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Development of the multilayered-mirror monochromator beam line

for the study of synchrotron radiation stimulated processes

Abstract

In this work, a multlayered-mirror (MLM) monochromator beam line specially designed
for the synchrotron radiation (SR) stimulated process experiments has been constructed in the SR
facility (UVSOR) of the Institute for Molecular Science for the first time. The beam line has been
designed so that it can provide a high photon [lux of monochromatized and energy-tunable photons.
After the evaluation of the performance of the beam line, the Al thin film deposition has been
successfully demonstrated by using the monochromatized output beam.

Synchrotron radiation (SR) sumulated processes have been actively studied since first
researched in 1987. One important characteristic of the SR-stimulated process is tunability. The
vacuum ultraviolet (VUV) photons contained in the SR can cxcite almost all electronic states
including core electrons, which are difficult to excite by usual lasers and electric discharge lamps.
However, few studies of SR-stimulated processes using energy-tunable monochromatized light
have been made. This is because SR-stimulated processes usually require an extremely large
photon flux which can not be applied by an existing monochromator, and often require many hours
of beam time, making it difficult to use undulator beam line. Our previous experiments of Al thin
film deposition using dimethylaluminum hydnide (DMAH) indicate that a total photon flux density
higher than 10" photons/cm? is needed for SR-stimulated process experiments. This mecans that a
monochromatized-photon flux larger than 10" - 10" photons/s is needed, if we take into
consideration a reasonable irradiation time and an irradiation area on the substrate surface
applicable even to the device [abrications.

The photon flux provided by a typical bending-magnet beam line using a crystal or grating
monochromator is about 10° -10" photons/s. It is well-known that an undulator can provide a high
photon lux of monochromatized and energy-tunable photons. However, if we consider that the
number of undulators is limited and that the compact rning, which has no space for insertion devices,
1s also a potentially important light source of SR-stimulated processes, then constructing a high
photon flux and energy tunable beam line for the SR-stimulated processes using a bending magnet
light source is an important first step. To obtain a large photon flux, we decided to use only one
pre-mirror for focusing, and propose using a MLM monochromator, which is expected to provide
an energy-tunable, high-photon-flux monochromatized light.

For the energy region from a few tens of eV to a few hundreds of eV, which contains the



core electron binding energies of Al and Si (important materials in semiconductor processes),
Mo/Si MLM having a (normal incident) reflectivity of over 60% can be made. However, no

experiments of SR-stimulated processes using Mo/Si MLM monochromator output have been

reported, because it is difficult to reduce the background at the low-cnergy region (<_ 40 eV)

caused by the total reflection and at the high energy region caused by the higher-order photons. In

the present case, the C filter (120£24 nm thick) is used to reduce the low-energy background. It is

also effective to use MLMs at low incident angles in reducing this background because the total

reflection component decreases as the incident angle to the MLM decreases. Since this background

increases as @ increases, the maximum value of & has been set at 55 degrees. This limit keeps the

calculated background level to less than 1% of the total output photon flux. The minimum value of

£ has been set as 10 degrees by the mirror driving system of the monochromator. The peniod of

the Mo/Si MLM has been determined as 25 nm so that the monochromator covers as wide an

energy range as possible within the range for @ of 10 to 55 degrees. Using two MLMs is effective

not only in keeping the output beam position constant but also in reducing the intensity of the
higher order photons.

The beam line (BL4A1) has been designed by crileria ; beam spot size on the sample

surface = 3 X3 mm?, density of the total irradiated photons = 10 photons/em? (for the irradiation

time from a few tens of minutes to a few hours) and low-energy background = 1% of output. It

consists of a pre-mirror chamber, a double-crystal-typc MLM monochromator, a white beam
chamber, a filter chamber, a detector chamber, and a reaction chamber equipped with X-ray
photoelectron spectrometer (XPS). The pre-mirror is an elliptically-bent cylindrical quartz mirror
with a Pt coating on its surface. The radius of the cylindrical curvature is 236.2 mm and the longer
and shorter radii of the elliptical curvature are, respectively, 4222 mm and 264 mm. Itis set at a
point 2.35 m downstream [rom the light source point of the bending magnet with a grazing incident
angle of 4 degrees. The horizontal and vertical acceptance angles of the pre-mirror are,

respectively, 16.6 mrad and 12.8 mrad. The reflected beam is focused at a point 6.1 m downstream

from the center of the pre-mirror and has an elliptical spot size of about 5 mm X 2 mm at this focus

point. When the MLM is nol used, the SR beam is reflected by a pair of Pt coated plane mirrors
with grazing incident angles ol 2 degrees in the white beam chamber to keep the output beam at the
same height as that of the output beam from the MLLM monochromator. Two filters, one consisting

of a thin film of C and the other consisting of a thin film of Al, are set in the filter chamber, and a
i



Au vapor-deposited detector and a Si photo diode detector (International Radiation Detector Inc.,
AXUV-100) are set in the detector chamber to measure photo-current. A differential pumping
system is set at the end of the beam line o maintain a high vacuum in the detector chamber during
the experiments using reaction gases in the reaction chamber. The photon flux and the

monochromaticity of the output beam were then experimentally evaluated for this case.

First, we measured the dependence of the photon flux on MLM incident angles ( & ) using a

Si photo diode detector in the detector chamber. The operational range of the Mo/Si MLM

monochromator is indicated from & =10 degrees to 55 degrees. When & = 55 degrees, as §

increases, peak intensity rapidly decreases because of the Si L., absorption and the low-energy

background rapidly. The measured photon flux at 55 degrees was 1.5 10" photons/s, which was

aboul 24% of the calculated value. If we attribute this difference between the measured and the
ideal values equally to the incompleteness of the pre-mirror, two MLMs and possible cut of the
beam edge by the C filter, then the MLM's reflectivity would be estimated to be about 70% of the
ideal value.

To evaluate the spectrum width, the contribution of the higher-order photon, and the low-
energy background caused by the total reflection, the transmission characteristics of the

monochromator output beam for an Al filter near the Al L,, absorption edge were measured as a

function of @. The thickness of the Al filter was varied within the catalog value 15030 nm 1o fit

the calculation to the expenments. Considering the error of the optical constants with MLM and
filter materials and the structural incompleteness of the MLM, for which precise evaluations are
difficult, the calculated results agree well with the experimental results. Thus, we conclude that the
spectrum width should be almost equal to the calculated width (5 -9 eV in 55 - 93 eV peak energy
range), and the background should be almost equal to the level predicted by the calculation.

To confirm these conclusion, we measured the pholo-emission spectra of Ta, which are
expected to give two dominant peaks (41 and 5d) close to the Fermi edge for an excitation energy of
50 - 100 eV, using the monachromator output photons as an excitation light source. The photo-
emission spectra using the C filter were measured [or the various incident angles of the MLM, 25
degrees, 45 degrees, 55 degrees, and 65 degrees. From these experimental results, we conclude that
the Ta 5d and 4f peaks exited by the first-order photons can be observed clearly for the range from
20 degrees to 55 degrees, and the peaks excited by the second-order photons are extremely weak, as

predicted by the calculations. The intensity ratio of the Ta 5d peaks between the second-order and

the first-order photons was 1/52 at 25 degrees. Clear peaks werce not observed in the case of § =
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65 degrees, which can be explained by the energy broadening of the light. Considering the photo-
ionization cross sections of Ta 5d for the [irst- and the second-order photons, the flux of the second-
order photons was estimated to be about 12% of the first-order photons. This value agrees fairly
well with the calculated value of 8.1%.

We confirmed that the present MLM monochromator using Mo/Si MLMs in combination

with a C [ilter works well as predicted by the calculation in the energy range from 55 eV (8 = 10

degrees) to 93 eV (6 = 55 degrees). In this energy range, the photon flux of output beam was 1.0

X 10" - 1.5X 10" photons/s, the spectrum width was 5eV -9 eV, the low-energy background was

less than 1%, and the higher-order (second-order) photon background was less than 12%. The

beam spot was elliptical, and this size on the sample surface at a point 6.1 m downstream from the
center of the pre-mirror is about 5 mm X2 mm. We conclude that the MLM monochromator beam

line (BL4A1) constructed here performs sufficiently well for studying the cxcitation-energy
dependence in the SR-stimulated processes.

Next, the beam line output was applied to Al thin film deposition using dimethylaluminum
hydride (DMAH) low temperature condensed layers. DMAH is an important precursor for
aluminum thin film formation by thermal chemical vapor deposition (CVD). The low-temperature
condensed layer of these compounds on semiconductor materials is expected to be useful for area-
selective deposition of aluminum thin film by laser or SR beam induced processes. In the thermal

CVD, carbon contamination is known to be low owing to the desorption of methyl group by the
reaction, -CH,(s)+H(s)—CH_g). In photo-CVD with DMAH using excimer laser, however, severe
carbon contamination is known to occur, although its mechanisms are not sufficiently elucidated.

A Si (100) substrate treated by a conventional wet process was introduced into the reaction

chamber. After cooling the substrate to about 100 K, the DMAH gas was introduced and deposited

on the substrate. The monochromatized SR beam tuned to the Al 2p core electron excitation was

then irradiated for about 5560 mAmin which corresponds to the calculated total photon flux of 5X

10" photonsicm® on the sample surface. After irradiation, the substrale lemperature was increased
to room temperature lo remove the unreacted DMAH, and the composition of the deposited film
was measured by XPS. An interesting point is the composition ratio between C and Al (C/Al) of
the deposited film. The C/Al of the deposited film showed a minimum value of about 0.65 at the
Al 2p resonance excitation energy. This value is quite small compared with those of films obtained

by white or filtered-white SR beam irradiations. This may be due to that the Al-C bond is
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preferentially broken by the Al core electron excitations. Many more detailed experiments are
necessary before we can discuss the excitation energy dependence. However, this data indicates
clearly that the MLM monochromator beam line performs well as an SR-stimulated process beam

line.
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1.1 ZARDER,. EREBE

1.1.1 HIROEN

w40 kA EEtE(Synchrotron Radiation : SR)(ZEEM/TEEEE D LN
HMTH2D, RAMEBEXRLE LEE—ASA Y OPTAMERSTOERICISATES
EERERT APTS9O RER/E, IRNF—FELFTRE-—ASA VIIBEEDOHD
FRUTRFELGD. ERBFIASEIBSBESMFENGD, 2HOZS—-Z2AS
HERICMA, KFEOENYEMNADHICHYUAABENE<BMEIENSHAXDT
ATy ORABNELBELTLED., HRIASBOBEICIE. ARBFEMIETES
1 0eV~E100eVOIXNF-RBAICENTHRO RS 2B BN HERSEELR
We ECTEMBRIS—20XARTFLLTHERTILEZEZ N, SBRIS—-/EUT
FEEHEOLIOVHEAXBBoONZVWEHICSBETERAELZNT IO > ER_NH S,
LU, #BHOEMT NI —EHAULAFRERBILTSILET. MIHTRAMNGSX
BOUENMFTES LG o/c. FRARTIE, 20RO MEXERMEXRE
LTRAWERARS 7O AORMEIRNF—EGFEERRT I LN TELIZERIS—
ENRBRFELESKABORRE., RUZOGHBEESPAALLEE—=AS A »(BL4AT)ZE
KRAL., EOICHRLAESABOFTANZRIETSLHMFENTSHS.

1.1.2 FMEOERLEN
(a) &=

MERMEICESI Ty F o I/PEEREERE(CVD)DLS>BRETOCLADRER
1987FICHAEY " P, ThLUREZ < OWRBENSLENTEL, BERIBEOTX
NF—EEOXEES:R, RTHRAZEAEVIVIESFOIRLALOBTFRIELRRTE
BoENS, BEOMLEEEHKELIRDD, SRECEALIEEREOERB A<
CENMBEINTOBY, B, HEOV—F—TRMET S ENTRAETH> AR
BFEMIETEDRENBHMTH D, £, HMEERBICBVTRHRI R F —EHFHE
BEABRT—FTHIY, AZENBETEARSGRASLZEZA TV, ZORE
(3, REENEBTRAXTOERACESLE I+ TSy AERFDEBXREFICAN

SONHHBL/-HTHD. REOHERIABCERBTFHIABTIE., SREZEDD L
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2ERICHITEN TS, BE10 photons/siEED 7+ b 75 v o ALMEBS
CENTERVW, ZhICHML., B4 DSETOMEDL S, MEEIRIF—KEHEOH
RIHBLENDE T4 TS5y R1210°~10"photons/sERESNB" (il
DIRMICDOVWTIZ4 1B THATS) . DFEY, XT7OERAOHROLHICIEHLL LD
T+ brI75 v RERDEBKREES LENH S,

—A. ERUVICBBENAT7Yalb—%—(%. 10"~10"photons/sO B\ 7
+ b 75y o 2HBERE™Y, LhLENET yPal—s—EMakmETOER
OREICANBICE, EBSASMY THIEHISRRBIINESTRAL, LB
DHELEENTVWSOHERBIIAXBOBANLELLD. BEOMICH, EATESE
—LASAYHBVEL, RUVIAL LADFUNKE NS, REMCIIRRETD CLHBF
AREISEVVAREICH D,

ZMEIS—HRBEIXAENKREVLHPHONTNDN, BHEXMEIO A TEE
1E50~HEeVOEI R F—DRXBARTIE, Nvo 50 FOBRENS RIS
ERAEBOBPREICNETENL TV AN >/, EHETE, SWRS—£2BEASHICHE
VB TERTAR TIlEERE(LL. ChICEBRI 1Ly —&HATHLET, Ny
2S5O0 RERETALVOHLWTAT7OHLICRXRAIOZMIRS 5 — 73X
ORMFEEBELE.

I

(b) E¥
ZEBM=S—ABHRROBER, BTV IARANRERRTSLICK
U, SNETHRENICLIABLOhTWNVED G tE. MHEERICHIATES
WEM CLICHDEEAD. AMATREGNICHERT NI ZVARISHAZRAWE
AIBEIERORRBRICICALE, 2EHHIFHEEOFRT, AHT7II=Z0 LR, &
CVDOEREHHEELTE<AVSHTEY, HICHEEESARE TRLBERAREHHT
Hhd. BETEIENSRELTEY. £0L, BIEHMSLEBEMB VO ICE U RO HHEE
THDIENEBERELTEIFOND, ERAIZOLOIR, EBTREBEHHTH D,
B THAT7INIF(ALD)EREOBBYMTHY, RIFTDOHBHTHY NS, TD
XENEBERRTILTE2<RUEHEREBICICATE S, ff, MERRERZITOH
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BT, AIDXCVDAEREENTNS, LML, AlD¥CVDTIE, #BCVDTIIMEAICAD
B ERFFRSBMBALAZ->TEY, B4 BAROEREEAXOHAHNES SN,
V==L BRBIFNF—EKEEOREN LS TEL"™, (2, SAFLTL
SZYANA BESA BE(DMAH)DSET VS =9 AMEAYMO R TH HEBRR BB R DIT
WS EMDEEEEDTNE ",

Hgt & RO DMAHO BUERROM AL, L2 5I1CL> T DMAHA R (s % lRs
LT. SO XMICERE/NY VERE LEBENZEINTNS, REQITNIZOALLRAR
EHFELTOSEERoNTNSH, REFRELODL D ICHLZHZNICDNTIIREA
ShTuan?!, a5, AeXe. Al C. LFEB7 4Ly —0BiRXERNT,
R1LICRULAELDIC, ESRXY. 74 b 75 v ROBEECOPNRBF(2s. 2p)
EFSUIFNF—fEIR. AIDRRBF(2s, 2p)A2SLIRIF—lE. & 5ICHBFHR
HEICROEAHELT, HRULABELRFESROT(LEFMLTVSS ), h
lCkBE, AILCOARBFIRNE—HRELYS<SUMIRTOMESL, BEFH
BEFLTAMEBELEBLUAIBS, PAI=YVALCHTIREORENELL, E5C
AIDRBRBFHEIZELVE <R LABAOANSAIBYNE HRT S E0BEENT
Ly 6[22]~ {231o

0O EHEIRFEADOSXBRETOIBICEVIRLF—BHAICEELSSH
LAEEATHY, BROL—H - CRBEFTEZARBETFEMETE 2 /HHERD.
THIC. BUOMEAY. BRE. FE. SIS EOEMER TS, 10 Torrkl t
DEBEREDF r oNA—ATOHATHBD. FRICHPAKETHELER3. 0
EOMBEMER DM EFAL., CORMEICL> THRLEAIBORESRE DL
THZENTERMEIRNF—ZEREET, MEROIXNF-FEHEEMN L,
£<HLLMOCVD IO R ABET A L3HRBICEETHD, £/, TRILF -2
RULTHEORFEMETA LT, RME¥REEZBEHIACHBLAT/ LANOMIS
AThEL 2B,

1.1.3 MAROBME
(a) ZBBRIS—AABORIELE—LSA DR
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ZEEBEZS—E29XARFELELESKSE. RUETNEBRBAATEHHEE—ASA EZ8
HU. SFHERRFAESEEANARBRER(UVSOR)AICBIELE, E—ASA L HH%
D7AMTSVIAETESLETRBDAHIC, AIERNOMYAHHZEELATRER
IRULE<EY, ES5—DRHICLET7A TS5 9 0 ADRBEEZERNCTSHIC, E—
LASAVOXZRIIAERINEZBRZIS-2. FLTERT7 4« NF—DiEHEDYE
ERRLE. MEARERETOERACHER7+ TS5y o RELTIXI0"~10"
photons/sZBEL TSN, BELESKRE—LSAORARESI 74 A F—
KTHELEERDPSZOEZBIEBRETI2EBSA Mo /o, ERFEMSICHRTEN VS
TS5 FITHRET7 WY —TERTSIARNEERLE.

b) ABFAKICLLSZMBES—ARBE—LS A HNXOBEEDFFME

BHEL/BBRIS—9HRBE—LSA VOENNAEXBRELLTRHL., TaOXBRNXE
FARG FIVXPS)ZRMELfc. REFMT A NI —ZHALTVWIWMESTETaD E—
IR TELZODY, CERY7 ALY —ZHALEBETEATa4f (RETXIILF—:
25eV) &5d (RBIxINF— :BeV) LREBETHIE—I/DBE-EYLHERTES., C
nig. CERZ7 IS —DBE-LSAODEAKDS L, ERHBGICHRT HEI RN
F—QDONy OIS0 FEMERBERTAHIZLERLTNS, 2610, 2REICED
Ta, SdoE—2billEN. 1 RKICLBS5dDE—-s LOBERMS2RKICLSIBT IR
WF—ONRy oS0 FERRBHEN12%EAY, ARICLSRRBY LBEBEEN
RiFGEENEMNSBONL. ChODOFELY., COSMMIS—HEBLE—LS A~
I, MEXMETOLRAORMEI RN F—KFEORRICERATESHEEZRTTH LN
HRTEL.

(c) ABMIRORET X)L ¥ —EKFEORR\DILH

SiER LICIAFNTINZIZUANA RS54 F(DMAH)DERFEEEZEZD< Y, ZEM
SSO-GABRICEoTHEIAESKLLKZRIL. AIROHRZER L. S5I1CH
MULAROBERICDOVTAl L, BREEFEOMET RILF—KFHEZNELE. AD
ARREFEIEDIBT RV —RET, RPORFERIEPTICCERBUL.
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Photon flux DOSE
A . AL Al [BE
(phtons/s/fcm” 100mA) (photons/cm®) (after annealed 600K)
V 1.5E15 9.0E17
White A 3.5E15 2.1E18
c |'’SE15 5 0E17 08+0.1 29AFI15A
V 4 4E14 2.1E17
+Alfil. A 7.5E13 3.6E16 =
C 6.5E14 3.1E17 L1£0.1  36AXI10A
\% 1.3E12 6.0E14
+Cfil. A 2.6El5 1.2E18
c 2 SE14 3'5E17 1.1+20.1 S0ATEI15A
+LiFfil. V 2.1E14 1.3E18 1.940.1 10A+3A

V: excitati_on of Valence electron states
A : excitation of Al 2p and Al 2s states
C : excitation of C |s states

SRER, @R, 87 (1996).
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2.1 BBES>—DRetHE

B, XSS TRIE—BICLARHEIBHAEN1 LY bDTMITNE N EHIC, EIKICNE
WASBDIBELABLRHESABONAEL., AHBENKE<AZERHRIANCHD
L. BEICHLEN, IXNVFE—RHFRI10'~10BELMBONAZL, LHL, RIBRIE
FIRNF—REBD1/28THIMS10°~10°LAY, BERBLTIO~I10CBORESE
Bl SBTORMEOMELEHA TERADENEIRHEENIET IR LN TES,
NHSBEIS —OBENAEXHTHD,

HSRTICHEETEAXREL. BREFUNEFEBROBL LT, £ITHY I DMaxwell®
FERER CELCL>TRED. BBRERIAFOBELERSRVOTEHRE L THRDONIS
M. XBOBERBAICL->TEHTIRTHS. AFBEBRRMICL > TOAHNS HDH,
BERPICHEEEFINIETHD, E5IC, TNEBUVRERRMGC Lo TOAMNDE. RN
[ E B EE & EBEICIED,

PEFOMaxwel FIERZ—RICDEDLSICEZ 5N 3,

dE

mrB:yﬂ(j +f FJ+j m} +£¢,u.¢g 3 (x%£2.1)
dB
rotE=— |, (x2.2)
at
_ 1
mvfzg—@+pg ; (*2.3)
(1]
divB=0 , (*2.4)

CCTCEIEBIR. BIHEREETHD. € ,Lu EAETNTNREZOFBRLEMETH O T,
E i, =1/CTHD. jJIREF. j3PEBA. jIHLEBRTHD. £l o IRBHERE.
o IS BEFEETHS. SEEMNICEHTIBHEISEIELTVSOT, RBR/EREF
W o ICEABHEBEIRATS(=0,0=0).

SEBH IESSEPOBENELICLIBRTHY, FEBWHEE o ABIHEPICLD
TELABREETH-> T, ThETNROLIICHEZALNS.

7 =§ , (%2.5)
o =-divP (£2.6)

10



BIRLIBREEDEXOBESHSD.

D=t E+P=cE |, (#2.7)
CCTeIPHOSIBETHS. BESEPAT
P=¢,xE , (£2.8)

DESICRZNS., xFIVHEHOBEEBERETHS, (R2.7)E(X2.8) LU H>¥DMEXNB LN
B,

eE=k,(1+x) . (#2.9)
—A. —RICHIBHIEREEBE XOBFENHS.
B=uH |, (#%2.10)

CCTuRYHOERETHS. BREGHHLNOYHILESE,. HIMICAZLRALTHS
EHBENDDT, (H2.1)OHLEHRL) =0THD. CDOEEu=u,TH>T.

B=u ,H , (x£2.11)
EES,
Ll tnE8HoMaxwel FRRIEDEDLSICAS,
oD
otH=— - (x£2.12)
ar
dH
rotE= -u{,“&—r' ; (#£2.13)
divD=0 , (#£2.14)
divH=0 , (#2.15)

XBRURZNOYHPAARLIELEZ, ENTNDLEZATOREEZK k&ETHIE. XBRICH
TAHMHORBIRENT
p=X (%£2.16)

THD. AJREBETN>ITHSOICHL T, XBAERTHEN<ITHS. ChIBATRETIIA
FDEENHBHD. BRERBEOBVWXBETRABROBFLEINEETENOTHS. £LER
(3
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n=1|—X , (#2.17)

Eolto
nESICbEEND, E5ICU=0,THHDT
n=1l=— (£2.18)
Ep
EED, eldx E(R29)DLSGMEEHLD, CZTOx(E
35T,
x=— g = (#%£2.19)

D&S5Ic5A6N%, CITrdaRBFERE. v IBROBEUBRFOERTHS. FIIHEL
BEYOORIAHELOERMERFTHD., RFUILEFICRBIRUAL +f"2ZER T

Fo=L(24F4if)) (£2.20)

i)

Thd. ZIZBABRFHIO/BFAORFOBFHTH S, it> TERHFRI(H2.9). (K2.18).
(£2.19) 5

n=l——=-F, , (#2.21)

nLSICED,

LITTIE, 1EBEOREISLHIEGDBSICDOVWTERS., GEMOHIFBEPLEEICK
AT HIESTIE. BREPTORNEEET S EBRFBFERBTRZNS, (R2.21)%.
xOLSIZ

n=1-0+8 (32.22)
LR
= r;:" AZF, (%2.23)
s r;fj”’ 22f, (%2.24)
@

f,= ): 246, f;-—}:f :
- =T, Nali7AH KO, ﬁtiﬁ& TR, R, £ & FI3EFMELET R OB
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REFTHS. SBEIS—[CAVEHEOENEFNORRICEIZBARILEROXEZM
THELOE I, PHOAFERICDOTIE. 24.8nmLIT(50eVLIE) Dk RIEETIIB.
L.Henke 5> ic & 2B FHEEFFELFL.OEEBRBICLTS, BDEEKRDE, 24.8nmLLE
(50eVELT) OEESETIZE. D. Palik?ic&BnskDiEZERBLE. RICHEZ SN TV
BICOVWTEAEEEZANTHETELL.

RITZBIFRERFO2EHOVHEA, BEEEJALBTRECHRBEEAZEES S -0RS
BHEERDBICIE, SRETOERTOSERIERO>LENHY ., 2BYOFENHS. 1D
OB EZEROBNEMERBRICLZIH6DTHY ", AIINFDFresneldR R V=D >
Ea—9—MICLAAE"DH5. LHLAZEOHEZROZIDLINTHYY, HICSEM
BENTRLTHROANEHOEMEIS—CHL TR, BEOMENRID, > TEH
KT, ZEBESS—ORMNEAHETSICHAE>T, FresnelDRERWEREEZRIRL .

X@Ic k> THESNAFEAAICEBENRS ML EDHDXIREPREL. COTFHICEELEIBNS b
IEFOXBIISIHA LTS, SXABAOZBEIS—ORENDS. SEEIS—OSEXORS
i ERDE,

T, B2ICRTLIC. BMBEIS—AHAHBE TXERPAHTIBEE2EX5, j
BLj+1BEORBAAHT ZHOMANBEEO,,LT5L. SnellDERICLY

Kcos@ =kcos 8 ,, (KIZEZEROHKEH) (s£2.25)
TH3h5. k=KnERW\T,

cos@ =ncos@ ,, , (£2.26)
HEohd, EPTOROMEERIRSAEIEBLT,

A=kdsin6 ,,=Kgd, (%2.27)

CCTgldRDESICEE, E56IC(H2.26)ANTERENS.

1

1
e 52 aneddb By fua in\2
g,=n;sin Hgmm(nj-cas H) 7(93 2{5+2fﬁj)2 " (#2.28)

JFIBEBEDTFHEBE > TRICAH T ZEOBIFEARS MILOIRIBZE, JBEj+IBEDTF
ATRHENBZBORELZE LT3, BEj+ 1 BEORMTRIBES HBHO R EICTFITRS
DENTNELVWEVWORFAFREZANVS., SHXOSES, EICEALTIE
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Ee“+E'=E, +E, e (2.29)
DE>IB, HICBL TR, (KXE)OETEZNIELN, AIXIEMAICH U TIIK(EE-
E')sin8 THADS. (X2.28) #AWTKg(EeY-E)ITIxd. LINoT,
GlEE £ )Imgi (B Ei €™ ) 5 (z£2.30)
RatIcxtd S FresnelRE (RIERHE) (1.

L R (£2.31)
gj+gj+f
TEZbh, £
ERY
RJJ“‘; = EJ e“ﬂj ] (i2-32]
i

EEHETDLE. (R2.29)&(K2.30) 05 2&EDLS7R, ICHTHHER

R +F; i
= (x2.33)

FHHH

— L Aj el j4d
B =gV
B+l

Jelj+2

nmEshs,

WERERNVEHEIRR (BIROESEj=m+1&T3) OLAD0MaH3, BIRIZES
CEWEL, BROBEEMSOREANET S, ThAbE, R,,,.~0LT3bIITHS. (R
2.33)ERVTERBOZR\ANSHELED. RBOLIBETHET S, ESICFDOHOK
2 (j=0&£T3) TlRE=1ETBENTERNDT. R, =E/ENKESD, ChIIZBHEIS
—IhoDRHEEIE )&

1) e (£2.34)

DOMENDHD.
CORERANT, ZEE

I

S—DRFBERDI.

14
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[2] E. D. Palik, Handbook of Optical Constants of Solids, (Academic, London,
1985).

[3] E. Spiller, AlP Conf. Proc. No75, 124-130 (1981).
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3.1 A ZRBVEARBFRETOCIHRDEEM

BFFECE > THRES NS RGEBOBERIL, FiRKEOEHOBNCL->TRA-
T< 5. COMBEICOVTIE, REREEOKPINRECBFRERBICE N THL LT
TUHBREZTNTNS., BZE, BEHNEICHIAEFIRESHEIEICRHEEZ N TH
B HsE2 = AMenzel-Gomer-Redhead:MGREFIL' ¥, Wm#EICH 2 BF IR
N BIERVWTEISAF - BBICE > TAAM A HEORFIBA A HICHBZET
H—OURBABEC, 44 HEORE DI Eh BKnotek-Feibelman:KFEF )Lz
ERR<HBNTWVS., KFEFTNEZH/HFHRSHEOMHICHBERTES LD IT—RI{ELA
EFIE L TIE. Ramakeric & % Auger-Stimulated-Desorption:ASDEFIL Blais
D, COETNOEBZEREINICET. ARIEB(core) DBEFHIREEEhD &, 5l&HE
IBF—Y BiRIC k> TAEBFHE(valence) ICHBOKR—IHDEREZNhS, —Ok
—RELTWS L, /—AYERADLEDHICESITBFIRE"N hole state"ICFRT &
SHERMEObLDLAY, BHMELLICEERRIKE<ZURLRICEBBLTLES. L
MULRBICR, R—IOREROESNCL > THREESKE < ASAVAICKR—ILE
ESERICRBLTLED. ChIZE3.112BTground stateDBFIRREICER T2 =
EEBEWTH. COBE. RUHHIBEXREVMBESR>RO)IBADBRNKA L LTHE
THED, PHEOBBBOER LS. —A. K=ILOBRESHHEL. R<RcTground
stateDBFREICEBTIHL. BEIREETIMEIRNLF—-IEBREZETHT
RNF—ICEREID. COETIMIRRICL>TREEZhAERGHIREZEMHMICRL
T3, BFACE. TE P OHRGFITHERHAL. TOBICHBLIESA A 2HH
LEBRRS® 2, ClsRREMBROXERPULBEICEAA DTS ALY MHEE
750, EROTZARBTFOAA ALEITTEL, 5IZHEVNTEI3 A -2 BBICE S
THAFHAMLAALICABZLEBEENTVBY, £LZOROEHEOHFICELTS
HB < RBHTOATNS T,

CODEDICHAIBEDEFORABRMNEICHIABFERMEL, TOREFHNEEMDZLE
HEEVMT 5L THEARIEERERS CENTERLAMBH SIS, FEIC/LS
REEHBL LS &THRMI"site-specificRIE"ELWVbhTEY . BICKIRBIEIC
E (T Ssite-specificlEiRD2BOPERMNXEMELCLEREICEVWTEELMEEICAS &
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WS T EMFHRENTVS, ARBFREICE Bsite-specifichRIIBHFEGERA
Mo OXTIEMEICEVTHEERNZATOA" ", M EmMEXEE LTHAWS
BEICIE, FELLTAREFERMRTATIRNX—DRESATNREDHIC, SDLSK
NREFRMEE IO RAOWEICIIERICERTHZ ",

S THRARANBREFRHEOBMBRIZI0 " H~10" B LIFBICEVBEMTECS .
., EEFEANTE LUV, BFRHE2OBMNEOENAIE NE¥RIEZEHT
BCEI3TEETHSD, UL, BBSCEVTIE. SERTERLASAA L E2RETIH
RHNETH Y., ARBFREZICHESEERGE. EVBIZNESFRAEERIEOERER
TORBBFREL TOEMBRICHALT. BICETBELRSERY THSFHERSERY
COWTOHBRIFEAEBSNTEST. ChODRTORBOBMNELEERTS
CERFBICENREVOBETH S, EE FRTIIIZIAROERRERICHINER
5 L =BT site-specificth B EBONARKRMRABETLAR"T U UhL, S
CHHELTORVEHEOBHTE, SBO2RBFIMHEENZIZEHbMONTEY,
2RBFII0eVHASHI0eVOIFNF—-2FLTNEDT, FFOMBFEHRELT
LES., #£oT. FOROHSIHERSTIL. ARBFRELABFREDHESED
SoTHHZNAZLICi3. RIERREOEL ORBEETRBNICHRATIAHICE. &
UHEABFREOMENLETHY., BEXFEEAV MBI XIF—EKELORED
BEEMHERESHTHS".

HEEEIEEVI RN E—DOREFSATVSSH, BEAOIFNF—TIEHEFAT
BoéickY, HEARFORRNEOBTF AMBTHOH SPEALBREZEZ LN
AL o7, CORERRFLAFEBLELTRALFHOBVRERETHSN,
FYIRLE-MICFRRETHAD LD, F—2 BB GEHEHHAIE) LHEXIEME (8
§heig) ICLUIFRNF—EBNTS, —BICH-—CBBLE. HARFORNRYEEF
BAAAMALENEAMELCT, SMIOREOEFHN ZOEIICEL TRERT DHIC,
SoEIFNF—HBFLLTHEShZBIZEE D, COBEE/MA -2 iBRLE
MEBEDIT/ —IF—2 BT, FOMBEER3.2IC(a)Normal& LTRL
o

RICAMBFIABF SO SERESNARICECIHMA - 1iBEEER
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D, CHICRXRESFIT2EY OBENEZSND. H3.20(b)ITRLIBERIZ, R
EhAEBFEEPAROZBILICES. £oIxNF-DF—C s BFLLTHEEZA
S, COBEE, BESNIEBTFHA - BRICENTHIZENE, 854 -1
i2(Participator Auger process)&MEENS. —A. E3.20(c)l2. FEENABFH
PHEERIEICBE > TUSEIC, hDMEOBFAHNREIICES, &5 —DROBFHF
— 1 BFELLTHEENSBEEZERL TS, Chid, BEESNABFHSERELLT
A—TCrBBERYMLTWREE Y EBRTARITA Y —F4—2 188 (Spectator
Auger process)EFEENS, BEEDIBS. COBIRIFREFIIBEELZAZDT, AR
FhiTFERiT 84 — 2 1 iBF2(Core-exciton-induced resonant Auger process)& i
XigEbH5",

Fe, ARBTOMEDOBRICHUMOBFNELCDIRT v IIVICRBEELNH DM,
ETOMRTHRABFOREH D VMIMBEIEDZENHD. ARDA F L RBCH
HRBFHIESPEICRHEZNDIBEEE 24 &7 v 7iAiE(Shake up Auger process)é&
B3, YA 07y BIROEREER3.2OM)ICRELE. COBREBHIE-SE. XBFR
R FVIZIRARDA F AMEICHETHEE -5 L U BEEBH T RIILF—AICT @S LY
T34 PE—ONHRTS., EE—SEYTSA FE—SDIRINF -2, ARICENL
EROAAVOBRERELMEKELDOIRIIF—-EIZELL, —A. HEBFHIHERIC
BEZN5B% L 14 24 71812(Shake off Auger process)EEBLY, FP—4DE
EHTRIINF—RISESRIGYTSA AN REELS. @3.20(e)ICy A 24 71818
EBAMICRELE",
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AREBETFTORRE. A—Y 1 HRICENAEFEIEICHBO R —ILIFER
Ehzn hole stateDRBEICE S, COBFHREOBEMI KEV LT -
OYREEHICLVBEFYNA TR T S, E5EMRIRcEY) A X
LWEZATn hole stated 7L F T a3 chfir RE T2, &56(0In
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4.1 #E

WAL, REDLV—HF—PHRBS T TRESL 74 b 75 v o X EHDAEELRN
REENRMAZONESDH. ARBTESU. YEOBLALOBFHREERETS L
NTEHENFAETHS, 5, MRIFNF—-ERIRTEDLOSMERMETOER
DREEBHEEAS. LHL, IXRNF—AZEOREXICLIMHEMETOERADH
KiZFEAELRETRTVEYD, BIC. ARBFORBIXIINF-REOMEI RILF—&
BHCEALTIR. B L9 —0EBBEEFRLARELMEEhTLANT Y, =
hiz, ¥EETOERAOMRICE. REODABTIIHEASH#LNELED, FRICEL<D
T+ b IS ANVELEINDEHTHD. FEBEICE- TR, ARSLUBXAHEZ
HRTAEDICHECEL DRI VIALANVEELY, BHRSATVWAT »Yalb—
G—E—ASAEFHRTHILEIRALE#ETHS. R1IICKRLALDIC, SREIC
EBUAFITINZZIANA BS54 B(DMAH) EA W AIBERO R IC LD &,
HERERES 7O ADRRICIZ10  photons/cm’LUED T # b 75w & ABEN
ETHHLEMLONE. COfEF. BRFAD3IX3Imm OEHIC, BI0HMH 5B
B, #EBELEBESEHEETSE, 107~10"photons/sLIED 7+ b 75w & R
PHBELIEDEHRBRICAD,
BROBRUCEFRFAIABLEZBALES<ORAMIBE—AS A TR, SRESE
BEOHTHRICAWAZ LEFTERNE LRS- Bz hThs. CoLdaakE
—ASA U TIZEE}TI0°~10" photons/sIBED 7+ b7 5y 2 ALDBE &N
TEANWT Y, BEETIC, 100eVHEEF KX TESUVSORERADFXE—LS S ¥
DEE, 74 b TSV IR ERBICHMREZHWMICE > THLTICRLE, COEK
VAL ESIC. FESBRELIEE—ASA V(BL4ANIZ. EEORBEAHBE—LAS
AV ERERY, BOREEIRZEELTIOTRAL., BRIEIB I 7595
AEBONDLOICHI - BELTWAENSMD, e, 7r¥alb—9—E—-L54
VICDWTIRAER T4 b 75 v o REHDHBOHAKRSMBFITEZS "4, KO
IFNE—THHAEREICEETELNBHTIIAL, FIT, XELTA b I75v5
2EEBS, hDOIFINF—AZEOEAKEEBLHIC. MBI —Z25XFRFLLTH
WBCEEEA, ZBESS—9XBE. BIRNF—MRRA(1keVELL) TIEFTTICR

26



AitEshTuad”, REARMETAOCRICEELT XIL¥—MER (H10eV~H
100eV) 2#¥B{TE2SBMIS—EMVHRBICDONTIE, 1987FICT. W,
Barbee, Jr5lcko>TMo/SIZBEZS—2HVVERBRICEL-T, TOHEAKLIERS
NTWBHOD", HEATOLRSAORAD S ERANAIABOBELENERIVE
E—ASA ORBERLEZESHTWVZIVONRKTH S,
60eV5120eVOIRINF—mMEICIE, MEAMEXBETITOCRAICEEL
Al(2s:118.6eV. 2p:80.9eV)®Si(2s:150.8eV, 2p:108.2eV)""0AMRBFOEET
FINF-DEENTIVS, 60eVHr5100eVOIRIIF—FEETIE, Mo/SIZBHRI S —
s, 100eVH5150eVDITRIVF—HIRZTIIMo/CEBES S—HBL\REEHE%E
BOZLHMBNTVAS, LML, ChEDIS—29XKFFELTHVSAEDICE, 1
BICTTTICERALSIC, BETFRILF—HEEH(Mo/SIZEMS 5 —TI240eVLTF,
Mo/CH MBS 5 —TI280eVLIT) OERHFAMH E, BIRNF—MARICHFETSE
RIEOBREEZZZFNIEAZSHV. FIEOBMBEORRELLTIE, SEES—(IHA
PR TERATIELREAAPRKELBIELEZRL T, HEIETEBE=IS—%
EARICHEVMEETERL, =5(1C, Mo/SIZBE=S — T320eVHEICHEOIRR A
DCT A NF—%, Mo/CEBIES S —TI345eVEHEICHOVRIREZ DOMo7 4 Ly —%
HALTEIXNF—RUONY I TS50 FEERTAIFEEMALE L, REDOM
HORREL LT, ZRRIS—Z2HERT2BREOS NGB EZRRL. 1K
DBEICHARTE N EEMYICERE 2 FE Mo .

4.2 BEBES>—DRE
ZBEIS—E2RIHTHLET. SMREOERE. EXRETNThOME. BAY. BE
b, RUBEZEOWELOEEIZ. REESES. ARY MUEIZEESIIET10eVEL
FlcAZ LS CHRELE. SEEEZEETAMHOBRRE, BELTVAI XY
DBIFIF -SRI EEOMEE 1 DR, ZOITRIVFE—EETRIRMS/NZ <,
BIRBnHME N (SHKEN) PHERY, SBEOME L THEASDESZFEEN—K
ICHANTWD, 1994FRAETOEBEIS—OEANLHARKREZ, SEROEEH
HOEEAHBICHITEE—RREBARSELOBFELE LTHL2ICRT, 87—
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HIIBRTEOENEE, fRShAPHEBRIEAZOHEMAZRTIEETHS. RKENQ.
1994 FL4BETICHOMCENTVEIRAREROT—5 26 LIC. ZBEHNEENICH
BTX/B8ICMETEARARHEOHE@EERLTVWS, ER13nm(95eV)fHED
#8131 TlX, Mo/Si. Ru/Si, Mo/BeZBE= 5 —IC & > TEREICIEV60%D RETEH
RPN TWARZEMSMD, BERITnmLT(113eVL E)DOMIE2 T, FEEZICEK
AHEBESEROBLELESICHAFICAZY, BRELOEZERIIRNF—DREEZDE
ERECHD, £/, COKRINIK(282eV)Mh 6 00OKIRIREE(539eV)E TOmMIEI
"water window"flE& N, XBBEMBEOIATERESNTIS, CORIFE>KICEK
AEEHANEN=HIC, {HkESUEELRETEYHBZHRBTEI LM/ EINTY
3, LPL. COIFRNFEF—RETEIEWEEORAEELBFOIS—-LMrELNT. &R
. BRUEEIS-OBRZABLAARSZESNTOIBETHS ", HRI6nmLLE
(78eVLIF)D#MIE3ITIZ. MHEOYBREIKE<L LS. AUERERIE<Z5DT. #®
EIZBBICHEDHOD, EEMEOXEEEMSAZZNTIVENZ LHH - T, BHTY
BHARDMo>TUVEL, COLEDIC, 60eVHS100eVOIRILF—MIETIE, MBS
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®4.1 ZEIEI 5 —D4FEE

Components Specifications

Mo/Si MLM Substrate = Si wafer (40 X40mm)
Number of layers=20
Period d=12.4 nm (12.5 nm) %
Thickness ratio Mo/Si=3.25/6.75 (3/7) #
Interface Roughness 0=0.4 nm

Mo/C MLM Substrate = Si wafer (40 X40mm)
Number of layers=50

Period d=7.9 nm (7.5 nm) ¥
Thickness ratio Mo/C=5.5/4.5 (1/1) *
Interface Roughness o =0.4 nm

% RREHE

46



Plane Grating Monochromator Slit  Sample chamber

A WA
-.i";'l"..._' @

OnQ,0

Light source

[
/|

AN

A4

(a): BLSBD#&ERL A

¥ i Bl T — 6 \___ﬁ_““_——- ,_hoo ]

G,
[ =) ._..

. g%z Oy S
%o 815% 2 ) . 47552
r' H) My MxMsg My My Mro
I.. P I-I\ Mﬁ HH Eﬂ

nm 1300

(b): PGMD B il WKl 02%

H’-\ | Sk Est FEEIFE 7
GM=50 s - AlERE 2-200 nm

(0.1 mm=A

[X14.12 BL5B  UVSOR®. "UVSOR ACTIVITY REPORT 1997", 17 (1998),

{UVSOR, Okazaki, Japan)

)y k)




TO'E: I L LENRL L B AL | T | TTTTrETy
o E
_D b
<( -
é 108
o ] 12
= H r'."
® !
g g
T g0 |
2
>
L
"
@
=
=
ﬁ: 10-11

10 102 103

Wave length (A)

14,13 BLSBOHAXZX~T7 ML

BB FI2G,. G,. GN3ME7THBOBBRBOEAS DO EIC
BUDBEREEA Y D 2DOHBREOREFERE, XU FE100
um, Ve JERI0OMADBESIZIDWITRT, SR chsD
HAEHED S 5. GM=33 (Bf1&FG,. #H1FEM,,) DEH
eheEHWE,

UVSOR#&E. "UVSOR ACTIVITY REPORT 1997",17 (1998),
(UVSOR, Okazaki, Japan)

48



ANAIOBY

80 100 120

60

Photon energy (eV)

f .......-_ -~ ]

e e

o o

ASIAVRRETTESN

80 100
Photon energy (eV)

60

40

(b):BlEfE
X4.14 Mo/SiZBIE 2 7 — DO REHFE

49



Reflectivity

40 60 80 100 120 140
Photon energy (eV)

(a):51®1E

0'3-"""I"'I"_"I"'I'
0.25 | 100, , , 20 :

o
N

Reflectivity
o

o ©

0.05

40 60 80 100 120 140
Photon energy (eV)

(b):AIEfE
14.15 Mo/CEZBIE X 5 — D445

50



LS

” \ Output beam

++++++++++++

A

&

=

..... o
=
&
x

—-— —— —-— —f— —- —— — — — —- — - —-— .A.l L _r_ - - '.
Incident beam 8=30° =10°
X 4.16 HHENEREHHEIE X

AHBOLEHEE. /L ZE—2—FRBICLYE I 5 —DOEEDOEAE M LOKE F CEEHE ¢ F2IT—ELFERT

AN ESTEXNIHD2VEAXY Z 2 EAICES2OI S —0A&ERLEB % R cEsE L . FIEI5-LDFEFTHREED
FO2FEBLTH S,



X4.17 ZEIEI 5 —nXBF DAL

52



Piezoelectric actuator
_ ) for tuning
Piezoelectric actuator \
for tuning

Second mirror 2
Output

Acand mirror 1
beam

ey

\

Incident
beam Linear motion
stage
First mirror 1 L-angle
stage
Y
First mirror 2 Fine-tuning 10cm

screws

14.18 HtEEDAREIEER

35-R120IFT—FNA—2BETEETE, 35— AL d—OHE
KRN NEBEREE—2—TI7—hLd-BFL180EEHEE ¢
324V, AZPTHOIMOI ST —IIHBTES, F13I 5 -OMER
BARPTITV, B2IS—RBEIVEBEFICL-TFoN—5HBIC
RoLEFMBENTES,

53



$B5E ZERBEIS—9HBE—LSA ORETEER
[E £ %2 Journal of Synchrotron Radiation, 5, 714 (1998).

:Review of Scientific Instruments, submittted.

54



51 #Z

FFHEFRA (BMBREET) OBBINERY S (UVSOR) T, BAETHERLES
BEIS-SRBEEAALESRE—ASA E2$/ICBLAATE L TRR L. HES.
1ICE—ASA VBLAATDOBRERERT., HS5.2ICE—AS A »BLAATDHRERT,
ERTHMNUVSORERY 7 IIC/ZS,

E—ASA Y OFHBREFEEFoN— SBEIS—9XE. A8XHIS—F
ToN—, BRI A NG —Fxon— BUEBTFN— XRIEFN—, BLUHR
ERELTXBABFHRLEBNOMLS. ABKAIS—F o oA—-EFaELTVANA
EXEERTIRIC. ARXLEARLAEXLOXME-HEZES Y., —HOBEI—-F
FHIS—2RBLAEFzN—ThVU, METAIVF—F/—=ICBCT A NF—%
A7 4o —%, BEBFIN—ICRAABRZAETSOHICEBERERC-UIY
T4 b AF—FREOBESREETNTNERML THS. ERBBF N\~ LERHH
KFroN—2HRTEY, CHICLVABKASS—FoN—42BRHZBICHR > HE
TRISHAREBVWETOCARRETOI LN TES. COBETIE, 4B TRERLEZER
SS—ARBLUNOE—AS A BLAATDIERRICDWNTHRBYT 3,

5.2 E—ASAH4>DRiTHHEER
5.2.1 UVSOREHY > &

Sub0ROVHEKIE, REFFEAURETERT BT RNF—OBFH. BB
Lo THFAAZMIFONABICHHENZ AT, WEHFEHTH. BALTEY. F
S SENETHEEVIRNF—HEOKESATNBILEDHHER > TS, FF
SRR OB BRI (UVSOR) T, 15MeVO ISR 1ESS % AERMESE & L.
BABFIRNF—10.75GeVD o0 O THS. UVSORERY /D4 #%R
5.3, BRI/ OMBBRERS.4ICRYT. E—AS4 VBLAATIE. BATIHRIC. #
BE TI2EO RN H - IR L7,

74 by 75 v o AOREICE. UTICRLUAESchwingero B2t &A=,

13



lfw) | € (i)(ﬂ]zL A i
dEdt _( a2 lp/\ ¢ };2 +C KHS{E}_;_L#._ JK?GIS} (%£5.1)
2
=L - E _E&.ih#z% _27c
[ }Ir-_mﬁ.ﬁ.‘zh §_ 35 ]J"? C . r— 2

tRIF, BEES0ORIC, 1DOBFHEAATIVMEIC, BABERHLY LAM
DOBMBEFICHHTI2IRILF— (cgsBfiIR) £RLTWS, ZZT. o [XANED
¥E, DEYIITRAITA 57y FOMEREET, EZ>/0b0BFI
X2NF—&XL. UVSORDIEAE(30.75GeV, ¢ (ZEHERMmEBRAFBMDOANL RILHTIRT
B (L FoBEA) . KlidBesselfizl. edERER. MmEABFOEVHEE. cl3iE.
FLTARBETHD, RoTa 0TI 32y POMBEFEE2.2mE L., EBICHESH
BROHBKAMOMVAZBEERLT, XRIMSBHENZ 74+ T75 v o R EKD
f=e UVSORDAYF 4 435y Mokd, MBIAOBESHOMBEREEERES.5ICR
7t

5.2.2 FIEHAF x/N—

RUF4 20283y FICEBRRMS52.35mOIERIC, EMKICEIF/~ARBAR O
EHR+QELAE. COAFKIEZSSOMmM. E30mm., EHH15mmOBERT. AE
EIFEOXFEPIERICLYI—-FLADDT. HAKBIETHREARMDENTNDED
Uf16.56mrad, 12.79mrad®kZZHXL. 6. 1TmTRICEET2HBREMICHANEKX
THLOICHHLA. BASOICRLAELDIC, BAKICHIFEZS -3, 220H5E50D
A, 1DOESICKREELL L, S5—CLHRHPAFLI—FDELICENXTS, f#>
T, XEPSES—PLETOERMESIS—PLOOEXSETOERLY, EHOBRE
HERWI4.2m, MBEFEWMI0.26mEES. ABEOMEEFEI. XEHSDOHEHM
ERL2.35mE L. £ AEEZ7 ALY -3, OBV AERS S—ZEMAKICH
(FBEHIC, 7ANT—DEEMBICAT LVRAZRO, NCHE7SA2ABERVTHE
AERICTIEILE. COUHBORKERS.7ICRLE., £, ARIS—LEEERT
B74NY—DEREMOFEICIE, AT VALY DEMHOBOERERZERALAR

56



SS-ERELE, ASBICEXSLFORNERDMNBTOE—-ARKERLE. ERSE
BOE—ARRY FOBERETHD. XEFXLTHVIVEEXEZARKICEHL, BEL
UEHBELAELDOTHS., AlHhr=100eVOREBXONNEHE ' LLEBETSH
%, E—AZRRy bOXKEZO/INE, RANTIVAT, HFESEERATHILITELS
BOWHHHN, ETo<EBASBOBVCIEEE. HUBEICHARTILEEDNS, L
Liahis, E=LRARy FIX (FIBEPLHOSEXSETOER) =6.1mTH-o &b/
ELHO2TNBIEND, ZOTANF—ICL>THRESS—([IRSIEARRKICEIT SN
TWAZENDD., COE—LRARY NOERANS, KXATOE-LARARY FOXE
i, E—LRENHODRAHLTVAELREL T, FELIETSmmX 2mmaOig ARz
THDERR|H o/, T, AIBRICKZRBELABIOREEEIL. HHEICLSL£160
EfAEETLERTH2LERBEHLONDIN, COE—LSAVICBRRAY Y FEZBALTES
7. FEERDEIICE-ARR Y b A I HHEEMNAZOOT, BELRICLBE—A
ARy MIBOZRIBRTES, >T. 74N —-DOBEICELERMEOBVNAT I
AZERA, BICHANLA<STHRHBEAZWVEHIBL .

ES.OICHIBHEE 7+ NY—DHIURERT. BRIS—EEH32ED 7 )5 —D8
IC&>T. 74NF—OEREZEFRATEEICIRLDITL. COREBERT +)L9—B&IZE
SI0ICRTLOIC, FIBRORFENAZO7—ICEELADSLSICREL, MEOXE
ICRUTIFA2HAETEELE. BOLD[Txl, y#, z#EL5L, zBZEPLMELE
EEEOHY, BEBARZRICEI>TAZPTHLRBTESLDOICA TS, TOMOPE
FELTAREPTITo/. RS IVICHERORISEETRT. COEMNS, 2keVLELETIZ
RHBENFZLEAEOCRDZEDNHND. #2T. COE—AT A (BLAAT)DE DI
HEBRLAICHE-TIE. 74P IRINF—DOLIR(ELEL T2keVETHET A&
o B i

52.3 gBXBREO-Fxz -

FIERICL > TRHFENAKE., ZBEIS—FABEERALLISS. 4RICTHRAL
O ICHAXKDKBMIZIOMMELZD, CDH, FXBRELYU TRAMOF o o /X—(4,
ZOHRLENLTAOMMBELZD LI CEE=NTND. E>T. HXBEBEBE/ZE

57



S¥X (AEX) 2HATIBSICHI0mMmABMES< LIzFELES AL, £2T.
ZEEIS—9XBOBRIC, PIRETFEIS>-22HEEL THRE@EF LE,
512ICEEXRAZIS—Fx N —AOPITHROEEZR L. S 5—0ORKII2HED
120mmX40mmOEF T, HARBZETERT . FxoA—DREBZhTVS
BT siERICLIEXRLVEMEY ERAICHEZY. HARBETOERTHHS
=g, 120mmX40mmAOPtEBMORFEICLEATE-ARR Yy FEREIMZY XKE
W, #oT. TS—ORFEAHLSBNTLESAMILRHORAICASHZVELDIC. AT
YLABOERBREE I S-ORIMS—ICARLE. £k, ZREIS—9XBICLo
THEXZERATAHSICE. EESARICL > TPHTERIS—-2BHL. X% ER
T5. BS. 13 ICPtERBORIEZETRT.

5.2.4 MBI ANI—FxN—

Mo/SiZBIRI S—2E#ERATAMIC(E, 40eVLUTICSRHEAFICHRTIETRNE
—Nw OIS0 EBEHD, CNEBRTSADHIC. 15eVICHRNRINERFDCHE 7 4
Wy—%, BEBXRAIS—FzoN—OFRAICEELE. CER7 1 LY —DBKE(
120nm=24nm (h2OE") THY, BSI4ICRUEASTEMBFICLIEHADLS
S. 74N —CRBBERBTAHLEOHDA YL afFVNTND, Ay a0BEORI
84.4%ThHY. ES.15ICChEZEBLIECHRE 1 N5 —DBBEERT,

Efe. EH150nm+30nm (hoOsE") AEET <)Ly —%. AlL, 0 WRINE
(74eV)EFDOBBBIUEAUEL T, PABOHEHETHETSHICEALL, AFE
T4 NS —DiFEH. HEEHFOLHICAYYaBA->TEY., BS5.1605MO%E
748% LRG0, ESI7ICHOREZRLANEY 1L —DFEBFEERT,

5.2.5 #BHEBIFx /-

ZBESS—0¥E. FLEFBEAIS—FoN— FEHERI NI—2BBL
OO BRENELIA TS IRERRELIHIC, £EFBLAERIRLES
74 b 44— F (International Radiation Detectors Corp. Ltd.. AXUV-100) @
2EBOBRPBEEBALL., Si7a bFAF— K EAUBREBOBRFOHRENHE2E

58



5.18(a). (D)IZENENTRT . SiZa A F—ERXEFIRIAF—ICHHLUTELRL
FEBRICHZN., KR DEOBFBILKERZA LTSI AOREDIBSE
ZMATRMLTLED., —/, RHEBEAREAOFBRICEL Y BTFHREMN BT
LBWDHDD, FERBICKELR T A b7 v ADREICIIBEDTHS.

5.2.6 ZBHRF /-

BRUBF I oN—RBEBHIF o N—ZHRKRTEY., 5271 THRRBIRRIEF = >
NI, FOHAZENIX10 TorrlCAAETHALZBALLEBTH, EZBHHEF N
—DEZEMNI X107 Torrd 52X 10" TorrETLA LR ULANWLS CREt L. O E
VWABETOSFROIAL YIS R(T

3
c.=121“‘T [m?/s) (%5.2)

TEENBY, CCTAIMENE. LIBETH S, B5.19CRLALSIC, BEEI8.S
mm, RES550MmmDBEENLT, XREF >N —(3500L/s & —FRaFHR 7
T, ZRH[RF /N —R150L/sDS—RKaFRITHEET>TWS (H5.18
i) . TNThDI—KRAFRTORERICIE, A—FU—-RoTE2BELTHS.

5.2.7 XRIEFx o N—EXBABFHAERE
E—AS4 »(BLAAN)DEBRTRICIE., XREF o NA—NEHEEhTEY., BEEx
MICEECASEDICFz o N-ALKELTHS. HHERILY —(Ixyz-0 T=Eal
—FIC&> T, XMEFETRMEKTFARAMR. HEAROIBRAT-IICLI2BH L. $HE
WEAVOEENTES., BS.201CY TRV —DBIRERT. Y TR —
IITaDBEARS LCuDEREPFICHIN, B3I v Iy v=¢,H 7747 Tud
—CE-oTEGNICHEZ NS, BEIIIDICGON., HEOBENMICHZ->TINVS
1 ooxtizi, Y FUMBRAOTaEEEEL, TaRICARyY MBELATaEICE-
THHEIFRFEINS, LO5—FOBEMICETZILAIEL QA ENEREZNTEY,
HHoBTEICESSEEMZE, HHOREZHT 2. HHomL, EHEZaTL
HTaBEICEBT S ETITL, BOOKETMATES. FLBHEOSEE. TR N

59



F—DLBICRBENTOIERRRBOY I ICREREEZER, Yo TNERLY =2
LAHT S, REBBEORRSTF z o/—~DEARZ, SEZEEHK ALY 1Kkgf/cm’
DEHTREROBEISEYAR, CORELREERTHELEZ 27 —BHBICBITS
CETRKMETOTRILL., KRIEFoN—ADREKEES L ICBALE, BN
BEEES ODOOBECRICE ST, 100KHAETANTAENTES, ZORE
BEBEBICTZ0I1C, HHEZZBLTOWSTaBPEAESATVWABEICIE, €53 v
L (BRTLSk/WmK) 'k U b BEREORVNY T 7 A P (BET21k/WmK) 8D 7 &
r—ERVWTWS, XREFxN=CEF. HASAUDEHRANBATES LSS
BoTEY., MUFTNY—=o IV TICE>THEEREL, BHRILY —DMBEH%E
THZ&EICE2T, 1/8inchoni4 7O REERRMICHFRESMmMETHET I TEE TS
BLIICEZ-TIVS,

EFOMIC, AEZBELUTXRABFISAEZBXPS)ZEREBL~. XEXELLTVSW
HBOXIRFETAI10(Mgk,:1253.6eV, Alk,:1486.6eV)%&, H#EI/kFLTmATISED
BEMNSBALL, BREBE, VSWHEORLH¥IRBSIFFFCLISOEMLY, KFEETX
BMEOEDOREICASILOCEKEBLE, B0 FO-5—-13. BIXIF¥—H
(HAC5000) & {ETFILF¥—R(HAC300)H5H Y, A1&E(F200eVH 55000eVE THDIF
WF—RHELSERTRETHY ., BRBIHVIS300eVETOEEHIRIILF—DBFH
MNETZS, BROXABFOLDICXBRABTHAETIBAICIIHACS000%, 28
BES—HXABOLNKBEEFET S/-HICHAC300ZEER L 1=,

EEHIRIILF—OBFE, BECEBYICHEZN, Fy—C7 v 70OERERD,
Ok, BESEHISE—TDOES I v I/FOBREMABNS LS ICRELAE, £/, B
BICLZHEEHLRKENWEEEZONADT, XPSFx U N—AICHE—IILEHHEEAL
oo ES2IICEDOHRERL., BB — )L FAOHIBREEOINERE®#RES.22ICRL
feo COREDS, BB —IILFHICL > THHRBES10ORLIFICHEEZ RS Z &050h
B,

FOMIZ, XREFzN—ICIE, MEEVEESTE(AQA-200, ANELVAHSY)
DAy B, 44245 —2 (GI-NS, ULVACHS) . ArRNXy S HY, HABA S X,
FLTHRHBRNY N 0BEBRAFITHS. ARBA/ INEAO-XDMBERIC

60



£2T, 20mmiZEDORIEBBIAETHS. ELRERNT -2 03 XREF
IN—ATHBEERNS -CEXMTES LS CMY AT, ENENOMEBFROMEE
ZF5.23ITR L.

5.3 E—AZA2BLAATHAADRIFE N B4

EW) L UBHRII00MADIBEAD, E—ASA V(BLAANDHAK(D T+ TS5y
IRENRYTFA2IRIFy PORRDSBHEND 7+ b T75 92 R (H5.5)
&, BEMORSE (B5.11) | ERREIS>-0OFRHE, SSICERI N5 —%2EH
THIHSICE, TOBBEEHTESDOUTRDE, CCTEEBMIS—DRERICDODNT
(X, BENZESERELAHEEERVTVS, £LCEE7 ALY —(2DWTIE, =
S120nmOCEOFBBEOMIC,. REZIFTTHIA Y a0FEBE (84.4%) HEEL T
H5 (HAS5.1588) .

FF|IIC, 22 ARATM0/SI. Mo/CZRBRIS—%2#FEHAL., BB 1 L9 —%
HALTWEWMESOEAX 72+ 75y R %EES.24, 25FNTENICRLE. Ch
SOEELVBENELIIC, TREICEDENKET A TS9O RAART PIEVUDBHE
IxIF-QIC, 2RFRGICAETEN VSISO FBHFEETSD. DD, Mo/Si
DIBE340eVLLITIC, Mo/COBE380eVEITON w2550 ENKEL > T
Be CONYLTSOVLEDEDHIC, GXBHSOENNEBRESTERLENBSNAND
ENahd., JSNIC, TRADE—SITRIIF¥—{E ZBEZS—~OAKHA. 10eVh
S52keVETOIRNF—HEATRELLE7A M T75v0R. ARG FILEERE
(FWHM) TR &S = M. EIRIF—BESv S50 RORE, TLTEXREICH
RTABIRNF—FEENN VISV FOREEELD, CTTEINY OISO
ROglgLid, 1RO E—SEARBEE100&E LEBEDNR VSIS0 FOREREE
NEESERT, EIRNF—MEONY 55 R/ A4 XD, Mo/SIDBEIZI3#H40%~
55%., Mo/CTi3#87%~100%&LaY, ZMEBI S -7 TIRHHZEEENB LN
W ENahnd, —A, BIRINF—REEBONV OISR/ AXL, E5—%2HER
LTOWAMBHHY, BWLUTFICHMAShTWS, EZT. ZOEBEIRILF—AED/NyY
OS5 REBETAIHIC, Mo/SIZBIRI 5 — (T3 L TIZ20eVHHEICH LIRIRE

61



#HOCHET7 «JF—2HAL. Mo/CICHL TIZ20eV. 45eVHHiRIZHORIRZE#FDMo
WEOANI—EHATEEEEDN o/, CHEZ 1 V5 —EMOBIE T 1 V% —DERE
HE, HEMEHBERLTHRS.26L27ICEFNTNRLE., CEBEZ 4 VY —DERL
120nm, MoHE 7 « )L —13100nmTH 5.

[5.281C. Mo/SIZBEZS—¢ECHET 4 V& —2iEHEDUEIEBEDE—-LS A~
HHhRDT7+ 75y ADMEERETRT. £/E5.29(CF, Mo/CEBE=S—L&
MOHIRT « V& — A ESETBESD 7+ b 72 v 0 ADMEERETR L. ZNH
ORRIIFRS.2ICELHTH S,

WET7ANS—F, EIRNF—REBONY SIS0 RETWRLUTICHLEEZZE
MEEENB, LHLMo/CERBMSS—250EL LOAFBETERLABSICE, B
524 THBEMEEDIC, MOEERT 4 L& —TIHEREELZD, FA-KFany s 55
v EH80eVUTOIRNF—FAIRICTFEELTVWA LN NS, 2T, Mo/CEEE
E5—LMOT AN —EBEDEIIBAETII. BEEZEE TS L, 120eVETOI
FNF—DHEFHTEDSLITEDS.

—F,. BIFINEF—BEOBRAICLEI Ny H59 2 EiE, Mo/SIZBRIS—LC
74T —DIBEIF13%LLITF. Mo/CEBESS—EMoT 14 ILE —DIBATIZ0.1%LLTF
LixB, MBEEN3 74+ b 75y R(E. WETE.5X10°~4.5% 10" "photons/s

(55eV~83eV), £ET3.6~5.0X10" photons/s (90eV~115eV)&7/xd. SREENL
1IRHD E— o £{EL I\ (FWHM) T, BTEHS5.0~8.8eV, #EN2.3~2.5eVEiEsd, T
NODIRIZ. PEEHBEARKO 74 b2 TS5 v s RICBENT, BEEI S —HREH
MBIMAT v Valb—9—LRHBLTHRSAMEEFE > TWAZEERLTVS®
L ZO L, ITRNF-EEHENICEION. BAASAAMIAONZLE2ERTS
E, COZEBBEIS—aABEBAXTOCROHARICEVWTHEIRIF—KGFEEH
REEMEFRLBDLDPETES,

62



5.4 ZEG

[1]J. Schwinger, Phys. Rev. 75, 1912-1925 (1949).

[2] A BziR. ">>o0bOMeXOZR", 375-383 (1996).

(Ch&, Ry, B%F) .

[3] 745 —DEEI$, Action ResearchitDh 4O J/{EEERL I,

[4] This data was supplied from the International Radiation Detectors Inc..

[5] W. Gudat, unpublished results. Interner Bericht DESY F41-74/10
Dezember 1974, "Photoelektrische Ausbeutespektroskopie und
Spektroskopie der Photoelektronen bei Anregung im extremen
Vakuum Ultraviolett Anwendung der Me 8 methoden auf trigonales
Selen und auf Lithiumfluorid'

(61 7NNy s - a—Rb—btd—, "HENFT Y 2%THRIN, (1989),
(%) Ty so, BE, BE).

[7]R. Raval, M. A. Harrison, and D. A. King, J. Vac. Sci. Technol. A9,
345-349 (1991).

(8] A EXAE. "HHEERXR". 19965k, (1996). (A=, ®H. BXE)

[9] E. Ishiguro, M. Suzui, J. Yamazaki, E. Nakamura, K. Sakai, 0. Matsudo,
N. Mizutani, K. Fukui, and M. Watanabe, Rev. Sci. Instrum., 60,
2105-2108 (1989).

[10] UVSOR#R. "UVSOR ACTIVITY REPORT 1997, 11 (1998),

(UVSOR, Okazaki, Japan).

63



9

Reaction
Filter chamber (XPS) chamber
Multilayered mirror Ditector chambisn

monochromator

Pre-mirror chamber White beam chamber

g EE -
| CCER T
Storage ring 4= IN L: ‘*T

|

= P2

TMP1 TMP2  TMP3 Lo
Light source for differential vacuum pumping

2.35m >l 6.1Tm >

5.1 E—L54 > (BLAANERE

MV: manual valve, IN: insulator pipe, FC: fast closing valve, PV: pneumatic valve, BS: beam line shutter, SL: slit,
IP1: 400-L/s ion pump, IP2: 150-L/s ion pump, TMP1: 300-L/s turbo molecular pump, TMP2: 340-L/s turbo
molecular pump, TMP3: 150-L/s turbo molecular pump, TMP4: 500-L/s turbo molecular pump.

*-uf] - -




IDZ7A EE: |
5.2 BL4A1 44

65



5.4 UVSORA L —< 1) > JBRE

UVSORIE. 1S5MeVOIREIER # ATEMER L. MABFIR LY -5
0.75GeVD 270+ TH 3, UVSOREIMY > 74 E5.31C, W >

JOBRRAEFES.4ICRT., SEAFLCRELAE-LS T BL4AIE, BAT
FRIC, SEBETEEOLAICH LS.

66



Photon Flux
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Reflectivity

O i PR TS FEGF I (0 1 | DAAcas e PSS S Lol i WP o A1 1 |

10 100 1000
Photon energy (eV)

(15.11 BLAA BB (PtRBELELE) ORHHEFE
(BAHNBELE)

TBBORHENERT, CORP» S, 2keVLIETIEIRFEEN (T EA

EOICh A2 eHiphd, T, COE—LF5 1 (BLAAT)DH Gk

BHEERMLAICHL-2 T, XFIRXNFX—DLRIEE L T2keVET
E‘!’ﬁ'ﬁ'?ﬁ‘:ti: L;fl:u

71



rof A

Pt coated plane mirrors

Centerline of the white bearr’'chamber

Stainless plate
(to cut the unreflected beam)

570 mm
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EESLETNELESHV, 22T, BRRIS—AXBOERIC. PEEFEI S 22MEBBL TXE@ES<L
lco 3T —OWRE2ME H120mmX40mmORAH T. MARA2ETHERTZ, FroN—prPRBEATLS
WETE. BRI LI2EEALN B2 LY ERENCH 70 . 120mmX40mmOPtFEEEOREREICHE~. E—
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Transmission
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K51 74— HABALEVBAEDE—-LT T D4

T R T T TII R | Y TSI g~ A o Sy - Sy -alete S WA e — * T —— ]

Peck Energy 4 PmthIu: ﬂesohhnn Badtg'mrdlhse% Bad:gnuliﬂme%
0) (6 (o) AW ovomy st s

Mo/Si MM 55 10 S.14x10" 4.5 39.7 49
57 20 642x10" 5.3 42.2 2.3
b2 30 9.2710° 31 46.6 0.76
10 40 1.54X10° 1.0 513 0.11
B S0 2w 8353 Al
Mo/C MLM 90 10 7.15%10" 23 86.5 <0.1
94 20 8.89x10" 2.5 89.0 <0
102 30 1.24x10° 2.5 92.2 <0.1
15 40 1.89x10° 2.5 9.0 <01
136 50 3.13X10% 25 9.7 <01
R0 SN0 33 w1 @l
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F£5.2 TN —%5HBLEBEOE—LS T DK

P T T TLE ey T T i B i, U S A Y T I T s Sl 3y % o R+ A I T L e 10 AL AL | B T L

PeakErergyy #  Photon Flx  Resobtion Background Noise%  Background Noise%
() (o) (hors/s/100mA)  FHHM() low-eergyphotons iher-ord photn

Mo/SiMM 99 10 6.46X10" 5.3 0.33 13
+ 5 20 8.18X10" 50 0.30 6.0
Cfilter b2 300 1.29x10M 6.0 0.26 1.8
7l 40 2.52X10" 1.3 0.20 0.24
LB S S0t W 0R @1
HGKCHH 90 10 3.60%10" 2.3 <0.1 <01
¥ 94 20 4.29X10° 2.5 <0.1 <0.1
Mo Filter 102 30  498x10" 2.3 0.15 <01
1S 40 4.08x10" 2.3 0.59 <0.1
136 50 2.22X10¢ 28 6.6 <0.1
S I T L I L

W7 La—3, BIXALFXF—FBRBON 7T 9 K/ 4 XE1BLTICED &
BBZENTFHREND, —F. BIFNES$EBOERHKICEBN 9 2T K/
4 X, Mo/SIZBEIS—¢CTAWE—DBEIF13%LUT. Mo/CERIE: S —
EMo7 ¢ L2 —DIBETIROINBLIT E 4 3,
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6.1 #HIE

Mo/SIZBMZS—2RAWEBEICDVT, E-ASA AR BEEIIELE.
6.1 [CRBAERH (E—AS A VBLAATORIBER) 2R7. MIERTEXLEEEX
(3 2HODOMo/SIZBRIS—ICL>TSS5eVNH9I3eVO IR ¥ —TRIEOEEK IZ7H
2hd, SIS ~DEAHBEICLTIOENSSSEDERICHLES. TOTRIC
(F30eVEITOEIRNF-RICHFETING SISO FEBERTHEDHIC, BEH
120nm+24nmOCHET 1 V¥ —%2EBLA, /. EH150nm+E30nmOAITEER 7
1 & —(3, AL, DORYIR(74eVEEOBBREZRMNEL T, E—AS1 OO0
ENEFMETSLOICHEALLE. COAITA NS —2BRBLIEOBREEL, AUETREL
TeRIRESIT 4 ¥ A4 F—F (International Radiation Detectors Corp. Ltd..
AXUV-100) O2BHAOBRERICE>THELL. BT 4 L& —0OBBRFHEL, RIS
DBFIBRHELESETRARL, Si74 b - FLEEEBWREZRAV TR ThOHR
ERERIL, FEFRV—HEDLHE, LUTTHESIZ4 b1 —-FOBROA2ERT. (JE
KDL D IRIERICKE/ZPhoton fluRIEDIBEL. SREBIEVTHS. )

6.2 HAINDZ2+br7Z79v2 R

E—ASAHNWXDZ7 4 275y 0 (H61ICEVWTCHIRT 1 )L& —FBXD
74 b275vHR) ICDVWT, ERBEIS—AHARKGHONERRBLUHERSR
EE6.2ICRULE. 74027590 RE BEINICRLELDICSIZH A F— Eig
HBRERTRICREL., AELAXABRPSESIABICRLAREDEEZERAVTHEEL
oo E62ICHEVWTRBTRLUAHEM@EIZ, 4D TOHAKRRRS ML (H5.28) %
BOL Tk, SZBETIC, EREIS—HrEENCHEEZLTEY, FHEmEZZE
0L LIBEDASABEO=25K. 45F. TLT6SETODI74 b r75 v/ ADHER
REREIICRLES, Chickd L, EARAUTRIS—ORHEOETLCER T 1
WS — L BBRDHIEENET L TERIEBL D, —F. SHAFUTIIESK
¥ Ny O TS99 R) BARAOEBKELEHICRBRCKEAY., TR¥OE-IBE
HSIL, B L U OBIFINF~AICHI/-DICE LS NS BRYE—s RS TO—
RIS TLESEDIC, AXRFELUTRERATERZS LI ZLEEGMSD. CHhEDE
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EEELT. Mo/SIZBRIS—ELCHERI A NS —FHBEDLEEBEER. 74027
Swu o A%1.0X10 photons/sLl k., /Ry I59 > RS E1S%LUT LERRRER
ETHE, FABELTHET SHEEITZT10B(55eV)~55F(93eV) (H6.2ICHVTEX
ENTRLUZRS) OBREALLZY, U I7BRI0OOMARDOBENXO T+ 75 v oA E
LT1.0x10"%~1.5% 10" photons/sDENBONB L9 M3 (H6.2) . 74 bv
75w O AL =SSEMBETE—-Sl%ERT. EAHBAUTOIA 7590 ADE
Tl RICERZZBEBIS—ORPEOET LCHET (NI —ICLEZBROBETH
Y, SIAHARNTOIA 75390 ADETRE/BES S —HEDI1DTHBSI L%
MOHREEZOND. §=SSEMETOAETERIHERRON24%T. ZOEDEHRE
EAEML2MDZBBAIS - DBEDTTLE. RUE—ARRy FICERT 115
—DEFI LV HZBLRENVEDIC, TESTHyY FENTLE>LERSICRELL
LIRETEHLE, ERBIS—ORFRIBRBEON70%IZLLELY ., BEIFENDZS
—DFARLHOESWVAIMES LS (B4EER) .

B ENE WO BE (BEAHA) ICEVT, HEBRLAIERROENSBOTI A
MAHDH, BEXRGESHIBENSORD2DOOEANSEZZSND, 1214, HEICHL
FCHET 4 LEZ—DOBEBBENED, EEOFNEXKERLE>TVWAIBETHS. CHR
74 0EF— (381 5eVAEDRWMNRIRNH S8, BEIRINF—QICahELdZLEER
EINE<E>2TL D, FLCHRT 4 V5 —OBEE(X120nm*24nm (h&¥ Q8. 5
BEEH) OB\EXHY., BEICE->TIASSeVAAETERENWESICEETLED., &5
2, FRETREXADEB{EEZE L TWVEWESIC, RABLHREOMICKEAELSE
CTLES. CNEWETAICE, HIOAKEE-LSAV2ZRAVWTCERY 4 LS —DB
BEEOFEEITOAESTRASAN, RIZEASNZREE. SABICAVTVD2H
DEBBEIS—ODE—IIRNF—EICRENECTVWAEETHS. S5—~DOAHH
BN IEDIERFRDE— S FERENS NSRBI EMNS, BL—MOEBESS
—BITCE—2IRNF—ECENELCTLED L, 2ZHOZF—ORFE—SOE/LYER
SFINELBY, RREPSHEEICERTEIRICETTSFEESSHD. E—2ITRILF
—(EICENEULAREALLTRE, FRABICELIZBEIS—1HILOBRMOEL, 2
BMOZS—DAHBEOBOWDOSECSENEASNS, LMALEEICMLTIZ. 6.5
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Mo, ES—AODAHBESNSKLBILAEIELELYOE-SIHRIF—EDZESD N
ELABERICHD. BICO=10EMAITRIARIEICDEL—S IR F—EOREIL
0.2eVERMHBOND D, CHRDIS—BEOENT+ b T75v 0 ADREMEHE
[EOEICDHM>TUBEFEZICS, —A. BIEE, H4.4(a)&Y. BHInmDR
EZhHicY, E=SIRXNF—(EEH4eVINTLED LR BOND, REE—S %
[ELENHSeVOEASAUTE., COE—SIXNF-EOEIREAREERIFTLE
Zohd., ERALEZEBRI S -2HOETNAThOBMMI12.5nmp 5 £ TnmFRTS
LIRETD L, AHBEI=10EICEII22HOEBES S —DORHEF17.5%LRKkD
5h3. ChiZE6.2ICEI750=10ETO7+ b 75 v 2 AORNEMELFEEDEE
ERUCRSHPT A, 4MCBOTCuk BICELBXBRIFAEN SMo/SIZBRS S5 —
DRARERRKD->TLSY, EALAZTOZRES S —OFMEiTo/=bIF TIAAL,
EHICFHEZT S S—THEATTNS AT EHOHRYUARATHS LEZA BN
3, ESICH4.7H5HBENELIIC. Mo/SIZBEIS—ICHETIE. MoBLSIBOD
BRAGHBCLYFEBICAE-THY, CORENSEBHE. S5ICEIS5-HTHMIC
ENELTOWTHREBETHEAL., ChOoOREEHETEZASL, 74 b T759H R
DHAZERLAERROZRIRBETESZLZEASNS,

6.3 HAAXDEENM
6.3.1 Al L, RIREEEDSBENE

RIS, E=ATZA HEAXDIARS FILEPERE. BEXIRNVF-QONvE550
RALZFETE/0I1C, AL, RIUSAEFETOEBSYE (H6.1ICHBVWTAIHEBKRT «
WE—BBKDT7 4 b2T75vOR) DERBESIS—AOAHBEREEONEEIT,
FTORREREEGCAICKLE. H6ADRHERIL. MEOZEBRIS—OASHBTOEN
7+ b75vyHR (A6.3ICRENTIND) IZ2DWT, AR 4 L5 —2BBT 3
RIEORSEDLLZRT, A7 42 —DBEBEL, FREEBLTWDIAY 20
O% (74.8 %) 2ZELTH, NEERI. ABET 1LY —DOBEEOFERETH
ATHHEBERERS—HTHI LMD, HREERIZIFRGC.IOFHEERITAME (55eV
1A TS5eV, 93eVfHiATOeV) &EASNS, £/, Al L, BIRHOMAEHR < —HL
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TWAZEMH, Mo /SIZEBRIS—AODAHAEILE-SITXNF—{EEDMEI
He.SOMRMERLEAHRZMERICZLILBDNS, 512, =55EfMAETEREDIE
EAHBEEISENEDDS, CEB7 A NI —CLBEIRNF MOy o 59K
DIERDPASEENTWNSELEAS.

6.3.2 HAXEXBAERELETaDXEFAAY FILORIE

ABEPHAMZLURBICTHR TS0, ZMBEIS—IKBOHEAX (H6.11C
BIIHCHEBRZ 4 IF—DHAN) ZXBHXFELLTHNWT., fOREBIRILF—H21eVT
HATaDXMABFIHXPS)ZAELE, EEHIXANF—DOXBFENETI0
2, BETLRXNF-TFSAY—-RUA>FA—-5—&LTVSWHEDCLT1 50K UHAC
300&EAL A, BSIICRLALS ICABRORESICEHMRANMABTSI LD ICHKR
JEXPS)FxoN—2RBLTHS. REEEBREZME6.6ICRLE, TaldFE b E4AS
/=) THBEERTPLLE. RELCHBLARECRLEBERETS/-0HIC850KETM
ML, ARMRISLARZEETERSH LA, TalEld, MEXOKEEXPSREED
P ENAELZ2ESTAIRICEHXAVEEICAS LD ICEKEBLAE. Tk, ZEE
ES—OAHBEEB4ICEAZ T, ZR(300K)ICTTaXPSRIEE{To .

9. CER7 (NS —2HATHLT. 2RFRSICERTIEIRILFE—MID
Ny oSO ENRRTHIHNREWBE L. AFHAEOHN20MT, (3): 74N —%
EALTOWEMES,. (b):CHRZ74)0L5— (BEE :120nm) 2HBALAEBEDOTam
XPSHIE#HERZRHG.7VICENENRLE., (A)TRTaOWTFNOE—-S bEETE AL
M, CER7 4 )W —%28RALED) TR AADOREICLSTaDSdICRETESZE~S
MIoFYLHERTES, Thid, CER7 VI —DBoXBORNXDSE, £RHEAE
FICHRTHIEIRNF MO I TSV FEVERKERTAZLERLTIVAS,
B16.41CBAT 2RO TRRACER I A NS —DFREEBHRLLELEAS.

RICASAE O #(a)258. (b)45E. (c)55F. LU T(d)65E LT LEHTHELE
TaDXPSHIEDEREHG.8ICTRT, G258, 45E, SSEDBSICEIT1RRICLBTa
DSABRUATDANZ PIBRNTVD., AFAEICL > THEETHIIRINF—ENE
bT35720I2. ShSDARS PO E—-SEXATAEOERICL>T 7 LT
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35, Y7 MRIIEFEFHEERCELD, £, 065EOBEICRTaOVWThOE~4
bEBETEAN, ChIEE3DHETTFEENDLEEY . XROHEEMSETFTLAZE
HEELEZOND, £/ 0=25ETRH2XKICLATanSdICRETES E—2 HH6.3
DHETFHEENIMBICBASNS, 1RKEICELB5dDE—2 EDBELM1/52TH
U, ThEhOE—- S IXINF—ETORMEHER OB (K6.9%28W) 2ZEL
T, 2RRCLBBIRNF—RUON YL IS5 REREDHBEM12% &5, H6.3
DHEICLB2ARRSDESE8.1%THY . COHHBEREATHRIIR<—HLTL
BLEZB.

6.4 HIKDHFE

Mo/SIZBRZS— &, ERHEASICHRTSEIRILF—RMONYIIST FEE
HTAEHICCRBET 4 VI —ZBAEDEIBEICONT, BHh274 7592
RAESIZ7H FAF—RICE->THEL., BEB¥EEIRXNE—UDONY LTS5 Kk
SOREICDNTIE. AEE Y 1 JLF —DAIL, RIREEHEO B:BSM N SFHMEL -, =
f=., BEEPEAARSICDOVTIE, IXBOEAKXENRRFE LTaDXPSHEETTS
CEICKUFFMLAE. FORRBRERCIICELDA. TRIVFE—FHE : 55eV(6=10)
~93eV (6=55) ICBWT, 74 b>»75v2 R :1.0X10°~1.5% 10" photons/s
EARY PIHESIETRERD > A8 AE - SeV~%eV., BEXxNF—-MDNv o757
v FOEE  1%LLTF, B (2&X) RSOBE  12%LUTFEAY, HEERLDLE
BHSERNICRS HBTELENERENE. ChODERLY, COZBBIS—4
KIFE—LSA (BLAAN) SIS XRMET O EADORME LRI F—I&EFHORRICER
BAKE—ASA - THDIELBRTES.
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6.5 ZEZX@
[1]J. J. Yeh and |. Lindau, Atomic Data and Nuclear Data Tables, 32, 93
(1985).
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Photon flux
(photons/s/100 mA/1 eV)
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Mo/Si MLMs
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Photon energy (eV)
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XPS detector
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BEEHIFLF—OXBFEUNETAE0IC. BEIxLF—-TF
SAH-RBUIMAO-F—ELTVSWHEBDOCLISORUD
HAC300%2 AL L, FBHOEXSAICABEANIUETSLSD
CHRIS(XPS)F 1 o —5EBLTH 3,

98



R T | 1 l 1 L} ]
i (a)
i :
~ - ]
= 3
=
i L 1
.
E‘ T I T -k--wq _.,_, — .I.._i|
T I e I | :
2 I (b)
¥y 3
% 5 Ta, 5d, 1st -
]
E |
o 0 b g b n D g g e repp——

0O 20 40 60 80 100 120
Kinetic energy (eV)

6.7 BLAATH AN ENEE L A-TaDEFANRT ML

Mo/SIZEBIEIS—~DAHAEI=20ET. (2):CHEZ7 s 25 L,
(b):C 120nm 7« L a2 —HBL-BENTaOXPSHAERERERT,
st iF 1 REDGRRICE B TaRE— 27 2 BHT 5,

99



(a) 6 =25° j_
4f, 1 st (hy=60eV) :
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(c) 8 =55"°
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Ta binding energies(eV) are:

1s{ 2) 62230.6 2s( 2) 10245.7 2p( 6) 9831.34
3s( 2) 2340.70 3p( 6) 2146.28 4s( 2) 470.703
34(10) 1780.B2 4p( 6) 389.023 5s(2) 66.0196
4d(10) 235.349 5p( 6) 42.3823 6s( 2) 6.34537
4{(14) 43.5278 5d( 3) 7.99294

[X16.9 TaDBIEEHIEIED T 3 )L F —1kTiFE

J. J. Yeh and |. Lindau, Atomic Data and Nuclear Data Table 32, 33 (1985).
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[FEE R :Applied Oraganometallic Chemistry in printing.
Review of Scientific Instruments, submittted.
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7.1 HRDEE
RERSE$EEUESFORLEVHEATHASNATOSEBEHRD1DTHS., &
(T, B4 BRARB 7O LR LBEEFOBMEMIHEROREAA->TNS, KiSH K
SATYFIBREODERICAE>TWBZLIAMNODERTHSN, FORIGLERE N
SHICA> TVWAWNI LMD ST, SERIBTRESWAFHLOET /D ERERAL
ERLTVABENS L, BEMEMSEL L BEETOERD, /507 ST
ERICEWT, BRTINZZOALEPERVEXRCVDICEIT 2R EFRT, AIBOE
SEEEOETS. Y45/ b—v a3 Al ICRAUBORE 257 ERL M-
o> TWB, CVDEFRALARARIBICEZAZSAE - avIcD0TIR, E$S
F7=(FSI0,REIC b YAV TFINTZILZ=Y A:TIBA((HCH,(CH,),), A& K B = t 718
BORBETINZIZDADLIEIC:AI=4:1E2U, FHEBRYMTEDATLED L0180
HEENTVAE", NBSESAFNTIVIZ I ANA ES 4 F:DMAH(HAI(CH,),) D
CVDTORESRHMXPSEBDONBETHAMK BI- &> THRABRISHIZ#Z NS =&
ERMUAEY, Ef, AFL—Y—%XEL LADMAHOXARRISTIE, C:AI=1.5:1
FTETTAHLHNXPSOMERRLIVESHICEATOSY, RITHMEER ST
(TOF)ZAWT, FUYAFILTILI =D A:TMA(AI(CH,),) ICArFFL —H — £ B8 L /182
DIRBA 4> ZNELAER. 193nmOXFERE LABEICE. AFILROBBHE
CHIESHASATNAS", FLT, MBXEXBRELTHVWARRSE IO ERAOME
TlE. 1BISHRAA EEDSDODMAHA R £ Si0,BIEAKRE D F AN S KN EBHT AL
B, SRESOSI0,BIREICESBESEADMAHIC, BB 7 Ly —% RO THEE
DIFNF =T IRESHELASE T, REFLOMBIRNF—KEEICHLT
DMBABEATOAE"., LALLWThOBEY, BELELEXBEEROTIRIFDATS
5%, WREBFHERIEMBFMERGOLEZARICITS ICEF+HTHS, FHE
Tl ZOLILHHAMERS O AOMEI R ¥ —EKELOBEBRENEEE. K
FAFRRGORBISEREM 20IC, HLICHRUASEBESS—SX8. RUK
TR RIEAE—AS 4 VBLAAI £ AT, DMAHOESHERICH &L L7
BT ERY LSS OAIREBROME IR IILF—KEEZVHTAELL,
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7.2 £

XPSAIEICERLARIRIZE. Si(100)@mnYT/N— (EE100.0+£0.50mm, E&
525.0£25.0um, N-Type., 30.0-40.0Qcm) %, 10mmX12mmOEAEICTY E
LTERLE. BALEAEZODIN-CXBABLEMNSIERAICEASA TINS5,
B7.UCRLAEAKREERENAEEESICLIXTALRBEOFIRCHARRLBRERE
L. BEFROBHLEVHF-LBERERER LD, REERRATUF £ oN—27N
LT, XRECAOBEBEARF /1 —AICBALL, EF2EXENEBETERALLEAEREI. £
TRFIERBOBBRETH Y. FBEHKILENEH18.3MQ/cmUL LD HDER,

BEMEBASUF L oN—TlR, KEE»LO—-F ) —RATFERNWTHZICE &8
. HISEEN3I00L/sDy —RKAFHR TEANTIX10 TorrE TRZICLA%, &
ISR Y —CERBERATVF o oA —053X 10" Torrd¥EREF £ /83—
H—=r N TERITEALE., TD&., HE£600KETMRL. HKHEZ@MICHELL
Rt EMRZ g7, SETRRALSIC, ZOF /- ICIXPSERMHLShTL
5=, BEREPTRAOHBRENETES, CORHMXEORSMELEXPSEEEZRL
THZILE. B7.2ICAEBOXRIETF o NA—AOEBERT. HEIXPSOMEEFIC
MUTEEICASLDS ICREBL. XBREHHOMEE TEITFTHNEE{To 2, B7.3
[Z(a) : EHEnzal, (b) : MBAZROXPSORMEBRETRT. (a)DMBARDXPSAIERIRIC
I3, BOEEANSCISCMEBTEZAE—IHHEATS. ChitexELE0R,. 1
EATICESLIEEHEBDNS, LHL, COCIsE—213600KETMEL % D(b)
OXPSHERBTIIHEATVWAZ LMD, ARRPTERREMBA TS LICE>TEAICH
BUEREERELEESZENGHNS.

DMAH (AI(CH,),H) HR(Z (#%) U I ANFARFALUBALL. DMAHARZ AT
YLARBIVICTHREBZNTEY, BRGOK)TREETHY ., KRP TIIIBREAYICAL
RiEL., E6ICENNHI20THEZDNVRWWIVLETHS. B2 TOERTEII2Torrig
EOEXTHIN. EENICRETIAY VHRASRETS. ChERUKRLS 0ICKE
DECL - THRBHSET o/, BREEFKEFE TEIOMAHR S VRICEB Z&MB", R
FULRR M CEREERICERIF, DMAHERIET A LICE>TAY VHARETER
xLE, COEREZIERVEL., BREESP2TorCR 2 EENAS AT —-DT
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HRL, E0CREFz oN—DENDRBEBRRICTH/HIC, O—F U —KRTT
#WO.5TorrlICRELE. XREF 2 N —~DHROFAZNSUT TN =o)L T &0
LTiTok. XAREF o /N—~ODMAHAZBAS A OMBEEZE7.4ICRT. £
f=. DMAHA ZHA—% U =R TDAANICBIHARBWCLEZERLT, A—% U —
R 7ALEHTEANODMAHA R ZBEAHATHLHELAEL., REE~ABFHS L,
HREEBGRTVFz oN=D06, XREFzNA—=CHBALLSI(100) BRI, L
ek SIC600KTSAMmE Lk, ALY —OLBICHAITIonEY yIRAOR
GEEICLY, SIEIREZVWI0KDERETHSHLE. ChiZ. COSHAEEZTERTSE
SBTROBETHY, BERAROAOHEOENERE TS L TSIEREEEZESICHE
T&ES., REIC, DMAHO B EEFOERZFEELIZ10KLIAIZPZ S ED
T&Eh, EEEENTmMmMO ./ X)vE, SIERORVERRE. HSMmmETHEITIFTDMAHA
ADWEE ETO, SIBREICHES L/, DMAHORZRE(L, 5.0X 10 TorriZT400
#., BDB20L (1Langmure(L)=1.0X10"Torr * sec) £#8#(C LT, BESHEHELGT
SLETREREFELE, NARBYORZEL. XREFx oN—ICHBAMFITEAF
w4 —2 (ANELVAHED) ICTHELTLADT, REORBREBIH-EXEWEEDN
%, [@7.512, (a):DMAHA XA OEEFTE (D) BREOXPSOATHEERLE, (3) 8K
BITIESIBRDSi2s, 2pOE—- &, REOBELMSIO,, RUBIRREICHSE LKk
FIZLB01sEA = BFOKVWV)DE—S DR NS, L L. (b):FRERICI.
FNBOE—s /A, PHYUICDMAHDAIZS, 2p, RUCIsH E—2HiRAIEn5,
Ak BOBMBICL > THHEENABFORERS (I, KELY20AEE (5~78) 10
<", SIERICHETEE—ONRSNZVED SDMAHR TN LOE S £HDRER
ELTVWAEBDNS, E7.5(c)3. —EDMAHESIEIR LICEEZE /%I, SiER
E=ZEBME(S20K)ETRELABEDXPSERLTIVD, COBE, Al2s, 2p, BRU
CisOE—-2HHA. Si2s. 2p, BRUO1s, O(KVW)DE—-oHRNEEhEZEMB,
SIEREI2OKETMRTA LT, BEREL/DMAHEZERZHD Z &IC L USIER
FUBRETESENDD, CNODBRERFEAT, RRELITOFIRTIT .
(1) SIEEEZEFEEZRZRNT. ZREEHSVI00KIZEIETEHT S,
(2) DMAHA Z #SiEiEEMIC20LMEE L. EESREZES,
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(3) SRLEMHNAE. BT+ T5 95 ZAH5.0x 10 photons/cm’IciL 2T
BT 3,

(4) BEHETHE, SIBRE320KETMAL. RRGODMAHZRR = HIRET 3.

(5) SIERICHELULAEOEKE, ZETXPSEBLHAVTAETS,
TNENOAE (E-JIxNF—(E) TOBXKBEII. H6.2LVET7+ 75y

2 ZAH5.0X 10 photons/cm’ &2 &5 ICRMb-/~, Chi26=3ENIBS(E

55556mAmin, 8=40FT20833mAmin, 6 =4S5ET10417mAmin. KT Q=50

ESSETIESS555mAmMINOBEXRFEMICIENT 5,

7.3 Al BB EMETRINF—KFH

SIZER EICOMAHZERRESH/-RICHXXZREBHEL, SiBiRECHELAIBRD
XPSRIEZEITo /. REIXIF—10eVHr5400eVETORRATOETEELE I BORE
BREE7.6IRT. i, Al L, JRNER(74eV)E U HETRILF—RD(a): 6 =35
(hv=66eV), AlL, JBREEEED(b): 8 =45 (hv=77eV). L TAIL, RNELYU S
BIXNF—RD(c):0=55E(hv=93eV)DEFNENDIRIL¥—THIEL/IBESDH
EHRTHDS, CCTOOREZERBREIS—DEAFAEERL TS, EEORESE
ERTOIELAEIEELLT, XPSOCIsEARRsOE— s Bl #REHTEL TBE.
RFE-TIZZ0 LERLEE(C/ANZRA Ve, DMAHO LSRR EZ S5C/AILEIZ2.0TH
HDT, REEERODMAHERREBIC OV TAESNAXPSOE — 4 WL ERKe, =
DOEICHEIEME B ZHHTITC/AILEN 201222 LD ICRERELE,

( 'rCIs
"'MEE
f=081

Al2s £C1sDAlk,(1486.6eV)!" " TR TR ENEH0.01Mb&0.013MbTH Y
Y ZORHWO0.TITHE I EDDS,. COLDEIIRYLELLEZSND, |7.71E.

(a):DMAHE®EE®R. (b)DOS(FETIIANBES 358 (hv=66eV)D 5558 (hv
=93eV)E TSEXH TELS U BED, SiEiR LICHBL/ZAIBOC] sk & KAIZsft
BEOTRIIE—fEEROXPSAENHER(10EIc b2 EEOMBEE) ERL TS, Clsk

X p=20 (®7.1)
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ARsDE— s ERMIIE7.7&VEHEY. R7IEBOTC/AILLZHE L., ZORE
£, H7.8[CBELAE74 boIxNF—EREEIC, C/ALLZE#BICLT ' D"OY—
S TRULE. T5—N—3IE—/ERERAIMASBFOREEZEE L THIELL. C/AILL
F. 74 b IZRINF—D77eVORFICERIMEC.65LAY., 71eVORICHRAE1.13&
1o TS, C/AILEAAIL, JBIREE(74eV)"  SEED77eVTRNEAZY, BURMT 3
CEE, ZOAIL, REESOC/AISHOE— L ¥ ELB(E—S T X NF—F:
77eV)HIZESKBOSREICELO LD S, THIIDMAHDAIDARE T £ Lo8fFhic
EHEMRTHDILEEZD. £174 b IRIF—-DT77eVOIBETC/AI=0.65L7>
TWBHS, MEHOIESHNL, ARCHEHET NS —BBNER LBE T ICHERT
EBICNAEL<ALOTVS, ThiE, ARpOABRBFZHMEEL AL &ICL Y, DMAH
DAI-CHEASTBIRWICUBENAZEHNRETH D EEAOND, LUHBICRARSDE
Hiz, B7.80ESBREBEERDCIsEAIZSOXPSOE —2 #GaussianMEE2BUVWTT «
A ARYa—ar AN SEEABEEIT o /. GaussianBiE D F{E2EIIXPSD 7342
fE(2.27eV)" 2 EB L TH2~3eVE L, Cls"a"&"b", AlRs"c"&"d"DEFNEN2D
DE—2cHBMLTEZ S L, (a):DMAHERBEBERDOAIZSHEIRDXPSARS MO E
—2131DTHY, TOE—HI ITXNF¥—(EI1120.6eVTHS. (b)~(f):HEXZEREL
FROHRBETIEA eVEIRLF—RICHI1D2OE-2"d"BRhTIVS, COEH
X, BHAIBA-CEANETHAIDICH L. BHE%IZ—BOA-CRANTIEL. BES
DR, AAEESERZhBZLIchRT 2" Y, B#IC. (a):DMAHESBERD
C1stAlEDXPSRA XL IO E— S (ZAI-CHESICLA1DDE—2 L LTRETE., *
DE—H TRINE—(H3283.8eVTH B, (b)~(f) :HENXBHEOHKBETIIH
1.7eVEET RN F—MIZ 7 FLEAICH (n=0~2) &R EIChRTHEELZSNSE
—5"p"HEATNBR" Y, CHEDE—DORERIXIILF—EEEERRB-HIC, B
7.8DEHMICE—sEREL ST, ClsOE—4"a"&"b", £FLTARsOE—4"d"D
P—2sBROLEIERT. CORNSHASNELD ICAI-CHESICHETACIsDE—
LU "OERIZ7T7eVTBNEL>TEY, ThERRMICA-ABEICEET BAI250
E=4"d"OERIEIEKRELE>TWNS, TOZEFARZSORBBEFEVERBELED
Elck Y, MA-CHESHRIRMICTIETE N, (2)CH, DHEBEL. GIAIFAIBEL ER S
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NTWAZEETRLTWWS, — A, ClsOE—-2"b"OERII77eVTERKREL DTS
HOD, ZD2DODE—JICHEBELTHEIRNF—ICLIRETBOSHONENI L
M5, ZOE—=2"b"[CHERTHIESEEL L THHABRHBICRELL2RBFITEST
e REQOBFEMEL A EICLY, C-HESHUEEN TAI-CH (n=0~2)E& 0K
Eh3bDELTHRIATES, E—ZIEENIC"a"E"D"D2DITHFTINS A, RERIC
FE—2"D"[IZHBOE-L DO TVWAEEZ OGNS, L LXPSHRIEFROSTEEESE
EZETEHE, ChoDE— V28T ADIIFFRETHS 0. BEMNIC1IDOE—ST
=L,

BERORZIZ, AHLEZ A brICL2BED®RIC. SRICRETI2RET (M
10eViEE) ICL5miEr. XBF. A—PcBFICELITRMURMENEZEZ SND. BRI
WEUBDRUVEIRILF—D66eVTHREMPERZNTWSZ LS, 2RBFD
HFEbAREVWELEAOND. Sk ERBOLGBIFETIAHIC, 2RBF, A—2 BT
DR EABHBEEOMEIRNF—EKGHZAETI2LELHS. E—2"D"OE{LD
HMICRAE, @HOTEHANIRINF—KFENDY., 77eVTINERE—-OHHY,
FhLVBIXINF—HITLLULERESIKEICH >TSS, Zhit, XBFSA -1 BF
ORIz RiE. H3\[dshake upiBiEtshake offidiz (3ELR) (ChonF5%
ERLTHME TS L (FREBEETIIFRAIETHSD) ICE>TC-HDESITHESL TV
T BFRESESNDZENEZOND., THDL, HEBMEICLIRARIT—F—
BiA—JiBiBICEY ., AFCEEDNHELLUIBEZ NS 0IC, HBIRXIILF—OAE
TC/AILEMETFTLTOWA EBIRTES, ELT, EcilMEIRILF—IKELIZDS
&, HBREOHMBHNELS LS 0HIC, C/AILLIIBUEMNT 5. Zhid, 2XEBEF. X8
F. A—TxBFICLAHREEICMA T, shake upBIEOTREI MDD B /-0H(C (H7.80D7H
FEHHATlIshake off BIRIIMEZNTWVEWTHASD) . HERHEIRIF—-LVET
FIF—BIICEERT, C/AILENKRELBSZBDEEZOND.

MIELAABICDWTIR, BESHI1I0ANSHI0O0ATHADHIC, TOREERE
HEREERAVWTHETAZLIEITEAN. 0D, AIDMRREORMEL RILF—&K
BHRICOVWTIIELBRTOEN, 5%, ABEEORMEIRIF—(KELOMH, 2&
BFOMRAELEHSOTHBARIFETWVEVWEEZ TS, LOLEGHMSE, ZhEDK
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RiZ, FHECHARLEEBEIS—aXBE—LS A0, MEEBEXEERIETOE
ADOMRICAACATESDZLZBEMICRLTND, HBRIC, E7.91C 0 =55EDHIC
SIZEMR LICHMLZAIRDODERZT Y. HEAIMOFRIIE - ARy FOFIR £ KB
LTW3, AAEMBOHEARKICASEVWEBREE, RESS0mmOFIBREZ4EOHAS
TEALTWSAHIC. ABRICEI2MARNORXERNS IS —RRTRIZLHPRET
HD.
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Si(100)7 T/n— (E#Z100.0+0.50mm, E&525.0+25.0 um. N-Type.
30.0-40.0Qcm) » 5, HHEEY HT, (10mmX12mm)
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