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6-DOF Positioning Error Compensation by Integrating X-Y
Stage and Piezoelectric Micro Stage
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Abstract

This project proposes the research of six degree-of-freedom positioning error
compensation technology and system for X-Y positioning stages. By using coarse and fine
compensations, this position error compensation system has the capability to compensate six
motion errors of an XY stage, including three linear errors (X , Y and Z linear displacements)
and three angular errors (a yaw error). The accuracy of the developing system could be better
than 0.1 um for the displacement and linear compensations, and 1 arcsec for the angular
compensations. A six-degree-of-freedom micro motion stage actuated by piezoelectric
actuators was mounted on the top of an XY linear stage. In the coarse compensation, a laser
interferometer was employed to measure the geometric errors for the two long-stroke stages.
By using the software error compensation and constructing the curve-fitting equations for the
geometric errors, the coarse error compensation of the long-stroke stage can be accomplished.
In the fine compensation, by mounting a 6-dof piezoelectric micro stage onto the XY
long-stroke stage, the residual linear positioning errors, yaw, pitch, and roll errors can be
effectively enhanced. Through the above coarse and fine error compensations, the accuracy of



the two-dimensional stage combined with the micro stages can be improved to the order of the
repeatability of the long-stroke stage. In addition, the developed 6-DOF measurement system
was used to perform the coupling or interference tests among the motions of these actuator
axes. The result was built into the program to obtain more accurate compensation output for
each piezoelectric actuator. Finally, the compensation system was mounted onto an XY stage
with long-stroke to perform the error compensation, and the compensation system
performance was evaluated by an HP5529 interferometer.

Keywords: positioning error compensation, piezoelectric control, precision positioning stage,
motion accuracy.
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