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Solid State Lithium Battery with Inorganic Solid Electrolyte

Kazuya IWAMOTO and Shigeo KONDO
Technology Laboratory, Matsushita Battery Industrigl Cs., LTD.

Abstract
A new lithium ion conductive glass, Li;P0O,Li,S-8iS,, and coin-type solid-state batteries fabricated
with the glass as a solid electrolyte are reported. Ionic conductivity of the glass was 1.5x 10738/
cm at room temperature. It was stable in 2 wide potential range as well as in contact with lithium
metal. The electrochemical stability of the glass is promising for the absence of side reactions dur-
ing the battery operation. Aciually, charge-discharge efficiency was almost 100%, even when the
cell voltage reached 4.5 V during high rate charging. The high efficiency also suggests that the bat-
tery has a long cycle life. Capacity of the battery {20 mm in the diameter and 1.6 mm in the thick-
ness) was more than 10 mAh. Other specifications of the golid state battery were also comparable

to the marketed coin-type lithium batteries.

. FL&IC

AR, HEER /NI 4R
EOEBBFEBOERICH Y, CHOBERO
BRI LTUFIAL AV REMSBRT,
POEEE - BIRLY-EEYETL LD
LEBIHVWOLhARI - T4, LiL,
Defr Ad A v BIC I ERE & LT
HOESBERER SN TH 570, Bl - &
KEOMESPER L THENTET,
2, EiboXEHY - AR, TOREE
HIZBF AL =T v TERT ALY,
AREOFREFR L TREORGESFEICK

TOU0 SFOMERTEN -1

TEL 66-994-4551

FAX 06-998-3179

FERH (E-mail : PAN22619@pas.mbi.mel.co.ip)
TERESHE (E-mail @ PAN22017@pas.mbi.mei.co.jp}

ALk, BhoOREEEETRELTLIL
M, UF7 ARMOLEH ORI BHED O
TN B0,

D Ly ARBOSRBCICEENR
UF a4 A REERRESEREORREN
BOCEETHY, TOMERLELTEREDL
EIEHBE (7 AR DO s hTEL,

P24, LipexMTip.y (POg)s(M=AL Sc, Y,
La), Lig5-3:RE05+:Ti02(RE=La, Pr, Nd, Sm}
iz EOBBRRBOBGEREL, Ehicf 4V
(Rt AR5, BEHBOPICERSETHR
BEHT LY, BKERIENLRTIENL
THRERLHB L2 B, Blb, U7 LBl
DEEICRERIF VA, UFTLESR, BD
WERERR (Gl A—BEICHVWHRT
BY, BESRERLECEGBEREI NS
ORBEYE L ERTS L, BAEREEES

23



NEW GLASS Vol. 12 No. 3 1997

BESHhA FvEEEDACETFEEES R
LSk, BEEE LTHWAZ AR
thH,

7o, EREOCREEREIL/ A58 ER
KRASSHLOHAEL, BHEEGERE
OB ETHACERER 2R LB, BN
FlEO A 4 /EEEROBRIREL 2D, B
REHAME LTS, SOV ITHTO
A EEEEDLE LT, NROA F o EEE
BRELEIFSILLEEILZY, EREEGE
REYERBhA~ LR ICR, Bx0R8Y
HLTWAEEWEE,

Shizk L, ESE (M5 RR) BEERH
DERBEBERITE L TR VADBERE
BLRTIEN L TEET, EBRERTOA
FUOBEICRIY R ESLV, LAEd-T,
PR TOA 4 /MRS OMEA S EEEE
REICH~TES LD, NREFSEVER
Branbl EAPHINERANEE LTED
THFELV#HBE W25, BUF, UFIAA4F
AMEEM A S A T NERWICIBIIC WL TE
H OO PRI B,

2. UFILA XA AGHUHTTR

UF D LA A BN 5 AL, BIRE
B HROZERICAEh D, EATOMH
L, MEERALERENRLY LY, Bk
WROBGEERE N2 A0HE, WBERHN -
LT Si0y, BoOs, PO;  EHMOENTED, A
FAOEREBR LTS, £/, HHEHH
A5 R F 7 LA A VBERERRE TS L
DT, LU F 7 A (L0) S—8HICHED
hib, TOX2EBHTZ AP TL, Bt
A VEFEBGIC L0 Ry Y- PICEE
SRTH I EHTEY, Lit A VDRBY
SGAPEBETE, Lod-C, JOXDRE
EERE N5 ADA ARSI B SR
WTHH L0 OEFRFMA L LR ET S,
L L, TOBRCE UIERBERSUF T A

24

A VEBRTL LIS, TOBE BR
BEO7 a0 BpERcit, #icd 458
HIHETL, Bohs /4 /EERIL, SET
1076S/ecm BE 75> T 5,

A A AEHEE AR EX D0, Bt
AU b RO RS, Lit A
FAVEBELTTELEIELELONS, B
Y, B iR THBREOKX ERHAL
WAFVERACSE, BohAH{H T AR
MM A 5 AN TE A TV RBE R R
T B2 LipX-SiXy # 5 AD%EE, MLEH
BER L EEESR ORI BWTH, X=00
BEOA T EEEIT 10 CS/cm BETHE
B, X LTS SedrAWERLATT A
1074 S/em B2 54 &/ EEERRID,

BRI F0 A T/ EEEEGBRE Y
SARE LI 2N LAAB&IIE 1038/
e A EOE A U REEAR LN, L
L, LiIiZ microdomain #HHE LTk, T
NHEON D ARTTOFRICH LCIvER &
LTYERY B0, 5 ABFRBEOTERT
ETx#5,

FE MBS AD L 2 EHEEEALE
5 LR A A fmA 2 8% Lok
B, LipPOy O LipS-8iSs 5 2D A 4
EEEOR EIZEHT, G LBRISEN
ELBOTEERMR IS LEREL
o810, PRI OH S AW TR B,

3, LisPO,4-Li.S-SiS, BA&EREH 57X

T Ok A5 A LisPOy, LigS, SiSe %
WHTC1:63:36 KA L, 7Ty YK
VEHERERBVWEREEFESP TI000CT
2ERRmEER L, TOMBEYRD—5—ICk
NESEL, SRLE.

ZO L S UCHEBL L7 LigP0Oy-LipS-8iS;
RBEREN S5 A0S T ACHEOREKES %
Fig. IR L, CORPG, Z0O4 3 458
B3 25°CTL5x103S/emTH b, ¥ 7o,



Temperature / °C
300 200 10 ]

10¢

104 5

102

Tonie conductivity / § cmr!
=

=
T
;

=
n

20 2% 30 35 4D 43
1OV K

in

Fig. 1 Ionic conductivity of 0.01Li;P0,-0.63Li,5-
0.365iS; glass.
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Fig. 2 Stability of the 0.01Li;P0,-0.63L1,5-

(.365i8, glass against Li metal. Inserrted
figure indicated DSC curves of the mixture of
the glass and Li metal.
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Fig. 3 The cyclic voltammmogran of the ¢.01Li,
PO,-0.63L1,5-0.365iS, glass.
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Fig. 4 Cross sectional view of the coin-type solid
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Fig. 5 Charge-discharge curves of the R2016 size
coin-type solid state battery.
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Fig. 6 Discharge curves at various temperature.
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Tabie Specifications for the solid state battery.

Nominal  Nominal Recommended Energy densi
Modei name voltage capacity  discharge current gy ty
v} {mAh) {(4) {mWh'g} (mWivenr®)
VE2020 (Li-alloy/V,0;) 30 20 1-70 273 955
CL2020 {La-alloy/Carbon) 3.0 1 1-100 i4 4.8
Solid State Battery (2016 size) 35 16 250 32,9 1.4
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