A systematic method to explore possible silicon tip structu

res used In

N AFM. %
NINTN\/ _ _ NINTN\
NN S.A. Ghasemj S. GoedeckerP. Jelinek, R. PereZ, P. Pouf and T. Lenosky AVVANA
/1IN _ _ - . _ /1IN
1) Institute of Physics, University of Basel, Klingelbeegse 82, CH-4056 Basel, Switzerland
BASEL 2) Institute of Physics, Academy of Sciences of the CzealbReCukrovarnicka 10, 1862 53, Prague, Czech Republic BASEL

3) Departamento de Fsica Teorica de la Materia Condeashlahiversidad Aubnoma de Madrid, 28049 Madrid, Spain
4) Department of Materials Science and Engineering, Ohate Bhiversity, Columbus, Ohio 43210, USA

Abstract

We present a systematic way to construct silicon tips bygufnme minima hopping
method(MHM) with limited temperature. In Molecular Dynamipart of the MHM we
limit the temperature to some value used in experimentsZEHde used Tight-Binding
scheme to evaluate energy and forces of silicon and hyadtogenin MHM. Structures with
lowest energy obtained with this method are used in AFM atmoul and force between tip
and surface Is calculated in terms of distance and someanhedbresults are presented |
this poster.

Introduction

To accurately model SPM tip, one should know its shape anHadheaker constant of its
van der Waals interaction with the surface(SFM), as welhashemical nature and crystal
lographic orientation of its apex(SFM,STM). Unfortungtéhere is very little information
on the properties of SPM tips.

In SFM simulations, the most common perception in modehrfg) and other semiconduc
tor surfaces has been that the main component of the tipegunfiteraction responsible fo
Image contrast on these surfaces is the interaction of &rta/gbond at the end of the tip
with the surface atoms. This dangling bond can be well Beslausing relatively small 4- o
10-atom Si clusters saturated by H atoms[Per98] Anothepapp has been used to mod4gl
tips for simulating SFM images of ionic surface. Here it ssg@ed from the start that the
electrostatic forces between the tip and surface would beimportant, and mainly ionic
tips were considered [ShI99]. The tip models described bhoe been successfull in devdl-
oping a qualitative and to some extend quantitative undeding of the origins of image
contrast in scanning probe microscopy on metals, semonsiuand insulators. However
they fail in most cases to reproduce the quantitative resiilexperiments. The solution tg
these problems is to compare images to simulations with bartushdi erent models. We
present a method that can give us information about strestof Si tips in a systematic wa
We should nd tip structures which are energitecally stalnle then the direct comparison
between experimental and theoretical forces curvaturebea reliable tool to determine
atomistic structure of tips.
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Figure 1: Upper structure is the Silicon tip saturated by H and tlpeapex atom Is
replaced by a Tin atom. The tip is interacting with a struetdhat mimics Si surface
properties.

However Density Functional Theory(DFT) calculation isdegeto obtain realistic tip mod-
els, but it requires massive computation time. In order ecome this problem we have
developed a Silicon-Hydrogen Tight-Binding scheme whaihles us to deal with large-
scale simulations. The tip structures we have obtained sed in AFM simualation by
Perez's group and our results are in agreement with experand the previous results of
Perez obtained from manually generated tip structures.

The minima hopping method consists of an inner part thatopmdg jumps into the local
minimum of another basin and an outer part that will acceptepect this new local mini-
mum. The acceptance/rejection is done by simple threstyplde., the step is accepted |
the energy of the new local minimiRey rises by less thala i+ compared to the current
energyEcyr. The parameteE 4iss 1S continuously adjusted during the simulation in suchja
way that half of the moves are accepted and half are rejédtgin MHM, a self-developed
Tight-Binding scheme Is used to evaluate energy and fordesh geometry optimization
and molecular dynamics. We applied this method to variotipsSierminated with hydro-
gens, e.gSio3dd118SI7H50SI171H50S172H50 Eventually con guration with low energy
and di erent topography are selected and exploited in ARRUKItions to calculated the
force between tip and surface in terms of distance. In tinisapacal basis set density func
tional theory code(FIREBALL[FIR]) is used for calculatafrenergies. And then forces arg
calculated as numerical derivative of energy. In orderdedpp the calculation we replaceg
a complex Si(111) 77 reconstructed surface by small cluster shown in gureithwhmics
local atomic arrangements. With this simple system one loaadg demonstrate atomistic
resolution in a simulation. In some of our simulations a 8m a$ located instead of the S
atom at the tip-apex, in order to investigate the interatiio composition systems. Result
are successfully in agreement with both experiment datanamdally-fabricated tips which
were previously constructed and tested by Pou et al[Oya06].
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Figure 2: Tip-cluster interaction in approching the tip towards ttluster as shown
In Figure 1

In gure 2, the force-distance curve of tip-cluster inteoacis shown in which the tip-apex
atom is replaced by Sn atom while the tip is approachingeslust

In the following gure a tip structure is sketched with tipex atoms are all Si atoms. Whe
the tip Is so close to the cluster, a Si atom is tranferred frprto the surface. This can
also be seen by the discontinuoutiy of force-distancetargvat distances around 1A]|

Figure 3: Upper structure is the Silicon tip saturated by H. Thedipiteracting with
a structure that mimics Si surface properties and the adaamlin atom.
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Figure 4: Tip-cluster interaction depicted in Figure 3 while appnag the tip towards
the cluster.

References

[EHO2] Toyoaki Eguchiand Y. Hasegawa*. High resolutianiatimrce microscopic imaging
of the si(111)-(77) surface: Contribution of short-range force to the imédgjegs.
Rev. Lett., 2002.

[FIR] FIREBALL. www.e reball.cz.

[Oya06] N. Oyabu. Single atomic contact adhesion and atissigpn dynamic force mi-
croscopyPhys. Rev. Lett. 96, 10610,12006.

[Per98] R. Perez. Surface-tip interaction in noncontamhat-force microscopy on reactivg
surfaces: Si(111RPhys. Rev. B Vol. 58 pp. 108351998.

[ShI99] A. L. Shluger. Models of image contrast in scanonog microscopy on insulators
J. Phys.: Condens. Matter 11 R295-R3221999.




