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Abstract: For the successful exploitation of microdevices such as microsensors, development of
micro-power sources is strongly required. In this view, microbatteries and microfuel cells have been
developed. Here the concept of on-chip fuel cells, which consist of all the components necessary for
power generation integrated on a chip, is introduced. Then, in order to improve their performance,

experimental results obtained from a prototype cell are compared with simulation results obtained.
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Figure 2 Schematic of the air-breathing,
membraneless, and monolithic design of an
on-chip fuel cell: (a) Layout of current collectors
and a microchannel. The cell consists of two
cathodes at the top of the channel and an anode
on the bottom. (b) Cross-sectional view of the
electrodes and the microchannel filled with a fuel
solution. Details are available in a previous paper

[2].
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Figure 3 Photograph (a) and microscope images
(b, c) of the on-chip fuel cell fabricated on a
cycloolefin polymer film. Details are available in
previous papers [3, 6].

Figure 4. Performance of the on-chip fuel cell
(experimental data). (a) Current-voltage curve
and current—power curve. (b) Potentials of each
individual electrode (Tafel plots). Details are
available in a previous paper [1].
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Figure 5. Geometry of the on-chip fuel cell used
for simulation. (a) Birds-eye 3D view of the
microchannel of an on-chip fuel cell. The blue
regions are porous cathodes, and the red region is
a porous anode. Inset: The green region shows a
microchannel filled with fuel solution. (b)
Cross-sectional view of a half of the power
generation unit. Inset: Whole of the cross-section.
The dimensions are as follows: Rectangular deep
channel: 100 mm deep and 100 mm wide (half);
Anode (half): 5 mm thick and 50 mm wide;
Cathode: 5 mm thick and 80 mm wide. Details are
available in a previous paper [1].
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Figure 6. Performance of the on-chip fuel cell
(simulation data). (a) Current—voltage curve and
current—power curve obtained by simulation for an
on-chip fuel cell having the same catalyst activities
as those obtained by voltammetry. (b) Each
individual electrode potential. Details are available
in a previous paper [1].
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Figure 7 Each parameter obtained by the
simulation of an on-chip fuel cell having the same
catalyst activiies as those obtained by
voltammetry. (a) Electrode potential profile
associated with Ohmic loss caused by electronic

resistance. (b) Electrolyte potential profile
associated with Ohmic loss caused by ionic
resistance. (c) Methanol concentration profile. (d)

Oxygen concentration profile. Details are available
in a previous paper [1].
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Figure 8 Performance of an actual on-chip fuel
cell with Nafion coating (filled dots) compared with
that without Nafion (open dots). (a)
Current—voltage curves (green lines) and
current—power curves (black lines). The right
photographs show the contact angles of Pd-Co
thin film with and without Nafion coating. (b)
Potentials of each individual electrode (Tafel plots).
Details are available in a previous paper [1].

SEXH

[1] S. Tominaka, S. Ohta, T. Osaka, R. Alkire,
Energy Environ. Sci., 4 (2011) 162-171.

[2] S. Tominaka, S. Ohta, H. Obata, T. Momma, T.
Osaka, J. Am. Chem. Soc, 130 (2008)
10456-10457.

[3]S. Tominaka, H. Nishizeko, J. Mizuno, T. Osaka,
Energy Environ. Sci., 2 (2009) 1074-1077.

[4]J. Yeston, Science, 325 (2009) 1321.

[5]T. Osaka, S. Tominaka, Fuel cells: Breath of
fresh air, in Asia Materials, Nature Publishing
Group (2008).

[6] S. Tominaka, H. Nishizeko, H. Shinohara, J.
Mizuno, T. Osaka, ECS Transactions (2009).

55R-Rec#E L -
Cathode

55R-Rec#E L -

55R-RecH Y -
Cathode

55R-RecH Y -
Anode



	conference-button: 


