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B& <2 n JAE = 200 m AR = 1500 m
E <1 GeV E = 2 GeV E = 8 GeV
Aurora PF, KEK SPring-8, Japan
Aurora—2 SAGA-LS APS, USA

HiSOR UV-SOR ESRF, France
NTJT NSLS, ANKA,

Helios (Singapore)

SRS, PLS, LSU 4

BfF2Z 5, Harmst

Harmst: High Aspect-Ratio Micro-Structure Technology

1t 1995 Karlsruhe, Germany
2nd 1997 Madison, Wisconsin, USA

34 1999 Chiba, Kisarazu, Jap an
4h 2001 Baden-Baden, Germany
50 2003 Monterey, Califoria, USA

6" 2005 Gyeongju, Korea

7t 2007 Besancon, France

8h 2009 Saskatoon, Canada

9t 2011 Singapore, Taiwan, (Transducers2011 @Beijing, China)
10t 20132 Germany?

The technical program:
~ Iithography (e.g. X-ray, UV, electron beam),
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~ entire process sequences (e.g. LIGA, DRIE, imprint),

—~ MEMS Included
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combination with non-lith
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~ a wide spectrum of applications.
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SR X-ray

= Light source : SR from AURORA-2S (@ Tanashi Works)
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Photon Flux [ph/s mA mm 2 0.1%bw]
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HARMS
100um  A/R=20
Sample: PTFE Sample: PTFE
Features: 25 pm-honeycomb Features: 1 pm-hole
Processing depth: 500 pm Processing depth: 12 um 13
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Ni Structure
height: 100 mm
minimum width: 2 mm
aspect ratio: 50
Applied Volt.: 120V
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Courtesy of Prof. Sugiyama |

Research Institute for Nanomachine System Technology RJNS T

PCT (Plane-pattern to Cross-section Transfer)7A+2

X-Ray Absorber
X-ray ‘ ‘ ‘ m X-ray ‘ ‘ ‘

Dose
w<:» high

- vevelop L. Develop
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Painless Drug Delivery System using Micro Needle Array

PMMA (Polymethylme(hacryla(e) micro needle arrays with
the hi ttio microstructure have been

El by synchrotron radiation deep X-ray lthography.

Airy Pattern

slit width 250 nm

Remuveran

in gap 0-300 um, bl L e

_]'%;?“("‘Jjg EEJ’C (Variable Proximity Lithography)

Evanescent means (almost) contact
mask and resist.

Usually resist exposed
with this range.

Our group focuses on
this range’ s intensity
distribution.

Almost Proximity
Projection range beam
. caused decreasing
contrast of dosage.

Projection

rate =
oc
energy
s Reresns 16
Courtesy of Prof. Sugiyama Research Institute for Nanomachine System Technology RINST Sourtesy of Prof. Suglyama Research Insttute for Nanomachine System Technology RINS T

AEXF T SERLICELD T RRETF (SWG) DEME

ask pattern designed for SWS

-Ta absorber: block 300 nm width
'SiN Membrane: space 100 nm width

Exposed variable gaps
at 1% 20 pm and 2 40 pm

Fabrication result of 30 um gap  Fabrication result of 60 um gap

Rerunenn "
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PTFEZHBEXAH=X4

s L—H— : #3489 (Phtothermal Unzipping) 70t
— GF(31) —> n(C,F,) : monomer

Laser

FF FF F
|| 7 || ||
Gt —f— -t Gt -
]

F F /n

n 5 - 168 (Photochemical Decomposition) 7OtR
— CF4(69) —> C,F,,., : saturated fluorocarbons
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OMS analysis SHI B
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SR etching 3 E f Perfluoro-n-alkane 3
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3 Laser ablation 3 E Monomer, C F, 3
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Results (DSC analysis for modified regions) ___SHLA

@140 °C
=

original PTFE PTFE ©) PTFE

‘S |340pm ®

2 £

@,

S | 245um ® 8

E

5

£ [100pm @

8 T~~~ ® @ ®@ ® ©®
w
modified

modified region of thin film:
280 290 300 310 320 330

Temperature [°C] -CROSSLINKED PTFE @ 140 °C

SHI %A

SR etching and SR induced reaction 2

SR X-ray

1444

SR : High dose rate

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

<50pm : 2 MGy/s — 50 kGy/s \

formation of high density-radicals

Activation of the molecular motion
in amorphous region

> 50pm : <50 kGy/s Crosslinking @ 140 °C )
Scission
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s 2D

X-ray refractive lenses

PN

2D-Single parabolic lens

7

F=R/26,
R=1pm, F=0.5m

Single parabolic lens

Experimental

= Aurora-2S (700 MeV, 600mA)
— Fabrication of x-ray lenses
» Photon flux: ]
TIEGA: 2.5 x 10" ph/s mm?

» Material: PTFE

1%bw]

10° | weveree Hyogo BL (SP8)

i
/
/

m SPring-8 (8 GeV, 100 mA)
— Performance test
— Direct writing using x-ray lens
» Photon flux @ 10 keV:

Photon Flux [ph/s mA mm 2 0.
=

/
'
i
'
{
'
'
'
i
'

ID-SRL: one dimension

107 -
1.1x 10" ph/s mm? 0 10 10 10¢ Figure: SEM photos of a single refractive lens
made of PTFE (top) and close-up view of the
Energy [eV] . legs (bottom).
Focusing a beam of hard x-ray (10keV, 200pm f
. . L/ L/
2D-SRL: two dimension - ARRAY SHI A 2D-SRL: two dimension - LRAGE APERTURE SHI 22

= Focusing in two

dimensions
o 160 pm

100 pm

60 um

Focal spots:

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

= Focusing in two dimensions

2D focusing

1D focusing

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




Mask-less direct writing using x-ray lens iﬁ_éi_!

sample stages
\/SHI X
SR J\ lelimination of focal lines|
= \ z y

micro-beam
X-ray lens

)

H 100 pm

2

i F 651

- PTFESSIR{F

SHI %A
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Experimental

= Target: Teflon (PTFE) (T=RT to 200 °C) (a) micromachining
m Substrate: Si(100) (T=RT to 200 °C)

= Distance between target and substrate: 2 - 3 cm

PTFE target

SR
= ]

mask

= Base pressure: 5x10° Torr
= Beam current: 100 to 300 mA

(b) deposition
SR light PTFE target
slit (2 x 25 mm) SR

F

Si substrate

filter (Al, Be)

Surface morphologies

(a) SR (b) pyrolysis

(¢) ps UV laser

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

= A,(3) band position
— Laser: 513 cm™!
— SR: 532 cm! (blue-shift)

(@) //M

1500 1000 500

Wavenumber (cm-",
e ”
FTIR spectra of the PTFE film deposited by laser ablation

e —— or pyrolysis. (a): a spectrum for the normal incidence
Si substrate (8 =0° ), (b): the glancing incidence (6 = 80° )

Transmission

A2 (3)

A2)

St A

Orientation of films (SR etching)

1l e-axis
= E, :dipole moment L chain axis P /\ e Y
i - [
(perpendicular bands ) i /\ A0 A®
A, : dipole moment // chain axis 2 B /\—vmw
@ 6=0
(parallel bands ) £ (@) E@
|
= Main chain of films deposited by = ( }
SR etching are almost perpen- ’ | L c-axis
dicular to the substrate. V
(perpendicular orientation) I
(@ E@ BO
R [ N B R
1500 1000 500

« (b) Wavenumber (cm™')
FTIR spectra of the PTFE film deposited by SR etching.

(a): a spectrum for the normal incidence (8 =0° )
Si substrate (b): a spectrum for the glancing incidence (6 = 80° )
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