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Intelligent emergent start power source with self-equipped voice prompt function

Abstract

The utility model discloses an intelligent emergent start power source with a self-equipped voice prompt function. The intelligent
emergent start power source comprises a batlery pack, wherein the power supply end of the baltery pack is connected with an
alternation switch which is connected with an culput electric clip through a direct current {BC) contactor. The intelligent emergent
start power source further comprises a central processing unit {CPU)} main control circuit, wherein an output end of the CPU
main controf circuit is connected with an audio broadcast system. An input end of the CPU main control circuit is connected with
a sampling and driving control circuit which is connected with the altermation switch, the DC contacior and the output electric clip.
The battery pack is connected with a charge port through a power source controi circuit, and the power source controf circuit and
the charge port are connected with the CPU main control circuit. The culput electric clip and the alternation switch are
respectively connected with the power source controf circuit. The output end of the CFPU main control cireuit also is connected
with a display circuit, and the sampling and driving contrel circuit is connected with a force started bution. The emergent start
power source can timely and accurately send relative operation information to users under different environments,
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The utilily modet discloses an intelligenl emergent start power source with a seilf-equipped voice
prompt function. The intelligent emergent start power source comprises a battery pack, wherein
the power supply end of the battery pack is connected with an alternation switch which is
connected with an output glactric clip through a direct current {DC) contactor. The intelligent
emergant start power source further comprises a central processing unit {CPU) main control
circuit, wherein an output end of the CPU main control circuit is connected with an audio
broadcast system. An inpul end of the CPU main control circuit is connected with a sampling and
driving control circuil which is connected with the alternation switch, the DC contacior and the
output electric clip. The batiery pack is connecied with a charge port through a power source
control circuit, and the power source control circuit and the charge port are connected with the
CPU main controf circuit. The output electric clip and the alternation swiich are respectively
connected with the power source conlrol circuit. The guipul end of the CPU main control cirouil
also is connected with a dispiay circuit, and the sampling and driving control circuit is connacted
with a force started button. The emergent start power source can imely and accurately send

refative pperation information to users under different environments.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

ABSTRACT JP3185027U

(]

13 PROBLEM TO BE SOLVED: To provide a booster cable for a portable auxiliary power feeding

device having a function as a jump starter, which is compact and lightweight and has excellent
portability, which can withstand relatively intense bending motion and does not cause
disconnection of a core wire. Provide booster cables. SOLUTION: A connector cover 240 is
attached to a two-pole connector 230 having a male-female structure for connecting two
connection cables 120A and 120B to a portable auxiliary power supply device, and two cables
are derived from the two-pole connector 230. The lead-out portion of the connection cable is
fixed by the connector cover 240. When the booster cable is grasped and the auxiliary power
supply device is lifted and moved as it is, a strong pulling force is applied and the lead-out
portion of the cable that is repeatedly bent is pinched and protected by the connector cover,
so that there is no risk of disconnection in the core wire. [Selection diagram] Fig. 6
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(EHHFREBRFBROEHE]

(FERIE 1)

Ty YT AR—R L LTOBEZETIAMMUHIRBLEBERAO T —RETr—TNVTH
= 7T

QAEDER Y — TNV,

LR 2ADEHEr—TLO—BCERINE2DO0Y Yy Y TR E—ZFABLOY Yy S
&,

L2 xoEEr—7 VoMM BcHZIoh, L 2AK08Er— 7% Lid A
WYWHELBCERTA-DOBMBRAABED 2Ry 2 L,

Fad2Bax 27 2cooh, L 24A0BErF— 7O L 2BaX Y AHh 5 H 10
HMENZ2EHAHDFEET 20357 2hNN—L
EHZZABUMNWRBELEBROT—R27r—T ),

(#RE2]

btiemazxr 2, LEdgEHEr— 7V CERENEER AP BASNZER FEALS
L. PEREMFCEREINE FREREST TV EBI F— TV BHEERBIS AR
RNV VEELL.
FRazxsaan—@., LEEFI/r— TN CHh-s AT S8 ENEEN—T L Fn—
Thohb, PR EN—TEFTN—TJRRIOERENZ LRI ENIT VT LERY
— 7L BHSEEOIORONITE., L 2BAXZEONI Y YA hbBHEhi- Fd2
ADOEHTy— TN RHEBETLZF—TVEHELAL. FEROMI BT LRy —7 20
NWEHPIC—ANICHARANOEBI NS L2 EMETZ2HERBAIEZBOTRAGHHE
EBRODT—ZAXr—71,

(EZ€0FM 23N

(475 %)

(000 1]

AERE, HEHOR vy FUN RS GAic, HEEXA Yy FIRREKEIN T, TVYVE
BT RIAX—AZBTCETOERAMCMLTENZBRBLT. LRV IV RES
ERBIY YT AE LIRS DDA RUHEHRBELEBHOT — X2y —TINclT 3

(& = Hih) 30
(o000 2]

ERED, PIAREB FFCE T, HEBEAEOEBMEFICELY, da@EBEBHI ATz Y
FUFRREZHRLEEZONTFTVEEIRELTEENRKTL, EELERVEH LA k-

G (Wb dNNyTUERDOES) I, oA FONNYy T UREREEHFER (Vv
VITRAR=R) ST —REAT—=—T N ENLTEHAERB TR LKL VI VEET
FRZ VY TAZ—=— IR TN T VS, LT, V¥ VT RAEX—FOREHOBX ML
HramBic T aEm (B, B, 288) R, Dy 22— b EHET B H
i (MAE, FTFLH3IZR) T EKAREIZITN TV S,

{o0003]

Pk, Vr VT RE—Z TR, 2R M FEOHEGRAOSFEHADLSEUAAVSIATL 40
bl
(000 4]

Fh. ACTET2EHVTARENHEZANAY T VEHDO / —FPCRTO(THENRX
EDORERBBDIELBELTVS, ¥/, EMOERNCEENCEREINLTCWVWADC 1 2
V/2AVOHAARBRY 7 v, WbB3 Y H—V 7y McHEFEL THHAEEZ H8 0
ISOBXBBRBIBEIRBHRIATHS, T/, BEOHEEZFELPU S B (Universal Seri
al Bus) THENELZHEHEIB I L—VYEOAENTHRHTHAErFr BRI LIEHTN
TV, kDS, BATEXRBEFH TSI DA —2TIVEREEIFHOOATL
%,

(0005]) 50
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AT, — MR LEMAXAREBHERAVCERKROY Yy T AL —2TW&, 5~7Tkg
REOEZNEY, FRLCRTIDZLEVWIMEEN S -2, T, BREBEICFEH1 0~ 1
SR ERZEL, MABKRETORE (VY 7XE&—) ARERKIETH TS BEE
Tholte THIC, HEBEMIE. BREPEAELZITS LHENIBL D, BENEL &
ARTVHEANSH Y, BEFOREEMORERREIZIO%RBRECH T, FMEHYKECTE A
CHBELTAEOLERFIHTL S, ZNEVCATCREEZERICKABREEIITZ T, @

EXAMEBEZECLTLESICLNWEL, #HTEHBEICROIBEVWITEI DT EL
B TFEAEBRCENLDOTH - 2,

{000 6]

Fh, EOR—FZTNVEFBBIBLTL, hEFHMMIfEDbNA TV EDOTEL., AR 10
R FENEFEOBRAIOSRKDY Yy TR Z— 2L RABEMEADND - 2,

(5% 17 45 7 SOk )

(45 3F 2k ]

{000 7]

(FEFr Xk 1) M 200413427850
(FArX#k2) H¥M2011—-977108548%R
(FEFX@ 3] H¥mM2007—-—2782165n0#K
(EZOME]

(EXAPAHELES &3 28E]

{000 8] 20

AHEHBEAR., EFROMERKOEBCES., Py TAE—RELTOHEEAL.
Lhes, "7 URHRO / —FPCRFOMHBREREOWHBR., v H—V v bic
BEHRLUTCFRHAIELSSESICOBLERE. EHEBFEXUSBCHETRELEHIE T L —
YEDHERZARICTZR—ZTLERELLTOEERZAL, E56IiC, OBD (0n-Board
Diagnostic system) YA T LAWKHISLIEEHBORAE YRy /7 v THOR— % FIVEHR
LLUTHETINMNIBGRBTHERNLICEN. VB TOLIVEAHAIRELBELX R ICRESR
L. BftLTW3,

{0009]

AT, L amAMBWKELEORSG, NUGRCTHESRICBEBNZ LIS, Mk
WMEBEEBRT—AAT—TNVEEHLERKET, LR 7T —REX5r—7 NV 2 BEATYUZKBE 30
BEFRB LT ZTOEIBH T2 -—FREL N EHAHPL K,

(0010])

LET—RA2r—"7NVEZBAT LEHMAMBWEEEEEZE L LT ZOEEBHL G
&, ER 7225 =70, LFEWMAMBKELEEoEIICIDEVSI KD DM
DolRECT, YZ T —AEX 5 —TIWVKRIONIEZIZX T Z2DEFERLBOTHLIEL Edh
Thdctichh, DRBILEFROEIEL %,

(o001 1]

AERE., LROMEHRKROERBRRLEZ CLHZINEOTHY, ZOAMNE., Vv o/
ZAHE—HLLTOBEEZAL, NUIBERETHETRHCEN L TRAUMEHWEEZEBEHO 77— X
Ry —TNTH->C, EHB L -BHENICMI., OROMBRESIEECTEOEZ VT 40
— AR5 —TNLEREEEIT B LICH B,

(001 2]

AEROEHIMODEMN, AZERRKEI->THRONZEKRKNEZAAZ. UTBVLTR@
EFHBHLTHHEIT N2 EHCEELS - BHOHIMICETNS,

(REEZHRIT 200 FE]

(o001 3]

AERRE. Iy T RAZ—2L L TCOBEZEITZAIRVUMBEELEEHOT -2 27
—TNTH->T. 2KDOERIF—TIVE, LEZAOERI—TIVO -mHIcEREINE
20DV Yy T RAEF—FHABEOY ) TE., FR2ADOESET— T OMIBRHEICERT S
N, tid2 ARy -7V 2 LB MM KELBICERIILOOBBERAEED 50

EXHIBIT 1002
Page 1662 0f 2235 petitioner ADC (IPR2024-00577)



(4) JP 3185027 U 2013.7.25

2aOxy R, ERZ2ZBAZZZICROFION, LA 2ADEKETFT—TILOLEE 2 W
X7 ENCENTINIZEEHBDEEEITZIAZXATZIANLEZRABDILEZRMET S
o001 4]

AERICHEDOAMUMHRBLEERHO T — R 25— NicEnT, Fdz2@®axy 213
 FREEREF - INVCERENZERFIFBAINIEMIAHEADRE., FLERFICER
ENLEERE S TNV EES F TV EHBEARIONZaR I AN T TRAL
EhEEax s ar s, LREESF-TNICEBo AT SEAIE NI LEN—T  Fon—
Ik, EEEN—TJE FN—TJkkO#EREINDZ LidarranwydrFobkidr
—TNEHHRZESISRONTHRE, LEE2BAXIZ2ON P A bBHE N EGL 2 10
RAOBBET— TNV EERF I —TNVERFLAL. LEROIMHFIFI ST LEY—T
WEMBIC—ARNICHAMNIEEENZ2DET B ENTED,

(ZERDHE]

(001 5]

KERicENE., Vv T RA—H2ELTOHEEZRL., NUGETEFTRCENZ
BMEHHBRBREEAO T —RAAT—T NV TH->T, LEMNBELVEHEHICHA., LBOD
Wz ERCTHOEVWT R Er—T NN 2RET I EICH B,

(i oD 37 B 7 @ AR )

{o016]

(K1) AZLRFRALE A2y — 7 eEEL-EHHMRBRELE»AIANBD 20
LANSRIENBERERCTH 3,

(M2) LREGAMHMKELEOEXNEHEREZRT Ty yRTH S,

(M3] 2Wax 72 Carx 72 2AN—EWMOMNIERERERT T —RA27r—7LO ¥
MTH 5.

(K4) LR 7 — AR T —TNVEEREINTWVE2BAXI RO ZENI P H L
fFrERTFETAKTH 3.

(M5) ERE2EBa2X 7 20ZHRKEEZTRIBHRBRBH M TH S,

(K6)] EEd2Mazx 272 cBO TN ax7XANN—DrREHEARTH S,

(KM7) ER2BIXZVRCEXIXTZZAN—ZROMNTEREZ RTIHNBIEHENTH
h, (A) GrEBl»oR7=-KEZRL. (B) @EE222 72 2HRLEKEZ R 30

LTW3,
(ZRA%FEHEIT 2 DDOFEE]
fo017]

UT,. AEEDEMOBELCODNVT, NEEXZSMLANGHEMICHBEIT S, . AE
B3, UTOEROBEDAICREENZIEDOTCRAZL, FZX0EERRRLEVEHE
AEBNCHEADESHETHICELREIETEAR L,

{001 8]

AEZRE. FIZEKIICRT LS. EHAMBKEZXZEIOOEREINE T %
F—TN200kkEHEIN B,

FRETHBAHDREREBIOOR.,. Yy TAX— R LTOKBEEZET ARG 40
HMEXETH->T. M1OHARMEMICRT IO CHEYNREROEKI1O0ERA., T/, K
2078w ZTRICARTLIICEEZEXRI ODODABIKBEECNLEREREHLL., VFILA
ArEBEM 2 HNHEBTIRCHBMEABEL 4 E2HBI TV S,

(001 9]

LT, COEMAMNMBKEBELBIOOTR., REASHEYPEHIEN Yy T HASH X E
12 VOERUEKREZIZ21-DOXRBERAOBRETr  —7NVHADCTSZ VN LTHTESES
N3DCYy w7/ hoAEZDCANKIF20N LAERI ODEMERICREIA TS
o CODCANMT20IiE., LERBLBET I AABEHEIN TS, LEXELOER
Licid, ERVFITLAA Y EBEM2HABERINATVS., £, LV F 7 LAY
EE2icE. LM AEREINAEEZEEIN TS, 5, LAAERBE I KT 50

EXHIBIT 1002
Page 1663 of 2235 petitioner ADC (IPR2024-00577)



(5) JP 3185027 U 2013.7.25

HMARB®BI WG, EAW@EBRBIPAABERINT LS,

(0020]

Ffe, COEMBAMBMELEE 100, FRBHERBICHTERINLYy 7
A2~ PHOB1DDCHAOWT3 1. PCEFEHOBE2DODCHENIMT3I 2. USBE
FHOE3IODCHAWFIIRUGAETINRN I Ty /S ERADEAIODCHAMF3 4
WA 5.

(002 1)

LEB1oODCHAMWM F3 1., 7T—RETZ—T N 2000 HEAAKEEOHRBT V&
—Vvax T EERHWETSIRENLTHNBER SN Dy vy I Ek3,

(002 2) 10

tEdFE2oDCHAM F32@,. PCEBRYF—TNVHBTS 72N LTHTERINSE Y
Yy Ihoixad,

(00 23]

LS 3noDCHAHMF33B, USBX—7HAUSBTSH¥ENLTCHBEREIA
52USBVYsTXrw bbb,

(002 4]

LAB4ODCHAR I3 4, HBERY - T NB AT 72N L THEBERES
N3 AHA—-Vvry b6k 3%,

(0025]

FRYYy Y TAZ—FPHOFE1ODCHAKF3 1 &, PCEIBEHOE 20D CH A 20
T32i. LAER1O00ABEBICRESINTVS, £/, FFEZUSBERAOE3I D
DCHAMWFI 3G, LAEXKIODEERIIILEFEIATEY., L AT U7
w TEBRHOBSA4ODCH AWM FI 4., LEEKI1OODOEMMmE I 1ICHRBEINTWVL 3
(0026])

Fh, COEHMAMMMEEE 100, LAHHARBIICAREHEINLEERRA
wF41l, VDY TAER—PRAA Vv F 42, SA 2L P ALY F 43R A FSA
b e F Y/ AT AA v FA4A4FHEAD. LR BEBRAAvF 41, Vv TARZ—FAA
wF 42, A LI MNAALAYFAIROCY A RSA - F2/FT7 - A4 vF 4413
 FPREEXIOODOLEEI SKBFBEINTWV S, 30
(002 7]

THIE. COEMAMMMBERB1 00, LEHHMEBBLIcABBRE I LAER
ER&S5 1. N FUn—%(kR{T52,. —HOFEEMZEELTS3A, 53BRE—HOM
MWL 5 4A, 54BAE2MWE 5,

(002 8]

FERBEERBS I RT—HNOEERAEELI 53 A, 53BiF. LEdEHKLI ODEM
B13IKEFEETNTSB,

(0029])

FTRFEERERTS 1, ERRCREINIERNCEOOBRLEZIEH (COEHBOILET
., HF- B - B -BRDO4B) OLEDKIIOMEIN TS, COREEXLE RS 11X, 40
M@ EETAICEOHBINAT, RESEAN—FRITI3HEEZRLTIELD THL.
BANIKIXOINRT—=F LU THEL, £, BRIy 24 —-Fs5 7L
LTHAET 2, £/, Ll - MOFEHAEET53A, 53BR3. A LEDEH®LE
Dibhab, LRHNAEBRBCEIOMAINT, RELCRAKTEZCEICEDIEERESELT
ELTHEET B,

(0030

¥, LRy suUun—%RiI521@&. LEEKI OOEMEBECRBESINT WV S,
(0031])

FEEANy 7V —XRRIA521EF. FELED»S kb, LELHHEBEH AL HIWEE
NT, LRVFOLALAFCEBWM20FFNAEMECEFTZEEBKED S 0 IX ST 50
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KELEZZCLICED, "wTFUn—X R L THET S,

{003 2]

¥/, L —HoRmEHHETS54A, 54BR, Zh¥FNERRKEEINLTZEHOA
BLEDIKIDOERENTL S,

{003 3]

COEIEHBROERHAHMBBEBEIOOKRBVWT., FEEEMKRL 0 NICHRE X N LW
WRELAIR, LEARBEBKB I OBFELHB T ABEHEEL. LEdMORKES 1 OBE
ZHEBETA2HOGBEE,. RERERSS 1 Z0HEL2HET2ERFBAH L L THEET 3
YA navVa—2pbikxb, AMEREI N LEFAERNRHE 1 KT HDEEE 3 OH
fFEROD LI ICHBET B, 10
{003 4]

T, COEHMAMMMKEBELYEBE I OORERE NI RERAOKETF— L TIE,
KEAEBEFERHILLAEHDI 2VOERMEBTAEDOACT A E =108, G HN
wTrUDhSH A 2VOBEREMKEMB TRV H—TS5 T 55— NVHERBENT
VWb,

{003 5]

FULTC., FarEmAMMAELREL100CEHE TS LidHEmIBRKE 4. LA@DC ALK
FR2O0RACTEIEY—TIWXR IV H=TS T r—TIVhnEEmech, REAEIREYX
BEAFERAYy T UHIOREHOEERNIMELE I NS T ickh, LEEEDCANKT 2 0ICH
EBEBEMULOBEIEMENIZC L ZRHETEZE, ARBELT—FOHBET S, 20
{0036])

COREBEET—FOMMICBNT, LETHEBET 4G, RER@BICEY ERASHB
H1oFEEZFBLT, LEABHRHELB 1 2N LTLEZBVF 2L EBM2E2FREL
 ERBVFOLAAFVEBH2AWMAREEZTTCRESNS LAREFREMNRZHBETE, &
BEERTT S,

(0037])

T, LEKERBKE 4. REWNEAFRE., BAFEBIKCX D LLWAHEEKE 3 OH
FEAMB@LT. LA HEBRBIPONBANOBRMMB/ELE LT S,

{003 8]

EHic., FLARRAEEE 4. REBEHEDPICE., ZRFEHLCID LZEFTEEL LTS 30
1OMEERMBE LT, LZAEEEXERBS 1 2HBLTAREREBEN—KRT S,

{0039)]

LREREEBARSL S 1@, LEFAMBE4I0BEIFHBENT, AAEKEH»DS
AW TVRE20%MTRERTAGANRE. Ry FVEK20%2530%ZRTHKeE
BAT. Ny T DREB30%DNS40%E2 R BEABRKE, NyTVHEREBA40%H570
%ERTEOHNKE, "Ny TFURBEBE70%H»5100%ZRIBOATKEANL, BF
BREF THAENEDICHK > T, RITKENIEREILLT 5,

{0040])

LR E AR EEERE 100, LEVFOAAFT Vv EBM 22K ELLKRET.
BBy AR —RZEUTHEL, £/, BATEIKBEEZHFEH TS EDICR—2T 1 40
BEREBLELTHERIZCLENTXS,

(004 1]

TCT. CoOEmAMBMKEREI OO, LEYVvy >y TRAE—FTHDODE1DODCHW
N F3 1 ZHBRLTVIHMBRGKEBEOFRB T Y -V Az 2hbohkhdIryv U1l
30T/ 2302 N L THBEHEINZ I Y Y TAX—FFRADODT—ZR X5 —7)L20
OWHEHEINATUL B,

{004 2]

LE7—ZAa25—=71200@. M3KERT LI, 2KOERIF—TNLT—T 21
OA. 21 0BD—MIcEHLEEINL2DODY vy FRE—2HBEOY ) v F220A.
220B&, LH2ADEFEY— Ty —TII210A, 21 0BOfimmmicREoN 50
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ER2ADERET—TN =721 0A, 21 0BZ LR EHAMBMBELEELIOO
EEITAD0ERAABED 2B X 722308, LE2WIXIZZ230ICEY
fooh, FtE2ADEHE Y —7TINV210A, 21 0BOLE2MIZXIH23 00568
HENh2EBHED2EET 2232020 N—-2408%2HR 5,

(004 3]

L@me@ax72230&, Makrnd kSiic, LEdEHY—7N210A, 21 0B
CERESNEMT235A, 235BAFASNIEMFRAML23 1 L. ERAEMT
CHEFE N LEEEREY—7 L2 10A, 21 0BEESr—7IVEHEH23 2 AR
b, M EBGEREODEHLHMBAMNERIT IS, BORB VTt b LT EE
MEMENCAAEE LEBEO IR ZND Py 233283 5MERAKEEORE 10
TH =V vaAaryTEhLRD,

{004 4)

i, ERRazxZ2 2R —2401, M6 rnT XD, EZXEETF—TIL210A.

21 0Bkkp»lclmc_mElankzbEn—224 1L Fn—2242h5%b, EZEN
—TJ 241 EEFN—TJ242EVEBREINDZ LR 2N\TTF233DFEEY—
TIEHB23 2B MY UIH244E, ERAFTZENTI T 23306 8HE
hizrkZTL2XxOBHEYyr—7N210A. 21 0BEEHIEZFyF—T N EXBHK245LAT
2, LT, L@EBaxZz2AhAn =13, RI7D (A), (B)lmnd3 &I, EEZHH MG
BICEBENTEN—T241FNhN—T2420tRr—-718HE2321Icx¥251 ¢
Fyb2s52ikkh—MicHANIBEEENS, 20

{004 5)

COXI2AMBEOIZ I ZAN—24 082 ER2BAXIE23007r—TIVEHI2
32ICWMONIEEET—ZA25r—7TN200Tk. E*L2maxr7223 005 —7 IV
BHE 23 2h o HEI N L 2FDERTF—T VT —T 21 0A, 21 0BOHEM
HaWR LRI T EANRN—240DT5r—TNEEH245E0BEFETNZ2DOT, LLEMN
BLVOWEHEHCHA. DROMKBESIZECITENE KRS,

{00 46])

FLTC. COEMAMBMBELELIOOR. LR T—AEXT5—7N0200%2NLTYy
VIAR—FEXZHEHBBOHEREN v FVRERIN, XROX>CLTVY VYT AEZ—4L
LTHERHEN S, 30
(004 7]

Thbbt, COEMAMMBELBEI1 ORI Y YT AXR—ZL LTIEHTLIGE. 4
ZHEHTAMGHUARELEE I OOODNDERRAASA v FA41I1NPOFFORET, LYYy T2 %—
FRAODT—AEZ5—=—T)L200082—HICIXHDEAEFI1ODCHART I 1ICESHIND
(00 48]

FRd A EELEE 1 00D -V, LAARBEEERTS 1 ZHBE LTSI HHE
DLEDHLTMHITLTWVWBRCET, BEAAvF 41 DPOFFORETHB T L %R
TEHENTES,

(0049) 40

Ric, —HHBEBE2A v F A1 ZFLTCERONIKT R L, COEmAMMBELE
lOO0ODHEEEH4WE, EEONEZEAOL T LEXRTRFHBPHBCIODREEXZLRHES 1O
HEZHRMPL., LEREBEEERTRBS | 2RESTRKELT S, FLERERERES 11X,
REBETICEIDEBEHRONZERTEZINAI -5 L THET S,

(00501

FLT,. COBRONKREBTA—FDRI Y Y TRE— ALy F422ZR/ LTIV 7
A2 —+rT 2, COETAHVKBBLBIOODHMEBH 4. LEVr YT AR—
FPAAYF4208HABECLZ VY TAZ—FE2BRALT., V¥ T AX—FE—
FoO®@EZITI
(0051]) 50
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TV Yy YTAZ—FE—FOHBIEEVT, LAAHBEEEBL4E, LTV YT A&
—FHOB1DODCHAWMFI NI TR A2r—TN200Z N LTV vy T RAE—F &
YZ2HHHEHOHERNAN Yy TVOELEZEHICENTELZHEEGKC, FEHAFEI XD E S
BB IOHEEFBL., EEVFILAAFVEEH 22y TAZ2—-—VHOEKL L
TEXRHIRABEREIFZFNLTCER Y Y AEZ—TFTHOB1ODCHAOW I 1ICERT
Zelyic, LRERNBABEIOVFAERERBS | OHEZKBL., LEKEEZRT
51 78R ITKELT S, LRAABREETRHS 1]}, HEQAETgICED Yy T AR —F
BRRTBIVYy VTP AE—rS 0T LTHET S, COVY T2 E2—FE—-F TR,

Lt REEAFRTS 1. RAATRKEIVEEHONEART R L ELICELAICEKD Y

VITABR—FEERLTWVS, 10
(005 2]

CDIY Y TAE—FE—ROKRET., 2—FF, COHGMMHBHBERE 1 00MNE
MENTVBEREENY T VEEE LA EOL Y Y VEBRBIE I Yy T AR —
FEITHICEHNTES,

{005 3]

T, RRko—MMnrhEBMA2AVEZ12V,/ 4. 5AhBEOREOIY Yy VT A
-2, AARERNS5k g~T7T kglREDY, HREERETOHRBAEERKIZIFEHS
BEETH--> DML, AERZHEALLLZERAMBBHLELEELIO00R, BlAIES3
OmmX150mmX100mm (MXBEXRITE) OKXKZIDOEKLIOAIH ZIE3.
BVORERVFVLAFUEIMEENERLTEET LI LITKD, ééSSOgﬁE 20
T3000ccECTCHOHYIVYERERINISTZ12V,/ 4. 5AhDEFEEOHKY Y
y#x&—&abf%%b\mﬁﬁiﬁ\Lﬁ%\ﬁﬁ%%%ﬁcmﬁﬁT%Eﬁ%lo
~20M@EBEEIcHMELTVS,

{005 4]

Flh, LA THAMBMELELIOOR, MAIE45mmX190mmX180mm (
MXEXRITE) OXKZTOERTIOPAVT, 206 HMOABRAVFILSAA U EE
%vactm;b‘iél300g€§?ﬁvuyﬁm$%&&03000cc4%@&
TOFT s —VPILEICHIETDZ1I2V,/ 9AKOBREBOAKYU Iy T A X -2 L THE
T %,

(005 5] 30

B, COBEGAMBDHKEEBI1IO0OKE TS LAAHBEEHL 413, ETTB/RO N KL
T2I—-HFNVry VT 2AEZ—-bAA Vv F 4 2FERMEBEITEZDLEFHAIESHRULEEMLT
¢, Fry—VIT—RrE—FRoOfEAREEZY, LRVFILAATVEEM2ICREE
NTVR2ERZ I BECRHETEZ LI, LEEAHHL XD LEEETREBE I OHEL
AT 2, cOF+—IT—ZA+rE—FOHBPKETE, FEXRGEARCLIODAERER
TS 1OHEEZFBL., LERBEEERPS | 2RO AITRELT S, §habB, E&
AREEERTS 1@, HOAATRKEIDVF ¥y — VT —AME—FREERRTBFXr—VT—X
FPE—-FELTHBET S, COFr—TYVT—AFE—FIF., EENNy FVHENRBREIC
BoTWAEHEFICEHAIN S,

{0056)] 40

¥, COEMAMBMEEEIOOR. Lo 12V,/ 4. 5AhDEEDLD
TEHX830gKHE. 12V/9AhDABOELDOTEI1300gBEEOEETC NUESR
THHOT, MEHECEN. L, LEVY VY TAEX—-—TFTAOFE1ODCHAOBMFI I
oic, BATERAHRBEERATALDODONBEFHOFE 2NEHR4ODCHAOMK TSI 2
~34AEBMHEATVBDT, ROKXSIKK—FTNEHRELTHERTRIEHNTES,

o005 7]

Thbb, COEMAMBMEEE I OOKRBWVWT., LEFE20DCHEHIKRFI 21iC1F
.PCEBEFF—TTNVENLTPCENABEGEIZCENTZS,

{005 8]

. COEMAMBIMBERZRBIOOKEWNWT, FAEIDDCHAB F3 3, U 50
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ELECTRODE CONNECTOR CONTAINING PLATE AND
BATTERY MODULE EMPLOYED WITH THE SAME

FIELD OF THE INVENTION

The present invention relates to an electrode connector for connecting
electrodes of cells with each other, and, more particularly, to an electrode connector
having plates, which are weldable to electrodes, mounted on a wire, thereby
accomplishing easy and convenient electrical connection between the electrodes while
minimizing damage to the cells and enabling inexpensive manufacture of the electrode
connector. Also, the present invention relates to a battery module manufactured with

such an electrode connector.

BACKGROUND OF THE INVENTION

As mobile devices have been increasingly developed, and the demand of such
mobile devices has increased, the demand of secondary batteries has also sharply
increased as a power source for the mobile devices. One of the secondary batteries is a
lithium secondary battery having high energy density and discharge voltage, into which

much research has been carried out and which is now commercially and widely used.

Based on kinds of external devices in which the secondary battery is used, the
secondary battery may be used in the form of a single unit cell or in the form of a

battery pack including a plurality of unit cells electrically connected with each other.

-1-
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For example, small-sized devices, such as a mobile phone, can be operated for a
predetermined period of time from the output and the capacity of a single unit cell. On
the other hand, large-sized devices, such as lap-top computers or electric vehicles,
require use of a medium- or large-sized battery pack because a high output and a large

capacity are necessary.

The battery pack is a battery structure including a plurality of unit cells
electrically connected in series and/or parallel with each other. A wire, a plate, and a
flexible printed circuit board (FPCB) are used in the battery pack so as to accomplish

the electrical connection between electrodes of the unit cells.

The wire is a linear conductive member. Generally, an insulating resin is
covered on the outer surface of the wire, and therefore, the wire has advantages in that
the linear conductive member is easily deformed, and the costs of the liner conductive
member are inexpensive. However, the wire has problems in that it is difficult to
accomplish the electrical connection between the electrodes of the cells by a welding
process, such as spot welding, ultrasonic welding, or laser welding, and a large amount
of heat is transferred to the cells during the welding process, which causes damage to

the cells.

The plate, which is a plate-shaped conductive member, has an advantage in that
the electrical connection between the electrodes of the cells can be easily accomplished
by the above-mentioned welding process. However, the plate has a problem in that it is
difficult to accomplish the electrical connection between the electrodes of the cells even

with only a slight-degree error.

The FPCB, which is widely used in recent years, has advantages in that the

electrical connection between the electrodes of the cells can be easily accomplished like

-2-
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the plate, and it is suitable for the electrical connection in a complicated structure.
However, the FPCB has problems in that the FPCB is very expensive, the formability is

lowered, and the assembly operation is difficult.

Processes for constituting a battery module through the electrical connection
between electrodes of a plurality of cells using an FPCB are partially shown in FIGS. 1
and 2. FIG. 1 illustrates a normal assembly process of the battery module in which the
connection between the electrodes is normally accomplished, and FIG. 2 illustrates an
abnormal assembly process of the battery module in which the connection between the

electrodes is abnormally accomplished.

Referring to FIGS. 1 and 2, an FPCB 10 includes a flexible board 12, on
which a circuit 14 is formed. To the circuit 14 are connected electrodes 22 of cells 20.
When the connection circuit 14 of the FPCB 10 is properly arranged on the electrodes
22 of the cells 20, which are disposed regularly, as shown in FIG. 1, normal electrical
connection between the electrodes is accomplished. When an error occurs at the first
connection process as shown in FIG. 2, on the other hand, it is difficult to accomplish
subsequent electrical connections between the electrodes. Consequently, the assembly

operation is inaccurately carried out.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to substantially obviate
the above-mentioned problems of the conventional arts as well as the technical

problems requested from the past.

The inventors have performed various experiments and research, and finally

have developed an electrode connector having advantages of both the wire and the

-3-
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plate. Specifically, the electrode connector includes a flexible wire and plates, which
can be easily welded to electrodes of cells, mounted on the wire. Consequently, the
electrode connector can be manufactured inexpensively, the assembly operation is
easily carried out due to the characteristics of the deformable wire, and the electrical
connection between the electrodes of the cells is accomplished by the plates, which

can be easily welded to the electrodes.

In accordance with one aspect of the present invention, the above and other
objects can be accomplished by the provision of an electrode connector comprising: a
conductive wire; and plates mounted on the wire such that the plates can be
electrically connected to electrodes of cells, wherein the plates are electrically

connected to the wire.

The conductive wire is a linear conductive member. Preferably, the
conductive wire is covered with an insulating resin such that a short circuit to a
peripheral device is prevented. The material for the wire is not particularly restricted
so long as the material is conductive. For example, conductive materials generally
used in electrical engineering applications, such as copper, iron, and lead, may be used
for the wire. Preferably, the wire is made of copper, which has excellent flexibility and

electrical conductivity.

The plates are plate-shaped conductive members, which are parts of the
electrode connector and which are electrically connected to the electrodes of the cells.
The material for the plates is not particularly restricted so long as the electrical
connection between the plates and the electrodes of the cells is accomplished. For

example, nickel, aluminum, copper, iron, and alloy thereof may be used for the plates.

Preferably, the plates are made of nickel or nickel alloy, which is excellent in terms of
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cost and electrical conductivity.

The electrical connection between the plates and the electrodes of the cells
may be accomplished in various manners. For example, the plates and the elecwodes
of the cells may be electrically connected with each other by welding, mechanical
coupling, or adhesion. Preferably, the electrical connection between the plates and the
elecwrodes of the cells is accomplished by spot welding, ultrasonic welding, laser

welding, or soldering.

The present invention is characterized in that the elecwical connection
between the elecwrode connector and the electrodes of the cells is accomplished by the
plates, and the interconnection of the plates is accomplished by the wire.
Consequently, the coupling between the electrodes and the plate is easy, and the
electrical connection of the plates is accomplished using the flexible wire irrespective

of the distance between the electrodes.

The electrode connector according to the present invention may be
constructed by separately manufacturing the wire and the plates and then coupling the
wire and the plates with each other. Alternatively, the wire and the plates are
integrally formed in a single body to construct the electrode connector. In a preferred
embodiment, the electrode connector is conswructed by clamping a plurality of plates
to a single wire. According to circumstances, a plurality of unit members, each of
which is manufactured by coupling a single plate to a single wire, are connected with

each other to construct the electrode connector according to the present invention.

In accordance with another aspect of the present invention, there is provided a

battery module manufactured with the electrode connector as described above.

EXHIBIT 1002
Page 1678 0f 2235 petitioner ADC (IPR2024-00577)



10

15

20

WO 2006/057497 PCT/KR2005/003899

The battery module includes two or more cells, which are electrically and
mechanically connected with each other to provide high-output, large-capacity
current, which cannot be obtained by a single cell. In the battery module is used a
connector for connecting the unit cells in series and/or parallel with each other. The
electrode connector serves to electrically connect a plurality of cells (unit cells), and
therefore, the electrode connector is useful to connect the electrodes of the unit cells
with each other and to connect the electrodes of the unit cells to a predetermined

external device when manufacturing a medium- or large-sized battery module.

The structure of the battery module manufactured with two or more unit cells
to provide high output and large capacity may be various. The structure of the battery
module is well known to those skilled in the art to which the present invention
pertains, and therefore, a detailed description thereof will not be given. It should be
noted, however, that the structure of the battery module using the electrode connector

according to the present invention falls into the scope of the present invention.

Preferably, the battery module according to the present invention is used in a
battery pack, which is a power source for small-sized devices, such as lap-top
computers, and large-sized devices, such as electric vehicles or hybrid electric

vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages of the present
invention will be more clearly understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:

FIGS. 1 and 2 are typical views respectively illustrating normal and abnormal

-6-
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assembly processes when electrodes of cells are connected with each other using a

flexible printed circuit board (FPCB) according to a conventional art;

FIG. 3 is a partial typical view illustrating an electrode connector according

to a preferred embodiment of the present invention;

FIG. 4 is a typical view illustrating an exemplary plate used in the electrode

connector according to the present invension; and

FIG. 5 is a sectional view taken along line A-A of FIG. 3.

<Description of Main Reference Numerals of the Drawings>

100: electrode connector
200: wire

300: plate

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Now, a preferred embodiment of the present invention will be described in
detail with reference to the accompanying drawings. It should be noted, however, that

the scope of the present invention is not limited by the illustrated embodiment.

FIG. 3 is a partial typical view illustrating an electrode connector 100

according to a preferred embodiment of the present invention.

Referring to FIG. 3, the electrode connector 100 includes a wire 200 and a
plurality of plates 300 mounted on the wire 200. The wire 200 includes a conductive

core member 210 and an insulating sheath 220 for covering the conductive core

member 210.
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The structure of the plate 300 is shown in more detail in FIG. 4. As shown in
FIG. 4, the plate 300 has a side clamping part 320 formed at one side end of a plate-
shaped body 310 and a lower clamping part 330 formed at the lower end of the plate-
shaped body 310. The plate 300 is securely mounted on the wire core member 210
(chain double-dashed line) by the clamping parts 320 and 330, and therefore, the
electrical connection between the plate and the wire is accomplished. The side
clamping part 320 may be formed at the other side end of the plate-shaped body 310.
Each electrode of cells (not shown) is electrically connected to the plate-shaped body

310, preferably, by welding.

Referring back to FIG. 3, the conductive core member 210 is exposed at the
area of the wire 200 where the plate 300 is mounted. Consequently, the plate 300 is
connected to the wire 200 by the clamping parts 320 and 330 of the plate 300, and

therefore, the electrical connection between the plate and the wire is accomplished.

FIG. 5 is a sectional view taken along line A-A of FIG. 3. The insulating
sheath 220 (chain double-dashed line) is not present at the area of the wire where the
plate is connected to the wire. Consequently, the conductive core member 210 is
brought into direct contact with the side clamping part 320 of the plate 300, and

therefore, the electrical connection between the plate and the wire is accomplished.

Although the preferred embodiment of the present invention has been
disclosed for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.

For example, the structure of the plate and the electrical connection between

the plate and the wire may be modified in various ways based on the illustrative

-8-
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example of FIG. 3.

INDUSTRIAL APPLICABILITY

As apparent from the above description, the electrode connector according to
the present invention is electrically connected to the electrodes of the cells by means
of the plates. Consequently, the coupling of the electrode connector to the electrodes
of the cells is easily accomplished by welding while damage to the cells is minimized.
Furthermore, the electrical connection between the plates is accomplished by means of
the flexible wire. Consequently, the assembly operation for the electrode connection is
very easily carried out, and the elecwrode connector can be manufactured

inexpensively.
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WHATIS CLAIMED IS:
1. An electrode connector comprising:
a conductive wire; and

plates mounted on the wire such that the plates can be electrically connected

to electrodes of cells, wherein
the plates are electrically connected to the wire.

2. The electrode connector as set forth in claim 1, wherein the wire is covered

with an insulating resin.

3. The electrode connector as set forth in claim 1, wherein the wire is made of

copper, and the plates are made of nickel.

4. The electrode connector as set forth in claim 1, wherein the electrical
connection between the plates and the electrode of the cells is accomplished by spot

welding, ultrasonic welding, laser welding, or soldering.

5. The electrode connector as set forth in claim 1, wherein the electrode

connector is constructed by clamping a plurality of plates to a single wire.

6. A battery module manufactured with an electrode connector as set forth in

any one of claims 1 to 5.

7. The battery module as set forth in claim 6, wherein the electrode connector is

used to connect electrodes of a plurality of cells (unit cells) with each other or to

connect the electrode of one of the unit cells with a predetermined external device.

-10-
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ductive lead with an end portion made of a second metal
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Connecting contact leads to lithium-based electrodes

through holes. The end portion of the contact lead and
the tab of the electrode are positioned so that there is
substantial overlap between the end portion and the tab.
The metalofthetab is then caused, forexample by press-
ing and welding, to penetrate through the through holes
of the end portion so as to join the electrode to the contact
lead. A combination electrode/contact lead assembly
made by this method is also disclosed.
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EP 2 605 313 A1
Description

[0001] The present invention relates to the connection of a lithium or lithium alloy foil electrode or electrodes to a
contact lead, so as to promote good electrical and mechanical contact therebetween.

BACKGROUND

[0002] Primary and rechargeable batteries using metallic lithium as the active material for the negative electrode are
known to have the highest energy per unit weight and per unit volume.

[0003] Forthe purposes of the present application, the following definitions are to be considered:

[0004] A negativeelectrode,oranode, isa lithium orlithium alloy foilcomponenthaving a negative potential. A negative
electrode typically features a current collector and a contact tab.

[0005] A currentcollector is an electrically conductive metallic foil used to provide a path for electrons from the external
electrical circuit to the electrochemically active portion of the battery. A current collector will typically feature a contact tab.
[0006] A contact tab is a metal foil portion of the current collector, which does not take part in the electrochemical
process. It may extend from an edge of the main body of the current collector and is used to form the mechanical base
for a weld to a contact lead.

[0007] A contact lead is a piece of electrically conductive metallic material used to form an electrical contact from the
contact tab through a hermetically sealed battery container to the external electrical circuit. It is typically welded (in cells
where metallic lithium is not used) or mechanically connected to the contact tab.

[0008] The contact lead must be connected or joined to the lithium in such a manner that a low resistance electrical
connection is formed. Further, the connection or join must be mechanically strong enough to last for the expected life
of the battery.

[0009] The current collectors in lithium primary batteries are typically composed of a metallic conductor other than
lithium. The contact lead may be exposed to the electrolyte in an electrochemically active zone of the battery. This is
not generally a problem in primary batteries; however it may cause problems inrechargeable (or secondary) batteries.
In secondary batteries, lithium must be electrochemically deposited when the battery is recharged. In order to provide
good reproducibility of performance, when the battery is repeatedly recharged, an excess of lithium is used so that lithium
is only ever deposited onto lithium. If the contact lead or current collector is left exposed, then lithium will be plated onto
a non-lithium substrate. This greatly increases the probability of unpredictable lithium deposition and hence poor cycling
performance. This typically takes the form of active dendrite formation resulting in the quick degradation of the recharge-
able lithium system. Examples of such failure mechanisms are described in US5368958, the full disclosure of which is
incorporated into the present application by reference.

[0010] In a secondary battery with a lithium-based anode, the lithium is typically connected to the external circuit by
one of two methods. Either a contact lead similar in design to that described for primary lithium batteries is used; as in
US7335440, the fulldisclosure of which is incorporated into the present application by reference. US7335440 discloses
the provision of a current collector in the form of a flat, solid piece of titanium, nickel, copper or an alloy of nickel or
copper. The current collector is provided with a contact tab. A relatively long strip of alkali metal foil, having a width
similar to the height of the current collector, is placed under the current collector and the two are pressed together. It is
to be noted that, following assembly of the battery, the current collector (which is not made of an alkali metal) is immersed
in electrolyte. Moreover, US7335440 states that this arrangement has problems in coiled, anode-limited cells of the type
disclosed therein since there is a potential for a short circuit to be formed between the cathode material and the anode
current collector when the thin layer of lithium has substantially depleted into the cathode in the outermost winding.
[0011] A variation of this method uses the metallic cell casing for the dual purpose of collecting current from the lithium,
as in US7108942, the full disclosure of which is incorporated into the present application by reference. Additionally, the
reverse face of the lithium electrode may be pressed or rolled against a thin metal current collector, as in US5368958,
the full disclosure of which is incorporated into the present application by reference. The current collector can then be
welded to a metal contact lead. However, if the current collector becomes exposed to the electrolyte, there is a risk that
lithium will be plated onto the non-lithium current collector with the possible formation of dendrites that may short-circuit
the battery. The metal current collector also adds unnecessary mass to the battery and reduces its specific energy.
[0012] In all of the examples described above, the contact of metallic lithium with the current collector is purely me-
chanical, which may be acceptable for primary batteries. However, for lithium metal rechargeable batteries such me-
chanical contact is not reliable. Indeed due to the reactive character of metallic lithium, corrosion layers may readily form
on the interface of the mechanical connection between the lithium and the current collector. This may result in lower
battery reliability as well as faster degradation in the capacity and cycle life of rechargeable lithium metal batteries.
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EP 2 605 313 A1
BRIEF SUMMARY OF THE DISCLOSURE

[0013] Viewed from a first aspect, there is provided a method of connecting at least one electrode to a contact lead,
wherein the electrode comprises a sheet or foil of a first metal with a tab protruding from an edge of the sheet or foil,
and wherein the contact lead comprises an electrically conductive lead with an end portion made of a second metal that
does not alloy with the first metal and having a plurality of through holes, the method comprising the steps of:

i) positioning the end portion of the contact lead and the tab of the at least one electrode so that there is substantial
overlap between the end portion and the tab;

ii) causing the metal of the tab to penetrate through the through holes of the end portion so as to join the at least
one electrode to the contact lead.

[0014] In stepii), the metal of the tab may be caused to penetrate through the through holes by pressing and welding,
for example by way of ultrasonic welding, thermal contact welding, laser welding or induction welding. Advantageously,
the welding is effected in such a way so as not to cause significant thermal deformation or changes in the main laminar
sheet or foil of the at least one electrode, but to concentrate the applied energy in the locality of the tab.

[0015] The end portion of the contactlead may be substantially flat or planar, or may take other shapes or configurations
depending, for example, on the shape or configuration of any welding equipment that is used.

[0016] In some embodiments, there may be provided a plurality of electrodes, each comprising a sheet or foil of the
first metal with a tab protruding from each sheet in substantially the same location, so that the tabs of the stack of
electrodes are substantially aligned when the electrodes are alighed with each other and arranged as an electrode stack.
[0017] In these embodiments, the perforated end portion of the contact lead may be placed on top of the tabs of the
electrode stack, underneath the tabs of the electrode stack, or at an intermediate position between the top and the
bottom (i.e. with at least one tab above and at least one tab below). The tabs and the perforated end portion are then
pressed together and the first metal (of the tabs) is caused to penetrate through the holes in the perforated planar end
portion (made of the second metal) of the contact lead. Alternatively, the tabs of the electrode stack may be pressed
together before the perforated end portion is placed on top of or underneath the compressed tabs and the penetration
of step ii) is performed.

[0018] In embodiments where there is provided a stack of electrodes, the pressing and welding step causes the tabs
to join together physically as well as to penetrate into the through holes of the contact lead.

[0019] Particularly preferred metals for the first metal are lithium and lithium alloys, since these tend to be useful as
anode materials in secondary batteries, and are also soft and malleable, which allows a good connection to be made
with the perforated end portion of the contact lead when the pressing and welding step is performed.

[0020] The end portion of the contact lead may be perforated, punched or have a mesh-like or reticulated form. What
is important is that when the first metal of the tabs is sufficiently malleable that it can pass through the through holes so
as to cause the second metal of the end portion to become embedded in what is preferably a single phase of the first
metal. This forms an intimate contact between the first and second metals, and thus between the contact lead and the
electrodes.

[0021] The greater the openness or surface area of the end portion of the contact lead, the better the electrical (and
physical) connection between the contact lead and the electrodes. The openness of the end portion may be defined as
the ratio of open area to the full surface area of the end portion. The openness of the end portion of the contact lead
may be in the range of 5% to 95%.

[0022] The electrically conductive lead of the contact lead may itself be generally planar, for example in the form of a
ribbon, although other profiles may be useful. The electrically conductive lead may be made of the same metal as the
second metal forming the end portion, or of a different metal.

[0023] Inthis way, itis possible for form a reliable connection with a contact lead made of a metal other than the metal
of the electrode. It will be understood that the contact lead, which will generally be exposed outside the casing of the
battery, must be made of a metal that has good electrical conductivity but is not highly reactive when exposed to air or
moisture. Suitable metals include nickel, copper, stainless steel or various alloys.

[0024] Moreover, the metal of the contact lead, since it is connected only to the protruding tabs of the electrodes, is
not directly exposed to electrolyte when the battery is assembled.

[0025] A further advantage is that a good connection can be made to the at least one electrode without the electrode
as a whole needing to be formed or disposed on a current collector made of a metal other than the first metal. In other
words, the main part of the electrode that is exposed to the electrolyte consists solely of the first metal (e.g. lithium or a
lithium alloy), with no need for a copper or nickel or other current collector that would add unnecessary weight and act
as a substrate for the formation of dendrites during cycling.

[0026] Moreover, itis important that the second metal (of the contact lead) is selected so that it does not form an alloy
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EP 2 605 313 A1

with the first metal (of the electrode). This is in order to avoid reduction of the amount of the first metal that is available
to the electrochemical system of the battery. For example, lithium will form an alloy with aluminium, but not with nickel
or copper.

[0027] Incertain embodiments, the electrode is configured as an anode, or negative electrode, for a battery. However,
it will be appreciated that the method is applicable also to cathodes, or positive electrodes, where these are made of a
metal that is suitable for pressing and welding to a perforated second metal as described.

[0028] Viewed from a second aspect, there is provided, in combination, at least one electrode for a battery and a
contact lead, wherein the electrode comprises a sheet or foil of a first metal with a tab protruding from an edge of the
sheet or foil, and wherein the contact lead comprises an electrically conductive lead with an end portion made of a
second metal that does not alloy with the first metal and having a plurality of through holes, wherein the first metal of
the tab has been pressed and welded so as to penetrate through the through holes of the second metal end portion.
[0029] Embodiments of the present invention seek to provide a negative electrode (anode) eliminating the need for
the current collector, and a method of forming a reliable physical contact between different pieces of metallic lithium and
the contact lead, thereby to promote good electrical contact between metallic lithium and the material of the contact lead.
[0030] In preferred embodiments, an excess of metallic lithium is used such that at the end of the battery life there is
a substantial amount of lithium metal which serves as the current collector for the negative electrode. The use of lithium
as the current collector eliminates mechanical contact between metal lithium and another current collector material.
[0031] In some embodiments, there may be provided a plurality of electrodes, each comprising a sheet or foil of the
first metal with a tab protruding from each sheet in substantially the same location, so that the tabs of the stack of
electrodes are substantially aligned when the electrodes are alighed with each other and arranged as an electrode stack.
[0032] The lithium metal of the negative electrode in the region of the tabs may form a single phase connection from
lithium electrode to lithium electrode in the electrode stack. Such connection is achieved by using pressing and welding
as hereinbefore described.

[0033] The contact lead, or at least the end portion thereof, may be thin (for example, with a thickness of 5 to 50pm},
or may be thick (for example, with a thickness of 50 to 10,000p.m).

[0034] The contact lead may be substantially linear, or may have a 'T’-shaped or ’L’-shaped configuration.

[0035] The end portion of the contact lead may be an integral part of the contact lead (in other words, formed from
the same material as the rest of the contact lead and integral therewith), or may be a separate metal component, not
necessarily of the same material as the rest of the contact lead, and welded thereto (for example by ultrasonic welding,
thermal contact welding, laser welding, induction welding or other types of welding).

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Embodiments of the invention are further described hereinafter with reference to the accompanying drawings,
in which:

FIGURES 1a to 1c shows a battery stack with anodes, cathodes and tabs, and three alternative positionings for a
contact lead;

FIGURES 2a to 2e shows possible designs for the contact lead; and
FIGURE 3 shows the contact lead being ultrasonically welded to the tabs.
DETAILED DESCRIPTION

[0037] A battery can be formed by an alternating stack of numerous cathodes and anodes. Each of these layers is
divided by a separator. An ionic pathway is maintained by the presence, between each electrode, of an electrolyte. Each
electrode 1 features a tab 2 protruding from its electrochemically active area and beyond the edge of the separator.
These tabs 2 provide the first surface through which the stack 3 of lithium anodes will be welded to each other and joined
to a contact lead 4. The tabs 2 are first folded and/or formed by pressing. A contact lead 4 is then positioned at the top
(Figure 1a) or bottom (Figure 1b) of the stack 5 of tabs 2, or it may be positioned between any two lithium tabs 2 (Figure
1c).

[0038] The contactleads 4 may take a number of forms (Figures 2a to 2e). The body 6 is composed of a conductive
metal ribbon, typically nickel, copper, stainless steel or some composite conductor. The end portion 7 (the area to be
welded) is typically perforated, meshed or punched. The end portion 7 may be an integral part of the metal ribbon 6, or
it may be a separate piece welded to the ribbon 6. Where the end portion 7 is a separate piece welded to the ribbon 6,
it may be made of a different metal to that of the ribbon 6. The contact may be linear, "T" or "L" shaped. The perforations
may be rhombic, circular, square, rounded, polygonal or any other suitable shape.
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EP 2 605 313 A1

[0039] The tabs 2 and the contact lead 4 are then positioned between the two weld fixtures 8 of an ultrasonic welder
(Figure 3). The ultrasonic welder then simultaneously applies pressure and an ultrasonic wave to the weld area. This
causes the numerous lithium layers 2 to fuse together to form a lithium-lithium weld. Further, the softened lithium
percolates through the perforated or meshed area 7 of the contact lead 4. The contact lead 4 is hence joined to the
lithium 2 as the mesh 7 is intimately surrounded by lithium. The high surface area contact between the mesh 7 of the
contact lead 4 and the lithium electrode 1 produces a low resistance and a mechanically strong electrical contact. When
the ultrasonic wave ceases and the pressure is released, the contact lead 4 will be joined to the lithium anodes 1.

EXAMPLE 1

[0040] A linearnickel contact lead, composed of 50p.m thick nickel ribbon, was used. The endmost 5mm of the contact
lead was expanded to form a mesh. A battery with 60 lithium anodes, each of 78 m thickness, was assembled. A stack
of lithium contact tabs protruded from the battery. The lithium contact tabs were formed and trimmed to produce a flat
welding area and to ensure that each of the tabs, regardless of its position, in the stack used the minimum quantity of
lithium. The formed stack of lithium tabs was then positioned between the welding fixtures of an ultrasonic welder. The
contact lead was then positioned on top of the stack of lithium tabs, such that the meshed region overlapped with the
flat lithium welding zone. The welding conditions listed in Table 1 were then entered into an AmTech 900B 40kHz
ultrasonic welder. A single weld was then performed. Each of the 60 lithium layers were welded firmly to each other. A
strong join was produced between the lithium and the contact lead. This join had been created by the softened lithium
penetrating through the mesh of the contact lead.

Table 1 - The welder setting used in Example 1.

Energy/J | Amplitude/um | Trigger Pressure / Psi | Pressure/Psi
180 5 20 20

EXAMPLE 2

[0041] A "T" shaped contact lead was made by welding a piece of nickel ribbon (50p,m thick) to a piece of copper
mesh. The mesh opening was approximately 200x700p.m, with a bar width of 100p,.m. The mesh was thrice as long as
the nickel ribbon was wide. The mesh was 5mm wide; the same as the welding zone. The mesh was positioned centrally
to form the cross of the "T" and welded into position by an ultrasonic welder using the conditions given in Table 2, weld
A. The contact lead was positioned between the welding fixtures of an ultrasonic welder such that the meshed region
fell into the welding zone.

[0042] A battery with 20 lithium anodes, each of 78um thickness, was assembled. A stack of lithium contact tabs
protruded from the battery. The stack of lithium contact tabs was formed and trimmed to produce a flat welding area
and to ensure that each of the contact tabs, regardless of its position, in the stack used the minimum quantity of lithium.
[0043] The stack of lithium contact tabs was then positioned on top of the contact lead, between the welding fixtures
of an ultrasonic welder. The copper mesh "arms" of the "T" shaped contact lead were then folded around the stack of
lithium contact tabs. The welding conditions listed in Table 2, weld B were then entered into an AmTech 900B 40kHz
ultrasonic welder. A single weld was then performed. Each of the 20 lithium layers were welded firmly to each other. A
strong join was produced between the lithium and the contact lead. This join had been created by the softened lithium
penetrating through the mesh of the contact lead.

Table 2 - The welder settings used in Example 2

Weld Energy/J | Amplitude/pm | Trigger Pressure/Psi | Pressure/Psi
A 70 80 80 5
B 10 5 20 20

EXAMPLE 3

[0044] An"L" shaped contact lead was manufactured by photochemical etching from a sheet of 100um thick stainless
steel. The upright section of the "L" is continuous steel foil. The base of the "L" was etched with a mesh pattern. The
mesh opening was 500x500pm and the bar width was 100pum. The base of the "L" was twice the width of the upright
section. The width of the base section was 5mm, the same as the weld zone.
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EP 2 605 313 A1

[0045] A battery with 20 lithium anodes, each of 78um thickness, was assembled. A stack of lithium contact tabs
protruded from the battery. The contact lead was positioned between the top face to the lowermost lithium contact tab
and the bottom face of the remainder of the stack. The remainder of the stack of lithium contact tabs was pushed down
onto the meshedregion of the contact lead. The protruding meshed section of the contactlead was folded overthe stack
of contact tabs. The contact assembly was positioned between the welding fixtures of an ultrasonic welder such that the
meshed regions fell into the welding zone.

[0046] The welding conditions listed in Table 3 were then entered into an AmTech 900B 40kHz ultrasonic welder. A
single weld was then performed. Each of the 20 lithium layers were welded firmly to each other. A strong join was
produced between the lithium and the contact lead. This join had been created by the softened lithium penetrating
through the mesh of the contact lead.

Table 3 - The welder settings used in Example 3

Energy/J | Amplitude/pm | Trigger Pressure / Psi | Pressure /Psi
40 5 20 20

[0047] Throughoutthe description and claims of this specification, the words "comprise" and "contain" and variations
of them mean "including but not limited to", and they are not intended to (and do not) exclude other moieties, additives,
components, integers or steps. Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is used, the specification is to
be understood as contemplating plurality as well as singularity, unless the context requires otherwise.

[0048] Features, integers, characteristics, compounds, chemical moieties or groups described in conjunction with a
particular aspect, embodiment or example of the invention are to be understood to be applicable to any other aspect,
embodiment or example described herein unless incompatible therewith. All of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of any method or process so
disclosed, may be combined in any combination, except combinations where at least some of such features and/or steps
are mutually exclusive. The invention is not restricted to the details of any foregoing embodiments. The invention extends
to any novel one, or any novel combination, of the features disclosed in this specification (including any accompanying
claims, abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process
so disclosed.

[0049] The reader’s attention is directed to all papers and documents which are filed concurrently with or previous to
this specification in connection with this application and which are open to public inspection with this specification, and
the contents of all such papers and documents are incorporated herein by reference.

Claims

1. A method of connecting at least one electrode to a contact lead, wherein the electrode comprises a sheet or foil of
a first metal with a tab protruding from an edge of the sheet or foil, and wherein the contact lead comprises an
electrically conductive lead with an end portion made of a second metal that does not alloy with the first metal and
having a plurality of through holes, the method comprising the steps of:

i) positioning the end portion of the contact lead and the tab of the at least one electrode so that there is
substantial overlap between the end portion and the tab;

ii) causing the metal of the tab to penetrate through the through holes of the end portion so as to join the at
least one electrode to the contact lead.

2. A method according to claim 1, wherein, in step ii), the metal of the tab is caused to penetrate through the through
holes by pressing and welding.

3. A method according to claim 2, wherein the welding is ultrasonic welding.
4. A method according to claim 2, wherein the welding is thermal contact welding, laser welding or induction welding.
5. A method according to any one of claims 2 to 4, wherein the welding does not cause significant thermal deformation

orchangesin the laminar sheet or foil of the at least one electrode, but concentrates the applied energy in the locality
of the tab.
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EP 2 605 313 A1

A method according to any one of the preceding claims, wherein there is provided a plurality of electrodes, each
comprising a sheet or foil of the first metal with a tab protruding from each sheet in substantially the same location,
so that the tabs of the stack of electrodes are substantially aligned when the electrodes are aligned with each other
and arranged as an electrode stack.

A method according to claim 6, wherein the perforated end portion of the contact lead is placed on top of the tabs
of the electrode stack in step i).

A method according to claim 6, wherein the perforated end portion of the contact lead is placed underneath the tabs
of the electrode stack in step i).

A method according to claim 6, wherein the perforated end portion of the contact lead is placed at an intermediate
position between the top and the bottom of the electrode stack in step i).

A method according to any one of claims 7 to 9, wherein the tabs and the perforated end portion are then pressed
togetherand the first metalis caused to penetrate through the holes in the perforated end portion of the contact lead.

Amethodaccording toclaim 7 or 8, wherein the tabs of the electrode stack are pressed together before the perforated
end portion is placed on top of or underneath the compressed tabs and the penetration of step ii) is performed.

A method according to any preceding claim, wherein the end portion of the contact lead is an integral part of the
contact lead.

A method according to any one of claims 1 to 11, wherein the end portion of the contact lead is a separate metal
component that is welded to the contact lead.

A method according to any preceding claim, wherein the first metal is lithium or a lithium alloy.

A method according to any preceding claim, wherein the second metal is selected from a group comprising: nickel,
copper, a nickel or copper alloy that does not alloy with lithium, and stainless steel.

In combination, at least one electrode for a battery and a contact lead, wherein the electrode comprises a sheet or
foil of a first metal with a tab protruding from an edge of the sheet or foil, and wherein the contact lead comprises
an electrically conductive lead with an end portion made of a second metal that does not alloy with the first metal
and having a plurality of through holes, wherein the first metal of the tab has been pressed and/or welded so as to
penetrate through the through holes of the second metal end portion.
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NONAQUEQUS ELECTROLYTE SECONDARY BATTERY
Absiract

PROBLEM TO BE SOLYED: To provide a nonagueous slecirolyle secondary battery arrangad s0 thai gas generated when
charge and discharge is repeated can be absorbed, and an ouier sheath can be prevented from being swelled SOLUTION: A
nonagueous electrolyte secondary batiery comprises: an intemal power-generation body 8 including a positive electrade
including a positive slectrode active material, a negative electrode including a negative electrode active material, and a separator
interposed hetween the positive and negalive slectrodes; at lzast two metal tab leads 14 connecled {o the posilive and negative
electrodes raspegiively; and a film-like outer sheath 10 which houses the internal power-generation pody 8 togather with an
electroiytic solution 20 of nonagueous electrolyte in a hermetic condition. The nonagqueous electrolyie secondary battery further
comprises a resin part 26 used to prevent the shorl cireuil inside the batlery and provided babveen the outer sheath 10 and the
internal power-generation body 8. The resin part 26 has a gas-absorbing material such as a hydrogan-absorbable alloy mixed
therein.
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HHIEEE2 6 DERAERIBEINZVD, Iz, FEM20E5EHE24%22R 30
ZT7U—F14cBEREBELIEE, MEL<AHAvy PLEEBWHIEEE26 %, 2B 27
U—R140mEOBEINEETICEZ, AGSBANOEKBILEE26 8t 0B X
TUV—Fl4O0mMBmORREEI NS CEZ, s LcRABEME 16, LTO
NEKRTOES LOMICHATHRMBIES L, BEFIEMIB26MN/EEBXTV—F1 4
Lic, WOoBER24ZH8oERETCERENS, Shchldstic, RVAI 7T %
ERBETV—FR1 4O IBAEELHZ. CORBHIELBEE26D., TEHATOE
WMEBHIEDDIKHERIN TS BERMN] KEST 5,

{0031]

ARATE., EHRIGILEBE 26 DM HABBEMPEBEBASNTVS,

HAmMBEMEL TR, B LAVWR DAL, €454 b, BHER, AT77V ¥ 40
MERIE. "TFux)ilHsb, kKERRS®. BT LVIF. EBRCEELELY. VX
Ak, BlthnLy ok, ExFT2Y UL, TAASA b RENMS, BREFNAMBICH LT
BNz <ttt —BLULETHAT EDHFEL WV,

(003 2]

HAMEMRIK FIROBDEHWVWRZ LW HEFLLYL, TORFRERZ, BBELAEWVLY
CPEEN, REM, BEAZOMOLMS1I~50unBERNFE LV,

HABBEMOBRAZNE T ELZ LR THALNBHRULUTEEUENRRTZIENDHZDT
HABREMOREAEDO LBRIZ. GEMILEIE2 6 DMBEIEFIAZIHNESI I L
THEHOHND, TOLHILBEERIRRATZI>HBEABOERIZ. EEFECEHBIEEMAE
2ICHAMBMEZRASR CHTEMEZNELT., EHB L XL, 50
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{003 3]

BRI EE 26 IcHARBEMPEBEAIHA TR EICED, ASBSRERSHOSHEEL
NEERKLODHICHAULRADONZKENABREDAZRRZBRINT 2 ENTES,

K4id,. AFAODISICMORMOFBREICHFIIEKRKERE FEHORNBREARS 2T
TFEmME (a) RUWEK (b)) TH 3.

COR (a) @, RIKARLEBBEOASREARS ZAE/MAILSRZFEHRICK S,
BEMMADO - HEPICBVT, AEEMEIPE TSN TOVARVELIASL . £EBH2 40 E
HLTW3, 22 icAERBUNOEB 27V —FI4E2R8BLTVS, BER ALKV,
EEREA (ROMMEM) KHWTH, EERM2O—WBICBVT. EMIEMENBIT X
NTVWENWTEER2ANBEHLTVWT., CCREBREUNOEBZ 7Y — R 1 4”MEHEX 10
hTw3.,

{003 4]

CONPREARSEEBELT., ZoVLKOANERTIODFICANT., EME2 0 T
LS., 8B27V—F14ZRBLT74 LV AKONERKLIOEEH TS LICED
VEKERBE_REMERETDILENTE S,

EETIH, $EFE2IAHBHLTVIHEFCBLT, BEREBEEALETEEZT Y
—F14%28ETDLEiIC, EEB/240eRBITV—-FR1 4 LLicEFEZEBYITFRAEL
UMD Z., TOoOREBYIAFDN, BEIHIZNFRERSDODEER2 L EWICEMT
202KIET ZHIC. GHEHIEEE28%2, R4kKRT L3I, £EB24 LiceREX
TVD—FR14Z@>5KECHERLTWVWS, $REBHIERE3IOOEZ, £EH 24 LEMHE 20
4DMMEDHER LITEERL TV,

{003 5]

HEhlEEikE28, 300ERAZEIBWEIHAVDY, MZEEBRX27YV—-F1 4%%
ER240h micBEREELEE., ML Ay FLIEEHEKIEEENFZ, €271V —
RlA4DBEHEINTLEPLECBE, ETAOCREFENZMIBIOCABMMBIES & X1,
FrEBHLEEER2EERA2ALLEWEOHRFLOBERLICEX, ARICABMBRIES
o CORBHILEE28, 30N, TEMATORKEHLOEDIKHERAIN T 2 B
Wl iKa&Md %,

{00 36]

COERMEBEBICEBNTE., HEBWIEME28, 300HICHARMBEMMEATH TS 30
o HAMBEMODEBEAR, BAAZEZELERINIIKCMELTHAL-EHERELERETDH S,
WREBILEEE2 8, 30ICHABRMBEMMBEAIA TS IcXD, BRENEZABRE
KEDLOHETIHAEHABEMICRINT 2 ENTE 5B,

M ECHBALEARADIEKERE - XNEMIE., ABEERINERICAZTH, 2B X
TV—FHAAERISCBEHLEERODEOTHH, COFTFIT_XNEMELT, EFrHEHEN
HICHARAATHERT %,

{0037]

AHHDEKERE _REHI, HRERIT I itk THEMMET R ENTES
o AHEHOMEEMIE, HLOKEE, BE, ERRL->THEEAEY ., HHICEKT I L
k> THBT R ENTES, £, BRUOABREOWER., TEHMLEDOLH . #i 40
ARHEMICHBREBANEBINATVWR I EAREFF LI,

LT, *RBRBADIEKERE_AEMOZEXRNB»THS., AER, EE/, 1L —X
EKEREOME. MEAEREEFFET S,

{00 3 8]

<HEE>

ARPAOFEKERE - NEMCAHAVIAETRE, i, VFIOLAA L OBA - DR
Mo, 3v(vs., Li*/Li)ME2. OV (vs. Li*/Li) ULFTCH#ITITS

ABENMEEZ RO,
DFIOAhAFyOBARGMHO. 3V (vs., Li*/Li) k2., OV (vs. L
i'/Li) RFCcHETIZLER, ABEWEHANDIVF Y LAF v EAN2. OV (vs 50

EXHIBIT 1002
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Li*/Li)  UFTHEHBL, 0. 3V (vs. Li"/Li)UETCRRITEZLTH
B3 —H. VFULAT Y OMRIEHO0. 3V (vs. Li'/Li)ME2. 0V (
vs. Li"/Li) UFTEITITZLIZ. ABEHMEIP»SDODUFTLAALT VBENO.
3V {(vs. Li*/Li) BETHEHBL. 2. 0V (vs. Li*/Li) UFTCKRTY
32k CH3B,

(0039]

DFD LA AN RERIEOBEEM (vs. Lit L 1) i, PIAE,. EWED
BERVEHER, VFILEBEMBE LEYXEHOTRKEREZHMEL., 5 F—H
G, RUKR /MOBEEMEEHAMBIELCEI>TRDBZIENTES, 75 b—H2F
MU EH-TBAE. b8 BVWEFEMEDOTS —H0. 3V (vs. Li"/Li)d 10
UETHNIEEL, 22 3BBVWEEBEDSFF—M2. 0V (vs. Li+/L i) I
TTthhid s, MA¥YEHCAVIHEMR, ERE. L —F2R3HBEARADLOLAKED
LOERBAWAILENTE S,

{00 40)

DFIThAA L OHEAN s REREDNO. 3V (vs., Li*/Li)BME2. 0V (v
s. Li"/Li) UWTFTHFTIZIAREMER. FE2UBYVFV L, _HtFi2r, H
Bt 7RG ZEIEEV TR ENRFELL, ARFEHHEOREEIFTVWANL, F
AUEVFIL, ZBILFEUAIOFFELL, FEUVBVFOLRNESRZFEFLL, &
nNoamEFwWaIR I ERATLEINL, 2HEAMNEAVTS LW,

(004 1) 20

FRUBUVFTLIE., ACRNMBECTHI LN HFELL, FRLE&LTL i, TigO
L, CEENZLONFELL, ACRALBEDOHE, VFOLAALOFEAN - BHEEO KIS
KBUAEMEOERREN NE W, FAVBEBUVFILICE., e 2ZENDEZEDOUFD
L, FEAVUNDOTEIBEBITENTVTE L1,

FRBEBUVFILE., CuKell X2 KRXBEHFTO (400) @D ¥EEEMN0. 5°
UFTHdT ehELwn, 0. 5° kb kEwne, FEUBIVFITLOBEENI KV
b, EMOZERNETILHEGRH S,

(004 2]

FRBEVFTALE, XREFICEZD— XV EMEFEICKS8ad A bichHBU
FILEEENDIOBULELTHLBILEAHELY, 90%KWETHI L, FAXUEYF 7 30
LOERTORMHABZB VIS, EMOXZERIVETIZHENH 5.

FRUVBUFOLEG., VFOLIELGYW. F2ILka®WEZ500CHE1500CHUFT
MBARTZLick-THRZIENTES, 500CAH, XIZ1500CEhELE
. REDEBEELEFEAVBYVFOLERSIENTERIAVAADND S, FRX VB F
VLR EN EXEDD, MALHEEZE, STU500CHUE1IS500CURFTCHMA
MBLTE IV, SMALHEOBEER., BB A-HEELRALTCEIWVL, o T
WTE &V, MALBR, FEGFEFTTEIVL, ELHH0VR7LIVEEOTRERH
ZDEFEMLEFTBCAE->TE IV, MBALHICIR., FIZBEIS WD, FI2IE., ERNM,
BRFE, AP, =X )—FILVEREHVBIENTE B,

(004 3) 40

MU Fo LGt T, WA, kb F DL, REVFV L, HEBEYF VL
EEEEYF UL, YaUBUFTL, NOFYUE)DFOLEEERAWBRIENTEDS, T
s FoLbehi. 1BETH LWL, 2EBEHMUEANTE LW,

MeFErribkambLTtid, FicBeaEhiguwh, L, —#&btryr2>., —BEFX
VREDTFEVEIEMER VB ENTES,

{004 4]

DFI L. RCF 2O GIHE. BRORRKOMARMFICE>TUF
L, ROGFEZ2VOBETFH. Ti /Li=1. 25#EBTZLOEEELETHE L,

FRUyBUFULOEAKIZ,. BEXENE, D20 EZEERNEORDS., REMER.,
BEL?. Dr2vE@Ea sEcl@LNTE LW, 50
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FREVBUVFILORFRE, 0. 5 umlLE50pumUFTHhrEeERHFETLL, 1
pm E30umMFTHZTLBMOBKVOBANSGILICHFE LV, Biick FREIZS
EM, TEMB»OCXKWTORKEZEIZHEL, THARTEZBILEETH 5.

{004 5]

FAVEVFOLOLEmBER. O. Im?/ gllbts50m?/ gl FCTHBTLdmY
DHAEBEZBRLT VMO ELL, AifdkEmBEE., kiERorA—%, BE T
TOREICEIDBEHRTZION I,

FREVBUVFILOBEEE. 0. 2g./ cm?®Lbl. 5g/ cmiUFTHBEH
HELWVL, 0. 2g/ cm*AMOBATERLORAFTY —FHURBLCLTRBOFERRERILEL
B5OBENICAF LR ZERANSHY. 1. 5/ cm?*EIDhREVEHELDEEIH 10
NS A DRGAREEEIERAN D S,

(00 46]

ARHOAZRMIREMRZEFCEBENOMEETAL TV, BEMMEBKT 2 REM
LTk, flziE, XARH, AEEH, SHRERZMEE. »—KF / Fa—-7.
TRFLVTIw s, FwFr T Iv s, RET7—F AT oy 7k ERFETFENS,
choREMBE I ERTCLEVWL, 2ERAMERAVTS XL,

ARHICEVLT, AERCEEN2EEHHOBR., ARFEYWEI1I00FEZMHICHLT
HFELSEROEEBHRUEIOEREEUT, J0FFELLBO0OEREHU L8 ERFLUTT
b3, M@ TONE. NA X - DOBSEENHREIH, EEBLOBSEEN T+
BrELHNTES, 20
[0047]

ARPOBEBMICENSA T —ZFHALTIV, "MV F—LLTKR. BFIEBREIh i
WHL, BRI, RY 7wk =ZUFY (PVAdF) ., RUVF s 7040z FL Y (PT
FE) . AFLry—T72yzrdh, RUSAIFRUZTNWODOFBUIGLEZIHNISZS
Bha32E e 1 EZHVSZCENTES, RAVA—QIAEBOER LT IS,
FKEBEIIKIC, BRIXBOSBEINTWVWE I EMFF LY, FEKEBERRZ., BIBESH
WP, N—XF)l—2-¥¥ay Ry (NMP) , YRFIUVFRILLTIFR, VAFILT L
7R, AFINZFLUSF Py EBEAFL, BETZFLV., RUT SRS RE
BETZRCLHNTED, O HEAE. A ZmMITTH XV,

(00 48] 30

ARPICBWLWT, AEBICEITNZI NS VF—DEBI, ABEHWEI1IOOO0OEENicL
T. HFLABI1EEHRUL20FZRUF., ol F2agfl b1 sEFRHN
TTHs., miaclATHNIE, ABMEVNELEENMLOBEENERIN, RER O
BEUEDI DRI ENTE S,

AREACEVWIHILVAEBEBO -FRELL TR, ABEWEH., B, RUONRAL Y
H—DRBAFMEZPEEBRLLERT IR IS>THERMEINID, EHAEOBEZGEH G,
MARGMRUBETRAS Y —ZFHUL, oAV —Z&£EBRAECBT L EI,
BREZBRETZCLICE-TAERBEZENT ZHENFEL L,

(00 49)]

ARAODABWICAHVSZCLDTESEERERBEE, 0. 3V (vs. Li' Li) BE 40
2. 0V (vs. Li"/Li) MFc&EAERE. flxd. 8. SUS. Zv 7. F
AU, TNVIZDTOLXREZFNLD0G2MHELL, ZEREIPFVIELSETVIZTLT
HBTEPBICEZFLL. 7VIZYLE, CEBRVAEBOERIEFAX T TRE
THHT ML, TOHRIBRKBEINAZWLHA, JISH®LRI 030, 1050, 10
85. IN9O., IN9OFRRASNZBHMET7VI_UALATHIT EhHEFTL L,
{0050]

EBEHOLXZAMEERaE. 0. 05 pmBlLEO0. 5 umUFTHELAHELL, O

OS5 pumAETHZL, ABEWMEDOESHIETIZHENRHO., 0. 5 umib KE
We, AEBEZE - RKEKTAI LI RELARZBE0NDE. ., EEHEERald, X
FErgRAXmHIWERTLEZHVWCHETE S, 50
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HEBERHOBERENE., 50 Q- cmBUTFTHI2TeHHELL, 500 cmEhFL
BaE., BEhoMgEI K FI28W b2, EXEHNG. UK FECHETZ LN TE
%,

{o051]

HEBROER G, HICBEENZWA, 10pemBMUE1I1O00pumUFTCHBT EMNHE
LWV, 10 pmABTREMOBALSLBMOBNIEBELEZD, 100 pmEDEVHA
BEBEHNBRA»SFMICE B,

TE, BERE. TIZvLMAoeEMA (8., SUS. =vw o, Fxr, kU
TENHODOFRE) OXMETIWVIZOLAZHEBELELODLHWRZI LETES,

(005 2] 10

MaASU —DEMAERZ. BcBEIhAWD, AEEWHE. EFEHM. 17058~
RUBHREZES KRB TEZCEDNS, R=A3IN, o222V 3IFY, Py bI N
HBEEREIFY AV FELL, ATV —DFHEIE. BcBEEIELY
. ABEME., BEOWY., RUNSAVE—ErREAGLEBICBREZMZ THEINLTLEVL
BEREME., SEWM. XA U A - RUBHZ -#HRIEALULTEHLTE LW,
(0053]

ATV—DOEBETEEET. 30wt BULE80Owt%RUTFTTHEILENHFELWL, 30
WtHARBDBAE, ATV —OMENKTEL2HONSHEH, — A, 80wt %Lb G
B, ASV-—OMEPETEIZHEANSH I, BROEBOEREIEHE L T IHED
H2, 20

ATZYU—ICHVWSBEMRIE, EKBE., 203 KTHIZ2EeNFELVL, EKAEIT,
BICBESNhZWLDH, I, N—AF)—2—-—¥ol)Ry (NMP) . YAFILEKILLA
TIR, YAFITELERTIR, XFNVZFAUSY LY, BEBEAFIL, BEBETF IV, RTF
bSO Ra 7S50 ElRBEFRENTEDS, £, TUHIRTEHRA., BMBZMATSDE
VAR
{005 4]

KBERLNOABEBOEKR AL, BRICBEI A ALY, FIZEMEASV—%RI &
—JL=—R, ¥Aqa—%, ary~vra—XZFictorfli-kic, BRlzRETEHE. &
ZVRATL—C 0BG LEBCAAEZRETZAENMFELL., BEERETEAE
B, A—TUREELF T 2ZHVEERIBTETHOHELL., FEKELTERER. 30
H2VWVEERELEER., TERAR, BEZREZENBTFONE, £, BABREZRET
Z2HREIFCHEINEZVD., 60CHULE200CUTFTHRITENFELYL. 6 0CTHK
WTRABORECKBETETZIHADDHL, 200CEIHEVENRLS VT —DHELT S
BENbHD. ABBOEHKE. fidOEEREZFEKTZ2aTE., BThLW, £/, AE
BEHEBE, O— V7L ABEEEEACTAEREPEMELETCL LV, AidEBOIEMHIE.
MBDEBERMEFERTZ281TE,. BTH LW,

(005 5]

AERHCEWT, AEBMOBEZHE. 10 umMlE200pumB FTHEZZLHAHFELL
o 10 pmUFTR., MEOABEBZCLENBELVESLRSH., 200 pumkhEVE
B, ML NBEZBZ3CLPBLVBENDH S, 40

AHEHKCBVWT, AEROEEEHKE. 1. 0g/ cm®UE3. 0g/ cm*LFTH
e ELL, 1. Og/ cm*ABThOhhiE, AEMEHME. BEENM LEOEMI T
Tt BEFCEUNBETIZEENHS. 3. 0g/ cmP*EXhREVNVEAE., %Bid
DEMBEDPABEALBRBELEILSAY, VFILBEERDPEFITI2B8A50VH2, AL
. WELOEHR, EEFTHEMIBTEI L, EfMIE. BEBEINAZLH, flzE., o
— VT LA, WETLAFEEZROWTEBCASICLENTES, EROEMIZ. i D EEM
EERT AWM TE, BTH LUV,

(0056]

AHEHILENT, AEBOEKE |l cm’bEH0BEXAEE. 0. 5mAhMEI. 6
MAhBIFTH2cLHHFFLL, 0. SmAhARNTHEIEAERIHTLETEIBEDEOD 50
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KEEAKELLAZEENHO, —FH. 3. 6mMAh IV EBVLVBERINYEORNEEZE
ZTENHLVESHN DS, AERBOD 1l cm’Hrh0ELKESOEHIE. AERERE
CUFTLERAEMNMEE UL YEMABHEHULLERI, AREESE2AETZILICE ST
BEHTE2, ABRMOEM 1 cm?HSEh0BEXAEARE. HEMEI N TS, SEHYW
PMEEGZVCEXRIEI2AEBMOEECHBPITZ AL, AAE, fid0oBE/RE TR
BTEATCHEBE IS ENTE DB,

{005 7]

< [EEM >

AREAOFEKEMRE _REMICHVZ EERIZ, Hic, VFTLAAOHA - Bl
johtd, 5V (vs. Li"/Li)ME4., 9V (vs. Li"/Li) BFT#ERTS 10
EMENEZILE, CNDEIi4d. 5V (vs. Li"/Li)BE4. 9V (vs. L
i1'/Li) MTFTHE2HA. fMiBLIABEMELAAGDLEY TAVEMBEREEZRRAT
'3,

{005 8)

DFIAhALAEAN  BBERISOE/EM (vs., Li*/Li) &, fIRAE. FRED
BERHWE#ME/R, VFIvLEBENBELEYXEHORUERERZAEL, 77 F—F
Wi, RO ITEOEEMERARBICELECE>TROBZIENTED, I —H2H
s tHo-BARE, oL RVWEEMEO TS =M 4. 5V (vs. Li* /L i)
METHNETEL,. o b @A VEREMEOTZ =24, 9V (vs. Li*Li) T
Thhid s, AP EMICHVCIHER, EME. L — 2R3 %ADLDLERAFEDOL 20
DERAWDZ LN TES,

{005 9]

DFOLAFTVOBA - HEERKEN4., 5V (vs., Li*/Li) ME4. 9V (v
s. Li"/Li) UFTHTIZEREMEE. BFBEEIhGEWH, AREY T 70
DEEMNMBEN GV NS, UFITLIT YT UILEWTHBTEHRHFEL L,

DFEYLATYAVEEmELTE., WAE. Li,MnO,. Li,M;Mn,_,N_0O, (
0<a<2, 0=Zb=0. 5, 1=c=2, MB2~13KTHhDE3. 4AMET 3
FTR. NE14~16HKTHAODHEIAMCEISTHR) . Li, , , M, Mn, _,_ O
., (0£x£0. 2, 0<y=Z0. 6, MB2~13ECHhDOHEI~4AMICEBTS LK
NOoRZBHIOCREINZPELS LB 1E) TEIWBZVFDARYAVILAaMHAETF O 30
3, CTTCOD" M &&, 2~13ETHIEI~1AHKBTZEZr 6B IENSE DL
L1 HETH2D. TEMEALOBENKEVANS, Al. Mg, Zn. Ni., Co.

Fe. Ti. CuRUCr»#HfFELL, Al. Mg, Zn, Ni, Ti, CukRUCTIH
FHEEFLL, Al. Mg, Zn. Ti. CuRUNiIiNETHKKKFELYL, ¥£/z. TCT
DO N" BLZEHRMEOBHRPKRXKEZVEALS, Si,. PRUSHEIL L,

{0060]

hTd, EMEMEOREEN GV ENS, Li ., , MMn,_,_ 0, (0=x=0.

2. 0<y=<0. 6. MB2~13ETHDOEI~4AMCBTICEAIOLDIBNGE
B3P0 L 1) TEENBVFILI VA VILAEMTHDI EHFIEE L,
x<ODBHIR, FRIFMEORBIRVPT2MADPSH 2, £/, x>0. 2DHRE TR 40
BODFOLREOFRMPPELEEND LI AP HZ., y=0DBEER. EEIE
MBOREUNE h2ERMNH 2. £/, y>0. 6DFHFEIMOBIELM A LDOT MY
MNELTENZ K5I H3, MAE. M=Ni, x=0, y=0. 4DFEA&.
taWmELiNiyg ,Mn, O, THb. x=0, y=0. 504, Lk&HWEL i NI,
sMn, 0, TH3,

{006 1])

Wisli, y M,Mn,_,_ , O, ACXIBETHELMVHELL, AEX
WHBEDHE, VFUOLAATVORFA - MEORIGKBEIZ2EMEORRREN NI VD
THEL WV,

Risdl i, , ,M,Mn, ,_ , 0, CuKoellXZ2MAXKEFKD (400) M 50

o
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D¥EEEHN0. 5° UTFTTHBTENHFFELL, 0. 5° bk t, FBEWEOR
UKD, EROZTERVEKFTIHGLD S,

(006 2)

fistl i, M, Mn, _ ,_ , O, X®WEFICXZY—-FVFRITEILKS8
at A PICHEDBZDVFILEAEFIRZ., 90%LUEFETCHBERNUFELL., 90%KRIGTH
2 . ERMEDEOHESTORBASZ VD, EMORERNIPETFITIHREND S,

WRLi, 4t M, Mn, _ ,_ 0, 0KFERE. 0. 5uymBlES50umbTFTHS
CENHFFELL., 1 pmlE30pmUFTHETLEMOBROOBADLEHICIHEL
Woe TTTOHR FRIESEM, TEMB»PORR FORZIRAEL, PO FEEZHEIN
LiciiTd 5. 10
{006 3]

MRl i, y xMy,Mn, , , O, DEEEBMIE, 0. 1m? /ghk50m? /g
UMTFTTHHTLEMLEDODHNEERBROIVILELLISIFFLY, LLEADEEIBETETO
WMeicXbEWMTZE B,

Mgl i, + M, Mn, ,_ ,O0,08%™EE. 0. 2g/ cm?*lE2. 5g/c
m?UTThaeNFELL, 0. 2g/ cm? RKiGOPETRERORAT ) —FRHK
CEEOBRBEIPPAEL LD BHRNECAFMELZD, 2. 5g/ cm? KW AFVWHRAET
BRBDEEWA ., NA U E—LDORAVPRELERZBENND 5,

(006 4]

MiAdL i, o, M, Mn, , ,0,& VFyLLaEH, ToHaEH. MOLS 20
MZ500CUE, 1500 CUTFTMRANETIZCLICE>TRHBETDZLENTES,
500Ck#H, X1 500CEoHEVWE, EOBERZLIEZEBENEEBZ CLMNT
ERVEAND D, MALMIE, VF LAY, UA VLA, RUMOLLAMER
BELTMANBEL I L, A VLEMEMDILEMEEMBANBE L =&, UF DL
ftEeEhmemBRHLTE LY., EHEYWHEOESEZM LIS 2D, MALEK., HU
500CHE. 1500 CUFTHMABALELTELIV., AMANEORKEX. BMICH
CHSRBELRALCTCEIVL, EoTW T LWV, MANFEIZ, TREETTEIVL
VEBEHBRVR TN UEEDODTRERENADFEATTEIE>Th &0, MEANE X,
RICEEEhTZWA, FIZE, BAF, EKFP, b blP, o—F2V—F L EFEEHL
T ENTES, 30
{006 5]

iU FoLEGmMEL TR, BIZE. KBILYVF O L, KBV FV L, BV FUL
EEBUFIL, YaUvBYUFIA, NOF ) F LR EERAWS LN TESR,
NoVFILIEEHE. 1BHETLEIVL, 2BHEMUEAVTE LW,

pE~erAHriEgme LT, Az, ZBlEt> A Fo 2 H B, RE< >
HY, MBIV, VAV KBEMBEEZRVWEZENTEE., chox U AHUVIESR
M, TEH T IVWL, 2BHAUEAWVTE XU,

{006 6]

fiaeMOftEme L TR, WA, RELY. BtYW. HEBLY. KE{LY. RKELD
HEEMCRTENTES, Li | yMyMn,_, O, KEENZMOEE. MM EE I 40
BU>AMODIEOHOBRTHE TR LA TES, MOLaHIE. 1EBETLIVL. 28
HULELRAWTE LW,

DF oM. xVHVIEEVRUMOIEEMORERE. VFOL, XVAVRT
MOBEFItEZRAENR L +x (UFIL) ., 2—x—y (XYH¥) . RCGy (M) . {8
L. 0=x=0. 2, 0<y=0. 6ZmdHBETERINAS, #l2Ed, Mn L iD
BEfltl. sOEREVMEEZFHIZIBE, RHOEKPMBEMFICL > THiEEEL L

5B TELPOBEL R TE &,

(006 7]
ARHOLBENEOLXTE . FEXM E, HI2VEEEXEMEDLLS, REME., &
BEilt?. 203 @2 FETCHELNTE XUy, 50
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ARAOEE/REI, HEL{IEEWMZESALTVS, SEBHMH L LTIR, FICERE
I H, REMEIFFLL, FIZE, RREBH., NEEH., STHKERKXEE. &

— R Fa—T . TEFLIYITIv Y, Ty F T I, ROUTT—RAT T v
yRENBEFONSG, ChoREMBIIERTEIVL. 2HRAMEAVTE X,

[006 8]

ARADEEBICTENZI2EEIMORE. EFREMBIOCEFHICH LT, FFEL
CHRI1EEFUELE20EERUT. F9FF LB 2EBBULE15ZBERTUTTH %,
MM eI N, CEBOBERENERINS, T, BRORASA Yy X —LOEEHLEN
MEIHh, EERL0BEBSEP TR BRI ENTES,

AEHADODEEBVICE NS VA —EFEIETIV, R4V, BFIRBEEN TN 10
AR R vk F (PVAdF) ., KVF b4 F1L > (PTFE
YV AFLy=—JAEZITydhL, KVALAIFN, RUZNWODFERDLOLEZBHNILZ S
N3P L1 ERZPAHVWSEZZIENTES, "M VA —RESHEOEELRTIML, JE
KAEXBKCBERBIXEITEENTWB M HF LV, EKARER, Rz EZL
Mo BIAE. N-AF) -2 -EualFY (NMP) ., YAFILKIWVLTIF, IAF)
TEXFT7IN, AFNWITFNUTrby, BEBAFIL, BEBETFIV, RUFT S F 75
MEREBFZILNTED, CTholco®A.,. HHFEMZTE LW,

[006 9]

ARADOTEBICTEFNZI2 N Ny —DBE. THREME1000EFEERIIHL T, FE
LLBI1EBFUEL20BETUTFT. oM EFLLEG 2EEBULE1I5SEERLUFTHS 20
o MAHEE THENIE, FREWELESEIMH LOBEENENERI N, EEHLOEEFHED
talkcigsdceMTEB,

ARHD EEBRODERAEZL LT, EBMEWE. BEHM. RUNXAAI YT —DREY
ZEBHILCBITAC LA THRITDZIAUDBTONZIN, HUAEOBZEIHS
HEREYRUCBERERTASV—2FEH-L, SN AV —2&EEBEICB LI L &I
EREERETBZ LIS T EEREFETZ FENHF LWL,

[007 0]

ARPOTLTBEMICAVIEERE. 7VIZYLRUEFDOEETHE T ENFEL L,
M7 VI Lld, FEMREIGEHAXFTCEETCHZ LMo, BFIZEEIN T LD,
JISH®1030. 1050, 1085, 1IN9O, I N99OFRREINZ FHHME 30
WIZTOALATHBTELEHEFELL,

EBEOELZEMEERaW. 0. 05 umBLEO. 5 umlUFTHEEEAFETLL, O

05 umEAFHGTH e, FTEBELOEERINIBETIZHAGNHD, 0. 5pmd b KE
We, FTEREZEH —RKEKRTDIILHIRABLEZLI2BEVNDHZ. G, EEMAER ald. X%
BT XmEIUNEREZEEZHOTCHETE S,

(o007 1]

EEEOEXENE. 500 - cmUTTHEZCENPFELL, 500 cmEhFEL
BHE, EHONRENKFT2ENNHZ. EXAEHEGE. MR FETHETZ LN T
3,

EERORERE, FCEEINAZWA, 1 0pmMEIO00 pmUTTHET LHE 40
LW 10 pmEABTREHLOBEHLOLMOBPVAEHLZD, 100 pmEDBEVES
BEARNBEAMS TRk 3,

(007 2]

TH. EEBEE. VI VLA DeRE (B, SUS., =v o v, F2», RUTZN
508 ODXBMEITILVIZTLEZHFELELDOLHWEZLETE S,

Z7V—DFBAREIR, FECBESAZWDS, ERMIEME. EFWH, X104 — &
CHERrY - cRECE2 s, =3I, 522V 3IFY, Yy b33N, &
BREEAEIFY—F2RAVZIEAFELV, Z5)—0FHE, HFKBREI A AN, E
miEME. BEUM. RUNAM VA —2ZRAL-GICERZNMITEHLTLLI VL., E
BEME., BEIH., XAV F— RUBABRZ -#HIREESLUTHEH-LTE X, 50
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(007 3]

A5V —OEBERTEER., 30wt %LU E80wtBUFTHBZEDHHELL, 30
WtHRARBMOBEIRATZ) —OMEIKIELZ2HEANDZ2D, K, 80wt HLhEL
BARASY - OREIEGTETI2RANS 2D, BROEBOFEHIERE L KB HEED
Hd.

A5V —CRVRBERIE., EKBE., B20VEKTHBIENFE LV, JERBEHIT.
BicHEEENZWDN, BIAIE. N—XFNL—-—2—-¥Eo)y Ry (NMP) . VAFNVERILVL
TIR, YAFIUTELIT7IR, AFLVIZFLTr Y, BFEAFIL, BB FI., RUTF
FSERa TS nlEEFLIELNTES, £/, TNHKRTHA. BB EZMATE
B 10
(007 4]

REBRENOFEROEEAZE, BRLBEIAGZVLY, fIZEMEZXAS Y —&2 I X
—JU=—F,. Fra—4%, aryIa—2FicEshB ALk, BAlzZBRETIZIHE. b
ZVEATL LK OBHLIEBICBAZRATDIAAENMMELY., BREREXT B3 AHHE
B, A=—TURAEA—T U EACEERIBTETHIONFEF L., BEZRETIFTHK
LT, 5. FEMHA, EXEREZEDN BTN, £h, BEZBRETZIEER
CHBIECHEEINEVLY, 60CUE200CUFTHE LA FELL, 6 0 CAETIX
BEOREZHBEZETSZHEANSHO., 200CE0bEVE, "L U A —DHT BH5H
NH2., ., EERMOBERKRE. BLOAEBEEKTIATE. BTH XL,

(007 5] 20

ARHADEBEBDEAWE . 1 0pumUE200umUFTHZENFE LY, | 0p
MAGTEHLEOEEEZRZ2TLAHELVWHEENDHO, —H., 200 mIHEVEGR
FFEDHMNWEBEEZBZCEHBELVIEELNH B,

AHRHAOEBEBOERFMLE. 1. 0g/ cm®LLtE4. 0g/ cm®UFTHBILH
MELWV. 1. Og/ cm*kiThHae., EHMEYEA. STHMLOBMIPA+H LR
DEFREMMEFTZ2EGNHS. —FH. 4. 0g/ cm3kbhREWnE, ERANE
EBMAKEBLECLGY, VFIULEEENKTTEZEAND S,

(007 6]

ARFADOEFEEMIZI, IZOEH, EEFCEHIVTTE LI, FME., BICEEE KR
WHL, BIZE, = VT LA, HETLAEREHOTEBIES>TLHNTEZS. EMOIEH 30
. MBOBEEBRERKT I TE, BTE XL,

AFHOLEERIZ. A1 cm?bih0BEXAEHN0. 5mAhE3. 6mA K
TTH2LehFELL, 0. SMAWhKRETHAHRERITLTLZIEBEOE MO KT EN
KEL 2P HD,. 3. 6MAhIDBVWEFRIFRLEOHENEERZFLILEHEL L
AN D2, ARl cm?brVoBEIFTE0EHE. FEEMERR. VFYLEE
ZMBELULEYTMEERH LRI, TREFREERET I CLIRL-TEBLTE XL
(007 7]

M EERMOmBE LI cm?’HEhO0EXREBER. BREEE TV, EEREMmE
HEODECHKREIEIETBOFERCHE T ZHiE, AL, MidOXFT)—BIHORT 40
BATHBETZENTES,

<R L—"2>

AHEBPEOFEAKERE - RTBTHICHAWZ S L—2R. MO LTEHMEAETBE OMICR
BEh, Ere8ur G 20 FI9LAF v EH8EEZATIMBETCOHHIELLS, flzd
FHamYy e —2, K ALEy, RVzFLy, Ryl ry, RUTT
Eo7zvo=tri, RKVA3IF, EU7IF, RUZhGEZ2EAULEEELEGD
D/M. T/&H. MBALBAEIRTFONS, TN L—XCE, EEAEA. BB ILEA
VERFIRGEATRIVL, EBEBEMSABEEIATOTE L1,

{007 8]

tRL—2DOFEHE. 10 pmMULE1O0O0umMUFTHIZLAHFELL, 1 0 pgmAE 50
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MoGBeE, LEREAEBREDOEMIZIHENHO, 100 umEHREVIHRFETEMDIRE
VN B X258 H%. BHEME. WOKVOBEANS, 1 5umMUES50umUFTH
BCLHNESIKHEL VL,

<IEKEMREA >

ARHDFEKERE __REMICH B HFKERER., BFIIBEIAAZVLA, ERB#IC
BEEBMICTEERBE., FRKERCBELEEM I -ERBRET LGRS
EREZLEERNVB LN TE S,

{007 9]

FEKEHE L L TR, RRKDIETo b REGEERERET / XEHKOIE T b O HBAEEZST
e FLL, BROFTo b ryHEBRELLTE. BRI —FRx—+. BRZ A7, 10
%ﬁxw$y&6%ﬁi—?w&8ﬁﬂﬁéﬂ%o%K®ﬁ7mbymmﬁabfm\ﬁ
KHh—Fx—F, KAV R U BIZATFTIVRUCERI—FTVEENHNRENE., iz, &
iz 7 'h}‘._bU)l/Z‘; EO—FBMNICIERSFEDBHR L LTHWGNZBHEZEWVT
ERWVW, EOBEMKKIE., PAFILAI—FKF—br, AFNLVIFLI—FFx—br, TAF)N
H—FRFx—r, V708V h—REx—b+, AF NV TOENVI—FKREZF—Fr, ZTFLVH—RK
F—F, Tl yh—Rx—+, 7FLYH—RE—}Fr, y—TFTFNLZFZ b, 1, 2
—VAMFILEY, ANWEKTY, VFFVIY, TOEEXFUEBRAFAREEFRWVWBEC L
NTEL, ChLBBREIIEFETHWTEEVLL, 2EHEULBEALTEAVWTE LLRN
EBOBEEBERIBRTEI. VDFILLAFOREROHEETNIL, 2HEBHYUERS
FHEBRPRHOZZERHELL, . BHFCERBELZ LACEE R VRKEREALH 20
WBTENTES,

(o0080]

Mg, FIcBEEhiAZWwHh, IR, LiCcl104, LiBF4, LiPFG6,
LiAsF6, LiCF3S03, LiBOB (Lithium Bis (Oxal a
t o) Borate). LiNI (SO2CF3) 2alRAKICEARLYPTVLILEMSE
HEFLWLW, EMRECETENIBEEOBEER,. 0. 5mol LME2. Omol /LT
THBELBIFELY, 0. 5mol /LABETEALEDVFILAAEEENERL
TWHEPHHD. —A. 2. Omo l /LEbEVE, BEARAEFNULEBERLEZWVWIEAMN
H3.

(008 1] 30

<AEBLITEBOFFEFLVWABLRRUCEHEL >

ARHOBEREMERGMEI OB SEINLIFERNERG__XEMAEBEZHCTIHERHL 2
TREMEBIAEEREAEBOERERZEOLE, TRk (a) 2FHZTLHLEEL
A

0. 7TEB/AZ1. 3 (a)

HU., L@ (a) ., ABEER]1I cm? H1-D0BFXBEZ AL, BEIAEMI cm
EHhlEVOEBEKBRERT,

[008 2]

B/ADO. TR THIBEAE., AXREFRCAEBOEMIABEREEARL D F T A
FRIGETZEMXZVFILONBEMKCEZZBAENSD, —AH. BAADNL. 3 LD K 40
EVHEGEEUKISKKCESLAVABEMESZ VW EZDICRRIEHEZ2HBE8HDH 5,

AEHADOEKERE _REMCBIS2EERMEAEREOBMMELRIZ. BKBETL AL
M. Tk (b)) ZWid T EHIFELL,

{008 3]

1=D/C=1. 2 (b)

HL, CREEmMOBBM,. DIAEBOTEMELT. D/CHIAXMTHIHBEE. FlX
BHEOB / A=10HEG, AERDETELNEERBEID /IS DD, BRAEHRKICA
EBMOEMHADVF T LOMUEMECAZIENDHE. ~A. D/CHIL1. 2L KENVG
B, TEMLEBLTVLVEVLVHEDPOAEBIKEZVLAEYD, EHRBICHES LAVARBEY
BHhAKIGRECTRBAENSZ, FERRTCASROMBOFHHIIFICHEEET N AOA, 50
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A, ERFHOK, BTEZHWIZ2CLiIcE>TITHCENTES,

{008 4]

AHRAOHEKEREA - RBHICHVL LNV — X LABBLEOmMMBLEIRICRE SN K
WA, TR (¢) BT e M ELL,

I=F/E=1. 5 (c)

BL, ERAEROEM. FRIENRAL—20HEKETRT, FAENIAWMTHIEEE.
TEMEABEMENEMU, 1. 5KV KZVESREANABCETIERAPAEIAED, &
MOSEFEERCHNEENE I T 2500 H5.

(% it 6 ]

(0085]

PR, ZHREMAICEIODARAZISICERNICHPAT SN, ARAR IS OERIICK
STHMEENZEDTREAL, TOEERZEZBLAVERICEVWCHEHALBREDARET
Hb.

(E&EMEDWNIE)

EEMAGEMEAOL i, |, Alg. ; Mn, 40, %, X#k ("Lithium Aluminum
Manganese Oxide Having Spinel-Framework Structure for Long-Life Lithium-lon Batt
eries” Electrochemical and Solid-State Letters Volume9, Issuel2, Pages A557 (200
6)) KA EENTWVWE AIETHEHL &,

(0086]

bt _#ile<x Ay REVF VLA, KEELTLVIZD L, RUTK 7O KGR HE
ZRBRL, ATVL—FSAUTRAMARLZMERN L, COLE, —Rlee>r Ay, REY
FUOLRUKBIEY VRZDLADER., VF YL, VVIZDLRURIYAZDENLED
1. 1:0. 1:1. 8t&BLIICHBMLLE, Rig, TORGMAZERXFMAFI0
OCTI1 2MBEMALNE. HE650CTZ24REAMALKE, REIC, TOHAZIS
COKTHEHR, ERIEIZ L CE->TEREMBAEMFEL /=,

COEwmEMEE. EEUM (TEFLOTIvY) . RUNAVE— (BETRE1 2
wt%, NMP®#) 288,/ 6 / 60DERITEALT,. AZV—Z2E&#LE, 2DA
FU—=ZT7NIZOLBE (ET20pum) KBITL., 1 20 CTNMPERRALIZRIC.,
1 50 CTRZEEZRTZCLICK->CTEEMR (MM50cm?) ZHEML I,
EEMOEREZ., ROFTMBEHRTHEL L, G LRABITILVIZDVLABORMICE T
LcBRZ 1 6mmOKHLHEZHER, Li2EBZ1I 6mmoeiifbhEmel .,
INS50BBEMWVT, 8 (FEET) /L —2/Li2BOMEICKABEEIL (H
Sk, TRAM) ACHEL., #KERE (FRELYA—Rx—F/ITFNRXFILA
— R R*x—F+=30/70vol%. LiPF6 Imol, /L) 0. 15mLAHn. ¥
B ZFR L, COXBEB M2 25 CTC—HMBLLEE, RAELHEEE (HJ 1005
SD8., b} BETHM) IKHEFKE LK. COFEMZ25C, 0. 4mATEEBRAE (K
IEBE 5. 0V) RUEEBWRME (BEEBE: 2. 0OV) 2T, AINOAESEZE
BEROBARL L, TOHME, FERMOFTRIE. 1. OmAh,/ cm2ThHol, TO¥
&, 4. TVER TS F—HEAERLEE, COEE4. TVH, REXDOI NN
DFILFDNDA4V (vs. Li'/Li) ULTORKTHFES2WALZMCILERENEA
WCHERT, B0EH (vs. Li'/JLi) ZAd5EBEMBTHI2LEZENTTY
Do

{008 7]

(B EMDORE)

AamEMADOL i, Tig O, , Z. X# ("Zero-Strain Insertion Material of Li
[Li1/3Ti5/3] 04 for Rechargeable Lithium Cells” J. Electrochem. Soc., Volume 14
2, lssue 5, pp. 1431-1435 (1995)) K& E SN TWB HETIERL &,

bbb, T _EILFR2 KBV FILEZ, FEUEVFOULLEDENLEES
1L 2EICREL. RECOREMZZERFEXTE800CTI1 2HHEMATSZ I L
X THBEWEEEHL Ik,

10

20

30

40

50
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{008 8]

COAREMEE., GEBM (TEFLUTITvI) . RUNAIVE— (BETEE L
2wt%,. NMPWK) #2886 / 60DEEHTRALTAZ V2R LI, 2OX
SU—ZT7NIZTLEER (BEE20pm) ®ILL, 1 20CTNMPEREL LR
. 1 50CCHEREEREITZ itk CAEM (ME66 cm? ) PEHLE,

AEROARBRROFAMERRCAEL:. i L RAKROEZBHCT VI LBEDOSFE
KERZZTLL, 16mmoOk b EHMEMEZMAHEMNLEZ, LiERBEZ16mmolctls
kEMBELE., CAGDEREMNINC, @1 (FEZET) /XL —%/Li2RED
JEicitB ) (HSt)V, ERGE) NcEBL., ERKEFE (FolbryA—Rx—F
SJIFWAFNH—RE2—+=30. 70vol%. LiPF6 1mol/ /L) %0. 10
1 5mLAN, ¥EMEEH L, CO¥EME25CT-ARBLLEE., ARERRE
B (HJ1005SD8, t}3EBEBTHH) KEHKLE. CO¥EBEMEZ25C, 0. 4mA
TEBMME (RIEEE: 1. OV) RUEERAE (RUEEE: 2. 0V) BT, 7
BOREAEZAEBOBFRE L. TOHRE. AEBOBFRE. 1. IlmAh// cm?2
Thoi,

[0089]

(JEkERBE_REMOEE)

FKERE-_RBEEROELEIBOICEHL I,

<EfEH 1>

AR Lz FER (FmE 1) . AWM (FmET) . SXTEL—2%, EEMW 20
(FEHBEBT) /X L—42/AF8 (FEHET) OIEIKEBL., KEREASZTCHEHE
F=7ICEDERBEEELE, vtV —ZIZG, V= ZAFKH (25 m) ZHL
bl
(0090]

KERBAEEZGOBEET 7. RKUASAIFF—7TOHBSMBICEERFTEIOLOL
aMgNi&EERKERBESZSwSRALTCHERLE, BET —7TOH 1 Xid3cmx 4enT.
ChicloBEREZ _@EMEEL %,

Ric, MWD EEMEBLIUTAEAEBERICT VIO L TREHESI IR, B80T
WITIF—FTaVLiCANT, JEKRERE (Tl h—FRx—Fr/TFILAFI

H=—HK2=—+=30//70vo0l%. LiPFy; 1mol . /L) #2mLAh/#&KIi. 30
BELADNOHIETZ T LIck>TIEKRERE KRB EFEL 2,

(009 1]

<K 2 >

MiEmfFRMLUZEER (FE®RL) . AEKR (FE%®L) . XTI L—%%2. EEMW
(FABT) /XL —2 /88 (FEET) OBCEBL, A7 — itk EmME
EERELEZ, AL —Flcd, tlru—ZARfM (25 pm) ZRVE. X, EE®RE
CABROKEBLTIVIZILEIT LR RBESI GBI, FEROEERLE T IV I
ZUOLETELOEAGH., RUABSROEERALTINVIZDLZTOBGEHIC. KEWRRK
HBEEECEBHILAMEEZBEMRL 7,

(009 2] 40
BERALEEMEBLCEARVSAIIFF—TE2RAVE, CORNVASIFF—TOBE/MIEBICEY

B FE30unDLalgNi AR AEREE S ESWIBEBEBAIE S, CORY A FF—F (¥

A4 X1.5cnx4cn) ZAWVWT., EAEX 7 ) — F@E#El O ETICFH4REE D {F1F 72,
BRKOTNVIFTIF—FT 4B ANT, FRERE (FOLYyH—RI—F /T
FIWAFIVA—REZF—+=30/70vo0o0l%,. LiPFg 1Imol./L) &Z2mLA
NiEe, BELZDPOHIET L LICK o THEKERE - XEMEZEHL =,

(00931

<t#®ge >
KERBEEEEZHOCALUAREMS 1 EEEECIEKRKERBE - REMEZMEYL &,
(HABDHE) 50
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EZMmH 1, 2ROCKERN 1 THEHINEKRERE_REHZ, AREXE (HJ 10
05SD8, IAIETLHE) KEFL. SOmMAETEHRFTE., 50mAEEHRNELG6 O
TTLIOOHMBODEL, Y47 VER, — 7y ARZFRETHER., "y ARNZETHERIC
MEORMELIPOHAREZRNEL. TOEETOAEREEEABITCREREEEEG S

FEF 1 DRAARRI 4.

B0 HLT.
L ERER L TR,

1 6.

5—4.

lcc/  Ah, ZfiF|2DEPIHAEIR 3.
EH 1 oREHFA=E1 8.
1=12.

AVEXU2. 5VELRE,. REREVYALAI7NLVOREBEOERBELI»PSLRAELEFARELER
EFEl1ILRT,
{009 4]
[%1]
=1 0
100 BE HE
K% EEST 1O | —oB#& | "y B
BESS =P OHZE | oHzE | 0HRE
(cc/AN) | (cc/Ah) | (cc/Ah)
®ER1 | B SHEHO 182 165 4.1
Ber—7
[=}: 100 [= /)]
RIGBI2| A | goamr i | 179 162 37 2
LBl | & - 189 185 183
{o0095]
E1INOHONELBD. KRFOEMHA 1, 20k KERE ~XBiE. ALEAET
PlE UL EE 1 OFKEREBE - REWVILIIHEERYTIIEIIRALLTVS . FIZE. £

7cc/AhTHh

3¢cc/ AhTHs, —rrAMETHZHEIC 30

4cc/ AhDHAANKERHKEGRICRIRE

nztnLtEzoNDd, EfaM27TE. 16. 2—3. 7=12. 5cc/ AhDHAMN
KERBASKBINEhEEDEEILNS,

(FE0FHHA]

{o0096]

2--F@Bk. 4 -BAEME, 6L —F, 8-AWHRSBIK, 1 0-HEHhK, 1423
A7U—F, 16 -REEME. 20 -EM%., 22 -EMEET -7, 24--£EMH.

26, 28,

30 FABH LS
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A S 3

(51)Int. Cl.
HO1M
HO1M
HO1M
HO1M
HO1M
HO1M
HOIM
HO1M
HOIM

(72) 7

10/052  (2010.01)
10/0585  (2010.01)
4/13 (2010.01)
4/131  (2010.01)
4/485  (2010.01)
4/48 (2010. 01)
4/505  (2010.01)
2/02 (2006, 01)
10/0587  (2010.01)
M ok

KRR B S — 1 — 1
F Z—AL(5%) 5H011 AAI3

JJ12  KKOO
5H029 AJO5 AJ12
BIO6 BI12
EJO1 EJO3
5HO31 AACD AAOB
5H043 AAO4 AA19
FA22  FA23

HA32 HA32D JA13D JA1S

AKO3
BJ14
EJ0S
BBO3
BA19
GA22

FI
HO 1M
HO1M
HO1M
HO1M
HO 1M
HO1M
HO 1M
HO1M
HO1M

BBO3 CCO2 CCo6 CC10

ALOZ ALO3
Cjos Cl22
EJ12 HJ18
EE03 EE04
CAO8 CA12

10/052

10/0585
4/13
4/131
4/485
4/48
4/505
2/02

10/0587

RSt A AN

DD13 EEO4

AMO3  ANMO4
DJ02 DJO3

EEO8 HHO1
CA13 CA21

F—va—F (B%)

FF04 GGO9 HHO2

AMO5 AMO7 BJO4
DI04 DI05 DI10

DAO2 DAI10 DAI3

GA26 GA27 HA13D HA16D HA17D HAZ2Z HA22D

JA15D JA21 KAO7D KAOSD KAO9 KAO9D

KA1l KA13 KA22 KA22D KA24 KA27 KA38 KA38D KA45 KA4SD

LA31

5HO50 AAO7 AA1S BA17 CAO7 CAO9 CBOZ CBO3 DA19 DA20 EAQZ
EA23 FAO2 FAOS GAO2 GA22 HAL8
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Application: CN201420456835214-2014-08-13

Publication: CN204113515U-2015-01-21
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Remote control vehicle storage battery auxiliary starting device
Abstract

The utility model provides a remote conirol vehicle storage batiery auxiliary starling device which is characterized by comprising
a lithiurn battery pack, a conirol chip, a power management chip, a first controliable switch circuit, a second controliable swiich
circuit, a2 battery voliage detection circuit, a storage battery voliage dstection circuit, a starting circult, an elactric heater, a
wireless receiving head and a remote controlier corresponding o the wireless receiving head, a negative electrode of the lithium
baitery pack is conneclted with 8 negative elecirode of a vehicle siorage baitery, a positive electrode of the lithium batlery pack is
connected with a positive electrode of the vehicle storage batiery through the first controflable switch circuit, the vehicle storage
baitery, the second controliable switch circult and the electric heater form a circult loop, and connection and disconnection of the
ioop are controlled by the second controffable switch circuit. The remote control vehicle storage battery auxiliary starting device
effectively solves the problem that a vehicle cannot be started due to insufficient power supply caused by low temperaturs or
aging of the vehicle storage batltery, a remote conirol heating function is added, the vehicle storage battery is preheated in
advance, and the remote control vehicle storage battery auxifiary starting device has high practicability in actuat {ife.
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Baltery moduie
Abstract

The invention discloses a baltery module. The batlery madule comprises baltery unils and current collectars; the opposite bwo
ends of each baitery unil are provided with a cathode elecirode ear and an anode electrode ear respectively; adjacent battery
units are connecled in 3 Z-shaped patiern by series connection of the electrode ears with the current collectors. The cathode
elecirode ears are aluminium foll eleclrode ears or copper foil electrode sars; the anode electrode sars are copper foif electrode
ears or aluminium foil electrode ears; the cathode elecirode ears and the anode electrode ears are made of different materials;
the current coliectors are combined current collectors, and are composed of aluminium sheels and copper sheels,
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1. — P B, B8 At SR T RT B, T F R T U B L BB T B £ AR AR ET, i
TR AR AR T SRR B H 73 A T F it 50 7 AL RS 19 o, A 08 P PR B O ok B9 A M

IR 2 THES

2. MRHEAHE R 1 PR i il i, SRR T IR il B oI KB A 2:1 £ 8: 1.

3. WRAEBR Kk 1 TR P B, SRR T AR it e KR R 401 £6:1,

4. FRAEFCR) SR 1 BTk i st B b, SURFAE OE T« Bk W vl e e 19 1 E B A0 R B S A
s T A H- 5 R AR B A 0 9 B SRS T A -, LA W v B T I 1 AR AR T SRR R
H/‘VVI*fM\ [, TR R v A f\i%{mﬁ F)TL.%UIL}#EE%H*WEHH Qﬁ/\ﬁﬁhﬁ

5. HFAUAI E5K 4 Ak iy i by, AR £ T TR 88 1 R Jy 2 ) 04 8] e s
P E .

6. MRILEA 23K 5 Frad i st T b, HORRIEAE T < Ik 88 ) FVE 1y b 73 ) W B A A

T WRAERCH K 6 Frok i bt e, ORETE 78 T < A iR 8 94 M BRI R4 i R
L Bk BRI AR R B dE e R AR L

8. MR HEAUH Z K 1 ik i) H it TR, HRRIEE T < R AR AR it o T 2 [ W, T
AR R AT R R TR mAR .

9. MR R 8 Frdk (i it B bR, SLHFIEE T TR RR A B3R B M2, Arid M 2L
TFAEREA R A L

10. MR BOR) ZoK 9 ik i rit L, SRR AEOE T < BTl M B0k A 22 RIS, T
MPYE =S MY S M Y SUHR S0 ) 22 2D —Fifr

L1 MRPEBOR 3K 1 Pk ity i B by, JORP R4 T < ik st BB B b T (%
3RS R AS R O AR Y B B AL

12, ARFEBOF K 1 prid iy A il e, JORFIECE T BTk A b S ey A - O A7 B
AT, GBIt BB SR,

13, ARHEACH 23K 1 FrA ) i b, FLRRHECE T < BT Jdk eyt Bp G i) Al 79 g 22y 1 2 [
SEME, [ 72 HE FURE e e v it S e B AR BRS04 » o v it B8 e 12 R 8 79 1 [ v AR PR 1) o

14, MRIAIRNER 13 Prk g it b, SRR EGE T ik [ 2 HE 2 W) B G2 i FE, Pk
ZIPIER E R b

15, FRIGAH R 1 BT id i s by, JCRR L E & o v ASE e fdy 9 i o 3 1) 1
SEIPEN,

16, HRABERFER 1 £ 15 E— BT i dat b, SORRTEAE T < ks lyt B b 4o 12 8 F
Rt A P 5 T AL T AT O O ) i B

17, MREAUH 5K 16 Brid B it b, JORFE /5 T BTk 48 (R 1 S0 RE E 3 B Z TR 4]
JaER .

18. AR ISR 16 STk il it SR, JLRFIEAE T < IR A5 (R 0 1 & ik B R R A, Dy
T B AR A U VR BE A R R BE ) BE Y 20% ~ 50%.

19. FRPEBUHE2K 18 Prk i it B, HRREAE T < BTk B hE e 6% U URE,

20. MRIEAAZEK 16 Prd i it b, KRl 7E & rd ik B B 5 e 2
MRS
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FEL AR 1R
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[0001]  AA W Jr—F o Lt Bt b o
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[0002] 1 E7 HLith A — Pl P B3 U R e A Dh R OK, BB /N, A2 N, T AR
J& 1 58 Ch —20°C ~ 60°C), faIVEREDL M, et ReE m, A K, AT ASFAFY
JRM SR E R, & A RKEERE B 7 1E IE . Ul [ AR IR R S K 5E b L ith, 78 AT e T4
1.

[0003]  ERHUENRE SEGIR A UAFERE 20D, (D20 81 8 1 i 41 H 2t zhy%
ZEPIRATLEW 2 i) i, SL b S R AR e A A B Rt T R AR, i A 2 A
HL Yt 2 1) 36 o 8 B ] e, s el s VA R 2 T LA o

[0004] P FHIMLAMIEE A F E B AR AR e, — M2 H S Al T
W2 TG, B DS e & AR B, iy it R e AR T R T B E R m A, A AR
oh, et R T I B it s T I B R R AR S b T R B A SIS SR
IV R R AR X P B A /A DL B S L BT IE AT R D, B T
SRSV IR RGEN, NN FEORERNR 2.t T sl 2 P IB 17 AE LA R AE T R
CRAEM, BN S LR, AF 13 b 21 Py S 4 L, o ek £ A,

[0005]1 M1 B 4 CN201010142205. 5, ZHK g “ I "R R B &R 20 JF 7 —Fi i A3t
LI S T A RGP Lt 2, B FE S P At B B4 R, Tl T2 AR A v it A 4
BEERE—E, KN SRl s, BV EBRE A, H P8 BT N R,

(EAE FHIS R, 72 5 R b, G S0 IR AR 1 % 7

[0006] ST, Tesla /A" BMAE M7y b, e 2255 1 5 K 7= i Mode 1S SR FH 1 LA B,

R REK 2. Tm, % 1.5m, R4 0. Im £ 0. 18m, H 7600 > 18650 HLytb 4] B, — 15 18650
ot B e i, ML Ak 52 K29 0 0. 02dm, 25 B A it TOUAT RUJES &0 i 30 47F 2 G )T K B A
0. 65-0. 05, # B ¥ 18650 HLIl B G I H A I PR B 3. 145 ( (0. 18-0. 004) /2)* (0. 6)
=0. 0146 Ft, KA 248 A F (0 A i By AR R 0. 0146%7600=1 1L F+, HLIASE LR 1) (A FRUA

271541 +3%15%0. 8=441L, ZF b, 2 8% F B by (R LL (Electrode Volume Ratio T
SCTEIRR EVR) A 111/441=25. 2%, 26 AWM BAH RO B0 R, B B by Lol iy, it 2H 1) 6
R R, B R ARG, 25. 2% 1% EVR AT 1B R B RE 2 B 4 R R A UK, AR T
B)) ) Fith 1 1 B A A Bl 4R AT B PR IS B A Gk il 2 (1) Fi bR AN T 39 SR 5 1) s R (R 883 %
S IMAT S RFR K ZA4E 600 A B LA, M Tesla (94T 50 BARE K0 LA 7R 8 400
NBREFD,

[0007] fiy HL ot et 2H 5% FH W (5 A Y vpojtle o e, 1 R AE RS ot op e MR B34 4% R L RE
kR A Bl P o RS R A A AR EN, JRN T viidE i RE
BN T R A n b AR B AT R i POCA A R A, AR R AR E R,
FHEOAYEZ I EME A IR AR S 2, N — D FRAIC T RS 130 ) it 4
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[0008] A& FHI H B A BRAE— Fh E st STH, (0 FE st P OC RGN, Tk s RO E
(B4R FE B S bR AR FE S BT (E AR AR B B S AR FE 23 0 it 8 G TR P s, A 05 %)
by R T 1 B R KT B B A B s T BRI R 7 RS

[0000] AR A A HL b ASL L, FLoe, Ayt ROTHO K B LL A 2: 1 B8 1 R KL N 2:1
281 I e A A s TR S, i $E s A et 2 e s A R . U, W
MW PRICI KA 4:1 £ 6:1,

[oo10] it rLith B JC 1) o B AR B DA 5 97 A0 - ) 7 Al 5 B AR AR Ay ) 7 e SRR T AR
T, B AR AR T AR SR AR T AR ASAH R], Brid S v 2R A XA TR m A s A
FOH A . AR AR BN I 55— Plsz il 75 =X, it 52 0 i L AROB ERA R AR T LA
W A 55 98 A H SRR 7 A B, SRR, St T DURH 2 — & 8 B s i o

(00111 2y eyt 5 G LE AR A F- A 65 97 B F- B 9 B3 T S A AR T A i S AR T sl B 9 AR
B, HOF AR AR J R G AR 5 A R AS AT 1R] S 5 21 2 g e it 21 1 ol i o, 47 il &0 e )T BRIE
12, AT M R AR AR FAR B AE — A2 5 BERF it 5 e UEA T J3 056, D) 75 B 09 A AN ER
TR R A Bt PREUA ce i R A 2045 im B, R R K B 5 AT A b B
A b IR A b, i Pz AR SR A B AR MR AL 2 RS . Rl Lt
MmN T b4 EVR (Electrode Volume Ratio ), ANIHE N 1 riith 20 1 e =255
I 321 S i 4 2 ok Xof £ 4 [ A A7 et 20 5 A T 2 9 st 28 f EVR VR R L R (s — A
Vi

[0012]  VEAARIE, BTk G )y FIEH ) 2 TP CAMR 85, o n] DL 218 e /T — Lo

[0013] &85 1 FVER |y R — &2, M 10 U7 AN BR e (R R E B RS e 1, R e K
wrm L fE

[0014]  VEALIE, Brdes i F0E F b7 il ik B AR 4R

[0016]  fE& H FIHE - b 73 il v B AR AR, 8 T it SR IT ) (E AR AR BFA S AR AR H- 4R 4%
[0016]  {EAILIE, A il d S b HAR B2 7E 8 A (AR 2l L, Brads 82 9 Al B AR B A0 B8 A 0 4%
$ERA L

[0017]  44RTE AR IR BEAE 80 A AR B b, BB A AR EE AR AR R A O A b ] DU Ul
MR TR B8R IR R SRS o AE UL, BT d 95 i H- 5 80 1 BT S mt e 07 4%, D
WERER - 55 A R T .

loo18] IR, i H 58U H IR 2 0 LR, 1 AAFH S 82 520 h i 77 X
PIUE LF P EEA BRI TT B, 1 s AR K AAE ] 2 5 (EAE e AR s IR IR, AR K T
WA RE A A, WA S SESER IR AT Eh B PR AER A S, o] Lo 4R
TERIEEN LS T SR E SRR A ERIR R e AR, B T Bl B gk R
XF AN EI s ) A LR AR . HAE B IR A il B e AR L e 7 R
IR R EE w7 it AL e B R

[0019]  VECAIRIE, BTRATAR dits o2 [ ¥ B A, BTk Be A 22 B K £ H it 2 oufy
L.

EXHIBIT 1002
Page 1752 0f2235  petitioner ADC (IPR2024-00577)



CN 104795527 A w o # 3/6 §

/6
[0020]  Y4HLIL P ICRR AR T, A T 3B SR i 2 R AoE P O AR I i 2 Y BE S R
R T (M R R RE R ] RE R 4, & 5 S E A ALY . fERib oz g ER A G0 F
S it B T AR A R Y ) T AT

[0021]  {EMPLIE, AT fE T B B MY A, Frd M So A EEAN R B TR LR E
MY &g, AR T 5 nBS A M AR, X5 1 b A 5 b SR C Rk i AR, B0 1B A A0 R
HE 1, AR FATIF HL it A0 P i S 1 2

[0022] £ A PLIE, ik M SU% A ZE T2 N A T T M MY 40, = M S0, 45 T M 4L
FkG a2 >—Ffh

[0023]  M\arit HZE M S S M S0 =AM a0 &ML SR S0 Y 42 b
— R, SUBE MBE R BT A AE (o R I0LEE, AE P b0 T, IR B CBE By 2R AR LUK AT S AT W AR L
R

[0024]  HLIt & T K AR H 09 v 2 v B I o2 A, [T o2 HE LV B e R H it o e A A BELRY
3 5 4 FEL I BT JC AR AT PR A (8] s HE R T R) (RIS T[] s A [R] 152 B AT HE it AR T b 4%
IR

[0025] [ F Atk A7 A 4 Fi Bt Bt S0 T, 8 vh R AT LA AR RS R, 1 5 i R B V4t
HE Y AR G, o HE I R TS B R 1 A A R AE PR B HE Y 1R] , (R UEAE A A L FR o fr
BB EABS, 7] LA R AR At 42 B ppdi i, W] LU A R ZE P EA AE
R T R ZH o R A, R B R Y R P, AR R H i R T AN S L

[0026]  {E MLk, Btk Bk v BIR AL R . b ek SR, R A s mT LA
S 3 H it R T TR R S AU AL . A AE T T AERT, LA TS5 AR E ), — R
AR i, Bt ZH A A L R T ] B A R AR AR TR SR A, fE A N i BIRE
TR A5 AT DRI X Lo AR 4k, I H(CIR A s PO JLA AT LA, PT CARR IR iR B 15 10 35 B A
I 2t GRS I AL HAH ) SRR 5] Gt A5 45 F s 200 A% e b G BB G ot U R Tt 2L
F R

[0027]  {EAPLIE, i FE A& A% v B 7E I fO AR B Ak o XT3 it sk i, ok B i
KIS EBALAL T AR & 8], 4 HR A Ehs, SR AR A A R B 2 AN BB AT T VL e T3
T AE HL M ASTER (1 52 H-Ab ] DUAE et (R e A A S O W) BH it A2 IR, 76 S AR # bR i
J& » AT LAGE G 6 B B4 AL ARAIE FLIB 4R Y 24

[0028] A3k, AT ik o st A bl 99 i A - 1007 B W B AR AR G, ek i LR B ki3
T8, AHLI TR | | AR 2 N e 1 P 27 1o, LE i A R B 4N %

[0029] 1l AL, FT ik it 52 0 6 AR B P9 g 1) v [ e AT, [ e A b B R RE M R T
AR R BELFS 0 73, 4 ol B2 ) G R 8 78 Py A (] 2 A W) 0 [R]) 50 Fb Bz v b m] D el 2 )G R 7E (]
SEHEE], {613 F it P e iR R ar MAse v, OF HAE IR B &5 1, 0 T

[0030]  {EAPLIE, BT i B 2 HE 2 [0) U B G2 b 36, TR R E e R T b

[0031] A< A b fd A kA0, it 8 7, 280 BA A B A Tl e 1 P 2 S e fE Wt fp T |, X
it PR e A 28 o VR LS £E AN [ 5 HE 1 R 18], [ UE AEAE AR b 7 B 2 AR Bh,
AT LS BN 0 R AR E L2 2 B ph i, AT LU R BN 0 5 fF it s e s
FRErR, W B BT A L FE b, AR R i R e AR 2 B TR

[0032] 1 R0k, Firik v s BT ke Ay 0 A 23 1) 1 B R VP AR

5

=
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[0033] WLyt ZA F 78 HL i 23 R A B2 I, £ P it RS B iy 393 4 i 1 43 1) 8 B % ot n] LU 31 2%
FRIVERT, e X AR A S R B

[0034] MR NIRIE, BTk 46 PR i S BE E 1 B EURMN ] nas il .

[0035] 4 HL it A EHAS A E IR, AT (R R SR b B ECR G ] AN ig mT LLBS o e it 45
5B, N AU AL e 7, [N EE X 7RSO R i AR, Pidk 1 B ke e, gy
(198 B 2 R AN ER A I RN, F8 (R 0B b AT DAAS 7% B sl .

[0036] 1R ACE, Bridf8 RS0 3% M V2 B Dy 1A, B ik Dy 1A 1) U) 1R BE O # TR RE I 1S
K 20% ~ 50%.

[0037] M APLIE, Brad (s iR 48 U R4,

[0038]  “"yrfitb e R A SRS BRI I I R I fi B A, LL i U TR, ] LR SA B4R
VRAE 24 1R ) ATHE AT A T LIRS R 16 B, JF BT CLS | AR ARy vl , A i a8 % v it 4 1) P
FeRREE Tk iy e A s R ZL ARG, R nT By b v b 5 R R 0 B A 0 K
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LITHIUM STARTER BATTERY
AND SOLID STATE SWITCH THEREFOR

FIELD OF THE INVENTION
The present invention relates to a method and apparatus for starting an internal
combustion (IC) engine. More particularly, the invention is a lithium-based cell for starting
such engines. The invention includes a solid state switching configuration for high poWered
battery systems for protecting against over-charging, over- discharging and short circuiting

of batteries, especially starter batteries for internal combustion engines (ICE).

BACKGROUND OF THE INVENTION

Presently, internal combustion engines use a starter battery comprised of lead-acid to
turn over an electric motor to start an IC engine. Lead-acid batteries are heavy, bulky, and
have short cyclelife, short calendar life, and low turn around efficiency. Lead-acid batteries
also have a high internal impedance (resistance) that is greater in cold weather making it more
difficult to start an IC engine in cold weather with less current available. To overcome these
variables, lead-acid starter batteries are provided with oversized battery capacity in order to
produce the necessary current needed for an electric starter to start an IC engine. The
oversized lead-acid battery increases the weight, space requirement, and cost needed to start
an IC engine.

In order to turn off power terminals in presently known starter batteries, expensive
electronic/electrical components are required to handle the high current loads that a starter
motor needs to turn over an IC engine. These embody electronic protection circuitry for upper
voltage cut-off (overcharging), lower level voltage cut-off (over discharging) and temperature
measurements. These circuits also induce heat losses and electrical losses that can be large,
as well as taking up additional space. (Noise) spikes can trigger false voltage, temperature
or current readings that can terminate the battery system’s operation, when in fact all the cells
are working within safe specifications. Some of these protection circuits are temperamental
and difficult to reactivate once they have been triggered. For example, if an under-voltage
condition happens and the cells are still in under-voltage condition with a relay approach,
current can not be provided to the cells since a path has been broken thus another button needs
to be pressed to activate the system for a short duration in order to allow the cells to charge.

Also, in some cases such as a military application or racing application, every last bit of
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energy needs to be extracted, even if it damages the battery.

With any type of rechargeable (secondary) battery used, the battery does not operate
well in a low state of charge (SOC), which in most cases is a low battery voltage. Whenever
a battery is at a low voltage level, the battery can suffer internal damage permanently or the
battery life can be drastically reduced. With battery chemistries such as lithium, over-
charging a battery can be even more dangerous, potentially leading to an exothermal runaway
reaction, which can create a fire. With a solid state switch placed in-line with the battery
output power terminals, the solid state switch can be electronically controlled to open or close
the current pathway leaving or entering the battery. This can prevent battery damage from
happening if the battery voltage is brought too low or too high. This can be applied to any
type of battery chemistry at any voltage. An example is to apply the solid state switch to a
12V car battery that starts a vehicle. A vehicle might have a voltage drain source left on, in
which case the solid state switch would automatically turn off the current flow from the
battery before the battery is damaged.

A relay or contactor could be used as well, but has the following disadvantages:

1) A relay or contactor continuously needs current to keep the contactor open or
closed. That requires energy to do so.

2) A relay or contactor having a closed pathway allows current to flow in both
directions and can not be controlled for a single direction.

3) A relay or contactor can only be ON or OFF. During a switching process for large
currents large arcing can occur inside the relay or contactor, and that can cause the relay or
contactor to "weld" shut. Once a relay or contactor is welded shut, no switching can occur at
that point, which can be a safety issue, i.e., by not allowing switching to occur when needed.

4) Relays and contactors are large and bulky for larger current applications.

A better approach is to use a solid state switch either a FET, a MOSFET
(metal-oxide—semiconductor field-effect transistor), or IGBT (insulated gate bipolar
transistor) format, but not limited to these, in a unique configuration. The unique
configuration involves connecting two solid state devices such as MOSFET or IGBT with the
"Sources" or "Drains" tied together electrically. These solid state devices can be either N or
P type. A doped semiconductor containing excess holes is called "p-type", and when it
contains excess free electrons it is known as "n-type", where p (positive for holes) or n
(negative for electrons) is the sign of the charge of the majority mobile charge carriers. This
arrangement simplifies the control electronics needed and also allows current to flow in one

direction but not the other with the internal diode. An FET (field-effect transistor) is a

2
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majority-charge-carrier device having an active channel through which majority charge
carners, electrons or holes, flow from the source to the drain. Source and drain terminal
conductors are connected to semiconductor through obmic contacts. The majority charge
carriers enter the channel through the source and leave the channel through the drain. Figure
15 shows the "Drain" of each terminal being connected, and Figure 16 shows the "Source" of
each terminal being connected.

The advantages of a solid state switch are:

1) A solid state switch needs very little energy to activate an allowed pathway to be
open or close.

2) A solid state device can gradually increase current, controlling inrush current that
might occur switching ON large power applications or providing instant short circuit
protection if the current is too high.

3) A solid state switch can be very compact and light for higher power applications.

DESCRIPTION OF THE PRIOR ART
Applicant is aware of the following U. S. Patent concerning battery packs for starting
engines:
US Patent No. Issue Date Inventor  Title

7,525,287 April 28,2009 Miyashi BATTERY PACK FOR DRIVING ELECTRIC
MOTOR OF COMPACT ENGINE
STARTING DEVICE, ENGINE STARTING
DEVICE DRIVEN BY THE BATTERY
PACK, AND MANUAL WORKING
MACHINE HAVING THE ENGINE
STARTING DEVICE

SUMMARY OF THE INVENTION

The invention provides means for increasing the efficiency of a starter battery for a
starter motor of an internal combustion engine. By replacing a lead-acid starter battery with
a lithium base or lithium-iron-phosphate (LiFePO, or LiFePO) or LiFeMgPO, or LiFeYPO,
cell, the needed capacity, weight and size is drastically reduced while increasing the cycle life,
calendar life and turn around efficiency for a starter battery. The lithium iron phosphate
(LiFePO,) cell is a type of rechargeable cell, specifically a lithium ion cell, which uses
LiFePQ, as a cathode material. It may also include magnesium or yttrium in the lithium iron

compound. Connecting four cylindrical cells in series, each of which has a standard industry
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cell format size of both 18650 (less than 3Ah) or 26650 (less than 4Ah), or prismatic flat or
other type cells, enough current is available to penetrate to a starter motor rated for 12V
system to start large IC engines that use 1, 2, 3, 4, 5, 6, 8, or 12 cylinders. Larger cells may
be utilized in the invention, from 1 Ah to 5000 Ah, common sizes being SAh, 10Ah, 20 Ah,
50Ah, 100Ah, 400Ah, and 500 Ah.

With a configuration of 4 cells in series, no protection circuit board is needed to
protect the individual cells from over-voltage or undervoltage, unlike larger system using
more cells which require a protection circuit board in them for safety protection. Individual
cell balancing is also not needed for such a small starter battery but may be included to
increase the product life. A smaller and lighter starter battery increases the performance of
mobile systems that use stal;ter batteries. The resulting increase of cyclelife and calendar life
reduces user costs.

No separate nor special charging system is needed with the invented system

The invention also comprises a housing for the lithium-based cells, with upper and
lower mating casings, a contoured pad within the lower casing for receiving at least one
lithium-based cell, and electrical connections from the at least one lithium-based batter to the
exterior of the housing. Optionally, an upper battery pad may be placed in the upper casing,
and, if desired, a protection circuit board, such as a balancing board or a cut-off circuit, may
be placed within the upper casing for safety protection.

The invented solid state switch apparatus allows current to flow in one direction and
not the other. A minimum of two solid state switches are arranged in a unique configuration,
which allows current to flow in a controlled manner bidirectionally when needed. This is
particularly useful for preventing overcharging or over- discharging an entire battery pack.
A separate cell balancing circuit is used to balance out the individual cells. The solid state
switch can be used on each individual cell, if desired, to prevent overcharging or
over-discharging of the individual cell. It can be used with any battery application in which
charging and discharging is required, and is particularly useful with lithium-based batteries.
It can also be used with lead-acid batteries, nickel-cadmium (NiCd) batteries, and low
self-discharge nickel metal hydride (NiMH) batteries. More sophisticated items of equipment
to which a battery may be attached have programmable shut-off settings, but less sophisticated
equipment does not have shut-off parametersin place. Usinga battery in astarter applications
(for instance, to start an IC engine) will prevent the battery from overcharging, as well as
prevent the battery from being discharged to too low a level if a current drain (leakage) is

present in the system, even though everything is turned off.

4
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By connecting the "Sources” or the "Drains” together using a minimum of two solid
state devices allows for automation and simplification to fully and partially switch the
batteries power terminals ON and OFF. The two solid state devices can either be N or P type
and connected either on the Positive or Negative side of the battery terminal and controlled
by simple electronic circuit to control the drivers of the solid state devices.

This invented switch configurasion also allows for short circuit protection across the

battery power terminals, along with allowing the maximum current control when charging.

OBJECTS OF THE INVENTION

The principal object of the present invention is to provide means for increasing the
performance of a starter battery for a starter motor of an internal combustion engine.

Another object of the invention is to provide a starter battery for an internal
combustion engine that is lighter, more reliable, has less bulk, longer cycle life, longer
calendar life, and higher tum around efficiency than lead-acid batteries.

A further object of this invention is to provide a starter battery system for an internal
combustion engine that is easy to assemble, waterproof, and maintenance free.

Another object of the invention is to provide a starter battery for an internal
combustion engine that can be used in existing vehicles.

Another object of the invention is to provide a starter battery for an internal
combustion engine that has a wide operating temperature range with exceptional cold-weather
cranking performance.

Another object of the invention is to provide an improved apparatus for protecting a
single cell or battery from being overcharged or over-discharged.

Another object of the invention is to provide apparatus for charging a cell having a
very low charge.

Another object of the invention is to provide apparatus for short circuit protection for
one or more cells or batteries.

Another object of the invention is to provide apparatus for discharging a cell having
too high a charge.

A further object of the invention is to provide an apparatus for short circuit protection

in case a metal object causes a short circuit across the terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects will become more readily apparent by referring to the
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following detailed description and the appended drawings in which:

Figure 1 is an exploded isometric view of one embodiment of the invention, in which
4 cells are arranged into a starter battery pack.

Figure 2 is an exploded isometric view of another embodiment of the invention, in
which 8 cells are arranged into a starter battery pack.

Figure 3 is an exploded isometric view of another embodiment of the invention, in
which a prismatic cell is arranged into a starter battery pack.

Figure 4 is a front view of the assembled battery pack of Figure 3, the rear view being
identical.

Figure S is a top view of the assembled battery pack of Figure 3.

Figure 6 is a right end view of the assembled battery pack of Figure 3, the left end
view being a mirror image thereof.

Figure 7 is a schematic diagram of a block of 4 lithium prismatic cells in series
connected to a balancing circuit board.

Figure 8 is a schematic diagram of a block of 4 lithium prismatic cells in series
connected to a balancing and cutoff circuit board

Figure 9 is an isometric view of an alternative embodiment of a housing showing
contacts for switches.

Figure 10 is a top view of the housing of Figure 9 showing the contact locations.

Figure 11 is a front view of the housing of Figure 9, the rear view being identical.

Figure 12 is an end view of the housing of Figure 9, the opposite end being identical.

Figure 13 is an exploded isometric view of an alternative embodiment ofthe invention
of Figure 3, in which 2 blocks of prismatic cells and a control board of cutoff switch are
arranged into the housing of Figure 9.

Figure 14 is a schematic diagram of a Solid State Switch with "Drain" connection.

Figure 15 is a schematic diagram of a Solid State Switch with "Source" connection.

Figure 16 is a schematic diagram showing a preferred embodiment of the invention
in which the "Drain" of each gate is connected together using N type MOSFET or IGBT with
the cells being above the solid state switches.

Figure 17 is a schematic diagram example of connecting the "Drain" of each gate
together using N type FET, MOSFET, or IGBT with the cells being below the solid state
switches.

Figure 18 is a schematic diagram illustrating connecting the "Source” of each gate
together using N type FET, MOSFET or IGBT with the cells being above the solid state

6
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switches.

Figure 19 is a schematic diagram illustrating connecting the "Source" of each gate
together using N type FET, MOSFET or IGBT with the cells being below the solid state
switches.

Figure 20 is a schematic diagram illustrating connecting the "Drain" of each gate
together using P type FET, MOSFET or IGBT with the cells being above the solid state
switches.

Figure 21 is a schematic diagram illustrating connecting the "Drain" together using P
type FET, MOSFET or IGBT with the cells being below the solid state switches.

Figure 22 is a schematic diagram illustrating connecting the "Source" together using
P type FET, MOSFET or IGBT with the cells being above the solid state switches.

Figure 23 is a schematic diagram illustrating connecting the "Source” together using
P type FET, MOSFET or IGBT with the cells being below the solid state switches.

Figure24 is a schematic diagram illustrating theinvention utilized inengine restarting.

Figure 25 is a schematic diagram illustrating short circuit protection of a battery.

DETAILED DESCRIPTION

Lithium containing LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells have a low
nominal cell voltage (3.2V-3.3V) that match directly with existing 12V lead-acid equivalent
systems. Four LiFePO cells in series have a nominal voltage of 13.2V. Thusthey can directly
replace existing 12V lead-acid equivalent systems without requiring any electrical
modification.

Other lithium chemistries have a higher nominal voltage, such as: lithium-cobalt
(3.6V), lithium-manganese (3.7V-3.8V), lithium-nickel-cobalt-manganese (3.7V). Each of
these thus have a higher system voltage when 4 cells are used in series. With the higher cell
voltages, most existing 12V direct replacement systems will not be able to charge other
lithium cell chemistnes above 60% of their capacity. Other lithium-based cells that can be
utilized in this invention are lithium-cobalt-oxide (LiCo0QO,), lithium-manganese-oxide
(LiMn,0,), lithium-nickel-cobalt-manganese-oxide (LiNiCoAlQ,), lithium-nickel-manganese-
cobalt-oxide (LiNiMnCo00,), and lithium-titanate (Li,Ti;O;,).

LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells also have a higher thermal
runaway conditon than lead-acid cells. For a thermal runaway to occur, the cell temperature
must be extremely hot (over 200°C). When a cell reaches a certain temperature, mostly

caused by overcharging, then the cell will start producing more heat by an internal reaction
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that fuels itself in most cases with a fire, which phenomenon is known as “thermal runaway™.
All other Lithium cell chemistries have a lower thermal runaway temperature making those
cells more prone to catch on fire.

A thermal venting cap is usually placed inside each individual cylindrical cell casing
to minimize the chances of explosion. The venting cap allows the electrolyte of a cell to leak
out before an internal fire can occur.

Although it is advantageous to use protective circuitry, it is possible to operate the
present invention without protective circuitry, which simplifies the system to allow charging
or discharging. Omitting all of the electronic protection circuitry for upper voltage cut-off
(overcharging), lower level voltage cut-off (over discharging) and temperature measurements
reduces the overall manufacturing cost of the starter battery. This also simplifies the system
to allow charging or discharging in all conditions and not be restricted by any suggested or
specified operating range.

By using lithium cells, a battery housing structure is both smaller and lighter than with
lead-acid cells. Any time less intermal mass is involved the housing structure size can be
reduced, which also results in reducing cost.

The housing structure of the embodiment of Figures 1 and 2 may vary in depth to
accommodate varying numbers of cells which provides for different capacity. The lid siructure
of the housing (or casing) for cylindrical cells is the same for most battery packs, as shown.
Such cells can be stacked in parallel to allow for larger capacity for different battery packs to
be assembled. The lid of the housing also incorporates a threaded bushing made from
aluminum to minimize weight, but that has similar electrical properties to aluminum, copper
or brass, or an internally threaded hole to receive an electrical connector screw.

Referring now to the drawings, and particularly to Figure 1, the invented battery pack
10 comprises a housingl2, having a lower receptacle 14 and a mating top 16, at least one
lithium-based rechargeable battery 18, or cell, within the housing, with appropriate electrical
connections. The total discharging amount of each lithium-based cell in the battery pack is
one (1) to 5000 Ah, and charging voltage per one cell is 3.0 to 4.2 V.

The lower portion of the housing 16 can be provided with bottom padding 20 which
fits therein, receives the cell or cells, and mates with the lower receptacle 14. A top pad 22
can be provided in the top 16 of the housing, as desired.

Electrical connections 24 are provided between the cells, as shown, positive to
negative, with screws 26 connecting the cells through holes 28 the bottom of the housing to

electrical leads, not shown, but which leads connect to bottom screws 30. Alternatively, a
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welded connection can be used instead of screws.

Op#ionally, a protection circuit board 32 may be placed within the upper casing or top
14 for safety protection. Such a protection circuit board may be a cutoff board or a cell-
balancing circuit board. A cell-balancing circuit board may include a cutoff function. A
lithium iron battery having two or more cells in series has a battery voltage equal to the sum
of the individual cell voltages. Over the life of the battery, it may be charged and discharged
for hundreds or thousands of cycles. The individual cells may age differently. Some cells may
become mismatched with respect to the others. This phenomenon is corrected, by balancing.
Balancing is the process of forcing all of the cells to have identical voltages. This is
accomplished by a balancing circuit.

Starter battery systems can utilize a greater number of lithium cells as desired for
greater capacity.

Lithium cellshave substantially less weight than alead-acid cell, and are 80% smaller.
A lithium cell will last about 3 times as long as a lead-acid cell with 100% full discharge
cycles. Lithium cells are maintenance free, whereas lead-acid cells need to be refilled with
distilled water to maintain the acid level above the plates. Lithium cells do not freeze. They
have a discharge power 8 times that of lead-acid. Their charging time is less than 2 hours.

Lithium cell self discharge rate is less than 2% monthly, whereas the self discharge
rate for a lead-acid cell is 10% monthly.

Lithium cells can operate at very high temperature, up to 70°C without major
degradation. They can also operate at very low temperature, down to -30°C with slight
capacity degrade at that temperature, but power is available.

Lithium cells are 98% energy efficient (energy going in and out of the cell), whereas
lead-acid cells are only 90% energy efficient.

For each 12 volt increment, four LiFePO, cells are required in series, and some cases
fewer cells with other lithium chemistries. The following Table I compares lead-acid battery

voltages to the LiFePO, cell requirements and for other lithium-based battery cells:
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TABLE 1
Nominal LiFePO, (LiCo0,), (LiMn,0,),
Lead-Acid (3.3V nominal) (LiNiCoAlQ,), (LiNiMnCo0,),
Voltage (()[rzi4Tisoxz)
(3.7V nominal)

12V 3 to 4 cells in series 2to 4 cells in series
24V 5 to 9 cells in series 5 to 8 cellsin series
36V 8 to 13 cells in series 7 to 12 cells in series
48V 11 to 17 cells in series 10 to 16 cells in series
60V 14 to 22 cells in series 12 to 19 cells in series
72V 16 to 26 cells in series 15 to 23 cells in series
84V 19 to 31 cells in series 17 to 27 cells in series
96V 22 to 35 cells in series 19 to 31 cells in series
108V 25 to 39 cells in series 22 to 35 cells in series
120V 27 to 44 cells in series 24 to 39 cells in series

As shown in Figures 3 through 6, a block 40 formed of one or more flat prismatic cells
connected in series is fitted into a housing 12, each block of cells having a common set of
electrical connections 42A and 42B. A protection circuit board 30 is provided within the
housing, and is electrically connected to the block. Figures 4 through 6 show the assembled
housing with the electrical connections 24 A and 24B in the top thereof.

Figure 7 shows a block of 4 flat lithium based prismasic cells connected to a balancing
circuit board 46, which has a balancing controller or microprocessor 60. Figure 8 shows a
block of 4 flat prismatic cells connected to a balancing and cutoff circuit board 48, which
includes a controller 60 and a solid state cutoff switch 62, such as an FET. Figures 9 through
12 show the housing 12 for the battery pack 10 with positive terminal 34 and negative
terminal 36.

Figure 13 shows multiple blocks 40 of flat cells along with bottom padding, packing,
or spacers 50, flat packing 52, and large packing blocks 54, all of which packing is optional.
The upper portion or top section 56 of the housing is advantageously provided with three
contacts on each end thereof, as shown.

An auto-detect restart feature is especially useful for a motorcycle: "IQ Restart
technology™ protects the battery from a deep cycle discharge by monitoring battery voltage

level and shutting the battery power off prior to a full discharge, such as in the case of leaving
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a headlight or electrical component on for an extended period of #ime while the engine is off.
Enough reserve power is left in the battery, to automatically detect (by measuring a change
in resistivity) a starting effort and allow the user to start the engine again. This avoids the
cyclist being stranded or the headache of replacing a battery. The auto-detect apparatus has
at least one lithium-based cell, a voltage detector, an associated switch such as a cutoff board,
or a micro-controller in a balancing circuit connected to a solid state switch, such as an FET.
One function tumns off an FET in the circuit when the voltage drops to a preselected level,
leaving sufficient reserve capacity for starting the engine. A second function detects a “keying
cycle” or the resistance change upon attempting to start the engine, which turns on the FET.
This resistance change is a reaction to a key turn, push button, or remote activator.

To control the solid state switches, electronic controls are needed for the different
voltages, currents and/or temperature with specified parameters in which cells work to prevent
damage. The control electronics used in battery systems are often referred to a Battery
Management System (BMS) or Battery Management Unit (BMU). The BMS or BMU can
individual monitor all the cell or battery voltages, and/or temperatures. To protect a single
cell or battery from being over charged, that might lead to an exothermal runaway reaction
creating a fire and/or to prevent the cell from damaging when discharging them too low, the
solid state switch would close or open the current pathway to prevent cell damage from
occurring.

The arangement of devices shown in Figures 15 and 16 are examples of how solid
state switches can be configured to connect the "Drains" or "Sources" together which is an
unconventional approach. The solid state switches in parallel are examples to increase the
current capabilities.

Referring particularly to Figure 17, under normal operations both T1 and T2 are ON
allowing power pathway to go in both directons: discharge and charge. Should a cell be
outside of its specified working specification (cell voltage), both D1 and D2 can be turned off
but current can still flow through the internal diode to allow for added functionality.

In the event that the cell voltage drops too low, below the set voltage configuration,
from a drain on the battery, T1 will tum off, preventing further discharge from occurring.
However, with the internal diode in place of T1, and T2 still on, the circuit will allow charging
to occur.

If the cell voltage goes too high, above the set voltage configuration, T2 will turn off,
preventing further over charging from occurring. However, with the internal diode in place

of T2, and T1 still on, the circuit will allow discharging to occur.
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Using solid state switching in the configuration shown in Figure 17 allows for user
friendly reactivation of the circuit without any pushbuttons or reset buttons. Both Charge and
Discharge current can go through the internal MOSFET or IGBT diode to bring the cell back
to the specified operating voltage.

Alternative switch and gate arrangements are set forth in Figures 18 through 23. Each
such arrangement works in a similar manner as that describing the Figure 17 operation.

The invention’s restart function is illustrated by Figure 24. Controller 60 is connected
to a battery pack having a block of cells 64 and to MOSFETs Q1 and Q2. After alow voltage
cutoff, the controller periodically tests the load to detect a change in the load impedance.
When an abrupt change in the load impedance is detected, for example connecting or
disconnecting a load such as the headlight(s), the ignition switch, or the starter switch, the
controller 60 turns on power MOSFETs Q1 and Q2, which reconnects the battery to the
vehicle and allows the vehicle to be restarted.

When the controllerdrives the base of Q3 high through R1, Q3 and Q4 turnon. When
Q4 turns on, it connects the battery to the load through R4 and D1. R4 and the load
impedance form a voltage divider, and the resulting voltage at node A will depend on the load
impedance. D2 steers the node A voltage to the R5/R6 voltage divider which scales down the
voltage at node B to a level that the controller can read using an analog-to-digital converter
(ADC). The ADC may be of the type commonly included as a built-in peripheral in a micro-
controller or a digital signal processor; alternatively the ADC may be a standalone device.
After tumning on Q4, the controller may make one or more ADC readings after one or more
fixed or variable delay periods. By reading the ADC at different times after turn-on, the
controller can infer notonly the resistive, but also the inductive and/or capacitive components
of the load impedance. By tracking the periodic ADC readings and applying the appropriate
digital filtering, abrupt changes in the load impedance can be determined. Gradual changes
in the ADC readings, which may be caused for example by temperature changes or battery
charge depletion, are disregarded (i.e., filtered out). Immediately after making the required
ADC reading(s) the Controller turns off Q3 and Q4 to minimize battery drain. It should be
noted that while Q3 and Q4 are shown here as bipolar junction transistors, a number of other
types of electronic devices could be used to accomplish the switching function of Q4,
including but not limited to one or more MOSFETs or a relay.

In order to conserve battery charge as long as possible in low voltage cutoff mode, the
controller tests the load impedance only as often as necessary. The testing period is

determined by the application, and is approximately 1 to 5 seconds. In a vehicle application,
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this period represents the maximum tme that a user would have to hold a starter switchin the
start position in order to effect a restart after a low voltage cutoff. To further reduce drain on
the battery, the testing period may be extended if the battery remains in low voltage shutdown
mode for a long time, or if the battery voltage (in one or more cells) continues to drop.

The invention is useful for short circuit protection as shown in Figure 25. Cross-
coupled NAND gates E and F form a set-reset (SR) latch that controls the gate drive of power
MOSFET Q2. The latch is set when the controller 60 drives Q2 ENABLE low. When Q2
ENABLE is driven high again, the output of NAND gate G is low and NAND gate H turns
on Q3, which turns on Q4, which supplies the boosted gate drive voltage to turn on Q2. C3
and C4 help ensure fast turn-on of Q2 even with the relatively high value resistors for R4, RS,
and R8 required to satisfy the application’s low power requirements.

Current monitor A monitors the voltage drop across the drain-source ON resistance
(Rps¢ony) of power MOSFET Q1 and sources a current into node B that is proportional to the
MOSFET current. R1 converts this current to a voltage that is compared to VREF at
comparator D. When a short circuit occurs, the voltage at node B will exceed VREF (at least
momentarily) and cause the output of D to go low, resetting the S-R latch. When the S-R
latch is reset the output of G will go high, and C2 will differentiate a positive going pulse into
the base of QS5, causing QS5 to turn on for a few microseconds and rapidly discharge the gate
of Q2. Rapid tum-off of Q2 is essential to limiting the energy associated with a short circuit
event. By monitoring the status of the S-R latch, the controller 60 can determine when a short
circuit cut-off event has occurred. C1 low pass filters the signal at node B so that extremely
short duration overcurrent conditions can be tolerated if desired. The controller 60 may adjust
VREF to compensate for Q2’s Rpg,,y variation with temperature if desired, or to adjust the
over current trip threshold.

The solid state switches can be transistors, FET (field-effect transistors), JFET or
JUGFET (junction gate field-effect transistors), BJT bipolar junction transistors, CMOS
(complementary metal-oxide—semiconductors), VMOS (Vertical Metal Oxide Silicon),
TMOS transistors, vertical DMOS (Double-Diffused MOS), or HEXFET.(hexagonal shape
MOSFET).

It should be noted that the invented solid state switch apparatus can also be used in any
battery system that requires charging and discharging in order to extend the battery life, and
for safety. This is extremely useful and is a first for starter batteries.

The solid state devices all must be the same (N) or (P) type used in the same circuit,

as illustrated.
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SUMMARY OF THE ACHIEVEMENT
OF THE OBJECTS OF THE INVENTION

From the foregoing, it is readily apparent that [ have invented an improved means for
increasing the performance of a starter battery for a starter motor of an internal combustion
engine, and a starter battery for an internal combustion engine that is lighter, more reliable,
has less bulk, longer cycle life, longer calendar life, and higher turn around efficiency than
lead-acid batteries. The starter battery system for an internal combustion engine is easy to
assemble, waterproof, and maintenance free, can be used in existing vehicles, and has a wide
operating temperature range with exceptional cold-weather cranking performance. The
invention also apparatus for proteching a single cell or battery from being over charged, as
well as providing apparatus for charging a cell having a very low charge, more effectively, and
more economically than heretofore has been possible.

It is to be understood that the foregoing description and specific embodiments are
merely illustrative of the best mode of the invention and the principles thereof, and that
various modifications and additions may be made to the apparatus by those skilled in the art,
without departing from the spirit and scope of this invention, which is therefore understood

to be limited only by the scope of the appended claims.
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What is claimed is:

1. A battery pack for driving an electrical device, said battery pack comprising:
a housing; and
at least one lithium-based rechargeable cell within said housing;
wherein a total discharging amount of each lithium-based cell in the battery pack is

from one (1) Ah to 5000 Ah, and charging voltage per one cell is 3.0 to 4.2 V.

2. A battery pack according to claim 1 wherein the lithium-based cell is a lithium iron

phosphate cell.

3. A battery pack according to claim 2, wherein the lithium iron phosphate cell is selected

from the group consisting of LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells.

4. A battery pack according to claim 1 wherein the lithium-based cell is selected from the

group consisting of LiCoO,, LiMn,0,, LiNiCoAlO,, LiNiMnCo0O,, and Li,Ti;O,, cells.

5. A battery pack according to claim 1, wherein said battery pack comprises four lithium-

based rechargeable cells in series in said housing.

6. A battery pack according to claim 1, wherein said battery pack comprises an even number

of lithium-based rechargeable cells in said housing.

7. A battery pack according to claim 1 wherein said electrical device is an internal

combustion engine starting device connected to an intermal combustion engine.

8. A battery pack according to claim 1, further comprising a protection circuit board within

said housing.

9. A battery pack according to claim 8, wherein said protection circuit board is a cut-offboard

or a cell balancing circuit board.
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10. A battery pack according to claim 9, wherein said protection circuit board is a cut-off
board comprising a controller, said controller having associated means for periodically
measuring a load to detect a change in load impedance, further comprising a switch between
said battery pack and said device, and means for turning on said switch to provide power to

the electrical device to restart the device.

11. A battery pack according to claim 9 wherein said protection circuit board is a cut-off
board comprising a controller, said battery pack being connected to a current monitor, said
current monitor being connected to a current comparator and a set-reset latch,

whereby upon the occurrence of a short circuit, the set-reset latch will turn off an

associated switch.

12. Solid state switching apparatus for one or more cells in a battery pack having a positive
terminal and a negative terminal, each of said cells having a positive pole and a negative pole,
said apparatus comprising:

at least a pair of solid state switches, each switch having a source and a drain, with
drains connected;

said solid state switches being connected to the positive pole of said one or more cells
in series, and to said positive terminal, the negative pole of said one or more cells being

connected to said negative terminal.

13. Apparatus according to claim 12, wherein the solid state switches are MOSFETSs or

IGBTs.

14. Apparatus according to claim 13, wherein the solid state switches are transistors, FET,
JFET, BIT, CMOS, VMOS, TMOS, vertical DMOS or HEXFET.

15. Apparatus according to claim 12, wherein the solid state switches are either n-type or

p-type.-

16. Apparatus according to claim 12, wherein said one or more cells are selected from the
group consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiCoO,, LiMn,O,,
LiNiCoAlO,, LiNiMnCoO,, Li,Ti;O,,, lead-acid, NiCd, and nickel metal hydride (NiMH)

batteries.
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17. Apparatus according to claim 12, further comprising a housing for said one or more cells,

batteries, wherein said solid state switches are within said housing.

18. Solid state switching apparatus for one or more cells in a battery pack having a positive
terminal and a negative terminal, each of said cells having a positive pole and a negative pole,
said apparatus comprising;:

at least a pair of solid state switches, each switch having a source and a drain, with
sources connected;

said solid state switches being connected to the negative pole of said one or more cells
in series, and to said negative terminal, the positive pole of said one or more cells being

connected to said positive terminal.

19. Apparatus according to claim 18, wherein the solid state switches are transistors, FET,

MOSFET, IGBT, JFET, BJT, CMOS, VMOS, TMOS, vertical DMOS or HENFET.

20. Apparatus according to claim 18, wherein said one or more cells are selected from the
group consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiCoO,, LiMn,0,,
LiNiCoAlO,, LiNiMnCo0O,, Li,Ti,0,,, lead-acid, NiCd, and nickel metal hydride (NiMH)

batteries.
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battery has a first clip (2, 20) having. a first handle (3, 25) for connection to
one terminal (4) of a battery (5); a second clip (7, 21 ) having a second
handle (15, 25) for connection to a second terminal of a battery, The clips
are interconnected (10, 28, 53) and on-board starter batteries (15, 26) are
provided along the interconnecting cable (10) and/or at least one of the clips
(20, 21 ). The on-board starter battery (15, 26) may comprise a lithium iron
phosphate battery. There may be a control circuit (100, 200) to prevent dam -
age fom events such as accidental shorting of the clips.

EXHIBIT 1002
Petitioner ADC (IPR2024-00577)



WO 2012/080996 A 1 |10V U0 0 0 01000

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, .

DE. DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, FPublished:

LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, —  with internatienal scarch repert (4rt. 21(3))

EXHIBIT 1002
Page 1791 0£2235  petitioner ADC (IPR2024-00577)



10

15

20

25

30

WO 2012/080996 PCT/IE2011/000066
-1-

“A Jump Starter”

INTRODUCTION

Field of the Invention

This invention relates to a jump starter system for a battery, especially a vehicle battery.

Prior Art Discussion

Jump starter systems for jump starting a flat vehicle battery comprise a pair of leads, each with a
clip such as a crocodile clip at each end to connect with the terminals of the flat battery and a
charged battery of another vehicle. One lead connects the positive terminal of the flat battery to
the positive terminal of a charged battery and a second lead connects the negative terminal of the

flat battery to the negative terminal of the charged battery.

Such systems are effective. However in many cases a vehicle with a charged battery is required
and it is often difficult to arrange the vehicles to allow the leads to safely extend between the

batteries.

It is also known to provide starter packs comprising a lead acid battery within a battery housing
and leads for extending from the battery housing to the terminal of the flat battery. Such units are
costly, bulky, and heavy, and can generally only be used for large scale commercial applications.
Very often, the unit is not used for some time and the battery charge diminishes so that it is not

effective when required.

US5607794, US6002235, US2006/0128209, and US2008/0241653 describe various portable

starter systems. In these arrangements, starter cables are connected to a battery.

This invention is directed towards providing an engine jump starter system which will address

these issues.

SUMMARY OF THE INVENTION
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According to the invention, there is provided a jump starter for a battery such as a vehicle
battery, the jump starter comprising:-
a first clip having a first handle for connection to one terminal of a battery;
a second clip having a second handle for connection to a second terminal of a battery;

an interconnection means extending between the first clip and the second clip; and

an on-board starter battery means provided along the interconnection means and/or

adjacent at least one of the clips.

In one embodiment, the on-board starter battery means comprises a lithium iron phosphate

battery.

In one embodiment, there is a plurality of on-board starter batteries along the interconnection

means.

In one embodiment, the on-board starter battery means comprises a plurality of separate batteries

which are electrically interconnected.

In one embodiment, at least some of the battery means comprises batteries housed within at least

one of the first and second handles.
Preferably, said batteries are housed within both the first handle and the second handle.

In one embodiment, the first clip and the second clip are configured to nest together for storage

in compact manner.
In one embodiment, the first clip has a housing within which there is a battery, and a pair of jaws
linked with the housing; and the second clip is configured to fit alongside the jaws of the first

clip in a manner without protruding parts.

Preferably, the first clip has a groove to accommodate the interconnection means during storage.
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In one embodiment, the jump starter further comprises a control circuit having positive and
negative leads connected between the on-board starter battery and the clips, and protection

means to provide over-voltage and/or over-current protection.
In one embodiment, the protection means comprises a current-limiting component.

In one embodiment, the control circuit further comprises a switch in the negative lead which is
turned on for use. In one embodiment, the switch is a solid state switch. In one embodiment, the
switch comprises a MOSFET switch. In one embodiment, the switch is an SCR. In one

embodiment, there is a plurality of switches arranged in parallel.

In one embodiment, a gate of the switch is connected to the positive lead by a user-activated
switch. In one embodiment, the user-activated switch is of the type for momentary closing. In
one embodiment, the user-activated switch is connected to the gate via a diode, preferably a
Zener diode. In one embodiment, the switch is solid state and is reverse biased to prevent current

flow if a system to which the clamps are connected attempts to return charge.

In one embodiment, the protection means comprises a circuit to short gate current to ground in

the event of accidental reverse polarity connection.

In one embodiment, the positive lead includes one or more positive thermal coefficient fuses
protecting against short circuit conditions and excessive power demands by achieving a very
high resistance, thus limiting current flow, and once normal conditions are restored dropping to a

low resistance.

In one embodiment, there is a resistor and an LED in parallel with the fuse such that if the fuse
resistance goes high almost all of the battery voltage will appear across the resistor thus
providing a current flow to illuminate the LED, and when the fuse is in a low resistance state and
operating normally the resistor and the fuse are effectively short circuited, providing a visual

indication of overload conditions.
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In one embodiment, the positive lead includes a bank of switches connected in such a way as to

utilise their intrinsic diodes for the purposes of reverse blocking of current, in which gate to

source is short circuited, thus holding the switches in a permanent OFF state.

In one embodiment, an RC time constant circuit is linked with the negative lead switch or
switches, said time constant circuit being arranged to set the run time of the jump starter and

preventing the jump starter from being left in a constant ON condition.
In one embodiment, the time constant circuit is arranged to provide-a soft turn on of the jump
starter power, preventing transient voltage damage as a result of arcing or high di/dt induced

voltages in an electrical system to which the starter is connected.

DETAILED DESCRIPTION OF THE INVENTION

Brief Description of the Drawings

The invention will be more clearly understood from the following description of some
embodiments thereof, given by way of example only with reference to the accompanying
drawings in which:-

Fig. 1 is a perspective view of an engine jump starter system according to the invention;

Fig. 2 is an elevational view of the jump starter system of Fig. 1, in use;

Fig. 3 is a perspective view of another engine jump starter system according to the

invention;

Fig. 4 is an enlarged view of the battery connection clips of the jump starter system of

Fig. 3;

Fig. 5 is an elevational view of the starter system of Figs. 3 and 4, in use;

Figs. 6 and 7 are perspective views of an alternative starter system ready for use;
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Figs. 8 and 9 are perspective views of this system when in the storage position; and

Figs. 10 to 12 are circuit diagrams for circuits of starter systems of various embodiments.

Description of the Embodiments

Referring to Figs. 1 and 2 there is illustrated a jump starter system 1 according to the invention.
The jump starter system comprises a first crocodile clip 2 having a first handle 3 for connection
to one terminal 4 of a flat vehicle battery 5. The system also comprises a second crocodile clip 7
having a second handle 8 for connection to another terminal 9 of the flat vehicle battery 5. An
electrical interconnection lead 10 extends between the first clip 2 and the second clip 7. Each clip
has spring biased jaws 11. In the invention there is an on-board starter battery which comprises a
plurality of interconnected batteries 15 which may be of the lithium iron phosphate type. The
battery cells can be of either cylindrical, prismatic or pouch type. The voltage is between 3.2 and

3.7 V nominal and of lithium iron chemistry.

As illustrated, the on-board starter batteries 15 extend along the interconnection lead 10. They
are relatively small and lightweight and can be readily interconnected to form the jump starter

system as illustrated.

To jump start a flat battery only one jump lead is required with two simple clip connections 2, 7
to the flat battery 5. Immediate power is supplied to the flat battery 5 without the requirement of
another vehicle with a charged battery. The unit is lightweight and easily stored, for example, in
a vehicle boot or glove compartment. The system has superior starting ability, lifespan, and

energy retention than other jump starter systems.

Referring now to Figs. 3 to 5 there is illustrated another jump starter system, 30, according to the
invention. In this case, clips 20, 21 have the clip jaws 11 and have handles 25 of cylindrical
shape. In this embodiment there are two batteries 26 housed within each handle 25, and finger-
gripping features 27 are provided to aid user operation. The clips are interconnected by a cable

28, with no need for batteries along the length of the cable in this case.

Referring to Figs. 6 to 9 an alternative jump starter, 50, is shown. The jump starter 50 comprises

a first clip 51 and a second clip 52 interconnected by a power cable 53. The first clip 51 has a
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housing 55 for a battery of sufficient capacity to provide the full starting power, in this
embodiment of the lithium iron phosphate type. Also, the first clip 51 comprises a pair of jaws
56 having finger grips 57 for pressing together for opening and closing. The housing 55 has a
groove along one side to accommodate the cable 53 during storage. The clip 52 has a similar pair

of jaws 56 with finger grips 57.

The starter 50 is used with the clips 51 and 52 separate as shown in Figs. 6 and 7. Power is
provided by the batteries within the housing 55. When not being used, the second clip 52 nests
into the first clip 51 alongside the jaws 56 of the first clip 51, as shown in Figs. 8 and 9.

The jump starter 50 involves use of close-proximity high-power batteries of the lithium iron
phosphate type. In this case it is more important to provide safety controls, and this is achieved
by use of a control circuit in the housing 55. Figs. 10, 11, and 12 illustrate circuits 100, 200, and
300 respectively which may be used in the starter of any embodiment. In this case the starter 50
employs the circuit 300, however it may employ a different circuit depending on the safety

requirements and battery types and capacities.

Referring to Fig. 10 the circuit 100 comprises batteries 102, a positive lead 103 with a clamp
conductor 104, and a negative lead 105 with a clamp conductor 106. In the positive lead there is
a light emitting diode LED2 and a resistor R3 in parallel with a positive thermal coefficient

(PTC) resettable fuse 110.

An integrated circuit IC1 is connected via a resistor R2 to the positive lead 103 and is connected
to the negative lead 105 via reverse polarity indicator (LED1). Also, a manual contact switch 115
(SW1) is connected on one side to the positive lead 3, and on the other to a Zener diode ZD1, a

resistor R1, in turn linked with a bank of MOSFET switches Q1, Q2, and Q3.

The circuit of the jump starter circuit 100 protects from voltage mismatch, reverse polarity, short

circuit, over-discharge, and over-use.

The over-current protection element PTC 110 comprises a number of parallel connected positive
thermal coefficient PCB mounted resettable fuses. The number and type thereof is determined by
the power output requirement. The PTC 110 enables normal usage but protects against short

circuit conditions and excessive power demands by achieving a very high resistance, thus
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limiting current flow. Once normal conditions are restored, the PTC 110 drops to a low

resistance. Light emitting diode LED2 and 1k 0.25w resistor R3 provide an over-current

indicator. When the PTC 110 goes high resistance, almost all of the jump starter battery 102

voltage will appear across this device thus providing a current flow to illuminate LED2. When

the PTC 110 is in a low resistance state and operating normally, R3 and LED2 are effectively

short circuited.

The battery 102 positive terminal is also connected to the momentary action single pole normally
open switch SW1 115, This switch, the Zener diode ZDI1, the resistor R1 and Metal Oxide
Semiconductor Field Effect Transistors (MOSFETS) Q1 to Q3 comprise the power-switching

and over-discharge elements.

To activate the jump-starter system it must be connected to a vehicle battery by means of the
positive and negative jaws 56 linked to the conductors 104 and 106. The activation switch 115
(SW1) is then briefly depressed. This switch may be located at any convenient location of the
housing Current flows from the battery (BAT) via ZDI1 and R1 to the gates of International
Rectifier IRF1324s MOSFETS (or alternates) Q1, Q2 and Q3 via their respective gate resistors
R4, RS and R6. Capacitor Cl is also charged. Once a Vgs of 10V is applied to the MOSFETS
Q1, Q2, and Q3 they begin conducting from drain to source with a very low ON state resistance,

typically about 0.00033 Ohms for three parallel connected parts.

After the PTC, the positive supply lead 103 is connected to another trio of International Rectifier
IRF1324s MOSFETS (or alternates) Q4, Q5 and Q6. These devices are connected in such a way
as to utilise their intrinsic diodes for the purposes of reverse blocking of current. The gate to
source is short circuited, thus holding the devices in a permanent OFF state. Should the jump
starter circuit 100 be connected to a vehicle with a greater voltage than the unit is intended for,
the diodes become reverse biased and no current may flow. This feature protects the jump-

starter’s internal battery 102 from potentially dangerous overcharge conditions.

Once a successful start has been achieved, the vehicle alternator or charging system will attempt
to return charge to the still-connected jump-starter battery 102 (BAT) via the crocodile clamp
jaws 56. This could be undesirable for certain battery types. Should this situation occur, the

intrinsic diodes in Q4, Q5 and Q6 will become reverse biased, thus preventing this condition
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A resistor R7 and a capacitor C1 form an RC time constant circuit. When the switch 15 (SW 1) is
depressed, C1 rapidly charges via R1. Once in an ON state the gate to source resistance of the
MOSFETS is very high, in the order of tens of mega Ohms. Thus the run time of the jump starter
circuit 100 can be configured by choice of C1 and R7. Once SWI1 is released, C! begins to
discharge via R7. When the voltage across Cl drops below the gate threshold voltage of the
MOSFETS, they will rapidly come out of conduction and switch off the output. This auto — off
feature prevents the unit from being left in a constant ON condition with résultant live crocodile

clamps.

The RC circuit of R7 and C1 provides another important element. As the voltage across C1 will
require a certain time to reach the gate threshold voltage of the MOSFETS Q1, Q2, and Q3, they
will spend a small amount of time in their active region and provide a soft turn on of the jump
starter circuit 100 power. This prevents transient voltage damage as a result of arcing or high

di/dt induced voltages in the vehicle electrical system.

The circuit also protects against accidental reverse polarity connection. Should the operator
inadvertently connect the jump starter circuit 100 backwards to the vehicle battery (i.e. positive
clamp 4 to negative terminal and vice versa), the system offers two levels of protection. The first
level is passive. As the MOSFETS QI through Q3 are non-conductive, no current flow takes
place upon connection. This eliminates any potentially dangerous and destructive electrical
arcing at the vehicle battery terminals. Such arcing conditions have been linked with the
destruction of modern vehicle electronic controls. Secondly, current from the vehicle battery
flows via the resistor R2, reverse polarity indicator LED]1 and the input side of the
semiconductor photo-relay type TLP222 (IC1) thus illuminating LED1 and the input photo LED
in IC1. Even if the vehicle battery is severely discharged, the current requirement of 1C1 is very
small and will in most cases be less than 5 mA. Should the user ignore the reverse polarity
indicator LEDI1 and depress SW1, MOSFET gate current is shunted to ground via an output
MOSFET in IC1 thus preventing the successful triggering of Q1-Q3 and damage to the vehicle

or to the jump starter 1.

The Zener diode ZD1 in the gate trigger circuit protects against excessive discharge of the jump
starter battery 102 (BAT). If the battery has been drained past an acceptable point its potential is
no longer sufficient to overcome ZD1 and thus no gate current reaches the MOSFETS QI1-Q3.
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The jump starter circuit 100 may not then be used until it has been recharged, thus preserving the

life of the battery 102.

Unlike other jump starter protection circuits that require a vehicle battery to be present for
correct operation, this jump starter circuit 100 can operate with a completely dead battery or

none at all. However in this case, reverse polarity detection is not available.

The following are advantageous aspects of the invention.

— Solid state switching. There are no contacts to weld, burn out, or arc.

— Soft switching.

— Electrical transient protection for modern motor vehicle electronics.

- Operator protection from arcing, explosion etc.

- Jump starter product protection from misuse.

— Battery protection. Ensures long life.

- Low component count

- Cost effective

— Passive safety

- Visual indicators of fault conditions

- No possibility of damage through operator error such as short circuit etc.
— Low power dissipation. Can be used with traditional lead acid batteries without power

loss.

In other embodiments the role of the switches Q1-Q3 may alternatively be performed by a device
such as s silicon controlled rectifier for example. This is a simpler circuit, and also would have
the benefit of automatic power off upon disconnection and automatic reverse blocking. Referring
to Fig. 11 a circuit 200 has a positive lead 203 with a clamp conductor 204 and a negative lead
205 with a clamp conductor 206. There are a PTC fuse 210, a battery 212, and a momentary
switch 215 for performing the same functions as for the circuit 100. However, in this case the
switch 215 is linked with an SCR. Other alternatives may include use of insulated gate bipolar

transistors (IGBTSs) or standard bipolar transistors.

In a still further embodiment, referring to Fig. 12, a 4-cell Lithium iron battery is connected to a
positive jump-starter clamp by means of a number of parallel connected positive thermal

coefficient (PTC) type resettable fuses. The negative battery lead is directly connected to the
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negative jump starter clamp. A warning light emitting diode LEDI1 and its associated series

limiting resistor are connected in parallel with the PTC devices. During normal engine starting

operation the PTC devices are cold and exhibit a low resistance thus permitting normal current

flow. As there is little voltage drop across the devices in this state, LED1 is extinguished.

Should any of the following fault conditions occur: clamp short circuit, reverse connection to
vehicle or incorrect voltage selection, then a larger than normal current flow will result causing
the PTC devices to rapidly warm up and exhibit a high resistance thus limiting current flow to a
very low level and preventing damage to the jump starter unit or the flat battery. As most of the
battery (BAT1) voltage will now be developed across the PTC devices, LED] is illuminated thus
informing the user that a fault condition has occurred. Once the fault is removed, LEDI is
extinguished and after a short delay the PTCs return to normal temperature and resistance and

normal operation is resumed.

Transient voltage suppression diodes (TVS) D1 and D2 are connected across the output leads.
These devices (typical rating of S5kW each) prevent any transient or induced voltages from
damaging the vehicle or the starter. Unlike the typical sure protection employed in a traditional
jump starter which employs voltage dependent resistor (VDR) type devices, the TVS can

respond much quicker and quench much more energy thus providing a better solution.

It will be appreciated that the invention provides for much more convenient jump starting. It
allows a user to carry the starter in the vehicle, and avoids need to hook up to another vehicle

and all of the attendant disadvantages.

The invention is not limited to the embodiments described but may be varied in construction and

detail.
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A jump starter for a battery such as a vehicle battery, the jump starter comprising:-

a first clip (2, 20) having a first handle (3, 25) for connection to one terminal (4) of a

battery (5);

a second clip (7, 21) having a second handle (15, 25) for connection to a second terminal

of a battery;

an interconnection means (10, 28) extending between the first clip and the second clip;

and

an on-board starter battery means (15, 26) provided along the interconnection means (10)

and/or adjacent at least one of the clips (20, 21).

A jump starter as claimed in claim 1, wherein the on-board starter battery means (15, 26)

comprises a lithium iron phosphate battery.

A jump starter as claimed in claims 1 or 2, wherein there is a plurality of on-board starter

batteries (15) along the interconnection means.

A jump starter as claimed in claim 1 or 2 or 3, wherein the on-board starter battery means

(15, 26) comprises a plurality of separate batteries which are electrically interconnected.

A jump starter as claimed in claim 4, wherein at least some of the battery means

comprises batteries (26) housed within at least one of the first and second handles.

A jump starter as claimed in claim 5, wherein said batteries are housed within both the

first handle (25) and the second handle (25).

A jump starter as claimed in claims 5 or 6, wherein the first clip (56) and the second clip

(56) are configured to nest together for storage in compact manner.
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A jump starter as claimed in claim 7, wherein the first clip (51) has a housing (55) within
which there is a battery, and a pair of jaws (56) linked with the housing; and the second
clip (52) is configured to fit alongside the jaws of the first clip in a manner without

protruding parts.

A jump starter as claimed in claim 8, wherein the first clip (51) has a groove (60) to

accommodate the interconnection means (53) during storage.
A jump starter as claimed in any preceding claims, further comprising a control circuit
having positive and negative leads connected between the on-board starter battery and the

clips, and protection means to provide over-voltage and/or over-current protection.

A jump starter as claimed in claim 10, wherein the protection means comprises a current-

limiting component.

A jump starter as claimed in claims 10 or 11, wherein the control circuit further

comprises a switch (Qi-Q3) in the negative lead which is turned on for use.
A jump starter as claimed in claim 12, wherein the switch is a solid state switch.

A jump starter as claimed in claims 12 or 13, wherein the switch comprises a MOSFET

switch.
A jump starter as claimed in claim 13, wherein the switch is an SCR.

A jump starter as claimed in any of claims 12 to 15, wherein there is a plurality of

switches (Q1-Q3) arranged in parallel.

A jump starter as claimed in any of claims 12 to 16, wherein a gate of the switch is

connected to the positive lead by a user-activated switch (115, 215).

A jump starter as claimed in claim 17, wherein the user-activated switch is of the type for

momentary closing.
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A jump starter as claimed in claims 17 or 18, wherein the user-activated switch is

connected to the gate via a diode (ZD1), preferably a Zener diode.
A jump starter as claimed in any of claims 12 to 19, wherein the switch is solid state and
is reverse biased to prevent current flow if a system to which the clamps are connected

attempts to return charge.

A jump starter as claimed in any of claims 17 to 20, wherein the protection means

‘comprises a circuit to short gate current to ground in the event of accidental reverse

polarity connection.

A jump starter as claimed in any of claims 10 to 21, wherein the positive lead includes
one or more positive thermal coefficient fuses (10, 110) protecting against short circuit
conditions and excessive power demands by achieving a very high resistance, thus
limiting current flow, and once normal conditions are restored dropping to a low

resistance.

A jump starter as claimed in claim 22, wherein there is a resistor and an LED in parallel
with the fuse such that if the fuse resistance goes high almost all of the battery voltage
will appear across the resistor thus providing a current flow to illuminate the LED, and
when the fuse is in a low resistance state and operating normally the resistor and the fuse

are effectively short circuited, providing a visual indication of overload conditions.

A jump starter as claimed in any of claims 10 to 23, wherein the positive lead includes a
bank of switches connected in such a way as to utilise their intrinsic diodes for the
purposes of reverse blocking of current, in which gate to source is short circuited, thus

holding the switches in a permanent OFF state.

A jump starter as claimed in any of claims 10 to 24, wherein an RC time constant circuit
is linked with the negative lead switch or switches, said time constant circuit being
arranged to set the run time of the jump starter and preventing the jump starter from being

left in a constant ON condition.
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26. A jump starter as claimed in claim 25, wherein the time constant circuit is arranged to
provide a soft turn on of the jump starter power, preventing transient voltage damage as a

result of arcing or high di/dt induced voltages in a electrical system to which the starter is

connected.
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POWER SUPPLY FOR VEHICLE
Abstract

PROBLEM TO BE SOLVED: To omil a harness for connection between a fuse relay box and a batiery by placing an eleclric
circuit unit at the upper part of a battery fixing means and connecting only the positive-poie terminal of the batlery o the eleclric
circuit unit. SOLUTION: To secure a batlery 123 on a vehicie body, a frame 118 is put over the fop of the ballery 123, and the
battery is instalied on the vehicle body with stays 121 and 122 and tightened with nuts 119 and 120. A fuse relay box 103 of an
electric circuit units fastened fo and secured on the upper parl of the frame 118 as a battery fixing means by a means such as an
adhesive. A booster cabie is connected onily o the positive-pole terminal of the battery 123, and an insulaling protective cover
107 is secured detachably on the fuse relay box 103 so as o cover the positive-pole terminal.
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