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BATTERY THERMAL MANAGEMENT WITH THERMOELECTRICS

CROSS-REFERENCE TO RELATED APPLICATIONS
[Baa1] This apphication claims the benefit of U.S. Provisional Apphication No.
61/897,121, filed October 29, 2013, titled BATTERY THERMAL MANAGEMENT
WITH THERMOELECTRICS, the entirety of which is incorporated herein by reference.

BACKGROUND
Field

[B362] The present application relates generally to thermoelectric (TE)
thermal management (e.g., heating and/or cooling) of electrical devices including but not
Himited to batteries and battery cells.

Description of Related At

{6643] Power clectronics and other electrical devices, such as batteries, can be
sensitive 1o overheating, cold temperatares, extreme temperatures, and operating
temperature limits. The performance of such devices may be diminished, sometimes
severely, when the devices are operated outside of recommended or optimum temperature
ranges. in semiconductor devices, mtegrated circuit dies can overheat and malfunction. In
batteries, inclading, for example, batteries used for automotive applications i electrified
vehicles, battery cells and their components can degrade when overheated or overcooled.
Such degradation can manifest itself in reduced batiery storage capacity and/or redueced
ability for the battery to be recharged over muliiple duty cycles.

16084] High performance batteries for use in large systems (including, for
cxample, hithium bascd baticrics used in clectrical vehicles) have certain propertics that
make thermal mavagement of the batterics and/or contaimment system desirable.
Charging characteristics of high performance batterics change at elevated temperatures
and can causc the cycle life of the batteries to decrease significantly if they are charged at
toe high of a teroperature.  For exaraple, the cyele life of some hithivm based batteries
decreased by over 50% if they are repeatedly charged at about 50 °C. Since cyele life can
be reduced by a large amount, the lifetime cost of batteries can be greatly increased if
charging temaperaturcs arc not controlied within proper limits.  Also, some high

performance batteries can exhibit reduced performance and can be possibly damaged if
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charged or operated at too low of temperatores, such as below about -30 °C.
Fuorthermore, high performance batteries and arrays of high performance batteries can
experience thermal events from which the batteries can be permanently damaged or

destroved, and over temperature condition can even result in fires and other safety related

SUMMARY

83851 it can be advantageous to manage the thermal conditions of power
electronics and other electrical devices. Thermal management can reduce incidences of
overheating, overcooling, and clectrical device degradation. Certain  embodiments
described herein provide thermal management of devices that carry significant clectric
power and/or require high current and efficiency {c.g., power amplifiers, transistors,
transformers, power inverters, insulated-gate bipolar transistors (1GBTs), electric motors,
high power lasers and light-cmitting diodes, batteries, and others). A wide tange of
solutions can be used to thermally manage such devices, including convective air and
liquid cooling, conductive cocling, spray cooling with lquid jets, thermoelectric cooling
of boards and chip cases, and other solutions. At least some embodunents disclosed
hercin provide at least one of the following advaniages compared to existing techaigues
for heating or cooling clectrical devices: higher power efficiency, lower or climinated
maintenance costs, greater rehiability, longer service life, fewer components, fower or
eliminated moving parts, heating and cooling modes of operation, other advantages, or a
combination of advantages.

[0886] in some embodiments, a battery coll can be in thermal communication
with a thermoclectric device along a shortest thermal path from the hotspot via 3 heat
spreader. A center of the thermoelectric device can be on a line cxtending along the
shortest thermal path.

[6847] In some embodiments, the heat spreader can have a fin. The fin can
extend substantially parallel to a side of the battery cell.

{B0388] In some embodiments, the baittery cell can be prismatic.

{66891 In some embodiments, another thermoelectric device can be connected
to the same heat spreader proximate 1o an opposite side of the battery ¢l {e.g., the heat

spreader bas two fins on oppostic sides of the battery cell).
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{60101 In sorme embodiments, another batiery cell can be stacked with the first
battery cell. The other battery cell can be in thermal communication with the same heat
spreader.

{6611] In some cmbodiments, another heat spreader can be in thermal
commmunication with the other battery celll  Another thermoelectric device can be
connected to the other heat spreader.

[6612] In some embodiments, a heat plate can be connected to the two heat
spreaders with the thermoelectric device on the heat plate.

188137 In some embodiments, the center of the thermoelectric device can be
on a line along the shortest thermal paths along one or both of the heat spreaders.

{88141 In some embodiments, at least one of the heat spreaders can have a
thermal strip.

{88151 In some embodiments, the battery cell can have electrodes on a same
side with the hotspot closer to the side where the electrodes are connected to the battery
cell.

{88316] In some embodiments, the battery cell can have clectrodes on opposite
stdes with the hotspot approximately at the center of the battery cell.

88171 In some embodiments, the waste surface of the thermoelectric device
can be in thermal communication with air or a wall of an enclosure for the battery cells.

[6618] In some embodiments, two battery cells can be in  thermal
communication with a thermoelectric device via two heat spreaders conmected to sides of
the battery cells. A third heat spreader can be in thermal with the two heat spreaders.
The thermoelectric device can be in thermal communication with the third heat spreader

{6619] In some embodiments, the center of the thermoclectric device can be
on a line along a shortest thermal path of at least one of the battery cells.

{6628] In some embodiments, the two battery cells can be stacked, but not
necessarily adjacent 1o cach other.

{6621] In some embodiments, the heat spreaders can have fins, The fins can
extend substantially parallel to a side of g battery ccll.

168221 In some ecmbodiments, a third batiery cell can be in thermal
communication with at least one of the two heat spreaders on the sides of the first two

battery ceils. The three battery celis can be stacked.
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{6623] In some embodiments, a fourth heat spreader can be in thermal
communication with a side of the third battery cell. The fourth heat spreader can be in
thermal communication with the third heat spreader in thermal commumication with the
thermoclectric device.

{8624] Various embodiments of this disclosure relate 10 a thermoelectric
battery thermal management system configured to manage temperature of a battery cell.
The thermoelectric battery thermal managemend system can include the following: a
battery cell comprising an electrode configured to deliver eleciric power to or from the
battery cell, the electrode comnected 1o the batiery cell on a first side of the battery cell;
the battery cell has a hotspot corresponding to a feraperature increase of the battery cell
when the battery cell is operating via the clectrode delivering clectric power 1o or from
the battery cell, the hotspot having a center correspounding to a point or a region of the
battery cell having a highest temperature relative to other regions of the batiery cell; a
heat spreader on a second side of the battery cell and in thermal comumunication with the
hotspot, the heat spreader over the conter of the hotspot on the second side of the battery
cell; a thermoelectric device comprising a main surface and a waste surface, the
thermoelectric device configured to transfer thermal energy between the main surface and
the waste surface of the thermoeloctric deviee upon application of electric current to the
thermoelectric device; the main surface of the thermocleciric device is in thermal
communication with the heat spreader to heat or cool the battery cell by adjusting a
polarity of the electric current delivered to the thermoclectric device; the thermoelectric
device is proximate {o a third side of the battery cell; and 8 geometric center of the main
surface of the thermoeleciric device is substantially on a line along a shortest thermal path
on the heat spreader from the center of the hotspot to the third side of the battery cell with
the geometric center of the main surface of the thermoclectric device projected onto a
plane of the heat spreader extending along the sccond side of the battery cell.

188251 In some embodiments, the thermoeleciric battery thermal management
system can include one or more of the following: the second side is substantially
perpendicular to a shortest dirmension of the battery cell; the battery cell has a prismatic
shape; when the prismatic shape is positioned i an X-Y-Z coordinate system, the first
side is along an X-Z plane of the X-Y-Z coordinate system, the second side is along an X-
Y plane of the X-Y-Z coordinate system, and the third side is along an Y-Z plane of the

X-Y-Z coordinate systemy; a fin comnected to the heat spreader and in thermal
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communication with the hotspot via the heat spreader, the fin proximate to the third side
of the battery cell; the fin extends from the heat spreader substantially in paraliel with the
third side of the battery cell; an other thermoelectric device comprising 8 main surface
and a waste surface, the other thermoelectric device configured to transfer thermal energy
between the main surface and the waste surface of the other thermoelectric device upon
application of electric current to the other thermoelectric device; the main surface of the
thermocleetric device 1s in thermal communication with the heat spreader to heat or cool
the battery cell by adjusting a polarity of the cleciric current delivered to the other
thermoclectric device; the other thermoelectric device is proximate to a fourth side of the
battery cell opposite the third side of the battery cell; a geometric center of the main
surface of the other thermoelectric device is substantially on the hine along the shortest
thermal path on the heat spreader with the geometric center of the main surface of the
other thermoelectric device projected onto the plane of the heat spreader extending along
the second side of the battery cell; an other fin comected to the heat spreader and in
thermal conmmunication with the hotspot, the other fin proximate to the fourth side of the
battery cell; the other fin extends from the heat spreader substantially in parallel with the
fourth side of the battery cell; an other battery cell, the other battery cell comprising an
clectrode configured to deliver electric power to or from the other battery cell, the
electrode comnnected to other battery ccll on a first side of the other battery cell; the other
battery cell has an other hotspot cormresponding to a temperature increase of the other
battery cell when the other battery ccll is operating via the electrode delivering electric
power to ot from the other battery cell, the other hotspot having a center corresponding to
a point o1 a region of the other batiery cell baving a highest temperature relative to other
regions of the other battery cell; the battery cell and the other batiery cell are stacked with
the first side of the battery cell and the first side of the other baticry cell positioned
substantially in paraliel aleng a same plane; the other baticry cell s in thermal
communication with the heat spreader; the other hotspot of the battery cell is beated or
cooled by adjusting the polarity of the electric current delivered to the thermoelectric
device; an other beat spreader on a second side of the other battery cell and in thermal
commumnication with the other hotspot, the heat other spreader over the center of the other
hotspot on the sccond side of the other batiery cell; an other thermoelociric device
comprising a main surface and a waste surface, the other thermoclectric device

configured to transfer thermal energy between the main surface and the waste surface of
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the other thermoelectric device upon application of electric current to the other
thermoelectric device; the main surface of the other thermoelectric device s in thermal
communication with the other heat spreader to heat or cool the battery cell by adjusting a
polarity of the electric current delivered 1o the other thermoelectric device; the other
thermoelectric device is proximate to a third side of the other battery cell; a geometric
center of the main surface of the other thermoelectric device s substantially on a line
along an other shortest thermal path on the other heat spreader from the center of the
other hotspot to the third side of the other battery cell with the geometric center of the
main surface of the other thermoelectric device projected onto a plane of the other heat
spreader extending along the second side of the other battery cell; an other fin connected
to the other heat spreader and in thermal commumication with the other hotspot via the
other heat spreader, the other fin proximate to the third side of the other battery cell; the
other fin extends from the other heat spreader substantially 1o parallel with the third side
of the other battery cell; an other heat spreader on a second side of the other battery cell
and in thermal commuumication with the other hotspot, the heat spreader over the center of
the other hotspot on the second side of the other battery cell; a heat plate conmected 1o and
m thermal communication with both the heat spreader and the other heat spreader
proximate to the third side of the battery cell; the main swrface of the thermoelectric
device 15 n thermal communication with the heat plate to heat ov cool the hotspots of the
battery cell and the other battery cell by adjusting the polarity of the eleciric current
delivered to the thermoclectric device; the geometric center of the main surface of the
thermoelectric device is substantially on a line along an other shortest thermal path on the
other heat spreader from the center of the other hotspot to a third side of the other battery
cell with the geometric center of the main surface of the thermoelectric device projected
onto a plane of the other heat spreader extending along the sccond side of the other
battery cell, the thermoelectric device proximate to the third side of the other battery cell;
when the centers of the hotspot and the other hotspot are projected onto a side of the heat
plate, the side of the heat plate paraliel to the third sides of the battery cell and the other
battery cell, the main surface of the thermoelectric device is over a geometric average
center of the centers of the hotspot and the other hotspot projecied onto the side of the
heat plate; the geometric average center of the conters of the hotspot and the other hotspot
is weighted based on the relative temperature of the centers of the hotspot and the other

hotspot; an other fin connected to the other beat spreader and in thermal comumunication
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with the other hotspot via the other heat spreader, the other fin proximate to the third side
of the other battery cell; a strip extending along the shortest thermal path to the
thermoclectric device, the strip shorter than the heat spreader in at least one dimension;
the strip is connected to the heater spreader and comprising a material having a higher
thermal conductivity than a material of the heat spreader; the material of the strip
comprises copper, and the material of the heat spreader comprises aluminuoy the center
of the hotspot is proximate to the first side of the battery cell relative to a fifth side of the
battery cell opposite the first side of the battery cell; an entivety of the thermoelectric
device is on 4 same side of a plane extending substantially equidistantly between the first
side and the fifth side of the battery cell; the battery cell comprises an other electrode
connected to the battery cell on the first side of the battery cell; the center of the hotspot
1s substantially equidistant between the fivst side of the battery ccll and a fifth side of the
battery cell opposite the first side of the battery cell; the battery cell comprises an other
clectrode commected to the battery cell on the fifth side of the battery cell; the
thermoclectric device extends along the third side of the battery cell less than half of a
length of the third side along the second side of the battery cell; the thermoclectric device
extends along the third side of the batiery cell less than one-third of the length of the third
side along the second side of the battery cell; a controller in electrical commumication
with the thermoelectric device and configured to control the polarity of electric current
provided to the thermoelectric device; a fivst polarity of electric arrent is provided in a
cooling mode of system operation; a second polarity opposite the first polarity of electric
current is provided in a heating mode of system operation; a temperature Sensor in
thermal comanwmication with the battery cell and in clectrical commmunication with the
comtroller; the teraperature sensor provides temperature mformation to the controller to
adjust the polarity or a mageitude of the clectric current delivered to the thermoelectric
device; the waste surface of the thermoelectric device 1s in thermal conmmunication with a
fluid capable of acting as a heat source or a heat sink for the system; the fluid is air; the
battery cell is sealed within an enclosure; and/or the waste surface of the thermoelectric
device is in thermal communication with a wall of the enclosure, the wall of enclosure
capable of acting as a heat source or a heat sink for the system.

{8626] Various embodiments of this disclosure relate 10 a thermoelectric
battery thermal managemoent systemn configured to manage temperature of baitery cells.

The thermoelectric battery thermal management system can include the following: a first
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battery cell comprising a first electrode configurved to debiver electric power to or from the
first battery cell, the first electrode connected to the first battery cell on a fivet side of the
first battery cell; the first battery cell has a fivst hotspot corresponding to a8 temperature
merease of the first battery cell when the fivst battery cell is operating via the first
electrode delivering electric power to or from the first battery cell, the first hotspot having
a center comresponding to a point or a region of the first batiery ¢ell having a highest
temperature relative to other regions of the first battery ccll; a second battery cell
comprising a first elecirode configuved to deliver electric power to or from the second
battery cell, the fivst electrode connected to the second battery cell on a first side of the
sccond battery cell; the second battery cell has a second hotspot corresponding to a
temperature increase of the sccond battery cell when the second batiery cell is operating
via the first clecirode delivering electric power to or from the second batiery cell, the
seccond hotspot having a center corresponding to a point or a region of the second battery
cell having a highest temperature relative to other regions of the sccond battery cell; a
first heat spreader on a second side of the first battery cell and in thermal conmmumication
with the first hotspot, the first heat spreader over the center of the first hotspot on the
second side of the first battery cell; a second heat spreader on a second side of the second
battery cell and in thermal communication with the second hotspot, the second heat
spreader over the center of the second hotspot on the second side of the second battery
cell; the second sides of the first and second battery cells are substantially pavallel to cach
other; a third heat spreader in thermal communication with the first and second heat
spreaders; a thermoclectric device comprising a main surface and a waste surface, the
thermoclectric device configured to transfer thermal encrgy between the main surface and
the waste surface of the thermoelectric device upon application of electric current fo the
thermoelectric device; the main surface of the thermoelectric device is in thermal
comuunication with the third heat spreader to heat or cool the first and second battery
cells by adjusting a polarity of the clectric current delivered to the thermoelectric deviee;
the thermwockectric device is proximate to a2 third side of the first battery cell; and 2
georaeitic center of the main surtace of the thermoclectric device is substantially on a line
along 2 shortest thermal path on the first heat spreader from the center of the first hotspot
to the third side of the first battery cell with the geometric center of the main surface of
the thermoclectric device projected onto a plane of the first heat spreader extending along

the second side of the first battery cell.
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{66271 In some embodiments, the thermocleciric battery thermal management
system can include one or more of the following: the thermoelectric device is proximate
to a third side of the second batiery cell; the geometric center of the main surface of the
thermoclectric device is substantially ov a line along a shortest thermal path on the
sccond heat spreader from the center of the second hotspot to the third side of the second
battery cell with the geometric center of the main surface of the thermoelectric device
projected onto a plane of the second heat spreader extending along the second side of the
sccond battery cell; a fust fin connected to the first heat spreader and in thermal
communication with the first botspot via the first heat spreader, the first fin proximate to
the third side of the first battery ccll; a second fin connected to the second heat spreader
and in thormal communication with the second hotspot via the sccond heat spreader, the
second fin proximate o the third side of the first battery celi; the first and second fins are
in thermal comununication with the third heat spreader to at least in part provide thermal
communication between the third heat spreader and the first and second heat spreaders;
the first fin cxtonds from the first heat spreader substantially in paralicl with the third side
of the first battery cell, and the sccond fin cxtends from the sccond heat spreader
substantially in parallel with the third side of the second battery cell; a third battery cell
comprising a first clectrode configured to deliver electric power to or from the third
battery cell, the first electrode connecied to the third battery cell on a first side of the third
battery cell; the third battery cell has a third hotspot corresponding to a temperature
increase of the third battery cell when the third battery cell is operating via the first
clectrode delivering electric power to or from the third battery cell, the third hetspot
having a center corresponding to a point or a region of the third battery cell having a
highest teoperature relative to other regions of the third batiery cell; at least one of the
first heat spreader or the second heat spreader is on a second side of the third battery cell
and in thermal communication with the third hotspot, the first or second heat spreader
over the center of the third hotspot on the second side of the third battery cell; the second
sides of the first, second, and third battery cells are substantially paraliel to cach other;
the thermoelectric device is configured to heat or cool the third battery cell by adjusting
the polarity of the eclectric current delivered to the thermoelectric device, the
thermoclectric device proximate to 2 third side of the third battery cell; a fourth heat
spreader on a fourth side of the third battery cell and in thermal conununication with the

third hotspot, the fourth side of the third battery cell opposite the second side of the third
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battery cell, the fourth heat spreader over the center of the third hotspot on the fourth side
of the third battery cell; the third heat spreader is in thermal commmunication with the
fourth heat spreader; the geometric center of the main surface of the thermoclectric device
1s substantially on a line along the shortest thermal path on the fourth heat spreader with
the geometric center of the main surface of the thermoelectric device projected onto a
plane of the fourth heat spreader extending along the fourth side of the third battery cell; a
third fin connected to the fourth heat spreader and in thermal communication with the
third hotspot via the fourth heat spreader, the third fin proximate to the third side of the
third battery ccli; the third fin is in thermal communication with the third heat spreader to
at least in part provide thermal communication between the third heat spreader and the
fourth heat spreader; the third fin exiends from the third heat spreader substantially m
paralic] with the third side of the third battery cell; a strip extending along at least one
shortest thermal path of the first or second heat spreader to the thermoelectric device, the
strip shorter than at least one of the first or second spreader 1o at least one dimension, the
strip comprising a material having a higher thermal conductivity than a material of the at
least one of the first or second heat spreader; the material of the strip comprises copper,
and the material of the first and second heat spreaders comprise ahiminum; the center of
each hotspot 15 proximate to the first side of cach battery cell relative to a fifth side of
each battery ccll opposite the first side of each battery cell; an entivety of the
thermoclectric device is on a same side of a plane extending substantially equidistantly
between the first side and the fifth side of cach battery cell; each battery cell comprises a
second electrode comnected to cach battery cell on the first side of cach battery cell; the
center of cach hotspot is substantially cquidistant between the first side of cach battery
cell and a fifth side of cach battery cell opposite the first side of each battery celi; cach
battery cell comprises a second clectrode comnected to cach battery cell on the fifth side
of each baittery cell; the thermochectric device cxtends along the third side of at least one
of the first or second battery cell less than half of a length of the third side along the
second side of at lcast one of the first or second battery cell; the thermoelectric device
extends along the third side of the at lcast one of the first or second battery cell less than
one-third of the length of the third side along the sccond side of the at least one of the
first or sccond battery cell; the seccond side of cach battery cell is substantially
perpendicular to a shortest dimension of cach batiery cell; cach battery cell has a

rismatic shape; when the prismatic shape of each battery cell is positioned i1 an X-Y-7
tic sf ; when ¢ tic sh f cach battery cell t d X-Y-Z
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coordinate system, the first side of each battery ccll is along an X-Z plane of the X-Y-Z
coordinate system, the second side of each battery cell is along an X-Y plane of the X-Y-
Z coordinate system, and the third side of each battery ccll is along an Y-Z plane of the
X-Y-Z coordinate systeny 8 countroller m  electrical commumication with the
thermoclectric device and configured to control the polarity of electric current provided to
the thermoelectric device; a first polarity of electric carrent is provided in a cooling mode
of system operation; a sccond polarity opposite the first polarity of electric corrent is
provided in a heating mode of system operation; a temperature sensor in thermal
communication with at least one battery cell and in electrical communication with the
controller; the temperature sensor provides temperature information to the controller to
adjust the polarity or a magnitude of the electric current delivered to the thermoelectric
device; the waste surface of the thermoelecinic device 1s in thermal conmmuonication with a
fluid capable of acting as a heat source or a heat sink for the system; the fluid 18 air; cach
battery cell 15 sealed within an enclosure; and/or the waste surface of the thermoelectric
device is in thermal communication with a wall of the enclosure, the wall of enclosure
capable of acting as a heat source or a heat sink for the system.

{8628] Various embodiments of this disclosure relate 10 a thermoelectric
battery thermal management system configured to manage temperature of a battery cell.
The thermoelectric battery thermal managemend system can include the following: a
battery cell conyprising an electrode configured to deliver eleciric power to or from the
battery cell, the clectrode connected to the batiery cell on a first surface of the battery
cell; the battery ccll has a hotspot corresponding o a temperature  increase of the battery
cell when the batiery cell 1s operating via the electrode delivering electric power 1o or
from the baitery ccll, the hotspot having a center corresponding to a poud or a region of
the battery cell baving & highest temperature relative to other regions of the battery cell; a
heat spreader positioned on a second surface of the battery cell and in thermal
comuunication with the hotspot, the beat spreader positioned over the center of the
hotspot on the second swrface of the battery cell; a fin connected to the heat spreader and
in thermal communication with the hotspot vis the heat spreader, the fin positioned to
provide a shortest thermal path along the heat spreader from the center of the hotspot to
the fin, the fin on a fust side of a plave, the plane paralie! or tangential to the first surface
where the electrode connects to the battery cell; the electrode is on 8 second side of the

plane; a thermoeleciric device comprising a main surface and a waste surface, the
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thermoclectric device configured to transfer thermal energy between the main surface and
the waste surface of the thermoelectric device upon application of electric current to the
thermoelectric device; the main surface of the thermoelectric device is in thermal
communication with the fin to heat or cool the battery ccll by adjusting a polarity of the
electric current delivered to the thermoelectric device; and the shortest thermal path on
the heat spreader extends to a dimension of a perimeter of the main swface of the
thermocleetric device when the dimension of the perimeter of the main surface of the
thermoclectric device 18 projected onto a surface of the heat spreader where the fin
connects 1o the heat spreader.

{6629] In some embodiments, the thermocleciric battery thermal management
system can nclide one or more of the following: the second surface is substantially
perpendicular to a shortest dimension of the battery cell; the fin extends from the heat
spreader substantially i parallel with a thitd side of the battery cell; a geometric center of
the main surface of the thermoelectric device is positioned substantially along the shortest
thermal path on the heat spreader when the geometric cerder of the main surface of the
thermoclectric device is projected onto the surface of the heat spreader where the fin
comnects to the heat spreader; the battery cell has a prismatic shape; when the prismatic
shape 1s positioned 1o an X-Y-Z coordinate system, the first surface extends along an X-Z2
plane of the X-Y-Z coordinate sysier, the sccond side extends along an X-Y plane of the
X-Y-Z coordinate system, and the third side extends along an Y-Z plane of the X-Y-Z2
coordinate systemy an other fin comnected to the heat spreader and in thermal
commumnication with the hotspot, the other fin on the first side of the plane; an other
thermoclectric device comprising a main surface and a waste surface, the other
thermoclectric device configured to transfer thermal encrgy between the main surface and
the waste surface of the other thermaoclectric device upor application of clectric current to
the other thermoelectric device; the main surface of the other thermoelectric device is in
thermal communication with the other fin along a line extending from and parallel 1o the
shortest thermal path along the heat spreader to heat or cool the battery cell by adjusting a
polarity of the electric current delivered to the other thermoelectric device; the other fin
cxtends from the heat spreader substantially in parallel with a third side of the battery
cell, the third side opposite a fourth side of the battery cell along which the fin extends in
paralich; a strip cxtending along the shortest thermal path to the thermoelectric device, the

strip shorter than the heat spreader in at least one dimension, the strip connected (o the

SUBSTITUTE SHEET (RULE 26)
12



WO 2015/066079 PCT/US2014/062728

heater spreader and comprising a material having a higher thermal conductivity than a
material of the heat spreader; the material of the strip comprises copper, and the material
of the heat spreader comprises aluminmum; an other battery cell, the other battery cell
comprising an electrode configured to deliver electric power to or from the other battery
cell, the electrode connected to other battery cell on a first surface of the other battery
cell; the other battery cell has an other hotspot corresponding to a temperature increase
of the other battery ccll when the other battery cell is operating via the electrode
delivering electric power to or from the other battery cell, the other hotspot having a
center corresponding to a point or a region of the other battery cell having a highest
temperature relative to other regions of the other battery cell; the battery cell and the
other battery cell are stacked with the first surface the battery cell and the first surface of
the other battery cell positioned in substantially a same plane; the other battery cell 15 in
thermal comnumication with the heat spreader; the other hotspot of the battery cell is
heated or cooled by adjusting the polanty of the electric current delivered to the
thermoclectric device; an other heat spreader positioned on a second side of the other
battery cell and in thermal commumication with the other hotspot, the other heat spreader
positioned over the center of the other hotspot on the second side of the other battery cell;
an other fin connected to the other heat spreader and in thermal communication with the
other hotspot via the other heat spreader, the other fin positioned to provide a shortest
thermal path along the other heat spreader from the center of the other hotspot to the other
fin, the other fin on a first side of a ancther plane, the other plane parallel or tangertial to
the first surface where the electrode connects to the other battery cell; the electrode of the
other battery cell is on a second side of the other plane; an other thermoclectric device
comprising a main surface and a waste surface, the other thermoclectric device
configured to transfer thermal energy between the main surface and the waste surface of
the other thermoeclectric device upon application of clectric current to the other
thermoelectric device; the main surface of the other thermoeleciric device is in thermal
communication with the other fin slong the shortest thermal path of the other heat
spreader to heat or cool the battery cell by adjusting a polarity of the electric current
delivered to the other thermoelectric device; the other fin extends from the other heat
spreader substantially in paralicl with a third side of the other battery cell; a geometric
center of the main surface of the other thermoclectric device s positioned substantially

along the shortest thermal path on the heat spreader when the geometric center of the
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main surface of the other thermoelectric device is projected onto a surface of the other
heat spreader where the other fin connects to the other heat spreader; an other heat
spreader positioned on a second side of the other battery cell and in thermal
communication with the other hotspot, the other heat spreader positioned over the center
of the other hotspot on the second side of the other battery cell; an other fin connected to
the other heat spreader and in thermal comnumication with the other hotspot via the other
heat spreader, the other fin positioned to provide a shortest thermal path along the other
heat spreader from the center of the other hotspot 1o the other fin, the other fin on a first
side of a another plane, the other plane parallel or tangential to the first surface where the
electrode conmects to the other battery cell; the electrode of the other battery celiis ona
second side of the other plane; a heat plate connected to and in thermal commumication
with both the fin and the other fin; the main surface of the thermoelectric device is in
thermal commmunication with the heat plate to heat or cool the hotspots of the battery cell
and the other battery cell by adjusting the polarity of the electric current delivered to the
thermoclectric device; the center of the hotspot and the other hotspot are projected onto a
side of the heat plate, the main surface of the thermoeleciric device is positioned over a
geometric average center of the centers of the hotspot and the other hotspot projected
onto the side of the heat plate; the geometric average center of the centers of the hotspot
and the other hotspot is weighted based on the relative temperatare of the centers of the
hotspot and the other hotspot; a controller in electrical communication with the
thermoclectric device and configured to control the polarity of electric current provided to
the thermoclectric device; a first polarity of clectric current is provided in a cooling mode
of system operation; a second polarity opposite the first polarity of clectric current s
provided in a heating mode of system operation; a temperature sensor in thermal
communication with the battery cell and in elecirical communication with the controller;
the temperature sepsor provides temperature information to the controller to adjust the
polarity or a magnitude of the electric current delivered to the thermoelectric device; the
waste surface of the thermoelectric device is in thermal convnunication with a fhaid
capable of acting s a heat scurce or & heat sink for the system; the fluid s air; the battery
cell is scaled within an enclosure; the waste surface of the thermoelectric device 1s in
thermal comnwmication with a wall of the enclosure, the wall of enclosure capable of
acting as a heat source or @ heat sink for the system; the battery cell has a cylindrical

shape; the heat spreader circumscribes a perimeter of the battery cell about 2 contral axis

SUBSTITUTE SHEET (RULE 26)
14



WO 2015/066079 PCT/US2014/062728

of the cylindrical shape, the central axis perpendicular to the plane; and/or the fin extends
from the heat spreader perpendicular o the central axis with a longitudinal dimension of
the fin being parallel to the central axis,

{6638 Various cmbodiments of this disclosure relate to a method of
manufacturing a thermoclectric battery thormal management system configured o
manage tomperature of a battery cell. The method can include the following: connecting
a heat spreader to a battery cell having an electrode configured to deliver electric power
to or from the battery cell, the electrode connected to the battery cell on a first surface of
the battory ccll, whercin the battery cell has a hotspot corresponding to a temperature
increase of the battery cell when the battery cell is operating via the electrode delivering
clectric power to or from the battery ccll, the hotspot having a conter comresponding to a
potnt or a region of the battery cell having a highest temperature relative to other regions
of the battery ccli, wherein the heat spreader 18 commected on 2 sccond surface of the
battery ceil 1o be fo thermal communication with the hotspot, the heat spreader positioned
over the center of the hotspot on the second surface of the battery cell; connecting a fin to
the heat spreader in thermal communication with the hotspot, the fin positioned to
provide a shortest thermal path along the heat spreader from the center of the hotspot to
the fin, the fin on a fust side of a plave, the plane paralie! or tangential to the first surface
where the clectrode comnects to the battery cell, wherein the clectrode is on a second side
of the plane; and comnecting a thermoclectric device to the fin, the thermoelectric device
comprising a main surface and a waste surface, the thermoelectric device contigured to
transfer thermal energy between the main surface and the waste surface of tie
thermoclectric device upon application of clectric curmrent to the thermoclectric device,
wherein the main surface of the thermoclectric device is in thermal conmumnication with
the fin to heat or cool the battery ccll by adjusting & polarity of the eleciric current
delivered to the thermoclectric device, wherein a geometric center of the main surface of
the thermoclectric device is positioned substandially along the shortest thermal path on the
heat spreader when the goometric center of the main surface of the thermoelectric device
is projected onto a surface of the heat spreader where the fin connects to the heat
spreader.

{6631] In some cmbodiments, the method can include one or more of the
following: connecting an other fin to the heat spreader in thermal communication with the

hotspot, the other fin on the first side of the plane; connecting an other thermoelectric
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device to the other fin, the other thermoelectric device comprising a main surface and a
waste surface, the other thermoelectric device configured to transfer thermal energy
between the main surface and the waste surface of the other thermoelectric device upon
application of clectric current to the other thermoclectric device, wherein the main
surface of the other thermoelectric device s in thermal communication with the other fin
along a line extending from and parallel to the shortest thermal path along the heat
spreader to heat or cool the battery cell by adjusting a polarity of the electric current
delivered to the other thermoelectric device; connecting a strip along the shortest thermal
path to the thermoelectric device, the strip shorter than the heat spreader in at least one
dimension, the strip conmected to the heater spreader and comprising a material having a
higher thermal conductivity than a material of the heat spreader; stacking an other battery
cell with the battery cell, the other battery cell comprising an electrode configured to
deliver electric power to or from the other battery cell, the clectrode connected 1o other
battery cell on a fivst surface of the other battery cell, wherein the other battery cell has an
other hotspot corresponding to a temperature increase of the other battery cell when the
other battery cell is operating via the electrode delhivering electric power to or from the
other battery cell, the other hotspot having a center corresponding to a point or a region of
the other battery cell having a highest temperatare relative to other regions of the other
battery cell, and wherein the batiery cell and the other battery ccli are stacked with the
first surface the battery cell and the first surface of the other battery cell positioned n
substantially a same plane; connecting an other heat spreader to a second side of the other
battery cell and in thermal communication with the other hotspot, the other bheat spreader
positioned over the center of the other hotspot on the second side of the other battery cell;
comnecting an other fin to the other heat spreader in thermal commumication with the
other hotspot via the other heat spreader, the other fin positioned to provide a shortest
thermal path along the other heat spreader from the center of the other hotspot to the other
fin, the other fin on a first side of a ancther plane, the other plane parallel or tangertial to
the fust surface where the clectrode connects to the other battery cell, wherein the
clectrode of the other battery cell s on a second side of the other plane; connecting an
other thermoclectric device with the other fin, the other thermoelectric device comprising
a main surface and a waste surface, the other thermoelectric device configured to transfer
thermal energy between the main surface and the waste surface of the other

thermoclectric device upon application of electric current to the other thermoelectric
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device, wheretn the main surface of the other thermoelectric device s in thermal
communication with the other fin along the shortest thermal path of the other heat
spreader to heat or cool the battery cell by adjusting a polarity of the electric current
delivered 1o the other thermoeclectric device; connccting an other heat spreader to a
sccond side of the other battery cell and in thermal commumication with the other hotspot,
the other heat spreader positioned over the center of the other hotspot on the second side
of the other batiery cell; connecting an other fin to the other heat spreader and n thermal
communication with the other hotspot via the other heat spreader, the other fin positioned
to provide a shortest thermal path along the other heat spreader from the center of the
other hotspot to the other fin, the other fin on a fivst side of a another plane, the other
plane parallel or tangential to the first surface where the electrode connects to the other
battery cell, wherein the clectrode of the other battery cell is on a second side of the other
plane; connecting a heat plate in thermal communication to both the fin and the other fin;
connecting the main surface of the thermoelectrie device with the heat plate in thermal
communication to heat or cool the hotspots of the battery cell and the other battery cell by
adjusting the polanty of the electric current delivered to the thermocleciric device;
connecting a coniroller to the thermoelectric battery thermal management system,
wherein the controller is configured to control a polarity of electric current provided to
the thermoelectric device, wherein a first polarity of electric current is provided m a
cooling moede of system operation, and wherein a second polarity opposite the first
polarity of clectric current is provided in a heating mode of system operation; connecting
a temperature sepsor in thermal communication with the battery cell and in electrical
commmunication with the condroller; connecting the waste swrface of the thermoelectric
device to a fluid capable of acting as a heat source or a heat sink for the thermoelectric
battery thermal management system; and/or sealing the battery cell within an enclosure
and connecting the waste surface of the thermoelectric device with a wall of the
enclosure, the wall of enclosure capable of acting as a heat source or a heat sink for the
systent,

10032] Various embodiments of this disclosure relate to a thermoclectric
battery thermal management system configured to manage temperature of a batiery cell.
The thermoelectric battery thermal managemend system can include the following: a
battery cell comprising an electrode configured to deliver eleciric power to or from the

battery cell, the electrode connected to the battery cell on a first side of the battery cell;
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the battery cell has a hotspot corresponding to a temperanre increase of the battery cell
when the battery cell is operating via the electrode delivering clectric power to or from
the battery cell, the hotspot having a center corresponding to a point or & region of the
battery cell having a highest temperature relative to other regions of the battery cell; a
heat spreader positioned on a sccond side of the battery cell and in thermal
communication with the hotspot, the heat spreader positioned over the center of the
hotspot on the second side of the battery cell; 8 fin connected to the heat spreader and in
thermal compumication with the hotspot via the heat spreader, the fin positioned
proximate to a third side of the battery cell, the second and the third sides of the battery
cell connected at a common edge that is no farther away from the center of the hotspot
than any other edge between sides of the battery cell; a thermoelectric device comprising
a main surface and a waste surface, the thermoeleciric device configured to transfer
thermal encrgy between the main surface and the waste surface of the thermoelectric
device upoen application of electric current to the thermoclectric device; the mam surface
of the thermoelectric device 13 in thermal commumication with the fin to heat or cool the
battery cell by adjusting a polarity of the clectnic current delivered to the thermoelectric
device; and a geometric center of the main surface of the thermoelectric device is
positioned substantially along a thermal path on the heat spreader when the geometric
center of the main surface of the thermocleciric device is projected onto a plane of the
heat spreader extending along the second side of the battery cell, the thermal path
extending from the center of the hot sport perpendicularly toward the common edge.
{8633] Various embodiments of this disclosure relate 10 a thermoelectric
battery thermal management system configured to manage temperature of a battery cell.
The thermoelectric battery thermal managemend system can include the following: a
battery cell conyprising an electrode configured to deliver eleciric power to or from the
battery cell, the clectrode connected to the batiery cell on a first surface of the battery
cell; the battery ccll has a hotspot corresponding o a temperature  increase of the battery
cell when the battery cell is operating via the clecirode delivering electric power to or
from the baitery cell, the hotspot having a center corresponding to a point or a region of
the baitery cell having a highest temaperature relative to other regions of the battery cell; a
heat spreader positioned on a second surface of the battery cell and in thermal
communication with the hotspot, the heat spreader positioned over the center of the

hotspot on the second swrface of the battery cell; a fin connected to the heat spreader and
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m thermal conmmunication with the hotspot via the heat spreader; a thermoeleetric device
comprising a main surface and a waste surface, the thermoelectric device configured to
tranasfer thermal energy between the main surface and the waste surface of the
thermoclectric device apon application of electric current to the thermoelectric deviee;
the main surface of the thermoeleetric device is n thermal commumication with the fin to
heat or cool the battery cell by adjusting a polarity of the electric current delivered to the
thermoclectric device; and the hot spot and the thermoelectric device are located on a
same side of a plane passing through the battery ccll paraliel to the first surface and
dissecting the battery cell in to two equal portions.

16034} The foregoing is & sunumary and containg  simplifications,
generalization, and omissions of detail. Those skilled in the art will appreciate that the
summary is ithustrative only and is not jotended to be 1n any way Hmiting. Other aspects,
features, and advantages of the devices and/or processes and/or other subject matter
described hercin will become apparent in the teachings sct forth herein. The sunumary 15
provided to imtroduce a selection of concepts i a simplified form that are further
described below in the Detalled Description. This summary is not intended to identify
key features or essential features of any subject matier described herein.

160351 The summary is provided to introduce a selection of concepts in a
simplified form that are furthor described below in the Detailed Description.  This
summary is not intended to identity key features or cssential features of any subject

maiter described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

{8036] ‘arious embodiments are depicted in the accompanying drawings for
ilhustrative purposes, and should in no way be interpreted as limiting the scope of the
thermoelectric assemblies or systems described herein. In addition, various features of
different disclosed embodiments can be combined with one another to form additional
embodiments, which are part of this disclosare. Any featire or siructure can be removed,
aliered, or omitted. Throughout the drawings, reference numbers may be reused o
indicate correspondence between reference elements.

188371 Figure 1A 1s a schematic illustration of an embodiment of a battery
thermal managerent system.

{8038 Figure IB illustrates an embodiment of a battery cell.
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{6639] Figures 2A-2B illustrate cmbodiments of batiery cells with heat
spreaders and fins.

16840] Figure 3 Ulustrates an embodimaent of a battery cell with a hotspot,

{6041] Figure 4 illusirates an embodiment of a batiery cell with a heat
spreader over a hoispot.

{80421 Figire § illostrates an embodiment of a battery cell with two fins

connected to a heat spreader over a hotspot.

{80431 Figure 6 illustrates an embodiment of a cylindrical battery cell.
{80441 Figure 7 illustrates an embodiment of battery cells connected to a

common thermoelectric device.

{80451 Figure 8 illustrates an cmbodiment of a batiery cell with a strip
positioned over & heat spreader,

46} Figure 9 illustrates an crobodiment of g battery cell with electrodes on
opposite sides.

[0847] Figure 10 illustrates an embodiment of a battery cell.

[04348] Figure 11 illustrates an embodiment of a battery ¢ell with a heat

spreader posttioned over a hotspot.

DETAILED DESCRIPTION

{B349] Various embodiments are depicted in the accompanying drawings for
lustrative purposes, and should m no way be interpreted as Hoiting the scope of the
thermoclectric assemblies or systems described herein. In addition, various features of
different disclosed embodiments can be combined with one another to form additional
embodiments, which are part of this disclosure. Any feature or structare can be removed,
altered, or omitied. Throughout the drawings, reference numbers may be reused to
mdicate correspondence between reference clements,

{665¢] Although certain embodiments and examples are disclosed herein, the
subject matter extends beyond the examples in the specifically disclosed embodiments 1o
other alternative embodiments and/or uses, and to modifications and equivalents thereof.
Thus, the scope of the claims appended herete is not Hmited by any of the particular
cembodiments described below. For example, o any method or process disclosed berein,
the acts or operations of the method or process may be performed in any suitable

sequence and are not necessarily lmited to any particular disclosed sequence. Various
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operations may be described as multiple discrete operations in turn, in 8 manver that may
be helpful in understanding certain embodiments; however, the order of description
should not be construed to imply that these operations are order dependent. Additionally,
the structures, systems, and/or devices described herein may be embodied as integrated
components or as separate corponents. For purposes of comparing various embodiments,
certain aspects and advantages of these embodiments are described. Not necessarily all
such aspects or advantages are achieved by amy particular embodiment. Thus, for
example, various embodiments may be carried out in a mauner that achicves or optimizes
one advantage or group of advantages as taught herein without necessarily achieving
other aspects or advantages as may also be taught or suggested herem.

160511 Thermoclectric (TE) systems can be operated in cither heating/cooling
ot power generation modes. In the former, clectric currerd is passed through a TE device
to pump the heat from the cold side to the hot side or vice versa, In the latter, a heat flux
driven by a temperature gradient across a TE device is converted into electricity. Tn both
maodalities, the performance of the TE device is largely determined by the figure of merit
of the TE material and by the parasitic (dissipative) losses throughout the systert.
Working clements in the TE device are typically p-type and v-type semiconducting
materials.,

{06521 A thermoclectric system or device as described hercin can be a
thermoelectric gencrator (TEG) which uses the temperatore differcnce between two
fhuids, two solids (e.g., rods), or a solid and a fluid to produce clectrical power via
thermoelectric materials.  Alternatively, a thermoelectric system or device as described
herein can be a heater, cocler, or both which serves as a solid state heat pump used o
move heat from one surface to another, thereby creating a temperature difference between
the two surfaces via the thermoelectric materials. Each of the surfaces can be in thermal
communication with or comprisc a solid, a hquid, a gas, or a combination of two or more
of a solid, 8 liquid, and a gas, and the two surfaces can both be in thermal communication
with a solid, both be in thermal conunmumication with a liguid, both be in thermal
communication with a gas, or onc can be in thermal communication with a material
selected from a solid, 3 liquid, and a gas, and the other can be in thermal communication
with a material selected from the other two of a solid, a liquid, and a gas.

HHIRRY The thermoelectric system can inchide a single thermoeleetric device

{TED) or a group of thermoelectric devices depending on usage, power output,
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heating/cooling capacity, coefficient of performance (COP) or voltage. Although the
examples described herein may be described in connection with a heating/cooling system,
the described features can be utilized with either a power generator or a heating/cooling
gystem.

{0654] The terms “thermal communication” or “thermally coupled” are used
herein in their broad and ordinary sense, describing two or more components that are
configured to allow heat transfer from one componeut to another. For example, such
thermal commmunication can be achieved, without loss of generality, by sung contact
between surfaces at an inderface; one or more heat transfer materials or devices between
surfaces; a connection between solid surfaces using a thermally conductive material
system, wherein such a system can include pads, thermal grease, paste, one or more
working fluids, or other structures with high thermal conductivity between the surfaces
{c.g., heat cxchangers}); other suifable structures; or combinations of structures.
Substantial thermal covwnunication can take place between surfaces that are directly
connected (e.g., contact each other) or indirectly counected via one or more interface
materials.,

{8855} As used herein, the terms “shunt” and “heat exchanger” have their
broadest reasonable interpretation, inchiding but not lmited to a component (e.g., a
thermally conductive device or material) that allows heat to flow from one portion of the
component to another portion of the component.  Shunts can be in thermal
communication with onc or more thormoclectric materials (o.g., one or more
thermoelectric clements) and in thermal communication with one or more heat
cxchangers of the thermoelectric assembly or system. Shunts described herein can also
be clectrically conductive and in clectrical communication with the one or more
thermoelectric materials so as to also allow clectrical current to flow from one portion of
the shuont to apother portion of the shunt (c.g, thereby providing electrical
communication between multiple thermoelectric materials or clements). Heat exchangers
{e.g., tubes and/or conduits) can be in thermal communication with the one or more
shunts, one or more TEDs and/or one or more working fluids of the thermoclectric
assembly or system. Various configurations of one or more shunts and one or more heat
cxchangers can be used (e.g., one or more shunts and one or more heat exchangers can be
portions of the same unitary clement, onc or more shunts can be in electrical

communication with one or more heat exchangers, one or morce shunts can be clectrically
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1solated from one or move heat exchangers, one or more shunts can be n direct thermal
commumication with the thermoeleetric clements, one or more shunts can be in divect
thermal commumication with the one or more heat exchangers, an intervening material
can be positioned between the one or more shunts and the one or more heat exchangers).
Furthermore, as wused herein, the words “cold,” “hot” “cooler,” “hotter,” “coldest,”
“hottest,” and the hike are relative terms, and do not signify a particular temperatore or

Y Cs

temperature range.  As used herein, the words “short,” “long,” “shorter,” “longer,”
“shortest,” “longest,” and the like are relative terms, and do not signify a particolar length
ot length range.

16056] It can be advantageous to manage the thermal conditions of power
clectronics and other electrical devices. Thermal mavagement can reduce incidences of
overheating, overcooling, and clectrical device degradation. Certain  embodiments
described herein provide thermal management of devices that carry sigotficant electric
power and/or require high current and efficiency (e.g., power amplifiers, transistors,
transformers, power inverters, insulated-gate bipolar transistors (IGBTs), electric motors,
high power lasers and light-emitting diodes, batteries, automotive batteries and others).
A wide range of solutions can be used to thermally manage such devices, inchuding
convective air and liquid cooling, conductive cooling, spray cooling with hquid jets,
thermoclectric cooling of boards and chip cases, and other solutions. At least some
embodiments disclosed herein provide at least one of the following advantages compared
to existing techniques for heating or conling clectrical devices: reduced thermal losses
along the thermal path from the heat source to the TED, heating and cooling modes of
operation, other advantages, or a combination of advantages.

[0857] In electrical devices, typically electrically active portions and/or
tcmperature sensitive regions of the device are connected {o the outside world, such as,
for example, external circuits or devices, via clectrical conductors. For exanple,
clectrodes of a battery cell can be designed to carry high electric power without
significant losses {e.g., heat losses that are proportional to the square of the current, por
Joule’s Law). The wire gavge of the electrical conductors used for such electrodes is
commensurate with the high current that typically flows in such devices. The larger the
size of the battery is, the bigger are the clectrode posis for comnection with the outside

circuits,
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{0658] Battery thermal management is desired to maintain batteries within an
optimum temperature range.  This maximizes both performance and usetul hife of the
battery. Although the examples described herein may be described in connection with a
heating/cooling system for a batiery, the described foatires can be wutilized with other
clectrical devices as described herein

16659] 1o goneral, for most battery chemistries, as tomperatures rise, discharge
time {capacity) increases, ability to deliver current increases and charging time decreases.
For these metrics, high battery temperatores are generally favorable. However, regarding
the metric of hattery life, the opposite is generally true. High tomperatures reduce useful
battery life. 1t has been found that mainteining batterics within an ideal temperaturce
range or prescribed tomperatire at the right time can balance battery life with other
performance metrics.

160601 Start-stop batteries may be located under the hood of a vehicle. The
temaperatare under the hood of a vehicle is typically above the ideal or prescribed
fcmperatare range. To improve the useful life of the battery it is best to maintain the
battery at lower temperatures than the under hood environment of a vehicle.

8861} Different thermal management strategies have been devised for
batteries, but thermoelectric (TE) thermal management using one or more TEDs can be
beneficial over other thermal management strategies for many reasons. One advantage of
TE thoermal management is it places little or no other {(e.g., additional) borden on the
vehicle in terms of coolant hoses or refrigerant lines. Another advantage is electric power
for the TE thermal management can be delivered by the battery itself making the system
“stand-alone” or “in-line.”

[0862] Embodiments disclosed herein include systems and methods capable of
thermally managing an electrical device {e.g., battery) by applying direct or mdirect
thermoelectric (TE) cooling and/or heating 1o the clectrical devices. Such devices can
often benefit from thermal management. Some cmbodiments will be deseribed with
reference to particular electrical devices, such as, for example, batteries, battery casings
and battery cells. However, at least some embodiments disclosed herein are capable of
providing thermal management to other electrical devices, such as, for cxample,
msulated-gate bipolar transistors (1GB7Ts), other electrical devices, or a combination of
devices. At least some such devices can suffer from operation outside of a preferred

temperature range. The operation of some embodiments is described with reference to a
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coohing mode of operation. However, some or all of the embodiments disclosed herein
can have a heating mode of operation, as well. In some situations a heating mode of
operation can be employed o maintain the temperature of an electrical device above a
threshold temperature, under which the cleetrical device may degrade or exhubit impaired
operation. TE devices are umiquely suited to provide both heating and cooling fimctions
with minimuom complications for system architecture.

106863] There are a variety of ways in which TE devices can be used for
clectrical device cooling and/or heating tasks.  As described herein, TE devices can
melude one or more TE clements, TE assemblics and/or TE modules.  In some
cmbodiments, a TE system can include a TE device, which coroprises a fivst side and a
sccond side opposite the first side. In some embodiments, the first side and second side
can be a mam surface and waste surface, or heating surtace and cooling surface {or a
main side and waste side, or heating side and cocking side). In certain embodiments, the
main surface can coutrol the temperature of a device under thormal management while
the waste surface connects is connected to a heat source or heat sink. A TE device can be
operably coupled with a power source. The power source can be contfigured to apply a
voltage to the TE device. When voliage 18 apphied in one direction, one side (e.g., the
first side) creates beat while the other side {e.g., the second side) absorbs heat. Switching
polarity of the circult creates the opposite effect. o a typical srrangement, 2 TE device
comprises a closed circuit that includes dissimilar materials. As a DC voltage is applied
to the closed circuit, a temperature difference is produced at the junction of the dissimilar
materials. Depending on the divection of the electric currend, heat is cither emitted or
absorbed at a particular junction. v some enmbodiments, the TE deviee inchudes several
solid state P- and N-type semi-conductor clements connected in series; or groups {e.g.,
modules) of P- and N-type semi-conductor clements connected in series, with the groups
connected 1n a parallel and/or series configuration to provide operational robustness to
the TE device.

[0064] In certain cmbodiments, the junciions are sandwiched between two
clectrical isolation members {¢.g., ceramic plates), which can form the cold side and the
kot side of the TE device. The cold side can be thermally coupled {directly or indirectly)
ic an object (e.g., clectrical conductor, clectrical device under thermal management,
battery ceil, heat spreader/fin, ctc.) to be cooled and the hot side can be thermally coupled

{directly or mdirectly} to a waste heat removal system which dissipates heat to the
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environment. Any suitable technique can be used inchuding, but not bmited to a heat
exchanger, heat sink, heat pipe and/or exposure to ambient aiv.  In some cmbodiments,
the hot side can be thermally coupled (divectly or indirectly) to an object {e.g., electrical
conductor, electrical device under thermal management, batiery cell, heat spreader/fin,
etc.) to be heated. Certain non-himiting embodiments are described below.

10865] In some embodiments, a heat pipe can be provided as a waste heat
removal or transport mechanism. Waste heat from a TE device can be dissipated in a heat
sink. Examples of heat sinks include heat exchangers, waste streams, other structures for
dissipating heat, and combinations of structures. A heat sink can be attached (divectly or
indirectly} to the waste side or surface of the TH device. The heat sink can be cooled by
atr, lquid, or, alternatively, it can be a sohid member connecting the TE device with a
bigger selid heat sink such as a battery case, car frame, or ancther structural clement that
dissipates heat offectively, However, in practical applications, such as, for example, a
battery thermal management system, there can be packaging constraints that limit the
possibility of bringing the cooling media close to the waste side of the TE device.
Alternatively, a heat or thermal fransport device may be used to move the heat from the
waste side of the TE device to another location where heat dissipation may be
implemented effectively,

[0066] In some embodiments, a heat transfor device or exchanger can be used
to connect the waste side or surface of the TE device to a heat sink where the heat is
pltimately dumped by, for example, air, Hquid, or solid. Such 2 heat sink can be for
example the liquid cooling circuit of the car, a radiator or an air cooled heat sink, ambient
air, working floid, fluid reservoir, or a solid body {e.g., battery case or car frame).

{80671 Battery thermal management systems (BTMS) can be used to control
temperatores and monitor conditions of batteries and amvays of batteries to prevent battery
faibwe and/or safety related failure. A BTMS can tmprove the overall conditions of
battery operation by both managing the thermal environment and also being sufficiently
reliable 5o that overall system performance is not degraded.

{B068] A variety of embodiments of battery thermal management systems are
described below to illustrate various configurations. The particular embodiments and
examples are only illustrative and feanres described in one embodiment or example may

be combined with other features described in other embodiments or examples.
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Accordingly, the particular embodiments and examples are not intended to be restrictive
m any way.

{83691 In some embodiments, a BTMS includes at least one battery, battery
case, battery cell, plate in contact with the cell, electrode and/or battery array. In cortain
cmbodiments, a battery thermal management system can be used to both heat and cool
batteries, battery cells, and/or battery arrays.  For example, the batiery thermal
management system can be integrated with the at least one battery, the battery thermal
management system can be integrated with an enclosure wherein the at least one battery
or battery cell is contained, or the thermal management system can be positioned in
thermal communication with the at least one battery or battery cell.

160701 As schematically ilhustrated in the block diagram of Figure 1A, in
certain embodiments, a batiery thermal management system (BTMS) 10 includes one or
more battery cells 12 of a battery 14, The battery cell{s) 12 include one or more
clectrodes 18, In some embodiments, the battery celi(s) 12 is enclosed by a batiery case
16. The BTMS 10 can firther include one or more TEDs 20 having a first side 22 {e.g.,
for providing beating or cooling to the battery cell{s) 12) and a second side 24 {c.g., waste
surface). In some cmbodiments, the first side 22 is in thermal communication with a
portion (e.g., fin 26) of a heat spreader/fin 28, The heat spreader/fin 28 inchudes a cell
contact portion in thermal communication with a portion of the battery celi(s) 12. The fin
26 can extend in the same direction, perpendicular to, or at various other angles relative
io the cell contact portion.  In some embodiments, the second side 24 of the TEDs 20 is
coupled or configured to be coupled to a waste heat removal system 32 for dissipation or
removal of heat from the TE device 20.

108711 In some embodiments, the battery case 16, second side 24 (e.g., waste
surface) of the TEDs 20, waste heat removal system 32 and/or battery cell(s} 12 are
exposed to the ambient air such that heat can be dissipated or removed accordingly to the
environment. In other embodiments, the battery case 16 is sealed. In some embodiments,
the BTMS 10 mchides a power source 38 for providing clectrical current to the TEDs 20,
In other embodiments, the TEDs 20 are powered in-line with the battery 14, In some
embodiments, the BTMS 10 includes a controller 36 in electrical communication with the
power source 38 and/or battery 14, In some embodiments, the BTMS 10 includes sensors
34 {c.g., electrical, temperatare) for providing electrical and/or temperature information

of the battery cells 12, TEDs 20, ambient temperature, and/or temperature within the
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battery case 16 to the controller 36 such that the electrical power {e.g., current, voliage) to
the TEDs 20 can be adjusted accordingly to provide the appropriate level of heating or
cooling as desired or required o maintain the temperatare of the battery at an optimum
level

106721 As discussed herein, one way to thermally manage battery cells is to
use one ot more thermoclectric TEDs. In some embodiments, one or more TEDs may be
used to cool or heat one or more battery cases, battery cells, cold plates, heat spreader,
and/or fing in contact with the battery cells, air circulating within, or blown through the
battery case, clectrodes of the batteries, battery terminals, or other components.

106873] Generally, 1 order to use TEDs cfficiently it is important to reduce the
thermal losses {c.g., thermal resistance) along the thermal path from the heat source to the
TED. Therefore, the location (c.g., position, alignment) of the one or more TEDs needs
ic be optimized based on the specifics of the clectrical device (eo.g., batiery cell
construction) and localization of heat production.

[0874] X-Y-Z axes (e.g., a three-dimensional Cartesian coordinate system) are
provided for reference in the Figures. The X-Y-Z axes are perpendicular with each other
{c.g., pair-wise perpendicuiar). In some cmbodiments, a rectangular battery cell is
provided as an cxample {c.g., 8 pouch ccll, prismatic hard can). However, various other
shaped battery cells can be used, inchuding but not limited to a square, cylinder, triangle,
polygon, etc. Figure 1B illustrates an ecxample rectangular pouch cell 12 having
dimensions of height H along the Y-axis, thickness T along the Z-axis, and width W
along the X-axis, wherein H is greater than W, In some embodiments, W is greater or
equal to H. As illostrated in Figure 1B, the electrode(s) 18 are positioned on a top side of
the cell 12 along the width W.

{B075] Figires 2A-2B illustrate a2 pouch cell 12 {e.g, of a battery cell)
comprising attachments (e.g., heat spreader/fin 28, which can be made of Alwninom
sheet metal, another thermally conductive material, or 8 combination of materials) that
are configured 1o transfer thermal energy to or from the cell 12, In some embodiments,
the attachments remove heat away from the cell 12 and bring the heat to the heat transfer
contact surface (e.g., fin 26). The heat can be then removed by a cold plate that may be
copled by air, Hagud, via TED, conductively or otherwise (e.g., convection, conduction,
and/or radiation). As illustrated in Figure 2A, n some embodiments, the heat

spreader/fin 28 includes a cell contact portion or surface in thermal commumication
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and/or coupled to a sarface of the cell 12 coplanar with the X-Y plane. A heat transfer
contact surface {e.g., fin 26) can extend perpendicularly and/or at an angle to the cell
contact portion of the heat spreader/fin 28 along the Y-Z planc as illustrated in Figore 2A
ot the X-7Z plane as illustrated in Figure 28, As illustrated in Figure 2A

10676] Typically, the heat generated by or within a battery cell is not
produced uniformly in the cell {e.g., duc to the non-uniform current flux in close
proximity to the clectrodes). in most operating conditions, the heat is produced in a
region of the ccll that is close {e.g., near or proximate) 1o the electrodes and between
them. Schematically, this hotspot or localized heat generation 40 is Ulustrated in Figure
3. Darker shades indicate higher temperature and higher heat generation.

{06771 In some embodiments, the localized heat generation 40 does not
necessarily have a defined conter as discussed herein, Accordingly, a center of localized
heat gencration may correspond to a spatial/geometric average of the heat generation of
the cell 12 projected onto a plane as discussed herein, corresponding a region or point in
the ccll 12 where the cell 12 experiences the highest temperature fluctuation or range
during operation. In some cmbodiments, the average may be weighted where for
cxample, a relatively hotter heat zone may move the average center of the hotspot closer
to the relatively botter heat zone over other localized heat gencration zones. As
illustrated in Figure 3, the heat 40 is generated between the electrodes 18, closer or more
proximate to a first side 42 of the cell 12 that the electrodes 18 are positioned on, and less
heat is generated closer to the opposite side (e.g., sccond side 44} of the cell 12. The first
side 42 and the sccond side 44 arc spaced apart by a distance H {c.g., height of the cell
12} along the Y axis.

16878] The location of the hotspot 40 in the cell 12 and/or sides of the cell 12
may vary during operation and/or life of the cell 12, The hotspot 40 can be considered a
point or region of substantially maximum or highest relative temperature of the cell 12 or
the vicinity {e.g., environment of the cell 12). The location of the hotspot 40 in the cell
12 may shift or change depending on or as a function of battery charge state, age of the
battery, and/or other operational parameters such as for example, the hotspot 40 may shift
as the cell 12 heats ap {e.g., overall or average temperature of the cell 12 increases)
during operation over a period of time. Accordingly, the location of the hotspot 40 and/or
center of the hotspot 40 may be a range of locations based on the parameters discussed

herein. The hotspot 40 can be located within the location range or at a specific point for
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positioning the TED 20 as discussed herein. For example, the location of the hotspot 40
can be determined to be wheve the hotspot 40 originates when the cell 12 is not yet cycled
multiple times (e.g., fresh); the location of the hotspot 40 can be determined to be where
hotspot is located 40 after the cell 12 has been cycled many times (e.g., aged); the
location of the hotspot 40 can be determined to be where the hotspot 40 1s located after
the cell 12 has been in operation for a predetermined period of time in either charging or
discharging mode; and/or the location of the hotspot 40 can be determined to be a
location range based on, for example, a combination of any one of the preceding design
parameters.

106679] o some emboediments, the TED 20 may be posttioned along any one of
the centers of the hotspot 40 discussed herein {e.g., based on predetermined operation
parameters of the cell 12}, In some embodiments, the TED 20 can be posttioned af a
center of the location range of the hotspot 40 discussed herein. The center of the location
range may be weighted, where for exanmple most cooling is desired, such as when for
cxample the cell 12 runs relatively hottest (e.g., during prolonged operation over a
predetermined period of time during charging or discharging). Accordingly, the TED 20
can be posttiened along a line on the shortest thermal path 31 extending from
predetermined location of the center of the hotspot 40, The positioning of the TED 20
can vary and be considered to be positioned on the line when placed within less than 20,
15, 10, 5, or 1 percent from the ling in torms of an overall dimension of the side of the cell
12 adjacent to the TED 20 (e.g., loss than 20, 15, 10, 5, or 1 percent of the length of
height H of the cell 12 away from the bine on the shortest thermal path 31 along height
H).

{00806] As described herein, in some embodiments, the heat removal can be
accomplished using one or more TEDs 20. A TED is a localized device, well suiied for
addressing thormal management of hotspots or localized heat generation in a variety of
applications. Because of the inhomogencous, and well defined, spatial character of heat
generation in a battery cell, it is important to position the one or more TEDs 20 in a most
favorable location relative to the hotspot or localized heat generation 40 in ovder to derive
the maximum beoefit and cnergy efficiency of the thermal management by the TEDs 20,
Therefore, in some embodiments, it is preferable to attach the TEDs to the fins 26 of the

heat spreaders 2% in a location that has minimal distance between the TED and hotspot or
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localized heat generation 40 to reduce the thermal losses {e.g., thermal resistance) along
the thermal path from the localized heat generation 40 to the TEDs 20
[6681] Such an arrangement of some embodiments is illustrated schematically
in Figure 4. A TED 20 is in thermal communication with the fin 26, and the position of
the TED 20 is shified towards the clectrodes 18 of the cell 12 in order to minimize the
thermal path from the hotspot 40 10 TED 20, The TED 20 is positioned along the length
of the cell (e.g., height H along the Y-axis) proximate to or aligned with the hotspot 40.
The shortest thermal path for the embodiment tlustrated in Figure 4 is the thormal path or
line along the thermal path 31 with the fin 26 positioned according to the constratnds or
design paraneters discussed hercin. A longer thermal path 33 may be utilized for
cmbodiments where the fin 26 is located as dlustrated in Figure 2B. A line may extend
along the thormal path 33 and continue on, for cxample, 2 heat spreader to a fin as
discussed herein.  Accordingly, the thermal path 31 1s shorter than the thermal path 33
based on the dimensions of the cell 12 illustrated in Figure 4.
{B0R2] The concept of shortest thermal path can be applied to the dimensions
and/or featurcs of the cell 12. For example, the shortest thermal path 31 extends along a
third side 55 of the cell 12 toward a fourth side 57 of the cel 12, Accordingly, a common
edge between the third side 55 and the fourth side 57 is the closest to the hotspot 40
{when the TED 20 is not positioned near or along the first side 42 to not interfere with or
obsiruct the clectrodes 14 as discussed hergin).  Stated differently, the common odge
ctween the third side 35 and the fourth side 57 is no further than any other edge between
the sides of the cell 12 (excluding, for example, the edges adjacent or connected to the

oy
i
i

first side 42). The closest edge between the third side 55 and the fourth side 57 is along
height H illustrated in Figure 4.

{BOR3] In some embodiments, the dimensions of eell {2 may be where height
H and width W are substantially equal in length. Then the thermal path 31 and thermal
path 33 may have substantially the same length. In such ombodiments, the “shortest”
thermal path can be considered to be either one or both of the thermal paths 31, 33 to
provide substantially a same thermal management performance upon meeting other
design parameters for placement of the fin(s) 26 as discussed herein.  Accordingly,
“shortest” thermal path can inclode a thermal path that s no longer {e.g., not farther away
from center of the hotspot 40) than any other thermal path. Thus, in some embodiments,

there may more than one shortest thermal path where multiple thermal paths of similar
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lengths ave present. For example, when height H and width W are substantially equal m
length, two or more common edges between two sides of the cell 12 may be no further
than any other edge of the cell 12, In such embodiments, the TED 20 can be positioned
near or proximate to any two of the common edges that are not further than any other
edges. For example, as illustrated i Figure 5, there can be two shortest thermal paths
31a, 31b on opposite sides of the cell 12 based on the dimensions of the cell 12 and
connection positions of the electrodes 18,

1ha84] In some cembodiments, the TED 20 can be positioned directly on the
heat spreader 28 without a fin 26 to be closer 10 the hotspot 40 along the line on the
thermal path 31, For example, an edge or side of the TED 20 may be near, abutting, or in
contact {or n the same planc) with the fourth side 57 when positiosed on the heat
spreader 28, 1n such embodiments, the fin 26 can also be considered to be connected to
the heat spreader 28 along the same plane as the heat spreader 28, For example, the fin
26 can be considered to extend from the heat spreader 28 and continue along the same
plane as an extension of the heat spreader 28 (e.g., without extending at an angle relative
to the heat spreader 2§ as illustrated to be extending at a 90 degree angle from the heat
spreader 28 {or parallel to the fourth side 57} in Figure 4).

{BORS] In some embodiments, the BTMS 10 is configored to provide heating
and/or cooling to a battery 14 having one or more cells 12 with a height H along the Y-
axis greater than or cqual to 150 millimeters {(¢.g.,~ 6 inches). The TED 20 is positioned
such that a side, edge, and/or center of the surface {e.g., main surface or first side 22) of
the TED 20 is less than or cqual to 75 millimeters {e.g.,~3 inches) from the center of the
hotspot or localized heat generated 40 along the Y-axis. Other ranges include less than or
cqual to less than 100, 50, 40, 30, 20, or 10 mm, iocluding the foregoing valucs and
ranges bordering therein, depending on the relative dimensions of the cell 12 being heated
or cooled. To some embodiments, the TED 20 is postiioned such that the distance
between a side, edge, and/or center of the surface {e.g., main surface or first side 22) of
the TED 20 from the center of the hotspot to the localized heat generation 40 along the Y-
axis is less than 35% of the height H of the cell 12.

[0886] In some embodiments, the center of the hotspot 40 and the center of
the TED 20 are aligned. For example, the TED 20 can be positioned such that the length
of a line extending between the center of the hotspot 40 and the center of the TED 20 is

substantially minimized when the TED 20 is positioned at a location along the major
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length of the fin 26. The position of the TED 20 can be selected to maintain good thermal
contact between the main surface of the TED 20 and the fin 26 and to accommodate other
design goals of the battery, such as, for example, a cell 12 stack design. In certain
embodiments, the fin 26 is located on the side of the ccll 12 that provides the shortest
distance between the center of the hotspot 40 and the center of the TED 20.

{06871 In certain embodiments, the exact location of the hotspot 40 is difficult
to predict. fn such embodiments, 2 method to determine an optinmng position of the TED
20 can melude considering the type of cell under thermal management and/or considering
the conditions under which the cell will be used. For exaniple, the position of the TED 20
can be determined at least in part by a drive cycle. In some ersbodiments, the hotspot 40
is focated in the top cone-third of the cell (e.g., within one-third of the cell length from the
higher electrical resistance electrode) under most charging and discharging conditions.

BR8] In some embodiments, the hotspot 40 may be asymmetrically located
relative to positive and negative clectrodes/tabs. For example, the positive clectrode may
be constructed from aluminum or another material that has a higher clectrical resistance
compared o the pegative clectrode, which may be constructed from copper. In such
configurations, more heat is dissipated closer to the higher electrical resistance electrode
{e.g., the positive clectrode). As a result, the hotspot 40 can be shifted closer to the
positive electrode. In some embodiments, packaging design allows a choice of which side
of the cell to place the TED 20 on. In soch embodiments, the TED 20 can be located
closer o the higher electrical resistance clectrode.

{BORY] The BTMS 10 can include a heat spreader 28 positioned along a side
that provides the shortest distance or minimizes the thermal path between a center of the
hotspot 40 within the cell 12 to the particelar side on which the heat spreader 28 is
positioned. As illostrated in Figures 4 and 5, heat spreader 28 1is positioned on the side of
the cell 12 contained in the X-Y plane. The X-Y plane is perpendicelar the thickness
dimension T {¢.g., along the Z-axis). As discussed herein, the thickness dimension T in
the illustrated embodiments is the shortest dimension of the cell 12, Other dimensions of
the cell 12 may be shorter in a chosen coordinate system or orientation of the cell 12.

{80501 Placing the heat spreader 28 along the side of the cell 12 {e.g., third
side 55 contained in the X-Y plane positions a thermal conductor {e.g., the heat spreader
28y within the shortest thermal path to the hotspot 40 with the given or predetermined
shortest dimension thickness T s in the Z-axis

dimensions of the cell 12 (eg

fechid
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perpendicular to the X-Y plane).  Accordingly, when the cells 12 are stacked in tight
engagement in a battery case 16 as discussed hercin, the heat spreader(s) 28 are pressed
against the X-Y plane sides of the cells 12 m tight engagement for structural integrity as
well as to provide desired (e.g., good) thermal communication.

{06911 With continued refercnce to Figure 4, the fin 26 can be directly
connected to heat spreader 28 for desived (e.g., good) thermal comwmuwmication as
discussed herein. The fin 26, can be positioned, such as in the Y-Z plane as illustrated in
Figure 2A or the X-Z plane as illustrated in Figure 2B, to (1) not interfore or physically
obstruct the clectrode(s) 18 and/or (2) not jnterfere or physically obstruct stacking of the
cells 12 as discussed herein, such as for example, on sides of the cell 12 in the X-Y plane.
A third (3} constraint or design parameter can welade not interfering with enclosing the
cells 12 in, for example, 2 battery case 16 {o.g., the fin 26 1s positioned to not obstruct or
protrude beyond a wall of the battery case 16). Mecting design parameter (3} may require
positioning the fin 26 as ibustrated in Figure 28, which o some embodiments, may not
provide as a shortest distance or thermal path as the position of the fin 26 in Figure 24,
but may be necessitated by the space available in the battery case 16 and/or placement of
the cells 12 in some other space constrained environment.

{06092] The BTMS 1{ can inclade positioning the fin 26 near, at, or along a
side of the cell 12 providing a shortest distance or thermal path between the center of the
hotspot 40 mapped or projected onto the heat spreader 28 as illustrated in Figure 4 to an
edge or side of the fin 26 (or edge or side of the heat spreader 28 to which the fin 26 is
connected). The TED 20 can be positioned on the fin 26 such that a line forming the
shortest distance or thermal path to the fin 26 passes through a conter {or an edge as
discussed hercin) of the TED 20 in the X-Y planc. Stated differenily, when the fin 26 is
positioned according to the design parameters (1) and (2} (as well possibly (3 to be in
the Y-Z plane according to the embodiment illosirated in Figure 4, the TED 20 can be
positioned on the fin 26 such that an X-Z planc intersects both the center {or an edge) of
the TED 20 and the center of the hotspot 40, State yet differently again, when the fin 26
is positioned according to the design parameter {1} and (2} {as well possibly 3)}to be in
the Y-Z plane according to the embodiment illosirated in Figure 4, the TED 20 can be
positioned on the fin 26 such that a conter of the hotspot 40 projected onto the Y-Z plane
falls onto a line that is paralicl to or slong the Z-axis and intersects the conter {or an edge)

of the TED 20.
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16093] With contirnued reference to Figure 4, the placement of the TED 20 can
be optimized with the following design considerations. A bissecting plane 45 can be
positioned to bissect, cut, or split a cell 12 through a nudpoint or midline of the cell 12 to
form cqual halves of the cell 12, The plane 45 is oriented to not intersect a center of the
hotspot 40 that is off shified toward the first side 42 as discussed hercin.  Accordingly,
the planc 45 is oriented 10 not pass through the side (e.g., first side 42) on which the
clectrodes 18 are positioned or to not pass between the two eclectredes 18, Tn the
cembodiment illustrated o Figure 4, the planc 45 bisects or passes through at a midpoint
or half point of the height H. The planc 45 as illustrated bisccts & fourth side 57 to bave
substantially equal sized arca surfaces of the third surface on opposite sides of the plane
45, The planc 45 is perpondicular to height H and the fourth side 57, The fourth side 57
can be a surface of the cell 12 substantially along which or parallel to which the fin 26
extends in the ¥-Z plane.

[0094] As illustrated i Figure 4, the electrodes 14, hot TED 20, and hotspot
44 arc all located on a same side of the plane 45. The plane 45 illustrates the positioning
of the various componenis of the BTMS 10 according io the concepts of this disclosure:
the hotspot 40 may be located closer to a side (e.g., first side 42) where the electrodes 18
are located, and accordingly, the TED 20 with supporting stractures {c.g., fin 26 and/or
heat spreader 2¥) arc positioned closer to that side of the cell 12, The location of the
hotspot 40, TED 20, and supporting structures is on a same side of the plane 45 due to the
localized heat generation 40 phenomena as discussed herein as illustrated in Figore 4.

HHIERE To further improve the efficiency of heat removal, a second TED 20
may be attached on the other side of the cell 12, as illostrated in Figure 5. In this case the
heat spreader 28 has two fins 26 that wrap around the cell 12 {(e.g., extonding
perpendicularly along the Y-Z plane). As illustrated in Figure 5, the cell 12 has two
shortest thermal paths or lines along the thermal paths 31a, 31b along which TED s 20
can be positioned as discussed herein when the hotspot 40 is in a center or midpoint of
the third side 55 along width W based on, for example, the positions of the electrodes 18
{c.g., positioned on the first side 42 equidistantly from the fourth side 57 and the fifth side
43y, Stated differently, the two lines along thermal paths 31a, 31b are along thermal
paths 31a, 31b that are no longer or farther away from the center of the hot spot 40 than
any other thermal path along the side of the cell 12 to which the heat spread 28 is attached

{e.g., along the third side 55 as illustrated in Figure 5). In some embodiments, the height
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H may be substantially the same or equal to width W,  Accordingly, a third shortest
thermal path may be provided along the thivd side S5 leading to the second side 44 of the
cell 12, Accordingly, the cell 12 can have, for example, three shortest thermal paths
along the third side 55 when height H and width W are equal with the clectrodes
equidistant from sides 43, 57.

{0696] In some embodiments, at least one TED 20 is attached is attached to
cach fin 26. As illustrated in Figure 5, the secound fin 26 can extond substantially along or
paralicl to a fifth side 43 of the cell 12 in the Y-Z plane. The common edge between the
third side 53 and the fifth side 43 can be another common edge that is no further than any
other edge (along with the convaon cdge between the third surface 53 and the fourth side
37}, providing another shortest thermal path for positioning the TED 20. The positioning
of the fins 26 and/or TEDs 20 can follow the same positioning parameters as discussed
herein and i particular, o reference to Figures 2A, 28, and 4.

160971 The suggested approach may be extended to cell designs beyond pouch
or prismatic cells that have clectrodes on one side. For cxample, a heat spreader 28 and
fin 26 with TED 20 in thermal communication with a cylindrical cell 46, as iilustrated in
Figure 6. As illustrated, in some embodiments, the heai spreader 28 wraps around
substantially the entire circumference of the cell 46, and a TED 20 is attached to the fin
26.

16698] For the ombodiment illustrated in Figure 6, consideration for
placement of the TED 20, the fin 26, and/or heat spreader 28 can be similar to the other
embodiments discussed herein. In addition, 8 TED 20 is generally mamfactured in a flat
configuration. Accordingly, a flat fin 26 may be desired to provide a flat surface for
thermal commumication with the TED 20, rather than, for example, placing a carved TED
on the body of the cell 46. The fin 26 can be positioned to provide a shortest distance or
thermal path from the center of the hotspot 40 along a plane perpendicular to a central
axis 47 of the cell 46 {e.g., axis extending along a longitudinal or longest dimension of
the cell 46, such as height in the Y-axis). The TED 20 can be positioned on the fin 26
such that the center {or edge} of the TED 20 and the center of the hotspot 40 are both on
the plane perpendicalar to the central axis 47 (e.g., in the X-Z plane).

{3899] With continued reference to Figuve 6, the fin 26 can be connected to
the heat spreader 28 to be fully positioned off 1o a first side of a planc 49, As illustrated

m Figure 6, the plane 49 is parallel to the surface or side S1 where the electrodes 138
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connect 1o the ccll 46, In some embodiments, the plane 49 can be tangential to the
surface S1 where the clectrodes 18 connect to the cell 46 (e.g., when the surface 15 curved
ot non-planar). As ilhmstrated in Figure 6, the plane 49 can be perpendicular to the central
axis 47 and be parallel or along to the X-2 plane. Accordingly, the electrodes 18 ave fully
positioned off 1o a sccond side of the plane 49, the second side opposite the first side of
the plane 49. The fins 26 of other embodiments discussed herein {e.g., prismatic cells)
can be positioned similarly relative to a plane that extends along or is tangential to a
surface of the cell 12 (c.g., side 31 as discussed hereiny where the electrodes 18 conmect
to the cell 12 with the electrodes 18 and the fin 26 positioned on opposite sides of the
plane.

{0160] As illustrated in Figure 6, a plane 45 as discussed herein, and in
particular in reference o Figure 4, can be applied to an embodiment of a cylindrical cell
46. The hotspet 40, TED 20, and supporting structures can be located all one side of the
bisecting planc 45, The planc 45 split the cyhindrical ccli 46 in balf. The planc 45 can be
perpendicular to the central axis 47 ot height of the cell 46 along the Y-axis.

{0181} The heat spreader 28 can be positioned about a circumference {c.g.,
along the perimeter or periphery) of the celi 46 to substantially envelope or surround the
hotspot 40 about the central axis 47 along the periphery of the cell 46. The heat spreader
can extend to any desired length along the central axis 47, including to substantially
enclose the periphery of the cell 46 about the central axis 47. In some cmobodiments, the
heat spreader 28 can be the copper strip 50 as discussed herein, and in particular, in
reference to Figure &,

61621 Another embodiment comprises mugdtiple cells 12 configured to be
thermally managed by one TED 20 as illustrated in Figore 7. As illustrated in the
embodiment shown i Figure 7, a single or common TED 20 is configured to thermally
manage three cells 12, The mmnber of cells 12 is chosen for illustration only.
Counsideration for placement of the TED 20, the fins 26, and/or heat spreaders 28 can be
stmilar to the other embodiments discussed herein.

{B183] The fins 26 of the thermal spreaders 28 extending from ecach of the
multiple cells 12 are in thermal communication with a single heat spreader or plate 48
which is in thermal communication with a single TED 20. The location of the TED 20 4s
optimized to minimize the length of the thermal path between the TED 20 and the hotspot

or localized heat generation 40 of the cells 12, In other embodiments, a TED 20 is in
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thermal communication with less than all the cells 12 (e.g., every other or alternate cell
12).

{6184] In some embodiments, the heat spreader 48 can be positioned on the
fins 26 1o be centered or encompassing the centers of the hotspot 40 projected ondo the Y-
Z plane {(e.z., side of the heat spreader 48 facing or connected to the fins 26). The TED
20 can be positioned on the heat spreader 48 such that a spatial/gecmuetric average of the
centers of the hotspots 40 projected onto the Y-7Z plane falls onto a line that 15 paralicl or
along to the Z-axis and intersects the conter (or edge) of the TED 20. The average of the
centers of the hotspots 40 projected onto the Y-7Z plane can be weighted. For example, a
cell 12 that is known or designed to operate at a hotter temperature than the other cells 12
would be weighted more heavily in determining the spatial/geometric average projected
onto the Y-Z plane. The heat spreader 48 can be positioned similarly in the Y-Z plane,
bascd on an {optionally weighted) spatial/gecometric average of the centers of the hotspots
440 projected onte the Y-Z plane. Accordingly, the position of the TED 20 and/or heat
spreader 48 can be adjusted in the Y-axis as well as in the Z-axis depending on the
spatial/geometric average of the conters of the hotspots 40 projocted onto the Y-7 plane,

16165 Ancther way to reduce thermal logses along the thermal path between
the hotspot or localized heat generation 40 and TED 20 is to incorporate a material with
increased thermal conductivity into the beat spreader/fin 28 to facilitate heat transfer {o
the TED 20. For cxample, Figure 8 shows a Copper strip 50 (a material with bigher
thermal conductivity) incorporated into an Aluminum beat spreader 28 to facilitate heat
fransfor from the hotspot 40 to the TED 20, Making the whole heat spreader 28 from
Copper could be prohibitive duce to the cost and/or weight. However, a narrow strip of
Copper SO combined with the Aluminum heat spreader 28 may be more acceptable
relatively from the cconomic point of view, and a superior configuration from a
performance point of view. In some embodiments, the Copper strip 50 can be the heat
spreader 28 positioned over the hotspot 40 as discussed herein, without an additional, for
cxample, aluminum heat spreadev/plate. Similarly, the fin 26 can be a copper sirip that is
shorter (e.g., in height H or in the Y-axis) relative o, for example, an aluminom fin 26.
Such an example embodiment with relatively shorter heat spreader 28 and fin 26 s
illustraied in Figore 6 for the cyhindrical cell 46.

{8186] In some embodiments, another packaging option is speeific to cells

that have positive and negative clectrodes 18 on gpposite sides of the cell 12 (e.g., first
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side 42 and second side 44 spaced apart by height H). This is illustrated in Figure 9. In
this case the hotspot or locahized heat generation 40 of the cell 12 1s located more
centrally in the cell 12, or specifically in a center or midpoint of the along height H. In
order to minimize the thermal path or Iine along the thermal path 31from the hotspot or
localized heat generation 40 to the cell 12, the position of the TED 20 15 adjusted to be
located on the fin 26 along a center line bisecting the height H of the cell 12 {e.g., along
the X-axis) between the two electrodes 18, In the embodiment lustrated in Figure 9, the
center line bisecting the height H of the cell 12 is substantially along the hine of the
thermal path 31,

{61871 In some embodiments, as illustrated in Figures 10-11, the clectrodes 18
arc positioned along the height H of cell 12 extending paralicl to the Y-axis. As
illustrated in Figure 11, the botspot or localized heat generation 52 is positioned between
the clectrodes 18 further downwardly along the height H of the cell 12 relative to the
hotspot 40 of the embodiment of Figure 4. In order to minimize the thermal path or line
along the thermal path 31 {c.g., shortest thermal path) from the hotspot or localized heat
generation 52 to the cell 12, the posttion of the TED 20 is adjusted to be located on the fin
26 further downwardly along the Y-axis or beight H of the cell 12,

{6168] In some embodiments, a2 battery thermal management sysiem includes
a battery pack having multiple cells electrically connected with one another to provide a
single functional battery pack. In some embodiments, individual cclis of the battery can
be clectrically connected together in series and/or paralic via clectrically conductive bars
or other connectors. The cells of a battery pack can be stacked in a tight engagement.
For example, sides of the cells in the X-Y planc as illustrated in Figures 1B to S and 8-11
can stacked to face cach other.  Accordingly, such an arrangement provides for a
sandwiched configuration of the celis along thickness T (e.g., shorlest dimension of the
cells 12 relative to the other sides of the cell 12 such as height H and width W), The
battery pack can include a casing or other support structares {e.g., battery case 16) {o
form a tight engagement between the sides of the cells in the X-Y plane. In some
embodiments, other sides of cells 12 (o.g., the relatively longer dimension side (W) or
longest dimension side (H)} may be stacked depending on, for example, the position of
the electrodes 18. Accordingly in some cmbodiments, the BTMS 10 may include a TED
20 placed directly over the hotspot 40 in the X-Y side as discussed herein without the

heat spreader 28 and/or the fin 26, which can provide the shortest possible thermal path to
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the hotspot 40 without interfering with stacking of the cells 12 or physically obstructing
the electrodes 18, Stated differently, the stacking configuration of the battery cells may
be determined based on a desired location of the TED. Such that, when direct thermal
communication with the a side of the battery and the TED is desired, the TED may be
placed directly onto the side of the battery cell without a fin 26 and/or heat spreader 28.

16189] Io some cmboduments, the battery thermal management systom can
inchude one or more thermoclectric devices integrated with or covnected 1o (e.g., in
substantial thermal covumumication withy one or more celis of the battery.  The
thermoclectric devices can have a copper substrate layered on a coramic substrate or any
other suitable configuration. In some embodiments, one end, side or portion of cach
thermoclectric device can be comnected to or imtcgrated (in substantial thermal
commmunication) with at least two adjacent cclls that are counected in serics. In some
embodiments, at least one cell is not in substantial thermal conmmmunication with or
connected to at least one TH device. Another ond, side or portion of each thermoelectric
device can be comnected, clipped, adheored, bonded, clamped, or otherwise attached to a
waste heat removal system {e.g., heat transfer device). The heat transfer device can be,
for example, a liguid tube heat exchanger. In some embodimerds, one heat transfor
device can be attached to cach thermoclectric device or to all of the TE devices. In other
embodiments, multiple heat transfor devices can be attached or in substantial thermal
communication with cach thermoelectric device.

[0114¢) in some cxample cmbodiments, a thermal or baitery thermsl
management system that described hercin can include one or more of the following
features:

1. At lecast one battery cell in or configured to be in thermal commonication with a
thermoelectric device, wherein a thermal path from a hotspot of the battery cell io
the thermoelectric device is minimized.

2. A battery cell comprising a pouch ccll

(43

A battery cell comprising a prismatic cell.

4. A battery cell comprising a cylindrical ceil.

o

At feast one batiery cell in or configured to be in thermal commumnication with two
or more thermoelectric devices, wherein thermal paths from a hotspot of the

battery cell to the thermoclectric devices are minimized.
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6. At least two battery cells in or configured to be in thermal communication with
one thermoelectric device, wherein a thermal path from a hotspot of the battery
cells to the thermoelectric device is minimized.

7. A TED comprising a waste side configured to be cooled by air.

& A TED comprising a waste side configured to be cooled conductively through or
via the battery case.

9. A battery configured to be open to or in thermal communication with external or
ambient air.

10. A battery configured to be scaled relative to external or ambient air,

11, A heat spreader comprismg a fin positioned along a side of the cell, and at least
one TED attached to the fin.

12. A heat spreader comprising two fins positioned along opposing sides of the cell,

and at least one TED attached to each fin.

[6111] It is contempiated that various combinations or subcombinations of the
specific features and aspects of the embodiments disclosed above may be made and still
fall within one or more of the inventions, Further, the disclosure herein of any particular
feature, aspect, method, property, characteristic, quality, attribute, element, or the like in
connection with an embodiment can be used in all other embodiments sct forth herein
Accordingly, it should be anderstood that various features and aspects of the disclosed
embodiments can be combined with or sobstituted for one another in order to form
varying modes of the disclosed inventions. Thus, it is intended that the scope of the
present inventions herein disclosed should not be hmited by the particolar disclosed
embodiments described above. Moreover, while the inventions are susceptible to various
modifications, and aliemative forms, specific examples thereof have been shown in the
drawings and are herein described in detail. It should be understood, however, that the
mventions arc not to be limited to the particular forms or methods disclosed, but to the
contrary, the invention is to cover all modifications, equivalents, and alternatives falling
within the spirvit and scope of the various embodiments described and the appended
claims. Any methods disciosed hevein need not be performed in the order recited. The
methods disclosed herein inchide certain actions taken by a practitioner; however, they
can also include any third-party instruction of those actions, either expressly or by
mphication. For example, actions such as “passing a suspension line through the base of

the tongue” mchude “instructing the passing of a suspension hine through the base of the
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tongue.” Itis to be understood that such depicted architectures are merely examples, and
that in fact many other architectures can be implemented which achieve the same
fumctionality. In a conceptual sense, any arrangement of components o achieve the same
fimctionality 15 effectively “associated” such that the desired fumctionality is achieved.
Hence, any two components herein combined to achieve a particular functionality can be
sgen as “associated with” each other such that the desired fumctionality is achieved,
wrespective of architectures or intermedial components. The ranges disclosed herein also
encompass any and all overlap, sub-ranges, and combinations thereof. Language such as

BRI

“ap to,” “at least,” “greater than,” “less than,” “between,” and the hike includes the

3

number recited. Numbers preceded by a term such as “approximately”, “about”, and
“substantially” as used herein include the recited numbers, and also represent an amount
close to the stated amount that still performs a desired function or achieves a desired
resuli. For example, the terms “approximately”, “about”, and “substantially” may refer to
an amount that 1s within less than 109% of, within less than 5% of, within less than 1% of,

within less than 0.1% of, and within less than 0.01% of the stated amount, Features of

embodiments disclosed herein preceded by a term such as “approximately”, ™

o 3

about”, and
“substantially” as used heremn represent the feature with some variability that still
performs a desired function or achieves a desired result for that feature.

16312} With respect to the use of substantially any ploral and/or singular
terms herein, those having skill in the art can translate from the plural to the singular
and/ot from the singular to the plural as is appropriate to the context and/or application.
The various singular/plural permutations may be expressly seot forth herein for sake of
clarity.

{8115] it will be understood by those within the art that, in general, terms used
herein, arc generally intended as “open” terms (e.g., the term “incloding” should be
interpreted as “imcluding but pot imited to,” the torm “having”™ should be imterpreted as
“having at least,” the term “inciudes™ should be interpreted as “includes but is not limited
t0,” ctc.). It will be further understood by those within the art that if a specific number of
an introduced embodiment recitation is intended, such an intent will be explicitly recited
in the embodiment, and in the absence of such recitation no such intent is present. For
cxample, as an aid to understanding, the disclosure may contain usage of the introductory
phrases “at least one” and “one or more” to introduce embodiment recitations. However,

the use of such phrases should not be construed o imply that the introduction of an
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(T4 s

embodiment recitation by the indefinite articles “a” or “an” limits any particular
embodiment containing such ntroduced embodiment recitation to  embodiments
containing only one such recitation, even when the same embodiment inchides the
miroductory phrases “one or more” or “at least one” and indefinite articles such as “a” or
“an” {e.g., “a” and/or “an” should typically be interpreted to mean “at least one” or “one
or more”); the same heolds true for the use of definite articles used to miroduce
embodiment recitations.  In addition, even it a specific number of an introduced
embodiment recitation is explicitly recited, those skilled in the art will recognize that
such recitation should typically be interpreted o mean at least the vecited number {e.g.,
the bare recitation of “two recitations,” without other modifiers, typically means at least
two recitations, or two or more recitations). Furthermore, in those instances where a

as

convention analogous to “at least one of A, B, and €, ¢tc.” is used, in general such a
construction is intended n the sense one having skill in the art would understand the
convention {(e.g., “a system having at least one of A, B, and C” would include but not be
imited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, ¢tc.). In those instances where a
convention analogous to “at least one of A, B, or C, etc.” is used, in general such a
construction is intended n the sense one having skill in the art would understand the
convention {¢.g., “a system having at least one of A, B, or 7 would include but not be
imited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C itogether, and/ior A, B, and C together, etc). I will be further
understood by those within the art that virtwally any disjunctive word and/or phrase
presenting two or more alicrnative terms, whether in the description, cmbodiments, or
drawings, should be understood to contenplate the possibilitics of including one of the
terms, cither of the torms, or both terms.  For exanple, the phrase “A or B” will be
understood to include the possibilitics of “A” or “B” or “A and B.”

LIS ES Although the preseut subject matter has been described berein in terms
of certain embodiments, and certain exemplary methods, it is to be understood that the
scope of the subject matter is not to be limited thereby. Instead, the Applicant intends
that variations on the methods and materials disclosed herein which are apparent to those

of skill in the art will fall within the scope of the disclosed subject matier.
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THE FOLLOWING IS CLAIMED:

I. A thermwoelectric battery thermal management system configured to
manage temperature of a battery cell, the system coraprising:

a battery cell comprising an clectrode configured to deliver clectric power
to or from the battery cell, the electrode connected to the battery cell on a first
side of the battery cell, wherein the battery cell bas a botspot corresponding 1o 2
temperature increase of the battery cell when the battery cell is operating via the
clectrode delivering electric power to or from the battery cell, the hotspot having a
center corresponding te a point or a region of the battery cell baving a highest
temperature relative to other regions of the battery cell;

a heat spreader on a sccond side of the battery cell and in thermal
communication with the hotspot, the heat spreader over the center of the hotspot
on the second side of the battery cell; and

a thermoclectric device comprising a main surface and a waste surface, the
thermoelectric device configured to transfer thermal energy between the main
surface and the waste surface of the thermoeloctric device upon application of
electric current to the thermoelectric device, wherein the main surface of the
thermoelectric device is in thermal communication with the heat spreader to heat
or cool the battery cell by adjusting a polarity of the electric corrent delivered 1o
the thermoelectric device, wherein the thermoelectric device is proximate o 8
third side of the battery cell, and whercin a geometric center of the main surface
of the thermoeleetric device is substantially on a line along a shortest thermal path
on the heat spreader from the center of the hotspot to the third side of the battery
cell with the geometric center of the main surface of the thermociectric device
projected onto a plane of the beat spreader extending along the second side of the
battery cell.

2. The thermoeiectric battery thermal managemeni system of Claim i,
wherein the second side is substantially perpendicular to a shortest dimension of the
battery ceil.

3 The thermoclectric battery thermal management system of any one of
Claims 1 or 2, wherein the battery cell has a prismatic shape, and wherein when the

prismatic shape is positioned in an X-Y-Z coordinate system, the first side is along an X-
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Z plane of the X-Y-Z coordinate system, the second side is along an X-Y plane of the X-
Y-Z coordinate system, and the third side 1s along an Y-2 plane of the X-Y-Z coordinate
systent.

4. The thermoelectric battery thermal management system of any one of
Claims 1 to 3, further comprising a fin connected to the heat spreader and in thermal
communication with the hotspot via the heat spreader, the fin proximate to the third side
of the battery cell.

S. The thermoelectric battery thermal management system of Claim 4,
wherein the fin extends from the heat spreader substantially in parallel with the third side
of the battery cell.

6. The thermoelectric battery thermal management system of any one of
Claims 1 to 3, further comprising:

an other thermoelectric device comprising a main surface and a waste
surface, the other thermoelectric device configured to transter thermal energy
between the main surface and the waste surface of the other thermoelectric device
upon application of electric current to the other thermoelectric device, wherein the
main surface of the thermoelectrie device 15 in thermal commumication with the
heat spreader to heat or cool the battery cell by adjusting a polarity of the electric
current delivered 1o the other thermoelectric device, wheremn the other
thermoelectric device is proximate to a fourth side of the battery cell opposite the
third side of the battery cell, wherein a geometric center of the main surface of the
other thermoclectric device is substantially on the line along the shortest thermal
path on the beat spreader with the geometric center of the main surface of the
other thermoelectric device projected onio the plane of the heat spreader
extending along the second side of the battery celh.

7. The thermoelectric batiery thermal management system of Clanm 6, further
comprising an other fin connected to the heat spreader and in thermal communication
with the hotspot, the other fin proximate to the fourth side of the battery cell.

& The thermocicctric battery thermal management system of Claim 7,
wherein the other fin exiends from the heat spreader substantially in paraliel with the
fourth side of the battery cell.

9. The thermoelectric battery of thermal management system of any one of

Claims 1 to 5, further comprising an other batiery cell, the other battery cell comprising
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an electrode configured to deliver electric power to or from the other battery cell, the
clectrode conmected to other battery cell on a first side of the other battery cell, wherein
the other battery cell has an other hotspot corresponding to a temperature  increase of the
other battery cell when the other battery cell is operating via the electrode delivering
electric power to or from the other battery cell, the other hotspot having a center
corresponding to a point or a region of the other battery cell having a highest temperature
relative to other regions of the other battery ccll, and wherein the batiery cell and the
other battery cell are stacked with the first side of the battery cell and the first side of the
other battery cell positioned substantially in parallel along a same plane.

13, The thermoeleciric battery thermal management system of Claim 9,
wherein the other battery cell is in thermal communication with the heat spreader,
wherein the other hotspot of the battery cell 1s heated or cooled by adjusting the polarity
of the electric current delivered to the thermoelectric device.

11 The thermoclectric battery thermal management system of any one of
Claims 9 or 10, further comprising:

an other heat spreader on a second side of the other battery cell and in
thermal commumication with the other hotspot, the heat other spreader over the
center of the other hotspot on the second side of the other battery cell;

an other thermoelectric device comprising a main surface and a waste
surface, the other thermoelectric device configured to transfer thermal energy
between the main surface and the waste surface of the other thermoclectric device
upon application of clectric current to the other thermeoelectric device, wherein the
main surface of the other thermogclectric device 1s in thermal communication with
the other beat spreader to heat or cool the battery cell by adjusting a polarity of the
clectric current delivered to the other thermoeleciric device, wherein the other
thermoelectric device 18 proximate to a third side of the other battery cell, and
wherein a geometric center of the main surface of the other thermoclectric device
is substantially on a line along an other shoriest thermal path on the other heat
spreader from the center of the other hotspot to the third side of the other battery
cell with the geometric center of the main surface of the other thermoelectric
device projected onto a plane of the other heat spreader exiending along the

second side of the other battery ccll.
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12. The thermoelectric battery thermal management system of Claim 11,
further comprising an other fin conmected to the other heat spreader and in thermal
communication with the other hotspot via the other heat spreader, the other fin proximate
to the third side of the other battery cell.

13. The thermoelectric battery thermal management system of Claim 12,
wherein the other fin extends from the other heat spreader substantially in parallel with
the third side of the other battery cell.

14. The thermoelectric battery thermal management system of any one of
Claims 9 or 10, further comprising:

an other heat spreader on a second side of the other battery cell and in
thermal communication with the other hotspot, the heat spreader over the center of
the other hotspot on the second side of the other battery celi;

a heat plate comnected to and in thermal commmumication with both the heat
spreader and the other heat spreader proximate to the third side of the battery cell,
wherein the main surface of the thermoelectric device is in  thermal
communication with the heat plate to heat or cool the hotspots of the battery cell
and the other battery cell by adiusting the polarity of the electric current delivered
to the thermoelectric device.

15. The thermoelectric battery thermal management system of Claim 14,
wherein the geometric center of the main surface of the thermoclectric device is
substantially on 2 line along an other shortest thermal path on the other heat spreader
from the center of the other hotspot te a third side of the other battory cell with the
georaeitic center of the main surface of the thermoelectric device projected onto a plane
of the other heat spreader extending along the second side of the other battery cell, the
thermoclectric device proximate to the third side of the other battery coil.

16. The thermoelectric battery thermal marpagoment systom of Claim 15,
wherein when the centers of the hotspot and the other hotspot are projected onte a side of
the heat plate, the side of the heat plate parallel to the third sides of the battery cell and
the other battery cell, the main surface of the thermoelectric device is over a geometric
average center of the conters of the hotspot and the other botspot projected onto the side
of the heat plate.

17. The thermoelectric battery thermal marpagoment systom of Claim 16,

wherein the goometric average center of the centers of the hetspot and the other hotspot is
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weighted based on the relative temperature of the centers of the hotspot and the other
hotspot.

18. The thermoelectric battery thermal management system of any one of
Claims {5 to 17, further comprising an other fin connected to the other heat spreader and
m thermal communication with the other hotspot via the other heat spreader, the other fin
proximate to the third side of the other battery cell.

19. The thermoclectric battery thermal management system of any one of
Claims | to 18, further comprising a strip extending along the shortest thermal path to the
thermoclectric device, the strip shorter than the heat spreader in at least one dimension.

20. The thermoelectric battery thermal management system of Claim 19,
wherein the strip is conmected to the heater spreader and comprising 2 material having a
higher thermal conductivity than a material of the heat spreader.

2L The thermoelectric battery thermal management system of Claim 20,
wherein the material of the strip comprises copper, and the material of the heat spreader
comprises alominom.

22. The thermoelectric battery thermal management system of any one of
Claims 1 to 21, wherein the center of the hotspot is proximate to the fivst side of the
battery cell relative to a fifth side of the batiery cell opposite the first side of the battery
cell.

23, The thermoelectric battery thermal management system of Claim 22,
wherein an entirety of the thermoelectric device is on a same side of a plane extending
substantially equidistantly between the fivst side and the fifih side of the batiory cell.

24, The thermoelectric battery thermal management system of any one of
Claims 1 to 23, wherein the battery cell comprises an other electrode connected to the
battery cell on the first side of the battery cell.

25, The thermoelectric battery thermal management system of any one of
Claims 1 to 21, whercin the center of the hotspot is substantially cquidistant between the
first side of the battery cell and a fifih side of the battery cell oppostic the first side of the
battery cell.

26, The thermoelectric battery thermal maragoment systom of Claim 25,
wherein the battery cell comprises an other clectrode comected to the battery cell on the

fitth side of the battery cell.

SUBSTITUTE SHEET (RULE 26)
48



WO 2015/066079 PCT/US2014/062728

2

-

The thermoelectric battery thermal management system of any one of
Claims 1 to 26, wherein the thermoelectric device extends along the third side of the
battery cell less than half of a length of the third side along the second side of the battery
cell.

28. The thermoelectric battery thermal management system of Claim 27,
wherein the thermoelectric device extends along the third side of the battery cell less than
one-third of the length of the third side along the second side of the battery cell.

25, The thermoclectric battery thermal management system of any one of
Claims | to 28, further comprising 8 controller in clectrical commumication with the
thermoclectric device and configured to control the polarity of electric current provided to
the themmoelectric device, wherein a first polarity of electric current is provided in a
cooling moede of system operation, and wherein a second polarity opposite the first
polarity of electric current is provided in a heating mode of system operation.

36, The thermoelectric battery thermal management system of Claim 29,
further comprising a temperature sensor in thermal communication with the battery cell
and n electrical commumnication with the controller, wherein the temperature sensor
provides temperature information to the controller to adjust the polarity or a magnitude of
the electric current delivered to the thermoelectric device.

3L The thermoelectric battery thermal management system of any one of
Claims | to 30, wherem the waste surface of the thermoelectric device 18 in thermal
communication with a fluid capable of acting as a heat source or a heat sink for the
systent,

32, The thermoelectric battery thermal marpagoment systom of Claim 31,
wherein the fluid is air.

33, The thermoelectric battery thermal management system of any one of
Claims 1 to 32, wherein the battery cell 15 sealed within an enclosure, and wherein the
waste surface of the thermoelectric device is in thermal communication with 2 wall of the
enclosure, the wall of enclosure capable of acting as a heat source or a heat sink for the
systent,

34, A thermoclectric battery thermal management system counfigured to
manage teraperature of battery celis, the system comprising:

g first battery ccll conprising a first electrode configured to deliver

clectric power to or from the first battery cell, the first electrode connected 1o the
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first battery cell on a first side of the first battery cell, wherein the first battery cell
has a first hotspot corresponding to a temperature increase of the first battery cell
when the first battery cell is operating via the first electrode delivering electric
power to or from the first battery cell, the first hotspot having a center
corresponding to a point or a vegion of the first battery cell having a highest
temperature refative to other regions of the first battery cell;

a second battery cell comprising a first electrode configured to deliver
clectric power to or from the second battery cell, the first electrode connected to
the second batiery cell on a first side of the sccond battery cell, wherein the
second battery cell has a second hotspot corresponding to a temperature increase
of the second battery cell when the second battery cell is operating via the first
clectrode delivering eleciric power to or from the second battery celi, the second
hotspot having a center corresponding to a point or a region of the second battery
cell having a highest temperature relative o other regions of the second battery
cell;

a first heat spreader on a second side of the first battery cell and in thermal
communication with the first hotspot, the first heat spreader over the center of the
first hotspot on the second side of the fivst battery celi;

a second heat spreader on a second side of the second battery cell and n
thermal communication with the second hotspot, the second heat spreader over the
center of the second hotspot on the second side of the second battery cell, wherein
the second sides of the first and socond battery cells are substantially parallel to
gach other;

& third heat spreader in thermal conwnurication with the first and second
heat spreaders; and

& thermoelectric device comprising a main surface and a waste surface, the
thermoelectric device configured fo transfor thermal energy between the main
surface and the wasie surface of the thermoeelectric device upon application of
clectric current to the thermoelectric device, wherein the main surface of the
thermoelectric device is in thermal conununication with the third heat spreader to
heat or cool the fivst and second batiery cclis by adjusting a polarity of the electric
current delivered to the thermoelectric device, wherein the thermoelectric device

is proximate 1o a third side of the first battery cell, and wherein a geometric center
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of the main surface of the thermoelectric device s substantially on a line along a

shortest thermal path on the first heat spreader from the center of the first hotspot

to the third side of the first battery cell with the geometric center of the main
surface of the thermoelectric device projected onto a plane of the first heat
spreader extending along the second side of the first battery cell.

35, The thermoelectric battery thermal management system of Claim 34,
wherein the thermoelectric device is proximate o a third side of the second battery cell,
and wherein the geometric center of the main surface of the thermoelectric device s
substantially on a line along a shortest thermal path on the sccond heat spreader from the
center of the second hotspot to the third side of the second battery cell with the geometric
center of the main surface of the thermoelectric device projected onto a plane of the
sccond heat spreader extending along the second side of the second battery cell.

36. The thermoelectric battery thermal management system of any one of
Claims 34 or 35, further comprising:

a first fin comnected to the first heat spreader and in thermal
communication with the first hotspot via the first heat spreader, the first fin
proximate to the third side of the first battery cell; and

a second fin connected to the second heat spreader and in thermal
communication with the second hotspot via the second heat spreader, the second
fin proximate to the third side of the first battery cell,

wherein the first and sccond fins are in thermal commuuication with the
third heat spreader o at least in part provide thermal communication between the
third heat spreader and the first and second heat spreaders.

37. The thermoelectric battery thermal maragoment systom of Claim 36,
wherein the first fin extends from the first heat spreader substandially in parallel with the
third side of the first battery cell, and the second fin extends from the second heat
spreader substantially in paralicl with the third side of the second battery cell.

38, The thermoelectric battery thermal management system of any one of
Claims 34 to 37, further comprising:

a third battery cell conprising a fust clectrode configured to deliver
clectric power to or from the third battery celi, the first electrode connected to the
third battery ccll on a first side of the third battery ccll, wherein the third battery

cell has a third hotspot corresponding to a temperature increase of the third battery
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cell when the third battery cell i operating via the first clectrode delivering

clectric power to or from the third battery cell, the thivd hotspot having a center

corresponding to 4 point or a region of the third battery cell having a highest
temperature velative to other regions of the third battery cell,

wherein at least one of the first heat spreader or the second heat spreader is
on & second side of the third battery cell and i thermal communication with the
third hotspot, the fivst or second heat spreader over the center of the third hotspot
on the second side of the third battery cell, and

wherein the second sides of the first, second, and third battery cells are
substantially parallel o cach other,

wherein the thermoelectric device 18 configured to heat or cool the third
battery cell by adjusting the polarity of the electric aurrent delivered to the
thermoelectric device, the thermoelectric device proximate to a third side of the
third battery cell.

39, The thermoelectric battery thermal management system of Claim 38,
further comprising a fourth heat spreader on a fourth side of the third battery cell and m
thermal commumication with the third hotspot, the fourth side of the third battery cell
opposite the second side of the third battery cell, the fourth heat spreader over the center
of the third hotspot on the fourth side of the third battery cell, wherein the thivd heat
spreader 18 in thermal commmunication with the fourth heat spreader, and wherein the
georaeitic center of the main surtace of the thermoclectric device is substantially on a line
along the shortest thermal path on the fourth heat spreader with the geometric center of
the main surface of the thermoelectric device projected onte a plane of the fourth heat
spreader extending along the fourth side of the third battery cell.

44, The thermoelectric battery thermal marpagoment systom of Claim 39,
further comprising a third fin conuected to the fourth beat spreader and in thermal
comuunication with the third botspot via the fourth heat spreader, the third fin proximate
to the third side of the thivd battery cell, whercin the third fin is in thermal
commnunication with the third heat spreader to at feast in part provide thermal
comununication between the third heat spreader and the fourth heat spreader.

41, The thermoelectric battery thermal marpagoment systom of Claim 40,
wherein the third fin extends from the thitd heat spreader substantially tn parallel with the

third side of the third battery cell.
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42. The thermoelectric battery thermal management system of any one of
Claims 34 to 41, further comprising a strip extending along at least one shortest thermal
path of the first or second heat spreader to the thermoelectric device, the strip shorter than
at least one of the first or second spreader n at least one dimension, the strip comprising a
material having a higher thermal conductivity than a material of the at least one of the
first or second heat spreader,

43. The thermoelectric battery thermal management system of Claim 42,
wherein the material of the strip compriscs copper, and the material of the first and
seccond heat spreaders comprise aluminum.

44, The thermoelectric battery thermal management system of any one of
Claims 34 1o 43, wherein the center of each hotspot is proximate to the first side of each
battery cell relative to a fifth side of cach battery cell opposite the fivst side of each
battery cell.

45. The thermoelectric battery thermal management system of Claim 44,
wherein an entirety of the thermoelectric device is on a same side of a plane extending
substantially equidistantly between the first side and the fifth side of each battery cell.

46. The thermoelectric battery thermal management system of any one of
Claims 34 to 45, wherein cach battery cell comprises a second electrode commected to
each battery cell on the first side of cach battery cell.

47, The thermoelectric battery thermal management system of any one of
Claims 34 to 43, wherein the center of cach hotspot is substantially equidistant between
the first side of cach battery coll and a fifth side of cach battery cell opposite the tirst side
of cach battery cell.

48. The thermoelectric battery thermal mapagoment systom of Claim 47,
wherein cach battery cell comprises a second clectrode connected to cach batiery ccli on
the fifth side of cach battery cell.

44, The thermoelectric battery thermal management system of any one of
Claims 34 to 48, wherein the thermoelectric device extends along the third side of at least
one of the first or second battery cell less than half of 2 longth of the third side along the
second side of at least one of the first or second battery cell.

36, The thermoelectric battery thermal mapagoment systom of Claim 49,

wherein the thermoelectric device extends along the third side of the at least one of the
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first or second battery cell less than one-third of the length of the third side along the
sccond side of the at least one of the fivst or second battery cell.

St The thermoclectric battery thermal management system of any one of
Claims 34 to 50, wherein the seccond side of each battery cell is substantially
perpendicular to a shortest dimension of each battery cell

52. The thermoclectric battery thermal management system of any one of
Claims 34 to 51, wherein each battery cell has a prismatic shape, and wherein when the
prismatic shape of each battery cell is positioned n an X-Y-Z coordinate system, the first
side of each battery cell is along an X-Z plane of the X-Y-Z coordinate system, the
sccond side of each battery cell is along an X-Y plane of the X-Y-Z coordinate system,
and the third side of each battery cell is along an Y-Z plane of the X-Y-Z coordinate
systent.

53, The thermoelectric battery thermal management system of any one of
Claims 34 to 52, further comprising a controller in electrical commmunication with the
thermoclectric device and configured to control the polarity of electric current provided to
the themmoelectric device, wherein a first polarity of electric current is provided in a
cooling moede of system operation, and wherein a second polarity opposite the first
polarity of electric current is provided in a heating mode of system operation.

S4. The thermoelectric battery thermal management system of Claim 53,
firther comprising 8 temperature sensor in thermal commumication with at least one
battery cell and in electrical communication with the controlier, wherein the temperature
sgusor provides terperature information 1o the comtroller to adjust the polarity or a
magnitude of the electric current delivered to the thermociectric device.

35, The thermoelectric battery thermal management system of any one of
Claims 34 to 54, whercin the waste surface of the thermoelectric device 1s in thermal
communication with a fluid capable of acting as a heat source or a heat sink for the
systent,

36. The thermoelectric battery thermal marpagoment systom of Claim 55,
wherein the fluid is air.

57, The thermoelectric battery thermal management system of any one of
Claims 34 to 56, wherein cach battery cell is scaled within an enclosure, and wherein the

waste surface of the thermoelectric device s 1n thermal communication with a wall of the
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enclosure, the wall of enclosure capable of acting as a heat source or a heat sink for the
systent.

58. A thermoelectric battery thermal management system configured to
manage temperature of a battery cell, the system comprising:

a battery cell comprising an electrode configured to deliver electric power
to or from the battery cell, the clectrode connected to the battery cell on a first
surface of the batiery cell, wherein the battery cell has a hotspot corresponding to
a temperature nerease of the battery cell when the battery cell is operating via the
clectrode delivering electric power to or from the battery cell, the hotspot having a
center corresponding 1o a point or a region of the battery cell having a highest
temperature relative to other regions of the battery cell;

a heat spreader positioned on a second surface of the battery cell and in
thermal commnumication with the hotspot, the heat spreader positioned over the
center of the hotspot on the second surface of the battery cell;

a fin connected to the heat spreader and in thermal commumnication with
the hotspot via the heat spreader, the fin positioned to provide a shortest thermal
path along the heat spreader from the center of the hotspot to the fin, the finon a
first side of a plane, the plane parallel or tangential 1o the fivst surface where the
clectrode connects to the battery cell, wherein the electrode is on a second side of
the plane; and

& thermoelectric device comprising a main surface and a waste surface, the
thermoelectric device configured to transfor thermal energy between the main
surface and the wasie surface of the thermoeelectric device upon application of
clectric current to the thermoelectric device, wherein the main surface of the
thermoelectric device is in thermal communication with the fin to heat or cool the
battery ccll by adjusting a polarity of the electric current delivered to the
thermoelectric device, wherein the shortest thormal path on the heat spreader
extends to a dimension of a pertmeter of the main surface of the thermoelectric
device when the dimension of the perimeter of the main surface of the
thermoelectric device is projected onto a surface of the heat spreader where the fin

connects to the heat spreader.
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59, The thermoelectric battery thermal management system of Claim 58,
wherein the second surface is substantially perpendicular to a shortest dimension of the
battery cell.

60, The thermoelectric battery thermal management system of any one of
Claims 58 or 59, wherein the fin extends from the heat spreader substantially in parallel
with a third side of the battery cell.

61, The thermoelectric battery thermal management system of any one of
Claims 58 1o 60, wherein a geometric center of the main surface of the thermoelectric
device is positioned substantially along the shortest thermal path on the heat spreader
when the geometric center of the main surface of the thermoelectric device is projected
onto the surface of the heat spreader where the fin connects 1o the heat spreader.

62, The thermoelectric battery thermal management system of any one of
Claims 58 to 61, wherein the battery ccll has a prismatic shape, wherein when the
prismatic shape is positioned in an X-Y-Z coordinate system, the first surface extends
along an X-7Z plane of the X-Y-Z coordinate system, the second side extends along an X-
Y plane of the X-Y-Z coordinate system, and the third side extends along an Y-Z plane of
the X-Y-¥ coordinate system.

63, The thermoelectric battery thermal management system of any one of
Claims 58 to 62, further comprising:
an other fin connected to the heat spreader and in thermal communication
with the hotspot, the other fin on the first side of the plane; and
an other thermoclectric device conprising a main surface and a wasic
surface, the other thermoelectric device configured to transfer thermal energy
between the main surface and the waste surtace of the other thermoclectric device
upon application of clectric current to the other thermeoelectric device, wherein the
main surface of the other thermoclectric device 1s in thermal communication with
the other fin along a Hoe extending from and paralicl to the shortest thermal path
along the heat spreader to heat or cool the battery cell by adjusting a polarity of
the electric current delivered to the other thermoelectric device.

64, The thermoelectric battery thermal marpagoment systom of Claim 63,
wherein the other tin extends from the heat spreader substantially tn parallel with a third
side of the battery cell, the third side opposite 2 fourth side of the batiery cell along which

the tin extends o paralich
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65, The thermoelectric battery thermal management system of any one of
Claims S8 to 64, further comprising a strip extending along the shortest thermal path to
the thermoelectric device, the sirip shorter than the heat spreader in at least one
dimension, the strip conmected to the heater spreader and comprising a material having a
higher thermal conductivity than a material of the heat spreader.

66. The thermoelectric battery thermal management system of Claim 68,
wherein the material of the strip comprises copper, and the material of the heat spreader
comprises alominom.

o7, The thermoelectric battery of thermal management system of any one of
Claims 58 to 62, further comprising an other battery cell, the other battery cell comprising
an electrode configured to deliver electric power to or from the other battery cell, the
clectrode commected to other battery cell on a first surface of the other battery ccli,
wherein the other battery cell has an other hotspot covresponding to a temperature
merease of the other battery cell when the other battery ccll is operating via the electrode
delivering electric power to or from the other battery cell, the other hotspot having a
center corresponding to a point or a region of the other battery cell having a highest
temperature relative to other regions of the other battery cell, and wherein the battery cell
and the other battery cell are stacked with the first surface the battery cell and the first
surface of the other battery cell positioned in substantially a same plane.

68. The thermoelectric battery thermal management system of Claim 67,
wherein the other battery cell 18 in thermal conwnunication with the heat spreader,
wherein the other hotspot of the batiery cell is heated or cooled by adjusting the polarity
of the electric current delivered to the thermoelectric device.

6h, The thermoelectric battery thermal management system of any one of
Claims 67 or 68, further comprising:

an other heat spreader positioned on a second side of the other battery cell
and in thermal conmmunication with the other hotspot, the other heat spreader
positioned over the center of the other hotspet on the second side of the other
battery cell;

an other fin conwected to the other heat spreader and in thermal
communication with the other hotspot via the other heat spreader, the other fin
positioned to provide a shortest thormal path along the other heat spreader from

the center of the other hotspot 1o the other fin, the other fin on a first side of a
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another plane, the other planc parallel or tangential to the first surface where the

clectrode commects 1o the other battery cell, wherein the electrode of the other

battery cell is on a second side of the other plane; and

an other thermoelectric device comprising a main surface and a waste
surface, the other thermoelectric device configured to transter thermal energy
between the main surface and the waste surface of the other thermoelectric device
upon application of electric current to the other thermoelectric device, wherein the
main surface of the other thermoclectrie device is in thermal communication with
the other fin along the shortest thermal path of the other heat spreader to heat or
cool the battery cell by adjusting a polarity of the electric current delivered to the
other thermoelectric device.

70. The thermoelectric battery thermal management system of Claim 69,
wherein the other fin extends from the other heat spreader substantially in parallcl with a
third side of the other battery cell.

71 The thermoelectric battery thermal management system of Claim 70,
wherein a geometric center of the main surface of the other thermoelectric device is
positioned substantially along the shortest thermal path on the heat spreader when the
geometric center of the main surface of the other thermoelectric device is projected onto a
surface of the other heat spreader where the other fin comnects to the other heat spreader.

72. The thermoelectric battery thermal management system of any one of
Claims 67 or 68, further comprising:

an other heat spreader positioned on a second side of the other battery cell
and in thermal conmmunication with the other hotspot, the other heat spreader
positioned over the center of the other hotspet on the second side of the other
battery cell;

an other fin conwected to the other heat spreader and in thermal
communication with the other hotspot via the other heat spreader, the other fin
positioned to provide a shortest thormal path along the other heat spreader from

the center of the other hotspot 1o the other fin, the other fin on a first side of a

another plane, the other planc parallel or tangential to the first surface where the

clectrode commects 1o the other battery cell, whercin the electrode of the other

battery cell is on a second side of the other plane; and
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a heat plate connected to and in thermal communication with both the fin
and the other fin, wherein the main surface of the thermoelectric device 15 in
thermal commmunication with the heat plate to heat or cool the hotspots of the
battery cell and the other battery cell by adjusting the polarity of the electric
current delivered to the thermoelectric device.

73. The thermoelectric battery thermal management system of Claim 72,
wherein when the center of the hotspot and the other hotspot are projected onto a side of
the heat plate, the main surface of the thermoelectric device is positioned over a
geometric average center of the centers of the hotspot and the other hotspoet projected
onto the side of the heat plate.

74. The thermoelectric battery thermal management system of Claim 73,
wherein the geometric average center of the centers of the hotspot and the other hotspot is
weighted based on the relative temperature of the centers of the hotspot and the other
hotspot.

75. The thermoelectric battery thermal management system of any one of
Claims 58 to 74, further comprising a controlier in electrical commmumnication with the
thermoclectric device and configured to control the polarity of electric current provided to
the thermoelectric device, wherein a first polarity of electric current i provided m a
cooling moede of system operation, and wherein a second polarity opposite the first
polarity of electric current is provided in a heating mode of system operation.

76. The thermoelectric battery thermal marpagoment systom of Claim 75,
further comprising a temperature sensor in thermal communication with the battery cell
and in clectrical communication with the condroller, wherein the temperature sensor
provides femperature information to the controller to adjust the polarity or a magnitude of
the electric current delivered to the thermoelectric device.

77. The thermoelectric battery thermal management system of any one of
Claimsg 58 to 76, whercin the waste surface of the thermoelectric device 1s in thermal
communication with a fluid capable of acting as a heat source or a heat sink for the
systent,

78. The thermoelectric battery thermal marpagoment systom of Claim 77,
wherein the fluid is air.

74, The thermoelectric battery thermal management system of any one of

Claims 5% to 78, wherein the battery cell is sealed within an enclosure, and wherein the
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waste surface of the thermoelectric device 15 in thermal communication with a wall of the
enclosure, the wall of enclosure capable of acting as a heat source or a heat sink for the
systent.

80, The thermoelectric battery thermal management system of Claim 58,
wherein the battery cell has a cylindvical shape, and wherein the heat spreader
circamscribes a perimeter of the battery cell about a central axis of the cyhndrical shape,
the central axis perpendicular to the planc.

g1 The thermoelectric battery thermal management system of Claim 80,
wherein the fin extends from the heat spreader perpendicular to the central axis with a
longitudinal dimension of the fin being parallel to the central axis.

82. A method of manufacturing a thermoelectric battery thermal management
system configured to manage temperature of a battery cell, the method comprising:

connecting a heat spreader to a battery cell having an clectrode configured
to deliver electric power 1o or from the battery cell, the elecirode commected to the

battery cell on a first surface of the battery cell, wherein the battery cell has a

hotspot corresponding to a temperature  increase of the battery cell when the

battery ccll is operating via the electrode delivering clectric power to or from the
battery cell, the hotspot having a center corresponding to a point or a region of the
battery cell having a highest temperature relative o other regions of the battery
cell, wherein the heat spreader is comnected on a second surface of the battery cell

10 be in thermal communication with the hotspot, the beat spreader positioned

over the cerder of the hotspot on the second surtace of the battery celi;

connecting a fin to the heat spreader in thermal communication with the
hotspot, the fin posttioned 1o provide a shortest thermal path along the heat
spreader from the conter of the hotspot to the fin, the fin on & first side of a plane,
the plane parallel or tangeuntial to the fivst surface where the electrode connects to
the battery cell, wherein the electrode is on a second side of the plane; and

connecting a thermoslectric device to the fin, the thermoelectric device
conmprising & wvwin surface and a waste surface, the thermoclectric device
contigured to transfer thermal energy between the main surface and the waste
surface of the thermoclectric device upon apphication of electric current to the
thermoelectric device, wherein the main surface of the thermoelectric device 18 In

thermal conununication with the fin to heat or coel the battery cell by adjusting a
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polarity of the electric current delivered to the thermoelectric device, wherein a
geometric center of the main surface of the thermoelectric device is positioned
substantially along the shortest thermal path on the heat spreader when the
geometric center of the main surface of the thermoelectric device is projected onto

a surface of the heat spreader where the fin connects to the heat spreader.

83. The method of Claim 82, further comprising:

connecting an other fin to the heat spreader in thermal commumication
with the hotspot, the other fin on the first side of the plane;

connecting an other thermoelectric device to the other fin, the other
thermoelectric device comprising a main surface and a waste surface, the other
thermoelectric device configured to transfer thermal enecrgy between the main
surface and the waste surface of the other thermoelectric device upon application
of electric current to the other thermoelectric device, wherein the main surface of
the other thermoelectric device s in thermal commmunication with the other fin
along 4 line extending from and parallel to the shortest thermal path along the heat
spreader to heat or cool the battery cell by adjusting a pelarity of the electric
current delivered to the other thermoclectric device,

84, The method of any one of Claims 82 or 83, further comprising connecting
a strip along the shortest thermal path to the thermoelectric device, the sirip shorter than
the heat spreader in at least one dimension, the strip connected to the heater spreader and
comprising a material having a higher thermal conductivity than a material of the heat
spreader.

85, The method of Claim 82, further comprising stacking an other battery cell
with the battery cell, the other battery cell comprising an clectrode configured to deliver
clectric power fo or from the other battery cell, the clectrode counccted to other battery
cell on a first surtace of the other battery cell, wherein the other battery cell has an other
hotspot corresponding 1o & temperature increase of the other battery cell when the other
battery cell is operating via the clectrode dehivering clectric power 1o or from the other
battery cell, the other hotspot having a center corresponding t¢ a point or & region of the
other battery cell having a highest temperature relative to other regions of the other
battery cell, and wherein the batiery cell and the other battery cell are stacked with the
first surface the battory cell and the first surface of the other battery cell positioned in

substantially 2 same plane.
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86.  The method of Claim 85, further comprising:

connecting an other heat spreader to a sccond side of the other battery cell
and m thermal communication with the other hotspot, the other heat spreader
positioned over the center of the other hotspot on the second side of the other
battery cell;

connecting an  other fin to the other heat spreader in  thermal
communication with the other hotspot via the other heat spreader, the other fin
positioned to provide a shortest thermal path along the other heat spreader from
the center of the other hotspot to the other fin, the other fin on a first side of a
another plane, the other planc parallel or tangential to the first surface where the
clectrode commects 1o the other battery cell, wherein the electrode of the other
battery cell is on a second side of the other plane;

connecting an other thermoelectric device with the other fin, the other
thermoelectric device comprising a main surface and a waste surface, the other
thermoelectric device configured to transfer thermal enecrgy between the main
surface and the waste surface of the other thermoelectric device upon application
of electric current to the other thermoelectric device, wherein the main surface of
the other thermoelectric device is in thermal commmunication with the other fin
along the shortest thermal path of the other heat spreader to heat or cool the
battery cell by adjusting a polarity of the electric current delivered to the other
thermoelectric device.
87, The method of Claim 85, further comprising:

connecting an other heat spreader to a sccond side of the other battery cell
and in thermal conmmunication with the other hotspot, the other heat spreader
positioned over the center of the other hotspet on the second side of the other
battery cell;

connecting an other fin to the other heat spreader and i thermal
communication with the other hotspot via the other heat spreader, the other fin
positioned to provide a shortest thormal path along the other heat spreader from
the center of the other hotspot 1o the other fin, the other fin on a first side of a
another plane, the other planc parallel or tangential to the first surface where the
clectrode commects to the other battery cell, whercin the electrode of the other

battery cell is on a second side ot the other plane;
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connecting a heat plate in thermal conmmunication to both the fin and the
other fin; and

connecting the main surface of the thermoelectric device with the heat
plate in thermal commumication to heat or cool the hotspots of the battery cell and
the other battery cell by adjusting the polarity of the electric current delivered to
the thermoelectric device.

88.  The method of any one of Claims 82 to 87, further comprising connecting
a controller to the thermoclectric battery thermal management system, wherein the
controller is configured to control a polarity of electric current provided to the
thermoclectric device, wherein a first polarity of electric current is provided in a cooling
mode of system operation, and wherein a second polarity opposite the first polarity of
electric current is provided in a heating mode of system operation.

89, The method of any one of Claims 82 to 88, further comprising connecting
a temperature sensor i thermal commumication with the battery cell and in electrical
communication with the controller.

9. The method of any one of Claims 82 to 89, further comprising connecting
the waste surface of the thermoelectric device to a fluid capable of acting as & heat source
ot a heat sink for the thermwelectric battery thermal management system.

g1, The method of any one of Claims 82 to 90, further comprising sealing the
battery cell within an enclosure and connecting the waste surface of the thermoelectric

evice with a wall of the enclosure, the wall of enclosure capable of acting as a heat
source or a heat sink for the systom.

a2, A thermoclectric battery thermal management system coufigured to
manage teroperature of a battery cell, the systom conprising:

& battery cell comprising an electrode configured to deliver electric power

0 or from the battery cell, the clectrode counected to the battory cell on a first

stde of the battery cell, wherein the battory cell has a hotspot corresponding to 2

feraperature  increase of the battery cell when the battery cell is operating via the

clectrode delivering electric power to or from the battery cell, the hotspot having a

cender corresponding 1o a point or a region of the baitery cell having a highest

feraperature relative to other regions of the battery cell;
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a heat spreader positioned on 8 sccond side of the battery cell and n
thermal commnumication with the hotspot, the heat spreader positioned over the
center of the hotspot on the second side of the battery cell;

a fin connected to the heat spreader and in thermal commumnication with
the hotspot via the heat spreader, the fin positioned proximate to 4 third side of the
battery cell, the second and the third sides of the battery cell commected at a
common edge that is no farther away from the center of the hotspot than any other
cdge between sides of the battery cell; and

a thermoelectric device comprising 8 main surface and a waste surface, the
thermoelectric device configured to transfer thermal energy between the main
surface and the waste surface of the thermoeiectric device upon application of
clectric current to the thermoelectric device, wherein the main surface of the
thermoelectric device s in thermal communication with the fin 1o heat or cool the
battery cell by adjusting a polarity of the clectric current delivered to the
thermoelectric device, wherein a geometric center of the main surface of the
thermoelectric device is positioned substantially along 4 thermal path on the heat
spreader when the geometric center of the main surface of the thermoelectric
device is projected onto a plane of the heat spreader extending along the second
side of the battery cell, the thermal path extending from the center of the hot sport
perpendicularly toward the common edge.

93, A thermoclectric battery thermal management system coufigured to
manage teroperature of a battery cell, the systom conprising:

& battery cell comprising an electrode configured to deliver electric power
0 or from the battery cell, the clectrode connected to the battory cell on a first
surface of the battery cell, wherein the battery cell has a hotspot corresponding to
a temperature increase of the batiery cell when the battery cell is operating via the
clectrode delivering electric power to or from the battery cell, the hotspot having a
cender corresponding 1o a point or a region of the baitery cell having a highest
feraperature relative to other regions of the battery cell;

& heat spreader positioned on a second surface of the batiery cell and in
thermal commuunication with the hotspot, the heat spreader positioned over the

cenier of the hotspot on the second surface of the battery cell;
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a fin connected to the heat spreader and in thermal commumnication with
the hotspot via the heat spreader; and

a thermoelectric device comprising 8 main surface and a waste surface, the
thermoelectric device configured to transfer thermal enecrgy between the main
surface and the waste surface of the thermoeiectric device upon application of
clectric current to the thermoelectric device, wherein the main surface of the
thermoelectric device s in thermal communication with the fin 1o heat or cool the
battery cell by adjusting a polarity of the clectric current delivered to the
thermoelectric device,

wherein the hot spot and the thermoelectric device are located on a same
side of a planc passing through the battery cell parallel to the first surface and

dissecting the battery cell in to two equal portions,

SUBSTITUTE SHEET (RULE 26)
65



PCT/US2014/062728

WO 2015/066079

(43
WOJSAS [BAOWIY

B9[] AIse M

v/ 9L/

8¢ 90IN0S JIMOJ

yad

or

| 74 ac 9¢
cruy
0 d4d1L /Iopeardg 1eoH
N__o¢
.—um quﬁom N ﬁ :00 botﬂm
9¢ I9[[onuo)H p1 Asopeq

91 ase) A1neg

1/12



WO 2015/066079

18

18

—_

12
Pouch cell

2/12

PCT/US2014/062728

f16. 768



PCT/US2014/062728

[eAOWIDX
jeay 10§
90BJINS JOBIUO)) %N “\I\
9c
d:
a\mmm R 4724

WO 2015/066079

u1y/1opeaids

120H
[ 174 P NP

e TN

74 81

44

[eAOWIOX
189y 10§
Q0RJINS 10BIU0)D

44

3/12



WO 2015/066079 PCT/US2014/062728

44

r6.5

12

4/12



PCT/US2014/062728

WO 2015/066079

urj/1opeaids
JesH
8 X
£€ M
RN !
ﬂj :
1l /7 ss
9z L |

74 81

5/12



PCT/US2014/062728

WO 2015/066079

urj/1opeaids
JeoH

Sl s T S

9z |

4L
/14

44

&
44

74 81

6/12



PCT/US2014/062728

WO 2015/066079

4L

4

urj/1opeaids
JeoH

7/12



WO 2015/066079 PCT/US2014/062728

18
18
W lcell1 [cen2 cers 18
12 /
42
28
|

TEDNY [
/-/Gl 7 TED heat spr\efder .
[ 4

Fin1||Fin2||Fin 3
26— T\ 26

TIN] |26

s

8/12



PCT/US2014/062728

WO 2015/066079

4L
/14

& IS/

ury/1opeaids jeay
8

AN

~

wWNuIwn|y

Jaddon

44

9/12



PCT/US2014/062728

WO 2015/066079

6 IS

4L
0c

urj/1speaids
1e9H
8

81

10/12



WO 2015/066079 PCT/US2014/062728

H

|1

£16.70

AL
on —
~ 3
o~
Nvi:)%

g R

P

11/12



PCT/US2014/062728

WO 2015/066079

a4

[eAOWAI
189y J10J
90BJINS J0BIUOD) X
urj/1apeards " @8I
JesH
8¢ — *
adlL A ~—
0c
9z FR /
N 81

s

12/12



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2014/062728

A. CLASSIFICATION OF SUBJECT MATTER
HOIM 10/6572 (2014.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI, EPODOC - IPC: HOIM, HO1M 10/60, HO1M 6/50, HOIM 10/6572 & keywords (Peltier, thermo_electrict, Seebeck, regulat+, control+,
maintain+t, temperature, heat+, hot, cold, cool+, therm+)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
Documents are listed in the continuation of Box C
X | Further documents are listed in the continuation of Box C X | See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which is not "T" later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specitied) such documents, such combination being obvious to a person skilled in the art
"o" document referring to an oral disclosure, use, exhibition o ) .
or other means & document member of the same patent family
"P"  document published prior to the international filing date

but later than the priority date claimed

Date of the actual completion of the international search
20 January 2015

Date of mailing of the international search report

20 January 2015

Name and mailing address of the ISA/AU

AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA

Email address: pct@ipaustralia.gov.au

Authorised officer

Rhys Munzel

AUSTRALIAN PATENT OFFICE
(ISO 9001 Quality Certified Service)
Telephone No. 0399359623

Form PCT/ISA/210 (fifth sheet) (July 2009)




C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2014/062728

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to ¢laim No.

JP 2008-047371 A (TOSHIBA CORP) 28 February 2008, English abstract and
translation downloaded from http://www.ipdL.inpit.go.jp/homepg_e.ipdl

X Abstract and Figs. 1,2, 5 58-60, 62-64, 67-70, 72-79
WO 2013/029744 A1 (ALCATEL LUCENT) 07 March 2013

A see¢ whole document
WO 2010/071463 A1 IMPACT AUTOMOTIVE TECHNOLOGIES SP. Z 0.0.) 24
June 2010

A se¢ whole document
US 2005/0029990 A1 (TSUKAMOTO et al.) 10 February 2005

A see Fig. 4
US 2011/0287285 A1 (YOON) 24 November 2001

A see whole document
WO 2014/110524 Al (GENTHERM INCORPORATED) 17 July 2014

P.A See Fig. 29 and related discussion at paragraphs [0128]-[0136]

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2014/062728

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report Patent Family Member/s
Publication Number Publication Date Publication Number Publication Date
JP 2008-047371 A 28 February 2008 JP 5354846 B2 27 Nov 2013
WO 2013/029744 Al 07 March 2013 EP 2565977 Al 06 Mar 2013
US 2014165597 Al 19 Jun 2014
WO 2010/071463 Al 24 June 2010 CA 2747380 Al 24 Jun 2010
EP 2380224 Al 26 Oct 2011
EP 2380224 B1 27 Mar 2013
JP 2012512504 A 31 May 2012
KR 20110100263 A 09 Sep 2011
MX 2011006379 A 01 Dec 2011
PL 386822 Al 21 Jun 2010
PL 211980 B1 31 Jul 2012
RU 2011128794 A 27 Jan 2013
US 2011244300 A1 06 Oct 2011
US 2005/0029990 A1 10 February 2005 US 7592776 B2 22 Sep 2009
AU 2003205063 Al 30 Jul 2003
AU 2003265341 Al 25 Feb 2004
US 6531847 Bl 11 Mar 2003
US 6586912 B1 01 Jul 2003
US 2004004464 Al 08 Jan 2004
US 6891353 B2 10 May 2005
US 2003085684 Al 08 May 2003
US 6894456 B2 17 May 2005
US 2004106963 Al 03 Jun 2004
US 7009362 B2 07 Mar 2006
US 2005104554 Al 19 May 2005
US 7443136 B2 28 Oct 2008
US 2005021100 A1 27 Jan 2005
US 7486048 B2 03 Feb 2009
US 2009176149 Al 09 Jul 2009
US 7893659 B2 22 Feb 2011
WO 03041208 Al 15 May 2003
WO 03061032 A2 24 Jul 2003
WO 2004014214 A2 19 Feb 2004

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2014/062728

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
US 2011/0287285 Al 24 November 2001 US 8841015 B2 23 Sep 2014
KR 20110128639 A 30 Nov 2011
KR 101108191 B1 06 Feb 2012
WO 2014/110524 Al 17 July 2014

End of Annex

Due to data integration issues this family listing may not include 10 digit

Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - wo-search-report
	Page 81 - wo-search-report
	Page 82 - wo-search-report
	Page 83 - wo-search-report

