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What is claimed is:

4—___ A secondary battery for cycling between a charged and a discharged state, the secondary

battery comprising a battery enclosure—and, an electrode assembly, and carrier ions;—and

assembly within the battery enclosure, and a set of electrode constraints, wherein:

(a) the electrode assembly has mutually perpendicular transverse, longitudinal and vertical
axes corresponding to the x, y and z axes, respectively, of an imaginary three-dimensional
cartesian coordinate system, a first longitudinal end surface and a second longitudinal end surface
separated from each other in the longitudinal direction, and a lateral surface surrounding an
electrode assembly longitudinal axis Aeaand connecting the first and second longitudinal end
surfaces, the lateral surface having opposing first and second regions on opposite sides of the
longitudinal axis and separated in a first direction that is orthogonal to the longitudinal axis, the
electrode assembly having a maximum width Wga—measured in the longitudinal direction, a
maximum length Leabounded by the lateral surface and measured in the transverse direction,
and a maximum height Hea bounded by the lateral surface and measured in the vertical direction,

wherein the maximum length Lea and/or maximum width Wea is greater than the maximum height

Hea,

(b) the electrode assembly further comprises a population of electrode structures, a
population of electrode current collectors, a population of separators that are ionically permeable
to the carrier ions, a population of counter-electrode structures, a population of counter-electrode

collectors, and a population of unit cells wherein

(i) members of the electrode and counter-electrode structure populations are

arranged in an alternating sequence in the longitudinal direction,

(i) each member of the population of electrode structures comprises a layer of an
electrode active material having a length Le that corresponds to the Feret diameter of the
electrode active material layer as measured in the transverse direction between first and second
opposing transverse end surfaces of the electrode active material layer, and a height He-Hea that
corresponds to the Feret diameter of the electrode active material layer as measured in the

vertical direction between first and second opposing vertical end surfaces of the electrode active
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material layer, and a width We-that corresponds to the Feret diameter of the electrode active
material layer as measured in the longitudinal direction between first and second opposing
surfaces of the electrode active material layer, and each member of the population of counter-
electrode structures comprises a layer of a counter-electrode active material having a length
Lc-that corresponds to the Feret diameter of the counter-electrode active material layer as
measured in the transverse direction between first and second opposing transverse end surfaces
of the counter-electrode active material layer, and a height Hc-that corresponds to the Feret
diameter of the counter-electrode active material layer as measured in the vertical direction
between first and second opposing vertical end surfaces of the counter-electrode active material
layer, and a width Wc-that corresponds to the Feret diameter of the counter-electrode active
material layer as measured in the longitudinal direction between first and second opposing

surfaces of the counter-electrode active material layer,

(iii) each unit cell comprises a unit cell portion of a first member of the electrode

current collector : ' -

materialHayer—of one—member—of the—electrode—population, a member of the separator
population that is ionically permeable to the carrier ions, a first counter-electrode active material
layer of one member of the eeunter-electrode population, ard-a unit cell portion of a first member

of the counter-electrode current collector ef-thepopulation and a first counter-electrode eurrent

collectoractive material layer of one member of the counter-electrode population, wherein (aa)

the first electrode active material layer is proximate a first side of the separator and the first
counter-electrode material layer is proximate an opposing second side of the separator, anre-(bb)
the separator electrically isolates the first electrode active material layer from the first counter-
electrode active material layer; and carrier ions are primarily exchanged between the first
electrode active material layer and the first counter-electrode active material layer via the
separator of each such unit cell during cycling of the battery between the charged and discharged

state, {eeand (cc) within each unit cell,

a. the first vertical end surfaces of the electrode and the counter-electrode active material

layers are on the same side of the electrode assembly, a 2D map of the median vertical position

of the first opposing vertical end surface of the electrode active material in the X-Z plane, along

the length Le of the electrode active material layer, traces a first vertical end surface plot, Evpi, @

2D map of the median vertical position of the first opposing vertical end surface of the counter-
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electrode active material layer in the X-Z plane, along the length Lc of the counter-electrode active

material layer, traces a first vertical end surface plot, CEvp1, wherein for at least 60% of the length

L. of the first counter-electrode active material layer (i) the absolute value of a separation distance,

Sz1, between the plots Evps and CEvp1 measured in the vertical direction is 1000 um=|Sz¢|25 ym,

and (ii) as between the first vertical end surfaces of the electrode and counter-electrode active

material layers, the first vertical end surface of the counter-electrode active material layer is

inwardly disposed with respect to the first vertical end surface of the electrode active material

layer,

b. the second vertical end surfaces of the electrode and counter-electrode active material

layer are on the same side of the electrode assembly, and oppose the first vertical end surfaces

of the electrode and counter-electrode active material layers, respectively, a 2D map of the

median vertical position of the second opposing vertical end surface of the electrode active

material layer in the X-Z plane, along the length Le of the electrode active material layer, traces a

second vertical end surface plot, Evez, @ 2D map of the median vertical position of the second

opposing vertical end surface of the counter-electrode active material layer in the X-Z plane, along

the length Lc of the counter-electrode active material layer, traces a second vertical end surface

plot, CEyp2, Wherein for at least 60% of the length Lc of the counter-electrode active material layer

(i) the absolute value of a separation distance, Sz, between the plots Evp2 and CEvp2 as measured

in_the vertical direction is 1000 um=|Sz|=5 um, and (ii) as between the second vertical end

surfaces of the electrode and counter-electrode active material layers, the second vertical end

surface of the counter-electrode active material layer is inwardly disposed with respect to the

second vertical end surface of the electrode active material layer,

(c) the set of electrode constraints comprises a primary constraint system comprising first

and second primary growth constraints and at least one primary connecting member, the first and

second primary growth constraints separated from each other in the longitudinal direction, and

the at least one primary connecting member connecting the first and second primary growth

constraints, wherein the primary constraint system restrains growth of the electrode assembly in

the longitudinal direction such that any increase in the Feret diameter of the electrode assembly

in the longitudinal direction over 20 consecutive cycles of the secondary battery is less than 20%.

The secondary battery according to claim 1, wherein within each unit cell,
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c. the first transverse end surfaces of the electrode and counter-electrode active material

layers are on the same side of the electrode assembly, a 2D map of the median transverse

position of the first opposing transverse end surface of the electrode active material layer in the

X-Z plane, along the height Hea of the electrode active material layer, traces a first transverse end

surface plot, Etp1, @ 2D map of the median transverse position of the first opposing transverse

end surface of the counter-electrode in the X-Z plane, along the height Hc of the counter-electrode

active material layer, traces a first transverse end surface plot, CEtp1, wherein for at least 60% of

the height Hc of the counter electrode active material layer (i) the absolute value of a separation

distance, Sxi, between the plots Erpiand CErpimeasured in the transverse direction is 1000

um=|Sx+|=25 um, and (ii) as between the first transverse end surfaces of the electrode and counter-

electrode active material layers, the first transverse end surface of the counter-electrode active

material layer is inwardly disposed with respect to the first transverse end surface of the electrode

active material layer, and

d. the second transverse end surfaces of the electrode and counter-electrode active

material layers are on the same side of the electrode assembly, and oppose the first transverse

end surfaces of the electrode and counter-electrode active material layers, respectively, a 2D map

of the median transverse position of the second opposing transverse end surface of the electrode

active material layer in the X-Z plane, along the height He of the electrode active material layer,

traces a second transverse end surface plot, Etpz, @ 2D map of the median transverse position of

the second opposing transverse end surface of the counter-electrode in the X-Z plane, along the

height Hc of the counter-electrode active material layer, traces a second transverse end surface

plot, CEtp2, Wherein for at least 60% of the height H¢ of the counter-electrode active material layer

(i) the absolute value of a separation distance, Sxo, between the plots Etp, and CEtp, measured

in the transverse direction is 1000 um=|Sx2[=25 um, and (ii) as between the second transverse end

surfaces of the electrode and counter-electrode active material layers, the second transverse end

surface of the counter-electrode active material layer is inwardly disposed with respect to the

second transverse end surface of the electrode active material layer.

The secondary battery according to claim 1, wherein the electrode assembly further

comprises one or more carrier ion insulating material layers, each electrode current collector of

the population is electrically isolated from each counter-electrode active material layer of the

population, and each counter-electrode current collector of the population is electrically isolated

from each electrode active material layer of the population, and within each unit cell,
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the one or more carrier ion insulating material layers have an ionic conductance of carrier ions

that does not exceed 10% of the ionic conductance of the separator of carrier ions during cycling

of the battery, and ionically insulate at least a portion of a surface of the electrode current collector

layer from the electrolyte that is proximate to one or more of the first and second vertical end

surfaces of the electrode active material layer.

The secondary battery according to claim 1, wherein the electrode assembly further

comprises one or more carrier ion insulating material layers,

each electrode current collector of the population is electrically isolated from each counter-

electrode active material layer of the population, and each counter-electrode current collector of

the population is electrically isolated from each electrode active material layer of the population,

and

within each unit cell,

the one or more carrier ion insulating material layers have an ionic conductance of carrier

ions that does not exceed 10% of the ionic conductance of the separator of carrier ions during

cycling of the battery, and ionically insulate at least a portion of a surface of the electrode current

collector layer from the electrolyte that is proximate to one or more of and within a distance Dcc of

(i) the first and second transverse end surfaces surface of the electrode active material layer.

The secondary battery according to claim 1, wherein:

(d) for each unit cell, (i) the first member of the electrode current collector population

extends at least partially along the length Le- of the electrode active material layer in the transverse
direction and comprises an electrode current collector end that extends past the first transverse
end surface of the counter-electrode active material layer of each such unit cell, and (ddii) the
counter-electrode current collector extends at least partially along the length Lc of the counter-
electrode active material layer in the transverse direction and comprises a counter-electrode
current collector end that extends past the second transverse end surface of the electrode active

material layer in the transverse direction of each such unit cell, and

e the secondary battery further comprises at least one of:
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(e)(i) thean electrode busbar comprisescomprising at least one conductive segment
configured to electrically connect to the population of electrode current collectors, and extending
in the longitudinal direction of the electrode assembly, the conductive segment comprising a first
side having an interior surface facing the first transverse end surfaces of the counter-electrode
active material layers, and an opposing second side having an exterior surface, the conductive
segment optionally comprising a plurality of apertures spaced apart on along the longitudinal
direction, the conductive segment of the electrode bus bar being arranged with respect to the
electrode current collector ends such that the electrode current collector ends extend at least
partially past a thickness of the conductive segment, to electrically connect thereto, the thickness

of the conductive segment being measured between the interior and exterior surfaces, and

te

(e)(ii) thea counter-electrode busbar comprisescomprising at least one conductive
segment configured to electrically connect to the population of counter-electrode current
collectors, and extending in the longitudinal direction of the electrode assembly, the conductive
segment comprising a first side having an interior surface facing the second transverse end
surfaces of the electrode active material layers, and an opposing second side having an exterior
surface, the conductive segment optionally comprising a plurality of apertures spaced apart on
along the longitudinal direction, the conductive segment of the counter-electrode bus bar being
arranged with respect to the counter-electrode current collector ends such that the counter-
electrode current collector ends extend at least partially past a thickness of the conductive
segment, to electrically connect thereto, the thickness of the conductive segment being measured
between the interior and exterior surfaces.
2

The secondary battery according to- claim 5, wherein in the case of the electrode busbar

(i) the conductive segment comprises a plurality of apertures spaced apart along the longitudinal

direction, wherein each of the plurality of apertures are configured to allow one or more electrode

current collector ends to extend at least partially therethrough to electrically connect the one or

more electrode current collector ends to the electrode busbar, and wherein in the case of the

counter-electrode busbar (ii) the conductive segment comprises a plurality of apertures spaced

apart along the longitudinal direction, wherein each of the plurality of apertures are configured to

allow one or more counter-electrode current collector ends to extend at least partially therethrough

to electrically connect the one or more counter-electrode current collector ends to the counter-

electrode busbar.
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The secondary battery according to claim 1, further-comprising-awherein the electrode

structures of the population of electrode structures comprise neqgative electrodes, and the counter-

electrode structures of the population of counter-electrode structures comprise positive

electrodes.

The secondary battery according to claim 1, wherein the electrode the electrode structures

of the population of electrode structures comprise positive electrodes, and the counter-electrode

structures of the population of counter-electrode structures comprise negative electrodes.

The secondary battery according to claim 1, wherein the set of electrode constraints;

10.

wherein-the-set-of electrode—constraints_further comprises a primarysecondary constraint

system comprising first and second primrarysecondary growth constraints separated in a second

direction and connected by at least one primarysecondary connecting member, wherein the

secondary constraint system at least partially restrains growth of the electrode assembly in the

second direction upon cycling of the secondary battery, the second direction being orthogonal to

the longitudinal direction.

The secondary battery according toclaim 9, wherein the first and second

11.

primarysecondary growth constraints are separated from-each-other-in the longitudinalvertical

direction; and connected by the at least one primarysecondary connecting member-cennecting
, and wherein the secondary constraint system at least partially restrains growth of the electrode

assembly in the vertical direction upon cycling of the secondary battery.

The secondary battery according to claim 9, wherein the first and second primary

12.

growthsecondary growth constraints are separated in the transverse direction and connected by

the at least one secondary connecting member, and wherein the secondary constraint system at

least partially restrains growth of the electrode assembly in the transverse direction upon cycling

of the secondary battery.

The secondary battery according to claim 9, wherein the electrode active material has the

capacity to accept more than one mole of carrier ion per mole of electrode active material when

the secondary battery is charged from the discharged state to the charged state, and wherein the
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at least one secondary member maintains the first and second secondary constraints_in tension

with each other, the at least one secondary member comprising a portion of one or more electrode

current collectors of the electrode current collector population.

The secondary battery according to claim 9, wherein the primaryelectrode active material

14.

has the capacity to accept more than one mole of carrier ion per mole of electrode active material

when the secondary battery is charged from the discharged state to the charged state, and

wherein the at least one secondary member maintains the first and second secondary constraints

in tension with each other, the at least one secondary member comprising a portion of one or

more counter-electrode current collectors of the counter-electrode current collector population.

The secondary battery according to claim 9, wherein the electrode active material has the

15.

capacity to accept more than one mole of carrier ion per mole of electrode active material when

the secondary battery is charged from the discharged state to the charged state, and wherein the

at least one secondary member maintains the first and second secondary constraints in tension

with each other, the at least one secondary member comprising a portion of one or more electrode

current collectors of the electrode current collector population, one or more counter-electrode

current collectors of the counter-electrode current collector population, and one or more

separators of the population of separators.

The secondary battery according to claim 9, wherein the at least one secondary member

16.

connecting the first and second secondary growth constraints inhibits buckling of the first and

second secondary growth constraints upon cycling of the secondary battery.

The secondary battery according to claim 9, wherein the electrode current collector and/or

counter-electrode current collector comprise attachment sections configured to secure the

electrode current collector and/or counter-electrode current collector to a portion of the electrode

constraint system that is configured to constrain growth of the electrode assembly in the vertical

direction, and wherein the attachment sections of at least one of the electrode and counter-

electrode current collectors comprise a portion of a secondary connecting member of the

electrode constraint system that attaches to the first and second secondary growth constraints to

at least partially restrain growth of the electrode assembly in the vertical direction, and wherein

the attachment sections each comprise any one or combination of a textured surface, openings
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extending through the vertical ends in the longitudinal direction, grooves, protrusions, and

indentations.

The secondary battery according to claim 9, wherein the secondary growth constraint

18.

19.

system restrains growth of the electrode assembly in the leagitudinalsecond direction such that
any increase in the Feret diameter of the electrode assembly in the longitudinalsecond direction
over 20 consecutive cycles upon repeated cycling of the secondary battery is less than 20%.

—3
The secondary battery according to-any-preceding-_claim 9, wherein eachthe secondary

constraint system restrains growth of the electrode assembly in the vertical direction with a

restraining force of greater than 1000 psi and a skew of less than 0.2 mm/m.

The secondary battery according to claim 9, wherein members of the population of unit

20.

cellcells of the unit-cell-population-comprises-a-carrierionsecondary battery further comprise:

electrically insulating and non-ionically permeable insulators between the first and second vertical

surfaces of the counter-electrode active material layer;-having-anionic-conductance-that does

memtmead DN o A e dsmreeendbeonen ol e copn oo of oo fore e
eyeling-of- thefirst and second secondary growth constraints.

The secondary battery;—and—_according to claim 1, wherein the secondary battery

21.

comprises a carrier ion insulating material layer that ionically insulates a surface of the electrode

current collector layer from the electrolyte, and wherein the carrier ion insulating material

comprises at least one of a ceramic, polymer, glass, adhesive, and combinations and/or

composites thereof.
4

The secondary battery according to claim 1, wherein the ratio of each of Leaand Weato

22.

Heais at least 2:1, respectively.

The secondary battery according to claim 1, wherein the electrode active material layer

comprises anode active material selected from the group consisting of graphite, tin, lead,

magnesium, aluminum, boron, gallium, silicon, Si/C composites, Si/graphite blends, SiOx, porous

Si, intermetallic Si alloys, indium, zirconium, germanium, bismuth, cadmium, antimony, silver,
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zinc, arsenic, hafnium, vttrium, lithium, sodium, graphite, carbon, lithium titanate, palladium, and

mixtures thereof.

The secondary battery according to claim 1, wherein the secondary battery comprises an

24.

insulator extending over the first and second transverse surfaces of the counter-electrode active

material layer.

The secondary battery according to claim 1, wherein the secondary battery comprises a

25.

carrier ion insulating material comprising (i) a coating that at least partially covers surfaces

adjacent vertical ends of the electrode and/or counter-electrode current collectors that extend

vertically past the first and/or second vertical end surfaces of adjacent electrode and/or counter-

electrode active material layers, to ionically insulate the surfaces from electrolyte, and/or (ii) a

coating that at least partially covers surfaces adjacent transverse ends of the electrode and/or

counter-electrode current collectors that extend in a transverse direction past the first and/or

second transverse end surfaces of adjacent electrode and/or counter-electrode active material

layers, to ionically insulate the surfaces electrolyte.

A secondary battery for cycling between a charged and a discharged state, the secondary
battery comprising a battery enclosure, an electrode assembly, and carrier ions within the battery

enclosure, and a set of electrode constraints, wherein

(a) the electrode assembly has mutually perpendicular transverse, longitudinal and vertical
axes corresponding to the x, y and z axes, respectively, of an imaginary three-dimensional
cartesian coordinate system, a first longitudinal end surface and a second longitudinal end surface
separated from each other in the longitudinal direction, and a lateral surface surrounding an
electrode assembly longitudinal axis Aeaand connecting the first and second longitudinal end
surfaces, the lateral surface having opposing first and second regions on opposite sides of the
longitudinal axis and separated in a first direction that is orthogonal to the longitudinal axis, the
electrode assembly having a maximum width Wea-measured in the longitudinal direction, a
maximum length Leabounded by the lateral surface and measured in the transverse direction,
and a maximum height Hea bounded by the lateral surface and measured in the vertical direction,

wherein the maximum length Leaand/or the maximum width Wea is greater than the maximum

height HEA,
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(b) the electrode assembly further comprises a population of electrode structures, a
population of electrode current collectors, a population of separators that are ionically permeable
to the carrier ions, a population of counter-electrode structures, a population of counter-electrode

collectors, and a population of unit cells wherein

(i) members of the electrode and counter-electrode structure populations are arranged in

an alternating sequence in the longitudinal direction,

(i) each member of the population of electrode structures comprises a layer of an
electrode active material having a length Le-that corresponds to the Feret diameter of the
electrode active material layer as measured in the transverse direction between first and second
opposing transverse end surfaces of the electrode active material layer, and a height He-that
corresponds to the Feret diameter of the electrode active material layer as measured in the
vertical direction between first and second opposing vertical end surfaces of the electrode active
material layer, and a width We-that corresponds to the Feret diameter of the electrode active
material layer as measured in the longitudinal direction between first and second opposing
surfaces of the electrode active material layer, and each member of the population of counter-
electrode structures comprises a layer of a counter-electrode active material having a length
Lc-that corresponds to the Feret diameter of the counter-electrode active material layer as
measured in the transverse direction between first and second opposing transverse end surfaces
of the counter-electrode active material layer, and a height Hc-that corresponds to the Feret
diameter of the counter-electrode active material layer as measured in the vertical direction
between first and second opposing vertical end surfaces of the counter-electrode active material
layer, and a width Wc-that corresponds to the Feret diameter of the counter-electrode active
material layer as measured in the longitudinal direction between first and second opposing

surfaces of the counter-electrode active material layer,

(iii) each unit cell comprises a unit cell portion of a first member of the electrode current
collector population, a member of the separator population that is ionically permeable to the
carrier ions, a first electrode active material layer of one member of the electrode population, a
unit cell portion of a first member of the counter-electrode current collector population and a first
counter-electrode active material layer of one member of the counter-electrode population,
wherein (aa) the first electrode active material layer is proximate a first side of the separator and

the first counter-electrode material layer is proximate an opposing second side of the separator,
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(bb) the separator electrically isolates the first electrode active material layer from the first counter-
electrode active material layer and carrier ions are primarily exchanged between the first electrode
active material layer and the first counter-electrode active material layer via the separator of each
such unit cell during cycling of the battery between the charged and discharged state, and (cc)

within each unit cell,

& a. the first transverse end surfaces of the electrode and counter-electrode active
material layers are on the same side of the electrode assembly, a 2D map of the median
transverse position of the first opposing transverse end surface of the electrode active material
layer in the X-Z plane, along the height He-Hea of the electrode active material layer, traces a first
transverse end surface plot, Ete1, @ 2D map of the median transverse position of the first opposing
transverse end surface of the counter-electrode in the X-Z plane, along the height Hc-of the
counter-electrode active material layer, traces a first transverse end surface plot, CEtp1, Wwherein
for at least 60% of the height Hc_of the counter electrode active material layer (i) the absolute
value of a separation distance, Sx1, between the plots Etps-and CErp+-measured in the transverse
direction is 1000m=1_pum2|Sx}=|=5+m_pm, and (ii) as between the first transverse end
surfaces of the electrode and counter-electrode active material layers, the first transverse end
surface of the counter-electrode active material layer is inwardly disposed with respect to the first
transverse end surface of the electrode active material layer,

B b. the second transverse end surfaces of the electrode and counter-electrode
active material layers are on the same side of the electrode assembly, and oppose the first
transverse end surfaces of the electrode and counter-electrode active material layers,
respectively, a 2D map of the median transverse position of the second opposing transverse end
surface of the electrode active material layer in the X-Z plane, along the height He- of the electrode
active material layer, traces a second transverse end surface plot, Etp2, @ 2D map of the median
transverse position of the second opposing transverse end surface of the counter-electrode in the
X-Z plane, along the height Hc-of the counter-electrode active material layer, traces a second
transverse end surface plot, CEtp2, wherein for at least 60% of the height He. Hc of the counter-
electrode active material layer (i) the absolute value of a separation distance, Sxz, between the
plots Etp2-and CErtp2- measured in the transverse direction is 1000-m—=1 ym=|Sxof=|=25t# pm,
and (ii) as between the second transverse end surfaces of the electrode and counter-electrode

active material layers, the second transverse end surface of the counter-electrode active material
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layer is inwardly disposed with respect to the second transverse end surface of the electrode

active material layer,
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(cy——_the set of electrode constraints comprises a primary constraint system comprising

first and second primary growth constraints and at least one primary connecting member, the first
and second primary growth constraints separated from each other in the longitudinal direction,
and the at least one primary connecting member connecting the first and second primary growth
constraints, wherein the primary constraint system restrains growth of the electrode assembly in
the longitudinal direction such that any increase in the Feret diameter of the electrode assembly
in the longitudinal direction over 20 consecutive cycles of the secondary battery is less than 20%.
5

The secondary battery according to-_claim 4,-comprising:-25, wherein
@r—

the electrode assembly further comprises one or more carrier ion insulating material

layers,

each electrode current collector of the population is electrically isolated from each counter-

electrode active material layer of the population, and each counter-electrode current collector of

the population is electrically isolated from each electrode active material layer of the population,

and

within each unit cell,

the one or more carrier ion insulating material layers have an ionic conductance of carrier

ions that does not exceed 10% of the ionic conductance of the separator of carrier ions during

cycling of the battery, and ionically insulate at least a portion of a surface of the electrode current

collector layer from the electrolyte that is proximate to one or more of the first and second vertical

end surfaces of the electrode active material layer.

491



27.

WO 2019/099642_ PCT/US2018/061245

The secondary battery according to claim 25, wherein

28.

the electrode assembly further comprises one or more carrier ion insulating material

layers,

each electrode current collector of the population is electrically isolated from each counter-

electrode active material layer of the population, and each counter-electrode current collector of

the population is electrically isolated from each electrode active material layer of the population,

and

within each unit cell,

the one or more carrier ion insulating material layers have an ionic conductance of carrier

ions that does not exceed 10% of the ionic conductance of the separator of carrier ions during

cycling of the battery, and ionically insulate at least a portion of a surface of the electrode current

collector layer from the electrolyte that is proximate to one or more of and within a distance D¢ of

(i) the first and second transverse end surfaces surface of the electrode active material layer.

The secondary battery according to claim 25, wherein:

(d) for each unit cell, (i) the first member of the electrode current collector population

extends at least partially along the length Lg of the electrode active material layer in the transverse

direction and comprises an electrode current collector end that extends past the first transverse

end surface of the counter-electrode active material layer of each such unit cell, and (ii) the

counter-electrode current collector extends at least partially along the length L. of the counter-

electrode active material layer in the transverse direction and comprises a counter-electrode

current collector end that extends past the second transverse end surface of the electrode active

material layer in the transverse direction of each such unit cell, and

the secondary battery further comprises at least one of:

(e) (i) an electrode busbar comprisescomprising at least one conductive segment
configured to electrically connect to the population of electrode current collectors, and extending
in the longitudinal direction of the electrode assembly, the conductive segment comprising a first
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side having an interior surface facing the first transverse end surfaces of the counter-electrode
active material layers, and an opposing second side having an exterior surface, the conductive
segment optionally comprising a plurality of apertures spaced apart on along the longitudinal
direction, the conductive segment of the electrode bus bar being arranged with respect to the
electrode current collector ends such that the electrode current collector ends extend at least

partially past a thickness of the conductive segment, to electrically connect thereto, the thickness

of the conductive segment being measured between the interior and exterior surfaces, and
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(e) (ii) a counter-electrode busbar comprising at least one conductive segment configured

to electrically connect to the population of counter-electrode current collectors, and extending in
the longitudinal direction of the electrode assembly, the conductive segment comprising a first
side having an interior surface facing the second transverse end surfaces of the electrode active
material layers, and an opposing second side having an exterior surface, the conductive segment
optionally comprising a plurality of apertures spaced apart on along the longitudinal direction, the
conductive segment of the counter-electrode bus bar being arranged with respect to the counter-
electrode current collector ends such that the counter-electrode current collector ends extend at
least partially past a thickness of the conductive segment, to electrically connect thereto, the
thickness of the conductive segment being measured between the interior and exterior surfaces.

The secondary battery according to claim 28, wherein in the case of the electrode busbar

(i) the conductive segment comprises a plurality of apertures spaced apart along the longitudinal

direction, wherein each of the plurality of apertures are configured to allow one or more electrode

current collector ends to extend at least partially therethrough to electrically connect the one or

more electrode current collector ends to the electrode busbar, and wherein in the case of the

counter-electrode busbar (ii) the conductive segment comprises a plurality of apertures spaced

apart along the longitudinal direction, wherein each of the plurality of apertures are configured to

allow one or more counter-electrode current collector ends to extend at least partially therethrough
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to electrically connect the one or more counter-electrode current collector ends to the counter-

electrode busbar.

30. The secondary battery and/fermethod-according to-any-of the-preceding

claims claim 25, wherein the set of electrode constraints further comprises a secondary
constraint system comprising first and second secondary growth constraints separated in a

second direction and connected by at least one secondary connecting member;—wherein-the
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least-a-portion-of the-negative-electrode-subunit, wherein the secondary constraint system at least

partially restrains growth of the electrode assembly in the second direction_upon cycling of the

secondary battery, the second direction being orthogonal to the staekinglongitudinal direction;
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