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Measurement and manipulation of Mn clusters on clean and fullerene
terminated Si(111)-7 x7
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We have investigated the properties of Mn clusters deposited on clean semiconductor surfaces using
an ultrahigh vacuum scanning tunnelling microscope. The clusters were formed using a gas
aggregation source and were deposited of113)-7x7 and S{111)-7X7 terminated by a £
monolayer. A distribution of cluster widths was observed with a most frequent value of 2.6 nm.
There was no evidence of either cluster coalescence or preferential bonding sites. The clusters had
an irregular shape, but did not appear to be grossly deformed upon adsorption onto the surface. The
clusters could be selectively removed from thg @rminated surface during scanning at negative
sample bias. ©1997 American Institute of Physid$S0003-695(97)02816-7

The study of aggregates of atoms known as clusters hadeaned in UHV by electron bombardment. The clean
expanded rapidly over the last few years. The number 06i(111)-7X7 surface was held at room temperature while
atoms in a cluster ranges from less than 10 up~t® 000 Cg, was sublimed at a rate 0of0.05 monolayers/min. A
atoms, equivalent to a particle with a diameter of severakingle complete g5 monolayer was prepared by depositing
nanometers. Much of the recent research has been driven by2 monolayers of g, and then annealing at300 °C for 10
the expectation that clusters could have physical propertieglin, causing the second monolayer to desdrb.
which are qualitatively different from those of the bulk form ~ The clusters were produced in a gas aggregation
of the same elemerisee, for example, Ref)1Novel solids ~ Sourcé”™** by evaporating Mn from an alumina crucible
formed by an array of clusters have also been proposed arteld at~1000 °C into a stream of inert He gas. The gas/
demonstrated:® It may be possible to tailor the electrical, Particles pass through several differential pumping stages
optical, and magnetic properties of such a solid by control2nd then impinge on the @il1)-7x7 surface. During depo-
ling the size of the constituent clusters. In addition, manipu-Sition of the Mn clusters, the pressure in the UHV system
lation of clusters on surfaces has been demonstfafedith TS to~10"° Torr but upon isolating the source the pres-
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a view to the fabrication of nanometer scale electronic deSure fell to ~10 ,rorr A typical deposition rate was
vices. For all these applications the interaction of clusterd0°—10° clustersim?/min. The cluster source is equipped
with a solid substrate is of great importance. with a mass filter but this was not used for the set of experi-

In this letter, we discuss the properties of Mn clustersTeNts described below. , _ ,
deposited on $111)-7x7 and Gy terminated SiL11)-7X7. The images in this Ietter'were acqum?d using the STM in
We have investigated the cluster size, shape, and height, ygenstant current mode. During t.he experiment, the l_JHV Sys-
ing an ultrahigh vacuunfUHV) scanning tunnelling micro- tem_was connecte_d to_lar_ge, noisy rqtary bumps which led to
scope(STM) operating at room temperature. In addition, wed slight degradation in image quality. Figure 1 shows an
have established that the STM tip can be used to modify the
cluster distribution. In particular, we have found that clusters
can be removed from g /Si(111)-7X7 by scanning under
the appropriate bias conditions, although this was not pos-
sible for clean Sil11)-7X7. Manipulation of somewhat
larger (>10 nm semiconductdrand noble metal cluster8
has previously been demonstrated using an atomic force mi-
croscopd AFM) at atmospheric pressure. In that work, it was
found that the cluster-substrate interaction was extremely
weak and the clusters could be moved rather easily. In con-
trast for the metal clusters discussed below, which are depos-
ited, imaged and manipulated under UHV conditions, the
substrate interaction is found to be much stronger and is
determined by the chemistry of the surface.

Our experiments were carried out using a commercially
supplied STM® Pieces of Sil11) wafer (5x3) mn? were
introduced into the UHV/STM system, outgassed at
~800°C Ovemlght’ and then flash annealed-200 °C for FIG. 1. Constant current STM image of Mn clusters adsorbed oif14 B+

~120_S. This procedure resulted in t(k’(?) surface recon- 7X7 surface. Scan parameters ar€.9 V (sample biag 0.25 nA (tunnel
struction. W tips were electrochemically etched and thercurren.
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10 nm FIG. 4. STM image of Mn clusters on aggterminated Sil11)-7X7 sur-
face. Scan parameters arel V and —0.2 nA.

FIG. 2. Constant current STM image showing distinct cluster edges. Scan

parameters= +2 V, 0.1 nA. . .
3.6 nm. To determine the true width of the clusters, we need

to take account of the broadening due to the nonzero radius

SITM image of Mn clkaljst(:]rs on the (9'#1)}7X7 surfgci, Thh(:” f curvature of the tip. The simplest model for the effects of
clusters appear as bright topographic features in both f ?\ip convolution(in which the tip and cluster are assumed to

and unfilled state STM images and are unaffected by ST e spherical gives unphysical values for the cluster widths

;scanr}lnfgtg.t B'I.a fir terracle st;zps of Ih elght ?h31,nm run_lr_1t|1n nd tip radius of curvature. As an alternative, we take an
rom [eft 1o night may aiso be resolved in the image. eempirical approach and assume the following simple

glusters are distributed randqmly over th? surface qnd W?elationshiﬁ betweend,, the apparent cluster width, and
find no evidence for pr(_eferentlal bondlr_lg sites. In partlcular,do, the true cluster widthd,~d,— 2w (w is a broadening
we do not observe an increased density of clusters near teg—

race step edges, nor the coalescence of clusters. This impli arameter which is assumed to be constant for clusters of
. i/ : roximately the same sizeand use for calibration pur-
that the interaction between the adsorbed clusters and trb op y e P

: L . ses our previous STM imadé®f Cg, This molecule has
?ilﬁftls?i-gilrrﬁ;ﬁnstructlon Is sufficiently strong that cluster an aspect ratio and diameter which are well known and are

Fi o I . in which the sh gomparable to the Mn clusters. The apparent width gfdD
Igure < 15 a smarler area image n which the shapes o i(11D)-7X7 is 2.0=0.1 nm. This measurement is consistent

the clusters may be resolved. It is noticeable in Fig. 2 thabver the course of many experimental runs and is in good

some of the clusters do not appear roun_d, and have distin%t reement with the data of other groups®and provides a
straight edges. Also apparent are the diamond shaped u eans of calibration. The hard sphere diameter gf i€
cells as well as the adatoms of th& 7 reconstruction in the known to be 1.0 nm. This gives a most frequent corrected

background. Our STM images indicate that cluster adsorp-

tion does not affect the surroundifigx7) reconstruction as diameter of 2.6 nm, close to the value of 2.2 nm found in a
: ) . g e revious experiment using the same soufddsing the bulk
there is no increase in surface defect concentration in thg

o [ AX ) gi
vicinity of the clusters. ensity for Mn(7.4x10° kg m™3) gives a value of 750 for

The distribution of rent cluster sizes has been m the number of atoms in the most frequent cluster.
€ distribution of apparent cluster sizes has bee €3 We have also measured the distribution of cluster

;Snu,:ﬁg :(;?r': ;na'r}:}z?oe :::r:tie;:n;?gi? OTEI(;J?/;{/?drtSh?Q?allfeihzgvt%eheights and find a mean height of 0.93 nm and a standard
full width at haifheight. The width distribution fits & log- CV/20n of 045 nm. The clusters are not spherical and it
normal distributiof® with.a most frequent apparent width of might be expected that a given cluster would take up an

orientation which would maximize its contact area with the
surface. This would lead to an average height:width ratio less
than 1 as observed. An alternative explanation for the depar-
ture of the height:width ratio from 1 would be that the cluster
has been distorted on impact with the substrate. On the basis
of the above discussion, we believe that our data imply that
there is no gross distortion of the cluster on impact, although
some deformation cannot be ruled out.

We have also investigated the properties of Mn clusters
on G;¢/Si(111)-7X7. This surface has been chosen since it is
known to be chemically unreactitfeand provides an inter-
esting comparison with the more reactivg13il)-7X7 re-

FIG. 3. Histogram of the apparent cluster width. construction. Figure 4 shows an image of Mn clusters depos-
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tip but are not redeposited. The resolution of the tip is found

to vary as clusters are transferred to it from the surface. This
effect is revealed from a comparison of Figgasand 5b)

and implies that the exact configuration of the tip is modified

by cluster adsorption. The ability to remove clusters from the
surface is found to be intermittent but has so far been ob-
served only when scanning with a negative bias applied to
the sample. We have tried scanning with different biases and
applying voltage pulses in an effort to remove clusters from

the tip without success.

We have used this effect to remove a cluster from the
surface and inspect its adsorption site. This was found to be
identical to the surrounding region and therefore unaffected
by either the removal process or cluster adsorptiwa as-
sume that the clusters do not diffuse after adsorption as im-
plied by the lack of cluster coalescence and adsorption at
step edges The fact that the clusters may be removed from
the G terminated surface but not from the(BL1)-7x7
surface strongly suggests that, as expected, the bonding to
the G surface is much weaker.

We have studied the deposition of Mn clusters on
Si(111)-7X7 and Gg terminated Sil11)-7X7. There was no
evidence of coalescence or preferential adsorption sites on
either of the surfaces. The cluster-surface interaction is found
to be much stronger than that reported in previous stfidles
and could be controlled by the chemistry of the surface.

This work was funded by the UK Engineering and
Physical Sciences Research Council.
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