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Abstract

There are recently increasing needs for precision XYZ-stage in the fields of nanotechnology,
specially in AFMs(Atomic Force Microscope) and STMs(Scanning Tunneling Microscope).
Force measurements are made in the AFM by monitoring the deflection of a flexible element
(usually a cantilever) in response to the interaction force between the probe tip and the sample
and controlling the force measured constant topography can be obtained. The power of the STM
is based on the strong distance dependence of the tunneling current in the vacuum chamber and
the current is a feedback for the tip to trace the surface topography. Therefore, it is required for
XYZ-stage to position samples with nanometer resolution, without any crosscouples and any
parasitic motion and with fast response. Nanometer resolution is essential to investigate topogra-
phy with reasonable shape. No crosscouples and parasitic motion is essential to investigate
topography without any shape distortion. Fast response is essential to investigate topography
without any undesirable interaction between the probe tip and the sample surface ; sample
scratch. To satisfy these requirements, this paper presents a novel XYZ-stage concept, it is
actuated by PZT and has a monolithic flexible body that is made symmetric as possible to guide
the motion of the moving body linearly. PZT actuators have a very fast response and infinite
resolution. Due to the monolithic structure, this XYZ-stage has no crosscouples and by symmetry
it has no parasitic motion. Analytical modeling of this XYZ-stage and its verification by FEM
modeling are performed and optimal design that is to maximize 1st natural frequencies of the
stage is also presented and with that design values stage is manufactured.
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Table 1 Constants for FE model.

E 0 t b 1 d, ds
(GPa) | ¥ |(kg/m®)|(mm)|(mm)|(mm)|(mm)|(mm)
72 0.33] 2770 0.7 10 10 |70.7168.3
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Table 2 Constants for optimal design.

E G Oy
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K,

K (MN/m)

Constants | S;
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Table 3 Design variable sets.
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Table 4 Simulated characteristics of the monolithic precision XYZ-stage.

Design variable Sets
Start points Optimum & design values
S1 Sz S3 Sopt Sdeslgn
K< (MN/m) 1.440 7.290 29.364 0.5793 0.4939
Ky (MN/m) 1.440 7.290 12.388 0.5793 0.4848
K, (MN/m) 1.728 54.432 4.382 0.5809 0.6035
wx (Hz) 510.0 1277.0 3781.7 331.7 305.4
w1y (Hz) 908.5 2672.5 4382.6 547.3 498.6
. (Hz) 1883.1 5554.6 1496.6 990.6 1013.5
All except
Active design variables All bX b t,, ts, by b, ts, by b, ta, bs
3
Active constraints None None None None None
Violated constraints 81y L2, 4y &4, 85, 86, £1, 82, 84, &y None None
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