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Quasi-One Dimensional Metals on Semiconductor Surfaces
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Several examples are known in which massive arrays of metal atomic chains are formed on semiconductor surfaces that show quasi-
one-dimensional electronic structures. Here, Au chains on Si(557) and Si(553), and In chains on Si(111) surfaces are introduced and
discussed with experimental data of scanning tunneling microscopy, angle-resolved photoemission spectroscopy, and electrical con-
ductance measurements. They show quasi-one-dimensional Fermi surfaces and parabolic band dispersion along the wires. All of them
exhibit metal-insulator transitions and charge-density wave formation due to Peierls instability of the metallic chains. The electrical
conductivity, however, reveals the metal-insulator transition only on the less-defective surfaces, while a defective surface does not.
The importance of atomic-scale defects on quasi-one-dimensional systems is demonstrated by showing the dramatic decrease of con-
ductivity along the metallic wires with increase of the defect density.
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Fig. 1 Schematic illustrations of the density of states (left
column), band dispersion (center column), and Fermi sur-
faces (right column) of (a) 3D, (b) 2D, (¢) 1D, and (d) 0D
free-electron systems.
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Fig. 2 Massive arrays of metal atomic chains on silicon crystal surfaces, formed by depositing one (or less than one) monolayer of
metals. (a) (b) Au atomic chains on vicinal Si surfaces? . (c) Inndium atomic chains on a flat Si(111) surface(Si(111)4 x 1-In surface

superstructure!?,
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Fig. 3 Scanning tunneling microscopy images of the respec-
tive chain structures shown in Fig. 2.9.11.12),
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Fig. 4 Fermi surfaces (upper panel) and band dispersion diagrams (lower panel) of the respective chain structures shown in Fig. 2.
These are the results of angle-resolved photoemission spectroscopy?13:14.15),
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Fig. 5 Phase transitions found on the respective chain structures shown in Fig. 2. (a) (b) Schematics of band dispersion and atomic ar-
rangement of a one-dimensional metal in the metallic phase at higher temperature and in the charge-density-wave phase at lower temper-
ature, respectively. (¢) STM images of the Si(557)—Au surface at RT and 78 K!8, (d) LEED patterns of the Si(553)—Au surface at RT
and lower temperatures!?. (e) (f) STM images?? and photoemission spectra?! of the Si(111)-In surface at RT and 70 K.
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Fig. 6 Temperature dependences of the resistance (and sheet

conductivity) of the respective chain structures shown in Fig.
922,23)
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Fig. 7 The sheet conductivity along the metallic chains(g))
and that in the perpendicular direction (¢, ), measured at RT
by the square-four-point probe method for the Si(111)-In
surface with exposing oxygen gas?0).
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Table 1 The experimental values at RT and calculated values
of the sheet conductivity along the metallic chains (a//), those
in the perpendicular direction (o, ), and their ratios (a/,/0,),
for the respective chain structures shown in Fig. 2. The con-
ductivities were calculated from the Fermi surface and band
dispersion (Fig. 4) by using the Boltzmann equation (Eq.
(1)). Inter-chain interaction estimated by the shape of Fermi
surfaces, the average lengths of chain segments divided by the
point defects on the chains, and the temperature dependence
of the electrical conductivity of the respective surfaces are
also summarized [25].

Si(557)-Au | Si(553)-Au | Si(111)-In

FEh | GIE | Eh | GHE | EB | GTE

a;(uS/[)) 10 | 200 | 82 | 600 | 710 | 240

o (wS/D) 35 | 026 | 30 | 64 13 13

aylo. 2.9 | 770 | 2.7 94 54 19
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