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Laser-induced Thermochemical Wet Etching of Titanium
for Fabrication of Microstructures

Youngsan Shin", Seungwoo Son” and Sungho Jeong®

ABSTRACT

Laser-induced thermochemical wet etching of titanium in phosphoric acid has been investigated to examine the

feasibility of this method for fabrication of microstructures. Cutting, drilling, and milling of titanium foil were carried

out while examining the influence of process parameters on etch width, etch depth, and edge straightness. Laser power,

scanning speed of workpiece, and etchant concentration were chosen as major process parameters influencing on
temperature distribution and reaction rate. Etch width increased almost linearly with laser power showing little
dependence on scanning speed while etch depth showed wide variation with both laser power and scanning speed. A
well-defined etch profile with good surface quality was obtained at high concentration condition. Fabrication of a hole,

micro cantilever beam, and rectangular slot with dimension of less than 100pm has been demonstrated.
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Fig. 1 Schematic diagram of the experimental setup
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Table 1 Normalized properties of liquid H3PO,

Concentration Density | Refractive | Kinetic

[%] index viscosity
0 (pure water) 1 1 1

1 1.0038 | 1.0007 1.0180

5 1.0254 1.0035 1.1357

10 1.0531 | 1.0069 1.3004

20 11135 | 1.0143 1.7844

30 1.1804 | 1.0221 2.5480

40 1.2536 | 1.0304 3.8438
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Fig. 2 Variation of etch width and depth with respect to
etchant concentration: P=0.4W, t=127um

o Hle] "o

Fig. 2 & A &4 TE& 40%7HA ¥ 3 7]
B 127um FAQ] BRE 04w 9 FHOZ o]
Al A AE o dFRHolet vne WIE BAE
o} o F &N FEt 10%0TYE e A Eol
R ol o Fe] Ao HA Gttt dA o
o sxAAE AAERY FE FEFE 9
AUzt 2234 F7MgE B 5 Jded, o ¢
g9 F=7t & e SNl Fot 7}
$-Aehdl el w2 E REGME ko] dojut
7] W&olth wHi, oA ZolE oA &N Tt

20%dW AAE FEIh FHGA mek Frhsh
e ge FEANE AW 22EE B 5 Aok

ol Table 1 oA BEo| ¥E7F 748 W BA
S 27 F7hste] oY gdo] sshurge] dofut
= doAzY Fad 483 FFHA a7 o
29 Ro2 Azac

3

300 —
S |speed[unys]

250 - 101 %
€ 200 | & 15
= —8—20]
5 150 [ —+—40
S I
5 100 |
[&3
& I/

50 |

0 L
0 1 2 3 4
Laser power[W]
140
—e—5 | Speedlum/s]

120 10
g 100 | ~&— 15 /
£ _ I/-
Q
[
O
ey
[&)
|

2
Laser power[W]

Fig. 3 Variation of etch width and depth with respect to
laser power: C=40%, t=127um
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Fig. 4 Etch depth vs. inverse laser power. The variation
of depth closely follows the Arrhenius relation
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Fig. 5 Scanning electron microscopies of the cross
different
P=0.7W,
scanning velocity increase from Sum/sec, (a), to
25um/sec, (e), with Sum/sec step and (f)-():
C=20% and P=1.0W, scanning velocity increase

section of workpieces etched at

conditions.  (a)-(€):C=40% and

from Spm/sec, (1),
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Fig. 6 Cantilever-shape structure etched at C=40%,
P=1200mW, V=6uny/s, t=50pm
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Fig. 7 Holes etched at different conditions. C=40% :
(a)t=50um, P=0.7W, T=20sec, (b)t=50um, P=0.9W,

T=40sec, (c)t=127um, P=0.7W,
(d)t=127pm, P=1.5W, T=60sec

T=90sec,
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Fig. 8 (a) Rectangular-shape structure etched from single
scanning at P=4.0W, V=20um/s, C=20%, and
t=127pm. (b) Variation of etch depth in milling
with respect
V=20um/sec

to the number of scanning,
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