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Nanoscale growth of silver on prepatterned hydrogen-terminated $001) surfaces
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Silver (Ag) growth on H-terminated 8)01) surfaces with prepatterns of silicd®i) dangling bonds has
been studied at room temperature using a scanning tunneling micrd&blgl. The patterns were fabricated
by extraction of hydrogeiiH) atoms from a H-terminated @01)-(2x1) surface with a STM tip. The study
covers four different patterns: growth on H-terminate(081) surfaces with(1) an isolated single dangling
bond site(2) a dangling bond wire£ 1 nm wide, (3) a dangling bond area (2020 nnt), and(4) a dangling
bond array. Ag adatoms readily diffuse on the surface and preferentially stick to patterns of dangling bonds. Ag
adatoms are not spontaneously substituted for H atoms around the Ag adsorption sites. The behavior of Ag
growth is different in each case. An isolated single dangling bond site can be occupied by an isolated single Ag
atom or a Ag cluster. The dangling bond wire is covered by an Ag island of 1 mondleyerin height. On
the dangling bond area, Ag atoms preferentially stick to the edge of the area and a Ag island 1 ML in height
grows in the direction perpendicular to the dimer rows. The behavior of each growth pattern is explained by the
difference in binding energy of diffusing adatoms on H-terminated areas and Si dangling bond sites.

[. INTRODUCTION images of the same area before and after deposition. It is
found that Ag adatoms grow on exposed Si dangling bond

The innovation of the scanning tunneling microscopesites rather than on defects and step edges of Si substrates.
(STM) enables us to observe surface structurasd to An isolated dangling bond site can be occupied by an iso-
modify surfaces on an atomic scal&ecently, atomic-scale ated single Ag atom or a Ag cluster. On the dangling bond

extraction of hydrogefH) atoms from H-terminated G0 Wi, Ag grows row-by-row along the wire. On the dangling
ydrogent) oY lp]ond area, Ag atoms preferentially stick to the edge of the

surfaces was studied in order to understand the extractio d islands 1 lay@L) in height | b
mechanismand to develop nanoscale electronics and optic rea and isfands 1 mono ayk fiL.) 1n height grow fayer-by=
layer in the direction perpendicular to the dimer rows. On the

devices. A monolayer of H can be used as a mask in a litho

graphic process, because H-terminated areas are less reactﬂ%]g“ng bond array, each dot of the array is covered by a

to adatoms than the dangling bond sites. Subsequent depo i_onolay?r of Adg aﬁomsa atnd then thre?-d|metnS|onaI fg CIES,E.
tion of adatoms onto the surface leads to selective growth o :sdarfe o|r_|me t. g ada orgsAare ndo sp;m angtous y_”s1u st-
the dangling bond sites. The deposition of oxy§eallium > uted tor atoms aroun g adsorption sies. 1hree-
iron® and aluminurh onto prepatterned &01)-(2x 1)-H dimensional clusters form on an H-terminated(08IL)
surfaces has been reported in the literature. Adsorption an ﬁ[faceEt?e Vcier?r—Web%ql()\é\{)\/) Zn;ofd an? the grhowth AS
diffusion of adatoms on a H-terminated@1) surface have ¢ 'c'eN trrwomSt a E'nKa i -éK )julro?fge.l’.hw berﬁ 9
also attracted considerable interest in the study of homod'OWs In the Stranski-kras ancﬁ_ ) mode: € benav-
epitaxial and heteroepitaxial growt,because H atoms can ior of the growth is explained in terms of the difference in

change surface properties and lead to different grovmgil‘fusion and adsorption of Ag adatoms on H-terminated ar-
modes eas and Si dangling bond sites.

Deposition of atoms onto a surface leads to diffusion, This paper is organized as follows. Section Il A describes

nucleation, and growth of adatoms. Creation of danglin he growth of Ag ona $O.01)'(2X1).'H surface with a few
bonds by a STM tip corresponds to the arrangement o olated dangling bond sites. Sections Il B and Il C show

nucleation sites on an atomic scale. A surface with nucle-reSUItS of Ag deposition onto a ®01-(2x1)-H surface

ation sites arranged atomically is ideal for the study ofWlth a dangling bopd wire and a dangling bond area of

growth processes, and understanding the processes on %\gx 20 nnf, respectively. Fmally, n Sec. 11D, Ag growth

atomic scale is important for fabrication of atomic-scale®n @ dangling bond array is described.

structures and nanoscale devices. However, growth processes

on a prepatterned surface have not yet been studied in detail.
The present study focuses on silvAg) nanogrowth on a The experiments were performed in an ultrahigh vacuum

prepatterned $001)-(2x1)-H surface by comparing STM (UHV) chamber with a base pressure-eflx 10 8 Pa by a

II. EXPERIMENT
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commercial STM(JEOL-JSTM 4000XY. Electrolytically
sharpened tungstefW) tips and antimony-doped (110
cm %) n-type S{001) samples were used. After cleaning the
sample in UHV by repeated heating at 1500 K, it was ex-
posed to atomic H, produced by dissociating ttsing a hot
tungsten filament. During deposition of H, the sample tem-
perature Ts) was kept at 600 K to obtain thex21 recon-
structed surfac& In order to prepattern the structure, the
STM tip was scanned on the surface under high sample bias
voltage (V) and tunnel currentl() conditions and H atoms
were extracted along the line scan. At a rate-~00.035
ML/min, Ag was evaporated onto the prepatterned sample
which was kept at room temperature. During the evapora-
tion, the STM tip was retracted from the imaging area by
~100 nm in thez direction. The study of Ag growth was
performed at a low coveragéess than 0.3 ML At a high
coverage, Ag atoms are adsorbed on the STM tip during the
deposition and they disturb the interpretation of the STM
images. All STM images in this paper were obtained in the
topographic mode using,=—2 V andl;=0.2 nA.

Ill. RESULTS AND DISCUSSION
A. Ag growth on an isolated dangling bond site

Figure Xa) shows an occupied-state STM image of a
H-terminated S001) surface. Most of the surface consists of
monohydride rows in which each Si atom is bonded to one H
atom. Bright spots are due to exposed Si dangling bonds
having a concentration of 0.04—0.2%. The area marked by
the white arrow in the figure corresponds to dihydride rows
in which each Si atom forms bonds with two H atoms. Fig-
ure 1(b) is a STM image of the same area taken after depo- Fig. 1. STM image of a $001-(2x 1)-H surface taker(a)
sition of Ag atoms, suggesting that Ag adatoms preferenpefore andb) after deposition of Ag. Bright spots i@ are due to

tially stick to Si dangling bond sites and that three-sj dangling bonds. The area marked by the white arrow is termi-
dimensional Ag clusters are formed on the sites. Note thagated by dihydride Si.

Ag atoms only grow on dangling bond sites and not on de-
fects, the step edge, or dihydride sites. sites of Ag growth. On the other hand, the protrusion of site
Figure 2a) shows an occupied-state STM image of aC in Fig. 2b) has a diameter of 2 nm and a height of 0.4 nm,
Si(001)-(2x 1)-H surface obtained before deposition of Ag. and a three-dimensional Ag cluster grew on this site. The Ag
The surface consists of monohydride rows. The bright spotsluster on site C is larger in Fig.(@ than in Fig. Zb),
on the surface are exposed Si dangling bond sites and aseiggesting that the Si dangling bond site acts as a nucleation
labeled A—E. Figures (®) and Zc) depict STM images of site of Ag growth.
the same area recorded after 0.14 ML deposition and addi- On a S{001)-(2x1)-H surface with a few Si dangling
tional 0.07 ML deposition of Ag, respectively. Ag atoms bond sites, all Ag clusters have been formed by more than
have been preferentially adsorbed on Si dangling bond sitesix Ag atoms. This suggests that there is a threshold size at
In the direction perpendicular to the dimer row, cross-which Ag clusters stay on a H-terminated(®l1) surface.
sectional line profiles of the bright spot A in FiggaRand in ~ The spherical shape of the Ag clusters indicates that the clus-
2(b) are plotted in Fig. &) as a broken line and as a solid ter is formed by Ag cohesive energy and weak Ag-H bond-
line, respectively. The maximum point of the broken line ising. Since a cluster with a diameter larger than the threshold
located on the left-hand side of the dimer. This suggests thaize is stable on a H-terminated surface and cohesive energy
one H atom of the dimer is missing. This is schematicallyof a cluster increases with its size, the cluster grown on a
illustrated at the bottom of Fig.(d). The maximum of the dangling bond site acts as a nucleation site.
solid line, which is obtained after Ag deposition, is larger  The structure of a single Ag atom being adsorbed on a
than the maximum of the broken line, indicating that one AgSi(001)-(2x 1)-H surface has been studied. Figufa)3s an
atom has been adsorbed on site A. The difference betweertcupied-state STM image of a(801)-(2x 1)-H surface.
the two maxima corresponds to a height difference of 0.15The bright spot on the surface corresponds to one exposed Si
nm. Since sites B, D, and E have similar cross-sectional linelangling bond where one H atom on the right-hand side of
profiles to that of site A, a single Ag atom is known to be the dimer is missing. Figure(B) is a STM image taken at the
adsorbed on each site. Sites A, B, D and E in Fig) Bave  same area after the deposition of Ag. The protrusion of the
the same line profiles as in Fig(l. Within the coverage bright spot in Fig. 8) is larger than that in Fig. (@), sug-
considered in the experiment, these sites are not nucleatiayesting that a Ag atom has been adsorbed on the site. The
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FIG. 3. STM images ofa) an isolated single dangling bond and
(b) an isolated Ag atom adsorbed on the site between adjacent
dimer rows on a $001)-(2x1)-H surface. The scanning area is
5% 7.5 nnt. (c) A focused STM image of the bright spot {h). (d)
Cross-sectional line profile of the Ag atom (o) is the direction
perpendicular to dimer rows. The corresponding surface structure is
illustrated in the bottom panel.

line profile of the Ag atom is not symmetrical with respect to
—— the center of adjacent dimer rows. The asymmetric shape
suggests that the H atom on the left-hand side of the adsorp-
tion site still exists after Ag adsorption. The situation is sche-
matically illustrated in the bottom panel of Figid3. The Ag
atom forms a strong bond with the Si atom on the right-hand
side of the adsorption site and a weak bond with the H atom
on the left-hand side. The structure is different from that in
the case of adsorption of a single Ag atom on €&1)-
(2% 1) surface’? where a single Ag atom adsorbed on the
cave site forms bonds with neighboring Si atoms and causes
buckling of adjacent Si dimerS.In Fig. 3(c), buckling of Si
dimers is not observed around the Ag adsorption site, sup-

FIG. 2. STM images of a 8001-(2x1)-H surface takea)  porting the model shown in Fig(@). The Ag atom is located
before,(b) after 0.14 ML deposition of Ag, an(t) after addition of g the right-hand side of the cave site and the Ag-Si bond
0.07 ML of Ag. Each bright spot labeled A—E (a) corresponds to a5 g suitable bond length. Thus the Ag adsorption does not
a single dangling bond. The white lines on the upper terrace innqce a deformation of the Si atom forming a bond with the
(a)—(c) show the positions between adjacent dimer rq@sBroken Ag atom.
Iine:_ cross-sectipnal line profil_es of bright spot _AGa) in the di-_ In Figs. 4a8)—4(d), histograms of the number of clusters
;ectlon perpendlcular t.o the dimer rows. Solid line: cross-sgctlonai[;u,e depicted as a function of the lateral diameter of Ag clus-
ine profiles of spot A in(b). Schematic structure corresponding to ters, which is estimated from the STM images recorded on
the broken line is illustrated in the bottom panel. A white or graythe 1same area with different Ag coverage. At the initial stage
circle and a black dot correspond to a Si atond anH atom, o . - ’
respectively. A H atom is missing at the left-hand side of the dimerOf Ag dep05|t_|on[_see !:'g_' 4a)_]’ the d'ame_ter of th? Clu_Sters
positioned at the center in the figure. has a Gau§5|anl|ke dlstrlbutlon. The solid curve in Fig) 4

is a Gaussian fit to the data with an averadg)(of 2.27 nm

site occupied by a Ag atom is on the left-hand side ratheend a standard deviationr§) of 0.407 nni. Since the pro-
than the right-hand side of the dimer missing one H atomcess in which a Ag cluster on a Si dangling bond site be-
This is caused by a single dangling bond readily flippingcomes as large as the threshold size and the site acts as a
from one side to the other side of a dinféFigure 3c) isan  nucleation site occurs with a low probabilitgee Fig. 2, the
enlarged image of Fig.(B). In the direction parallel to the size of clusters is thought to have a Gaussian distribution at
dimer row, the protrusion of the bright spot has a maximunthe initial stage of Ag growth. The height of each cluster is
on the cave sit¢see the bottom panel of Fig(B]. Figure  proportional to its diameter with a proportionality factor of
3(d) is a cross-sectional line profile of the bright spot in Fig.0.17, the factor being kept almost constant at a different cov-
3(c) in the direction perpendicular to the dimer rows. Theerage considered in this experiment.

(d0.05
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' ' ' ' ' simple calculation givesd(t)=\/d02+At, where A=8a,/
(a) 0.08 ML pk. After substitutingd, in the solution of the initial distri-
bution f(dg,to)=C exd —(dy—dn)¥(202)V(\270on), the
10f 1 distribution of the cluster diameter as a function of time
reads
4 . , C (Vd?—At—d,)?
op===H A Aaaan f(d,t)= 5 €X > , @)
(b) 0.13 ML V2ma} 207,
where the parameteds, ando, are determined by the initial
o 101 1 fit in Fig. 4(a) andC is the number of clusters. The function
o then includes only one fitting parametar By settingA =
v 0.017 nn/s, the calculated distributions are drawn as solid
% , ) . , curves in Figs. %)—4(d). The results are in agreement with
e 0 T T T the experimental data. This agreement implies that clusters
o i(c) 0.18 ML are formed by arriving adatoms and the simple assumption
8 = that each cluster has the same sticking probability works
£ 10} i within the coverage considered in this experiment.
3 The present study on a(®D1)-(2x1)-H surface shows
< that Ag grows in the VW mode, which is different from the
situation on a $D01)-(2x1) surface, where Ag grows in
0 l . ! e the SK mode. Since growth modes are simply determined by
(d) ] 0.28 ML the balance of the free energies of the overlayer-substrate
'\ interface, overlayer-vacuum interface, and substrate-vacuum
i 1 interface!® a different binding energy between the adatom
10 and the substrate leads to a different growth mode. Since Ag
adatoms on a H-terminated(801) surface are not spontane-
N\ ously substituted for H atoms and the binding energy of a Ag
0 L n 1 | atom on a H-terminated ®01) surface is smaller than the
0 1 2 3 4 5 energy on a $001) surface, a three-dimensional Ag cluster
Diameter [nm] grows on a H-terminated area.
FIG. 4. Histogram of lateral diameter of Ag clusters on the same B. Ag growth on a dangling bond wire
area with different coverage. Solid lines are given by @j.of the . . . .
text. A wire of exposed Si dangling bonds was fabricated by

extraction of H atoms along monohydride dimer rows using

Figures 4b)—4(d) suggest that increasing coverage causeéhe following scanning conditions of the STM tis =
a narrowing in the Gaussian distribution. The behavior in thet3.5 V, I = 2 nA, and the scanning velocity =2 nm/sec.
distribution can be explained quantitatively by the following Figures $a) and gb) show occupied-state STM images of a
model, which is obtained by simplification of several modelsSi(001D-(2x1)-H surface obtained before and after fabrica-
for the process of island growifi Ag atoms evaporated onto tion of a dangling bond wire, respectively. The wire has a
a H-terminated surface diffuse on the surface and stick to awidth of one or two monohydride rows.
existing cluster. The growth rate of a cluster is mainly deter- Figures %c) and §d) show STM images recorded after
mined by the frequency of arriving adatoms, the frequencyseduential deposition of Ag onto the prepatterned surface.
being proportional to the circumference of a cluster. TheAd adatoms have been preferentially adsorbed on the dan-
number density of dangling bond sites on the surface is lowgling bond wire. In Fig. &), the wire has been partially
and there is a negligible effect of evaporated Ag atoms imcovered by Ag islands. Each island has a width of 1-2 nm
pinging on existing clusters. The rate equation of the numbeglong the wire. It is formed by 2—4 Ag atoms. After addi-

of atoms within a cluster with diametek is given by tional deposition of Ag[see Fig. &)], the wire is almost
entirely covered by Ag islands. Each island has a width of
JN; 2—4 nm along the wire. The island formation along the wire
TR 7d;, (1) s different from that on a single dangling bond site, because

the dangling bond sites adjacent to a Ag adsorption site are
whereo is a proportionality constant that corresponds to thepreferentially occupied by Ag adatoms. The preferential oc-
sticking probability of adatoms, andd; is the circumference cupation suggests that there is an attractive force between the
of the cluster. The number of atoms within a clustef)(can  neighboring Ag atoms via the Si dangling bond wire. The
be approximated by the equatidh= wpkd?/lz, wherep is  force leads to island formation along the wire.
the number density of Ag, and the ratiof height to diam- Cross-sectional line profiles of the wire have been ob-
eter is 0.17, as observed experimentally. The following relatained at four different positions, as shown in Figa)6 The
tionship can then be obtainedd; /9t 1/d;, which explains  broken and solid curves in Fig(l® are line profiles in the
why the growth rate of a large cluster is suppressed. Adirection perpendicular to the wire before and after Ag depo-
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FIG. 6. (a) Focused STM image of the Ag wire shown in Fig.
5(d). (b) Cross-sectional line profiles of the wire at the positions
marked in(a). The broken and solid lines are line profiles before
and after deposition of Ag, respectively. The corresponding struc-
ture is schematically illustrated in the bottom panel of each line
profile.

forms bonds with an adjacent Si atomdam H atom[see the
Ag atom in Fig. @b)A]. The line profile at position D is the
same as that taken before Ag depositjéiig. 6(b)D], sug-
gesting that a Ag atom is not adsorbed on that part and that
Si dangling bonds still exist. The results show that Ag grows
row-by-row along the wire until the wire is fully covered.
This is because the Ag-Si bond formation is energetically
more stable than cluster formatiéh?°

The study of growth on a single dangling bond site and a
dangling bond wire indicates thaa H atom on a
H-terminated Si001) surface does not act as a surfactant. Ag
adatoms are not spontaneously substituted for H atoms
around Ag adsorption sites. The role of H atoms in the
present study causing preferential adsorption on dangling
bond sites is different from that in the case of Si or Ge
adatoms growing on a H-terminated®1) surface, where
an adatom spontaneously substitutes for one H atom from a
surface Si dimer during adsorptiriThe mechanism pro-
posed for the substitution of H atordoes not work in the
case of Ag adatoms. In the case of Si and Ge adatoms grow-

. ) . ing on a H-terminated 8001) surface, the energy barrier of
sition, respectively. The difference between the broken CU'Vfhe substitution is small because of the similar chemical

and the solid curve corresponds to the profile of the Ag is- i f Si and Ge. In th f Ag adat th
land. The height of each Ag island is 0.15 nm, and it isproper 1es o1 St an €. ' the case of Ag adatoms, e

different chemical properties between Ag and Si probabl
nearly equal to the height in the case of adsorption of prop ¢ P y

single Ag atomsee Fig. 2d)]. The structure of each profile Tead to a large barier of substitution.
is schematically drawn at the bottom panel of each figure
with Ag atoms forming bonds with Si atoms. The schematic
structures show that there are two adsorption sites on the This section describes the growth of Ag on an area of
dangling bond wire; a Ag atom forms bonds with adjacent Si20X 20 nnt comprising Si dangling bonds. The surface con-

atoms[see the right Ag atom in Fig.(6)C], and a Ag atom  sists of two parts: a dangling bond area and a surrounding

FIG. 5. STM imagedqa) before and(b) after fabrication of a
dangling bond wire. STM images takéo) after deposition of Ag
and (d) after additional deposition.

C. Ag growth on a dangling bond area
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FIG. 7. STM imagesa) before andb) after 0.13 ML deposition
of Ag. Two types of monatomic steps of the Si substrate are indi-
cated byS, and Sg.

area terminated by H atoms. A simple calculation based on a . . .
one-dimensional random walk of a Ag adatom suggests that FIG. 8. STM images of Si dangling bond area recorded after
. . ; Sequential deposition dfa) 0.08 ML, (b) 0.13 ML, (c) 0.18 ML,
the size of the dangling bond area is small enough for argmd(d) 0.28 ML. The scanning area is 224 nn?. (a)—(d’) Cor-
adatom to diffuse from the center to the edge during ther : : '

deposition time 2 min).

Figure 7a) is an occupied-state STM image of d&i1)-
(2% 1)-H surface, in which H atoms on an area of<220  distributed almost isotropically. On the dangling bond area,
nm? have been extracted by scanning the STM tipVat some isolated Ag atoms are observed on sites between Si
=3.5V, ;=2 nA andv,=300 nm/s(= 25.6 lines/nmfrom  dimer rows. As the coverage increases, Ag islands grow ei-
the top to the bottom of the area. Thex2 reconstructed ther from the edge or to a lesser extent from an existing Ag
dimer rows are clearly observed on the extracted area. Morisland. In Fig. 8b), a small island has been formed on the top
atomic steps are seen at the top lef, (type) and bottom  left of the large terrace. The island grows in the direction
right (S, andSg types of the area. There are a few isolated perpendicular to the dimer rows in Fig(c8 In Fig. 8d), a
dangling bond sites on the surrounding area. Figil® i&8  chain has been formed from one edge to the other. The
an STM image taken after 0.13 ML Ag deposition on theheight of the chain is~0.12 nm, suggesting that Ag grows
surface. Ag atoms have been adsorbed on the dangling boralyer-by-layer on the area. All islands grow in the direction
area. On the surrounding H-terminated area, Ag clusters geerpendicular to the Si dimer rows. The situation is similar to
single Ag atoms were observed on dangling bond sites afhe island formation observed on a clear(08i1)-(2x 1)
described in Sec. Il A. surface'! At the step edgeS, andSg on the dangling bond

Figures 8)—8(d) are STM images of the dangling bond area, Ag islands have grown on the lower terraces as ob-
area with(a) 0.08, (b) 0.13,(c) 0.18, and(d) 0.28 ML Ag  served in Fig. &).
deposition. The coverage is estimated from the size of Ag The result that Ag atoms are adsorbed preferentially on
clusters on the H-terminated area and it is almost proporthe edge of the dangling bond area is explained by the dif-
tional to the deposition time. Bright spots on the danglingfusion barrier formed between the two different areas. Since
bond area correspond to Ag atoms. They are drawn as fillethe binding energy of Ag atoms on Si dangling bond sites is
circles in Fig. 8a')-8(d"). At low coverage, as shown in about 1 eV larger than that on a H-terminated &fem dif-

Figs. 8a) and 8a'), Ag atoms are adsorbed on the edge offusion barrier is formed at the boundary of the two areas. The
the dangling bond area. Note that Ag atoms on the edge allgarrier prevents Ag adatoms from diffusing out of the dan-

esponding spatial distribution of Ag adatoms on the dangling bond
area. Each dot corresponds to a bright spa@jr(d).
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(b)

FIG. 10. STM images of a Si dangling bond array recort®d
before andb)—(f) after sequential deposition of Ag atoms.

and Ag atoms will accumulate mainly at the top right corner

and the bottom left corner. The results in Fig. 8 do not sup-
port this assumption and the preferential adsorption on the
edge is attributed rather to Ag adatoms diffusing from the

surrounding H-terminated area with a larger diffusion coef-

ficient.

Figures 9a)—9(c) are STM images focusing on the bot-
tom left of the dangling bond area in Figsiag 8(b), and
8(d). The white lines in the figures correspond to the posi-
tions between adjacent dimer rows. In Figgh)9and 9c),
which are STM images taken after sequential Ag deposition,
the position of the Ag island grown on the dangling bond
area(marked by the white arrow in the figupas the same as
the edge of the Si dangling bond area in Figa)9 They
clearly show that Ag islands are formed solely on the dan-
gling bond sites and that H atoms adjacent to the edge are
not spontaneously substituted for Ag atoms.

FIG. 9. Focused STM images of the dangling bond area with

different Ag coverage. The bright area(@® comprises Si dangling D. Ag growth on a dangling bond array

bonds|corresponding to the bottom left of Fig(e]. Ag islands are In order to form a continuous Ag wire, another pattern of
formed on the edge aftéb) 0.13 ML [corresponding to Fig.(8)] Si dangling bonds different from the one described in Sec.
and(c) 0.28 ML [corresponding to Fig.(8)] deposition. Il B is available. Figure 1() shows an occupied-state STM

image of a Si dangling bond array created by the extraction
gling bond area. Since Ag adatoms can diffuse into the danef H atoms using the STM tip. Each dot contains 8-12 Si
gling bond area from the surrounding H-terminated area, theangling bond sites. Figures )—10(f) depict STM images
imbalance causes nucleation on the edge. The isotropic disecorded after sequential deposition of Ag atoms. At the ini-
tribution of Ag adatoms on the edge suggests that the islandsal stage of Ag deposition, single Ag atoms have been ad-
on the edge are formed mainly by adatoms arriving from thesorbed on the dofsee Fig. 1(b)]. On some of the dots, two
surrounding H-terminated area with a larger diffusion coef-Ag atoms were observed. After subsequent deposition, the
ficient. If we initially assume that the origin of atoms stick- dots are almost covered by Ag islands 1 ML in height as
ing to the edge stems solely from adatoms diffusing on theshown in Fig. 10c). The island formation is similar to that
dangling bond area, then the distribution will be anisotropic,on the dangling bond wire in Sec. Ill B and on the dangling



16174 M. SAKURAI, C. THIRSTRUP, AND M. AONO PRB 62

bond area in Sec. Il C. As the coverage increases, threaling bond area, Ag atoms preferentially stick to the edge of
dimensional Ag clusters are formed on the détigs. 1Qd)—  the area and islands of 1 ML in height grow layer-by-layer in
10(f)]. Note that the size of the Ag clusters located at the twahe direction perpendicular to the dimer rows. On a dangling
ends of the array is larger than the size of clusters locatetond array, each dot is covered by a monolayer of Ag atoms
near the center of the array in Figs.(dDand 1@e). Similar  and then three-dimensional Ag clusters are formed. Ag ada-
features were observed in other experiments. This is becausems are not spontaneously substituted for H atoms around
the Ag clusters are formed by diffusing adatoms on the surthe Ag adsorption site. The width of the structure covered by
face. The number of adatoms arriving at Ag clusters located\g atoms is almost the same as that of the pattern of dan-
at the two ends of the array is larger than the number arrivingling bonds, suggesting that a monolayer of H as a mask in a
at Ag clusters located near the center of the array. Additionalithographic process works with atomic scale precision.
deposition leads to further growth of each dot, and mergingsince island formation depends on the frequency of arriving
with adjacent Ag islands produces a continuous Ag wire. adatoms, there is some possibility of inhomogeneous growth
in the case of complicated patterns. The present study shows
IV. CONCLUSIONS that the method based on STM lithography is useful for

achieving atomic-scale structures, which is important for fu-
Ag atoms evaporated onto a prepatternedO®)-  tyre nanoelectronics and nano-optical devices.
(2% 1)-H surface diffuse on the surface and are adsorbed

preferentially on Si dangling bond sites rather than on de-
fects and step edges. Ag atoms grow layer-by-layer on the
pattern of dangling bond sites until the pattern is covered by We thank J. Nakamura for his useful comments. This
Ag atoms. An isolated dangling bond site can be occupied byork is partially supported by the Program of Core Research
an isolated single Ag atom or a Ag cluster. On a danglingfor Evolutional Science and TechnolodZREST), Japan
bond wire, Ag grows row-by-row along the wire. On a dan- Science and Technology Corporation.
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