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1. Introduction

Organic (liquid) materials are generally used &s th
electrolytes for lithium-ion batteries. It is w&hown that
organic materials have flammability and therefatt@um
ion batteries have a problem in terms of safety.itSs
expected that practical application of the lithium
secondary batteries with the solid electrolytesroter to
solve this problem. All-solid-state lithium thin+fi
batteries (TFBs) are expected to apply to manytedat
applications (wireless sensors, smart card, dtedause
of their advantage of safety and form factor bamethe
solid electrolyté™. Lithium cobalt oxide (LCO) is used
for cathode material in our experiment. We arentyyto
raise the discharge capacity per unit area by &sing
thickness of the LCO, but there are some issues to
improve. In this study, we investigated the infloemf
LCO film thickness on cell characteristics and atsed
to improve the discharge properties.

2. Experimental

LCO cathode film was prepared by RF and DC hybrid
power magnetron sputtering method on Pt film asetir
collector. Ar was just used as sputtering gas,cnaanber
pressure was kept at 3.0 Pa. After deposition, Wa®
annealed at 600deg.C under atmospheric pressuagripy
heating system. LCO film thickness was ranged f8otm
20 um. Solid electrolyte (Lithium Phosphorus Oxynitride
LiPON) was prepared by RF magnetron reactive
sputtering method with nitrogen gas. Anode (lithjur)
films were prepared by vacuum evaporation method.
Direct encapsulation stacks were formed using vapor
deposition polymerization method. TFB cells were
investigated by electrical and electrochemical praps
at room temperature in a glove box with Ar atmosphe

3. Results and discussion

Figure 1 shows the discharge capacity when current
density was changed (LCO thickness is from 3 ta2Q
Li thickness is 2um). The charge method is CCCV
(Current: 0.21 mA/cm2, Cut off voltage: 4.2 V, <B10
A/cm2). The discharge method is CC (Current: x nn#d¢
Cut off voltage: 3.0 V). The capacity density desed in
same current density with the LCO film thicknesswa
decreased. It is thought that the phenomenon isaltres
limitation effect of Li ions diffusion inside theQO film,
because the diffusion distance (film thicknessjdased’.
Figure 2 shows properties of cycle performanceswhe
lithium thickness was gm. The discharge current density
is 0.21 mA/cm. The capacity loss rate was increased with
LCO film thickness was increased. If LCO thickness
20 um, the capacity was lost by about 20% after 20
charge-discharge cycles. It is thought that theegggion
of lithium occurred when lithium was extracted haoye
sequence, and therefore, the contact area betweele a
and electrolyte decreased and the capacity alseasad.
Figure 3 shows properties of cycle performanceswhe
lithium thickness was gm with and without direct
encapsulation onto lithium. It was found that tlyele
characteristics were improved by the addition oécti
encapsulation onto lithium. It is considered thmt t

segregation of lithium during charge-discharge eyelas
suppressed by the contact of encapsulation staiths w
lithium anode surface.
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Fig. 1. Current density vs. discharge
capacity of TFB cell with 2um-thick Li
anode and LCO thickness; (ajan, (b)10
um, ()20 um.
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Fig. 2. Cycle performances of TFB cells
with 2-um-thick Li anode and LCO
thickness; (a)3um, (b)10um, (c)20um.
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Fig. 3. Cycle performancesof TFB cells
with 20-um-thick LCO and 2um-thick Li
anode, with and withoutencapsulation.



