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Growth and modification of Ag islands on hydrogen terminated
Si(100) surfaces

M. J. Butcher, F. H. Jones, and P. H. Beton
School of Physics and Astronomy, University of Nottingham, University Park, Nottingham NG7 2RD,
United Kingdom

(Received 29 July 1999; accepted 19 November 1999

The interaction of Ag with the $100)-2X1:H surface has been studied using a scanning tunneling
microscopg STM). By comparing surfaces with various dangling bond defect densities, it is shown
that such sites nucleate the growth of Ag islands. The critical Ag coverage above which coalescence
of islands occurs, together with the mean height and width of islands are all determined by the initial
dangling bond density on the ($D0)-2Xx1:H surface. We have also observed that the surface may
be modified by scanning with a STM resulting in the transfer of Ag from the sample to the tip.
© 2000 American Vacuum Socief$s0734-211X00)09501-9

[. INTRODUCTION and loaded into the UHV systentbase pressure~7

The formation of metal wires and contacts with nano-X 10~ **Torr). The Si sample was outgassed at 650 °C over-
meter dimensions represents an important step in the fabrftight, flash annealed at 1200 °C for 60 s, held at 800 °C for 4
cation of atomic and molecular scale devices. One promisinglin. and then allowed to cool to room temperature. This
approach relies on the hydrogen termination oftl8) to ~ annealing procedure consistently results in well-ordered (2
render a chemically inert or “passivated” surfat&he par- <1) reconstructed surfaces with low defect densities.
ticular attraction of this surface lies in its capacity for modi- ~Monohydride termination of the Si surface was achieved
fication using a scanning tunneling microscép@M). It has by the exposure to atomic hydrogen which was generated by
been demonstrated that by using high positive sample biggacking molecular hydrogef99.999% purity over a hot
voltages or large tunneling currents desorption of hydrogeftngsten filament(~1500°Q. The sample was held at
from the surface is possible over nanometer scale regions400°C during this processBy adjusting the hydrogen
close to the tig:® The dangling bonds which are formed in dose, the resulting dangling bond defect density of the
this process subsequently act as preferential adsorption sit&100-2X1:H surface could be varied, and subsequently
for atoms or molecules which are subsequently deposited ofetermined from STM images.
the surface. Thus, the patterned surface acts as a template forAg was sublimed at 830°C from a Knudsen cell at a
metal adsorption. It has previously been shown that@g®  deposition rate of 1.%0.2 monolayers/min and a pressure of
Feb and Cd are preferentially adsorbed onto depassivated. X 10~ *°Torr, while the S(100-2x1:H surface was held at
regions on the surface allowing the formation of nanoscaléoom temperatur¢a monolayer(ML) is taken to be 6.8
metallic patterns. X 10'*atoms/cm, which is the number of Si atoms on an

We have recently attempted to fabricate Ag wires usingdeal S{100 surfacd. STM images were recorded in con-
this method. The wires in our work straddle two conductingstant current mode using W tips fabricated by electrochemi-
tracks formed by ion implantation. In these experiments, wecally etching and then heating in UHV by electron beam
have found that the adsorption of sufficient silver for thebombardment.
wire to remain conducting following the exposure to atmo-
sphere leads to parallel conduction due to the coalescence bBf. RESULTS
Ag islands nucleated at residual dangling bonds on the sur- Figures 1a)-1(c) show three hydrogen terminated

rounding surface. Consequently, our at?em_pts_, to measure ”ﬁ(lOO)-ZXl surfaces prior to Ag deposition. The dimer
conductance of such a wire has met with limited success. (s are clearly visible, and defects including unsaturated
~In this article, we report a study of the growth of Ag yangiing bonds and dimer vacancies are identified in Fig.
islands which may be used to determine the maximum Agj 5 “The average number of dangling bonds per unit area
coverage which may be deposited while avoiding island coag 55 peen determined for each sample from 25 images of
lescence. This is found to depend on the density of danglingjitferent regions on each surfagee Table)l
bonds present on the surface prior to patterning. In addition, Figures 1d)—1(f) correspond to area on sampl@s—(c),
we pres_e_nt evidence to sh_ow that the deposited Ag films maVespectiver, after the deposition of 0.1 ML of Ag. The
be modified by the STM tip. bright topographic features observed in both filled and un-
filled state STM images correspond to islands of silver atoms

Il. EXPERIMENTAL METHOD as reported previously for lower Ag coverdyét this cov-

The experiments were carried out using a commerciallyerage, the islands do not coalesce significantly and the ma-
supplied ultrahigh vacuunfUHV) STM. Si100) samples jority of them appear circular in shape. By counting the is-
with dimensions~3x 7 mn? were cut from an-type wafer lands for each surface, the mean densities have been
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Fic. 2. Histograms of cluster sizéheighy for samples 1, 2, and 3.

height and FWHM decrease with increasing surface dangling
bond density. This in turn means that the fraction of the
Si(100)-2x 1:H surface which is covered by Ag is lower for
surfaces with lower dangling bond densities.
Fic. 1. (A)—(C) STM images of Sil00-2x1:H surfaces with different dan- In order to fabricate Ag “nanowires” on dangling bond
glfinAg bz)An)datliSecf)escrt] gﬁgs;tig(:frﬁglez oln_d3& ggg)eg:\ée;}%rim iovggggzgﬁn templates, the coverage of Ag on the surface must be high
?D)—%:) STM images of thegsu?faces after deposition of 1.1 ML o% Ag enough to saturate all the dangling bonds a.md .tO form a con-
(samples 1-3, respectively25x 25 ni?, —2.5 V, 0.2 nA. nected metal track. However, the surrounding islands on the
surface must have minimal coalescence so that the conduc-
tion path is solely through the nanostructure. Experiments
determinedsee Table)land are found to be very close to the were therefore performed on samples 1 and 3 to determine
dangling bond density. This confirms that the dangling bondshe relationship between coalescence, the density of nucle-
act as nucleation sites and also implies that further defects iation sites, and the Ag coverage. The results are shown in
the H termination are not generated by metal depositionFig. 3 in which the number of islands per unit area is plotted
Note that for sample 3, the cluster density is slightly lessversus the total Ag coverage. Note that the points for zero
than the dangling bond defect density. The high danglingcoverage correspond to the defect dangling bond density. For
bond density of this surfac@nd hence island densjtieads  sample 3, the island density has fallen for the lowest cover-
to some coalescence of the islands at this coverage. No corge investigated indicating that some coalescence has oc-
relation was found between the dimer vacancy defects andurred even at this stage. In contrast, the island density for
the cluster density. sample 1 remains constant up to 1.7 ML at which point coa-
From Fig. 1 it is clear that for a given coverage, the heightlescence starts and the density falls. A comparison of
and width of the islands are different for each surface. Measamples at a coverage of 1.7 monolayers shows that for sur-
surements of full width at half maximuntFWHM) and face 1, the island density is*95% of the dangling bond
height were taken for 200 islands on each sample and thdensity, whereas surface 3 has an island density that is
mean values are presented in Table |. Histograms of island-67% of the dangling bond density. At a coverage~e8
(X10%cm?)

height for each sample are plotted in Fig. 2. Our results show
18 ML
Cluster density at 4.0+0.1 5.7£0.2 11.3:0.5

that for a given Ag coverage, the mean values for island
0.5ML
1.1 ML (X10%m™?) ] 2

/ 2.8ML
Mean cluster 1.4+0.4 1.2:0.3 0.9-0.3 Coverage/ML
height(nm)
Mean cluster 3.7+0.8 3.4:0.7 2.7+0.6 Fic. 3. Cluster density as a function of total coverage for samfilgsnd
FWHM (nm) (3). The STM images show the morphology of the islands for sart®lat
different stages of island growth (8@0 nnt images,—2.5 V, 0.2 nA.
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TasLE |. Properties of Ag clusters grown on($00)-2x1:H.

Sample 1 Sample 2 Sample 3

Dangling bond 4.0+0.1 5.8+0.2 12.70.2 ] 1)

defect density

Cluster density (x10'°m™)
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Fic. 5. Scan induced fabrication of silver nanostructures. X 30 nnt area
was scanned at7 V, 0.2 nA.(A) Indicates a one-dimensional structui®)
indicates a two-dimensional structuf€) indicates the direction of the un-
derlying dimer rows (5850 nnt image,+2.5 V, 0.2 nA.

two-dimensional structures with an approximate height of
0.25 nm remain on the surface. These features have a close
resemblance to the structures observed following the adsorp-
tion of Ag on the bare $100-2x1 surface® A lower cov-
erage of Ag(~0.45 monolayersis observed on the surface

Fo. 4. STM induced removal of & clustef) Prior to removakB) after after the removal process, and the surrounding area does not
clf.ste.r remO\;aI.u'I(':r?e aﬁ’ovc\)/viidic::a?e: l:r?e (:.IusteIrorer?w\(/aedot\)lg’;l sca:niig ove?hOW any increase in cluster size, thus indicating that this

2.4 nm at parameters 6f2.5 V, 4.0 nA (1 17 nnf images,—2.5V, 0.2~ Process also induces tran.Sfer of Ag Or?to the tip. o
nA). At this stage, the detailed mechanisms for modification

are unclear although in each case, the STM images show
clearly that Ag is transferred from the surface to the STM tip.

ML, the two curves merge and coalescence has proceeded ¢ cONCLUSION
that there is no longer any dependence on initial dangling We have shown that the growth of Ag clusters on

bond d(_ansny. N . Si(100-2x1:H occurs at the dangling bond defects. The
The images in Fig. 3 show the morphology of the ISIar]dscovera e of Ag required to promote coalescence of the clus-
at different coverages for sample 3. As the growth proceedk 9 gred P

. . t=trs was found to depend on the dangling bond density. It is
the islands coalesce and appear to become more oblique. : . .
therefore possible to conclude that a dangling bond nanowire

a coverage of~18 monolayers, the islands are20 nm in on the monohydride surface created by the STM tip may be

width and the island density is a small percentage of the . . . 7
X . . continuously coated with Ag with minimal coalescence of
underlying surface dangling bond density.

It is possible to modify the Ag/8100-2x 1:H surface by Ag islands on the surrounding surface for a dangling bond

S 6 m—2 i _
transferring Ag to the tip of the STM. Scanning at a IargedenSIty 4x10°m™*and a Ag coverage in the range 1-1.7
. . . ML. We have also shown that the clusters can be removed
negative tunneling current of4 nA (bias voltage—2.5 V)

over a small scan area of 2.4 Amesulted in the removal of from the surface using the STM tip.
a single island from the surface as shown in Fig. 4. After theackNOWLEDGMENT
removal of this island, the surrounding clusters are not sig-
nificantly larger, suggesting that the majority of the Ag at-
oms are adsorbed onto the tip. This assumption of adsorptio%a
to the tip is confirmed by the attempts to remove larger areast;. j. Boland, Surf. Sce61, 17 (1992.
by scanning at the same parameters. It was found that largeéJ. W. Lydling, T. C. Shen, J. S. Hubcek, J. R. Tucker, and G. C. Abeln,
amounts of silver would often be redeposited at the center of APP!- Phys. Lett64, 2010(1994. _

L L S T. C. Shen, C. Wang, G. C. Abeln, J. R. Tucker, J. W. Lyding, P.
scans where the tip idles. Changes in image quality in image Avouris, and R. E. Walkup, Scien@58 1590(1995.

quality due to changes in the condition of the tip also oc- 41. c. Shen, C. Wang, and J. R. Tucker, Phys. Rev. Z&t1271(1997.
curred. 5T. Hashizume, S. Heike, M. I. Lutwyche, S. Wantabe, and Y. Wada, Surf.

It is also possible to remove the Ag islands by scanning at ,S¢i- 386 161(1997. .
P 9 y 9 5D. P. Adams, T. M. Mayer, and B. S. Swartzentruber, J. Vac. Sci. Tech-

high positive bias voltages. Figure 5 shows a STM image of | 514 1642(1996.

Ag clusters(~1 monolayer coveragewhich has had a 30 7G. Palazantzas, B. lige, J. DeNijs, and L. J. Geerligs, J. Appl. F8s.
nn? region scanned at7 V bias and 0.2 nA. The back- 1907 (1999. o _

ground of the area from which the clusters have been re- é‘ughf;p:' gs:fyggféuzz';“galtag';bOh”'Sh" M. Watamori, and K.
moved is brighter than the surrounding surface backgrounder Ha’shizur.ne, R. J. Hamers, J. E. Delelth, K. Markert, and T. Sakurai, J.

indicating that the hydrogen has been desofse@ne- and Vac. Sci. Technol. AL8, 248(1990.

This work was funded by the UK Engineering and Physi-
| Sciences Research Council.

JVST B - Microelectronics and Nanometer Structures



