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SHEET-LIKE LITHIUM SECONDARY BATTERY
Abstract

PROBLEM TO BE SOLVED: To reduce the weight and thickness of a battery by the quantity corresponding to the reduced
quantity of a negative electrode active substance layer by setting the effective capacity of the negative electrode active
substance layer consisting of graphite of a negative electrode sheet to be in the prescribed range smaller than the conventional
relative to the effective capacity of a positive electrode active substance layer of a positive electrode sheet. SOLUTION: A
negative electrode sheet 1 having a negative electrode active substance layer 11 and a positive electrode sheet 2 having a
positive electrode active substance layer 22 are laminated through a separator 3 in which the nonaqueous liquid electrolyte is
filled, and sealed in a housing body 4 to constitute a battery. When the effective capacity of the negative electrode active
substance layer 11 is excessive relative to that of the positive electrode active substance layer 22, the weight and thickness of
the battery is increased. While the it is excessively small, possibility of generation of dendrite is increased. Thus, the effective
capacity of the negative electrode active substance layer 11 is 80-120, more preferably, 100-110 relative to the effective capacity
of the positive electrode active substance layer 11. The battery more excellent in space factor, weight and safety than
conventional ones can be provided.
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CLAIMS JPH10172608A

1.

13 A negative electrode sheet having a negative electrode active material layer made of graphite
and a positive electrode sheet are laminated with an electrolyte layer interposed therebetween.
A sheet-shaped lithium secondary battery having a capacity of 80-120.

17 B B 75 5 AMGEYIEE 2 A9 5 A — b &b — h EDZ ORICEREDEZ/TEL
TRBICTREENTE D, HDIEMGEYEEOEMAER 1 0 010 L CEMyEYIEE D)
AERIF80~120THB T Z2RHMET 5 — MRYF U L K&,

2.

25 The sheet-like lithium secondary battery according to claim 1, wherein the effective capacity of
the negative electrode active material layer is 100-110 with respect to the effective capacity of
100 of the positive electrode active material layer.

20 IEFEYIEE OFEhARE 1 0 0l U CEMyEYEEOTRNAERIZ1 00~1 1 0 Th ik
JH 1Rl D> — MIRY F7 L REH,

3.
36 The sheet-like lithium secondary battery according to claim 1, wherein the electrolyte is a non-
aqueous liquid electrolyte.
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39 BIREMNIICROMAEME TH %K 1 721E 25O — MR F 7 L RGEH,

4.
45 The sheet-like lithium secondary battery according to any one of claims 1 to 3, wherein the
positive electrode active material layer comprises a lithium-containing transition metal oxide.

48 IEMUGEYIEIED Y 70 LEAER BRIV 57255 KE 1 ~ 3 DV npicidios — b
WU F 7 Lk,
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DESCRIPTION JPH10172608A

[0001]
13 TECHNICAL FIELD The present invention relates to a lithium secondary battery, and more
particularly to a sheet-like lithium secondary battery.

16 [FEADJE T 2 FHinE] AFIHIZ. VF T L - REHICE L., KR — MRV F T LR
EHICBEd 5,

[0002]

23 2. Description of the Related Art Lithium secondary batteries having a large discharge capacity
are attracting attention as batteries for electronic devices such as portable telephones and
personal computers.

27 [(EROERN] HEMRIOEREP/ Y 2 VR EOEFHEGEHOEM E U THEARORE WY F
U LR 2RO TV S,

31 Conventionally, three-dimensional batteries, such as columnar and box-shaped batteries, have
mainly been used as lithium secondary batteries. Recently, however, interest in sheet-shaped
lithium secondary batteries has increased because of their small discharge capacity compared
to three-dimensional batteries, but their space factor and light weight. A sheet-like lithium
secondary battery basically has a structure in which positive and negative electrode sheets are
sealed with an appropriate exterior sheet without being wound with an electrolyte interposed
therebetween. As for the electrolyte, solid and liquid electrolytes have been proposed, as in the
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case of the three-dimensional battery. The liquid electrolyte is used in a state in which the
separator is impregnated with it, as in the case of the three-dimensional battery.

41 COVYF I LTREME LT, MERIETEE UTHARIRSHERZ & RS EfiZa LT
Efco UL Uil SRR & R U TIEREAVNE OB AR=AT 7 7 X =G
DEME, = MROVF T L REMICEEALNEE > TS, ¥— MRYFT L&
&, FEARMICIE, BB — b ORICEREZMES B TOIREBICTERE NS T & a<EY
TN — MICTEIE LTS 2 A9 %0 BRFEICDOW T, SRR & FIRRIC, [ERDE
DEREDED EMRERENT WS, RIFEMREIL, LAREMOL G LRI, Tzt
L—RCFRUICIRRE TR E NS,

[0003]

53 By the way, in recent years, the demand for further reduction in weight and thickness of sheet-
like lithium secondary batteries has been increasing, but conventional products are practically
unimproved in these respects.

57 £ T AT BTICBITF ST — MRY FU L REMO—g DRt a o b OB RIT 4 < < 7x
STWAICEW ST, TERMEZZFNE DEICBNTHEE ERAXBOREICH S,

61 The reason for this will be explained below.

63 LI N, ZFOMIPICDOWTEIHT %,

[0004]

69 In a three-dimensional lithium secondary battery such as a cylindrical or box-shaped battery, a
negative electrode sheet and a positive electrode sheet are housed in an outer container in a
state in which an electrolyte layer is interposed therebetween and the sheet is rolled many
times. there is

74 PFIEAROFIAL L EOVIAARID ) F0 L REMIC BV TE, Ay — b L iEMS — k&2 D
ENCEEMEEZMEL T, HDZHE 0 —)LEE S NTCREBIC THHERSRNICINEE N TV S

o

79 Due to the multi-roll winding structure, the inside of the battery has poor heat dissipation.
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Therefore, if an abnormal accident occurs inside the battery for some reason and an
overcurrent flows, this causes local overheating, which in turn causes overheating. There is a
danger that it will propagate cumulatively and cause the battery to catch fire. In particular, if
the effective capacity of the negative electrode active material layer is too small with respect
to the effective capacity of the positive electrode active material layer, the risk of explosion
tends to increase. For example, in the Technical Report of the Institute of Electrical
Communication, PE94-57, CPM94-100 (1995-01), which reported a battery ignition test by a
nail penetration test, in a lithium secondary battery having a negative electrode active material
layer made of graphite, It has been pointed out that it is necessary to set the effective capacity
of the negative electrode active material layer to at least 170 with respect to that of the
positive electrode active material layer of 100 in order to prevent dangers such as ignition.

92 NI % ZH A 01— )L 5 Z OREE DRI B O WNEBIEBEVEDEEL . T O7=DIC BN T4
MOBH TEEFHWDE U TRERIFHENS &, TS K2 /EHNSHANET, DV TEN
MNEREE L TEMDFRNANT ZEMNH 5, R, IEMGEYIERE ORI U T AMmEY)
BEOZNMEDTH2 L, BROGERMNERT 20N D 5, HlIAIL., FTE@EERICKSE
MOFENGEBR 28 U o BXUBE =R, PE94—57,

CPM94—100 (1995—01) Icix, EmhoEsMEMEREZET ) F UL
KRBT IBO T, FENTx E DR 1ED 7 I 3% B MY g O =3 A & 7 (S Y e o
ZN100ICHL TR EE 17085 LOREENMEREINTNS,

[0005]

105 The effective capacity ratio in such a three-dimensional lithium secondary battery has also
been adopted in conventional sheet-like lithium secondary batteries.

108 WP B INARID ) F 7 L REMIC BT 2 IBNAR, 1EkOT— RRY 79 L k&I
RSN TET,

112 As will be described later, the effective capacity of the negative electrode active material layer
is proportional to the amount of the negative electrode active material used to form the layer,
so an increase in the negative electrode active material layer leads to increased weight and
thickness of the negative electrode active material layer and thus the battery itself. ing.

7 BRTEYIEEOSNA R, %idd 510 ZEZEKT 2 BMEYE DM RIS 2 D
T, ZTOEREEMEYEREO, OV TEEMEAOmER, SESICEN> TS,
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[0006]

124 By the way, when the inventors of the present invention conducted nail penetration
experiments and other local destruction experiments on sheet-like lithium secondary
batteries having negative electrode active material layers made of graphite with various
effective capacities, unexpectedly, the negative electrode active material layers However,
even in the case of a considerably low effective capacity, no substantial temperature rise was
observed not only in other parts of the battery, but also in local breakdown parts, and it was
found to be extremely safe.

132 £ T AT AFEHE S IZIRNEEDM L O Rinh 574 25 At EE 269 25— MU Fv
L REMIT OV TET EIEIER N Z OMD RIS 211> e £ T A, RSN Aih
PIEED G DRSS E RO G TE. BMOMAT 05D C & Ja A a9 5 SE 7%
g EFERONIIHD LR TH S T ML T

138 The reason for this safety is that sheet-like lithium secondary batteries are generally thin and
have excellent heat dissipation properties, so even if local overheating occurs inside the
battery, it will cool down within a very short period of time.

142 K ZRIEBHHAE, ¥ — MRY F 9 L REMD—RINCTE < THREMED D TRAFE 728
I, FEHINES TR AR U T oM HKHENICIBAIT 205 TH %,

[0007]

149 SUMMARY OF THE INVENTION The present invention has been completed based on the
above-mentioned new findings, and an object of the present invention is to provide a seat
that is safe and further improved in terms of space factor and light weight. It is an object of
the present invention to provide a lithium secondary battery having a shape.

154 CREIADRERL K 5 &3 538E) AFRAZ. FElOFHMRICEDWTRRLEEDTH-> T,
AFHHOMEL, ZE2THO. ULHEAR—RAT 7 72—l FICFROSICBNT—EiGE
TN — MKROY F Y A RE AT A 2 ich B,

[0008]

162 The present invention has the following features.
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161 (RREZRRT 272D DTER] AFEME, DEDRHZHT %,

(1)

170 A negative electrode sheet having a negative electrode active material layer made of graphite
and a positive electrode sheet are laminated with an electrolyte layer interposed
therebetween. A sheet-shaped lithium secondary battery having a capacity of 80-120.

174 BIH 5735 AMGEYIEIE 2 A9 2 Bl — k LIRS — F EDNTORICEMREDfF 2 MEL
TAREBICTREESNTE Y. HDOIEMEYIEE DI AR 1 0 01 L TR YrE o3
NERFB80~120THA Lz2RHEd 2y — MRYF UL REH,

(2)

182 The sheet-like lithium secondary battery according to (1) above, wherein the effective
capacity of the negative electrode active material layer is 100 to 110 with respect to the
effective capacity of 100 of the positive electrode active material layer.

186 IEMTLYVEEDFENAE 1 0 01 L TAMGEEEORNERIZ100~110TH5 i
(1) idD > — MRV F 9 L kit

(3)
193 The sheet-like lithium secondary battery according to (1) or (2) above, wherein the electrolyte
is a non-aqueous liquid electrolyte.

196 BIFEMDIKRORAEMRE TH 2 Fad(1) 7213 (2) il D> — MRV T L REil,

(4)

202 The sheet-like lithium secondary battery according to any one of the above (1) to (3), wherein
the positive electrode active material layer comprises a lithium-containing transition metal
oxide.
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206 IEMTEVIEED Y 79 LB A ERRBREALYIN 5755 Fid(1) ~(3) DWW NN D > — b
RV T L 2xeEEq,

[0009]

213 [Function] It is not necessary to increase the effective capacity of the negative electrode active
material layer with respect to the effective capacity of the positive electrode active material
layer as in the conventional case.

217 (TEH]) IEMGEYIEJE OIBNAE SN U TEAMIEYEREOZ NZERD K S IR E ST 5 0%
WL, PIZEEMEEE L SRLTH5 I LLARETH S,

221 Therefore, the weight and thickness of the sheet-like lithium secondary battery can be
reduced by the amount that can reduce the amount of the negative electrode active material
layer.

225 X o CEMGEMEE D& Z DR LIRS0 RIET > — MRY 77 L RE MO EEDEH 2 /)
ELTBHILENTES,

[0010]

232 BEST MODE FOR CARRYING OUT THE INVENTION In the present invention, the positive
electrode active material, positive and negative current collectors, solid and liquid
electrolytes, and separators required when liquid electrolytes are used are all lithium
secondary batteries or lithium ion batteries. It may be one conventionally known in the field
of secondary batteries.

238 [FEWIDIEDILHE] AFEHNC BT, EMFEYIE, IEROREER, EIADHRIADEMRE.
BRUOMAERE 2 O 2 58I En/SL—27& 81, WIns ) 577 L REMH 5
WEYF T LAF Y ZREMDO I TIERD SHEN TV EEDTH > TR,

[0011]
246 Only graphite is used as the negative electrode active material, and this may be
conventionally known in the field of lithium secondary batteries or lithium ion secondary
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batteries.

250 AMTEIEDOAEBID S XD L ONRHENED,. TNETYF VL RKEMDHZWVIEY F
LA T Y ZREMDO T TIERDBHSENTVEEDTH > TXL,

254 Preferable examples of graphite include various natural graphites and artificial graphites such
as fibrous graphite, flake graphite, and spherical graphite. They include polyethylene,
ethylene-propylene-diene based polymers, and the like.

258 BERDUFE LWl ZIT 2 & RO RIRESRL NG RN, Hl 2 SRR BN, A IRESA,
BRIRESN AR EOHEHETH O, aEFE LT, RUF o 7)bAnnsFlLy, RUL=y
FTYI7IAY R, RUTLFLY, TFLy—TablLy—YIVRRIN—EKETH 5,

263 The amount of the negative electrode active material used is about 80 to 96 parts by weight
per 100 parts by weight of the total amount of the negative electrode active material and the
binder.

267 CUMTEYIE O &I, AMGEYIE ERER e OGRHE 1 0 0 HEAHZD 8 0~9 6 HEHT
BETH %,

[0012]

274 Preferred examples of the positive electrode active material include those having a potential
difference of at least 1 V with respect to the negative electrode, such as V2 05, MnOZ2,
LiMnZ2 04, LiCoO2, LiNi0.5 Co0.5 02, LiNiO2, and Li--Co--P system composite oxides.
substances (LiC00.5P0.502, LiC0o0.4P0.602, LiCo0.6P0.402, LiCo0.3Ni0.3P0.402,
LiCo0.2Ni0.2P0.602, etc.), Lithium-containing transition metal oxides such as TiS2, MoS2
and MoO3.

281 IEMGEYIE & UTIFR LWl EIT 2 & AaMe OFMENDE LB 1 VTHEED, HilZ
V205, Mn0O2, LiMn204, LiCo02, LiNi05C00502,
LiNiO2, Li—Co—PHR#EAMtY (LiCo005P0502, LiCo004P06
02, LiCo06P0402,. LiCo03Ni03P0402, LiCo002Ni0.2P06
027%&) . TiS2,. MoS2, Mo0O3%EDYFULEHERSERILYTH S,

288 Among these, Li—Co—P-based composite oxides are particularly preferable because they can
particularly increase the electromotive force and charge/discharge voltage of the secondary
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battery.

202 TNHDSBTE, REMOEE I PFRMEBREZRICEHSTHTENTES
L i —C o —PREGRRILMDFHTHFE L,

296 Examples of binders include polytetrafluoroethylene, polyvinylidene fluoride, polyethylene,
and ethylene-propylene-diene-based polymers.

29 fEERIE LTCIE, RUTF I 7)VAaF LY, RUEZUF7)VAY R, RYUTZFL Y,
IFL -l y—VIvRRII—GETH 5,

303 As the conductive agent, various types of conductive graphite, conductive carbon black, and
the like may be used. The amount of the positive electrode active material used is about 80
to 95 parts by weight per 100 parts by weight of the total amount of the positive electrode
active material, the binder, and the conductive agent, and the amount of the binder used is 1
part per 100 parts by weight of the positive electrode active material. 10 parts by weight,
and the amount of the conductive agent used is about 3 to 15 parts by weight per 100 parts
by weight of the positive electrode active material.

31 AL LTI, BEOEEERNDEEEN—R T Ty 7inE T, IEMEYIE O
AmlE, EREYE, SEA BXOEESOAEGFE1 0 0EETHZD 8 0~9 5 HE
FRETHOH., EESOEHARIZEBIEYE 1 0 0 EERHZ0 1 ~1 0EEBRETHD.
FI-EEXNOMH RIS EREYE 1 0 0 EEHNH-0 3~ 1 5EHERIPHRETH 5,

[0013]

320 As the negative electrode current collector, a foil or perforated foil having a thickness of
about 5 to 100 pm, particularly about 8 to 50 g m, made of a conductive metal such as
copper, nickel, silver, or SUS, or a foil or a perforated foil having a thickness of about 20 to
300 pm, particularly 25 to 50 p m, is used. Expanded metal having a thickness of about
100 pm is preferable.

s26 BREETER E LTIE, 8. = v )b, 8, SUSKREDOHEEERED, EX5~100 pmit
£, FHC8~50 p mfEEDHEPNHEHE, BE20~300 pmiEfE, FHc2 5~
100 pmBEEDIFZISY RAZ)ViEEDIFE LV,

331 As the positive electrode current collector, a conductive metal such as aluminum, an
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aluminum alloy, or titanium may be used. A degree of expanded metal or the like is
preferred.

335 IEMUBEERE LTI, 7IVIZU L, TIVIZULAER, FRUREOEEESED, EX
10~100pmfEE, FHCT 1 5~50 p mBEEOHENHEHE, BE25~300 pmit
FE, FRC30~150 pmBEEDIF 28V R ARV ERIFE LV,

[0014]

343 The negative electrode sheet is formed by applying a mixed composition of a negative
electrode active material and a binder on one or both sides of a negative electrode current
collector, drying the mixture sufficiently, and rolling it to a thickness of about 20 to 500 pm,
particularly 50 to 200 p m. Examples include those having a negative electrode active
material layer of about the same.

349 NS — &, BRREEERIAD P & 723w NS ERGEY)E & RE A & OIRGHI) 2 841 L.
FEMCHIRES, EAEL TR LZEE 20~500 pmiEE, FHC50~20 0 pmiEED
AMUEYEEZ 6T % OMFRENS,

354 On the other hand, the positive electrode sheet is formed by coating a mixed composition of a
positive electrode active material and a binder on one or both sides of a positive electrode
current collector, drying the composition sufficiently, and rolling the positive electrode sheet
to a thickness of 20 to 500 p m. Examples include those having a positive electrode active
material layer with a thickness of about 50 to 200 p m, particularly about 50 to 200 p m.

360 — )7, M — ME. IEMEEEEIRO i X 7o &l S ERGEYE RS & ORGSR 21
M. FENICHIEUTIEA. LU TR LTZEEMD, 20~500 pmfEE, K50~
200 pmiEEOIEMEYEEZGT 2L DOMNIIRENS,

[0015]

368 Solid electrolytes include one or a mixture of two or more of organic polymers such as
polyethylene oxide, modified polyethylene oxide, polyacrylonitrile, polyphosphazene, acrylic
resin, polymethylsiloxane, polyvinyl compound, polyvinylidene fluoride, and various rubbers.
Alternatively, a gel-like substance composed of one or a mixture of two or more of the
organic polymers and a non-aqueous liquid electrolyte, which will be described later, is
exemplified.
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s7s [EAREMRE & LTIX, RVZFLUAFY AR, 2RIV FLUAFY AR, KU 2700
Z b, RUTHRAT 7Y, 727 VUVEIE. KU AF)LafFdr, KU E)UEEY)
VRV FUIIVAY R, BRUOSHI LG EOEKE D FO—FEE 1213 FELL EOiR
Y. BB VIEARKE D TO—FEE 2 R EOREGY) &4l T % IEKROWIAERE
EMBIRB T IVIRYIIE EWRENS,

382 As the non-aqueous liquid electrolyte, an electrolytic solution obtained by dissolving a salt in
an organic solvent can be used. Examples of the salts include LiClO4, LiBF4, LiPF6, LiAsF6,
LiAICI4, Li(CF3 SO2)2 N, and the like, and one or a mixture of two or more thereof is used.
Organic solvents include ethylene carbonate, propylene carbonate, dimethyl carbonate,
diethyl carbonate, ethylmethyl carbonate, dimethyl sulfoxide, sulfolane, y -butyrolactone,
1,2-dimethoxyethane, N,N-dimethylformamide, tetrahydrofuran, 1,3- Dioxolane, 2-
methyltetrahydrofuran, diethyl ether and the like are exemplified, and one or a mixture of
two or more thereof is used. The appropriate concentration of the salt in the electrolytic
solution is about 0.1 to 3 mol/liter.

392 IR OMARERRE & LTI, B2 EREERICIARE S IoERRDME T %, &L
LTk, LiCcCl04, LiBF4, LiPF6. LiAsFe6, LiAl1Cl4.
Li (CF3S02) 2NZEZEMIREN, ZNE5O—F X723 ML EOESYMNMEH T
%, ABWREELTIE, ZF L hA—Rx—F, TRl YAH—KRx—bF, VAFIVH—R
=k, VIZFIH—REx—F, ZTFIVAF)VH—Rx—b, IAFIVAILEFT R, X))V
RV, y=T7FuaIs b2, 1, 2—=IArFT IR, N, N=IRAF)VRIVLT IR
T hoekrarsy 1, 3-UXFVITU, 2—AF)IT T karsy, VIF)IV
IT—7I)ViEEDBREN, ZTNEDO—FE 7213 —FL FOREYMDMEHN I NS, FI2ERIK
HCBIF % FRdEEOEREIZ. 0. 1~3%8)L Uy MUEEI MY TH S,

[0016]

406 In the present invention, the effective capacity (mAh) of each positive and negative active

material layer is given by the following formula (1).

109 AFEHPT BV T, IEADFMHEEOIZNAER (mAh) &, Pl (1) IKTHEX5N%,

412 Effective capacity = C X W (1) where C is the unit capacity (mAh/g) per 1 g of active material
present in each of the positive and negative active material layers, and W is the total capacity
of the active material in the active material layer. Weight (g). Since the unit capacity and
effective capacity of each positive and negative active material layer differ depending on the
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active material of the counter electrode and the type of electrolyte used, in the present
invention, the effective capacity is a value measured by the following method. [Measurement
method of effective capacity] According to the three-electrode method described in Akira
Fujishima et al., "Electrochemical measurement method (top), P6, Gihodo Publishing, 1991
(Tokyo)", metallic lithium was used as a counter electrode and a reference electrode. Measure
using When a solid electrolyte is used as the electrolyte, a sheet having a thickness equal to
the interval between the positive and negative electrode sheets is hermetically interposed.
The gap between the positive and negative electrode sheets is maintained in a state in which
the liquid electrolyte is airtightly impregnated.

126 FNEE=CXW (1) CZic, CIRIEEDOREWEETICHEET 21EME 1 g b7z b OH
i (mAh g) THO, WIiEMEETOGIHEMEOER (g) THs, EADHD
TEYVEE O HAIA PR A R, NHIEMOIEYEN IS 2 EEOMEIC X > T
HIZZ0T, AHPICEBOTRENERZ, FlDGETHEENIEET 5, BHIAR
DRETTE) S HSED EXIEAEE (B o P 6. SilEMR. 199 14 (R
) RO =M ICHELL . WEMB X USEEmE LTREY 7V L2 W THIE
9%, HEFEE LU THEKREREZHENT 251, Bl — MEOMRICE LWE
EDOY—hRZEF/ESE, —)7, REEREZHV2551CE, EEOME»SE% 1
N =27 — NICRKIBIARBEIFE VR IC F1R & NTIRRBIC T EREDIE M — b DR
RS B K DICT B,

[0017]
441 If the effective capacity of the negative electrode active material layer is too large relative to
the effective capacity of the positive electrode active material layer, the object of the present

invention cannot be achieved.

145 IEMGTHYVEJE OFN BRI S % AT EE DI A RDERTH 2 & AFREYPIOFBRED E
ENS, =7, @PTHB LTV FITA FIRET SRR T B,

449 Therefore, the effective capacity of the negative electrode active material layer is set to 80 to
120, preferably 100 to 110, with respect to 100 of the effective capacity of the positive
electrode active material layer.

453 LTehY > TERGEYIEE ORI ARG, IEREYEE ORI AR 1 0 0l L T8 0~
120, ELLIE100~110L9%,
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[0018]
460 BEST MODE FOR CARRYING OUT THE INVENTION The present invention will now be
described in more detail with reference to the drawings.

63 [FZEHI] LT, AFEIZ X172 FV T — @R 7 %,

466 FIG. 1 is a top view of an embodiment of the invention, and FIG. 2 is a cross-sectional view
taken along line X--X in FIG. 1 and 2, 1 is a negative electrode sheet, 11 is a negative
electrode current collector, 12 is a negative electrode active material layer, 2 is a positive
electrode sheet, 21 is a positive electrode current collector, 22 is a positive electrode active
material layer, and 3 is a negative electrode sheet 1. and the positive electrode sheet 2, 4 is
an exterior body composed of two exterior sheets 42 and 43, 41 is a sealing portion of the
exterior body 4, 5 is a negative electrode terminal, and 6 is a positive electrode terminal. The
separator 3 and the exterior body 4 are airtightly filled with a non-aqueous liquid electrolyte.

475 X 1 EAFEHAOEMR O FHKTH O, K21EK 11CBIT 5 X — XIS > WX TH 5.
K1, K2iZBNT, 1iFAEMI—b, 1 1IZARESER, 1 2 3E8EYERE. 213 15EMm
T—b, 2 VIZIEMEEER, 2 2 ZEMIEERE. 3EfMms — 1 2iFEM—k 2 LD
INMES NS L—&, 43 2KONEY— 14 2. 4 35508k, 4 113525k
4 DFHEER, 53EMZ—I )V, 6 ZEMEX—IFIVTH D, v/ L—% 3 BIOV L
A NITIE, FIFKRDIBAERENTRICFTEIN TV S,

[0019]

486 The exterior sheets 42 and 43 are preferably those that are impermeable to gas and water,
for example, composite sheets having a thermoplastic resin laminate layer such as polyester
or polypropylene on both sides of a metal foil such as copper or aluminum. The contents can
be heat-sealed using the plastic resin laminate layer.

s1 HEET—F 42, 4320 TR, KEBIUKITHLUTIEEREEDOE D, HIZIEH, 7LI=
U L5 EORBHEDOMEICARY TATIVRRY Ta L Vix EOBAENRINE S I — Mg
2T HEEY— IR UL RREAREMRIE D X 32— FEZMH L CINAY) 2 ARl £
E952ENTES,

[0020]
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500 The entire edge of the cathode active material layer 22 does not protrude beyond the edge of
the anode active material layer 12, as shown, but in the embodiment of FIG. 22, the effective
capacities of the positive and negative active material layers measured by the method
described above are within the range described above.

sos IEMGEYIEE 2 2 O&dikld. XURY 580, AMGEWEE 1 2 Ok DN TES T,
U UTI 1 DRGNS BW T EMEYEE 1 2/ 3EMgEYERE 2 2 X0 b /AmkEZ A9
ZM, HiRC LTeTETHINE LTz (e OB TRV E 8 O S S &I Al L 72 HFNIC H 5.

510 In the present invention, it is not always necessary to prevent the entire edge of the positive
electrode active material layer 22 from protruding beyond the edge of the negative electrode
active material layer 12, but it is preferable from the viewpoint of preventing the generation
of dendrites.

515 R BAFERICHBW T, IEMGEYIEE 2 2 O2imahd. ByEYIEE 1 2 Oimikk O sHC A
LT BT LRBATLERLETIRAEND, TV FIA FRERIEDORNSHE LU,

519 In that case, the difference between the edges of the positive and negative electrode active
material layers is preferably at least about 0.5 mm, particularly about 0.5 to 5 mm. The
distance between the negative electrode active material layer 12 and the positive electrode
active material layer 22 is about the same as the distance in a normal three-dimensional
lithium secondary battery, for example 10 to 100 pm.

525 T DG, IEEMTEYIEE O OZE, D EE 0. 5mmiEE, Fc0. 5~
S5mmiEE LTS EMNFE LV, CMEYIERE 1 2 & EMEYIERE 2 2 & ORRIE, @5
ONAIRY F L RFEMIC BT B bR & FREE, flZE10~100pumTH5,

[0021]

533 The embodiment shown in FIGS. 1 and 2 can be manufactured by the method example shown
below.

536 X1 1. 2RI FEZ . DENTRI HERIC KO RIET B LA TE %,

539 An assembly obtained by laminating the negative electrode sheet 1 to which the negative
electrode terminal 5 is welded, the separator 3, and the positive electrode sheet 2 to which
the positive electrode terminal 6 is welded is placed between the two outer sheets 42 and 43,
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and the outer sheets 42 and 43 are separated. An envelope-shaped exterior body 4 is
obtained in which three sides are sealed by heat-sealing and only one side is left unsealed.
Then, the exterior body 4 is filled with a non-aqueous liquid electrolyte under reduced
pressure, and the remaining one side of the exterior body 4 is sealed by heat sealing while
maintaining the decompressed state to obtain a sheet-like lithium secondary battery.

s48 AMZ —I )V 5 iz LT — b 1, &/ SL—% 3 BRUTIEMZ—IF)L6 Zinhz L
JolEMS — bk 22 HRTIRIT7 TV 2 2 ONES—F 4 2. 4 3OMICRREL, H12
U—b4 2, 43035BMEICTEIEL TG REIEDOXE & UcEHEHRDI
47213%c DWTIHE MCBOTHE R 4 WICIFKROWRIAEMRE 278 L, HAIREEZ IR
FEUTe X £ TR 4 D3RS — 5 2 B\EE I CTRIE L T — MRV F9 L kE 215 % .

[0022]

558 In the present invention, two sheets of a negative electrode sheet and a positive electrode
sheet may be simply stacked as shown in FIG. A long negative electrode sheet having
negative electrode active material layers on both sides may be folded two or more times, and
the positive electrode sheet may be inserted between each folded layer.

563 AFEHNC BN TIE, B —F EEMS— R D "2 — 2K 21RT & S ICHilcERS 72
FTE XD, O— MRUF Y L REMOHAHED -0 OBEMDOREZKEL T B0
I, BIZ X EMEEREZET 2 | ROEROEMY — 2 2 FILL ET D BH. ZT0
S0 BHERICIEMS — R ARBEIESE XU,

569 At that time, as the positive electrode sheet, one having positive electrode active material
layers on both sides of a positive electrode current collector is used. Moreover, when the
electrolyte is liquid, both sides of the positive electrode sheet are placed with separators

interposed therebetween.

574 TORE, &My — b & LT, IEMEREROMHIC EMEYEEZH T 2L ONMHN56N%
o RICEMEMIADGG. EM— MIZTOmmE &L —2ZT L TREENS L
IZ7%5 %,

[0023]
582 A 60 pm thick negative electrode active material layer made of a composition of 90 parts by
weight of fibrous graphite and 10 parts by weight of polyvinylidene fluoride was formed on
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the entire surface of one side of a copper foil having a length of 30 cm, a width of 4.1 cm and
a thickness of 14 p m. 90 parts by weight of LiCoOZ2 and 7 parts by weight of conductive
graphite on both sides of a negative electrode sheet, a polypropylene separator having a
length and width greater than the negative electrode sheet, and an aluminum foil having a
length of 14 cm, a width of 3.9 cm and a thickness of 20 p m. and 3 parts by weight of
polyvinylidene fluoride, respectively.

51 RE30cm, MH4. 1 cm, BEE1 4 pmOFFEOFHOAEMIC, MHEIREN9 0 EER &
Rye= ’)7‘/7]1/2]") F1O0HERNEDHBINERZEE 6 0 p mOEMIEEE 26
THEMY— b, ZEMY— MU LEOETLRHEZAETHR) Tu L VB SL—%,
WHCEE14cm, 3. 9cm, BEX20 pmdD7)VI = LEDMHIAMHIC
LiCo0290&EE, HEEMERMN7HE, RV E=UFr 7))Ly R3HEREHE O
I B R ZIEE 7T 3 pmOIEMEEHEZ AT 5 M — e 2N ZhHE L.

599 An envelope-shaped package was also prepared by heat-sealing two composite sheets each
having a polyester laminate layer on one side of a 10 p m thick aluminum foil and a
polypropylene laminate layer on the other side. The effective capacities of the negative
electrode active material layer and the positive electrode active material layer measured by
the above method were 260 mAh and 250 mAh, respectively, and the ratio was 1.04:1. Then,
the negative electrode sheet and the separator were stacked and folded in half at the center
with the separator on the inside, and the positive electrode sheet was inserted between the
folded layers. The thus-obtained assembly was placed in the outer casing, and a non-aqueous
liquid electrolyte having a composition in which 1 mol of LiPF6 was dissolved in 1 liter of a
mixed solvent of ethylene carbonate and ethyl methyl carbonate (volume ratio) of 1:1 was
added. After impregnation, the pressure was reduced to 50 mmHg or less, and while the
pressure was maintained, the remaining one of the exterior bodies was sealed by heat sealing
to obtain a sheet-like lithium secondary battery of Example.

613 £/ZJEE 1 0 umD7IVI =Y LEO—HIC R TAT)VT 2 37— bgZz, flimich) 7o
LI Ix—bMEaEAETHHEEY— D 2D 3 )78 U THEIRE Uizskz & H
U7z, 7538, AiadD5iECHIE UTc Bl E g B X CIEMEEE O Zh s ®iE. Th
ZFN260mAh, 250mAhTHD, ZDIFZ1. 04 : 1 ThHot, DT LILDA
Wiy — kb= ExERQ, HO%bEL—2ZRNlE LTZFORRT DO L, IE
M — R 2ZDO D0 ORI ARE Lz, " LTHEET YTV 7% EidDs Eikmh
WKWEHEL, TF LV A—FRAx—F eI FIVAFIVA—Fx—r D1 . 1 (BFEL EGE
BE1 Yy MLHTDIC 1 EIVDL i PF6 ZiafE LI OIEKRDWIAERE Z EiR L.
50mmH g LURICITE U, T OUEIREEZ (57 U 7z £ £ THEEARDTR % — /5 2 Bl I
TEIE U THEEF D — MIRY F9 L RE 2Rz,
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[0024]

628 The only difference from the above example is that the thickness of the negative electrode
active material layer in the negative electrode sheet used was 200 p m (the effective capacity
ratio between the negative electrode active material layer and the positive electrode active
material layer was 2.5:1). A sheet-like lithium secondary battery of Example was obtained.

633 LRCDFREHI & &, EH L7zl — MC B 2 8BS EEOREA%Z 2 0 0 pm (BMiEY)
Hg & EmyEEE & ORMARINE. 2. 51 1) L LT EDANEIRD LGOS —
MRV F9 L RE M 2137z,

[0025]
641 The features of the sheet-shaped lithium secondary batteries of the above Examples and
Comparative Examples are as follows.

644 LRCDFHIH K THBHIO L — FRY F9 L= REMOK R, DEDEO TH 5,

647 [Initial Discharge Capacity] Example: 250 mAh, Comparative Example: 250 mAh.

610 (FIIINCEEAE] Bl : 2 50mAh, gl 2 50mA h,

652 [Battery Total Weight] Example: 11 g, Comparative Example: 15 g. [Battery Thickness]
Example: 0.65 mm, Comparative Example: 0.85 mm. [Nail Penetration Test] Example: No

ignition, Comparative Example: No ignition.

656 [FRIMAREE ) FEf]: 11 g, HEpl: 15g, (FEMEA) Efpl: 0. 6 5mm,
LEEgh) - 0. 8 5mm,  (ETHERBR) 2l - FEIx U, Hfgpl - 7z Lo

[0026]

663 INDUSTRIAL APPLICABILITY The sheet-shaped lithium secondary battery of the present
invention is superior to conventional products in terms of space factor and light weight, and
is highly safe. preferred.

o667 [FERADINIR] AFEHAD > — MRV F0 L REME, TERML EICAR—=ZAT 7 72— %
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ELTHIETH %,

[0027]

675 Brief description of the drawing

677 X D 5 B 73 5 FH

[0028]

683 1 is a top view of an embodiment of the present invention; FIG.

685 X 1 ARFEBHOFERH D FHXTH %,

[0029]

691 < Drawing 2 >It is the cross section diagram of the XX section in drawing 1.

693 X 2 X 1 ICHBIT 5 X — XEOWHX TH %,

[0030]

699 Code explanation

701 75 DEHAA

[0031]

707 1 Negative Electrode Sheet 12 Negative Electrode Active Material Layer 2 Positive Electrode
Sheet 22 Positive Electrode Active Material Layer 3 Separator 4 Exterior Body 5 Negative
Electrode Terminal 6 Positive Electrode Terminal
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