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Fabrication of Micro-machine Elements by Five-axis Laser Processing System
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Laser micro-processing system consisted of five-axis PC controlled automatic stage and UV nanosecond laser os-

cillator was developed. This system enables both milling and lathe processing by the arrangement of stages. Mi-

cro-windmills with multiple blades and micro-cylindrical cantilevers were fabricated on polyimide films and sil-

ver-sodium ion-exchanged glasses by the milling and lathe methods. These micro-machine elements had sharp cutting

angles and smooth cutting surfaces. The dimension errors of these elements were within five percent of designed di-

ameters.
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Fig. 1 Schematic illustrations of experimental set-up. (a) Overview, (b) stage arrangement I and (c) arrangement IL.
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Fig. 2 Misalignment between laser irradiation point and rotation axis, (a) or, (b) 3y and (c) 6z.
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Fig. 3 Change in processed diameter with fluence formed on
polyimide film and ion-exchanged glass.
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Fig. 4 Fabrication procedure of micro-windmill.
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Fig. 5 SEM photographs of micro-windmill formed on
polyimide film. (a) Overview, (b) front view, (c) side
view and (d) striation on cutting surfaces.
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SEM photograph of micro-windmill
formed on ion-exchanged glass.

Fig. 6

Fig. 8 SEM photographs of micro-cylindrical cantilevers formed
on polyimide films when the fluences were (a) 2.8 J/em?
and (b) 9.3 J/em?,

bOEBEZLND. —F, IREEROREHE & OREN,
FNFEN ] pm (2.8 Jem®), 5 pm (9.3 Vem)ThH Y, Bt
EREABEL TS, ZOX 5 RTERENE UEE &
LT, PV ADERZEDZLOEES> LD LA, H
ML LY CCD =% ECEiEE - v — AR AL OME
B LT OB, BHNAOCHBEOBEFORIT AL X
HEARA G lum) Vo BN G, I 7 n U BED
PMEAVBELEZDEELLNS.

W, A AT TZ A exg e UTHAERIRORES
fTole, 7N R393em* & L, AF—L0OBE - [H
BEEEIRY A2 FOBELFEETHD. ZOK, 14
AT ARND Ag A F VBABESPHIZ0 um THDH &
o, MIRESPDINEBZZVWEOSBELE. 22 To
BRETIERRY A I FOBELETRRY, RE 150 pm,
PR & 200 pm, FFER 120 um (T2 5 A ROMTE
2515 pm) T 5. Fig. 9 ICEHE L 72 4 9 R MDD SEM &
BERT. ARKEVER - RiTPRLBRL, DOEFIC

BODRMEZ AT D FERRPBYETE L Z L3005,

FRETHEE OBELR 2 pm THY, BRI
KHINTWD. ZOLD 2R, FIATHE CRIEL
77 7 YIROEER & UCHIRARE TH S, RPHEIC L
i, REMIED LD k& ORERRE bR
THY, ZORTEyF 7 2R LIMOFEITLST

L b A 7 IR ELZOEE

Laser beam

.
140 pm' 140 pm
(b

100 pm 7=,
100 pum
(c)

Fig. 7 Fabrication procedure of micro-cylindrical cantilever,

Fig. 9 SEM photographs of micro-cylindrical cantilever formed
on ion-exchanged glass. (a) Overview, (b) front view and
(c) side view.
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