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Recently, mastering processes for high density optical disc such as Blu-ray disc rely on electron
beams, which are operable in only vacuum. In the mastering process, one of the most important
tasks is to design precision stages for providing precise positioning of the works with respect to
the source in a high vacuum environment. In this paper, we have developed a precision rotation
table usable in the electron beam mastering. The rotation table adopted air bearings for a high
positioning repeatability and velocity stability. The air leakage from the air bearings has been
minimized by employing the differential exhaust scheme using three steps of air drain. The design
parameters such as diameters of exhaust lines, seal lengths, and pumping speeds were decided
according to the optimization method using genetic algorithm. The performance on the vacuum
level of the rotation tab/e was evaluated experimentally and theoretically. The results indicate that
a vacuum level of 10° Pa is achieved with operation of air bearings in a vacuum chamber, which
is sufficient for the electron beam mastering.
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Fig. 1 Comparison of CD, DVD and Blu-ray disc
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Fig. 2 Structure of a blu-ray disc mastering device
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Fig. 3 Structure of a vacuum-compatible rotation table

Table 1 Initial condition for optimization

Pumping| Ultimate] Tube Tube
speed | pressure | diameter | length
(m%/s) (Pa) (mm) (mm)

i-th
* * * 2000
Exhaust | €xhaust
Chamber| 5.5%107" | 1.3x107® 40 200
i-th seal length, /; (mm) *
Circumference length (mm) 58n
Seal Seal gap (um) 10
Length of vacuum seal region 7
(t Lotlat+dy+ds) (mm)

* : determined by optimization
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Table 2 & HAALAE 53 FFHoz 2AH A
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4o, Alddo] @ MiBAAAE A
67mm WA siE® AL & = Ju}
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Table 2 Optimization result

Chamber | Seal length of i-th Diameter of i-th Pumping speed of i-th Inlet pressure of i-th
exhaust line, /; exhaust line, d; vacuum pump, S; vacuum pump, P,
pressure 3
(mm) (mm) (m’/s) (Pa)
P 1l | Lo | Is | d | & | & S Ss Py | Pp | Pp

23%107° | 48 | 102 | 11.6 | 197 | 16.2 | 242

atm. | 2.45%X1072

6.19%1072 | atm. | 40.7 | 3.8x107°
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Fig. 4 Vacuum-compatible rotation table
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Fig. 5 Vacuum chamber system
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Table 3 Specification of exhaust system

Pumping| Ultimate

speed | pressure Tube dia. / length (mm)

(m%/s) (Pa)

(40/75) + (63/1000) + (4/400)
1* exhaust Open to atm.

in serial

2™ exhaust| 2.6x107 | 6.5x10? | (16/133) + (40/2460) in serial

3" exhaust| 7.7x107 | 5.1x107 |(24/148) + (63/1200) in serial

Chamber | 5.5x107' | 1.3x107® (150/770)

1* seal length (mm) 5
2™ seal length (mm) 10
3 seal length (mm) 12
Circumference length (mm) 58n
Seal gap (um) 17
Maximum length of seal region (mm) 67
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Fig. 6 Feedthroughs for the 1* exhaust

Signal feedthrough  Air outlet

1st exhaust 3rd exhaust

2nd exhaust

Fig. 7 Rotation table installed in a vacuum chamber
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Fig. 10 Pressure variation of the 2™ and 3™ exhaust lines
after air bearing was turned on
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Fig. 12 Theoretical analysis on vacuum level
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Fig. 13 Pressure rise during bearing movement
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