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E
LiMn,O, HPaA1e] S Alolgel] w83 744e] 21918 selslr] $18led, LiMn,04/1IM LiClO,-PC/Li FRIE
et A AlolEo] WE AC impedance ¥4 $3Y39L} S SUIBEE o4k N Hixls &
Zolld D2 3ko| Impedance 7 A9} 2 AXSIT). FA0) WE ALk 270 45 Z4AE HQl o)
R FAE BIACHSHE AlolEe] 27] 70~ 100/ 13X Ad AR S Y28 A Hat AaxE A
ol J2A3] VIt olF R ke HUos 2v) F43% fahisle] dolow vetEn). Makda Aglo) oF
A% olFoll= Warburg o] FHol we} 24 F71INCH LiMn2048ete] 318kehal A4t AlolZol mha}
271 515X 10" em¥/secoll A 800 Alo]Fo] At & 6.3x 10 %ecm?/secE A} 7H43HE Fol @A 100 Alo]E
o] Fo] §azAe] Al Yoz TlSGIrt. Warburg A} 7K Jahn-Teller ¥ = Mn -&3foll 2|3k A
o2 FAsAt

Abstract : In order to investigate the origin of capacity fading with charge/discharge cycling in LiMn,Q, thin film
battery, impedance studies have been performed with increasing cycling in LiMn,O4/IM LiCIO,-PC/Li cells. The
fitted values obtained from impedance data show good agreements with the experimental results. Especially, the ele-
ment of charge transfer resistance of LiMn,Oy/liquid electrolyte interface initially increased, and then saturated with
increasing the charge/discharge cycles, which could explain the cause of initial abrupt capacity fading of LiMnO,
thin film with cycling due to interfacial reaction. The steady capacity fading is caused by the increasing of Warburg
resistance. The chemical diffusion coefficient of Li ions decreased from 5.15X10"!'em%sec at 1st cycles to 6.3 X
102 em?/sec at 800th cycles, which attributed to the Jahn-Teller distortion/ Mn dissolution which diminishes tetra
hedral sites necessary for Li diffusion in LiMn,Q,.
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Fig. 1. X-raydiffraction patterns of thin ﬁlrh LiMn,;O,4 and powder
LiMn,O,. Substrate represent Pt current collector (111) peak.
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Fig. 2. Cyclic voltametry curves ofthin film LiMn,O4 spinel phase
in 1M LiClQ, solutionin PC (v = 0.2 mV/sec)
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Fig. 3. Galvanostatic charge/discharge characteristics of thin film
LiMn,0, spinel in 1M LiClO4 in PC solution within 3.7~4.3
voltage range. Solid lines are first cycle and dotted lines are 800th
cycle. Current density is 100 gA/cm’> and LiMn,O4 volume is
0.9 cm? X 0.2 yum.
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Fig. 4. Capacity vs. cycle number proﬁlés of thin film LiMn,O,
within 3.7~4.3 voltage ranges. After each 70, 120, 250, 500, 800
cycle impedance measurements were conducted.
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Fig. 5. Typical Nyquist plots obtained after fresh and 70, 500 cycle
test. Each test was conducted at 4.05V within 1 MHz~5 mHz
frequency range.
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Fig. 6. Equivalent circuit of Pt/LiMn,0,/1M LiCl0,-PC/Li cell used
for NLLS fitting. Each element represent electrolyte resistance(R.y),
contact resistance and capacitance(R,, C,), charge transfer resistance
(R.p), Warburg impedance(Z,,), and double layer capacitance(Cy).
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Fig. 7. Resistance vs. cycle number profiles of electrolyte resistance,
contact resistance, charge transfer resistance, and warburg im-
pedance obtained at each 0, 5, 10, 70, 120, 250, 500, 800 cycle.
Numerical values were calculated by NLLS fitting by using of
equivalent circuits.
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Fig. 8. Capacitance vs cycle numbers profile of thin film LiMn,O4
measured at 4.05 V. Square(lf Jrepresents contact capacitance and
circle (@) represents double layer capacitance.
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Fig. 9. The variation of chemical diffusivity of LiMn,0O, thin film as
a function of cycle number at open circuit voltage(OCV) of 4.05 V.
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