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Over the past decades, thin-film Li-ion

microbatteries with thicknesses up to 1@®n have : & i. "Q' ® :‘C:‘
become the dominant power sources for a wide variety of . B 5‘6“.‘ :‘Q.‘.'
miniature electronic devices and implantable medical f OO YY) “‘.“
devices. Nevertheless, due to the increasing power 1 .‘C.,‘:.:;O!
requirements of the latter devices and emerging 3 4{"‘-‘@0: - ."
technologies (e.g., wireless transmission), the next £ m,’,ﬁ.‘; .3ﬂ
generation of Li-ion microbatteriés expected to provide i % ‘8 '0%%0::“ .1
even higler energy and power densities on a small B B ﬁ‘.‘o.'.‘
footprint area (e.g., <1 ¢ To date, the most promising g e 'o:r’p‘
way to maximize the energy and power densities of a E l‘ j‘ ®  208hm A

microbattery is to build 3D microbatteries, in which the Figure 1. cfoss-éectional 'SEM micrograph depicting a high

battery components current collectors, electrodes, and ordered TiQ nanotube layer formed by two-step anodization of

electrolyte — are incorporated into a 3D micro- or a Ti foil. The insets show a cross-sectional view at tube top
nanoarchitectur®! Due to the limited packing size as well (upper) as well as the top view (let

as high safety issues, the electrodes for microbatteries
generally lack binders and conductive additives, which
complicates the electrode fabrication. So far, the studies . S Y ITAAL
have been mainly dedicated to the development of free- ) o=

—— Charge

standing 3D micro- and nanostructured electrodes rather Eww iy

than full 3D-microbatteries, since the attainment of 3D 5004 e - 30 nm
electrodes with both high areal capacities and high rate z . 5 “by'etehing
capabilities, in addition to long term cycling stability, still §zoo-

is not straightforward. = ‘

In the present work, we demonstrate that by Emo_-‘_H_L ﬁﬂ,
using highly ordered anatase Tifanotube electrodes (as : . modified growth
shown in Figure 1), an areal capacity of 0.24 mAf @n e i i e an o
a charge/discharge current density of 2.5 mA“Zcm Cycle Number
(corresponding to a rate of 5C), and 0.46 mAH”cat b 600 Jo.2c —— Charge 0-2(‘2?-'-(;
0.05 mA cn?, can be achieved. The present nanotube = osc  — Discharze  0.5C™ 145 um

electrodes, which have been cycled for 500 cycles with
only a 6% loss of capacity, exhibited higher energy and
power densities, as well as an excellent cycling stability,
compared to earlier reported 3D Li-ion microbattery
electrodes. The influence of the parameters such as, the
ordering, geometry and crystallinity of the nanotubes, on
the microbattery performance was investigated, as shown .
in Figure 2. It is also demonstrated that the rate capability 0 40 80 120 160 200 240
of the nanotube electrode depends mainly on the rate of o iNuriber
the structural rearrangements associated with the \ll:\lli?#iﬁbze. ﬁ;ll'?ﬁiekrfj‘sp;bs'“gfgg ?]'r‘]?tassoen“n";‘”t?;“ebtihier'g:t;?%eg
I|th|at|o_n/dellth|at|on reactlon and that the ar_eal capacity by modified growth. (b) Rate capabilities of anatase
fat Vam.)us charge/dlscharg_e rate can be increased by nanotube electrodes with lengths of 14.5, 9 anquh5
increasing the tube wall thickness or the length of the
nanotubes, up to 0.6 mAh &for 100 cycles.
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usinga current density of 6.2 mA cfan areal capacity
of 0.12 mAh cn, i.e., 42% of that found for the C rate,
was obtained. Moreover, after cycling for more than 500
cycles at 1C rate, an areal capacity of 0.28 mAF,cm
corresponding to 96.6% of the initial capacity, was found.
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