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The deposition and growth of pseudomorphic a-% has been studied on InSb(OO1) using He scattering and LEED. The InSb gave 
a (1 x 4) reconstruction which changed to a (1 x 1) structure for a monolayer of ol-Sn. The growth process was followed using the 
intensity of the (00) He peak as a function of coverage (as in RHEED) and the shapes of these curves were used to interpret the 
events. Recovery curves (for different coverages and surface temperatures) show times similar to those observed by RHEED and the 
times indicate that growth and recovery are concurrent phenomena. Recovery curves for very fow coverages - 0.5%, are thought to 
observe the process of local reconstNction towards the a-Sn structure. Finally, the effects of ion bombar~ent on InSb as well as the 
deposition of oz-Sn are briefIy presented. 

1. Introduction 

There has been worldwide intense interest in 
the properties of semiconductor surfaces as well as 
in the deposition and growth of several types of 
material layers on such surfaces, e.g., semiconduc- 

tors, insulators and metals. Several reasons account 
for such diverse interest. They include, amongst 
others, the different phenomena in growth be- 
haviour at low coverages, the influence of small 

amounts of metal on the electronic properties of 
semiconductors and interest in the adsorption of 
gases for capping or catalysis purposes. In this 
study experimental findings are presented for the 

deposition of a metal, Sn, on InSb(OO1) single 
crystal which forms a good lattice match to InSb 
in the tetrahedral a-Sn metastable phase. The 
knowledge of the stability of this phase is of 
interest at lower coverages than has been studied 
to date. The study uses the technique of He 
scattering and LEED to yield structural, and 
growth properties of the chosen system, at low 
coverages. Interest in any system starts with the 
structure or particular reconstruction of the sub- 
strate upon which growth is to occur. In the case 
of InSb(~l) many r~onstructions have been 

noted [l] depending on either the method of pre- 
paration or the overpressure of In or Sb and much 
effort is directed to the understanding [I] of these 
different structures. In this particular instance we 

fellow the early procedure of Farrow [2] and others 
[2c,2d] which involved ion bombardment and an- 
neal cycles. Disagreement in the reconstruction of 

the InSb substrate and the absorbed layers of 
ar-Sn has been observed between workers using 
RHEED techniques. RHEED yields either a 
(2 x 4) or a c(2 x 8) structure but two other stu- 
dies using LEED [2d] have shown a basic (1 X 4) 
structure with streaks in the x 2 position so that 
disagreement also occurs depending on the tech- 

niques used. Farrow was able to grow films of 
cw-Sn in a metastable state up to thicknesses of 0.5 
pm and which remained stable to about 60” C 
above the bulk (Y- + /3-Sn transition of - 13.2’ C. 
The subject of the growth of metastable surface 
phases has been more recently reviewed [3a]. In 
the present case we have concentrated on the early 
stages of growth (- 1% monolayer up to 5 mono- 
layers) using He elastic scattering and LEED as 
opposed to the more traditional RHEED tech- 
nique. The former techniques act as a complement 
to RHEED and can be expected to yield ad- 
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ditional information on the surface structures and 

the concurrent growth processes. He atoms have 
been used recently [4] to study metal deposition 
on both similar and dissimilar metal substrates 

where oscillations in the (00) peak were observed 
as in many instances of deposition carried out 

using RHEED patterns. It is thought that He 
scattering might not be as plagued by multiscatt~r- 
ing effects as is RHEED. In the present case 

however, we have applied He scattering, probably 
for the first time, to the deposition of a lattice 
matched metal on a 111-V semiconductor with 

concurrent reconstruction. i.e., the flux was low 
enough that deposition and reconstruction of the 

new selvedge were occurring simultaneously. 
By interrupting growth and observing the slow 

recovery of RHEED patterns much insight can be 
obtained about the growth process itself [5]. In 
fact, it is through that such experiments could well 
yield more useful information than mo~ho~ogica~ 
observations [5,6]. Similar recovery experiments 
have been attempted in this study using very low 

coverages ( - 1%) up to monolayer values. 
The choice of Sn deposition was prompted by 

several factors: (1) like CdTe, InSb is very closely 
lattice-matched to a-Sn; (2) the metastable or-Sn 
was considered to have potential for interesting 
thickness dependent band-gap devices [3b]; (3) the 
study of the stability of the Lw-Sn at low coverages 
is of interest and finally [4] the work can be 
carried out at room temperature to - 200” C - a 
range where the elastic (00) peak for He is still 

adequately larger than background inelastic ef- 
fects. 

The arrangement of the paper is as follows: 
After a description of the experimental arrange- 
ment the results will be presented and discussed. 
Diffraction patterns for He scattering along with 
LEED will be discussed so that the particular 
reconstruction is established. (The authors have 
already presented such studies at low tempera- 
tures - from the oxide layer to the cleaned surface 
[7].) Then the variations of the He (00) peak 
intensity with deposition will be presented in an 
attempted to understand the mechanisms of 
growth at different stages of coverage. Recovery 
times for various temperatures and coverages will 
then be discussed and compared with RHEED 

results and finally the effect of ion bombardment 
on reconstruction and deposition will be shown. 

2. Experimental 

The beam generating system is similar to that 
used in our previous low temperature atom 
scattering experiments [8]. Changes were made to 
the LJHV chamber to accommodate high tempera- 
ture treatments of semiconductor specimens. The 
detector was changed to a modified (Extrel) quad- 
rupole mass spectrometer. The line of sight of the 

fixed detector to the sample was at 90” C to the 
incident beam and the crystal was rotated to 
change scattering conditions. The beam was 
chopped by a wheel with four slits at 300 Hz and 

was located 50 cm from the sample. The sample- 
detector distance was 109 cm. Time of flight data 
was obtained using a multichannel scaling board 
(EG and G Ortec) installed in a computer (Zenith). 
The UHV chamber was pumped with a turbo- 
pump (Varian V1800) and the detector chamber 
was pumped by a smaller similar pump (Varian 
VZOO). An intermediate chamber (installed be- 

tween the UHV and detector chambers) served to 
reduce the background for a better signal to noise 
ratio. 

The LEED apparatus was a back reflection 
instrument (Princeton Inst.) and was operational 
at a distance of 10 cm from the He beam plane 
along the axis of the manipulator. An Auger ana- 

lytical spectrometer (V.G.) was located at a similar 
distance. 

The Sn source (99.9998, CERAC INC.) was 
made of a MO container and could be heated to 
the temperature range of interest for evaporation 
(800-900 o C) by electron bombardment. The 
source was situated at about 30 cm from the 
sample while the flux was measured with a quartz 
microbalance. Source temperatures were arranged 
to yield monolayers in the range of 20-200 min 
for accurate small doses. No contamination of the 
Sn layers was observed, within the sensitivity of 
the AES. 

Prior to loading, in the UHV chamber the InSb 
the sample was dipped in a CP-4A etchant [7] for 



B.F. Mason, B.R. Williams / Growth and recovery of a& on InSb(OO1) 

2 min to remove any polishing damage. The surface 
was cleaned in situ by ion bombardment and 
anneal cycles (500 V Ar ions for 1 h at I 1 
pA/cm2; anneal, 40 min at - 300°C). Sn layers 
were likewise removed after deposition. During 
the whole set of experiments the diffraction pat- 
tern for a given incident energy did not change 
appreciably indicating that ion bombardment 
damage was not a major variable or that islands of 
In which are known to form on the surface did not 
become a parameter on the scale of the diffraction 
technique, e.g., 100-200 A. 

3. Results and discussion 

Before proceeding with a discussion of the re- 
sults it is useful to describe briefly the surface 
interactions that influence atom scattering and 
render it a very surface sensitive tool and a useful 
addition to the study of deposition on semicon- 
ductors. The He atom is about 3 A in diameter (a 
large probe) but scatters exclusively from the 
surface by the repulsive potential developed as the 
atoms electrons overlap the surface electronic 
structure. The attractive portion of this van der 
Waals interaction does not play a major role in 
deflecting the He atom except in the vicinity of a 
step or a polarized molecule or atom on a terrace. 
If, during re~onst~ction the electronic environ- 
ment of the surface is changed locally, then such a 
situation could also change the scattering cross 
section and influence peak intensity. Because of 
its physical dimension the probe atom is compara- 
ble to steps on the surface, kinks in steps and 
vacancies on terraces so that intuitively it is seen 
that the interplay and development of such fea- 
tures, during growth and recovery for instance, 
will influence scattering considerably. Semicon- 
ductors, as a group of materials, have basically 
relatively open structures so that, not only is the 
spacing between rows of atoms compa;able to the 
He atom (and its wavelength - 1 A) but the 
depth of the corrugations are relatively large. This 
leads to a scattering pattern with many diffraction 
peaks [9] (relative to, e.g., close packed smooth 
metals). 

INCIDENT ANGLE (DEGREES) 

Fig. 1. (a) and (b) show the diffraction pattern for InSb(OO1) 
after ion bombardment and annealing in the (110) direction for 
beam energies (Ea) of 16 and 20 meV respectively. Many 
peaks are detected at this surface temperature (RT) such that 
rainbow effects are visible. The reconstruction in this direction 
is X4 the bulk lattice. (c) and (d) show the changes in the 
diffraction patterns for Ea = 16 meV when a coverage of 0.4 
and 1, respectively, of a-Sn has been deposited. No diffraction 

peaks are visible for a coverage of unity. 

Figs. la and lb show the diffraction pattern 
from InSb(OO1) in its reconstructed form after ion 
bombardment and anneal cycles to remove the 
oxide layer. As mentioned earlier, many recon- 
structions have been observed [I] and the structure 
reported here is different from the (2 x 4) struc- 
ture observed by Farrow et al. [2a] during experi- 
ments on cY-Sn layers and using RHEED to analyze 
the results. Hbchst [2c], using similar techniques 
(RHEED, etc.) observed a ~(2 x 8) reconstruction. 
However, more recently and employing LEED 
techniques, Jones et al. [2d] have observed a dif- 
ferent reconstruction to the above. This group 
observed a structure which was basically (1 x 4) 
with streaks in the X2 positions. Figs. la and lb 
indicate, as did our study at low temperatures, a 
X 4 reconstruction in the (110) both for an energy 
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of 16 meV (a) and 20 meV (b). As it was not 

possible to rotate the sample azimuthally in situ, 
LEED was used to yield the general structure in 
the out of plane directions. Such a LEED pattern 
is shown in fig. 2a where it is clear that the 
predominant structure is a (1 X 4) reconstruction. 
For a very narrow energy range extra very broad 

streaks were obtained in the X2 positions similar 

to Jones et al. but they were also very weak and 

suggest that the electrons in this instance are 

interacting with an arrangement of longer range 
order such as steps. Jones et al. interpret the 
differences in the following way. They associate 
the streaks with those of RHEED which would 
give the same result (i.e., streaks) in the X2 posi- 
tion at glancing incidence. Nevertheless, they de- 

scribe the structure as either a (4 X 1) or a (4 X 2) 
with one-dimensional disorder. The ion bombard- 
ment and anneal conditions for all these studies 
are not very different so that it is not likely that 

nuclei of In on the surface could cause the dif- 

ferences. Perhaps these results emphasize the diffi- 
culty in assigning a definite reconstruction without 
taking the intensities of many diffraction peaks 
over a wide range of incident energies and com- 
paring the results theoretically with a model. Re- 
turning to figs. la and lb it can be seen that the 
He patterns are remarkably symmetrical about the 
(00) position for both energies and the grouping of 
intensities around the (00) and other diffraction 
peaks suggest the commonly observed rainbow 
features which in principle can yield structural 
information for the surface provided the intensi- 
ties can be measured over a wide range of incident 
conditions. Changes in the relative heights of the 
diffraction peaks provide a sensitive measure of 

any changes to the corrugation of the surface such 
as occurs on adsorption. 

Figs. lc and Id show the diffraction pattern for 
a coverage (0) of a-Sri of 0.4 and 1 respectively. It 
is seen that by 0 = 0.4 the signals have fallen 
considerably but the (1 X 4) structure is still visi- 
ble. This feature indicates that the surface is be- 
coming covered with a layer of single thickness as 
opposed to three-dimensional nuclei. LEED, being 
slightly less surface sensitive, gives at 6 = 0.4 also 
a (1 x 4) structure but with a greater emphasis on 
the (1 X 1) reconstruction that finally emerges at 

full monolayer and even more prominently (the 
spots are apparent over a greater range of incident 
electron energies) at about 5 monolayers (figs 2b 
and c). This result is again in disagreement with 

Farrow and Hiichst who observed a (2 X 2) and 
(2 X 1) reconstruction respectively for cr-Sn layers 

up to a thickness of 0.4 pm although very broad 
features can be seen in the x2 positions for 5 

layers. Interestingly, Jones et al. also find a con- 

version of the (1 X 4) to a (1 X 1) structure on the 
adsorption of both I, and Cl, as in the present 
case of a-Sn and H atoms (see below). Unfor- 
tunately, atom scattering was not able to shed 
light on this matter because the diffraction pat- 
terns continuously decreased in intensity as 8 in- 

creased to yield only a broad scattering pattern, 
fig. Id, which did not change further in the multi- 
layer region. This is an unusual result for atom 

scattering except for the adsorption of some gases 
at low temperature [lo]. The answer most likely 

arises as a result of the large Debye-Waller effect 
of a heavy relatively loosely bound atom at room 
temperature as energy analysis of the layers, fig. 3 

; afb 
1.5 2.0 

9 TIME (ms) 

INCIDENT ANGLE (DEGREES) 

Fig. 3. He scan for H atoms (generated from a tungsten 
filament) adsorbed on InSb to giving a monolayer recon- 
structed to a (1 x 1) structure. This shows that the basic sub- 
strate is sufficiently flat to yield diffraction peaks for an 
adsorbed monolayer. The inset is a time of flight scan for a 
monolayer af a-9-r. It shows that, although some elastic in- 
coherent scattering is present (the sharp peak) the scattering 
yields no well defined single phonon processes. The result 
shows mainly multiphonon events where the surface has pre- 

dominantly given energy to the He atom. 
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(inset), yielded only multiphonon scattering along 
with some elastic incoherent component. It is dif- 

ficult to accept that the cw-Sn monolayer becomes 
completely rough as the LEED pattern shows well 

defined and well ordered spots. In contrast hydro- 
gen atoms also yielded an ordered reconstructed 
(I x 1) monolayer as seen by LEED but, in this 

instance, He scattering gave small but well defined 
(00) and first order diffraction peaks - see fig. 3. 
It is possible that alloying of the Sn can occur by 

cation exchange as this effect is well known in 
II-VI compounds. This has not been mentioned 
as a problem in other studies of a-Sn-InSb or 
a-Sn-CdTe. The only reference to a film not 
having a sharp interface of Lu-Sn is that by Farrow 

where a small fraction of &Sn nucleii form at 
defects at the interface (for thicker films). 

As referred to earlier the Sn atoms when ad- 
sorbed on InSb (and CdTe), they are constrained 
by the substrate into pseudomorphic growth due 
to the close lattice matching which minimizes the 
development of elastic strain. Farrow discovered 
that thick films grew quite perfectly and were 
stable against the transition to p-Sn up to 70” C. 
It was our objective to discover the stability of the 
monolayer films to higher temperatures. Heating 
to 200 “C did not influence the properties of the 
film as evidenced by LEED and He scattering and 
deposition of the film up to temperatures of 160 o C 

yielded the same LEED (I x 1) reconstruction 
from (1 x 4). Such stability of the first layer to 
high temperatures has been observed also for Sn 
on Si(100). Furthermore, the He scattering was 
still broad and diffuse on cooling the films to 
room temperature suggesting that the scattering 
behaviour is an intrinsic property of the Lu-Sn 
layer rather than a rough surface. (LEED would 
also yield diffuseness if a rough surface was caus- 
ing the effect.) On adsorption of Sn atoms several 
processes are occurring concurrently. First, the 
atoms are mobile enough at room temperature to 
form two-dimensional nuclei and reach existing 
steps on the surface to produce an ordered layer. 
The mobility could possibly be described as being 
ballistic but most probably the atoms have to 
surmount a surface barrier, especially at the lower 
temperatures used - thus favoured sites for recon- 
struction probably exist. Further, the chemical 

forces cause a reconstruction of the surface within 
times (for the given incident flux) comparable to 

the rate of increase of 8 (see below for discussion 
of recovery curves). Finally, the chemical bonding 

is stable to higher temperatures, once established. 
It is also clear from the LEED behaviour that the 

films grow layer by layer as opposed to developing 
three-dimensional nuclei after having grown a 

monolayer. 
We have studied the low surface coverage re- 

gions in an attempt to shed some light on the 

growth process using low fluxes of Sn atoms and 
He scattering. The coverage was measured using a 

” 
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COVERAGE 

Fig. 4. Three curves that represent the fall of the (00) peak 

(E, = 16 meV) for three different surface temperatures, (a) 

36 o C, (b) 82 o C and (c) 150 o C respectively. Each result shows 

an initial rapid fall in the peak height at low coverages, then a 

broad maximum at a coverage of 8% as growth proceeds. The 

ratio of the initial (00) to the broad peak falls as the tempera- 

ture increases suggesting an influence of increased lateral mo- 

bility. The curve gradually decrease after a coverage of 0.1 due 
to the changed nature of the surface yielding a large Debye- 

Waller factor. The part of curve (c) near monolayer coverage is 

shown in fd). 
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Fig. 5. Portions of curves seen in fig. 4 but where growth has 

been interrupted at different coverages to observe the recovery 

process. (a) Interruption and recovery sequentially for I!$, = 20 

meV at room temperature; (b) interruption and recovery at the 

minimum of curve 4a (I?, = 20 meV); (c) similar results at the 

maximum at a coverage of 8% (Ea = 20 meV, T, = 56 o C); (d) 

the case for E, =16 meV and T, = 73” C. Results (b), (c) and 

(d) suggest, like RHEED, that two regions of recovery exists 

but dependence on coverage is not marked. 

quartz microbalance as well as the disappearance 
of He diffraction peaks. In fig. 4 the source was 
adjusted to yield a monolayer in 20-23 min so 
that in 1 min only 5% of the surface was covered. 
In 1 min at least 50% of the final reconstruction is 
complete as can be seen from the recovery curves 
in fig. 5. Fig. 4 shows the variation of the (00) 
peak height as a function of the exposure to Sn 
atoms (sticking coefficient assumed to be unity) 
for different surface temperatures. Such curves are 
similar to those found in RHEED work to follow 
MBE growth where oscillation are observed as a 

function of step edge concentration (roughness) as 
islands grow and aggregate to form monolayers 
sequentially. Such oscillation have been observed 
using He scattering [4] where the authors claim, 
from Monte Carlo simulations and experiment, 

that the results can be treated kinematically and 
not be confused by multiple scattering effects as 
seems to be the case for RHEED. However, the 
current situation is not exactly equivalent as 

pointed out above. It is seen that in all the curves 
of fig. 4 an initial sharp drop occurs at very low 

coverage - less than 1% in all cases. The sharpness 

of the fall for the amount of Sn adsorbed indicates 
a very large cross section for deflecting He atoms 

in this dilute region of adsorption. Such a large 
cross section could not arise from the physical size 
of the Sn atoms blocking (or shielding) the He 
probe - a fact known from adsorption studies. 

The result is similar to that observed for CO-Cu 
(110) where similar sharp decreases were observed 
[12]. Such results have been attributed to isolated 
atoms or molecules (as opposed to small nuclei) 

having been polarized so that both the repulsive 
and attractive parts of the He atoms interaction 

with the surface region have to be taken into 
account. Such situations can lead to very large 

scattering cross sections. Mobile isolated atoms 
can also lead to a similar observation. 

Therefore it is postulated here that in this di- 
lute, low 19, region that the Sn atoms are not only 
laterally mobile but are active chemically to a 
degree that a new electronic environment is being 
created with the result that charge transfer can 
occur. This might occur at preferred sites on a 
terrace or after migration to a step or kink. 

The next region of interest in the curve is a 
broad maximum, initiating from the dilute phase 
and reaching about t9 = 0.2 depending on the 
surface temperature. The maximum, relative to the 
initial (00) peak increases in height as temperature 
increases. In this denser surface region the atoms 
can begin to interact to form two-dimensional 
nuclei, a process that reduces the total cross sec- 
tion compared to isolated randomly located atoms. 
This is a view incorporated in theories that at- 
tempt to interpret RHEED oscillations as well as 
atom scattering oscillations. In this denser region 
atoms are also on average closer to existing steps 
on the surface, into which they can be incorpo- 
rated and proceed with reconstruction. Although 
the maximum is always at 8 - 7-8%, it increases 
in height with temperature suggesting that the 
mobility of the atoms does play some role in the 



growth. The only observational change that can be 
observed in the continuously falling diffraction 

peaks is a brief very small increase in the X 2 peak 
suggesting some degree of ordering at this stage in 

the reconstructing layer. This feature was observed 
at the maximum in the curve. The final phase in 
the development of the monolayer is the con- 
tinued deposition of Sn atoms to yield a surface 
which is reconstructing to (1 X 1) cY-Sn and as 
discussed above is a poor scatterer of He atoms 

and the (00) falls as in many adsorption systems 
studied. The whole of the above is equivalent in 
time to one oscillation in RHEED experiments 
and the regrettable part of this system is the 
decline in the signal at a monolayer. This feature 

makes other systems worthy of study - those that 
do not yield a metastable phase and soft modes of 
vibration. A final conclusion can be made -- being 
that the 1~-Sn is deposited as a single layer without 

the formation of Volmer-Weber type nuclei. 
Fig. 5 demonstrates the nature of the recovery 

process mentioned above and is the subject of 
active theoretical interest currently [4----61. The 
technique involves intercepting the Sn beam after 
particular values of 8 have been reached and 
observing the subsequent change in the (00) peak. 
The small vertical changes in the signal at these 
points result from the He beam being briefly 
interrupted at the same time. 

Fig. 5b shows a recovery curve just before the 
minimum of a curve like that in fig. 4a, except the 
beam energy was - 20 meV in this case as op- 

posed to 16 meV. The shape would seem to indi- 
cate that, as has been found by RHEED [14,15], 
an initial faster recovery region exists followed by 
a much longer reordering phase. Fig. 5c shows a 
similar recovery curve for the same energy but at 
- 50 o C. The result is somewhat similar although 
the interruption was made at 8 = 8%, i.e., the 
maximum in the curve and as a result in a region 
having a slightly different surface environment. In 
either case within 30-60 s half of the recovery is 
complete, i.e., times not dissimilar to those found 
for RHEED. Fig. 5d shows a recovery curve taken 
at higher coverage, 8 = 0.4 for an energy of 16 
meV where there might be an indication that the 
initial recovery is slightly slower. Finally, referring 
back, Fig. 5a shows a composite of recovery curves 

taken in sequence starting at very low coverage. 
Reviewing this data it is felt that differences in the 

initial recovery do not seem to vary significantly 
with coverage in this instance. However, as op- 

posed to RHEED it must be borne in mind that 
scattering cross sections for He scattering includ- 
ing shadowing effects and changing Debye-Waller 
effects would have to be inco~orated into any 
interpretation and that direct comparison is not 
necessarily proper. 

In an attempt to separate out the influence 

(presence) of many atoms at high coverages the 
temperature of the source was lowered to yield a 
flux ten times less than used up to the present. By 

VI (e) 

oIY 
0 100 200 300 400 

TIME (s) 

Fig. 6. The results of recovery in the dilute region of adsorp- 

tion of n-Sn. The Sn flux was reduced so that doses of - 0.5% 

of a monolayer could easily be deposited. The (00) signal was 

suppressed and detection at lower level accomplished. The 

results are for surface temperatures ranging from 160 o C down 

to near room temperature. (a) 16O”C, (b) llX°C. (c) 75OC, 
(d) 43’C, and (e) 34OC (E,, = 16 meV in all cases). It is 

postulated that the recovery process represents local restructur- 

ing at this dilute level of coverage. 
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suppressing the (00) signal and looking into the 
background it was possible to produce small doses 
equivalent to 0 < 0.5% and then follow the re- 
covery process in the dilute region where isolated 

atoms, which probably induce charge transfer, are 
observed as indicated by the rapid initial fall. The 

results are shown in fig. 6 as a function of surface 

temperature (160 o C to RT). It would be expected 
that the mobility of the Sn atom might be re- 
flected in the results, however unlike the dramatic 

time changes in RHEED results as a function of 
mobility we were not able to observe sufficiently 
variable results with temperatures to be signifi- 
cant, the recovery process being very uniform in 

this range of 8. The current thought on the two 
stages of recovery [5] is that initially dendritic 

effects, i.e., kinks and small protrusions are an- 
nealed out rapidly, after which longer time effects 

such as filling in depressions and the overall de- 
creasing of the perimeters of islands account for 

intensity changes. The results here, where the 
coverage would only be in the dilute region would 
not fit that scenario as it is unlikely that individ- 
ual Sn atoms would have the chance to form small 
nucleii before encountering a preferred site for 
initiating reconstruction or join an existing step. 

Consequently, it is possible that what is being 
observed primarily in this dilute region is the 
actual change from an adsorbed atom (inducing a 
large cross section) slowly being incorporated into 

the top terrace at preferred sites as one process 
and the absorption into existing steps as the other 
possibility. The distance to a preferred site can 
only be of the order of a lattice separation or two. 

However, the distance to a step site can be many 
times more, rendering the former process as being 
more likely as the initial process. The slow migra- 

tion of a “localized defect” to lower its energy by 
moving to a step can then account for the longer 
times of recovery. If this is so it is much related to 
the lattice matching and the subtle extra chemical 
driving force of the lattice to constrain the Sn into 
the a-Sn cubic form rather than the p tetragonal 
form. It is also of interest to note that even for the 
very lowest flux depositions of Fig. 6, on con- 
tinued deposition of cu-Sn a maximum was still 
observed in the (00) peak height. This means that 
even with a factor of ten more time to move about 

on the surface and reconstruct relative to the rate 
of impingement the same phenomena were ob- 
served. At the other extreme of higher fluxes (such 

as used by Farrow and others to make thick films, 
it is a wonder that the lattice of the newly created 
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Fig. 7. The influence of ion bombardment on InSb and the 

deposition process. (a) Diffraction scan similar to fig. la (Ea = 

16 meV). The influence of extended bombardment and anneal 

cycles is to make two relatively small changes: (1) the (00) peak 

gains in height relative to the diffraction peaks and (2) some 

diffraction peaks broaden or distort. The symmetry about the 

(00) peak is still maintained. (b) The effect of ion bombard- 

ment without a subsequent anneal cycle. The (00) has fallen by 

only a factor of 3 but the diffraction peaks have all been 

removed except for two broad first order peaks (giving a ~1 

reconstruction) and a sharper second order peak. LEED con- 

firmed the (1 X 1) ion bombardment induced rough surface. 

Deposition of Sn on this surface is shown in curve (d) where it 

is clearly seen that a rough surface changes the nature of the 

growth process. A recovery mechanism was still visible at 

monolayer coverage (not shown). (c) He scan for the Sn 

monolayer. It is similar to the cr-Sn layer (fig. Id) except a 

better defined (00) peak is visible. 
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film becomes sufficiently relaxed to grow defect- clusion is that it is basically easy to form n-Sn 

free films. layers on InSb. 

Finally, in this study, it was decided to measure 

the effects of ion bombardment on the deposition 
process. Others have failed to produce cu-Sn on 

either contaminated or ion-bombarded surfaces. 
The effect of prolonged ion bombardment and 

anneal cycles on the InSb substrate is shown in 
fig. 7a. (W’e could not measure the total number of 
ions needed to reach this condition.) The effect is 
not very striking which lends confidence to the 
results above. If the pattern is compared to fig. la. 

two effects are apparent: (1) the (00) peak has 
gained height relative to the diffraction peaks, and 
(2) some orders of diffraction peaks (in the minor- 
ity) have broadened or distorted on one side. 
Broadening of peaks is a general trend when loss 

of longer range order of a particular nature is 
developed. Fig. 7b is very interesting and shows 
the effect of the standard ion bombardment cycle 
but without anneal. It shows a definite diffraction 

pattern with a sharp (00) peak, broad first order 
(1 x 1) peaks and a sharp second order peak. In 
other words although the pattern is weaker (the 
(00) has fallen by a factor of - 3) the ion 
bombardment has induced at least a partial re- 
structuring to the (1 x 1) configuration. This fact 
is confirmed by LEED which like the He back- 
ground scattering, shows a bright background due 
to spurious scattering. Compared to the ion bom- 
bardment of metals [16] the result is entirely dif- 
ferent. For metals the (00) peaks fall exponentially 
with 8 and broaden considerably, e.g., by a factor 
of 3 with the base of the peak broadening much 
more due to elastic incoherent scattering. 

4. Summary 

A study has been made of InSb(OO1) using He 
scattering and LEED. Pseudomo~hic films of 
cw-Sn have been deposited as a function of temper- 
ature. The process of adsorption has been fol- 

lowed from the very dilute phase up to 5 mono- 
layers and attempts made to understand the phe- 

nomena. Recovery curves were observed for all 
coverages up to a monolayer but the results did 

now show a marked dependence on coverage. Very 

small doses of Sn (8 < 0.5%) were deposited at 
different temperatures and the recovery in the 
dilute stage monitored. It is thought that the pro- 

cess of reconstruction is being followed for the 
small number of non-interacting atoms. The ef- 
fects of ion bombardment on InSb has been ob- 
served to reconstruct the surface to a (1 X 1) struc- 
ture but it has the effect of modifying the adsorp- 
tion process. 
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