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An emerging paradigm in engineering design is the development of materials by
constructing hierarchical assemblies of simple building blocks into complex architectures
that address physics at multiple length scales. These hierarchical materials are increasingly
important for the next generation of mechanical, electrical, chemical, and biological
technologies. However, fabricating hierarchical materials with nm control over multiple
chemistries in a scalable fashion is a challenge yet to be overcome. This talk reports the
design and fabrication of hierarchical microbattery electrodes that demonstrate
unprecedented power density as well as large area cellular solids with controllable moduli
and high specific strengths.

The microbatteries have up to 7.4 mW cm?0m™ power density, which equals or exceeds that
of the best supercapacitors and is 2000 times greater than other microbatteries. The three-
dimensional bicontinuous interdigitated microelectrode architecture improves power
performance by simultaneously controlling ion and electron transport distances through the
anode, cathode, and electrolyte. The low internal transport resistances reduce the
microbattery internal heat generation by more than 50% at normal (0.1 - 10 C) discharge
rates. Self-assembly and electrochemical deposition techniques integrate large volume
fractions of high capacity materials into the microbattery architecture to enable up to 45.5
UWh cm?pm™ energy densities, which is greater than previously reported three-dimensional
microbatteries and comparable to commercially available lithium-based batteries, while
maintaining high power density. A one dimensional electrochemical model of the
microbatteries enables the development of battery design rules that suggest a 10X
improvement in battery power performance is possible.

In addition, the electrode architecture has high specific compressive strengths up to 0.23
MPa / (kg m~) and Young's moduli that can be varied from 2.0 to 44.3 GPa. The specific
strength is greater than most high strength steels and titanium alloys and is due to the size




based strengthening of the nanometer scale struts in the porous architecture. The excellent
mechanical properties, combined with the ability to precisely control chemistry, can be
utilized to develop next generation multifunctional materials for energy, robotics, and
medical applications.

James Pikul earned his B.S. (2009) M.S. (2011) and Ph.D.
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