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Ag-induced atomic structures on the Si(110) surface
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We report the results of STM investigation of initial stage of Ag adsorption on the Si(110) surface. At 0.21
ML Ag coverage the size and orientation of unit cell correspond to parameters of “16 x 2” unit cell of clean
Si(110) surface. With increasing of Ag coverage up to 0.42 ML the type of surface reconstruction is changing
to 4 x 1-Si(110)-Ag structure.

PACS: 68.37.Ef, 68.47.Fg

Many different surface structures have been exper- At the same time there exists the opinion that this
imentally found on Si(110) surface [1, 2], for examples  variety of surface reconstructions is caused by the ab-
5x4,1x2,1x5,16 x 2 reconstructions. sorption of Ni atoms [3], and that Si(110)-(“16 x 2”)

reconstruction should be the only which should be ob-
served on clean surface. 0.007 ML of Ni atoms on the
surface is enough to transform the Si(110)-(“16 x 2”)
reconstruction into another one [4].

“16 x 2” reconstructed Si(110) surface consists of
equally spaced and alternatively raised (up-stripes) and
lowered (down-stripes) stripes parallel to the [112] or
[112] directions [5, 6]. Two possible domains of ”16 x 2”
reconstruction must look as

5 11 -5 11
and
(55) = (3h)

(the basic translation vectors a = [001] and b = 1/2[110]
are used here; |a| = 0.543 nm, |b| = 0.384nm).

Fig.1. High-resolution STM topographic image of “16 x

x 2” structure in the empty states [(a)Vs = 0.58 V, I = Fig.2. STM image of reconstructed Si(111) surface after
= 0.085nA] and the filled states [(b)V, = —0.71V, I = Ag deposition [V; = —1.57V, I = 0.035nA] 1. Si(111)-
= 0.085nA) Ag(3 x 1) 2. Si(111)-Ag(v/3 x v/3) 3. Si(111)(7 x 7)

But until now there is no commonly adopted model
of observed atomic structure of the stripes. STM inves-
1e-mail: oreshkin@spmlab.phys.msu.su tigation [5, 7, 8] has shown that different local atomic
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Fig.3. STM images of Si(110)surface reconstructions. (a), (c¢) — clean surface; (b), (d) — after 0.20 monolayer Ag deposition.
(a) Vs = 0.79V, I = 0.063nA: (b) V; = 0.79V, I = 0.051 nA; (c) V; = —0.52V, I = 0.101nA; (d) V; = —0.52V, I = 0.051nA

structures can be observed. The stripes are stacks of
paired elements whose shape is different in various STM
measurements. This shape was interpreted as octets
[9], as pentagons [8] and as an arrangement of centered
stretched hexagons [7]. So, the precise atomic arrange-
ment has not been elucidated yet.

Samples (12 x 2 x 0.5) mm? in size were cut from P-
doped (110) orientated Si wafers with sheet resistance
about 1-3 2 - cm, the nominal doping concentration was
about 3-10'8 cm~3. Samples were ultrasonically cleaned
in acetone and distilled water. With the help of “Ni-
free” instrument they were mounted on tantalum sam-
ple holder. Samples were degassed at 600°C during
24 hours and processed with argon-ion-sputtering (5kV,
50-60 A, 60 min). In the final stage of surface prepara-
tion the samples were flash heated at 1200 °C by a direct
current.

Typical STM images of Si(110) surface are presented
on Fig.1. Elementary structure of Si(110)-(“16 x 2”)
reconstruction unit cell is clearly resolved. Unit cell
contains ten protrusions in the empty states STM im-
age (Fig.1a) while it contains eight protrusions in the
filled state STM image (Fig.1b). Our STM measure-

ments data on clean Si(110) surface is consistent with
“pentagons” model of Si(110)-(“16 x 2”) surface recon-
struction suggested in [8]. Besides our data is in good
accordance with theoretical calculations of [10].

The Ag/Si(110) Ag evaporation was performed using
a Knudsen-cell type of evaporator. The base pressure
during Ag deposition was 5-1071° torr. Empty Knudsen
cell was cleaned up by annealing during 48 hours. The
evaporation rate was estimated from the experiments
with Ag deposition on 7 x 7-Si(111) surface. Ag deposi-
tion was conducted at 820 °C with shutter opening time
10 seconds and subsequent 3 min. annealing at 520 °C.
The follow constituent reconstructions of surface have
been found: 3 x 1-Si(111)-Ag, v/3 x v/3-Si(111)-Ag and
7 x 7-Si(111) (Fig.2). Relative areas occupied by these
surface reconstructions are 18%, 42% and 40% corre-
spondingly. Taking into account Ag coverage which in-
duces above mentioned reconstructions [11, 12], we can
estimate Ag evaporation rate. In our geometry the Ag
evaporation rate at 820 °C equals to 0.4nm~2 - sec™1.

STM image of Si(110) surface after 0.21 ML Ag de-
position is presented in Fig.3. The size and orientation
of unit cell correspond to parameters of “16 x 2” unit
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cell on clean Si(110) surface. It can be seen from Fig.3
that Ag atoms precipitate in region of down-stripes. The
priority adsorption sites are marked by dashed line on
Fig.3. “16 x 2” unit cell contains 64 atoms in one atomic
layer. There should be about 13—-14 Ag atoms in the unit
cell of “16 x 2”-Si(110)-Ag structure at 0.21 ML Ag sur-
face coverage. Most probably part of silicon ad-atoms
diffuse from original sites of “16 x 2”-Si(110) structure
into bulk of the crystal or precipitate on domain bound-
aries.

The dependencies of local density of electronic states
on bias voltage above “16x2”-Si(110) surface before and
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Fig.4. Local density of electronic states depending on bias
voltage measured (a) above clean surface Si(110), (b)
above surface reconstruction induced by Ag atoms

after Ag deposition are shown on Fig.4. Band gap value
derived from Fig.4a for clean silicon surface is about
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1.15eV (which almost coincides with bulk value for Si —
1.1eV). Surface states peaks SS1 and SS2 (-0.35eV and
—0.8eV correspondingly) are clearly distinguishable in-
side the band gap. Fermi level is situated 0.15eV below
the conduction band bottom. After 0.21 ML Ag deposi-
tion (Fig.4b) the width of measured band gap becomes
smaller by 0.25eV, most probably due to coupling of
surface states SS2 band with electronic states of Ag ad-
atoms. This coupling leads to the shift of surface states
band SS2 towards valence band top. Valence band and
surface states band SS2 overlap. In tunneling conduc-
tivity spectra this results in disappearance of SS2 band
and in the shift of the valence band top towards higher
energies. The position of surface states SS1 band peak
remains unchanged.

With increasing of Ag coverage up to 0.42 ML we
are able to observe new type of surface reconstruction
(Fig.5) with 5.4 A periodicity along the [001] direction
(~ 5.43A of the Si(110) unit cell). The periodicity

Fig.5. STM images of Ag induced 4 x 1-Si(110) sur-
face reconstruction in the empty states [(a) V, = 1.23V,
I = 0.066nA] and in the filled states (b) V; = —1.14V,
I=0.066nA]

along the [110] direction is 15.5A, i.e., 4x the length
of 3.84 A of the Si(110) unit cell. We can conclude that
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with increasing of Ag coverage the basic type of sur-
face reconstruction for Si(110)-Ag system is changing
from “16 x 2”-Si(110)-Ag to 4 x 1-Si(110)-Ag structure.
The unit cell of 4 x 1-Si(110) reconstruction consists
of 8 atoms. Therefore under 0.42ML Ag coverage the
unit cell of formed structure should contain 3—4 atoms
of Ag. The atoms of 4 x 1-Si(110)-Ag structure (Fig.5,
marked by rectangles) are aligned in [112], [112] direc-
tions, which correspond to the directions of up- and
down-stripes in “16 x 2”-Si(110) structure. We explain
this fact with possible diffusion of Si atoms during the
formation the 4 x 1-Si(110)-Ag surface reconstruction.

To the best of our knowledge there is the only one
work dedicated to Ag adsorption on the Si(110) surface
[13]. In this work Ag/Si(110) system has been studied
by means of reflection high-energy electron diffraction-
total reflection angle X-ray spectroscopy. The following
structure was reported to be the base surface structure
for Ag coverage up to 0.44 ML

(3 2)

We were not able to observe this reconstruction at ini-
tial stage of Ag adsorption. We suppose that this fact
can be explained by different method of sample prepara-
tion. The other possibility is the difference in the doping
concentration of samples under investigation. Anyway
more detailed study of the Ag/Si(110) system with dif-
ferent conditions of surface preparation, different type of
bulk conductivity (n-, p-type) and doping concentration
is required.

Most probably the lack of reports in the literature on
Ag adsorption on the Si(110) surface is caused by very
complicated method of substrate preparation. It is also
difficult to obtain large uniform area of “16 x 2”-Si(110)
surface.

In conclusion, we report the first time STM/STS ex-
perimental observation of initial stages of Ag adsorption
on Si(110) surface. =~ We have found substantial dif-

ference in STM topographic images as well as in local
spectroscopy data before and after Ag adsorption. Our
STM measurements of clean Si(110) surface have con-
firmed the ”pentagons” model of clean “16 x 2” surface
reconstruction suggested in [8] and are in good accor-
dance with the theoretical calculations [10]. We sup-
pose that difference in tunneling conductivity spectra is
caused by coupling of surface states SS2 with electronic
of Ag on the “16 x 2”-Si(110) surface. We found that up
to 0.21ML Ag surface coverage the surface maintains
the original “16 x 2” unit cell corresponding to clean
Si(110) surface. With increasing of Ag coverage the ba-
sic type of surface reconstruction for Si(110)-Ag system
is changing from “16 x 2”-Si(110)-Ag to 4 x 1-Si(110)-Ag
structure.
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