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An XY scanner with minimized coupling motions for the high speed AFM

J. Park(Mecha. Eng. Dept., Postech), W. Moon(Mecha. Eng. Dept., Postech)

ABSTRACT

This paper introduces design, fabrication and experiment process of a novel scanner for the high speed AFM(Atomic

Force Microscope). A proper design modification is proposed through analyses on the dynamic characteristics of the existing

linear motion stages using a dynamic analysis program, Recurdyn. Since the scanning speed of each direction is allowed to

be different, the linear motion stage for the high-speed scanner of AFM can be so designed to have different resonance

frequencies for the modes with one dominant displacement in the desired directions. One way to achieve this objective is to

use one-direction flexure mechanism for each direction and to mount one stage for fast motion on the other stage for slow

motion. This unsymmetrical configuration separates the frequencies of the two vibration modes with one dominant

displacement in each desired direction, hence, the coupling between the motions in the two directions. In addition, a pair of

actuators is used for each axis to decrease the cross talks in the two motions and gives a force large enough to actuate the

slow motion stage, which carries the fast motion stage. After these design modifications, a novel scanner with scanning speed

higher than 10 Hz can be achieved to realize undistorted images in the high speed AFM.
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Fig. 1 Shape and Structure of the designed scanner
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where

k, is the stiffness of piezoelectric actuators

ky. is sum of the stiffness of the flexure hinge guide
ky 1s sum of the rotational stiffness of each hinge

n is the amplification ratio(=b/a)

b is the lever length

m,, is the mass of the piezoelectric actuator

m, is the mass of the moving platform
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Fig. 3 Dynamic analysis using Recurdyne
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Fig. 4 Experimental Setup
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Fig. 6 Frequency response function of each axis
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