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Recently, instrument stages using flexure guide mechanisms and piezo actuators have been widely used for an ultra-
precision positioning system in various industries. Research into ultra-precision position control aiming at nanoscale position
errors during stage driving is being actively conducted, as well as various studies on the motion profile adjusting the
reference input. In this study, we suggested a motion profile with snap and feedforward for use with a high speed nano
scanning system, as compared and analyzed with the position tracking error through feedback control, and also compared
to the related feed with the forward control noted as minimized at the position error to 14.19 nm. As a result, a tracking
error when applying the fourth profile with snaps to the piezoelectric stage, is obtained with an error reduction effect of
about 15%, as compared to when the second profile is applied.
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1. M2
NOMENCLATURE

< HkeA| 374, AFM, STM, LCD AH| 59 =48 9%
x = Distance 2 7)ol digt Qo] s Qiok =Fd A 24
v = Velocity 7)te] ARR-El= thoksl WA YUE & 1]o]| % (Piezo Actuator)2}
a = Acceleration <A 717 (Flexure)2 /4% A|AHo] Qlt}. mlozx= Hﬂ}% -
j = Jerk k= —IEE 7}7\] o, Aol £ Z IS H = Qo=
d = Derivate of jerk Aol oz AU AAH & Hglsirt. ~4°ﬂ+’§ A}
M = Mass |3t ixé%] ANAE FE A YR U AAYE 2=
C = Damper At A A”O] ES fI5te] ]3] 2Afol| Tt Bl e
K = Spring sith. YIX| @27t sk Ylolle =9 ot 94}, 7]+-8)
A A, g7l o3t @A), AH| oA 5 Alof| HAYE=
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1st mode : 428 Hz

2nd mode : 501 Hz 3rd mode : 650 Hz

Fig. 3 FEM simulation-modal analysis

Table 1 Specification of the 2-axis piezo stage

Item X axis Y axis
m (Mass) [kg] 3 7
¢ (Damping) [N*s/m] 0.1 0.1
k (Stiffness) [kKN/M] 18014 46228
o, (Natural frequency) [Hz] 428 501
Moving range [um] 20 20
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Table 2 Profile parameter

Parameter Data
Distance [um] 10
Max velocity [um/s] 20
Max acceleration [um/s’] 1000
Max jerk [um/s’] 100000
Max snap [um/s] 15000000
Table 3 Tracking error with feedback control
2th profile ~ 3th profile  4th profile
Tracking error [nm] 27.46 26.28 22.22
E(s)
RO Lo ¢s) G(s) > Y(s)

Fig. 7 Feedback control block diagram
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Fig. 8 Simulation for feedback control tracking error
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Fig. 9 Feedforward control block diagram
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Fig. 10 Simulation for feedforward control tracking error

Table 4 Tracking error with feedforward control

2th profile ~ 3th profile  4th profile

Tracking error [nm] 16.78 1591 1431

Y/ I
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Table 5 Feedback control error & Feedforward control error

2th profile 3th profile 4th profile
Feedback error 26.01 24.59 21.64
[nm]
Feedforward error 17.1 16.03 14.19

[nm]
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