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W e have investi gate d the grow th of A g nano parti cl es deposited on
Si(111) , H /Si(111) - (1 È 1 ) and Bi 2 Te3 substrates using a variable te mp erature
scanning tunnelin g microscop y . T hese substrates are di˜erent as regards the

mo del system for cluster and islands grow th at the nanometer scale. A g w as
evaporated onto the sample mounted at the scanning tunneling microscopy
stage in vacuum of 10 À 1 0 Torr range during evaporation. The substrates were
kept at di˜erent temp eratures : À 150 £ C, room temp erature, and 300 £ C dur-

ing the depositio n pro cess. In general, w e have observed 3D grow th mo de up
to several M L coverage. T he density of clusters and their size w ere functions
of the substrate ' s temp erature during the dep osition pro cess | a higher den-

sity and a smaller size at À 150
£ C were in opp ositi on to the 300£ C results |

a low er density and a larger size. Low temp erature depositi ons led to contin-
uous layers above 10 ML coverage but the surf ace w as covered by small A g
clusters of 1{ 2 nm in heights and 2{3 nm in diameters. T he log{lo g graphs of

height and pro j ected diameter of A g clusters revealed di˜erent slop es indicat-
ing di˜erent grow th mechanisms at low and high temp eratures. W e obtained
the value of n = 0: 25 Ï 0 : 02 , typical of the so-called droplet model of cluster

grow th, only at 300
£ C . Scanning tunneli ng spectroscopy measurements re-

vealed clearly di˜erent I À V (and d I = dV vs. bias voltage) curves measured
above clusters and directly above the substrate. In discussion , we compared
our results to theoreticall y calculated density of states from other pap ers,

Ùnding conf ormity for partial density of states.

PACS numb ers: 68.37.Ef , 68.47.Fg, 68.55.A c
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1. I n t rod uct io n

It is a well -known fact tha t the epi taxy of thi n m etal l ic Ùlms is dependent
on the early stage of nucl eati on [1]. Frequentl y, these Ùlm s are com posed of small
di screte dro plets (often named \ clusters" ), whi ch grow, then coalesce into bi gger
dro plets or islands, and Ùnal ly create a compl ete layer. Both, the clusters and
ul tra thi n Ùlm s, exhi bi t new and speciÙc physi cal properti es due to thei r reduced
di mensionali t y. Theref ore, they have a wi de and increasing numb er of scienti Ùc
and com merci al appl icati ons.

The substra tes pl ay a signi Ùcant ro le in the Ùlm growth pro cess.Semiconduc-
to rs are mostl y used as substra tes to bui ld integ rated circui ts. Si(100) or Si(111)
represent substra tes strongly intera cti ng wi th adsorb ents. Thi s is a result of the
presence of vari ous dangl ing bonds at thei r surf aces[2]. Di ˜erent passivati on tech-
ni ques were employed on sil icon surfaces to m ake the surface lessacti ve and m ore
uni form . One of such techni ques is oxi dati on [3]. However, i t is qui te di£ cult to
m ake the surface uni form as regards oxi de thi ckness and i ts electroni c proper-
ti es. Mo re recentl y, thi n m etal l ic ni tri de Ùlm s have been used [4] to passivate the
substra te or create a thi n barri er layer before Cu plati ng, for exampl e. One of the
other metho ds is hydro gen term inati on using both the \ dry m ethod" in vacuum [5]
and the so-cal led \ wet metho d" , by di pping the sil icon substra te in HF or other
soluti on conta ini ng both H and F ions [6 ,7]. The latter m etho d gives a smooth
surf ace wi th 1 È 1 reconstruc ti on (as in bul k sil icon) whi ch weakl y intera cts wi th
adsorbents. In thi s sense, substra te is closer to layered materi als such as graphi te
(HOP G | hi ghly ori ented pyro lyti c graphi te), Mo S2 or Bi 2 T e3 . The last materi al
has been attra cti ng consi derabl e attenti on due to i ts potenti al appl icati on in the
m icro-f abri cati on of integ rated therm oelectri c devi ces [8].

T ransiti on from two -dim ensional (2D ) to three- dim ensional (3D ) growth dur-
ing Ag or Al / Si(111) 7 È 7 hetero epi ta xy [9] is the main di ˜erence wi th the droplet
growth on H{ Si (111) 1 È 1 or Bi 2 T e3 substra tes fol lowed by the tra nsiti on to the
fracta l coalescence of smal l m etal l ic clusters.

As regards thi n layer' s growth m echanisms duri ng the early stage of the
growth, i t is general ly accepted tha t the growth of clusters fol lows scal ing laws such
as the size R ( t ) ¿ t x [10, 11], where the exponent x depends on the typ e of growth
m echani sm. For the growth of three- di mensional clusters the predi cted value of
x i s 1/ 4 and f or two -dim ensional clusters is 1/ 2. However, the exp erimenta l
resul ts of Zuo [12] and our results, presented in thi s paper, show tha t the small
m etal l ic clusters undergo stages of l iquid- l ik e rapid coalescence alterna ti ng wi th
nucl eati on and growth. Step-l ike growth behavi or was observed whi ch devi ates
from the conti nuous ti me dependence of cl uster density and sizes predi cted by the
scaling theo ry .

Scanni ng tunnel ing m icroscopy (STM) [13] and spectroscopy (STS) are one
of the m ost suita bl e analyti cal techni ques to vi sual ize nanostructures in real space
(wi th STM) and to investigate thei r speciÙc electroni c pro perti es (wi th STS).
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The local density of electroni c states (LD OS) can be measured using m odul ati on
techni ques [14] or calculated [15] using current{ vol ta ge characteri stics measured
wi th the STM above the indi vi dual nanostructures or m olecules or indi vi dual
ato m s. Quantum size e˜ects (QSE) [16] or Coul omb bl ockade (CB) [17] e˜ect may
be observed as the sizes of smal l objects becom e com parable to the de Bro gl ie
wa vel ength of electro ns conÙned wi thi n tho se obj ects. It was also shown tha t
the STM/ STS techni que may be used for tra cing both of the above-mentio ned
phenom ena [18, 19].

In thi s paper we report our investigati ons of the growth of Ag nanoparti cles
deposited on H{ Si(111) 1 È 1 and Bi 2 Te3 substra tes and m easured at di ˜erent
tem peratures: À 1 5 0 £ C (L T), room temperature (R T), and 3 0 0 £ C (HT). These
substra tes are di ˜erent as regards the m odel system for cluster and islands growth
at the nanom eter scale. The Ùrst one represents substra tes adsorbi ng wi th stro ng
forces and the latter two intera ct wi th weak forces on deposits [12]. W ealso present
our current im aging tunnel ing spectroscopy (CITS) m easurements as well as D OS
m aps calculated using the Bando m etho d [15] wi th I À V curves measured by us.

2. E x per i m en t a l

Ag was evaporated from OMICR ON EFM3 source onto the sam ple m ounted
at the STM stage in vacuum of 1 0 À 1 0 Torr range. The pressure duri ng evaporati on,
al tho ugh slightl y worse, was kept in the sam e range. The com mercia l vari able
tem perature STM enabled us to change the sampl e's temperature between 125 K
(usi ng liqui d ni tro gen) and 600 K using sampl e holder wi th bui lt in the boron
ni tri de (BN) heater.

The \ exposure" , deÙned as a pro duct of evaporati on ti me and ion Ûux, was
our m ain param eter of the evaporati on rate. The ion Ûux, whi ch consti tutes a
smal l but constant part of the ato m ic Ûux, was m easured by a circui t bui l t into
the evaporati on source. Assum ing tha t the ion Ûux was kept consta nt, the exp osure
wa s di rectl y pro porti onal to the evaporati on ti me and could be used in our data
analysis accordi ng to the scal ing theory . W e used Ûuxes between 20 and 200 nA s
whi ch gave us the depositi on rates between 0.025 and 0.25 ML per minute.

The Si(111) 7 È 7 substra te was prepared tra di ti onal ly by Ûashi ng at about
1 2 5 0 £ C for 10 seconds fol lowed by the slow tem perature fal l between 9 0 0 £ C and
6 0 0 £ C.

The H{ Si(111) 1 È 1 substra tes were prepared using the chemical \ wet"
m etho d whi ch consi sts of m any cleaning pro cedure steps to rem ove SiO and Ùn-
ishes wi th the hydro gen term inati on in 40% NH F soluti on. The sam ples were Ù-
nal ly ri nsed wi th cl ean (Mi l l ipore Qual i ty) water and tra nsferred to UHV chamb er.
Then, H{ Si(111) sampl es were annealed at about 2 0 0 C tem perature for several
hours.

The Bi T e substra tes were cleaved usi ng a scotch tape, immedi atel y tra ns-
ferred to UHV chamber, and then annealed for 2 hours at about 2 0 0 C.
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The sam ple' s tem perature duri ng the STM m easurements wa s kept at the
sam e level as i t was duri ng the evaporati on, for exam ple i f the depositi on was done
at LT ( À 1 5 0 £ C) also STM/ STS m easurements were done at the sam etem perature.
W e started wi th low exposures of 1 0 3 nA s range to Ùnish wi th 1 0 6 or 1 0 7 nA s. The
sam ple in our setup was biased rela ti vel y to the ti p. Thi s m eans tha t the empty
states were im aged for positi ve vo lta ge, whereas the occupi ed ones were probed for
negati ve bias. Al l STM to pographi c images were recorded in the constant current
m ode. W e have used Ir cut ti ps as the STM probe.

3. R esul t s

3.1. ST M topography images

Fi gure 1 represents the STM images of substra tes obta ined wi th the ato m ic
resoluti on. The image of 7 È 7 reconstruc ti on on Si(111) shown in Fi g. 1a is di -
vi ded into two parts wi th negati ve and positi ve sam ple polari ty , and il lustra tes the
spati al di stri buti on of highest occupi ed m olecul ar orbi ta l (HOMO) and lowest un-
occupied m olecular orbi ta l (LUMO) states [2], respectivel y. Fi gure 1b shows 1 È 1

reconstruc ti on of Si(111) surface obta ined due to hydro gen passivati on duri ng the
chemical wet pro cedure [6]. One can easily see the fcc hexagonal typ e structure

Fig. 1. ST M images of: (a) Si(111) 7 È 7 substrate measured w ith positive bias (L U M O

states) and negative bias (H O MO states) ; (b) H -passiv ated Si(111) substrate; (c) Bi 2 Te3

surf ace.



Var i able T emperature ST M/ST S Invest i gations . . . 293

wi th 0.38 nm latti ce constant. However, a relati vely hi gh numb er of point (or big-
ger) defects coul d also be observed. Fi na l ly, Fi g. 1c shows the ato mic resoluti on
im age of tel luri um atom s' pl ane unvei led after the Bi 2 Te3 sampl e cleavage. The
m easured latti ce constant is 0.44 nm and i t is close to X- ray data valueof 0.438 nm .

The typi cal images of silver clusters grown on H{ Si(111) 1 È 1 substra te
at four di ˜erent tem peratures from À 1 5 0 £ C up to 3 0 0 £ C wi th the exposure of
2 È 1 0 4 nA s are presented in Fi g. 2. The am ount of the Ag volum e deposited on
the substra te, in thi s case, wa s estim ated wi th the help of W SxM software, and
the values were 1 :7 5 Ï 0 : 2 5 ML, 0 : 7 5 Ï 0 : 0 5 ML, 0 : 4 5 Ï 0 : 0 5 ML and 0 : 3 5 Ï 0 0 5 ML
for substra te temperatures of À 1 5 0 C, RT , 1 5 0 C, and 3 0 0 C, respecti vel y. For
covera ge below 1 ML, we have observed cluster growth wi thi n the who le range
of temperatures. In genera l, we have observed 3D growth m ode up to several ML
covera ge. The density of clusters and thei r size were functi ons of the substra te' s
tem perature duri ng the depositi on process | a hi gher density and a smal ler size
at LT was in opp ositi on to the HT results | a lower density and a larger size.
Qua li ta ti vely the same resul t, as regards the cluster density and i ts di mension one
can observe in Fi g. 3, where the STM images measured at LT , RT , and HT wi th
the sam e deposited vo lum e of Ag (1 ML and 5 ML) are col lected. LT depositi ons
led to conti nuous layers just above 10 ML covera ge but the surface was covered
by smal l Ag clusters of 1{ 2 nm in heights and 2{ 3 nm in di ameters.



294 S. Suto et al.

Fig. 3. T he ST M images measured at À 150
£ C, R T , and 300

£ C w ith the same deposited

volume of A g (1 ML | the top row , and 5 ML | the bottom row ).

3.2. Clusters' diameter and height plots versus exposure

The log{ log graphs of height and pro jected diam eter (as m easured at the
hal f of maxi mum height) of Ag cl usters versus exposure were prepared to m ake
the quanti ta ti ve analysis of our data and com pare our resul ts wi th the predi cti ons
of the scal ing theo ry [10, 11] and wi th the experim enta l data of other autho rs [12].
The obta ined curves are presented in Fi g. 4.

Al l the graphs of height and pro jected di am eter of Ag clusters versus the
exp osure, besides the height plot at 3 0 0 £ C, have revealed compl icated structures.
The plots at LT m ay be divi ded into two parts: below and above 3 È 1 0 5 nA s
(or 5 È 1 0 3 nA m in as in Fi g. 4's x -axi s descripti on). The apparent di ameter
is growi ng l inearl y in both ranges but wi th di ˜erent slopes of 0 : 1 5 Ï 0 : 0 3 and
0 : 3 0 Ï 0 0 8 , respectivel y (Fi g. 4a and b). The height plot has a bell -typ e shape
below 3 È 1 0 nA s exp osure and l inear typ e wi th 0 5 2 Ï 0 0 8 slope above. The
pl ots at RT m ay be divi ded into three parts. Bel ow 6 È 1 0 nA s (1 È 1 0 nA m in)
exp osure the diam eter Ûuctua tes between 2 and 5 nm , it becom es constant above
thi s thresho ld up to 6 È 1 0 nA s (1 È 1 0 nA m in) exposure and i t l inearl y increases
afterwa rds wi th the slope of 0 5 9 Ï 0 0 6 The height versus exp osure plot changes
in the same way but wi th di ˜erent values. Fi na l ly, at 3 0 0 C, the diam eter is nearl y
constant (3 .5 nm ) up to 6 È 1 0 nA s (1 È 1 0 nA min) exp osure and above i t, i t
increases l inearly wi th the slope of 0 2 1 Ï 0 0 4 . The height plot increasesl inearl y
wi thi n the who le range wi th the slope of 0 2 5 Ï 0 0 2 . General ly speaki ng, tha t data
does not fol low the scal ing theo ry.
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Fig. 4. T he log{log graphs of height and proj ected diameter (as measured at the half

of ma ximum height) of Ag clusters versus exposure (w ith [nA min ] unit) measured at

(a) and (b) À 150 £ C, (c) and (d) RT and (e) and (f ) 300 £ C .

3.3. Current imagi ng tunnel ing spect roscopy measurement s

Scanni ng tunnel ing spectroscopy m easurements were perf orm ed at RT and
at LT condi ti ons. However, the LT m easurements su˜ered a conducti vi ty decrease
in the semiconducti ng substra te whi ch dim ini shed the measurements' sensiti vi ty
around the Ferm i level wi thi n { 3 to +3 range, as i t is shown in Fi g. 5.

Mea surements at RT have revealed cl earl y di ˜erent I À V curves (and dI =dV

vs. bi as vo l tage curves) m easured above clusters and di rectl y above the substra te.
W e perform ed current im aging tunnel ing spectro scopy (CITS) measurements, cre-
ati ng the tunnel current maps wi thi n a given range of bias vol ta ge, from 1 up to
a few vol ts, usual ly. The I À V curves were m easured at every point of the to po-
graphi c im age. Followi ng these CITS m easurem ents the density of sta tes (D OS)
wa s calcul ated from I À characteri stics usi ng the Bando metho d [15]. Fi gure 6
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Fig. 5. T he set of STS curves: I À V , d I = dV , and (d I = dV ) = ( I =V ) a v vs. bias voltage

measured above clean H {Si(111) 1 È 1 at LT, RT, and H T condition s.

Fig. 6. The set of CI T S results obtained on A g clusters dep osited on H {Si(111) 1 È 1

substrate: ST M top ography image (a), tunnel current map at {1 V bias polariza tion (b),

the calculated spatial DO S distributi on at the surf ace measured with tw o di˜erent bias

p olariza tion s {1 V (c) and + 1.5 V (d), I À V curves (e), d I = dV vs. bias voltage curve (f ),

and DO S vs. bias voltage (or energy) calculated using the Bando metho d (see the foot-

note on p. ) (g).
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shows a typi cal set of CITS resul ts incl udi ng to pography im age (Fi g. 6a), tunnel
current m ap at given bias polarizati on (Fi g. 6b), spati al DOS distri buti on at the
surf ace at two di ˜erent bi as polari zati ons (Fi g. 6c and d), I À V curves (Fi g. 6e),
d I =dV vs. bi as vo lta ge curve (Fi g. 6f ), and D OS vs. bias vol ta ge (or energy)
calculated usi ng the Bando m etho dÊ (Fi g. 6g).

4 . D iscu ssio n

4.1. Clusters' growth

The di ˜erence between the Ag or Al structure s on Si(111) and H{ Si(111)
is disti nct due to the strong and weak intera cti ons wi th adsorb ents on both sub-
stra tes, respecti vely. For exampl e, i t is a well -kno wn resul t tha t Ag on Si(111)
creates the wetti ng layer Ùrst (wi th

p

3 È

p

3 reconstructi on) and smal l islands
then grow at the to p of thi s layer [20]. W e shal l skip the Ag growth on Si(111) as
i t wa s discussed in many publ icati ons and we shal l concentra te on our Ag cluster
growth on H- passivated sil icon.

The intera cti on between Ag and H term inated and theref ore ful ly bonded Si
is weak and Volmer{ Weber (3-dim ensional) growth of cl usters is dominati ng as i t
is shown in Fi g. 2. Thi s cluster growth is a result of reduced, due to H- passivati on,
surf ace and interf ace energies. The Bi 2 Te3 substra te also belongs to lower energy
surf aces. Theref ore, nanom eter-sized Ag clusters grow in dro plet- l ike mode as i t
is shown in Fi g. 7. Thi s occurs when the bindi ng energy of the condensate ato ms
or m olecules to each other is greater tha n thei r bindi ng energy to the substra te
ato m s.

Accordi ng to the scal ing laws the 3D cluster growth shoul d scale as
R ( t ) ¿ t x , wi th = 1 4 and = 1 2 in the case of 2D island growth. Our
resul ts, presented in Fi g. 3, show tha t for short ti mes of the cl usters' growth or in
the smal l size regim e these scal ing laws are not fol lowed. These resul ts are qual i -
ta ti vely in agreem ent wi th Zuo et al . TEM inv estigati ons [12]. At LT , the clusters'
growth duri ng the nucl eati on/ growth stage fo llows the power law ( ) ¿

x , wi th
= 0 1 5 up to 3 0 È 1 0 nA s exposure, so well below the exp ected 0.25 value

from the scal ing law, m ost pro babl y due to decreased di ˜usi on of ato ms at the
surf ace. However, the value increases up to 0.30, whi ch is cl ose to 0.25 value
wi thi n the experim enta l error, above 3 0 È 1 0 nA s exposure. Thi s wo uld suggest
a smal ler di ˜usi on barri er of Ag on Ag tha n Ag on H{ Si(111) surface at LT, as
for thi s exposure nearl y the who le surface is covered by Ag materi al . The height
of clusters increasesup to 3 m onoato m ic lay ers and reaches a maxi mum at about
1 5 È 1 0 nA s exposure, then it decreases to 2 m onoatom ic layers m ost pro babl y
due to secondary adsorpti on of Ag between existi ng clusters. The clusters' height
increases again above 3 0 È 1 0 nA s exp osure, however wi th the slope of 0.5 whi ch
is even hi gher tha n the slope for diam eter and results in 3D growth of Ag clusters.
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Fig. 7. T he ST M images of silver clusters grow n on the Bi 2 Te3 substrate at 200
£ C .

A t the bottom | cross line section measured along the line marked at the top ography

image.

The clusters' diam eter and height Ûuctuate up to 6 È 1 0 4 nA s exp osure
(about 1 ML of the deposited m ateri al ) at RT on the level of 3 nm and 0.5 nm ,
respect ively. These values becom e, respecti vely, (5 Ï 1 ) nm and (1 : 2 5 Ï 0 : 2 0 ) nm
for exposures up to 6 È 1 0 5 nA s (up to 4 ML) whi le the densi ty of clusters fal ls
down. Tha t m eans tha t the step- l ike growth of the Ag dro plets to ok place at thi s
range of exp osures. Simi lar pro cesses were observed for the di ameter of a sing le
dro plet grown due to coalescence, as i t was studi ed by Beysens et al . [21]. Ab ove
the thresho ld of 6 È 1 0 5 nA s exposure the diam eter grows wi th the slope0 : 5 9 Ï 0 : 0 6

whi ch is close to 0.50 value, typi cal of 2D island growth. Tha t m eans tha t the late
stage of growth ta kes pl ace above the depositi on of 4 ML of Ag at RT .

The diam eter of Ag clusters is kept constant on the level of 3 6 Ï 0 3 nm
at high tem perature condi ti ons (3 0 0 C) whi le the height and density of clusters
per area uni t are increasing. Thi s fact woul d suggest tha t clusters of constant and
pref erabl e di ameter of 3.6 nm are created whi le thei r height increases from 2 up
to 4 monoato mi c thi ckness. The 3D growth of Ag clusters ta kes place above the
thresho ld of 6 È 1 0 nA s exposure and both diameter and height increase wi th
the slope close to or exactl y 0.25 nm whi ch is in agreement wi th the scal ing law
for thi s typ e of growth.

The m odel of the dropl et growth m ay be divi ded into earl y and late stage
regim es. The Ùrst one incl udes the form ati on of the Ùrst stable nucl ei. Nearly al l
cl usters have a smal ler equi l ibri um concentra ti on tha n supersatura ti on and thus
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grow [10]. The cluster size distri buti on changes as a functi on of radius and ti m e.
D uri ng the late stage large clusters grow at the expense of smal ler ones. Thi s
pro cess is kno wn as Ostwa ld ri pening. Acco rdi ng to thi s m odel the tra nsiti on f rom
early to late stage inÛuences the cluster size distri buti on. Our experim ental data
received at HT condi ti ons Ùt qual i ta ti vely the theoreti cal curves as i t is seen in
Fi g. 8, where cluster size distri buti on di agrams correspondi ng to 0.2 ML and 5 ML
depositi on of Ag materi al are shown. Fi gure 8b reproduces the theo reti cal curves
deri ved from Fi ck' s second law of di ˜usi on and Gibbs{ Tho m as equati on [10].

Fig. 8. (a) Clusters' size distributi on diagrams corresp ondi ng to 0.2 ML and 5 ML

dep ositi on of A g material. (b) T he theoretical curves derived from Fick' s second law of

di˜usi on and Gibbs{T homas equation [23] .

Sum mari zing thi s part, we can say tha t we have found close agreement be-
tween the scal ing law of earl y stage clusters' growth and exp erimenta l ly observed
data onl y at HT condi ti ons.

4.2. Scanni ng t unnel ing spect roscopy on clusters

STM constructi on enables STS- typ e measurements by stoppi ng the scanni ng
at every or at any desired point on the inv estigated surf ace, swi tchi ng o˜ the
feedback loop and perform ing the I À V characteri sti cs m easurements. One may
calculate or m easure, using the m odul atio n techni ques, the dyna m ic conducti vi ty
(d I =dV vs. bias polarizati on) whi ch is m ore or less stra ightf orw ardl y related to
the local density of electroni c states (LD OS) [22].

The electro n charge density is expl icitl y present in the tunnel current f orm ula
as fol lows:

I /

Z eV

0

£ s ( ) ( À + ) ( ) d (1)

where ( ) and ( ) represent density of sta tes for the sampl e and pro be,
respect ively, evaluated at positi on and for energy measured against thei r in-
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di vi dual Ferm i 's levels. T (E ; eV ; r ) i s tunnel tra nsmission probabi l i t y for electrons
wi th energy E at given bi as polarizati on

T ( E ; eV ) = exp

ê

À

2 s
p

2 m

ñh

r
¢ s +

2
+

2
À (2)

where | sam ple-probe di stance, and | wo rk f uncti ons for the sampl e and
pro be, respecti vel y, ñ | Planck' s consta nt/ 2 .

Usual ly D OS f or meta l ti ps (W , Pt/ Ir, Au) are a smooth and conti nuous
functi on of energy (or bi as vo lta ge), theref ore any peculiari ti esseen in STM im ages
m ust have ori ginated in sam ple. One can expect such peculiari ti es when im aging
smal l clusters or any other low- dimensional structure s (nanowi res, quantum dots).
W e have used the so-cal led Bando m etho d [15] to calcul ate the LD OS from À

m easurements and create m aps of the spati al distri buti on of LD OS. The indi vi dual
À curves m easured at the sam e point are noisy wi th som e accidenta l jum ps due

to the extrem esensiti vi ty of STM to vi bra ti on, and due to the fact tha t duri ng À

m easurements the feedback loop, whi ch contro ls the STM ti p-sampl e di stance, is
swi tched o˜. Theref ore, presented here À curves are avera ged over few tens or
even tho usands of curves, usual ly. The LD OS m aps were created using softw are
devel oped by one of co-autho rs | S. Szuba.

Fi gure 5 shows a set of STS curves: À , d d , and (d d ) ( ) vs.
bi as vo l ta ge measured above clean H{ Si(111) 1 È 1 at LT, RT , and HT condi ti ons.
The D OS curves revealed the energy gap whi ch is clearl y seen (pro nounced peaks)
at RT and who se value is about 1.35 eV. The energy gap at 3 0 0 C was kept very
cl ose to the RT one (1.31 eV) whi ch conÙrms tha t hydro gen term inati on is kept at
thi s temperature. However, som e addi ti onal sta tes above the 0.63 eV and 1.22 eV
app eared on the sam ple's occupi ed states side, wi th the highest one at 1.22 eV.
W e coul d observe the Ùrst strong D OS l ines at LT condi ti ons below { 3.3 eV and
above +3 .3 eV due to decreased conducti vi ty of semiconducto r sam ple at LT .
Thi s fact l imi ted our abi l i ty to inv estigate low energy (vs. Ferm i energy) D OS
states. The l ines above 3.3 eV on both sides of Ferm i energy (FE) level m ay be
related to the emission from surface states and/ or surf ace resonance as i t was found
by Arra nz et al . [23] using photo electron spectro scopy. Ho wever, the thresho ld is
m oved to wards FE level by about 0.7 eV and we cannot exclude emission f rom
the substra te related to the bul k Si tra nsiti ons.

Fi gure 6 represents a typi cal set of our CITS data measured for Ag clusters
grown on H{ Si (111) 1 È 1 substra te after Ag exp osure of 7 È 1 0 nA s at RT .
The STM to pography (Fi g. 6a) reveals the presence of several clusters of 2 nm
in average diam eter. The current m ap (CITS) exhi bi ts contra st between clusters
of di ˜erent sizes and the substra te (Fi g. 6b). The DOS curves reveal the pres-
ence of energy gap of about 1.4 eV for the substra te and smal ler clusters. The
bi gger clusters show an apparent gap of 0.8 eV. The smal ler clusters are mostl y
1 monoato mic layer high and the bi gger ones are of two or three ato mic layers in
height. Thi s fact would suggest tha t only doubl e ato m ic or thi cker clusters may
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change the wi dth of the observed gap due to the local electron charge tra nsfer to
the substra te. The calcul ated D OS map, using the Bando m etho d, a lso reveals a
sim i lar typ e of contra st. Thi s contra st changeswi th energy and one can observe the
enhanced density of occupi ed states at clusters spots (e.g. at { 1.0 eV) | Fi g. 6c,
and reduced densi ty of states on empty states' side (e.g. at +1 .7 eV) | Fi g. 6d.
Fi gures 6e{g represent I À V , d I =dV , d(l nI ) =d(l nV ) vs. bi as polari zati on curves
and cro ss l ine proÙle of D OS m ap at above-m enti oned bi as polari zati on values,
respect ively. The I À V and other spectroscopi c curves evaluate towards m etal l ic
typ e curves wi th the increasing Ag exposures.

CITS maps m easured over the clean Bi 2T e3 surface exhi bi ted a contra st
between di ˜erent terra ces or islands. The dI =d ( ¿ D OS) curves referred to tho se
pl anes were com pared wi th theo reti cal ly calcul ated D OS. W e coul d concl ude tha t
curve m easured above one of terra ces is sim ilar to DOS of Bi orbi ta l presented
in R ef. [24]. Adequa tel y the curve m easured above di ˜erent terra ces resembl es
the D OS curve of Te-1 orbi ta l . Thi s analysis al lowed us to disti ngui sh between
bi smuth and tel luri um planes. The deta i led analysis and data are reported by
W iniarz et al . [25] in the sam e issue of Act a Physi ca Poloni ca A .

The growth of Ag cl usters deposited on Si(111) 7 È 7 surface for smal l ex-
posures depends stro ngly on the substra te tem perature. The density of clusters
wa s hi gher and the size was smal ler at LT in oppositi on to the HT resul ts | a
lower density and a larger cluster' s size. The log{ log graphs of height and pro jected
di ameter of Ag cl usters revealed di ˜erent slopes (b etween 0.25 to 0.59) indi cat-
ing di ˜erent growth mechani sms at low and hi gh tem peratures. W e obta ined the
value of = 0 2 5 Ï 0 0 2 , typi cal of the so-cal led droplet m odel of cluster growth,
onl y at 3 0 0 C. The density of clusters was much smal ler and thei r diam eters were
m uch bigger when the Ag clusters were grown on weakl y intera cti ng substra tes as
Bi Te .

Scanni ng tunnel ing spectroscopy m easurem ents revealed clearl y di ˜erent À

curves (and d d vs. bias vo lta ge curves) m easured above clusters and di rectl y
above the substra te. The À and other spectro scopic curves evolve from semi-
conducto r typ e to wards metal l ic typ e curves wi th increasing Ag thi ckness (above
2 ML).

CITS m aps m easurements enabled the evaluati on of LD OS from À charac-
teri sti cs using the Bando m etho d. The created m aps of LD OS distri buti on showed
vari ati on of the LD OS wi th nanom eter spati al resoluti on.

As regards Pol ish co-autho rs, thi s work was supp orted by the Mi ni stry of
Scienti Ùc Research and Inf orm ati on T echnology (Pro ject No. 2P03B 042 25).
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