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Laser-induced wet etching of Ti(titanium) for three dimensional micromachining
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Fig. 1% dolA w2 o AEFXNY AFER FolH A2, FetA, U275, o]%A, ol4A A
ojf Fog FAHE Utk Ao ALd™ #HolAE BF 514.5nm, S 3.2W, ¥ A 1.8mm9]
of2F o} #olA(Coherent, Innova 308)01t}. #olA WL AZ(f=50mm)S £ 24 FHo] Y&H
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Fig.1 Experimental setup
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Ao AH3E ARL FA 50umet 127 um®} ElEhE(titanium)o) ) o A8 XL A2HH,PO, 85%)8 A
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Table 1 Physical properties of titanium Table 2 Normalized physical properties of liquid H;PO,
Molar mass [g/mole} 479 . Density Refractive Kinetic Kinematic
Density [g/cm3] 4.51 Conc[izul'atlon index viscosity viscosity
Melting point [°C] 1668
Latent heat 193 0 (pure water) 1 ! 1 1
(solid-liuid) [kl/molc] 0 10038 1.0007 T.0180 TO14T
Reflectivity 47.5
(at 500nm, normal) [%] 3 1.0254 0.0035 1.1357 1.1076
Thickness [um] 50 127
Purity %] 3999 057 10 0.0531 0.0069 1.3004 1.2348
20 L1335 10143 1.7844 1.6025
10 1.1804 1.0221 2.5480 2.1586
40 1.2536 1.0304 3.8438 3.0698
n. &z o o3

Fig. 29 (a), ()= WI71sk &e] 3719 &5 BoA T4 127ume] AJHol oA P& 2APE o
ZARAZES] @& AAl9) ¥sE HAET F7] FAAME dolA Wol AP =AY dgrc Y & 99
Ax FdGPRI} FAEY T 7IEHoE AR 4§ F FUo 2 o]FolWTHFig 2 (a). ol &
g &5 BdAMe 289 49 dRJF JHERY HFE §I2d delgo] $1d ¥4E HAFEd
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Fig. 29 (c), ()= 5E40%2] ¢1ikgAdA 7138 ARE 2dFE getygd s8] gehutge
2Ti+2H,PO, = 2TiPO,+3H,Z EHHY o} o] wk3-&& oo Ao ofs AA A}

._38_



Reaction rate=Cexp(- Qg / AyT)

A7l Ce 4T, Qax &X3 oY A (activation energy), I= =%, Rg= 7}1~44(gas constant)
ojy 1.98cal/mol K& gt& Eth #lolA Wo| s 7tEd ¥9& FHLE7 A9 §5HFTAA 4
SR Hpeld ¢ F 2 o ud BN wE £x2 ool Pof
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Fig. 2 Photographs of etched workpieces (time increase from left to right); (a) in air, t=127pm, P=3W , T=5, 10, 20, 30sec
(b) in pure water, t=127ym, P=3W, T=20, 30, 40sec (c) C=40% wt, t=50 um, P=1.2W, T=1, 10, 20, 30sec  (d) C=40% wt
t=127um, P=3W, T=5, 10, 20, 30sec
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Fig. 3 Variation of etch width and depth with respect to laser power and translation speed of the sample

(C=20%, t=127um); (a) etch width, (b) etch depth
n p
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Fig. 4 SEM photos of etched workpiece at C=40%;
(a)P=12W,V=5,m/s (b) P=1.2W, V=10um/s (c) P=1.5W, V=5pm/s (d) P=1.5W, V=10pm/s
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Fig. 5 Variation of etch rate with rgspect to etching time
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Fig. 6 Scanning speed vs. etch width and depth at different etchant concentrations

(P=0.4W, t=127um) (a) etch width (b) etch depth

Fig. 7 Cantilever-shape structure etched at P=1.0W, V=5um/s, and C=40%
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