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Nanoscale Positioning of Fine Motion Stage Driven by Pneumatic Bellows

Tomokuni MIZUNO", Toshinori FUJITA®

The semiconductor industry requires accurate stage positioning, in the order of nanometers, for many
fabrication processes. In addition, the demand for precision positioning of nanometer-order is increasing with
the progress of nanotechnology. Currently, such precise positioning is realized using a stage driven by a
piezoelectric element. However, the piezo-electric element has disadvantages of low durability and short stroke.
These disadvantages can be removed by the use of a pneumatic bellow actuator instead of a piezoelectric
element. In this study, a stage for fine movement has been developed with air bearing driven by pneumatic
bellows, and the positioning control method has been examined. Consequently, the positioning accuracy is
0.01£0.9 [nm] and the positioning resolution is 1 [nm] with good positioning repeatability, when feed forward
and proportional-integral (PI) control was performed. It is concluded that the developed stage has precise
positioning accuracy of nanometer-order and can be applied to many cases where the use of a piezoelectric

element cannot be realized.
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Fig.1 Schematic diagram of stage drive system
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Fig.2 Control algorithm of stage drive system
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Fig.3 Positioning accuracy of stage
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Fig.4 Positioning resolution
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