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fa

N . N = TDC and (¢) NW models. The black and gray spheres
— 117
0o, FITAY=h Pt_‘ﬁ THTHRENT B LHZ, represent Pt and Ge atoms, respectively. The dotted rectangles
Platinum-Dimer (PD) €7 )V [1] (Fig. 1a) ZfME L7z, & represent (4x2) unit cells. The interlayer and interatomic
AN, BEOFE—EMAHEL, EIZZFOEFHMN Ge T distances are labeled by a, b, ¢, c,, and d.
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ERiriE, EFICK % RHEED 2K BUTFHETHS, L
Liah 5, E—LagEh, @, EF XD 6 il /hEn
WKEMb S ITFETZRIAT DI, LUNCEHIHT % 5%
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Figure2 RHEPD rocking curves under (a) one-beam condition,

and (b) many-beam condition. The open circles denote
experimental data. The solid gray, broken gray, and solid
black lines are the calculated curves for the TDC, PD, and
NW models, respectively.
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Figure 3 Comparison of the one-beam RHEPD rocking curves. The
gray and black open circles show the experimental data at
RT and 35 K, respectively. The solid lines are the calculated
curves for the NW model.

Table 1 Interlayer and interatomic distances in the Pt-induced
nanowire, as determined from the RHEPD rocking curve
analysis. The labels a, b, ¢(= V¢,* + ¢,%), and d are denoted
in Fig. 1(c). Uncertainties are written in parentheses. The
theoretical values [3] are also listed.

a b c d

This study (A)

Room temperature 0.04 0.64 33 2.9
(uncertainty) (£0.09) (£0.15) (£0.2) (£0.2)

Low temperature 0.22 0.74 34 2.9
(uncertainty) (£0.10) (=0.17) (+0.2) (£0.2)

Theory (A) [3] <0.03 0.52 3.13 2.72
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Formation of a two-dimensional electron compound at a surface
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Abstract

BRI ZNEHED 2 X TH 57280, RIFMEKICRA O Z R T %720 Th R EREROHAGDbRIC K-
TEEERRREIOTH AL EKE NS, W T EREFZET 2 RlBHEE 5 < SPiEmRoxgtiz->T
Wizo Si(111) fEEERMICTCEDO R 2 SRR 172 S 8% & 21 x 21 FUOREBIGEDNERE NG, TO28E
WERISERFOBBICKSTHNT 1LI~12ML ThHH, £la1zy FVADMEBEFHEFEIC3IHTH S, TDOXIXK
i T8 R T AL & RS D 1:1 BRIE, FEAEICR S HIS NS “Hume-Rothery HII” ZWHIEH, 21 x \21 Kifi
ﬁ*%n_ci E AR LD 2 JOTE LBV ORI 2R Uz, B FEHTIC K 2 REMIERE LOCEFT 2V Im vy

IC K B EFIREERTOMER, RHETD 2 X7V —T)IWREIZN L27 R 7 b LEMEELEH T 2 ZotE HEa b ek
ENTWVB T ehnh otz BEFEEY) (Hume-Rothery BULEY)) DEKET N2> T TNE T 3 RocEZ R
R DHLNT WD, SR 2 ZotEZ255d %2 2 L TZOREZMN T2 e TE,

1. X U&IC : Hume-Rothery Il & REi#RI#E A REERIIEDED 5N, S0 E T AEIC 2 DOMR
FHERICHE > TV Rz HHEE AL AR EFIVOMTHERDH DTV [3.4]
Rz 2YEz2RHEL, TENMECD MR LK 1 D& Jones EF IV EMENZEDT, Jx)VImE T

BT TELS ZOREZEFIREBIEIMMENTONGE L V7 oV —=IcEEL, BRT v )lic kb Y -2
THEHKEN, INXTOERWIE (metallurgy) 1IZXKD BRTOZINF—F v v TIEREHNTHHT5EDT
C D& OMiETIRAE & A EhE ORI IZHIRIEDN D 5 T H5[34 TOTFIVF—F vy TNT o)V IMERGIRE
EDHIENTHD, THiFZRIC THume-Rothery Al ] & TIKENS E TNV F—DEWETHRDTEDTHRIE
ENYERIEDER O RFEZ MDD 1 D& UT Kittel DF LS BT Licind, EEERR L THEZITS LIKE
HEAREZ LI %%E%iéhﬂ\% [1lo TOHOREBHA]  FHETET o)V IMEMICTRF v v THEKRL, B1Tx
ZEOMNFEEL [2], ZOHIC THEZHERT 2l T4 JVF—IZHHE T (Free Electron, FE) TW5 X 0 & JEHH
EIRTFEDOL CHAMMETED 1S U TZ O AMEHTR RT 2T IV RZII TS (Nearly Free Electron,
£%], LWVSEDONH DRI Table | DX SR> TV NFE) MMEWC &1 %, % L T Hume-Rothery AlliZ Z ©
b, COEIBRTHEETFROMBTRE 2YHEIT TE To)VIHDOREZ L TVIVT V= OERNIZINT
FAEE Y (electron compound) | & FFIX 41, Hume-Rothery ATHHT AT ENTE %,
HNIZHES & DIFRFIC THume-Rothery {E5%) (Hume-Rothery —H, I 1 DOETINTEEICHEA AV OBRT >
compound) | &PEHIND [3,4], T DORFERAIDFZ K- T YIVOEFFREZEMLUZED (ERTFYIVETIV) T
350 Z0D 2 RO\EIHTHNS 7 = )VIHEMOET (5

e e o o s Aeonon ) N UL WA BT 5 L0
atoms[ 1], [3.4]c TOEFIEE 2 DDA F U (A3 RT) ORT
Alloys fee bee y hep VIR IWICEEMZAHIENTE, EEFOT)—T)V
Cu-Zn 1.38 148 | 1.58-1.66 | 178187 IREVEN LIHEHE LTRT T ERTE D, TORSD
CuwAl | 141 | 148 | 163177 {4 Y ORET EbBE TG A E KFL, Thh
:;-_g; 125 1:45‘3 159-1.63 | 1.65-1.82 Jones EFVERECRBEBLTHTHS.

Z O &K 5 1C Hume-Rothery AIIDEEFZK > Tl 7 =)
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Figure 1 Two-dimensional (2-D) Brillouin zones of the square lattice
or the hexagonal lattice with a 2-D Fermi surface (the Fermi
circle) of two electrons in the unit cell (2e /cell). The nearly
free electron (NFE) calculation shows that a system of the
2-D square lattice is metallic with electron filling of 2e /cell,
while that of the 2-D hexagonal lattice becomes insulating
by 2¢ /cell and the system show the complete energy gap
(shaded region).
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Hume-Rothery HJIC X Db % BEDRFICHLREZ[TT 5
NEHAREME H D, 7T THRAIEZERTO 2 ZocE LS
MOBFR L ZF DI DV T 17> T &E 72 [6-17],

2. SiM) RAICBF B 2RTESEE 21X 21 KX\
HEE

RAXEY FRGEZRT U 2RO (111 miES 5
T ER LTS, TORMTIVA)EBEBLERED
TTEE (G WE S DS L 20 x 21 HBPERE NS [6-
21]o Table2 DX I, FADWHRESEATINE T8
FOIFRZEMFIC B O CHERRBEMED MG TN TE % [6-
21l FDA A=D1 H& UT Fig. 2 1 EER b > 3 )VEH
WEBHR 7RG 21 x \21 F BRSSO ESIE G EA NI
2FEFETH %o 1 DI Si(111) ZiliZ BT (1 ML) 57D
Ag TR LU 72 Si(111) V3 x V3 -Ag £ i FICRIRLLFT&
BB TEBNRET S EDT, &9 —HEZTOMmOERE

Figure 2 An example of the scanning tunneling microscope image
of the V21 X V21 surface superstructure, prepared only with
noble metal. The surface is prepared by the condition (2) in
the table 2.

Preparation conditions for V21xV21 surface superstructure on the Si(111) substrate. The surface phase can be prepared

by two types of the evaporation conditions. One is carried out by additional metal deposition on the Si(111)V3 x\3 -Ag surface
below room temperature (LT). The other is made by additional metal deposition on the other ordered surface typically at 450°C
(HT). 1 ML is defined as surface atomic density of Si(111)1x1 (IML=7.8x10"* atoms/cm’).

Initial surface phase adatom formation total coverage a number of
(coverage) (coverage) temprature valence electrons

2-D surface phase LT 1.1~1.2 ML 3/unit cell

(1) V3 xV3-Ag (1.0 ML) Au (0.1~0.2 ML) LT L.1~1.2 3

(2) V3 x V3 -Ag (1.0 ML) Ag (0.1~0.2 ML) LT L.1~1.2 3

(3) V3 x V3 -Ag (1.0 ML) Na (0.1~0.2 ML) LT L1~1.2 3

4) V3 xV3-Ag (1.0 ML) K (0.1~0.2 ML) LT L1~1.2 3

(5)V3 x V3 -Ag (1.0 ML) Cs (0.1~0.2 ML) LT L1~1.2 3

(6) V3 x 3 -Au (1.0 ML) Ag (0.2~0.3 ML) HT 1.1~1.2 3

1-D surface phase

(7) 5%2 Au (0.4~0.5 ML) Ag (~0.7 ML) HT L.1~1.2 3

(8) 3x1 -Ag (0.3 ML) Au (0.8 ML) HT 1.1~1.2 3
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Figure 3 (a)Fermi surface and (b) band diagram at zone boundaries
(ZB) of the V21 x \21 surface superstructure, prepared by the
condition (2) in the table 2. The surface phase is composed of
two domains and the individual Brillouin zones are depicted
as green and red lines in (a). The band dispersion in (b)
corresponds to that along wave vector line a-f in (a). The
measurement was made with photon energy of 21.2 eV.

(b) |

222
total 111 |
reflection | | |

RHEPD intensity (arb. units)

0 1 2 3 4 5 6
Glancing angle (deg)

Figure4 (a) RHEPD pattern of the V21 x V21 surface
superstructure,prepared by the condition (2) in the table 2.
The incident positron energy is 10 keV. The incident azimuth
corresponds to the [112] direction. The glancing angle is set
at 2.7°. (b) Rocking curves of specular spots from the various
V21 x V21 surface superstructures of \21 -(Ag,Cs) [(5) in
table 2], V21-(Au,Ag) [(7)], \21-(Ag,Au) [(1)], \21-Ag [(2)].
The data points are shown as white circles, while solid lines
are results of the structure optimizations. The incident energy
and azimuth are the same as (a).

FRFEAHIC 450°C IRE TN L W SIBMMAEE T80T
H3., WTNOHIETE V21 x 21 ZHEGE I DWER
(total coverage) ¥ 1.1~1.2 ML TIELE 15 [6-10,12,18-21]
BREO 7 )V I OS> MRS GAESRLET
IGETHEERNS T N TE S, Fig3a) 20 1T,
BHIENS 7 oIV N21 x 21 OE—T Y )L7 Y —
YEDBERKEV, 7o)V IEOmEBEITHEAY O DE T
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Figure 5 Atomic structure of the V21 x V21 surface superstructure (a)
that contains alkali metal atoms or (b) that consists of only
noble metal atoms. Representative interatomic distance (d;,
d',) between adatoms (orange circle), up to the fifth nearest
neighbors, are indicated with (red) arrows in (a,b). The
V21 x V21 unit cell is shown by blue lines. The black circles
are metal atoms and the small gray figures are silicon atoms
with their bonding network.

KRB L, TVINVT YV — A IOmRE T 2 D
B (2 e/cel) 1A T B, Fig. 3 D& 51T V21 x 21 £fi
BREETICOWNWT, 2=y bRV 3 DDEEFEFNH S
[6,7,10,12,20,21],

21 x \21 ZHEHDOFE FHHEICDOWTIE, Table2 D55
4 DMBFETFREIPTIC K o TIRE SN TV S [13-16], Figd
RS EHOBGEFREITO Y > 7l ch %, B8
DI THEREN TS 21 x 21 KSR 13 R
BTV BHT7IVAH ) BJE%E ET5 21 x 21 KRS Ol
MEWFKELEES, ChZESBOATHREIN TS
V21 % 21 £ HBAER LIS L TV B DIH L,
TIVAHY) EEEET 21 x \21 KinG L I13REb Tk
ZEKT 2, HERICREFEHTR Y F 2 THRcE S X5
KGR L2179 &, Rl Fig. sOX S G 2 fHE &
%, MEMmELESBN 54 Si(111) V3 x 3 XHD + S5
AR—WERFEARL L, ZTIT\21 x\210D3=y h)b
KR LUT3MEDT F7 kL (adatom) DB E N5, 7V
M) EBEGET N2 x 21 HTIET R7 RLAETH T IVA
VEETHD, Z U THFICRIEL T3 (Fig. 5(). —/7,
EEBOHD 21 x 21 KBS T 3 DOEEET R
7 R LDEFESTWS (Fig 5(b). R V3 x \3 K& D
SEEERIFIML T, 21 x\2102=y bE)LD 3
DOEEFF 0.14 MLICXHINT 2 D TEHFEERIE 1.14 ML
L0, BRI RO ORE R L T 5,

CNETOXRMEFHOEDOHIZIC KD Si111)V3 x V3
AgRMEIZIELHBIREL LTHHEBFNAENY REE
L, 21 x 21 BHHIEZICETHIDAD, EH5IC
V21 x 21 DFINC/NY R DR E Nz DISHIET %
[6,7,12,20,21], Fig. 3(b) & AEDAIEE T DI K BN
Rxw BV T OMRT, BREFNENY Rk — U5
REeFyw T2ECHENFENY RZEMRL, Fig. 1 D2
RITINTIETFOEDICE TG L TNB T & B
21 x \21 REHTOT7 K7 bA@ﬁui%vthWT
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Figure 6 Calculation results for the stabilization energy (E,,) of
the V21xV21 surface superstructure based on the pseudo-
potential model. E,, of the individual structure model, alkali
or noble metal adatom is calculated by varying a number
of electrons in a unit cell or the Fermi vector, k;. The phase
shift, o, is fixed at the optimized value for 3e/cell.

3MEEDT, BXHIE1HOT K7 ML 1 HOETZE
HIREENY RICR—T'L, 7 R7 bLRZENFTN—li1 A
VELTEAELTCWSETEEE S, R, GEFETCX
LRGEMRTA 5 E, 7T N LOREY A b TORE IR
EAA RN D TREINSMIGEL, TOMEZ T
% [13-16]o

3. RE 2 RTEFLEW

PLED X5 si(11) Fl D& @IS TR T 22T
D21 x 21 BEHFHIZ 1L14ML DR 2=y b b
JVPNE 3 EDME T HzA L, “FIME 75 & Rk sh)E
i 11 R D B, TR E T ICERmICENT [ETHE
GV DIEREEW L, FOLEMR Jones TT /L LR
TR IVETIVHSHERT S (6],

Jones ET IV TIFRDLEMNIE FE DI %)L F— & NFE
DIFINVF—DENGRIHEND, 21 x 21 Kk 2
RICNFENY REHL, V—UBERTEN Ay v T %
EKT %, ZDDFIET % & 21 x 21 KEfd1= v
M VNDE D 2 HORFICREZETH D [6], HE
FHNORERE—H LAV [6,7,10,12,20,21], DT,
Jones T VI Y Tld i,

—F, #RTF VY IVETIVEIR, ROLTEIRIVF—
(Band structure energy, Ey,) (LU RO 2 Xyt 7 VU — T IVIRE)
DX (V(ry) THEABNS [6].

Eps = leiqtj V(ry) @

sin (2kgrj — 2 8f)
V(ri]‘ ) ~ = ‘ip[ ]2 (kFri]j)Z

TTTE =0E2mY) &6 3ZNFNT VI T3V
— Ny 7 b TH B, LRlDEFREOERIC KD, 7
IV IPH (k) & UTERMIRREN Y FOfEZIKAL, 14
VIR (r) £ LT R - LD d, d) ZAAT 2D
WY THD5, —f, 77 FLTONMMHT T b B lcD
WTI, FIHRE TS K BB IRERT e LTz
ke &, PR FREHTOREMRT CIRE LT F7 ~ LHEE

2 sin (6]:‘) (2)
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Wz 1) &R ATZ, ZLTZEDIRIVF— (B
A RN 72 DAY T b Ol FOElE & LT 6 23R
7zo Fig. 6(a) X Z DHRT, BREOT F7 F LOHAER
85:=0.6Tn T7IVAVEEDT F7 F LTI §=049n & 7%
%o TOD8 DEERANT, BEBTEICHLUTE, ZRkDB &
Fig. 6(b) £72 0, = FEIVNOMHE I 3 HDERC
RERDGEL D, EEHER (Table2) ZHET 2, 7
VA EEO—liA A 2Tk T ) —TI)VOFAIHIZE VT
& M PIERMICE T 5 T &N TE [22], 8 =051 Lz 5,
F&E (Co) Rl EOT IV &R (Cs) £ 4 EbDT
VD —FIREI OB T E AT 7 M 8 =0.4310.087 TH
D [23], LD & DEIEZ Y THZ LN N5, —/,
HEE D 5 fHICDWTHHRS 28I, 21 x 21 EfiZHE
RS % 3 Ag 75 A X —[6,8] % Si(111)\3 x V3 -Ag i
WKHEL, ZORODO7)—F)IVREIH S Ag HFTDNL
Y7 FZH#HNIEE T A, 8 =0.63+0.051 TH Y kil E,,
OE/MENSRDI=LDE—H LTz,
CTOESITHERT ¥ ¥ IVETIUE 21 x 21 KHHOHS
EJE I &AM EE TR IAREICEIIA L, 57V AVRRE
HREOMBOTHEIC X 2 RAF THHEDENET R L
DAY T L OENE UTERMNICHRING 2 2 2 TE T,

4. T&H

Si(111) M FICTERLT % 21 x \21 ERHIZETILAY
ELTORMEZRL, NEFIMEEGETFEHT OIS
ZFORIT DTS UTze BTLEYIDLENE LT
HENTW3 2 DOMERET VDS B, KTy vILE
TV T IHREC B A5G & 15l O FEERES R 2 3
BT EMNTERD, Jones ETFIVTIETERD Tz, Hi
Jones &7 /L& Anderson 51 & o T Si(111)7x7 2 MBS
DLENZHmS % L TREBENI T LMD > 7 [24] Y,
BICAWNETY (ZVTVV VTR R OBERSTETIV
WIELWT Do Too V21 x \21 KifHEE & 7x7 £
HERGE X Z OFESBEIH M nm b5, D, TOX
2 RN T AN TORTFREEDH G L /AT
EFRVWEITHY, FAADORTHERT B Jones ETIVIEAR
WY &0 FHAEE Gl LIBR T vy )VETIVD S
WRYBLIE-TeEZIENS,

AWFFEICET 57D EF G & By T R OE T
WG ORERZ B DT, RASEEROFMICEA
AT ENTE e, BUERTEDEEL & & fEnelb
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REYIEDIHS M5 AR E NS,
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B 5 s - [al T (RHEPD) I X % TiO, (110) (1 x 2) i OH5 ST

WaE e, AEET EAHE, ReaE, M, mEmk
bE AR AR L A o 2 — RS R A S TR T SRR
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Structure Analysis of TiO,(110) (1 x 2) Surface by Reflection High Energy Positron Diffraction
(RHEPD)

Kiyotaka ASAKURA', Hiroko ARIGA',Izumi MOCHIZUKT?, Yuki FUKAYA’, Ken WADA?, Toshio HYODO’
'Catalysis Research Center, Hokkaido University, *Slow Positron Facility, Institute for Materials Structure Science,
*Advanced Science Research Center, Japan Atomic Energy Agency

Abstract

TiO,(110) XHIC TE 5 (1 x 2) FAEENGEZ ST & B 7 ET7E RHEPD) I K DIRE LTz, TNETRREINT X
WL DMDETIVT T D RHEPD D1y 3 Z iz ittt L7z & T A Ti,0, added row #157213 5% REHPD Oy &> J'ith
BEBEEL | EFEOBRREMR LT,

1. FCs&IT TW5, —7, Bridging oxygen D N H 5 Tilk, @EHFD
REGHX TV TRy Fefib, EIT 270 6B Ti THSDT, 6-fold coordinated Ti & LA TU %,
HHKT %, T LIcHERERZMRS C Lid, Rl F 7z, Bridging 82 KD 1 BRTICH D, 5-fold coordinated
MtEZHS MICT 27210 T <, BRMBRIZEIC BN T Ti & 6-fold coordinated Ti Z#i5 9 % 3 In plane oxygen
&, FEF LNV T OO K SEE O FRICEE TH 5, (MNEBZR) &IN5,
TiOy(110) ZKiAlld, UL T8RRI 2 R D TiO, &, FEENMEEZE S, HEEZEPTINET S
e, mEBACHENESN TR ET TH S, T ETVAVER L TEBMRENS XS0k d, 2D,
DRMIFRBHHE L LT (1 x 2 MGz Rd 2 &EHHS TiO, HiAS MK 1M T 1970 D b KR 2R R 7L
NTWIED, ZOFRFLNIUVHEEIC DN TIEW LS DRDE BENTWVS, 5L, BXREEZHELE TS STM
FIVHRERE N, RED DV TRV, &, HLIIRGE (Scanning Tunneling Microscopy) & R < M HEHET N, ZD
FEHiZHNT, TO TiOL110)(1 x 2) DGR S MR, H T OMEER AT B TiOL(110) BHEOBEHHIE T N
EUIFEL, REHHEZIRE LTz, TNE TD TiOL(110) I TW3 (Fig. 1(c))o

B9 2 KMMFLIC DWW THHZ L Ea—2 L, ApERICD T DFEIM DIRERFIES KB MEIE FIC 5-fold coordinated Ti
Wik %, & Bridging oxygen HH-> T\ %, TiO, ZiEtL T\ &

T 24U, TL0,ICE5M, ZTOMICEI 73 UMHEE
2. TiO,(110) REHE PHEN S HRHZANS, K TIET O3V A

TiO, X YEAMliE [1,2] <& T/ ki Tl Ok [3-5] 7% L7209 %[67, £z, BITRIGO@IEHP & LT, KED
EfE LRI L > THERRBAZR - THBILMDO—DT W45 *° Bridging BE 2 OB T4 U7z RFRIC DWW T E STM
BB, TiO, ITiE, WL DO DFEEMEENI SN TN B, THHNEN TS [89], HBLTAXTRILZHEDD L,
FORFBIXESTEHRICET %I)VF )V Pdy/mnm & 77 F X — (1x2) D82 —H LEED (Low-energy electron diffraction)
Y 14/amd D 2 T H %, FITIIVF IO (110) MHiFE CHLDLNBEEIICED, BED (110) D (1 x 2) )N —
ETHD, HIMLMEMTONTE[6], Fig. 11T)VF > OREHED 5 T DOREE X Bridging BEE DY 1 HI I EICRIA
JVEERRGE & Z 0 (110) HNSEZRT Ti ldEARIC L 7z Missing row 3& [10] £S5 T E DB HICHEII S N iz
6 Blhikg&# & 0, Ti-0, Ti-Ti DIEHHE, ZhFh 2 FE (Fig. 2), LT AN, TOXMZ STM THIIT % &, I
HB, (110) MmiTIE, 2 DODRLH %, 1DiF, FKmh U7z 2 HOBADERIE N, Zhh (1 x2)HiEZE > T
SBENDERLZLTED, 15ICHATVWSEZ ETH D, Wiz [11], KPHEHEESIE, Fig 2 1IR3 Tih0, Wil % 12
Tabb, TOXRMIEGEND D, CTOXRMICHEH KUK, TOMEORMIZ, T MNERBOBRNELD
L, 13NCifA7Z O % Bridging oxygen (7' w JVHgER) & BT 4 BAIY A MICRE L, 2D T 0% 2 5T
K& 2 B, TiAEREHCEHLTWEHETHD, TD KT 2EDTH%, FDF%, post missing row model [12],
RMICERH U7z 5 BILD Ti % 5-fold coordinated Ti & M A Ti,O [13] *® added row & 7 )V [14,15] BB Nz, C
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Figure 1 (a) Unit cell structure of TiO, rutile.(b) Surface structure of TiO,(110). (¢) STM image of TiO,(110) surface, Sample Bias Voltage :+ 1.5V

Tunneling current : 0.2 nA.

1x1 Missing row Ti,0; Ti,0  Added row

il i ! al
._t-‘n: t't:a w:n 'l”"-:l 1‘:: -:n v:.'
A BB B E S B Bl B! B BNl B

Figure 2 Various (1 x 2) reconstructed structure models of TiO,(110)
surface.

DEMNT, T, ETIVHDRAENTEINTWVE N [16,17],
A, SR 513, & ) % B8 HAADF STEM (High angle
annular dark field scanning transmission electron microscopy)
I K% TiOy(110) (1 x 2) DFEFRHLSICKIIL, Ti,0 €T
WY TH B LWV ERE LT (18, TDXK S IC TIO,
(110) (1 x 2) RKEMEFZFEREN T30 EHFE-TEVER
ARG DR E > TOIRWHESRETH %,

HHERE 2 ATV B IUEE R & s T 3oL F —hidds
WRZEHERE & ORI TRID N7z 2012 O EFE#E SV RY
T LCBNT, PETOXRMAROELMEDHR SN,
D <5 &2 KRB, FrEFRiTic L O HFEL T
WEEd % T Licix o Tz,

3. RHEPD (Reflection high-energy positron diffraction)

% B8 ¥ 72 JH W T2 i B 22 40 g A 7% T & % LEPD
(Low-energy positron diffraction) (&, &%\ 7z LEED &
R, S EDORBMHEERHNENT L BXTAF VS
EOFFEMRFEICEK D, MHEEOMEEHNEMEE 1,
AT A AT 2 & EN T3 [1920], —75, RHEED
(Reflection high-energy electron diffraction) D& 1% [ T
ICH X 7= RHEPD (Reflection high-energy positron diffraction)
&, MEESPTICFET 2104 VR EDKFEC KD, A
DUFTiE, GEFDMETICAST, RuFE—Eh 5K
MY B0, FHLREBUXICR S [21-23], TERIEFAL
HH S ENBREETDHNSNTE . KEK-PFICE
W, B 92ERfRR (SPF) DR Z 17 7 7% H]
WTRATEEEERETFE—L 24 ZHNT, TOD
RHEPD 12 & 2 ZMIFAADEHEN TV S, RIETIE,
Ag(111) R _ED ) & v ORGEFNT RIS 7T - 72 [25],
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4. Ti0,(110) (1 x 2) @D RHEPD

%2Bfild SPF ICd % RHEPD 2159 2R EZET ¥ > /8—
TH x> Tz, TiOL(110) LM, Sputtering & 3@ FEHIEAIC
& % annealing %, 30 7R 1200 K T7 =—)L L7z, HIE
W [110] ST 5 22.5° 95 LI 50ifi T — Lz AS &
¥, AGHHESHZ 0~6° OFIFHTEL T T (00) ARy -
DR EZ L2 X, RHEPD 1 v & > 7 il &2 Bfs U 7z,
T T TIRERE S 2 D TiO,(110) HESEIZ DWW TAEF3 [
DWMEZIT, ZNSZ2 P LT, MERIC RHEED
ERWT (1 x2)8Z—2EHER L,

Fig. 3 1CZ DFHRAEIRT [26], HAAIE 28 THDH, T
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Figure 3 RHEPD rocking curve of 00 spot of the TiO,(110) (1 x 2)
(open circle) and theoretical curves calculated with various
model structures, missing row (purple),added row (green),
Ti,0, (Blue), Ti,O (red). (Only the surface structure is
correctly included.)
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Figure 4 RHEPD rocking curve of 00 spot of the TiO,(110) (1 x 2)
(Open circle) and theoretical curves calculated with various
model structures, Ti,O; (Blue) and Ti,0 (red) (Both surface
and bulk structures are optimized.)
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