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Magnet alignment using the laser tracker system.
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Fig.1. Schematic of the laser Compton
scattering (LCS) gamma-ray beam generation.
Scattered gamma photons concentrate into an
angle of 1y due to the Lorenz
Transformation. Here the v is relativistic factor
of the electron.
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Fig.2. Spectra of the laser Compton scattering
(LCS) gamma-ray beams. Two electron
energies with Nd laser (wavelength of
1064nm) are shown. Dark colors show
collimated quasi-monochromatic spectra.
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Fig. 3. Laser Compton Scattering gamma-ray beamline BLO1. Gamma hutch-1 was started to operation
in 2005, hutch-2 (GACKO: Gamma Collaboration hutch of Konan) was installed in 2012.
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gamma-ray. Gamma-ray energy is 1.7 MeV.
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Fig.5. Photo-nuclear reaction cross section of
129 radio active nuclei, and '*’I, stable nuclei.
o, X are 'I data using LCS-y at
NewSUBARU. Red line is fitting curve for 1%
data. Broken line is cross section of I (from
nuclear data table).
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gamma-ray. This is the world first data of neutron
anisotropy.
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Table 1. Main parameters of LEENA accelerator.
Beam energy 6 — 15MeV

Macro pulse current 100mA

Macro pulse width Sus

Repetition rate 1-10Hz

RF frequency 2856 MHz

Normalized emittance < 10mmm-mrad

Energy spread <+0.5%@15MeV
Electron gun RF gun
Cathode LaB6 (thermal)

THz radiation sources Bend, Smith-Purcell, TR

Radius Curvature (BM3) 0.2m

BT V—T 4 T REBEINTND, B
UR—NTHRA LT THz WITKEEEABwL T
KR~ HEh s,

DRSS O FEALIZFE T L= 4 0), R ik
DIk 15 LU EfRE L TR Y v A7 LD IHZ
b3 L <, KR THz SEIROBIFRE ISR AT K
TR B — LA RECTH S T2, DT
SHEEHIE O FH, BPM X° OTR 20D B — A F
=X =M. YV /A Raf Bzl se
— LA IR OUGE, E— AT A VREICL D
FIF BRI OUGES: B2 72 g O SE & &
{b%&1T-> CT&72[4,5],

3. MR ETF E— A2 X B THz e

ZAVE TIZ LEENA JEZRIZ ISV T THz D
FAELBINCRII LY v 7 a b Ui, &
I R U B L ONER I oW TR
B39~ 5 (Fig.2).

(3-1) v za kot

FHH R B — L 0MR B B ORES T
X0 ZOHE & RS S5 I, SE R T S
Iy DRENICER LTy 27 a ba i
(Synchrotron Radiation, SR) % &3 %,
LEENA 04, B — AT R/ F—15MeV
(y=29). {RIEIERBA BM3 ORFYE 02m
7B IR 31pm (9.7 THz) O Jis ek 72 gt
Wrind,

BM3 Tyt DK it anzE 28 L TR
%%WUEL\@EﬁIQHM7Hh@Rm

Smith-Purcell rad.

bend
Al film .|
4 By N y‘{w

Metal grating
Fig. 2. Terahertz radiation using relativistic
electron beams; Synchrotron Radiation (SR),
Transition Radiation (TR) and Smith-Purcell
Radiation (SP).
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Fig. 6. Measured signals of Transition

Radiation in THz regime and electron beam
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Fig. 2. Photograph of the high power PC-MOPA
laser system.
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Fig. 4. [Illustration and photograph of the translating
cryogenic target system.
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Fig. 5. Observed spectra from theXe, Kr, and Ar

cryogenic targets.
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Fig. S.
and photographs of a water drop on it (right). The

SEM pictures of the Teflon surface (left)
sample was pre-irradiated (upper), irradiated

without the mirror and the mask (middle),
irradiated with them (lower).
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Fig.3. Fe L-edge NEXAFS spectra of Fe
tips. Sample prepared in the air (upper side)
and Sample prepared in the glovebox (down
side).
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Fig.4. S K-edge NEXAFS spectra of a 0.5 M
NaxS,03 solution (upper side) and NaxS,0;3
powder (down side).
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Fig.5. Radial distribution function around
the central silicon atom obtained from the
Fourier transform of Si K-edge EXAFS
spectrum of SiO» powder.
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Fig.6. Mg K-edge NEXAFS spectra of MgO
powder (upper side), Mg(OH), powder
(middle side) and Mg ribbon (down side).
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Fig.7. Ca K-edge NEXAFS spectrum of
hydroxyapatite powder.

4. £t ¥

WALIZLOI @mmWMT§<®ﬁﬂ
A TR PIEIENARE L 720 BRI FESE Sy
@:—fmﬂmfééiﬁmﬁwc$m::
OOFREELTEH LR ME > T\ D,
I =51y Ltu% HAY » bR T — D=l
BB BRI O MY V) —=>
TYVAT A BEPE S AT LY B — AT
A BRI E MR D IRFIR] A FLfE T & DAk %
MR ETSTEY EEROZ—F =2
R NAE BR B & =R LTz,

1
4040 4100

References

[1] BERNZFET O, X #a T O HEHR 41, 99 (2010).
[2] K. Kanda et al, J. Phys.: Conf. Ser. 425, 132005
(2013).

[3] BEWINZFT S, & 28 [l H AR LS i
WRHEAR Y AR 7 I 12P064.



MERPITE—LS A4 UBL-0BICEITA2RELEEL
Recent study and upgrade of material analysis beamline BL-07B in NewSUBARU
FL E—. B K, # E= (BEERIX BEH
Yuichi Haruyama, Makoto Okada, Shinji Matsui (LASTI, Univ. of Hyogo)

E-mail: haruyama@]lasti.u-hyogo.ac.jp

HE
= a2 — 2V R B — 5 T A > BL-07B Tl. BT 06ER L UMK X RISy
JeikERWT, Bk x e Bt O R E 21T - T\ D, Ieli S B AV ToFgER R & LT
BEREMEM B | D TH 2 7 v FEA B AL O RG] 2 /8 Lz, =, #UhalEo
Y53 JERIE . NEXAFS JE 0L — 3Bk O [T o4 21T 9 72912 2 BB h S
RENDEN T AT LHEAN LT, MAT, B OTF VX =217 BT oiress
FHT 22 L1k, BRI AT ARNEREL L, AETIE, Z2OE—27 14 ZHW
TH S TR REERZZTE—LT A L OBRICHON TR S,

1. &% - BB

BEREVERPEE & 1T RITE, Sk, fBEZ. EBERL )
FIR EOMEEER R L TWAMETH D, HERENE
MBI ZERICB/R LB L-n+52 L
W2k, ERPA KR > T AHEEICINZ T,
- ERE A RBLSE D Z LN TE D, Bz
X, SBEMEHI I T, BRI 3 K O &
M7 E OIARRZ2ME N 2 T ek,
PEREEE 72 K OBSREME 2 FF- D 2 L TR &
WAHIMBfE 2525 Z LN TE D, 2D,
BR % IR EE S BRSO T RS RE AT B O BRFE RO
ZivE W FHIFIEE M T TV b,

18 P PE E R AT TR AT ) iR IE R 0y B
TIE.F /A 7V v T ak AT 558
ZIToTCW0Wb, T /A7) v v TarEAT
T, &% (B—/V R) IZEFREZ R 5729
27 v REAHOEMEEEZ#FER LT\, 7
vEEABCHBILELY v EE2E56 S8
IR TV U TRIT ERERAT AL
(2 & BT 2 R S A EEREMERM R T B B,

Za— ANV RO — AT A
BL-07B TlE, Btz HW 7 B 10 60mk
X BRI 7 YENT K 2 VR 22 24T > T
%o JEEAIEEE, BRI A & OB 7GR
T ORI & e & ORI B T D IE R A S
HOIE LI=TETH D, o, D HREE DR
AT 72 7 B9 A A S 5121, )X #R
G nradi VAN NS SR P @ N
& (NEXAFS) A7 hVHIEIC X 2 5HE A
WLTWb, AfaTl, ©—2474 2 BL-07B
T LN BT OB PR FIC DWW TS LN
2 C, EEREEIR O B AL OB Z DU TR

17

Do

2. EB

CF, iR ESNE LR T4 aT L Ly
7 R OBERIAI L LT, CFs-(CFa)a-(CH2):Si
(OCHs); (n=0, 3, 5, 7: FAS-3, 9, 13, 17)% IUFE¥H
ZRVN, SR BRI L72[1], X1 IS & HE
BN 2 W TRRIE S5 B ARk EEED 1 55
FEBERITR L TH D, Tz, ZNENDS
T OESOFHBEMEZ KO FIZ#E7-[2],

3. R BE

X2 D C 1s WNERHENLITEE D fE 2 HE L7
WEF AT MEK 21T, St ERICK
THNE AT BB T EET R
—284.5eV IZE— 7 @M L7, Si F CTHEL
T5 2845 eV OE—7 X, KT TS LEZ
aVEIFX—alEAbLDOTHY AT
FIX =5 EI C-C BRI THD EE

| Fas-3 FAS- FAS-13 || maseT
ch. GF. ch
CF. A A A
- (CF.); (CF. ) (CF.);
S L L L
- L = :
/N 0 IISI\ I?I\ ;?*b
0% Schat phat odls
) | 2 )
£=0.43nm HO0MWom  L=1060m L=1.330m
Fig. 1. Four kinds of F-SAMs with different chain

length.




."!";:

8

&

g

k=

295 290 285 280
Binding encrgy (eV)

Fig. 2. Photoelectron spectra of the C 1s core-level

region in four kinds of F-SAMs with different chain
length and in Si substrate. The fitting results (lines)
are also plotted in each photoelectron spectrum.
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Fig. 3. C K-edge NEXAFS spectra in FAS-17 as a
function of the incidence angle of the photon to the
surface normal.
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Fig. 4. Schematic layout of BL-07B in NewSUBARU. MO: toroidal mirror, W: screen wall, S1: entrance
slit, M1: spherical mirror, G: grating, S2: exit slit, M2: spherical mirror, M3: cylindrical mirror, Q:

observation point.
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Fig. 6. Picture of end station of BL-07B.
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Fig. 5 Photodiode detector at the BL-09A
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Fig. 6 N-K absorption spectra of SizN4 covered
with Cr film of various thicknesses measured by
(a) TEY and (b) TFY methods.
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Fig. 7 Ray-trace calculated energy resolution of the
XES spectrometer
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Fig. 8 Take-off-angle dependent N-K X-ray

emission spectra of h-BN powder
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PEBEM _E~Te i) 72 B &2 KBS D,

' . s EUV Mask
EUV Large |52 Microscope
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i Reflectometer £

NewSUBARU

Beamline #10 (BL-10)
for EUV Lithography and general

Fig. 1. A photograph of NewSUBARU beamline 10.
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ARV VA N OFHBEA &2 B LT AT TR EENE L CL B ROGT K DA
WET, SGHRMEA - Seimbi i el - 77 EEALERHE LTV ET,
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FCE T 3 — R & KREKH R o220, B/ —ik (500 — 1,000 eV)
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BL-10 mask reflectometer
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Fig. 2. The beam-line spectra with three gratings
(G1, G2, and G3). The new G3 grating covers the
high energy region. BL-10 provides sufficient
soft-x-ray light of 70 — 1,100 eV energy region
with high energy resolution (E/AE > 1,000).
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Fig. 3. The measurement result of an EUV resist
using soft x-ray absorption spectroscopy (XAS).
The fluorine structure was destroyed with EUV
exposure.
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Fig. 4. The XAS result of standard sample (CaF,

CoO, and ZnO). The spectra were measured
clearly without noises.
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Fig. 5. A photograph of the large reflectometer,
which can measure a mirror with a diameter of up

to 800 mm, a thickness of 250 mm, and a weight of

50 kg.
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Fig. 6. Measurement results of the EUV mask
reflectance using the large reflectometer and the
mask reflectometer. The peak reflectance was well
consisted with the two reflectometer within 0.1%.
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Fig. 1. Outgassing evaluation tool using in-situ
ellipsometry with high power EUV light.

3. BRRAFINEHE EUV LU X FBE%R

LWR Z K3 25 121, V/xb@tﬁﬁ®
LA T H DA DR EZ ) — 12T D MEN
bbb, fEROL VA NTIE, iz im%ﬁ¢%
LR ROEE LU A NOMEREEZ LIS
~2ﬁuv—\@%iﬁ\%ﬁf%éo:h%
BIREDHZETLU A MRIKREIERT 5, T L
T V=Rl AYa2— L TLY R MNEE
BT %, ZOHAITIE, BRIAROEE T
JE T J5 1) C EEMUZ AT\ T D3R %ATW<\
516 CTHEAMANE NRINC BE TR EE 23 v B
Mz LTV 5,

30

I T, BEZE-ITHEOIC, BRAE
FlaBEHES— AR ~—|ZHKTH LV A R
BERLZ23], OBIZINLD LI IR
FAEFINEE LY X | (PAG Bounded Polymer)
EAHT B (Fig. 2(a)) . EEFSAEHR DR 2 1
2T DT ENAREIC R ST, ZHUTR LT,
WEFD L A % PAG Blended Resist & 44117
L7z, (Fig. 2(b)

PAG Bounded Resist i EB <° EUV T & H]
DKREDORKFNHIRE I, LWR DA%
PEITHER CTE 2o To, ZHUCXI LT, Fxld
JiH (2 PAG Bounded Polymer D BH¥EH#ED | # 1
MREESEIZ L0 3 L7245, LWR &I
2T, BEL M ET 5 2 &R TET[23-26],

Fig. 2. a) Polymer bounded PAG resist and
b)Polymer blended PAG resist
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Fig. 5. 25 nm L/S transparent grating pattern for the
12.5 nm L/S EUV resist evaluation.

Fig. 3. 15 nm L/S pattern
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Fig. 1. 3D fabrication process by FIB-CVD
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Fig. 3. Micro Starship “ Enterprise”.
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Fig. 4. “T-4 Bacteriophage” quasi-structure.

Fig. 5. “ Peace of World”.
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Fig. 6. Morpho butterfly scales.
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Fig. 9. Morpho-butterfly-scale-quasi-structure

(a) quasi-structure and (b) optical microscopre
image of quasi-structure observed with a
5-45 degrees incident angle of white light.
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Research on highly functional Lab-on-a-Chips achieved by SR fabrication
And newly-developed beamline 11 for X-ray fabrication
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Fig.1 Lab-on-a-Chip fabricated using SR fabrication
for fluorescence derivatization of amino acid
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Fig. 2 Fluorescence spectra of tluorescence derivatized
alanine after evaporated concentration
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Fig.3 Structure of Lab-on-a-CD for mouse IgG analysis
using fabricated using SR fabrication.
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Fig.5 Schematic diagram of Newly-developed BL11 for SR fabrication.

Fig.6 Beam transport section after toroidal
mirror to endstations.

Fig.7 Endstation for SR fabrication of
nano-micro structures.
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Fig. 1 Optical ray trajectories: (a) overhead view
and (b) projective space, for a transmission-type
dihedral corner reflector (DCR).
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Fig. 2 Schematic of a DCRA device.

Fig. 3 Schematic of dimensions of our designed
DCRA.
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Fig. 4 Optical microscope images of (a) top view
and (b) cross-sectional views of the fabricated
pillars. The magnification of optical microscope
is x500.
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Fig. 5 Floating image formed by the DCRA.
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Fig. 8 SEM image of the fabricated Au3D.

% S TN = BRSNS RO REE S
TEY %17 SERS EME ek L v K&
RREEEFF> TS, ZickyF v 7l
NEFLTHRELZSRETEDLEEZ, Fie
PRI EERETE & IV 72 SERS 1EMEREE AR D




AL —IEHEIT T2 LTI, 2D
WNEZRT,

& ki E R U AT L (PS) KL 2 kI
FOBIMERETHH UEEFEREZIT o 28
R, HDLEOFMHEOT T, Fig. 8 ITR-T4T
DRI DOIHTHER SN =h 2EEZS D
LT LT IkIZ, AR L 72 Au3D ZFIIH
L SERS I AT 9 . MIE J7 1% Fig. 9 1TR”T,
AulD ZERL7ZAT A4 RH T AIZH 6 mm
DR % &7 PDMS Z 80 17, HE Y = /v
RIS 5 IS, v = WICHIERENE 30 ul
WMRL, BN ECR NI DI R—=HT A
THELETDH B, L= —2WHT252 L
THIEZ BT 5, L —F — KX 785 nm,
L—H— 7701 30 W, JIEREHIIE 1, 10, 100
nM (mol/L) @ 4,4’ -Bipyridine(4bpy) & #A#liAK %
fEH L7,

AT X |
. SERS
: Cover glass

4,4’ -Bipyridine

Fig. 9 Schematic of SERS measurement.

FERRHE 21T > 7= fE R % Fig. 10 12”7,
KRETHS> THIEFIZT vy —T AT |
RS, 1 oM D 4bpy DRIEICHLH LTz,
WH DT~ AT hLt SERS AT kL
DOMEZIRT 5 L, BBXZE 107 BROEE
ZNH Y. AudD 2% SERS i 7e g & L CHE
WIEFTHDL I EPMERTE T,

— 100 nM
1000: —10nM
- |—— 1 nM
800; —— 10 mM without ]
2:‘ 600: Au3D
()
E

_200 | | | |
800 1000 1200 1400 1600 1800

Raman Shift / cm™

Fig. 10 SERS spectra of 4bpy measured using
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Fig. 11 SERS spectra measured using
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Fig. 12 (a) SERS spectra of 4bpy using Ag3D
by comparison of before and after the
application of NaCl solution. SEM images of
Ag3D (b) before and (c) after the chloride
activation.
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WEO7 7 FTRE

FUETE & HEORI R [BLoss] e
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<3.NS #fF o= nT>

3.1 “A Novel Design of Three-Aspherical-Mirror Imaging Optics for Extreme Ultra-Violet
Lithography”

Takeo Watanabe, Kiyoto Mashima, Masahito Niibe, and Hiroo Kinoshita

Jpn. J. Appl. Phys. 36, 7597-7600 (1997).

AL, SHOIERE 7 — & 1O FEH I 7=k SN 5, KEFEEEH /] fE 7 i 2/ iR
VY7774 (BUVL) HIE@ENFRORGHIET 2D THDH, ZONHFFROERMAFRL 0.1 OBHA
. 60 nm OFFGMEEE, Hi/IMEHR 15 THD, Flo, 6 A TF~RAIZ L8 F U "HOKMAT —
CEBHTED IV IKOVEHE I T —EMIN L, 2 T —omEkE L 3 KIERm 2 T — DK E
b THZE T, A2 &7 =2 OFIETEIETY =N B2 26 mmx1 mm OEICAE AR L, 7 =
NEDOBEEAS 5 nm LRIz 52 &

WTE, ZhiZkh, v2Z7 LT = Frane Mirer

DR ER TIE, 25 mm*x44 mm D FEGHE

T 60 nm D/ Z IR FTREZR LR ek
HEGsrZenTER, ZOFEHIT.
EUVL S CRmfEEE a2 dote s
ENE I F 5 R Aol

3.2 “Fine Pattern Replication Using ETS-1 Three-Aspherical Mirror Imaging System”
Takeo Watanabe, Hiroo Kinoshita, Kazuhiro Hamamoto, Morio Hosoya, Tsutomu Shoki, Hideo Hada,
Hiroshi Komano, and Shinji Okazaki

Jpn, J. Appl. Phys. 41, 4105-4110 (2002).
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AL, =2 —A/VVBL3 B — AT A4 NI 3HKIEKE I 7 — O R DBHNFREMEL, ZhiZ
&V KifE EUV @8 CHIRWIC 60 nm O/ 3% R & fEGBICBEIT 5 S O Th 5, IR IR TR
fAr AW, EE LB ORI D 0.1, i/
EHR S THY, RKEEELNFTRECHLIFREAT
%, ZOBINFEZREHNT, HRTHDH T, v %
7 & 2 A DOFIEFEIT XD 40 nm DAL T A v %,
EHlIZ~vAZ L= ORIPEEFZELICED, 10
mmx10 mm D& YA A H T 60 nm D/NF IBRK &
FH LTz, SHICZOBNREH WAL VA b
DOFHMl & &  EUVL 12 X 2 8RB T o
k% FEFE L EUVL HABHF O 2 45< Z L3 T&
7oo ZOREIX, HED ASML #E PEHE NXE-3300B
DRFIZE->TWD,

33 “Surface Modification of Fluorocarbon Polymers by Synchrotron Radiation”

Kazuhiro Kanda, Tomoya Ideta, Yuichi Haruyama, Hiroyuki Ishigaki and Shinji Matsui,

Japanese Journal of Applied Physics, 42, 3983-3985 (2003).

WX I E BN L CRY 7 F T 7 axF L (PTFE) OREE1T-7, ERIEEZRIR L L
T X BROBIN AT 5 &, KOBARAIT 96 FE D 72 FEITHUD Uiz, —F . EHUREEZ BT Cik X #
M 24T 9 ST BF L. 200 FECHRE 24T o 7255138 143 EOBEKME L 2o 72, XPS
OWTEH B IR T OBl OWAIL, PTFE REICRENEE L2 LiIckd

EEMBMNT LT, £72. SEM OB G | iR
Ti% PTFE RN ZEOBUNREENER L TNWD Z &
MENWIZ L EBARMEDJF K LR E LT, 2D & 91T,
FEMOREE OHIE721F T, PTFE 2 O dadu ik 2 Bk
2> DEBHEKME £ TR 5 Z LIZBh LTz,

Before irradiation

200 °C

3.4 “Cleaning of Extreme Ultraviolet Lithography Optics and Masks Using 13.5 nm and
172 nm Radiation”

K. Hamamoto, Y. Tanaka, T. Watanabe, N. Sakaya, M. Hosoya, T. Shoki, H. Hada, N. Hishinuma, H.
Sugahara, and H. Kinoshita

J. Vac. Sci. Technol. B 23, 247-251 (2005).

AFCIE EUV B TS LIz —R a2 I 0REFIECET 0 THhD, EUV & T,
BT ROV AT RENI I —RrraryZIx—ay (a4 -

) BEE L, KIROE TGRS T 5720, av23 ksl
EHEARET B LER DD, 2T, BIEARMAIDE Pl ™
EIE insin 7 U == 73k, WO A2 IS 172 0m OWle E / \
KTk D7 V== VEEER L, TR0 ) —=V 7HET 5 /

i RS TCHEREAEAT S L TRV Ay IREL T

— hEFEHRTHE L HIT Mo/SiDEREIRICH A=V a2 5252k m:ﬁ;/ ~
R AV IRRERCHRETED L AR L, THHD2 Y s a—
— = Z7VEIX EUVL OFEMLICE L THD R E L TR S Wavelength (nm)

T5,

3.5 “History of Extreme Ultraviolet Lithography”
H. Kinoshita
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J. Vac. Sci. Technol. 23, 2584-2588, (2005).

ARFwSCIE 2005 42 International Conference on Electron, lon, Photon Beam and Nano Technology @ Plenary
Talk & L CREELIZHDOTH 5,
EUVL BEZEDAIIN S| 2005 FICED £ T, AR ZOHEIMFHREOT L —2r 2—Tho7h, EIT
HEDHARBAFICH B L2 3 FEI N TN D, 3
DOFIH 2 HAMT & LT, ZIBIED A,
FEERIEAN THA, £ LT, EKETFROED
T & L Co BT FERHT OV TRI LT
WD, BAFE D KA R T D IRBATIC R L i
T BT HFEE LT, 6 I T—k [I Rng
DIV T —BELTORFROBRESL, LY

Configuration of experimental setup

Multit Coating Opti
ek ultitayer Coating Optics

Z NDOIKEZ 1 ml/em® & T HEREITHEAN
NHRELEFELTWD, KEIC, ABINAEE
LREBERETRWIRDY | HEIFEL T 2 206
Ba~LiEATHL EEATHS,

FI1G. 1. Configuration of the first soft x-ray reduction system.

3.6 “Development of EUV Resists in University of Hyogo”
Takeo Watanabe, and Hiroo Kinoshita
J. Photopolym. Sci. Technol. 20, 373-382 (2007).

MEE SAKJZ FTRIC T2 EUV LU A MHFIZBT 25030 CTH D, 8RB CHAR T, oy
BHEFPAE Y EDBEFT A ZAOBB LM T 2121, LY

A N OMBERLE %32 HEO 1/10 DL FIZMA DR DD, 2D ; = -
MBS X 2 BT 2 121E, EUV UG L YA MR CH—I24: T

SEDLMENRD D, £ T, MEROFBICH & B 2 IR T LU

VA NEERRT B HETIER LS. B ORIBEICRICRIEZ AT S 2

LT ORI DOREL O HARWT 2 FiEEZERZ LTz, Zhicky,

OH R

LWR ZfERIZHATHR 13 BREICEB TS, S OICELEREZK 5 T
RN LS 7, BRELZEM OMSEICEICAIZ ST 2 R PAG

20 nm BAKEO EUV L ¥ % RO ERIC 2> T, 0400 e

3.7 “Evaluation of extreme-ultraviolet lithography mask absorber pattern on multilayer

phase defect using extreme-ultraviolet microscope”

K. Hamamoto, N. Sakaya, M. Hosoya, M. Kureishi, R. Ohkubo, T. Shoki, O. Nagarekawa, J.
Kishimoto, T. Watanabe, and H. Kinoshita

J. Vac. Sci. Technol. B 27, 1938-1942 (2009).

ARG SCIE SR VR ST R CBR S L 7o i S5 SRR BEAR S A Bl N T SRR R g D WM AR /S 5 o ~ DR B+
LD ThHD, vAZINMHRIGR DD & WIE S o ORIEELS, KipEAE T 5, ZORHEX
MaDEBEEFHRD -, KA XEHFT HAMK
Moz T oo~ A7 FMRIZIERR L, £ O RIZRIE S HZ
EWANURD %2 ], BIEDE . WIERDOE T IZH

Multilayer mirror
NewSUBARU

Illumination optics

Yl S, ZOFEL P, MAEXEORIEIX 6025 77
Z A EM T 12 nm & & O CrN #JERL. £ O 11 Mo/Si

X-ray zooming tube

Schwarzschild optics

ZIENE 2 Uiz, Z OFER. WA R X BT OAL (NA:0.3 Mag.:30)
PR WAL K HRIHIC I 872 < | RS o s | = B
Magnification: 300X~6000X X-Y-Z sample stage f—— )

5 DIBIALIE U T ALFR K B L3 HRIE D ZEA LR A4 ]
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(ZR Moz TR, AR ALIE U 7 AR R IR D RS B9 DR R 2 E Ue, T b ORCRITRIT
Intel 72 ENERT 5, MAAKMEZ WA THE S Z & TR b2 ER S E LRI E > TN D,

3.8 “Development of Extreme Ultraviolet Interference Lithography System”

Yasuyuki Fukushima, Naoki Sakagami, Teruhiko Kimura, Yoshito Kamaji, Takafumi, Iguchi, Yuya
Yamaguchi, Masaki Tada, Tetsuo Harada, Takeo Watanabe, and Hiroo Kinoshita

Jpn. J. Appl. Phys. 49, 06GD06 (2010).

AFHILIE 20 nm LT O R % AL E ATHEIZ L72 EUV G2 X 2 "R TS E R OBIRICBE T 25 LT
5D, BAE, 20 nm LLFD EUV LV A N O F KOV LWR OFFHl 4 & # 2 T X 5 TSR 137
ELARV, £ZT, ZROHOFEAIC, EUV RIC XK D "R FHEEEOBRR 2 ED -, JRICIE
=a—A/VBLID 108 m EDERT V2 L— ha MW, THEL X TIRELEFRE2 AT

Wz RE U TTIIEROIGER 7 L
TEELZ T, 2D, TECRIILY
A NPEFE DS O OMERERHl 2 FIREIC L, LA
MPEFBE T I3 bl LB EE THh 5, Bk
TIL 15nm O VIR EHER L TED, <0
LA RNA=TBLUOME A= MERH L, EUV

Pattern is replicated in this area

+ 1st order light

EUV light

Oth order light —
+ 1st order ligh g —
f——

Oth order light
+ 1st order light

LA ORI EHED TS, 51 sub 10 nm

Resist Wafer Grating
DN TG R & D IEREAED 5,
3.9 “High density cell culture using micro 3D structure”

Atsushi Kinoshita, Tomoya Omukai, Fusao Komada, and Yuichi Utsumi
Journal of Japan Institute of Electronics packaging 13, 200-203 (2010).

BERDOMIEEERIIT A v 2 ETO 2R ITZEM TIT> T\ 572
W BEENRICHIEN H Y A7 = v A RO F 72 T E O
FSONLARH 72 0 b 2 AT D T EIIARARETH D, G E WV TE
Lo~ A 781 L d 3WRITHZRERZ H W TRE 2 O aLs
FREZ AT, T ORE. HepG2 IO & R 2BV T,
HlX vy 7 VEEDO~A 7 n il E 5 Z & ofF AR
HnElrolz, o, ~A 7 vk E AV izEg ARG E Y 7
7 2O ORERREF 21T - 7o/ R, Bt ® 10 mh 2155
ZEMTET,

3.10 “Immunoassay System Using Three-dimensional Micro Fluid Network”
Saki Kondo, Tsukasa Azeta, Yoshiaki Ukita, Chiwa Kataoka, and Yuichi Utsumi
IEEJ Transactions on Electronics, Information and Systems 130, 1844-1816 (2010).

vrerzabha gt (SR) FHOWTER LRI 780X v 7 U % 2000~3000 AR L
T BEHEAALFERA R OGE ) 7 7 2 —I1%, 3 WInZEM A W TR IRIRIRA L R O% B v
TEMENFHE?R 3 IRTT~ A 7 aitifbFET » 7 OERHL THH, NEHRICERE L-®REY 77
A —% T, BERREIEIC X DN ISR
(J2n7z)=N) DOEREERE AT 72, T OREHR,
0.lng/ml O @EWRHIEREN S bz, T ORET
PeRD Ny FA L LT EE <. AFXo
SWILIAE T & L COEMMEE RTENTE I,

Initial condition (From 1*'-reservoir)
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3.11 “Immunoassay using poly-tetrafluoroethylene microstructure in organic solvent”
Yoshiaki Ukita, Saki Kondo, Chiwa Kataoka, Masahiro Takeo, Seiji Negoro, and Yuichi Utsumi,
Microsystem Technologies 16, 1465-1470 (2010).

vorm ha Ui (SR) Tl S AT vt A2 W TER L
=RV T hT7aFanxF Ly (PTFE) ~A 7 a2 BEE sn i HE
I U7z, PTFE IXMEWEALFRIL ENE, RFEEMEITENT N1 X
MEE LTHRETH 203, WHIN LY 56272 FEMEL | lab-on-a-chip
~OIEA BRI TV R o7z, SRICTIERLL 72 PTFE O~ A 7 1%
¥ T VS ROEREICH~ 7 A IgG Pk Z &k L, PTFE <A 7 i
E RN CHURPUARSUS 21T 9 F2 N L, 0-100ng/ml O EFIFH T~ 7 A
IgG O ZI Lz, F72, AV 7 un b7 c=— o0 T LR
1TV, 0.1-10ng/ml DO HiFH TORHIZRRZH L7,

3.12 “Proposal of 3D Mocro prototype Using Synchrotron Radiation and Application to
Bio-Systems”

Yuichi Utsumi

Service Robotics and Mechatronics (Springer), 7-14 (2010).

vorzabralsEt SR) VY ITT T 4= F ATV T 4T
iz v, 3k~ Ar7ara v 247 7at 2 LT XB~A
7 a N LHEATEE— R7a v 20ORELED, 3 koo~ A 7 vk
S N7 4 — A AR ELE O iSRS IS T A EIC RS LT,
ZORFE. RTAT 4 v 7 BRBRINEEOUEL . BAEICH 1D 57108
SR E ORI, PTG OEM 2175 Z LN TE =,

3.13 “Development of Multi-Analytes DNA Microchip by Using 3-D Nanoprototyping
Fabrication Method”

Daisuke Fukuoka, Tomohiro Ikeda, Yuichi Utsumi
Electrical Engineering in Japan, 177, 32-36, (2011).

9mm

T e E WA T2 AW T9 6 RAA X —F L — KT h—~ v
k@ DNA $HEMHT T~ 7% IE L7, DNA figfr==v b & LTIk
Immx9mm DEXIKEEEZ A L, Ty 7NIZ2=y h%& 9 6 fHEFE S
HlebDOTHY, ERMEEISH Ny 7L~V ThHDH, ZHIZ PCR HIE
DBIBHEMNT L 5> 2EAHIEEZ A L5, MEREFHE OFE 5L, 1000bp ——
DY 7V DNA % 190sec THENTT 5 Z LTI LTz, FEAT D7 FREEIE  optimized Design for DNA Analysis Unit
20bp ThH Y DNA D—IRMA & L CH otz a 4252 L2 ML LT,

9mm

3.14 “Imaging of extreme-ultraviolet mask patterns using coherent EUV scatterometry
microscope based on coherent diffraction imaging”

Tetsuo Harada, Masato Nakasuji, Teruhiko, Kimura, _
Takeo Watanabe, Hiroo Kinoshita, Yutaka Nagata {j’j,%i“ﬁL
J. Vac. Sci. Technol. B 29, 06F503 (2011). K

CCD #5 pm

Pinhole
Camem Zr Filter

| $Tuming Mo/Si ML

P

27.6 x 27.6 mm? F

Synchrotron
Radiation

ab—L v MNEdiAf A= ZERFIA LI EUV U Y
757 4 —H~ A7 OBIEEKSE (ae—L v h A%y 100 mm|
ke A b U —BAfEE, CSM) ICRET %5 THH, CSM -

3 EUV  Shutter
\ ¢6deg EUV Mask
" 150 x 150 mm?

— A
Diffraction
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TSR R 2 NZae— L v NEERE L, BIPTEEHEEIZI D Y B2 HET DHEBETH D,
R RNMEE L LR, U VIR CRIDIRENE DD, A X TIHMEHET LY XA
W 2423777 =35 ZBAL, +57°74 00 WIKKE: EEBOIIRO R4 AERITER )
L7z, [FIBRFICEBRERFEE LT, L=V —BiEomkEfiae—1 >~ EUV RBREZBELTW5D,
ARSI L0 8 BN ERETE, CSM I3 PEEFI M FIRE/R EHM 2 EUV ~ A7 BEiChHH & D
FEA A 457,

3.15 ”Inhibition of carbon growth and removal of carbon deposits on extreme ultraviolet
lithography mirrors by extreme ultraviolet irradiation in the presence of water, oxygen, or
oxygen/ozone mixtures”

M. Niibe, K. Koida, Y. Kakutani

J. Vac. Sci. Technol. B 29 011030 (2011).

MX ML REIEEZ ST 2 K& 2 i o8 & LT, sty v 777 4 (BUVLY R H D, ZDOHT

EUV 22 R OMREFT D72 | G R 2 - 7= T HAREIZ £ D At-wavelength I i ZEF 1 % |
MR IR TR S A T L BB RS (EUVA, Y/ v, =ay) L oHFEZEE LCillEdi-, 77

O T UEE BT X 5 F UG A7 A(EED % % Load-lock System

LY a UYL MEEROEHEINGES 0.1 nmRMS 28] Gaaudes)  ames
DREETHIT A 2 LI LT, ST v Pal—a%
JRZHWTEUV B 5o ar # I x— a Rk
1% WF7E L 7=, In situ XANES 152 IO E OREIHTEE  Long isor
BEER L, 224 3— 2 VRISAETRL L ke ™

Sample  Photo-diode
Differential stage defector 1
evacuation

HEFREDFEILT DM BUS DA £ - TE IV . 2>l Al g S Removable

irror chamber pinhole (50 um@) 2 E-2 (Pa)
THDLZEZHLMNILT, (Energy fitering)
3.16 “Stacked centrifugal microfluidic device with three-dimensional microchannel

networks and multifunctional capillary bundle structures for immunoassay”

Yoshiaki Ukita, Saki Kondo, Tsukasa Azeta, Masaki Ishizawa, Chiwa Kataoka, Masahiro Takeo,
Yuichi Utsumi

Sensors and Actuators B: Chemical 165, (2012).

3 WITTHARFERE 5> © 72 2 S0 B E F O3 D RIFE SR 572D Lab-on-a-CD % #1% CHEBLL | MEREES
e ORI IS U=, 384E L 7= Lab-on-a-CD X6 % Fickt
WV YT T T 4 —THER LR B E OB AIEICRHE L& T
DAL FHAENTTRE T, — 2 1 O MK Z FIAE T RETH 5,
PCB ORI L 725 5. 0. Ing/ml O & WVEE 2457, £ 7231
IS 2 e b2 2 LIk 0, JIEMD CV & 10%LL FIZ5]&

TS Z &Ik LT,

3.17 “Optofluidic Devices with Surface Enhanced Raman Scattering Active
Three-Dimensional Gold Nanostructure” : : :

R. Takahashi, T. Fukuoka, Y. Utsumi and A. Yamaguchi 2000F [—10nM

Japanese Journal of Applied Physics 52, 06GK12 (2013). 1600f | LM

)

S

S
:

KAy b AT T e F R NPOCTYD It D~ A 7 il T~ 5 so0)

TiE ERERS BT TR BENLOEELH Y | RAE 400

HENTWD, KIFFETIL, POCT D7zd D& v JHEREZ i ™ -

BT TR LT, B 7 E LT, BN AEET 800 1060 12I0() 1460 16IOO 1800
Raman Shift / cm’'

Intensity
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HHREMER T ~ DR ERH WD, v 7 v iENIZe T /b I2 X 5 3 Rock&Ez Al L=,
&3 WotkEE L, & /R E ARV AF LRI T EIRAE L, MEER LR, R AFLUOh%E
PrET D EVD FEEZBRE L, AR L7, ARFEBRTIL, 4,4-bipyridine Z 1nM LLF CHEferI /M
5 LRI LTz,

3.18 “Phase Imaging of Extreme-Ultraviolet Mask using Coherent Extreme-Ultraviolet
Scatterometry Microscope”

Tetsuo Harada, Masato Nakasuji, Yutaka Nagata, Takeo Watanabe, Hiroo Kinoshita

Jpn. J. Appl. Phys. 52, 06GB02 (2013).

ab—L Y hAFy ha X MY —BEE (CSM) 12X A /3% o ORREE & (iFIBIZIC BT 53 Th 5,
VY757 4 —IZBWT< AT ONAHIL, i 7 b~ A7 \Z K D4 Em g L, JERICETE R
FA=HTHD, LinL, BUV U YT T 7 =TI THEOBENRERZ L HY, ~ 27128
HAANTIE E A ERES N TP T2, RiwmLITBWT,
CSM (2 L 0 90 L AAR 2 R ICHIEFRETH H 2 & &2
BRIZE VR Lz, WIUERDNAHY 7 REB IOV ¥ U«
VN K AN 8RO TR LTz, FlZ. EUV
VY777 4 —FH OB T H DNOLE KGN 340 &
L CE#STHRETEZ T RERRETH D, 5.
EUV IZBWT b MOMMEE 4B RT 2556, v A7 D
NABHIE & BRI OBIRIIMZETH D, CSM TN AHEL
HPEMBE LT, ZOMRFIISEXH I ENTE S,

+FREy 128 nmS A /882 fIiER bR

BAEGCEEHR)  ERERGRE) BIERZERM

3.19 “Phase defect characterization on an extreme-ultraviolet blank mask using micro
coherent extreme-ultraviolet scatterometry microscope”

Tetsuo Harada, Yusuke Tanaka, Takeo Watanabe, Hiroo Kinoshita, Youichi Usui and Tsuyoshi Amano
J. Vac. Sci. Technol. B 31, 06F605, (2013).

A, BUNRAARR M BIE T D200, BMoae—L P X%y —
bo A U —FsE (v 71 CSM) ICBT 260 ThD, CSM 2/l 7- TS

NARBIEEIR R S v, EFE 7 ey =7 b & L TARBMEDIITEZ ZFt &

Nz, 2t —1 > h BUVOENXITIEY —v 7 L— hERHA L TEY | 200 nm
DHOREIIELLTND, ZHITEY, KIBICEFRENLEL, K/ WY
T25nm g, S 1 nm ONAHXIEE TR T 72, BUE, BRI TWAHAL

FHRBaH AR08 50 nm AT RS 1 nm 2 00742 LN T& 7=, BIEIL.
W NEAB R B % 5REE - (ARMR & L CBIZR TE TV D, BT K D AAH KK EF
il &5 Z & THBITIER ZHD, v 71 CSM DR 7 HRE
75" Journal of Vacuum Science Technology B” DMk % fiffi > 7=,

‘ Cls| hv=12536eV
NIYAN
<4. Mo A
4.1 “Temperature effect on the chemical composition of a g
polytetrafluoroethylene surface under the irradiation of synchrotron ;/\ o~
radiation by means of the x-ray photoelectron spectroscopy” }J\ o
Y. Haruyama, Y. Kato, K. Kanda, S. Matsui, T. Ideta, and H. Ishigaki B
Radiation Physics and Chemistry 75, 479-484 (2006). Jl\
B KA L7z Y 7 b7 7 A m T L (PTFE) O @M Lov | B _440\
bRy D MR AR E 2 X AR 0 I L 0 i~7z, =R Tt 29‘5 ZéO 2;;5 2;;0

Binding Energy (eV)
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ZHS LU7- PTFE 1%, FY v F R -7, BHRIEE A 150°CLL EIC UTHER e 2R LT-15
BT vBRRINRELEMT LI EEZALMNI LT, BIRTIL C-C R NEZETH 722, EHIEE
%: 150 CL,LL WZHIIN &/ % & CF2,CF3,C-CF R A HEL L 7=, Z D&V ME PTFE O o fEFN L K3 5 7]

4.2 “Electronic and geometric structures of the Au-Si(100) surface observed by
photoemission spectroscopy and LEED”

Y. Haruyama, K. Kanda, and S. Matsui

J. Electron Spectrosc. Related Phenom 156-158, 463-466, (2007)

Au-Si(100)Z i DO FE 7R8I L OSSR miEE 2 B 10tk L OMRHEE F#REHTIC & 0 <7z, Si(100)
(a)

REIZ Au 278G LTEBINENET O & INEGE &
250°C., 630°C, 750CDIFHZ 1X1,¢(8X2),5X3.2 1%
ENRENENBII STz, Si2p . Audf NEOLE

DIHANRT "IV DOFHTIZ LD KOO R 572
Au-Si FHAEERADNFAET 2 Z R Eniz, /2. 1
X1, c(8X2), 5X32 fEi&E |23 T Si2p & Au4f DIl
FEEEZ E A EEBL LN L 2SN LT, Fig. 1. LEED patterns of 10 ML Au-deposited Si(100) surface after annealing () at 630°C and

(b) 750°C.  The incident electron energies of (a) and (b) used were 57 and 68 eV, respectively.

4.3 “Comprehensive classification of DLC films formed by various methods using
NEXAFS measurement”

Akihiko Saikubo, Noriko Yamada, Kazuhiro Kanda, Shinji Matsui, Tsuneo Suzuki, Koichi Niihara,
and Hidetoshi Saitoh

Diamond & Related Materials 17, 1743-1745 (2008).

HAEN TARE - Tl S Tu% 55 i DLC EIZ-D0

T, RFFF K 50 X BRI P (NEXAFS) “ e © CVDmothod il content
SHIT N N N O PVD method 40 at%
ARy MVERIE LT, BERORER O sp? IRk E sp’ IR ‘ ® ) —? S0t

R & H O T OEIR, sp(sp™+sp) 2 E Lz, MZ Thr o0 —1 _—
wEAE R 2 F TP R TE (ERDA) ZHIE L, K R Sroup
EP@7J<%< SR REPRE LI, DLC X T N7 7 AETH
ZH B 59 IE L7z 55 8 DLC K0 sp/(sp™+sp’)Lb &

sp2/(sp2+sp3)
o o
N -~
©
y
)
°

7k7ﬁﬁ7§4@ ST RERGE THLZENRNWEEN., 4o 0 . : . (@)
DI N—PIEKBITED Z ERABNE T, AERE o, PEE
BN ISO BRI T 2 AREDE T & e o7, donsty &/om9)

4.4 “Identification of B-K NEXAFS peaks of boron nitride thin film prepared by
sputtering deposition”

Masahito Niibe, Kazuyoshi Miyamoto, Tohru Mitamura, Kozo
Mochiji " i
J. Vac. Sci. Technol. A 28, 1157-1160 (2010).

t == h BN (powder)
— BN thin film
: B203 (powder)

=2 —Z/L BLO9 3 N Em W R L X — S fiRE R o2 L B
KT OWEMZEICARTH D Z Linh, 2006 FLH L 0 & FEPESE A
BEFOERX AR ek 2 T 7l 2 0 7o, P RA RN, E BN # ;
%,mﬁ,wif/%:—7kivﬁ77:/ EX DR BN SO | I
R, TiO, RIS & LIRS, 2 2 CHRET RERREZ D& S 1"'55"""“;}30 265""'"’;10
DX H L BN HEIED B-K WIIZEN 2 R8I A KO o " B — Pt stisey [aV]
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