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Micro direct methanol fuel cells based on silicon and
non-silicon MEMS technologies
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Abstract: Two kinds of micro Direct Methanol Fuel Cells(p-DMFC) characterized by simple configurations,
small sizes and high specific power densities are presented by using silicon and stainless steel as poles in this
paper. The working principle and structure of the ;~-DMFC are introduced. Then, the silicon -DMFC is ac-
complished using Micro Electro Mechanic System (MEMS) technologies such as lithography, depositing and
etching. Experimental results show that the open circuit voltage is 520 mV and the peak power density can
reach 5.9 mW/cm’ for the silicon p~DMEC at room temperature when the molar concentration of methanol
solution is 1. 5 mol/L. Moreover, the stainless steel u-DMFC is fabricated using a non-silicon micromachining
technology,and it can offer an open circuit voltage of 650 mV and a peak power density of 15. 8 mW/em® un-
der the 2 mol/L. methanol solution at room temperature. It is concluded that the performance of the

stainless steel p-DMFC is greatly better than that of the silicon p-DMFC.
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1 Introduction

With the development of portable electronic de-
vices such as cellular telephones, notebook PCs,
PDAs etc. , the demands for cheap, efficient and
light power sources have increased quickly. Mo-
reover, the Direct Methanol Fuel Cell (DMFC)
is a promising power source for portable applica-
tions due to its advantages of simple fabrication,
clean environments and relatively high efficien-
cy. The bipolar plates of conventional DMFC
have been fabricated mostly with the graphite,
nevertheless its brittleness brings the difficulty
for the micro channel machining. Due to the de-
velopment of MEMS technology, the integration
of micro flow channels for y~-DMFC with small
size and mass production is realized, it presents
a wonderful prospect for the fabrication of porta-
ble power sourcest!’.

There have also been significant attempts to
develop the p~-DMFC based on the MEMS tech-
nology. Kelly described a micromachining based
fuel cell fabrication method, which used the per-
forated membrane oxide to present the methanol
to an anode. They reported an open circuit volt-
age of 0.5 V and a short circuit current of 0. 46
A/em® at 323 K. Sim reported the u-DMFC
consisting of one PEM and two silicon substrates
with channels fabricated by micromachining
techniques such as anisotropic etching and metal
evaporation. The cell with the size of 16 mm X
16 mm X 1. 2 mm was supplied with 1M metha-
nol solution. The measured output voltage of the
cell was 100 mV at 298 K, but its power was not
measured”. Cha fabricated the all polymer -
DMFC using UV-sensitive photoresists. The
measured maximum power density was 8§ mW/
em? and current density was 37 mA/cm?™. Mo-
tokawa designed a MEMS-based p~-DMFC with

an active area of 0. 018 cm’ and fabricated the
anode and cathode micro channels arranged tem-
perature using 2M methanol solution™. Lu de-
veloped the p~-DMFC with an active area of
1. 625 cm® assembled by sandwiching the MEA
between two micro fabricated silicon wafers.
Extensive cell polarization test demonstrated a
peak power density of 50 mW/cm? at 333 K and
16. 5 mW/cm” at room temperature using 2M
methanol solution under ambient pressuret®.
The design of p-DMFC using silicon and non-sil-
icon micromachining technologies is proposed in
this paper. The experimental results show that
the output characteristics of p~-DMFC based non-
silicon machining technology are better than that

of based on silicon machining technology.

2 Working principle of DMFC

Fig. 1 illustrates the basic structure of the DM-
FC.: a positively charged flow anode, a negative-
ly charged flow cathode and a MEA between the
anode and the cathode. The anode and cathode
are in contact with the MEA. An aqueous meth-
anol solution and oxygen from air are fed into
the anode and cathode respectively. Through
electrochemical reactions with water, the metha-
nol is oxidized and it produces electrons, protons,

and carbon dioxide. The electrons produced at the
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Fig.1 Working principle of DMFC
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anode carry the free energy charges of the chem-

ical reaction, and perform electrical work
through the external load. Otherwise, the pro-
tons transport through a proton exchange mem-
brane to the cathode, where the electrons come
back from the external circuit to form water with
the protons. In the oxidation and deoxidization
process of electrochemistry reactions, the elec-

tricity power is exported continuously.

3 Fabrication of silicon-based u-
DMFC

A schematic of the steps to fabricate the p-DM-
FC is given in Fig. 2. The starting material of
the ~-DMFC is (500 +20) pm-thick 7. 5 cm (3
in) n-type (100) oriented silicon wafer polished
on the front side. Firstly, the thermal silicon di-
oxide with a thickness of 1 ym for an etch mask
is grown. The silicon dioxide on the front side of
the wafer is patterned by photolithography. The
channels are etched using the anisotropic etching
process performed with KOH solutions with
concentration of 40% at 313 K. The silicon wa-
fer is etched 120 um deep. Another alkaline
etching using electrochemistry reaction is fol-
lowed to fabricate a through-hole structure with
a diameter of 1 mm, allowing the methanol fuel
to flow in and the carbon dioxide to exhaust out.
Subsequently, the silicon dioxide with a thick-
ness of 1 pym is grown thermally on the surface

of the silicon wafer. To collect current and mini-

Preparation Clean Oxidation
Removing Etching Lithography
Depositing Auj Metallization Carve

Fig. 2 Fabrication process of silicon p~-DMFC

mize the contact resistance between the MEA
and the silicon wafer, a gold layer of 1 pm is
sputtered on the channels of the wafer, preceded
by 50 nm titanium layer just beneath the gold
layer to promote adhesion.

DuPontTM Nafion 117 has been used as the
proton exchange membrane of the ;-DMFC. The
catalyst for the anode is coated with the Pt-Ru/C
noble metal, and the loading of Pt in the anode
catalyst layer is 4. 0 mg/cm’. The catalyst for
the cathode is carbon-supported Pt, and the
loading of Pt in the cathode catalyst layer is 4. 0
mg/cm’?. The carbon paper is utilized as the dif-
fusion layer of the p-DMFC. So these parts are
assembled to form the membrane electrode as-
sembly. Finally, the MEA is sandwiched be-
tween the catalyzed anode and the cathode to
create an integrated p~-DMFC with a active area
of 0.64 cm®. Fig. 3 shows the plane view struc-
ture of prototype p~-DMFC fabricated using a mi-
cro machining technology. The size of the as-
sembled ;~-DMFC is 18 mm X 10 mm X 1. 8 mm,
and the active area of anode and cathode is 8 mm
X8 mm. The performance of the y-DMFC is as-
sessed at ambient temperature using the oxygen
of the air as the oxidant. The tests are carried
out at different concentrations of methanol solu-
tion. The result shows that the high perform-
ance appears at 1 — 2 mol/L methanol solution.
The ;~-DMFC based on MEMS under 1. 5 mol/L
methanol solution at room temperature is meas-
ured, and its peak power density achieves 5. 9

mW/cm? as shown in Fig. 4.

Fig. 3 Prototype photo of silicon y~-DMFC
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Fig. 4 Characteristic of silicon yi-DMFC

4 TFabrication of ;~-DMFC based on

non-silicon technology

It is found that the silicon anode plate may be
splitted when the ;~-DMFC works for very long
time. The reason is that the silicon wafer is
rather brittle to be disintegrated. If the p~-DMFC
works for longer time, the MEA will absorb
more water. The MEA swells large enough to
break the silicon anode plate, so the metal mould
is fabricated to stamp the anode and cathode
plates of p-DMFC with stainless steel. Accord-
ing to packaging a silicon-based p~-DMFC, the
anode, MEA and the cathode are sandwiched to
manufacture the p-DMFC based on stainless
steel as shown in Fig. 5. The p~-DMFC under 1. 5
mol/L. methanol solution at room temperature is
measured, and the maximum power density a-

chieves 15. 8 mW/cm?® as shown in Fig. 6.

Fig.5 Photo of ;~DMFC based on non-silicon tech-

nology
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Fig. 6 Characteristic of stainless steel p-DMFC

A comparison of performance of (~-DMFC cells
based on silicon and based on stainless steel is
shown in Fig. 7. Obviously, the performance of
the cell made of the stainless steel plates is bet-
ter than that made of the silicon plates, and the
peak power density of stainless steel p-DMFC is
three times that of silicon-based p-DMFC ap-
proximately. Using stainless steel as the plates
of u-DMFC,we can reduce the internal resistance

and can improve the performance of y-DMFC.
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Fig. 7 Comparison of micro DMFC with different

substrate materials

5 Conclusions

The p-DMFC is fabricated on the silicon and
stainless steel substrates respectively using the
MEMS technology in this paper. The silicon-
based p-DMFC can not be packaged to cause
higher internal resistances because of the brittle-

ness of silicon. So the p-DMFC based on the
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stainless steel is completed using the micromach-
The p-DMFC under 1. 5

mol/L. methanol solution at room temperature is

ining technology.

measured, and the peak power density achieves
15.8 mW/cm?. The pDMFC realized with the
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