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Experimental facilities 

Chapter 2 
 
 
Experimental facilities 
 
 

In this chapter, we focus on the description of the facilities used for 
obtaining the experimental data discussed in this thesis. The supersonic 
molecular beam deposition system (SuMBD), the main equipment to grow 
the pentacene (sub-) monolayers and thin films, is introduced in the first 
part of this chapter. The entire setup of SuMBD, working principle and the 
operational conditions are described. A comparison between SuMBD and 
organic molecular beam deposition (OMBD) is made at end of this part. In 
the second part of this chapter, we present the main characterization 
technique – atomic force microscopy (AFM) - used for studying the surface 
morphology and crystallinity of pentacene (sub-) monolayers. We first give 
a brief general introduction of the AFM working principle, then we 
describe in detail the main AFM scanning techniques, namely contact and 
tapping mode, and their particularities. Transverse shear force microscopy 
(TSM), an effective AFM method for evaluating the crystallinity of our 
deposited pentacene (sub-) monolayers, is illustrated in detail. In the last 
part of this chapter, we explain contact angle measurements, a technique 
which has been intensively used for determining the hydrophilicity of the 
SiOx surfaces before pentacene growth.  
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2.1 Supersonic molecular beam deposition  
 

A supersonic molecular beam was first realized by J. B. Fenn et al. 
[1, 2] in Princeton in 1963. Later on, this technique was extensively applied 
for studying the gas-surface interaction, dynamics of molecular adsorption 
on different surfaces [3, 4, 5, 6], inorganic and organic thin film growth and 
surface modification [7].  

In the research presented in this thesis, we used a customer built 
supersonic molecular beam deposition system (SuMBD) for pentacene 
crystalline thin film growth. Figure 2-1 shows a photograph of the SuMBD 
system installed in our laboratory and a schematic drawing of its internal 
structure. Our SuMBD setup consists of:  

1) three connected stainless steel high vacuum chambers;  
2) a source housed in the first chamber and made of a 12 cm long 

quartz tube, with diameter 1 cm, as shown in figure 2-2. Pentacene powder 
is stored in a crucible inside the quartz tube. For the purpose of 
sublimation, a piece of tantalum foil is wrapped around the outer surface of 
the quartz tube for resistive heating. A chromel-alumel thermocouple 
placed close to the tantalum foil measures the temperature during the 
sublimation process. One end of the quartz tube is completely open and 
connected to a gas line and the other end is terminated with a nozzle, which 
has a cylindrical configuration (~ 180 - 200 µm in length and ~ 60 µm in 
diameter). Touching the nozzle, there is a tungsten filament for resistive 
heating and another chromel-alumel thermocouple for reading the 
temperature; 

3) two skimmers: a first one (~ 0.3 mm in diameter) is mounted at 
the connection between first and second chamber,  ~10 mm in front of the 
nozzle, and a second one (~ 3 mm in diameter) is mounted at the 
connection between second and third chamber; 

4) A quartz microbalance, which can be moved in and out of the 
beam, is installed between the first and the second skimmer and serves to 
estimate the growth rate;  

5) an entry lock connected to the third chamber is used for 
transferring the samples in and out of the deposition chamber. If maintained 
properly, the first and second vacuum chamber approach high vacuum after 
one day evacuation with large capacity rotary and turbo pumps. The high 
vacuum is crucial for the purpose of producing a high quality molecular 
beam and better quality pentacene thin films. Experimentally, the 
background pressure is kept at ~ 10-7 - 10-8 mbar in the first and second 
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Figure 2-1: Photograph of the supersonic molecular beam deposition 
system (up) and schematic drawing of the internal structure of the entire 
system (down) [8]. 
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Figure 2-2:   Schematic drawing of the supersonic molecular beam source 
[8]. 
 
 
chamber and ~ 10-10 mbar in the deposition chamber. 

The pentacene thin film growth experiment is normally carried by 
two steps: first a stabilized, high quality supersonic molecular beam is 
generated and then the pentacene thin film is grown. In the first step, we 
feed the carrier gas – high purity helium with a certain pressure into the 
quartz tube, while simultaneously heating up the quartz tube body and the 
nozzle by sending a DC current through the tantalum foil and tungsten 
filament, respectively. Due to the large pressure gradient between the inside 
and the outside of the quartz tube, the sublimated pentacene molecules can 
seed into the helium gas and flow through the nozzle into the first chamber. 
At the exit of nozzle helium gas atoms and pentacene molecules collide, 
with an energy transfer from the light carrier gas atoms to the heavy 
molecules. Due to the aerodynamic acceleration process, the seeded 
molecules are accelerated and their kinetic energy increases. At the same 
time, the ro-vibrational modes of seeded molecules are relaxed due to 
energy exchange between molecules and gas atoms. All molecules are 
cooled down, losing their internal energies [7] and the higher the kinetic 
energy of the supersonic molecular beam, the lower is  the temperature of 
the molecules. For pentacene supersonic molecular beam with a kinetic 
energy of 6 eV the seeded molecules can be cooled down to ~ 20-25 K [9]. 
In the SuMBD system, we are able to tune the kinetic energy of the 
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molecular beam from thermal energy up to several electron volts in several 
ways, namely by varying the nozzle configuration, the concentration of 
seeded molecules in the carrier gas and the nozzle temperature. When 
carrier gas (seeded with the molecules) flows through the nozzle into the 
first chamber, an isoentropic gas expansion takes place, without collision 
between gas atoms and seeded molecules. By passing through two different 
kinds of skimmers, a supersonic molecular beam with high directionality 
and very narrow angular spread can be realized. After the applied 
temperature and pressure have stabilized, the molecular beam will be led 
into the deposition chamber to start the growth. This moment can be 
identified by the pressure increase by one order magnitude inside of 
deposition chamber. However, if a lower or no pressure increase is 
measured, this means that the molecular beam is misaligned with  respect to 
the skimmers or that either the nozzle or the first skimmer are blocked, for 
example by previously deposited molecules. 

For investigating the quality of the generated pentacene supersonic 
molecular beam before carrying out the pentacene thin film growth, we 
used time of flight mass spectroscopy, which can be connected to the 
deposition chamber and well aligned on the axis of the impinging 
molecular beam. In this technique, the neutral pentacene molecules seeded 
in the helium carrier gas are first photoionized with a laser pulse from 
Nd:YAG laser (a wavelength 266 nm, pulse time 15 ns and frequency 8 
Hz); then, the ionized molecules are accelerated by an electric field applied 
to the plate electrodes along the way to the detector. An optimized signal 
received by the detector is transformed into the ToF mass spectrum, which 
reveals useful information on the molecular beam such as the presence of 
impurities or of molecular clustering, the average velocity of the molecules, 
their kinetic energy and the relative beam flux. In addition to ToF mass 
spectroscopy, we also used a quartz microbalance to quantify the growth 
rate at different applied temperature for pentacene sublimation. However, 
this growth rate is only a reference for estimating the deposited pentacene 
layer thickness since the microbalance is not located in the same position as 
the substrate, which is placed further downstream inside of the deposition 
chamber. For more accurate thickness measurements, we have to rely on 
the AFM. 

In comparison to the thermal sublimation technique (also named 
organic molecular beam deposition (OMBD)) [ 10 , 11 , 12 ], SuMBD 
presents several advantages: 1) a properly generated supersonic molecular 
beam can have a higher intensity with a narrower angular distribution than 
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a thermally produced organic molecular beam and presents a very uniform 
velocity distribution of the molecules hitting the substrate after passing 
through two skimmers; 2) the kinetic energy of the molecules can be varied 
and reach much higher values (up to ~ 7 eV in our setup). This leads to a 
larger molecular surface diffusivity, which is favourable for growing high 
quality thin films on a surface kept at room temperature. In fact, the surface 
diffusivity of thermally sublimated molecules can only be increased by 
heating up the substrate and this may lead to the molecular desorption, 
especially in the case of pentacene growth on a chemically inert surface; 3) 
After impinging on the substrate, molecules with higher kinetic energy can 
introduce local annealing by dissipating a certain amount of energy. This is 
very helpful to rearrange the molecular packing and achieve better 
crystallinity. However, nothing is perfect, so disadvantages of SuMBD also 
exist: compared to OMBD, SuMBD is more complicated and expensive. 
Moreover, the pentacene thin film growth rate in SuMBD is much lower 
than for OMBD because a certain amount of molecules are scattered away 
from surface, especially when we increase the kinetic energy of the 
impinging molecules. 
 
 
2.2 Atomic force microscopy 
 

Atomic force microscopy (AFM) is a well known characterization 
technique commonly used to study surface morphology with very high, 
sometimes even molecular or atomic resolution. It was invented by G. 
Binning and H. Rohrer in 1985 and they won the Nobel price for 
discovering the scanning tunneling microscopy and atomic force 
microscopy in 1986.  

The AFM system used in these studies is the Nanoscope IV 
multimode scanning probe microscope, produced by the Digital 
Instruments, Veeco Metrology Group, U.S.A.. The basic structure of the 
AFM system is sketched in figure 2-3. Its working principle can be simply 
described as a measurement of the forces acting on the scanning tip via 
detecting the deflection of the moving cantilever. The interaction force 
between the scanning tip and sample surface is the essential parameter to 
determine the AFM scanning mode. In the force – distance diagram 
illustrated in figure 2-4, the contact and non-contact regime are clearly 
indicated as the function of the distance between tip and sample surface. By  
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Figure 2-3: Sketch of the setup for atomic force microscopy. 
 

 
 
Figure 2-4: Interaction force between tip and the sample surface as function 
of distance. 
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decreasing the gap between the scanning tip and sample surface, the 
interaction forces can change from attractive to repulsive. With further 
reducing the gap, the repulsive force can dramatically increase due to the 
Pauli exclusion principle and become the dominant interaction. With 
varying the interaction force, the cantilever deflects in different ways. It can 
be bent upward, downward or twisted. In the studies described in this 
thesis, we intensively used contact mode or intermittent contact mode (also 
named tapping mode) AFM to explore the surface morphology of  
pentacene thin films. 
 
 
2.2.1 Contact mode atomic force microscopy 

 
In the AFM contact mode the tip is so close to the sample surface 

that it feels a repulsive force caused by the overlap between the electron 
clouds of atoms of the tip and of the surface (Pauli exclusion principle). 
Generally, contact mode AFM is applied to measure a relatively hard 
material by direct tip contact to the sample surface during operation. 
However, this scanning mode may cause some damage either to the tip 
making it loose its sharpness, or, especially for the soft matter material, to 
the sample surface. In our measurements, the height of the piezoelectric 
scanner is constant. When moving the sample with respect to the fixed 
scanning tip, a cantilever deflection is caused by the tip-surface interaction 
in different surface regions and can be detected by the highly sensitive 
quadrant photodiode onto which the laser beam reflected from the top 
surface of cantilever. The obtained laser signal is redirected into a well 
constructed feed back loop to adjust the vertical scanner displacement, 
which keeps the cantilever deflection constant. Therefore, the surface 
topography can be recorded by monitoring the motion of the piezoelectric 
scanner. Before collecting contact mode scanning images, it is crucial to 
perform a force calibration, by which key parameters such as deflection set 
point, ramp size and Z scan start are adjusted correctly.  

In AFM contact mode, in addition to collect data of the surface 
height, the surface friction can also be recorded at the same time. In fact, 
when the tip is moving over the surface, different materials will give rise to 
a different surface friction and this can be identified by detecting the lateral 
torque on the cantilever while the tip is scanning in the direction 
perpendicular to its long cantilever axis. This technique is termed lateral 
force microscopy (LFM) and commonly used to determine the domain  
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Figure 2-5: Height image (left) and transverse shear force image (right) of 
thermally sublimated pentacene monolayer grown on SiO2. S is the 
scanning direction. <110> is the diagonal direction of pentacene crystallite. 
[15]. 
 
 
boundaries in a film after coalescence of islands. LFM is, however, not 
sensitive enough to detect differences in surface friction of different 
domains caused by different molecular orientation. When scanning the tip 
along the direction of the cantilever long axis instead of perpendicular to it, 
we are able to measure the net transverse shear force, resulting from the 
changes in the tip-surface interaction when the tip is scanning over regions 
where the molecules pack with different orientation [ 13 , 14 ]. This 
technique is named transverse shear microscopy (TSM). By mapping the 
variation in transverse shear force with different colour contrast, we can 
qualitatively determine the crystallinity inside a single molecular island or 
the monolayer. Based on this technique, the single or polycrystalline 
structure of a pentacene (sub-) monolayer can easily be determined. 
Recently, K. Puntambekar et al. applied this technique to study a pentacene 
monolayer on SiO2 prepared by OMBD [15]. One of their results is shown 
by figure 2-5 as an example. The left image shows the height image of the 
first pentacene monolayer covered by some second layer islands which 
gives information on the morphology but not on the crystallinity. However, 
the right image obtained by TSM of the same surface, shows a clear colour 
contrast. The brighter a certain area, the larger is the transverse shear force 
acting on the tip when it scans over a certain grain. This implies that the 
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monolayer has a typical polycrystalline structure, where for example the 
grains marked with G1 and G2 have the same molecular orientation within 
the grain but a different rotation of the crystallite with respect to the 
substrate. On the contrary, the colour for the grains marked with G3 and G4 
is less pronounced, indicating that their orientation mismatch is relatively 
small. 

For the TSM measurements presented in this thesis, we used NP-20 
AFM tips produced by Veeco Metrology and Instrument, U.S.A.. These 
tips are made of silicon nitride and attached to a very flexible triangular 
shaped cantilever, which has a spring constant of 0.58 N/m and must be 
properly mounted on a removable probe holder, which is laterally fixed 
inside of the SPM head. Before collecting the TSM images, the laser beam 
path has to be adjusted: by turning the knobs attached on the SPM head the 
laser beam can be moved along two directions (X, Y) on the top surface of 
the cantilever and the position is adjusted so that the scanning tip is right 
below the laser spot. A cross-shaped light pattern should be observed when 
the light is reflected properly from the triangular shaped cantilever. After 
laser position adjustment, we maximize the sum signal by tuning the 
position of photodetector mirror inside of the SPM head and set the vertical 
deflection signal to be -3 ~ -2 V and the horizontal signal to be 0. Then, a 
force calibration is carried out by engaging the tip on a small scanning area 
on the sample surface. Through this step, we are able to reach an 
appropriate scanning condition for achieving a high resolution image and 
can also evaluate the quality of the used tip. An optimized force calibration 
is plotted in figure 2-6. When approaching the surface (following the blue 
arrows) the cantilever deflection is monitored by means of the piezoelectric 
scanner extension when tip is engaged to the surface. The nearly horizontal 
line indicates that there is no cantilever deflection when the tip is far away 
from the surface. Once the tip is brought close to the surface, the tip is 
attracted as indicated by the small dip in the curve in Fig. 2-6. As the tip 
keeps moving even closer to the surface, the cantilever gradually bends 
upwards, as seen by the following straight line following the deflection in 
figure 2-6. When the tip is drawn back again, the cantilever first relaxes as 
shown by the straight line moving to down and right and marked by red 
arrows. Note that the relaxation of the tip overshoots at the point where 
repulsion had started when approaching the surface, and the attraction 
continues as the piezoelectric scanner is further retracted until the 
connection between tip and surface breaks and the cantilever rebounds back 
to its free standing position, giving rise to the second much deeper dip in 
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the plot. In the contact mode scanning, the deflection set point is the 
parameter mostly tuned for achieving a better resolved image. Although 
increasing the deflection point setting is sometimes helpful to obtain better 
images, the large interaction between tip and surface in these conditions 
can reduce the tip lifetime and/or introduce scratching lines in the images. 
In an optimized setting, the tip- surface interaction will be such that a good 
image resolution is obtained but damage on the tip is avoided. 

 
 
 

 
 
Figure 2-6: Plot of the force calibration for the AFM contact mode [16]. 
 
 
2.2.2 Tapping mode atomic force microscopy 
 

For tapping mode AFM operation, also called intermittent contact 
mode operation, the detected signal originates from the amplitude variation 
of the cantilever, which oscillates at a certain frequency during scanning. 
Since the tip approaches and then retracts from the surface periodically, the 
energy dissipated is much lower than when the tip is constantly very close 
to surface as in the contact scanning mode. This makes tapping mode 
technique more suitable for investigating delicate soft matter, such as 
pentacene or other organic materials. In the tapping mode, by using the 
piezoelectric actuator, the cantilever can be acoustically excited into a 
vertical oscillation at a certain amplitude in a range between 10 -100 nm 
with a frequency close to or equal to the cantilever’s resonance frequency. 
The free motion of the cantilever in air is described by a harmonic 
oscillation using the second order differential equation (2-1) [17], in which 
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m the mass of cantilever, z the vertical displacement, k the spring constant 
of cantilever; A0, ω, the driving amplitude and frequency respectively; ω0 
the resonance frequency of the cantilever; Q the quality factor and Fts the 
tip-surface interaction force. 
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In air, the cantilever with free oscillation can have maximum 

amplitude. However, when the tip is physically contacting the surface, the 
oscillation amplitude is reduced due to the increased energy dissipation and 
the resonance frequency of the cantilever changes. This relation is well 
modeled by the amplitude dependent excitation frequency equation (2-2) 
[17]. In the tapping mode, the cantilever’s oscillation amplitude is kept 
constant with the help of a feedback loop which adjusts the vertical 
displacement of the piezoelectric scanner. Similar to the contact mode, the 
surface image can be obtained by monitoring the scanner movement.  
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Specified AFM probes (Tap 300 purchased from Budget Sensor) 

are required for tapping mode scanning. Such probes are made of silicon 
single crystals. A very sharp tip with a very small tip radius, typically less 
than 10 nm, is located at the end of the cantilever. Generally, a better 
resolution image can be easily achieved if the tip radius is smaller or close 
to the size of the measured objects. A Tap 300 AFM probe has a relatively 
stiff cantilever (force constant = 40 N/m) that can prevent the tip from 
being trapped by the surface during the scan. The process of AFM probe 
mounting and laser beam adjustment are similar to that described for the 
contact mode AFM: the focused laser spot gives rise to an elliptic light 
pattern on the top surface of the cantilever; its position should be adjusted 
to be right above the tip. We maximize the signal by tuning the 

 32



Experimental facilities 

photodetector mirror inside the SPM head and move the reflected laser 
beam close to the centre of the quadrant photodiode detectors. Before each 
measurement, it is always useful to tune the tip via the auto-tune function 
of the operational system of the AFM. In this step, important information, 
such as, driving frequency, driving amplitude and set point amplitude are 
fixed. The driving frequency is normally set to a value close to the tip 
resonant frequency. However, if tip damage or material attachment on the 
tip are detected, the resonance frequency will change and the driving 
frequency will change as well. Hence, the tip tuning procedure also allows 
us to verify the quality of the tip. Image size, scanning speed and required 
image resolution are all defined before starting the measurement. For the 
investigations presented in this thesis, the scanning area (10×10 µm2) was 
always selected near the centre of the deposited pentacene layer since that 
is the area with the most uniform morphology. We often set a slow 
scanning speed (i.e 1-1.5 Hz) for the purpose of achieving the best quality 
image. However, faster scanning speeds can also be useful for preview 
images or for preventing the tip drift on the surface. During the 
measurement, the set point amplitude, the drive amplitude, the proportional 
gain and the integral gain are frequently adjusted to assure proper scanning 
conditions for the various surface topographies encountered for the same 
sample.  

Three kinds of data can be collected in the tapping mode surface 
measurement, namely surface height images, amplitude images and phase 
images. The signal of surface height is obtained by monitoring the vertical 
movement of the piezoelectric scanner. The exact surface height can be 
determined by using the cross-section profile. Parallel to the height image, 
the amplitude, obtained by measuring the cantilever deflection, can be 
simultaneously recorded. In the amplitude image, the edge features of 
scanned objects show much better resolution than those observed in the 
height image since they are not affected by the large surface height 
difference. Hence, this data is helpful for observing the detailed structure of 
a surface with a relatively complicated topography. The phase image from 
the scanned sample can also be obtained in parallel with the height image. 
At fixed vibrational amplitude, the phase signal is derived from the phase 
lag of the oscillating cantilever with respect to the input drive signal. Phase 
measurements are an efficient tool to study the structure and chemical 
composition of the surface on the nanometer scale because different 
material may give different phase shift and the lateral resolution of this 
technique can be easily approached within 10 nm. 
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All AFM measurements of pentacene films presented in this thesis 
were carried out in air at room temperature. Pentacene crystalline thin films 
are characterized by a relatively high stability in air after having been taken 
out of the ultrahigh vacuum chamber. However, after long period of air 
exposure (i.e usually 3 weeks) a quality degradation of the pentacene layer 
is observed.  

The detailed analysis of all obtained AFM data was performed with 
the help of the WSxM (Nanotec electronica S.L.) software. This software 
allows us to extract the basic topographic information, such as coverage, 
molecular island density, average island size, layer thickness and surface 
height profile.  
 
 
2.3 Contact angle measurement 
 

The contact angle measurement is an efficient and widely used 
technique for investigating the hydrophilicity, adhesion and surface tension 
of a solid surface. When a liquid drop is deposited on a solid surface in the 
air, it will adopt a certain shape dictated by the surface tension generated 
from the equilibrium state of the three interacting phases (solid/liquid/gas) 
as sketched in figure 2-7. The contact angle that is measured is the angle 
between the tangent line drawn at the edge of the liquid drop and prolonged 
down to the surface, and the surface horizontal as shown in figure 2-7. 
Mathematically, the contact angle can be expressed by using Young’s 
equation written in 2-3. γGL, γGS, γSL are the interfacial tensions between gas 
and liquid, gas and solid, and solid and liquid. θ is the contact angle that we 
can obtain in the measurement. In the experiments, when the liquid drop 
spreads on the solid surface, a low value of θ results, which is typical for a 
high wettability of the surface. However, if the deposited drop contracts 
into a ball-like shape, a high value of θ is measured, indicative of a surface 
with less wettability. If the used liquid is pure water, the solid surface with 
the high/low wettability can be interpreted as a hydrophilic/hydrophobic 
surface. For the studies reported in this thesis, we use static contact angle 
measurements on a 1.25 µl droplet of highly purified, de-ionized water, 

 
 

SLGSGL γγθγ −=cos  (2-3) 
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deposited with a Hamilton micro-syringe, to determine the hydrophilicity 
of the SiOx substrate surfaces prior to pentacene deposition. The 
measurement was carried in air at a fixed temperature (~ 20°C) by the 
sessile drop method [18] in a homebuilt microscope – goniometer system. 
The cross-section of the water droplet was recorded with a CCD camera, 
controlled by a homebuilt operational computer software. Usually, it takes 
about 60 seconds for the water droplet to stabilize after deposition, so the 
images for the contact angle measurement were taken after that waiting 
period. The contact angles on both the left and the right side of the droplet 
were derived by a fitting process, which is a function available in the 
homebuilt software. In order to achieve a reliable result, we always carried 
out contact angle measurements in four or five different areas of the same 
sample surface and extracted an average value as the final result. Since, as 
demonstrated by AFM measurements, the SiOx/Si wafer used for pentacene 
thin film growth has a very low root mean square surface roughness, the 
contact angle variation due to surface roughness [19, 20] can be completely 
excluded in our experiments. 

 
 

 
 
Figure 2-7: Schematic of the contact angle and different surface tensions at 
solid /liquid (γSL), the gas /solid (γGS),  and the gas/liquid (γGL) interfaces.  
 
 
 
References 
 
1. J. B. Fenn and J. Deckers, Rarefield Gas Dynamics, Academic Press, 

New York, 1, 96 (1963). 
2. J. Deckers and J. B. Fenn, Rev. Sci. Instrum. 34, 96 (1963). 
3.  C. T. Rettner, H. Stein and E. K. Schweizer, J. Chem. Phys. 89, 3337 

(1988). 
4 . L. A. Delouise, Chem. Phys. Lett. 180, 149 (1991). 

 35



Experimental facilities 

 
5.  M. C. Mcmaster, S. L. M. Schroeder and R. J. Madix, Surf. Sci. 297, 

253 (1993). 
6. C. T. Reeves, B. A. Ferguson, C. B. Mullins, G.O. Sitz , B.A. Helmer 

and D. B. Graves, J. Chem. Phys. 111, 7567 (1999).  
7. P. Milani and S. Iannotta, Cluster Beam Synthesis of Nanostructured 

materials, Springer Ed. (1999). 
8.   S. Iannotta and T. Toccoli, J. Pol. Science B, 41, 2501 (2003). 
9.  Private communication with T, Toccoli.  
10.  F. Schreiber, Phys. Stat. Sol. A 201, 1037 (2004). 
11. S. R. Forrest, Chem. Rev. 97, 1793 (1997) 
12. C. D. Dimitrakopoulos, A.R. Brown and A. Pomp, J. Appl. Phys. 80, 

2501 (1996). 
13. R.M. Overney, H. Takano and M. Fujihira, Phys. Rev. Lett. 72, 3546 

(1994) 
14. J. A. Last and M. D. Ward, Adv. Mater. 8, 730 (1996). 
15. K. Puntambekar, J. Dong, G. Haugstad and C. D.  Frisbie, Adv. Mater. 

16, 879 (2006). 
16. Multimode SPM instruction manual, 2004, Veeco Instrument Inc. 
17. R. Carcia and R. Perez, Surf. Sci. Rep. 47, 197 (2002). 
18. K. L. Mittal, Ed., “ Contact angle, wettability and adhesion” ( Utrech, 

1993) 
19. F. Exl, J. Kindersberger, Proceedings of the XIVth International 

Symposium on High Voltage Engineering, Tsinghua University, 
Beijing, China, August 25-29, 2005. 

20. J. Bico, U. Thiele and D. Quere,  Colloids and Surf. A, 206, 41 (2002). 
 
 
 

 36




