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Analysis on the Pressure Rise Characteristics Caused by Movement of Linear and
Rotary Stages using Air Bearings in High Vacuum Environment
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A pressure rise is generated while air bearing stages are moving in high vacuum environment.
This study analyzed this pressure rise phenomenon theoretically and verified it experimentally
using two different kinds of stages - linear and rotary air bearing stages. Results indicate that the
pressure rise was caused by additional leakage resulting from stage velocity, along with
adsorption and outgassing of gas molecules from the guide rail surface. Though tilting of the
stage due to acceleration and deceleration reached several micrometers, it had a negligible effect
on pressure rise because the tilting time was very short. Therefore, a rotary air bearing stage
showed much less pressure rise than a linear stage because the rotary stage theoretically has
nothing to do with the above causes. Additional leakage caused by stage velocity was inevitable if
the stage had movements, but pressure rise caused by adsorption and outgassing could be
suppressed by improving the surface quality to reduce real surface area, and by coating the
guide rail surface with titanium nitride (TiN) which has less adhesion probability of gas molecules.
The results also indicate that the pressure rise increased when the air bearing stage operated
under high vacuum conditions.
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Fig. 4 Tilt of air bearing table measured according to
different accelerations (velocity : 100mm/s)
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Fig. 5 Pressure rise measured according to acceleration
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Fig. 6 Motion profiles with blending motion (V=300mm/s)
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Fig. 8 Pressure rise due to stage movement
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Fig. 9 Pressure rise with the guide rail surface
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Fig. 10 Surface roughness measurement of guide rail

Table 1 Measurement result of surface roughness

Ra (um) | Ry (um) | Rq (um)
TiN Coating rail 0.39 2.22 0.47
SM45C rail 0.13 0.89 0.17
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Fig. 11 Pressure rise with base pressure
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Fig. 13 Pressure rise while a rotary stage is moving
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