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Initial stage growth and electronic structures of Al overlayer on a wide—terrace
single—domain Si{001)2X1 surface has been studied by low-energy—electron—
diflfraction (LEED) and photoelectron spectroscopy. The sequences of 2D phases
found by LEED for Al coverages = 0.6 ML at RT and 300°C are interpreted on
the basis of an order—disorder transition of arrays of one—dimensional Al-dimer
chains. The detailed e¢lectronic structure of 2X2 phase formed at ~0.5 ML has
been studied by angle-resolved photoelectron spectroscopy (ARPES) using synchrotron
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radiation.

The existence and dispersions of five different surface states are

identified for the first time, one at binding energies a littie less than 1 eV and

the cothers between 1 and 2 eV.

The origin of the surface states can be

interpreted in terms of the Al-dimer structures on Si(001).

1. Introduction

In recent years growth of group-III metals (Al, Ga
and In) on Si(001) surfaces has become one of the
most notable subjects in surface secience due to ils
highly-anisotropic submonolayer growth and interesting
adsorbate structure. It has been found by low-
energy—electron—diffraction (LEED), reflection-high—
energy—clectron—diffraction (RHEED} and Auger-
electron spectroscopy (ALES) that the group-II
metals grow basically in the Stranski-Krastanov (8K)
mode on Si(001H1.
(2D} phases were found during the initial stage
growth before the formation of three-dimensional
(3D) islands. By LEED*™ and scanning tunncling
microscopy {STM)™, it was suggested that the metal
atoms initially form dimers and grow into long chains
of dimers, which develop into 2X2 phases at a
coverage of 0.5 ML (1ML = 8.8 10" atoms/cm?, the
surface alomic density of a truncated Si{001)1x1
surface).
beyond the common 2x2 phase are different among
the metal adsorbates. For Al adsorption the 2x2
phase has two different mode of formation depending
on temperature and appears in a very wide range of
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A couple of two—dimensionsl

However the growth modes toward and

coverage of » 0.35 ML ut room temperature {RT)H.
This makes a contrast to the cases of Ga and In
adsorptiens where only one mode of formation, but
different each other, for 2X2 was reported and the
23 phases appear only in & narrow region of
coverage around 0.5 ML"%. A very local probe of
STM showed little difference in the early stage (=~
0.5 ML) ef growth of these metals®. This is not
straightforwardly understood in the light of the
differences among the adsorbates found by LEED
and RHEED. Also for the growth above the coverage
for 2X2 phase there remains scveral important
questions, for example the coverage for the onset of
island growth. Notably there is no 1x2 phase at
coverages higher than ~0.5 ML for Al adsorption
while 1x2 phases are reported for Ga and In
adsorptions at ~1 ML>*. The absence of 1xX2 phase
[or Al adsorption contradicts the general notion that
the substrate 2X1 phase would convert to a 1x2
phase at the 1 ML coverage of metal adsorbates.
Therefore the details in growth mode of these metals
on 8i(001) deserve [urther study.

For the microscopic structure of the submonolayer
phases, two possible models have been proposed,
t.e., the so~called parallel and perpendicular dimer
model, where the adsorbate dimers are parallel and
perpendicular to the unbroken substrate Si dimers,
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respectively®. Recent total energy calculations®™ 7,
a tensor LEED study for Al and Ga adsorbates®, an
ion scaltering spectroscopy (I58) study for In ad-
sorbate®, a STM studdy for AI'® and a X-ray stand-
ing wave (¥SW) experiment for Ga!'? preferred the
parallel dimer structure.

In contrast to gquite a large amounl of structural
studies by LEED, 183, XSW and STM on these sur-
faces, there are very few reports on the surface elec-
tronic siructures. Angle-resclved photoelectron
spectroscopy [ARPES) using z rarc—gas resonant
lamp was applied on a double~domain Si(001)2Xx2-
In” and a single—domain Si(001)2x2-Ga and 2X3—
Ga'® surface, where a few surfaces states (88's)
were identified between Fermi level and 2 ¢V in
binding energy (£;). In the 1wo previous studies,
however, the dispersions of 58’s ¢ould not be clearly
determined and the origin of those 55's could net be
understood, In a recent STM study'® of the Al-
induced 2x2 surface, the authors interpreted the
STM image as an evidence (or the existence of states
due to Al-Si bond and Al-Al dimer-bond at 3 eV
and —1 eV (an empty state) in binding energies,
respeclively, in disagreement with the ARPES re-
sult. These facts make it an urgent task to char-
acterize in detail the surface electronic structure of the
submonolayer phases of group-III metals on 8i(001).

In this paper, we report LEED study and ARPES
measurements using synchrotron radiation for the
initial stage growth and electronic structure of Al
overlayer on a wide-terrace single—domain (SD)
Bi{001)2X1 surlface.
SD surface is to avoid any ambiguity that would arise
from the usual double—domain Si(001)2X1 surfaces.
We also repert the determination of absolute Al cov-
erages for 21 phases including the 2X2 phase using
an XPS intensity ratio (Al 2p/Si 2p) calibrated by a
quartz thickness monitor. The present results clearly
demonstrate that there is a general mode of growth
for the adsorption of group-IIT metals on Si(001).
Through detailed ARPES measurements using syn-
chrotron radiation, we have identified, for the [ivst
time, five $5’s inside the bulk band gap.

The use of the wide—lerrace

The dis-
persions of the five 8%s have been determined in
detail. The origin of the S8’s is discussed on the
basis of the Al-dimer meoedels of the surface.

2. Experimental

The experiments were performed in two dilferent
UHV spectrometer systems. LEED and XPS study
was done at department of physics, Tohoku Univer-
sity, where a UHV photoelectron spectrometer (VG
ADES-400) was used, which was equipped with
LERED optics, a twin-anode X-ray source, a hemi-
spherical e¢lectren—energy analyzer, ARPES measure-
ments using synchrotron radiation was performed
with another spectrometer {VG ADES-500) on the

bearn line BL—I8A of Institute for Solid State Phys-
ics at Photon Factory, National Laboratery for High
Energy Physics. The beam line is equipped with a
conatani—deviation-—-angle grazing—incidence mono-
chromator. The overall angular and energy resolu-
tions were ~ 19 and ~160 meV, respectively, al the
used photen energies of 21.2 eV and 26.5 eV. The
base pressure of both systems was ~3.0> 107" mbar.

A mirror—polished Si—wafer (25 X 3.5 X 0.38 mm™)
was uscd as a subsirate. The Si waler was heated
by direct resistive heating and its temperature was
monitored by an infrared and an optical pyrometer.
A wide-terrace single—domain Si{001)}2X1 surface
was prepared by preoxidation and cycles of in situ
anpealing and 8i deposition'®. The [raction of mi-
nior domain (1x2) was below 156% as determined
from a ratio of LEED-spot intensities of the two
domains measured by a spot photometer. Al was
deposited onto the 8D S8i(001)2X1 surface held at
RT from a pyrolylic boronnitride crucible heated by
4 W-filament. The Al source was thoroughly de-
gassed to maintain the pressure during deposition
below ~2.0x107 % mbar. The absclute deposition rate
of Al was determined by a quartz thickness monitor
to be 0.23x0.04 ML/min. The amount of deposited
Al on the RT surface was then determined from the
duration of deposition and further monitored via XPS
intensity ratios of Al 2p to Si 2p.

ARPES spectra were measured at a step of ~2°
along various symmetric axes of the 2X2Z surface
Brillouin zone {SBZ, see Fig. 4.
ARPES spectra not only aleng symmetlric axes
including the origin, fm, but also along symmetric
axes excluding the origin, along
j':m LTy =T d'g =74 and Ty —Jy for a
complete determination of SS-dispersions. ARPES
spectra presented were taken with p-polarized
synchrotron radiation of 21.2 eV al a 45°-incidence
angle, unless otherwise stated.

We measured

such as

3. Results and discussion

3.1 LEED and XPS study : initial stage
growth

Figure 1 shows the change in XPS intensity ratio
(Al 2p/Si 2p) and corresponding LEED patterns ob-
served as a function of the duration of Al deposi-
tion. The deposited amount of Al in units of ML is
For the as—deposited case, the XPS
ratio grows linearly up to ~2 ML. This suggests that
Al grows in a layer-by-layer fashion on the RT sub-
strate, at least up to ~2 ML. After post—annealing

also shown.

(hereafter, the post-annealing means annealing at
300°C for 1.0 min after deposition, unless otherwise
stated), the growth of XPS ratio changes its slope
at ~1.0 ML. If we post—-anneal the sample for an
extended time, the XPS ratio decreases to a fixed
value for the sample with deposited Al of = 1 ML.
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Fig. 1 Change in XPS intensity ratio (Al 2p/8i
2p) and the corresponding change of LEED
pattern for the AL/SI(001) system as a
function of the duration of Al deposition
onto a single—domain Si(001)2x1 surface.
The amount of deposited Al in ML is also
specified. The circles represent the intensity
ratios for deposition at RT. The intensity
ratios after 300°C-annealing for 1 min
{extended time) following deposition at RT
are depicted with open (solid) squares. The
solid lines are the results of linear fitting.
The dashed lines in upper diagram indicate
broad phase boundaries where the LEED
pattern changes continuously.

This suggests the formation of 3D islands over an
intermediate layer of 1 ML coverage after annealing.
The saturation of XPS ratio to the fixed value may
be due to the completion of 3D island formation.
Several LERT patterns observed are shown in Fig. 2.
Figure 2a is 1 LEED pattern of a clean 8D Si(001)2x1
surface. The intensity of 2 {1, 1/2) spot of the minor—
domain is ~1/9 of that of a (1/2, 1} spot of the
major-domain. After deposition of 0.1~0.3 ML of Al,
long narrow streaks appear along the “xX1” direction
ol the substrate (Fig. 2b). With further deposition,
these streaks gradually concentrate around (1/2, 1/
2) positions to becorne sharp (1/2, 1/2) spots of a
2X32 phase at ~0.5 ML (Fig. 2d). This 2X2 pattern
persists up to ~2 ML, After post-annealing elon-
gated 23 LEED spots appear at 0.1~0.3 ML (Fig.
2c). Around §.4 ML, two adjacent elongated spois
get closer o become “2X5" pattern which is similar
to that found for the Ga/Si(001) surface’ * ') This
“2X5” pattern changes to 2X2 at ~ 0.5 ML, which is
alimost identical to that of RT. With the increase in
Al coverage, however, the 2X2 pattern rapidly weak-

(c)
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Fig. 2 Typical LEED patterns upon Al deposition
onto a single—domain Si{001)2X1 substrate.
(a) the c¢lean Si(00132x1 surface, (b)Y 0.16 ML
at RT, (¢) 0.30 ML after annealing of 300°C,
(d)y .50 ML at RT, respectively.

ens and finally becomes 1X1 al ~ 1 ML. The LERED
patterns for the 1x1 and 2X2 phases are necarly
invariant in the wide ranges of coverage indicated in
the upper part of Tig. 1. Upon an increased post-
annealing over 350°C, a streaky nx4 phase was found
around 0.5 ML instead of 2X2, where “axX” corre-
sponds to the streaky direction and s is arcund 5.
This indicates a very different mode of Al growth at
temperatures higher than 350°C in agreement with
nrevious reports® ¥,

A previous LEED study for a double~domain sub-
strate® reperted no change in LEED patterns up to
~.3 ML (below ~0.35 ML al RT), which is dilferent
Irom the present finding of "2X3” and “2x5” phases.
The presently found evolution of LEED patterns is
almost identical to that of Ga/Si(0013% % 2 The
evolution of periodicity from 2x3 to 2x5 and to
2X2 for the Ga/Si(001) surface has been generally
interpreted"®!% and observed (for 2x3 only) by
STM® ' o be as follows. Namely, there are 1D
metal-dimer—chains (MD{’s) perpendicular to the Si
dirner rows. The MDC’s can be arranged in the pe-
riodicity of 2x3 and 2x5 as
creases, in which the spacing between MDC's is 3a
(alternation of 2a and 3a) al -~ 1/3 ML (~ 2/5 ML).

Long streaks along the “X1" direction lound =zt
0.1~0.3 ML at RT (Fig. 2b) can be, thus, interpreted
as due to randomiy-spaced MDC's. As the density of
MDC’s increases, MDC’s are expected o become
closer and closer until the whole surface is covered
with an ordered arrays of MDC’s with 2a spacing at
the Al coverage of 0.5 ML. The evolution of LEED

coverage of MDC in-
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patterns at RT is consistent with this interpretation.
This implies that the MDC’s are almost immobile at
RT until the 2x2 phase is formed. Annealing at
300°C, however, would make the MDC's mobile to
rearrange themselves into an ordered 2xX3 (or 2X5)
array through possible repulsive interaction between
thermm. This can be regarded as an irreversible 1D
disorder—order phase transition ol the MDC. It is
not clear, al this stage, what kind of microscopic
motion is involved in the rearrangement of the
MDC's.

Very narrow streaks can be seen clearly even at
very low coverages of ~0.1 ML indicating that MDC’s
are very long on the SD substrate. The length () of
MDC's can be roughly estimated through a relation
AKCA™Y) - ICAY~21' 1o be longer than 150 A, where
Ak is the width of streaks. This suggest that the
mechanism of anisctropic growth, so called ‘surface
polymerization’™, is very effective at least for this
wide—terrace substrate used. Similar streaks men-
tioned for In/Si(001) around RT at 0.3 ML® can be
understood to have the same origin as that of present
work. The growth mode up to 2xX2 phase for In/
8i(001), thus, must be the same as that for A/SI(001)
al, R'T.

The above results and discussion suggest that there
is essentially one mode of growth up Lo the 2X2
phase of group-I{I metal on Si{001}2x1. The basic

hv=21.2eV 0j=45" [110]

$1

Photoelectron Infensity {arb. units)

I 1 1 1 1

element of the growth mode is the presence of long
MDC's formed from very carly stage of adsorption.
The key factors which affect the mode are (1) the
interaction among the MDC’s, possibly a short range
repulsive interaction, (2) the strength of substrate—
adsorbate interaction and (2} the temperature of
the system. If the temperature is high enough or if
the substrate—adsorbate interaction is weak enough
for MDC's to move perpendicularly, the MDC’s ar-
range themselves into the 2X3 or 2X5 structures
depending on the density of MDC’s. If the condition
does not meel, the MDC's would remain randomly
spaced to form phases such as 2X1 plus streaks and
streaked 2x2 depending on the density of MDC's.
The former (the latter) would correspond to the
growth of Al at ~300°C and of Ga at RT ~ 500°C (Al
at ~RT and In at RT ~ 150°C),

3.2 ARPES results : electronic struc-

ture of 232 phase at 0.5 ML

In Fig. 3 are the ARPES specira taken along [110]
and its symmetrically equivalent line I_"m —.Tm —ITH .
The measurements along the symmetrically equiva-
lent line including IT’H instead of the origin of SBZ
may be very helpful to determine the dispersions of
39's for two reasons. First, for the Si(001) surface
the buik band gap is much wider around f], than
f'oo» thus the 88's ¢an be found rauch clearly around
I_ﬁ”‘ Second, a 58 with weak intensity around fm
may be found dominantly arcund ﬁl though the
difference in the cross section. In Fig. 3a we can
see three S8's denoted as §, , 83 and S;. &, shows

hv=21.2eV 8i=45" T.JT

|
|
|
|
|
|
{
1
|
|

Photoelectron Intensity {arb. units)

i 4 3 2 1
Binding Energy (V)

(a)
Fig. 3 (a) ARPES spectra taken with synchrotron radiation of Av = 21.2

0=Ep

eV along [110].

5 4 3 2 1
Binding Energy (V)

(b)

The incidence angle of photon with respect to surface

normal (&) is 45° and the angular step between neighboring spectra is
2°.  The corresponding SBZ position is specified by the syrmetry symbols

fef. Fig. 4.
are marked,

The peak positions and assignments cf the surface states
(b) Similar_to (a), but along the symmetrically equivalent

line to [110] axis, i.e., Fo—Joi~-T11.

— 25 —
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dewnward dispersion from F, where its intensity is
very weak. S, disperses in an opposite direction
from T and gets closar to S, near J. Another 88
band S;, though very weak, can be found at ~2 eV.
Along I_:m —Ty =T, (Fig. 3b), S, is found as a domi-
nant feature showing whole of its dispersion clearly.

In this paper a new method is used for compiling
a sel of ARPES spectra measured along a axis of
BBZ. At first, the raw spectra are normalized by
incident photon flux, then the second derivatives
with respect to E; were taken after a smoothing
precess of spectra.
hance spectral features.

The dilferentiation is to en-
Each of the differentiated
spectra is converted to a grey-scale bar, in which
intensity is expressed in brightness. The brightness
in the bar is, then, roughly proportional to /W, where
I'is the intensity of a peak above smooth hackground
and W is the width. The grey—scale bars of a set of
ARPES spectra were gathered together into a “grey—
seale f£,—k;, diagram” where the abscissa is electron
wave vector parallel to the surface (k,) and the or-
dinate is E£,'%. In a grey-scale E -k, diagram, one
can easily see not only the dispersive behavior of
peaks but also their evolution In intensity and width,
without any ambiguities of conventional “manual
peak-assignment”.

In Figs. 4u~e, the grey—scale Eg—k,; diagrams along

Binding Energy (aV)

k y (A

five axes of 8BZ are shown., The axes are specified
by the symbols of SBZ in Fig. 41, White broken iines
are the edges of bulk valence bands projected onto
the 11 SBZ. The 8S-dispersions assigned by com-
parative inspection of the grey-scale diagrams and
raw spectra are drawn with black broken lines,
The diagrams in Figs. da~b are for the raw spec-
tra shown in Fig. 3. In these two diagrams we can
see three S8's assigned as §), §; and §, in Fig. 3. §,,
S, are located inside the bulk band gap around I_"m.
In Figs. 4c~d are the diagrams for the scan along
symmetrically equivalent directions of I_“—j'*]—".
We can find §; and S; with very similar dispersions
as along T =7 =T direction (Figs. 4a~b). The dis-
persion of §, , however, shows two branches denoted
as S, and 5’;. The upper branch S, shows an up-
ward—dispersion from IT'H, ta f’w and becomes very
weak over J',. The lower part 5°, splits from §,
near I and disperses downward and then, “degen-
erates” (within the experimental resolution of ~150
meV) again al J’. S5 band shows a large upward
dispersion from T" to J' in Fig. 4¢ but a splil band,
§’; can be found in Fig. 4d. §’, seems to disperse in
downward direction from ]_"-” Lo .7’10. 5y and S
have a splitting of ~ 0.5 eV at J'. Because the bulk
band gap extends to much larger £,’s than 2 eV
around 1—:” (cl. Fig. 4e), §; (§';) also has some part,

0.4 0.8

ky (A
ky A[170] [100) 4

o Jo1 11~

4
J'oo|_Kools J1g

(f)ﬁ’o j_oo ﬁu[:?(]

1.0

Fig. 4 (a)~(e) Grey-scale Ey—ky diagrams for the Si(001}2x2-Al surface along the rarked symmetric

axes of the 2%2 surface Brillouin zone (SBZ)}
The "2x” direction of the substrate 2x1 is along [110] (k)
Diagrams (a) and (b) ({¢) and (d)} are for the

of relevant symmetric points.
and gy corresponds to J' of the_2Xx1 SBZ.

symmetry—identical direction of f—F { F-J").

is in the text.

(f) SBZ of Si(001)2x2-Al surface with symbols

Brief explanation of grey-scale Ep—k; diagram

87 —
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of their band inside the bulk band gap. This fact
supports that all the five bands, §,, Sy, 5%, 5, and
5%y, are 358
invariance of their &, to photon energy

In the grey—scale diagram along [100] axis in Tig.
4e, we can also find five 88's. §) is found to have a
similar dispersion following the 2X2 perindicity as
along the other two directions.
ready that S, band is composed of two stales with
proper symmetry of 2%2 8BZ, the dispersion of $,
should be the one shown in Fig, 4e according to the
symmetry of SBZ. Likewise, a similar two-branch
structure can be deduced for §; as in Fig. 4e, al-
though the dispersion of the lower branch around

This was further confirmed from the
17y

Since we know al-

I" is unclear.

The thpersmns of 88's along the two edges of
SBE, T —Ke —J'e and Ty — Ragg — g were also de-
termined through similar procedure. Along
j’m —Em —;"10 , 8, and &, which have large split-
ting at j', gel closer toward K and finally degener-
ate at K in consistent with the result of Fig. 4e.
No evidence for splitting of both 5§, and S; along
Ty = Kyy —dp; direction is found'™.

Figure 5a summarizes the dispersions of five 55’s.
The unclear parts of dispersions are drawn tenta-
tively with broken lines. The squares and circles
(open and closed) are the previous reports for the
dspersions of §8's of a single-domain 31(001)2X2-
Ga'® and a double—domain $i(001)2x2-In 7 sur-

(a) S ~
& T g K J' T K
L 0
2 (Er)
§ 1“5.‘1*“&-#'"—-——— FE | Ty e
) o % <7
c 2% °
© AARAE {]‘E}\W
E S3(8'3) ]

b

( ) Al-Al dimer

Fig. 5(a) Summary of the dispersions of five
surface states assigned for the Si{001)2X2-Al
surface, Parts of dispersions drawn with broken
lines are tentative, The dispersions of 55's
for the Si(001)2x2-In™ and ~Ga'® are given
for comparison with circles (open and closed)
and squares, respectively. The open (closed)}
circles are taken from the scan belween g
and Koo (around Iag) of ref. 8. (b) Schematic
illustration of atoms and bonds in the 2X2
unit cell for the parallel dimer model®™.

H16%& HT7H (1995

laces, respectively, which will be discussed later.
The five $8's run nearly parallel to each other all
over the SBZ. The dispersion of 5, is quile isotro-
pic around I, while those of 5, (§%) and S, (8’3
are ambotroplc around T . S, and Sy
along =7 ~K —J" and &, and 5, degenerate along
r—-Jj-K. Sy (8’ ) shows a largcsL amount of dis-
persion, 0.4 eV, [rom K to J°.

In the structural models for 2xX2 phase of Al, Ga
and In considered so far, there are two Si-dimers
and one metal-dimer bonded to the Si—dimers in
each 2X2 unit cel*™. These models have 10 elec-
trons in each surface unit cell, 8 from two metal
atorms (8°p) and 4 from the otherwise dangling bonds
of Si—dimers. These electrons form four back—bonds
between four Si—dimers and an adsorbate dimer and
one adscrbate dimer-bond within the metal dimer
(see Fig. 5b), which result in five fully-occupied
88's. The 88 due to adsorbate dimer-bond is ex-
pected to have less £, than back-bonds, because an
metal dimer bonding is weaker than an metal-Si co-
valent bonding due to the electronegativity differ-
ence of metal and 8i. The 55's from the back—honds
may degenerate intc one or two states due to the
identical configuration of the four back-bonds, This
expeckation agrees very well with five 88’s found in
the present work and the fact that four of them with
higher E, degenerate into two states at some parts
of 8B%. Thus it may be plausible (o assign the band
$, as the state due to a dimer-bond and §, (5';) and
Sy (8'3) as due to the back-bonds. Less—dispersive
nature of §, alsc agrees with the notion that a dimer-
bond orbitals are isolated. The anisotropic disper-
sion of $, (875) and §; (§'y), then, may reflect the
difference in the amount of coupling of wave func-
tions along [110] and [110] directions in terms of
tight binding idea (Fig. 5b).

The surface electronic structure of a single-do-
main Si(001)2x2-Ga surlface was studied by Enta el
al.'® with ARPES using a rare-gas resonant lamp
along [110] and [110] directions (see the squares of
Fig. 5a). Along [110], three 58's were found whose
dispersions are almost the same as those of 5, $
and S, of the present work. Along {110], three 38's
were also found'™ but the expected 22 periodicity
for the state corresponding t¢ S, was not found.
This discrepancy can be solved by the existence of
two split states for S, with proper 2X2 periodicity in
the present work. The dispersion of third state was
almost the same as that of S, though its splitting
was not noticed before!?,

Another ARPES study was done on a double—do-
main Si(001)2x%2-In surface along the comrnon axis
<1003 of the two domain®. The authors found three
88's, denoted as §, S, and Sy between Km and F”
and compared the dispersions with their theocretical
calculation based on a parallel dimer model. The

degenerate
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dispersions of these stales are guite similar to those
of §,, Sy, and 8, in our work, except for the absence
of the upper branches of 8, and S, (ef. Fig. ba). The
uncertainty of §, hand near l:nu mentioned in ref. 7
can be resolved il the lower part of peaks near r
(closed circles in Fig. 5a) corresponds to 5, band in
the present work. Though it was argued that the
resulls of caleulation agrec well with the experi-
ments™, it is gquestionable from our finding of two
additional 8%'s for the 2x2-Al surface. We think
that it is desirable to calculate the 85S dispersions
in detail for both the parallel and perpendicular
dimer models in order lor better comparison to our
new resuli.

4. Summary

LEED and XPS were applied to the adsorption of
Al on a wide-terrace single—~domain Si(001)2x1
surface. Modes of Al growth were tested for two
temperature conditions of the substrate, one around
RT and the other at 300°C. A rich sequence of
LEED patterns as summarized in Fig. 1 is observed.
It was determined that the 2xX2 phase completes at
0.6 ML. Long and narrow streaks pointing toward
“x1” direction were found for the first time at RT in
coverages 0.1-0.45 ML. This indicates thal metal-
dimer chains are randomly arranged at RT for Al
coverages 0.1~0.45 ML. The presence of "2x3” and
“2%5” phases found after annealing indicates that
the MDC's are almost regularly arranged through
disorder—order transition of 1D MIXC's  due Lo
increased mobility of MDC’s at 300°C and possible
repulsive interaction among MDC’s. The mode of
formation for the 2> 2 at 300°C is essentially identical
te that of GasSi(001) at RT~500°C. The mode ol
formation at RT is similar to that of In/Si(001} at
RT~150°C. Thus, the growth modes of Al, Ga and In
on Si{001) up to the 2X2 phase are consistently
understood in terms of the disorder—order transition
of 1 MDC's.

ARPES study using synchretron radiation has heen
performed on a single—domain Si(0013}2X2-Al sur-
face in order to elucidate the surface electronic
structure. Through detailed ARPES measurements
for various lines of SBYZ, we have identified the pres-
ence and dispersions of flve 88's, one (5,) just less
than 1 eV and the others (S,, §',, S; and §°,) be-
tween 1 eV and ~ 2 eV in £, The latter four states
appeared to degenerate into two states in some parts
of SBZ. From the characteristics of their dispersions,
it is tentatively inferred that §) is due to the Al-Al

dimer bond and S, (35} and §; (53 to the Al-5i
back-bonds of the Al-dimer models. However, the
exact assignment of the origing ol these 53's re-
mains Lo be confirmed by an ab-initio calculation ol
surface electronic structures.
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