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[3] A. Yoneyama, et. al., AIP Conf. Proc. 1696, 020007 (2016)
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Chemical formula:
‘Vendor
Modef number- HEORF
Lot number HHOOv MES
Operation mode MEHOBEE-F
Absorption edge AR VR
Net plane AERHRD
Detector HEROBLE
HiVoltage REEAOBTBER
Gas mixtures. R8I ﬂﬁ LT‘?) AOHES

Current amplifier gain  BHB/BOT 1
Measurement condition FIE&#

Detection mode ﬂﬁﬁmﬂﬂiﬁi

Scan mode AHBORF-

4D.Slit. 4DRY Y HH z«HiHé (W)

Start angle REBABEE D5 K BROAE

Endangle BERTHOSKBORBE

Measurement time BERASED SR T ETIAD > 1=F5
. Filename RRT=2 D7 WBO09TA T b)
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BXEABFARECE THEMBERBT I A—ADEE

ZEF BB, ShEF pian?, BEiR —HBI. Bl Fk?
IARREAFEN EEELTH =M E 57— =4 A= Japan Synchrotron Radiation Research) Institute (JASRI)

28535 /o 7E A S t225— Aichi Synchrotron Radiation Center, Aichi Science & Technology Foundation

Introduction (HAXPES)
Good performances of C— HAXPES
HAXPES )

g iy |

Large probing depth Probe deeper core level
-Bulk sensitive -Less spectra overlap
=Low surface/contaminant effects

=Analysis of buried interface

=Depth profiling by TOA dep

Buried interface - Band bending 3}""‘"
3': can, |
o —— i S—

vl Sursey

e

iiiii

-

0 2000 4000 G000 5000 10000 12000 14000
Kinetic energy of electron / v

Kinetic Energy (¢V)

~HAXPESD:ERE~
EXEREEICE T2 BRERBAEFIN TGN D
HROEEESHMNEETELL.
HICHAXPESTILEB T RILF—DERFEAEANKENZ NS, KEFD
FHEBITEEEE. HEL AN BRERBEERFTILNEER.

EESH RESH

EEET—EDDIEOHAXPESICES T, RAMGHERBRERR T —FEHILT HENT
EhE, FERXPSERMRISHEISHEERATEITICEA A RELEY . HAXPESZAAR IR )L
DR, T—EBMITKNRITHIENTED. T, RRELDLLEICLY, ER(E
RSFOZ HMEARIIL . BREZE S R X IR ILF— (5T )~ DR G DA AE
HHREFICLN D,

EHRDEK

TEXEREEIZH T HHAXPESE 1+ 5 E A TH S8 BE &R
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Optics and Experimental Equipment

Horizontal focusing
Higher harmonic rejection
4.5 mrad (6, 8, 10 keV)

3.15 mrad (14 kev)

XPS sptem

Hu-csh

Pt-coated

eliptical mirror
Vertical focusing

N2 cacled DOM

6.8 mrad
(Only Bkev is used
sample

2nd exp. hutch

I

@ s w0 kY -

Electron energy analyzer

Beam line structure Beamline optics for HAXPES
LN2-cooled
Rh-coated DCM
bent mirrors s {;;;} 5:’;'.:&") kev)

si (55
19 KoV not usel

Experimental conditions

FE slit
0.7%0.7

+hv ~ 7.94 keV undulator with
undulator Si(111) double crystal and
Si (444) channel cut monochromator
-Horizontal/vertical focusing mirror
Beam performance of BL46XU for HAXPES® -Analyzer: R4000
“l -Slit size: 0.5 mm x 25 mm curved
woee | wee -Temperature: RT
L - -Pass energy: 200 eV

-Energy resolution: ~ 235 meV

i = T y60e 107 o
S e R “,.:Z.', m,:ﬁ, 1 *Take off angle : 80

EFRTCE R Frrled 13573 420x107 649x10° 190
ENEECTTVIN 13973 261x108 - 296

Relative sensitivity factors in HAXPES

RSF for compound sample

of p ons d d per second Compound A Compound B

ERZMEBIZIEEEYm = A, BEITEEOTHERTENERL>TH@IZIEN = 28
EB = 18), FRODL@N, /1) EFEAEELLAL.
ﬂ:AWl%ﬁFH LR BRERRORADBETHY ., HIC. AEFOEHTRILXT—FEEMN
G, FHBERTENE TRNEICL >TREC(ELDHAXPESIZHE LI FEALEE R S.

Differential photoionization cross section for linearly polarized photons

do/dQ= %[(1 +g(3cos2 = 1)+ (é‘+y0052 B)Sin Hcos;o] ;
T

0

where ¢ is the total photoionization cross section, 0 is the angle between the direction of the X-ray and the direction of
the analysis, B is the asymmetry parameter, y and § are the nondipolar parameters, and ¢ is the angle between the
propagation of the X-ray and the projection of the photoelectron into the vertical plane containing X-ray beam.

=D Oy I: Peak Intensity(/solid angle) a'é} },2 a‘? ,12
n, _1,/T,D,4,(d5/dD),4, n ?;Dmi? ;ensir(y/@:oms)/cm’) AoA = BB const.
S H lux of X-ray(/m* sec
L [TDyA (Ao 14D, 2, D:  Detector efficiency 94 | (9% b
A: Analysedarca
@= TDA(do | d2)2, AQ Solid acceptance angle of the analyser Elementa, b
Sensitivity dori2 Differential photoionization cross section
A:  Inclastic mean free pass(m)
n_L/S:. factor
w /S

Samples

HEEXPS(Al Ko) DI EEFRIITTvILHEER.
—STVEMEIAFELNRE T, Eghh REHBBREENZLIBL.
BIE(Fr—CT v T OEE)NELLY.

ZLDTHETILEYERR T 2BEMTHNIE. AFHL
PFV. Fr—UTyIIELTRT 577/ MR PanA
BINTST7AERE DB TREN T REL DI EEREER.

Measurements for
Standard samples for RSFs

1 /" O1s is the standard
core level. (Sp;,=1)

o1 "Ol

cp,, ooy

Intensity (a.u.)

Lml#ﬂ%wfmwﬂmﬂrml

ARRETSRRRE e mReE
LiF, SiC, GaN, AlF,, NaCl, MgO, MgAl,0,, AL, 0, SiO,, GaP, ZnS, KCl, KTa0,, Sc,0, TiO,,
SrTi0,, VO,, Cr,05, Mn0,, Fe,0,, CoO, NiO, CuO, ZnO, Ga,0,, GeO,, GaAs, ZnSe, SrO,
2r0,, MoO;, RuO,, PdO, CdS, In,0;, SnO,, InSb, HfO,, Ta,0, WO,, IrO,, PbO

[4] S.Tanuma et al, Surf. Interf. Anal., 43, 689 (2012)

HAXPES SP““; T‘O ] Empirical sensitivity factors and Theoretical sensitivity factors
owder
2Zs P ‘ < Empirial A ¢ , ¢ « Enpirical + Eapirical
I T 2 e 2 e
Alls Bt 1:;;'. fp' s
E g
h \ < mmmvsss—say
/ \ - HTNEA
S - 2p
g Enry (4 g Ences ) 4 1s . 32
CuO powder 100 1000 10000 10 100 1000 10000 10 100 1000 100 1000 10000
pitiog Excry (V) po——" Binding Encry (V) inding ey )
Ols Cu2p
N R Theoretical RSF2 34 AR F—IoxT HEABERSFEIBBERSFOMERA E— KT 5, 1512, 1s(EBERERC). 25. 2psolE
EA I A s o (£ Y BN—HERLTND. —%. 1SHEDEBEBITILIE BT BB AKELSHMA)TIE. BERBEOTI
H / 2 = { L ] MKREL, 3ds, TIREARMICRAENBREICLLRTHEWMERA BHON T,
L / \ L Sois Foistos \ Exinors —ERDBEIH N THFISE DR AT ACKER+ATPP-2M)+E Y] 755 B RIS S HERERSFAYE R
/ \/ | SHIERTES AR ERLT=,
== - m\. BUUSTOUT. ~TDA(Spectrometer function) varies with E1?  —/ T REIVAIOFEOHMOTR. Pl XBIRILF—ITOVTORIENBE,
et < “A by IMFP TPP-2M
References )
[11C.D.Wagner ot at, Surf. Intorface Anal. 3, 211 (1981) \ Qgggfﬁgfggtgﬂggswx~Amms%wiﬁz&(fr%»tém:, e sam el JASRI
{fé;‘;‘é%;’;ﬁem’ Theoretical Photoionization Cross Sections from 1 to 1500 KeV Lawrence Livermore Lab. Rept- 1973, - 2 el "1 2 LA X PES 15 (£SPring-8 BLAEXU (Proposal No. 2016A1762,  Affation: Industrial Application Division
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AL RITIZLHHEEH
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ibickmess 300
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h s L E—

starage ring % w

5
4 smmembrane
(hickness 2um)

[1] Mater. Chem. Phy. 160 (2015) 205.
[2]J. J. Appl. Phys. 55 (2016) 055502.

[3] J. Nanomaterials ID8584304

[4]J. Synchrotron Radiation 24 (2017) 633.

imtensity counts)

Enegy (v}

[2] #MEZRIEORE

Just expose

[5] Appl. Phys. Lett. 108 (2016) 051610.
[6] J. Photopoly. Sci. Technol. 29 (2016) 403.

E1
HMRERGHREN
PTFE (Polytetrafiucroethyine)c& 0 7 RA S IO B - 158
1 ELVRIERIE- ERRIRE fr
2 6-¢
3 (Elﬁ;i{&%ﬁ& F Fl,
4
SR (337°T) Structure of PTFE
TyRAREORENIOMER
* MHERIEL L 012, LEBRILD
ToFod HER

* EREMOMEL . YIHIICE 3 MM RN, o
« - RMIC Lo TH R RET
BRHEN

Application for
waterproof

Application for
anti-sticking [
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Beam Line 2 at NewSUBARU in University of Hyogo

_____2 SPring-8

Linear
Accelerator

NewSUBARU
Synchrotron
Radiation

Beam line for
LIGA Process

PTFEDBAKIC&IWME - @F 7 AR LRGN T

I TE ARG HE:200~250°C
(PTFEQ MR : 327°C)

RER BRE-ER7ARIMEMT

210mm

ASHAXEWMIT

K

W7 AR RE> 50000,
“TEME<1pm

Problem of microfabrication in large area
X-ray irradiation with heatingat 200°C

Strain(%)

orNWRUO

'
N

0 100 200 300

Heating temp. (°C)

Heat expansion increases with
increasing temperature

10 mm

Pattern distortion inevitably
occurs in the process X-ray

Photon number transmitted through PTFE substrate
Appl. Phys. Lett. 108, 051610 (2016) &
J. Photopolymer Science and Technology, 29 (No.3) 403 (2016)

I irradiation with heating.

51 PTFE filter for ELIZA

Ukita & Utsumi et al., Microsyst Technol. (2010).

Inflow

40 um
Mers threugh bores e

|

200 um

Y ¥ ® <Lt
Out flow
*
1" antbody anaite 2" antedy
HRP canpugated

Fluid filter for Enzyme-Linked ImmunoSorbent Assay
(ELIZA) was obtained by PTFE microetching using X-
ray irradiation with heating.

B2 <4oBE-SYERATINMR

WR W0 65)

i
Mooy’

PTFEQBLZRIERTYF Y
o+ F_F ¥

Pyrochemical etching phenomena

[BE 1 mmOPTFEERIC, 150 A s/mmDX#RE R THRET,
MBBEELUTOREICLT, SEMBRBLIHERERT .

0 pm

— 0 um

50 pm
— 100 pm
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