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Abstract

Li;.2NILMn, 5,02 (LMNO) Is a high-capacity layered cathode material but suffers from surface instability
during cycling. In this study, LIPON was deposited as a protective layer, leading to improved Initial
discharge capacity and enhanced retention after 50 cycles. XPS and Raman confirmed the formation of
P—O and P-N bonds, while SEM revealed reduced surface damage. The LIPON layer effectively stabilized
the LMNO interface and improved electrochemical performance.

Pre-heat at 500 "C for 13hrs

Experiment Procedure

Lip (Negative)
Mn(Ac).- 4H,0 Co-precipitation Urea (CO(NH2)2) ,
Ni(Ac), - 4H,0 Na.CO | Spring
Dry out 90°C for 5hrs
» Spacer
Ni-Mn Precursor

Active material (cathode)

Pre-heat at 500°C for 13hrs ‘

L]

Mix Ni-Mn Precursor ] Separator
with Li.CO; . u
J ‘ ' Lithium foil
Heat at 800°C for 12hrs ] |
Liz2M,Ni,O; <l I @ Sputtered under 20 sccm N, and i
Heat at 800 °C for 12hrs 100 W for various durations
SUR ‘ o1s] P2p N1s
[ XRD j [ RAMAN J (&) ) - (c) (d)
____JL,\/_.JA,.JLA__*A_}\_A W £ V_JV\“\ E ' E =
::;1 JL e " S e % W i 260 B?:Zing En:é;y (eV) 860 10‘00 536 55ABindi:izEr\ergi/é(DeV) 52'8 Sés - 1:;6 Bin;iing I;i:rgy (;.aV) 1:;2 * 410 468 466 41;'):\di:;|)2En:r(I)goy (:é? 3é6 3é4 ”
g = LMNO-LIPON 3hr SUR| (o1 P2p,, P2py, P2p) o ‘
I 2 N ©) O - @ O
LMNO COD 1520787 T g g . f;' . g | / \ g
10 20 30 40 50 60 70 80 90 200 ' 400 ' 600 ' 800 ' 1000 ' 1200 ' 1400 £ M = ;"\ £ / \ £
26 Wavenumber(cm”1) \'\, / \\
Fig. 1. XRD patterns of pristine LMNO  Fig. 2. Raman spectra of pristine LMNO o u/ QA — / e Lhebot™
and LMNO with LIPON Iayer and LMNO with LIPON |ayerS of different T ke T bndngEnernyey) Binding Energy (eV) Binding Energy (eV)
deposition durations Fig.5 (a) XPS survey spectrum of the LMNO; (b) O1s XPS patterns of the LMNO; (c) P2p XPS patterns of the LMNO; (d)
N1ls XPS patterns of the LMNO; (e) XPS survey spectrum of the LMNO with LIPON layer; (f) Ols XPS patterns of the LMNO
[ SEM J with LIPON layer; (g) P2p XPS patterns of the LMNO with LIPON layer; (h) N1s XPS patterns of the LMNO with LIPON layer
4.5 '(a) 4.5 '(b) 4.5 ‘(C) 45} 45 -(e)
- - - e - LI P W
45-(1:) 45 -(g) 45| (h) 4.5 (I) Eigt:: 45 (J)

Fig.6 Charge curves of (a) pristine LMNO and (b) LMNO covers with 3hr LIPON layer and (¢c) LMNO covers with 5hr LIPON
layer and (d) LMNO covers with 7hr LIPON layer and (e) LMNO covers with 9hr LIPON layer and discharge curves of (f)
pristine LMNO and (g) LMNO covers with 3hr LIPON layer and (h) LMNO covers with 5hr LIPON layer and (i) LMNO covers
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Fig. 3. SEM images of (a) pristine LMNO, (b) LMNO with LIPON layer, (c) cycled
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Fig. 4. SEM images of (a) pristine LMNQO, (b) LMNO with 3 h LIPON layer, (c)
LMNO with 7 h LIPON layer, and (d) LMNO with 9 h LIPON layer

Table.1 Electrochemical performance (a) pristine LMNO vs. with LIPON layers of different deposition durations’ first lap
Delithiation/Lithiation comparison (b) pristine LMNO vs. with LiPON layers of different deposition durations’ 10""& 50™ lap
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Conclusion

cathode cathode
I ™

»

HF

h

-/ -/
ﬂ LiPON LiPON
(artificial CEI) (artificial CEl)

cathode cathode

« Structural and surface analyses (Raman, XPS) confirmed that the layer preserved the layered structure
while introducing characteristic P-O and P-N bonding environments.

 Electrochemical tests demonstrated that LMNO electrodes with LIPON layer exhibited improved cycling
performance, with capacity retention enhanced from 92% to 100% after 50 cycles.

« LIPON layer acted as an effective artificial CEl layer, suppressing electrolyte side reactions and enhancing
the interfacial stability of LMNO cathodes under high-voltage operation.
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