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Introduction

Atomic Force Microscopy (AFM) is nowadays a convenient method of investigation properties of both conducting and insulating surfaces: surface morphology, nanoscale structures and atomic-scale lattices. AFM has become a popular surface profiler for topographic measurements on the micro- and nanoscale. The measurements could be performed in any environment such as: ambient air, liquid, vacuum, various gases, at low – below 100K – and high temperatures. 
The principle of operation of AFM is the measurement of attractive or repulsive forces  present between the tip and sample surface [1], as visible in the Fig.1. Due to the mentioned interactions the flexible cantilever bends and its deflection could be detected, most frequently the laser beam deflection (optical lever method) is used. 
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Fig. 1 Scanning probe microscopy schematic
 http://level2.phys.strath.ac.uk/ssd/HTML/charhtml/stl.htm
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Fig. 2 Schematics of the AFM laser detecting system.
The optical detection techniques o be 

the most sensitive and reliable detection methods.
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Fig. 3 There are many types of cantilevers and tips, varying in ‘tip radius’, spring constant (the smallest, the lower force exerted on the sample), resonant frequency.
‘The tip-sample interaction in atomic force microscopy and its implications for biological applications’, Ph.D. thesis by David Baselt, California Institute of Technology

Experiments

During the experiments described below we used MFP-3D provided by Asylium Research, Santa Barbara, California and the Veeco cantilevers with force constant 0,1 N/m.

AFM modes used in our experiments comprise:

· contact mode 

The tip is in contact with the sample surface. Due to the orbital overlap of the atoms at the end of tip and atoms in the sample surface, the tip is deflected by weak repulsive forces.

· tapping mode

The cantilever is subjected to vibration either in amplitude modulation mode or frequency modulation mode. During scanning over the surface in close proximity very weak van der Waals attractive forces are present at the tip-sample interface and deflect the tip.
Calibration of the ambient AFM system

Before starting the actual experiments, the calibration of the ambient AFM was performed. 

A well defined etched silicon grating – Model STR10-1800P - was scanned. As visible in the Fig. 4 the indications of the AFM were in good agreement with already known dimensions of the sample that are:

height – 175 nm, width – 5 μm.
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Fig. 4 AFM image of the silicon grating.
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Fig. 5 Section of Fig 4.
Experiment No1: Atomic force microscopy of calcium fluoride samples irradiated with slow highly charged ions
Irradiation with highly charged ions (HCI) is one of the most important tools to create nanostructures on insulator surfaces [2]. HCI can be produced by powerful ion sources for theoretically all chemical elements and charge states.
The whole process of irradiation of the surface with a slow HCI can be divided into following steps [2]:

· image charge acceleration – slow HCI is characterized by its potential energy in some cases larger than the kinetic energy, due to the high positive charge, that is why it is accelerated by its mirror charge on the surface, which limits the available interaction time,
· hollow atom formation and electron emission – the HCI is rapidly neutralized by resonant capture of the surface electrons into highly excited states, which results in formation of ‘hollow atoms’,
· potential energy deposition and sputtering – due to the limited interaction time, only small part of potential energy of slow HCI will be released above the surface, the larger part will be converted into electronic excitation of a small surface region resulting in nanomodifications of the surface.
During the experiment, we investigated the monocrystalline cleaved calcium fluoride (111) samples after irradiation the surface with slow highly charged Xe44+, Ar18+, Ar17+, Ar16+, Ar14+ and Ar12+ ions. The ion bombardment was performed by Heidelberg – EBIT.
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Fig. 6 Calcium fluoride surface before irradiation with slow highly charged Xe44+, Ar18+ ions.
After irradiation with slow highly charged Xe44+ and Ar18+ ions, the nanomodifications of the surface called ‘hillocks’ could be observed on the surface of calcium fluoride.
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Fig. 7 Calcium fluoride surface after irradiation with slow highly charged Xe44+ ions.
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Fig. 8 Calcium fluoride surface after irradiation with slow highly charged Xe44+ ions.
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Fig. 9 Calcium fluoride surface after irradiation with slow highly charged Ar18+ ions.
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Fig. 10 Calcium fluoride surface after irradiation with slow highly charged Ar18+ ions.
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Fig. 11 Calcium fluoride surface after irradiation with slow highly charged Ar18+ ions.
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Fig. 12 Calcium fluoride surface after irradiation with slow highly charged Ar18+ ions.
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Fig. 13 Calcium fluoride surface after irradiation with slow highly charged Ar18+ ions.
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Fig. 14 Calcium fluoride surface after irradiation with slow highly charged Ar18+ ions.
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Height of the marked 'hillock': 0,54 nm.
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Width of the marked 'hillock': 30 nm.

Fig. 15 Calcium fluoride surface after irradiation with slow highly charged Ar18+ ions.


Example of calculation of 'hillock' dimensions. 
Irradiation of calcium fluoride surface with Ar17+, Ar16+, Ar14+, Ar12+ did not result in creation of the 'hillocks', which is exemplified in the Fig. 16 - 19.
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Fig. 16 Calcium fluoride surface after irradiation with slow highly charged Ar17+ ions.
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Fig. 17 Calcium fluoride surface after irradiation with slow highly charged Ar16+ ions.
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Fig. 18 Calcium fluoride surface after irradiation with slow highly charged Ar14+ ions.
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Fig. 19 Calcium fluoride surface after irradiation with slow highly charged Ar12+ ions.

Slow HCI can become a perfect tool for accurate shaping of the surface on nano-level, as exemplified in Fig. 5-13. The number of 'hillocks' is in good agreement with the density of ion flux used to irradiate the calcium fluoride surface. The results obtained determine the investigation of other materials and interactions with different slow highly charged ions. The aim of additional measurements is to understand the dependence of characteristics of ‘hillocks’ on the material and amount of potential energy stored in the slow HCI.
Experiment No2: Atomic microscopy of diamond-like carbon (DLC) 

Diamond-like carbon films can be produced using the following techniques [3]: 
· ion beam deposition of carbon ions,

· sputter deposition of carbon with or without bombardment by an intense flux of ions (physical vapor deposition or PVD),

· plasma assisted chemical vapor deposition.
DLC thin films are excellent electrical insulator and thermal conductor materials. As exceptionally hard materials, and highly resistive to wear and chemical attack, DLC films are becoming attractive candidates for protective coatings and dielectric materials. 

Furthermore, they are characterized by good optical transmittance in the visible and infrared ranges [4], so they can also be applied as protective coatings for optical components used in e.g. spacecraft systems.
Additionally, DLC has unique properties of high dielectric strength, high resistivity [5], low wear, high decomposition temperature, chemical inertness, radiation hardness and good thermal conductivity. Because of such characteristics DLC films could be applied as capacitors in many commercial applications.

During the experiment, we investigated the surface of DLC silicon wafers provided by Prof. Hans Laimer. They were produced by Plasma Chemical Vapor Deposition. 
After examining 3 out of 14 samples the conclusion could be drawn, that the low pick-to-pick roughness of the surface of DLC silicon wafers allow us to irradiate them with slow HCI.
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Fig. 20  The example of the surface of DLC silicon wafer, Z range 600 pm
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Fig. 21 Section graph showing the topography of Fig. 6. Pick-to-pick roughness does not exceed 0,5 nm.
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Appendix:
The presented figures can be found on the AFM computer under the following paths:
C:\Documents and Settings\MFP-3D User\My Documents\Ayman\2caf2xe44
C:\Documents and Settings\MFP-3D User\My Documents\Ayman\BAr18
C:\Documents and Settings\MFP-3D User\My Documents\Ayman\BAr17
C:\Documents and Settings\MFP-3D User\My Documents\Ayman\Ar 1614
C:\Documents and Settings\MFP-3D User\My Documents\Ayman\CAF2AR1412

C:\Documents and Settings\MFP-3D User\My Documents\Ayman\DLC
C:\Documents and Settings\MFP-3D User\My Documents\Ayman\calibration
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