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INCORPORATING REFERENCE ELECTRODES INTO BATTERY POICH
CELLS

TECHNICAL FIELD

[0001]  Some hiloura-1on battenes are azserhbled using a selected rurber and
arrangernent of elec ticall y mte reonmec ted batte ry pouches, each pouch contamng
a like, stacked, grouping of mter-lavered and mie reonnected anode s, cathodes,
and separators, and permeated with a liguid electrolyte. In accordance with ths
dizclosure, a paw of reference electrodes 1z combined i a specific arrangerment
with other cell mernbers to enable acourate assessinent of pouch perforrmance, and

to walidate and regenerate reference electrode capabilify.

BACKGROUND OF THE INVENTION

[0002]  Aszerbles of hthioro-1on battery cells arve finding increasing
applications i providing raotive poeer inantoraotive vehicles. Lithiurn-sulfur
cells are also candidates for such applications. Each hithinm-1on cell of the battery
15 capable of providing an electrical potenhal of dbout three fo four volts and a
direct electrical current based on the cornposition and mass of the electrode
rnaterialz in the cell. The cell 15 capable of being discharged and re-charsed over
manycycles. & battery is assernbled for an application by combitmg a smtahle
rnurber of ndividual cells moa cormbimaton of electical parallel and senies
connec fions to satisfyrvoltaze and current reqpuirere nts for a specified electric
load, such as a traction motor for awehicle . Ina hthiow-1on battery apphcabon
for an electrically powered wehicle, the asserabled battery mavy, for exarnple,
corpnse up to three hundred cells that are electcally interconnected to prosade
torty to four hurndred wolts and sufficient elec tical power to an electrical traction
motor to drve a welicle. Sometimes, groups of hittourn-1on cells are placed
like -shaped pouches or packazes for asserably and interconne chon in forrung a
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specified batteryvoltage and power reqpuremment. The direct comvent produced by
the battery maybe corverted into an alternating carrent for more efficient motor
operafion.

[0003]  The batternies mayhbe nsed as the sole mobve power source for elec e
motor driven electric vehicles or as a conimbuting power source I various types
of hybrid velbae les, powered by a corbinabon of an electne motors) and
hymdrocarbon-fueled engine. There 15 a desre to reduce the cost of producing the
respecttve elerne nits of each hthourn-1om electrochernical cell. And there 15 a
continual desire o iraprove the funetion and reliability of each element of the
hattery.

[0004] & hthiur-ion cell or a group of such cells, may also reguire the
addition of a reference electrode, cormposed for nge 1n assessing the performarnce
of the cell dunng its repeated discharge fre-c haree cyeling . There is a need for
mproved design, placement, and employrnent of a reference electrode m lithiurn-
wn batteries. And there 15 a need for the woproved desizn, placerment, and
ernploymment of a reference elecfrode 1n some association with pouches or other
packages ofasse rbled cells that are cormbined and mterconnected m the asserably
of a battery.

SUNMWIARY OF THE INVENTICH

[0005]  This nevention provides an arrangement of a groupimg of Lithinm-10n
anode and cathode cell urats, with a reference electrode and an awnhary reference
electrode, 1or incorporation into a self-contained battersy pouch. The two
reference electrodes are strategicallylocated in proxiraty to a specifically
constcted anode of the grouping of cell urats, and to share contact with a
corornot ligud elec trolyte.

[00068]  The battery pouch may, for example, be rectangular 1n shape with an
anode group terrainal, a cathode group termminal, a fivst reference electrode tab,

and an awxilary reference electrode tab, each extending outwardly from the topor
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other selected mde of the pouch. The battery ponch mayhe combined with other
like pouches in the asserbly of a battery with specified electrical potential and
powe T require ments for a wehicle application or other electncal load application.
In the asserobly of such a battery, a selected ruraber of hke pouche s mayhe
placed in a sutable container and appropriate electncal conrections made
between anode and cathode terrmimals of the pouches. The connector tabs for the
reference electrode and awnhary electrode m each pouch are used, as described
herein, fo assess the performance of the electrnically parallel corrected anodes and
paralle]l cormected cathodes in the pouch to manage their contibution to the
performance of the battery, Typacally, a comgmter-based control system 15 uzed to
rnatiage the discharging and re-charging of the electrocherrical cells of the
battery. Such a compnier-based control systerm mavybe programrmed and nsed o
ratage high mpedance cormechons (that draw a wery low cwrent) betaeen a
reference electrode and the anode and cathode terranals of each battery pouch.
[0007]  In accordance with erabodiments of this recerdion, a plurality of cell
elernents are prepared as hike -shaped sheets for groupng, stacking, and placement
in hke-shaped, thin, flesable wall pouches, fornaed of alurarorn foil and coated on
each sicde with an electricall v insulating layer of a suitable polymer cormpositiorn.
In many ewbodire nts of the 1xeerntion 1t 15 preferred that the cell element sheets
and pouch container be of corplementary rectangular shapes.

[0008]  Each hthiur-ion cell typically comprise s a negatte elec trode layer
ianode, during cell discharge ), a positive electrode layer (cathode, dunng cell
discharge), a thin porons separator laver that 1z interposed in face-to-face contact
betareen parallel faces of electrode lavers, and a ligpud, lithaarm 1on-contatning,
electrolyie solution mfilratng, permeating, and filling the pores of the separator
and contacting porous facing swrfaces of the electrode layers for transport of
Lithanm 1ons during repeated cell discharge and re-charge cyrles. Each electrode
13 prepared to contain a layer of an electode matenal, deposited on one orboth
sides of a thin layer (g .2, a foil) of a metallic current collector. The carrent
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collector 13 formed with an unecoated tab, often located on the mtended top side of
the metal foil, for elec tricall v corpec ing the electrode to another electrode in the
agzerbly of the cell members of a lithanm-1on batte ry pouch.

[0009]  Inanillustrabve exaraple, negatmee electode materal mavbe formed
by depositing a thun layer of graplote particles, often mixed with condue trve
catbon black, and, optionally, a suitable polyroe ne binder onto one side or both
sldes of a thun fo1l of copper that serves as the current collector for the electrons
flowng from the negattve electrode dunng cell discharge. The positree electrode
also corprises a thin laver of resin-bonded, porous, pariculate lithanr-metal-
ox1de cormpoaton bonde d to a than foal of aluraroem that serves as the cwrrent
collector for the posifive electrode. Thus, the respectve electrodes mayhe made
by fining, depositing, or bonding switable electrode particles to their respectrve
current collector swrfaces. Depending on an intended arrangerent inan

agze rbled stack-up of electrades, 1t 1z often desired to apply thin lavers of
electrode matenal to both sides of a metal cwrent collector foal.

[0010]  Inpeeferred embodiments of the reeention, a plurahty of hthiarm-10n
cell units are asserhbled m the fora of a stack of thin, complermentanly-szed and
like -shaped sheet mernbers for place ment in a polyroer-coated, rmetal pouch. By
way of dlustrabve example, fourteen rectangular sheets of graphutele athon anode
rnaterial laye rs applied on both faces of nor-porous copper cwrre nt collec tor foil
and fourteern, slightly smaller, rec tangular sheets of lithiurn (cobalt-mangare s= -
rackeI) oxide cathode material lavers applied on both faces of non-porous
alurranum carrent collector foil maybe used. The copper fols are offen need m
thac knesse s of about e raicrornete rs (swtably st to twenty ricrometers), the
aluranum foils 1n thicknesses ofabout terenty roac rometers (sitably ten to tharty
rracrorneters), and the respective actre electode material is typucally applied toa
nniform thickness of abhout sty rac rometers to one or both faces of each foil.
Typically, the anode layers are reguired to “covver”™ the cathode layers and so the
heights and lengths of the rectangular anodes are slightly greater tharn the
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corresponding diraensions of the cathodes. & pouch masy, for example, comprise
e to tharty pairs of such anodes and cathodes.

[0011]  The predeterrrined runber of pairs of two-side coated anodes and
cathodes maybe varied de perding on the desired electrical potential and electncal
power of the stack. The two-sided anode sheets and cathode sheets are stacked
alternately with coexte narve rectangular porons s parator sheet layers between
each electrode and Iying agamst an actrve material-coated face of each electrode .

Cfter, the separator sheet1s prepared as a stip of suitable length, which 1z folded
back and forth betareen the coated face s of the anode sheets and cathode sheets
agzerobled 1n the stack. The == parator sheet may, for exaraple, be formed of a
porous polyolefin (polyethylens, polypropeylene, or mixtures or copolyuers).
Thns, i thas matial stack, a tao-side coated cathode sheet occupies one end of the
linear stack and a two-side coated anode sheet occupes the other end of the stack.
Where, for example, thas 1ratial stack 15 to include fourteen tero-sided anode
sheets and fourteen taro-sided cathode sheets, there will be a separator sheet stp
with twentrseven folded separator swrfaces imcluded m the assembled stack with
a separator sheet surface between each facmg anode and cathode surface . Butin
order to ntihize two reference electrodes, in accordance with this irsenton,
additional cell rmerobers are included m the stack before it 15 readsy for place ment
n its pouch contairer.

[0012] A& separator sheet 15 placed agamst the tao-sided cathode sheet at one
end of the prelirnnary stack. And a copper current collector foll, coated only on
one side or face with anode matenal 15 placed with 1ts coated sde Iying against
the separator sheet and facing toward the tao-side coated cathode member located
at the end of the prelirmary stack. But thus copper cwrrent collector fodl 15
prepared with small holes or pores extending through the thickness of the foil
trorn one face through 1ts opposing face. The small pores or holes are distributed
et the facial area of the copper foil n a proporbon of hole or pore area o the
rectanzular outlive area of the foil so as to provide pathways over the face of the
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101l smtable for indiltration and perrneation with a hygaid hthiro-10n contairang
electrolyte. The diaraeter of the holes or pores 1s suitdbly in the range of about
i(0.001 rorn to 1 ey, The area of the holes or pores maybe up to about ranety-
elzht percert of the outline area or superficial area of the foil suface. Ths
arrangermnent of stacked liftnum-10n cell member lavers 1s devised to accommodate
a reference electrode raeraber and an awnhary reference electrode meraber at the
end of the stack with 1ts one-side coated anode member.

[0013] Inerbodiraents of thisirwvenbon, teo substandally idenbcal reference
electrode s are prepared nang either Lftaum ron phosphate (ergpirical foramla,

Ly sFePCy) or lithaum ttanate (erpirical formmla, Li; 5T1:002) as the reference
electrode material inboth reference electrodes. The composiion of the hithiurn
won phosphate mayary as Ly  Fe PO, where O=x=1, as long as the

electroc herracal potential of the reference electode 15 moa flatwoltage platean. It
1z preferred that each reference electrode displasy a flatwoltage platean durng
operation of the pouch cell so as fo enhance vanations i the potentials of the
anodes and cathodes m the cell. The compositon of the hithiurm titanate may-arny
48 Ll T150 2, where U=x=3, as long as the electochermcal potential of the
reference electrode 1s ina flat woltage platean. The reference electode laver is
applied i a porous layer (permeable by hgmd electrolyte ) of sbstanhally
uniforen thickness (g2, about 60 ricroreeters) o both faces of a porous copper or
alurrannm foll of substanhally the same size and shape as the rest of the stack of
cell materials. When the reference electrodes are both Ly FePOy, a porous
alurparoam foil 12 nsed. When the reference electrodes are both Ly TsChy, a
porous aluranarm or a porons copper current collector foil 1s used for both
reference electrodes. A& first such reference electrode mermber 15 placed against
and coe xternsee with the porous separator reraber and opposing, one-side coated
anode member. Another porous separator sheet 1s placed aganst the outercoated
ade of the first reference electrode and a second (awnhary), hke coated and s1zed,
electrode 15 placed against the separator. The porous copper or alurninm sheets,
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carrang the same reference electrode matenal onboth sides, have tabs at theirtop
sides for interconnection with anode gronp and cathode group terrninal elements
of the stack of cell matenals.

[0014]  The upstanding tab merbers of each of the asserabled stack of anode
metnbers (fifleen anode mernbers in this example ) mayhbe joimed 1n electrical
paralle]l conmection to an anode group terrmnal stip. The tab members of the
cathode members (fourteen cathode metmbers i this exarple) may hike wise he
separately jommed to a cathode group terrunal stip, The espec it tab members
are of predetermined length to accorarmodate the joinng of the several tahs and it
rnay be preferred to accomplish the joining and the attachenent of the group
electrode terrmnal near the raddle of the stack.

[0015]  The upstanding connector tabs on the main and anxibary reference
electrode s stand alone, but within a correc table distance to the arode group
terrrunal and the cathode group termimal . The dryassernbled stack may now be
placed in a swmtable pouch with the electrode groupe” terranals and refere nee
electrode tabs extending ina parallel athinde, out of the unclosed operning of the
ponch, & volorne of ligoid lithiwre-1on contarang electrolyte 13 care fully placed
ot loaded into the poach so as to full ywet the active matenial of each electrode
iactrve and reference electrodes) and separator in the asserabled stack. The
electrolyte 15 applied so as to switably infiltrate, perrmeate, and wet all intended
electrode and separator srfaces without an umwanted excess of Lgmd. The pouch
13 suitably evacuated of unwanted zas or vapor, and closed and szaled aver the
cell materals and around the extending anode and cathode group terrmnals and
the tabs of'the two reference electodes. Fowr conductore connector stips are thus
exposed at a selected side of the sealed ponch.

[0016]  Thus, the pouch of a predeterraned ploralitsy of cell wruts also contains
taro reference cell elements, located side-by-side with an mterverang s parator,
wetted by a comrnon electrol e, and poshoned for sutable testing of the anode
group and cathode group merbers of the cell. The teo identical reference cells
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are situated for use to validate each other. &nd the anwiliary reference electrode
can be charged or discharged, using the active cell memwbers, to regererate the
principal reference electrode. The location of the reference electrodes m close
proxireaty to the one-side coated anode raeraber 15 raportant in using the
reference electrode to obtain accurate measurement of the anode goup potential
ot the cathode group potenbal of the pouch elerments.

[0017]  Qiherobjects and advantages of this reention will be apparent from a
detailed descnption of preferred erbodirents whae h follow 1 this speciticaton.

BRIEF DESCRIPTION OF THE DEAWINGS

[0018] Fizure 1 is an obligue view of a stack of active electrode elernents with
Inte rposed separator elements, as viewed from the nght end toward the left end of
the 1llnstration, wath two reference electrode elements at the front or left end of
the stack. The 1llustrahon 1sexpanded at a central location within the ac e
electrode portion of the stack to show the construction of a cathode, s parator and
an anode. Lnd the dlustration 15 expanded at the left end of the stack to better
describe the constuction and poshorang of the reference electrodes. Thus,
Figure 1 lllustrates a stack of lithiurn-ion cell raerabers with both e xpanded and
un-expanded portions of the stack. Of course, m use, no portion of the stack 15
expanded.

[0019] Figwre 2 15 an dlustration of the stack of Figure 1 wath the membersof
the stack lying in their face-to-face posihons. Figure 2 shows the elements of
stack with one exarnple of the posibomng of acirve cell terrunals and reference
cell tabs, Ananode meraber and cathode merber at the center of the stack are
shown in more defall than adjacent anodes and cathodes m the stack, The anode
metnber at one end of the stack and the reference electrodes are also showr
some detall. The stack 15 lustrated as ready for placing m a pouch container and
tor infiltrabion with a hypmd, liftanrme-ion cell electrolste.
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[0020]  Figure 3 15 an dlustration of a pouch container, filled wath the stack
elernents of Figures 1 and 2, and a hyoid electrolyte . The pouch maybe
corbined and assembled with other ke pouch cell contamers m the making of a
Lithanre-ion battery. The anode gronp and cathode group connector terrunals
extend from the top of the pouch for conmec ion with other terrmnals m a battery
agzerobly. The reference electrode tabs are posibioned for corme chion with an
electrode terrminal of the pouch container or with each other.

DESCRIPTION OF FREFERRED ENBODILENTS

[0021]  Some types of relabvely large hitbdura-1on battenes are made by
prepanng packages or pouches of, for exarmple, ten to fifteen pairs of alternating
anode members and cathode mernbers, separated from direct electical contactby
porous, electnically insulating, separators. & smtable nuraber of such pouches are
agzerbled 1n a battery container and electncally connected to form a desired
battery. It 1s typically desired to provade reference electrodes to assess the
performance of the mmdrvdnal ponches and of the asserbled battery. In
accordance with practices of this weention, the orsarazation and arrangeent of
the reference electrodes and the achve memwbers of Liftaum-ion cells in a poach is
uportant.

[0022]  Fizure 1 ilustratesa preferred erboditeent of this irention. Ina
typieal battery pouch of this dlustratior, the ten to fifteen pairs of the respecime
cell mermbers are of generally flat, rec tangular shape (like playing cards) and
agzerbled face-to-face like a stack of plasang cards. Such an arrangement 1s
Mustrated 1n Figures 2 and 3, whach will be descrbed 1n more detal in later
paragraphs of this specification. Butin Figure 1 some of the members of stack 10
of cell members are spaced-apart for llnstration of their stucture, wlale other
metnbers are placed in their normal stack position. The expanded 1llustrahons of
portons of stack 10 asillustrated 1n Figure 1 15 for parposes of better dlustrating
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the st tures and locations of cerfain merabers n a stack arranged 1n accordance
with this ireenbion.

[0023]  Atthe nght end of stack 10 15 an anode 12, In this example, anode 12
hias a rectangular shape. It1s formed of a non-porons cupper foil 14 which serves
ag a current collector for the anode. The copper foil current collector 14 1=
typie all vy abont ten racrometers thick. The copper current collector foil 14 15
coextensTvely coated on both sides with an actrve anode matenal 16 (such as
corornerclally available MesoCarhon WicroBeads sraplate, WICIVIE ) that s
suitable for a Hthaur-ion cell anode. The thickress of each layer of active anode
rnaterial mayhbe about stety racrometers. Copper foil owrent collector 14 womld
also have an upstanding, uneoated, tab which is not dllustrated i the drawine
figures o sunphfy the fizures, but wluch enables anode 12 to be electrically
connec ted i parallel connection o the other anodes m the stack 10,

[0024]  Froceeding frorn nght to left m Figure 1, next o anode 12 15 a porous
angle layer separator 12 which separates anode 12 fror an adjacent cathode
the stack. Murneral 20 refers to a stack portion of a cathode, a separator, an
anode, a separator, ete. proceeding to the left n Figwre 1. Each cell metaber 15
placed, face to face, agaimst a comple rmentary cell meraber. The stack represented
by rorneral 20 may re present six or so groupe of cell mewher groupings with the
last cell memwber in that illustrated stack porfion 20 being a separator 18
Following right-to-left from stack portion 20, 15 another anode 12, whach 15
located 1n a generally central posiion in the stack of actve electrode members.
Lnode 12, located centrally i the stack, 13 substanbally identical m size, shaype,
and coraposition to anode 12 located at the nght end of the stack 10 as dlustrated
m Figure 1. Anode 12, located centrallyin the stack, comprises a copper fod
current collector 14 whach 15 coated on both side s wath actree anode matenal 16,
&nd anode 12 has an uncoated tab 22 for joimng moan electrical cornnection with
the other anodes 1 the overall stack. Smee there are, for exaraple, fonrteen
anodes 12 coated on both side s with anode roateral 16, most of the uneoated
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anode connector tabs have not been 1llustrated 1n the drawing fizures. Buteach
connec tor tab maybe of the sare length, long enough for each tab to be bent to
reach and be joined to the conmector tab 22 of the anode 12 which 15 placed near
the center of the overall stack. The jomrang of each of the anode cwrrent collector
tabs to a central fab constitutes a terranal for the anode sroup in the overall stack.
[0025] Az ilustrated in the stack 10 of Figure 1, separator 12 s poaboned to
the left of centrally located anode 12, &nd fo the left of separator 1% m this
expanded portion of stack 10 15 cathode 24, Whale fhas expanded portion of stack
10 perraits the llustration of a centrally located cathode 24, 1t 15 o be unde rstood
that eachcathode 24 13 substanbally 1derntical in size, shape, and stucture, excent,
pethaps for the retained lensth of the v uncoated connector tabs 30, Each cathode
24 comprses a thin, non-porons alarmiiron foul 26 as its cwrrent collector
substrate. Fach side of the alurarnurn current collector foal 26 15 coated or
covered sumitable actrve cathode materials 22, & smitable cathode material 1
LMy vy sC0 5 . In general, exaraples of suitable cathode matenals include
particles of hiftaurn-retal-oxide compounds or cormposibons, such as litham-
rnatzate s -oxide, lithi uro-nic kel-oxide, andfor htkoura-c obalt-oxide.

[0026]  Again, the uncoated cathode cornxector tabs on mmost of the fourteen
cathodes are not 1llustrated to sraphify Figure 1. But the respectree cathode
connec tor tahs 30 are trirnrmed or sized to be connected to a centrally locate d tab
30 to mterconrect each of the cathodes 24 and to form a cathode group termminal.
[0027]  Proceeding to the left in Figure 1 from the exparded central portion of
stack 10, dlustrating the two-side coated anode 12 and cathode 24, 15 another
arnialler stack portion 32, starting with a s parator, continming with corabinations
of anode, separator, and cathode, and ending with a cathode and a separator 1=.
This 15 the portion of the overall stack of Tithiar 1o0n cell e rbers mowhach tao
reference electrodes are to be posihoned.

[0028]  Positiored o separator 13 at the left ade of small stack porhon 32 154
special anode strochre 40, Anode stoctore 40 congists of a porous copper
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crrent collector fo1l 42 that 13 coated on only one side with an anode material 16,
Preferahly, anode raterial 16 15 identical in cormposition to the anode material
applied to the other anodes 12 m the stack. And, as llustrated in Figure 1, the
anode material 16 15 positioned next to the separator 15 at the end of stack porhon
32, But, roportantly, m anode 40, the anode matenal 16 15 applied to only one
gide of the porous copper cwrrent collector 42,

[0029]  Porous copper fois and alorurrm foils are corenerciall v available for
other applicabons.

[0030]  The porous copper cwrent collector foil 42 may, for example, be
torrned by forrmng laser-cut holes or by pune lang holes 1w a denge copper foill. &
laser bearn can cut holes as stnall as dhout one rucrometer in copper foil that is
ahout ten rucrometers thick. Holes as large as 0.1 fo about one milimeter mayhe
punched. The sizes of the holes mavhe i the range of about one racrometer to
ahout one rallimeter. The porosity of the copper current collector 15 1o enahble
ligmid electrolyte to flow theough the current collector foil 42, st as the
electrolyie permeates the anode matenial 14, Switably, the pore area of current
collector foil 42 15 m the range of about 0% <x =9% of the ouflire rectangular
face area of the copper cwrrent collector foil 42,

[0031] &z idlustrated m Figure 1, a separator 12 15 placed agaimst the porous
copper curent collector foil 42 of anode 40, & reference electrode 50 is then
stacked against that separator 13, It 15 nportant that this man reference electrode
be placed near an end of the linear stack and separated by a single laver separator
1% frorn the anode member (40 1n Figure 1) i whach the layer of anode matenal s
placed on one side of a porous copper owrrent collec tor fod.

[0032] Lz stated aborve 1n fhos specification, two substantially ide niical
reference electrodes are pre pared using either hithiurn ron phosphate (ernpincal
torreoala, L sFePCy) or lithonm titarate (ermpirical forrmmla, Lis sT1sCha) as the
reference electrode rraterial in both reference electrodes. If the reference and
anzxiliary electrodes use lithinm 1ron phosphate as the electrode material a porous
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alurnarm carrent collector fodl maybe used. Ifboth electrodes nse hithoom
titariate as the electrode mate rial, either a porous alumirnrm or a porous copper
crrent collector fo1l maybe used. Thus, reference electrode 50 may comprse a
porous alurwnum carrent collector fodl 52 which mavbe of substanhally the sarne
size ard shape and porosify as the cwrrent collector foil nsed in anode 40, But the
porous alurwnurn cwrrent collector fodl 52 for reference electrode 50 15 coated on
both sides with a porons lawer 54 of either lithiurn ron phosphate or ithinm
titariate as the achve reference electrode raterial. & porous separator layer 1=
lies against each of outer swrfaces of the porous layers 54 of the reference
electrode 50, The porous alurermr foil earrent collector 52 cornprises a fab 56
forenabling an electrical connechion to an anode terminal (eg., 22 0r 227
Figures 2 and 3) or a cathode terrinal (e g, 30 or 30° m figures 2 and 3) during
evaluation of the peformance of the anode group or cathode group of the stack.
[0033]  Anawabaryreference electrode 60, which 15 substantially 1denfical 1n
shape and composton to reference electrode 50, 15 placed at the end of the stack
against a separator 15 (at the left end of stack 10). Thus, awxharyelectrade 60
also corprises a porous alurairoarn carre nt collector foul 52 (or ophonally coppet,
if a lithiurn titanate reference electrode mmatenal 15 used) which 15 coated on hoth
ades with a porous laver 54 of the same actre reference electrode matenal as
uged i reference electrode 50, Although aweiliary reference electrode 60 13
substantally identical to reference electrode 50, 1t usually serves a difterent, but
corople rmentary, fanction waith respect to the fane hon of reference electrodes 50
Electrical conrector tab 6 on reference electrode 50 15 available for connection to
elther the terrainal (227 in Figures 2 and 3) for the parallel cormected anodes or
the terrrnal (307 m Figures 2 and 3) - one at a irne. Such a connechion could be
rnade by use of a cormector and electical meter provaded 1n a full v asse rbled
Lithanr-1on batte ry containing several pouches of cell elements and apparatus for

rnanagzing charging and discharging of the battery.
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[0034]  Connector tab 55 on awcilary referenee electrode 60 15 typacally
connec ted to re ference electrode tab 56 when it 1s desired to calibrate or
regenerate reference electrode 50, Such calibraton or regeneration actons are
often undertake n in an assernbled battersy, under use, by a cornputer controlled
system for managing dischareing and re-charging of the batte ry and its pouch
rnetnbe s,

[0035] Figure 2 illustrates the cell members of the stack 10 as llustrated m
Figure 1 as an unexpanded stack 100, The mewbers of the hthiwn-ion cell stack
are 1llustrated in their indended and proper face-to face positions in the stack for
agzerobly nto a pouch contuner. However, the unexpanded stack 100 of Fizure 2
Mustrates the rultilayer stucture of the anode 12 and cathode 24 e rbers wlach
are located centrallyin the stack. Associated at the location of the current
collector foil 14 of fhas specific anode 12 15an anode group terrminal 227 and
agzociated wath the corrent collector foil 26 of thas specific cathode 24 154
cathode group fermimal 307, Lnd the dlustration of the unexpanded stack 100 of
Figure 2 alzo illustrates the multilayer strocture of the reference electrode 50 and
the awiliary refere nee electrode 60 at the end of the stack (the left end fror the
perspectnve llustrated inFigures 1, 2, and 3 of this specification).

[0038]  After the respectwe actmve electodes, reference electrodes, and

inte rpose d one -laver s parators have been arranged in a stack as specified in ths
text, the stack 15 placed i a pouch container. The 1nserhon of the stack into a
pouch mavbe carrned outin a managed air ervarorrnent of arnbient terape ratare,
less than five percent relative hurudity, and less than one bar pressure to
accornraodate swtable filling of the pouch and msertion of the selected electrolyte
mnto the stack so that the hihinm-1on contairang ligmd infiltrates, permeates, and
fills all the mterded pores and interstices of each member of the stack with no
retained air or other unwanted gas i the stack. Wlale shll m thos packaging
ervvirorznetit, the pouch 13 closed around the htlourn-1om cell re mbers stack with
the anode group terminal, the cathode group terminal, the reference electrode tab,
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and the anxilary reference electrode tab extending though a surface pouch, with a
suitable seal betwreen the pouch wall and each of the electrical cormectors to the
stack within the pouch.

[0037]  Figure 3 15 an dlustration of the filled pouch 20, The stack 100 (as
lustrated in Figure 2 has been placed within pouch 20, and the top of the pouch
a0 has been closed and sealed around anode gronp terrunal 227, cathode sroup
terrrunal 30°, reference electrode tab 56, and awxihary e ference electrode tab 52
& portion of the pouch matenal 1z broken away and the dashed lines m Fizure 3
represent the presence of a liguid lithinre-ion containang electrolyte 52 that wets
arfaces of each actmre electrode member, each refere noe elec trode me rbet, and
each separator in the stack 100, Switable pouch containers are coramercially
avallable. & smiahle and preferred pouch material 13 polymer coated alurminnm
101l The polyroet coating cormprises roaltiple layers and 15 apphed to both ades
of the alurmmmm foi in the ponch container.

[0038]  The electrolyte for the Iithdura-1on cell 15 often a btlaurm salt dissobed
In one or more orgatc hopnd solvents. Examples of salts melude hitourm
hexatluorophicephate (LiFF o), Lthaam tetrafluoroborate (LiIBEy), htlaura
perchlorate (LiZ10y), Lithiurn hexafluoroarsenate (Li&sF ), and Lithivr
mfluoroethanesulforaraide. Some examples of solvents that mavbe used to
disaolwve the electrolyte salt include ethydene cathonate, dirmethyd cartbonate,
metheylethyd cartbonate, propedene cathonate. There are other hifbaum salts that
rnay be used and other sobents. But a combinaton of lithinrn salt and sobvent 15
e lected for provading smitable mobibty and transport of hthiur 1ons 1n the
operation of the cell. The elec trolyte 15 carefully dispersed mto and behaeen
closely spaced layers of the electrode elements and separator layers.

[0039]  Inthe abosee dlustrated embodiments of the meenbon, each cell
metnber of the stacked elements 15 rectangular in shape . In accordance with
seneral practices of the reeention the merbers of the stack do not have 1o be
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rectangular. But a rectangular stack m a rectangular pouchis a corvertent shape
fior the assembly of a lithinrn-1on battery in many applications.

[0040] By wayof illustration, without mtention to Lt the 1reention, a
rectangular anode 57 rorm i height and 52 millime ters i width maybe wsed. s
connector tah would be located at the top side of 1t copper cwrrent collector fodl
rear one verboal side to facihitate the electical parallel conrection of each of the
anode foils noa stack. Typically, the thaockness of the copper foil 15 m the range of
dhout 6-20 rwucrorae ters, and the flackness of each coating of actmve raterial s
ahout sixty rac rometers. The thickness of the anode material 15 dependent on the
electroc herracal capacity required of 1t, and 13 typacally in the range of about 10
roicrorneters to about 150 micromete rs.

[0041] It 15 generally pretferred that each anode laver “cover” the adjacent
cathode layer and that the separator strp cover both electrodes. 5o each anode
laver 15 slighilylarger than the cathode laver and the separator sinp 1z wider than
the heizht of the anode. & complernentary, sutable cathode, for exaraple, may
hiave a height of 55 rallirne ters and a wadth of 50 men . Its connec tor tab wonld be
located at the top ade of its aloranurn curre nt collector foil near the other werbeal
side to facilitate the electrical parallel connection of each of the cathode foilsina
stack. Typically, the thickness of the alurnmor current collector fol for the
cathode is in the range of about ten to thirty microrne ters, and the thickness of
each coating of actrve cathode matenal 15 about sxty rmucrometers. In thas
exaraple, the s parator stiip is dbout 60 rarm wide, s0 as to cover both the anode
and cathode, and about 25 macrome ters thick. The thickness of the cathode
rnaterial 1z dependent on the electroc heracal capacity recpured of 1t and 13
typicallyin the range of abhout 10 ricrometers to about 150 rocrometers.

[0042]  The height and wadth of rectangular anodes and cathode s 15 suitably in
the range from ten rullmeters to fee hundred rollirneters and the height and
width of the anodes m a stack 15 shightly larger than the corresponding divne nsons
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of the cathodes m the stack o that the anodes cover the cathodes.  As stated the
separator layer 1s sized to cover both the anode and cathode faces.

[0043]  The mrvention hasheen described nsing specific examples. The
exaraples are intended to dlustrate preferred erabodime nts of the 1renhon and
niot to 1t 1ts scope.
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CLAIVE

1. &n asservbled linear stack of electrochernical cell mernbers for a
Lithanm-1on batte ry, the assembled linear stack compnsing:

five to thartylithaura-1on cell, flat-layer, anode merabe rs, with
opposing layer faces, irnderspersed i a first inear stack porion with an egual
rnurber of Dthiarn-1on cell, flat-laser, cathode mermbers with opposing laswer
taces, the flat-layer anode and cathode mermbers having like face shapes, the face
of each anode merher being coextensee Iy separated from the face of an adjacent
cathode mermber in the first linear stack portion by a porous separator laver
tnetnbet, each anode metnber compnang a coppet foul current collector coated on
bioth foil faces with a layer of porous litdnr-ion cell anode material and each
cathode member cormprising an alurmrm foil carrent collector layer coated on
bioth fodl faces with a layer of porous littanre-1on cell cathode ratenial) the first
linear stack portion having a three-lawer cathode memberata first end of the first
live ar stack portion and a three-layer anode portion at the opposite, second end of
the first inear stack portion,

a porous separator layer merwber with opposing faces, one separator
layer face co-extensivelyeovering the laver of porous lithiura-ion cell cathode
tnaterial at the second end of the first inear stack portion and a tao-layer hitourm-
won cell anode member placed against the opposite face of the porous separator
laver member, the two-layer littaam-1on cell anode mernber consisting of a porons
layer of hithiurn-10m cell anode material carried on a porons copper fodl, the anode
naterial being against the opposite face of the separator layer, and

a second lnear stack porbon cormprising a first porons separator laver,
a first reference electrode member, a second porous separator laver, and a second
reference electrode roeraber, the first porous separator laser of the second linear
stack portion being placed against the porous copper current collector foil face of
the two layer anode merber, and the first and second reference elec trode

retnbers each comprising a porons aluranum or porons copper current collector
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tioil layer covered on at least one face with a reference electrode matenal, the
reference electrode raterial onboth referernce electrodes being the sarme
corposiion which 1z one composiiion selected from the gronp consisting of
lithante won phosphate and 1t ttanate.

4. &n asserbled hnear stack of electrochernical cell merabers for a
Lithanr-1on batte rras recited 1nclawm 1 in whach m the first linear stack portion
each anode e ber copper fold owrent collector is non-porous and each cathode

rnetnber alurmnura foil curre nt collector i3 non-porons.

3. &nasserbled linear stack of electrochernical cell mernbers for a
Lithanm-1on batte 1y as recited 1n claim 1 1in wiach the pore or hole operung area of
the porous copper fol utihzed m the teo-layer hithiorm 1on cell anode roe mber 13
i the range of frorn about 0.01%; to about 95%. of the onthine face area of the
copper fod.

4. Anassembled hnear stack of electrochemical cell metnbers fora
lithi nre-ion batte 1y as recited in clair 1 in whach hthaura ivon phosphate reference
electrode material iz coated on one s1de or bath sides of an almrvdvirn cmrrent

collector foil and the thickness of each coating of the Lithiurn iron phosphate on a
tace of the alurrmrm current collector fodl 15 1n the range of 0.1 10 150

micromete rs.

5. Anasserbled hinear stack of electrochemical cell members for a
Lithanre-1on batte 1y as recited 1nclawm 1 in whach hitourn titanate reference
electrode matenal 15 coated on one s1de or both sides of an alariram current
collector fio1l and the thackness of each coating of the hitkaur titanate on a face of

the alorarmrn current collector fodl 15 1n the range of 0.1 1o 150 ricrorme fers.
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f. Ln assernbled lnear stack of electrochemical cell merhers for a
lithanre-ion batte 1y as recited in clair 1 in which httaura titanate reference
electrode matenal 15 coated on one side or both sides of a copper current collector
toil and the thickrness of each coating of the hithiom titanate on a face of the
copper current collector o1l 15 i the range of 0.1 to 150 roc rometers.

. &n aszernbled linear stack of electrochernical cell mernbers fora
lithanre-1on batte 1y as recited 1n clatm 1 1n whach the pore or hole opering area of
the porous alureirnrn current collector foil or porous copper cwrrent collector foil
ublized m the tao reference electrode merhbers 15 the same and 1510 the range of
frorn about 0.01%, to dhout 985 percent of the outline face area of the alurndnurm
ot the copper foll.

&. Ln asserbled lnear stack of electrochemical cell members for a
lithanre-1on batte 1y as recited 1 clatm 1 1n wlach the thickre sses of the nonporons
coppet foils used as anode current collectors are 1in the range of about a1 to
tarenty racrome ters and the hackresses of the nonporous alurairrn foils need as
cathode current collectors are in the range of dhout ten to abont thirty

Tdcko rnete ra.

9. &n aszernbled linear stack of electrochernical cell mernbers fora
lLithanre-1on batte 1y as recited 1n clawrn 1 in whach the electode mermbers and the
separator members are n the form of flat layered structure s which are rectangular
n shape.

10, &n asserobled Lnear stack of electrocheraical cell merabers for a
Lithanr-1on batte 1y as recited 1nclawm 1 in whach the thicknesses of the coating
laze rs of porous Hthinm-1on cell anode raterial and of porous hithinr-1on cell
cathode material are in the range of about ten to one hondred fifty racrorne ters.
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11. &n assercbled linear stack of electrochernical cell merhbers fora
Lithanm-1on batte 1 as recited 10 clanm 9 inowhach the rectangular dimensions of
the flat-laver anode mermbers are larzer than the rectangular dimensions of the
tlat-layer cathode members, and the rectangular dimernsions of the separators are
larzer than the rectansular divee nsions of the anode mermbers.

12, &nassernbled inear stack of electrochetnical cell metnbers for a
lithanre-ion batte 1y as recited in claim @ in whach the lensths of the sides of the

rectangnular layers are in the range of ten to five hundred maillirwe ters.

13, An assernbled hinear stack of electrochernical cell mernbers for a
Lithante-ion batte 1y as recited 1n claim 1 10 whach the penpheral dimensions of the
anode members are larger than the penipheral dimensions of the cathode mermbers,
and the penpheral dirmensions of the separators are larger than the penpleral
dirnensions of the anode mermbers.

14, &1 asserbled linear stack of electrochernical cell merhbers fora
Lithanre-1on batte 1y as recited 1o clawm 1 in whach each cell meraber 13 we the d with
a lepmid, lifhdura-1on containing e lec trolyte.

15, &n asserbled linear stack of electrochernical cell merbers fora
hithanm-1on batte 1y as recited 1n claim 1 1n wiach each anode member contams an
electrical conductor tab on its copper fodl cwrrent collector whach tabs are joined
ag a cornon anode group terrinal member in the assembled umit, each cathode
rnetnber cornprizes a conductor tab on its alareiron foul cwre nt collec tor whach
tabs are jomned as a cormrnon cathode gronp terranal metnber i the asserbled
urit, and the first and second reference electrodes each have a single condnctor

tab on their respective porous alurmnur or copper current collector foils, such



WO 2015/085580 PCT/CN2013/089395

24

that the assernbled umt presents four accessible members for electical connection
which extend frora any cortainer of the asse rabled unit.

16, &n asserbled hnear stack of electrochemical cell merbers for a
Lithanr-1on batte 1y as recited 10 claim 1 1n wiach the hthiom 1ron phosphate
reference electrode material 1s charactenzed by the formula, Liyg. oFePOy, where x
has awalue m the range 0 = x = 1 such that the hthaom won phosphate matenal of
the reference electrode of the cell mantuns a flat woltage platean when cormected
to an anode or cathode material of the electrochermical cell.

17, Arnasserabled linear stack of electrochernical cell rerabers for a
hithanm-1on batte ryas recited 1n claim 1 1n wiach the hthiom titanate reference
electrode matenal 15 characte nzed by the formoula, LijppyT150, where x hasa
value i the range 0 = x < 3 such that the lithiurm fitanate reference matenal of the
reference electrode of the cell ramtains a flatwoltage platean when connected to
an anode or cathode material of the electrocheracal cell.

15, & battery pouch coraprising an assernbled linear stack of
electroc herracal cell mewmbers for a hthoura-10m battersy, the asserabled hnear stack
COTEISING :

a predeterrruned nurober of hthiure-1on cell, flat-layer, anode
rnetnbers, with opposing layer faces, interspersed 1n a first linear stack portion
with an equal nrober of hithouro-10m cell, flat-layer, cathode e mbers with
opposing laver faces, the flat-layer anode and cathode roerabers having like face
shapes, the face of each anode member being coextensrvel yseparated from the
face of an adjacert cathode meraber 1n the first hnear stack porhon by a porous
separator layer merber, each anode mermber comprising a copper foll current
collector coated on both fo1 face s with a layer of porons htloure-10m cell anode
rnaterial and each cathode merber corprising an alurairnr foil current colle ctor
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laze ¥ coated on both foal faces with a layer of porous Lthirn-1om cell cathode
rnaterial, the first inear stack portion having a three-layer cathode mernber ata
tirst end of the first inear stack portion and a three-laser anode portion at the
opposite, second end of the first hnear stack porhon, the copper fol cwrrent
collector of each anode e rmber being conrected to an anode group terrnal and
the alorearnrn foil cwrent collector of each cathode meraber beins connected to a
cathode gronp ferminal

a porous separator layer merwber with opposing faces, one separator
layer face co-extensivelyeovering the laver of porous lithiura-ion cell cathode
tnaterial at the second end of the first inear stack portion and a tao-layer hitourm-
won cell anode member placed against the opposite face of the porous separator
laver member, the two-layer littaam-1on cell anode mernber consisting of a porons
layer of hithiurn-10m cell anode material carried on a porons copper fodl, the anode
material being placed against the opposite face of the s parator laver, the porons
coppet foil of the two-layer anode e rober being corrected to the anode grougp
terrninal ; and

a second lnear stack porbon cormprising a first porons separator laver,
a first reference electrode merber, a second porous separator laver, and a second
reference electrode roeraber, the first porons separator laser of the second linear
stack portion being placed against the porous copper cwrrent collector foil face of
the two layer anode member, and the first and second refe rence elec trode
rnetnbers each comprising a porons aluranurm or copper current collector fodl
laver covered on at least one face with a reference electrode material, the
reference electrode raterial onboth reference electrodes being the same
corposiion which 15 one composiiion selected from the gronp consisting of
lithanr won phosphate and lithiom ttanate, the owrent collector fod layer of the
tirst and secord reference electrodes each having a connector tab; and

the first linear stack portion and the second linear stack portion being
contained and sealed in an electrically insulated pouch with the anode group
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terrrunal, the cathode sroup terrainal, the fivst reference electrode tab and the
second refeence electrode tab extending outside the battery pouch.

19, & battery pouch as recited 1n cla 15 1n whach the pouch
contalner cormprises polyme r-coated alurrmrn foil with the polymer-coated
aluranara foil pouch matenal fully enclosing the cell electrodes with only the
anode group terminal, the cathode group terranal, and the tabs of the reference
electrodes extending outside the battersy pouch.

20, & hattery pouch as recited 1n claira 19 in which the battersy pouch
15 rectangular in shape and the reference electrode tabs are located at the same
side of the pouch as the anode group ferminal and the cathode group fermnal
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