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Transmission-ion-channeling studies of the silicorf111) monohydride surface
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Transmission ion channeling was used to examine the atomic position of deuterium on the (&ilitbn
monohydride surface. A 2-MeVHe*-ion beam was used to elastically recoil deuterium from the beam-exit
surface of a thin silicon crystal. The yield of recoiled deuterium was measured versus angle between the
analysis beam and the channeling axis near(ttfl), (110, and(100) axes. The location of the surface
deuterium relative to the silicon lattice was examined by comparing the measured yields with computer
simulations of ion channeling. Channeling measurements were consistent with approximately half of the
deuterium occupying a site close to the site predictedlbynitio calculations of the structure for the($11)
1X1 monohydride surface, with the remaining deuterium being disordered or displaced from the predicted
site.[S0163-182607)02616-1

[. INTRODUCTION LEED intensitied and medium-energy ion scatterihgave
been used to determine the atomic position of the surface
Hydrogen-terminated silicon surfaces have been intensilicon atoms, but not the hydrogen, on thg13il) 1x1
sively studied because of their importance for fabrication ofmonohydride surface.
semiconductor devices. Termination of dangling silicon In a previous study? the atomic position of deuterium on
bonds with hydrogen greatly reduces chemical reactivity ot S(100 2xX1 monohydride surface was determined by
the surface, which helps maintain clean surfaces during prdfransmission ion channeling. Here we use transmission ion
cessing. In addition, surface hydrogen strongly influenceshanneling to examine the atomic position of deuterium on a
chemical vapor deposition and molecular-beam-epitaxiaBi(111) 1Xx1 monohydride surfacdhenceforth denoted
growth. Hydrogen termination of dangling bonds at surfacedd/Si(111) 1x 1] prepared by dosing with atomic deuterium.
and interfaces also strongly affects electronic properties. Thin Sec. Il, the equipment and methods used to prepare and
large free energy associated with unterminated bonds on sucharacterize the samples and to make the channeling mea-
face silicon atoms causes the surface to reconfigure to reduseirements are described. In Sec. Ill, results from channeling
the number of dangling bonds. The(B0 2x1 dimer measurements near thell), (110, and(100 axes are pre-
structure and the 8i11) 7X 7 structure are well-known ex- sented. In Sec. IV, computer simulations of channeling are
amples. Hydrogen termination drastically alters the surfaceompared with channeling measurements to determine the
free energy, and thus also affects surface reconstruction. Tregomic position of the deuterium.
influence of hydrogen termination on the structure of silicon
surfaces has been investigated using low energy electron dif-
fraction (LEED),'? scanning tunneling microscopy Il. EXPERIMENTAL METHOD
(STM),3=® atomic force microscopgyand ion scatterinf.
These studies show that for the monohydride configuration,
in which one hydrogen atom is attached to each surface sili- The thin silicon crystals used in this study were prepared
con atom, th€100) surface retains the>21 dimer structure from silicon-on-insulator wafers produced by a bond and
of the unterminated surface. However, the surface silicoretch-back proced$which gave a high-quality111) silicon
atoms on thg111) monohydride are close to their bulk lat- layer 0.4um thick with a resistivity of 200@2 cm on top of
tice positions in contrast to theX77 reconstruction of the an SiO, layer 1 um thick on a 525xm-thick (100) silicon
unterminated(111) surface. Previous studies have shownwafer substrate.
that S{111) 1Xx1 monohydride terminated surfaces with  The samples were etched inM KOH solution at 80 °C
very few structural imperfections can be prepared chemicallyo remove the substrate over a region about 3 mm in diam-
using a solution of NHF2 and by exposure of Sill) eter at the center of sample. During etching, the front surface
7X7 surfaces at a temperature of 400°C to atomicof the thin (111 silicon layer was protected a 0.25-
hydrogertt pm-thick layer of SgN4, and the buried Si© layer pro-
Severalab initio calculations of the $111) 1X1 mono- vided an etch stop barrier between the tfiir11) silicon
hydride surface structure have been repdft¥tivhich are in  layer and the substrate. Following the KOH etch, the SiO
good agreement with each other, and which agree with oband SN, layers were removed in hydrofluoric acid. The
served Si-atom positions. These calculations predict that thabove process yielded (3iL1) crystals 0.4um thick of high
hydrogen is located directly above the silicon atom to whichpurity and the crystalline perfection required for transmission
it is bound with a bond length of 1.530.01 A, close to the channeling experiments, supported by thicker surrounding
Si-H bond length of 1.48 A in the silane molecule. However,substrate material by which samples could be handled during
there has been no quantitative experimental determination aleaning and mounting.
the atomic position of hydrogen on the(BL1) 11 mono- The method employed to prepare a well-ordered
hydride surface, to our knowledge. Quantitative analysis ofnonohydride-terminated surface was to prepare a clean flat

A. Sample preparation and characterization
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surface with a thin oxide by wet chemisthyhermally des-
orb the oxide in UHV to produce a @il1) 7X 7 surface’’

and then dose with atomic hydrogen at 400 °C to give a
H/Si(111) 1x 1 surfacé: Since the quality of the surface
depends on how it was prepared, the following gives details
of the procedure used.

After removal of the SiQ and SiN 4, layers, the samples
were placed in HO:HCI:H,0, (5:1:1) at 80 °C for 10 min
to produce a clean thin chemical oxide. The samples were
then placed in a 40% solution of Nj#, which removes the
oxide and leaves a clean atomically flat well-ordered
H/Si(111) 1x 1 surface The samples were then chemically
oxidized a second time. After this final oxidation and be-
tween each step in the above chemical treatment, the samples
were rinsed in deionized water. After the final rinse the
samples were mounted on a molybdenum holder, and trans-
ferred through a load lock onto a channeling goniometer in
an ion pumped UHV analysis chamber with a base pressure
below 2x 10 1° Torr.

The sample and sample holder were radiatively heated to
400 °C by a tungsten filament near the holder. The sample
temperature was held at 400 °C for 10 min to desorb hydro-
carbons. A heat lamp focused on the sample was then turned
on for 2 min to raise the sample temperature above 800 °C
where the surface oxide desorfsThe sample was then
cooled back to 400 °C, where it was exposed to atomic deu-
terium (D) produced by thermal dissociation of,@as on a
tungsten filament near the sample. After dosing with atomic
D, the sample was cooled to room temperature where all
further measurements were done.

Owman and Meenssof? used STM to examine the
structure of the H/S1L11) 1X 1 surface produced by expos-
ing a S{111) 7X 7 surface to atomic H. Their atomic H was
also produced by thermal dissociation of molecular dh a
tungsten filament, and they reported their doses in units L of
molecular H, exposure. They found that, for doses of 50 L,
the silicon adatoms of theX7 surface clustered into islands

on a surface with much of the stacking faulted regions of the FIG. 1. LEED images take_n at 60 eV on thin(&i1) crystals
used for transmission channeling studies for the77surface after

original 7x7 §urface remaining. Higher doses red_uced th%ea‘ting above 800 °Cabove, and for the H/Si111) 1X 1 surface
area of stacklng' faults and the number of atoms in the 'Sb oduced by exposing the 77 surface at 400 °C to atomic D
lands. The stacking faults present after low H doses produce&{emw

streaks in the LEED pattern between th& 1 spots which

became visible when the faulted region exceeded 10% of the

total area. In our experiments we measured the surface cov-

erage of D and observed the LEED pattern after various

doses of atomic D at 400 °C. The D coverage was observedPECITOSCOPYAES) showed surface impurities to be below

to saturate at 1 ML for doses above about 200 L. Doses o€ limit of detection which is about 0.03 ML for carbon and
2400 and 4800 L gave sharp<il LEED patterns with a low  OXygen. Desorption of D during AES analysis was avoided
diffuse background and no streaks as shown in Fig. 1. Thi§Y keeping the electron-beam current belowA. The AES
1x 1 LEED pattern is the same as that observed on sampleétld LEED measurements were done on the ion-beam exit
chemically H terminated in NgF which is known to pro- surface of the samples.
duce a well-ordered H/Gi11) 1x 1 surface® Figure 1 also Since the thin crystal region must be flat for channeling
shows the Si11) 7x 7 LEED pattern observed after heating experiments, its flathess was checked by reflecting a low-
the sample above 800 °C but prior to dosing with atomicpower HeNe laser beam from the thin region of the sample.
D.'® These LEED results show that an ordered HIS1)  This technique showed the thin region of the sample was flat
1X 1 surface structure was produced by the atomic D dosingwithin 0.05° both before and after dosing with atomic D.
Contamination of the surface from residual gas in theResults from AES, LEED, and laser reflection examinations
vacuum system was avoided by minimizing the time be-were the same before and after the channeling measure-
tween desorption of the oxide and formation of the monohy-ments, showing that the composition, structure, and flatness
dride, since oxide and hydrogen termination both greatly reef the sample did not change during the channeling measure-
duce the chemical reactivity of the surface. Auger electrorments.
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B. lon-beam analysis and transmission-ion-channeling U [ I AL T AR T
measurements o 7-4. % D (ERD) 1 ] . 1
lon channeling has been used extensively to study the o ./o’ 11
location of foreign atoms within a host crystal lattide. @ } /° 1
When an analysis beam of energetic ions is directed onto az " lo
crystal along a high-symmetry direction, the ions are de- > /o
flected away from the rows or planes of lattice atoms towards 05T ° i i
the center of the open channels. After passing a short dis-m P
tance (~100 nm through the lattice, an equilibrium distri- & | fb SHRES) |
butiqn of ion flux within the channel is establis_h_ed which has | o <1005 1 de <110 1
maxima at the center of the channel and minima along the o.oﬁi e s e AR
rows of lattice atoms. The flux distribution within the chan- 00 05 1000 05 1000 05 10
nel depends strongly on the angle between the incident ion ANGLE (DEGREES)

beam and the channel direction, or channeling angle. The
scattering yield from foreign atoms is proportional to the ion
flux at the location of the foreign atom, and hence dependr'%I

on the F;hgnnellng angle and on the location of thF." fore'lg ions for backscattered H&lashed curyeand recoiled D(solid
atom within the channgl. Measurements of scattering ylell urve at the location predicted bgb initio calculations. The dotted
versus channel angle, i.e., channeling scans, about the majQfe shows a simulation for the case where 50% of the D is dis-
crystallographic directions are compared with computelprdered and 50% is directly above the surface silicon atoms with a
simulations of channeling scans to determine the lattice cosi-D bond length of 1.43 A.

ordinates of the foreign atoms.

If the target crystal is thin enough for the analysis beam toand H elastically recoiled from the sample by thde beam.

pass through it, the position of foreign atoms on the bea . : S .
exit or downstream surface can also be determined by thr?ss,‘ 12-pm-thick aluminum range foil in front of this detector

method'>1°-21Such experiments require a free-standing thinstopped the scattered He, but still'transmitted recoiled H and
crystal only a few hundred nm thick. The flux distribution of D. The central portlo_n of the elastic recoil detector was cov-
the analysis beam within the channels at the exit surface {€"€d Py @ blocking disk thick enough to stop all particles, to
essentially the same as in the bulk crystal, and is not altereBrévent H and D on the range foil from being recoiled into
significantly by surface reconstruction. Thus the measured€ detector. The detector configuration allowed particles re-
scattering yields depend on the position of the foreign atomsoiled from the sample through angles between 4.9° and
on the surface relative to the bulk crystal lattice in the samé 1.9° to enter the detector.
way as it would for foreign atoms within the lattice. Counts from recoiled H and D can be distinguished by
The channeling experiments in this investigation weretheir different energies, due to the factor of two mass differ-
done by measuring the yield of D elastically recoiled fromence and the kinematics of elastic scattering. Elastic recoil
the beam exit side of the sample. The sample was orientedetection(ERD) thus allows the areal densities of H and D
such that the beam exit surface was the original outer surfaggn the sample to be independently measured. Samples
of the SOI wafer. D was removed from the beam entry surcleaned and dosed with atomic D as described above had
face by sputtering so that yields of scattered D measuregnly D with no detectable H. Since the differential scattering
during the channeling experiments were only from D on thegross sections for H or D recoiled He are knowrf3-2°
beam exit surface. _ _ the areal density of H or D on the sample can be absolutely
Th4e aTaIys_ls beam used for the channeling experimenigetermined from the measured ERD yields. The absolute ac-
was “He", with an energy near 2 MeV, and an angular ., -acy of values for H and D coverage determined from

divergence of 0.03°. Tr;e size of the analysis beam spot gtgp, yields is estimated to bhe 6% for D and*20% for H,
the sample was 21 mm?. A bakable silicon surface barrier ue mainly to uncertainties in the scattering cross sections.

detectqr with standard nuclear electronics for pulse-heig he relative accuracy, for comparisons between measured
analysis was used to collect energy spectra of scattered and . : . . .
values, is mainly determined by counting statistics.

recoiled particles. One detector for Rutherford backscattering A narrow resonance in the cross section for D recoiled by

(RBS), faced the beam entry side of the sample, and ana; 5 ‘9 410 d . h
lyzed *He backscattered from silicon atoms through an angle He at 2.13 MeV(Ref. 25 was used to letermine the D
of 150 °. The ratio of the yield on axis to the yield off axis COVerage on the beam entry and beam exit surfaces indepen-

(xmi) is @ measure of the crystalline perfection of thedently, as o_lescnbed in Ref. 15._ The absence_ of a narrow

sample. The values of.;,=0.055, 0.048, and 0.077 for the €sonance in the elastic-scattering cross section for H re-

(111), (110), and(100) axes, respectivelfFig. 2), are close coﬂed' by “He (Refs. 23 and 24precluded the use of this

to the xmin measured in bulk silicof? This shows that for ~technique for H, and only the sum of H coverages on the

purposes of channeling, the thin crystals used in our trand2@am-entry and -exit surfaces could be measured.

mission channeling studies were equivalent to high-quality The sample could be tilted up to 60° from normal to the

bulk silicon wafers. beam without obstructing line of sight to the ERD or RBS
A second detector, which faced the beam exit side of theletectors or the analysis beam, thus allowing channeling

sample and was coaxial with the analysis beam, analyzed Bieasurements along tki&11), (110), and(100) axes.

FIG. 2. Data from transmission-channeling measurements. Solid
rcles show the yield of recoiled D, open circles show the yield of
e backscattered from silicon. Also shown are computer simula-
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[lI. CHANNELING RESULTS IV. COMPUTER SIMULATIONS OF CHANNELING

Channeling data were taken on twdXil) samples. The AND D POSITION

first sample was prepared as described in Sec. Il A with a . .

2400-L exposure giving a1 LEED pattern. Resonance  1Ne atomic position of the D on the H(SL1) 1X1 sur-
ERD depth profiling showed there was 7.4 D/fmon the face was examined by comparing the measured channeling
beam-entry side and 7.3 D/rfnon the beam-exit side of the data with computer simulations of channeling. The simula-
sample after dosing. D coverage on the beam-entry surfad®ns were done using a computer model developed by Bech
was reduced to 0.5 D/nfby sputtering, and channeling Nielsen?® which is based on the continuum model for chan-
scans were measured. This sample was then heated with theling and which includes dechanneling and vibrational mo-
heat lamp to desorb the D, after which the tdtadth beam-  tion of the D and Si atoms. As a starting point for this dis-
entry and -exit surfacgscoverages of H and D were’l  cyssion we calculate the channeling scans for hydrogen at
H/nm? and <0.2 D/nn¥, respectively, and a X7 LEED  the Iocation predicted by theb initio calculationd of the
pattern was observed. The same sample was then exposg@mic structure of the H/Gi11) 1x1 surface. Thesab
again to atomic D to the higher dose of 4800 L giving ajnitio calculations are in good agreement with each other and
1x1 LEED pattern. D was sputtered from the beam-entry o ict 5 Si-H bond length of 1.53 A in the tetrahedral bond

Sl;]r.faﬁet’h and channellfng scatr;]s vt\)/ere aga_t;n mfeasured, gf fection, i.e., normal to thél1l) surface. Relaxation of the
which the coverage of L on the beam-exit surace Was .2 ,itace silicon atoms from their bulk lattice position also

D/nm2. X ) e )
ﬁffects the H location relative to the Si lattice. Medium-

A second sample was prepared as described in Sec. Il : . o )
with a dose of 4800 L. D was sputtered from the beam-entr)?nergy ion scatterirfgand quantitative analysis of LEED

surface, and channeling scans were measured. The covera %ensmeé show that the (_)utermosfc Si atom layer on the
Si(111) 1x 1 surface is displaced inward 0.08 A from the

of D on the beam-exit surface of this sample was 7.6 . o+ .
D/nm2. The coverage of D on all surfaces after dosing withunrelaxed or bulk lattice position. Thus the theoretically pre-
atomic D to produce the H/Gi11) 1x1 surface was very dicted H-atom location is 1.45 A from the unrelaxed lattice

close to the value of 7.8 D/nfn corresponding to one D per site of the Si atom to which it is bound. Thermal and zero-
surface Si atom, consistent with the coverage for the mondR0int vibrational motion of the H also influences the yield of
hydride configuration. recoiled H. Vibrational frequencies of H on the H/BL])
Channeling scans were measured for {id1), (110, 1X1 surface have been measured by electron-energy-loss
and (100 axes. ERD and RBS spectra were recorded aspectroscopy which gives 2084 and 636 cthfor the Si-H
several angles between 0° and 1.2° from the axis. To avestretching and bending modes respectiélifor a harmonic
age out planar channeling effects, the spectrum for eachscillator the vibrational frequencies for Si-D are lower than
angle was the sum of measurements at 50 points aroundthose of Si-H by a factor of approximately 0.707 because of
circle of constant angle from the axis. The channeling datahe mass difference between H and D. A quantum harmonic
were taken with an analysis beam energy of 2 MeV. Theoscillator with these frequencies has vibrational amplitudes
beam energy at the exit surface is lower than 2 MeV due tdor Si-D at 300 K of 0.2 A for the bending mode and 0.1 A
energy loss passing through the sample. The beam energyr the stretching mode, mostly due to zero-point motion.
was chosen so that small variations in the beam energy at thehe channeling simulation also includes dechanneling of the
exit surface due to channeling effects would not cause siganalysis beam due to vibrational motion of the bulk silicon
nificant changes in the ERD scattering cross section. lattice. The two-dimensional rms vibrational amplitude of
Analysis beam doses to the sample were kept smaje sj was estimated to be 0.1 A from the Si lattice Debye
(~12 pc per channeling scarto minimize effects of the temperaturé® Figure 2 shows calculated channeling scans

ar;}alg;}ss beam on tthteh samplle.. TEStS were ngjade tg che r the theoretically predicted H location and vibrational am-
whether exposure 1o the analysis beam caused any degratdy, \jos giscussed above. For He backscattered from silicon,

tion of the sample, either through displacement of the silico .
] . he calculated and measured curves are in good agreement.
atoms, which would have increasgg,, or through changes . .
The calculated channeling scans for the recoiled D agree

in the configuration or coverage of surface D, which would - . ! . .
have changed the ERD scans. In most cases each channelﬂ;é:“tat'vely with the data in the sense that channeling dips

scan was measured twice to insure reproducibility. Thes@'¢ seen for th¢111) and(110 axes, and a peak slightly
tests showed there were no significant analysis beam induc&lif-axis is seen for thg100 axis. However, the measured
changes in the samples. channeling dips at th€111) and(110) axes are not as deep
Results from the two sets of Channe”ng measurements orS predicted. This difference between measured and calcu-
the first sample and the one set on the second sample were ifed channeling dips cannot be reconciled by adjusting the
the same within the statistical accuracy of the measurement8§i-D bond length, since displacements of the D in the
Figure 2 shows the data from these three sets of channelid 11) direction do not affect the position of the D within the
measurements averaged together for each axis. The main feg@11) axial channel and hence have no effect on the calcu-
tures of the data can be qualitatively summarized as followdated channeling dip for thél11) axis. The difference be-
The ERD yield had a dip on thgl11) axis to about 55% of tween measured and calculated channeling dips also cannot
the off-axis value. The ERD yield had a dip on th&10) be due to effects of analysis beam divergence or to dechan-
axis to about 80% of the off-axis value. On th#00 axis  neling by curvature of the thin silicon crystal or by defects in
the ERD yield was about the same on-axis as off-axis, buthe Si crystal, since such effects would also reduce the depth
had a 10% peak about 0.2° off-axis. of the Si RBS channeling dips contrary to observation. The
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' L B I Si-D bond direction was taken to be normal to the surface,
0 1T ) and the rms vibrational amplitude of the D was chosen to be
0.2 A. Displacements normal to the surface have no effect on
the channeling dip at th€l11) axis, and little effect on the
channeling dip at thé110) axis. The strongest effect is on
the channeling scan at t§&€00 axis. Qualitative agreement
between measured and calculatd®0) channeling scans is
somewhat better for a bond length 0.1 A, shorter than pre-
dicted, but significantly worse for bond lengths 0.1 A or
more longer than predicted bgb initio structure calcula-
<100> tions. _
. , , Agreement between calculated and measured channeling
00 05 10 00 05 10 00 05 1.0 scans can be significantly improved by assuming that only a
ANGLE (DEGREES) fraction of the D is on the predicted site, and the remaining D
is disordered, i.e., randomly distributed. The dotted curve in
FIG. 3. Simulated channeling scans for various D vibrationalF19: 2 shows the cqlcul_ated channeling scans for the case
amplitudes about the theoretically predicted location 1.53 A abové/"here 50% Of_ the D is (jlsordered and 50% is directly "?‘bo‘.’e
the surface silicon atoms. the surface Si atoms with a bond length of 1.43 A, which is
0.1 A shorter than predicted b initio calculations.
observed difference between measured and calculated yields The fraction of D which was disordered did not signifi-
for recoiled D at thé111) axis leads to the conclusion that a cantly change when the atomic D dose used to prepare the
significant fraction of the D is not in line with the rows of Si monohydride surface was changed by a factor of 2. Disorder
atoms, but is displaced laterally, i.e., parallel to the surfaceMight result from residual defects in H($1L1) 1X1 sur-
from the position expected for the ordered H1Sil) 1x 1 aces prepared by dosmg with atomic h_ydrogen, i.e., the is-
surface. lands, holes and stacking faults described by Owman and

In the following discussion we examine whether theseMartenssoﬁ‘.lt may also be possible that the density of such

dislacement migh be e 0 a arger than expected hern°C s betueen P ana Diemneled suiaces 1
vibrational amplitude or to static disorder. Thermal vibra-

. . . ; . .~ der, then our experiments show that these defects do not
tions are included |n.the computer smulgyon by assuming %ignificantly change the D coverage from that of an ideal
spherically symmetric Gaussian probability distribution for

h bout i ilibri itio® Fi h h monohydride-terminated surface. The observed monolayer D
the D about its equilibrium positioft. Figure 3 shows the = ¢, erage also shows that few silicon dihydride and trihy-
effect on the calculated channeling scans, of varying the Qyride units are present on the surface since these would in-

vibrational amplitude from 0.1 to 0.8 A. For th{@11) axis  crease the ratio of D/Si. The possibility that the apparent D

the channeling dip becomes shallower as the D vibrationadjjsorder is related to residual surface defects could be tested

amplitude increases. However, no Single value of vibrationaby repeating the Channe"ng measurements us|ng(]_—|1$|

amplitude gives the observed depth for both {i&81) and  1x1 surfaces prepared by chemical termination using

(110 channeling dips. Increasing the vibrational amplitudeNH ,F, which have been shown to have very few defééfs.

also decreases the width of dip at t{iELL) axis. A vibra- Another possible cause of the apparent D-disorder may be

tional amplitude of 0.3 A gives the closest agreement bethe presence of additional large amplitude vibrational modes

tween the widths of the calculated and measured channelingf the D or of the surface silicon atoms. This could be tested

dips at the(111) axis. by conducting channeling experiments at low temperatures

Next we examined whether static tilting of the Si-D bond to reduce lattice vibrations.

away from the surface normal direction can account for the

observed channeling results. Such a tilting of the Si-D bond V. SUMMARY

direction would not affect LEED patterns, and might also be

difficult to detect by STM. In these simulations the surface Si

atoms were fixed at the location described above, and t

Si-D bond length was held constant at 1.53 A while displace- hree sets of measurements_on_two samples gave the same
esults. In each case LEED indicated a well-ordered11

ment components along the directions of the second-to-first*

layer Si-Si bonds were added to the Si-D bond direction. Thec‘trlu_cl:ture,' ar;d mfeasulgement ]?f theS.D coverage by ERD gﬁve
three equivalent directions for such displacements were ad ratlo'o surtace to surface |at0msz consistent with a
sumed to be equally probable. For this simulation the rmgnonohydride-terminated surface. Channeling measurements
vibrational amplitude of the D was chosen to be 0.2 A. Thes ere reproducible, a_nd were consistent W'th appr0x|mately
lateral displacements do not reproduce the observed chann&2!f Of the D occupying a site close to the site predicted by

ing results. In particular, lateral displacements up to 0.68 A2b initio calculations of the structure for the($11) 1x1

(corresponding to tilt angles up to 26° from norinatoduce mon_ohydride surface, with _the remaining D being disordered

little change in the channeling dip at ti&10) axis, while  ©F displaced from the predicted site.

lateral displacements greater than 0.5 A give channeling re-

sults in qualitative disagreement with experiment for the

(100 and(111) axes. This work was funded by the Office of Basic Energy Sci-
The effect on the channeling scans of varying the Si-Dences, Division of Materials Science of the U.S. Department

bond length was also examined. For this comparison thef Energy under Contract No. DE-AC04-94AL85000.

o
—
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e
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Si(111) 1Xx1 monohydride surfaces were prepared by
osing S{111) 7Xx7 surfaces at 400 °C with atomic D.

ACKNOWLEDGMENT



9698 W. R. WAMPLER 55

IH. Ibach and J. E. Rowe, Surf. Sdi3, 481 (1974. 8 AcuThin™ SOI wafers were obtained from Hughes Danbury Op-

2F. Jona, W. A. Thompson, and P. M. Marcus, Phys. Re%2B tical Systems, Inc., 100 Wooster Heights Road, Danbury, CT
8226(1995. 06810.

%G. S. Higashi, R. S. Becker, Y. J. Chabal, and A. J. Becker, Appl17A. Ishizaka and Y. Shiraki, J. Electrochem. St83 666(1986.
Phys. Lett.58, 1656 (1997). 183, D. Levine, S. H. McFarlane, and P. Mark, Phys. Revi@

4F. Owman and P. Mgensson,(@ Surf. Sci. Lett. 303 L367 5415(1977).

] (1994; (b) Surf. Sci.324, 211(1995. 19). Stensgaard and F. Jakobsen, Phys. Rev. Bdft711(1985.

6J. J. Boland, Surf. ScR61, 17 (1992. 20K, Mortensen, F. Besenbacher, |. Stensgaard, and W. R.

J. J. Boland, Adv. Phys12, 129(1993. Wampler, Surf. Sci205, 433 (1988.

™. Kageshima, H. Yamada, Y. Morita, H. Tokumoto, K. Na- 21
kayama, and A. Kawazu, Jpn. J. Appl. Phgg, L1321 (1993.

8M. Opel, R. J. Culbertson, and R. M. Tromp, Appl. Phys. Lett. 5
65, 2344(1994).

9 .

10>é: Eﬁig\/lﬁlzgueﬁijr (; lfl_c;:rl; zl.qyrsa;lsbe- Yggé?;sggﬁ] ?éllle- 23E. Szilagyi, F. Paszti, A. Manuaba, C. Hajdu, and E. Kotai, Nucl.
kofer, J. E. Bonnet, P. Dumas, Y. Petrof, X. Blase, X. Zhu, S. G.,, Instrum. Me_thods Phys. Res. Sect4B, 502 (1989. .
Louie, Y. J. Chabal, and P. A. Thiry, Phys. Rev. L&, 1992 J. E. E. Baglin, A. J. Kellock, M. A. Crockett, and A. H. Smith,

F. Besenbacher, I. Stensgaard, and K. Mortensen, Surf19gi.
288(1987.

Materials Analysis by lon Channelingdited by L. C. Feldman,
J. W. Mayer, and S. T. Picraudcademic, New York, 1982

(1993. Nucl. Instrum. Methods Phys. Res. Sect68 469 (1992.
1M, B. Nardelli, F. Finocchi, M. Palummo, R. di. Felice, C. M. 25F Besenbacher, |. Stensgaard, and P. Vase, Nucl. Instrum Meth-
Bertoni, F. Bernardini, and S. Ossicini, Surf. S&i69 879 ods Phys. Res. Sect. B, 459 (1986.
(1992. 26B. Bech Nielsen, Phys. Rev. 87, 6353(1988.
12x. P. Li and D. Vanderbilt, Phys. Rev. LeB9, 2543(1992. 2’p. Dumas and Y. J. Chabal, J. Vac. Sci. Technol1G\ 2160
13E, Kaxiras and J. D. Joannopoulos, Phys. Re@7p8842(1988. (1992.
14K, M. Ho, M. L. Cohen, and S. Schier, Phys. Rev. B5 3888  2®D. S. Gemmel, Rev. Mod. Phyd6, 129 (1974
(1977). 29p. Jacob, Y. J. Chabal, K. Raghavachari, P. Dumas, and S. B.

Bw. R. Wampler, Phys. Rev. B1, 4998(1995. Christman, Surf. Sci285, 251 (1993.



