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ARTICLE INFO ABSTRACT
Article history: Recently, there is an increase in the need for precision linear stages with vacuum
Received 21 July 2014 compatibility in such areas as lithography equipment for wafer or mask manufac-
Revised 28 July 2014 turing, mask mastering equipment for optical data storage and electron beam
Accepted 29 July 2014 equipment. A simple design, high stiffness and low cost can be achieved by using
ball bearings. However, a ball bearing have friction and wear problems just as in
Keywords: _ ambient air. In order to decrease the friction, a special finish, a diamond-like carbon
DLC(Diamond-like Carbon) Coating (DLC) film coating, is applied to the surface of a guide rail by sputtering deposition.
Sa” Bearing This paper presents the result of an experimental investigation on the control
acuum

Precision Linear Stage
Control Characteristic Investigation

performance of a ball bearing-guided linear motion stage under two environmental
conditions: in air and vacuum. A comparison between the results with and without
the DLC coating was also considered in the experimental investigation.
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(b) Ball bearing guided linear stage
Fig. 1 Ultraprecision stage in high vacuum
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(b) Experiment in vacuum

Fig. 2 Tracking control experiment results (5 pm/s, w/o DLC
coat)
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Fig. 3 Tracking control experiment results (5 mm/s, w/o DLC
coat)
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(a) Guide-rail without DLC coat

(b) Guide-rail with DLC coat
Fig. 4 Pictures of guide-rails for experiment
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Fig. 5 Tracking control experiment results (5 pum/s, w/ DLC
coat)

395

S ¢ Folon =3 dIy Aol sl #a syl ey
o FA FZATE TS & F Ut I FollAY FEA of
A FFHE ol g 27] 77 9 AT EA 1ol A
o] FFA} A AR AAH FFAA e A
PSS &+ ok
Fig. 414 DLC Z®< #&37] 7/%9] 7hol=g Y ARle
o]l 9ith. DLC FI®L ZF FolA PVD(Physical Vapor
Desposmon) o g Faslon $3 FAE &5 um ojth
Zol|l A DLC ZERHS| np#AISE 0.01 |32 W&i7he A
o3 Huhe 62 43 F 45 A gol B4 S
A& F o g & 9lth Fig. 5914 DLC ZH < 2-4¢
Jholeg Y g o] &3] A¥e 5 um/s FEA 0] AFE Holx
otk DLC 2 A9] 499 aA g& AL DLC ZH F 37
oA FE Alolr] sevE HES W 8P<l 23 2ol
A Al)E 83 Aol o]2fd Ad= DLC I F 37] 59
A8l Aojrd B'llo] F FollA A9 WA ks As 9
H@ 24 038 vlwate 27] FoAe] At Ao
— 06
S os 0 mm/s
| &
o 02 1
o o MWWMWW
E’ 02 | 1
S 04 In Air
g 0.6
0.8 ' : : !
0 2 4 6 8 10
Time (8]
(a) Experiment in air
0.6
E 0.4
- B mm/s
‘6 0.2
-
L - 0
e VVWWNWVNW\/V'V\/-NWWVW*ANW’VWWVV‘WVWVWW\N
o -0.2 ]
= 04
S In Vacuum
E -0.6
= s ' " " L
0 2 4 6 8 10
Time (8]

(b) Experiment in vacuum

Fig. 6 Tracking control experiment results (5 mm/s, w/ DLC
coat)
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