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High-energy electron diffraction, Auger spectroscopy, photoemission, and x-ray diffraction were used
to study the interface and subsequent growth of InSb on vicinal (4' off) and on-axis Si(100). During the
initial stages of molecular-beam epitaxy at 410 C, we examined the In, Sb, and Si core levels as a func-
tion of In and Sb coverage and deposition order. Based on these results, a model for interface formation
is developed. Thicker coverage results of coevaporated InSb are discussed in light of the interfacial anal-

yses.

I. INTRODUCTION

Interface formation and growth of compound semicon-
ductors on silicon has been the subject of much interest.
From a technological viewpoint the integration of these
two categories of semiconductors combines the optical
and electronic performance of III-V semiconductors with
complex silicon integrated circuitry. From a fundamen-
tal viewpoint the interesting questions lie in the
geometric and electronic structure of the chemical bonds
at the interface. By investigating the initial interfacial in-
teractions, questions concerning deviations from ideal ep-
itaxial growth because of surface phenomena such as de-
fect and step morphology, surface reconstructions, and
adsorbate-to-substrate bonding can be addressed. Device
performance, in turn, depends on the ability to grow
high-quality epitaxial films free of defects and disloca-
tions. Hence the construction of many optimal devices is
directly linked to the details at the interface.

Previous experimental and theoretical studies of the
surface kinetics of III-V materials on Si(100) mostly con-
centrated on the GaAs/Si(100) system. ' Despite the
4% lattice mismatch and differing thermal-expansion
coefficients, high-quality GaAs films were grown with
most of the dislocations occurring near the interface. In
addition, later publications showed that the antiphase
disorder problem, because of the two domains on Si(100),
could be eliminated by growing on vicinal Si(100) with
between a 2 —4 tilt in the [011] direction. Microscopic
analysis of these GaAs films on Si(100) has utilized core-
level spectroscopy, ' cross-sectional transmission electron
microscopy, and high-energy electron diffraction
(HEED}.

For our present study we use molecular-beam epitaxy
(MBE), which is an ideal growth technique for submono-
layer and thick-layer systems because of its highly con-
trollable nature (i.e., for III-V materials the deposition
order, Aux ratio, and growth rate can be very important
for growing quality films). Synchrotron core-level photo-
emission, HEED, Auger spectroscopy, and x-ray
diffraction provide the principal results for the evolution
of InSb on Si(100) and vicinal (4'-off) substrates. One can
imagine that a major difficulty in growing InSb on Si
would be the rather large lattice mismatch between these

two materials —about 19%. In an earlier report the
growth kinetics of InSb thin films on on-axis Si(100) sub-
strates were investigated. ' Based on HEED and relative
desorption rates of In and Sb, InSb heteroepitaxial films
were thought to have been grown in the temperature
range between 427'C and 607'C, even past the 535'C
melting temperature of InSb. There was no discussion of
the bonding at the interface, the actual InSb film
thicknesses grown, or the quality and composition of the
InSb films. We will try to discuss these as well as other
criteria involved in the initial growth of InSb films.
Thicker-coverage results will be discussed in light of the
interfacial results.

II. EXPERIMENTAL DETAILS

The photoemission experiments were carried out using
synchrotron radiation from the University of Illinois
beam line on the 1-GeV storage ring Aladdin at the Syn-
chrotron Radiation Center of the University of Wiscon-
sin. Light from the ring was dispersed by an extended-
range grasshopper monochromator. Our core-level spec-
troscopy experiments utilized a Leybold EA-10/100
hemispherical analyzer. The sample Fermi level was
measured from a polycrystalline Au foil in electrical con-
tact with the Si samples. These spectra indicated an
overall system resolution of 150-250 meV, depending on
the photon energy used. The relative binding energies of
each spectrum are referenced to the Fermi level. The
Auger experiments were performed in situ with a
Perkin-Elmer Auger system, and the x-ray-diffraction
data were taken with a fixed-anode Rigaku/D-MAX sys-
tern and Cu Ka radiation.

All of the samples used in this study were from stan-
dard commercial n-type Si(100) ( ~ 0.5 miscut) or vicinal
Si(100) (4' off, roughly 2 toward [011] and 3 toward
[011]from the [100] normal direction}, having a resistivi-

ty of about 10 Qcm. Cut samples were then placed in
our vacuum chamber, with a base pressure better than
10 ' torr and cleaned by heating with direct current to
about 1060'C for 10 s. The surface was then checked in
situ using HEED, which revealed a sharp two-domain
(2X1) for the on-axis samples and a sharp one-domain
(2X1) for the vicinal surfaces. MBE was then accom-
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plished through evaporation from electron-beam-heated
crucibles containing 99.999% pure In and Sb. The rate
of deposition for each material was monitored using a
quartz-crystal thickness monitor. One monolayer (ML)
of In or Sb is defined as 6.8X10' atoms/cm, which is
the site-number density for the unreconstructed Si(100}
surface.

III. RESULTS AND DISCUSSION

A. Low coverages

The main questions we focused on during the first cou-
ple of monolayers of InSb growth were whether In or Sb
or both formed the first layer on Si and how the next lay-
er proceeded to interact with the first. Also, since it was
found that GaAs forms three-dimensional islands that
nucleate from step edges on Si(100}, ' '" we decided to
check for any differences that growing on vicinal Si(100)
might make as compared with the on-axis substrate.

For growing InSb on InSb(100), the substrate tempera-
ture should be held between 260'C and 450'C. ' ' This
is also roughly the temperature range for growing InSb
films on other substrates such as CdTe (Ref. 14) and
GaAs. ' For the initial submonolayer growth of InSb on
Si(100), HEED and Auger spectroscopy showed no no-
ticeable InSb growth differences between 350'C and
500'C, and so we chose to maintain our sample tempera-
ture at about 410'C. The deposition rate of either In or
Sb was kept at around 1 ML per minute during evapora-
tion.

1. Results

Both In/Si(100) (Refs. 16 and 17) and Sb/Si(100) (Refs.
18 and 19) have been studied before in the above ternper-
ature spread. Sb behaves much differently than In on
Si(100) and does not form a stable reconstruction. Upon
Sb adsorption, HEED showed the —,'-order spots of the
clean Si(100)-(2X 1), diminishing until at —,-ML coverage
only the (1X1)bulk spots on top of a high background
were apparent. The background seemed to increase until
the 1-ML saturation coverage, where the sticking
coefficient of Sb drops to zero. ' The result was a disor-
dered Sb-terminated surface. ' For In deposition, a
(3 X4) pattern is observed at —,'-ML coverage, and any ad-
ditional In deposition on the surface forms three-
dimensional metallic balls. ' After Sb exposures on this
1-ML In-covered surface, a steady degradation of the
(3X4) occurs with an increasing background. At —,'-ML
Sb exposure only (1X1) spots appear on top of a high
background, very similar to the diffraction pattern for —,

'

ML Sb on clean Si. Further Sb exposures did not have
any more noticeable effect, except maybe a slight increase
in the background.

For our photoemission experiment, a surface-sensitive
photon energy was used for each of the core levels. The
surface shifts and intensities of the various components
were determined by following a fitting procedure de-
scribed previously. ' ' We begin with Fig. 1, which
shows the evolution of the In 4d core level. The experi-
mental results {open circles), overall fit (solid curve), and
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FIG. 1. In 4d core-level spectra (open circles) taken with a
photon energy of 55 eV. Successive Sb exposures deposited on a
1-ML-In-covered Si(100) surface are indicated for each spec-
trum. The solid curves are a result of a fit to the data. The
decompositions of the spectra into the two surface contributions
S1 and S2 are shown by the medium- and short-dashed curves,
respectively. The relative binding energies are referenced to the
Fermi level, which is located at —17.4+0. 1 eV.

two background-subtracted surface components S1 and
S2 (medium- and short-dashed curves) are shown. Each
spectrum for a given In and Sb exposure is shown relative
to the initial exposure at the bottom of the graph and
referenced to the Fermi level. Deposition order is shown
in the two columns from left to right. We initially depos-
ited 1 ML In on the clean Si(100)-(2X1) surface, and
then varying amounts of Sb were deposited next. It
should be mentioned that the relative intensities between
different exposures are not meaningful; they will be
displayed in a separate figure.

Figure 2 shows the similarly analyzed Sb 4d core level
for the same deposition order. Only one surface com-
ponent was found.

The intensity ratios, for both the In and Sb cores with
respect to the Si core, are shown in Fig. 3. Experimental-
ly, intensity ratios can be measured more accurately than
absolute intensities, because precise sample repositioning
in front of the analyzer and synchrotron beam after each
growth is not required. The In 4d higher binding-energy
surface component Sl (circle), the lower-binding-energy
surface component S2 (triangle), and the Sb 4d surface
component Sl (square) are plotted versus various Sb ex-
posures. On this scale the values of Isb/Is; are reduced
to make it comparable to the values of I&„/Is; since the
cross section for Sb is so much larger than In for these
photon energies. So, after —,

' ML of Sb exposure, the In
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FIG. 2. Sb 4d core-level spectra (open circles) taken with a
photon energy of 75 eV. Successive Sb exposures deposited on a
1-ML-In-covered Si(100) surface are indicated for each spec-
trum. The solid curves are a result of a fit to the data. The
spectra can be fit by just one surface contribution S1, as shown

by the medium-dashed curves.

Sl component is reduced to roughly 15—20% ( = —,'0 ML)
of its value before any Sb had been deposited. In Figs.
1 —3 the data shown were taken on on-axis Si(100) sam-
ples. Several spectra of the identical exposures but de-
posited on vicinal Si(100) were recorded. Since there
were no obvious differences in terms of either line shape
or intensity, these spectra are not shown.

The Si 2p core was analyzed in Fig. 4, which shows a
few typical spectra relative to the clean Si(100)-(2X1)
surface. For the clean surface, the decomposition of
these spectra into the bulk (8) and surface (S) contribu-
tions is shown by the medium- and short-dashed curves,
respectively. For the covered surfaces (top three spectra),
the surface-shifted component is suppressed. This effect
has been seen before for Sb/Si(100) (Ref. 18) and for the
low-temperature growth phase of In/Si(100).

Figures 5—7 are similar to Figs. 1 —3 except for two
main differences. The data shown on these were taken on
vicinal Si(100), and the deposition order begins with 1

ML Sb and continues with increasing In exposures.
Again, several spectra of the identical exposure ordering
were taken on on-axis Si(100) substrates, but since there
were no obvious differences in line shape or intensity,
these spectra are not shown.

Figures 8, 9, and 10 show the evolution as a function of
In coverage of the In core level, Sb core level, and Ig /Is;
and Is~/Is; intensity ratios, respectively. This was done
for an initial 40-ML Sb exposure followed by a few In
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FIG. 3. In and Sb intensity ratios for each surface com-
ponent, with respect to the Si bulk, are shown for various Sb ex-
posures on a 1-ML-In covered Si(100) surface. Circles and tri-
angles indicate the results for the two In surface components.
Squares show similar results for the Sb surface site.
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FIG. 4. Si 2p core-level spectra (open circles) taken with a
photon energy of 150 eV. Independent Sb and In exposures are
listed with the decomposition of the Si spectrum into bulk
(medium-dashed curve) and surface component (short-dashed
curve). The relative binding energies are referenced to the Fer-
mi level, which is located at —98.7+0. 1 eV.
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coverages. Again, the core levels were deconvoluted and
the results were somewhat similar to those in the previ-
ous sets.

2. Core-level analysis
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For the In core level in Fig. 1, we note two trends.
First, there is a band-bending effect causing the S1 core-
level binding energies to increase toward higher binding
energy with Sb exposures. These spectra are presented
with the Fermi level as the reference. The observed band
bending, with respect to the clean surface, is 0.2 eV at 1

MI. In+1 ML Sb and moves to 0.4 eV at higher Sb cov-
erages (see the top spectrum in Fig. 1). For comparison,
a previous study shows a 0.55-eV band bending at 1-ML
Sb coverage on Si(100) and a saturation band bending of
0.63 eV at higher Sb coverages. The present values are
less since there is some In on the surface, which tends to
bend the bands in the opposite direction (In is an accep-
tor and Sb is a donor in silicon). Second, a second surface
site S2, at lower binding energy, seems to emerge with in-

creasing Sb exposure (see Fig. 3) and remains fixed to the
Fermi level. The S2 site is actually visible even in the ini-
tial 1-ML In coverage. Indium is known to clump to-
gether on Si(100), as was mentioned before. A similar
gallium clumping together effect has been reported for
the growth of GaAs on Si(100), and a lower binding-
energy component was correspondingly observed. ' The
fact that the S2 binding energy is fixed with respect to
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FIG. 6. Sb 4d core-level spectra (open circles) taken with a
photon energy of 75 eV. Successive In exposures deposited on a
1-ML-Sb-covered Si(100) surface are indicated for each spec-
trum. The solid curves are a result of a fit to the data. The
decomposition of the spectra into the one surface contribution
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FIG. 5. In 4d core-level spectra (open circles) taken with a
photon energy of 55 eV. Successive In exposures deposited on a
1-ML-Sb-covered Si(100) surface are indicated for each spec-
trum. The solid curves are a result of a fit to the data. The
decompositions of the spectra into the two surface contributions
S1 and S2 are shown by the medium- and short-dashed curves,
respectively.
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FIGe 7. In and Sb intensity ratios for each surface com-
ponent, with respect to the Si bulk, are shown for various In ex-
posures on a 1-ML-Sb-covered Si(100) surface. Circles and tri-
angles indicate the results for the two In surface components.
Squares show similar results for the Sb surface site.
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FIG. 9. Sb 4d core-level spectra (open circles) taken with a
photon energy of 75 eV. Successive In exposures deposited on a
40-ML-Sb-covered Si(100) surface are indicated for each spec-
trum. The solid curves are a result of a 6t to the data. The
decomposition of the spectra into the one surface contribution
S1 is shown by the medium-dashed lines.
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FIG. 8. In 4d core-level spectra (open circles) taken with a
photon energy of 55 eV. Successive In exposures deposited on a
40-ML-Sb-covered Si(100) surface are indicated for each spec-
trum. The solid curves are a result of a fit to the data. The
decompositions of the spectra into the two surface contributions
S1 and S2 are shown by the medium- and short-dashed lines,
respectively.
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FIG. 10. In and Sb intensity ratios for each surface com-
ponent, with respect to the Si bulk, are shown for various In ex-
posures on a 40-ML-Sb covered Si(100) surface. Circles and tri-
angles indicate the results for the two In surface components.
Squares show similar results for the Sb surface site.

the Fermi level and equals that for bulk metallic In also
indicates that this component is due to metallic islands
and not another site bound to the Si, which would be tied
to the valence band. Based on these results, we assign the
S2 component in the In core-level spectra to be derived
from metallic In islands on the surface. Figure 2 shows a
similar core-level movement for the single chemical site
of Sb due to Sb doping silicon n type.

The intensity ratios in Fig. 3 show that the S1 site for
In diminishes for increasing Sb coverages, while the S2
component is slowly increasing. Therefore, the S2 site in
Fig. 1 is seen to be increasing quite rapidly relative to the
S1 site. Figure 4 presents the Si core for the clean and
1-ML coverage of In, Sb, and InSb. The surface corn-

ponent (S) for clean Si(100) is derived from atoms within

the surface layer having a dangling bond. For the
covered surfaces, the lack of a surface component indi-

cates that all the Si dangling bonds have been saturated.
Again, the movement of the core is due to p- or n-type

doping of the surface with In or Sb, respectively.
Based on the results of HEED and the core-level

deconvolution, we conclude that Sb-Si bonds are formed,
breaking the initial In-Si bonds. Thus the HEED pattern
changes from the In-terminated (3 X4) to the Sb-
terminated, disordered (1 X 1), and the In Sl site dimin-
ishes for increasing Sb exposures. The released In ad-
atoms then migrate and stick to other In adatoms, caus-
ing an increase in the clumped together S2 site. Since the
actual surface area covered by these three-dimensional In
islands, on top of a mostly Sb-covered Si surface, is small,
they would account for a small part of the photoemission
spectra (see Fig. 3). Since the Sb core level only exhibits
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one site S1, we conclude that Sb mostly bonds to Si with
very little bonding to In.

To confirm that the first-layer bonding to Si is mostly
Sb, we reversed the deposition order, putting 1 ML Sb
down first and then exposing the surface to increasing
amounts of In. Figures 5 —7 show the photoemission re-
sults as described earlier. Figure 5 shows that In is again
present in two sites S1 and S2. Sl moves relative to the
Fermi level as a result of band bending, and S2 remains
fixed with respect to the Fermi level. Figure 6 shows that
Sb is again present in only one site. The intensity ratios
in Fig. 7 are similar to Fig. 3 in that even after 1-ML In
exposure the In S1 is still only about 0.1 ML. The ten-
dency is for In to clump together, as seen by the increase
in the S2 component. Even a direct comparison of the In
core-level line shape between 1 ML In+1 ML Sb and 1

ML Sb+1 ML In shows them to be very similar. The
only difference is in the magnitude of band bending. We
find that the Fermi level moves, with respect to the clean
surface, to 0.20 and 0.35 eV toward higher binding ener-
gy for 1 ML In+1 ML Sb and 1 ML Sb+1 ML In, re-
spectively. Apart from this point, our conclusion from
the first two sets of figures is simply that deposition order
makes no difference on either on-axis Si(100) or vicinal
Si(100); Sb preferentially bonds to Si, driving In to ag-
glomerate with itself.

A further question is why does roughly 0.1 ML In still
bond to the Si surface after more than one monolayer of
Sb has been deposited on the 1-ML-In-deposited Si sur-
face (see Fig. 3). We think two possible explanations ex-
ist: In is either bonding to defect sites or to step edges. If
it bonds to step edges, then we should have seen a
difference between vicinal and on-axis Si(100). Our 4'-off
Si(100) sample increases the overall step area by at least a
factor of 3, and this could easily be seen as an increase in
the In S1 site. Since we did not this would imply that In
is bonding to defect sites. A typical clean Si(100)-(2X 1)
is covered with around 10% defect sites, and this fits
nicely with the 0.1-ML In S1 sites left on the surface.
It is interesting to note that, in Fig. 5, In prefers to bond
to these defects rather than agglomerating with other
mobile In adatoms, as shown by the "filling in" of the S1
site before clumping together into the S2 site.

Another curious phenomenon in Fig. 3 seems to be the
continual, slow decline of the In S1 site from its value at
1 ML Sb to 5 ML Sb. The results in Figs. 8—10 continue
in the above-mentioned trend. After initially exposing
the surface to 40 ML Sb, Fig. 8 shows that any In then
deposited mostly clumps together; this should be com-
pared with Fig. 5. The intensity ratio of the In S1 site, in
Fig. 10, is now down to just a few percent of a mono-
layer. We know Sb saturates at 1 ML, and so how could
the excess Sb affect those defect sites that could bond to
In? One possible explanation is that the sticking proba-
bility, for the defect sites, is much lower for Sb than it is
for In. However, with continual pounding of the surface
with Sb, the defect sites are eventually saturated.

As a comparison to our results for InSb on Si(100),
there are some similarities and differences to GaAs on
Si(100). The deposition order, like GaAs, does not matter
with As always diffusing to the surface and forming As-Si

bonds with probably 20% of the surface covered with
Ga-Si bonds. ' One theoretical model predicts that the
Si atoms at a double-layer step (DLS) are replaced by Ga
atoms, creating pairs of fourfold-coordinated Ga and As
atoms, which begin the nucleation of the GaAs islands.
It could be that these 20%%uo of Ga atoms bonded to Si are
these very DLS Ga atoms. Anyway, for GaAs island
growth most of the Ga, instead of clumping together like
In, tends to bond to As. The energetics of these GaAs is-
land formations are thought to be driven by this stability
of the underlying As- or GaAs-terminating layer. Since
As forms a stable (2 X 1) reconstruction on Si and Sb does
not (within our temperature range), ' ' the In atoms
might tend to clump together rather than form covalent
bonds with the underlying disordered Sb layer. This ini-
tial clumping together of In at the surface has conse-
quences for the growth of InSb on Si(100), as we shall dis-
cuss in the next section.

B. Higher coverages

Our Si substrates were held at temperatures from
300'C to 520'C during growths between 50 and 600 ML
of InSb. The Sb/In flux ratio was varied between 2 and 5.
The final InSb coverage values quoted below refer to the
amount of In evaporated. The deposition rate of Sb was
held at around 0.5 A/s. Both In and Sb prelayers of a
few monolayers were used to initiate growth. HEED was
used during deposition to monitor the long-range order
of these thicker growths. After the Sb shutter was
opened, HEED showed a pattern change to a (1X1).
Thereafter, the background slowly increased and the
(1 X 1) diffraction spots slowly decreased until only back-
ground was left. In all of our trials, no ordered InSb
growth was ever observed with HEED, and in each case,
except for the lowest-temperature growth where the film
was shiny, a dull metallic film covered our Si substrate.

For the spectra in Figs 11—13, the relative Auger in-
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FIG. 11. Auger spectra showing (a) clean Si(100), (b)
Si(100)+1 ML In deposited at 410'C, and (c) Si(100)+1 ML Sb
deposited at 410'C.
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FIG. 12. Auger spectra of Si(100)+50 ML InSb for various
deposition temperatures, as indicated.

tensities are plotted as a function of the Auger kinetic en-
ergies. The major Auger peak energy for the Si I.MM
transitions and the In and Sb MAN transitions are at 92,
404, and 454 eV, respectively. The intensities for
different spectra can be directly compared. Figure 11
shows the spectra for clean Si and Si covered by one
monolayer of In and Sb deposited at 410'C.

Figure 12 presents the Auger spectra for coverages of
50 ML InSb. The InSb was coevaporated onto substrates
he1d at various temperatures between 300'C and 520'C,
as indicated. The most striking feature of a11 the spectra
is the continued appearance of the Si Auger signal, which
shows that the growth is certainly not ideal. Spectra (b)
and (c) of Fig. 12 tell us that the Auger signal corre-

sponds to only about a monolayer of Sb. From our low-
coverage results presented above, we know that Sb bonds
to the Si surface, causing the In to clump together. The
In Auger signal is therefore due to these metallic islands.
For a uniform 50-ML In film, the In Auger signal should
be -5—10 times as intense as a uniform 1-ML film based
on an escape-depth consideration. Since the In signal
strength is only about the same as that for a 1-ML film,
we conclude that the In islands cover only —10-20% of
the surface area. In spectrum (d) of Fig. 12, only the Sb
signal is seen and is due to the reduced sticking probabili-
ty of In in this temperature range '.For spectrum (a) of
Fig. 12, the In and Sb signals are stronger, with a dimin-
ished Si peak. We will have more to say about this low-
temperature growth phase.

Figure 13 shows similar results, except that we deposit-
ed 400 Ml. of InSb. Spectra (b) —(d) of Fig. 13 are very
similar and show the continued three-dimensional growth
of In on top of a monolayer of Sb. If these islands were
due to InSb and not just In, then we would expect both
the In and Sb signal to increase in a similar way from the
50—400-ML exposures. Since only the In signal in-
creases, we conclude that these islands are just due to In.
Spectrum (a) of Fig. 13 shows a much thicker "InSb"
layer. The escape depth for the Auger electrons is
around 10—30 A, and so the film is at 1east several times
that thick since no Si signal is observed. X-ray
diffraction was performed on this film, and the results are
shown in Fig. 14. The d values, and the corresponding
element or compound for these peaks, are presented in
Table I. We find that the sample has some polycrystal-
line InSb, but is overwhelmingly made up of Sb polycrys-
ta1s. This explains why the Sb si.gnal was large in the
Auger spectrum (a) in Fig. 13. Also, since some InSb was

Si(100) + 400 M Insb

(a) 300 C

C7
La

(c)

350'C

410 C

C
C7

~~
O
U
L

520 C

I

50

I I I I I

150 250 350 450 550

Kinetic Energy (eV)

FIG. 13. Auger spectra of Si(100}+400 ML InSb for various
deposition temperatures, as indicated.

I I I I T I

20 25 30 35 40 45 50 55 60 65
28 (deg)

FIG. 14. X-ray-diffraction data of Si(100)+400 ML InSb
grown at 300 C. The difFraction intensity is shown as a function
of 28. No peaks were found below 20, while from 65 to 75 the
Si(400} peak obscures any other useful data. Peaks are labeled
with letters from 3 —I..
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Peak

A

B
C
D
E
F
6
H
I
J
K
L

'At 2Ea.
Due to EP.

28 (deg)

23.87
28.85
33.08
39.50
40.24
42.30
47.41
48.68
52.04
59.91
61.78
63.36

d (A)

3.73
3.10
2.71
2.28
2.24
2.14
1.92
1.87
1.77
1.55
1 ~ 50
1.47

Material

InSb
Sb
Si

InSb
Sb
Sb
Sb
Sb
Sb
Sb
Si
Sb

hkl

ill
012
400'
110
104
110
015
006
202
024
400'
107

TABLE I. From Fig. 14, the d values for each peak were

determined from the 28 values and Bragg's law. The uncertain-

ty in the d value, due to the uncertainty in the peak position, is

+0.015 A. The material was determined from a comparison of
the d values with InSb and Sb powder diffraction data.

IV. CONCLUSION

%'e analyzed the initial interface formation between
InSb and Si(100). It was found that Sb preferentially
bonds to Si, displacing the chemisorbed In atoms and
causing it to agglomerate with itself. The remaining In
on the Sb-terminated surface, which did not form metal-
lic islands, were thought to be bound to defect sites on
the Si surface. Ordered InSb films up to 600 ML thick, in
the temperature range between 350'C and 520'C, could
not be grown on the Si(100) surface because of the inter-
facial interactions, which induce In to form metallic is-
lands on a Sb-terminated, disordered (1X1) surface.
Below 350'C, a slight amount of InSb is present, but
mostly bulk Sb polycrystals are formed. It might be that
with a judicious choice of temperature and a Sb/In fiux
ratio, quality InSb films could be grown, but the growth
is certainly much more di5cult than for the GaAs-on-Si
system.

formed, the increase in the In signal is explained. We
also tried growing more InSb at 410'C on top of this
film —however, HEED did not show any ordered InSb
growth.

As we mentioned previously, high-quality InSb films

can be grown on InSb(100), CdTe(100), etc. , in the tem-
perature range we investigated. In addition to the
above-mentioned experiments, we also tried growing InSb
on disordered and oxygenated Si(100) surfaces as well as
growing InSb prelayers at room temperature before
higher-temperature growths. Needless to say, we were
not able to grow ordered InSb films on Si(100) for any ex-
posures up to 600 ML of coevaporated InSb. This is not
to say that, by depositing much larger quantities of InSb
on Si(100), ordered films would not eventually grow.
Other workers have indeed grown InSb on Si(100) for
coverages of 3.2 pm at 410'C.
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