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Atomic hydrogen interaction with the @i11)4X 1-In surface phase was studied using low-energy electron
diffraction, Auger electron spectroscopy, and scanning tunneling microscopy. Upon hydrogen action mostly
Si-In outer bonds are broken and are replaced by Si-H, and In is freed to form islands without Si movement.
It was found that the underlying atomic layer of a substrate of tE1%i4X 1-In surface phase has a recon-
struction with the same periodicity as the In layer. A structural model of this substrate reconstruction is
proposed based on the recently proposed extended Pandey chain model fqd1i§8%i1 Ag- and alkali-
metals-induced substrate reconstructi@®0163-18207)04108-9

[. INTRODUCTION atomic structure of this metal-induced(811)3%x 1 substrate
reconstruction was investigated in a number of stutfiés.

As a metal is adsorbed on a silicon surface, it attacks the In the present work we have found another adsorbate-
substrate and reacts with it. This process leads to the newjduced substrate reconstruction, namely, the )4 1.
often two-dimensional, surface phase formation. But notlhis reconstruction was induced by In deposition during the
only adsorbate atoms take part in the surface phase form&Ii(111)4X 1-In surface phase formation. This is an important
tion. Now it is generally accepted that silicon substrate atomélistinction from the 1 substrate reconstruction induced by
also play an essential rolé.They are inevitably involved in Monovalent alkali metals and Ag. _ _
the structure of the surface phase. The role of the silicon 10 establish the substrate reconstruction we considered a
atoms, involved in the surface phase formation, differs fronf< 1-In surface interaction with atomic hydrogen in the tem-
one surface phase to another. First, for some surface phasegrature range from room temperatyRf) to 400 °C. Re-
the topmost adsorbate atomic layer does not contain silicoR€ntly: atomic hydrogen mte_rflzcnolng_\i\gtkﬁl? \,/517 surface
atoms [for instance, Sil11)y3x3-Al or Si(111) pha::es oLdm‘erent metals AG; Al ]!n, L"h ark:d Pb
\/§>< \/§—In (Ref. 1]. Only the relaxation of the few deeper (Ref. 18 has been investigated. It was found that hydrogen

; atoms replace metallic atoms and form the bulklike ideally
Si layers should take place. Second, for other surface phase[?uncated Sil11)1x 1-H surface. As a result, metal atoms

a definite amount of Si sgbstrate matgrial is incorporated int%rm metallic islands on a small part of the surface. Metal
the surface phasdfor instance, SiL11)\3x3-Ag or agglomeration was evidenced by impact collision ion-
Si(111)y/3x /3-Au (Ref. 1]. Third, for some surface phases scattering spectroscopyCISS) by Ouraet al! and by di-

the adsorbate atoms substitute Si substrate afdamsin- rect scanning tunneling microscog$TM) observations by
stance Si111)y/3x y/3-B or Si(111)y-phase-Al(Refs. 1,3].  Ohnishiet al® and Williamset al?° Therefore, one can con-
And last, for some surface phases adsorbate induces the Sder atomic hydrogen as a tool for observing the movement
substrate atoms reconstructioffor instance, Sil11)3  of the metal atoms on the surface. As a result of the atomic
x 1-Li, Na, K, and Ag(Refs. 3—8]. Fan and Ignatie¥estab-  hydrogen interaction Si substrate becomes bare.

lished this fact. Based on a low-energy electron diffraction

(LEED), 1-V, and Auger electron spectroscofdES) study, Il EXPERIMENT

they concluded that the atomic structure of the metal-induced

Si(111)3X 1 reconstruction must be very similar for Li, Na, Experiments were carried out in an ultrahigh vacuum
K, and Ag during deposition of these metals ont¢1$1)7  (UHV) chamber with a base pressure o&x30 8 Pa

X7 at substrate temperatures in the desorption regime. Thequipped with a cylindrical-mirror AES analyzer and LEED
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FIG. 1. Intensity ratio of the IMNN 404 eV and SLVV 91 (1) denote the points which correspond to the LEED patterns in Fig.

eV Auger peaksl(, /1) versus atomic hydrogen exposufel and 3 The hatched area indicates the coexistence of the neighboring
(c) denote the points which correspond to the LEED patterns in Figgirctures.

3.

diminishes during exposure. In accordance with the previous
optics. The substrates used in this study werdoped 10 observation®~*8this indicates the In uniform layer agglom-
Q cm Si(11) single-crystalline wafers. The atomically clean €rations. The same behavior of AES intensities was already
Si(111) surfaces were preparéusitu by direct Joule heating observed for 3‘121113J§>< V3-Ag and Al interaction with
to 1200—1250 °C. Indium was deposited from a Ta tube at &Qtomic hydrogert?®wWe est|mated_ the island thickness and
desired rate of 0.05-0.5 ML/min in range. A sharp three-the total area covered by the In islands after complete ag-
domain 4x1 LEED pattern was obtained by the depositionglomeration induced by the interaction with atomic hydro-
of about 1 ML of In onto a $i.11) sample heated at about 9€n- This estimation was based on the experimentally ob-
430 °C. For exposure, Hgas was admitted through a leak tained initial and final values of thig,/l 5; Auger peak ratio.
valve. A 1800 °C tungsten filament, 10 cm from the Si sur-It was found that the island height is about 5 ML of In and
face, was used to dissociate molecular hydrogen. The expdl€ total area covered by In islands is about 0.15-0.18. It
sures were conducted with the specimen facing the filameriihould be noted that we used Auger peak-to-peak intensity of
and by backfilling the chamber with Hat 1.33<105 or Ag but negative-peak-to-background intensity of Si of the
1.33x 10~ * Pa. Since the arrival rate of atomic hydrogen igdifferentiated Auger spectra for our measurements. The latter
unknown but is proportional to the molecular hydrogen pres/@S done to minimize the In adsorption influence on the Si

sure, the dose of molecular hydrogen is specified, exprességd’ v ransition line shape due to the chemical environment.
in Langmuir(1 L=1.33<10"* Pa 3. We have already used the same procedure to estimate the

STM experiments were carried out in the UHV chamber@dglomeration characteristics of Agand these results were

with a base pressure of X110~ Pa equipped with STM in cqmplete agreement with later direct STM qbserv_atﬁ?ns_.
(“Omicron”) and LEED systems, and a load-lock for the Figure .2 is a variation of thg Auggr peak intensity ratio
introduction of samples and tunneling tips without breaking! in/!si during isochronal annealin@ min at each tempera-
the vacuum. Electrochemically etched tungsten tips, cleanely"® ©Of the sample which was obtained after 5000 L atomic
by in situ heating, were used. The samples were highbhydrogen exposure of the)_<41—|n §urfac_e._|nthe temperature
n-doped Si111) wafers (Sb-doped 0.05Q cm) cut to 2 'ange of 300—490 °C the intensity ra'Flo increases and then at
%13 mm?. In UHV, the samples were outgassed at 500 o ctemperatures higher than 400 °_C it falls down to zero.
for several hours. The sample was heated by direct resistivENiS behavior correlates W5€" with the AES observation
heating during exposure and the current-temperature relatidf. the H/AIS(11D) system'® The increase oflj/ls; at
was determined using an IR and optical pyrometers. Th§09—400 °C reflects the disintegration of In '|slands and the
temperature calibration was carried out by usingxa77- 1 uniform In layer formation. At temperatures higher than 400
X1 transition. The images presented below have been backC In desorbs from the surface. It should be noted that after
ground subtracted in order to make use of the full dynamicafnn€aling the maximum value of thg/I g ratio is equal to
range of the gray scale. its 0r|g|nal_ va_llue befo_re hydrogen exposure. Thus, t_he
amount of indium remains unchanged during H adsorption
and subsequent annealing up to 400 °C.

Figures 3b) and 3c) show the evolution of the LEED
pattern during the interaction of @il1)4X1-In with the
atomic hydrogen. One can see that the periodicity of the
LEED pattern[Fig. 3(b)] does not change after 5000 L
atomic hydrogen exposuf&ig. 3(c)]. We denote this struc-
ture as & 1-H(In). The spot intensities of this>41-H(In)
pattern are different from those from the originak 4-In.

IIl. RESULTS AND DISCUSSION
A. AES and LEED results

Figure 1 shows the evolution of intensity ratio ofMiN N
404 eV and SiLVV 91 eV (I,/lg) as a function of the
exposure in the atomic hydrogen of th& 4-In surface kept
at RT. One can see that thg/l g; Auger peak intensity ratio



FIG. 3. LEED pattern§E,=63 €eV) of (a) clean S{111)7X7,
(b) Si(111) 4% 1-In, (c) 4X1-H(In) after 5000 L atomic hydrogen
exposure, (d) after annealing at 300 °C(e) 400 °C, and (f)
500 °C.(b), (c), (d), (e), and(f) LEED patterns are observed at the
corresponding points of Figs. 1 and 2.

Nevertheless, this 4 1-H(In) LEED pattern has bright and
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FIG. 4. A schematic sketch of morphology and structural trans-
formations of the S111)4X 1-In phase induced by the hydrogen
exposure and subsequent annealing.

atomic H

Si(111)y3x y3—Me —— Si(111)1x1—H(Me).

In the case of X1-In reconstruction the structure of the
surface freezes as<l-H(In), i.e.,

atomic H

Si(111)4X1-In — Si(11D)4x 1-H(In).

In accordance with our AES results, atomic hydrogen expo-
sure of the & 1-In surface bares the silicon substrate atoms
and at least 80% of the Si surface is freed of In. Thus, as the
periodicity of the LEED pattern does not charigee Figs.
3(b) and 3c)] we conclude that Si substrate atoms are also
reconstructed with the same periodicities asl4in.

A schematic illustration of the morphology and structural
transformations of the 4 1-In phase induced by the atomic
hydrogen and subsequent annealing is shown in Fig. 4. RT
atomic hydrogen exposure results in the agglomeration of In
atoms[Figs. 4b)—4(c)]. The agglomeration bares the silicon
substrate atoms which have &4 reconstruction. Thermal

sharp spots. After annealing at temperatures higher than 208nnealing of the % 1-H(In) surface at 200 °C leads to the

°C the LEED pattern changes in(dx 1)+(1x1) as shown

partial relaxation of the % 1 substrate structure into the 1

in Fig. 3(d). Annealing at temperatures higher than 300 °Cx 1 one[Fig. 4(d)]. At 400 °C the substrate structure<4

results in the complete extinguishing of th& 4 fractional
order spots and onlyX1 reflections remaipFig. 3(e)]. Fur-

structure irreversibly converts into the apparemntlland In
islands completely disintegrate forming a uniform lajeig.

ther annealing at temperatures higher than 400 °C is accond{e)]. It should be noted that in the temperature range of
panied by In desorption and results in the appearance of th$00—500 °C hydrogen and indium desorption, as well as In

4x 1 [Fig. 3(f)], ¥31x /31, and\3x+3 LEED patterns.

islands disintegration, take place simultaneously, so in this

After complete In desorption thex77 LEED pattern appears temperature range the ($L2)/In/H system undergoes a set

indicating the clean silicon surface formation.

of complicated rearrangements. Thus, the actual surface

Now we concentrate our attention on the fact that thestructure and atom positions were not determined after such
periodicity of the 4<1-In LEED pattern does not change annealing. Further annealing is accompanied by the In de-
during atomic hydrogen exposure. This is the particular feasorption and results in the reappearance of tlel 4econ-
ture of the 4< 1-In reconstruction and no other In ones. Thestructions[Fig. 4(f)].

similar behavior of Si111)3X 1-Li was observed previously

4x 1 silicon reconstructed atoms are sure to be covered by

by Mizzuno and Ichimiya’ It was found that the Li atoms hydrogen. Hence, one can consider that this14H(In) re-

were substituted for H atoms at RT and the origindlL $1)3
X 1-Li structure converted into thex31-H one.

construction is induced by hydrogen, but that is unlikely. In
accordance with our observation other In surface phases

In all previous works devoted to the study of the atomic (/3% y3-In, 31X \/31-In, or 7 y/3-In) exhibit no evi-
hydrogen interaction with/3X /3 surface phases of differ- dence of the 4 1 reconstruction during interaction with the

ent metalgAg (Refs. 11,12,211 Al (Refs. 14,15 In (Ref.

atomic hydrogen. Moreover, it is well known that RT inter-

16)], hydrogen atoms induce metallic atom agglomeratioraction of the atomic hydrogen with a clear(&i1)7X 7 sur-

and form the bulklike ideally truncated ($11)1X 1-H sur-
face, i.e.,

face does not essentially influence the silicon surface
structure?>~?>The hydrogen atoms are not capable of remov-
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ing the 7X7 reconstruction of the surface as evidenced by
these studies. The persistence of the77symmetry up to a
saturation coverage as observed by LEE®Rfs. 22-25%is
explained by the preservation of the stacking fault. Even at |
saturation the boundaries of thx 7 unit cells are apparently |
seen in the scanning tunneling microscopy imag§eshe e
hydrogen atoms can, however, remove the Si adatoms on th \
triangular terraces within the preserver 7 unit cell?® Al
of these data indicate that the original positions of Si sub-
strate atoms can be preserved during RT interaction with the
atomic hydrogen and that hydrogen atoms cannot form 4
X 1 reconstruction on the @ill) surface. Thus, in our case,
4x 1 reconstruction observed after the interaction of the 4
X 1-In surface phase with the atomic hydrogen is the silicon
substrate reconstruction. Thisk4-Si reconstruction can be [€
formed by the Si stacking fault or Si chains but not by Si
adatoms. FIG. 5. Empty state STM images, 440xA310 A, of (a) a

One can consider that thisx4l substrate reconstruction Si(111)4X1-In surface and aX1-In surface exposed i) 2 L H
incorporates a small fraction of In which can stabilize it. at 300 °C,(c) 10 L H at 300 °C, andd) 20 L H at 300 °C. The
However, in accordance with the In($11) phase images were acquired with a tip voltage(af—(c) —1.9 V, and(d)
diagrani”?®In does not form the % 1 structure at low cov- —2-2 V. The labels denote vacancigs), missing rows(M), and
erages. Furthermore, in accordance with our LEED data th&dium island(l).
relative intensities of the diffraction spots in thx 4 struc-
ture has changed strongly without essentially increasing théozen (i.e., the mobility of Si substrate atoms is essentially
background intensity after the interaction with atomic hydro-suppressedand, in accordance with our observation, the net
gen. This fact means that the scattering factor has changergsult would be a $111)4X 1 surface.
as most of the In atoms have been substituted by atomic
hydrogen. Finally, in accordance with the work of Lande-
mark et al® the electronic structure of the Si surface after
atomic hydrogen interaction with3x \/3-In corresponds to We have carried out STM observations of thé13l)4
the X 1 hydrogen terminated surface and does not show an¥k 1-In surface after the atomic hydrogen interaction. In this
evidence of a small amount of In on the surface. All of thesecase we observed the surface after various doses of atomic
facts bring out clearly that almost all In atoms are substitutedhydrogen exposure and after atomic hydrogen exposure at
by atomic hydrogen. Nonetheless, it is not inconceivable thadlifferent substrate temperatures.
this 4X1 Si substrate reconstruction can be stabilized by Figure 5a shows an empty state STM image of the
hydrogen atoms. Si(111)4X 1-In surface and Figs.(B), 5(c), and §d) show

In accordance with the In/@ill) phase diagra?ﬁ'28 an-  the 4x1-In surface after 2 L, 10 L, and 20 L hydrogen ex-
nealing of the substrate at about 300—400 °C is enough fgoosure, respectively. In these experiments the sample was
the 4x 1-In structure formation. But in our case we observedheld at~ 300 °C, so the thermal desorption of In atoms from
only 1x1 reconstruction after annealing at about 400 °Cthe 4x1-In surface was negligibf& The STM images in
This discrepancy can be easily explained by the presence &fig. 5 demonstrate the effect of the hydrogen exposure. The
hydrogen on the surface. It is well known that the hydrogervacancieglabeled \j and missing rows of In atom$beled
desorption from the $111) surface becomes noticeable at M) can be seen on the surface. The vacancies randomly ap-
temperatures of 400-550 -3 So most of the hydrogen pear on the flat terracémost probably on the defects of the
remains on the surface after 400 °C annealing and this hyeriginal 4x1 structurg, on the domain boundaries and step
drogen prevents ¥ 1-In structure formation. During the an- edges. These vacancies serve as starting points for further
nealing of the & 1-H(In) surface at a higher temperature the atomic hydrogen interaction. Figs(cy and 8d) demonstrate
desorption of In and hydrogen takes place simultaneously, sthe effect of varying the hydrogen dose. Both surfaces have
in the temperature range of 400—500 ° €13il)/In/H system the same defects but the number of missing rows and their
undergoes a set of complicated rearrangements. Only annedg¢ngth are increased with the increase of the hydrogen dose.
ing at about 450 °QFig. 4(f)] results in the reappearance of One can see that interaction of the atomic hydrogen with the
the 4x 1-In reconstruction which is accompanied by the In4X 1-In surface occurs mainly at the end of the Z-In rows.
desorption. As a result of the In removal, the substrate becomes bare.

By way of illustration let us consider the final results of After a 20 L atomic hydrogen exposure the surface morphol-
two experiments. We shall remove successively In atomegy changed dramatically. In islandibeledl) started to
from the S{111)4X 1-In surface phase at two temperatures:form on the surface as it can be seen in Figl)5We also
at high, say 400-500 °C, and RT. In the former case the finabbserved the formation of thé3x \/7 regions on the surface
result can be easily predicted from the suitable thermal de-not shown in Fig. &)] and the In islands which have a 4
sorption experiment. In that event In desorption is accompax 4 arrangement of the protrusions in both empty and filled
nied by substrate relaxation and a cleafl$1)7x 7 surface state images. To our knowledge theseregions have not
would be obtained. In the second case, at RT the substrate ligen previously observed. We have also carried out a hum-

4%x1-In

B. STM results
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FIG. 7. Bias dependen) filled, and (b) empty STM images,
60 Ax 60 A, of a 4x 1 substrate reconstruction region. The surface
was exposed todL H at 200 °C. Thamage was acquired with a
tip voltage of(a) +1.68 V and a tunneling current of 0.5 nA, and
(b) —1.44 V and a tunneling current of 0.3 nA. Thx 4 unit cell
is outlined.

FIG. 6. Filled state STM images, 2004150 A, of a S{111)4  substrate reconstruction region was very recently observed
X 1-In surface exposed td1 H at(a) 200 °C,(b) 300 °C, andc) by Owman and Meenssort after atomic hydrogen interac-
400°C. The images were acquired with a tip voltage (&  {jon with a S{111)y3X y3-In surface which has been sub-
+1.68 V. (b) and(c) +1.9 V. sequently electron irradiated and has been improperly inter-
preted as a not completed double row of th&4In

structure.
ber of experiments at higher hydrogen exposiue to 500 High resolution filled and empty state STM images of the
L). All of them clearly indicate three-dimensional In island sypstrate reconstruction region are shown in Fig. 7. Filled
formation. These results are not presented here. state STM imag¢Fig. 7(a)] appearing as single narrow lines

. In accordance with our LEED "?‘”d AES _results let us CONyjith small side spurs oriented alok@10). The empty state
sider the temperature effect during atomic hydrogen eXPOs 1 ima e[Fig. 7(b)] sh doubl f ; )
sure on the surface morphology and structure of tfi£13)4 mageirig. Shows a doub'e row of maxima, re

x 1-In surface(see Fig. 2 and Fig.)4 The effect of RT se_mbllng a zigzag chaln_and_ the double rows of minima
atomic hydrogen exposure on théBi)4x 1 surface results prlented a_Iong the same direction. A comparison of our STM
is the freed substrate surface which has thel4econstruc- mages with the STM images of the($113x 1-Me recon-
tion. This 4X1 substrate reconstruction is destroyed atSuction shows their opposite appearance. STM images of
around 300 °C beyond which the($11)1x 1-H forms. One the 3X 1-Me reconstruction look I|k4e narrow lines with small
would expect that at a 200 °C atomic hydrogen interactiorside spurs for the empty staté? and double rows of
with a 4x 1-In surface results in In clustering and that theMaxima, resembling zigzag chains 5W'th the spacing of
substrate reconstructionx4L-H(In) region would be bare. equivalent trlangles for the f|_IIed sta‘té: Unfortunatgly, di-
Only the small partif any) of this substrate reconstruction "€ct comparison of our STM images with the STM images of
region can transform into thexi1-H at this temperature. At the 3X 1-Me reconstruction is hardly p055|ble., as all ]n atoms
300 °C one would expect the larger area of thellhydro-  are remo_ved from the subst_rate reconstruction region in our
gen terminated surface coexisting with the Z-H(In) sub- ~ case, while the 31 surface includes Me atoms.

strate reconstruction and at 400 °C the %-H(In) substrate
reconstruction completely transforms into the 1-H and the
whole surface will be covered by it.

This is indeed the case, as shown in Fig. 6. Figures, 6 As our STM images of the substrate reconstruction region
6(b), and Gc) present filled state STM images of the 4 are strongly depending on the tunneling bias, which indicates
X 1-In surface exposed to 10 L in atomic hydrogen at differ-that the protrusions do not necessarily correspond to any
ent temperatures: 200 °C, 300 °C, and 400 °C, respectivelyatomic position, we cannot interpret our images in terms of
As can be seen, three different regions are observed: theny structural model without the aid of an electronic struc-
original 4x 1-In reconstruction, the X1 substrate recon- ture calculation. However, it is possible to draw some gen-
struction, and the X1 hydrogen terminated surface. At eral conclusions about the atomic structure Bfldsubstrate
200 °C[Fig. 6(@] we did not find any X 1-H reconstruction reconstruction regions. Let us consider the possible atomic
on the surface. At 300 °CFig. 6(b)] all three regions are structural models of theX41 substrate reconstruction based
observed. At 400 °QFig. 6(c)] we did not find any X1  on the models, proposed for the(Bi1)3X 1 metal-induced
substrate reconstruction region on the surface: only originasubstrate reconstruction. First of all, we describe the models
4X 1-In reconstruction andX 1 hydrogen terminated surface of 3X 1 substrate reconstruction following the recent work of
were observed. Erwin The first structural model of thexd1-Me reconstruc-

Thus, one can see that the area exposed during atomimn did not take into account the substrate reconstruction.
hydrogen interaction with 4 1-In surface corresponds to the Thus, the bulk-terminated surface was considéfe8ince
4% 1 silicon substrate reconstruction in accordance with outhe unreconstructed surface consists entirely of six-member
LEED and AES results. It should be noted that the14 rings of Si, this model has a surface layer which

C. Structural model of the 4x 1 substrate reconstruction
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FIG. 8. (a) The extended Pandey chain struc-
tural model (Ref. 8 for 3x 1 substrate recon-
struction, and(b) the structural model for the 4
X1 substrate reconstruction proposed in this
work.

can be denoted simply &s..66666...). Fan and Ignatiel/ Our results can be useful for the understanding of the
proposed a simple missing-row model[denoted atomic arrangement of the ($iL1)4X 1-In reconstruction.
(...6606@...)]. Several groups independently proposed aThough the Sil11)4X 1-In structure observed at In cover-
structure which is a variant of Seiwatz chaimonsisting of ages ranging from 0.6 up to more than 1.0 ML has been the
parallel r-bonded chains formed by five-member rings of gbject of several investigatio’$;***the atomic arrange-
silicon, separated by empty channdls .5005@...).""®  ment of this phase has not been conclusively established.
Recently Erwifi proposed an extended Pandey chain modelThe structure of the %1 phase has been investigated using
This model can best be described as an extension of Pafe|sg 4244 Auger electron diffraction/AED) (Ref. 43 and
dey’s m-bonded chain modéf, which is widely accepted as  x.ray diffraction (XRD).*® The results of ICISS experiments
the atomic geometry of the clean(811)2x 1 reconstruction. \ere inconsistent with models of a<4 surface with 1 ML
The 2<1 Pandey model consists of alternating sevenqn and supported the model in which 1/2 ML In atoms oc-
member and five-member rings.. 75755....). The metal:3  cupy theH, and T, sites. Contrary to the ICISS results, the
X1 extension of this model, simply inserts a six-memberpest agreement with AED data was reached for the model
ring into this sequence...76576...). with 1 ML In coverage®® The latter model has been further
Based on these structural models we considered the pogefined by Finneyet al*® using XRD. However, in all these
sible atomic arrangement of thex4 substrate reconstruc- studies the substrate Si atoms were considered unrecon-

tion. This substrate reconstruction must have thel4eri-  structed. Thus, further work might be helpful in addressing
odicity and zero density of silicon atoms. The last conditionthis 4x 1-In atomic arrangement.

comes from the recent dynamic observation of In adsorption

on Si111) surfaces by Tanishiroet al®® using high-

temperature STM. From the measurement_ of thel §tep move- IV. CONCLUSION

ment due to the structural change the density of silicon atoms

in the 4x1-In structure was evaluated to be about zero We have used AES, LEED, and STM to study atomic
(or 2 ML).®® This result restricts severely the number of hydrogen interaction with a &i11)4x 1-In surface at room
possible models of the >41 substrate reconstruction. For and elevated temperatures. Upon hydrogen action most of
the 4x1 substrate reconstruction, tije..6660666...) or  the Si-In outer bonds are broken and are replaced by Si-H,
(...6600660...) missing-row models and the and Inis freed to form islands without Si movement. These
(...5000500...) Seiwatz chain model result in the silicon results are confirmed as a substrate reconstruction through
density of 13/8, 9/8, and 1/2 ML, respectively. Thus, thesehe LEED data which show that the periodicity of the LEED
two models must be rejected. The bulk-terminated model hagattern did not change after atomic hydrogen interaction.
zero silicon atomic density but it also should be rejected, aghis 4x 1 silicon reconstruction can exist without In adatoms
it cannot describe the>41 substrate periodicity after In ag- and is stable up to 300 °C. STM images of the %In sur-
glomeration, induced by atomic hydrogen. The extension oface after atomic hydrogen interaction have been obtained.
the “extended Pandey chain” model for the case of theThese images show clearly that the underlying atomic layer
4x1 reconstruction, simply inserts an additional six-of a substrate of the @i11)4X 1-In surface phase has a re-
member ring into the sequencé...7657&...), i.e., construction with the same periodicity as the In layer. Thus,
(...665766%...) as shown in Fig. 8. The silicon atomic the substrate reconstruction for th€19i)4Xx 1-In has been
density is zero for this model. Thus, the extended Pandegirectly observed and evidenced. A structural model of this
chain model is the only model that fits the all available ex-substrate reconstruction is proposed based on the recently
perimental data. One might expect this geometry for the 4roposed extended Pandey chain model for t{£13)3x 1

X 1 reconstruction to be energetically favorable as well as A\g and alkali metal induced substrate reconstruction. Our
x 18 The addition of two six-member rings provides two experimental data show evidently that atomic hydrogen is a
surface dangling bonds pe4 unit cell to serve as adsorp- powerful tool for the investigation of the atomic structure of
tion sites. surface phases forming on the silicon surface.
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