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Design and Analysis of a Precision Axial Adjusting Mechanism for Optical
Elements in Lithographic Lens

PENG Hai-feng, SUN Zhen
(Key Laboratory of Applied Optics, Changchun Institute of Optics s Fine mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract: The combination of flexure and PZT actuator is a significant method to achieve precision
adjustment. A precision adjusting mechanism with flexure hinges was introduced and theoretical
calculations were carried out to get the working principle of it. The optimization design and finite element
analysis were also taken to acquire the axial stiffness of a typical opto-mechanic structure. The results
show that the maximum axial displacement of the optics can be bigger than 200 pm under the yield limit
of the material. Secondly, a modal analysis is taken to obtain the natural frequency of the mechanism.
The results indicated that the first resonant frequency of the structure is 185.1 Hz. It can be seen that
the natural frequency can satisfy the work specification of the lithographic lens. At last, the influence of
the applied force of the PZT to the surface figure of an optical element was obtained. The result shows
that the influence of the force F= 14N to the RMS of the optic element is 4. 41 nm. All these results
provide useful evidences for the applyment of this mechanism for optic adjusting.
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Fig. 1 The structure of the flexible mechanism
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Fig. 2 The opto-mech structure of the flexible mechanism
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Fig. 3 The principal view of the flexible structure
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Fig. 4 The force VS the axial displacement
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Table 1 The yield stress of different materials
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Materials Yield stress/MPa
60Si2Mn 1176
0Cr18Ni9Ti 210
QBe2 1475
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Fig. 5 The force VS the maximum stress
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Fig. 6 Schematic diagram of the frequency modes
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Table 2 The first three resonant frequency of the

flexible structure

Number of resonant frequency  Resonant {requency/Hz

1 185.1
2 659.1
3 862.9
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(a) The finite element modal of the opto-mechanic structure
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Fig. 7 The surface figure analysis of the optics with

the actuating force
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Fig. 8 The lens aberration with the force F=10 N
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Fig. 9 The force VS the RMS of the optical element
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