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the 7 � 7 DAS model. In the DFA structure the up versus down
atoms of the honeycomb switch on each side of the unit cell
boundary instead of physically introducing a new periodic
dimer structure to the existing atomic arrangement, as shown
for the DAS structure in Fig. 35(b).

7.8 Why is the DAS model predicted theoretically?

After reconciling the appearance of the dimers in the PM in
Fig. 35(b), how can one explain the theoretical results that DFT
calculations predict the DAS model and fail to converge for the
simple DFA10 model? One can speculate on several possibilities
that have been discussed elsewhere.11 This includes a more
flexible wavefunction, including many body or electron self-
energy e�ects, spin or even correcting for polarization and/or
unusual screening of the electrons orthogonal to the surface.

A resonance state of the electrons in the 7� 7 has also been
suggested from the temperature dependence of the STM images.12

These resonance eigenstates are composed of a variety of single
particle states so as to create stationary states that satisfy the
boundary conditions and mirror symmetry under C3v. Also within
C3v symmetry an instability may arise due to the triply degenerate
nature of this FCH lattice, which is an odd electron system. 12 As
discussed shortly, from a di�racti on perspective, one cannot rule
out that this symmetry and odd electron count is broken by a
substitutional dopant near the surface that can remove this
degeneracy to lower the system energy.

7.9 C3v symmetry and the nature of the 7 � 7 wavefunction

Let us assume that the scattering phase shifts are not an issue
and that the high resolution PM reflects the symmetries of the
atoms; then the description of the atoms in terms of an FCH
lattice provides evidence of the symmetry of the bonding arising
in the 7 � 7. Here one hexagon corresponds to the adlayer system
and the other the subsurface 1 � 1 atoms that nominally would
have •dangling bonds•. Based on this arrangement an H 3

2 bonding
scheme was proposed11 as shown in Fig. 35(d). This would account
for the triangular shape of the adatom PM feature and the 180 1
rotation of the next neighbor PM features, which also reflects the
staggered rotation of the higher and lower atoms of the honeycomb.

The mirror symmetry of the H 3
2 bonding configuration

above and below the honeycomb may also play a role in these
interactions and the polarization normal to the surface, parti-
cularly if spin is involved. (See for example, the spontaneous,
weakly reconstructed magnetic phase discussed in ref. 11). Alter-
nately, the C3v symmetry may produce a resonance state whose
wavefunction is composed of many one electron ground states as
well as excited states as suggested by the temperature dependent
distortions of the adatom charge density seen in STM.12

7.10 Alternative rod projection models of the 7 � 7

7.10a Distortions, substitutions and missing atoms. So far
several distorted 7 � 7 structures have been noted, including
s-DAS, cs-DAS and d-DFA. Based on the di�raction features
modelled under the projection rod approach, additional structures
cannot be ruled out. Two of these are indicated in Fig. 36.
Here Fig. 36(a) shows a DFA with structural distortions between

the ellipses marked along this unit cell boundary. FT simulations
of such modifications produce stronger 3/7th order beams.
Another case is shown in (c) where an impurity atom substitutes
for the restatom in the center of the corner hole in the side view
(b). This could also occur for the DAS model shown in (d…f).

The ideal DAS shown in (d) and (e) has projection rods that
may not reveal whether there are atoms under all of the
adatoms as shown in (d) and (e). (f) Shows a DAS configuration
where the atoms below the side adatom are missing. This
choice was considered within a DAS model so as to allow the
possibility of a magnetic surface state to form in this region of
the unit cell as experimentally suggested elsewhere.11

Since di�raction modelling cannot distinguish Si from C or
B, one may have these impurities substituted for Si atoms in
certain positions. Both B and C are known to be trace impurities
that can occur and are known to be electrically active. B is
particularly interesting as a substitutional dopant that can
change the number of electrons in the unit cell and alter the
unit cell•s properties. For example, a B atom substituted for the
restatom in the corner hole as shown in Fig. 36(c) removes one
electron per unit cell so as to allow the ordinarily metallic 7 � 7
surface to become insulating as observed at low temperatures.12

Boron is a well established low level contaminant in the UHV
chamber due to leaching of B from the boro-silica windows in
these vacuum chambers.11,12,66 The prolonged slow annealing
from the high temperatures typically used to form well ordered
7 � 7s is know to place B impurities in stable bonding

Fig. 36 DFA, DAS and hybrid DAS models are shown in (a…c) with their
side views below (d…f). In (c) the (pink) rest atom is not longer a silicon
atom but boron.
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