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Fabrication and Structural Study of Nanowires on Si(110) Surfaces

Masamichi YOSHIMURA

Pd/Si(110) and Au/Si(110) systems are in detail studied by scanning tunneling microscopy
(STM) and low-energy electron diffraction (LEED). After sub-monolayer deposition of Pd on
Si(110) at room temperature, Pd clusters are formed and cover the up-and-down terrace
structure of the Si(110) surface. After annealing to 870-1070 K, the up-and-down terrace
structure disappears and a new structure with two equivalent domains is formed. From LEED
observation, the structure is found to be a (4,2)x(-1,3) superstructure. On the basis of
high-resolution STM images, a possible structural model of the (4,2)x(-1,3) reconstruction is
proposed. The interaction of hydrogen with the reconstructed surface is also investigated.
Molecular hydrogen dissociates at Pd sites and diffuses into Si sites. For Aw/Si(110) surfaces,
formation and evolution of nanowires have been studied on an atomic sclale. The real space
image of (4,0)x(-1,3) structure, that is formed at 0.45 ML, has firstly been observed in the

present study.
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TAIEMTHY., FOEARZBOTLERDD, &K
E. RGP ARTAYRICTHZE T, KVERER
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Fig.1. (a) STM image of Si(110)-“16 x 2” surface. (Vs=2.00
V, It = 0.2 nA, 115 x 115 nm? (b) STM image of
Pd/Si(110)-(4,2) x (—1,3) surface. (Vs =-2.00 V, It = 0.2nA,
115 x 115 nm?) (c) High-resolution STM image of Fig.1(b).
(Vs = 120 V, It = 0.6 nA, 10 x 10 nm?)(d) A possible
structural model of the (4,2) x (-1,3) surface.
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Fig.2. (a) STM image of Pd/Si(110) surface. (Vs=1.25 V, It
= 0.2 nA, 20 x 20 nm®) (b) STM image ofthe Pd/Si(110)
surface after dosing of Hy. (Vs=2.00 V, It = 0.2 nA, 20 x 20
nm2)
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3.2 Au/Si (110) Z=mm (0. 2-0. 3 ML)
Fig.3120.2 ~0.3ML D&% AKEF L-RED STMBRZR
T. ZOHBEOM T chain ROBEREREINS.
chain BERRAHIBE TIX, EFTEZLDRXT v 7N
BRI, MMOSWEREE 25 (Fig.3(a)). KV ILK
LEERIZEY ZoXT v 71X [-110] 5Nz 2 A 0
BEZH-OZ LR bhrotz. £7-FT % chain ROBEEN
HMRTEY, £ chain BENIZITEATIN 2FHFEELT
W5, ALIABFREZHOTE, TOchain EDOEE
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TW5. ZOEIDEIETFEBEDEIDETHY,

Si(001) TONR 7 VU T E A <= —IZ =R THHAT
ErLE2xHN5,
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Fig.3. STM images of formation processes of the Au na
nowires: (a) 0.2 ML (b) 0.25 ML (c) 0.3 ML, Vs =2.0
V, I = 0.10 nA, 100 x 100 nm?
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Fig.5. Structural model of 5 x 2 structure

3.3 Au/Si (110) Z 1 (0. 3-0. 45 ML)

X5 HENDLEILE&EAE L TWL &, chain R *L
DIEEBERBRAITHEE>TWL. 0.45MLIC7R2 B L, Fig. 6
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Fig.6. STM image of (4,0)x(-1,3) structure
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Fig.7. High-resolution STM image of (4,0)x(-1,3) and
a possible structural model
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Fig.8. STM image of (4,0)x(-1,3) structure
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VIR B B I NI chain FIOR B V% Fig. 8tk &
Wiz, ZZTIIEELE, (00115 O chain A+DRER
M4 U EDEA, chain PMIELTWBEHRL, 1
RKEFEZTWD. Au OBBENE X 5T &IZ chain [
TOMBRIEE->TNE, [001]FFEOERR 3 fZ0fE
ERHE X TWL . Z D chain OFN 3 AL EIZRB LW
B @ chain [ZHEEN D HF RO chain FINOEEN T S
FICEFITD. ZOFEEBEL TN Z LTy,
(4,0) X (-1,3)HBERERINS.

4. HbHYIC

PAE. Pd/Si(110)iZBIL T, Pd Z7&# L7z Si(110)
iM% 600 °CLLETHEYT S &, MWEERRAN, ¥T
NERAAL UHEETHD 4,2 X CL)BEREREIN
5, ZDEEETNERR LU, E£72. Pd/Si(110)-(4, 2)
X (-1,3) &M ETiX, o TIRAFERE LD Pd DFE
WCEDAEBEL ., SiFIICEENICBRETHZ EZHLMNC
L7z, 372 b Pd BWAKFRMEED =D Dt L L THL =
EBRbrol,

Au/Si(110) IZB L TiE, BERIZEW., 2Fh 6725
T/ UVATHEOHMBRENTE o R EHLNIL
Teo TIU9ATRIBRHEL 2B L, BERRTHoZF /U
AYRSIIFIDFNERBZLERH L, 4%IZZD
chain EDKIE TCOYUEMAT S FETH 5,

PLERSRZZHFFEE, BHITERPRFRTEMNER L
H—2##, RELHEEEE, KFERK, APERKE
DIERFRDORETH D, Fiz. HRO—EIISCEHAF
BNAT Y « VY —F - o X —BEEE (FRR1 84
E~2 04E) OMFHREHE YThhik, ZZIZFEL
TLEVBH#TS.
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