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MEMS (MicroEledroM echanicd Systems) consist of
functional micro-comporents which perform engineeing
operations auch as ensing and aduation. MEMS designers
redi ze these micro-devices using various microfabricaion
techniques mainly originating from the microeledronic or IC
industry, which are not red 3-D fabrication techniques. Rapid
growth of MEMS cdl s for new fabrication techniques for
quickly manufacuring high-aspect-ratio true 3-dimensional (3-
D) micro-comporents. Achieving this goa has been a challenge
to the MEM S community.

A new techndogy, EFAB™ (Electrochemicd
FABricdion), isemerging as apromising way to med the
challenge [1-2]. The EFAB processcombines a key technique—
Instant Mask (IM™) plating-with other techniques to
manufadure abitrary true 3-D microstructures at high speed
using a self-contained, automated machine. In the present EFAB
implementation, the EFAB processconsists of threesteps which
arerepeaed onevery layer. The processflow is shownin Fig. 1,
where afirst material is deposited onto a substrate (cathode) by
IM plating to yield a patterned layer ( Fig. 1(a-b)). In Fig. 1(c), a
second materia is blanket-deposited over the first material and
the substrate. The entire two-material layer isthen planarized to
adhieve predse thicknessand flatness(Fig. 1(d)). After
repetiti on of this processfor all | ayers, the enbedded multi-layer
structure shown in Fig. 1(e) is etched to yield the desired device
inFig. 1(f).

A simplified model of IM plating is hown in Fig. 2.
Patterned layers are fabricaied using an Instant Mask, which
consists of a patterned insulator layer suppated by an anode. IM
plating is anew microeledrodepositon technique in that it has
charaderistics that are different from those of traditional plating
and through-mask plating:

»  Seded micro plating cel

*  Microbath plating with bath volumes between sub-
nandliter and microliter.

e Thin eledrolyte film plating (large aeavolume ratio)

» Diffusion-controlled plating with no agitation

»  Higher limiting current density due to thinner
diffusion layer

* Anodecathode area~ 1:1

*  Uniform current distribution

* Interadion between the anode readion and the
cahode readion

»  Degradation d bath quality with plating time

To makethe IM plating processreliable so that a
uniform depasit with a cetain thicknessis obtained, some
criticd issues have to addressed: such as,

»  Bath design, seledion and formulation
e Optimizaion of plating parameters

»  Depasit uniformity

e IM processmonitoring

A patterned copper layer (16 pm thick) using IM
plating is siownin Fig. 3. The diameter of the drclesis 200
pm. A 12-layer nickel micro-chain fabricated using the EFAB
techndogy is shown in Fig. 4. It has 14 independently-movable
links (290 um wide and 300 um long) and atotal thicknessof ~
100 pm.

EFAB and Instant M ask are trademarks of MEM Gen
Corporation.
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Fig. 1. Stepsin the EFAB™ process
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Fig. 2. Simplified model of IM™ plating.

Fig. 4. 12-layer nickel micro-chain.



