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3D micro-nano structures

o 3-Axis Accelerometer

'

® Micro-machining tool

® Mold

® Optical device 20 m

[ ~—

® BlOChIP Analog Devices Co.
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3D micro-nano structures

e MEMS Diamond array tool

Micro Electro Mechanical System

® Micro-machining tool

® Mold

® Optical device

Morita Gr. (Toyama Univ.)

® Biochip
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3D micro-nano structures

® MEMS Pattern transfer
Micro Electro Mechanical System Si0,/Si > PMMA
| |
® Micro-machining tool
* Mold LI :

—
i 100 nm

083630 B.ox bSOE " 1tbhe |

o OP'I'ical deVice ea1136 3.5 B8O N bae
10nm diam. & 60nm pitch

‘ . S.Y. Chou et al.
® BlOCh l P J. Vac. Sci. Technol., B15(1997)2897
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3D micro-nano structures

® MEMS Photonic crystal
Pile up of layers

Micro Electro Mechanical System

® Micro-machining tool

® Mold

o _
National Inst. for Material Science
. . http://www.nims.go.jp/ jpn/news/
® BIOChIP nimsnow/Vol4/2004-03/05.html
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3D micro-nano structures

® MEMS Micro inspection chip

Micro Electro Mechanical System

® Micro-machining tool

® Mold

® Optical device

Hitachi, Ltd.
®

S. Momota, PT-BMES, Sep. 9-10, 2010 @National Tsing Hua Univ.

20109 H9HKKEH 10




Application of IB : 2

Biomedical application

e Breed improvement

Blue carnation
Bred by RIKEN
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Application of IB : 2

Biomedical application

e Breed improvement e Cancer therapy

48.6 GyE/18 f/6 wks

after 36 months

Blue carnation
Bred by RIKEN

Treatment at National Inst.
of Radiological Sci.
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Items to be developed

® Efficient and simple process

® High precision/controllability
in vertical direction

® Reduction of
footprint

50m x 100m
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Hopeful candidate

Highly Charged Ion beams (HCI beams)

Owing to unique features

® Remarkably high reactivity with
materials

® High acceleration efficiency
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Purpose of this talk

To promote the application of
HCI beams

® Prove feasibility of HCI beams

® Produce intense HCI beams
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Features of

HCI beams




Highly charged ions

al Tsing Hua Univ.
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Highly charged ions
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Highly charged ions

al Tsing Hua Univ.
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Energy of HCI beams

® Kinetic energy
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Energy of HCI beams

Epot Of Ar ions

® Kinetic energy

® Potential energy

== 0.015keV

http://www.dreebit.com/en/highly_charged_ions/data/
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E deposition in materials

Material

Range

Depth
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E deposition in materials

Material

e

Range

Depth

Additional E dep. at surf.
—
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Unique phenomena induced
by HCI beams

Enhanced dE of Ar-ions in C foil
® Pot. emission ol AL Al

AE, = ‘:‘_' AE, =67.3 keV
46.0keV: ¢

® Hollow atom

—
2
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o

® Local modification

-~
o
3
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U

o C O u IO m b ex P l O S i O n 0o ﬂ ST N

s LAY Aty -
0 15 30 45 60 75 90 105 120 135 150 165 180

e.l. C energy loss (keV)
Phys. Rev. Lett. 79 (2000) 2030, T. Schenkel et al.
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Unique phenomena induced
by HCI beams

® Enhancement of dE  promoted dry etching rate of GaAs

Ar: 10 kV
Cl,:8x 10° Torr

-
o

® Hollow atom

® Local modification

(Ga + As atoms/Ard* ion)

K/
2
>
(@)
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L
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Q
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Q
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Q
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IE
c
o

® Coulomb explosion
etc.

100 200 300 400 500 600
Potential Energy (eV)

Mat. Sci. Eng. B74 (2000) 40 T. Meguro et al.

G
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Unique phenomena induced
by HCI beams

® Enhancement of dE X-ray from hollow N atom

® Pot. emission

® Local modification

® Coulomb explosion Lovsbnabissntisssisssdssssboristios

e.l-C. Energy (eV)
Nucl Instr. Meth. B 235 (2005) 468, Y. Iwai et al.
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Unique phenomena induced
by HCI beams

® Enhancement of dE | |
Nano-diamonds created in HOPG

® Pot. emission _ SP2 -> SP3

® Hollow atom o A A

® Local modification

. , .
¢ - \ g .
[ r L '_.’ - - a ’- _

(a) Ar+ irradiation (b) Ar8+irradiation (c) Ar8+ irradiation
with electron injection

® Coulomb explosion

Appl. Phys. Lett. 79 (2001) pp. 3866, T. Meguro et al.
etc.
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Unique phenomena induced
by HCI beams

® Enhancement of dE Coulomb explosion of Si-surface
® Pot. emission
® Hollow atom

® Local modification

‘ 10 20 30 40 50 60

Charge State
etc.

Surf. Sci., 601 (2007) pp.723-727, M. Tona et al.
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High acceleration eff.

* Enhancement according to charge
state

==—Nel-1"4
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High acceleration eff.

* Enhancement according to charge

state
==Nel-14
Ex. “Ard* on Si, V=100 kV
q E (keV) Range (nm)
1+ 100 ~100
10+ 1000 ~1000

S. Momota, PT-BMES, Sep. 9-10, 2010 @National Tsing Hua Univ.

201049 B9 AEH 24




Reduction of footprint

NIRS facility 50m x 100m
1994 -
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Reduction of footprint

NIRS facility 50m x 100m
1994 - +
Gunma Univ. 45m X 65m
HI medical center

Mar./16/2010-
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Feasibility of HCI beams

® Efficient and simple
process

1. High irr. effect e High precision/
controllability in

2.High acceleration , , ,
vertical direction

eff.

® Reduction of
footprint
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Experimental

results




HCI beam facility

Rev.Sci.Instr. 75(2004) pp. 1497, S. Momota et al.

201059 A9HNEH




lor beanwﬁ?%OQV@P“\

Procedure

* Irr. of Ar-beam

modification of chemical
structure

e Etching by BHF/HF -

Difference in etching rate

Stencil mask

Sample
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lon beam lithography

Procedure

* Irr. of Ar-beam

modification of chemical
structure

e Etching by BHF/HF
Difference in etching rate -
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lon beam lithography

Procedure

* Irr. of Ar-beam

modification of chemical
structure

e Etching by BHF/HF
Difference in etching rate -
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Ion beam lithography

In case of SOG

® Irradiation of Ard Surface profile

® Cu-Mask (43X43 pum)

® Wet etching
e BHF (HF, NH.F)

e Surface profile
e Optical microscopy

e Profilometer

observed by Alpha step
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Ion beam lithography

Etching process of SOG

e Arlt: 90 keV, 6.3x10!3 ions/cm?

50 100 150 200
Eching time (sec)
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Ion beam lithography

Etching process of SOG

e Arlt: 90 keV, 6.3x10!3 ions/cm?

I__

0 50 100 150 200
Eching time (sec)
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Ion beam lithography

Etching process of SOG

e Arlt: 90 keV, 6.3x10!3 ions/cm?

Max.
Etching
Etching depth

rate

50 100 150 200
Eching time (sec)

S. Momota, PT-BMES, Sep. 9-10, 2010 @National Tsing Hua Univ.

20105 9H9HKEH 32




Ion beam lithography

T: of SOG

® Art°t E = 90 keV

50 100 150 200
Eching time (sec)

L 11l . o s .
6 8 i3 2 4 6 8 ‘4 D
10 10 6;30132 46$014
. 2 Fluence (ions/cm’)
Fluence (ions/cm”)

Rev. Sci. Instrum. 79 (2008) 02C302, S. Momota et al.
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Ion beam lithography

Max. Etching depth of SOG

® Art°t E = 90 keV

) Max.'E’rchirllg | +
depth ol

50 100 150
Eching time (sec)

2 'A'é'é"m 2
10 ,
Fluence (ions/cm”)

Rev. Sci. Instrum. 79 (2008) 02C302, S. Momota et al.
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Ion beam lithography

In case of Si

® Irradiation of Ardt

Ar4+
240 keV, 1.3x10'° ions/cm?

® Cu-Mask (43X43 um)

[um]

e Etching Ny -

700.00
[nm] 40 00

® 46mass% HF .

20.00 20.00

40.00

e Surface profile
o AFM

(nm])| Cross-section

60.00[um]

Tetch. = 120 min.
Appl. Surf. Sci. 253 (2007) pp. 3284, N. Kawasegi et al.
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Ion beam lithography

Etching depth of Si

® Arl °t on Si

B V=60kV,g=+1~+9

~
S
c
—
<
+—
Q.
Q
©
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£
<
O
e
L
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Ion beam lithography

Etching depth of Si

® Arl °t on Si

B V=60kV,g=+1~+9

~
S
c
—
<
+—
Q.
Q
©
(@)
£
<
O
e
L

200 300 400 500
E (keV)
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Ion beam lithography

Etching depth of Si

® Arl °t on Si

B V=60kV,g=+1~+9

(0]
o
o

o
o

AN
o
o

~
S
c
~—
L
+
o
)
O
(@)
£
L
O
+)
L

N
o
o

200 400 600 800 1000
Depth (nm)

200 300 400 500 600
E (keV)
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Sputtering

Sputtering rate

MNin MNout
»

il
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Sputtering

Sputtering rate

MNin MNout
»
f/ -

S Emitted atoms  Nout
Irradiated ions Min
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Sputtering

Measurement of S

l.Irradiation of Ard*

e 100 ~ 900 keV
e Number of irradiated ions (A)

2.Meas. of mass before/after

irradiation
e Number of sputtered Ag atoms (B)
B
)
(A)
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Sputtering

Sputtering rate vs. g

6
Charge state
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Nano hardness

Nano hardness
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Nano hardness

Softening of Si crystal

® Nano-indentation meas.

After irradiation
Ar4+t, 1.25%10!5 jons/cm?

]

200 300
Depth [nm]

Nanohardness [GPa]

Ref. S.A. Pahlovy, Ph.D Thesis, Kochi Univ. of Tech., 2008
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Nano hardness

Charge state dep. of
modification of NH

O8)
)
o

O

.
©
al
S
L
s
=
a

5
Ar Charge state

Ref. S.A. Pahlovy, Ph.D Thesis, Kochi Univ. of Tech., 2008
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Production of

HCI beams




Multi-lonization

e Sequential electron impact

E
Requirements
<N > A) e with
high energy/density
< | >

B) confinement of ions
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Multi-lonization

e Sequential electron impact

E
T Requirements
< D> A) e with
high energy/density
< | >

B) confinement of ions
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Multi-lonization

e Sequential electron impact

E

T Requirements

D> A) e with

high energy/density
B

B) confinement of ions

S. Momota, PT-BMES, Sep. 9-10, 2010 @National Tsing Hua Univ.

20105 9H9HKEH




.on So " ClS
ECRI (ECR ion source)
NANOGAN bi PANTECHNIK

http://www.pantechnik.fr

* e~ with high E

acceleration by ECR process

e confinement of ions
Mirror mag. field

Gas
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Ion source for HCIs : 2

EBIS (Electron beam ion source)
dresdenEBIS by DREEBIT

L9,

Ty

Electron & on Beam Technologiles
http://www.dreebit.com/

* e~ with high E
e-beam (T10um¢, >10keV)
produced by electron gun

* confinement of ions

Trapped by ele. field induced
by electrodes and e-beam
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Ion source for HCIs : 2

EBIS (Electron beam ion source)
dresdenEBIS by DREEBIT

®* e with high E
e-beam (T10um¢, >10keV)
produced by electron gun

* confinement of ions

Trapped by ele. field induced
by electrodes and e-beam
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, s o (U™l
lon source tor HCIS ;

ILIS (Intense laser ion source)

At present no industrial products,
but in future ...

®* e with high E

Heated by intense laser

e confinement of ions

No fields for confinement
because of high density of e-

http://www2.gpi.ac.jp/ISPF/IAEAZ%20ion/TAEAion.html
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Conclusions




Present status and ...

Feasibility of HCI beams Prod. of HCI beams

e confirmed e developed
IBL, sputtering, NH NANOGAN, dresdenEBIS
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Present status and ...

Feasibility of HCI beams Prod. of HCI beams
e confirmed ¢ developed

IBL, sputtering, NH NANOGAN, dresdenEBIS
e and further e and further

higher precision , higher intensity/q

crucial application lower cost

theoretical support

Microscopic simulation

® Inclusion of HCI effect in
MD calculation
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