i X EABFHHK

SHENE

B

MITITBUAANE L F I ZFTIEEM R MM RE T679-56148 KEREAA=H ARTIER1-1-1

HBF AR EMEDEFEFREEZANDHE—NDBABRFETHDH, ROEEKIME « 8 X R TEREH
BRTHDHIC, BEREEHFTEARANERTEDABCHRNBESNT E/co F 4 (L SPring-8 DSIEE X (6
keV) XL LTHATZLET, 7O—TREDKREW (5~10nm) KBFHRERBRL7co AREOHDOZ &
HEFHFCOVWTHEIRILY —DHEEE c SR — T FTRENWEETH D, SNICEYIREDHFT DLW TREIRE
ERUICTZLEBCEDNLIDEFREZT0—TTEDL5(CRY, T/ RT—LOBIE, ZEBELECIKALTY
%o ARTIE, BXBABFAAORREE « 58 - HEEZHN L, RECROFEATIRAENEE TH - 7o FiEh

MFEEEE(CISA L cHEREBEICRET %o

1. ELsIC

KEFHHE (PES) IMBEOMEFHCONEDLEER
FREZHNDR LA LFETHY, SEIERHTT
FEFICRIAE S FIH S CWBY, ERBRIICIE, WEICE
(EZ2EE/ M« TR X AR - BEX H) 2L, BRI
Fo Tk SNABTOEE) T 1 IVF— L HRE 2 HE L T
YWEFRTORTORMB T RIVF—OIREFE L L <130k
BELZRETHFETH L, HREKE (Hes /7=
Mg« Al Kaff), BHHEFIMAL 2P & HICIEFIC
HERICTHONTEY, ZOHMS SiREEEYE OB
KO BIE L 72 b OO0 HHBEREEYE L8 AT N
A ZOFHT, & HITIF TR W EIEFICLIKICHIz - T
W5, ~HTCEKERRET LEE, RO IV
F—TETE—=TEIDNSIW=DIT, BENLIERPR
BOFEIRREICH < RFF$ 5 2 & PES OIS ##51F C
W72, AR TIE SPring-8 OEMEE MK AFIHT AT &
I k- THEBL 2o X R T 50t (HX-PES) O%E,
R - BB BN L, OV H—T@IOKE S (FEmd
JRE) IS & THRB & 7 BFFFRIC DWW TR e S T /o7
<o

2. REXRmEDER

CNETPES L, ERBEZFEEL TRAIINTE
720 THUZ Fig. 1IZR L 72 XD ICHEER TORTOIEH
HEELFS E 7 (IMFP) A& FOEH T RV ¥ —
(KE) W/ 7% LB 52ThH?, Sekiyama
513, SPring-8 DK X 7 vV 2 L —¥ 5 4/ BL25SU
2B WT Ce &M Ce 3d-4f ILMEEF A7 IV
TE %880 eV DJihife T 4 )L F —T7»2100 meV O E T RIV
F—MREETIT\, 120 eV O 4d-4f I 27 PV L ]
BLTW5, ZOREIGHEFOEH T VT —%KE
LT/ —T@S ks 5 (REOOEF5FE/PNILF
%) CEOEENETHAMICRL /Y, Fig. 1 THOLM R X

66 © March 2004 Vol.17 No.2

Inelastic Mean Free Path {(nm}

4000 6000 8000 10000

0 2000
Electron Kinetic Energy (eV)

Figure 1. Inelastic mean free paths for electron kinetic energies up
to 10000 eV, for Au, GaAs, Si, SiO,, and NaCl.?
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Figure 2. Plots of atomic subshell photoionization cross sections

at 1.04 keV (upper) and 8.05 keV (lower) for the elements (Z=1 to
85).4
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Schematic of experimental setup including optics. X rays monochromatized at 5.95 keV with a Si 111 double-

crystal monochromator, were vertically focused with a cylindrically bent mirror onto samples mounted in an analyzer
chamber. A channel-cut monochromator with Si 333 reflection placed downstream of the mirror made it possible to

reduce the energy bandwidth down to 70 meV.

March 2004 Vol.17 No.2 @ 47



Figure 4. Apparatus for HX-PES placed in the experimental
hutch at BL29XUL. A modified electron energy analyzer SES-2002
is equipped. In order to operate with ease, sample manipulator is
motorized and CCD cameras are attached.
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Figure 5. Au 4f core level spectra of a Au plate measured at 5.95
keV excitation with Ep=200 eV and the total total energy resolution
of 240 meV. Acquisition time was 10 min.
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Figure 6. Valence band spectra (upper curve and inset) of Au
plate measured at 5.95 keV with E,=200 eV. The sample tempera-
ture was 20 K. The spectrum (lower curve) of a Au film measured in
UHV at 21 eV (He I) is also shown as a reference.
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Figure 7. Valence band spectra of thin-SiO, layer (0.58 nm) on Si
(100) measured at 5.95 (lower) and 0.85 keV (upper). The spectra
are aligned at the valence band maxima set to the binding energy of 0
eV. The red curve shows weighted sum of the s-like (blue), and p-
like (green) partial DOS obtained from first principles calculations.
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Figure 8. Si 1s core level spectra of thin-SiO, layer (1.32 nm) on Si
(100) measured at 5.95 keV excitation. Sub-oxide peaks (Si'*, Si2*,
Si3*) at the embedded interface are observed between two intense
peaks of bulk Si and SiO,.
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Figure 9. Valence band spectra of MBE grown GaN (black) and

Gay9sMng 04N (red) measured at 5.95 keV. The spectra are aligned
at the valence band maxima of GaN derive features set to the bind-
ing energy of 0 eV.
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Hard X-ray Photoemission Spectroscopy

Yasutaka TAKATA RIKEN/SPring-8 Kouto 1-1-1, Sayogun, Hyogo, 679-5148, JAPAN

Abstract

Hard x-ray photoemission spectroscopy (HX-PES) has been realized using high-energy and high-brilliant syn-
chrotron radiation at SPrin-8. High energy (~6-keV) excitation results in larger probing depth of photoelectrons
compared to conventional PES, and enables a study of intrinsic electronic property of materials much less in-
fluenced by surface condition. With this newly realized technique, requirements for surface preparation are much
reduced, if not eliminated. The high energy resolution and high throughput was confirmed by measuring Au 4f core
level and valence band spectra. It is a non-destructive tool to determine electronic structure from surface to
genuine bulk as shown by a study on SiO,/Si(100). Electronic structure modification related to the ferromag-
netism in the diluted magnetic semiconductor Gag 96Mng 04N was observed.
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