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High areal capacity Li-ion all solid state 3D
microbattery based on anatase TiO, deposited by ALD
on silicon microstructures
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Nowadays, nomadic electronic devices should have a
sufficient autonomy owing to the high energy andveo
capabilities of embedded rechargeable batterieslirfgic
the size of the electronic devices to follow thdore
Moore” approach opens the road of numerous
applications with high societal impact such as maldi
implants, air quality analysis for structural, hdamel

security, and environmental monitoring. Typically,
wireless autonomous microsystems composed of
additional values and diversified technologies as

compared to classical microelectronic devices dgu@m
the CMOS technology and following tH#More than
Moore” concept can fulfill the requirements of such
applications. The small footprint area of a lithium
microbattery (MB) and the compatibility with stamda
CMOS fabrication process should enable its moriolith
integration with a wireless autonomous microsystena
same chip to reach the energy autonomy. Commeyciall
available planar thin films lithium microbatteri@dB) do
not provide enough areal capacity to get autononaus
miniaturized microsystem. To reach this goal, thet f
solution consists in increasing the thickness oé th
electrode material till a critical limit (~ 5um)atis limit
the power capability of the microbattery.

The second way to improve the areal capacity ctssis
using a 3D topology. The 3D MB has been intensively
studied in the past decade and several conceptscéle
rods[1-3], microcontainers [4], deep trenches[5, 6]
Tobacco Mosaic Virus based [7]...) have been reported
within the scientific community.

To achieve a high areal capacity 3D lithium ion MBile
maintaining fast kinetics of the lithium ion in the
electrode, our approach [8] consists in micromaokira
silicon wafer and performing a conformal depositimh
the anatase Tigpolymorph on these 3D microstructures.
The 3D topology is firstly optimized and fabricatesing
photolithography and deep reactive ion etching gsses.

A tradeoff between performance, robustness anchpiate
industrial technology transfer has been selectelde T
fabricated 3D silicon microstructures array on méhes
silicon substrate is depicted in fig. 1. Severgiologies
are realized, from micropillars up to microtubesagr
The high density of the 3D microstructures array is
clearly linked to the high areal capacity of the
microbattery. The pillars/tube external diameted dine
etched depth are respectively 3um and 23um. Themgpa
between two pillars/tubes is fixed to 1um. Despgite
small lateral dimension and high etched depth ticking

of the 3D microstructures has been exhibited aftspin
coating of photoresist contrary to 3D nanostruguas
mostly developed [2] that's lead to potentially righte a
full device and not to limit our research to a semi

electrode demonstration. To measure the area
enlargement factor (AEF) of such 3D topology, a
conformal deposition of platinum (current collegtand
anatase Ti@made by atomic layer deposition facility at
350°C is performed on the 3D topologies as showthén
scanning electron microscope images of the crosiege
(fig. 2- microribbon). The cyclic voltammetry ofgdanar

and a 3D structured sample (pillars) exhibit selvpeaks
corresponding to the lithium insertion/extracti@actions
occurring in the TiQ anatase polymorph (confirmed by
XRD measurement). The peaks intensity is effegfivel
more pronounced for the 3D structured samples as
compared to the planar one. The AEF (value~12)ets
from GCPL measurement performed on 3D micropillars,
demonstrates without any doubt the potential of the
proposed 3D topology.
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Fig. 2. Cross section of the TiPt/Si deposited on 3D microribbons
and electrochemical measurements
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