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Relaxation of the adsorption geometry of Sb and K on §D01) surface
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The electric field-induced relaxation of the adsorption geometry of Sb and K atom$af11)3ix 1 surface
was studied usingb initio cluster calculations. We have found that the adsorption geometry changes consid-
erably due to field. The difference in the response to the applied field of the different adatoms and the
underlying Si layer is remarkable. The relaxation of the Sb dimer is less than that of the clean surface dimers,
whereas the changes in K atom positions are an order of magnitude larger than those of the clean surface. In
addition, there are drastic changes in the geometry of the Si dimers on the K-covered surface. The buckling of
the dimers increases greatly for a positive field; for a negative field the increase in buckling is smaller. In both
surfaces the relaxation of the Si dimers, to which the adsorbed atom is bonded, is defined by the elastic
interactions with the adsorbed atom and differs from that of clean surface. The distribution of the field does not
affect significantly the changes in adsorption geometry. However, for the field-sensitive surfaces, an extremely
sharp tip may cause a selective desorption of the adsorbed di86163-18208)01215-9

I. INTRODUCTION surface is addressed. As an example two metals with a large
difference in polarizability were used: Sb and K. The polar-
The adsorption of metals on a silicon surface has been i&ability of a free Sh atom is close to that of Si, while it is
subject of study for already more than three decdsdes, for ~much larger for K atoms. Both systems have been well stud-
example, reviews Refs. 1}4Such a stable interest in the ied experimentally and theoretically and are widely used in
structure and properties of covered Si surfaces is dictated Hy]icroele(_:tronic§:8'9'12'1_‘"16'21 . .
their importance for both technological applications and fun- The S{001) surface is reconstructed with the surface unit
damental research. The classical example of such a surfaceG§!l having the same size as in the bulk in one direction and
the S{001) surface. The complicated reconstructions develtWIc€ as Ialrgfz_zjl” -another [so-called  J001)2x1
oped on this surface provide a variety of adsorption Sites(econstructloﬂl ’ This reconstruction was propose(_j on
6lpe basis of room-temperature low-energy electron diffrac-
dtion (LEED) experiments in which a2 1 diffraction pattern

ifferent metals wer i h experimentall n . ) . )
different metals were studied both experimentally a was observed. It is built of dimer rows running along the

theoretically**5~1*With the invention of the scanning tun- ——> ~~ - " o _ , e
neling microscop€STM) a further step was taken in under- [110] ghrectlon with dimers oriented in thgl10] direction
standing the local structural and electronic properties m(se'l?hltzel?j.ir%erization reduces by half the number of danalin
metal-semiconductor systems. These are especially impo onds. In the svmmetric dime?/s they are half filkgtg 2)9 9
tant for adsorption at low coverage, for which the averaging&urthe'r Ioweriné of the surface ener)g/]y can by achie;/ed by a
tgchniques are insensitive. Neyerthelgss, Fhere are disc.repak')ﬁ'l]ckling of the dimerga change in the relative height of two
;':j ttr)fem(l:ztla:uIt:tidre;cljjgsr;ttigilngeedoxg?i‘@éﬁgeﬂt];e;?rl\]/llqueaimer atoms The charge transfer between the upper and the

. ) .. lower dimer atoms leads to a filling of the lower dangling
experiments on $001) surface are usually carried out with bond at the expense of the upper one. It is widely accepted

voltages around 2 V. The electric field induced by a biaseqpat the dimers are asymmetric in their ground state. The
tip is extremely strong, about 1¥/cm, which is of the order  symmetric dimers seen in STM images at room temperature
of the crystal field. In semiconductors the external field penyre not static, but rather represent the time average of dy-

etrates inside the bulk up to 04m. Therefore, one expects pamically switching asymmetric dimers. The switching is ac-
a pronounced effect of the field on the surface structure.

The effect of the electric field on the atomic and elec-
tronic structure was discussed for a clean(081)
surface®18-2% |t was shown that an external electric field
causes additional relaxation in the surface layer. As was es-
timated by Huangt al*® this relaxation is small. The elastic
properties of the surface in the vicinity of an adsorbed atom,
however, are different from that of the clean surface. The
adsorption geometry, therefore, may be affected during the

O 2" layer atom

d
© 3" layer atom
X

[110] [110]

imaging process. y
In the present work the problem of field sensitivity of the
adsorption geometry of individual metal atoms orf0O8L) FIG. 1. Dimer model of the 8001)2X 1 surface: a top view.
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Sites for K adsorption
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FIG. 3. The adsorption sites for Sb an K if@®1) surface.T4,
T3, HH, HB, and B2 denote the cave, valley bridge, pedestal, dimer
bridge, and intermediate bridge sites, respectively.

These models of atomic adsorption were calculated as the
lowest-energy configurations. In comparing such models
with STM images the possible distortion of the adsorption
geometry as a result of the tip-induced field was not taken
into account. The existing discrepancies in the interpretation
of STM images even for intensively studied semiconductor
surfaces call for a better understanding of the influence of the

FIG. 2. Dimer model of the $901)2X 1 surface: Top view electric field on the imaged surface. L

(top) and side view(bottom) of (a) bulk-like terminated surfacéb) In the present paper the_ regultsaﬁ Initio cIu;ter total-
symmetric dimer,(c) asymmetric dimer. Ir(d) the switching and  €Nergy calculations of the field-induced relaxation of the ad-
twisting directions are shown by arrows. The twisting directions areSOrption geometry of Sb and K atoms or{@&l1) surface are
opposite for the adjusted dimers in the ro(),(f) Formation of ~ reported. It was found that the equilibrium position of ad-
higher-order reconstruction&) p(2x2) in-phase buckling in the sorbed atoms significantly changes with the field. It was also
neighboring rows(f) c(4x 2) out-of-phase buckling in the neigh- shown that the relaxation of underlying surface dimers is not
boring rows. The orientation of andy axes shown in pangh) is  related to the electrostatic interaction with the external field,
the same as in Fig. 1. but rather to the elastic force applied by the relaxed adsorbed
atom. The force constants corresponding to different bonds
in the first surface layer of both surfaces and the effective

companied by a slight twisting along tje.10] direction
[Fig.pZ(d)]. Thg asymgmetric dimgers areg alt/[vays]buckled aner_force constants for adsorbed atoms have been calculated. The

natively along the row. When the dimers in the neighboringadditional displacement and changes in the desorption barrier
rows are buckled “in-phase,” they produce the so-callegc@used by a localized nonuniform field distributi@harac-

; : “« ,»  teristic for the STM experimentsvere estimated.
p(2x2) reconstruction[Fig. 2(e)]. The “out-of-phase . '
buckling gives ac(4X 2) reconstructioniFig. 2f)]. The lat- The paper is organized as follows. In Sec. 1l the model
ter structure is considered to be a minimum of theD@l) used in the calculations of the surface is described. In this

surface, although the energy difference is very sfuil the section | specify the cluster structures, the field distribution,
order 01" 0.01 eV per dimgr At room temperature the two and the details of the computational procedure. In Sec. Il the

structures are in thermal equilibrium and can be IocallyreSUItS for the field-induced changes in adsorption geometry

switched from one to the other by simultaneous flipping ofare p(esgnteq. Ir_1 Sec. Il A the surfacg response to a unifo_rm
two adjusted dimers from one row electric field is discussed. The relaxation of the Si dimers in

The adsorption of a foreign atom locally changes thethe vicinity of the adsorbed atom is explained using calcu-

dimers’ structure. The new arrangement of dimers depeno@ted k_)ond f_orce constants. In Sec. I”.B '_[he effe_cF of the
on the nature of the adsorbed atom-substrate interactions. honuniform field component on the equilibrium position an_d
Antimony atoms at low coverage are thought to be ad_the shape of the poten_tlall well for adsorbr—;d atoms is dis-
sorbed on §D0J) as dimers sitting on top of the Si dimer cussed. In Sec. IV the findings are summarized.
rows and oriented perpendicularly to the underlying Si
dimer$® (Fig. 3). These dimers are almost broken and the Il. MODEL
arrangement of Si atoms is close to that of the bulk-truncated
surface.
Among different proposed adsorption sites for the adsorp- In order to reproduce the details of the(@1)2x1 re-
tion of alkali metalS(/AM) on Si001) (Fig. 3) the cave T4) construction and to study the interaction between this surface
and the valley bridgeT3) sites are considered to be more and adsorbed atom one should be able to calculate the struc-
stable than other sit@s?1213 Also of importance is the tural and electronic properties of the surface from first prin-
structure of the underlying Si dimers. Symmetrization of theciples with high enough accuracgb initio calculations in-
dimers was proposed for saturation covefdgeand is fre-  volving a large number of atoms demand high computational
guently used in the analysis of structural measurements faresources and are very sensitive to the system size. The
submonolayer coverage. However, Kball® showed that choice of the appropriate model for the surface is, thus, of
for Na atoms adsorbed at low coverage, buckling of the surgreat importance for the reliability of the calculations. In the
face dimers persists. present work the cluster model of the surface was adopted,

A. Surface model
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(a)

(b)

FIG. 5. Ball-and-stick models for the clusters representing the
covered Si001) surface. Pandh): the SisH,(Sh; cluster represent-
ing the Sb/Si001) surface. Pane(b): the Si;H4.K cluster repre-
senting the cave adsorption site in K(®1) surface.

FIG. 4. Ball-and-stick models for the clusters representing theshould include the detailed tip structure. However, the actual
clean S{001) surface. Panefa): the one-dimer SiH,o. Panel(b): atomic structure of the tip is usually unknown. An adequate
the double-dimer giHs,. Panel(c): the four-dimer SjHy, tip model is, thus, dictated by the problem to be solved. In

the present study the key quantity is the distribution of the
since the exact geometry of a chemisorbed site was ndalectric field induced by a biased tip. It was shé#A{ that,
known and a variety of structures had to be studied. for this purpose, the STM tip can be considered as a metal

To define the appropriate clusters size the structure of thplate with a small cluster on it. When bias voltage is applied
clean Si surface was calculated. The cleai®@)2x 1 sur-  between the tip and the sample, the body of the tip induces a
face was represented by clusters containing one dimainiform electric fieldE,, which is defined by a macroscopic
(Sij7H0), two dimers from parallel rows (§Hs4), and four  configuration of the tip-surface system. The small cluster
dimers (SizHyq), shown in Fig. 4. The parameters of the causes an enhancement of the electric field just below it,
optimized cluster's geometry were reported in Ref. 25. Allwhose spatial distribution as well as the magnitude are de-
calculated atomic structures are in reasonable agreemefihed by the tip-sample geometry at the microscopic level.
with other calculation$:?*?>?3This allows me to use these The field enhancement can be estimated as follows: A clas-
clusters as a substrate and to proceed with a covered surfacgcally defined potential of a charged hemisphere on a con-
To simulate the covered ®01) surfaces a $iH,Sh, clus-  ducting plane is given by
ter for a Sb/Sj0021) surface was used. Our study of the rela-
tive stability of cave and valley bridge sites showed that the
cave site for adsorption of K is the most stable 6n&o O(r)=—Eyz
represent the K/8001) surface a SiH3K cluster was used
(Fig. 5). For all clusters asymmetric Si dimers were assumed . . ' . .
as a starting geometry. All broken bon@scept the surface v;/]here(ljz.o IS tfheh unh|form f'ﬁld fgr from thegt?mlspf;]errq), IS
dangling bondswere saturated with hydrogen atoms. Then,t € radius o the emisphere,s measured from the center
Si, Sb, and K atoms were allowed to relax to minimize theOf the hemlgpherez IS th.e direction perpendicular to 2the
total energy of the cluster. Hydrogen atoms were fixed inE’rlitZG’ andp is the direction parallel to the plate %=z
:ihgeig Eﬁﬁflons during geometry optimization to simulate the. Thez projectiop of the electric field is, thus, tlzederiva-

In the cluster geometnyC,, symmetry was assumed to tive of the potentiak>(r):
reduce the amount of calculations. The symmetry used re- 5 -
stricted to some extent the geometry relaxation. A test study ro 3z°rg
for large clusters using low symmetrg{ and C;) showed Ez.p)= EO( =Rt )
that this limitation does not significantly affect the results.

The field enhancemerd, below the hemisphere at a distance
B. Tip model Ais

r3
1- r—S) @

@

The resolution of the STM images depends crucially on
the tip. The ideal STM tip, giving the maximum resolution, _ EA(Ap=0)—Eg
is a point source of the current. A more realistic description 0 E,(A,p=0)

()
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FIG. 6. Tip-sample geometry — the vacuum region.

The nonuniformity of the electric field; can be described
by a lateral variation of th&, on the interatomic distances
a:

EZ(Aip: a)— EZ(Alp: 0)
ST ERee ) @

For the geometry shown in Fig.& = (2r3/A%)/(1+2r3IA3),
81=6o[ (1+4a2/A?)52— 1+ a2/2A%)]/(1 + 4a%/ A?)52,
There are two extreme cases:
1. ro=A>a (blunt tip). Forr,=10 A , A=15 A a=5

A one finds8,=0.24 ands; =0.01. The field enhancement
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FIG. 7. The field-induced geometry relaxation of dimer atoms of
the clean surface. Dimer atoms are shaded. Here and in Figs. 8 and
9, the direction of the field and atom displacement are shown by
arrows. The bond force constants are indicated near the correspond-
ing bond. Actual values oz andAy for different fields are given
in Table I,k is given in Table 1.

Si
AZ

w

from nucleus to an outer distance of 10 bohr. Angular inte-
gration points were generated at each of the radial points
using Gaussian quadrature scherife€®in the present work
the integration grid with about 1000 points per atom was
used. The uniform external electric field was entirely in-
cluded in the calculations of the self-consistent potential.

Ill. FIELD-INDUCED GEOMETRY RELAXATION

A. Effect of the uniform field

in the vicinity of the apex is not small, but can be considered

as uniform. Therefore, the total field 5o+ AE, with AE
constant.

2. A>ry~a (the tip with a single atom at its apex-or
ro=2.5A,a=5A, andA=7.5 A one finds5,=0.07 ands,

To study the effect of an uniform external electric field on
the geometry of the clean, Sh-, and K-coveredL @) sur-
faces, the clusters were reoptimized in the presence of field
of strength= 0.1, = 0.2, and+0.3 V/A. The field was

=0.09. The field enhancement is nonuniform, but small and@pplied normal to the surface, the positive direction pointing
hence may be treated in the framework of the first-ordeut of the surface.

perturbation theory with the perturbation potentié(r)
=Eqzrd/r3
0410 .

It was found that the adsorption geometry significantly
changes upon application of the field. The changes in the

The external electric field penetrates substantially into thé&quilibrium position of the adsorbed atoms upon applied

semiconductor. To correctly estimate the electric fiElgl

field were discussed in Ref. 25. The effect, however, is more

produced by the tip in the vacuum region, the buffering rolecomplicated and involves also substrate atoms. The differ-
of the semiconductor bulk should be considered. For a tun€nce in the response to the applied field between the different

neling distance of 5 A and a bias voltage of —1 V applied toddatoms and the underlying Si layer is remarkaffiegys.
n-type silicon without surface states with a doping level of 7-9.

1X10* cm 3, E, is estimated as 0.12 /& Therefore, the

In the clean surface, the dimer atoms are shifted inzthe

relevant range of the electric fields induced in STM experi-and y directions(Fig. 7). The relaxation of both atoms is

ments on a $001) surface is+0.1-0.3 V/A.

C. Method of calculation

quite small, being larger for the upper dimer atom. It results
in an increase of the dimer buckling for a negative field and
a decrease for the positive. This small change in the dimer
structure, however, results in charge transfer within the

As already mentioned, the optimized geometry and enerdimer.

getic properties of the clusters should be calculated oaban
initio level. To this end, | used aab initio all-electron nu-
merical total-energy method, the so-called “DMadi®3°
based on density-functional theorfDFT). The Hedin-
Lundqvist/Janak-Morruzi-Williams local correlati¥h and
the Becke gradient-corrected exchange functichalgere
used. The convergence criterion wax 10 Ry for the
energy and X 10" Ry/(a.u) for the energy gradient. For all

The relaxation of the Sb dimer is asymmetric with respect
to the field polarity. In the negative field both the Sb dimer
and the underlying Si dimers are almost unaffected. In the
positive field the Sb dimer is pulled out of the surface. The Si
atoms are also shiftedig. 8). The Sb dimer bond and Sb-Si
bond lengths slightly increase, whereas the distances be-
tween the first-layer Si atoms decrease. Changes in the Sb
and Si positions are of the same order as in the clean surface

atoms, a double numerical basis set with a frozen-core apsurface.

proximation for the %2s orbitals of Si and the 42s2p or-

As for the K/S{001) surface, the changes in the K atom

bitals of Sb and K was used. The integration grid for mo-positions are an order of magnitude larger than those of the
lecular orbitals was generated in a spherical pattern arounclean Si dimers. The asymmetry in the action of the fields of
each atomic centéf:> Radial integration points were taken different polarities is also present. Unlike the cleaf081)
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(a) TABLE I. The field-induced displacements for different atoms
z (in units of A). PositiveAx, Ay, andAz denote relaxatioout of the
centerof the clusters, negative values denote relaxatovardsthe
cluster center.
E (VIA)
-0.3 -0.2 0.2 0.3

Clean S{001)
Sit Az —-0.05 —-0.03 0.03 0.05
Ay —-0.03 -0.02 0.03 0.05
S Az -0.02 -0.01 0.01 0.02

y Ay 0.01 0 -0.01 -0.02

b) < Sh/S(007)

SbAz 0 0 0.03 0.05
Ay 0 0 0.01 0.02
Si Az 0 0 0.01 0.02
AX 0 0 -0.01 -0.02
K/Si(001)
KAz -0.23 -0.17 0.22 0.41
Sit Az 0.1 0.1 0.06 0.08
Ay 0.06 0.05 —0.03 —0.05

y
FIG. 8. The field-induced geometry relaxation of dimer atoms ofWith the field, for these atoms, indeed, the direction is de-

the Sb/SI001) surface for the positive fieldz) side view, (b) top fined by the relative sign of the effective charge and the

view. Black circles denote Sb atoms, shaded circles denote Si agXternal field. For the underlying Si atoms, however, the di-
oms. rection and the magnitude of the displacement cannot be

explained by a simple action of the electrostatic force.
surface, the buckling of the dimers increases for both field To clarify this point I used the following procedure. First,

polarities (Fig. 9. The K-Si and Si dimer bond lengths the elastic properties of the surface in the vicinity of the
changed significantly with the field. adsorbed atoms were defined. The force constants for differ-

The direction of the relaxation for different atoms is €nt bonds were calculated. To this end, the surface atoms
shown in Figs. 7—9. Positivax, Ay, andAz denote relax- Were manually displacetbne atom at timeby Az==0.1 A
ationout of the centeof the clusters, negative values denotefrom their equilibrium positions. Then the restoring forces

relaxationtowardsthe cluster center. The absolute values ofacting on all atoms of interest were analyzed. The forces
the displacments are given in Table I. were calculated as gradients of the total energy. The proce-

One would expect the direction of the relaxation of thedure was repeated for both dimer atoms on a clean surface,
atoms to be defined by their effective charge. The uppefhe Sb dimer and underlying Si atoms, and the K atom with
dimer atom in the clean Si surface is negatively chargedwo dimer atomgatoms related by symmetry were displaced
because of charge transfer in the buckled dimer. Sb and kogether preserving the total symmetry of the clustéhe

atoms are positively charged. Although the charges changeonstants are listed in Table II.
Next, the forces induced by the electric fietd.2 V/A in

the zero-field structures were calculated. Then all atG@rs
Az E cept hydrogen atomswvere allowed to relax and the evolu-
tion of the forces induced on all atoms of interest was fol-
lowed during geometry relaxation.
Consider first the adsorbed atoms. The external field in-
duces significant forces on these atoms. The net displace-

TABLE II. The calculated bond force constarks(in units of
eV/A?) for Sb/S(001) and K/S{001) surfaces. The bonds, to which
the force constants correspond, are defined in Figs. 7-9.

Surface k! k? k3 k*
FIG. 9. The field-induced geometry relaxation of dimer atoms ofClean S{001) 5.4 5.2 11
the K/S(001) surface. Large shaded circle denotes the K atom Sb/S{001) 4.8 5.4
small shaded circles denote the upper Si dimer atoms. Open circlégSi(001) 0.22 2.12 1.74 5.2

denote Si atoms that do not move during relaxation.
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TABLE lll. The calculated effective force constarkg(in units -6.96F ]

of eV/A?) for different atoms. /7

—B.97E /3

Clean S{001) Sb/S(007) K/Si(001) §\ ,/’/ /

Sit Si? Sb Si K st sP 2 -6.980 \ “E=05V/A E=05V/A / /-

ke 5.2 5.4 51 54 025 22 52 § f\\\ / Yy

€ -6.99F \\ // 0

= r “ N / - ]

ment is a result of the competition between the electrostatic ~-7.00F B e E

force Fg and the restoring elastic forcés . The displace- E=0 V/& ]

ment is small for Sb £0.03 A). In contrast, for K even —7.01¢ w ]
moderate electrostatic forces of about 0.05 eV/A cause a —-0.10 =005  —-0.00 0.05 0.10

displacement of 0.15-0.25 A. Z(;)

As for the underlying Si atoms, their relaxation is pre-
dominantly defined by the elastic interactions with displaced FIG. 10. The cross sections bf(z,p) for a Si atom in a clean
adatoms. For Sb/@I01) it results in a smallupward dis-  Si(001) surface(normal to the surfagewhich show dependence of
placement of about 0.01 A despite the effective negativehe potential on the nonuniform electric field with an asymptotic
charge of Sb atoms. The effect is especially pronounced fostrengthE,= 0.5 V/A (solid line: no field, dotted lineE;=0.5
Si dimers in the K/S0D01) surface. Here, the dimer buckling V/A, dashed lineEy=-0.5 V/A).
increases for both polarities of the field due to the displace-
ment of the Si atom(see Table | and Figs. 8 and.9 The two displacements agree within 0.01 A. Thus, in further
The electric-field-induced changes in the bond length@inalysis the zero-field force constants were used.
and the relative height of the adsorbed atoms and the sub- Using the calculated effective force constants, | have
strate affect the local electronic structure in the vicinity of studied the dependence of the shape of the atomic potential
the adsorbed atoms. As both the atomic and the local ele®@n the nonuniform component of the electric field. Consider
tronic structure of the surface contribute to the formation ofa Hooke’s law potential in a nonuniform field:
the STM images, the appearance of the adsorbed atoms in

images may be changed by the electric field. This effect has kr2 rs
been discussed in detail elsewttére U(r)=Uo+ —-—0qEez| 1 () (5
—lo
B. Sharp tip — the effect of the nonuniform field whereU, is an arbitrary chosen well deptkjs the effective

The atomically resolved STM images can be obtainedorce constanty is the effective charge of the atoif is the
only with a sufficiently sharp tip. On the other hand, | haveuniform field strengtht, is the radius of the tip apex, am§
shown that the field distribution under such a tip is essenis the position of the apex center relative to the atom posi-
tially nonuniform. To study the effect of the field gradient on tion. For a particular atonicharacterized bk and q(E)]
the surface atomic and electronic structure, | used a modé@nd a particular tip size and position, the shape of the poten-
potential for a sharp tip defined in Sec. Il B. The perturbationtial surface depends only on the electric field strenggh
potential is well localized and quickly decreases with theThroughout this section | have useg=2.5 A andrg’
distance. This allows me to use the same clusters as were6.5 A.
used for the calculations with the uniform field, at least fora The potential surface of both Si dimer atoms in the clean
perturbation located close to the center of the cluster. surface is only slightly tilted even by a relatively strong field

To estimate the possible changes in geometry caused lgee Fig. 10 A small nonuniform field component hardly
the nonuniform field component, | have evaluated the forceaffects the atomic position for both polarities of the field.
acting on different atoms due to distortion of the potential
well. The potential surface of an atom near the equilibrium ®
position can be described by a Hooke’s law poteffiat -2 — 45
=kZ%/2 with the coefficienk set to the effective force con-
stant of the corresponding atom. The effective force con-
stants, including the contributions from all relevant bonds,
were calculated using the bond force constaste Table
).

Next, | checked whether the effective force constants of
adsorbed atoms can be considered as field independent in the
range of the fields used in this work. To evaluate the dis- B 75 ;
placementAz (caused by the uniform electric fielly) | o %(Z\) Lt
used the condition of mechanical equilibriunk,Az
=Fq(Eo). Here ko is the zero-field force constant and  FiG. 11. The effect of the electric field on the potential for a Sb
Fea(Eo) is the force, applied to the unrelaxed atoms by theatom in the Sb/$001) surface. The cross sections 0{z,p) for a
external field=0.2 V/A. Then, the “exact” displacements negative fielda) and a positive fieldb). Here, and in other figures,
were calculated using aab initio geometry optimization. numbers correspond to strengtig in the asymptotic region.

-5.0F

|
[
T

~5.51

(
-~
T

-60f

U (arb. units)

I
=2
T

-6.9F

-7t -70f

0 .2 4
Z(A)
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-50 ! 7
(b) /i
-6.70 T ‘ ‘ @ R /f
=35 E=-02V/A {
-6.80F 2
E-G.O-
=
-690F, @—6.5-
=
-7.00F -7.0F
-7.10 E=-02V/iA =15
-0 <05 00 05 10 -4 20 2 4 6
Z(A) z(A)

® ©

FIG. 12. The effect of a negative electric field on the potential ,
for a K atom in the K/Si001) surface. Pandl): The cross sections -35p E=02via [/ 1 E=05V/A
of U(z,p) normal to the surface, showing dependence of the poten- ' g
tial on the nonuniform electric field. Pan@dl): the cross sections of
the potential surface foE,=—0.2 V/A (dotted line — no field;
dashed line — uniform fieldEy= —0.2 V/A; dashed-dotted line — /
nonuniform field with an asymptotic strengy=— 0.2 V/A). 70k N\ 1 7ok

U( a{b. units)

|
~
o

As | already mentioned there is an asymmetry in the ac- 4 -2 0 .2 4 B8 4 -2 0,2 4 6
tion of the field for the Sb atoms. In the negative field the “®) ®
effect of the small nonuniform component of the field is  FIG. 14. The effect of the apex size on the potential well for a K
negligible. The equilibrium position is the same for both theatom in K/S{001) surface. The cross sectionsldfz,p) (normal to
uniform and nonuniform fields. In the positive fie[@Fig.  the surfacgin the nonuniform field are shown with an asymptotic
11(b)] the desorption barrier is lowered, but the potentialstrength(a) Eq=—0.2V/A, (b) Eq=0.2 VIA, (c) E;=0.5V/A. In
surface near the equilibrium point is still hardly affected. each panel, a dotted line denotes a zero-field surface; dashed line:

The K atom is the most sensitive, as was found in the casg=; solid line:r,=2.5 A; dashed-dotted line,=3.7 A; dashed-
of a uniform field. There is a strong asymmetry in its re-dot-dot line:r,=>5.0 A.
sponse to fields of different polarities. In the negative field )
(Fig. 12 the equilibrium point is shifted towards deeper for clean Si and Sb/801) surfaces. For K/$001) the ad-
with increasing field and the potential barrier for desorptionditional displacement is also smat:0.01 A for —0.2 V/A
increases. Nevertheless, the shift of the equilibrium point i@nd +0.03 A for +0.2 V/A.
small even for a strong field{0.5 V/A). On the other hand, ~ To illustrate the effect of the apex size on the equili-
an increasing positive fiel@Fig. 13 lowers the barrier for brium position of an adsorbed atom, | used an example of
desorption. A field of the order of 0.5 V/A opens an escape K/Si(00D) (Fig. 14. As shown in Sec. II B, the nonuniform
channel for the atom. Thus, a sudden increase of the tipfield distribution approaches that of the uniform field upon
induced field may cause selective desorption of the K atomincreasing the apex radius. For a negative flélty. 14a)]
In the normal operation regime of the STNE£0.2 V/A),  the apex size d_qes not affect much _the_po';gntlal_ shape. How-
the changes in the equilibrium point position are srfigiy. ~ ever, for a positive field, the effect is significeitig. 14b)
13(d)]. and 14c)]. The desorp_'uon barrier increases \_Nlt_h increasing
Such a small displacement can be estimated using thé: €ven for a strong field0.5 V/A). The equilibrium posi-
simplified potential[Eq. (5)]. To this end, | calculated the tion is shifted towards its position in the uniform fielg,
gradient of this potential at positian corresponding to the +AE (see Sec. Il B
equilibrium position of the atom in the uniform field

Eo=+0.2 V/A. The resulting displacements are negligible V. CONCLUSION
In the present work, | have explicitly accounted for the
@ ® electric-field-induced relaxation of the atomic structure in

0 e T covered Si surfaces. It was found that the adsorption geom-

etry of Sb and K on a 8001) surface is significantly affected

by the external electric field. The relaxation of the Si dimers

in the vicinity of the adsorbed atoms was found to be gov-

erned by elastic interaction with the displaced adsorbed
atom, and differs from relaxation of the clean Si surface. The
force constants corresponding to different bonds and the ef-

Ll N
80 10 | E=02VIA - fective force constants for adsorbed atoms were calculated.
-4 6§ 10 05 00 05 10 The uniformity of the field distributiondefined by the
ZA) Z@A) size of the STM tip does not affect significantly the changes

in adsorption geometry. However, for the field-sensitive sur-

FIG. 13. The same as in Fig. 12, for K atom in the K@Bil)  faces, an extremely sharp tip may cause a selective desorp-
surface in the positive field. tion of the adsorbed atoms.
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