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Laser-induced thermochemical wet etching of titanium foil

for fabrication of microstructures
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Beam shutter Laser beam

\ Mirror Tablel. Normalized properties of liquid HsPO,
i Yﬁbcusing lens Concentration|Density |Refractive|Kinetic
Window (% ] index |viscosity

Etchant

FEtching chamber 0 1 1 1
1 1.0038 |1.0007 [1.0180

Substrate 5 1.0254 |{1.0035 |1.1357
10 1.0531 [1.0069 [1.3004
20 1.1135 [1.0143 |1.7844
Controller 30 1.1804 [1.0221 |2.5480

Fig.1 Schematic of the experimental system 40 1.2536 |1.0304  |3.8438
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2Ti+2H3PO4 = 2TiPO4+3H2 (1)
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st Z1AI% @ PAIZIE 249 99e] . HelAEH R ALY Fxo) BE AP =
o] Wk olv FFABel LEF vl At AFUME JFEY FE o 10% BN A
eyt gle wd oﬂ%!zz‘ol%: Z7)E Fxe gt Frsivil o 20% oldelME 2388 #HadtE
BEE Holed ozl ABEAY FEI T4 uﬂ Tablelol] vehd RAAH Aol AA F718te
Aol dejuta g eﬂOlZiz@ FZolM &4e FFol AFsA Ry HEA A2z Yo
dolAE ol ot ﬂl?&dﬂlt A9 HPgHez %7}6}11“3 ol gzl Fig2(a) oM<} 2ol HldgHe
2 wsignt. o Flels AA e YHT FHo] AemE 9 oA AU} mE clFze]
¥3HE Fig2(b)s} 2ol A o) Fzlole Myt dolAEH ) dutHez Heute&S Ue
Y= Arrhenius2] 22 RHEE Aexp(-E/RT)S] AAE wEe RS ¢ & Uk

AdgHe Fxol wt AFF 2L ¢ AA 2RI Fig3dHe & 40% 9 20% 14 A
e T dEFFE BAFEY gAEd Ut 200 FL JA44YY Hny REY ddg %
A H9 ol F3LE eolAYY o|F&=rt TR Ao FUA KA DHFigda)(b). A

140 1000
120
100
80
60
40
20 t

0

——10um's
100 ~m- 15um/s
20unys

Etch depthium]
Etch depth{um]

2 3 4 0 1 2 3 4
Laser power[W] 1/P [1/W]

Fig. 2 (a) Variation of etch depth with respect to laser power: C=40%, t=127mm. (b) Redrawing
of the data in (a) with respect to the indicated coordinates
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Fig. 3 Scanning electron microscopies of the cross section of the workpiece etched at different
conditions: (a) v=bmm/sec, C=40% and P=0.7W, (b) v=20mm/sec C=40% and P=0.7W, (c)v=5mm/sec,
C=20% and P=1.0W, (d) v=20mm/sec at C=20% and P=1.0W
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Fig. 4 Holes etched at different conditions. C=40% : (a)t= 50mm, =0,7W, T>20sec, (b}t=50mm,
P=09W, T=40sec, (c}t=127mm, P=0.7W, T=90sec, (d)t=127mmP=1.5W, T=60sec
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Fig5 (a) Rectangular-shape structure etched from single scanning at P=4.0W, V=20mum/s, C=20%,

and t=127mun. (b) Variation of etch depth in milling with respect to the number of scanning,
V=20mm/ sec
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