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SR X-ray
� Light source : SR from AURORA-2S (@ Tanashi Works)
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Teflon fabrication (TIEGA®)

100�m 5�m

Sub-�m
HARMS
A/R=12

HARMS
A/R=20

Sample: PTFE
Features: 25 �m-honeycomb
Processing depth: 500 �m

Sample: PTFE
Features: 1 �m-hole
Processing depth: 12 �m
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RITUMEIKAN

Ni Structure 
height: 100 mm
minimum width: 2 mm
aspect ratio: 50

Applied Volt.: 120V

2 �m

Courtesy of Prof. SugiyamaCourtesy of Prof. Sugiyama
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PCT (Plane-pattern to Cross-section Transfer)

X-Ray Absorber

X-ray X-ray
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Develop Develop
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Painless Drug Delivery System using Micro Needle Array
PMMA (Polymethylmethacrylate) micro needle arrays with 
the high-aspect-ratio microstructure have been fabricated 
by synchrotron radiation deep X-ray lithography. 
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Variable Proximity Lithography
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SWG

Mask pattern designed for SWS

Ta absorber: block 300 nm width

SiN Membrane: space 100 nm width

µ µ
Fabrication result of 30 µm gap Fabrication result of 60 µm gap
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(37.5 m 40 m)
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– 50 [ 1 - sin (x2+y2) ] - 20

DOSE

36�m 1/2

PMMA SEM
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AMOTEC:
Asahi Molding Technology with CO2

®
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X-lithography Developing Electroforming Metal Mold Molding Plastic 
Products

SR

Mask

PMMA

Substrate

Metal
(e.g. Ni) Plastic

X-lithography Developing Electroforming Metal Mold Molding Plastic 
Products

SR

Mask

PMMA

Substrate

Metal
(e.g. Ni)
Metal
(e.g. Ni) PlasticPlastic

LIGA Stamper (size: 42x75mm)

100 m

��

5 �m

aspect ratio
< 0.1

5 �m



50 �m

1 100 �m 55 5050 ��mm

5%

0.01 1 g/h

Kawakatsu et al., JAOCS (1997)
Sugiura et al., Langmuir (2001) Kobayashi et al., AIChE J. (2002)

MC MC

1 200 g/h
1kg/h

MCMC
3.13.1

200 �m

24 mm

10 mm

20
0

20
0
�� mm

50 �m

L

S

S: 5.8 �m
L: 19.5 �m
L/S: 3.4

S: 5.8 �m
L: 19.5 �m
L/S: 3.4

Channel

1.8 kPa

200 �m

L
S

TMCTMC--AA LL: 24.3 : 24.3 ��m,m, SS: 6.9 : 6.9 ��m,m, : 200 : 200 ��mm
-- WW 5.0 wt%5.0 wt% ++ (1:3 ((1:3 (w/w/ww)) [33.9 )) [33.9 mPamPa s]s]
-- OO 3.0 wt% CR3.0 wt% CR--310310 [1.0[1.0 mPamPa s]s]

50 �m

W/OW/O

L:
S:

1g/hr
18,000 /s

1g/hr
18,000 /s
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QMS analysis

SR etching

CF+

CF2
+

CF3
+

C2F3
+

C+

Laser ablation

Pyrolysis

Perfluoro-n-alkane

0 20 40 60 80 100
Mass (amu)

Monomer, C 2F4

Results (DSC analysis for modified regions)

modified region of thin film: 

-CROSSLINKED PTFE @ 140 oC
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Temperature [ oC]

original PTFE

340 �m

245 �m

100 �m

50 �m

PTFE

modified

@ 140 oC

50
0
�m

PTFE
SR

SR etching and SR induced reaction

SR X-ray SR : High dose rate

> 50�m : < 50 kGy/s
Scission

at the surface : 2-3 MGy/s
Scission + Desorption

50�m
< 50�m : 2 MGy/s – 50 kGy/s 
formation of high density-radicals

Crosslinking @ 140 oC

Activation of the molecular motion 
in amorphous region

PTFE
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X-ray refractive lenses

Single lens

F= R/2��, �= 1-n ~10-6

R= 100 �m, F= 50 m

Compound lens
FN= R/2N�
N= 100, FN= 0.5 m

2D-Single parabolic lens

Single parabolic lens

F= R/2�,
R= 1 �m, F= 0.5 m

Experimental

� Aurora-2S (700 MeV, 600mA)
– Fabrication of x-ray lenses

» Photon flux:
TIEGA: 2.5 x 1014 ph/s mm2

» Material: PTFE

� SPring-8 (8 GeV, 100 mA)
– Performance test 
– Direct writing using x-ray lens

» Photon flux @ 10 keV:
1.1 x 1011 ph/s mm2 107

108

109

102 103 104

white light (A2S)
TIEGA
Hyogo BL (SP8)
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1D-SRL:  one dimension 

Figure: SEM photos of a single refractive lens 
made of PTFE (top) and close-up view of the 
lens (bottom).

3.4 ��m

Focusing a beam of hard x-ray (10keV, 200�m�)

d=10�m

400�m
2z+d= 
2010�m

x2=2Rz

x

y

z

179�m

2D-SRL:  two dimension - ARRAY

� Focusing in two 
dimensions

160 �m

~ 800 �m

100 �m

Focal spots:

60 �m

� focal spot : < 10 �m (2D lens)
� gain G = 40 @ 10 keV

2D-SRL:  two dimension - LRAGE APERTURE

� Focusing in two dimensions

1 mm

100 �m� focal spot : < 5 �m (2D lens)
� gain G = 400 @ 10 keV

179 �m (aperture)

2D focusing

1D focusing



Mask-less direct writing using x-ray lens

stages

SR

micro-beam

sample

z

x

y

X-ray lens
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Experimental

AURORA

SR light

slit (2 x 25 mm)

filter (Al, Be)

SR
PTFE target

mask

(a) micromachining 

(b) deposition

SR
PTFE target

Si substrate

� Target:  Teflon (PTFE)  (Tt= RT to 200 oC)
� Substrate:  Si(100)         (Ts= RT to 200 oC)
� Distance between target and substrate: 2 - 3 cm
� Base pressure: 5x10-8 Torr
� Beam current: 100 to 300 mA

Surface morphologies

(a) SR (b) pyrolysis (c) ps UV laser

Orientation of films   (laser or pyrolysis)

� Main chain of films deposited by       lase
(or pyrplysis) are parallel to        the 
substrate. (parallel
orientation)

� A2(3) band position
– Laser:  513 cm-1

– SR:      532 cm-1 (blue-shift)

IR

Si substrate 

(a) = 0

(b) = 80

E1(3)E1(2)

E1(4)

c-axis

// c-axis

A2 (3)
A2(2)

FTIR spectra of the PTFE film deposited by laser ablation 
or pyrolysis. (a):  a spectrum for the normal incidence 
( = 0 ), (b):  the glancing incidence ( = 80 )

Wavenumber (cm-1)

1500 1000 500
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(b)

(a)

Orientation of films   (SR etching)

� E1 : dipole moment chain axis
(perpendicular bands  ) 

A2 : dipole moment // chain axis
(parallel bands )

� Main chain of films deposited by
SR  etching are almost perpen-
dicular to the substrate.

(perpendicular orientation)

(a) = 0

(b) = 80

E1(3)E1(2)

A2(2)   A2 (3)

E1(4)

c-axis

// c-axis

1500 1000 500
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(a)
IR

FTIR spectra of the PTFE film deposited by SR etching.
(a):  a spectrum for the normal incidence ( = 0 )
(b):  a spectrum for the glancing incidence ( = 80 )Si substrate 

(b) Wavenumber (cm-1)
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