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SUMMARY

1. Title
A Feasibility Study on the Preparation of the KRISS Beam Line Installation and

Synchrotron Applied Research

2. Objective and Importance
Synchrotron Radiation 1s applied to the basic science, applied science, medical sci-
ence and industry due to its wide spectral range from ultraviolet to hard x—ray.
Now, lots of synchrotron radiation accelerators are under construction, and we
can use Pohang Light Source (PLS) at the end of 1994. We have conducted exper-
iments using synchrotron abroad for the continuing feasibilty study of our beam

line and the training of ourselves for using our beam line.

3. Contents and Scope
The contents and Scope of this study are as follows :
— Investigation of recent synchrotron radiation:
— Establishment of the technology for beam line construction

— Applied research using synchrotron abroad

4. Results

— Understanding of research trends in synchrotron radiation accelerator
— Planning for the PLS/KRISS beam hne construction and its use

— Photoemission experiments at IMS 1in Japan and SRC 1n Wisconsin
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Binding Energy(eV)

(Fig. 2—5) (A) 0.5ML Pr/W (110) (B) W (110)
(C) O, annealed W (110)
(D) IL O/Pr/W (110)
(E) ¢ (L) Pr film
hy=60ev

Fig. 2—6& AtA- 9] doseo}ol| o} 2= valence band?] 72 W3& el Aol
. Fermi level ¥-o| Rolx F7§2] peakd F Aol Pro4 #55 Az
& Weh ) peakolm] o]zle] it MY EAL A AYPFo|x o] data:
highly correlated Xl systeme] Ha}l+2E o]#fsl=d] o] w)¢ 23 datao)
}.
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Binding EnergyvicV)

(Fig. 2—6) Pr/W(110) systemoi| O, & does %}

distsles 25 = L, hy=36eV
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4 NG
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o] od3te]| 29l MPS; 33EE9 intercalation 58 5 M
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(Fig. 2—7) Perspective view of monoclinic MPS; structure(C2/m). (Atoms in
unbroken lines have y values between+1/6 and —1/6 and those in

broken lines are aty = + 1/3)



MPS; #+2+= Fig. 2—73 7o] dAZAAA F 7+ (monochnic space group) C2
/me]l &gt 283 300~800cm™' g9 AF wWe=Feol D3h dHAFA PSe
clusters®] Az o T A=}

MPS; 31§E59 <52 Peol SUA Ate]ld] 743 T ZfR2E PS¢ hex-
agonalZ A =t MYz5 & clusterAle]o] octahedral sited] Eoi7tc}. MPS;

FZ9] 7}MH AN = P,S, clusterse] S3s, S3px, S3py, P3s¢} P3p, A== ¥¢ 7]
JRAd T A5 & Mo d AHEE AR o "z 7pdzd 4
o] Y A}st2 = FA| gapell A3

NiPS,;, FePS, ZnPS;¢] 7} A A}d]&= x-ray Photoemission Spectroscopy(XPS) =
A7 =o| st o] HFEEY FHEL (PSe)” Aeiel A o|g 4 (transition)
3d d¥e & +=2=2 Ay xo

o] dFode FAY 2HERL sMAAd Fxo o AHUrt. 22X
3d ¥ E X photoemissiono] XPSol| 4] 2} 3Se} 3P #|we] vl 2]z A
stche S Adsk oiebA] sMAAd ] A 2 HE U

Resonant-photoemission(RPS) 2} Constant-Initial-State(CIS) #3¥ 2 FePS;
2} NiPS;2} 7F -zl ed-of] AHg- 5o St

o] AT 7FHANY ofeistA] Aol AAAR 2 FAed(final state) & 3ol
olsf Zelxle= 4 3d Aee] 7|es = S FAddrh 12| satelite +ES
& 9] F AR & AF ouA FeA fHEF s Y, A5F B
At 2] 99 M, 4(3P) o= &el HU.

o] 3o urAa}}& A}£-3F Ultraviolet photoemission spectroscopy (UPS) ol
2]s) NiPS;¢} FePS;9] A& 7}zl +2 sfHE o]l A= 7] A
NiPS;2} FePS;2] 7} Az}l zZ+ g4 2] 7)o 8 F9H317] $3e] RPSe} CIS ut
He AH&3k .
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22T I

vt A
o] Ao A}L&3F z}x B3 (angle-resolved) UPS AlA®]& ¥ Bzpastd
4 UVSOR#|Ad 2] BL8B29] Hlg}al-g A43}cl.
o] Wla}qle 2¢V < hy < 150eVe Plane-Grating Monochromator(PGM) &
b2 Ech, oy R] Balse 0.1~0.2eVe|lx setupd} B33 designd Fig. 2—8%}
2}, 1232 PGM monochromatore] &2 spectral ¥ = Fig. 2—9¢} 7c}.

(Fig. 2—8) Schematic drawing of the PGM monochromator
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BL8BZ2 PGM

RELATIVE INTENSITY

00t~"""500 700 50 0 5

(Fig. 2—9) Spectral distribution of the output from the PGM monochromator

A2 2—150eVe] vz HoA PGM £37o] s FIFHE F&
monochromatized3t}. F Az £337] 2 XA Fig 2—103 7o) A 8Fv)

chamber, & A chamberg} Xg AYG AlAag o FTAx5]le] gt}

AR o) NEAGY 24
S L |

] - Mmanipulator —

(Fig. 2—10) A Schematic dia gram of a ups system (UVSOR BL8B2)
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NiPS:¢} FePS; 22 F5(M), A(P), #(S)ef UAy] 1:1:130.8 E3s}
A7l A §F2AHE 500C 22 4T AS AHE3HA

A" 2AHE ¢ X—~4A M3 Raman £37)5 AlE3td A3 2
ol 2] U4 electron microscopy w4l oj# ZAA3 At ZAAF Sty
+ silver resino] 2}3l copper substrateol] T A3}H T 1] chamber(10~7 Pa) o
A diamond fileol] ¢}l cleaved * = scraped 3} %it}.

Al 8552 Y| chamberd| 4] cleaved = scraped §t3F-of] UPS system?] & A
chamber(~107° Pa)® o|43} ).

FAA AHEYPL F A QIAAS 60°2 A5 FHAAM WEEHE AR
£ 239t 25mm FH ¥ (mean radius) 2] hemispherical A 2} — o) L] X] F-4]
712 23 chamber Qtell X} & A3} ¢}

UPS system?] Fermi oY Z(E;)= F2% Au film2| Fermi edged A}-§3}
A8kt AR5 6eVel ArRLF o Ao 4] Aug| Fermi edge Aol 2
3] 20 < hy < 1002} photon ot x| deljA| ¢ (0.2eVE # ™ x| g

CISe} & £~HE]LE UPS SAA9 & WHe=E FE Af9d WaEH

v AATRZEEH 5A5 U

o] AHEZHESLE F=2(light path)o] Aumesh2F-8]2] Ht& Hfol els hyd
EARE FAHNL, el s 58 od EA5Ur.

o A3 x EY
o| L Z| calibrationE H#M A Aug |8 slHrt.
Auts E9E vl 7AAREA s 7 UM F=2 AMESIE d=d AR
Hell 7}d3dle] F23F Fermi levelS F3}ich. o] gtoe = 7o) A](binding

energy)E vl ¢ glr}.
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Fermi Level of the BLEB2 UPS System

'_T"T_T"TT—T'-I"'T'ﬁIIT‘IIT_T_F'T—l

h:rml cdge of pold Epags=6¢cV
' hv [eV pos.ofl EF/V

% 20 -8.86
5XT 40 2884
| | :.':" 50 -38.75

S 60(12) -48.73
-4+ 60(11) -48.93
X 70 -58.91
. 80 -68.91
Y 90 -78.90

Ep/eV

(Fig. 2—11) Fermi Level of the BL882 UPS System

Fig. 2—110] BL8B2 UPS system?] Fermi levelol] t3 A5 e}, o
7|4 #3371 PGM(GM=12)3} PGM(GM=11)2 2 i} 3l PGM(GM
=12)+= 20eV, 30eV, 40eV, 50eV, 60eVE FAstxx PGM(GM=11)& 60eV,
70eV, 80eV, 90eVE &AH3}E =2 5o oA Fig. 2—112] Fermi edge2} 60(12),
60(11)-2 GM=12¢} GM=119] Z}& e}l

Emissin yield of NiPS3

Emission Yield (arb. Unit)

Photon Energy, h v/ ¢V

(Fig. 2—12) Emissin yield of NiPS,



Fig. 2—129]+= NiPS;¢] emission yieldE e}, cleaved = A) &7}
scraped ¥ A]& Xt} emission yield7} 718 FHE FUSA A #A5led FEwHol
AL scraped ¥ A8 8r} yield7b 2 RozZ Az oA}, Fig. 2—130 =
scraped X FePS;2] yieldE e} o).

Yicld spectrum of FePS3 crystal scraped 1in vacuum

100

Photon Energy, AV / eV

(Fig. 2—13) Yield spectrum of FePs; crystal scraped in vacuum

UPS spectra of NiPS4 crystal scraped 1h vacuuin
(a=60" 6=0" )

hiieV

g 18 (8 8£

15 10 5 Lg=0
Binding Encigy / ¢V

(Fig. 2—14) UPS spectra of NiPS; crystal scraped in vacuum
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Fig. 2—140] NiPS; A&l UPS 2He&2] hy 2|&AH o di& Jelfgict. o
27}A] Fm YAso] E;2HE 1.2, 2.2, 3.2, 44, 6.8, 8.0, 10.0, 12.0eVoi| A
SEHZ U

¥ hy 9922 UPS A#HE AL X— A photoemission AH E 3} £-A}3}
t}. ¥UX}AH A7 A 2] photoionization cross section . 2 X, Y& hyd| 1] PAjEo]
Z7hste e & 4 <ok

% (sulfur) 3} <l(phosphorus) A}e|e] [UAu]E sl A 4.4eVe F2REe F
£ B9 3P A=EE HH 7|d¥d o Yeoprl & hvell JEEe FRES
Ni 3d Ael S 2 main} satellite e 2 2Jz2+xc}

UPS spectra of N1PS3 crystal cleaved in vacuum
(ab-plane a =60 6 =0 )

15 10 5 Eg=0
Binding Encrey / ¢V

(Fig. 2—15) UPS spectra of NiPS; crystal scraped in vacuum
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UPS spectra of FePSj crystal scraped in vacuum

15 10 S Eg= 0
Binding Energy, Ey / eV

(Fig. 2—16) UPS spectra of FePS; crystal scraped in vacuum

Iig. 2—169] scraped ¥ FePS; Ao UPS AHE® 2 hy & disl] 1}
el it oj2irbR] =z YAEe| E2 ¥¢ 1.6, 25, 3.3, 5.0, 7.0, 8.1, 9.9eVe
A BE&5w e}t 25eVe] F2E Fedd Ao 22 Azs1 5.0eVe +2
=< 9 3P AxE= 7|9

Constant-Initial-State(CIS) A#HE 8.2 Az} counting ratee] hy &]Fd| &3

3 F 2140l g3+ normalizingell 2}s] <3}



B2t B2 (hght path)oll Mg gold meshZ % €]2] emission current$}

gold2] emission yieldol] 2)s] 2 A = A}

CIS spectra of NiPSj crystal scraped in vacuum

%;inding Energy / eV

50 60 70 80 90
Photon Energy, AV / eV

(Fig. 2—17) CIS spectra of NiPS, crystal scraped in vacuum

Fig. 2—179) scrapeddt NiPS.2) 7}Az}d) F+2 CIS AHE L e}

7V Aol i A 2.2, 6.8, 8.0, 10.0, 12eVe] A~#H E .2 Ni2] 3d threshold
energyoll 4] 7} 3} resonanceZ MY o]l 9t}

283y 23t resonancex 3.2, 4.4eVel] U}ty U}, 283 1.2eViA=
resonance’} §it}.

3.2, 4.4eV F x5 0] photon energy 30eVoll 4] 7}3}A] vje}r} Qich 2B &



2.2, 6.8, 8.0, 10.0, 12eVe] #+=2x= =2 Ni3d A=) Ni3d A=} 3.2, 4.4eV
oj A A¥ 71493t k. ] olrt 1.2eVel 4= Ni 3de) 7|71 gl 7oz
A Z+ =i}

CIS spectra of FePS3 crystal scraped in vacuum

Binding Energy / ¢V

paning 1.6

40 50 60 70 80
Photon Energy, h V / eV

(Fig. 2—18) CIS spectra of FePS, crystal scraped in vacuum

Fig. 2—189)] scraped3} FePS;2] CIS A2H E 218 e}l i}t 7Aool ) o]
A 1.6, 2.5, 3.3, 7.0, 81, 99eVe Ao+ Fe 3d threshold energyol x| 7}3}

resonances ¥ o|x glc}.
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el A&

WA S ol 8% SFAHAHAE F3d PSe clusterse} Nilzxty Feizizp 7tA
el o] Ao A3 73t AE d F A ol A= A9 ZnPS,
9] photoionization threshold energy®} #2] < x]3} g},

28] FePS;9F NiPS;9] A= %7} FePS;7F 2 721 & Feo] 7}AxE ol A 9}
7147} AA37]) gEQd Ao SHAN}EREH FHE & Qo
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A1E 37

84 KRISSel4 4% |3 Wehale VUV 29 712 2 $4493
VUV oo 2% $YA7E AT Ao odrldE VUVEde Abgg:

grating 23719 2] 2 URA Age] Bahe] £347]2 o}

(a) (b)
\; ) gj
d
) \N\ ‘
o
(Fig. 3—1) Focussing shapes for X-ray and VUV optics. (a) Ideal ellipsoid to
produce aberration free image, |, of source S. (b) Toroid, produced by
bending a cylinder, closely approximating to an ellipsold. A cylinder

profile can be produced by bending a triangular plate at its apex (c), or
by exerting a rectangular plate to opposite couples at either end (d).

Fig.3—1(a)o] A £ %= point source g A A mirrore FAol4 &l 3

(elliptical) geometry S e ok el 8 mirror5& -2 glxbzh, 8§ 38,



image 7{g] & Yed 5 ARG A2} sl2 urEFe] curvatures 3 9 3HA
t} 21}
gkel mirroroll 4 33, image 7 g olA mirrorE zZ}zr Uel VE 319 A =29}

72 ¥73& Rud Rs+

L=Sin9(l+i),i= 1 (%+-\1—/), (3—1)

R.s ZSine

(Fig. 3—2) Layout for UV photoemission experiments. M, , cylindrical mirrors; SI,
» Slits; TG, toroidal grating; |, reference monitor,; S, specimen; CMA,

cylindrical mirror analyser.
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Fig. 3—2¢l] e}l 71218 tangent point sourcet= circleol] $ X3} Ay IAFA
gl 2] B-3%7])2] pre-opticsol] ¢}3] image Fit}.

ST 28 F4 o] 4F Ho Uz, Fx HA £ AUAE AR Y3}
Z] ¢+ harmonics\y} & orders2 A AE of I g 3}c}.

o] AL Fig. 3—3¢] vbebidrh. o] 2ol A plane gratingo 23E| 8] E4re 1}
el ek

Groove spacing = d
- Spectral order = m

N ™~ h*m-—z

=2
N\ ,
,f
A 4
/
rd
7/
/
F
,/
/
/l
/
/
/
/
!
!

\ \\ \*m-—1

R N -
3\ me=1M 0

’/
/

(Fig. 3—3) Notation for diffraction by a grating,; a and fare the angles of
incidence and diffraction, respectively. The deviation angle, a- A8 is 26.

The spectral orders are m.

Grating WA A& c}-g3} 2.

mA = d(sihna + sing) (3—2)

g 7)A g YA, Ave IAH I3 m order2 4 BE T AR

d+ line pitcho|t}.



HbAbG gl JHA dubH o 2 AR A A 20(e—B=20)E A](3
—~2)=
2d
A = —cosf sinf (8 + R) (3—3)
m

a®}t A7} 90° o]} 3 & 5 ¢17] wFol horizontal 332

2d
A = — cos?d (3—4)
m

T Fozct. mm3d 700~20002}le] AYAH UL E 7 x| 7] "o 20 =

100~1000A(120~12eV) ¥ 8jol 4] VUV s}A+S oF 100° o]t}
Grating

Entrance Ex'it
slit L stit
v 2
Grating
normal

Fixed
entrance
direction

Fixed focusing stit
mircor

(b)

(Fig. 3—4) Two geometries for grating monochromators, both with fixed grating
deviation angle, 2.6. (a) Single elecment, toroidal grating, (b) two

elements, plane grating and mirror



Fig. 3—4°) 702 A5 #Ax}z}(deviation angle) &) geometry s }ehl ¢ic.
(a)oll= white source?] 8JA}A 2lo]| focussed © 7ot} ot M Fu|AH Fzaf(stig
matic) image7} exit A 8o A5 7] o] Fol| toroid ReF o F gratinge] HA
¥lc}. o] toroidal grating monochromator(TGM) o] ¥.-§ photoemission 4 §ol A}
2.5}, 12]3 plane grating monochromator(PGM)& (b)el el Wi fo
cussed X7 9F& MWL exit 23] 1A E €YY mirror 2} focussed v}

o)2]§t arrangement7} YA} Y exit WL parallel2 Fici.

Fig. 3—4(a)ol] TGMol| tis] }elhi i}

TGMst <A 4" g9l A Zs) 5ol 4%k e} spdx »
ok 2] focussing(sagittal focussing) ¢] grating profile2 %8 A AXcH AR =
2 WA EoleE NAE & UE Aot

Sagittal curvature+= meridian currature Xt} diet3d] = 7] uj-Fo| spherical
grating2- A4-&¥ 5 .

o] 1 & cylinder ¥+ toroid X.t} fabricatest”| fc}.

12 4] spherical grating monochromater 2] pre-opticst= %t A] horizontalel] )]
A focus¥ MYR7F AAY exit ~8lo] A non-dispersing ¥} 3Fe] H g jic}.

22§ FHT 23] fle (slitless) SGM2] designe] 2207} A1z3A = o).

Al 278 HE7]

Ab3e 7S (intensity), 538 9), % (collimation) 2ol JAY F2 &
A7k 279 284 [Re) 7 X-4 3o 2deie 54T & Y= WS
717 G sk

Table 3—1o] WAl Aol 2ole F2 AE7] L 54 ol Tl D
vhebul e



(Table 3—1) Characteristics and uses of photon detectors for synchrotron

radiation experiments

Count
Spatial rate
Dimen- Resolution [imit
Detector s10n AE/E  (im) Sensitivity (ps™') Experiment*
Ionisation 0 None None X-ray 102 XAS
chambers
Photoemission 0 None None X-ray 102 XAS
diodes Uv 10'*  UVS
Scintillation 0 0.3 None X-ray 5%X10° XAS, XRD
counters None UV 5%10"  UVS
Solid state 0 0.03 None X-ray 10 XAS, EDD,
detectors
(SSDs) TEA
Cylindrical 0 0.003 None Electrons 10°  UVS, UPS,
mirror XPS
analysers
(CMASs)
Proportional 0,1,2 0.5 100 X-ray 10° XAS, SAXS,
counters None per wir e XRD
Photodiode 1 25 X-ray 10° EDE, SAXS
arrays
(PDAs) 2 None
Charged 25 X-ray 10° PX, LD
couple
devices 2 None
(CCDs)
Photographic 2 None 1 X-ray 1012 PX, SAXS,
TV detector 2 None 5 X-ray 10° PX
Photoresist 2 None 0.005 Soft x-ray 10'° SXRM
Image plates 2 None 50 X-ray 10'2 PX, LD,
SAXS

* XAS, x—ray absorption spectroscopy; UVS, ultra violet spectroscopy; XRD, x—ray diffrac-
tion; EDD, energy dispersive diffraction; TEA, trace element analysis; SAXS, small angle
x —ray scattering; EDE, energy dispersive EXAFS, PS, protein crystallography; LD, Laue
diffraction; XRT, x—ray topography; SXRM, soft —x—ray microscopy.
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1. Low o4 X| B3l A&

Ionisation chambers 7}& 48k X-A 73 & 7)olc}. o] 7 & 7]e) ZAtZ rare
gase] 33} o]& 3 (photoionisation)§ 7|# o= gt}

o] A& 7)ol N8l Fig. 3—5(a)ell “eb .

+HT -HT
XR e anode wire
XR
(2) (b)
& +HT

depletion region

L-ﬁ- A O s o o e

'
g

(c) (d)

(Fig. 3—5) Schematics for various x —ray detectors. (a) lonisation chamber,; (b)
proportional counter; (c) photoemission diode; (d) solid state

detector; (e) cylindrical mirror analyser



Ay o2 7|l Hedd Arg A431x AAL 2k 4+ 100Vem™'E Ay}, 9]
e X-A F2AEL FAAAHLE FoXg. q7]4 HAELS Auger FHAHo =
A E" Aol

dE 718 AP R A linearity?} kA3 olcy. 2] 30eVrt @Az} o] &4 & A
Adsl=dl HRste o #A4 o|2AR+ AH X-A 7= w|#H g ey
onisation chamber+ & 7}z X-AE SAscd= AHAS A ). m4#+e]
response w52 FAFT EAT} AR} escape deptholl w2l HAAHc}, Cus
A X-A oy x| Rojx, Hide) AlL 10~250eV UV oA 7}AFr.

Ion chamber “} photoemission diode2} t} 2 A] proportional counter+= gaing 1}
e o ot v’bA SEo s A== AR A HEES o @2 ioniza-
tion of-Fojlc}.

Jo ule]] o3l A= scintillation counters& A}-&-3kc}. o)l|g A&7 E5L X-4A
ol UVE FFdle FZF2ads T3 2 oy A4 FARE AYEd
ch. 2 F3FL UV Hol dubx{eo 2 soln FHx} FH(PM tube)ol] 2Js) =
< 58 &=«

2. High ofj x| E3lls H&EI

T2 solid state photo conductive detector (SSD) 7} 2o]lxx Q). vt A2 Si9}
GeE H5 Al8st Az & 4EL F39 FAd g8 WA 4 BES
°F 3eVe| Folly %71 2 g s}

Multichannel ¥47|= &4 WAL 9] oz A2HEH S e}l

SSDe] 7b3 dnbAy <l AL Fig. 3—5(d) 9 o bias p—n H{EL AlE-3Fo}. p—
n AL ¥E ptype Ao Lig diffusing#] 4] A|=tgkc}. o] 7% 7] pre-am-
plifiere] & »olXE 2 4de= B Lite 4 wx3}l7] s AA AL &
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wo A Z=s]3 ¢}

3. FTXA 47|

o2}7} =] M4 7]S0] 912, cylindrical mirror analyser(CMA)$& Fig. 3—5
(e)oll et et o] £47|= FFEE&e] 71 F3 photoemission AF ol
831 A AH4-%c) YA ZalF e AR Ao w2t 433 gFEd, 121
ukek zjul) %) (reorientation) 7} ¥ & Al(palarisation phenomena)-§- £ A}s}=d| &
83tch s2jsljof & F A ol

a2} o]2)3F AFEL Fig. 3—5(e) 2] CMA arrangement2] double passe] 2]
M AR 5 U

4. Multidetectors

w2 data S gMHE FAld oj2 £4H datad FAY davt It

One-dimensional, position sensitive & 7] $o 4 7}A AA32al A= single
wire anode proportional countere]tc}.

Fig. 3—5(b)oll Yeld AAHH 7|ME AL chamberel] AAojy FAoE
anodeZ Y1 ¢)t}. wire chamber: & A} reactive rare gas £ M (935 Ar
/CH) S 23 it} o]3]§F A& 7]+ diffraction A&l A& Q).

Two-dimensional 732 7]+ one-dimensional 7% 7]& o]zl e 2 A 7o
t}. o] B3&7]E= F count rateE 10%ounts/s5 =3} = Ut}

7} A odul" el o] i solid state array= charged coupled device(CCD) e}ti.

Pixel 27](25X25Mm)+ PDAs¥c} M3, 24355 w2 A 253
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Al 32 WAGE o] 8% XH AT

AL FE o] 8¢ B AT AA VAR v

(1) Angle—Integrated(or resolved) photoemission

(2) Surface absorption

(3) Surface extended x —ray absorption fine structure

(4) Surface diffraction

919} Z& techniqued o435 ® Ewel 2ed, st WHE chekstA o
2 4 QA Wb e 9 techniques] iEF ch AL Lpebic).

1. Surface Absorption

FTFSAL B x9 absorption A2} dielectric constant?] FH5¥-o M Fd=
gtel A&d™ WOl attenuation e FA Xl o] F HEyE= EAHE T
a2} Zel x| Al =}, absorption A = 4x1k/A, dielectric A &+ 2nk=naAd/2
n% Fo{Act. Absorptiond SAste 7HR 7]EAQ WHES HE & FAE
7= sampleo] ©)3}ed transmissionE 2 A3l wiyolc}t. 2] Zre] 107 fem el
FAT of$- ke X871 BR3A =t} Reflectivityd] $1§F &AHE 71531 R|qt
soft x—ray%d o4 n& A2l 1o 7}7}9-2 2 scatteringel] 2|3l B o =7} A
71A ®Hr}. 7] A= yield techniqueel| sl = A} 7| =2 3}z Yield tech-
nique-> absorption process”} energetic core—hole& ¥ A= AFAES o837 A
olt}. 1 core—hole?] decay yieldi= absorptionell B|#|3}+ signalS FA| ¥t}

Yielde] & I oA ule} TH 22 AlHo| sensitived}Ad] 2HE
Aot AHollA w9 F83c} YieldE £ A3+ parameter® secondary electron,

Auger electron 3-& fluorescent photong =3A 3} A =}



hy (eV)

Fig.3—6. absorption spectrum®&| &7|

(fig. 3—6)2 absorption 4§ < § o F el Ut

~ —— Cylindical Mirror Analyzer
\ or Flouresence Detector
Siits \ o
Colhmalor g l
—— Sample
Fll!er - 1‘ Metal Gnid /
/
/ Ph
QD /\‘ ’ oton Detector
-‘ i -
OE==nf)
Spiral Eiectron Grid
Multiplier (CEM [:_5 |
ultiplier { ) . = ':: oY — Retarding Grid
,' TR
1 \ Tctal-Yield
a BT Electron Detector
---- Evaporator

(fig. 3—7) Yield 53 2| of2{ HEH

Fig. 3—7& yield 49 «q871A] 2§5¢& 2 oqFch o] 219 3—-6 ¥ 99
*& density of stateg veldc}. $7F F-& -2 photoemitted electron—energy dis-

tribution?] secondary electron® ‘}e}ulit}. o] secondary AA}2] hyel| w3 3}



+ empty surface—state densityoll FA = structureE 7}A X}, o|2gF w3}
ot F-Eo et A Aok x—ray &FF spectrume FRo) P HYRE
o] dge 2 v 5 A =} FRo W3t A M transition matrix element
& W3 A7 final —state scattering B3} ol 213l A 7)A =} Thresholdel] A
°F 50eV o] 9] signale] o|9} & AME A v x—ray absorption near —
edge structurez} 1 E2]-2t}. o] ute g9 Ax7be) A=lE ABsA A7) ¢
g tool2 ] Al& =1 gt} o)j9} &4 ALAI§F analysisE & 790 bonding ol
gt R E 9L 4 A =} £ technique 2] 3} surface extended x
—ray absorption fine structureg} @ &2} ¥¥o]r}. SEXAFS: near—edgeed 9
el A AlztE]o] o] uly] & o)&3}o] absorbate] bonding site %-& bond le};;th

o i3t BEE A& F Urt

E, =4 eV
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(fig. 3—-8) 2LER0| LIEtH =X}= constant final state of|L{X|0|o SiO,0f Cf3

photoemitted secondary electron] yieldf# L EHH= —18lo|C}.
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Fig. 3—8L silicon?] A3}z Ao i §t absorption yield spectrume]ci.
Chemical structural ¥3}lo] o} 2 & signale] ¥W3t:= o) A FE= 5 2ok

A4 X-4 ¥3

X—Al B3 (fluorescence)E EAe] X-A& Fodld WPFFo2Hy A7|e
Heoe' I 9o AL o7 WA(X-4A) 9 sARo Z3 34 uiapad
(X—-4)S FF31 A= 5 ASH

Fluorescencer= Luminescence®} F2olo]2 3 A} % o7} g}, Luminescence
()= 9139 3ol o8 L%, WAk ThE W BASE Wyoln)

abd X— e FAFF st EA(AR)AEY 5 Yn EAHolee 3
T2 Q] de—excitation2 1 o259 A X-A A~HEZHL q7|A &} o]
g A9 2 F}AHE X~—A fluorescencez} ¥k}, Bj|E o] EA X—XH AHEI
o] ¥AtE= X—4A HHANA & AFAAL JF¥E A o)yF T
E A3} geometrye] HAF Aoz Adox|= A s#A} yielde) 10~20% o)3}
= A" ¢ U

AHEEe AR 2 (A k-7 Ay g 2 #3 YA E e X
— Aol 93t EAMEY FAHA} F5e A X-AH BHES F=3HA =Y o
A% X~A fluorescence7} ®t}. X— 4l fluorescence ¥4oll4 83 &7
7] TAE A3 o4ejrbA] FZ ALgE o] Gouldingd] 23] E 25 <)

1. X—21 Fluorescent Elemental Analysis (XFA)

X—Ad JJFEH(XFA) W e A8 Yol 49 #X 5 Y35 slede &
ol 2 49 A HLES AHosted MAAAHZ AEHT Qo) A ¥
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FEAT AN o] 23t WA WAt F AR (K- L—shell)olAH
ojxdct. K—2zt3 L—79] uizte]l & A9 AN EA54 dyA7} &&
Al H™ o] o) WEoURE 2
A A] W& ¢ A(auger) A9 vIE £ 54 X—-49 g2 fFo 7=
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4
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2. o HY 4E

1980 d ol = X—A FFo 23 UL F4/NEel A3 AYPE] el A2|7HA
o WAL AAE 0|88t FuUs o] gt}

t}ok3l v 21 SRXFA(Synchrotron Radiation x —ray Fluorescence Analysis)
A7=Z2 F5 SR JdaEF2] HEHAE FHol @ 5 UA HArh oJd K49
FHa A=sEMDC) ¥ A 55 T3 (MRA)O 03 w3 4 AFH diolH

7} 2 7 E Y4 (Silicate rock3d} organic¥ )2 FAE o2 (~mg/cnd) A B



o] AgelA Lo
TAE fa(LaolF (AA)e X—-A 83 &le A A7 < AR
ol ¥ A7]E olfFozy Fuj2E AYPAHLE A H
o} A7} 2] SRXFAE S43lc AYAHASS fldtd 738 £92 ddF47t
Novosibirsk, Hamburg, Tsukuba, Brookhaven 5 2] 4% & ulA}lZ o] L AlE o A
A3 =] $tot
¥z, VEPP—4(Novosibirsk)o| 4+ ©2 2] 4717 2ofo|A HdA-+7) AP
.
1. Geology . « Rock A&, F&=3 #F4, EF4A
- W3 75, IEF F A T4
- Intact A} 8.2] o]x} 4% YA mapping
2. Micro—analysis : @ 4| ., mono—mineral fractions+ 43
3. Biology Do« A7}, A7) tissuel] vl B4
Aol gl ol F)@ Sol M FEFL FE FE, 53 2A
4. Industry e A YAt M EAL = 24, 5 F admixture &

M s 89 &

3. SRXFA (Synchrotron Radiation x—ray Fluorescence Elemental Analysis)

Babg X—A g3EH FAE B webd 2422 FRE 5 Uk
(1) AR Foll EAsE Q49 4 SEE F2E & A= 2
(2) AR Fol EAFE Wae) e A e 1S
oleig R FO FulE LI FAFE 2L FALNE ZPYch
A ook FA Alatel melA, ofr] wgst gAYl FEel o] T
2HE oeizx AYAYe] Bed & ok
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7b X—A 3339 o7 +4

Hlzx 2 F-A9 AE F 1~3709 (L& % FHA: Fx25HE A oA
THE 449 K £&, L 59 2AHANYAE e GA9AF S o]l&sles 7
o] 7}& w2 s}c}

o} 4 3} (monochromatigation) = 73& 9o 7|1A WAl AL Fof F gt uha}
Fo Wl AeE 4. F, uAbE W ZAx o] ofste sy} AT FE
t5 o AlsHA "o Al "-} FAZ AAAFYHA Fooe IF
Aol A Aget AdE Agste WAbd Bzbe] AASFe A "o

o]2]§F ZA3Z}o AL wide—band AHEZ) 2F 7|7} r] uvlgAR FAE
R Eot. 30keVaHellA= &5 EHeo WEY UL g2 1a WALE
M) o 2 B ¥| wide—band A3 E2]o] odojxc}. Table 3—10l= Si(Li) SSDol| <]}
A A& Adr Aedsle] 3o polymer—based EFA|ReA K—Ad 94

o] HAF Aolc}

o)
e
2

fujrt

(Table 3—2) Comparison of MDCs and AWAs of an Element
for Different Methods of Excitation of XRF'"

o MDC in relative concentration o AWA In
Excitation mode ~—asb->———————— Irradiation area absolute
Zn Mn Cn amount Zn
Continuum 050ppb 410ppb 440ppb 3.5 X107 *'mrv 0.13pg
Continuum with absorber 170ppb 240ppb  750ppb 2.8 X107 °mny 0.34pg
Monochromatic 60ppb  70ppb  200ppb 1.1mny 4.7pg
Conventional EDXRF 1.9ppm 2.0ppm 8.8ppm 3 cnd 40ng

SRXFAd| 2]l3}d,
FAAo2 Si(Li) 3 HPGe A3715¢ 9% V49 25 %E 50mg/em’e)
(1) V.Baryshev et al.,, Handbook on Synchrotron Radiation Vol 3,

Chapter 16, “X —Ray Fluorescent Elemental Analysis,”

Elsevier Serence Publishers B.V., 1991.



T polystyrene 3| Ru, Rh % Pde| wv]gF F24=Fo] 9ppbo|™ rock A&} &4
o]l Rb—Zr ¥ Ru—Ag ©]3} %42 30ppbojtt. HASYLAB, BNL, KEK,
VEPP—45 ] SRATAE|ol 42 SRXFA 7169 H¥ 3 $4oj4 g3t e
Feie AHgSe] 4S =AY 5

1. @ 7§ %

2. A& AW P FA Az

3. b3z Ao 4 (Na¥E F7]€ 89 b A27A)

6. V49 & % AA Zx A9 7t A

7. ¢4 FA(N2E, 44, A%, AP Sl Y AFzAY s

o X—4 ¥ ~2HE AE P4

X—A FFELAH 7lgdq X—4 5 A3 A2 S A ZA= 2713 4 F
oA NEed 2R 24 R FREA AE: e ojfojr) olHE HFEA
zl= SR Hle}eal, Box, Crystal monochromator, 2~ 8] 2 &, ¥3347| driver, HF¥x., #
7], A, SRY 2] absorber, A& 7], SSD, Wl H]-5, Pyrographite filter, Crystal
¥ A7), counterg, o|2|’d Fu|E2 FAH e X—4 54 WA PFEAX
BtlEolvt EFEAR(FL 7|£A18)F Ru Rh, Pd 9 Ag Z& U4 E
XRFA®| &&= Ur}. o] Afd AE8A= 10°2 ZAH(exposure)ol 3}
2k 1ppbe|t}. Dispersion filterE A}£-3tH vlA}A AX|g 2] XRF A% 7153}
ot o3 SSDol A &2 YAE S AHFAE SNF7] o Folrt.

clr

—37 —



t}. Energy —dispersive SRXFA) 4 2] background?] &%t signal %

basic A -

AE A 7] AYX-A Fu, WA FH-YR)E AHEshe oyA] 24t X
—A HFEAL G 1587 oA B e Al A s Ele] gir. o] Fofol A
T8 AXEE SSDs /itell AHE o] 7 Zeoloh. 53|, YA &3 A
T&3 72 SSD parameters®| 7]l 7lAde|ct. WALR Ho2RE o H
Bt of7] vpatide] g8 oA —-FAF XFA scheme zHA|2] SA4E EF A
o2 NAste AE 7hsdHA s At o]7ie] Wl '&A % Compton 4t
H7+ = oF SSDel] it 7| backgroundi o] 2 HE 7| A A @el o
2 g7l P& Rolp. dF-F 2 SRXFA # A= SSDs2 T4 =] Q7] "t
o] XFA 7j&& Z&3=d UdA U9 HE +9HE Agsl= background
AFE5L HE3S) 133l 7o #+8%¢ X At
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(fig. 3—9) Limitations on the SSD detection region, due to various background factors.
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2. Photoemission
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