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A B S T R A C T   

The structural and superlubric properties of single layer MoS2 on Au(111) forming moiré superlattice structures 
have been investigated by means of ultrahigh vacuum atomic force microscope with bimodal and contact modes. 
We synthesize epitaxial monolayer MoS2 flakes on the Au(111) surface in ultrahigh vacuum. Using friction force 
microscopy, atomic friction measurements indicate a superlubric regime between the tip apex and the moiré 
corrugated MoS2 surface in which the friction force remains at an ultralow value and is independent from normal 
load. Superlubricity conditions are observed for different loads and velocities which indicates the absence of out- 
of-plane deformations. We find that the MoS2 layer including the moiré superlattice modulation originating from 
the natural misfit between MoS2 and the Au(111) substrate is relatively rigid. We also demonstrate a low friction 
coefficient of the MoS2 surface crossing a single Au(111) step. Our results open up a new avenue for minimizing 
friction in nanoscale electronic devices and other dry rigid contacts used in aerospace lubrication.   

1. Introduction 

Molybdenum disulfide (MoS2), a single layer of Mo atoms sand-
wiched in between two layers of S atoms, shows a wide range of po-
tential applications in the fields of electronics, optoelectronics and micro 
and nanomechanical systems requiring ultralow friction [1–2]. Due to 
its superior structural and mechanical characteristics, strong in-plane 
covalent bonding combined with weak interlayer van der Waals inter-
action, MoS2 has been used as solid lubricant especially in aerospace 
applications [3]. At the nanoscale, extensive studies on frictional prop-
erties of MoS2 revealed several intriguing characteristics, including 
normal load dependence [4–6], temperature/velocity dependence 
[6–10], contact size dependence [11–13], anisotropic directional 
dependence [14–15], orientational dependence [16–17], besides low 
friction and anti-wear performances [18]. In addition, another fasci-
nating tribological phenomenon, in which friction decreases as the 
number of MoS2 layers was increased, has also been revealed [19–20]. 
This layer dependence of friction was explained by the out-of-plane 
deformation in front of the sliding atomic force microscope (AFM) tip 
which is referred to as the puckering mechanism [19,21]. Meanwhile the 
out-of-plane deformation is also affected by the interfacial structure and 

adhesion between surface and substrate. 
In previous research, the normal load dependence of friction be-

tween AFM tip and MoS2 surface always shows a linear or logarithmic 
trend in different environments and conditions such as temperature, 
humidity and velocity [4–6]. However, all the previous preparation of 
MoS2 film and corresponding nanoscale friction measurements were 
performed under ambient conditions. Therefore, the results can be 
significantly affected by contamination arising from adhesion layers on 
tip and sample (residue from transfer process, water or hydrocarbons). 
The constant change in surface conditions caused by the adsorption and 
desorption of atoms and molecules provides an additional channel for 
energy dissipation. Even if the measurements were done under ultrahigh 
vacuum (UHV) conditions, a typical positive load dependence of friction 
has been observed [6]. Contact quality between MoS2 and substrate also 
plays another crucial role in frictional behavior, since out-of-plane 
deformation of the surface will increase the resistance during interfa-
cial sliding. For this reason, single layer MoS2 is always showing a higher 
energy dissipation and friction coefficient compared to multilayer 
structures [19–20]. Further studies show that friction of two- 
dimensional (2D) materials could be reduced significantly by the utili-
zation of highly adhesive and atomic flat substrate to suppress the out- 
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of-plane floppiness [19]. Therefore, the intrinsic frictional performance 
of MoS2 is not clear since the friction dissipation is always covered by 
other dissipation mechanisms originating from aforementioned effects. 
To overcome this issue, a possible solution is to perform MoS2 prepa-
ration and friction measurement under UHV conditions. 

Here, we investigate the structural and frictional behaviors of MoS2 
superstructure on Au(111) and report the superlubricity between a bare 
Si AFM tip and MoS2. The monolayer MoS2 flakes of well controlled size 
are prepared under UHV conditions upon sputtering Mo atoms on an 
atomically clean Au(111) surface in H2S atmosphere followed by post 
annealing. Both the moiré superstructure and the lattice structure of 
MoS2 are detected with atomic resolution using bimodal UHV AFM. The 
investigation of the load dependence of the friction shows an indepen-
dent correlation, in particular the absolute friction value is very low. 
Furthermore, we show the decrease of dissipative processes of mono-
layer MoS2 when crossing a single step edge of the Au(111) surface. All 
measurements were performed at room temperature. Finally, the 
mechanism of superlubricity between the tip and MoS2 is revealed using 
the Prandtl-Tomlinson (PT) model. 

2. Results and discussions 

Our main goal is to study the intrinsic frictional behavior between a 
sliding AFM tip and a well-defined MoS2 surface with a moiré super-
lattice in a typical range of normal loads (maximum load is 8.5nN) and 
velocities (1.5 nm/s to 390 nm/s), and to identify conditions under 
which a superlubric state can be achieved. To this end, we prepare and 
analyze MoS2 on Au(111) under UHV conditions. Mo is deposited on a 
freshly prepared Au(111) surface in an H2S atmosphere (1.0 × 10-6 

mbar) using an e-beam evaporator and then annealed at a temperature 
of 800 K, resulting in the growth of triangular MoS2 flakes on the Au 
(111) substrate [22–24]. A topographic image of the surface of a typical 
epitaxial MoS2 flake on the Au(111) substrate is shown in Fig. 1(a). The 
known moiré superlattice structure with 3.3 nm periodicity and height 
variation of ~ 45 pm was revealed by non-contact UHV AFM in the 
constant frequency shift mode at room temperature. This pattern is an 
indication of the lattice mismatch between the hexagonal lattice of MoS2 
and the single crystal Au(111) surface. In addition, the surface coverage 
could be tuned by increasing the amount of deposited Mo on the sub-
strate [24–25]. The remaining bright spots shown in Fig. 1(a) represent 
deposited molybdenum which have not reacted with H2S. 

High resolution structural information of the MoS2 surface is visible 

in a torsional AFM mode [26–28]. In this mode the frequency shift of the 
torsional oscillation Δf TR is measured while controlling the tip sample 
distance either on the frequency shift of the first or second flexural 
oscillation in noncontact mode ensuring high resolution and stable scan 
conditions. A perfect MoS2 atomic lattice and superstructure in high 
resolution are observed in Fig. 1(b), which demonstrates the high 
quality of the sample preparation. A lattice constant of 315 pm for the 
MoS2 is determined, which is in good agreement with previous mea-
surements [22]. The long-range moiré superlattice is also observed in 
the torsional mode having periodicity of 3.3 nm. Remarkably, we 
observed only one type of superstructure belonging to a particular 
alignment between the MoS2 flakes and the Au(111) substrate, which 
was also shown in previous STM measurements [22–25]. We deduce 
that this alignment is due to a strong and specific bonding between MoS2 
and the Au(111) substrate resulting from a better commensurability and 
in good agreement with a recent experimental study [29]. 

Frictional force measurements are acquired in the same UHV AFM 
system using soft cantilevers in contact mode. These soft rectangular 
silicon cantilevers have normal and torsional spring constant of 0.28 N/ 
m and 143.50 N/m, respectively. During the scanning in contact mode, 
the integral and the proportional gain of the feedback loop were set to 
low values, in order to avoid any influence of the feedback on the 
measurement of the lateral forces. Friction experiments were performed 
in areas of the sample in which both moiré corrugated MoS2 and the bare 
Au(111) surface are present to be able to compare the tribological 
properties without the risk of major tip changes. The normal and lateral 
force acting on the tip were calibrated following the procedures given in 
Ref. [30]. 

Fig. 2(a) shows the frictional properties between the AFM tip and the 
MoS2 on Au(111) (green), in which the averaged friction force is in-
dependent with increasing normal load at 12 nm/s scanning speed. In 
comparison, the same tip sliding on the bare Au(111) surface (blue) 
shows a strong positive dependence with a coefficient of friction (COF) 
of 0.28 ± 0.01 with the same velocity. It should be noted that we can 
quantitatively compare the friction force between surface with a moiré 
corrugated MoS2 and Au(111) due to the in-situ measurements with the 
same tip and scanning velocities. The absolute value of friction force 
measured on the moiré corrugated MoS2 surface is below 10 pN (aver-
aged over all normal load configurations) which is more than two orders 
of magnitude smaller than the lowest value revealed on the Au(111) 
surface. Considering that the adhesion force on Au(111) is about 6 nN 
higher than that on MoS2 (see supporting information for more details), 

Fig. 1. Characterization of monolayer MoS2 grown on Au(111) substrate in UHV. (a) 100 nm × 100 nm topographic nc-AFM image of a single layer MoS2 flake. 
(b) High-resolution image showing the moiré and the atomic structure of the MoS2 islands in the torsional frequency shift Δf TR recorded in bimodal AFM. Pa-
rameters: (a) Δf1st = -10 Hz, A1st = 2.5 nm, (b) Δf2nd = -100 Hz, A2nd = 800 pm, ATR = 80 pm. 
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which could contribute to a larger total normal load, yet this is not the 
critical factor that dominates such a strong frictional contrast in Fig. 2 
(a). Thus, superlubric sliding exists between the AFM tip and the 
atomically clean MoS2 surface with normal load independent frictional 
behavior up to 9 nN. The maximum load is limited by the spring constant 
of cantilever used in this work and the change of the tip or the substrate 
that should be avoided during the measuring process. 

The lateral force reveals two opposite stick–slip profiles when 
scanning forward and backward on Au(111), as shown in Fig. 2(f). The 
area enclosed in this hysteresis loop is the energy dissipated in one 
sliding cycle. A completely different picture is found when the tip is 
sliding across the MoS2 flake with moiré superstructure, as shown in 
Fig. 2(d). The hysteresis loop and with it the dissipation disappears 
within the sensitivity of the current measurement similar to the previous 
results [31]. Simultaneously, the sawtooth modulation of the lateral 
force is transformed into a continuous modulation of matching forward 
and backward scans, showing the atomic periodicity of the surface lat-
tice. The scan velocity in both measurements was v = 12 nm/s. 

The atomic scale structure and the moiré patterns in the lateral force 
map are also revealed in high resolution lateral force images (Fig. 2(c)). 
These results again confirm the cleanness, purity and high quality of the 
MoS2 prepared and measured under UHV conditions. It guarantees the 
possibility to obtain the intrinsic frictional properties between tip apex 
and MoS2 surface getting rid of other channels of energy dissipations, 
such as surface pollution and environmental conditions. Due to these 
advantages, we were able to demonstrate the superlubric regime be-
tween the bare tip apex and the MoS2 surface, which bears no resem-
blance to the previous results [4–6]. Atomic defects were resolved in the 
lateral force map (see Fig. S4 in the supporting information), supporting 
the notion of a single-asperity tip sliding on the MoS2 surface. For the 
measurements on the Au(111) substrate, the lateral force map (Fig. 2 
(e)) also shows regular stick–slip motion comparable to previous results 
using silicon tips and metallic surfaces [32–33]. 

The velocity dependence of the friction measured on the two 

different surfaces is shown in Fig. 2(b), revealing, that the friction on Au 
(111) increases logarithmically with sliding speed which agrees well to 
the thermal activation method [34–36]. On the contrary, the friction on 
the moiré corrugated MoS2 surface remains almost constant in the 
experimental range of speeds of 1.5 to 390 nm/s, in line with previous 
experimental observations [37]. All the measurements of frictional ve-
locity dependence are conducted with 5 nN normal load. However, the 
exact origin of the constant friction force with increasing sliding velocity 
remains unclear. 

To understand the origin of the experimentally measured frictional 
phenomena, a two-dimensional energy landscape was constructed and 
used as an input for the PT model [38–39]. The tip is dragged by a spring 
over a sinusoidal potential representing the interaction between the tip 
and the single-layer MoS2 with amplitude E0 and periodicity a. While 
sliding at constant velocity relative to the substrate a spring of effective 
spring constant K is tensioned between the tip apex position xtip and the 
position of moving stage xs. To include the long-range potential repre-
senting the moiré superstructure, an additional sinusoidal component is 
added to the short-range potential related to MoS2 atomic structure as 
shown in Fig. 3(b). The rotation of the MoS2 lattice by 0.45 degree with 
respect to the Au(111) structure is used in this model, which was also 
confirmed in our experiments (see the fast Fourier transform of the 
lateral force map in the supporting information in Fig. S5). The total 
potential experienced by the tip consists of three parts the tip-atom, the 
tip-moiré and the elastic interaction between the tip and the substrate. It 
writes as: 

V(x, y) = Vtip− atom +Vtip− moire +Vspring, (1) 

where Vspring = 1
2 K

(
xtip − xs

)
, Vtip− MoS2 and Vtip− moire are 2D hexagonal 

potentials with the periodicity of MoS2 lattice and the moiré structure. 
Both can be written in the same form. 

Vhexagonal(x, y) = E0

(

2cos
2πx
a

cos
2πy

a
̅̅̅
3

√ + cos
4πy

a
̅̅̅
3

√

)

. (2) 

Fig. 2. Friction characterizations of MoS2 and Au(111) surfaces. (a) Load dependence of the friction force between the Si AFM tip and the MoS2 and Au(111) 
surfaces at a speed of 12 nm/s. (b) Dependence of the measured friction on the sliding velocity at a load of 5 nN (c, e) lateral force maps on the MoS2 and Au(111) 
surfaces, respectively. (d, f) The lateral force loops in forward and backward direction indicated in the maps in (c, e), respectively, showing two different sliding 
behaviors of the scanning tip. The error bars represent the standard deviation of the repeated independent measurements. 
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The amplitude of the potential corrugation of the MoS2 surface 
E0_MoS2 can be calculated by E0 =

aFmax
L
π according to the Ref. [31]. Thus, 

the amplitude of energy corrugation of MoS2 is 0.08 eV, which is 
determined directly from experimental measurements and shows a quite 
flat energy profile, consistent with the ultra-low friction observed in the 
experiments. 

The two different sliding movements depend on the relation between 
E0 and the elastic energy which can be described by the dimensionless 
parameter η = 4π2E0

Ka2 . We can also determine η as η =
2πFmax

L
kexpa − 1 by a 

detailed analysis of the experimental results [40]. In our case, η is 0.44 
lower than 1 with a vanishing stick–slip process which means a super-
lubric state has been achieved between the AFM tip and the MoS2 sur-
face. Smooth sliding motion results in the vanishing of energy 
dissipation. Then the effective spring constant can be calculated with the 
formula K =

η+1
η kexp. Now only one parameter, the amplitude of the 

potential of the moiré superlattice E0_moiré is not determined. It is ex-
pected that the ratio β between the amplitudes of the superstructure 
potential E0_moiré and the atomic potential E0_MoS2 is lower than 1 [38]. A 
satisfying agreement between simulation and experimental results was 
obtained by using β = 0.7. Furthermore, the value of β corresponds to 
the one used in Ref. [38] for a similar system. Thus, we could model the 
2D potential corrugation of single layer MoS2 on Au(111) substrate as 
shown in Fig. 3(b). Except for β, all the parameters used in the PT model 
simulations are chosen based on the experimental parameters, which 
leads to an excellent agreement that the simulation well reproduces the 
friction measurements as shown in Fig. 3(c). The absolute value and 
moiré profile of the lateral force can be compared directly to the 
experimental results (Fig. 3(d)) due to the used realistic parameters also 
quantitatively. Furthermore, not only the periodicities of the lattice 
spacing but the moiré modulation of lateral force in both experiments 
and simulations are in good agreements, which indicates that MoS2 
including the superstructure is relatively rigid and can be accurately 
described by the PT model, where deformations are neglected. The 

rigidity of moiré corrugated MoS2 surface is due to the strong in-plane 
covalent bonding combined with strong interaction between mono-
layer MoS2 and Au(111) surface. 

The existence of the superlubric state between AFM tip and MoS2 is 
influenced by two opposite effects related to the strong interaction of 
monolayer MoS2 and Au(111) and the additional potential created by 
the long-range superlattice structure. Au is known to have a strong af-
finity for sulfur, therefore the strong interaction between gold and the 
MoS2 surface tightly anchor the single layer onto the substrate [22,37]. 
Recent experimental and theoretical studies [29] have also confirmed 
that hybridization between S orbitals and states of the gold substrate is 
the main contribution to strong binding. This leads to the suppression of 
local out-of-plane deformation when the layer is scanned with the AFM 
tip. Experimentally, this is confirmed by the disappearance of the so 
called “strengthening” effect [19] as apparent in Fig. 2(d), which shows 
no gradual transient of the static friction force. This effect is based on the 
change in the quantity and quality of atomic scale contacts below the tip 
during the sliding process [21]. On the other hand, the nearly aligned 
configuration between Au(111) and the MoS2 layer not only reduces 
friction, but also forms a superstructure that provides an additional 
corrugated potential, leading to a corresponding change in friction. In 
the case of a KBr layer on Cu(111), the energy dissipation is caused by a 
superlattice structure due to a tiny rumpling in the vertical direction 
[41]. In contrast, no variation in the energy dissipation of graphene on 
SiC(0001) with modulated moiré structure is observed, as the trace and 
retrace of friction are consistently changed [39,42] In our measure-
ments, the height corrugation of the moiré superlattice is about 45 pm 
with a periodicity of 3.3 nm, indicating that the friction force modulated 
by moiré pattern is much smaller than that induced by the atomic 
structure. The lateral force trace and retrace coincide very well, also 
leading to the result that there is almost no variation of the energy 
dissipation due to the smaller amplitude of the potential and the larger 
periodicity of the long-range superstructure [34]. The moiré corrugation 
is no more than 0.1 nm, which is confirmed in our measurement also in 

Fig. 3. Simulated superlubric sliding between a point mass and a hexagonal lattice with super structure. (a) Schematics of the PT model. The tip is dragged 
over a moiré tuning double-periodic potential corrugation moving at a constant velocity, v. (b) Energy landscape exhibiting two periodicities due to the superlattice 
structure corresponding to MoS2 on Au(111). (c) Lateral force predicted via PT model simulation with l_MoS2 = 0.315 nm, l_Au(1 1 1) = 0.288 nm, relative rotation angel 
θ = 0.45 degrees, E0_MoS2 = 0.08 eV, E0_ moiré = 0.056 eV, m = 10-12 kg, v = 15 nm/s, K = 6.35 N/m, damping coefficient γ = 2

̅̅̅̅̅̅̅̅̅̅
K/m

√
, T = 300 K. (d) experimental 

measurements with the same sliding speed 15 nm/s and temperature T = 300 K as used in (c) and normal load at 3.5 nN. 
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agreement with the recent low temperature STM measurements [29]. 
These two competing effects are the dominant ones in sliding under the 
premise of measuring the intrinsic friction force between the tip apex 
and the atomically clean moiré corrugated MoS2 surface. Otherwise, 
impurities or water adsorption would provide additional energy dissi-
pation channels, which would dominate the energy dissipation process 
leading to the elimination of superlubricity, as shown in previous results 
[4–6]. In conclusion, the superlubric sliding between the tip apex and 
the MoS2 moiré superlattice can be achieved due to the reconstruction 
and a well-defined sliding interface. 

An important factor that needs to be taken into account for practical 
application of single layer MoS2 as solid lubricant is the effect of step 
edges of the substrate, specifically, the influence of topographical effects 
on the measured friction [43–45]. The full suppression of step edges of 
metal surfaces is impossible. Based on the present synthesis, a nearly 
perfect hexagonal MoS2 flake which is overlaid on an Au(111) step edge 
is illustrated in Fig. 4(a). The inset of Fig. 4(a) shows the height profile 
parallel to the fast scanning direction and shows the height of a single 
atomic step of Au(111) which is ~ 0.26 nm consistent with Ref. [46]. 
The tip moving upward along the MoS2 layer crossing a single Au(111) 
step experiences extra resistance compared to the tip moving on the flat 
surface which originated from the topographical effect. Similarly, the tip 
moving downward faces less resistance [47]. 

A typical lateral force slide during the trace and retrace moving on 
the MoS2 surface and crossing an Au step is shown in Fig. 4(b). Since the 
forward and backward scan almost match with each other within the 
experimental error, there is no chemical interaction between the tip 
apex and the MoS2 surface [45]. To evaluate the topographical effect on 
the friction, we investigated the maximum lateral force Fm during tip 
sliding across the buried step edge covered with a single layer MoS2. The 
rate of change of Fm with normal load along upward and downward 
scanning is used to quantify the COF. Compared to the 10-5 COF ob-
tained from the basal plane measurements within the superlubric 
regime, the COFs during both upward and downward increase by 4 or-
ders of magnitude (Fig. 4(c)). Both upward and downward scan di-
rections show the same dependence on the applied normal load. We note 

that the COF calculated from Fm is still lower than the value from the Au 
(111) substrate. More importantly, only the absolute maximum lateral 
force is quite high and increases with the normal load, the total dissi-
pation through the whole scanning line keeps at a very low level even in 
the area of the buried step. 

Finally, another key factor for realistic tribological scenarios is the 
ability to remain in low friction at different sliding velocities. To this 
end, we measured the dependence of Fm on the sliding velocity up to 
390 nm/s. As demonstrated in Fig. 4(d), the maximum lateral force in-
creases only slowly with the sliding velocities. However, as already 
mentioned before in the regime of superlubric states, the velocity 
dependence of a contact crossing buried step edge is still not very well 
understood and needs further attention as well. 

In summary, we characterized the structural and frictional properties 
of epitaxial single layer MoS2 grown on a monocrystalline Au(111) 
surface under UHV. The surface lattice of MoS2 was resolved with 
atomic resolution using bimodal UHV AFM at room temperature, 
unveiling the moiré superlattice (3.3 nm periodicity) and the MoS2 
atomic structure. We also demonstrated the experimental capability to 
achieve a robust superlubric state between a sliding Si tip and moiré 
corrugated MoS2 surface, which shows an ultralow friction behavior 
independent to the normal load. MoS2 moiré superlattice coverage en-
sures good tribological performance even in areas crossing Au(111) step 
edges. Our calculations demonstrate excellent agreement with the 
experimental data. This indicates that superlubricity is intimately con-
nected to the relatively rigid structure of the MoS2 layer including the 
superstructure induced by lattice mismatch between MoS2 and the Au 
(111) substrate. Consequently, the out-of-plane deformations are sup-
pressed strongly, and the additional friction induced by extra potential 
originating from the superlattice can be neglected. Such results reveal 
atomistic insight into fundamental mechanism of ultralow friction and 
are expected to be applicable for other sliding contact interfaces. 

Fig. 4. Topography and frictional forces of 
MoS2 islands crossing single Au(111) step 
edges. (a) Topography in a large scan area 
measured in contact mode. The inset shows a 
height profile along a buried Au(111) step edge 
covered with a monolayer MoS2. (b) Typical 
lateral force loop across a buried step edge. (c, d) 
Load and velocity dependence of the maximum 
lateral force between AFM tip and MoS2 surface 
crossing a single Au(111) step. The error bars 
represent the standard deviation of the repeated 
independent measurements.   
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3. Methods 

3.1. Sample preparation 

Single-layer MoS2 flakes were grown in a UHV chamber (base pres-
sure of < 5 × 10− 10 mbar) on a freshly prepared Au(111) single-crystal 
surface. The Au(111) surface was prepared by several cycles of Ar+ ion 
sputtering (~2000 eV, 3 × 10-6 mbar Ar pressure and 10–15 min) and 
annealing (750 K, 10–20 min). The cleanliness of the surface was veri-
fied by the presence of the Au herringbone reconstruction by nc-AFM 
(see Fig. S1 in the supporting information). MoS2 was prepared ac-
cording to Ref. [26–27]. by molybdenum deposition and H2S dosing. 
Molybdenum was deposited onto the Au(111) surface via electron beam 
evaporating for 5 min while the H2S gas was dosed directly to the sample 
through a nozzle at a distance of 5–10 mm. Pressure of the preparation 
chamber keeps at 10-6 mbar during the process. Afterwards, the sample 
was annealed at 800 K for half an hour. Then, the sample was transferred 
to the UHV AFM system via an UHV transfer suitcase (base pressure of <
5 × 10− 10 mbar). 

3.2. AFM measurements 

Non-contact and friction force AFM measurements were performed 
with a home-built microscope using beam deflection detection with a 
bandwidth of 3 MHz. Topography of MoS2 was obtained by using the 
first flexural mode of the cantilever (PPP-NCL, nanosensors) with a 
center frequency of f1st = 172 kHz and an amplitude of A1st = 2.5 nm. 
The typical quality factor of these cantilevers in UHV is Q1st = 30 000. 
Bimodal experiments were also conducted by using the first phase 
locked loop (PLL) to control the tip-sample distance and a second PLL to 
drive the first torsional oscillation mode with values typically around 
fTR = 1.7 MHz, an amplitude of ATR = 80 pm, and quality factor of QTR =

60 000. Friction force measurements were performed in contact mode 
with a silicon cantilever (PPP-CONTR, nanosensors) at specific speeds 
and normal loads. A very slow feedback loop on the normal load con-
trolling the tip-sample distance was used, in order to avoid any influence 
of the feedback on the measurement of the lateral forces. 
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