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Atomic placement of Al on the GaAsˆ001‰ c„434… reconstruction determined
by angle-resolved secondary-ion mass spectrometry

Stephen H. Goss,* Gregory L. Fisher, Prasad B. S. Kodali,† Barbara J. Garrison, and Nicholas Winograd
Department of Chemistry, The Pennsylvania State University, University Park, Pennsylvania 16802

~Received 14 July 1998!

The atomic structure of the initial Al/GaAs$001% c(434) interface has been examined by angle-resolved
secondary-ion mass spectrometry. We find that Al atoms adsorb to second layer As atoms and do not disrupt
the surface reconstruction up to 1.0 ML of deposited Al when preparedin situ via molecular beam epitaxy. The
Al atoms are found not to adsorb to first layer As atoms and do not dimerize on this surface. The structure is
determined by comparing angular distributions of Al1 and Ga1 ions to molecular-dynamics simulations of the
ion bombardment event.@S0163-1829~99!03716-9#
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I. INTRODUCTION

Identifying the structure of reconstructed GaAs$001% sur-
faces has been pursued for years1–3 due to its importance a
a material for use in high-speed electronics, lasers,
photodetectors.4–8 Paramount to realizing the use of GaAs
a standard semiconductor in such applications is the tas
relating surface and interface structure to the affected e
trical properties. This goal is complicated by the prese
of large surface unit cells with manifold atomic structur
and compositions. Indeed, slight variations in molecu
beam epitaxy~MBE! growth conditions, or decapping o
As-capped surfaces forex situanalysis, have a pronounce
effect on surface reconstruction and morphology. Th
entanglements, together with the complex reactivity
GaAs with metals and other semiconductors, have m
structural analysis difficult and have limited design
metal-semiconductor interfaces with prescribed electr
properties.9–12

For clarity, a brief overview is given here to substantia
the clean, reconstructed GaAs$001% surface, upon which we
have deposited Al, employed during ourin situ experimental
studies. Most research on GaAs$001% surfaces has focuse
on the (234) reconstruction,13–20 but a large body of infor-
mation regarding thec(434) reconstruction has been gat
ered as well.13–17,21–25Studies on thec(434) reconstruction
reveal that the surface is composed of dimers bound in
^011& direction with a bond length of 2.6960.10 Å.22,23 It is
generally accepted that the GaAs$001% c(434) reconstruc-
tion is terminated with two layers of As with the top lay
containing As dimers and the second layer containing a
layer of As,13–16,21–25although one study suggests that t
second layer is composed of a mixture of Ga and As.17 A
layer-compressed diagram of thec(434) reconstruction is
shown in Fig. 1. As indicated by the figure, there is so
disagreement within the literature on the number of surf
dimers present. We have determined, using reflection h
energy electron diffraction~RHEED! and secondary-ion
mass spectrometry~SIMS!, that our MBE growth procedure
consistently yields a two-dimerc(434) reconstruction for
subsequent use in Al deposition experiments.25

Metal deposition on semiconductor surfaces represen
PRB 590163-1829/99/59~16!/10662~8!/$15.00
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major thrust in current research, much of which has focu
on the structure-property relationships of Al/GaAs. A key
understanding these relationships is the interfacial bond
that occurs between deposited Al and the GaAs surfa
Studies conducted on Ga-rich GaAs$001% surfaces show Al
to react with GaAs disrupting the surface, while on As-ri
surfaces there appears to be no interfacial disruption.26,27

Upon initial deposition of Al@<1 monolayer~ML !# onto
As-rich surfaces, metal islands are observed to form in
dimer rows28 followed by three-dimensional nucleation
approximately 3 ML of deposited Al.26 As the deposition
progresses, Al nucleation results in formation of~001! and
mixed ~001!/~011! crystallites.26,28–32At thick Al coverages
the ~001! and ~011! domains are observed to coalesce for
ing single-crystal Al~001!. It has also been reported that hig
rates of deposition result almost exclusively in Al~001!
nucleation.30–32 Hence, there are both kinetic and thermod
namic components to Al nucleation on GaAs$001% surfaces
before the thermodynamically favored single-crystal grow
of Al ~001! dominates.26,28–31,33,34

In spite of this wealth of data, a comprehensive mode
Al nucleation on GaAs$001% has not yet been reported. Thi
presumably, is due to a lack of detailed information rega
ing Al/GaAs$001% interfacial bonding, and is exacerbated b
a wide range of preparative techniques that incorporate v
ing degrees of~001! and ~011! domains via defects.26,28–32

Recently, though, theoretical studies have been employe
investigate interfacial Al~001!/GaAs $001% bonding as a
means of developing a model to predict Schottky barr
characteristics.33,34 It was reported that the lowest-energ
state is an abrupt interface, incorporating a four atomic-la
relaxation region, where Al forms short, covalent bonds
As. The predicted Schottky barrier heights, based on
model, are in excellent agreement with those determined
experiment.

We report here Al/GaAs$001% c(434) interfacial bond-
ing of the type predicted by theory.33,34 Using SIMS, we
have measured the angular distributions of desorbed1

and Ga1 ions. These distributions, in conjunction wit
molecular-dynamics~MD! simulations, lead to the identifi
cation of desorption mechanisms and reveal how these
sorption mechanisms change with the addition of Al overla
10 662 ©1999 The American Physical Society
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PRB 59 10 663ATOMIC PLACEMENT OF Al ON THE GaAs$001% c . . .
ers. By identifying the desorption mechanisms that give r
to peaks in the distribution, and tracking those peaks w
each Al deposition, we can qualitatively identify the atom
position of adsorbed overlayers. The adsorption site for
deposited onto GaAs$001% c(434) at a coverage of 0.33
ML is found to be at about the same height as the first-la
As dimers, bound to second-layer As atoms. Upon dep
tion of 1.0 ML, Al maintains adsorption sites congruent w
the 0.33 ML adsorption sites and does not disrupt the or
nal GaAs $001% c(434) reconstruction. These results a
consistent with STM,28 RHEED, and Auger26 studies, con-
ducted at low Al coverages~<1 ML!, where deposited Al is
observed to form metal islands in the dimer rows and did
disrupt the initial surface reconstruction.

II. EXPERIMENT

The equipment required to perform these angle-resol
SIMS experiments on GaAs$001% surfaces is inherently
complex35,36 and has been modified significantly since
inception. Samples were prepared in a commercial R

FIG. 1. The proposed surface structure of the GaAs$001% c(4
34) surface. The top view is layer compressed showing the
three layers of atoms. The half-shaded As atoms are only prese
the three-dimer model. The three adsorption sites of Al on
c(434) surface, discussed in this paper, are indicated with squa
Site A is between the dimers at a height of 1.6 Å above the dim
Site B is between the dimers at a height of 0.8 Å above the dim
Site C is at the same height as the As dimers in a bulk epita

position. In each case the side view is along the^011̄& (F590°)
azimuth, and all planes of atoms are shown.
e
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2300 MBE chamber that is lined with liquid N2 shrouds,
evacuated with a 500l /s ion pump, a titanium sublimation
pump, and a 3700l /s cryogenic array pump. The chamber
equipped with a 10 keV RHEED system used to moni
surface conditions and growth ratein situ. A residual gas
analyzer is present to monitor background gas condition

The GaAs$001% samples were prepared from two-inc
intrinsically doped wafers obtained from M/A COM Lase
Diode Inc. and American Xtal Technology. Prior to insertio
into the UHV system, the samples were spin etched wit
10:1:1 solution of H2O, H2O2, and NH4OH for 30 sec, then
rinsed with deionized H2O, dried with N2, and mounted on
Mo blocks with In. After insertion into the ultrahigh vacuum
preparation chamber, samples were degassed at 650 K
h, then inserted into the MBE chamber and degassed at
K under a heavy As flux for 1 h to remove any remaining
surface oxides.

Growth of GaAs films was performed at a temperature
880 K with an elemental flux ratio of;5:1 @As4#/@Ga# as
measured by a nude ion gauge. Growth rates of;0.8 mm/h
were measured by RHEED oscillations. 4-mm buffer layers
were grown on new crystals to generate a pristine surf
before Al was deposited and SIMS analysis performed.
additional 0.5-mm layer of GaAs was deposited between e
periments to regenerate the pristine surface. It is known
slight variations in@As4#/@Ga# flux ratio and sample tempera
ture upon termination of growth lead to very different su
face reconstructions.22,25,27To eliminate variations in the sur
face reconstruction a systematic process was develope
grow a reproduciblec(434) reconstruction. Our procedur
was to terminate the Ga flux while the sample was at gro
temperature, then reduce the As flux by a factor of 10
lowering the As cell temperature while simultaneously
ducing the sample temperature to 650 K. At this point t
RHEED pattern indicates ac(434) reconstruction. The sur
face is held at this temperature under As flux for 30 min
ensure thermal equilibrium, then the As flux is terminat
and the sample temperature is reduced to room tempera
This procedure gives a well-definedc(434) RHEED tem-
plate to which subsequent Al layers were added.

Aluminum growth rates were measured by RHEED osc
lations where one oscillation equals 6.2431014atoms/cm2,
which corresponds to one layer of AlAs. The deposition r
of Al was 0.067 ML/s on thec(434) surface. After depo-
sition of 0.33 ML of Al, the RHEED pattern maintained
c(434) periodicity that was slightly attenuated relative
the clean surface. After deposition of 1.0 ML of Al, th
RHEED pattern maintains thec(434) periodicity with no
half-order streaks in either the^011& or ^011̄& directions. The
samples were then transferred under UHV into the anal
chamber where angle-resolved SIMS measurements w
performed.

A full angle-resolved scan is obtained by first setting e
ergy and mass of the ions desired, and collecting an
muthal scan at a desired detector angle. This is repeated
several detector angles. Each azimuthal scan is obtaine
fixing the detector angle (QD) while rotating the azimutha
angle~F! two or three times. The polar angle (Qp) is defined
as the angle between the sample normal and the ray ext
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10 664 PRB 59GOSS, FISHER, KODALI, GARRISON, AND WINOGRAD
ing from the detector to the surface. The value ofF is de-
fined by the angle produced by rotating the sample relativ
a starting reference point~i.e., F50°, 180°, and̂ 011& are
azimuthal equivalents, see Fig. 1!. Multiple azimuthal rota-
tion is used to monitor ion beam damage and provide
convenient method for signal addition. In each of the a
muthal scans, the sample was kept normal to the ion bea
minimize any effects caused by the ion beam interacting w
near-surface atoms in the lattice along a specific direction
the sample is rotated causing preferential desorption in
direction.22 A polar scan is taken by fixingF while moving
the detector relative to the sample. A minimum of three po
scans were taken and added to create an averaged polar
which is used to normalize the set of azimuthal scans fo
given energy.

Ion desorption is generated by a 3 keV beam of Ar1 ion at
;2 nA focused to a 2-mm diameter spot on the crystal. T
total ion dose on the surface never exceeds
31013 ions/cm2 throughout the entire experiment. Only Ga1

and Al1 ions are detected in these experiments due to
low yield of As1 and As2 ions. The only way to obtain a
suitable ion yield for As is to increase the ion current by
factor of 103, which causes too much surface damage a
eliminates any crystal information from the surface. B
maintaining the low primary ion dose, surface structural
tegrity is maintained.

III. EXPERIMENTAL RESULTS AND DISCUSSION

The proposed structure of the GaAs$001% c(434) sur-
face is shown in Fig. 1. This figure shows the preferred str
ture of thec(434) surface determined by STM13,14,21 and
grazing-incidence x-ray diffraction.15,23 The three-dimer sur-
face does fit the bonding requirements for semicondu
surfaces based on the simple electron counting rules, w
the two-dimer surface does not completely fit this mode37

Previous studies suggest that the two-dimerc(434) recon-
struction is the surface produced during these experimen25

The number of dimers on the surface does not affect
number of proposed Al adsorption sites on thec(434) sur-
face for sites A and B, but does affect the number of Al si
for site C. The number of proposed Al adsorption for sites
and B is 0.5 ML, or 3.1331014atoms/cm2. The removal of
one dimer will double the number of Al adsorption sit
from 0.25 to 0.5 ML for site C.

The experimental angular distributions of the 8 eV G1

ions from the cleanc(434) reconstruction, and following
deposition of 0.33 and 1.0 ML of Al, are shown in Fig.
Due to the symmetry of thec(434) surface, we will only
discuss the features betweenF590° and 180° in the experi
mental and theoretical data. Each one of the scans sho
highly anisotropic distribution, typical of Ga1 ions from
GaAs $001% surfaces.35,36 These scans also show how th
Ga1 ion distribution changes with changing Al coverag
The cleanc(434) distribution, shown in Fig. 2~a!, reveals
three peaks in the distribution. The dominant peak is aF
590° and is labeled 1, while the two minor peaks in t
distribution are positioned atF5125° and 180° and are la
beled 2 and 3, respectively. The desorption mechanisms
lead to the formation of these peaks have been detaile
previous papers.22,25,27Briefly, the largest peaks arise by d
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rect collision between fourth-layer As and third-layer G
causing Ga1 ion ejection along the common bond directio
Features at higher polar angles arise from a mix of mec
nisms related to the missing As atoms in the reconstruc
surface.

FIG. 2. The angular distributions of 8 eV Ga1 ions from:~a! the
clean GaAs$001% c(434) surface,~b! 0.33 ML of Al deposited at
room temperature on thec(434) surface, and~c! 1.0 ML of Al
deposited at room temperature on thec(434) surface. The arrows
show the major ejection peaks in the distribution.
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PRB 59 10 665ATOMIC PLACEMENT OF Al ON THE GaAs$001% c . . .
At 0.33 ML of deposited Al the intensity of peak 1 re
mains dominant, the intensity of peak 2 has decrease
zero, and the intensity of peak 3 is diminished significan
as shown in Fig. 2~b!. At 1.0 ML of deposited Al, peaks 2
and 3 are missing and only peak 1 remains in the distri
tion, shown in Fig. 2~c!. This result indicates that the Al i
preferentially adsorbing to sites that would not attenu
peaks 1, 2, and 3 equally.

The angular distributions of 8 eV Al1 ions are shown in
Figs. 3~a! and 3~b!. These figures reveal only a single peak
each of the distributions. These peaks are very different fr
angular distributions of diamond-lattice crystals in that th
are very wide azimuthally. Typically, narrow peaks ha
been observed in distributions from semiconductors beca
a major ejection mechanism is nearest-neighbor collis
along the bond direction.25,36Broader distributions have bee
observed more frequently for metal systems in which
collision cascade is not dominated by such highly directio
motion.38–40The wide Al1 distribution in Figs. 3~a! and 3~b!
indicates that directional focussing is not taking place a
therefore, Al is most likely adsorbing on the surface and
not incorporated into the bulk. In Fig. 3~c! the angular dis-
tribution of 12 eV Al1 ions reveals two different peaks. Th
position of the major peak, labeled 1, is atF590° and the
position of the secondary peak, labeled 2, is atF5115°.
When the Al coverage is increased from 0.33 to 1.0 ML
angular distribution does not change significantly, as
served in the distributions of Figs. 3~a! and 3~b!. This result
indicates that Al adsorption above 0.33 ML coverage is si
lar to adsorption below 0.33 ML.

The polar scans, atF590°, of Al1 ions at 0.33 ML cov-
erage on thec(434) reconstruction at different energies a
shown in Fig. 4. At the highest energy, 12 eV, the po
distribution peaks at 45° and is relatively narrow. For 8-
ejection the peak is at 50°, while 4-eV ejection peaks at
and is significantly broader. This trend of shifting polar ang
with energy is indicative of the ejected particle being dra
towards the surface by an attractive interaction.41,42

Changes in the Al1 ion polar distributions versus Al cov
erage are shown in Fig. 5~a!. Both Al1 ion polar scans have
a maximum at a polar angle of 50°, but the distribution
0.33 ML Al coverage has a greater intensity at high po
angles while the distribution at 1.0 ML Al coverage h
greater intensity at low polar angles. This intensity shift
low polar angles with an increase in Al coverage sugge
that additional Al binds close to the initial Al site yielding
metal-like distribution.

The 8 eV Ga1 ion signal in the polar scans, shown in Fi
5~b!, reveals a maximum at 50° for the clean surface t
decreases to 45° at 0.33 and 1.0 ML Al coverages. The m
ger peak shift in the Ga1 ion distribution indicates that A
adsorbs to sites on thec(434) surface which do no
strongly influence Ga1 ion desorption. If Al atoms were ad
sorbing in sites A or B, which are in the same plane
desorbing third-layer Ga atoms, the Ga1 ion distribution
would be more focused by the overlying Al atoms resulti
in a more anisotropic Ga1 ion distribution. Since Al adsorp
tion only slightly influences the Ga1 ion distribution, it is
likely that Al adsorbs to site C, which is not in the desorpti
plane of third-layer Ga atoms.
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IV. THEORETICAL RESULTS AND DISCUSSION

Molecular dynamics simulations of the keV bombardme
process are useful in determining desorption mechani

FIG. 3. ~a! The 8 eV Al1 ion angular distribution at 0.33 ML Al
coverage.~b! The 8 eV Al1 ion angular distribution at 1.0 ML Al
coverage.~c! The 12 eV Al1 ion angular distribution at 0.33 ML Al
coverage.
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10 666 PRB 59GOSS, FISHER, KODALI, GARRISON, AND WINOGRAD
from crystalline solids.38,41,43 In particular, detailed mecha
nistic study has shown that atoms in a diamond lattice e
via two primary mechanisms. First, the closest atom in
layer just below the surface layer may cause desorption
nearest-neighbor collision (D1 mechanism!. Second, an atom
from three layers below the surface layer may move un
peded through the crystal lattice and cause desorption
first-layer atom (D3 mechanism!. The computational proce
dure is presented elsewhere and the interested reader s
refer to those papers for a more complete overview of
MD calculations performed.38,42,44

MD calculations with a Si potential energy surface~PES!
were used in this paper to identify desorption mechanis
and to relate the angular distributions to the Al adsorpt
sites on the surface. It has been shown in previous stu
that the Si PES adequately, though only qualitatively,
scribes the angular distributions of GaAs and Al/GaAs s
tems because the desorption mechanisms are more depe
on atomic positions than on mass or chemical environme
of the atoms in the lattice.25,27,35,36,41,45

Three different Al adsorption sites on thec(434) recon-
struction, shown in Fig. 1, were modeled with MD calcul
tions using a Si$001% c(434) reconstruction to identify de
sorption patterns of adsorbate and surface atoms. The re
these three sites were chosen as proposed Al adsorption
for the c(434) reconstruction is that these sites have hig
electron density from lone pairs of electrons on the surf
As atoms. The two different heights above the surface
sites A and B were chosen for two reasons: one reason
to match the previous (234) experiments,27 and the second
reason was that thec(434) reconstruction is found to hav
tilted dimers.22 Sites A and B are antiepitaxial growth site
for the c(434) reconstruction. Site C, however, is an ep
taxial growth site for thec(434) reconstruction.

A Si crystal ten layers deep with 256 atoms per layer w
employed for the MD simulations. A layer of 128 atoms w
used to represent the surface reconstruction. A subseq
128 atoms representing the Al adlayer was added to the
tice and placed in position A or B. For position C 256 atom
were used in the top layer. An approximation is needed

FIG. 4. The polar distribution of Al1 ions from thec(434)
surface at 0.33 ML Al coverage. The figure shows how the dis
bution changes with desorption energy. The intensity atQp590° is
zero.
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describe the desorption results from site C since adsorbe
atoms and first-layer As atoms are equiplanar. Such a c
struct was achieved by subtracting the angular distribut
intensity of the Al-free surface from that of the surface w
the Al adlayer atoms. The presence of adatoms alters
path of first-layer atoms from their clean-surface desorpt
trajectories introducing some error. Previous papers, h
ever, have shown that these errors are small.41

The MD results for Al desorption from sites A and B a
shown in Figs. 6~a! and 6~b!, respectively, for kinetic ener
gies of 3–10 eV. Both of these angular distributions indic
that the dominant peak is atF5180°. The angular distribu-
tion in Fig. 6~a! has a wider azimuthal distribution than th
distribution in Fig. 6~b!, but both sets of results are qualita
tively similar. The formation of the peaks atF5180° is
caused by first-layer As striking an Al atom along the co
mon bond (D1 mechanism! ejecting the Al atom in that di-
rection. Both of these scans are different from the exp
mental results shown in Fig. 3, which yield a dominant pe
at F590°.

The MD angular distributions of Al adsorbed in site C a

FIG. 5. ~a! The polar distribution of Al1 ions from the clean
c(434) surface, and following deposition of 0.33 ML and 1.0 M
of Al. ~b! The polar distribution of Ga1 ions from the cleanc(4
34) surface, and following deposition of 0.33 ML and 1.0 ML o
Al. The polar distributions show how adsorption of Al influenc
the Ga1 and Al1 ion distributions. Intensities atQp590° are zero.
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PRB 59 10 667ATOMIC PLACEMENT OF Al ON THE GaAs$001% c . . .
shown in Figs. 7~a! and 7~b! for 0–10 and 10–20 eV par-
ticles, respectively. Both of these distributions are charact
ized by a dominant peak atF590°, formed by second-layer
As striking an Al atom along the common bond (D1 mecha-
nism! ejecting the Al atom in that direction. These distribu
tions also illustrate that the polar angle shifts to lower valu
as the desorption kinetic energy increases. This peak shif
due to an attractive surface potential at low desorption en
gies. The same shift was observed for the experimental
sults, as shown in Fig. 5~a!. The Al atom distribution shown
in Fig. 7~b! for the 10–20 eV desorption energy is charac
terized by a broad peak in the azimuthal distribution. Th
peak is actually composed of three peaks, one atF590°,
and two lesser peaks atF570° and 110°. These results are

FIG. 6. ~a! The theoretical angular distribution of Al1 ions from
site A. ~b! The theoretical angular distribution of Al1 ions from site
B. The energy range of each scan is 3–10 eV.
r-

s
is
r-
e-

-
s

qualitatively similar to the experimental results shown in F
3.

By comparing the experimental angular distributions
MD simulation distributions, we have deduced the mo
likely initial adsorption site for Al deposited onto the GaA
$001% c(434) reconstruction to be an epitaxial site in th
lattice where Al is bound to As in the second layer~site C in
Fig. 1!. The adsorption site for Al on thec(434) surface is
different from the adsorption site for Al on the GaAs$001%
(234) surface.27 For the GaAs$001% (234) surface, Al
adsorption was determined to be between the rows of
dimers at a height of 0.7960.1 Å above the surface dimers
This difference in Al adsorption sites is due to the electr
lone-pair configuration between the (234) andc(434) re-

FIG. 7. ~a! The theoretical angular distribution of 0–10 eV Al1

ions from site C.~b! The theoretical angular distribution of 10–2
eV Al1 ions from site C.



on

ai

he
f-

ds
be
rs

L
r

,

it
t

h
he
m
a

ia
m
ye
ce
e

ia

ad-
-
As

As
he
ted
wo
he
nly
t
nds
nds
the

i,

ed

his
s,

itial
pe
of
-
on

lec-

the
da-

10 668 PRB 59GOSS, FISHER, KODALI, GARRISON, AND WINOGRAD
constructions. The electron configuration of the (234) re-
construction is such that there are only lone pairs of electr
on the surface As atoms along the^011̄& azimuth. Thus, Al
can only adsorb to those lone-pair sites. Thec(434) recon-
struction has an electron configuration that allows lone p
of electrons in both the first and second layers.19 The lone
pairs from the second-layer As in thec(434) reconstruction
are pointing along thê011̄& (F590°) azimuth while lone
pairs from the first-layer As dimers are pointing along t
^011& (F5180°) azimuth. One reason why Al atoms pre
erentially adsorb to the lone pairs along the^011̄& (F
590°) azimuth is that Al would prefer to form strong bon
with As. To form a strong bond the Al atom needs to
positioned relatively close to its As neighbor, which favo
bonding with As lone pairs that lie in thê011̄& (F590°)
direction.

Comparison of the 0.33 ML coverage state to the 1.0 M
coverage state shows that Al is not adsorbing to sites A o
after site C are filled because there is no Al1 ion desorption
observed along theF5180° direction at 1.0 ML coverage
as shown in Fig. 3~b!. The similarity of Figs. 3~a! and 3~b!
suggests that Al deposited above 0.33 ML adsorbs to s
congruent to site C in the rows of As dimers and begins
cluster forming Al metal islands. A possible reason why t
Al does not bond to sites A or B may be related to t
antiepitaxial nature of these sites. The third-layer Ga ato
induce a partial negative charge in the second-layer As
oms. If Al atoms were to adsorb to sites A or B, a part
negative charge would be induced in the first-layer As ato
This would produce two partial negative charges one la
apart, resulting in simple Coulomb repulsion. More advan
computer simulations of Al metal growth on GaAs surfac
are awaiting the development of an improved potent
energy surface to follow up this study.
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V. CONCLUSION

The essential structure of the Al/GaAs$100% c(434) in-
terface formed at room temperature is proposed. The Al
sorption site on thec(434) surface is found to be in epitax
ial sites bound to second-layer As atoms, not first-layer
dimers. This is in contrast to Al adsorption on the Ga
$100% (234) surface where Al was found to adsorb to t
first-layer As dimers. The reason for this difference is rela
to the electron lone-pair configuration differences of the t
surfaces. The (234) surface has electron lone pairs in t
troughs between the rows of As dimers, thus Al can o
bind to those sites. Thec(434) surface has two differen
positions for electron lone pairs on the surface and Al bo
to only one type—those that produce short, strong bo
with the surface. This experimental observation supports
theoretical model of Berthod, Binggeli, and Balderesch33

and Dandrea and Duke.34 After the epitaxial sites are filled
Al is not observed to bind to first-layer As. This is support
by RHEED observations in which a 43 periodicity was
maintained throughout the deposition regime studied. T
result, in combination with the SIMS angular distribution
suggests that deposited Al forms islands on top of the in
Al adsorption sites at coverages below 1.0 ML. It is our ho
that the experimentally determined interfacial structure
Al/GaAs $001% c(434) presented here will aid further de
velopment of models to describe nucleation of metals
GaAs surfaces and more precisely predict Al/GaAs e
tronic characteristics.
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