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Formation and decomposition of Si hydrides during adsorption
of Si,Hg onto Si(100(2X1)
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Infrared absorption spectroscopy in the multiple internal reflection geometry and hybrid density-functional
cluster calculation are used to characterize the adsorption structure of hydride species that form during adsorp-
tion of disilane on Si(100)(& 1) at room temperature. We suggest that disilane dissociatively adsorbs without
breaking its Si—Si bond to produce an adatom dimerH,Si—SiH,—, that bridges two adjacent dimers. We
demonstrate that at low hydride coverage, a trihydrideSiH;) formed by breaking the SiSi bond of
SibHg, decomposes into dihydride and monohydrides, while at high hydride coverage, the trihydride decom-
position is quenched. We also suggest that the impinging rate of adsorbing molecules has a significant effect on
the adsorption kinetics.
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[. INTRODUCTION able information about the hydrogen bonding configurations
on semiconductor surfacés®We analyze IRAS spectra in

Adsorption of disilane, SHg, onto S{100) has so far the Si-H stretching vibration region to determine the type of
been investigated extensively, because of the potential of uéydride species that are populated upopHgiadsorption.
ing disilane as the source gas for gas source molecular-beagPmparison of experimental data with results of DFT calcu-
epitaxy (GS-MBE) for the growth of Si. It has been demon- lation leads to clear identification of the observed peaks due
strated that $L00 growth rate is enhanced using,Bj, (O surface hydride species, as has been previously demon-
rather than the conventional Sjigas, due to higher adsorp- Strated b)l/4WeIdoret al. on the HO oxidation of Si(100)
tion rates associated with the ease of cleaving-Si bonds, X(2x1). “Asa fe?’“'“ we found interesting adsorptpn pro-
compared to Si-H bondsh? The growth kinetics of Si GS- cesses: disilane misses two hydrogen atoms and bridges the

: . . two adjacent surface dimers. This process ocaithiout
MBE epitaxy from SiHe was well described by models | o\ in o ihesi™ Sihond of disilaneWhen the Si-Si bond
based upon second-order adsorption and first-order hydroge

Qesorption kineticd-2 Previous studies on Si deposition us- g? oddllsjiaerée tﬁ a?r?gﬁﬁé:wé) eig:%%ig"?’rﬁsﬂg)ng;%ﬁz:f We
ing SiHs (Refs. 4—9_have shown that at temperatures found that at high hydride coverage, the decomposition of
above 700 K and fractional surface hydrogen coverage lesginy grige is quenched. These findings would give important
than one monolayer, S dissociatively adsorbs on Si sur- insjght into the microscopic mechanism of Si crystal growth
face dangling bonds as two trihydride ($)Hspecies which i3 GS-MBE using disilane.
subsequently decompose to surface monohydride, SiH. Then,
how does disilane adsorb onto Si surfaces at lower surface
temperatures? Elucidating the adsorption process of disilane
at a wider range of substrate temperature is beneficial to the Samples used here were obtained frortype P-doped
fundamental understanding and the atomic level controllingSi(100) wafers with resistivities of approximately 1@ cm.
of Si crystal growth using $Hg. Previously, detailed atom- Samples were introduced into an ultrahigh-vacu(uwiV)
resolved studies using the scanning tunneling microscopehamber, the base pressure of which was low in the range of
(STM) have demonstrated that at room temperature, disilan&0 *° Torr. The sample surface was cleaned by resistively
dissociates to produce dihydride species$iH,) and two  heating up to about 1200 K. After surface cleaning, the sur-
monohydride specie. However, it seems unlikely that at face was exposed to $s. The SpHg exposures are given
room temperature disilane completely dissociates into monan langmuir (1 L=10"° Torrs), as determined by the prod-
hydride and dihydride species. It would be rather be likelyuct of the partial pressure of molecular disilane, and time.
that a variety of intermediate surface species, which eventuFhe dosing pressure of $g was in the range of
ally decompose to monohydride and dihydride species, ar&0 °~10 7 Torr. As mentioned below, we observed that the
populated during the course of disilane adsorption. surface exposed to kg at different dosing pressures but

In this study, we have investigated the adsorption ofwith the same amount of exposure exhibit quite different
Si,Hg on the Si(100)(X 1) surface using infrared absorp- spectral shapes. This suggests that the impinging rate of ad-
tion spectroscopyIRAS) in the multiple internal reflection sorbing molecules may have a significant influence on the
geometry(MIR) (Ref. 11 and the so-called hybrid density- adsorbing kinetics. This point will be discussed later. The
functional theory(DFT). IRAS-MIR provides us with valu- chemical state of the gilg-adsorbed $100) surface was

Il. EXPERIMENTAL PROCEDURES
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FIG. 2. Si-H stretching vibration spectra of thg%i0) surface
exposed to SHg for different exposures at room temperature.

FIG. 1. Experimental setup for IRAS measurements. . i 18
cording to the assignment by Wet al,*® these peaks are

monitored by MIR-IRAS. The experimental setup was the!ndicative of Si dihydride (Sik). Additional peaks can be

same as used in our previous worksY Samples used for identified at 2134 and 2158 c¢rh Considering its peak po-

the MIR-IRAS measurements were &&0x 40 mn? with sition, we attribute the peak at 2134 chto trihydride spe-

45° bevels on each of the short edges. The infrared radiatio igs (Sit).™® We suppose that upon disilane adsorption the

that exited an interferometgBOMEM MB-100) was fo- i—Si bond of the disilane molecule is ruptured to generate

cused at normal incidence onto one of the two bevels of thg\v0 silyl _fragments that stick on Si sur_face dangling bonds.
sample, and penetrated through the wafer, internally reflect- s described below, we tentatively assigned the peak at 2158

cm ! to Si dihydride (SiH) in the on-top site of a dimer. We

ing about 80 times, as is schematically illustrated in Fig. 1.7 .
The radiation that exited the sample at the other bevel Wa'g.Ot'Ce that the peaks at 2112, 2123, and 2134 care

focused onto a liquid-pcooled HgCdTe(MCT) detector slightly shifted to lower frequencies as the disilane exposure

The reference spectrum was recorded after surface cIeanini creases. This shift would be due to the interaction between
The resolution of the interferometer was set at 4 &mwhich djacent Si-H bonds that increase their surface concentra-

. L ; : . tion with increase of disilane exposure. We thus confirm that
's adequate for determining the type of Si hydride species. at room temperature, disilane dissociatively adsorbs onto the
Si(100)(2x 1) surface to produce all the types of Si hy-
Ill. RESULTS AND DISCUSSION drides(SiH, SiH,, and SiH). Our main concern in this study
is to determine the atomic bonding configurations for those
hydride species, which would give us a clue to the elucida-
Figure 2 showsp- and s-polarized IRAS spectra in the tion of the mechanism of disilane adsorption oi180). In
Si-H stretching vibration region of the Si(100)¢2L) sur-  the following, we will discuss the silane adsorption at low
face that was exposed to disilane at room temperd®f®  and high hydride coverages separately.
In the figure, we plot a series of spectra that have been ob- We first discuss the adsorption of disilane for low hydride
tained by increasing step by step the disilane exposure up toverage. Figure 3 shows ands-polarized IRAS spectra in
20 L at a dosing pressure of 19-10"8 Torr. Some absorp- the Si-H stretching vibration region that have been collected
tion peaks can be identified in the region of 2050—2160for 0.5-L disilane exposure. To determine the peak positions
cm L. We see the spectral shape changes with increase ofiore precisely, we have taken the second derivative of the
disilane exposure, indicating that various kinds of hydrideabsorption spectra with respect to frequency. The result is
are populated and that the type and surface concentration shown in the upper portion of Fig. 3. All the types of hydride
those hydrides depend on the disilane exposure. We first cospecies show up with monohydride being dominant. It
sider the origin of each peak. should be noticed that the trihydride component is rather
An intense, broad peak can be observed around 209%eak as compared to the monohydride and dihydride peaks.
cm L. From its peak position, we assign this peak to SiAnd, it seems that the monohydride peak has some spectral
monohydride (SiH).!® We interpret that monohydride is components.
populated when hydrogen atoms are released from impinging Previous studies suggested that at temperatures above 700
disilane molecules and then they stick on surface Si dangling and fractional surface hydrogen coverage less than one
bonds. Two peaks are observed at 2112 and 2123'cAt-  monolayer, SiHq dissociatively adsorbs on Si surface dan-

A. Si-H vibration spectra
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FIG. 3. Si-H stretching vibration spectra of thg8l0) surface L I S R
exposed to SHg at room temperature, compared with cluster cal- 2200 2150 2100 2050 2000
culations. v, and v, indicate the symmetric and antisymmetric Frequency (cm )

vibrations, respectively. . . . .
P y FIG. 5. Si-H stretching vibration spectra of thg%i0) surface

exposed to $Hg at dosing pressures @& 10 °-10 8 Torr and

gling bonds as two trihydride (Si)l species and then de- (b) 10”7 Torr, compared with cluster calculations and v, indi-
composes to surface monohydri¢ieiH). This is consistent cate the symmetric and antisymmetric vibrations, respectively.
with our observation that the trihydride peak was weak,
while the monohydride peak was dominant. However, thenumber of the constituent atoms, we suspect that their model
adsorption process at low temperature would be differentloes not explain the disilane adsorption; it would rather be
from that at high temperature. At low temperature, disilaneapplicable to the adsorption of monosilane, SikDne plau-
might adsorb on the surface without breaking its—S8i  sible adsorption structure we here propose is schematically
bond. Previous STM studies by Wareg al. have demon- depicted in the lower-left portion of Fig. dabeled A in the
strated that at room temperature, disilane dissociates to préigure): Two hydrogen atoms that are released fropHgi
duce dihydride species—{SiH,) and two monohydride terminate Si surface dangling bonds of two adjacent dimers
species? The adsorption model they proposed on the basiso produce two monohydrides, and the remaining fragment
of their STM images is schematically shown in the upper-leftadsorbs onto the bridge site of the two dimers to produce an
portion of Fig. 4(labeled A); in their model, one of the two adatom dimer —H,Si—SiH,—. Note that the adatom
monohydrides resides on the adjacent dimer row, not on thdimer has two Si dihydrides. We hereafter refer to this ad-
same dimer row. However, it seems unlikely that at roomsorption structure as “A.” In order to determine which ad-
temperature disilane completely dissociates into monohysorption structure, A or A is formed at room temperature,
dride and dihydride species. Furthermore, considering theve have carried out a detailed theoretical analysis of the Si-H
stretching vibration frequencies that is essential for an un-
equivocal characterization of the adsorption structure. The
results will be presented below. Of course, we cannot ex-
clude the possibility that upon its adsorption, the disilane
molecule dissociates to generate two sikg-GiH;) groups
that subsequently decompose to monohydride. In fact, al-
though its intensity was quite low, the trihydride peak
showed up, as can be seen in Fig. 3. This indicates that the
reaction channel leading to the formation of two $ild
indeed open.

Next we will present the results obtained for high expo-
sures, i.e., high hydride coverage. In Figa)5we show typi-
cal spectra of the surface that was exposed to disilane for 20
L at dosing pressures of 18-10 8 Torr. The spectral
shape is similar to that observed for low exposures except
that the dihydride and trihydride peaks are slightly enhanced
as compared to the monohydride one. However, the surface
dosed with disilane at a higher dosing pressure exhibited

FIG. 4. Bonding geometries of hydride species on the Si(100)quite different spectral features. We plot in Figbbtypical
X (2% 1) surface. SiH, SiH2, SiH3, and DOD denote monohydride,spectra of the surface that was exposed to disilane for the
dihydride, trihydride, and doubly occupied dimer, respectively.  same exposur€20 L) at the dosing pressure of about
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TABLE I. A summary of theoretical and experimental frequen-
cies(cm™Y) of the structures shown in Fig. 3. The values in paren-
theses are relative to the frequency of the D@DSIH mode.

Structure Mode Theory Experiment

A(—H,Si—SiH,—) v SiH, 2108(+7)  2112(+15
A(—H,Si—SiH,—) v, SiH, 2123(+22) 2123(+26)
A(—H,Si—SiH,—)  »SiH  2090(—11) (2090 (—7)

2093(—8)
A’(—H,Si—) vs SiH, 2100(—1) 2099 (+2)
A’(—H,Si—) vy SiH, 2117(+16) 2115 (+18)
A’(—H,Si—) ySiH  2089(—12 2093 (—4)
2092(—9)
2123(+22
B(— SiHs) v SiH;  2134(+33) 2134(+37)
2137(+36)
C(—SiH,—) v SiH, 2122(+21) 2158(+61)
C(—SiH,—) v, SiH,  2150(+49)
DOD(=HSi—SiH=) v, SiH 2101 2097

DOD(=HSi—SiH=) 1, SiH 2093(-8 2087 (—10)

%From IRAS spectra of Sif¥Si(100).
®From Ref. 19.

mixture of the exact exchange energy and of the exchange
correlation energy in the conventional DFhe local-density
approximation and generalized gradient approximatigve
first optimize the geometries of surfaces, and then obtain the
vibration frequencies of surface hydrogen modes. In calcu-
lating these frequencies, we assign artificially heavy mass to
the terminating hydrogen atoms so that the motion of termi-
nating atoms is excluded from the surface modes. All the
calculations are performed using theuSSIAN 98program??
We have introduced the scaling factor of 0.9613 for the
6-31G™* basis set; this value is widely used in evaluating
vibration frequencies.

Comparison between the experimental and computed fre-

FIG. 6. (a) Side view andb) top view of bonding geometries of quencies is summarized in Table I. The so-called doubly oc-
an adatom dimer. cupied dimer(DOD), in which a hydrogen atom is attached

to each Si atom of a dimer as depicted in the upper-right

10"’ Torr. The spectra of Fig.(5) are consistent with the portion of Fig. 4, is an obvious choice for calibration of the
previous results of Wet al® Notice that the dihydride and computed frequencies in this spectral regibms seen in
trihydride components are lager in intensity than the monoTable I, the computed frequencies at 2093 and 2101'cm
hydride peak, which is in sharp contrast to the case of loware in good agreement with the observed ones: 2087 and
dosing pressure. This difference will be discussed in mor&097 cm *.2°
detail later. We here briefly discuss the accuracy of our calculation.
The scaling factor mentioned above was determined to re-
produce experimental frequencies of a variety of chemical
systems. Therefore it is considered to correct the harmonic

In order to determine the adsorption structure preciselyapproximation used in the hybrid-DFT calculations. In the
we have carried out a detailed theoretical analysis of the Si-ti-H stretching modes, the anharmonic effect is expected to
stretching vibration frequencies. To simulate the silicon surreduce frequencies by about 30 thmas has been demon-
face, we employ a cluster model that contains 13 silicorstrated by R. Honket al?® on their theoretical study on the
atoms whose unphysical dangling bonds are terminated bgi(111): H surface. We understand that the scaling factor is
hydrogen, as is depicted in Fig. 6. In electronic structurentroduced into the calculations so as to take into account
calculations, we adopt the well established hybrid DFTthis frequency lowering due to the anharmonic effect. We
(B3LYP) with the basis set of the polarized double-zetarecognize that the B3LYP calculation with the scaling factor
Gaussian-type orbitals(6-31G*): Based on Becke’s induces a deviation of vibration frequency of about ten wave
method?! the electron many-body energy functional is anumbers, typically 10-20 cnl, from the experimental

B. Cluster calculations
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values?* In order to examine the validity of our cluster

LI B L |
model, we enlarged the cluster size to confirm that the fre- SiH, / Si(100) — ppol.
quency varies within 10 cit. We therefore conclude that SiHves  —— spol.
our calculations are well converged for the cluster size. In SiH,Vas igiH

Table I, we compare the calculated frequencies of hydride { SiH* §ggvaﬁve
species for some plausible adsorption structures with the ob- %NWMM\/ \A}MW
served ones. In the table, we tabulated relative frequencies v ;

(Av) that are the deviations from the calculated frequency for |

a 5x10°

. . Exp. \

the DOD symmetric mode. We have assigned the observed 01L \//\/ ]
hydride peaks by comparing the experimental and theoretical W\/ : \QW

Absorbance

per refl.
relative frequenciesAv. Cale E
- - - SiH(DOD)
— A
C. Adsorption structure
We discuss the detailed adsorption structure of Si hydride 2200 2150 2100 2050 2000
species that form upon disilane adsorption. We first consider Frequency (cm’)

the origin of the dihydride peak observed in the spectra of

Fig. 3. We see from Table | that a dihydride of the adatom FIG. 7. Sin stretching vibration spectra of the(ElO) surface
dimer, —SiH,— SiH,—, has calculated antisymmetric and exposed to Sllziat_roc_)m temperature, cpmpared \_Nlth clust_er c_alcu-
symmetric Si-H stretching frequencie®123 and 2108 Igtlons.vssaanaslndlcate the symmetric and antisymmetric vibra-
cm ) in good agreement with experimentally observedtions: respectively.

modes(2123 and 2112 ci). The calculated values afv

are also consistent with the experimental ones, as can be segrfairly good, which indicates that Sjrhdsorption produces

in Table 1. We show the calculated frequency and oscillatorn isolated dihydride that bridges two adjacent dimers.
strength for each vibration mode by solid and dotted bars iHence we conclude that disilane adsorption produces an ada-
Fig. 3. It should be noticed that in thsepolarized spectrum, tom dimer in the bridge site between two adjacent dimers.
the peak at 2112 cnt is lower in intensity than the peak at  On the basis of the results of cluster calculations, we will
2123 cm' %, In the p-polarized spectrum, on the other hand, consider the origin of the other hydride peaks. As can be
the peak at 2112 cit is higher in intensity than the peak at seen in Fig. 3, cluster calculations suggest that the peak at
2123 cm'. As is illustrated in Fig. 6, the adatom dimer 2090 cni® contains the DOD component, besides the mono-
protrudes from the surface nearly normal to the surface andlydride component of structure A. The existence of the DOD
the direction of the symmetric vibration of the dihydride is component is supported by the polarization dependence of
nearly perpendicular to the surface, correspondingly. We cathe Si-H vibration spectra: As described above, DOD exhib-
therefore anticipate that the symmetric vibration be supits two peaks at 2087 and 2097 thn the former is due to
pressed for thes polarization, which is consistent with our the antisymmetric vibration and the latter the symmetric
experimental results. Thus the observed polarization depewibration?® Considering the bonding geometry, we can ex-
dence gives further support to our assignment. As is showpect that the symmetric vibration be suppressed for the
in Table I, the calculated frequency of the symmetric vibra-s-polarization condition. Close inspection of Fig. 3 indicates
tion mode of the A-site dihydride is predicted to be 2100 that the absorbance around 2100 ¢mis lower in the
cm ! (Av=—1cm ) and that of the antisymmetric vibra- s-polarized spectrum than in thepolarized spectrum. This
tion mode is 2117 cm (Av=+16 cm 1). In this case, the suggests that the DOD component is contained in the peak at
calculation cannot explain the positions of the experimen2090 cm . As described previously, we assigned the peak at
tally observed doublet structure, 2112 and 2123 tnWe 2134 cm'* to a trihydride. The results of cluster calculation
thus suggest that upon room-temperature adsorption ajfonfirm our assignment as can be seen in Fig. 5. To explain
SibHg, the adatom dimer—SiH,SiH,—, is populated. the peak at 2158 cnt, we considered a dihydride that re-

In order to get further support to our assignment, we haveides in the on-top site of a dimer with the dimer bond re-
measured IR spectra of the surface that was exposed tained(labeled C in Fig. 4 The calculated symmetric and
monosilane, Si. We expected that during Sikhdsorption,  antisymmetric vibration frequencies of this dihydride are
an isolated dihydride be favorably generated; the monosilan2122 and 2150 cit, respectively, as shown in Fig. 5 and
misses two hydrogen atoms to produce a single dihydrid&able I. We therefore tentatively assigned the 2158tm
fragment,=SiH,. We plot in Fig. 7 typical IRAS spectrain peak to the “on-top” dihydride; the symmetric vibration
the Si-H stretching vibration region of the surface that wascomponent would be included in the intense dihydride peak
exposed to monosilane (SjHat room temperature. The sur- at 2123 cm™. Cluster calculation could not explain the ap-
face exhibits spectral features quite different from thepearance of the SiHpeak at 2079 cm® by assuming simple
Si,Hg-adsorbed surface. Vertical bars shown in the bottom obonding geometries. We assumed such a bonding configura-
Fig. 7 show the results of cluster calculation obtained undetion as illustrated in Fig. 4labeled D in the figurg a mono-
the assumption that monosilane dissociates to produce DODydride Si atom is bound to a dimer Si atom as well as two
and isolated hydride species as illustrated in Fi¢stducture  Si atoms on the second layer of the substrate. The computed
A’). Agreement between the calculation and the experimensi-H stretching frequency for this monohydride species is
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S LI peak. Instead, the monohydride and dihydride peaks would
100 SiHg / Si(100)(2x1) E increase their intensities. On the other hand, high hydride
o e e s ] coverage reduces the concentration of unsaturated dangling
4 felescia ol ] bonds, thereby giving rise to suppression in the reaction rate
—_— o 1
£ e 1 of trihydride decomposition.
e ? . O_u" ] The spectra of Fig. 5 give experimental evidence for the
310 L . @,9- ® SiH __ above interpretation. We see from Fig. 5 that the trihydride
z 37 S om 2 2!:2 ] peak is much higher in intensity on the surface dosed with
& I ra T disilane at a high dosing pressure than on the surface ex-
E S, n=1 posed to disilane at a lower dosing pressure. In contrast, the
T . monohydride peak intensity was rather high when the dosing
& pressure of disilane was low. For low dosing pressure, the
185' " E impinging rate of disilane molecules on the surface should be
o ] low, and correspondingly the time during which the adsorbed
®oq1 2 “% 4 T 00 P trinydride have unsaturated dangling bonds around it, should
Exposure (L) be long enough for the trihydride to further decompose to

o - _ - monohydride or dihydride. This will facilitate the decompo-
_FIG. 8. Relative intensities of the monohydrid2090 cm ),  sition of trihydride, leading to an enhancement of the mono-
dihydride(2123 cm™), and trihydride(2134 cm *) peaks as a func-  hyqride peak intensity. For high dosing pressure, on the other
tion of disilane exposure. Dotted curves shows the uptake curvgsng. the impinging rate should be high and therefore the
predicted from the first-order adsorption kinetics. density of unsaturated dangling bonds rapidly decreases with
1 L increase of disilane exposure. In this case, the adsorbed tri-
2074 cm, which is close to the observed frequency, 2079 qige will be hard to migrate and decompose, and there-

cm ..Accordlngr:y, we ter;tatlvely gs&gned the S”ﬁeﬁk to kfore retains unchanged. This results in an enhanced intensity
astrainedmonohydride of adsorption structure D. This peaksq, ihydride and correspondingly a reduced intensity for
can be clearly identified for adsorption of Silds well, as monohydride.

shown in Fig. 7 _Considering its bonding configL_Jration, W€ |t should be noticed that even at low hydride coverage the
suspect that SiH is favorably populated at step sites on the SiH* peak showed up. We interpret that SiMas populated

surface. The spectra of Fig(t§ exhibit a peak at 2060 cml. ;3" e decomposition of trihydride species. One possible
We speculate the peak, as indicated by’SiHh Fig. S(b), is  eaction path leading to the SiHformation would be as
also a monohydride species that has a rather complicatgf]y s the decomposition of trihydride produces two hy-
bonding configuration. More elaborate investigation woulddrogen atoms and a Si-H fragment: SiHy— H-+ H+ SiH.
be needed on the origin of these monohydride species. Ly qrogen atoms released from the trihydride likely migrate
. N on the surface with dangling bonds to form monohydride
D. Hydride decomposition species such as DOD. Note that DOD is energetically quite

The spectra of Fig. 2 show that at low exposure the intenStable. We suppose that the remaining SiH fragment also
sity of the SiH peak is quite low as compared to that of the May migrate on the surface. When it is trapped at defects
SiH peak. This trend can be clearly seen in Fig. 8 where wéites such as vacancies and steps, therf Silduld be gen-
plot the intensities of the monohydride, dihydride, and triny-€rated. We believe that StHis energetically rather stable.
dride peaks as a function of disilane exposure. Dotted curveherefore Sik does not further migrate on the surface or
shown in Fig. 8 indicate the uptake curve predicted from thedecompose.
first-order adsorption kinetics. We can see than dihydride and The main points of the above argument are that disilane
trihydride does not exhibit the first-order kinetics, while the adsorption produces various kinds of hydrides on the surface
formation of monohydride obeys the first-order kinetics; es-and that some of those surface hydride species may be ener-
pecially, the trihydride peak intensity is quite low at low getically unstable and therefore readily decompose. As de-
exposures. We interpret this fact as being due to the decongcribed above, we suggest that trihydride species is such a
position of trihydride species. As previously demonstratedhydride species that decomposes to lower hydride species
when disilane adsorbs on the Si surface, the-Si bond of  €ven at room temperature. On the other hand, the adatom
the molecule is ruptured to generate two trinydride speciesiimer, DOD and monohydride StHare considered to be
and trihydrides thus generated may further decomposes f@latlvely stable against decompOSition and therefore remain
monohydride and dihydride species. It should be pointed ou¢nchanged for a long term. However, it should be pointed
that this trihydride decomposition requires unsaturated Sput that hydride decomposition is affected by the surface
dangling bonds around the trihydride species; otherwise hybydride coverage.
drogen atoms released from the trihydride cannot migrate on
the surface to produce new-SiH bonds. This requirement
will be satisfied when the surface hydride coverage is low.

On the surface with low hydride coverage, therefore, triny- We have investigated the adsorption of disilane on
drides readily decompose to monohydride or dihydride speSi(100 (2X 1) using infrared absorption spectroscopy. We
cies. This leads to a reduction in intensity of the trihydridedemonstrated that during room-temperature adsorption, disi-

IV. CONCLUSIONS
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lane dissociatively adsorbs onto surface Si dangling bonds tdhe present results also suggested that the dosing pressure of
produce mono-, di-, and trihydride species, and that the hythe source gas has a significant effect on the disilane adsorp-
dride distribution depends on the surface hydride coveragdion kinetics on Si surfaces.

From comparison of IR data with hybrid density-functional

cluster calculation, we suggested the formation of an adatom ACKNOWLEDGMENT
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