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Abstract: A through-chip porous Ru-Pt catalyst layer for miniature DMFC application was fabricated on a Si
wafer. Recently, we found that porous noble metal layer can be synthesized on Si substrate by immersion
plating on a porous Si. In order to realize a DMFC with our novel structure, a porous Ru layer was
synthesized on the Si substrate using the immersion plating on the porous Si, then Pt was deposited by
galvanic replacement reaction on the porous Ru. The porous Ru-Pt structure shows catalytic activity on
methanol oxidization. Fabrication of a through-chip porous Ru-Pt layer was demonstrated with identical
plasma etching process used in the porous Pt study.
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it seems possible to produce a miniature DMFC with
our monolithic Si electrodes design. In this study,
fabrication of through-chip porous Ru-Pt layer was
attempted to realize the miniature DMFC structure.

1. INTRODUCTION
Along with the development of high performance
mobile electronic products, energy consumption of
those equipments is increasing. At this point,
improvement of Li ion battery could manage to
satisfy the requirement of those electronic devices.
Combustible fuels have high energy potential and
methanol has 10 times higher energy density
(volume) compared to present Li ion batteries for
instance. Therefore, DMFCs ( direct methanol fuel
cell ) have received much attention as ultimate
portable power sources.
Recently, we found that porous Si can be
completely replaced to porous Pt by immersion
plating and porous Pt layer can be easily formed on
Si substrates. Using the porous Pt layer as an etching
stop layer in a plasma etching process, a though-chip
porous Pt catalyst layer was successfully fabricated
on a Si substrate. Then, we demonstrated a prototype
of miniature fuel cell with the through-chip porous Pt
layer, which works as a catalyst layer, and relatively
high output was obtained among MEMS based fuel
cells [1].
In the above miniature fuel cell study, hydrogen
was used as a fuel. In order to use methanol, Ru is an
essential material for the catalyst. There are some
reports that catalyst consisting of Ru, on which Pt is
deposited by galvanic replacement reaction, shows
high catalyst reactivity [2-10]. Then, we attempted to
synthesize a porous Ru layer by identical way as
porous Pt formation. The porous Ru layer was
successfully obtained and Pt deposition on the Ru
layer was also performed. Our preliminary results
showed that the porous Ru-Pt layer had catalytic
activity for the methanol oxidization [12]. Therefore,

2. THROUGH-CHIP POROUS Ru-Pt LAYER
FABRICATION
2.1 Miniature DMFC Design
Figure 1 shows our miniature DMFC design.
Through-chip porous Ru-Pt layer monolithically
formed on a Si substrate is expected to work as a
catalyst layer. A PEM ( Polymer Electrolyte
Membrane ) sheet is put between two Si electrodes.
Fuel channels are formed on the Si substrate. Because
the electrodes are monolithic, large clamping force is
not needed and quite thin structure can be expected.
Thickness of the Si substrate and PEM sheet now used

Fig. 1: Schematic view of the Si based fuel cell.
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Fig. 3: Photograph of specimen chip – (A)Cu mask
surface, (B)Porous Ru-Pt layer surface.
Table 1: Condition of specimen chip formation.
Property of Si substrate
Crystal orientation
Type
Resistivity [Ω cm]

(100)
N
0.007-0.020

Anodization condition

Fig. 2: Fabrication process of the monolithic electrode.

Composition of solution
Current density [mA/cm2]
Time [s]

is 110µm and 15µm respectively, and the total
thickness of the cell can be less than 250µm. The small
thickness is advantageous for cell stacking and high
output density can be expected.

Water : HF(46%) : Ethanol = 5 : 3 : 2 (wt)
110
196.29

Ru immersion plating condition
Composition of plating bath
Plating time [min]

1.0MH2SO4 + 27mMRuCl3 + 400mMHF
25

Pt immersion plating condition
Composition of plating bath
Plating time [min]

2.2 Fabrication Process
Figure 2 shows a schematic view of the Si
electrode fabrication process. Experimental conditions
are listed in table 1. Si substrate is a 15mm × 15mm
chip diced from 4inch wafer.

1.0MH2SO4 + 20mMH2PtCl6
20

-mer vessel. Then, immediately, Ru plating electrolyte
is poured into the vessel and agitation is applied by a
homemade syringe pumping equipment. Detailed
instruction is described elsewhere [11]. Ru deposition
is performed for 25min. During this immersion plating,
Ru ion is reduced while Si is oxidized. Oxidized Si is
dissolved because HF is added in the plating bath.
Then, porous Ru is obtained. After Ru deposition,
plating electrolyte is switched for Pt deposition.
Anodization and plating process are performed in a
cooled environment at 283K. After 20min of immersion, specimen chip is carefully rinsed by acetone.

Copper Mask-- At first, Cu thin film is deposited by
sputtering. The Cu thin film works as a electric path
for the anodization process and a plasma etching mask
for fuel channel formation. The Cu thin film mask is
generated by usual photolithographic resist patterning
and Cu wet etching with an iron dichloride solution.
The mask pattern employed in this study has 3mm ×
3mm square region. In this region, 100µm × 100µm
square openings are made with 200µm pitch. In this
study, each opening is not connected, but we need
channels between each opening. The fabrication
procedure for those connections is now under
development.

Formation of Through-chip Porous Ru-Pt Layer-- Fuel
channels are opened by plasma etching from the
copper mask side. In this process, porous metal layer is
expected to work as an etching stopping layer. This
strategy was successfully verified with the porous Pt
layer in our previous study [1]. Same approach is
applied to the porous Ru-Pt layer. Plasma etching is
applied with conventional parallel plate type etching
machine ( Samco RIE-10N, Japan ). 18.0 sccm of SF6
and 4.0 sccm of O2 are fed to the chamber and 30W
power is applied. Plasma etching is performed for
115min.

Porous Ru-Pt Layer-- Anodization is performed in a
fluorocarbon polymer vessel containing HF solution
on the opposite side of the Cu mask and porous Si is
formed. Anodization current is applied by contact pins
to the Cu mask and a Pt wire is used as a counter
electrode. After anodization, specimen chip is rinsed
by acetone keeping the chip in the fluorocarbon poly354
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Fig. 4: Cross sectional view obtained by SEM and
EDS elemental mapping of the through-chip Ru-Pt
catalyst layer.

Fig. 5: Magnified view of the porous Ru-Pt catalyst
layer.
Table 2: Atomic ratio of the porous layer by EDS quantitative analysis. Three points at (A), (B) and (C) in
fig. 5 were measured.

3. RESULT AND DISCUSSION
Figure 3 shows specimen appearance. The dark
circle in the figure 3(right) is the porous Ru-Pt layer.
The specimen chip was cleaved and cross section was
observed with a field emission scanning electron
microscope equipped with an EDS (energy dispersive
x-ray spectrum analyzer). Figure 4 shows a SEM
image and elemental mappings after plasma etching.
Figure 5 shows a magnified view of the porous layer
cross section around the bottom of the etched opening.
A result of quantitative analysis obtained by EDS is
shown in table 2. Near the surface of the porous layer,
residual Si signal is small and porous Ru-Pt layer can
be made. It is found that the metal deposition is poor in
deep area, which is close to the bottom of the etched
openings. Figure 6 shows a cross sectional image of
the porous Ru-Pt layer, which is synthesized by
identical conditions, without plasma etching. In this
figure, upside is the porous layer surface, which is
opposite to the other images in figures 4-5, where
downside is the original porous layer surface. In figure
5, Ru poor porous area seems shrunk and is deformed.
But before plasma etching, straight pore porous feature
can be seen in Ru poor porous area as shown in figure
6. In the case of porous Pt, there was also Pt poor
region, but those region seemed still plasma etching
resistive and smooth bottom of the etched opening was
observed. This difference might relate to the deposition behavior such as particle sizes of the metal deposit.
Anyway, it was clear that through-chip porous Ru-Pt
catalyst layer could be obtained. We already reported
that the Ru-Pt layer synthesized by identical way
showed catalytic activities for methanol oxidization

(A)
(B)
(C)

Si [At%]
Ru [At%]
Pt [At%]
16.34
79.56
4.10
4.32
87.50
8.18
3.16
72.65
24.19

Fig. 6: Cross sectional view of the porous Ru-Pt
catalyst layer.
[12] and the through-chip porous Ru-Pt layer fabrication is promising for the realization of the DMFC
with our monolithic electrodes design.
355

Proceedings of PowerMEMS 2008+ microEMS2008, Sendai, Japan, November 9-12, (2008)

[5]

4. CONCLUSION
Porous Ru rich layer was formed on a Si substrate
by immersing anodized porous Si into Ru plating bath
containing HF. After Ru rich porous layer formation,
Pt was deposited by galvanic replacement reaction.
EDS analysis showed that the porous layer contained
Ru and Pt. The through-chip porous layer was
fabricated by applying plasma etching from the
opposite side of the porous layer. Further study for
realizing miniature DMFC with the monolithic Si
electrode design will be performed.
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