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Micro Electrochemical Machining Using a Multi-Function Electrode
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Abstract

In micro electrochemical machining(micro-ECM), it is important to measure and control the potential of a
tool electrode and a workpiece electrode because electrochemical reaction rate depends on the potential of the
electrodes. When the electrode potential was measured against a reference electrode, the error of measured
electrode potential could be minimized by proper tool electrode design. In this paper, multi-function
electrodes consisting of a tool electrode and a reference electrode was fabricated by micro fabrication
techniques. The machining conditions in micro-ECM using multi-function electrodes, such as pulse voltage
parameters and electrode potential, were investigated.
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Fig. 1 Three electrode cell for micro electrochemical
machining®
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Fig. 2 Schematic diagram of multi-function electrode

Controller Potentiostat Pulse Generator
CE RE WE + -
o o 9 ? o
= = = =
ﬁl—L
[CE |[Smart probe |
[ Workpiece ]7
| T

Fig. 3 Experimental system for micro electrochemical

machining
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Fig. 4 Multi-function electrode for micro electro-
chemical machining by MEMS process
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Fig. 5 Micro wall using platinum coated probe (applied
voltage: 6.5 V, pulse period: 1 ps, pulse on-time:
120 ns, electrolyte: 0.1 M H,SO,)
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Fig. 6 Multi-function electrode for micro electro-chemical
machining by MEMS and electro-forming process
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Fig. 7 Polarization curve (Electrolyte: 0.1 M H,SO,,

Scan rate: 10 mV/s) (a) RE: Ni, TE: Ni, (b) RE:
Ni, WE: stainless steel
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Fig. 8 Electrochemical machining using multi-function
electrodes
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Fig. 9 Micro groove machining using multi-function
electrode (Do = 0.5 Vi, oo = 1.2 Vy;, applied
voltage: 6.5 V, pulse period: 1 ps, pulse on-time:
80 ns, electrolyte: 0.1 M H,SO,)

Fig. 10 Photoresist patterns on 304 stainless steel



Fig. 11 Micro groove using multi-function electrode
(Pyork = 0.5 Vi, o1 = 1.2 Vy;, applied voltage:
6.5 V, pulse period: 1 ps, pulse on-time: 80 ns,
electrolyte: 0.1 M H,SOy)

Fig. 12 Micro blind hole shape array using multi-
function electrode (®@yox = 0.5 Vi, Dot = 1.2
Vi, applied voltage: 6.5 V, pulse period: 1 ps,
pulse on-time: 80 ns, electrolyte: 0.1 M H,SO,)
(a) Diameter: 10 um (b) Diameter: 5 um
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