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FIG. 1. A schematic illustration of energy diagram of
atoms, molecules, and also in bulk and at surface of a sili-
con crystal.
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FIG. 2. (a)(d) Schematic illustrations of atomic arrange-
ments (upper panel: plan view, lower panel: sectional view),
and (b)(c)(e)(f) STM images of the Si(111)-v/3 x v/3-Ag sur-
face superstructure. (a) Its excited-state structure (so-called
a honeycomb-chained triangle (HCT) structure). Filled cir-
cles are Ag atoms, and open circles are Si ones. A v3 x V3
unit cell is drawn. (b) Its empty-state and (c) filled-state
STM images at RT. (d) Its ground-state structure (so-called
an inequivalent triangle (IET) structure). (e) Its empty-state
and (f) filled-state STM images at 62K.
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FIG. 3. A series of angle-resolved photoemission spectra
taken from the Si(111)-v/3 x V/3-Ag surface at RT along [101]
direction [41]. 6. is the electron detection angle with respect
to the surface normal. The unpolarized light of 21.2 eV from
a He lump irradiated the sample with normal incidence.
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FIG. 4. Electronic structures of (a)(b)(c) the
Si(111)-v/3 x v/3-Ag surface and (d)(e) the Si(111)-7 x 7 clean
surface. (a)(d) 2D band dispersion diagrams of surface states,
determined by ARPES [41,40]. T and X in (d), and T and M
in (a) are symmetric points in the 1 x 1 and v/3 x /3 surface
Brillouin zones, respectively. The projected band structures
of the bulk states are also included by curves with hatching.
(c) 2D-band dispersion diagram obtained by a first-principles
calculations [21]. (b)(e) Schematics of band diagrams show-
ing surface states and surface space-charge layers. FEvgas:
valence-band maximum, Ecpgas: conduction-band minimum,
Ep: Fermi level.
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FIG. 5. An empty-state STM im-
age of the Si(111)-v/3 x v/3-Ag surface (partially the 7 x 7
structure remains) taken at 6K. The tunneling current is 0.18
nA with sample bias of 1.0 V {42].
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two-type domain boundaries on the Si(111)-v" 3 X/ 3-Ag
surface; (a)(b) out-of phase boundary (OPB), and (c)(d)(e)
surface twin boundary (STB).
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FIG. 7. Electron-energy-loss spectra taken from the
V3xv/3-Ag surface at 90 K at different detection angles along
' — M direction in the v/3 x v/3-surface Brillouin zone [20].
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FIG. 8. A model of atomic arrangement of the

Si(111)-4 x 1-Ag surface {53].
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FIG. 9. (a) Empty-state STM images of the Si(111)-4 x 1
surface (a) at room temperature and (b) 70 K. The tunneling

current was 0.2 nA with a bias voltage of 1.0 V [57].
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FIG. 10. Surface-state bands of the Si(111)-4 x 1-In struc-
ture, determined by ARPES at RT [54]. k. and ky are the
components of wavevector along the indium chains and its
perpendicular direction, respectively. (a) Band dispersion is
drawn three dimensionally. (b) Fermi surface in the surface
Brilluion zone.

| Kx ” ( // In-chains)

ZD4X 1-In ®EIZEBL, I5IZ8L LAT S 2%
T—i3IET NV I EERMR S BV OFRRE T, 1K

B, —AICROETHEEOZHIZEK-Luttinger %
Kic/e s L EbhTWET [61], KR ARPES CTHIZ

Pes4sn] YL F RO (20004EE), (20 1)

éntiin\71wSEUﬂ@L%E%ﬁﬁx 22l
MUBSEREL 2o TWAZ L, Vo & LEEL DI
71wsm¢mm%5%w@¢m &6Tuﬁnb0if
62],

V. REEF/ U FEELIERICE

ZZET, 2R ELIT IR LREETF/ N R
ML D OABFAREOWE | FIZSTM BELEFE - TEN
LC&FELE, BEAUOPRITHE, TEr—, REEF/N

"DEFEEFIEIE S RTWBAE?  EBbh3
FHLENTL L 5, REREBEZ YO/ V7 EBTRELR

AERE TR, RABEECEERRAEL/ N K
PRABEBRMLEL, HOLBEBKERF N TWELEMR
63, TNEEECHVENE 2B - HIETEED
3 DWEED ZETY 4], BIETRRLAILR 7
Si(111)-v3 x V3-Ag REEFE-T. TOEREBN L E
LX9e

A. BRERZEDPTO 4 BT IO0—THE

(a) Macro-
four-point
probe

(b) Micro-
four-point

Surface state

urface-space-charge

FIG. 11. Linear four-point probes in (a) macroscopic and
(b) microscopic scales, with schematic illustrations of current
paths near a semiconductor surface.

2R Y — FEE BRI 2L W TR EIC
S AR 11(a) IR Lz 48 F 7 u—7EIC K

— 501 —



it/ — b

BAESCEEDRIEDE EOIMUD 2 KD Ta—T D x>
I2). TO2ARD Y — FRIZEEENMT 5 &, JsEAeE
FEFIIRETELER [ 328 NhET, T0L&x0E
OB EILI DB HLIVET [63]. (1) BREIFEMRS
NAREEF/ v K RELICEbA L LE-RmEEE)
TETWAEF) | (2) RACTOREEREHBTH/ IV
IEFNRR (X FEEI SRR . (3) ok
HNERD, IV 7 BT/ R (REEBESCREMMLBIRGELR
VNV VS R OIRERE)

Metal Deposition

Electron

Voltmeter

FIG. 12. A RHEED sample holder for in-situ electri-
cal conductivity measurements in UHV using a ”four-probe”
method. After the surface superstructures are confirmed by
using RHEED, the electron beam is always turned off during
the subsequent conductivity measurements.
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FIG. 13. (a) A resistance change of a Si wafer during
intermittent Ag depositions (rate=0.24 ML/min) onto the
Si(111)-/~ 3 XV 3-Ag surface at RT. The Si wafer is n-type
of 100 Qcm resistivity. Downward arrows indicate the start-
ing points of depositions, and upward arrows their end points.
Ag atoms of amount of 0.008 ML are deposited during each
deposition period (two seconds). A~F indicate the interrup-
tion intervals. (b) Two-dimensional band dispersion diagram
of the S, S2, and S3 surface states for the three samples; the
initial v~ 3 X/~ 3-Ag surface (open circles), the same surface
covered with 2DAG of 0.022 ML Ag (filled circles), and the
same surface covered with 3D nuclei of 0.088 ML Ag (crosses).
The spectra were recorded in [011] direction, corresponding
to the T — M —T direction in the v~ 3 X/~ 3 -surface Brillouin
zone [51]. Thin solid lines are only for eye guide. Left inset:
Change in band bending due to the 2DAG adsorption. Right
inset: Change in Fermi disk due to the 2DAG adsorption.
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FIG. 14. Two-dimensional adatom gas (2DAG) of Ag on
top of the Si(111)-/” 3 X/ 3-Ag surface (a) frozen at 6 K,
and (b) migrating at 65 K |28|. Star-like protrusions indicated
by A are assumed to be single Ag adatoms because they are
minimum units observed, while clusters indicated by B are
thought to be composed of three Ag adatoms.
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EE Ca® Mg RED2MEER In X Ga 2FD
3MEEBETE V3 x ViAg RELICEELTHE L
N, FRLEEFOLREFOXELEFATLE, EIZ
V3 x V3-Ag REBHEE LR L TREEL T AME L
HLEHATLE [74].

F. { 21 xy{ 21 EEELHEE

FIG. 15. STM image after Au deposition of about 0.1 ML
coverage ou top of the Si(111)-J” 3 X/ 3-Ag surface at RT,
showing formation of the v~ 21 X/ 21 domains. Unit cells of
the V"3 X/ 3 and V" 21 X/ 21 superstructures are shown by
lozenges. The domain: boundaries are very fuzzy because of
mobile atoms. At about 0.2 ML coverage of Au, the surface
is wholly covered with the v~ 21 X/ 21 phase.

REEF/ N FILEA2BREEOTFEL HNOENEEL
FEIECEARANL 9 —obY £, BRILHE-S 3X
J 3-Ag FAE L EIZ, SREFORDYICEFEFEE HE
(0.1 BFRBUT) BB EREEESTHL, ThdsFF—&L
TENTEEEN LRI 5L ETR~_ELE 41, BREE
oL TV, RIEOSAITIE 3 RTREN
CEES A7F T LM, @REOEAICIE, @FF032

— 505 —



EVEL

wIHICESSI LAY, B 15 O STM RIZFT LIS,
21 XV 21 EWVIOF LWREBEHELRT HOTY,

3 " (@) Au/Si(111)Y 3% -AgatRT ]

ju—-Au streaks R
Vi3

VZixv2l
FV3xv3 | I_L

9.0 05 1.0 15 2.0
Au Coverage (ML)

(b) Ag /SI(111)~/ 3%  3-Ag at 200K

L » 4
Shutter closed |

()
T

HsShutted
opened

7 i

Conductance Changes
Ao (X10*0)

[=]

1
0.0

0.5 1.0
Ag Coverage (ML)

1.5

() Cu/Si(111)-V 3 X / 3-Ag
at RT

b

Lsf
L Shutte; H
ropened|

1.0:- *

0.5¢

Ao (X10* $/00)

#ssescassaens

0.0 evemaed IIxVET
V33 V33 , Cu streaks

A ;l—n". | IO Y ;J] n
0.0 02 04 0.6
Cu Coverage (ML)

PR T TS

0.8

1.0

FIG. 16. Changes in sheet conductance of a Si wafer during
depositions of (a) Au, (b) Ag, and (c) Cu on the Si(111)-/ 3
X /" 3-Ag surface at (a)(c)RT and at (b) 200K, respectively.
The measurements were done continuously during the metal
depositions. The surface structures indicated at the respective
coverage ranges were confirmed by RHEED in the separate
runs of depositions under the same conditions.
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FIG. 17. Electronic structures of (a)(b) Si(111)-/ 21 X
J 21-(Ag+Au) surface at RT, and (c)(d) Si(111)-/" 21 X/
21-Ag surface at 170 K. (a)(c) 2D band dispersion diagrams
constructed from ARPES measurements {41,75). Although
both of the S and S} states are observed on the Au-induced v~
21 X/ 21 phase, only the S state appears on the Ag-induced
J 21 X/ 21 surface; its $] band may be located above Er.
(b)(d) Band diagramns representing the surface states and bulk
states.
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FIG. 18. A SEM image of a micro-four-point-probe chip
{80].
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FIG. 19. Grazing-incidence scanning electron micrographs
of a step-bunched Si(111) surface. (a)(b) Partially Ag-covered
surface, coexisting the 7 x 7 (dark areas) and v3 x v/3-Ag
(bright areas) domains. Ag coverages are around 0.1 and 0.4
monolayer, tespectively. (c) Wholly Ag-covered /3 x /3-Ag
surface with one-mounolayer Ag.
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FIG. 20. Scanning electron micrographs showing the mi-
cro-four-point probes contacting to a silicon surface. Slightly
brighter bands on the surface are step bunches, and wider
cdarker bands are terraces. The probes were shifted between
(a) and (b) [80].
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