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1.  Introduction

As a promising tool for the study of dynamic processes at 
nanoscale, the high-speed atomic force microscope (HSAFM) 
has attracted considerable attention during the last decade 
[1, 2]. HSAFM expands applications of conventional AFM to 
various fields such as in-situ observation of dynamic biological 
events [3–6], mapping structure changing processes under an 
external field [7, 8], real-time manipulation of nano-objects [9], 
and high-speed lithography [10, 11]. In order to perform the 
experiments above, many different approaches for fast scan-
ning have been proposed and developed that could be divided 

into two categories: (i) increase the resonance frequency of the 
conventional scanners; and (ii) scan at the increased resonance 
frequency of those. The former is designed based on the com-
bination of piezoelectric stack actuators and a flex mechanism 
with a resonance frequency much higher than those of conven-
tional scanners [12, 13]. The latter is fabricated by using a small 
mechanical oscillator, such as a tuning fork [14–16], a brass bar 
[17], a quartz bar [18], or a bimorph beam [19, 20]. The notable 
advantages of the resonance-type scanners include: (i) a simple 
structure which is easy to fabricate, since a complicated flexible 
structure is not needed; (ii) a large scan range; and (iii) a low 
drive voltage with a sinusoidal waveform, where high-voltage 
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amplifiers are not needed. Besides, the scanner driven by a sinu-
soidal waveform can help eliminate harmonic excitation of the 
scanner resonance modes [21]. Therefore, the resonance-type 
fast scanners have been widely used in HSAFM.

The resonance-type bimorph-based fast scanner for 
HSAFM has been successfully developed in our laboratory, 
which can work in sample-scan and tip-scan modes [19, 20]. 
The main characteristic of the scanner is the use of a piezoelec-
tric bimorph, where one of the piezoelectric layers is used to 
drive the bimorph beam to scan in a high speed and the other 
monitors the beam vibration. The significant advantage of the 
bimorph-based scanner with respect to the tuning fork is the 
fact that the imaging rate and the maximum scan range can be 
adjusted by changing the bimorph beam length, providing an 
easy method for the observation of samples with different prop-
erties. Furthermore, compared with the brass and quartz bar 
scanners, the bimorph-based scanner has the ability to detect 
the vibration of itself including amplitude and phase, which 
provides useful information for correcting image distortion.

Since sinusoidal scanning is used in resonance-type scan-
ners, the scanning speed varies as a sinusoidal waveform, 
resulting in the tip/sample’s velocity being slow at both ends 
and fast at the middle part of each scan line. However, the 
sample time between point and point is usually the same, 
leading to redundant sample points in both left and right parts 
of the image and fewer sample points in the middle area. In 
this case, the image composed of the sampling points is dis-
torted [22–24]. In addition, we also found that image distortion 
can be caused by the phase-lag between the scan drive voltage 
and the movement of the scanner. Therefore, it is important 
to conduct real-time distortion correction while performing 
high-speed imaging. Unfortunately, little work on the phase-
lag induced distortion correction has been reported up to now.

In this paper, we focus on the high-speed imaging and dis-
tortion correcting methods. The HSAFM experimental setup, 
including the resonance-type bimorph-based scanner, hardware 
configuration, and data collection system, is first presented in 
detail. Image distortions due to the phase-lag and sinusoidal 
scanning are then analyzed and simulated. The image distor-
tion caused by the phase-lag is compensated by applying a data 
shift method on the collected data, and the distortion intro-
duced by nonlinear movement is corrected by using nonlinear 
mapping relations. High-speed imaging at the maximum rate 
of ~30 frames per second (FPS) is demonstrated. The image 
distortions caused by the phase-lag and sinusoidal scanning are 

effectively eliminated in real-time. This work would provide 
useful methods for the development of HSAFM and applica-
tions in the observation of dynamic processes at nanoscale.

2.  Experimental setup

2.1.  Resonance-type bimorph-based scanner

The resonance-type bimorph-based scanner for HSAFM is 
schematically shown in figure  1. By means of the specially 
designed holders, the bimorph consisting of two piezoelectric 
layers attached to a conductive middle shim is rigidly clamped 
at one of its ends, forming a cantilevered beam with dimensions 
of length l, width w, and thickness t. A small sample stage or an 
AFM tip could be fixed on the free end of the beam for oper-
ating in the sample-scan mode or tip-scam mode, respectively.

For high-speed imaging, two important parameters have to be 
taken into account, including the resonance frequency f0 and the 
displacement sensitivity S of the free end of the beam, where the 
unit of f0 is kHz and that of S is μm/V. Obviously, the resonance 
frequency corresponds to the line scan rate of the scanner and the 
displacement sensitivity is related to the scan range. Based on 
the theory for an homogeneous beam with a uniform cross sec-
tion, f0 and S can be estimated by the following equations [19]:

� η π ρ= ( )f t l E/ 2 ( / ) ( / 12 )0 0
2 2 1/2 (1)

� =S d l h Q( / ) .31
2 (2)

Here, E is the Young’s modulus, η0 = 1.875, ρ is the mass den-
sity, Q is the quality factor of the beam that is defined as f0/Δf 
and Δf is the full width at half maximum, h is the thickness of 
one piezoelectric layer, d31 is the relevant piezoelectric coef-
ficient. From the above equations, it is easy to find that the 
imaging rate can be adjusted by changing the beam length, and 
the scan range can also be done by changing the beam length 
or the drive voltage. The relationship curves between f0 or S 
and the beam length l were calculated and given in figure 2.

Figure 1.  Schematic of the resonance-type bimorph-based scanner 
for HSAFM.

Figure 2.  The relationship curves between the resonance frequency 
(the line scan rate)/displacement sensitivity and the beam length, 
calculated with parameters of width w = 1.5 mm, thickness t = 0.8 mm, 
h = 0.3 mm, elastic modulus E = 5.2  ×  1010 N m‒2, the density ρ = 
6.5  ×  103 kg m‒3, and the piezoelectric coefficient d31 = 1.71  ×  10‒10 m V−1. 
The Q-factors were measured to be about 20.
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The other parameter related to high-speed imaging is FPS, 
which is given by

� = f NFPS / L0 (3)

where NL is the number of lines in one frame. For example, if 
the line scan rate f0 is set to 1.0 kHz and the number of lines is 
100, HSAFM images can be taken at 10 FPS.

2.2.  HSAFM setup

A home-made HSAFM system working in the contact-mode has 
been successfully built, in which a sample scan and tip scan can 
be employed, respectively. In the sample-scan mode, as shown 
in figure 3(a), the bimorph scanner is mounted on the top of 
a quartered single tube scanner (not shown in the figure). The 
longitudinal axis of the bimorph is carefully aligned with the 
y-direction of the tube scanner, forming a hybrid scan unit. High-
speed scanning is realized with the bimorph beam vibrating near 
its resonance frequency, while slow scanning is performed by 
means of the tube scanner. The tube scanner can also provide 
motion in the z-direction for height control on a frame-by-frame 
timescale when HSAFM imaging [2, 25]. The mechanical prop-
erties of the micro cantilever beam are constructed to control 
the path of the tip over the surface of the sample [14]. In the 
tip-scan mode, an AFM cantilever is fixed on the free end of the 
bimorph by using a specially designed tip holder, as shown in 
figure 3(b). In this mode, both fast and slow scans are carried out 
in the same way as those in the sample-scan mode. However, 
the scan range is restricted within ~10 μm due to tracking optics, 
and false bending effects need to be removed by subtracting the 
background signal in the program [20]. For HSAFM imaging, 
the laser beam deflection method is adopted to detect the motion 
of the AFM cantilever. The aspheric lens is used for focusing 
the collimated laser beam on a small cantilever. The commer-
cially available cantilevers, Bio-Lever mini (BL-AC40TS-C2, 
Olympus) with the spring constant of 0.1 N m−1 and resonance 
frequency of 110 kHz, are used in the experiments.

2.3.  Scan control and data collection

The control system consists of the conventional AFM con-
troller, the high-speed scan, and data acquisition system. 
The conventional AFM controller includes the mechanism to 
approach the tip to the sample surface and the feedback cir-
cuits to keep an average height of the tip to the surface in the 

z-axis during imaging. The high-speed system consists of the 
National Instruments data acquisition card (DAQ) (National 
Instruments, S-6115) and a homemade program for scan 
signal generation, real-time data acquisition, and image pro-
cessing. One of the analog output (AO) channels of the DAQ 
card is connected to one of the piezo-layers of the bimorph for 
high-speed scanning in the x-axis, while the other AO channel 
is connected to the tube scanner for scanning in the y-axis by 
means of high-voltage amplifiers. The waveforms of the sig-
nals to drive the hybrid scan device are shown in figure 4. The 
induced voltage from the other piezo-layer of the bimorph is 
used as the sensing signal, which is amplified and fed to one 
of the analog input (AI) channels for monitoring the bimorph 
vibration, providing information about the oscillation ampli-
tude and the phase difference between the driving signal and 
the sensing signal. The AFM deflection signal from the four-
quadrant position sensitive detector (PSD) is fed to the other 
AI channel to create images. The synchronization of the scan 
voltage with the data acquisition is realized by the data col-
lection system.

3.  Analysis and simulation for image distortions

In order to carry out real-time imaging, image distortions due 
to the phase-lag and sinusoidal scanning are analyzed and 
simulated, as follows.

3.1.  Image distortion caused by phase-lag

It is well-known that a topographic or deflection signal of a 
conventional AFM is synchronized with its scan drive voltage, 
usually forming an AFM image with small nonlinear distor-
tion due to nonlinear movement of the piezoelectric scanner. 
This nonlinear distortion can be corrected by many existing 
methods [26]. In HSAFM, the imaging signals should be also 
synchronized with the scan drive voltage. However, it was 
found that the HSAFM imaging signals are highly asynchro-
nous with the scan drive voltage, because a phase-lag φ(ω) 
exists between the drive voltage and the movement of the 
scanner, resulting in image distortion.

This phase-lag φ(ω) can be described by the dynamic equa-
tion (4) of a bimorph beam [27–29], where x is the displace-
ment of the scanner, m is the effective mass of the vibrating 
system and γ is the damping constant. ω0 is the resonance 

Figure 3.  Schematics of the resonance-type bimorph-based scanner, operating in (a) the sample-scan mode and (b) the tip-scan mode.
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frequency that can be expressed by ω = k m/0 , k is the 
spring constant of the cantilever. ωF tcos0  is a periodic force 
which excites the scanner’s motion.

� γ ω ω+ + =x

t

x

t
x

F

m
t

d

d

d

d
cos

2

2 0
2 0 (4)

By introducing the Q factor such that ω γ=Q / 20  and solving 
equation (4), the displacement x(t) can be deduced as

� ω ω φ ω= −x t x t( ) ( ) cos [ ( )]0 (5)

where

� ω
ω ω ω ω

=
− +
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F k
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/

[1 ( / ) ] ( / )
0

0

0
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0
2 (6)

and the frequency dependent phase-lag φ(ω) can be expressed 
by equation (7):

� φ ω ωω
ω ω

=
−Q

tan ( )
1

.0

0
2 2 (7)

According to equations  (4)–(7) and compared with the 
driving signal, the displacement or the sensing signal of the 
bimorph has a phase-lag φ(ω).

To demonstrate image distortion caused by the phase-lag, 
an image of a standard grating sample as given in figure 5(a) 
is simulated. The simulated results show that serious image 
distortion takes place due to the phase-lag, as shown in 
figure 5(b), which is very different from the nonlinear dis-
tortion. As mentioned above, the sensing signal from the 
bimorph scanner provides phase-lag information of the 
bimorph vibration and can be used for image correction. 
Figure 5(c) shows the relationship between the HSAFM col-
lection/deflection signal (the solid line), the drive voltage (the 
dashed line), and the sensing signal (the dotted line), from 
which the phase-lag can be calculated, and in figure 5(c) it is 
~40°. It was found that if the HSAFM collection signal was 

synchronized with the driving signal by means of the data 
collection system, the image phase-lag distortion could be 
effectively eliminated.

3.2.  Image distortion due to sinusoidal scanning

To analyze the image distortion due to sinusoidal scanning, 
we assume that the phase-lag is zero and the displacement x(t) 
of the bimorph scanner is expressed by

� ω= −x t x t( ) cos ( ).0 (8)

If each scan line consists of N pixels, the time period of 
scanning T, and the sampling rate ts, the scanning time per line 
T can be estimated by

� =T Nt2 .s (9)

The coefficient 2 means that in one period the tip or sample 
moves forward and then backward. So the angular frequency 
ω can be deduced as

� ω π π= =T Nt2 / / .s (10)

Substituting equation (10) into equation (8) yields

� π π= − = −x x t Nt x n Ncos ( / ) cos ( / )s0 0 (11)

where t/ts represents the pixel number n on each scan line.
Equation (11) gives the relationship between the displace-

ment x and the pixel number n on each scan line. It is a cosine 
curve just like the drive voltage waveform. It is easy to see 
that the displacements are relatively smaller at both ends of 
each scan line because of n being close to 0 or N, and the 
sampling points are distributed intensively. In the middle part 
of each scan line, however, the displacements are larger and 
the sampling points are distributed sparsely since n is close to 
N/2. Thus, the image composed of the unevenly distributed 
sampling points is distorted along the scan axis.

As an example, the typical image distortion caused by sinu-
soidal scanning is shown in figure 6(a). The sample simulated 
here is also a standard grating as given in figure 5(a). It is evi-
dent that the center part of the image is compressed while two 
sides of the image are expanded. The difference between the 
linear and the sinusoidal scanning is shown in figure 6(b). For 
a linear scan, the relationship between the pixel number and 
the displacement is linear, as represented by the solid line. For 
a sinusoidal scan, the displacement is nonlinear to the pixel 
number as given by the dash line. That is the reason for the 
nonlinear image distortion.

4.  Distortion correction methods

4.1.  Phase-lag compensation

As we know, the phase-lag φ(ω) is frequency dependent. Once 
the line scan rate changes, the phase-lag value varies too. In 
order to compensate for the phase-lag, the phase difference 
between the scan drive signal and the sensing signal of the 
bimorph beam has to be measured before image correction. 
Based on the measured phase-lag value, the collected data can 
be shifted to the right point of each scan line.

Figure 4.  Waveforms of the scan voltages for the hybrid scanner: 
(a) for the x-axis a fast scan of the bimorph scanner; and (b) for the 
y-axis a slow scan of the tube scanner by means of high-voltage 
amplifiers.
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Figure 7 gives the illustration of the compensation method 
for the correction of phase-lag induced distortion. Each dot 
in the figure represents a collected data point. The number 
of the data per one frame is M  ×  2N. One frame consists 
of two images: scanned forward and backward. Generally, 
one of the forward or backward images with pixels M × N 
is displayed. While imaging, the collection system reads 2N 
data once per line in a fixed sampling rate, which is synchro-
nized with the drive voltage. Because of the phase-lag, the 
starting point of the collection mismatches with the actual 
scan position. The key issue to compensate the phase-lag is 
to determine which point is the actual starting point in this 
line. That is, the number of data points that need to be shifted 
should be determined.

For example, as shown in figure 7, assume that the col-
lected data per line starts from Xk rather than X1 due to the 
phase-lag. The method of the compensation is to shift these 
data points before X1, and then to make X1 the starting point 
of the line, because X1 matches the actual scan position. 
Based on this idea, we put the first point Xk into the right 
end of the line and then move the following points one by 
one. Finally, the correct data structure for both forward (X1 
to XN) and backward (XN to X1) data are built up. Obviously, 
a correct image can be formed by shifting the corresponding 
data line-by-line, since the number of collected data points 
per line (one cycle) is 2N and the measured phase-lag is 
θ degree. The value k can be estimated by the following 
relationship:

Figure 5.  (a) The image of a standard grating sample. (b) The simulated image distortion caused by the phase-lag. (c) The relationship 
between the collection/deflection signal (solid line), the scan driving voltage (dash line), and sensing signal (dotted line) in HSAFM.

Figure 6.  (a) The simulated image distortion caused by sinusoidal scanning. (b) The difference between the linear (solid line) and the 
sinusoidal scan (dash line).
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�
θ=k

N2 360
(12)

� θ=k N / 180. (13)

Based on equation (13), it is easy to determine the value k 
since θ can be measured in our experiments.

4.2.  Nonlinear correction for sinusoidal scanning

Because of the sinusoidal scanning, we need to put each data col-
lected by the equal time intervals into the true spatial position. In 
other words, the collection system is linear but the displacement 
is nonlinear. The relationship between the linear and nonlinear 
scan can be deduced in the following way. The maximum scan 
range of the bimorph scanner is from −L/2 to L/2 and the number 
of the pixels in each line is N. If a linear scan is adopted, the 
displacement of one pixel is constant and can be expressed as

� = −x L N/ ( 1).0 (14)

For a nonlinear scan, the displacement xn can be expressed 
as follows:

� π= − =⎜ ⎟
⎛
⎝

⎞
⎠x

L n

N
n N

2
cos , 1, 2, 3, ..., .n (15)

The method to correct such image distortion is to make 
the nonlinear displacement equal to a linear scan. So the fol-
lowing relationship should be satisfied:

� − + − =L
k x x

2
( 1) n0 (16)

which yields

�

⎜ ⎟
⎛
⎝

⎞
⎠= + +k

x
x

1 1

2
1n

0 (17)

� π= − − + + =⎜ ⎟
⎡
⎣⎢

⎛
⎝

⎞
⎠

⎤
⎦⎥k

N n

N
n N

1

2
cos 1 1, 1, 2, 3, ..., . (18)

From equation (18), the values of k are not integers, and 
hence need to be rounded off. We use integer kʹ instead of k in 
the calculation. The following table can be used to correct the 
distorted image.

Figure 8 shows the relationships between the pixel num-
bers in a nonlinear and linear scan for N = 128 and the 
corresponding correction method. In this figure, line n rep-
resents a line from the distorted image and line i repre-
sents the corrected line. From the relationships kʹ it is easy 
to see that the distortions mainly concentrate on both left 
and right sides of the image due to the slow scan velocity. 
Since the scan velocity is close to that of the linear scan, 
the middle parts of the image often have less distortion. 
From the relationships in the illustration, it is clear to see 
that three mapping situations need to be addressed: the first 
situation is oversampling, the average value of the data at 
the first five pixels of the distorted line should be calcu-
lated and put in the first pixel of the corrected line. For the 
second one, the data at the distorted and corrected pixels 
have a one-to-one correspondence and no calculation is 
needed. The third case is undersampling; because there is 

Figure 7.  Illustration of the correction method to compensate phase-lag distortion.

Figure 8.  The corresponding mapping table kʹ between the pixel numbers in a nonlinear and linear scan. Line n represents a line from the 
distorted image (nonlinear) and line i represents the corrected line (linear).
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no data in the pixels of the distortion line, the average value 
has to be calculated from the data at two nearest points and 
put in the corresponding pixel. Based on the above method, 
the distorted data can be corrected line by line.

It is worth noting that 66% of the pixels from the distorted 
image have a one-to-one relationship with the corrected image 
for N = 128 according to equation (18). The computation of 
this method is mainly used to process 21% of pixels which 
are undersampling and 13% of pixels which are oversampling. 
For example, interpolate for undersampling data and calcu-
late average values for oversampling data. Therefore, if these 
pixels could be processed with a faster algorithm, the speed of 
this correction method would be further increased. It will be 
discussed in our future work.

5.  Experimental results and discussions

In order to evaluate the methods mentioned above, during 
imaging, the original image, the image after the phase-lag 

compensation, and the image after nonlinear correction were 
collected respectively. A piece of the compact disc (CD) with 
the period of ~1.6 µm as a test sample was first measured. The 
images were acquired with 500 points per line (250 points for 
forward scan and 250 points for backward scan) and 200 lines 
per frame by using the collection system, and only the for-
ward scanned images were displayed. One image size is thus 
250  ×  200 pixels. The phase-lag induced distortion is clearly 
seen, as shown in figure 9(a). After the phase-lag compensa-
tion, the nonlinear distortion can be observed in figure 9(b), 
where the grooves are narrower at the middle area than those 
on the two sides. After performing nonlinear distortion correc-
tion, the distances between the CD grooves become equally 
spaced. The final image in figure 9(c) shows that the distor-
tions are effectively eliminated in real-time.

Image linearity was evaluated by extracting five edges 
of the grooves L1–L5 from figure  9(c) first, as shown in 
figure 10(a). Then the least-squares fitting method was used 
for each edge. The linearity was quantified by the correlation 
coefficients of each edge. By using our home-made program, 

Figure 9.  HSAFM images of a piece of the CD disc. (a) The original image; (b) the image after the phase-lag compensation image; 
and (c) the final image after nonlinear correction. The scan range is ~10 μm and the imaging rate is ~15 FPS. The movie is shown in the 
supplementary data as movie1.gif (stacks.iop.org/MST/25/125404). During imaging the sample position was manually adjusted slightly.

Figure 10.  (a) Five edges of the grooves are extracted from the image figure 9(c); (b) shows the correlation coefficient of each edge; and 
(c) gives ten datasets extracted from (a) to evaluate the groove intervals d.
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the minimum value of the correlation coefficients is larger 
than 0.9986, which shows the good linearity, as given in 
figure 10(b). In order to verify that groove intervals d in the 
image are equal, 10 datasets were extracted from figure 10(a), 
as shown in figure 10(c). The average value of d is 40 pixels 
and the standard deviation is 1.2 pixels, which also help to 
illustrate that the image distortions are effectively eliminated.

To further demonstrate the ability of the correction 
methods, the TGQ1 grating with the period of 3 μm (NT-MDT 
Company, Russia) as a calibration sample was then measured. 
Figure 11(a) is the original image of the sample, from which 
it is clearly seen that serious image distortion takes place in 
the middle area of the picture due to the phase-lag. After the 
phase-lag compensation, the image with only nonlinear distor-
tion is taken, as shown in figure 11(b). As nonlinear correction 

continues, the image as given in figure 11(c) shows the distor-
tions are effectively eliminated. The scan range is ~6 μm and 
the imaging speed is ~30 FPS. It should be mentioned that 
these images experimentally obtained are in agreement with 
the simulation results, as given above.

In order to verify the ability for real-time imaging of dynamic 
processes by using our HSAFM, experiments were performed in 
such a way that the sample (TGQ1 grating) was moved by man-
ually adjusting the micropositioning stage while imaging. We 
happened to see an interesting phenomenon, that is, the motion 
of one of the small dust particles was observed. The particle on 
the sample surface started to move from its initial position (A) 
and then slightly changed its moving direction at point (B) and 
finally stopped at position (C), as shown in figure  12, which 
shows selected images from the movie captured by HSAFM. 

Figure 11.  HSAFM scanned images of the TGQ1 grating. (a) The original image; (b) the phase-lag compensation image; and (c) the final 
image after nonlinear correction. The scan range is ~6 μm and the imaging rate is at ~30 FPS. The movie is shown in the supplementary 
data as movie2.gif (stacks.iop.org/MST/25/125404).

Figure 12.  HSAFM images of the TGQ1 grating, showing the motion process of a small particle from the positions (A) to (C) through 
point (B). (a) The particle at position (A) starts to move. (b) The change of the motion direction of the particle at point (B). (c) The particle 
finally stops at position (C). (d) The supposed moving path of the particle during its movement. The scan range of the images is ~8 μm and 
the imaging rate is ~12 FPS. The complete movie is given in the supplementary data as movie3.gif (stacks.iop.org/MST/25/125404).
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The distance between positions A and C is about 4.8 μm. It 
is suggested that the particle at position (A) is unstable and it 
starts to move due to the lateral force of the scanning tip when it 
impacts on the particle instantaneously. The lateral force acting 
on the particle is obviously larger than the friction force between 
the particle and the substrate. It is found that the motion trace 
of the particle is nonlinear. The change of the motion direction 
could result from the force between the tip and the particle or 
between the particle and the substrate, or their combination 
during its movement. From the nonlinear path of the particle, the 
rastering tip would be another factor that changes the direction 
of the particle’s motion. During imaging the tip and the particle 
may collide with each other multiple times. It is believed that the 
particle at the new position (C) is more stable than that at (A). 
In fact, it could be difficult to explain the underlying reason for 
the phenomenon. Nevertheless, these results imply that real-time 
imaging can be carried out with our HSAFM setup.

6.  Conclusion

In conclusion, a resonance-type bimorph-based HSAFM has 
been developed in our laboratory, which is able to operate in 
the sample-scan and tip-scan modes. The main characteristic 
of the resonance-type bimorph-based scanners is the use of a 
piezoelectric bimorph, where one of the piezo-layers is used to 
drive the bimorph beam to scan in a high speed and the other is 
done to sense the bimorph vibration. The sensing signal from 
the bimorph provides useful information for the correction of 
the phase-lag induced distortion. Image distortions due to the 
phase-lag and sinusoidal scanning are analyzed and simulated. 
A data shift method for compensating the image distortion 
caused by the phase-lag is presented and nonlinear mapping 
relations are proposed for correcting the distortion introduced 
by sinusoidal scanning, respectively. The HSAFM imaging at 
the maximum rate of ~30 frames per second is demonstrated 
with our data collection and correction program. The image 
distortions caused by the phase-lag and sinusoidal scanning are 
effectively eliminated in real-time. This work would provide 
useful methods for the development of HSAFM and applica-
tions in the observation of dynamic processes at nanoscale.
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