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Facility Layout at Washio Lab. in Waseda University
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KEK Collaborations

Electron source at ATF
smpnd for Kyoto, Osaka, AIST

of Cavity and
Evaluation
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Electron Beam

Photo Cathode

Cross-sectional View of The RF Gun

Washio Lab.
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RF Gun Assemble

Cathode Plate RF-gun Cavity without Cathode
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Cs-Te Cathode Preparation ‘
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Cs-Te Cathode Preparation

Cs, Te Evaporation and

Deposition Chamber
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Cs-Te Cathode Preparation

(V) Cs-Te Vacuum
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Band structure of Cs-Te
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Beam Test Facility

Beam Line Layout at Waseda University
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Beam Application Experiments

Beam Applications

Inverse Compton Scattering

(KB IXEBARESNTLNSDT, Invers Compton scattering [Z2L\TDHFBT)

Washio Lab.
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Inverse Compton Scattering ‘

Lab frame
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Inverse Compton Scattering

Importance of soft-X ray 2.3~6.2nm (200~ 500eV)
generation at Water Window |k edge Absorption for C, N, O

D ——

10 ON ¢C 1
l ‘ I MNucleic acid

Water is almost transparent at
.-+ Water  this Energy Range

Protein

Living DNA measurement is
available

Linear absorption coefficient ( sm™)

4

Wavelength ( »m ) .
k Soft X-Ray Microscope !

Washio Lab.




Inverse Compton Scattering

Table parameters at the collision point.

IR laser parameters ( Nd:YLF) Electron beam parameters
Wavelength 1047 nm Beam energy 4.6 MeV
Energy 36 mJ/pulse Bunch charge 350 pC

Beam size ox 42 ym Beam size ox 250 pm

Beam size oy 42 ym Beam size oy 56 um

Pulse width 10 ps (FWHM) | Bunch length 10 ps (FWHM)
Repetition rate 5 Hz repetition rate 5 Hz

Washio Lab.
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Inverse Compton Scattering ‘

BN System Configuration

JU—
Lt

Pulrise V Laser

NS (Nd:YLF Laser)

N5 ] — for timing scan
g______%_i g

/Beam Dump
I

v
i u;qmm —
4[‘ m S

; Set of Prism

]

X-ray Detector

Solenoid Mag. i
Collision Chamber

Washio Lab.




Inverse Compton Scattering

X-ray Signal (Results by Old Gun)
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Washio Lab.




Intensity [mV]

Inverse Compton Scattering

~ Obtained X-ray Signal (Timing Scan)

X-ray Timing Scan
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B Washio Lab.
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Inverse Compton Scattering ‘

Collision Point Scanning ( by Laser)
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Washio Lab.
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冷却水







真空チャンバー







電源用タンク







クランプ







冷却水



窒素ガス







ターミナル







高電圧電源







フィラメント電源



エキストラクタ電源







照射される製品







エキストラクタ グリッド







ビームコレクタ



（セルフシールドの一部）







ターミナル グリッド







窓構造体ow







真空排気システム
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濃度計







照射雰囲気サンプリング
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FIB direct etchinglZDULYT
*Micro- and Nano-fabrication

Mask less

*No developing

-Mold{E &

Washio Lab.




FIB parameter

zlf o

FIB equipment L b\ i
- e . . ~_——'—‘_.-.-‘_._.—4—'_'_

Current nA

Beam size nm¢

1.3 100

2.9 200

5.3 300
2500

k 12

AFVE—LICRER (RXEDHFEHE) “

FIB (Seiko Instruments SM12050, ISIR, Osaka Univ.)

Source: Ga*
Voltage:30 KV
Fluence:1.0 x 1014 ~ 2.0 x 1018 ions/cm?

Washio Lab.
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Line width 10 um & 1 um

(ZB¥EPTFE Sheet M HNT)
_ fluence
high -«
10pum

v

@:1.0 x 10'7ions/cm?
®:5.0 x 10'%ions/cm?
70pum ©:3.0 x 10'%ions/cm?

(1:2.0 x 10'8ions/cm?
@2):1.0 x 10'8ions/cm?
®:5.0 x 107ions/cm?
low @:3.0 x 107ions/cm?
®):2.0 x 107ions/cm?
®:1.5 x 107ions/cm?

Yy . . : g Cut off
% - Xtop_sme view of (12nA/2500nm,
fabricated area

5.0 x 10'%ions/cm?) -

Washio Lab.



@ Line fabrication; 1pm & 10um
RX3000-sheet

@ For cross section 1pm line 1

@ For cross section 1pm line 2

Washio Lab.
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| Line width 10pm FUTEEES

Sample thickness
360um

I3 L v

~----T1ir6ug u Aspect ratio
o RX3000-sheet => 36
100pum

k Aspect ratio: FAO B &EFEDH A X (360+-10)

: Washio Lab.
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RX3000-sheet

| Sample thickness
390pm

Aspect ratio 390 ! !
Washio Lab.
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Test results for Nano-scale fabrication

Nano needle (¢ 200nm) Nano porous filter (¢ 600nm)

2 um 2 um
FE-SEM image of fiber pattern FE-SEM image of filter pattern
(Beam current:48 pA , beam size:23 nm  (Beam current:48 pA , beam size:23 nm
Fluence:5.0 X 1013 ions/cm? Fluence:1.0 X 10'5 jons/cm?
k View scale: 1200 wm) View scale: 600 pum)

Washio Lab.
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Spot distance: 550 nm 600 nm 650 nm

Change the beam spot distance
~=> Various nano structures can be obtaine

k 700 nm 750 nm
& Washio Lab.
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EB nanoimprint

Experimental procedure
MResin  @EB irradiation (SSeparate

U4,

RX-PTFE mold  TMPTA
I = | |/

Si substrate

~

TMPTA: Trimethylolpropane Tri-acrylate & FHR RS CHREF IS F1t

Washio Lab.
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" _-- a _-i-_l
610+8 nm square

<Daughter> |

1.1 =0.1 pm square

880 =12 pm square

000099
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EEEN EE RN
EEERE R EEN
000099
EREEEEEN
I 1 1 1 1 Il

¢ 728 £6 nm circle

AN NN O A

NANANININININY

2
ACAVICATAN = |
¢ 693 =11 nm circle

Washio Lab.
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