and y are integers and x+y = 1.

A semiconductor device according to claim 17, wherein the substrate &)
is a bulk semiconductor substrate.

A semiconductor device (10) according to any of claim 17 to 20, wherein
the implantation elements comprise carbon, nitrogen, oxygen or a
combination thereof,

A semiconductor device (10} according to claim 21, wherein the iocally
modified regicns (6) have a concentration of carbon, nitrogen andfor
oxygen of between 1£13 cm™ and 1E17 em™®.

A semiconductor device {10) according to any of claims 17 to 22, wherein
the Jocally modified regions (6) have a thickness (f) of between 1 nm and
20 nm.
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24.- A semiconductor device {10) according to any of claims 17 to 23, wherein
the locally modified regions (6) extend underneath the at least one
structure (20).

25.- A semiconductor device (10) according fo any of claims 17 to 24, wherein
the semiconductor device {10) is a FinFET.
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ABSTRACT

SEMICONDUCTOR DEVICE

The present invention provides a method for forming a semiconductor
device (10) on a substrate (1) having a first major surface lying in a plane. The
method comprises, after patterning the substrate (1) to form at least one
structure (20} extending from the substrate (1) in a direction substantially
perpendicular to the plane of the major surface of the substrate, forming locally
modified regions (&) at locations in the substrate which are not coveraed by the
at least one structure (20), thus locally increasing etching resistance of these
regions (6). Forming locally modified regions may prevent under-etching of the
at least one structure during further process steps in the formation of the
semiconductor device (10). Forming focally modified regions (6) may be
performed by implanting implantation elements into regions of the substrate { b
not covered by the at least one structure (20). The present invention
furthermore provides a semiconductor device obtained by the method
according to embodiments of the invention. The semiconductor devices
according to embodiments of the invention have good electrical properties and
good mechanicai stability.
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