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Fig. 1 (a) The real part of the photoelectron wave function and (b)
the photoelectron diffraction intensity distribution in the real
space x (r) from the central carbon atom in a Cy; cluster. (c)
The enlargement of (a). (d) Simulated photoelectron
diffraction pattern x (0, ¢) from a C,s; cluster.
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Fig. 2 (a) Schematic diagram of Display-type analyzer installed at
SPring-8. (b) Two different geometries for photoelectron
angular distribution measurements.
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Fig. 3 (a) Cross section of the 6H-SiC(0001) vicinal surface and
two types of atomic sites. (b) Si 2p photoelectron angular
distribution pattern for the « site calculated from the meas-
ured data. (c) Same as (b) but for C 1s core level.

EHOE2RERT ETE2 L L 2BHEOIEEM 2R T
YA MDD 5, 1EEOEFYA ForbRESHOE 28
BERTE, £5—20Y% A Fp5 R 5 E[0003]8HICE L
180°[EIEE L 7=BAR & /x> T\ b, UBICE 2D L, TO
EKEH»HIE 6 BHBONEF X —vREEN5 LT
Shb, &AM, [11001J57 AT off A2 D\ 72 A
SiC(0001) #EMi & I\ 72 & & A, 3RO E /8% —
VB BNz, BITORE, ZHIF[1120] 5 MICH - 72
6H-O1a1=y FEDAT v THRREET, FIOF ALYV
PEENCHEN LT LI LD T EDBbh 572, Fig. 3(a)ic
MEAETHOREAN E R L7z, KB TOFHHMITESE
RTHBDT, RADRFYA FHROMENKEL 72D,
IEHHOKE T/ N7 —vBEHNL, SIRETH»H EHOH
2EBIRTH BRI EOHMDOBENZIED o & D 2D
VAP EERTHE, MEPOOREF /X — Vi
[0003 i BE L 180°[alHix L 7-BEfRICH %, BEE KD A
MEEdETHELEPLY A F2LDEF LR TN
A—id oA PP LOIEF/NF— 1/ %180 A #x
fEL exp (—d/Acos0) LD L%, A FHEK
TRORS, 03 AROBRATH L, ThHDOBFREY
SELMHI L, RHDORTYA F B2 B3 2 — LR
HOANLMETE S, N Fig.3(h) & (6)ITRL 72,
COEDIT, 12O G» LEBORTH A FONEF /S
A=V EETCE 5D TH5HY,

7z, WIZ SIC Ei FIT BB i gk e AL I A T B
T 500, SICEHWT/NA ZERIC B 58 &7 5 T
\%, Shirasawa 53 FHEHEN. & K CTREMHAL L 72 SiC
ZiHi > SION B OIERUCEZI L, Z OREE % LEED

294 © WgtH Sept. 2012 Vol .25 No .5



PEY X1 ABFEIFOHFER : BRI D BABEFRETD—7

IV B OB FE» HHE L T 520, 6H-SiC(0001) A}
K ISR L 7= SION A 5D N 1s BEF /8% — V1
OWTHN I T>7s R THBEL/ZBTA FBHDC
1Is OWETF/NEZ— EN1Is KET /8% — D FFP )
MPENTEFNRLTHLHZ EDbhroT, THUTEIICE
FRERTHAECTC LERL TWAHT EERL TS, C
XD NETFRIRAmEESZRNEEIEL, 6122 T
B RS 5> T\ BT & BPTERTE 122D,
43 Ni/Cu RE
BRSO FIBLOHE & 75 5 e S O AL 13 E i
&@%W%@Mﬁ@ﬁw&A5VX®L B DAL DBRT
B 5o Wtk & kI DOBRE R4 % T Cu(001) Zifi
EONIHBRICIEFEA RV FRARAEIN TS, i
TR AR T DI ONEGHACBDA AN DEIE AN, S5
ICHE AN BT S8R AV VER AER223 % <
DM RHFEEE DT TE7, L LSt~ E®E %k
THEKE 5 BEFRIEEICOWTE 2 F5IC B IhnT
W7r VN, Ni R O B RSBARICEI L T STM2) % 1[4
WO L BREDD LD, TEFNPHEEL /-0, B
WO BABIERF 25 Ni 4 Cu b, 3#FHD - 720

% ZC Cu(001) KENCBAHEE Ni #lK 2 pi R S+, Ni
LMM Auger | /X% — v OWEEK S A TIE L 72, Fig.
4(a)-(d) I TREMLIEETO Auger ET /3% —VTH
%, BERBGIC o, Ni LMM Auger & T D 25k
&7 hh, FFPOBHNTICHBEKFL Z R+ 5 &
WTE D, [100]=[1011=[001]=[103]DIH Tt hZhn
DOFEICH 7212 FFP BN %, [101]15 7O FFP O HH
13, Fig. 4(NITRI L DICH 2@ (20d layer) IR T
FRFRFRET H E B RT S, FERICL001]J7mO FFP
125 3@ (3 layer) ORTFICHIGT 5, A FEHEDOL100]
F o FFP i EICK ARG (1 layer) R FISEE T
%, L7»L, Fig.4(a)® Ni 1+ &5 (1 ML: monolayer)
D/RNZ ="/ 2 RO AR [1011 MO — 7 73,
Fig. 4(b) D Ni 2 JR FJEE (2ML) O/3% — /(i3 3 &
OFFE# RS 001]H A OV — 7 R 6 & BRI 3
LTW5Y, CHTEBOEREREID L NIOES RO
DABIENT EHRBEL, RETETFEDCu & —HoD
NiBERL TWAT &b

NiEHDOERTRBO/NN X — VI3 FERT— 2 pOFHHET
KDL, ~EERETFBONNZ—VRELNS &, T
BHENYZ PV E L THERUNZ =V a5 fEd 5 2T, i
JEA O Ni JLF O 5w E'mANCFE L 720, KEITHN
B IO X BRI AR T IV & T R8O I3 L
72T AHIERTEALEDICA,

HIELZIML O NRNZ—V P 1T &R FREO /S 2 —
VA jniayer DIRGRER & L CHEN TR P=CA 23T
Fve P, AIZENEN 2w, Ljmiayer D 1 IRDNT b,
CiE NI T ofinRd n2 D15 Th 5, CukEl, i

1 rﬁonola‘y‘er b 02] mbnolayers 3 mbnolayérs 4 moholayérs

[011] ‘
: o [1111

;. P g ;\ [01]  [MO3]  [4oq
- \ .8 '\' \
i LT . ﬂ [100]
: [101] )
010 d
( ! ) ° 01] [?03]/‘1\ [100]
\ ; . l /\\\ \ .'l
\’J ol ‘E,/Q 6
[ L

Fig.4 (a)-(d) Ni LMM Auger electron patterns from 1~4
monolayer Ni films on Cu(001) surface, respectively. (e)
High symmetric directions and planes. (f) The orientation
of the fcc crystal structure and position of photoelectron
emitter atoms.
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Fig. 5 (a)-(d) Layer-specific Ni LMM Auger electron patterns
deduced from a series of Auger electron patterns from vari-
ous Ni thickness. (e) Thickness dependence of Ni occupa-
tion at each atomic layer.
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Fig. 6 Emission angle dependence of the photoelectron spectra for
(a) core levels and (b) valence band from graphene bilayer
film grown on the SiC(0001) surface. Photoelectron kinetic
energy was fixed to 500 eV.
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Fig. 7 Cls photoelectron angular distribution patterns from (a) the
graphene grown on the inclined 4H-SiC (0001) surface and
(b) crystal graphite. (c) A pair of C 1s photoelectron angu-
lar distribution patterns from graphene around [2130] direc-
tion excited by left and right circularly polarized x-ray for
stereo viewing. (d) The structure model of atomic arrange-
ment around the steps.
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Innovations in Photoelectron Diffraction:
Local Electronic Structure Probing by
Diffraction Spectroscopy

Fumihiko MATSUI Graduate School of Materials Science, Nara Institute of Science and
Technology
8916-5 Takayama, lkoma, Nara 630-0192 Japan

Tomohiro MATSUSHITA JASRI/SPring-8
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Hiroshi DAIMON Graduate School of Materials Science, Nara Institute of Science and
Technology
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Abstract We have been developing a new approach for investigating the properties of subsurface region in
atomic level non-destructively. Photoelectron and Auger electron diffractions are element specific
local structure analysis methods. Atomic arrangements around photoelectron emitter atom can be
deduced from the positions of forward focusing peaks and radii of diffraction rings around them.
By combining these diffraction techniques with core level spectroscopies—we call it diffraction
spectroscopy, one can get access to each atomic site structure and have their electronic property
information individually. We have applied this method to study various subsurface structures and
electronic properties.
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