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To tal en ergy cal cu la tions based on den sity func tional the ory in con nec tion with gen er al ized gra di ent ap -
prox i ma tion (GGA) and norm-conserving op ti mized pseudopotential ap prox i ma tion have been used to in ves ti -
gate the sil ane chemisorption onto Si(111) and Si(100) sur faces. Firstly, the cal cu lated re laxed sur face struc ture 
of Si(100)-(2 2) has a dif fer ent dan gling bonds en vi ron ment from that of the cal cu lated re laxed sur face struc -
ture of Si(111)-(1 1). Sec ondly, our cal cu lated re sults in di cate that SiH4 chemisorption onto both Si(100)-
 (2 2) and Si(111)-(1 1) sur faces are en er get i cally fa vor able and they lead to the for ma tion of SiH3 and H ad -
sorbed on the Si=Si dimer, i.e. Si(100)-(2 2)(SiH3:H) and the sur face dihydride SiH2 and 2H, i.e. Si(111)-
 (1 1)(SiH2:2H), re spec tively. Finally, the in crease of dan gling bond den sity and the ab sence of adatom
backbond break ing are prob a bly two of the key fac tors con trol ling the dis tinct in crease in re ac tion prob a bil ity
for dissociative chemisorption of SiH4 onto Si(111)-(7 7) due to Si(111)-(7 7)  Si(111)-(1 1) phase tran si -
tion at sur face tem per a ture greater than 800 C. 

IN TRO DUC TION

The sur face chem is try of sil i con1 has be gun to at tract
many sur face sci en tists to in ves ti gate with the use of many
mod ern tools. This is due to the fact that the un der stand ing and 
the con trol of sil i con sur faces and cor re spond ing chem is try
are of great im por tance in the sil i con thin film de po si tion pro -
cess ing.2 Normally, the sil i con thin film is rou tinely grown
from gas eous mol e cules in a va ri ety of chem i cal va por de po si -
tion (CVD) pro cesses, and sil ane (SiH4) is one of the most
com mon CVD pre cur sors for Si, SiO2 and other ma te ri als.
Dur ing the CVD growth of Si film, SiH4 chemisorbs onto the
sur face of the grow ing film and the de com po si tion of sur faces
SiHx leads to film growth and H2 as a by prod uct.

The re cent ex per i men tal work3,4 of S. M. Gates et al. re -
gard ing the ob ser va tion of the sil i con hy drides spe cies formed 
by SiH4 chemisorption on clean sin gle crys tal sil i con sur face
Si(100)-(2 1) us ing static sec ond ary ion mass spec trom e try
(SSIMS) sug gests that the dis so ci a tion of SiH4 to SiH3 and H
oc curs on the Si(100)-(2 1) sur face, which con tains pairs of
dan gling bonds lo cated on Si=Si dimers. In ad di tion, they pro -
posed the pos si ble mech a nisms de scrib ing SiH4 chemisorp -
tion onto the Si(100)-(2 1) sur face. They be lieved that two
new bonds are formed to the H and SiH3 frag ments from two
dan gling bonds on two ad ja cent sur face Si at oms. The two
dan gling bonds could be on dimerized Si at oms, or on two at -
oms from two ad ja cent dimers. 

An other ex per i men tal work of M. E. Jones et al.5 em -

ploy ing su per sonic mo lec u lar beam scat ter ing tech niques to
in ves ti gate the translationally ac ti vated dissociative chem -
isorp tion of SiH4 onto Si(111)-(7 7) sur face found that a dis -
tinct in crease in re ac tion prob a bil ity is ev i dent at sur face tem -
per a ture (Ts) greater than 800 C; this in crease cor re sponds
well to the Si(111)-(7 7)  Si(111)-(1 1) phase tran si tion
known to oc cur on this sur face.6 In con se quence, the Si(111)-
 (1 1) is more re ac tive to ward SiH4 than the Si(111)-(7 7).
Finally, they em pha sized that both dan gling bond den sity and
sur face struc ture in flu ence greatly the re ac tion prob a bil ity but 
with out de scrib ing the pos si ble re ac tion mech a nisms for this
en hanced re ac tion prob a bil ity in the pro cess of dissociative
chemisorption of SiH4 onto Si(111)-(1 1) sur face.

Al though many quan tum me chanic clus ter model stud -
ies of sur face chem is try on Si sur faces have been re ported,6,7

the study of form ing and break ing of co va lent bonds as SiH4

chemisorbs on the dif fer ent Si sur faces is still a very chal leng -
ing prob lem. For ex am ple, it is im pos si ble for the fi nite sizes
of clus ter mod els to in clude the long range in ter ac tion through 
the whole Si sur face. Also it is very dif fi cult to treat the sur -
face ef fect ef fec tively. We there fore de vote our selves here to
the ab in itio de ter mi na tion of the ex tended sur faces of both
Si(100) and Si(111) and their en er getic of chemisorbed SiHx

(x = 4,3,2) spe cies on both Si(100) and Si(111) sur faces in or -
der to pro vide, at the atomic level, the un der stand ing and rea -
son ing of the pro cess for dissociative chemisorbtion of SiH4

onto the Si(100)-(2 1) and Si(111)-(7 7) (Ts > 800 C) sur -
faces as stud ied by S. M. Gates et al. and M. E. Jones et al., re -
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spec tively.

COM PU TA TIONAL METHODS

Den sity func tional the ory with gen er al ized gra di ent ap -
prox i ma tion (GGA) is ap plied to per form the ab in itio to tal en -
ergy pseudopotential cal cu la tions.8 Our com pu ta tional strat -
egy is to per form all the cal cu la tions us ing pe ri odic bound ary
con di tions (some times known as the supercell method), with
the elec tronic orbitals rep re sented by us ing a plane-wave ba -
sis sets. We have used an ab in itio mo lec u lar dy namic method
based on the con ju gated gra di ent tech nique9,10 to min i mize the 
Kohn-Sham en ergy func tional in which the GGA of Perdew
and Wang18 is uti lized. For the brillouin-zone in te gra tion we
used a 2 2 1 grid of Monkhorst-Pack spe cial points11 af ter
con ver gence test with 3 3 1 grid. Plane waves with an en ergy 
up to a cut-off of 300 eV were in cluded in the ba sis sets. We
also ex plored the plane-wave con ver gence tests by cal cu lat ing 
the struc tural pa ram e ters of SiH4, i.e. bond length of Si-H, and 
chemisorption en ergy of SiH4 chemisorbed onto the Si(100)
sur face. Our cal cu lated bond length of Si-H with a cut-off of
300 eV is ac cu rate up to 0.005 Å in com par i son with that with
a cut-off of 400 eV and our cal cu lated chemisorption en ergy
of SiH4 chemisorbed onto Si(100) with a cut-off of 400 eV is
only 0.008 eV larger than that with a cut-off of 300 eV as
shown in Ta ble 1. These test re sults clearly in di cate that the
en ergy cut-off of 300 eV will be enough for the cal cu lated
phys i cal prop er ties of our in ter est in this study. A Kleinman-
 Bylander rep re sen ta tion12 of the pseudopotential is used. This
al lows the plane-wave ma trix el e ments of the pseudopotential
to be ex pressed in sep a ra ble form for com pu ta tional ef fi -
ciency. In our cal cu la tions both sur face model of Si(100) and

Si(111) were rep re sented by pe ri od i cally re peated slab of Si
at oms (six lay ers in the un re con structed ge om e try) with one
side of three lay ers fixed and the other fol lowed by a vac uum
re gion of ap prox i mately 13 Å. These vac uum lay ers are
mainly in tro duced to avoid the in ter ac tion be tween sur faces
due to the pe ri od ic ity along the [100] and [111] di rec tions. In
ad di tion, the dan gling bonds on the side of the fixed lay ers
were pas si vat ed by H atom to elim i nate the charge slosh ing ef -
fect be tween the two sur faces. The bond lengths of Si-H are
de ter mined by op ti miz ing all the bond lengths of Si-H with the 
con straint that six lay ers of the slab is fixed.

The pseudopotential of sil i con was con structed as usual
from an all-electron atomic cal cu la tion, with the con di tion of
norm con ser va tion and con ti nu ity of the wavefunction and its
first and sec ond de riv a tives at the core ra dius. To im prove the
con ver gence one ad di tional re quire ment to those men tioned
above was added, namely that the ki netic en ergy as so ci ated
with each pseudo-wavefunction above a cho sen wave vec tor
be min i mized. We have used the method of op ti mized pseu -
dopotential gen er a tion,13 with a ref er ence atomic con fig u ra -
tion of 3s23p2 for s and p com po nents and 3s23p0.753d0.25 for the 
d com po nent, and core ra dii of 1.80 a.u. The s-wave com po -
nent was taken to be the lo cal for the Kleinman-Bylander rep -
re sen ta tion. A pure Cou lomb po ten tial is used for hy dro gen
through out this study.

CAL CU LATED RE SULTS AND DIS CUS SION

Sur face struc ture of Si(100)-(2 2)
Al though many ex per i men tal ef forts have been de voted

to solv ing the ques tion of whether the Si=Si dimers are buck -
led or sym met ric on this par tic u lar sur face, the fi nal con clu -
sion has not been made yet. For ex am ple, the low-temperature
STM ex per i ments dem on strated un am big u ously that the
Si=Si dimers at equi lib rium are buck led19 and at room tem per -
a ture, the Si=Si dimers ap pear to be sym met ric be cause of
rapid flick ing be tween the two pos si ble buck led ori en ta tions.
In this study we first in ves ti gated the atomic ar range ment of
the Si(100) sur face model. We as sume that the Si(100) sur face 
when be ing gen er ated will con vert from Si(100)-(2 1) to
Si(100)-(2 2)1 dur ing the re lax ation. This sur face model of
Si(100)-(2 2) where the ad ja cent Si=Si dimers in a row
buckle in an op po site di rec tion will be used through out this
study to rep re sent the Si(100)-(2 1) as de scribed in the pa per
of S. M. Gate et al. The cal cu lated re laxed ge om e try is shown
in Fig. 1 and the cor re spond ing struc tural pa ram e ters are re -
ported. The re con struc tion of the clean Si(100) sur face gives
rise to the for ma tion of buck led Si=Si dimers with bond
lengths of 2.315 Å and 2.354 Å, re spec tively, and which are
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Table 1. Energy Cut-off Tests for the Bond Length of Si-H within
SiH4 and the Chemisorption Energy of SiH4

Chemisorbed onto the Si(100)-(2 2) Surface

Energy cut-off (eV) Si-H bond length (Å)

200
300
400
500
600
Expt.

1.514
1.493
1.487
1.484
1.481
1.4798

Energy cut-off (eV) Echemisorb. (eV)

200
300
400

1.984
1.966
1.958



about 0.10 Å larger than the bond length of the Si=Si dou ble
bond in Si2H4. But it is slightly smaller than the bond length of
Si-Si sin gle bond in a Si2H6 mol e cule. Sub se quently, there
may be some -bond ing char ac ter in the buck led Si=Si

dimers. In ad di tion, the re con struc tion of Si(100) sur face also
leads to a slight con trac tion of the Si-Si dis tance be tween the
first and sec ond lay ers to around 2.330 Å. These re sults are in
good agree ment with other first prin ci ple cal cu lated re sults.14

To ex plore this buck led Si=Si dimers in more de tail we pres -
ent the con tour of to tal va lence charge den sity as shown in
Fig. 2. The con tour clearly shows an un evenly dis trib uted va -
lence charge den sity in the buck led Si=Si dimer bond re gion.
Also we be lieve that this un evenly dis trib uted va lence charge
den sity is one of main fac tors con trol ling the ini tial prod ucts
of SiH4 chemisorption onto a Si(100) sur face, which will be
dis cussed in a lat ter sec tion.

Sur face struc ture of Si(111)-(1 1)
Along the [111] di rec tion of the sil i con crys tal one

should ex pect to see a two-layer struc ture. Each Si atom in one 
of the two-layer has three bonds to con nect with those in the
other layer and one bond to an other in a dif fer ent two-layer. So 
when the sur face along this di rec tion is gen er ated, each atom
on the bulk ter mi nated sur face can have ei ther one dan gling
bond or three dan gling bonds. Again we found that the Si(111) 
sur face when be ing gen er ated will con vert to Si(111)- (1 1)
af ter re lax ation. The first layer of Si atom on Si(111)-(1 1)
sur face hav ing only one dan gling bond is about 3.84 Å apart
from the near est dan gling bonds, and its cal cu lated re laxed ge -
om e try is shown in Fig. 3, and the cor re spond ing struc tural pa -
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(a)

(b)

(c)

Fig. 1. The side and top view of re laxed buck led Si=Si
dimer on Si(100) sur face.  (a) The pa ram e ters of
bond length (Å) are re ported.  (b) The pa ram e -
ters of bond an gle ( ) are re ported.  (c) The top 
view of Si(100)-(2 2).

Fig. 2. Con tours of to tal va lence charge den sity (cut -
ting through Si=Si) for buck led Si=Si dimer.
Con tour lines are drawn at in ter vals of 0.014
elec trons/Å3 (From Ref. 21).



ram e ters are re ported. The cal cu lated sur face en ergy of
Si(100)-(2 2) is nearly 1.89 eV/(per unit area) larger than that 
of Si(111)-(1 1) af ter re lax ation. This is due to the lon ger sep -
a ra tion (3.84 Å) be tween the near est dan gling bonds on the
Si(111)-(1 1) sur face thereby hav ing the smaller in ter ac tion
be tween the near est neigh bor ing dan gling bonds to sta bi lize
its sur face struc ture. In con se quence, this sur face struc ture
should pro vide dif fer ent ac tive sites for SiH4 chemisorption in 
com par i son with the Si(100)-(2 2) sur face struc ture. The con -
tour of to tal va lence charge den sity of Si(111)-(1 1) is also
shown in Fig. 4 to dem on strate the weaker in ter ac tion be -
tween dan gling bonds on the Si(111)- (1 1) and the dif fer ent
sur face en vi ron ment of Si(111)-(1 1) com pared to that of
Si(100)-(2 2).

It is well known ac cord ing to Takayanagi DAS model16

that 1) the cov er age of dan gling bond on the Si(111)-(7 7) is
about 0.387 and 2) the dan gling bond on the adatom is about
4.4 Å away from and 1.5 Å above the dan gling bond on the
restatom on the Si(111)-(7 7). Based on the above de scrip tion 
of Si(111)-(1 1) sur face model we know that Si(111)-(7 7)

 Si(111)-(1 1) phase tran si tion at Ts > 800 C will make the
Si(111)-(7 7) sur face lose all char ac ter is tics of the Si(111)-
 (1 1) sur face men tioned ear lier. Con se quently, the sen si tiv ity
of re ac tion prob a bil ity for dissociative chemisorption of SiH4

onto Si(111)-(7 7) due to the Si(111)-(7 7)  Si(111)-(1 1)
phase tran si tion was ob served by ex per i men tal work of M. E.

890     J. Chin. Chem. Soc., Vol. 47, No. 4B, 2000 Lin et al.

(a)

(b)

(c)

Fig. 3. The side and top view of re laxed Si(111)-
 (1 1) sur face.  (a) The pa ram e ters of bond
length (Å) are re ported.  (b) The pa ram e ters of 
bond an gle ( ) are re ported.  (c) The top view
of Si(111)-(1 1) sur face.

Fig. 4. Con tours of to tal va lence charge den sity (cut -
ting through the dan gling bonds) for Si(111)-
 (1 1) sur face. Con tour lines are drawn at in -
ter vals of 0.014 elec trons/Å3 .



Jones et al. How ever, the cor re spond ing re ac tion mech a nisms
still re main un clear. There fore, it is our ob jec tive to first carry
our DFT cal cu la tion study ing the pro cess of dissociative
chemisorption of SiH4 onto Si(111)-(1 1) lead ing to the fi nal
pos si ble SiH4 chemisorbed Si(111)-(1 1) sur face. We then
will com pare our cal cu lated re sults with ex per i men tal scan -
ning tun nel ing mi cros copy (STM) re sults of D. Albertini et
al.22 who in ves ti gate room tem per a ture dissociative chem -
isorp tion of SiH4 onto Si(111)-(7 7) sur face. Finally, we can
ra tio nal ize the fac tors caus ing the in creas ing re ac tion prob a -
bil ity for dissociative chemisorption of SiH4 onto Si(111)-
 (7 7) due to Si(111)-(7 7)  Si(111)-(1 1) phase tran si tion
at Ts > 800 C which will be dis cussed in a later sec tion.

SiH4 chemisorbed Si(100)-(2 2) sur face: Si(100)-(2 2)
(SiH3:H)

It has been sug gested3 that dur ing the chemisorption of
SiH4 onto Si(100)-(2 2) sur face two new bonds are formed to
the H and SiH3 frag ments from two dan gling bonds on two ad -
ja cent sur face Si at oms on the Si=Si dimer. There fore, the dan -
gling bonds are re quired for the ini tial chemisorption step.
Also the qual i ta tive re ac tion mech a nism de scrib ing SiH4

chemisorption on the Si(100)-(2 2) sur face has been pro -
posed.3 Here we will em pha size qual i ta tively the in flu ence of
elec tronic prop er ties of the sur face on the re ac tion mech a nism 
of SiH4 chemisorption onto our Si(100)-(2 2) sur face model.
To elab o rate this we firstly re al ized that our cal cu lated re laxed 
sur face of Si(100)-(2 2) pro vides only two buck led asym met -
ric Si=Si dimers in par al lel with each other as shown in Fig. 1.
There fore, we only ex pect to have SiH4 spe cies ei ther chem -
isorbed on buck led-up Si atom or chemisorbed on buck -
led-down Si atom. Sec ondly, due to the for ma tion of buck led
asym met ric Si=Si dimers and the po lar ized elec tron pair to -
ward H within the SiH4 mol e cule we rea son ably ex pect that
dur ing the pro cess of dissociative chemisorption of SiH4 onto
the Si(100)-(2 2), the H atom within SiH4 mol e cules will
form the bond to buck led-down Si atom (electrophilic site) on
the buck led Si=Si dimer and then the SiH3 frag ment which is
near est to the buck led-up Si atom will dif fuse and form the
bond to the buck led-up Si atom (nucleophilic site) on buck led
Si=Si dim mer.20,21 Con se quently, two new bonds are formed
to the H and SiH3 frag ments from two dan gling bonds on two
dimerized Si=Si at oms, i.e. Si(100)-(2 2)(SiH3:H), as shown
in Fig. 5, and cor re spond ing struc tural pa ram e ters are re -
ported. In or der to ob tain this en er getic data we have to pro -
pose the rea son able ini tial struc ture of chemisorbed SiH3 and
H spe cies on Si(100)-(2 1) sur face based on our pre vi ous
anal y sis of to tal va lence charge den sity of buck led Si=Si
dimer, then it is re laxed un til the to tal en ergy min i mum is
reached in or der to have our fi nal cal cu lated struc ture. The

To tal En ergy Cal cu la tions for Sil ane Dissociative J. Chin. Chem. Soc., Vol. 47, No. 4B, 2000     891

(a)

(b)

(c)

Fig. 5. The side and top view of SiH4 chemisorbed on 
Si(100)-(2 2), i.e. Si(100)-(2 2)(SiH3:H). 
(a) The pa ram e ters of bond length (Å) are re -
ported.  (b) The pa ram e ters of bond an gle ( )
are re ported.  (c) The top view of Si(100)-
 (2 2)(SiH3:H).



cal cu lated chemisorption en ergy, i.e. the to tal en ergy dif fer -
ence be tween SiH4 above Si(100)-(2 2) and SiH4 chem -
isorbed Si(100)-(2 2), is re ported in Ta ble 2. Our cal cu lated
re sults strongly sug gest that the chemisorption of SiH4 onto
the Si(100)-(2 2) is en er get i cally fa vor able and it leads to sta -
ble struc ture of Si(100)-(2 2)(SiH3:H). 

SiH4 chemisorbed Si(111)-(1 1) sur face: Si(111)-(1 1)
(SiH2:2H)

It is in tu itively known that the sur face of Si(111)-(1 1)
with only one dan gling bond on each Si atom of the first layer
should pro vide dif fer ent re ac tive sites for the chemisorption
of SiH4 onto the sur face of Si(111)-(1 1) in com par i son with
that of Si(111)-(7 7) and Si(100)-(2 2). How ever, the ex per i -
men tal work of M. E. Jones et al. is not able to pro pose the
pos si ble re ac tion mech a nism for dissociative chemisorption
of SiH4 onto Si(111)-(1 1) lead ing to a SiH4 chemisorbed
Si(111)-(1 1) sur face. Re cently, scan ning tun nel ing mi cros -
copy (STM) was used by D. Albertini et al.22 to in ves ti gate
room tem per a ture dissociative chemisorption of SiH4 onto a
Si(111)-(7 7) sur face. They sug gest that the re ac tion ini tially
in volves ex clu sively the cor ner holes and the ad ja cent Si
adatoms of the Si(111)-(7 7) re con struc tion, with pref er en tial 
ad sorp tion of SiH3 groups in the cor ner holes and of H at oms
on one of the ad ja cent cor ner adatoms. Af ter higher SiH4 ex -
po sures the re ac tiv ity of the cor ner adatoms is sig nif i cantly re -
duced; hy dro gen ad sorp tion oc curs pref er en tially on the cen -
ter adatoms. There fore, they pro pose a model where the SiH4

mol e cule de com poses near a restatom while two hy dro gen at -
oms re act with one of the three near est adatom: one hy dro gen
atom sat u rates the adatom dan gling bond and the other breaks
the adatom backbond near the restatom and forms a dihydride
sil i con adatom. Ac cord ingly, the sil i con atom in the first layer
which was orig i nally at tached to the adatom is now free. Then
SiH2 can bridge this atom and the neigh bor ing restatom sep a -
rated by 3.84 Å as shown in Fig. 6. Fol low ing the above de -
scrip tion of form ing the sta ble SiH2 layer through bridg ing the
Si at oms in the first layer sep a rated by 3.84 Å we will fo cus
our in ves ti ga tion only on the most pos si ble path to ini tially
form the chemisorbed SiH2 spe cies on Si(111)-(1 1) sur face.
Based on our sur face model of Si(111)-(1 1) one of the most
prob a ble paths for SiH4 dissociative chemisorption onto the

sur face and lead ing to the form ing of chemisorbed SiH2 spe -
cies on the sur face of Si(111)-(2 2) is to al low SiH4 to ori ent
in such a way that 2H within the SiH4 mol e cule will ap proach
two dan gling bonds on the Si(111)-(2 2) sur face. When 2H
within the SiH4 mol e cule ap proach those sites the two dan -
gling bonds will form the bonds to the 2H within the SiH4 mol -
e cule. At the same time, the SiH2 frag ment will be dis so ci ated
from the SiH4 mol e cule and dif fuse to ward and into the two
near est dan gling bonds. Finally, two new bonds are formed to
the SiH2 from the two dan gling bonds sep a rated by 3.84 Å, i.e. 
Si(111)-(1 1)(SiH2:2H), as shown in Fig. 7, and cor re spond -
ing struc tural pa ram e ters are re ported. By com par ing our pro -
posed re ac tion mech a nisms with that of D. Albertini et al. us -
ing STM it is eas ily re al ized that ad di tional break ing of the
adatom backbond on Si(111)-(7 7) is needed to form the
chemisorbed SiH2 spe cies on the Si(111)-(7 7) sur face. We
be lieve that this ad di tional break ing of adatom backbond will
greatly in flu ence the re ac tion prob a bil ity for dissociative
chemisorption of SiH4 onto a Si(111)-(7 7) sur face when
com pared to that for dissociative chemisorption of SiH4 onto a 
Si(111)-(1 1) sur face.

Our cal cu lated chemisorption en ergy with GGA for the
for ma tion of chemisorbed SiH2 and 2H spe cies on the
Si(111)- (1 1) sur face, i.e. Si(111)-(1 1)(SiH2:2H) is about
0.803 eV/(per SiH4) more fa vor able than the for ma tion of
chemisorbed SiH3 and H spe cies on the Si(100)-(2 2) sur face, 
i.e. Si(100)-(2 2)(SiH3:H), as shown in Ta ble 2. This dif fer -
ence in chemisorption en ergy at dif fer ent Si sur faces in di cates 
that SiH4 is en er get i cally more fa vour able to form Si(111)-
 (1 1)(SiH2:2H) rather than Si(100)-(2 2)(SiH3:H). Finally,
what are the main fac tors dic tat ing the dis tinct in crease in re -
ac tion prob a bil ity for dissociative chemisorption of SiH4 onto
Si(111)-(7 7) due to Si(111)-(7 7)  Si(111)-(1 1) phase
tran si tion at Ts > 800 C. First of all we re al ized that there is a
sig nif i cant in crease in dan gling bond den sity due to the
Si(111)-(7 7)  Si(111)-(1 1) phase tran si tion at Ts > 800
C. Sec ondly, as men tioned above, the pro posed mech a nism

for dissociative chemisorption of SiH4 onto Si(111)-(7 7) by
D. Albertini et al. us ing STM in volves ad di tional break ing of
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Table 2. The Calculated Chemisorption Energy (GGA) of SiH4

Chemisorbed onto the Si(100)-(2 2), i.e. Si(100)-(2 2)
(SiH3:H), and Si(111)-(1 1), i.e. Si(111)-(1 1)(SiH2:2H)

Species Echemisor.(eV)

Si(100)-(2 2)(SiH3:H)
Si(111)-(1 1)(SiH2:2H)

1.966
2.669

Fig. 6. The sketch of sil ane ad sorp tion mech a nism on 
Si(111)-(7 7) pro posed by D. Albertini et al.



the adatom backbond com pared to our pro posed re ac tion
mech a nism for dossociative chemisorption of SiH4 onto
Si(111)- (1 1). In con se quence, we should ex pect that there is
a higher re ac tion prob a bil ity for dissociative chemisorption of 
SiH4 onto Si(111)-(1 1). 

CON CLU SIONS 

By com bin ing both den sity func tional the ory and pseu -
dopotential to tal en ergy cal cu la tions tech nique we are able to
in ves ti gate qual i ta tively the pos si ble re ac tion mech a nisms de -
scrib ing dissociative chemisorption of SiH4 onto both
Si(100)- (2 2) sur face and Si(111)-(1 1). Our col lec tively cal -
cu lated re sults sug gest that 1) the re lax ation of the Si(100)
sur face lead ing to the for ma tion of buck led Si=Si dimer, i.e.
Si(100)-(2 2), is cru cial for rea son ing the for ma tion of
chemisorbed SiH3 and H spe cies on this sur face, i.e. Si(100)-
 (2 2)(SiH3:H) and 2) the in crease of dan gling bond den sity
and the ab sence of adatom backbond break ing on the Si(111)-
 (1 1) are two of the ma jor fac tors gov ern ing the dis tinct in -
crease in re ac tion prob a bil ity for dissociative chemisorption
of SiH4 onto Si(111)-(7 7) due to Si(111)-(7 7)  Si(111)-
 (1 1) phase tran si tion at Ts > 800 C. Finally, our cal cu lated
re sults pro vide sup ple men tal ev i dence in terms of atomic ar -
range ment and cor re spond ing en er getic data to help ra tio nal -
ize the pos si ble re ac tion mech a nisms of dissociative chem -
isorption of SiH4 onto both Si(100)-(2 1) and Si(111)-(7 7)
(Ts > 800 C) sur faces, and to cor rob o rate stud ies by S. M.
Gate et al. and M. E. Jones et al., re spec tively.
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