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A study of the design and control system for the ultra-precision stage

Park Jongsung*, Jeong Kyuwon'

{ Abstract }

in 5 nm resolution by PID controller.

Recently, the ultra-precision stage is widely used in the fields of the nano-technology, specially in AFMs(Atomic Force
Microscope) and STMs(Scanning Tunneling Microscope). In this paper, the ultra-precision stage which consists of flexure
hinges, piezoelectric actuator, and ultra-precision linear encoder, is designed and developed. The guide mechanism which
consisted of flexure hinges is analyzed by Finite Element Method. And we derived the transfer function of the system
in 1st order system from step responses according to the magnitude. We performed simulation for the model to tune the
control gain and applied the gains to the developed system. Experimental results found that the stage can be controlled

Key Words : AFM(Atomic Force Microscope), STM(Scanning Tunneling Microscope), Ultra-precision stage, Flexure hinge, PID
controller, FEM(Finite Element Method), Piezoelectric actuator, Ultra-precision linear encoder
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Fig. 1 Designed ultra-precision stage

Table 1 Specification of the system

Category Item Data
Material Al 6061-T6
Stage Density 2700 kg/m’
Young's modules 68.9 GPa
Maker Model SONOX P53
15.8x107"% m2/N
Compliance 2 9
PZT 22.9X107° m*/N
actuator 15.2><10w mz/N
Stiffness " 5
6.1x10" m*/N
Density 7830 kg/m?
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Fig. 2 Strain results for FEM analysis

Fig. 3 Stress results for FEM analysis
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Fig. 4 Ultra-precision linear encoder

Table 2 Specification of the ultra-precision linear
encoder(LIP382)

Item Data

Measuring standard | DIADUR phase grating

Output signals Sine wave, 1V,

Signal periods 0.128 ym
Accuracy grades T 0.5 um
Recom_mended 0.001 pm
measuring steps
Measuring lengths 70 mm

Yo

Fig. 5 Structure of the ultra-precision stage
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Fig. 6 Block diagram of the closed loop for ultra-precision
positioning system
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Table 5 Control gains for the PID controller

Item Gain value
P—gain 0.002
I—gain 30449000
D—gain 1500
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Fig. 7 Step responses for the magnitude variation
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Fig. 8 Step responses for the experiment and model
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Fig. 9 Characteristic of hysteresis for the ultra-precision
positioning system

RN I

Phase (Deg)

RSP

Fig. 10 Bode diagram for closed loop system
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Fig. 11 Simulation result for the PID control
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Fig. 12 Experimental result of the step response for the PID
control
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Fig. 13 Experimental result of the continuous step responses
for the PID control
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Fig. 14 Experimental result of the sine function response for
the PID control
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