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MEMS-based Direct Methanol Fuel Cells and Their Stacks for the Reduction of

Cell-to-Cell Deviation and Interconnection Voltage Drop

Young Ho Seo and Young-Ho Cho
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Abstract

2= ¥, Cell-to-Cell Deviation(&+ 4 3 X}, Interconnection

We present a MEMS-based portable Direct Methanol Fuel Cell (micro-DFMC), featured by a platinum
sputtered microcolumn electrode and a built-in fuel chamber containing a limited amount of methanol fuel.
Also presented is a micro-DMFC stack structure having a common electrolyte sandwiched by the
microcolumn electrodes. The single cells with ME16 and PEL6 electrodes show the maximum power

densities of 31.04£0.29uW/cm® and 9.75+0.29uW/cm?, respectively; thus indicating the microcolumn
electrode (ME16) generates the power density (3.2 times) higher than the planar electrode (PE16). The
single cell tests of ME16 and ME4 electrodes (Fig.8) show the maximum power of 31.04+0.29W/cm?, and

25.2342 7uW/cm?, respectively; thus demonstrating the increased window frame reduces the normalized

standard power deviation (standard deviation over the average power). The normalized deviation of 0.11 in
ME4 cell has been reduced to 0.01 in ME16 cell due to the increased window frames. The maximum power
density of 4-cell stack is 15.7 times higher than that of the single cell. 4-cell stack produces the power

capacity of 20.3mWh/g during 980min operation at the voltage of 450mV with the load resistance of 800C.
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Fig. 1 Comparison of the microcolumn electrodes of

TEL : (042)869-8691 FAX : (042)869-8690 DMFC: (a) the previous microcolumn electrode®;
* A= AAUET 7|4 - frlERY TR (b) the present reinforced microcolumn electrode
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Fig. 2 Types of microcolumn electrodes of DMFC: (a) ME16
electrode; (b) MEA electrode; (¢) PE16 electrode
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Table 1 Dimension of DMFC using the electrodes of Fig. 2

Electrode type | \rpy6 ME4 PE16
of Fig.2
Total cell size | ) 1ax12 | 12x14x12 | 12x14x1.2
[mm’]
Electrode size } 0,10 1010 1010
[mm7]
Fuel °ha“§;’°x‘ 25x25x | S5.IxS.x | 2.5x2.5%
S‘Zzu[r‘:l‘t‘)‘e‘r 0.39x16ca | 0.39xdea | 0.39x16ea
(volume) (39:4) (80.524) (39:4)
Inter-column | 00110 | 100£1.0 none
spacing [pum]
Height of
microcolumn 102+0.5 102+0.5 none
[pm]
Depth of
microchannel 6010.5 6010.5 162+0.5
[pm]
Thickness of
Nefios™ [oun] 178 178 178

—Fuel Chamber

/—Eledmde Interconnection

-Air Chamber
(b)
Fig. 3 Cross-sectional view of 2-cell stacks: (a) the
previous stack™; (b) the present stack

Polymer
Acnyl Electrode Elect}ll-olyte
Cover Interconnection
Air .
Electrode T 2ir-Electrode

Fig. 4 Perspective view of the 2-cell stack structure, where
the polymer electrolyte is sandwiched by the
electrode plates and the fuel chambers are located in
skew-symmetric positions w.xz. the electrode plane
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A. Si0(8000A) pattemning & PR(4.3ym) patterning E. KOH back etching & Pt deposition(2000A)
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Fig. 5 Fabrication process of the single DMFC
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Fig. 6 Fabricated DMFC and stacks using ME16 electrodes:
(a) single DMFC; (b) 2~cell stack; (c) 4-cell stack
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Table 2 Experimental conditions of the fabricated single

DMEFC and stacks test
DMFC Test Expen;t:leerit;lo i(,)ndltloris -
Jectrod D 0 oa
(clectrode) Temp.[°C] [1d/min] resistor
0
Al | Room (20) 2 10~10MQ
5
Single cell 40
(ME16) A2 60 5 1Q~10MQ
80
A3 0
Al Room (20) 5 80002
2 &4d-cell |2Al 1Q0~10MQ
stack 4A1 [ Room (20) 0 1Q~10MQ
(ME16) |4A2 800Q
Single cell
(ME4) Bl |Room (20) 5 1Q0~10MQ
Single cell
(PE16) Cl1 | Room (20) 5 1Q~10MQ

Table 3 Measured characteristics of the fabricated single
DMEFC and stacks

DMFC Test
(electrode) D

Measured max. power density
or max. life time

21.0+0.28u W/cm®
Al 25.8+0.28uW/cm®
31.440.29uW/em*
2
2
2

Single cell 40.31£0.31pW/cm
(ME16) A2 50.30.35uW/em'
69.610.34uW/cm
A3 400 min.
A4 > 1000 min.
2 & 4-cell 241 92.640.31uW/cm?
stack 4A1 329.840.47uW/cm®
(ME16) 4A2 800 min,
Single cell 2
(ME4) Bl 25.23£2.7uW/cm
Single cell 2
(PEL6) Cl 9.75+£0.29uW/cm
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Fig. 7 Voltage-current curves of the single cells with
ME16, ME4 and PE16 electrodes, measured
from the test ID of Al, B1 and C1 of Table 2
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Fig. 8 Voltage-current curves of the single cell with
ME16 electrode, measured from the test ID of
Al of Table 2 for the fuel flow at 0, 2, and
54d/min
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Fig. 9 Fuel consuming time of the single cell with ME16
electrode, measured from the test ID of A3, A4 of
Table 2 for the limited fuel source of 3944 and for
the fuel flow of 5//min., respectively
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