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Abstract: We present a simple, cost-effective, and fast fabrication process for three-dimensional (3D) microstructures; this
process is based on multi-step electrochemical etching of metal foils which facilitates the mass production of 3D
microstructures. Compared to electroplating, this process maintains uniform and well-controlled material properties of the
microstructure. In the experimental study, we perform single-step electrochemical etching of aluminum foils for the
fabrication of 2D cantilever arrays. In the single-step etching, the depth etch rate and bias etch rate are measured as 1.50 +
0.10 pm/min and 0.77 + 0.03 pm/min, respectively. Using the results of single-step etching, we perform two-step
electrochemical etching for 3D microstructures with probe tips on cantilevers. The errors in height and lateral fabrication in
the case of the fabricated structures are 15.5 + 5.8% and 3.3 + 0.9%, respectively; the surface roughness is 37.4 + 9.6 nm.
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Fig. 3 Etch depth at 5 different positions of Fig.1(b) in
aluminum foil: (a) Etch depth at 3 different
positions along x-axis; (b) Etch depth at 3
different positions along y-axis
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Table 1 Dimensions and fabrication errors of the micro
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Fig. 4 Measured etch depth and etch bias depending on
etch time

probe array
Etch Dimension (E::;E;Zi ) F abri.cated Fabrica;ion
step [um] dimension [um] error [%]
Ist Diameter 80 80.343.9 3.5
etch . )
step Tip Heich
(40min.) cight 60 71.848.8 19.6
(Hy
Width
210 205.0+5.8 2.4
(Wo)
2nd
etch . Length
step Cantilever (L) 1,410 1,467.5+24.7 4.1
(90min.) et
clgat + 11.4
) 90 80.8+3.9 .
Height fabrication error [%] 15.545.8
Lateral fabrication error [%] 3.3+0.9
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Fig. 5 Multi-step electrochemical etching process: (a) 1st
step for tip definition; (b) 2nd step for cantilever
fabrication
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Fig. 6 Two-step etch mask for probe structure: (a) 1st
negative mask for tip definition; (b) 2nd negative
mask for cantilever fabrication
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Fig. 7 SEM image of the fabricated probe structure: (a)
Fabricated probe array; (b) Enlarged view of the

tip
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Fig. 8 Side view of the fabricated probe: (a) Cross-
sectional view of the cantilever; (b) Side view of
the tip on the cantilever
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Fig. 9 AFM inspection of surface roughness: (a) Bare
aluminum foil(154.7+52.7nm); (b) The fabricated
probe structure(37.4+ 9.6nm)
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