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This research is going to upgrade the previous work of a contact force controlled scanning
probe microscopy system design, the main part of this system are as: XYZ-stage, force actuator
and driving circuit, Linear Variable Differential Transformer(LVDT), Linear Velocity
Transducer(LVT), load cell, diamond probe, data acquisition board, and operating system
programming. By using PID controller, the contact-force of the probe is feedback for monitoring
the force actuator to meet the desired contact-force between the probe and the object as well as to
minimize the hysteresis effect of the force actuator. Finally, the profile of the object surface is
displayed on a 3D graph. The accuracy of the system is 1 pm.

This research is going to use Linear Velocity Transducer (LVT) to detect the vertical moving
velocity of the stylus probe for the force actuator inner-loop damping and transient behavior
control. This improvement has been verified by MATLAB simulation to reduce the hysteresis

effect and the transient response of the force actuator.



The other effects that will degrade the performance of measurement accuracy are probe tip,
Linear Variable Differential Transformer (LVDT), and load cell. In the previous work, the probe
tip is with radius 2 pum and angle 60 degrees. The accuracy of LVDT is 1um. The measurement
resolution of load cell is 40 mg. To improve the system performance of the proposed surface
profiler this project is going to purchase the probe tip with radius 100 nm and angle 10 degrees.
The resolution of load cell is 5 mg, and the up-graded LVDT as well as the circuit layout artwork.

In addition, to further upgrade the performance of the proposed surface profiler, a reflective
mirror is also going to be applied at the top of probe module, which can reflect the beam of a
He-Ne laser to a Position Sensitive Detector (PSD) to amplify the displacement of the probe due

to the up-and-down movement of sample profile.

Keywords: Linear Velocity Transducer (LVT), Linear Variable Differential Transformer
(LVDT), Load Cell, He-Ne Laser, Position Sensitive Detector (PSD), Kalman

Filter, Multi-Sensor Data Fusion
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Jium-Ming LIN
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Abstract—This research is to use Linear Velocity
Transducer (LVT) to detect the vertical velocity of the
stylus probe for the inner-loop damping and transient
control of a force actuator. This improvement has been
verified by MATLAB simulation and practical
implementation of a surface profiler to reduce the
hysteresis effect of the force actuator.

Keywords —LVT, LVDT, Load cell, Surface profiler.

I. INTRODUCTION

The Scanning Probe Microscopy (SPM) has been
developed rapidly in the last two decade [1]. Its usage is
very extensive, for example, the measurements of
physical distribution and material property such as
surface profile, roughness, static charge, magnetic
dipole, friction, elasticity, and thermal conductivity. As
shown in Fig.1 of past research [2], a balance with
stylus probe, force actuator, LVDT (Linear Variable
Differential Transformer), load cell, personal computer,
and XYZ- stages was integrated into a
contact-force-controlled Scanning Probe Microscope
(SPM) system, such that the surface of the sample
would not be destroyed by the contact force produced
by the stylus probe. This research is to use Linear
Velocity Transducer (LVT) in Fig. 2 to detect the
vertical velocity of the stylus probe for the inner-loop
damping and transient control of the force actuator.

Force Actuator

YWZTable 0

(Computer

AD Instrumention Amplifier

Di4

Fig.1. The contact force-controlled SPM system.
The stylus probe is shown in Fig.3, the voice coil

Chun-Chieh LIN

School of Mechanical Engineering and Astronautics,
Chung-Hua University
Hsin-Chu, Taiwan, ROC
e-mail:  m09308037@chu.edu.tw

was applied as a force actuator (Fig. 4a), which was
integrated with LVT and LVDT (Fig. 4b) to measure the
probe vertical displacement and velocity. The load cell
in Fig. 5a was used to detect the contact force between
the probe and sample to be tested. A leaf spring in Fig.
5b was applied to integrate the load cell with voice coil,
LVT and LVDT module as shown in Figs. 5¢ and 5d.

Fig. 2. The LVT. Fig. 3. The stylus probe.

Fig.4a. The voice coil. Fig. 4b. The LVDT.

Fig. 5a.The load cell.

Fig. 5b.The leaf spring.

In addition to the XYZ-stages a piezo-stage in Fig. 6
was also put on the Z-stage to improve the measurement
accuracy. The personal computer was the central control
unit for the whole operation, such as setting the contact
force between the probe and the sample, taking the
contact force information from the load cell, as well as
driving the force actuator for the balance-arm initial
leveling. Thus it is an automatic SPM system.This
improvement has been verified by MATLAB simulation
and practical implementation of a surface profiler to
reduce the hysteresis effect of the force actuator.
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Force
Actuator

Spring

LVDT

LVT

Load Cell

Diamond Tip

Fig. 5c. The installation structure of load cell, voice coil LVT and
LVDT.

Fig. 6. The piezo-stage and the sample holder.

I1. PRINCIPLE OF SYSTEM DESIGN

The structure of the system is shown in Fig.1. The
major part is the balance. The stylus probe is on the left
side, while the force actuator and the load cell are on the
upper and the lower parts of the right side, respectively.
The force actuator is consisted of a coil and a spring as
in Fig. 7a, when a voltage is applied across the coil, then

there is current in the coil, and a force is generated to
compress the spring and make a vertical displacement as
shown in Fig. 7b.

De-Energized

Energized

Fig.7a. Force actuator de-energized. Fig.7b. Force actuator energized.

The relationship of the applied voltage and the
displacement is shown in Fig. 8. In order to reduce the
hysteresis-effect of the force actuator in Fig. 8, a PI
compensator in the forward path as well as a LVT
measuring the vertical velocity as the feedback path of
the force actuator, were applied in this research as
shown in Fig. 9. A saw tooth-shaped voltage (with peak
value =100 mV) as shown in Fig.10, which stands for
the displacement command of the force actuator as well
as the probe, is applied to the input of the compensated
force actuator.

500

450

4000 G

3,500

R

300 At
7] .

150
jEamrs
200 ¥
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0.5 ‘/ Jd
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Fig. 8. The relationship of the applied voltage and the displacement of
force actuator.

If the gains of the compensator are set as P=1, then
the output of LVDT is shown in Fig. 11 by MATLAB
simulation. One can see the hysteresis effect still exists
as shown in Fig. 12 with output and input on the x and y
axes, respectively. After a little while of trial-and-error
one has a very good result with P=1 and [=200,
respectively, e.g. the output of LVDT is shown in Fig.
13, and the hysteresis effect is almost disappeared as
shown in Fig. 14. Finally, the simulation block diagram
of the whole system is shown in Fig.9, in which the
desired contact force between the probe and the sample
is set as the input command to the system, and a load
cell is used as the outer feedback loop sensor.
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to the input of the compensated force actuator.
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Fig. 11. Output of LVDT shows the hysteresis effect still exists with

P=1 Fig. 14. Hysteresis effect is almost disappeared with P=1 and [=200.

XY Plot ; I11. TEST RESULTS AND DISCUSSIONS

The first step of test is initial levelling of the
balance lever arm, which is achieved by adjusting the
current through the coil of force actuator. Since the
lever arm weight at the stylus probe (contact with the
sample) side is heavier than the other side (contact
with actuator) intentionally, thus the force actuator
05 should push down to make the balance lever arm even.

: X Axds : The contact point of the lever arm on the load cell is
installed right at the calibrated-levelling height. This
Fig. 12. Hysteresis effect still exists with P=1. adjustment process stops when the value of load cell
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output increases from 0 mg to 40 mg as shown in Fig.
15. This value for the weight discrimination can be
lowered if the circuit routing condition is better, thus

the noise amplitude at the load cell output can be

reduced.

Fig. 15. Output voltage of the load cell is increased for
the contact force changing from 0 mg to 40 mg.

The next step is to load the sample on the

holder which is fixed on the piezo-stage as well as

XYZ-stages, and then setting the XY-stages (the

resolution is 34 nm in either axis) to make the first

sampled point just right under the tip of the stylus

probe, then raising the piezo-stage upward until the

sampled point touching with the probe. The value of

the probe contact force on the sample can be obtained
by the load cell. In order to make sure that the probe

contacts with the sample while not destroy it, the

maximum contact force is limited to 100 mg, i.e., if

the magnitude of contact force is smaller than 100
mg, then moving the piezo-stage upward by one step
(the resolution is 10 nm), otherwise, stop. Then by
scanning the XY-stages in either x- or y-axis, and
finally, the surface profile of the sample can be
obtained as shown in Fig. 16 from LVDT. If one
should like to see the top view, the result is shown in

Fig. 17.

IV. CONCLUSIONS

This paper integrates the mechatronics such as: a
balance with stylus probe, force actuator, LVT, LVDT,
load cell, personal computer, as well as XYZ-stages
into a contact-force-controlled SPM system, such that

the surface of the sample would not be destroyed by the

contact force produced by the stylus probe. This
research is to use Linear Velocity Transducer (LVT) to
detect the vertical velocity of the stylus probe for the
inner-loop damping and transient control of a force
actuator. This improvement has been verified by
MATLAB simulation and practical implementation of a
surface profiler to reduce the hysteresis effect of the
force actuator. Finally, the profile of the object surface

is displayed on a 3D graph.
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Fig. 16. The surface profile of the sample.

Fig. 17. The top view of the sample.



