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1. Introduction

One of the important matters for rechargeable
batteries is the stability of interfaces of elebtres with
electrodes. Degradation of these interfaces causes
reduction of the capacity and the operating voltage
However, there are only a few reports of the deafiad
in atomic scale. In this research, we apply amthin-
film cathode to the battery to focus on the stabibf the
interface. The electrode material we selected tigulin
iron phosphate (LiFePg". Its electrochemical and
structural features have been well-clarified by wnan
researchers. The batteries is fabricated emplotfinge
electrolyte materials, LIRF  (in solution),
LigAl3(P,07)5(PQy), (LAPP, solid?, and LiPOu Ny
(LIPON, solid). We evaluated the charge and disphar
characteristics and analyzed the details of therfate
reactions.

2. Experiment

LiFePQ, thin films of 0.1um thick were deposited
to PUTI/SIQ/Si substrate using Ar-plasma-sputtering
equipment, then heated at 500°C under the Ar ath@ysp

For LiPR-employed battery, LiFePCfilm, 1 M
LiPFg solution in EC and DEC (3:7, v/v), and 0.3 mm-
thick Li foil were employed as the cathode, theetdyte
and the anode, respectively. The distance betwhen t
cathode and the anode was set to 4 mm.

For LAPP-employed battery, 1. m-thick LAPP
was sputtered to the LiFeR@m using Ar plasma and a
LAPP disk as the target. For LiPON-employed battery
1.2 um-thick LIPON was sputtered to the LiFePfim
using N plasma and a kPO, disk as the target. Finally, 2
um-thick Li metal was vapor-deposited.

These batteries were galvanostatically charged and
discharged at 20°C.

3. Results and Discussion

XRD analysis showed that the heat treatment at
500°C successfully produced a crystalline LiFgRi®n
with weak preferential orientation to the substateface.

Figures 1 and 2 show the charge-discharge curves
of the LiFePQ@LIiPFs in solution/Li battery and the
LiFePQ/LAPP solid/Li battery, respectively. Both
battery potentials are 3.43 V, which is that of thdk
LiFePQ, confirming the electrochemical quality of the
LiFePQ, film. The first discharge capacity of
LiFePQ/LiPFg in solution/Li was estimated to be uBh
cm? ~80% of the theoretical capacity. The capacity
decreased and the overpotential increased with the
charge-discharge cycle.

To analyze the capacity decline and the
overpotential increment, we performed the XPS aialy
of the LiFePQ film in a step-by-step manner during
charge-discharge cycle. It demonstrated that partia
electrochemical deactivation of Fe atoms and the
penetration of fluorine atoms into the surface bé t
electrode proceed during the charge-discharge cycle
suggests that the fluorine atoms chemically reditt the
Fe atoms. This phenomenon might form the resistive
layer at the interface.

On the other hand, the first cycle capacity of the
LiFePQ/LAPP solid/Li battery was estimated to be 5.7
pAh cmi?, more than 90% of the theoretical capacity. The
capacity is comparable to that of the LiFgR@Fs in
solution/Li  battery. The charge and discharge
characteristic showed neither the capacity redoctior
the overpotential increase, as clearly seen inreiguThe
LiFePQ/LIPON solid/Li battery represented the similar
cycle characteristic (data not shown). The improsenof
the cycle characteristics is explained by the faiomaof
stable interfaces with fluorine-atom-free electtedy

4. Conclusion

The XPS analysis revealed that the insertion of
fluorine atoms in the electrolyte (LiFto LiFePQ
cathode is a trigger of the capacity decrease &ed t
overpotential increase during charge-dischargeecyidhe
battery employing the solid electrolyte (LAPP and
LiPON) without fluorine atoms revealed interface
stability, resulting in excellent cycle charact8cs.
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Figure 1. Charge-discharge curves (1st ~ b5th cyadé) the

LiFePQJ/LiIPFs in solution/Li battery. Current density was set 2o
pA-cm? Inset: Discharge capacity per cycle.
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Figure 2. Charge-discharge curves (1st ~ b5th cyadé) the
LiFePQ/LAPP solid/Li battery. Current density was setltpA-cm>.
Inset: Discharge capacity per cycle.



