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Hybrid Energy Storage

2011 - Active RFID Tag /Carbon Electrochemical Capacitm
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Microbattery Design
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Gel Electrolyte
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Fabrication: Dispenser Printing

alignment camera

4

? pressure line

print head

Integration of vibration energy
harvester with printed capacitor

substrate

Dispenser printing:

 Capable of 5-300 um size factors
e Large viscosity range (100-10000 cP)
* Ambient temperature process

* Low waste

* Fast, scalable, economical

* Continuous assembly processing

1®841100 um dia
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Battery Performance
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Current microbattery performance
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Hybrid Energy Storage

2011 - Active RFID Tag /Carbon Electrochemical Capacitm
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Printed electrochemical capacitors
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Capacitor performance
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“Printing on Green”
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Thin and flexible displays

Thin, flexible displays need complimentary thin, flexible power source
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Printable Batteries

Battery deposition can be
incorporated into the automated
printing process line
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Large-scale energy storage

ﬁnc Polymer Battery

\_ 150 mWh/cm* ) Ll ~2,600sq. ft

Prefabricated walls
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Printed Energy Storage Devices

e Fully printed energy storage devices (batteries and electrochemical
capacitors) were fabricated

e Direct write dispenser printing is a flexible tool that can be useful for
tailoring energy storage devices to provide optimal performance for a
given application.

 Implementation and testing of printed energy storage devices is underway

 Acknowledgements: California Energy Commission, Delta Electronics,
Berkeley Manufacturing Institute and Berkeley Wireless Research Center,
Center for Information Technology Research in the Interest of Society

For more information, contact: christine.c.ho@berkeley.edu
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~ 2,600 sq. ft
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Costs

A square meter of printed battery stores 15

Component $/sq. meter

Zinc 0.65
MnO, 0.26
Organics 0.20
Collector/substrate 0.10

Printing 0.20

Newsprint costs ~ $0.05/sq. meter
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High Power
E.C. Capacitors
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orage capacity as a function of discharge current  Device leakage with respect to cell volta

100 /—o\ 5 &
90 . '
0 Nt g
70 \ o
> 60 £
g 50 \ |
= :
30 |
20 <
10 E 0.5+
0 | —
0.001 0.01 0.1 1 10 W3 14 15 16 17 18 19

current density (mA/cm”2)

Cell Potential (V)

=

PUBLIC INTEREST ENERGY RESEARCH
"Research Powers the Future"




