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Atomic placement of Al on the GaAs{001} c(4x 4) reconstruction determined
by angle-resolved secondary-ion mass spectrometry
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The atomic structure of the initial Al/GaA®01} c(4X 4) 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 preparsitu 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 Aind G4 ions to molecular-dynamics simulations of the
ion bombardment eventS0163-18209)03716-9

I. INTRODUCTION major thrust in current research, much of which has focused
on the structure-property relationships of Al/GaAs. A key to
Identifying the structure of reconstructed Gaf@91} sur-  understanding these relationships is the interfacial bonding
faces has been pursued for yéarsiue to its importance as that occurs between deposited Al and the GaAs surface.
a material for use in high-speed electronics, lasers, an8tudies conducted on Ga-rich Gafd1} surfaces show Al
photodetector-® Paramount to realizing the use of GaAs asto react with GaAs disrupting the surface, while on As-rich
a standard semiconductor in such applications is the task afurfaces there appears to be no interfacial disrugfidh.
relating surface and interface structure to the affected eledJpon initial deposition of Al[<1 monolayer(ML)] onto
trical properties. This goal is complicated by the presencés-rich surfaces, metal islands are observed to form in the
of large surface unit cells with manifold atomic structuresdimer row$® followed by three-dimensional nucleation at
and compositions. Indeed, slight variations in molecularapproximately 3 ML of deposited Af As the deposition
beam epitaxy(MBE) growth conditions, or decapping of progresses, Al nucleation results in formation(661) and
As-capped surfaces f@x situanalysis, have a pronounced mixed (001)/(011) crystallites?®28-32At thick Al coverages
effect on surface reconstruction and morphology. Thes¢he (001) and(011) domains are observed to coalesce form-
entanglements, together with the complex reactivity ofing single-crystal Al001). It has also been reported that high
GaAs with metals and other semiconductors, have madeates of deposition result almost exclusively in (@01
structural analysis difficult and have limited design of nucleatior?®~3?Hence, there are both kinetic and thermody-
metal-semiconductor interfaces with prescribed electricahamic components to Al nucleation on Gaf01} surfaces
properties 12 before the thermodynamically favored single-crystal growth
For clarity, a brief overview is given here to substantiateof Al(001) dominateg?-28-31.33.34
the clean, reconstructed Gaf@01} surface, upon which we In spite of this wealth of data, a comprehensive model of
have deposited Al, employed during darsitu experimental Al nucleation on GaA$001} has not yet been reported. This,
studies. Most research on Gaf801} surfaces has focused presumably, is due to a lack of detailed information regard-
on the (2<4) reconstructiod?~?°but a large body of infor-  ing Al/GaAs{001} interfacial bonding, and is exacerbated by
mation regarding the(4x 4) reconstruction has been gath- a wide range of preparative techniques that incorporate vary-
ered as welt3~1"21=2Studies on the(4x 4) reconstruction  ing degrees of001) and (011) domains via defect®:28-32
reveal that the surface is composed of dimers bound in thRecently, though, theoretical studies have been employed to
(011) direction with a bond length of 2.690.10 A?>2%|tis  investigate interfacial ADO1)/GaAs {001} bonding as a
generally accepted that the Gaf301} c(4X4) reconstruc- means of developing a model to predict Schottky barrier
tion is terminated with two layers of As with the top layer characteristicd>34 It was reported that the lowest-energy
containing As dimers and the second layer containing a fulktate is an abrupt interface, incorporating a four atomic-layer
layer of As1®-1621-2531though one study suggests that therelaxation region, where Al forms short, covalent bonds to
second layer is composed of a mixture of Ga and'’A8.  As. The predicted Schottky barrier heights, based on this
layer-compressed diagram of tle¢4 X 4) reconstruction is model, are in excellent agreement with those determined by
shown in Fig. 1. As indicated by the figure, there is someexperiment.
disagreement within the literature on the number of surface We report here Al/GaA$001 c(4x 4) interfacial bond-
dimers present. We have determined, using reflection highing of the type predicted by theofy* Using SIMS, we
energy electron diffraction(RHEED) and secondary-ion have measured the angular distributions of desorbed Al
mass spectrometr§GIMS), that our MBE growth procedure and G& ions. These distributions, in conjunction with
consistently yields a two-dimez(4x4) reconstruction for molecular-dynamic§MD) simulations, lead to the identifi-
subsequent use in Al deposition experimétts. cation of desorption mechanisms and reveal how these de-
Metal deposition on semiconductor surfaces represents sorption mechanisms change with the addition of Al overlay-
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2300 MBE chamber that is lined with liquid ,Nshrouds,
evacuated with a 500's ion pump, a titanium sublimation
pump, and a 3700's cryogenic array pump. The chamber is
equipped with a 10 keV RHEED system used to monitor
surface conditions and growth raie situ. A residual gas
analyzer is present to monitor background gas conditions.
The GaAs{001} samples were prepared from two-inch
intrinsically doped wafers obtained from M/A COM Laser
Diode Inc. and American Xtal Technology. Prior to insertion
into the UHV system, the samples were spin etched with a
10:1:1 solution of HO, H,0,, and NH,OH for 30 sec, then
rinsed with deionized KO, dried with N, and mounted on
Mo blocks with In. After insertion into the ultrahigh vacuum

TOP
VIEW

plane of view
shown below

0 Azimuth
{011} direction

SIDE preparation chamber, samples were degassed at 650 K for 3
VIEW h, then inserted into the MBE chamber and degassed at 900
K under a heavy As flux fol h to remove any remaining
surface oxides.
o o O e o 0 Growth of GaAs films was performed at a temperature of

O © & @ o 880 K with an elemental flux ratio of-5:1 [As,]/[Ga] as
® & & ® @ ® & & @& & measured by a nude ion gauge. Growth rates-0f8 um/h
? e o were measured by RHEED oscillationsu#n buffer layers

were grown on new crystals to generate a pristine surface
before Al was deposited and SIMS analysis performed. An
additional 0.5um layer of GaAs was deposited between ex-
periments to regenerate the pristine surface. It is known that
i slight variations i As,}/[ Ga] flux ratio and sample tempera-

©  Second layer arsenic & Third layer gallium ture upon termination of growth lead to very different sur-
—  Surface unit cell face reconstruction€:2>?’To eliminate variations in the sur-
face reconstruction a systematic process was developed to

X 4) surface. The top view is layer compressed showing the firs@fOW @ reprpdu0|ble:(4><4) recqnstructlon. Our procedure
three layers of atoms. The half-shaded As atoms are only present Was to terminate the Ga flux while the sample was at growth
the three-dimer model. The three adsorption sites of Al on thdemperature, then reduce the As flux by a factor of 10 by
c(4x4) surface, discussed in this paper, are indicated with squareowering the As cell temperature while simultaneously re-
Site A is between the dimers at a height of 1.6 A above the dimersducing the sample temperature to 650 K. At this point the
Site B is between the dimers at a height of 0.8 A above the dimersRHEED pattern indicates @4 X 4) reconstruction. The sur-
Site C is at the same height as the As dimers in a bulk epitaxiaface is held at this temperature under As flux for 30 min to
position. In each case the side view is along ¢b&1) (®=90°) ensure thermal equilibrium, then the As flux is terminated
azimuth, and all planes of atoms are shown. and the sample temperature is reduced to room temperature.
) o _ ] __ This procedure gives a well-defined4x4) RHEED tem-
ers. By identifying the desorption mechanisms that give risg)|ate 1o which subsequent Al layers were added.
to peaks in the distribution, and tracking those peaks with  Ajyminum growth rates were measured by RHEED oscil-
eac.h. Al deposition, we can qualitatively |dent|fy th? atomiC 4ions where one oscillation equals 6:240'*atoms/cr,
position of adsorbed overlayers. The adsorption site for A hich corresponds to one layer of AlAs. The deposition rate

deposited onto GaAf001} c(4x4) at a coverage of 0.33 of Al was 0.067 ML/s on thec(4X4) surface. After depo-

ML IS found to be at about the same height as the f'rSt'Iayegition of 0.33 ML of Al, the RHEED pattern maintained a
As dimers, bound to second-layer As atoms. Upon deposi-

tion of 1.0 ML, Al maintains adsorption sites congruent with c(4x4) periodicity that was slightly attenuated relative to

the 0.33 ML adsorption sites and does not disrupt the origi-the clean surface. After deposition of 1.0 ML of Al, the

nal GaAs{00L c(4x4) reconstruction. These results are RHEED pattern m_amFams the(4x4) pe_rloc_iluty with no
consistent with STM® RHEED, and Augé¥ studies, con- half-order streaks in either t@11) or (011) directions. The
ducted at low Al coverages<1 ML), where deposited Al s Samples were then transferred under UHV into the analysis
observed to form metal islands in the dimer rows and did nofh@mber where angle-resolved SIMS measurements were

disrupt the initial surface reconstruction. performed. _ ) ] )
A full angle-resolved scan is obtained by first setting en-

ergy and mass of the ions desired, and collecting an azi-
muthal scan at a desired detector angle. This is repeated for
The equipment required to perform these angle-resolvedeveral detector angles. Each azimuthal scan is obtained by
SIMS experiments on GaA§001} surfaces is inherently fixing the detector angle) while rotating the azimuthal
complex®?® and has been modified significantly since its angle(®) two or three times. The polar angl®() is defined
inception. Samples were prepared in a commercial Ribeas the angle between the sample normal and the ray extend-

® ® & 6 e
& & & & @&

C] Proposed Al adsorption sites @@  First layer arsenic

FIG. 1. The proposed surface structure of the G&G1} c(4

Il. EXPERIMENT
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ing from the detector to the surface. The valuedois de-
fined by the angle produced by rotating the sample relative t
a starting reference poirit.e., ®=0°, 180°, an011) are
azimuthal equivalents, see Fig).. Multiple azimuthal rota-

tion is used to monitor ion beam damage and provides ¢
convenient method for signal addition. In each of the azi-
muthal scans, the sample was kept normal to the ion beam 13
minimize any effects caused by the ion beam interacting Witk§
near-surface atoms in the lattice along a specific direction a5
the sample is rotated causing preferential desorption in the
direction?? A polar scan is taken by fixind while moving

0

I
K .S " i i 7 =
the detector relative to the sample. A minimum of three polat . e %7//////////////} - ””"ga%fﬁ'z'%w%' i {;
scans were taken and added to create an averaged polar sc il - %{W%%%%‘ZI;};{%%W/II/IW < 5
. . . . et S sl A i =

which is used to normalize the set of azimuthal scans for ¢ 1 & %meﬂﬂ”/fl!;;}}}///?wmwfl'ff/’fm%m// ""ﬂ%’"‘%%?g%%%'i,’ﬁ' = 5:;

=

=2

given energy.

lon desorption is generated b 3 keV beam of Af ion at
~2 nA focused to a 2-mm diameter spot on the crystal. The
total ion dose on the surface never exceeds 3 1
X 10*jons/cnt throughout the entire experiment. Only Ga
and Al ions are detected in these experiments due to th
low yield of As* and As ions. The only way to obtain a i
suitable ion yield for As is to increase the ion current by a
factor of 1¢, which causes too much surface damage anc
eliminates any crystal information from the surface. By%

w2

maintaining the low primary ion dose, surface structural in- &
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Ill. EXPERIMENTAL RESULTS AND DISCUSSION %%MWWMW%%%WWWM%% ]
The proposed structure of the Gaf@1 c(4x4) sur- %WWWWWW%%%%WMWWW H 5
face is shown in Fig. 1. This figure shows the preferred struc == ’ H B{;
ture of thec(4x4) surface determined by ST#*?*and . T TEE A
grazing-incidence x-ray diffractiotr:** The three-dimer sur- Azimuthal Angle
face does fit the bonding requirements for semiconducto
surfaces based on the simple electron counting rules, whil 1

the two-dimer surface does not completely fit this model.
Previous studies suggest that the two-dirogtx 4) recon-

S
struction is the surface produced during these experinfénts. // // ‘
The number of dimers on the surface does not affect the ///////,’ /
fnumt}:er qf prcﬁjosdeAlbadzorptio?f site?1 on d(ébx 4)fs:|r- o= //////////”;"‘,‘ / \\
ace for sites A and B, but does affect the number of Al sitesg 0 J X
for site C. The number of proposed Al r%dsorption for sites A § // //////////////:";"//Z;”////,,, / /”/’l"’;""/
and B is 0.5 ML, or 3.1% 10*atoms/cri. The removal of & //////// ///’4///////////////////////////////////////4:“’ /MI//’/////////
15 0.5 ML, val of 2 i ///":"'/,5',5/////”’”/////////
;)ne %wggr w(l)IISdI(\)AuLb]Ice the rgmber of Al adsorption sites ////////////////;%%%%%%M///% ///////’”’///7/%%%%% =2
rom 0.25 to 0. orsiteC. ////WWWWW////WW////WWW )
The experimental angular distributions of the 8 eV*'Ga //////////////////////////////////////////////////// ////////////////////////// 5 *g
ions from the clearc(4X4) reconstruction, and following | 5 5’
i =z 3

deposition of 0.33 and 1.0 ML of Al, are shown in Fig. 2. — &
Due to the symmetry of the(4x4) surface, we will only . °
discuss the features betweér=90° and 180° in the experi- © Azimuthal Angle
meﬂltal ;r:}goi?goilftﬁiltr?bzﬁgéfafh i?:gle g]f tgg if)?]in?rsgows a FIG. 2. The angular distributions of 8 eV Gaons from:(a) the

ghly P 35,36 » P clean GaAg001} c(4x4) surface(b) 0.33 ML of Al deposited at
Gaf\s {00]% sgrfa_ce -~ These §cans als_o show how the room temperature on the(4x4) surface, andc) 1.0 ML of Al
Ga’ ion d'Str'buuon_ Changes with changl_ng Al COVer"’lge'deposited at room temperature on t{d X 4) surface. The arrows
The cleanc(4x4) distribution, shown in Fig. @), reveals  ¢now the major ejection peaks in the distribution.
three peaks in the distribution. The dominant peak iat
=90° and is labeled 1, while the two minor peaks in therect collision between fourth-layer As and third-layer Ga
distribution are positioned ab=125° and 180° and are la- causing G4 ion ejection along the common bond direction.
beled 2 and 3, respectively. The desorption mechanisms th&eatures at higher polar angles arise from a mix of mecha-
lead to the formation of these peaks have been detailed inisms related to the missing As atoms in the reconstructed
previous paper&2>2?Briefly, the largest peaks arise by di- surface.
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At 0.33 ML of deposited Al the intensity of peak 1 re-
mains dominant, the intensity of peak 2 has decreased tc 1
zero, and the intensity of peak 3 is diminished significantly,
as shown in Fig. @). At 1.0 ML of deposited Al, peaks 2
and 3 are missing and only peak 1 remains in the distribu-

=2
T ——‘
=———c=

tion, shown in Fig. &). This result indicates that the Al is 5, / ‘;:“,",
preferentially adsorbing to sites that would not attenuate é ¢ 4l ///}/"!{//’}"%?lell/};}"’///w
pe?ﬁe 1a{nzg’u?:rdd?ster?buu6::gﬁs of 8 eV Alions are shown in g ,//// ////////////// /- - /////,//‘%ﬁ%%%
Figs. 3a) and 3b). These figures reveﬁ\l only a single peak in "/////////Z/é/;}é///////////////%////////// /////////////f/////%///// %W%WWM%W

———
—

each of the distributions. These peaks are very different from //
angular distributions of diamond-lattice crystals in that they ////////////////
are very wide azimuthally. Typically, narrow peaks have

been observed in distributions from semiconductors becaust = S Iz
a major ejection mechanism is nearest-neighbor collision
along the bond directiof?*¢ Broader distributions have been @
observed more frequently for metal systems in which the
collision cascade is not dominated by such highly directional
motion®¥~4°The wide AI" distribution in Figs. &) and 3b)
indicates that directional focussing is not taking place and,
therefore, Al is most likely adsorbing on the surface and is
not incorporated into the bulk. In Fig(® the angular dis-
tribution of 12 eV Al" ions reveals two different peaks. The >
position of the major peak, labeled 1, is&t=90° and the g
position of the secondary peak, labeled 2, istat 115°. 2
When the Al coverage is increased from 0.33 to 1.0 ML the =
angular distribution does not change significantly, as ob-
served in the distributions of Figs(e88 and 3b). This result
indicates that Al adsorption above 0.33 ML coverage is simi-
lar to adsorption below 0.33 ML.

The polar scans, ab=90°, of Al* ions at 0.33 ML cov-
erage on the(4X4) reconstruction at different energies are
shown in Fig. 4. At the highest energy, 12 eV, the polar )
distribution peaks at 45° and is relatively narrow. For 8-eV
ejection the peak is at 50°, while 4-eV ejection peaks at 55°
and is significantly broader. This trend of shifting polar angle
with energy is indicative of the ejected particle being drawn W
towards the surface by an attractive interacibf?

Changes in the Al ion polar distributions versus Al cov-
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erage are shown in Fig(®. Both Al" ion polar scans have o
a maximum at a polar angle of 50°, but the distribution at .5

=

0

0.33 ML A_I coverage .has.a greater intensity at high polar é //////// ///'\ ; ///// /;’/’////
ow polar angles with an increase in Al coverage suggests / A
tmhifllﬂi?(i(teic:jri]:jriﬁhtt)ifrﬁs close to the initial Al sitegyieldi?\g at //Z/{////é//////////////////////////// WM%ZZZZW%%WMWWW

The 8 eV G4 ion signal in the polar scans, shown in Fig.
5(b), reveals a maximum at 50° for the clean surface that ™™
decreases to 45° at 0.33 and 1.0 ML Al coverages. The mea
ger peak shift in the Gaion distribution indicates that Al

. % .
adsorbs to sites on the(4x4) surface which do not FIG. 3. (a) The 8 eV Al" ion angular distribution at 0.33 ML Al

Stror_lgly _Influ_ence Gaion des_orptlon. .If Al atoms were ad- coverage(b) The 8 eV Al ion angular distribution at 1.0 ML Al
sorbing in sites A or B, which are in the same plane as

desorbing third-layer Ga atoms, the Gaon distribution ngz;zgg(d The 12 eV Al"ion angular distribution at 0.33 ML Al
would be more focused by the overlying Al atoms resulting '

in & more anisotropic Gaion distribution. Since Al adsorp- IV. THEORETICAL RESULTS AND DISCUSSION

tion only slightly influences the Gaion distribution, it is

likely that Al adsorbs to site C, which is not in the desorption  Molecular dynamics simulations of the keV bombardment
plane of third-layer Ga atoms. process are useful in determining desorption mechanisms

Azimutha] Angle
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describe the desorption results from site C since adsorbed Al
atoms and first-layer As atoms are equiplanar. Such a con-
struct was achieved by subtracting the angular distribution
intensity of the Al-free surface from that of the surface with
the Al adlayer atoms. The presence of adatoms alters the
path of first-layer atoms from their clean-surface desorption
trajectories introducing some error. Previous papers, how-
ever, have shown that these errors are sffall.

The MD results for Al desorption from sites A and B are
shown in Figs. 6) and &b), respectively, for kinetic ener-
gies of 3—10 eV. Both of these angular distributions indicate
that the dominant peak is dt=180°. The angular distribu-
tion in Fig. 6a) has a wider azimuthal distribution than the
distribution in Fig. &b), but both sets of results are qualita-
tively similar. The formation of the peaks d=180° is
caused by first-layer As striking an Al atom along the com-

FIG. 4. The polar distribution of Al ions from thec(4x4) ~ Mon bond &, mechanismejecting the Al atom in that di-
surface at 0.33 ML Al coverage. The figure shows how the distri-réction. Both of these scans are different from the experi-
bution changes with desorption energy. The intensitp g 90° is ~ mental results shown in Fig. 3, which yield a dominant peak
zero. at ®=90°.

The MD angular distributions of Al adsorbed in site C are

—e— 4eV
--a-- 8eV
-w- 12eV

Intensity

20 30 40 50 60 70 80 90
Polar Angle

from crystalline solid$®4**3In particular, detailed mecha-
nistic study has shown that atoms in a diamond lattice eject
via two primary mechanisms. First, the closest atom in the
layer just below the surface layer may cause desorption via
nearest-neighbor collisiom\; mechanism Second, an atom
from three layers below the surface layer may move unim-
peded through the crystal lattice and cause desorption of a
first-layer atom QA; mechanism The computational proce-
dure is presented elsewhere and the interested reader should
refer to those papers for a more complete overview of the
MD calculations performetf4244

MD calculations with a Si potential energy surfa@ES
were used in this paper to identify desorption mechanisms
and to relate the angular distributions to the Al adsorption
sites on the surface. It has been shown in previous studies
that the Si PES adequately, though only qualitatively, de-

—e— Gd" Clean
-o-- AIT 03 ML Al
—— Al* 1.0 ML Al

Intensity

20 30 40 50 60 70 80 90

scribes the angular distributions of GaAs and Al/GaAs sys- (a)
tems because the desorption mechanisms are more dependent
on atomic positions than on mass or chemical environments
of the atoms in the lattic27:3%:36:4145

Three different Al adsorption sites on tbé4 X 4) recon-
struction, shown in Fig. 1, were modeled with MD calcula-
tions using a S{001} c(4x4) reconstruction to identify de-
sorption patterns of adsorbate and surface atoms. The reason
these three sites were chosen as proposed Al adsorption sites
for the c(4X4) reconstruction is that these sites have high-
electron density from lone pairs of electrons on the surface
As atoms. The two different heights above the surface for
sites A and B were chosen for two reasons: one reason was
to match the previous (24) experiment$! and the second
reason was that the{4 <X 4) reconstruction is found to have
tilted dimers?® Sites A and B are antiepitaxial growth sites
for the c(4X4) reconstruction. Site C, however, is an epi- b)
taxial growth site for thec(4X 4) reconstruction.

Intensity

Polar Angle

. —— Ga? Clean
27X —s+- Ga' 0.3 ML Al
LA -a- Ga* 1.0 ML Al

20 30 40 50 60 70 80 90
Polar Angle

A Si crystal ten layers deep with 256 atoms per layer was |G, 5. (a) The polar distribution of Al ions from the clean
employed for the MD simulations. A layer of 128 atoms wasc(4x 4) surface, and following deposition of 0.33 ML and 1.0 ML
used to represent the surface reconstruction. A subsequesttAl. (b) The polar distribution of Gaions from the clearc(4
128 atoms representing the Al adlayer was added to the lat«4) surface, and following deposition of 0.33 ML and 1.0 ML of
tice and placed in position A or B. For position C 256 atomsAl. The polar distributions show how adsorption of Al influences
were used in the top layer. An approximation is needed tahe Ga and Al" ion distributions. Intensities # ,=90° are zero.
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FIG. 7. (a) The theoretical angular distribution of 0—10 eV'Al
ions from site C.(b) The theoretical angular distribution of 10—20
eV Al* ions from site C.

FIG. 6. (a) The theoretical angular distribution of Aions from
site A. (b) The theoretical angular distribution of Aions from site
B. The energy range of each scan is 3—10 eV.

shown in Figs. 7 and 7b) for 0-10 and 10-20 eV par- qualitatively similar to the experimental results shown in Fig.
ticles, respectively. Both of these distributions are character3.

ized by a dominant peak dt=90°, formed by second-layer By comparing the experimental angular distributions to
As striking an Al atom along the common bondl,( mecha- MD simulation distributions, we have deduced the most
nism) ejecting the Al atom in that direction. These distribu- likely initial adsorption site for Al deposited onto the GaAs
tions also illustrate that the polar angle shifts to lower value§001} c(4X4) reconstruction to be an epitaxial site in the
as the desorption kinetic energy increases. This peak shift igttice where Al is bound to As in the second laysite C in
due to an attractive surface potential at low desorption eneiFig. 1). The adsorption site for Al on the(4 X 4) surface is
gies. The same shift was observed for the experimental redifferent from the adsorption site for Al on the Gaf@01}
sults, as shown in Fig.(8). The Al atom distribution shown (2X4) surface’’ For the GaAs{001} (2x4) surface, Al

in Fig. 7(b) for the 10—20 eV desorption energy is charac-adsorption was determined to be between the rows of As
terized by a broad peak in the azimuthal distribution. Thisdimers at a height of 0.790.1 A above the surface dimers.
peak is actually composed of three peaks, on@at90°,  This difference in Al adsorption sites is due to the electron
and two lesser peaks dt=70° and 110°. These results are lone-pair configuration between the X2) andc(4x4) re-
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constructions. The electron configuration of thex(2) re- V. CONCLUSION

construction is such that there are oﬂy lone pairs of electrons The essential structure of the A/GaAk00 c(4x4) in-

on the surface As atoms along tfi@l1) azimuth. Thus, Al terface formed at room temperature is proposed. The Al ad-
can only adsorb to those lone-pair sites. Tii@x 4) recon-  gorption site on the(4x 4) surface is found to be in epitax-

struction has'an electron _configuration that allows lone pairgy sites bound to second-layer As atoms, not first-layer As
of electrons in both the first and second lay€rghe lone  gimers. This is in contrast to Al adsorption on the GaAs
pairs from the second—la)fr As in tlié4 X 4) reconstruction {100 (2% 4) surface where Al was found to adsorb to the
are pointing along th€011) (®=90°) azimuth while lone first-layer As dimers. The reason for this difference is related
pairs from the first-layer As dimers are pointing along theto the electron lone-pair configuration differences of the two
(011) (®=180°) azimuth. One reason why Al atoms pref- surfaces. The (24) surface has electron lone pairs in the
erentially adsorb to the lone pairs along tk@1l) (®  troughs between the rows of As dimers, thus Al can only
=90°) azimuth is that Al would prefer to form strong bonds bind to those sites. The(4x4) surface has two different
with As. To form a strong bond the Al atom needs to bepositions for electron lone pairs on the surface and Al bonds
positioned relatively close to its As neighbor, which favorsto only one type—those that produce short, strong bonds
bonding with As lone pairs that lie in th(eDlT} (d=90°) with thg surface. This experimental observation supports the
direction. theoretical model of Berthod, Binggeli, and Balderesthi,
Comparison of the 0.33 ML coverage state to the 1.0 MLahd Dandrea and Dulé_sé.After_ the epitaxial sites are filled
coverage state shows that Al is not adsorbing to sites A or B\ IS not observed to bind to first-layer As. This is supported
after site C are filled because there is nd Aén desorption Py RHEED observations in which a4 periodicity was
observed along thé = 180° direction at 1.0 ML coverage, malntal_ned thrqughout the deposition regime s_tu@ed: This
as shown in Fig. ®). The similarity of Figs. &) and 3b) result, in comblnatlo_n with the SIMS angular dlstr|but|_or§,
suggests that Al deposited above 0.33 ML adsorbs to site/g9ests that deposited Al forms islands on top of the initial
congruent to site C in the rows of As dimers and begins td"\| 2dsorption sites at coverages below 1.0 ML. Itis our hope
cluster forming Al metal islands. A possible reason why thethat the experimentally determined mter_fau_al structure of
Al does not bond to sites A or B may be related to the”Al/GaAs {001 c(4x4) presented here will aid further de-
antiepitaxial nature of these sites. The third-layer Ga atom¥€lopment of models to describe nucleation of metals on
induce a partial negative charge in the second-layer As af?@AS surfaces and more precisely predict Al/GaAs elec-
oms. If Al atoms were to adsorb to sites A or B, a partial fonic characteristics.
negative charge would be induced in the first-layer As atoms.
This would produce two partial negative charges one layer
apart, resulting in simple Coulomb repulsion. More advanced
computer simulations of Al metal growth on GaAs surfaces Financial support for this research was provided by the
are awaiting the development of an improved potential-Office of Naval Research and the National Science Founda-
energy surface to follow up this study. tion.
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