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Energy storage is mostly achieved with batteries and is a
huge challenge of 21¥ century [1]. Despite the
developments made by the microelectronic industry, the
battery technology didn’t follow these breakthroughs [2].
Batteries are ideal power source devices because they
provide stable voltage and allow the leveling of energy
consumption. This is of special concern when the target
applications are in the biomedical field or for long cycle
operations without requiring human activity [3, 4].
Solid-state film lithium batteries present the highest
volumetric energy density (800 Whi™") and gravimetric
energy density (350 Whg™), very high cycle life and
charge-discharge rates up to 5C (only exceeded by super-
capacitors) [4, 6]. The integration of batteries with solid-
state circuits requires the use of solid-state anode, cathode
and electrolyte. These batteries are intrinsically safe since
all materials are solid and no leaking or explosion could
occur. Film battery chemistry is being developed at
ORNL (Oak Ridge National Laboratories) [3] with a solid
electrolyte between the anode and cathode. These
batteries have a potential of 4.5 V, typical capacities
below 100 pAcm™ and charge times of 2C to 5C.
However, due to the process of thin-films deposition, the
thickness is limited to few micrometers, resulting in a
small capacity.

This work presents a cathode of lithium cobalt oxide
(LiCo00,), and electrolyte of lithium phosphate nitride
(LIPON) and an anode of metallic lithium (Li).

The LiCoO, is mostly used as cathode material in lithium
batteries due to its excellent electrochemical stability,
high capacity of lithium-ion diffusion and provide a high
voltage to the battery. The fully crystalline structure
facilitates the diffusivity of lithium ions and decreases the
resistivity of the LiCoO,. The LiCoO, film was deposited
by RF sputtering and presented the best characteristics
with a power source of 150 W, a pressure of 2x107> mbar,
40 scem of argon and an annealing at 650 °C for two
hours in vacuum. Electrical resistivity of 3.7 Qmm was
achieved and crystallization proven by XRD technique
(Fig. 1).
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Fig. 1: LiCoO, XRD.

LIPON is a glassy electrolyte and must have a high ionic
conductivity and high electrical resistivity. It has an

electrical resistivity greater than 10" Q and has an ionic
conductivity of 6.3x10”7 Scm™ for a temperature of 26 °C
(Fig. 2). The LIPON was deposited by RF sputtering with
a power source of 150 W, pressure of 3x10™ mbar and

20 sccm of nitrogen.
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Fig. 2: LIPON ionic conductivity.

Although the oxidation in contact with air, the lithium
metal is the most common material used as battery anode
due to the high amount of lithium ions that can provide to
battery discharge. This was deposited by thermal
evaporation and its resistance measured during the
deposition. A resistance of about 3.5 Q was measured.
The whole battery design, including the substrate
(Si+Al,O3) and current collector’s thin-films (Ti) is
presented in Fig. 3.
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Fig. 3: Battery design (not on scale for better
visualization).

Acknowledgements

This work was financially supported by FEDER/
COMPETE and FCT funds with the project PTDC/EEA-
ELC/114713/2009 and with first author scholarship
SFRH/BD/78217/2011.

References

[1] Shinya Suzuki, Naoko Sakai and Masaru Miyayama,
Fabrication of titanate thin film by electrophoretic
deposition of tetratitanate nanosheets for electrodes of Li-
ion battery, Key Engineering Materials, 388 (2009) 37-40.
[2] M. Armand and J.M. Tarascon, Building better
batteries, Nature, 451 (2008) 652 — 657.

[3]1 N.J. Dudney and B.J. Neudecker, Solid state thin films
lithium battery systems, Solid State & Materials Science,
4 (1999) 479-482.

[4] B. Kang and G. Ceder, Battery materials for ultrafast
charging and discharging, Nature, 458 (2009) 190.

[5]1 N.J. Dudney, Solid-state thin-film rechargeable
batteries, Materials Science and Engineering - B, 116
(2005) 245-249.

[6] A. Patil, et al., Issue and challenges facing
rechargeable thin film lithium batteries, Materials
Research Bulletin, 43 (2008) 1913-1942.



	Welcome Page
	List of Symposia
	Table of Contents
	A0 (Abstracts 1 - 3)
	A1 (Abstracts 4 - 74)
	A2 (Abstracts 75 - 78)
	A3 (Abstracts 79 - 104)
	A4 (Abstracts 105 - 150)
	B1 (Abstracts 151 - 363)
	B2 (Abstracts 364 - 395)
	B4 (Abstracts 396 - 476)
	B5 (Abstracts 477 - 1657)
	B6 (Abstracts 548 - 580)
	B7 (Abstracts 581 - 601)
	C1 (Abstracts 602 - 610)
	C2 (Abstracts 611 - 630)
	C3 (Abstracts 631 - 643)
	D1 (Abstracts 644 - 676)
	E1 (Abstracts 677 - 749)
	E2 (Abstracts 750 - 786)
	E3 (Abstracts 788 - 826)
	E4 (Abstracts 827 - 856)
	E5 (Abstracts 857 - 889)
	E6 (Abstracts 890 - 906)
	E7 (Abstracts 907 - 951)
	F1 (Abstracts 952 - 980)
	F2 (Abstracts 981 - 997)
	G1 (Abstracts 998 - 1012)
	G3 (Abstracts 1013 - 1030)
	G4 (Abstracts 1031 - 1059)
	G5 (Abstracts 1060 - 1104)
	H1 (Abstracts 1105 - 1126)
	H2 (Abstracts 1127 - 1150)
	H3 (Abstracts 1151 - 1185)
	H4 (Abstracts 1186 - 1221)
	H5 (Abstracts 1222 - 1236)
	H6 (Abstracts 1237 - 1249)
	H7 (Abstracts 1250 - 1294)
	H8 (Abstracts 1295 - 1346)
	H9 (Abstracts 1347 - 1375)
	I1 (Abstracts 1376 - 1420)
	I2 (Abstracts 1421 - 1473)
	I4 (Abstracts 1474 - 1538)
	I5 (Abstracts 1539 - 1551)
	I7 (Abstracts 1552 - 1577)
	I8 (Abstracts 1578 - 1597)
	J1 (Abstracts 1598 - 1626)
	J2 (Abstracts 1627 - 1643)
	J3 (Abstracts 1644 - 1656)

	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Search This CD/Device
	About This CD/Device
	Help
	ECS Home Page
	Exit

