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High-gain PID controller for nanometer positioning
LU Li-hua' .GUO Yong-feng' , Tachikawa Hiroyuki®, LIANG Ying-chun', Shimokohbe Akira®

(1. Precision Engineering Research Institute , Harbin Institute of Technology ,
Harbin 150001, China;2. Precision and Intelligent Laboratory, Tokyo Institute
of Technology, Yokohama 226-8503, Japan)

Abstract: Nanometer positioning was realized in a DC-motor and ball-screw-driven stage by a high gain
controller. With effecting of friction on microdynamic characteristics and steadystate errors of the
stage,it is a major obstacle to the achievement of nanometer positioning. In this paper,a high gain PID
control structure was designed with proportional and derivative terms placed in the feedback path.
Controller parameters were calculated by multiple closed-loop poles placement according to the macro-
dynamics alone and no friction modeling and compensation were necessary. Experimental and simula-
ted results indicate that the PID controller can provide a sufficiently high loop gain to suppress friction
effect so that single-step nanometer positioning and uniform responses of micro-motion and macro-mo-
tion are achieved. In point-to-point positioning for step heights from 10 nm to 10 mm, the positioning
error is within £2 nm.
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Fig. 1 Schematic diagram of table system
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Fig. 2 Macrodynamics of drive system
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Fig. 3 Microdynamics of drive system
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Fig. 4 Block diagram of closed-loop system
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Tab.1 PID controller parameters
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with friction relative to without friction
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