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3-D architectures are electrode and battery cordigpns
that are non-planar configurations and offer thiepigal
for greatly improved performance, particularly émrhs of
volumetric energy density, compared to traditigslahar
(1-D along the cell-sandwich and 2-D along the plah
the electrodes) configurations (or their derivagie? In
this work, we present a novel 3-D electrode andagev
architecture that can potentially provide signifita
enhancements in energy density. These designs are
expected to be scalable and to operate over |eugiles
that exhibit rapid electron and ion transport.

One of the electrode designs we have exploredoiaish
in Fig. 1 and is based on a photonic crystal deigrhe
local current collector framework arranged in a 3-D
configuration is shown in the bottom right-handrerof
Fig. 1a. We refer to this structure as a 3-D sdéadfémd
these structures can be fabricated from carbondbarse
metallic materials. The scaffold is coated confdtyna
with a redox-active electrode material. The resglti
porous 3-D electrode is shown in the cut-away sastdf
Fig. 1a and the entire electrode is shown morelgléa
Fig. 1b. The continuous pore volume (Fig. 1b) keg
element for this electrode and is purposely desigaanot
only be interconnected but also to be minimizeduid
electrolyte, which fills the pores, will thus haaecess to
all of the redox-active material at a suitable kbrgrale.
A detailed view of how the electrolyte is arrangethin
a given electrode element is shown in Fig. 1c. Tibige
also indicates how the electrolyte is continuousugh
the well-structured electrode architecture leadingery
low tortuosity.

The development of non-planar architectures has far
reaching effects because, as our calculations sl
be possible to achieve a significant increase lnnetric
energy density without relying on the developmdmew
materials. Current batteries are 2-D devices and,
effectively, so are the electrodes that constitiue
battery. Research has shown that electrodes which
provide electrochemical reactions throughout a 3-D

Fig. 1. 3-D architectural arrangement. (a) Cut-away
view of the 3-D electrode. The lower right shows th
scaffold and which is coated conformally by theaed
active material; (b) expanded view of the full 3-D
electrode, showing how the current collectors are
arranged within the electrode and the pore volume
between the coated regions; (c) internal pore ngtwo
for the electrolyte.

volume lead to better utilization of electrode miais
(increased energy density) and higher power density
because of short diffusion lengths which minimihenic
loss. However, transitioning from a 3-D materiabt8-D
electrode design has proven to be problematicev f
researchers have demonstrated 3D electrode anchiéc
at a nanoscale level. In such cases, the normalized
gravimetric densities are very good, but the tatabunts
of energy and power are low because of the smaluam
of material being used. In this paper, we will pras
design strategies that effectively scale-up theoseale
features so that electrodes at millimeter and farge
dimensions effectively possess the same energy and
power densities that are exhibited at the nanosdéte
will also present different electrode material eys$ with
75 vol% active material that are able to provide
volumetric energy densities that are 3 to 5 timghdr
than that of planar electrodes. This significant
improvement is possible due to high vol% of thévact
material and the ability to pack the active mateata
nearly the crystal density rather than ‘tap densije

still retain good power characteristics becausa wéll-
connected 3-D transport network with tortuosityseldo
1.0. Possible 3-D cell configurations that demaatstr
excellent energy densities at the cell-level wiababe
discussed.
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