
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date W O 2016/040872 A l
17 March 2016 (17.03.2016) P O P C T

(51) International Patent Classification: (72) Inventors: PIGGOTT, Alfred; 8945 Kinloch, Redford,
H05K 7/20 (2006.01) H01L 23/373 (2006.01) MI 48239 (US). THOMAS, David; c/o Gentherm Incor
H01M 10/60 (2014.01) porated, 21680 Haggerty Road, Suite 101, Northville, MI

48167 (US). GUERITHAULT, Daniel; c/o Gentherm In
(21) International Application Number:

corporated, 21680 Haggerty Road, Suite 101, Northville,
PCT/US20 15/049800

MI 48167 (US).
(22) International Filing Date:

(74) Agent: DELANEY, Karoline, A.; Knobbe, Martens,
11 September 2015 ( 11.09.201 5)

Olson & Bear, LLP, 2040 Main Street, 14th Floor, Irvine,
(25) Filing Language: English CA 92614 (US).

(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
62/050,001 12 September 2014 (12.09.2014) US BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(71) Applicant: GENTHERM INCORPORATED [US/US]; DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

21680 Haggerty Road, Suite 101, Northville, MI 48167 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(US). KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on nextpage]

(54) Title: GRAPHITE THERMOELECTRIC AND/OR RESISTIVE THERMAL MANAGEMENT SYSTEMS AND METHODS

(57) Abstract: Disclosed embodiments include thermal
management systems and methods configured to heat

FIG. I 10 and/or cool an electrical device. Thermal management
systems can include a heat spreader in thermal commu
nication with a temperature sensitive region of the elec
trical device. The heat spreader can include the one or
more pyrolytic graphite sheets. The heat spreader can

Battery Case include thermal/electrical elevators connecting the one
16 or more pyrolytic graphite sheets. The systems can in

clude a thermoelectric device in thermal communication
with the heat spreader. Electric power can be directed to
the heat spreader and/or thermoelectric device to
provide controlled heating and/or cooling of the elec

Battery Controller Power Source trical device.
14 36 38

Battery Cell Sensor

r
18

12 £0

30-^ 34

Heat Source/
Heat Spreaderl TED - Heat Sink System

00 28 20 32o A r A
26 22 24

©
v

o



w o 2016/040872 Ai llll I I I I 11III III II I I III I III IIII II I II

(84) Designated States (unless otherwise indicated, for every Declarations under Rule 4.17:
kind of regional protection available): ARIPO (BW, GH,

— as to the applicant's entitlement to claim the priority of
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, the earlier application (Rule 4.1 ?'(in))
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, Published:
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT,

— with international search report (Art. 21(3))
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,

SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, — before the expiration of the time limit for amending the
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))



GRAPHITE THERMOELECTRIC AND/OR RESISTIVE THERMAL

MANAGEMENT SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. § 19(e) of U.S.

Provisional Application No. 62/050001, filed September 12, 2014, titled INTEGRATED

GRAPHITE THERMOELECTRIC AND RESISTIVE THERMAL MANAGEMENT

DEVICE AND METHODS, the entirely of which is incorporated herein by reference and

made a part of this specification.

BACKGROUND

Field

[0002] The present disclosure relates generally to thermal management (e.g.,

heating and/or cooling) of electrical devices including but not limited to batteries.

Description of Related Art

[0003] Power electronics and other electrical devices, such as batteries, can be

sensitive to overheating, cold temperatures, extreme temperatures, and operating temperature

limits. The performance of such devices may be diminished, sometimes severely, when the

devices are operated outside of recommended temperature ranges. In semiconductor devices,

integrated circuit dies can overheat and malfunction. In batteries, including, for example,

batteries used for automotive applications in electrified or electrical vehicles, battery cells

and their components can degrade when overheated or overcooled. Such degradation can

manifest itself in reduced battery storage capacity and/or reduced ability for the battery to be

recharged over multiple duty cycles.

[ΘΘΘ4 High performance batteries for use in large systems (including, for

example, lithium based batteries used in electrical vehicles) have certain properties th at make

thermal management of the batteries and/or containment system desirable. Charging

characteristics of high performance batteries change at elevated temperatures and can cause

the cycle life of the batteries to decrease significantly if they are charged or discharged at a

temperature outside of an optimum range (e.g., too high or too low of a temperature). For

example, the cycle life of some lithium based batteries decreased by over 50% if they are



repeatedly charged at about 50 °C. Since cycle life can be reduced by a large amount, the

lifetime cost of batteries can be greatly increased if charging temperatures are not controlled

within proper limits. Also, some high performance batteries can exhibit reduced performance

and can be possibly damaged if charged or operated at too low of temperatures, such as

below about -30 C. Furthermore, high performance batteries and arrays of high performance

batteries can experience thermal events from which the batteries can be permanently

damaged or destroyed, and over temperature condition can even result in fires and other

safety related events.

[0005] This background is provided to introduce a . brief context for the Summary

and Detailed Description that follow. This Background is not intended to be viewed as

limiting the claimed subject matter to implementations that solve any or all of the

disadvantages or problems presented herein.

SUMMARY

[0006] It can be advantageous to manage the thermal conditions of power

electronics and other electrical devices. Thermal management can reduce incidences of

overheating, overcooiing, and electrical device degradation. Certain embodiments described

herein provide thermal management of devices that carry significant electric power and/or

require high current an efficiency (e.g., power amplifiers, transistors, transformers, power

inverters, insulated-gate bipolar transistors (IGBTs), electric motors, high power lasers and

light-emitting diodes, batteries, and others). A wide range of solutions can be used to

thermally manage such devices, including convective air and liquid cooling, conductive

cooling, spray cooling with liquid jets, thermoelectric 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 cooling electrical

devices: higher power efficiency, lower or eliminated maintenance costs, greater reliability,

longer service life, fewer components, fewer or eliminated moving parts, heating and cooling

modes of operation, other advantages, or a combination of advantages.

[0007] Disclosed is an electrical device thermal management system. In some

embodiments, the electrical device is a battery. A battery thermal management system can

include one or more heat spreaders positioned between stacked batter}' cells. The one or

more heat spreaders may have one or more pyrolytic graphite sheets that can function as a



heater and/or cooler n a heating mode of the battery thermal management system, electric

current may flow through a heat spreader (e.g., through the graphite sheets and/or a

substrate) such that the heat spreader functions as a resistance heater. In a cooling mode of

the battery thermal management system, the heat spreader can transfer heat away from the

battery cells to a heat sink.

[0008] In some embodiments, one or more thermoelectric devices can be attached

to the one or more heat spreaders. In the heating mode, the one or more thermoelectric

devices can transfer heat from a heat source into the one or more heat spreaders that transfer

heat into the battery cells. In a cooling mode, the one or more thermoelectric devices can

transfer heat to a heat sink from the one or more heat spreaders that transfer heat from the

battery ceils.

[0009] In some embodiments, one or more thermal/electrical connectors can be

positioned between graphite sheets of a heat spreader (e.g. thermal/electrical connectors

extending orthogonal to a plane extending substantially parallel to the graphite sheets). The

one or more thermal/electrical connectors transfer heat or electrons between layers of

graphite sheets (e.g. orthogonal to the parallel plane) to enhance thermal/electrical efficiency

of the heat spreader. The heat spreader can include one or more connections to other

components of the electrical device and/or thermal management system. The one or more

connections of the heat spreader can include thermal/electrical connectors to enhance

thermal/electrical communication efficiency of the heat spreader with other components of

the system.

[00 ] According to this disclosure, a thermoelectric battery thermal management

system configured to manage temperature of a battery cell includes one or more the

following: a heat spreader in thermal communication with a temperature sensitive region of a

battery cell; a thermoelectric device comprising a main side and a waste side, the

thermoelectric device configured to transfer thermal energy between the main side and the

waste side of the thermoelectric device upon application of electric current to the

thermoelectric device; the main side of the thermoelectric device is in thermal

communication with the heat spreader to heat or cool the battery cell by adjusting a polarity

of electric current delivered to the thermoelectric device; a /or a thermal management

controller configured to operate in a . heating mode or a cooling mode. The heat spreader



includes one or more of the following: pyrolytic graphite in thermal communication with the

temperature sensitive region of the battery cell, the pyrolytic graphite comprising a plurality

of graphite layers extending substantially in parallel along the heat spreader and configured

to transfer thermal energy and electric current along a plane substantially parallel to the

graphite layers; a plurality of thermal elevators between the plurality of graphite layers, the

thermal elevators configured to transfer thermal energy between the plurality of graphite

layers and configured to transfer thermal energy substantially orthogonal to the plane: and/or

a conductor in thermal communication with the pyrolytic graphite and the plurality of

thermal elevators, the conductor in electrical communication with the pyrolytic graphite to

heat the battery cell upon application of electric current through the pyrolytic graphite via the

conductor. In the heating mode, the battery cel is heated by the heat spreader transferring

thermal energy to the temperature sensitive region of the batter cell when electric current is

applied to the heat spreader via the conductor, when electric current is applied to the

thermoelectric device in a first polarity, or when electric current is applied to both the heat

spreader via the conductor and the thermoelectric device in the first polarity. In the cooling

mode, the battery cell is cooled by the heat spreader transferring thermal energy away from

the temperature sensitive region of the battery cell when electric current is applied to the

thermoelectric device in a second polarity.

|001 J ] In some embodiments, the thermoelectric battery thermal management

system further includes one or more of the following: the heat spreader comprises a first side

and a second side, the first side substantially opposite the second side; the heat spreader

comprises an other conductor in thermal and electrical communication with the pyrolytic

graphite on the second side of the heat spreader, the conductor on the first side of the heat

spreader; in the heating mode, the battery cell is heated when electric current is applied to the

pyrolytic graphite via the conductor and the other conductor such that electric current flows

along the plurality of graphite layers from the first side to the second side of the heat

spreader; the other conductor comprises an electrical junction configured to electrically

connect to a printed circuit board comprising the thermal management controller, the

electrical junction configured to deliver electric current to the heat spreader; the battery cell

and the heat spreader are positioned in a battery case; the conductor is configured to attach to

the battery case to physically fix the heat spreader relative to the battery case; a thermal



interface on the battery case and configured to mate with the conductor; the conductor

comprises a first mechanical connector; the thermal interface comprises a second mechanical

connector configured to mate with the first mechanical connector to attach the conductor to

the battery case; the first mechanical connector comprises a male dovetail connector and the

second mechanical connector comprises a female dovetail connector configured to accept the

male dovetail connector to attach the conductor to the battery case; the battery case

comprises a thermal window configured to transfer thermal energy in and out of the battery

case, the thermal window in thermal communication with the thermal interface; the battery

case comprises a thermal substrate in the thermal window, the thermal substrate configured

to transfer thermal energy in and out of the battery case while providing a physical barrier

into the battery case; the main side of the thermoelectric device is in thermal communication

with the thermal substrate to provide the thermal communication between the main side of

the thermoelectric device an the heat spreader via the conductor an the thermal interface;

the thermoelectric device is positioned outside of the battery case; a blower and duct

assembly attached to the battery case and configured to push or pull air across the waste side

of the thermoelectric device; the thermal management controller is configured to optimize

system efficiency such that airflow from a blower of the blower and duct assembly is

increased or decreased to match heating or cooling requirements of the battery ceil; a blower

and duct assembly in thermal communication with the thermoelectric device and configured

to push or pull air across the waste side of the thermoelectric device; the thermal

management controller is configured to optimize system efficiency such that airflow from a

blower of the blower and duct assembly is increased or decreased to match heating or

cooling requirements of the battery cell; the waste side of the thermoelectric device is in

thermal communication with air via a waste heat exchanger; the waste side of the

thermoelectric device comprises the waste heat exchanger; the heat spreader comprises a

plurality of breaks in the plurality of graphite layers, the plurality of breaks configured to

increase a conduction path for electric current through the heat spreader to increase resistive

heating capacity of the heat spreader; the plurality of graphite layers are crinkled to increase

a length of a surface of at least one graphite layer of the plurality of graphite layers, the

increased length of the surface of the at least one graphite layer configured to increase a

conduction path for electric current through the at least one graphite layer to increase



resistive heating capacity of the heat spreader; the conductor comprises at least some of the

plurality of thermal elevators such that the plurality of thermal elevators is substantially on

ends of the heat spreader; the heat spreader is in thermal communication with a temperature

sensitive region of an other battery cell on a side of the heat spreader opposite a side of the

heat spreader in thermal communication with the temperature sensitive region of the battery

cel ; at least some of the plurality of thermal elevators extend substantially a length between

the sides of the heat spreader in thermal communication with the temperature sensitive

regions of the batter}' cell and the other batter ceil; the at least some of the plurality of

thermal elevators extending between the sides of the heat spreader are in direct thermal

communication with the battery cell and the other battery cell to reduce thermal contact

resistance associated with the heat spreader; the plurality of thermal elevators comprises a

metallic material configured to transfer electric current between the plurality of graphite

layers and the conductor; and/or the conductor extends substantially an entirety of a

dimension of the heat spreader to provide structural integrity to the heat spreader.

[0012] According to this disclosure, a battery thermal management system

configured to heat or cool a battery cell includes one or more of the following: a heat

spreader in thermal communication with a . battery cell; and/or a thermoelectric device

comprising a main side and a waste side, the thermoelectric device configured to transfer

thermal energy between the main side and the waste side of the thermoelectric device upon

application of electric current to the thermoelectric device; the main side of the

thermoelectric device is in thermal communication with the heat spreader to heat or cool the

battery cell by adjusting a polarity of electric current delivered to the thermoelectric device.

The heat spreader includes one or more the following: a pyrolytic graphite sheet configured

to transfer thermal energy and electric current along the pyrolytic graphite sheet; and/or a

conductor in thermal and electrical communication with the pyrolytic graphite sheet, the

conductor in electrical communication with the pyrolytic graphite sheet to heat the battery

cell upon application of electric current to the pyrolytic graphite sheet via the conductor, the

conductor in thermal communication with the pyrolytic graphite sheet to transfer thermal

energy to and from the pyrolytic graphite sheet. The battery cell is heated by the heat

spreader transferring thermal energy to the battery cell when electric current is applied to the

heat spreader via the conductor, or when electric current is applied to the thermoelectric



device in a first polarity, or when electric current is applied to both the heat spreader via the

conductor and the thermoelectric device in the first polarity. The battery cell is cooled by the

heat spreader transferring thermal energy away from the battery cell when electric current is

applied to the thermoelectric device in a second polarity.

[0013] In some embodiments, the battery thermal management system further

includes one or more of the following: the heat spreader comprises a . first side and a second

side, the first side substantially opposite the second side; the heat spreader comprises an

other conductor in thermal and electrical communication with the pyro lytic graphite sheet;

the battery cell is heated when electric current is applied to the pyrolytic graphite sheet via

the conductor and the other conductor such that electric current flows along the pyrolytic

graphite sheet from the first side to the second side of the heat spreader; the other conductor

comprises an electrical junction configured to electrically connect to a printed circuit board,

the electrical junction configured to deliver electric current to the heat spreader; the battery

cell and the heat spreader are positioned in a battery enclosure; the conductor is configured to

connect with the battery enclosure to secure the heat spreader to the battery enclosure; a

thermal interface on the battery enclosure and configured to mate with the conductor; the

conductor comprises a first mechanical connector; the thermal interface comprises a second

mechanical connector configured to mate with the first mechanical connector to attach the

conductor to the battery enclosure; the first mechanical connector comprises a male dovetail

connector and the second mechanical connector comprises a female dovetail connector

configured to accept the male dovetail connector to attach the conductor to the battery

enclosure; the battery enclosure comprises a thermal window configured to transfer thermal

energy in and out of the battery enclosure; the battery enclosure comprises a thermal

substrate in the thermal window, the thermal substrate configured to transfer thermal energy

in and out of the battery enclosure while providing a physical barrier into the battery

enclosure; the thermoelectric device is in thermal communication with the thermal substrate

to provide the thermal communication between the thermoelectric device and the heat

spreader; the thermoelectric device is positioned outside of the battery enclosure; a blower

and duct assembly attached to the batter}' enclosure and configured to push or pull air across

the waste side of the thermoelectric device; a blower of the blower and duct assembly is

configured to optimize system efficiency such that airflow is increased or decreased to match



heating or cooling requirements of the battery cell; a blower and duct assembly in thermal

communication with the thermoelectric device and configured to push or pull air across the

waste side of the thermoelectric device; a blower of the blower and duct assembly is

configured to optimize system efficiency such that airflow is increased or decreased to match

heating or cooling requirements of the battery cell; the waste side of the thermoelectric

device is in thermal communication with air via a waste heat exchanger; the waste side of the

thermoelectric device comprises the waste heat exchanger; the heat spreader comprises a

break in the pyrolytic graphite sheet, the break configured to increase a travel path for

electric current through the heat spreader to increase resistive heating capacity of the heat

spreader; the pyrolytic graphite sheet is crinkled to increase a length of a surface of the

pyrolytic graphite sheet, the increased length of the surface of the pyrolytic graphite sheet

configured to increase a travel path for electric current through the pyrolytic graphite sheet to

increase resistive heating capacity of the heat spreader; the conductor extends substantially

an entirety of a dimension of the heat spreader to provide structural integrity to the heat

spreader; the heat spreader further comprises at least one other pyrolytic graphite sheet in

thermal and electrical communication with the conductor, the at least one other pyrolytic

graphite sheet extending substantially in parallel with the pyrolytic graphite sheet; the

conductor is in electrical communication with the at least one other pyrolytic graphite sheet

to heat the batter}' cell upon application of electric current to the at least one other pyrolytic

graphite sheet via the conductor, the conductor in thermal communication with the at least

one other pyrolytic graphite sheet to transfer thermal energy to an from the at least one

other pyrolytic graphite sheet; the heat spreader further comprises a thermal connector

between the pyrolytic graphite sheet and the at least one other pyrolytic graphite sheet, the

thermal connector configured to transfer thermal energy between the pyrolytic graphite sheet

and the at least one other pyrolytic graphite sheet; the conductor comprises the thermal

connector; the thermal connector comprises a metallic material configured to transfer electric

current between the pyrolytic graphite sheet and the at least one other pyrolytic graphite

sheet; the heat spreader is in thermal communication with an other battery cell on a side of

the heat spreader opposite a side of the heat spreader in thermal communication with the

battery cell; the thermal connector is positioned between the sides of the heat spreader in

thermal communication with the battery cell and the other battery cell; the thermal connector



is in direct thermal communication with the battery cel and the other batter}' cell to reduce

thermal contact resistance associated with the heat spreader; the heat spreader further

comprises a metallic substrate in thermal communication with the pyrolytic graphite sheet;

the pyrolytic graphite sheet is in thermal communication with the battery cell such that the

pyrolytic graphite sheet functions as thermal interface between the battery cell and the

metallic substrate; the pyrolytic graphite sheet extends along a surface of the metallic

substrate on at least two sides of the metallic substrate; the pyrolytic graphite sheet extends at

least half a cross-sectional perimeter of the metallic substrate; the main side of the

thermoelectric device is positioned over at least a portion of the metallic substrate; the

pyrolytic graphite sheet extends to be between the main side of the thermoelectric device and

the metallic substrate to provide a thermal interface between the thermoelectric device and

the metallic substrate, the thermal interface configured to transfer thermal energy between

the main side of the thermoelectric device an the metallic substrate; the battery cell is

heated by the heat spreader transferring thermal energy to the battery cell when electric

current is applied to metallic substrate via the conductor; and/or the battery is cooled by the

heat spreader transferring thermal energy away from the battery cel via the pyrolytic

graphite sheet an the conductor when electric current is applied to the thermoelectric device

in the second polarity.

[0014] According to this disclosure, a heat spreader assembly for managing

temperature of an electrical device includes one or more of the following: a graphite sheet in

thermal communication with an electrical device, the graphite sheet configured to transfer

thermal energy and electric current along the graphite sheet; and/or a conductor in thermal

and electrical communication with the graphite sheet, the conductor in electrical

communication with the graphite sheet to heat the electrical device upon application of

electric current to the graphite sheet via the conductor, the conductor in thermal

communication with the graphite sheet to transfer thermal energy to and from the graphite

sheet. The electrical device is heated by the graphite sheet transferring thermal energy to the

electrical device when electric current is applied to the heat spreader via the conductor. The

electrical device is cooled by the graphite sheet transferring thermal energy away from the

electrical device.



[ΘΘ15 In some embodiments, the heat spreader assembly further includes one or

more the following: an other conductor in thermal and electrical communication with the

graphite sheet; the electrical device is heated when electric current is applied to the graphite

sheet via the conductor and the other conductor such that electric current flows along the

graphite sheet; the graphite sheet comprises a first side and a second side, the first side

substantially opposite the second side; the conductor is on the first side, and the other

conductor is on the second side; the other conductor comprises an electrical junction

configured to electrically connect to a printed circuit board comprising a controller

configured to manage temperature of the electrical device, the electrical junction configured

to deliver electric current to the heat spreader; the heat spreader assembly is positioned in an

electrical device enclosure; the conductor is configured to connect with the electrical device

enclosure to secure the heat spreader assembly to the electrical device enclosure; a thermal

interface on the electrical device enclosure an configured to mate with the conductor; the

conductor comprises a first mechanical connector; the thermal interface comprises a second

mechanical connector configured to mate with the first mechanical connector to attach the

conductor to the electrical device enclosure; the first mechanical connector comprises a male

dovetail connector and the second mechanical connector comprises a . female dovetail

connector configured to accept the male dovetail connector to attach the conductor to the

electrical device enclosure; the electrical device enclosure comprises a thermal window

configured to transfer thermal energy in and out of the electrical device enclosure; the

electrical device enclosure comprises a thermal substrate in the thermal window, the thermal

substrate configured to transfer thermal energy in and out of the electrical device enclosure

while providing a physical barrier into the electrical device enclosure; a thermoelectric

device is in thermal communication with the thermal substrate to provide heating or cooling

to the electrical device via the heat spreader; the thermoelectric device is positioned outside

of the electrical device enclosure; a thermoelectric device is in thermal communication with

the graphite sheet; the electrical device by the graphite sheet when electric current is applied

to the thermoelectric device in a first polarity; the electrical device is cooled by the graphite

sheet when electric current is applied to the thermoelectric device in a second polarity; the

graphite sheet comprises a break in covalent bonds in the graphite sheet, the cut configured

to increase a travel path for electric current through the graphite sheet to increase resistive



heating capacity of the graphite sheet; the graphite sheet is crinkled to increase a length of

the graphite sheet, the increased length of graphite sheet configured to increase a travel path

for electric current through the graphite sheet to increase resistive heating capacity of the

graphite sheet; the conductor extends substantially an entirety of a dimension of the graphite

sheet to provide structural integrity to the graphite sheet; at least one other graphite sheet in

thermal and electrical communication with the conductor; the conductor is in electrical

communication with the at least one other graphite sheet to heat the electrical device upon

application of electric current to the at least one other graphite sheet via the conductor, the

conductor in thermal communication with the at least one other graphite sheet to transfer

thermal energy to and fro the at least one other graphite sheet; the graphite sheet and the at

least one other graphite extend substantially in parallel in the heat spreader assembly; a

thermal connector between the graphite sheet and the at least one other graphite sheet, the

thermal connector configured to transfer thermal energy between the graphite sheet and the

at least one other graphite sheet; the conductor comprises the thermal connector; the thermal

connector comprises a metallic material configured to transfer electric current between the

graphite sheet and the at least one other graphite sheet; a metallic substrate in thermal

communication with the graphite sheet; the graphite sheet is in thermal communication with

the electrical device such that the graphite sheet is configured to transfer thermal energy

between the main side of the thermoelectric device and the metallic substrate; the graphite

sheet extends along a surface of the metallic substrate on at least two sides of the metallic

substrate; the graphite sheet extends at least half a cross-sectional perimeter of the metallic

substrate; the electrical device is heated when electric current is applied to metallic substrate

via the conductor; the graphite sheet comprises one or more pyro lytic graphite layers; the

electrical device comprises a battery cell; and/or the graphite sheet is in thermal

communication with a temperature sensitive region of the electrical device

[0016] According to this disclosure, a method of manufacturing a battery thermal

management system for heating or cooling a battery cell includes one or more of the

following; thermally connecting a heat spreader to a battery cell; and/or thermally connecting

a main side of a thermoelectric device to the heat spreader to heat or cool the battery cell by

adjusting a polarity of electric current delivered to the thermoelectric device, the

thermoelectric device configured to transfer thermal energy between the main side an a



waste side of the thermoelectric device upon application of electric current to the

thermoelectric device. The heat spreader includes one or more of the following: a pyrolytic

graphite sheet configured to transfer thermal energy and electric current along the pyrolytic

graphite sheet; and/or a conductor in thermal and electrical communication with the pyrolytic

graphite sheet, the conductor in electrical communication with the pyrolytic graphite sheet to

heat the battery cell upon application of electric current to the pyrolytic graphite sheet via the

conductor, the conductor in thermal communication with the pyrolytic graphite sheet to

transfer thermal energy to and from the pyrolytic graphite sheet. The battery cell is heated by

the heat spreader transferring thermal energy to the battery cell when electric current is

applied to the heat spreader via the conductor, or when electric current is applied to the

thermoelectric device in a first polarity, or when electric current is applied to both the heat

spreader via the conductor and the thermoelectric device in the first polarity. The battery cell

is cooled by the heat spreader transferring thermal energy away from the battery cell when

electric current is applied to the thermoelectric device in a second polarity.

[0017] n some embodiments, the method of manufacturing a battery thermal

management system further includes one or more of the following: the heat spreader

comprises a first side and a second side, the first side substantially opposite the second side;

the heat spreader comprises an other conductor in thermal and electrical communication with

the pyrolytic graphite sheet; the battery cell is heated when electric current is applied to the

pyrolytic graphite sheet via the conductor and the other conductor such that electric current

flows along the pyrolytic graphite sheet from the first side to the second side of the heat

spreader; the other conductor comprises an electrical junction configured to electrically

connect to a printed circuit board, the electrical junction configured to deliver electric current

to the heat spreader; positioning the battery cell and the heat spreader in a battery enclosure

and connecting the conductor with the battery enclosure to secure the heat spreader to the

battery enclosure; connecting a thermal interface to the battery enclosure, the thermal

interface configured to mate with the conductor; the conductor comprises a first mechanical

connector; the thermal interface comprises a second mechanical connector configured to

mate with the first mechanical connector to attach the conductor to the battery enclosure: the

first mechanical connector comprises a male dovetail connector and the second mechanical

connector comprises a female dovetail connector configured to accept the male dovetail



connector to attach the conductor to the battery enclosure; positioning a thermal windo in

the battery enclosure, the thermal windo configured to transfer thermal energy in and out of

the battery enclosure: connecting a thermal substrate to the battery enclosure in the thermal

window, the thermal substrate configured to transfer thermal energy in and out of the battery

enclosure while providing a physical barrier into the batter}' enclosure; thermally connecting

the thermoelectric device with the thermal substrate to thermally connect the thermoelectric

device to the heat spreader; positioning the thermoelectric device outside of the battery

enclosure; connecting a blower and duct assembly to the battery enclosure, the blower and

duct assembly configured to push or pull air across the waste side of the thermoelectric

device, and further comprising connecting a blower in the blower and duct assembly, the

blower configured to optimize system efficiency such that airflow is increased or decreased

to match heating or cooling requirements of the battery cell; connecting a blower and duct

assembly in thermal communication with the thermoelectric device and configured to push or

pull air across the waste side of the thermoelectric device, and further comprising connecting

a blower in the blower and duct assembly, the blower configured to optimize system

efficiency such that airflow is increased or decreased to match heating or cooling

requirements of the battery cell; the waste side of the thermoelectric device is in thermal

communication with air via. a waste heat exchanger; the waste side of the thermoelectric

device comprises the waste heat exchanger; the heat spreader comprises a break in the

pyrolytic graphite sheet, the break configured to increase a travel path for electric current

through the heat spreader to increase resistive heating capacity of the heat spreader; the

pyrolytic graphite sheet is crinkled to increase a length of a surface of the pyrolytic graphite

sheet, the increased length of the surface of the pyrolytic graphite sheet configured to

increase a travel path for electric current through the pyrolytic graphite sheet to increase

resistive heating capacity of the heat spreader; the conductor extends substantially an entirety

of a dimension of the heat spreader to provide structural integrity to the heat spreader; the

heat spreader further comprises at least one other pyrolytic graphite sheet in thermal and

electrical communication with the conductor, the at least one other pyrolytic graphite sheet

extending substantially in parallel with the pyrolytic graphite sheet; the conductor is in

electrical communication with the at least one other pyrolytic graphite sheet to heat the

battery cell upon application of electric current to the at least one other pyrolytic graphite



sheet via the conductor, the conductor in thermal communication with the at least one other

pyrolytic graphite sheet to transfer thermal energy to and from the at least one other pyrolytic

graphite sheet; the heat spreader further comprises a thermal connector between the pyrolytic

graphite sheet and the at least one other pyrolytic graphite sheet, the thermal connector

configured to transfer thermal energy between the pyrolytic graphite sheet and the at least

one other pyrolytic graphite sheet; the conductor comprises the thermal connector; the

thermal connector comprises a metallic material configured to transfer electric current

between the pyrolytic graphite sheet and the at least one other pyrolytic graphite sheet;

thermally connecting the heat spreader to an other battery cell on a side of the heat spreader

opposite a side of the heat spreader in thermally connected with the battery cell; the thermal

connector is positioned between the sides of the heat spreader in thermal communication

with the battery cell and the other battery cell; the thermal connector is in direct thermal

communication with the battery cell and the other battery cel to reduce thermal contact

resistance associated with the heat spreader; the heat spreader further comprises a metallic

substrate in thermal communication with the pyrolytic graphite sheet; the pyrolytic graphite

sheet is in thermal communication with the battery cell such that the pyrolytic graphite sheet

functions as thermal interface between the battery cell and the metallic substrate; the

pyrolytic graphite sheet extends along a surface of the metallic substrate on at least two sides

of the metallic substrate; the pyrolytic graphite sheet extends at least half a cross-sectional

perimeter of the metallic substrate; the main side of the thermoelectric device is positioned

over at least a portion of the metallic substrate, and the pyrolytic graphite sheet extends to be

between the main side of the thermoelectric device and the metallic substrate to provide a

thermal interface between the thermoelectric device and the metallic substrate, the thermal

interface configured to transfer thermal energy between the main side of the thermoelectric

device and the metallic substrate; the battery cell is heated by the heat spreader transferring

thermal energy to the battery cell when electric current is applied to metallic substrate via the

conductor; and/or the battery is cooled by the heat spreader transferring thermal energy away

from the battery cell via the pyrolytic graphite sheet and the conductor when electric current

is applied to the thermoelectric device in the second polarity.

[00 ] The foregoing is a summary and contains simplifications, generalization,

and omissions of detail. Those skilled in the art will appreciate that the summary is



illustrative only and is not intended to be in any way limiting. Other aspects, features, and

advantages of the devices and/or processes and/or other subject matter described herein will

become apparent in the teachings set forth herein. The summary is provided to introduce a

selection of concepts in a simplified form that are further described below in the Detailed

Description. This summary is not intended to identify key features or essential features of

any subject matter described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing is a summary and contains simplifications, generalization,

and omissions of detail. Those skilled in the art will appreciate that the summary is

illustrative only and is not intended to be in any way limiting. Other aspects, features, and

advantages of the devices and/or processes and/or other subject matter described herein will

become apparent in the teachings set forth herein. The summary is provided to introduce a

selection of concepts in a simplified form that are further described below in the Detailed

Description. This summary is not intended to identify key features or essential features of

any subject matter described herein.

[0020] Figure 1 is a schematic illustration of an embodiment of an electrical

device thermal management system.

[0021] Figure 2 is a schematic illustration of an embodiment of some components

of an electrical device thermal management system.

[0022] Figure 3 is a schematic illustration of an embodiment of some components

of an electrical device thermal management system

[0023] Figure 4 illustrates an embodiment of an electrical device thermal

management system for a battery.

[0024] Figure 5 illustrates side and front views of an embodiment of a heat

spreader.

[0025] Figure 6 illustrates an embodiment of graphite sheets of a heat spreader.

[0026] Figure 7 illustrates an embodiment of graphite sheets of a heat spreader.

[0027] Figure 8 illustrates an embodiment of an isotropic structure of a metal.

[0028] Figure 9 illustrates an embodiment of graphite sheets of a heat spreader

with thermal/electrical connectors.

[0029] Figure 10 illustrates an embodiment of a heat spreader.



Figure 1 illustrates an embodiment of a heat spreader.

[0031] Figure illustrates an embodiment of a heat spreader.

[0032] Figure 3 illustrates an embodiment of a heat spreader.

[0033] Figure 4 illustrates an embodiment of a graphite sheet of a heat spreader.

[ΘΘ34] Figure 5 illustrates an embodiment of a graphite sheet of a heat spreader.

[0035] Figure 6 illustrates an embodiment of a graphite sheet of a heat spreader.

[0036] Figure 17 illustrates an embodiment of a heat spreader with a

therma 1/e1ectrica1substrate .

[0037] Figure 8 illustrates an embodiment of a stack of battery cells and heat

spreaders.

[0038] Figure 19 illustrates an embodiment of a battery case with a thermal

interface and a thermal window.

[0039] Figure 20 illustrates an embodiment of a battery case with a thermal

interface an a thermal window.

[0040] Figure 2 1 illustrates an embodiment of a batter}' case with a thermal

interface and a thermal window

[0041] Figure 22 illustrates an embodiment of a battery case with a thermal

interface and a thermal window.

[0042] Figure 23 illustrates an embodiment of an air duct and blower system or

assembly

[0043] Figure 24 illustrates an embodiment of an air duct and blower system or

assembly.

[0044] Figure 25 illustrates an embodiment of an air duct and blower system or

assembly.

DETAILED DESCRIPTION

[0045] In the following detailed description, reference is made to the

accompanying drawings, which form a part hereof. In the drawings, similar symbols

typically identify similar components, unless context dictates otherwise. The illustrative

embodiments described in the detailed description and drawings are not meant to be limiting.

Other embodiments may be utilized, and other changes may be made, without departing from

the spirit or scope of the subject matter presented here. It will be readily understood that the



aspects of the present disclosure, as generally described herein, and illustrated in the figures,

may be arranged, substituted, combined, and designed in a wide variety of different

configurations, all of which are explicitly contemplated and made a part of this disclosure.

[0046] In particular, embodiments disclosed herein pertain to thermal

management (e.g., heating and/or cooling) of electrical devices including but not limited to

batteries with or without thermoelectric systems.

[0047] Thermoelectric (TE) systems can be operated in either heating/cooling or

power generation modes. In the former, electric current 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 Ί Έ device is converted into electricity. In both modalities,

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 system. Working elements in

the TE device are typically p-type and n-type semiconducting materials.

[ΘΘ48] A thermoelectric system or device as described herein can be a

thermoelectric generator (TEG) which uses the temperature difference between two fluids,

two solids (e.g., rods), or a solid and a fluid to produce electrical power via thermoelectric

materials. Alternatively, a thermoelectric system or device as described herein can be a

heater, cooler, or both which serves as a solid state heat pump used to 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

comprise a solid, a liquid, a gas, or a combination of two or more of a solid, a liquid, and a

gas, and the two surfaces can both be in thermal communication with a solid, both be in

thermal communication with a liquid, both be in thermal communication with a gas, or one

can be in thermal communication with a material selected from a solid, a 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.

[0049] The thermoelectric system can include a single thermoelectric device

(TED) or a group of thermoelectric devices (TEDs) depending on usage, power output,

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

system.

[0050] The term "thermal communication" is used herein in its broad and

ordinary sense, describing two or more components that are configured to allow heat or

thermal energy transfer from one component to another (e.g., between components) that

performs a desired function or achieves a desired result. For example, such thermal

communication can be achieved, without loss of generality, by snug contact between surfaces

at an interface; 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 (e.g., heat exchangers); other suitable

structures; or combinations of structures. Substantial thermal communication can take place

between surfaces that are directly connected (e.g., contact each other to provide direct

thermal communication, but may include, for example, thermal grease or the like) or

indirectly connected via one or more interface materials. "Thermal communication" does not

include incidental heat (e.g., thermal energy) transfer between two or more separate

components unless heat transfer between the two or more components occurs via one or

more working fluids configured to flow when heat transfer is needed (e.g., a working fluid

circulated between the two or more components) and/or heat pipe. "Thermal

communication" does not include possible heat transfer between two or more components

that are separated by a fluid that is not circulated between the two or more components, such

as for example, air that is not moved by, for example, a blower relative to the two or more

components.

[0051] As used herein, the terms "shunt," "cold plate," "heat spreader," "heat/hot

plate," "fin," and "heat exchanger" have their broadest reasonable interpretation, including

but not limited to a component (e.g., a thermally conductive device or material) that allows

heat or thermal energy to flow from one portion of the component to another portion of the

component. In some embodiments, heat spreader can be a heat exchanger that functions as a

cold plate, heat/hot plate, and/or fin depending on the disclosed functionality. Shunts can be

in thermal communication with one or more thermoelectric materials (e.g., one or more

thermoelectric elements) and in thermal communication with one or more heat exchangers of



the thermoelectric assembly or system. Shunts described herein can also be electrically

conductive and in electrical communication with the one or more thermoelectric materials so

as to also allow electrical current to flow from one portion of the shunt to another portion of

the shunt (e.g., thereby providing electrical communication between multiple thermoelectric

materials or elements). Heat exchangers (e.g., heat spreaders, 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 thermoelectric assembly or system. Various configurations of one

or more shunts and one or more heat exchangers can be used (e.g., one or more shunts and

one or more heat exchangers can be portions of the same unitary element, one or more shunts

can be in electrical communication with one or more heat exchangers, one or more shunts

can be electrically isolated from one or more heat exchangers, one or more shunts can be in

direct thermal communication with the thermoelectric elements, one or more shunts can be in

direct thermal communication 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 used herein, the words "cold," "hot," "cooler," "hotter," "coldest," "hottest,"

and the like are relative terms, and do not signify a particular temperature or temperature

range.

[0052] Embodiments disclosed herein include systems and methods capable of

thermally managing an electrical device (e.g., battery) by applying direct or indirect

thermoelectric (TE) cooling and/or heating to the electrical devices. Such devices can often

benefit from thermal management. Some embodiments will be described 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 example, insulated-gate bipolar

transistors (IGBTs), 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 cooling 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 to maintain the

temperature of an electrical device above a threshold temperature, under which the electrical



device may degrade or exhibit impaired operation. TE devices are uniquely suited to provide

both heating and cooling functions with minimum complications for system architecture.

[0053] Battery thermal management is desired to maintain vehicle batteries

within an optimum temperature range. This maximizes both performance and useful life of

the battery. Although the examples described herein may be described in connection with a

heating/cooling system for a battery, the described features can be utilized with other

electrical devices as described herein.

[0054] In general, for most battery chemistries, as temperatures rise, discharge

time (capacity) increases, ability to deliver current increases and charging time decreases.

For these metrics, high battery temperatures are generally favorable. However, for the metric

of battery life, the opposite is generally true. High temperatures reduce useful battery life. It

has been found that maintaining batteries within an ideal temperature range or prescribed

temperature at the right time can balance battery life with other performance metrics.

[0055] Start-stop batteries may be located under the hood of a vehicle. The

temperature under the hood of a vehicle is typically above the ideal or prescribed temperature

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.

[0056] Different thermal management strategies have been devised for batteries,

but thermoelectric thermal management can be beneficial over other thermal management

strategies for many reasons. One advantage of TE thermal management is it places little or

no other (e.g., additional) burden 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".

[0057] For lithium-ion start-stop batteries, rapid heating prior to engine start-up is

generally helpful in boosting the current delivering ability of the battery cells. If this ability

(e.g., rapid heating prior to engine start-up) is increased, the battery pack can be made

smaller (e.g., less total amount of battery cells) at reduced cost and improve performance

relative to competing products like lead acid batteries. To make the heating system practical,

the heat must be delivered to the batteries at a high rate (e.g., heat flux) requiring a high

power heating system.



[ 58] There are a variety of ways in which TE devices can he used for electrical

device cooling and/or heating tasks. As described herein, TE devices can include one or more

TE elements, TE assemblies and/or TE modules. In some embodiments, a TE system can

include a TE device, which comprises a first side and a second side opposite the first side. In

some embodiments, the first side and second side can be a main surface and waste surface, or

heating surface and cooling surface (or a main side and waste side, or heating side and

cooling side). In certain embodiments, the main surface can control the temperature of a

device under thermal 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 configured to apply a voltage to the TE device. When voltage is applied in one

direction, one side (e.g., the first side) creates heat while the other side (e.g., the second side)

absorbs heat. Switching polarity of the circuit creates the opposite effect. In a typical

arrangement, a 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 direction of the electric current, heat is

either emitted or absorbed at a particular junction. In some embodiments, the TE

device includes several solid state P- and N-type semi-conductor elements connected in

series; or groups (e.g., modules) of P- and N-type semi-conductor elements connected in

series, with the groups connected in a parallel and/or series configuration to provide

operational robustness to the TE device.

[0059] In certain embodiments, the junctions are sandwiched between two

electrical isolation members (e.g., ceramic plates), which can form the cold side and the hot

side of the TE device. The cold side can be thermally coupled (directly or indirectly) to an

object (e.g., electrical conductor, electrical device under thermal management, battery cel ,

heat spreader/fin, etc.) to be cooled and the hot side can be thermally coupled (directly or

indirectly) to a waste heat removal system which dissipates heat to the environment. Any

suitable technique can be used including, but not limited to a heat exchanger, heat sink, heat

pipe and/or exposure to ambient air. In some embodiments, the hot side can be thermally

coupled (directly or indirectly) to an object (e.g., electrical conductor, electrical device under

thermal management, battery cell, heat spreader/fin, etc.) to be heated. Certain non-limiting

embodiments are described below.



[ΘΘ6Θ] 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 such as a battery case as discussed herein, and combinations of structures. A

heat sink can be attached (directly or indirectly) to the waste side or surface of the TE device.

The heat sink can be cooled by air, liquid, or, alternatively, it can be a solid member

connecting the TE device with a bigger solid heat sink such as a battery case, car frame, or

another structural element that dissipates heat effectively. 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 transport device may be used to move the heat

from the waste side of the TE device to another location where heat dissipation may be

imp!emented effectively .

[0061] n some embodiments, a heat transfer 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 ultimately

dumped by, for example, air, liquid, or solid. Such a heat sink can be for example the liquid

cooling circuit of the car, a radiator or an air cooled heat sink, ambient air, working fluid,

fluid reservoir, or a solid body (e.g., battery case or car frame).

Electri cal Device Thermal Ma agement S stems
[0062] Electrical device thermal management systems, and in particular, battery

thermal management systems (BTMS), can be used to control temperatures and monitor

conditions of batteries and arrays of batteries to prevent battery failure and/or safety related

failure. A BTMS can improve the overall conditions of battery operation by both managing

the thermal environment and also being sufficiently reliable so that overall system

performance is not degraded.

[0063] A variety of embodiments of battery thermal management systems are

discussed herein to illustrate various configurations. The particular embodiments and

examples are only illustrative and features described in one embodiment or example may be

combined with other features described in other embodiments or examples. Accordingly, the

particular embodiments and examples are not intended to be restrictive in any way.



[ 64] some embodiments, a BTMS includes at least one battery, battery case,

battery cell, plate (e.g., heat spreader 28 as discussed herein) in contact with the cell,

electrode, and/or battery array. In certain embodiments, a battery thermal management

system can be used to both heat and cool batteries, battery cells, and/or battery arrays. For

example, the battery 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 batter or battery cell.

[0065] Figure 1 is a schematic illustration of an embodiment of an electrical

device thermal management system or battery thermal management system (BTMS) 0 . As

illustrated in Figure 1, the BTMS 10 can include one or more battery cell(s) 2 of a battery

14. The battery cell(s) 12 include one or more electrodes 18. In some embodiments, the

battery cell(s) 12 is enclosed by or housed in a battery case, casing, or enclosure 16 (or an

electrical device enclosure). The BTMS 10 can further include one or more TEDs 20 each

having a first side 22 (e.g., a main surface for providing heating or cooling to the battery

cell(s) 2 via, for example, direct thermal communication or a main side heat exchanger) and

a second side 24 (e.g., a waste surface for transferring thermal energy to or away from the

TED 20 via, for example, direct thermal communication or a waste side heat exchanger). In

some embodiments, the first side 22 is in thermal communication with a portion (e.g., a fin

26) of a heat spreader/plate 28.

[0066] The heat spreader 28 includes a contact portion 30 in thermal

communication with a portion of the battery cell(s) 2 . The contact portion 30 can include

the heat spreader 28 being in thermal communication with a temperature sensitive region of

the electrical device (e.g., battery cell(s) 12). The temperature sensitive region of the

electrical device can be, for example, a hotspot when the electrical device is operating. For

example, when a battery 14 is charging or discharging, the battery cell(s) 2 may have

hotspots (e.g., one or more regions that have a higher temperature relative to other regions of

the battery cell(s) 12). Accordingly, the contact portion 30 of the heat spreader 28 may

include at least being over and in thermal communication with the hotspot to thermally

manage the battery cell(s) as discussed herein.



[ΘΘ67] The f n 26 can extend in the same direction, perpendicular to, or at various

other angles relative to the cell contact portion 30 In some embodiments, the second side 24

of the TED 20 is coupled or configured to be coupled to a heat source and/or heat sink

system 32 or thermal energy transfer system (e.g., for providing heat to the TE device 20 or

for dissipation or removal of heat from the TE device 20).

[0068] n some embodiments, the battery case 16, second side 24 (e.g., waste

surface) of the TED 20, heat source and/or heat sink system 32, and/or battery eell(s) 12 are

exposed to the ambient air such that heat can be dissipated or removed accordingly to the

environment (e.g., an air duct 90 and blower 92 system, as discussed herein, and in particular

in reference to Figures 23-25). n some embodiments, the battery case 16 is sealed and TED

20 is positioned within the battery case 6 such that the TED 20 is in thermal communication

with the battery case 16 that can function as the heat sink or heat source).

[0069] In some embodiments, a thermoelectric (TE) thermal management system

34 is provided comprising one or more TEDs 20 in thermal communication with components

of the electrical device and/or heat spreaders 28. The TE thermal management system 34

controls the TED 20 to heat or cool the battery cells 2 as discussed herein. A controller of

the TE thermal management system 34 may be separate or integrated with a controller 36 as

discussed herein.

[0070] In some embodiments, the BTMS 0 includes a power source 38 for

providing electrical current to the heat spreaders 28 and/or TED 20 and/or as discussed

herein. In other embodiments, the heat spreaders 28 and/or TEDs are powered in-line with

the battery 14. In some embodiments, the BTMS 0 includes a controller 36 and/or printed

circuit board or substrate 79 (see for example Figure 8) in electrical communication with

the various components of the BTMS 10, including the battery cell 12, battery 14, battery

case 6, heat spreader 28, TED 20, heat source and/or heat sink system 32, T thermal

management system 34, power source 38, and/or sensor 40. The controller 36 can be

integrated onto a printed circuit board 79 (see for example Figure 8) having one or more

controllers as discussed herein. The controller 36 can include a thermal management

controller that can operate in a heating mode or cooling mode to heat or cool, respectively, an

electrical device (e.g., battery cell(s) 12). The printed circuit board 79 can be positioned

within the battery case 6 and can include a power connection for supplying electric power



to the TE thermal management system 34 or other systems discussed herein requiring

electrical power

[0071] n some embodiments, the BTMS 10 includes one or more sensors 40

(e.g., electrical, temperature) for providing electrical and/or temperature information of the

battery cells 12, TED 20, ambient temperature, and/or temperature within the battery case 16

to the controller 36 such that the electrical power (e.g., current, voltage) to the TED 20 can

be adjusted accordingly to provide the appropriate level of heating or cooling as desired or

required to maintain the temperature of the battery at an optimum level.

[0072] As discussed herein, thermally managing batter}' cells can include using

one or more thermoelectric devices (TEDs) or modules n some embodiments, one or more

TEDs may be used to cool or heat one or more batter}' cases, battery cells, heat spreaders,

cold plates, heat/hot plates, and/or fins in contact with the battery cells, air circulating within,

about, and/or blown through the battery case, electrodes of the batteries, battery terminals,

and/or other components. As discussed herein, thermally managing battery cells can include

using one or more heat spreaders to heat or cool (with or without TEDs) one or more battery

cases, battery cells, air circulating within, about, and/or blown through the battery case,

electrodes of the batteries, battery terminals, and/or other components.

[ 73] Generally, in order to use TEDs efficiently, thermal losses (e.g., thermal

resistance) should be reduced along the thermal path from the heat source to the TED.

Therefore, the location (e.g., position, alignment) of the one or more TEDs needs to be

optimized based on the specifics of the electrical device (e.g., battery cell construction) and

localization of heat production.

[0074] As discussed herein, for thermal management of start-stop batteries it can

be advantageous to use a TE thermal management system. However, typically a TE thermal

management system sized for sufficient cooling of the battery would not provide enough

thermal capacity for a high power heating requirement. Resistive heating elements may be

much more suitable for a high power heating application. For many reasons including cost,

performance, and efficiency, in some embodiments, it can be beneficial to combine the TE

thermal management system (e.g., cooling and/or heating system) with a high power heating

system (e.g., resistive, Joule heating). However, in some embodiments, a high power heating



system is provided for thermal management of an electrical device without or not in

combination with a TE thermal management system.

[0075] n some embodiments, Pyrolytic graphite (carbon) is provided as the

medium or interface materia] for combining the two thermal management solutions Pyrolytic

graphite is both electrically resistive and highly thermally conductive. The resistive property

makes it useful as a thin resistive heating element that can be placed between battery cells for

high power heating applications or systems. The thermally conductive property is useful for

transferring heat to and from batter}' cells and/or to and from a thermoelectric cooling

module.

[0076] Pyrolytic graphite has many unique properties. One such property is its in-

plane (e.g., plane 63 as discussed herein, see for example Figure 12) thermal conductivity

which can be up to 1700W/m*K. As a comparison, copper and aluminum have thermal

conductivities of about 400 W/m*K and 205 W/m*k, respectively. The higher the thermal

conductivity of a material, the lower the temperature gradient will be through the material.

This can be beneficial to certain thermoelectric temperature management systems because

the efficiency of these devices is improved greatly by reducing the temperature difference

between the item or device to be thermally managed and the ambient thermal reservoir

temperature.

[0077] Figure 2 is a schematic illustration of an embodiment of some components

of an electrical device thermal management system. As illustrated in Figure 2, Pyrolytic

graphite sheets, layers, or surfaces 42 forming at least a part of a heat spreader 28 as

discussed herein can be connected, attached, or coupled to the electrical component(s) (e.g.,

battery cell(s) 12, battery 14) such that they are in thermal and/or electrical communication

in any suitable manner (e.g., adhesive, directly, indirectly via interstitial materials (grease) or

other interfaces, press-fit, screws, nuts, bolts, nails). In some embodiments, tight contact

pressure is maintained in any suitable manner between surfaces of the graphite sheet 42 and

the electrical component(s) (e.g., battery celi(s) 12, battery 14) to maintain contact (e.g.,

direct thermal and/or electrical communication). In some embodiments, surfaces of the

electrical component(s) (e.g., battery cell(s) 12, battery 14) conform to the surfaces of the

graphite sheet 42 and/or vice versa via such contact pressure or attachment.



[0078] As illustrated in Figure 2, one or more thermal/electrical connectors or

elevators 44 forming at least a part of a . heat spreader 28 as discussed herei can be

connected, attached, or coupled to the electrical component(s) (e.g., battery celi(s) 12, battery

14) such that they are in thermal and/or electrical communication in any suitable manner

(e.g., adhesive, directly, indirectly via interstitial materials (grease) or other interfaces, press-

fit, screws, nuts, bolts, nails). The thermal/electrical connector 44 can be connected, attached,

or coupled to the graphite sheet 42 such that they are in thermal and/or electrical

communication in any suitable manner (e.g., over molded, adhesive, directly, indirectly via

interstitial materials (grease) or other interfaces, press-fit, screws, nuts, bolts, nails). In some

embodiments, surfaces of the electrical component(s) (e.g., battery cell(s) 12, battery 14)

conform to the surfaces of the thermal/electrical connector 44 and/or vice versa via such

contact pressure or attachment n some embodiments, surfaces of the graphite sheet 42

conform to the surfaces of the thermal/electrical connector 44 and/or vice versa via such

contact pressure or attachment. Accordingly, as illustrated in Figure 2, the electrical

component(s) (e.g., battery cell(s) 12, battery 14), graphite sheet 42, and thermal/electrical

connector 44 can be can be connected, attached, or coupled to each other such that they are

in thermal and/or electrical communication with each other.

[0079] Figure 3 is a schematic illustration of an embodiment of some components

of an electrical device thermal management system. As illustrated in Figure 3, an electrical

connection 46 is coupled to a graphite sheet 42 to provide resistive heating to the graphite

sheet 42 via a power source 38. In some embodiments, the electrical connection or junction

46 is coupled to the battery cell(s) 2 to provide the power source. The electrical connection

46 can be coupled to the graphite sheet 42 in any suitable manner (e.g., mechanical coupling,

adhesive).

{ΘΘ80] As illustrated in Figure 3, a mechanical, thermal and/or eiectricai

connection 48 (e.g., conductor) connects the graphite sheet 42 and/or thermal/electrical

connector 44 to the battery case 6, TED 20, and/or heat source/heat sink system 32. The

connection 48 can connect, attach, or couple the graphite sheet 42 and/or thermal/electrical

connector 44 to the TED 20 to physically fix the TE thermal management system 34 (e.g.,

TED 20) relative to the graphite sheet 42 and/or thermal/electrical connector 44 as well as

provide thermal communication between the respective components in any suitable manner

-?7-



(e.g., adhesive, directly, indirectly via interstitial materials (grease) or other interfaces, press-

fit, screws, nuts, bolts, nails). The connection 48 can connect, attach, or couple the graphite

sheet 42 and/or thermal/electrical connector 44 to the battery case 6 to physically fix the

graphite sheet 42 and/or thermal/electrical connector 44 relative to the battery case 16 as well

as provide thermal and/or electrical communication between the respective components in

any suitable manner (e.g., adhesive, directly, indirectly via interstitial materials (grease) or

other interfaces, press-fit, screws, nuts, bolts, nails). The connection 48 can connect, attach,

or couple the graphite sheet 42 and/or thermal/electrical connector 44 to the heat source

and/or heat sink system 32 to physically fix the graphite sheet 42 and/or thermal/electrical

connector 44 relative to the heat source and/or heat sink system 32 as well as provide thermal

and/or electrical communication between the respective components in any suitable manner

(e.g., adhesive, directly, indirectly via interstitial materials (grease) or other interfaces, press-

fit, screws, nuts, bolts, nails).

[0081] Figure 4 illustrates an embodiment of an electrical device thermal

management system for a battery 14. In some embodiments, as illustrated in Figure 4, a

battery 14 having a BTMS 10 can have battery cells 12 stacked against each other (e.g.,

facing each other on certain surfaces of the batter}' cells 12). Heat spreaders 28 can be

positioned between the batter}' cells 12. The heat spreaders 28 can be in thermal

communication with the battery cells via contact portion(s) 30 in thermal communication

with the batte cells 12 in any suitable manner as discussed herein.

[0082] As illustrated in Figure 4, the heat spreaders 28 can have a fin 26 that

projects beyond a periphery or boundary of the battery cells 1 into or toward the battery

case 16. The fin 26 can be an extension of the heat spreader 28 composed of substantially the

same material as the heat spreader 28. In some embodiments, the fin 26 can be attached to

the heat spreader and made of different material from the heat spreader 28 (e.g., a heat

spreader 28 can be graphite while the fin 26 may be metallic).

[0083] A TED 20 of a TE thermal management system 34 may be positioned on

the fin 26 to be in thermal communication with the heat spreader 28 via the fin 26. The TED

20 can be in thermal communication with the fin 26 in any suitable manner as discussed

herein (e.g., via a direct thermal communication or via an interstitial material). n some

embodiments, the fin 26 can be a feature of the heat spreader 28 that tapers or reduces to a



smaller surface area and/or volume to concentrate thermal energy transfer to a connection 48

and/or TED 20. In some embodiments, the fin 26 is an extension of the heat spreader 28

beyond a perimeter of, for example, a . battery cell 2 with similar dimensions as the heat

spreader 28 portions in thermal communication with the battery cell 12.

[0084] The main side or surface 22 of the TED 20 can be in thermal

communication with the fin 26. The waste side or surface 24 of the TED 20 can be in thermal

communication with a heat source and/or heat sink 32. As illustrated in Figure 4, a heat

source and/or heat sink system 32a may he in thermal communication (e.g., direct/substantial

thermal communication) with the battery case 16. In some embodiments, the battery case 16

may function as the heat source and/or heat sink. As also illustrated and Figure 4, the heat

source and/or heat sink system 32b may not be in direct thermal communication with the

battery case 16, the heat source and/or heat sink system may provide or remove thermal

energy via any suitable means such as thermal energy transfer via a working fluid to a heat

source (e.g., an engine coolant circuit) and/or a heat sink (e.g., a radiator) within or outside

the battery 14.

Embodiments of Heat Spreaders
[0085] Figure 5 illustrates side and front views of an embodiment of a heat

spreader 28. As discussed herein, a combined pyrolytic graphite resistive heater and heat sink

28 (or heat spreader) is provided comprising one or more pyrolytic graphite sheets, layers, or

surfaces 42 positioned between electrical components (e.g., battery cells 2) of the electrical

device (e.g., battery 14) as discussed herein. The heat spreader 28 can have a voltage

spreader 50 (e.g., conductor) or other power source to supply electrical power (e.g., current,

voltage) to the Pyrolytic graphite sheets 42. When electrical power is supplied to the

pyrolytic graphite sheets 42, the heat spreader 28 can function as a resistive heater. For

example, as electrical current passes through the graphite sheets 42 from a positive end to a

negative end of the voltage spreader 50, the electrical current heats up the graphite sheets 42

due to the electrical resistance of the graphite sheets 42. In some embodiments, the voltage

spreader 50 can include or be composed of thermal/electrical connectors 44 as discussed

herein.

[0086] As illustrated in Figure 5, a TE thermal management syste 34 is

provided comprising one or more TEDs 20 in thermal communication with components of



the electrical device and/or pyrolytic graphite sheets 42 The TEDs 20 can be positioned on

and in thermal communication with the heat spreader 28 via a fin 26 as discussed herein. In

some embodiments, a combined pyrolytic graphite resistive heater and heat sink is provided

without a TE thermal management system 34 (e.g., a TED 20). In some embodiments, a

resistive heater is provided with a voltage spreader 50 to provide electrical power to the

graphite sheets 42 without a TE thermal management system 34 and/or TED 20.

[0087] Figures 6 and 7 illustrate an embodiment of graphite sheets 42 of a heat

spreader 28. As illustrated in Figures 6 and 7, the layered structure of pyrolytic graphite (e.g.,

sheets 42 as discussed herein) is responsible for its anisotropic thermal conductivity.

Covaient bonds 49 within layers of carbon atoms are responsible for high thermal

conductivity within the plane and relatively weak bonds 5 between layers of carbon atoms

reduces thermal and electrical conductivity normal to the plane. For a combined heating and

cooling solution the heat transfer orthogonal to the planes is generally less important due to

distances of which heat is to be transferred. For example, orthogonal to the plane, the

thickness of the graphite portion (e.g., sheet, surface) may be as small as 25 µηι but within

plane, heat transfer may take place over hundreds of millimeters.

[0088] Although heat and electrical transfer orthogonal to the plane is generally

less of a concern, this transfer can be improved by using thermal/electrical "elevators" or

"conveyer belts" (e.g., thermal/electrical connectors 44) to deliver heat or electrons to the

various layers of graphite (e.g., forming a graphite metal composite). In contrast to the

anisotropic properties of the graphite, metals have isotropic thermal and electrical properties.

For example, the isotropic structure of a metal, such as copper 52, is illustrated in Figure 8.

Certain metals (e.g., copper, aluminum) therefore make good "elevators" to transfer heat and

electrons between graphite layers as illustrated in Figure 9

[0089] Figure 9 illustrates an embodiment of graphite sheets 42 of a heat spreader

28 with thermal/electrical connectors 44. The thermal/electrical connectors 44 can be formed

within various layers of graphite sheets 42. The thermal/electrical connectors 44 can transfer

heat or electrons to the different layers of graphite sheets 42 in an orthogonal or normal

direction 54 relative to the graphite sheets 42 (e.g., orthogonal to a plane 63 extending

substantially along or in parallel to the graphite sheets 42, see for example Figure 2) . The

thermal/electrical connectors 44 can thereafter transfer heat or electrons into the different



layers of graphite sheets 42 in a parallel direction 56 into the graphite sheets 42 (e.g., along a

plane 63 extending substantially in parallel to the graphite sheets 42). Accordingly, the

thermal/electrical connectors 44 provide thermal and electrical communication between the

layers of graphite sheets 42 that otherwise would be substantially inhibited or mitigated.

[0090] The surfaces of the thermal/electrical connectors 44 may also improve the

thermal contact resistance (e.g., decrease thermal contact resistivity and/or increase thermal

contact conductivity) between the graphite sheets 42 and the electrical components (e.g.,

battery cells 12) or between the graphite sheets 42 and the TED 20 over just using graphite

alone for the thermal interface. This may be due to potentially better surface characteristics

of the thermal/electrical connectors 44 contact surface that can further improve the

performance of the BTMS 0 .

[0091] In some embodiments, the materials used as thermal/electrical connectors

44 is injected (e.g., injection aluminum molding) or press fit into spaces, apertures or holes

formed in the graphite sheets or surfaces 42. In some embodiments, the surface of the

graphite sheets 42 is doped with such metals. In some embodiments, the surface of the

graphite sheets 42 is cast with certain metals (e.g., having a disk-shaped or other shapes). In

some embodiments, the graphite sheet 42 is over-molded with the thermal/electrical

connectors or elevators 44 or vice versa as illustrated in Figures 10-12 . The elevators 44 can

be of any suitable shape or size and can be coupled or integrated into the graphite surface 42

in any suitable manner.

[0092] Figures 10-12 illustrate an embodiment of a heat spreader 28. In some

embodiments, an electrical connection 46 is coupled to the heat spreader 28 as discussed

herein to provide resistive heating to or of the graphite sheets 42 via a . voltage spreader 50 or

other power source. The electrical connection 46 can be coupled to the graphite sheet 42

and/or voltage spreader 50 in any suitable manner (e.g., mechanical coupling, adhesive) as

discussed herein. Further, the voltage spreader 50 can be coupled to the graphite sheet 42 in

any suitable manner as discussed herein.

[0093] In some embodiments, a mechanical, thermal, and' r electrical connection

48 is over molded over a portion of the graphite sheet 42. The connection 48 can be a multi¬

function connection as discussed herein and composed of, for example, metal as discussed

herein. In some embodiments, the connection 48 can have a tapered dovetailed shape 58. The



dovetail 58 can be shaped to connect, couple, mate, and/or attach to a corresponding

component of the battery case 16 (e.g., thermal interface 82 as discussed herein, and in

particular in reference to Figures 19-2

[0094] As illustrated in Figures 0- 2, the dovetail 58 can be a male component

(e.g., first mechanical connector). The battery case 16 can have a corresponding female

component (e.g., second mechanical connector) to engage or accept the dovetail shape 58 in

any suitable manner as discussed herein (e.g., interference fit as well as thermal grease). The

connection 48 can physically secure or fix the heat spreader 28 relative to the battery case 6 .

The dovetail 58 can provide at least a part of the mechanical, thermal, and/or electrical

functionality to the connection 48 as discussed herein.

[ΘΘ95] As illustrated in Figures and , the heat spreader 28 can have holes or

openings 60. The openings 60 can extend through two or more layers of graphite sheets 42

(e.g. orthogonal to the graphite sheets or plain extending along or parallel to the graphite

sheets 42). As illustrated in Figure , the openings 60 can be near or at the periphery,

boundary, or edge of the heat spreader 28 The connection 48 can be over molded onto the

openings 60 to provide the elevators 44 between the graphite sheets 42 as discussed herein.

Accordingly, the connection 48 can include the elevators 44 at the boundaries, sides, or

edges of the heat spreader 28. As illustrated in Figure 12, the openings 60 can be included

throughout an extent or surface area of the heat spreader 28, including the contact portion 30.

The thermal elevators 44 can be provided or over molded as discussed herein in the openings

60. Accordingly, the openings 60 can be locations of thermal elevators 44 as desired

throughout the heat spreader 28

[0096] Accordingly, the connection 48, including the dovetail 58, can be over

molded over a portion of the heat spreader 28 to create thermal/electrical elevators 44 in the

heat spreader 28. In some embodiments, the graphite sheets 42 are die-cut in irregular shapes

to increase contact area of the connection 48 between the graphite sheets and, for example,

the elevators 44 and/or voltage spreader 50.

[ΘΘ97] As illustrated in Figures and 2, the over molded components (e.g.

including connection 48) can be provided on multiple edges or sides of the heat spreader 28.

For example, as illustrated in Figure , the over molded components can be provided on

opposite sides of the heat spreader 28.



[ΘΘ98] With continued reference to Figure , a component 6 (e.g., conductor)

that is, for example, over molded as discussed herein connection 43 can be provided on an

opposite side of the connection 48. The component 6 1 can have thermal elevators 44 as

discussed herein. While the component 6 1 in some embodiments is not connected to, for

example, the battery case 6, the component 6 1 can provide the functionality of elevators 44

as discussed herei as well as further structural integrity to the heat spreader 28. For

example, the component 6 (as well as the over molded connection 48 on the opposite side of

the heat spreader), can provide structural rigidity and strength to the graphite sheets 42

[0099] As illustrated in Figure 11, the over molded components (including

connection 48 and component 1) can extend substantially an entirety of a dimension (e.g.,

width, length) of the heat spreader 28 to provide structural integrity to the heat spreader 28 at

least in part due to the over molded components being made of a more rigid material such as

metal. In some embodiments, the over molded components may extend less than (e.g., half or

three-quarters) of a dimension of the heat spreader 28 while providing structural integrity to

the heat spreader 28.

[0100] As illustrated in Figure 12, the openings 60 can be positioned throughout

the heat spreader 28. For example, the openings 60 can be provided in the heat spreader 28 in

any desired pattern in any desired quantity extending along the plane 63 substantially parallel

to the graphite sheets 42. The elevators 44 can be over molded onto and/or into the heat

spreader 28 to provide the functionality of the elevators 44 as discussed herein throughout

the plane 63 along the graphite sheets 42, including contact portion(s) 30.

[0101] Figure 13 illustrates an embodiment of a heat spreader 28. The heat

spreader 28 can be connected to a voltage source 62 (e.g., conductor) in any suitable manner

as discussed herein, including thermal/electrical elevators 44. The voltage source 62 can

drive an electric current through the graphite sheets 42 of the heat spreader 28 as discussed

here in to provide the functionality of a resistance heater to the heat spreader 28. To increase

the effectiveness of the heat spreader 28 functioning as a resistance heater, length of the

conduction path of the electric current through the graphite sheets 42 can be increased or

lengthened (e.g. increase the resistance to electric current flow through the graphite sheets

42).



[0102] As illustrated in Figure 13, that heat spreader 28 ca have one or more

cuts or breaks 64 provided in the heat spreader 28 along a plane 63 parallel to the graphite

sheets 42. The breaks 64 can be portions of the heat spreader 28 where the carbon atoms are

not covalently bonded in the graphite sheets 42 along the plane 63 parallel to the graphite

sheets 42. The breaks 64 can be provided in the heat spreader 28 during manufacture of the

graphite sheets 42 a.nd/or after the manufacturer of the graphite sheets 42, such as for

example, by cutting or breaking the graphite sheets (e.g., breaking covalent bonds) along, for

example, the breaks 64 illustrated in Figure 3 .

[0103] When an electric current is driven through the graphite sheets 42, the

electric current now not only has to travel or conduct from one end to another end of the heat

spreader 28, but the electric current also has to travel or conduct along the serpentine path

created in the graphite sheets from the positive terminal of the voltage source 62 to the

negative terminal of the voltage source 62. While a . serpentine path from one corner to an

opposite corner of the heat spreader 28 is illustrated, any serpentine path through the heat

spreader 28 can be provided. Or any other pattern of breaks 64 can be provided in the heat

spreader 28 to increase the path length of the electric current flow through the heat spreader

28.

[0104] As illustrated in Figure 3, the connection 48 and component 6 1 can be

included as discussed herein while providing the serpentine path for current flow. In order to

direct the electric current to flow along the serpentine path and not throughout the connection

48 and component 6 (e.g., as discussed herein for a voltage spreader 50 illustrated in Figure

5) electrical insulation 66 can be provided along portions of the connection 48 and

component 6 1 where electric current flow is not desired. Electrical insulation 66 may still

allow for thermal communication (e.g., transfer of thermal energy) as desired between BTMS

0 components.

[0105] Figures 14- illustrate embodiments of graphite sheets 42 of a heat

spreader 28. As another way to increase the path length of electric current flow through the

graphite sheets 42, the graphite sheets 42 within a heat spreader 28 can be "crinkled" as

illustrated in Figures 14-16. For example, the graphite sheets may have bends, angles,

curvatures, and/or zigzags along the plane 63 substantially parallel to the heat spreader 28 as

discussed herein. The overall longer length of the graphite sheets 42 themselves relative to a



substantially same dimension of the heat spreader 28 increases the path or travel length for

the electric current flow to increase resistance heating as discussed herein. The crinkled heat

spreaders 28 may incorporate elevators 44 as discussed herein. The dimensions of the

graphite sheets 42 to the dimensions of the elevators 44 are not necessarily drawn to scale.

[0106] As illustrated in Figure 14, the graphite sheets 42 may zigzag along the

plane 63 substantially parallel to the heat spreader 28 such that the graphite sheets 42 do not

extend fully through a dimension of the heat spreader orthogonal to the plane 63 parallel to

the heat spreader 28 (e.g., not extend through a thickness of the heat spreader 28 to extend

between the sides or faces of the heat spreader 28 such as contact portion(s) 30).

Accordingly, elevators 44 can transfer heat or electrons between the faces of the heat

spreader 28 (e.g., orthogonal to the plane 63 substantially parallel to the heat spreader 28).

[0107] As illustrated in Figure 5, a graphite sheet may zigzag along the plane 63

substantially parallel to the heat spreader 28 such that the graphite sheet 42 extends fully

through a dimension of the heat spreader orthogonal to the plane 63 parallel to the heat

spreader 28 (e.g., through a thickness of the heat spreader 28 to extend between the sides or

faces of the heat spreader 28 such as contact portion(s) 30). Accordingly, heat or electrons

can be transferred in an orthogonal or normal direction relative to plane 63 as discussed

herein (e.g., between contact portion(s) 30) with less or without elevators 44. As illustrated

in Figure 5, the heat spreader 28 may still use elevators 44 to enhance heat or electron

transfer as discussed herein.

[0108] As illustrated in Figure 16, the graphite sheets 42 may zigzag along the

plane 63 substantially parallel to the heat spreader 28 such that the graphite sheets 42 do not

extend fully through a dimension of the heat spreader orthogonal to the plane 63 parallel to

the heat spreader 28 (e.g., not extend through a thickness of the heat spreader 28 to extend

between the sides or faces of the heat spreader 28 such as contact portion(s) 30). The pattern

of curvature of the graphite sheets 42 may be such that the graphite sheets 42 extend through

a substantial portion (e.g., a majority of the thickness orthogonal to the parallel plane 63 of

the heat spreader 28). Relatively shorter elevators 44a not extending through the length of the

heat spreader 28 can be provided to effectively transfer heat or electrons between the

graphite sheets 42 as discussed herein. As illustrated in Figure 14, the heat spreader 28 can



also include elevators 44b as discussed herein that extend through the thickness of the heat

spreader 28

1 9 ] Figure 17 illustrates an embodiment of a heat spreader 28 with a

thermal/electrical substrate 68. The substrate 68 can be a metallic material having sufficient

and/or desirable thermal and/or electrical properties as discussed herein. For example, the

substrate 68 can be aluminum, copper, etc.

[ 110] One or more graphite sheet 42 can be disposed around or on the substrate

68. The number of graphite sheets 42 disposed around the substrate 68 can be determined

based on desired thermal/electrical characteristics. For example, the graphite sheets 42

disposed on the substrate 68 can function as a thermal interface material which can contact or

connect with the substrate 68 in any suitable manner as discussed herein.

[0111] In some embodiments, a single graphite sheet or layer 42 can be disposed

on the substrate 68. As illustrated in Figure 17, the graphite sheet 42 can be disposed, be

positioned, or extend around a majority or at least half of the cross-sectional or side

perimeter of the substrate 68 shown in Figure 17. The graphite sheet 42 can extend around

one, two, three, or four sides of the substrate 68 such that the graphite sheet 42 extends

around at least half of the perimeter of the substrate 68. The graphite sheet 42 can be a

continual or monolithic layer or piece around the substrate 68, including at the corners of the

substrate 68 as illustrated in Figure 17. In some embodiments, the graphite sheet 42 may be

discrete pieces positioned about the substrate 68 with breaks at, for example, the corners 68

of the substrate.

[0112] As illustrated in Figure 17, the heat spreader 28 can be disposed or

positioned between battery cells 12 as discussed herein. The heat spreader 28 can have a fin

26 with a TED 20 attached to the fin 26 as discussed herein. The TED 20 can heat or cool the

battery cells 2 via the heat spreader 28 as discussed herein. In some embodiments, a voltage

spreader 50 or voltage source 62 as discussed herein can be connected to the heat spreader

28. The graphite sheets 42 disposed on the substrate 68 can function as resistive heaters as

discussed herein. The graphite sheets 42 can have breaks 64 as discussed herein to increase

the resistance heating capacity. The heat spreader 28 can have any other suitable

functionality or components as discussed herein for heat spreaders, including for example



connection 46, connection 48, voltage spreader 50, dovetail 58, voltage source 62,

component 61, etc.

[0113] n some embodiments, a voltage source 62 can be in electrical

communication with the substrate 68. The substrate 68 can be of a material (e.g., metallic)

that has a higher electrical resistance than the graphite sheets 42. Accordingly, when the

battery 4 is heated, the electric current is passed through the substrate 68 to heat the battery

cells 12. When the battery 14 is cooled, electric current is run through that TED 20 in a

desired polarity such that the main surface 22 of the TED 20 transfers heat away from the

graphite sheets 42. As discussed herein, the graphite sheets 42 may have a greater thermal

conductivity relative to the substrate 68. The embodiment as illustrated in Figure 7 may

provide effective cooling to the battery ceils 2 using the TED 20 while having the ability to

provide effective heating to the battery cells 12 using the substrate 68 as a resistive heater.

[0114] As discussed herein, in some embodiments, the incorporation of elevators

44 into the pyrolytic graphite sheets 42 or surfaces increases the thermal contact conductivity

or decreases the thermal contact resistivity between the graphite sheets 42 and the TEDs 20,

device under thermal management (e.g., electrical components, battery 14, battery cells 2)

and/or interstitial material (e.g., thermal grease)).

[0 1 5] some embodiments, the Pyrolytic graphite and-'or graphite metal

composite sheets or 42 surfaces are directly coupled or contacting surfaces or portions of the

electrical components (e.g., cells 12) and/or TEDs 20. In some embodiments, the surfaces of

each are indirectly coupled or contacting each other via interstitial material (e.g., thermai

grease) in some embodiments, the surfaces of the graphite sheets 42, graphite metal

composite, electrical components (e.g., cells 12) and/or TEDs 20 are finished to increase

thermal contact conductivity and/or decrease thermal contact resistivity between them.

[0116] in certain embodiments, advantages of providing or implementing such a

graphite (e.g., Pyrolytic) heater/heat sink include, but are not limited to:

• The possibility of thermoelectric cooling and high power resistive heating

• Saves cost

® Light Weight

® Withstands high temperatures



• Simple, Reliable

• Can be die cut and adhesive backed (e.g., graphite cut in irregular shapes)

• Relatively high thermal conductivity (e.g., relative to metals)

® Environmentally friendly (pure carbon and metal)

[0117] In certain embodiments, advantages of providing or implementing a

heater/heat sink battery thermal management application or system include, but are not

limited to:

® No heat sink/heater flatness concern due to flexibility and thickness

• Heating enables lithium ion start-stop battery pack to be downsized (e.g., less total

battery cells), saving cost and weight

• Improves low temperature performance an enables start-stop batteries to be more

competitive with lead acid battery

® Thermoelectric cooling enables lithium ion start-stop batteries to be a drop in

replacement of lead acid batteries and thus more competitive

[0118] From a perspective of the components described herein, the combination

of thermally conductive graphite (e.g., Pyrolytic) or a graphite metal composite, a

thermoelectric device (e.g., module, system) and a means (e.g., voltage spreader, power

source) to provide a voltage differential across the graphite or a portion of the graphite (e.g.,

sheet, surface) to provide a high capacity heating function (e.g., resistive, Joule heating) can

be applicable to many different areas of thermal management outside of heating and cooling

automotive batteries. Automotive battery thermal management is just one specific example.

Other applicable areas are, but are not limited to, electronics, energy conversion an storage,

human comfort (e.g., climate-control), medical devices, aerospace, and automotive

applications.

Embodiments of Batten' Thermal Management Systems
[0119] Figure 18 illustrates an embodiment of a stack or assembly 70 of battery

cells and heat spreaders 28. The batter}' cells 2 can be stacked with heat spreaders 28 in

between the battery cells 12 as discussed herein to provide thermal management to the

battery cells 12. The stack 70 can be positioned between support plates 72. The support

plates 72 can provide structural integrity as well as any desired thermal



conductivity/insulation for the batter}' cells . The support plates 72 of the stack 70 can be

secured using straps 74.

[0 20 The stack 70 of battery cells and heat spreaders 28 can be further secured

via the connection 48. For example the connection 48 can include bolt holes that allow bolts

76 to pass all of the aligned bolt holes of the connections 48. The bolts 76 can further

physically fix the stack 70 of the battery cells in the heat spreaders 28. Any suitable

connection, including as discussed herein, can be used at connections 48 to facilitate securing

the assembly 70.

012 ] A heater busbar 78 may also be secured to the stack 70 via a connection to

the support plates 72 as well as being secured to the connections 48 via the bolts 76. The

stack 70 can be housed within or in case by a battery case 1 as discussed herein. The stack

70 can connect, attach, mate, and'or engage with the battery case 6 in any suitable manner,

including via support brackets 80 that can be attached to the support plates 72 as well as the

battery case 6 .

[0122] A printed circuit boar (PCB) 79 including a controller 36 as discussed

herein can be attached or fixed to the heater busbar 78 as well as any other suitable

connection to the stack 70. The printed circuit board 79 can be connected to the electrical

connections 46 as discussed herein. The PCB 79 and/or controller 36 can be one or more

controllers (thermal management controller or battery controller) that control functions of

any of the BTMS 0 components discussed herein, including functionality of the battery cell

12, battery 14, heat source and/or heatsink system 32, TE thermal management system 34,

power source .38, and/or sensors 40. n some embodiments, the PCB 79 and'or controller .36

can be connected such that data or conditions monitored by the controller 36 can be used to

regulate and control the batter}' cell 12, battery 14, heat source and/or heatsink system 32, TE

thermal management system 34, power source .38, and/or sensors 40 to optimize the system

efficiency.

[0123] Figures 19-22 illustrate an embodiment of a battery case 6 with a thermal

interface 82 and a thermal window 84. As discussed herein, in some embodiments, the

connection 48 can include a tapered dovetail shape 58. The dovetail-shaped connection 58 is

configured to be coupled to a . corresponding female shaped dovetail coupling 86 or posterior

surface forming the thermal interface 82 with a surface of a TED 20 to provide thermal



communication between the device under thermal management (e.g., battery 14, cells 12)

and a TED 20 positioned outside of the case 6 .

[0 24 As illustrated in Figures 19-22, in some embodiments, the thermal

interface 82 includes posterior surface 86 of the dovetail connection 58 or coupling in

thermal communication with a TED 20 via a thermal window 84 or opening in the battery

case 16 or shell of the electrical device (e.g., battery 14). In some embodiments, a thermally

conductive material or a thermal substrate 88 (e.g., a copper surface or plate) is positioned in

the thermal window 84 between a TED 20 and the dovetail coupling 86. The thermal

substrate 88 can transfer thermal energy in and out of the battery case 16 while providing a

physical barrier into the battery case 16 (e.g., enclosing the battery cells 12 in the battery

case ) .

[0125] As illustrated in Figures 10-12 and 19-22, the connection 48 can include a

tapered dovetail configuration 58 in some embodiments. However, the connection 48 can

include any suitable shape or configuration (e.g., square, rectangular, polygonal, triangular).

The connection 48, attachment, or coupling between the Pyrolytic graphite sheets 42 and the

battery case 16 and/or the TED 20 is not limited to a mechanical male-female connection or

joint. Rather, the connection 48 can include any suitable configuration or manner (e.g.,

adhesives, nuts and bolts, screws, nails, press-fit, or interference fit) such that they are in

electrical and/or thermal communication as discussed herein. Further, the connection 48 can

be attached to the graphite sheets 42 in any suitable manner (e.g., over-mold, press-fit).

[0126] The posterior surface 86 of the dovetail connection 58 can be in direct

thermal communication (e.g., surface to surface contact) or indirect thermal communication

(e.g., via the copper surface 88) with a main side 22 of a TED 20 positioned outside of a

battery case 16 as illustrated in Figure 22. While one TED 20 is illustrated in Figure 22,

multiple TEDs 20 can be provided using methods discussed herein for greater thermal

management, including thermally managing individual heat spreaders 28 paired with an

individual TED 20 (see for example, Figure 4). As discussed herein, thermal grease or other

interstitial materials may also be used between the components.

[0127] In some embodiments, the battery case does not comprise a thermal

window 84 and/or thermally conductive material in the window, as a . Pyrolytic graphite heat



spreader and resistance heater 28 ca be provided in some embodiments without a TED 20 or

TE thermal management system 34.

[0128] Figures 23-25 illustrate an embodiment of an air duct 90 and blower 9

system or assembly. The air duct 90 and blower 92 system can pull and/or push air across a

waste side or surface 24 of a TED 20 as discussed herein. As illustrated in Figure 22, the

waste side 24 of the TED 20 can include a waste heat exchanger 93 (e.g., an air heat

exchanger). n some embodiments, duct 90 and other air flow components can be optimized

or sized to reduce pressure loss across the TED 20 and/or duct 90 and provide even air

distribution or air pull.

[0129] As illustrated in Figure 24, the air blower 92 can be attached or connected

to the duct 90 to draw or pull air across the TED 20. integrated controls can provide a switch

to either push or pul air across the TED 20. In a cooling mode or heating mode, heated or

cooled, respectively, waste air can be pulled or pushed toward or away the blower 92 and

exited or allowed to escape through a blower outlet/inlet 94 of the air blower 92 or through a

duct outlet/inlet 96. In some embodiments, the waste air can be vented to the outside

environment, outside a housing, shell or enclosure the battery 14 is positioned in, or into

another conduit (e.g., waste heat removal system) connected to the blower outlet/inlet 94 to

provide heated or cooled air as needed (e.g., for heating or cooling seats and/or a passenger

compartment, etc.).

[0130] As illustrated in Figure 25, the duct outlet/inlet 96 can include flappers 98.

The flappers 98 can be activated (e.g., open) via a thermal diode. In some embodiments, the

flappers 98 stay closed unless the blower 92 is running. By the flappers 98 staying closed

unless the blower 92 is running, the waste side 24 of the TED 20 can be insulated from

ambient temperatures (e.g., heating of the TED 20 is inhibited). In some embodiments, the

duct 90 can be insulated to further aid in insulating the TED 20.

[0131] In some embodiments, the blower 92 pulls the air across the TED 20

rather than pushes. When the air is pulled by the fan or air blower 92, rather than pushed, the

air does not need to travel through, for example, the blower 92 before reaching the waste side

24 of the TED 20. The air is instead pulled across the waste side 24 of the TED 20 and

exhausted at the blower outlet/inlet 94. For example, the air is not heated by the heat from



the motor of the blower 92 when the air is pulled. Pulling the air can be used in the cooling

mode.

0132] In some embodiments, the blower 92 pushes the air across the TED 20

rather than pulls. When the air is pushed by the fan or air blower 92, rather than pulled, the

air travels through the blower 92 before reaching the waste side 24 of the TED 20. The air is

instead pulled across the waste side 24 of the TED 20 and exhausted at the duct outlet/inlet

96. For example, the air is heated by the heat from the motor of the blower 92 when the air is

pushed to increase efficiency (e.g., preheat the air as desired). Pushing the air can be used in

the heating mode. In some embodiments, if preheating the air is not desired in the heating

mode, the air can be pulled by the air blower 92 as discussed herein.

[0133] In the context of a vehicle, the air is not heated by the exhaust system

before being pushed across the waste side 24 of the TED 20 when the air is pulled. In such an

embodiment, the inlet for the air is near, by, or, at the heat exchangers or fins 93 of the TED

20 (e.g., outlet/inlet 96) and the outlet/inlet 94 for the air is at the blower 92. When the air is

pushed, the inlet is at the outlet/inlet 94 of the blower 92 and the outlet is near, by, or, at the

heat exchangers or fins 93 of the TED 20 (e.g., outlet/inlet 96). In some embodiments, when

the air is pushed and the outlet is near, by, or, at the heat exchangers or fins 93 of the TED

20, an additional conduit can be provided to transport the waste heat away from the TED 20,

the battery cell(s) 2, and/or battery case 16. When the air is pulled, the air can be exhausted

out the outlet/inlet 96 of the blower 92. In some embodiments, this reduced complexity of the

system because the air can be exhausted out the outlet/inlet 96 without an additional conduit

or waste heat removal system. In some embodiments, the air temperature is half a degree

cooler when pulled versus pushed across the heat exchangers or fins 93 of the TED 20.

[0134] In some embodiments, connections and controls for managing the blower

92 and duct 90 can be integrated into the controller 36 In some embodiments, the PCB 79

and/or controller 36 can regulate the blower 92 output to optimize the system efficiency (e.g.,

increase & decrease the airflow, power, or motor speed of the blower 92 to match cooling or

heating requirements of the battery cells 12). In some embodiments, the PCB 79 and/or

controller 36 can be connected such that data or conditions monitored by the controller 36

can be used to regulate the blower 92 output to optimize the syste efficiency.



[Θ135 It is contemplated 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 set forth herein. Accordingly, it

should be understood that various features and aspects of the disclosed embodiments can be

combined with or substituted 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 limited by the particular disclosed embodiments described above. Moreover,

while the inventions are susceptible to various modifications, and alternative forms, specific

examples thereof have been shown in the drawings and are herein described in detail. It

should be understood, however, that the inventions are not to be limited to the particular

forms or methods disclosed, but to the contrary, the inventions are to cover all modifications,

equivalents, and alternatives falling within the spirit and scope of the various embodiments

described and the appended claims. Any methods disclosed herein need not be performed in

the order recited. The methods disclosed herein include certain actions taken by a

practitioner; however, they can also include any third-party instruction of those actions,

either expressly or by implication. For example, actions such as "passing a suspension line

through the base of the tongue" include "instructing the passing of a suspension line through

the base of the tongue." I t is to be understood that such depicted architectures are merely

examples, and that in fact many other architectures can be implemented which achieve the

same functionality. In a conceptual sense, any arrangement of components to achieve the

same functionality is effectively "associated" such that the desired functionality is achieved.

Hence, any two components herein combined to achieve a particular functionality can be

seen as "associated with" each other such that the desired functionality is achieved,

irrespective of architectures or intermedial components. The ranges disclosed herein also

encompass any and all overlap, sub-ranges, and combinations thereof. Language such as "up

to," " at least," "greater than," "less than," "between," and the like includes the 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 result. For example, the



terms "approximately", "about", a d "substantially" may refer to an amount that is within

less than 10% of, within less than 5% of, within less than 1% of, within less than 0. % of,

and within less than 0.01% of the stated amount. Features of embodiments disclosed herein

preceded by a term such as "approximately", "about", and "substantially" as used herein

represent the feature with some variability that still performs a desired function or achieves a

desired result for th at feature.

[0136] With respect to the use of substantially any plural and/or singular terms

herein, those having skill in the art can translate from the plural to the singular and/or from

the singular to the plural as is appropriate to the context and/or application. The various

singular/plural permutations may be expressly set forth herein for sake of clarity.

[0137] It wi be understood by those within the art that, in general, terms used

herein, are generally intended as "open" terms (e.g., the term "including" should be

interpreted as "including but not limited to," the term "having" should be interpreted as

"having at least," the term "includes" should be interpreted as "includes but is not limited

to," etc.). 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 example, 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 to imply that the introduction of an embodiment recitation

by the indefinite articles "a" or "an" limits any particular embodiment containing such

introduced embodiment recitation to embodiments containing only one such recitation, even

when the same embodiment includes the introductory 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 holds true for the use of

definite articles used to introduce embodiment recitations. In addition, even if 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 to mean at least the recited

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 convention analogous to "at least one of A, B, an C, etc." is used, in general such a



construction is intended in 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

limited 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, etc.). 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 in the sense one having skill in the art would understand the convention (e.g., "a

system having at least one of A, B, or C" would include but not be limited 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, etc.). It will be further understood by those within the art that

virtually any disjunctive word and/or phrase presenting two or more alternative terms,

whether in the description, embodiments, or drawings, should be understood to contemplate

the possibilities of including one of the terms, either of the terms, or both terms. For

example, the phrase "A or B" will be understood to include the possibilities of "A" or "B" or

"A and B."

[0138] Although the present subject matter has been described herein 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 matter.



WHAT S CLAIMED IS:

. A thermoelectric battery thermal management system configured to manage

temperature of a battery cell, the system comprising:

a heat spreader in thermal communication with a temperature sensitive region

of a battery cell, the heat spreader comprising:

pyrolytic graphite in thermal communication with the temperature

sensitive region of the battery cell, the pyrolytic graphite comprising a

plurality of graphite layers extending substantially in parallel along the heat

spreader and configured to transfer thermal energy and electric current along a

plane substantially parallel to the graphite layers:

a plurality of thermal elevators between the plurality of graphite

layers, the thermal elevators configured to transfer thermal energy between

the plurality of graphite layers and configured to transfer thermal energy

substantially orthogonal to the plane: and

a conductor in thermal communication with the pyrolytic graphite and

the plurality of thermal elevators, the conductor in electrical communication

with the pyrolytic graphite to heat the battery cell upon application of electric

current through the pyrolytic graphite via the conductor;

a thermoelectric device comprising a main side and a waste side, the

thennoelectric device configured to transfer thermal energy between the main side

and the waste side of the thermoelectric device upon application of electric current to

the thermoelectric device, wherein the main side of the thermoelectric device is in

thermal communication with the heat spreader to heat or cool the battery cell by

adjusting a polarity of electric current delivered to the thermoelectric device; and

a . thermal management controller configured to operate in a . heating mode or a

cooling mode,

wherein in the heating mode, the battery cell is heated by the heat spreader

transferring thermal energy to the temperature sensitive region of the battery cell

when electric current is applied to the heat spreader via the conductor, when electric

current is applied to the thermoelectric device in a first polarity, or when electric



current is applied to both the heat spreader via the conductor and the thermoelectric

device in the first polarity, and

wherein in the cooling mode, the battery cell is cooled by the heat spreader

transferring thermal energy away from the temperature sensitive region of the battery

cell when electric current is applied to the thermoelectric device in a second polarity .

2 . The system of Claim i , wherein the heat spreader comprises a first side and a

second side, the first side substantially opposite the second side, wherein the heat spreader

comprises an other conductor in thermal and electrical communication with the pyrolytic

graphite on the second side of the heat spreader, the conductor on the first side of the heat

spreader, and wherein in the heating mode, the battery cell is heated when electric current is

applied to the pyrolytic graphite via the conductor and the other conductor such that electric

current flows along the plurality of graphite layers from the first side to the second side of

the heat spreader.

3 . The system of Claim 2, wherein the other conductor comprises an electrical

junction configured to electrically connect to a printed circuit board comprising the thermal

management controller, the electrical junction configured to deliver electric current to the

heat spreader.

4 . The system of any of Claims 1 to 3, wherein the battery cell and the heat

spreader are positioned in a battery case, and wherein the conductor is configured to attach to

the battery case to physically fix the heat spreader relative to the batter}' case.

5 . The syste of Claim 4, further comprising a thermal interface on the battery

case and configured to mate with the conductor, wherein the conductor comprises a first

mechanical connector, wherein the thermal interface comprises a second mechanical

connector configured to mate with the first mechanical connector to attach the conductor to

the battery case.

6 . The system of Claim 5, wherein the first mechanical connector comprises a

male dovetail connector and the second mechanical connector comprises a female dovetail

connector configured to accept the male dovetail connector to attach the conductor to the

battery case.



7 . The system of any of Claims 5 to 6, wherein the battery case comprises a

thermal windo configured to transfer thermal energy in and out of the battery ease, the

thermal window i thermal communication with the thermal interface

8. The system of Claim 7, wherein the battery case comprises a thermal substrate

in the thermal window, the thermal substrate configured to transfer thermal energy in and out

of the battery case while providing a physical barrier into the battery case.

9 . The system of Claim 8, wherein the main side of the thermoelectric device is

in thermal communication with the thermal substrate to provide the thermal communication

between the main side of the thermoelectric device and the heat spreader via the conductor

and the thermal interface.

10. The system of any of Claims 4 to 9, wherein the thermoelectric device is

positioned outside of the battery case.

1 . The system of any of Claims 4 to 10, further comprising a blower and duct

assembly attached to the battery case and configured to push or pull air across the waste side

of the thermoelectric device, wherein the thermal management controller is configured to

optimize system efficiency such that airflow from a blower of the blower and duct assembly

is increased or decreased to match heating or cooling requirements of the battery cell.

2 . The system of any of Claims to 10, further comprising a blower and duct

assembly in thermal communication with the thermoelectric device and configured to push or

pul l air across the waste side of the thermoelectric device, wherein the thermal management

controller is configured to optimize system efficiency such that airflow from a blower of the

blower and duct assembly is increased or decreased to match heating or cooling requirements

of the battery cell.

13. The system of any of Claims 1 to 2, wherein the waste side of the

thermoelectric device is in thermal communication with air via a waste heat exchanger,

wherein the waste side of the thermoelectric device comprises the waste heat exchanger.

14. The system of any of Claims 1 to 13, wherein the heat spreader comprises a

plurality of breaks in the plurality of graphite layers, the plurality of breaks configured to

increase a conduction path for electric current through the heat spreader to increase resistive

heating capacity of the heat spreader.



5. The system of any one of Claim 1 to 14, wherein the plurality of graphite

layers are crinkled to increase a length of a surface of at least one graphite layer of the

plurality of graphite layers, the increased length of the surface of the at least one graphite

layer configured to increase a conduction path for electric current through the at least one

graphite layer to increase resistive heating capacity of the heat spreader.

16. The system of any of Claims 1 to 15, wherein the conductor comprises at least

some of the plurality of thermal elevators such that the plurality of thermal elevators is

substantially on ends of the heat spreader.

17. The system of any of Claims 1 to 16, wherein the heat spreader is in thermal

communication with a temperature sensitive region of an other battery cell on a side of the

heat spreader opposite a . side of the heat spreader in thermal communication with the

temperature sensitive region of the battery cell, wherein at least some of the plurality of

thermal elevators extend substantially a length between the sides of the heat spreader in

thermal communication with the temperature sensitive regions of the battery cell and the

other battery cell.

18. The system of Claim 17, wherein the at least some of the plurality of thermal

elevators extending between the sides of the heat spreader are in direct thermal

communication with the battery cell and the other battery cell to reduce thermal contact

resistance associated with the heat spreader.

19. The system of any of Claims I to 8, wherein the plurality of thermal

elevators comprises a metallic material configured to transfer electric current between the

plurality of graphite layers and the conductor.

20. The system of any of Claims 1 to 19, wherein the conductor extends

substantially an entirety of a dimension of the heat spreader to provide structural integrity to

the heat spreader.

21. A batter}' thermal management system configured to heat or cool a battery

cell, the system comprising:

a heat spreader in thermal communication with a battery cell, the heat

spreader comprising:

a pyrolytic graphite sheet configured to transfer thermal energy and

electric current along the pyrolytic graphite sheet; and



a conductor in thermal and electrical communication with the pyrolytic

graphite sheet, the conductor in electrical communication with the pyrolytic

graphite sheet to heat the battery cell upon application of electric current to

the pyrolytic graphite sheet via the conductor, the conductor in thermal

communication with the pyrolytic graphite sheet to transfer thermal energy to

and fr o the pyrolytic graphite sheet; and

a . thermoelectric device comprising a main side and a waste side, the

thermoelectric device configured to transfer thermal energy between the main side

and the waste side of the thermoelectric device upon application of electric current to

the thermoelectric device, wherein the main side of the thermoelectric device is in

thermal communication with the heat spreader to heat or cool the battery cell by

adjusting a polarity of electric current delivered to the thermoelectric device,

wherein the battery cell is heated by the heat spreader transferring thermal

energy to the battery cell when electric current is applied to the heat spreader via. the

conductor, or when electric current is applied to the thermoelectric device in a first

polarity, or when electric current is applied to both the heat spreader via the

conductor and the thermoelectric device in the first polarity, and

wherein the battery cell is cooled by the heat spreader transferring thermal

energy away from the battery cell when electric current is applied to the

thermoelectric device in a second polarity .

22. The system of Claim 2 , wherein the heat spreader comprises a first side and a

second side, the first side substantially opposite the second side, wherein the heat spreader

comprises an other conductor in thermal and electrical communication with the pyrolytic

graphite sheet, wherein the battery cell is heated when electric current is applied to the

pyrolytic graphite sheet via the conductor and the other conductor such that electric current

flows along the pyrolytic graphite sheet from the first side to the second side of the heat

spreader.

23. The system of Claim 22, wherein the other conductor comprises an electrical

junction configured to electrically connect to a printed circuit board, the electrical junction

configured to deliver electric current to the heat spreader.



24. The system of any of Claims to 23, wherein the battery ce l and the heat

spreader are positioned in a battery enclosure, and wherein the conductor is configured to

connect with the battery enclosure to secure the heat spreader to the battery enclosure.

25. The system of Claim 24, further comprising a thermal interface on the battery

enclosure and configured to mate with the conductor, wherein the conductor comprises a first

mechanical connector, wherein the thermal interface comprises a second mechanical

connector configured to mate with the first mechanical connector to attach the conductor to

the battery enclosure.

26. The system of Claim 25, wherein the first mechanical connector comprises a

male dovetail connector and the second mechanical connector comprises a female dovetail

connector configured to accept the male dovetail connector to attach the conductor to the

battery enclosure.

27. The system of any of Claims 24 to 26, wherein the battery enclosure

comprises a thermal window configured to transfer thermal energy in and out of the battery

enclosure.

28. The system of Claim 27, wherein the battery enclosure comprises a thermal

substrate in the thermal window, the thermal substrate configured to transfer thermal energy

in and out of the battery enclosure while providing a physical barrier into the battery

enclosure.

29. The system of Claim 28, wherein the thermoelectric device is in thermal

communication with the thermal substrate to provide the thermal communication between the

thermoelectric device and the heat spreader.

30. The system of any of Claims 24 to 29, wherein the thermoeiectric device is

positioned outside of the battery enclosure.

3 . The system of any of Claims 24 to 30, further comprising a blower and d uct

assembly attached to the battery enclosure and configured to push or pull air across the waste

side of the thermoelectric device, wherein a blower of the blower and duct assembly is

configured to optimize system efficiency such that airflow is increased or decreased to match

heating or cooling requirements of the battery cell.

32. The system of any of Claims 24 to 30, further comprising a blower and duct

assembly in thermal communication with the thermoelectric device and configured to push or



pull air across the waste side of the thermoelectric device, wherein a blower of the blower

and duct assembly is configured to optimize system efficiency such that airflow is increased

or decreased to match heating or cooling requirements of the battery cell

33. The system of any of Claims 2 1 to 32, wherein the waste side of the

thermoelectric device is in thermal communication with air via a waste heat exchanger,

wherein the waste side of the thermoelectric device comprises the waste heat exchanger

34. The system of any of Claims 2 1 to 33, wherein the heat spreader comprises a

break in the pvrolytic graphite sheet, the break configured to increase a travel path for

electric current through the heat spreader to increase resistive heating capacity of the heat

spreader.

35. The system of any one of Claims 2 1 to 34, wherein the pvrolytic graphite

sheet is crinkled to increase a length of a surface of the pvrolytic graphite sheet, the increased

length of the surface of the pvrolytic graphite sheet configured to increase a travel path for

electric current through the pyrolytic graphite sheet to increase resistive heating capacity of

the heat spreader.

36. The syste of any of Claims 2 1 to 35, wherein the conductor extends

substantially an entirety of a dimension of the heat spreader to provide structural integrity to

the heat spreader.

37. The system of any of Claims 2 1 to 36, wherein the heat spreader further

comprises at least one other pyrolytic graphite sheet in thermal and electrical communication

with the conductor, the at least one other pyrolytic graphite sheet extending substantially in

parallel with the pyrolytic graphite sheet, wherein the conductor is in electrical

communication with the at least one other pyrolytic graphite sheet to heat the battery cell

upon application of electric current to the at least one other pyrolytic graphite sheet via the

conductor, the conductor in thermal communication with the at least one other pyrolytic

graphite sheet to transfer thermal energy to and from the at least one other pyrolytic graphite

sheet.

38. The system of Claim 37, wherein the heat spreader further comprises a

thermal connector between the pyrolytic graphite sheet and the at least one other pyrolytic

graphite sheet, the thermal connector configured to transfer thermal energy between the

pyrolytic graphite sheet and the at least one other pyrolytic graphite sheet.



39. The system of Claim 38, wherein the conductor comprises the thermal

connector

40 The system of any of Claims 38 to 39, wherein the thermal connector

comprises a metallic material configured to transfer electric current between the pyrolytic

graphite sheet and the at least one other pyrolytic graphite sheet.

4 . The system of any of Claims 38 to 40, wherein the heat spreader is in thermal

communication with an other battery cell on a side of the heat spreader opposite a side of the

heat spreader in thermal communication with the battery cell, wherein the thermal connector

is positioned between the sides of the heat spreader in thermal communication with the

battery cel and the other battery cell.

42. The system of Claim 41, wherein the thermal connector is in direct thermal

communication with the battery cell and the other battery cell to reduce thermal contact

resistance associated with the heat spreader.

43. The system of any one of Claims 2 1 to 42, wherein the heat spreader further

comprises a metallic substrate in thermal communication with the pyrolytic graphite sheet,

wherein the pyrolytic graphite sheet is in thermal communication with the battery cell such

that the pyrolytic graphite sheet functions as thermal interface between the battery cell and

the metallic substrate.

44. The system of Claim 43, wherein the pyrolytic graphite sheet extends along a

surface of the metallic substrate on at least two sides of the metallic substrate.

45. The system of any of Claims 43 to 44, wherein the pyrolytic graphite sheet

extends at least half a cross-sectional perimeter of the metallic substrate.

46. The system of any of Claims 43 to 45, wherein the main side of the

thermoelectric device is positioned over at least a portion of the metallic substrate, and

wherein the pyrolytic graphite sheet extends to be between the main side of the

thermoelectric device and the metallic substrate to provide a thermal interface between the

thermoelectric device and the metallic substrate, the thermal interface configured to transfer

thermal energy between the main side of the thermoelectric device and the metallic substrate.

47. The system of any of Claims 43 to 46, wherein the battery cell is heated by the

heat spreader transferring thermal energy to the battery cell when electric current is applied

to metallic substrate via the conductor.



48. The system of any of Claims 2 to 47, wherein the battery is cooled by the

heat spreader transferring thermal energy away from the battery cel via the pyrolytic

graphite sheet and the conductor when electric current is applied to the thermoelectric device

in the second polarity.

49. A heat spreader assembly for managing temperature of an electrical device,

the heat spreader assembly comprising:

a . graphite sheet in thermal communication with an electrical device, the

graphite sheet configured to transfer thermal energy and electric current along the

graphite sheet; and

a conductor in thermal and electrical communication with the graphite sheet,

the conductor in electrical communication with the graphite sheet to heat the

electrical device upon application of electric current to the graphite sheet via the

conductor, the conductor in thermal communication with the graphite sheet to transfer

thermal energy to and from the graphite sheet,

wherein the electrical device is heated by the graphite sheet transferring

thermal energy to the electrical device when electric current is applied to the heat

spreader via the conductor, and

wherein the electrical device is cooled by the graphite sheet transferring

thermal energy away from the electrical device.

50. The assembly of Claim 49, further comprising an other conductor in thermal

and electrical communication with the graphite sheet, wherein the electrical device is heated

when electric current is applied to the graphite sheet via the conductor and the other

conductor such that electric current flows along the graphite sheet.

5 . The assembly of Claim 50, wherein the graphite sheet comprises a first side

and a second side, the first side substantially opposite the second side, and wherein the

conductor is on the first side, and the other conductor is on the second side.

52. The assembly of any of Claims 50 to 5 1, wherein the other conductor

comprises an electrical junction configured to electrically connect to a printed circuit board

comprising a controller configured to manage temperature of the electrical device, the

electrical junction configured to deliver electric current to the heat spreader.



53. The assembly of any of Claims 49 to 52, wherein the heat spreader assembly

is positioned in an electrical device enclosure, and wherein the conductor is configured to

connect with the electrical device enclosure to secure the heat spreader assembly to the

electrical device enclosure.

54. The assembly of Claim 53, further comprising a thermal interface on the

electrical device enclosure and configured to mate with the conductor, wherein the conductor

comprises a first mechanical connector, wherein the thermal interface comprises a second

mechanical connector configured to mate with the first mechanical connector to attach the

conductor to the electrical device enclosure.

55. The assembly of Claim 54, wherein the first mechanical connector comprises

a male dovetail connector and the seco d mechanical connector comprises a female dovetail

connector configured to accept the male dovetail connector to attach the conductor to the

electrical device enclosure.

56. The assembly of any of Claims 53 to 55, wherein the electrical device

enclosure comprises a thermal window configured to transfer thermal energy in and out of

the electrical device enclosure.

57. The assembly of Claim 56, wherein the electrical device enclosure comprises

a thermal substrate in the thermal window, the thermal substrate configured to transfer

thermal energy in and out of the electrical device enclosure while providing a physical

barrier into the electrical device enclosure.

58. The assembly of Claim 57, wherein a thermoelectric device is in thermal

communication with the thermal substrate to provide heating or cooling to the electrical

device via the heat spreader.

59. The assembly of Claim 58, wherein the thermoelectric device is positioned

outside of the electrical device enclosure.

60. The assembly of any of Claims 49 to 57, wherein a thermoelectric device is in

thermal communication with the graphite sheet, wherein the electrical device by the graphite

sheet when electric current is applied to the thermoelectric device in a first polarity, and

wherein the electrical device is cooled by the graphite sheet when electric curre t is applied

to the thermoelectric device in a second polarity.



6 . The assembly of any of Claims 49 to 60, wherein the graphite sheet comprises

a break in covalent bonds in the graphite sheet, the cut configured to increase a travel path

for electric current through the graphite sheet to increase resistive heating capacity of the

graphite sheet.

62. The assembly of any one of Claim 49 to 61, wherein the graphite sheet is

crinkled to increase a length of the graphite sheet, the increased length of graphite sheet

configured to increase a travel path for electric current through the graphite sheet to increase

resistive heating capacity of the graphite sheet.

63. The assembly of any of Claims 49 to 62, wherein the conductor extends

substantially an entirety of a dimension of t e graphite sheet to provide structural integrity to

the graphite sheet.

64. The assembly of any of Claims 49 to 63, further comprising at least one other

graphite sheet in thermal and electrical communication with the conductor, wherein the

conductor is in electrical communication with the at least one other graphite sheet to heat the

electrical device upon application of electric current to the at least one other graphite sheet

via the conductor, the conductor in thermal communication with the at least one other

graphite sheet to transfer thermal energy to and from the at least one other graphite sheet.

65. The assembly of Claim 64, wherein the graphite sheet and the at least one

other graphite extend substantially in parallel in the heat spreader assembly.

66. The assembly of any of Claims 64 to 65, further comprising a thermal

connector between the graphite sheet and the at least one other graphite sheet, the thermal

connector configured to transfer thermal energy between the graphite sheet and the at least

one other graphite sheet.

67. The assembly of Claim 66, wherein the conductor comprises the thermal

connector.

68. The assembly of any of Claims 66 to 67, wherein the thermal connector

comprises a metallic material configured to transfer electric current between the graphite

sheet and the at least one other graphite sheet.

69. The assembly of any one of Claims 49 to 68, further comprising a metallic

substrate in thermal communication with the graphite sheet, wherein the graphite sheet is in

thermal communication with the electrical device such that the graphite sheet is configured



to transfer thermal energy between the main side of the thermoelectric device and the

metallic substrate.

70 The assembly of Claim 69, wherein the graphite sheet extends along a . surface

of the metallic substrate on at least two sides of the metallic substrate.

71. The assembly of any of Claims 69 to 70, wherein the graphite sheet extends at

least half a cross-sectional perimeter of the metallic substrate.

72. The assembly of any of Claims 69 to 71, wherein the electrical device is

heated when electric current is applied to metallic substrate via the conductor.

73. The assembly of any of Claims 49 to 72, wherein the graphite sheet comprises

one or more pyrolytic graphite layers.

74. The assembly of any of Claims 49 to 73, wherein the electrical device

comprises a battery cell.

75. The assembly of any of Claims 49 to 74, wherein the graphite sheet is in

thermal communication with a temperature sensitive region of the electrical device.

76. A method of manufacturing a battery thermal management system for heating

or cooling a battery cell, the method comprising:

thermally connecting a heat spreader to a battery cell, the heat spreader

comprising:

a pyrolytic graphite sheet configured to transfer thermal energy and

electric current along the pyrolytic graphite sheet; and

a conductor in thermal and electrical communication with the pyrolytic

graphite sheet, the conductor in electrical communication with the pyrolytic

graphite sheet to heat the battery cell upon application of electric current to

the pyrolytic graphite sheet via the conductor, the conductor in thermal

communication with the pyrolytic graphite sheet to transfer thermal energy to

and from the pyrolytic graphite sheet; and

thermally connecting a main side of a thermoelectric device to the heat

spreader to heat or cool the battery cell by adjusting a polarity of electric current

delivered to the thermoelectric device, the thermoelectric device configured to

transfer thermal energy between the main side and a waste side of the thermoelectric

device upon application of electric current to the thermoelectric device,



wherein the battery cel is heated by the heat spreader transferring thermal

energy to the battery cell when electric current is applied to the heat spreader via the

conductor, or when electric current is applied to the thermoelectric device i a first

polarity, or when electric current is applied to both the heat spreader via the

conductor and the thermoelectric device in the first polarity, and

wherein the battery cell is cooled by the heat spreader transferring thermal

energy away from the battery cell when electric current is applied to the

thermoelectric device in a second polarity.

77. The method of Claim 76, wherein the heat spreader comprises a first side and

a second side, the fi rst side substantially opposite the second side, wherein the heat spreader

comprises an other conductor in thermal and electrical communication with the pyrolytic

graphite sheet, wherein the battery cell is heated when electric current is applied to the

pyrolytic graphite sheet via the conductor and the other conductor such that electric current

flows along the pyrolytic graphite sheet from the first side to the second side of the heat

spreader.

78. The method of Claim 77, wherein the other conductor comprises an electrical

junction configured to electrically connect to a printed circuit board, the electrical junction

configured to deliver electric current to the heat spreader.

79. The method of any of Claims 76 to 78, further comprising positioning the

battery cell and the heat spreader in a battery enclosure and connecting the conductor with

the battery enclosure to secure the heat spreader to the battery enclosure.

80. The method of Claim 79, further comprising connecting a thermal interface to

the battery enclosure, the thermal interface configured to mate with the conductor, wherein

the conductor comprises a first mechanical connector, wherein the thermal interface

comprises a second mechanical connector configured to mate with the first mechanical

connector to attach the conductor to the battery enclosure.

8 . The method of Claim 80, wherein the first mechanical connector comprises a

male dovetail connector and the second mechanical connector comprises a female dovetail

connector configured to accept the male dovetail connector to attach the conductor to the

battery enclosure.



82. The method of any of Claims 79 to 81, further comprising positioning a

thermal window in the battery enclosure, the thermal window configured to transfer thermal

energy in and out of the battery enclosure.

83. The method of Claim 82, further comprising connecting a thermal substrate to

the battery enclosure in the thermal window, the thermal substrate configured to transfer

thermal energy in and out of the battery enclosure while providing a physical barrier into the

battery enclosure.

84. The method of Claim 83, further comprising thermally connecting the

thermoelectric device with the thermal substrate to thermally connect the thermoelectric

device to the heat spreader.

85. The method of any of Claims 79 to 84, further comprising positioning the

thermoelectric device outside of the battery enclosure

86. The method of any of Claims 79 to 85, further comprising connecting a

blower and duct assembly to the battery enclosure, the blower and duct assembly configured

to push or pull air across the waste side of the thermoelectric device, and further comprising

connecting a blower in the blower and duct assembly, the blower configured to optimize

system efficiency such th at airflow is increased or decreased to match heating or cooling

requirements of the battery cell

87. The method of any of Claims 79 to 85, further comprising connecting a

blower and duct assembly in thermal communication with the thermoelectric device and

configured to push or pull air across the waste side of the thermoelectric device, and further

comprising connecting a blower in the blow er and duct assembly, the blower configured to

optimize system efficiency such that airflow is increased or decreased to match heating or

cooling requirements of the battery cell.

88. The method of any of Claims 76 to 87, wherein the waste side of the

thermoelectric device is in thermal communication with air via a waste heat exchanger,

wherein the waste side of the thermoelectric device comprises the waste heat exchanger.

89. The method of any of Claims 76 to 88, wherein the heat spreader comprises a

break in the pyrolytic graphite sheet, the break configured to increase a travel path for

electric current through the heat spreader to increase resistive heating capacity of the heat

spreader.



90. The method of any one of Claims 76 to 89, wherein the pvrolytic graphite

sheet is crinkled to increase a length of a surface of the pyrolytic graphite sheet, the increased

length of the surface of the pyrolytic graphite sheet configured to increase a travel path for

electric current through the pyrolytic graphite sheet to increase resistive heating capacity of

the heat spreader.

9 1. The method of any of Claims 76 to 90, wherein the conductor extends

substantially an entirety of a dimension of the heat spreader to provide structural integrity to

the heat spreader.

92. The method of any of Claims 76 to 91, wherein the heat spreader further

comprises at least one other pyrolytic graphite sheet in thermal and electrical communication

with the conductor, the at least one other pyrolytic graphite sheet extending substantially in

parallel with the pyrolytic graphite sheet, wherein the conductor is in electrical

communication with the a t least one other pyrolytic graphite sheet to heat the battery cell

upon application of electric current to the at least one other pyrolytic graphite sheet via the

conductor, the conductor in thermal communication with the at least one other pyrolytic

graphite sheet to transfer thermal energy to and from the at least one other pyrolytic graphite

sheet.

93. The method of Claim 92, w erein the heat spreader further comprises a

thermal connector between the pyrolytic graphite sheet and the at least one other pyrolytic

graphite sheet, the thermal connector configured to transfer thermal energy between the

pyrolytic graphite sheet and the at least one other pyrolytic graphite sheet.

94. The method of Claim 93, wherein the conductor comprises the thermal

connector.

95. The method of any of Claims 93 to 94, wherein the thermal connector

comprises a metallic material configured to transfer electric current between the pyrolytic

graphite sheet and the at least one other pyrolytic graphite sheet.

96. The method of any of Claims 93 to 95, further comprising thermally

connecting the heat spreader to an other battery cell on a side of the heat spreader opposite a

side of the heat spreader in thermally connected with the battery cell, wherein the thermal

connector is positioned between the sides of the heat spreader in thermal communication

with the batter}' cell and the other battery cell.



97. The method of Claim 96, wherein the thermal connector is in direct thermal

communication with the battery cell and the other battery cell to reduce thermal contact

resistance associated with the heat spreader.

98. The method of any one of Claims 76 to 97, wherein the heat spreader further

comprises a metallic substrate in thermal communication with the pyrolytic graphite sheet,

wherein the pyrolytic graphite sheet is in thermal communication with the battery cell such

that the pyrolytic graphite sheet functions as thermal interface between the battery cell and

the metallic substrate.

99. The method of Claim 98, wherein the pyrolytic graphite sheet extends along a

surface of the metallic substrate on at least two sides of the metallic substrate.

100. The method of any of Claims 98 to 99, wherein the pyrolytic graphite sheet

extends at least half a cross-sectional perimeter of the metallic substrate.

101. The method of any of Claims 98 to 100, wherein the main side of the

thermoelectric device is positioned over at least a portion of the metallic substrate, and

wherein the pyrolytic graphite sheet extends to be between the main side of the

thermoelectric device and the metallic substrate to provide a thermal interface between the

thermoelectric device an the metallic substrate, the thermal interface configured to transfer

thermal energy between the main side of the thermoelectric device and the metallic substrate.

02 . The method of any of Claims 98 to 101 , wherein the battery cell is heated by

the heat spreader transferring thermal energy to the battery cell when electric current is

applied to metallic substrate via the conductor.

03. The method of any of Claims 76 to 02, wherein the battery is cooled by the

heat spreader transferring thermal energy away from the battery cell via the pyrolytic

graphite sheet and the conductor when electric current is applied to the thermoelectric device

in the second polarity.
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