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We have studied the etching of Si(100)-2x 1 by Cl and Br, using scanning tunneling microscopy to obtain morpho-
logical information that can be related to reaction and desorption pathways. Clean surfaces were exposed to molecular
halogens at room temperature to produce well-defined chemisorption structures for coverages in the range 0.2-1.0 ML.
Heating to 750-850 K induced etching by thermal desorption. Analysis of the halogen concentration before and after
heating indicated that the rates of desorption for SiCl. or SiBr. were greatest for the intermediate coverage around 0.8
ML and were suppressed at the higher coverages. Hence, desorption is not simply proportional to the concentration of
species that can form adsorbed precursors SiX2(a). We conclude that it is directly coupled to the creation of monomer
vacancies adjacent to the SiX2(a) unit because thisincreases the lifetime of the excited state and increases the likelihood
of its desorption. Increasing the surface concentration of halogens reduces the rate of vacancy formation. We show that
these rates are also affected by a redimerization process in the high temperature Br-stabilized Si(100)-3x 1 reconstruc-
tion that increases the likelihood of SiBr2(a) formation and enhances its desorption.
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Fig.1 (8 STM image of clean Si(100)-2x 1. Missing dimers vacancies and
C-type defects are identified after the thermal cleaning processes. A
row of asymmetric buckled dimers also can be seen near defects.
Sample biasJ 2.0 V; tunneling current 0.2 nA. (b) The model of Si
(100) surface. (c) Occupied-stateimage (CI 2.5V, 0.2 nA) of Si(100)-
2x 1 exposed to Br: fluence of 1.5 mA s at room temperature, and
this represents the coverage 6 (Br) 0.88 ML. The darkest features
are missing dimer vacancies and single occupied Br on a dimer
(Siz2Br). Br occupancy is paired on adjacent dimers on the same row
(SizBrx 2). The gray feature corresponds to bare Si dimers.
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Fig.2 (@) High resolution STM image of Si(100)-2x 1 at
room temperature ([0 2.5V, 0.2 nA) after heat at 800
K for 10 min. Theinitial Cl coverageis 0.62 ML and
the final coverage is 0.34 ML. The etching produce
one atomic layer pit, missing dimer vacancy, liner
growth of dimer vacancy, and regrowth dimer chain
on the terrace. (b) It is clearly shown that Cl atoms
occupy two Si dangling bonds CI-Si-Si-Cl and ellipti-
cal structures correspond to the bare Si interacted with
7 bonds -Si-Si-. The schematic diagram represents a
Cl adsorption site and a © bonded Si dimer.
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Fig. 3 Occupied state ((1 2.5V, 0.2 nA) images (1000x 500
02) a room temperature. The dosed surfaces that
were heated to 800 K for 10 min to activate etching.
(a) Low coverage etching results in the lower etching
rate. (b) Intermediate coverage etching is character-
ized by dimer vacancies but these vacancies can aso
coalesce so that extended pits form by both etching
and accretion. The greatest areal pit density has been
obtained from this stage. (c) High coverage etching
produces the elongation of dimer vacancy lines, the
development of regrowth dimer chains, and step re-
treat.
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Fig. 4 The conventional desorption pathway istop and the vacancy-assisted pathway is below.
The energy level diagrams show ét right.
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Fig.5 A plot of etching rate (MLIs) vs. initial concentration
(ML). Data points representing the etching rate dcl dt
vs. 6(Cl) and dcOdt vs. 6(Br) showing a maximum at
0 0.8 ML. The solid line, obtained from Eq. (2),
demonstrates reaction rate reduction for Cl.
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Fig.6 Seven surface configurations for Si and Cl on S
(100)-2x 1. Seethetext.
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(a) 6(C) ~ 1 ML, 750 K

Fig. 7 The temperature-dependence morphologies after Cl-
saturated surface heated for 10 min. 1000x 5000 ?;
sample bias 0 2.5 V; current 0.2 nA. (a) At 750 K,
the thermally-activated desorption is not significant so
that pits and regrowth dimer chains are only a few di-
mer unitsin size. (b) At 825 K, etching is character-
ized as the creation and growth of single-layer pits as
a complement to step etching. A few atom vacancy
line is found to observe with only this condition. The
inset figure shows a high resolution image of Cl-
Si(100)-3x 1. 130% 1300 2; sample biasOl 2.5 V;
current 0.2 nA. (c) At 850 K, the etch rate is fast and
the surface healing is observed. The pits density is
low on a Ss terrace because they can diffuse to the
step edges. Large pits appeared on a Sa terrace, asla-
beled pit 1. There is the second layer pit inside of the
pit. The gray dots represent residual Cl and 6 (Cl)O
100.
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Fig. 8 Occupied state (0 2.5V, 0.2 nA) images (1000x 5000 ) for the different 8 (Br) coveragesi] a)
0.30, (b) 0.77, and (c) 1.0 ML after heat a 800 K for 10 min. The 3x 1 phase appeared only at a
higher surface concentration. (d) The top view of the systematic diagram of a missing atom row.
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Fig.9 A systematic diagram of a phase transition pathway:
(a) Theinitia Br-Si(100)-2x 1 configuration. (b) The
isomerization produces SiBr(a) and a bystander Si(a)
in adimer row. (c) If the bystander Si(a) atoms are
adjacent, they can dimerize each other. (d) The reac-
tion (c) is effectively increased the desorption prob-
ability of SiBrz(a). The desorption occurs to yield a
SiX2(g) as agas species. This produces one Si dimer
and a paired missing atom vacancy.
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