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Rapid Manufacturing of 3D-Shaped Microstructures by UV Laser Ablation
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ABSTRACT

Recently, the lead-time of a product is to be shortened in order to satisfy consumer’s demand. It is thus important to
reduce the manufacturing time and the cost of 3D-shaped microstructures. Micro-Electro-Mechanical Systems
(MEMS) and devices are usually fabricated by lithography-based methods. Above method is not flexible for the rapid
manufacture of 3D-shaped microstructures because it depends on work’s experiences and requires excessive cost and
time for making many masks. In this paper, the effective laser micromachining is developed to fabricate UV sensitive
polymer microstructures using laser ablation. The proposed process, named by laser microRP, is a very useful method
on rapid manufacturing for 3D-shaped microstructures.
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Fig. 1 Principle of ablation (a) photochemical, (b)
photothermal

o] 2 3t} 71EY AFAEL HolAd =
Atgl Zegloje] EAe #ate] AFsith Y
s} PolAY diage @& Aqun IERIgME
B3}eut-go] 71F Zold Be HJEgs nAY F
& duA dEYgre FEerse] Foadvt €
t}. ol2{dk golx 7}F Zol+ Srinvasan, Smirtic
and Babu(SSB)°ll ¢J3] FEFFEE FHHE 4 (1)
3} o] sSB R@z wRHTH!



Aud. P 94 AT A BFHLITRIAA A0 A A%
2.2 #o|x glo|32Z RP 3F
oA 3 ALREES AN HAEAFE7)
X=X,+X, 3 e FAL Fig. 37 2tk $4 AFsin
=_1n[—E—)+A exp(i) @ AE ATES BIE CAD = @edmodelen
a \E ) kT € §3td A0 3 F, 3 2 2L yolA
Vg HolUF Z FHE Wy A, oy 7%
=_1n(£j+4exp( &pC m[i]] o gEdoEHE BE 98 4 Aot oldd ow
@ \& kalE~Er) \Er YolHZRE 713 dolHE A% Fdo A%E
AAsk Bug 7+E @ Az AL T3}
A71A #eolAd g 4F Aol X £ BT = v ST U (caviy)dl = oA BT
whol 9@ b ol X, o FEDEA VHE A W A2E AT o2 HF Ak oF}A A
°) Xp 8 BLZ o]lFojATE AL & F o™, 4@ dHolEHE #HolA ule]aRuiAY A2
a © FF A< (absorption coeffiecent), E & o1 %] HuUR]7] $18] CAM dlolElE AHF|HM, o|ug]
B, e GANUA BE, ¢ & 843 YA, wg Zzade gold H s4F 25 Z oA
k€ EZ2%(Boltzmanh) &5, p & Y& 2L C 28 2o TR A4S AT 4 QA Ik
T 4832 o od dA%He Ae &Y YW d4 AT
oA UV 3o & F5E9 & Hae (machining process)s°l ©] &= & layer-by-layer 2|
ALeHA AT HH HiA FIFRE 2 9 WS o] £3lo] 3 29 M A RZI}T 285
UAE 748 7 e 530 7 W&, A o oy guk "@isbEaie xelde vt
st #lolA Hzo webx &3 et A A9l 9 FEH Ao sjgsl= BEo] golA &
3 7bssty ole AR # 5 2 W3 (on/ofh) HEZ st= Ao|th

E5go g A
HAG> 10 Aoz HA F B Yoly
ojg] A4 03 ~0.7m, Ak 0.1 ~02m, 5
9l B9 0.1~1.0m7} 7Fe3ivt &3 A .
oo, Fig. 2 & UV #o]Aol &g o] EojA
dol7t A 71EHE UV dojA ol B o)A
333 #olA "2 Fo mEtA AHeojseo] JhFd
AR S BAE,
Laser

mam

A

Piume

Heat Affected Zone  Absorption Region

Ablation Depth

Fig. 2 Laser ablation process
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Fig. 3 Rapid manufacturing CAD/CAM program for
micro-parts; (a) 3D CAD modeling, (b) slicing
of layer-by-layer, (c) CAM data generation, (d)
post- process program for laser microRP process
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Fig. 4 Photograph of laser microRP system

Table 1 The specifications of DPSSL

Laser source Nd:YVO,

Wavelength 3™ harmonic(A ;=355nm)
Pulse width 40ns

Average power 0.8W (at 60kHz)

Beam diameter 2.4mm

Beam mode TEM, Gaussian
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Fig. 5 Schematic diagram of laser microRP system
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Table 2 The specifications of 3-axis stage

XY-Axis 7-Axis
Travel Range 200mm>200mm | 50 mm
Resolution 0.2 um 0.5 pm
Repeatability 0.5 um £ 0.3 um
Position Accuracy | & 1.0 40 t 0.5 um
Maximum Speed 2000mm/min 1000mm/min
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Fig. 6 The curves of PC line width for laser power and

scan speed

Fig. 7 Photograph of PC line width changes as a function
of scan speed 20, 40, 60, 80, 100 mm/min and
laser power 10mW
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Fig. 8 The curves of PMMA line width for laser power
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Fig. 9 Finished 3D-shaped micro-fan
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