|

) <

The University of Osaka
Institutional Knowledge Archive

Title | 2EDHT 7 AND S L ARERE BN EES T
5 7 M TFHE

Author(s) |AE, oiE

Citation | KRAKBEEEZVHY—7LY. 2010, 151, p. 20-26

Version Type|VoR

URL https://hdl. handle. net/11094/5641

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



gpbooeecoEnnOnd

Joodootdoogbotobodgboodoodo

gooootobbobobbbobbobbbobon

ooooo
ooo ooooo oooooooo
0000000000000000000|0000000000000000000000
ooooo 0000000000000 00 0000000000000000000
0000000000000000000|0000000000000000000000
ooooo 0000000000000 00
000000000000000000 |00000000000000000000
ooooo -
000000000000000000 @ |0000000000000000000000000
ooooo 0o 0000000000000000000000000
0000000000000000000M0 |0000000000000000000000
ooooo 00 0ooo0o0o0o0on
0000000000000000000 |0000000000000000000000
ooooo 000000000 MO0O00000nono 0000000000000
000000000000000000 |0000000000000000000000
ooooo 00 000000000
000000000000000000 |000000000000000000000000
noooo 0o 000000000000000000000000000
000000000000000000 |0000000000000000000000
ooooo 00 00000000000000000000
000000000000000000 |0000000000000000000000
noooo ooo 0000000000000 0000
000000000000000000 |0000000000000000000000
e ooo 000000000
000000000000000000 |0000000000000000000000
ooooo ooo 0000000000000000
0000000000000000000|0000000000000000000000000
ooooo 0000000000000 O000 0000000000000000000000
0000000000000000000M | 0000000000000 00000000000
ooooo ooo (000000000 0000000000000
ooooo 0000000000 0000mMmOo0oO SESDDDDDDDDDDDDDDDDDDD
_ 000000000000000000 |0000000000000000000000
Yanjun LI ooo ooooooo
0000000000000000000 |0000000000000000000000000
ooooo 0ooo 000000000000000000000
0000000000000000000|0000000000000000000 Sio0
e 0000000000000 00 00000000000000
000000000000000000 |0000000000000000000000
ooooo 0ooo 000000000000
000000000000000000 |000000000000000000000
ooooo g
000000000000000000 |00000000000000EUVLOOO0O00
ooooo 00 000000000000
000000000000000000 |0000000000000000000000
ooooo nlln 000000000000000000

gboboobooooobooboboboooooon
oboboobooooobobobobooooooon

0200



GCOEO O

200000000000000000
Joooodoooddoon

Jootoobobobobbnb Obodyad

O -0I0: OO0 @10 000 0 4O

100000

o0ooooboodouoodoboooonoooouooooooXgtoooooooo
000000000000 0000000000000000000000000000oDOoD00
00d0d0od0ooooooooooP®*gooodooooooooooooooooood
000000000000 0000000000000000000000000000oOoDO00d
obooooooooouoouooboobooooooooobooboooooooonoon
00000000000 000000000000000ADOWY/S000000000000000
00000000 00O0000O0O0O0O0 Point Diffraction Interferometer: PDICO 000000000
000000000000 0000000000000000000000000000oOoDO00d
ooodooobooooooooooooboooooooooooooopPDIDO00noooDO
O00000000000000000000000000D00O0O000 D dPhase-Shifting: PSO O
obooooooooouoooooboobooooooooobooboooooooonoon
0000000 00OoOooPS/PDIDO0OOOOOODDOODOODOOOOOOOODOOODOOO
dddddddd00o0o0ooOoOoOoOoooges/pDIDOOOOOOOOOOODOOOODODODOO
000000000000 00000 1000000000000000000D0D00000OOd
0000000000000 oDOd0oo0o0o0oOooo0oooOooooo®*gOpoooog
000 100000000004dLLNLO Lawrence Livermore National LaboratoryD OO0 OO 00O O
000d0o0ooo0oo®"*™0o0000oooPsS/PDID0 10000000000 O0OO0DOOOOOO
000000000000 0000000000000000000D0DD00Dooo0ooooDOog
0000000000000 ooooooooooooooooooooooo 20000
OPS/PDIODO0OOODOO20000000000000000000000DO00000O00OO
O0o0o0o0o0o0o0o00o0oooooooooooooooooooooooooooooooon
Oo0ooooooooogiee™mm

202000000000DL000D0DOOO0OLDDOO
0ilio0booboboooboobboobboooboo 20b00oPDID0bOOOD200

0210



Spherical wavetront
(referrence)

Small aperture
(No.1 fiber core)

Aberrated wavefront

c—

Spherical wavefront

(

Interferogram

Small aperture
(No.2 fiber core)

Test
mirror

01 ODO0obooooooboob20000000000000D02000000000PDIODODO

gooooooouoouoonooooooooooonoobooooooooooooon
00000000000 00D00o000Dooo00o0ooooooooooooon
0000000000000 0DD0DD0DD0O0DD0DDODODOODOOOHuygens-FresnelD OOOOOOODO
0000 0O Helmholtz-Kirchhoff DD O D OO0DO0O0O0O0O0OO0ODOODOO O Fresnel-Kirchhoffd O O
goooobooooouoonooooooooooonoonooooooooooooon
000000000000 000000 a00000000000000000DOO0O0O0O0O0
goooodooooouoonooooooooooonooooooooooooooon
00D0D00000000000000000000000000000000A0Airy DiskO 00O
gooooooouoouoonooooooooooonoonoooooooooooon

10°
=
Flat edge fiber (No.1) g %X 1077
Strait fiber =R -~
£ 5 104 5
L o s
S = )
- © z
= O 106 1 =
25 S|
S 2 2
Z 2 100 k=
B Spherical Flat edge fiber (No.2) g 2 o | |
£ * front = 2 LA
= we £ 10109 |
"~ Aberrated wavefront Flat edge fiber /,." ;
@) -60 —-40 -20 0 20 40 60
Diffraction angle (degree)
10°
A =
Inclined edge fiber (No.1) X 102 A
Tapered fiber é/ s
S 107 1 5
=) &
8 100 A z
: 5 ) Z
/ . N < . |Inclined edge fiber | ,‘ 3
5 4 Inclined edge fiber & 107 1 15degree 7 Pl =
§ 3 \“ 15degrec  (NO.2) S 1070 = i
j=> O =
P~‘<>“6 o W ek
T T T T T T T | i s | T
-60 -40 -20 0 20 40 60

Diffraction angle (degree)

02 00O0O0OO0ODbOOOO0OO0OO02000000D00D00C0O0O0DODODOOOODODODOOOODO
gboooobooooboooobooboobbbooooobaboboboobooooooboboboon
OMmp0O00000000O0oOooooooo

0220



gobgoooboobooooboooboobboobbooobooobo4emibbOo0oboOooDO
Oo00obOO0oooAaDe328nmOHe-Ne0 00000 ODOODOODODODODOODOODODODOO
gobogobogzeeogbbogobobooboboobboobboobboobboonbDoDo
O000O00Q0OD10A000000O0O0OoOODODOOOODOOODODOOO

01000000000 200000PS/PDIDO0OCOOOOODODOODODOODOOODOODOO
gobooboooboooismbboobgoobooooosmbboobooboooooboooDg
gbobil10boooboooz20bg0boooboooboboobooboobooobbobobooDbo
gooogboooboboobooboo 20b0bo0oboobooboobooobooboboobo
gbogbogooboboobuoobooboobooobooobobooboobooboboboobo
gz200b0000b0boobobboooboboobobbgoobooooboobobOogizsy md
gdodoooooooooobooooobobooboobobobbbbbbbosSsymbbOoooooog
15°0000000000b000bDboooboooospe mobbbgoobooooog
oooOooooogbo0OOO0ODODODODODO200000000000000O0O0OO
gooooboboooooobobbooooobobobboooooboobobbooooobobbbooooooo
Fresnel-KirchhoffOCO OO DOOODO15°000000000000O00OOCOOODOODOOO
NAC2DOODODOODOOO0OODDOOOO0DODODODO10 A 0000000000 0oooooO
gobooboobooboboobooopDIiIDb0oobooboooobooboobboooDO
gooooboog

3000gbob20000oOoPs/PDIDDDOOOO
g3g0obgboooboooo
gooooooboobg 200
O0oO0o0OO0ooDOob0OOPs/PDI
goooboooboooboooo

Single-mode Optical Fibers

K Test mirror Piezo stage /\ Detector with CCD

|
|
1
oo0ooooooooooooo . }
- |
000000000000000 Obijective lens ==
I . \ q]I Nmerwaveplate I
|:| D D |:| D D |:| D D |:| D |:| D D |:| L — -Hzﬁwave plate - Polarization beam splitter I
He-Ne laser Optical isolator l
000000000000000 | e ’N:!/A.mm |
e — o NP lt: --------
|:| D D |:| D D |:| D I:l |:| D I:l |:| D I:l Vibration isolation table
00000 o00o00o0ooooon |PC (piezo and CCD controller) }

Temperature-controlled room

0JoooOoOoooo/00000

goooouoodooooood 03 000000000000 200000PS/PDIDOOOO
00632.8 nmd 0 0O 0 O He-Nell O
oo ouoooboouo
ogbdoooooooouooooobooooooooooooobooooooooooooon
0020000000000 2000000000000004pmO00000OOoOoOoooOon

0230



200000b0ooboboobobooboobobooobooooboboon

goooboobobooboobooboboooboobobobooboobobboobooD
gobobboooobobobooooobobboooobobboooooceecbobooboooooboo
goooobooboboobooboboboobooboobobooobobobobobobooDbo
obobooooboboooobobbooobobbooobbiloboooobboboceebbog
ooooboob0O3mbdbOObOU0O0OO0Onm/200 700000000 0ODODOOODOODO
obooobuoooboooboobobooboboooboooobbooobboOoobobiloeond
oooobobooonbg

A000ooouooooooo
gbz20mmb0OgopoisoommbbDo0gooDooooDooobooooogops-PDIOODOO
ooboooboob400b00&aa0b00oboobobooboobooboboobDbOoboDO
gobobbooooboboboooobobbogogecbuooooobooooobbboooooboo
OO0 api0oba0000ODbOO0OOO0DOODOOOODOOOODODObODOODODbDOO
ogoboggcobccbbuogobobogileoooboboooobuoooboboooboooboo

Y position on CCD (mm)

Y position on CCD (mm)

3.0 <15 0.0 L5 3.0
X position on CCD (mm)

-3.0 -1.5 0.0 15 3.0

(b) X position on CCD (mm)

—~
QO
~

100

—~ 3.0 ~
g g
£ )
8 L5 g
Q E
0.0

: 2
5. :
‘B =
S

g £ 50
> -3 )
30 -5 00 15 3.0 :

X position on CCD (mm) 100

) -100 -50 0 50 100
60 -30 0 30 60 X position on the mirror (mm)
Deviation (nm) m
(C) 30 -1 0 15 30
(d) Deviation (nm)

04 0O0OU0U00ODOOCOOUOO0OO0DaO0OCOOO0OODOOOOUOOmMbOOCOOOOOOCOO™cOCCDOOOO
goplo0dooOo0ooObo0mdibOo00oooooooo0obboooboooooooboOog

0240



ggboboboooobobooooobobbuooooboboooobobbooooececbuoooobog
goooooooboobobobbbbbbobooooooogoeecpboooooboboboboomed
OO00D0OD000D0OO0Ma00O000000o0o0ooOoOoObOOUDOdHelmholtz-KirchhoffO
goo00oO0OO0OO0O0OOODOOOOOOOoR"ODoooooood
gboobgoooboooobooboooobooboobobooboobobboboooon
gooobogoobobooboobooboboooboobobooobDooboobobooobo
gowlocommidbooonooooooobooboobooboooonooobooobooong
oooobooboobOoboooboobooogdoboooo
gboobgoooboooobooboooobooboobobooboobobboboooon
gobooboobooboobboobooboobooboboobooboobooboboOs
gboo1l1gobooboooboobdedbooboboooboobobboobooboboboobg
goobooobobooobobooooboopvooosSnmmdrmsddoilznmi0nooononog
gogd
gooobooobooboboobooboboobobobobboobooboobobobnooo
OO000O0o000O00bOo0o0DoO0ooOoOooO wa0d00OOO0@m@mbODOOOOOODOOO
gooobomcdobobobobooboobobobobboboo 3o gobobooonO
gboboobooboobboobooboobboooboob YcbooboobboonoDO
goooboooboboobooboobobooobooboboboobooboobobooobo
gbooobgobooopvOdb2o0nmUrmsOgdossnmUinoooooogooog

Y position on the mirror (mm)

-100 -50 0 50 100
X position on the mirror (mm)

|

-5.0 2.5 0.0 25 5.0

() Deviation (nm)

05 00000000000000O0ms08SnmI0a0000MMmb0IOOMcO0OOOnOO

0250



stbnonon
gbooooz2b0ooooooobogoboobobobooboobooooooooboon
Ps/pDIDOO00OOOOOOOODOOODOOOOOOODOOODOODOOOODOOODOOD
gogboboboooobbobooobbobuoooobooboooboboboooobbbooooboon
gbooobgooboboobgooobobooboobooboobooboobobbobooDbo
goobooooooceecpbobooooooopooooobboooob 2o0booooobog
booboooboboobooboboobooboobobooboobobboobg 200
ggboobooooboboogobobuoooobboooobboboooobbboooboo
oopooops/PDIOOCOODOODOOOOOOOODOOODOODOOOODOOODDOODDOO
ggboobuooobobobooooboboooobobooogboo

HEN
gogbobobogooocoebbobouooooobooooooboboooobbboooboboboo
goooboobobooboobobobooboobobobobooobobobobobobooDbo
booogooobobooboooboboobooboooboobooboobobboobooDo
ogoboboooobobobob0 obo boboobooboobobDboobobobobobobog
gboogobooobgoooboobooboobobuooboboobuooboboobooo

agoog

0 10 G. E. Sommargen, OSA TOPS on Extreme Ultraviolet Lithography, 40 199601 108.

0 2 O K. A. Goldberg, J. Vac. Sci. Technol. B, 161 19981 3435.

0 3 0 K. Otaki, K. Ota, I. Nishiyama, T. Yamamoto, Y. Fukuda, S. Okazaki: J. Vac. Sci. Technol. B, 20
[0 200200 2449.

o4000,00,00,00,00,00,000000,690 200301 678.

O 50T. Matsuura, S. Okagaki, T. Nakamura, Y. Oshikane, H. Inoue, M. Nakano, T. Kataoka,
Opt. Rev., 1401 20070 401.

0 6 O T. Matsuura, S. Okagaki, Y. Oshikane, H. Inoue, M. Nakano, T. Kataoka, Surf. Interface Anal., 40
[0 200807 1028.

0 7 0 T. Matsuura, K. Udaka, Y. Oshikane, H. Inoue, M. Nakano, K. Yamauchi, T. Kataoka, Nucl. Inst.

Meth. Phys. Res. A, 6161 201001 233.

0260



