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Surface Core-level-shift Photoelectron Diffraction
and Kikuchi-electron Holography

Hiroshi DAIMON
Graduate School of Materials Science, Nara Institute of Science & Technology (NAIST)

Recently many methods have been developed for the structure analysis in real space using the technique
of electron emission holography. Photoelectron holography is powerful but has some difficulty in the ex-
periment. On the other hand Kikuchi electron holography is easy to perform but displays Patterson distri-
bution only. The development of synchrotron radiation has made it possible to make surface core-level-
~shift photoelectron: diffraction: experiment utilizing high energy-resolution photon flux. The principle;of ... .
electron emission ‘holography is explained in some detail. Examples for surface core-level-shift photoelec—‘ i
tron diffraction on W(110) 1 x1-O surface and for Kikuchi electron holography on Ge( 100) surface are

. shown.
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Figure 1. Diagram of the process in (a) Electron emission
holography and (b) Patterson analysis.

e HIEFE 2S5 (20006F)

F=$meam (3)

KRZNER, S TFE) FITEGE LD DR
KerAaESfER L, X OMICERE LR
xT, BUBBFEIEY x (k) 1, BEEE P LHELE Y
DD TKRD LD IR SN S,

2
[1wo? @

x(k)=!://o+2 Z

), OFXEWRIKRAT S L, | W2RSTFHIFTHZ
T, RDED%,

2

X ()= |14+ Feies (5)

BLBEBHIRVF—DOBFEMEL TS E EITIZED
KESIRIFI—ET, WROYRBAZV—VETOIEMR
RESET, kOHRERTIOBKTHL, DREF
LTHTL %54 DDEDP, #HEIT 1 TELES, BEF
BT Oy 7 759 b2 572 n O TENES
Bo HAHE (BAKEO-HE,I SR HE) BN CHE
LB/ PINDTINBEETHE, DRARD x k) i

2 (B) =S (Bt F o=k (6)
i

binb, TCT, Fig. LIZh5 k512, BFJj EEAICH
L CRFRAALE ry=—1 OFTICSRTF /) B b eE2 A,
Chid, REZT57 ¢ —FERRIC BT A HEER (Y A V18
EEOHTEBENZRTTH L, T5&, BIRXRD22D
I HOEE, EREORTFj LEBERT » 6 ORFEOR
THHEEZLN, RKOXDIE—DIEEDLHILNTE
5o

x(B) =3 Fret @)

LA,

T, EEMORTFOME Lis(r—r) TET L, ZTD
7 —U TZHAE, Siexp {iuer} ORI AT L EBWH
To (MAEBHARZT LIZEY, BEFEH/ X — I3,
VA VIEDRERTOT7 VIR THHT EHRLT
W5, BFEFC X BEHTOHET, BRSNS DI
FEZEMAE VU IEBE LSOO 2T - T, fHED
EAEZTLESDILH LT, (DATIIMBOERED
FEHR> TWAIEIERLLD, 2%, 77—V IHE
BET2ZIRTFEIFRINS, COBRBEETF RO S
74 —TYDEETH S,



R HIBEE 2S5 (20004)

COMEEL, Fig. 10X 7 ) —IZHE & OEREFH
EAHHLT, OFEFMHETOEBOKE IEHRAANVA
(Huygens) OFRE»LHET L LICHY T 5,
Helmholtz-Kirchhoff D84 %, R3 7 X VIEHITKE W
TERFIBLTERTS E, RAMECTOWEHOHMID
3 RILH A u(r) 1%

u(r) zC”ng(k) exp {—iker}dk (8

THEz26Nn5%, (DAERATS L

u(r)ec 3 6(r—ry) 9)

ElxoC RFEIEENBEHINS, BH1Z EDFHAE
IDOWC Fig. 1OEAZ U —V L% 2 RTCAIZT D,
@RRBE 77— LFBRTHD, RS A—Xr & 3RT
BB LC lu(r) | OREIOELERDNIE 3 KRTED
NEEPBOLND,

LaL, ChETFTRORD2 ODDIEE $FEAEINT
r==—r,0 L IAHIVAVEPIETETLES, COME
ERIRT A0, RORE WS HENFE I N2,

u(r) =Sk dke™™ Sgs x (k) exp {—iker}dk (10)

QAORZEA VD &, rhERL ORICESOEE L XS
THDIF(O)RD Ffe* OETH Y, 1 EEED & =izl
Fle ™ Gapn, LihioT, (10)XROJEHOEIE,
r EE v ORISR 0 Lr v, HEAFTHIE L
HoTEREAICDICESDEPKREL LA REER
Do VA VEBDE AT P Lk o TIREIDBE L < 7%
DD WP AR - Tnw5H, T, Thitk-
T, BRIEA-> TWEHEHRDLERIELOEDS, MHESE
DIEWIZOHEZ DT LICEET S, 10)RIKA-TWD
2 DOBBEAB DN ENDIBROFFE B RIITIZ > T
L7z, BEOIRITH L7 —U LEBRICITZ 60,
Pzl k- CA0O)RDO > DIEROBFEDOEA #H
ICTAEESH LN, 2oL AW THIIBRIRLTH
B

Q0RO D LR IVF—FADRES & ROREKRESD
HRTTHIERFR, FEEICL - TERPES, BOEH
BOaEICiTy, TORBBREEBEEEZENPLELT
17 < O Huygens DR DE 2 FIZiBE->TWwW5b, L
L, BiOBESZXIIT- T, ThEROETMFEICE LT
TLEIBRVWEWITEROAVDENTH %, TOBE,
BRI TRV F—HEICFHE I L THhrEHBD 50
T, BOBITRELOREZBEOONLDOTCRWERA 2L

167

NHLDERDNS,

Figure 1(b) 17 BEEEEL (CTDS) B2, Nx—Y
VIEEDEWOEREEZR LTS, ThbiiET s %
&P, BEOBETEN &REE Fig. 1(0) D X 51T A%
BTW ki BN TNORTICHEEMS - TED I MMHE
D IcBEIE TH B, BELNY PR s=k—k; TEH
T5E, Y& Y OMMEETexp {—isr} &t 5DT,
INZ—= B p(r) PRORTEONS T LTk %,

) =§ 2 () exp {iser}dk® (11

BEOBEPFNRZ— NI NELAT 5 L, 7Sy OFRTHE
NI PIVDONRE—UPNEBEND, RKEOREZED A7
I, Big#El (CTDS) RCRATEHEROEVWEERT
FBET->TWAL, /X% —Y LEED )kiZ B\ i,
BIETEEL OORF ARy FORERVTEEETH
B

3. ALY 7 MRBFEIT

WY 7 FaRFIR L EEFEH O E LT, WK
BEFRTFBBE LR TORRAD 254 5, Figure
2D EIICMERTFIT IX1IBEICBEL, XEWERETFD
TEAZABOFOEICBET S 2 &M STMIZ X T4
LN CWed, IEREEAEIL M bah o 7,

Figure 3123, TOREE» L RIE&EREZRT, &
HICXBERBB L, BEORFLERWEREF/ OV
7 WEFHOLABFAREEL, AYOERTICL - T
AINTENZTNOREFEITNF —V%2IES,

Figure 4 {3, TOFEEM LD WA REF AT FILT
BB 2SWT WhHLDAL VBG4 ¥— 7 Ofl
W, REABRY 7 FLEWEREFLALOE—7 BB R
bo FEO W ETFIE, Fig. 3D LS ICBLEHED L =
BEERET LEICESE L CWADT, BFHIBECRON
Bk TEICHEEL, BFOBAIXIVF—PLE
(T TCWABEEBRTH ENTESL, TOARY MU

Figure 2. Plan view of W(110) 1 X 1-0 surface.
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Figure 3. Side view of W(110) 1 x 1-O surface, and schematic dia-

gram of photoelectron diffraction process.
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Figure 4. W 4f photoelectron spectrum from W (110) 1 x 1-O sur-

face.
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Figure 5. Photoelectron diffraction pattern of (a) bulk W 4f
peak, and (b) surface W 4f peak from W(110) 1x 1-O surface.

Figure 6. Photoelectron diffraction pattern of O 1s peak from
W(110) 1% 1-0O surface.
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Figure 7. Real space image obtained by photoelectron holography
from O Is diffraction pattern on W(110) 1x 1-O surface.
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obtained by Kikuchi-electron

image
holography from the LEED Kikuchi pattern from Ge(100) surface.
The circles show the expected positions of atoms.

Figure 9. Real space
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