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Design of Ultra-precision Micro Stage using Response Surface
Methodology

Sang-Don Ye*, Byeong-Hyeon Min®, Jae-Kwang Lee*

ABSTRACT

Ultra precision positioning mechanism has been widely used on semiconductor manufacturing equipments,
optical spectrum analyzers and cell manipulations. Ultra precision positioning mechanism consists of several
actuators, sensors, guides and control systems. Its efficiency depends on each performance of components. The
object of this study is to design and analyze the micro stage that is one of the equipments embodied in ultra
precision positioning mechanism. The micro stage consists of PZT actuators and flexure hinges. The structural
design of flexure hinge is optimized by using RSM and FEM. The control factors concerned with the design of
flexure hinges of stage and arms are optimized by minimizing the equivalent stress on the hinge and maximizing
1st natural frequency based on RSM and FEM simulation under various kinds of design conditions.

Key Words : Micro Stage(Wlo]=Z2  2E|o]X]), PZT(ZH4AAP, RSM(FHEEHEAW), FEM(F-3IFL4AM),
Flexure Hinge($3%1))
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Fig. 1 Procedure of optimal design
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Fig. 2 (a) Kinematics diagram (b) Mechanism of micro

stage

Table 1 Material properties of Aluminum 6061
Modulus of Yield

. o Poisson’s Density
Material elasticity . strength
[GPa] fatio  “Ivpg)  [kg/m’]
Aluminum
(6061) 68.9 0.33 276 2700
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Table 2 Control factors and their levels concemed
with the design of micro stage

Coded level
-a 10 1 a

Control factors

Roundness of hinge
(A)
Thickness of hinge

09054 125 15 175 2.0946

®) 0362159 05 06 0.7 0.83784
Th'c"”eisc)"f A% 81079 15 20 25 31.8921
Length of vertical

(D) 152432 18 20 22 24.7568
Length of horizontal

am () 451079 52 57 62 68.8921
Thickness of 369159 05 06 07 083784
wire-cut (F)
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Table 3 Orthogonal array and results by FEM

Run X1 X2 X3 X4 X5 X6 Fre[q}jff]my fﬁﬁiﬁ
1 41 -4 -1 -1 -1 -1 20472 1019
2 1 1 1 1 1 1 203 8.98
3 1 1 -1 -1 -1 1 29542 109
4 1 1 1 41 -1 -1 28762 1007
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Run Coef. P  Coef. P Coef. P Coef. P
Fram = 402.89 — 46.024 + 785.04 B— 30.88 D (6) Co. 21361 0 88801 0 21452 0 89109 0
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trace plots along the control factors B*E -0.81 0.003 0.0647 0.024
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Table 5 The results from SDM, FEM, RSM applied
optimal values

Simplified FEM Regression
design  simulation model by RSM

Frequency [Hz]  424.20 422.19 42453
Stress [MPa] - 12.53 12.73
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