Introduction

The growth of metals on semiconductors is important both fundamentally and in
technological applications

In order to understand the properties of these systems it is valuable to study the initial growth
and crystallography, at monolayer and submonolayer metal coverages

Iron silicides have attracted much attention due to their differing electronic properties
depending on the Fe:Si composition and crystal structure, leading to possible applicationsin
avariety of semiconductor electronic devices [1]

The phase diagram for the growth of iron on the clean Si(111) surface is however complex
and exactly which iron silicide phase is formed depends on both the iron coverage and the
anneal temperature [2]

The authors have studied the initial growth of iron silicide on Si(111) using medium energy
lon scattering (MEIS)

One monolayer Fe deposit annealed to ~300 °C producesal” 1 LEED pattern. Annealing to
~500 °C producesa 2 2 LEED pattern [3]

It isthought from ISS [4] and STM studies [5] that the top layer consists of silicon adatoms.
The MEIS data have been used to attempt to determine the registry of these adatoms.

A structural model is proposed for these reconstructions based on comparison of the MEIS
datato ion trgjectory ssmulations



Medium Energy Ion Scattering
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lon beam aligned along major crystallographic direction to
gain surface sensitivity (“Shadowing”, see figure 1a).

lons are blocked on their way out of the crystal after
scattering; a shift in atomic position results in a shift in the ® ®
scattering angle of a blocking dip (figure 1b).

Energy separation between ions scattered from targets of
different masses allows signal from different atomic species
to be analysed independently. b)

Compare experimental data with monte carlo ssimulations of
the ion scattering from possible model structures.

Figure 1. The principle of medium energy ion scattering.

a) “Shadowing”. By aligning along a major crystallographic direction all
but the first few atomic layers are hidden from the ion beam by those above.

b) “Blocking”. Scattered ions are blocked by atoms above the scattering
target, resulting in adip in scattering intensity at characteristic scattering
angles which gives information on atomic positions.



Medium Energy Ion Scattering

Daresbury MEIS Facility
Performed at Daresbury MEIS Facility, UK.

Detect scattered ions as function of both angle and energy.

A two dimensional spectrum is obtained (see figure 2 for
example). Each atomic speciesis separated in energy.

A cross section is taken through the data projecting the number of
scattered ions within a given energy range as a function of
scattering angle. Each atomic species can be analysed separately.

The cross section is corrected for the fall in energy and the fall in
counts as a function of angle.

Scattering Angle

Figure 2: Typical two dimensional MEIS spectrum. Note the energy

separation of different atomic species. Dipsin intensity within the signals Counts |
from each element are clearly visible, indicating angles at which scattered [l P

lons are blocked.
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Experimental

n-type Si (111) cleaned by repeated flashing to 1200 °C until sharp 7° 7 LEED pattern obtained

1-2 ML iron deposited in situ under UHV conditions at ~1/3 ML/min

Annealing the sample to ~300 °Cresultsinal” 1 LEED pattern

A hotter anneal to ~500 °C producesa2” 2 LEED pattern

MEIS data taken from both reconstructions in a variety of incident/detection geometries

Clear blocking features visible. Two reconstructions appear remarkably similar, as shown in figure 3

Monte Carlo simulations of ion trajectories through trial structures performed and compared to experiment

[110]/[100] [100])/[111]

Figure 3: Comparisonof 1° 1and 2~ 2 data showing the close similarity between the two.



Results and Analysis

Several possible structural models were initially considered based on geometrical considerations of the
positions of the blocking features within the iron signal

These included CsCl-type and CaF,-type structures with varying numbers of Fe layers

All experimentally observed features could only be reproduced by a structural model as shown in Figure 4.
In order to reproduce the depth of the features it is proposed that the surface consists of an approximately
50:50 mixture of regions with one and two iron layers

Thel” 1and 2° 2 phasesarethought to consist of the same basic structure, the 2~ 2 being formed by an
ordered overlayer of Si adatoms
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Figure 4: Structural model for theiron silicide. The2 ™~ 2 reconstruction is caused by ordered Si adatoms.
Thel” 1 phaseisvery similar but without the ordered adatom overlayer. Note that as only the Fe signal
was considered, the exact registry of the silicide with respect to the substrate is unknown.



Results and Analy51s

The direct nature of MEIS has the advantage that by
careful consideration of the structural model it is
possible to associate a given blocking feature with a ‘ ‘

particular atom blocking ions from a certain scatterer

For example, the blocking feature labelled asa in figure
5 may be seen to be due to blocking of ions scattered
from the second layer Fe by the silicon adatoms

Considerations such as theses allow some parameters to

be fixed independently of others. For instance by [110}/[100]
adjusting the Fel-Fe2 vertical distanceto fit feature b

allows this distance to be fitted without considering

H*
other atomic positions
P \ /
By following such a procedure it is possible to
determine the best fit structural parameters. A |

comparison of experimental data and simulation for this
best fit is shown in Figure 6 and the parameters given in
Table 1

Figure 5: Schematic diagram showing how certain blocking features in the

scattering yield may be associated with specific scattering/blocking

combinations. This alows structural parameters to be easily independently [100]/[111]
fixed.
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Results and Analysis

[111]/[100] 2~ 2

[110]/[100] 2~ 2

Figure 6: Comparison of simulation to experiment for best
fit model

[100)/[111] 2~ 2

Vertica Distance Bond Length (A)
(A)
Adatom-Si1 0.684 2.32
Si1-Fel 0.884 239
Fel-Si2 0.984 243
Si2-Fe2 0.583 2.29

Table 1. Best fit structural parameters for the iron silicide model.
Note that to achieve areasonablefit it is necessary to have an
approximate 50:50 mixture of one and two Fe layer regions.
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Si(111) surface have been studied using medium of the Engineering and Physical Sciences Research
energy ion scattering Council.

Two closdly related phases have been observed,
one presentingal” 1 LEED pattern and the other
2" 2

Simulations of ion scattering from various

possible structural models have led to a structural
solution for both phases

The two phases are seen to be extremely similar,
the2” 2 reconstruction being formed by an
ordered overlayer of Si adatoms

The proposed model consists of an iron silicide
with a CsCl-type structure, the buckling of which
IS reversed with respect the the bulk Si substrate

(b-type)
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