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Abstract

Lithium phosphorous oxynitride (LiPON) electrolytes for solid-state lithium batteries were prepared using
the polygonal barrel-sputtering system. When sputtering was carried out at an N, gas pressure of 4 Pa and
an AC power of 100 W for 120 min using a Li;PO, target plate, a worm-like deposition was formed on the
planer silicon substrate. An Nls peak was observed at around 400 eV in the X-ray photoelectron
spectroscopy survey spectrum of the sputtered sample. This N1s peak was deconvoluted into two peaks:
one at 397.4 eV ascribed to P-N<P bond formation and the other at 399.0 eV reflecting P-N=P bond
formation. Based on these data, the formed deposit was assigned to LiPON. The ion conductivity of the
prepared LiPON was evaluated by impedance measurements. A semicircle was obtained in the Cole-Cole
plot, from which the ion conductivity was determined to be 1.8 x 10° S cm™, close to those of typical

LiPON films in the literature (1.7 x 10 °~6.4 x 10° S cm?). Thus, LiPON films can be prepared by the

polygonal barrel-sputtering system.
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1. #5

MABENE <, BER [V F UL ZREM] 1%, BUE, HEHRRE00%0N0ET
FIHENTEY, bideHhks OEFICRKNERVERE2> TS, £, RITTIXEKEHH
OMZERE & Vo TEBEIBRICRIH SN TWA T TR, BAEMRETRALT—IZBITAEIO L
NY o THICbEAREIREENATWS, LL, AREMIKEZHEHL TWDLEROY F U LA A
¥ RTINSO K, ERRIR O R X D IER OB (NE LR, BERIE) 28 L[1],
FEE, ZOTREMAER LY =y MEDSRAFRIC L ETELEESA RO S B 5,
7z, AREMRRIINM LT, 2, REEENHIRINDET TR, ElHFMICHE
B bz 5[2],

ZOXIBREEND, T, AREMKRONRDY ICEFERELFEN L T2EEKY FU L8
) AER SHTWD[B], EOHTHEMME & EAFE IR A RS S [ AREERY F o
LFEM[3-5]) DIEFICHIESNTEBY, BRICEMBLVLIZEL TS, LhL, ZOVAT A
IXBRA LR DD ANV D BHERENMELS, SHIZIEEC LV ENHE T MELET 5, &
Dizh, @R FERY F 0 NElEBEERSCHAE TR XL X —~FEHNT 52 L IIRETH
Do ZAUCKIL, B, 3 X OEMEMRL T ORI D [0 7 BIEER Y 5 L FEH[3,6-9].
XIRENCERLS, MABLLAEETH L Z LMD, FHIEXK BB FHMBEER S L CORMHNHIR S
TN 5,

sV RILER Y F 0 NEMICIE, 2 OO AT ABREINTNS[3,6-8], 2D H L, ik
REIREWRL T % N2 AT AT R WO FERUARE 2 7R 97 03[3,6], KFIC LD HEFET A (i
fbAkF) OFAEPIPEE S, BEEOBLADRENER S TWD, 2L, Bk
BB % FAWTZ V2T A3 T8 ITEEHN ADRENL, BWREEEHET S, LvL, &
bR BRI I LRI AN 20D, BAF 7R 1 RO TR EE LV, 2l Bl
WRTIEYF VLA F L DEEENRZ L, TEEREDKWY,

FRE LB bR 7 RIAER Y U AR OB A R 5120, BRENIC B A A
NRENRAZRERET D ENARARTH D, TOMICE L, BRI R~ BMREEMNITE
e FEO—D2TH D, T T, FxITEEE Y 2T A CRIFRA A ARERHEZHIE L T D
A ¥ EY LY F A (LIPON) [3-5)1C & 2 Bk - Bt o R EAfIZEH L7z, LiPON
[X—MAIIZ LisPOs & % — 5 MIHWEER TR TICBIT OGRSy # ) o 7 T T &
5[4,5]c LU, FEROD ANy 2 Y o ZHEBITERM B O REEMIITENLTHD L OO, kL
T OY)— BTt T LV, —F, BILRFKERAER P E & — Tkl &
R EMTED [ ZMNNLILANy Z Y 7E[10-23]) LTS, 2FED, ZOFEEY
AW, BRI 3~ LiPON i vlRE & 72 5, ERCICHEVY, AR TIEZ AL LR
Ry 2 ZWEIZ L D LiPON ERR O BLpE F1 WL 245 2 72018, SR 2 JHV T LiPON il %
et L7z,
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BHE LisPOy #—7%" > b (50 x 100 cm) ZHWT, LLFO X 9 IR L7z, R L7 Si
B (0.5x15x15mm, BEEET 7 AT v 7)) BEANLUIIEAL, BEF v " —HNIZ
WA L7-[24], ZO8E, Z—4y MR EFATICRD X ICRBE LTz, $0C, m—& ) —Kr
7, MR T EHOCTF v 8= NEEZEYER L, JEAD 8.0 x 10* L TFICE LK, N,
T A (IEE © 99.99995%) % F v >/ "—PIZHAG L, Ny A AJE : 4Pa, &FAHEHTI : 100 W OS5
T120 ARy Z Y 7 Uic NV [EE, MBI L) o ARy Z U Ttk Nyp T A (R
99.99 %) HEZEFT ¥ L N—ZHAL, RRUEICRE L ToLEEZ Y L7,

2.2 WyPEEEA

S on L, BRI EAE %S (FE-SEM : JSM-7000F, JOEL) |2 L v 2 & #8153
L7z, HEREWIN DIt DAL FAE A IR R 1T X AOEE 72061 (XPS: ESCALAB 250Xi, Thermo Fisher
Scientific) TaiffiL (AlKa ) , 55N 7- A7 FLIZCls BE—72 (285eV) THIR(L LT-,

2.3 A A AR

BB DA A AEME X, A =& ZHE (3532-80, HEER) TIHEL7-, RABRIKIL, £
FNVLIVAR Y B o THEEEWT, A7V ARCEIC T, 3B, TiOEICA Sy XY 74
52 L TR L[24,25], In I X VEBKTH D Ti LICHFEZ EE®R, HEEE B LTz 4501
7 —7 ZHREICEWE, JIEIL S Hz~1 MHz OAGEE T, 54072 Cole-Cole 7' 11 »
2B BAE S > 72IEHUE (R, Q) VT, UTORITE Y A A BEE (6, Sem™) &3RD7=,

0 =1I/AR (1)
I Z°C, 1UEWiiE FE-SEM B4 CIIE L723BtOJE 7 (em) , A 3K 2.2em?) 28T,

3. fER
3.1 R RECE D ML AT
Fig. 1 (XA /8y & U > 7 Ri# O Si FEH D FE-SEM #4214, B TH - -alBbEmIciE, A%
v 2V 7%, worm-like HEEOHEREY (JEE 1 750 nm) MBI Sz, Z ORI OFMEE S
T T D72, XPSHEEIT-T2, fFHALZ
fi k& Fig. 2 127, sEEEI O Hr—f 2
7 bV (Fig. 2 (I-A) ) 1ZiF Lils (B — 7 [\ :
58eV) , P2p (134eV) , P2s (189¢V) , Ols
(532 eV) 233B® H72[26,27], 285 eV @ Cls S
B — 7 26,271 O F B L= — R .

F SR INDRETET 5 H— L AT Fig. 1 FE—SEM images of Si substrates before and
after sputtering.
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k45, 25O E—27 X Fig. 2 (I-B) 12787 LisPO,
WA (BERIERT) CTHBME i, LaL, FER
BHTIZ 400 eV H72 D IT NIs =27 H BTV 5
[26,27],

Fig. 2 (ID) IZFHHEEID N1s 71— 227 h L%
IRLTze TOAXRY MUZIEv a vV —%FfH>7
— R =273 3973 eV AHEICRROD bz, ZOE
— 2732 o0 —=7IZhHETE, EREhOE—7
IZ LiPON (& £ 5 P-N<P fifi &5 (& — 7 (& 397.4
eV) & P-N=P #E4A (399.0 eV) ZIRE TE -
[5,26,28,29], Z DFfERMNG, ANy XU 7Tk D
Si Hbk FIZAERL L7 HER L LiIPON & 722 &
NTE D,

FeWN T, FEL U 7= LiPON O A A Amiitt % A
— X U APETIM L7z, b2/ % Fig. 3 12
9, Cole-Cole 7' & v MIIT-HINNELNTZ, Lo
L, FRIFIERFRCTH Y, i L2 LiPON O A
FARE (& EEGE) & LiPON KiH & Ti &l
MDA A A58 (RE R EE) (CER T 5[30],
% ZC, Fig. 3 OF AR RIS E# % H v T
Cole-Cole 7m v N& 7 (v T 4 7 LIZ[30], €D
fad, 2L HRBUE (Rpu) 131948 Q L3RED,
X () 5, REEEOA A EEE (§) 1 LisPOy

(6=8.6x10°Scem?[31,32]) £V 2HFRZV>1.8 x
10°S em™ & fAES H7-[30], Z DEWA A Bl
JETX, FIT Fig. 2 T/R L7z P-N<P fE & OEIZ H 3k

L[33,34], 15 & 417~ 6 1% LiPON o SCHkiE (1.7 x 10°°
~6.4 x 10°S em™[4,24,35]) 2 HILET 5, 414,
NI G G AoV Wb 3 B0~ S N =TT Yo =P L [ /P
V7B F o NEMY AT AERRE TN, B
KAk (B 21X, LiCoO, IERHECRL ) ~0 LiPON
Effi% AT 2 TETH D,
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Fig. 2 (I) Survey spectra of (A) sputtered Si

plate and (B) Li;PO,4 powder and (II) narrow
N1s spectrum of the sputtered sample.
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Fig. 3 Cole-Cole plot with a fitting curve (solid
line) obtained for LiPON prepared by the
polygonal barrel-sputtering method (frequency
range: 5 Hz— 1 MHz). Inset shows the equivalent
circuit used for data fitting (Rpuk, Rsurface: Ohmic
resistances, CPEyyx, CPEgyugce: constant phase
elements).
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