MICROSTRUCTURAL CHARACTERIZATION OF
THINFILM ELECTRODESFOR LITHIUM-ION
BATTERIES
J.P.Maranchi®, P.N.Kumta', A.F.Hepp

"Materials Science and Engineering Department
Carnegie Méellon University, Pittsburgh, PA, USA
*NASA Glenn Research Center, Cleveland, OH, USA

Reduction in the size of eledronic components
(due to improved integrated circuit technology and
fabrication processes) has led to the miniaturization of
eledronic devices and related peripherals! Thishas
resulted in a neal for lightweight, compad power sources
that would satisfy the demands of portable devices. One
of the immediate consequences of this requirement isthe
emerging ideaof integrating thin film power sources
diredly onto eledronic devices cdl ed the "battery on a
chip" concept.? Besides being lightweight and compad,
these rechargeabl e thin film batteries (TFB's) offer several
other advantages over bulky traditi onal power sources
such as higher volumetric cgpadty and abili ty to mold
them into any 2-D and 3-D forms.® Although there has
been progressin the scientific understanding, the
rechargeal e battery technology and fabrication processes
have not kept pacewith the alvancesin device
technology. There aestill several important problems
related to low cyclabili ty, poor voltage regulation, and
safety which neal to be aldressed. The fabrication of the
thin film eledrodes has therefore been the major source of
problemsin these cdls.

Sputtering is the most popular method for the
fabrication of thin film electrodes due to its smplicity.*
Unfortunately, the processdoes not provide good
compasitional and microstructural control, which are
criticd to the properties of the eledrodes and the overall
battery performance. Composition and microstructure ae
very strongly dictated by the synthesis method and the
procesgng conditions. It istherefore evident that novel,
low cost depasiti on techniques which allow strict control
over the cmpasition and microstructural feaures of the
films need to be investigated.

At Carnegie Mellon University, spin coating
depasition methods based on sol-gel processes have been
developed which allow predse mntrol over the resultant
compasition and microstructure of the fabricaed thin
films. These processes have alrealy been successfully
used for synthesizing a variety of metal oxide, sulfide,
and nitride materials.”®

The present paper describes the microstructural
study of sol-gel derived thin film eledrodes using atomic
force and scanning electron microscopy. The
microstructural changes occurringin the dedrodes before
and after cycling were analyzed. The results of these
charaderization studies will be presented and discussed.
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Figure 1 : XRD of the substrate and thin films prior to
eledrochemical cycling.
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Figure 2: SEM image of LiCoO, thin film before
eledrochemical cycling.
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Figure 3: SEM image of LiCoO, thin film after
eledrochemical cycling.
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Figure 4: AFM image showing the surfaceof the LiCoO,
thin film after 10 cycles (liquid eledrolyte,Li metal
courter-eledrode).



