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3-2

3-2-1 13 nm
X
X
EUV NTT
[1, 2] AT&T Bell 0.05mm L/S
[3] X Soft X-ray
Projection Lithography; SXPL X
1993 EUV Extreme Ultraviolet Lithography; EUVL
SORTEC [4] X
3-1 1/32 NAO0.2
13 nm EUV
Mo/Si
1.1 nm RMS 1.9 nm RMS 0.9 nm RMS
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Mo/Si
2-2 Mo/Si
2 2
He-Ne
3.4 nm RMS EUV 13 nm 1/4
SORTEC D2 3-2-1
3-2-2 0.1 mrad
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X 8°
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0.1mm SiN
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0.1 mm SiN 0.22 mm
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0
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0.9 mm
0.3 mm L/S
0.3 mm L/S
PMMA
13 nm
0.9 mm
3-2-3 13 nm
20 30 mm

3-1 4.5nm
3-2-7
22 mm C C
4.4 nm X
13 nm
13 nm
4.5 nm

PMMA OEBR-1000

AZ-PN 100 Hoechst

20
0.1 mm L/S
4.2 nm RMS
0.2 mm
3-2-9 (a) 09 mm AZ-PN 100
3-2-9 (b) 09 mm PMMA
2
4.5 nm 0.2 mm
0.1 mm
EUV
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[5]

[5-7]
X Au, W, Ta
Ge
[5, 6] 13 nm 3-2-10
13 nm X Au W Ag Ni
0.1mm  Ni 400
Ni ” ” 23 4.4 nm X
0.1 mm [8]
Ni
Mo/Si Ni Si
6.7 nm 50 Mo/Si
Si Mo 2
Ni pH4
3-2-1 pH
Pt 2 mA/cm’
3 50 3-2-11
SEM Si Ni 3 10mm
3-2-11 (a) Si
Si 4nm
Mo
Ni 3-2-11 (b) Ni
100 nm/min Mo/Si Mo 3nm
Mo Ni
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Mo/Si Si
6.7nm  Mo/Si 50
90 Ni
10 CuKa 0.154 nm
3-2-12 4
3-2-13 X
BL-11A
Mo/Si Ni
Mo/Si
3-2-14
Si 6.7 nm
Mo/Si Mo
g 436 nm
g 0.8 mm
OFPR-8800 0.3mm
OEBR-1000 Mo
50 pH4 3
6 0.1 mm 0.2 mm Ni Ni
RIE
25Pa rf 50 W
100 Vv RIE Mo/Si
[5]
Mo/Si Mo
Mo
Mo/Si Mo Ru
100 %
3-2-15 SEM 3-2-15 (a) g
0.1mm 3 mmL/S
3-2-15 (b)
0.2mm 1mmL/S
X SORTEC
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pH4
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PMMA
Pt
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BL-D2 13 nm 3-2-16 3-2-1

90
3-2-17  3mmL/S
0.18mm PMMA ORBR-1000
0.1 mmL/S

a7
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3-2-1

H3BOs 30 g/l
CH3(CH2)110803Na 0.5 g/l
Wafer

PMMA t0.18um

Au t0.22um on SIN  t0.1pm
Vacuum separation filter\

SiN'0.1um N
C?} H T || H ,
|

SR Spherical Deflecting mirror T
R 40m Schwarzschild optics
deflection angle 8° 1/32, NA 0.2

Mo/Si multilayers

3-2-1 SORTEC X

13nm
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3-2-2 SORTEC X

3-2-3 13 nm

PMMA, 0.18 mm
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3-2-4 13 nm
PMMA, 0.18 mm

T
(b)

3-2-5 13 nm 0.05mm L/S
PMMA, 0.18mm (a) (b)
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1st. order diffraction
by vertical L&S pattern

NAML
0.1 3um L&S

a
Y

1st. order diffraction
by horizontal L&S pattern

Direct beam

y NA/

)7
\

Fupil function of
Schwarzschild optics

0.66MNATL
0.05um L&S

3-2-6

Wafer
X-ray mask
Au t0.22um on SiN t0.1um

t
Vacuum separation filter or *0.05um
SiN t0.1um -

. —

G
1‘

i

SR Band-pass filter
C t2.2um r
Spherical deflecting mirror Schwarzschild optics
R 40m 1/32, NA 0.2
deflection angle 8° NiCr/C multilayers
3-2-7 SORTEC X
4.5 nm
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[[IAN

e
B —
[ a—
e
e

3-2-8 4.5 nm
AZ-PN 100, 0.3 mm

3-2-9 4.5 nm 0.3mm L/S
(a) AZ-PN 100, 0.9 mm, (b) PMMA, 0.9 mm
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Transmittance

A=13nm |—--Ag

-
I

150 200
Thickness (nm)

3-2-10 X 13 nm

1 7SRN S ..S.?}_‘"‘_.EE:IH" :

(b)

Mo/Si Ni
@) Si, (b) Mo
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o T ——rrTrTrr Ty

—— Before soaking

[
- Al S T/ [ After soaking
P
> 10°
=
3 107
z
1072
107
0 1 2 3 4 5 6
Angle 26 (deg)
3-2-12 Mo/Si CuKa 0.154 nm
1 S ———
60 ' ——Not soaked
) 50 _ ----- Soaked
Z 40F
= ;
S 30F
g :
C 20 fF
10 |
D :. PP .
11 11.5 12 12.5 13 13.5 14
Wavelength (nm)
3-2-13 Mo/Si X
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Multilayer deposition Mo/Si multilayers

& Substrate

Resist
Resist coating
Exposure &
Development ~| ﬂ ﬂ H H ﬂ ﬂ |_
Ni film

Electroplating *

Resist removal

3-2-14
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() (b)

3-2-15
Mo Mo/Si Ni
@ 3mmL/S, g , (b) 1 mm L/S,
. 1H PMMA t0.18um
multilayers

incidence angle 2°

Vacuum separation filter \
SiN '0.1pm ) —
K |
YT
1 =
SR ¢ Fold-back mirror

Be filter t1um  Mo/si multilayers
incidence angle 2°

Spherical deflection mirror

R 40m _ _
deflection angle 8° ?ﬁg‘gaﬁiﬂgl? optics

Mo/Si multilayers

3-2-16 SORTEC X
13 nm
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0.5
I____L_Lm_l

3-2-17 X
PMMA, 0.18 mm, 0.1 mm L/S
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3-3 3

50 nm
30 mmx 60 mm
20 mmx 20 mm
Mo/Si 70 % 100 %
[2-4] 3
[1]
119 m
15 GeV 500 mA
10" photons/sec/mrad’/mA/1%BW
40 mrad 3.8 mrad 13 nm 2%
0.27 W EUV
2

3-3-1 EUVL

2 M1, M2

SiN
2 1
2
23+ 1 1000
3-3-1 EUVL 0.1 1/5
0.1 mm 1.9 mm 30 mmx 1 mm
6 8
1/5
MTF 70 % distortion

59



distortion 10 n
Mo/Si 13 nm
3-3-2
3
Zerodur-M

3-3-3 MTF 3-3-3(a)

3-3-3 (b) 100 nm
5000 mm 3-3-3 (a)
MTF 45 %
mm 60 nm L&S 3-3-3 (b)
MTF
100 nm L&S
EUV
Marechal [5] Strehl
0.8
1/14 13 nm
1nm
3-3-4 M3 2 Z
0.5 nm
3-3-5
M3
3-3-2 MTF 45 %

60

m

100 nm L&S
MTF
8000

1.9 mm

EUVL

70 %

M2



X, Y M1 M2 M3
3-3-6 M3
M3 M1 M2
3-3-3 M1 X, Y
3 M2 5
3-3-2
3-3-7 3-3-8
3-3-4
Z
A 2 mm
0.6 ppm
XY 1 nm
3-3-9
TTR (Through The Reticle) [6]

Sandia NL  10xlI
[7] 30 nm 3s
TTR
EUVL

ASET Association of Super-Advanced Electronics Technologies;
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3-3-1 EUVL
13 nm
NA 0.1
1/5
100 nm
1.9 mm 100 nm
60 nm
30 mmx 1 mm
30nm 3s
6
8
3-3-2
[mm] [mm] [mrad]
X Y Z a b
M1 0.7 0.45 0.02 0.1 0.3
M2 0.01 0.008 0.001 0.04 0.07
M3 0.01 0.008 0.001 0.01 0.01
3-3-3
M1 Z a b
4 mm 34.9 mrad 34.9 mrad
1 mm 10 mrad 10 mrad
M2 X Y Z a b
4 mm 4 mm 8 mm 7 mrad 7 mrad
1 mm 1 mm 0.2 mm 1.5 mrad 1.5 mrad
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3-3-4

Y 100 mm 2 mm

Z 40 mm 2 mm

a + 34.9 mrad 0.2 mrad

b + 34.9 mrad 0.2 mrad

q + 26.2 mrad 1.5 mrad

X 200 mm 2 mm

Y 120 mm 2 mm

Z 40 mm 2 mm

X, Y 100 mm 1nm

Z 100 mm 10 nm

ab 3.4 mrad Imrad

+ 1 mrad 20mrad
Thermal clean chamber
lllumination chamber Exposure chamber Mask
New Subaru ring Filter chamber ;:1 c2 {
M2 chamber
[ — |
| o | s
el [} NS [ SR R S O N e
M1 chgmber \
Entrance pupil of grr:)tji:ztligfi:tfics /( =
rojection optics
projection opt Projection optics ~ YVafer
3-3-1 EUVL
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Medulation transfer function
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Modulation transfer function

(b):

Wafer Mask
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4

------ ~-Tangential \;;

MTF

0 Lid
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AZ (nm)
e, A5\ 0.96

0.48}

poet
o O 0

|

Support. point

3-3-4 M3

3-35 M2, M3
(a) M2, (b) M3
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3-3-6

Alignment system

afer stage

| \ ' )
Projection optics @\ == @ Mask stage
housing | = B i

; L Vacuum chamber

Vibration
isolation bench

3-3-7
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3-3-8

Detector

View port

Light source

3-3-9
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3-4 EUV

3-4-1

EUV

3-4-1
EUV
3-4-2 (a) NA 0.2 1/20
3-4-2 (b)

point spread function; PSF

1=13.4 nm 0.0321 RMS strehl 0.96
PSF
1 RMS strehl 0.94
3-4-3 (a) NA 0.25 1/4
3-4-3 (b)
1=13.4 nm
1.0
0.1251 RMS strehl 0.38
0.0381 RMS strehl
EUV
EUV EUV
EUV
EUV

NEDO 2001 2005

7nm

0.94

13nm  Mo/Si
13.4 nm
3-4-2 ()
0.038
13.4nm
PSF
0.0021 RMS strehl
3-4-3 (c)
PSF
3-4-3 (d)
2006 2009 EUVA

Extreme Ultraviolet Lithography System Development Association;
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3-4-2 EUV

1/D1
EUV
3-4-4 (a)
[5]
PDI

BL9
1000

EUV

PDI
[4]

[1-3]

12D1

(b)

70

wave packet

EUV

10 mm

common path

0.1 nm RMS

PDI (point diffraction interferometry)
5

CCD



NA
SN

3-4-5 (a) LDl (line diffraction interferometry) (b)
PDI
PDI
1
2 X-Y
3-4-6 (a) LSI (lateral shearing interferometry)
(b) [6. 7]
+1
0
1 CCD
PDI
X-Y
3-4-7 (@)  SLSI (slit lateral shearing interferometry) (b)
SLSI LSl
X-Y
3-4-8 (a) DLSI (double-grating lateral shearing interferometer) (b)
(8]
1
0 1
2
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0 2 1 1 1 2
0
CCD 1
X-Y
4 CCD
CCD
3-4-3 EUV
5 EUV EUV
3-4-9 EUV
DLSI
3 PDI LDI 1 1
LSl SSI DLSI 2 2
CCD
EUV
1 2
NAO.2 1000 mm 1/20 13.5 nm
He-Ne 1.06 nm RMS
q
NA =sing 1.221/NA 0.51/NA
NA 0.2/20=0.01
0.5 13.5nm/0.01 = 675 nm
500 nm PDI
0.5 13.5nm/0.2 =34 nm
S/N EUV

100 nm
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EUV

500 nm

EUV

PDI, LDI, LSI, SLSI, DLSI

interferometry)
PDI
LDI
X
LSl
SLSI

DLSI
XY
DTI

EUV
MO M1
4
3-4-11
EUV

CGLSI (cross-grating lateral shearing

BL-9
3-4-10
LU 2
S1
M4
M6 M7
M8
M8
[8-15]  3-4-12
DTI (digital Talbot interferometry)
PDI
1
Y
CGLSI
[16]
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0.04 nm RMS

LDI
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3-4-13  DTI CGLSI CGLSI 2

4 LSI X Y
1 LSI
2 DTI
Talbot
d |
2nd’/1 2n
n  Talbot
CGLSI DTI FFT
3-4-14  CGLSI CCD 2
X 1 Y 1
X Y
Zerinke
X Y X Y
Zerinke CGLS DTI

3-4-15 PDI  CGLSI

PDI 1.25 nm RMS
CGLSI 1.26 nm RMS
0.15 nm RMS
PDI
3-4-4 EUV
EUV EUV
EUV1 NAO.25, 1/4 EUV
EUV Wavefront Metrology System ; EWMS 3-4-16 EWMS
EUV
EWMS 3-4-17
EUV
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0.51/NA=0.5 13.5nm/0.0625 = 108 nm

nm 3-4-18 EWMS
EWMS
+ 0.1
PDI CGLSI
PDI
EUV
EUV1 10 nm
unwrapping
3-4-20(@) EWMS DTI EUV
532.2nm
nm RMS 8.37 nm
RMS 3-4-20 (c) Zernike
DTI
4
3-4-21 (a) 3-4-21 (b)  Zernike
1.57 nmz 0.04 nm RMS 0.04 nm
PDI  DTI
40 nm PDI
3-4-22 (b)  DTI
Zernike 5 36
7 36 0.37 nm RMS
0.24 nm RMS
EUV
(Multi incoherent source Talbot interferometer) [17-20]
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3-4-19
EWMS
DTI
EUV1

3-4-20 (b)
EUV
EUV 993

3.76 nm

3-4-22 (a)
1.79 nm RMS
1.32 nm RMS
1.08 nm
9 36

EUV
EUV
MISTI
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4 EUV

X EUV
EUV EUV
1990 NA 0.1 100 nm
EUV
NA EUV
EUV1 NA0.25 6
2 NAO0.3
high-NA small field exposure tool; HINA
4-1 NA HiNA
4-1-1  HINA HIiNA
[1] 2
300 mmx 500 mm
s 0.8
s 0
[2] 4 mm
40
13.5 nm NTT
Super ALIS ASET Association of Super-Advanced Electronics
Technologies; EUV
4-1-2  HINA NA 0.3 1/5 M1
M2 4 mm
0.019 nm RMS
5° 1°
2 M1
HIiNA 3 1 nmRMS
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[3] 1
1nm
HiNA
4-1-3 Set-1  Set-2
He-Ne
Set-1
6.2 nm RMS
Set-2
M2 3
M2
M2 5
0.5mm 0.3mrad
DC
4-1-1
1.2 nm RMS
Set-3

Maréchal
1/14 strehl 0.8
135nm EUV EUV

ULE  Zerodur

Set-1 M1 M2
PDI [4, 5] 4-1-1
7.5 nmRMS Zernike 36
1 nm RMS
Set-2
M1
Set-1
DC
0.1mm
Set-2
1.9 nm RMS Zernike 36
4-1-4 (a)
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4-1-2 Set-2 Set-3 LSFR (low-spatial-frequency
roughness) 1 mm™
MSFR (mid-spatial-frequency roughness) 1 mm* 1 mm™

HSFR (high-spatial-frequency roughness)
1

1 mm LSFR
36 Zernike
MSFR  Zygo New View HSFR  AFM
M2 AFM M1
M1 HSFR Set-2  Set-3 Set-3
Set-3 Set-2 Set-2
Set-3 4-1-4 (b) Set-2
4-1-1
0.90 nm RMS  Zernike 36 0.74 nm RMS
1 nmRMS
EUV1

I T Oshino, S. Takahashi, T. Yamamoto, T. Miyoshi, M. Shiraishi, T. Komiya, N. Kandaka, H.
Kondo, K. Mashima, K. Nomura, K. Murakami, H. Oizumi, I. Nishiyama and S. Okazaki,
“Development of projection optics Set-3 for high-numerical-aperture extreme ultraviolet
exposure tool (HINA)”, J. Vac. Sci. Technol. B, 22, 2975, (2004).

[1] T. Oshino, M. Shiraishi, N. Kandaka, K. Sugisaki, H. Kondo, K. Ota, K. Mashima, K.
Murakami, H. Oizumi, I. Nishiyama and S. Okazaki, Proc. SPIE, 5037, 75, (2003).

[2] H. Komatsuda, Proc. SPIE, 3997, 765, (2000).

[3] A. Maréchal, Rev. d’Optique, 26, 257, (1947).

[4] K. Otaki, T. Yamamoto, Y. Fukuda, K. Ota, I. Nishiyama and S. Okazaki, J. Vac. Sci. Technol.,
B20, 295, (2002).

[5] K. Otaki, K. Ota, I. Nishiyama, T. Yamamoto, Y. Fukuda and S. Okazaki, J. Vac. Sci. Technol.,
B20, 2449, (2002).
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4-1-1 HiNA

Zernike 36
Set-1 7.5 nm RMS 6.2 nm RMS
Set-2 1.9 nm RMS 1.2 nm RMS
Set-3 0.90 nm RMS 0.74 nm RMS
4-1-2 HiNA
LSFR MSFR HSFR
Zernike 36
Set-2 M1 0.52 nmRMS | 0.22 nmRMS | 0.34 nmRMS | -
M2 0.66 nmRMS | 0.40 nm RMS | 0.32 nmRMS | -
Set-3 M1 0.25nmRMS | 0.14 nmRMS | 0.17 nmRMS | 0.10 nm RMS
M2 0.25nmRMS | 0.20 nmRMS | 0.20 nmRMS | -
Vacuum chamber fiirisimid Wk
i lilumination optics
! / F'-o_jectiar'
7 /--"&L'-IJII.‘:'. T
ELIV light . f s L
— — e | aele welve _-Cate Valve
trire SR pewen hing E] - .
aiemtion” Losd lock chamber 2N}
afifbes ol mte 2 —1
Wafer : v — =
Elsctrostatic H |
chuck Tyt b
Wafar stage - I [ el
| Gate valve
Base plate ™ M| | J__i"
P L
Platiorm (o
| |
() (b)
4-1-1 HiNA
@) (b)
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Reticle ——

E M2 (Concave mirror with hole)

350mm !

\l | z';"; Beam stop
\ (for cutting a direct beam from reticle to wafer)

\ |/

_\| [ jm= +—— Aperture stop

y | j——_
— ==X "~ M1 (Convex mirror with hole)

Wafer —

4-1-2 HiNA

M2 mirror

7 Mirror mounts

" Support ring
- Flange
M1 is hidden by the flange

4-1-3 HiNA

(b)

4-1-4 HiNA (a) Set-2, (b) Set-3
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4-2 EUV EUV1
X
EUV EUV1
26 mmx 33 mm
1/4
EUV1
Edge Technologies, Inc.;
[1] 1
4-2-1 EUV1
EUV
FE1
FE2
FE2
FE1 FE2
FE1
FE2
FE2
EUV1
4-2-4
(d FE2 (b), (d)
4-2-5  EUV1

EUV1 26 mmx 2 mm
NA 0.25
s=0.8
2 1 Selete Semiconductor Leading
EUV
4-2-1. [2]
4-2-2.(a) FE1 (b)
FE1
FE2
1 1 4-2-3.
FE2
FE2
FE2
4-2-4 (a), () FE1 (c),
@), ()
Mo/Si
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4-2-2 EUV1
EUV1 4-2-6 6 [3]
6 2 mm

26 mmx 33 mm

NA 0.25 1/4
ki 1/NA | EUV1 13.5 nm
kq L/S
ki 0.5 27 nmL/S
ki 0.5
0.4 kq
0.3 kq
6 2V 6
2 1 nm RMS
1 0.2 nm RMS
4-2-7 (@)
(b)
4-2-8 (a)
4-2-8 (b)
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300 mm

6 pm RMS 17
pm RMS
0.2 nm RMS
4-2-9
300 mm
4-2-10
LSFR,
MSFR, HSFR LSFR 27pmRMS MSFR 70 pm RMS HSFR
66 pm RMS
Mo/Si
4-2-11
4-2-11 (a)
135 nm 67 %
-400 MPa 2 2
-170 MPa 4-2-11 (b)
0.1 %
4-2-12 6 EUV1
HiNA M2
6
EUV
EUV
EUV1 2 4-2-13
@ 1 PO #1 26 mmx 2 mm
33 0.8 nm RMS 0.3 nm RMS
0.6 nm RMS 1 nm RMS 4-2-13 (b) 2
PO #2 0.5 nm RMS 0.3nmRMS
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0.4 nm RMS 1

PO #2
4-2-3 EUV1
PO #1 s0.8
4-2-14  elbow 4-2-14 (a), (d)
32nmL/S (b),(e) 35nmL/S (c),(f) 45nmL/S 4-2-14 (a) (c)
d () 45°
4-2-15 L/S 4-2-15 (@) (f) 28 nmL/S, 30
nm L/S, 32 nm L/S, 35 nm L/S, 40 nm L/S, 45 nm L/S 28 nm L/S
30 nm L/S
4-2-16 4-2-16 (@) () 28 nm C/H,
30 nm C/H, 32 nm C/H, 35 nm C/H, 40 nm C/H, 45 nm C/H 28 nm
CH
4-2-17
4-2-17 (a) 11 4-2-17 (b)
32 nm 45° elbow 4-2-17 (c) 32 nm L/S
4-2-17 (d)
4] 26 nm L/S, 27 nm L/S, 28 nm L/S
4-2-15 27 nm L/S
ki IINA Kk 0.5
4-2-18 dipole
4-2-18 (a) 4
FE2
4-2-18 (b)
4-2-18 (c) 28 nm L/S 19 nm L/S L/S
21 nm L/S 22 nm L/S
22 nm L/S ki 04
Intel [4]
PO #2 s0.3 4-2-19  28nmL/S 16 nm
L/S 21 nm L/S
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ki 03
EUV

2 mm
PO#1 16% PO#2 85%
15% PO#2 8%
PO #2 PO #1
4-2-20

L/S

s 0.8

50 mm

4-2-20 (b)

0.5 mm

PO #2

4-2-20 (c)

0.5 mm
PO #2

16 nm L/S

16 nm L/S
Kirk [5]
PO #1
[6] MSFR  HSFR
4-2-20 (a)
32 nm

0.5mm 50 mm

PO#1 PO #2

PO #1

0.5 mm

PO #1

0.5 mm
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4-26 6

Laser
light source
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light source

CCD camera CCD camera

Reference lens I’ﬁ g
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Interferometer
unit

Reference lens

MNull 5

lsolated base

(b)

4-2-9
(a) (b)
| | 1
LSFR [ | | MSFR [y HSFR [Py
1.00E+12 I I |
| 1 1
1.00E+10 1 1 it
| I
1.00E+08 I 1 I
. 1.00E+06 i i I
-
‘e | 1 |
=
1.00E+04 i I 1
27pmRMS | 1 |
1 .00E+02 | I
| 1
1.00E+00 I L
| I
1.00E-02 I l
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Relative thickness variation

— ' 2.0%
124 176 128 13 132 134 1316 138 14 w7 144 o
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(a) (b) ()
(d) (€) (f)

4-2-14 elbow
@), (d): 32 nm L/S, (b), (e): 35 nm L/S, (c), (f): 45 nm L/S

(a) (b) (c)
(d) (€) (f)

4-2-15 LJS
(@): 28 nm L/S, (b): 30 nm L/S, (c): 32 nm L/S, (d): 35 nm L/S, (e): 40 nm L/S, (f): 45 nm L/S
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() (b) ()

(d) (e) ()

4-2-16
(a): 28 nm C/H, (b): 30 nm C/H, (c): 32 nm C/H, (d): 35 nm C/H, (e): 40 nm C/H, (f): 45 nm C/H

(d) (e) (®
4-2-17
(a): , (b): 32 nmelbow, (c): 32 nm L/S, (d): 26 nm L/S, (e): 27 nm L/S, (f): 28 nm L/S
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4-3 EUV

EUV
EUV
EUV
[1]
EUV
EUV
[2]
capping layer
Ru capping layer Si Mo/Si
EUV
capping layer
Si
SAGA Light Source
(SAGA-LS) [3] SAGA-LS 1.4 GeV 200 mA
75.6 m BL18 EUV
4-3-1 4-3-1 (a)
(b) 2
4-3-2
Mo/Si
Zr EUV
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EUV 13.5 nm 1.1 nm f0.4 mm

EUV
5x 107 Pa
4-3-3 4-3-3(a) EUV (b) BL18
4-3-1
EUV Mo/Si
EUV
EUV
EUV1
EUV
EUV1
EUV ND
EUV 0.002 8W/cm?
4-3-4 perfluorohexane (CgF14)
5x 10° Pa Si  Mo/Si EUV
4-3-4 (b) 4-3-4 (a)
4-3-5 CeF1a
decane
C10H22 5x 10_5 Pa C10H22
1
CoF14 CioH2
CioH2

EUV
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[4]
EUV

[5]

CeF14

4-3-2
EUV
4-3-6
2x 107Pa CeFu4
EUV
EUV

EUV1
EUV1

4-3-7

EUV1 EUV
EUV

4-3-3 UV
EUV1
EUV

4-3-8 uv

uv 185 nm
254 nm
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O, +hn (185 nm) - O (3P) + 0O (3P)
185 nm UV

O@BP)+0, -~ O3

O3+ hn (254 nm) - O (1D) + O,

254 nm UV
4-3-9 EUV1 uv
4-3-9 (a)
4-3-9 (b)
uv EUV 4-3-10
uv
uv EUV
uv 10 mm
EUV
uv
uv
4-3-11 4-3-11 (a)
BARC bottom anti-reflection coating 4-3-11 (b)
4-3-12 EUV1
100 mm
1/300
O (1D)
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0.1pus 500 m/s
pm
1/300
pm
EUV1
uv
4-3-4
Mo/Si EUV
capping layer Ru
capping layer EUV
capping layer 4-3-13
Mo/Si Si capping layer
capping layer
NbOx  MoOx
4-3-14 EUV Capping layer Si Ru
capping layer MoOx capping layer NbOx capping layer Mo/Si
1x 10°Pa 8 W/cm? EUV
Capping layer
Si Ru capping layer
MoOx  NbOx Ru
MoOx  NbOx NbOx
capping layer Mo/Si MoOx capping layer
Mo/Si EUV
NbOx capping layer
4-3-15  NbOx capping layer Mo/Si XPS
4-3-15. (a) Si 4-3-15 (b)) Nb
NbOx 100% Nb,Os EUV
EUV NbOXx Si
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4-3-16 MoOx capping layer Mo/Si XPS
4-3-16 (a) Si 4-3-16 (b) Mo

NbOX capping layer MoOx

EUV MoOx EUV MoOx

Si Si EUV
NbOx NbOx capping layer
4-3-5
EUV
Selete [6]
EUV
4-3-17 C10H300sSis (decamethylcyclopentasiloxane)
4-3-18 CsFis BHT nonanar
CsFi4  EUVI
BHT nonanar EUV1
5x 10°Pa EUV 0.1 W/cm? CeFs
XPS
Mo/Si Si Al
4-3-1
Ref.
SiOx

4-3-19 EUV 20 mwW/cm?

EUV
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EUV1

XPS

Reference

EUV1

EUV1

EUV1

4-3-20
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2-2-1 XPS

Al Si C O F N S Mg Na
#1 - 28.9 4.7 65.8 05 <0.1 - - -
#2 - 28.9 4.5 66.2 0.4 <0.1 - - -
#3 - 28.7 5.9 64.6 0.6 0.2 - - -
Ref. 8.8 7.8 32.2 44.6 2.5 4.0 - 0.3 -

4-3-1 SAGA Light Source BL18

Neutral density filter—., Branch chamber
//—L__,,F Folding mirror

b}

Synchrotron radiation

—-

-Neutral density filter

Gate valve with Zr filter
Load rock chamber

Rotaticnal photo diode

Gas inlet
Transfer rod 7

Sample stage

Exposure chamber

4-3-2 EUV
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4-3-3 EUV
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IU transmittance [arb, unit)
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