27 3
2006 3

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.27 No.3
Mar. ,2006

An Air-Breathing Micro Direct Methanol Fuel Cdl
with 3D KOH- Etched Cathode Sructure”
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Absgtract : A micro direct methanol fuel cell 4 DMFC) using M EMS technology is reported. The prototype fea
tures a unique 3D air-breathing cathode structure fabricated using KOH etching and double-side lithography. The
optimization of the M EMS fabrication process is analyzed. The experimental results show the prototype generates
a maximum power density of 2 52mW/ cm? at room temperature. This perf ormance is better than the published re-
sults of other silicon-based passived DM FCs. M oreover ,it is comparable with that of our previous actived DM FCs
which require an external pump ,certificating the feasibility of this new configuration.
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1 Introduction

Recently ,MEM S has been actively applied in
portable electronics and wireless communication
systems,such as digital cameras,cell phones,and
sensor networks.

For these applications, a stand-alone micro
power source (MPS) is essentia to the operation
of the micro system. Of the various candidates,the
micro direct methanol fuel cell 4 DM FC) haslately
drawn increasng attention from worldwide scien-
tists and researchers® ® . Due to its outstanding
advantages such as high energy dendty,environ-
mental friendliness, low temperature operation,
lack of moving parts, and easy storage'’® ,the
M DMFC has been regarded as one of the most
promisng micro power sources to be commercial-
ized soon in the future.

Many researchers,including us, have investi-
gated actived DM FCs? * |in which methanol and
oxygen pumps are used to supply the reactants.
However ,snce the most promising applications of
M DM FCs are intended for portable electronics and
stand-alone micro systems, independence of the
power supply is necessary. Therefore, external
pumps or other ancillary devices should be s mpli-
fied or eliminated to reduce the volume and parasit-
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ic power loss,as long as no great performance deg-
radation occurs. In they DMFC presented in this
paper ,an air-breathing cathode plate (i. e. oxygen
is taken directly from the atmosphere) was used to
replace the cathode pump. Due to high precison,
good repeatability ,cheap batch-production ,and po-
tential integration with other MEMS devices,
MEMS technology has been used to fabricate the
M DMFCs on the dlicon substrate. The prototype
features a unique 3D KOH-etched air-breathing
structure and an optimized MEMS fabrication
process.

2 Design

A schematic of the air-breathingd DMFC is
shown in Fig. 1, which condgsts of two dlicon
plates with a membrane electrode assembly
(M EA ,shown as two carbon papers and a PEM in
the figure) between them. A serpentine flow-field
was used on the anode for high flow velocity ,uni-
form fuel distribution ,and easy removal of CO."'.
The desgn of the cathode, however ,is relatively
complex. To desgn a proper air-breathing cathode
structure,air permeability ,contact area with the
MEA ,and intendty of dlicon structure must be
considered. Normally the first two factors contra
dict each other snce they share a common micro-
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channel area,and they are limited by the third fac
tor. The larger the opening on the cathode plate,
the more easly the ambient air can access the M EA
through the cathode ,and produced water can evap-
orate into the ar. However ,this also means less
current-collecting contact area with the MEA ,
worse distribution of external pressure,and higher
risk of thefracture. A smilar dilemmaoccursif the
window openings are too small. Therefore,the es
sential goal of the air-breathing cathode design
should be to solve these conflicts as completely as
possible.

Semrang Anode

Cathode
[ ]Aluminum alloy}Z} PDMS
[ Carbon paper  [[[[] Proton exchange membrane

Fg.1 Schematic of the air-breathingu DM FC

We propose a new method to address these is-
sues. This method has been implemented by first u-
sing double-sided lithography to trander different
but interrelated patterns (designed according to
certain considerations) onto each sde of the cath-
ode plate,and then usng KOH timed etching to
etch through the wafer. Thus a unique 3D KOH-
etched cathode structure is formed. Two types of
cathode plates were fabricated with this method ,as
shown in Figs. 2 and 3. Sample C1 features large o-
penings to the air on one side and a large contact
area with the M EA on the other sde. C2 was de-
sgned in a different way,which features an ex-
tremely high opening ratio but a robust structure.
Note that a pattern transition may occur from the
structure of C1 to that of C2,50 other variations of
air-breathing plates may be obtained usng this
met hod.

Fig.2 SEM photosof C1 ,onetypeof the air-breathing

cathode plate (a) Front sde (in contact with the
MEA) of Cl;(b) Back side (facing the ambient) of C1

mm  KYKY.28008 SEM _SN:1208

Fig.3 SEM photo of C2,another type of the air-
breathing cathode plate (front side only)

3 FRabrication

The MEMS fabrication process of the dlicon
plates,shown in Fig. 4 ,was modified and optimized
on the basisof the previous process'® . The detailed
steps are as follows: (a) Therma oxide and
L PCVD S3:Ns were deposted as mask layers on
both sdes of a 400 m double-polished 100 dli-
con wafer ; (b) Double-sided lithography was used
to form the patterns of microchannel and feeding
holes (for the anode) or patterns contacting the
MEA (for the cathode) on thefront side of the sli-
con wafer (top sde of the wafer in Fig. 4) , at the
same time form aligned feeding holes (for the an-
ode) or the patterns exposed to the air (for the
cathode) on the backside; (c) KOH timed etching
was used to anisotropically etch the wafer until the
feeding holes were etched through; (d) Finally
0.8 mTi/Cuand O 21 m Au were sputtered onto
thefront dde of the slicon wafer to form the cur-
rent collecting layers.

Anode SiOI/Si1N4 Cathode SiOZ/Si‘NJ
yea . ~

L | | |

(a)Depostion of SiO,/Si,N, (a)Depostion of SiO,/Si,N

(b)Double-sided lithograply

(b)Double-sided lithography
DD O DA020A2T

(c)XOH etching (c)KOH etching
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(d)Sputtering of Cw/Au (d)Sputtering of Cu/Au
Fig. 4
plates

Fabrication process of the anode and cathode

Low-cost wet etching,rather than an expen-
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sive process such as DRIE ,was used to make the
plates. The anode and cathode plates were fabrica
ted on the same wafer with the same process, but
they are quite different in construction. Note that
athough the depth of the microchannel fabricated
in this paper was 20U m, half of the thickness of
the dlicon wafer ,other depths can be easly ob-
tained by modifying the beginning times used to
etch each sde of the plates. The air-breathing
structure was realized by usng double-sided lithog-
raphy rather than the previous two sngle-sde li-
thography steps. Two other reasons a o led to this
replacement. One reasonisthat in the previous sec
ond sngle-side lithography ,the spin-coated photo-
res st tended to pile up around the cavity formed by
the first KOH etching. The thick photoresst was
difficult to develop fully ,leading to blockage of the
connection between the microchannel and feeding
holes. The other reason is that the double-sded li-
thography has reduced the etching time by almost
half by etching the wafer from both sdes smultar
neoudy rather thanfrom one sde to the other asin
the previous process. The M EA used in the experi-
ments consisted of two sheets of carbon paper
(20wt. % FEP wet-proofed TGP-H-060) coated
with the catalyst (anode: E TEK ,Pt-Ru/ C(60 %) ,
13 4mg/ cm* ;cathode: Pt/ C (60 %) and Pt black ,
29. 2mg/ cm?) and the proton exchange membrane
(PEM) ,Néfion 117 in the core. PDM S membranes
and an external a uminum holder were employed to
assemble thed DMFC,as Figure 5 shows. PDMS
membranes were used to seal the gaps between the
components,while the aluminum holder held all
the components together compactly. The current is
conducted outsde by mechanically clamping the
partsof theplates extruding from the holder. Table
1 lists the important dimensons of the fabricated
M DMFC.

FHg.5 Fabricated y DMFC

(a) Anode side; (b)
Cathode side A US quarter is shown for scaling ref-
erence.

Table 1 Important dimensions of thed DM FC

25.4mm X 17mm X 6.2mm
20mm x 15.2mm
9.2mm X 9.2mm
40 m (anode)
20 m (anode)

Total size "

Plate area

Microchannel area
Channel/ rib width
Channel depth

* The volume of the holder is included

4 Results and discussion

The experimental data were obtained with a
constant current method using an electrochemical
interface ,a Solartron SI1287. The experimental re-
sults show the prototype has an operrcircuit poten-
tial of 0. 47V and a maximum power densty of
2 52mW/ cm’ when fed with 0. 5M methanol solu-
tion at aflow rate of 0. 20mL/ min at room temper-
ature. This maximum power density is higher than
the results of other research groups focusing on
M EM S based passive DMFCs® and is a0 close
to that of our previous actived DM FC®*!  demon-
strating the feashility of this structure. Figure 6
presents a comparison of the two types of cathode
structure. C1 has better performance,possbly due
to the moderate trade-off between opening area and
contact area.
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Fg.6 Performance of the two types of air-breathing
cathode desgns 2M methanol , 0. 20mL/ min, room
temperature (25 )

5 Conclusion

An MEM Sbased Ut DMFC featuring a unique
3D KOH-etched air-breathing structure has been
developed. Two types of air-breathing plates have
been fabricated usng KOH etching and double si-
ded lithography. The optimized M EM S fabrication
process takes less time and yields better quality
than our previous process did. The experimental
results show the prototype generated a maximum
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power densty of 2 52mW/cm’ when fed with
0. 5M methanol solution at room temperature. This
performance is better than the published results of
other M EM S based passveld DM FCs,and is com-
parable to our previous active y DM FCs, demon-
strating the practicability of this new configura
tion. Our team ams further to implement the
M EM S basedu DM FC system for practical applica
tions.
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