US 20130101874A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0101874 A1

Pevear 43) Pub. Date: Apr. 25,2013
(54) BATTERY WITH INTEGRATED POWER (52) US.CL
MANAGEMENT SYSTEM AND SCALABLE CPC oot HOIM 2/34 (2013.01)
BATTERY CUTOFF USPC oo 429/50; 429/61
(75) Inventor: Brian J. Pevear, L.akewood Ranch, FL.
US
s 57 ABSTRACT
(73) Assignee: A123 SYSTEMS, INC., Waltham, MA
US
Us) The present disclosure relates battery with an integrated
(21) Appl. No.: 13/513,665 power management system and scalable cutoff component,
the battery system including a battery housing with first and
(22) PCT Filed: Dec. 6, 2010 second voltage output terminals, a plurality of rechargeable
battery cells within the battery housing and having first and
(86) PCT No.: PCT/US10/59127 second voltage terminals; a power management system for
§371 (©)(1), generating an external control signal and an internal control
(), (4) Date: ~ Jan. 4, 2013 signal based upon monitored operating parameters of the
plurality of rechargeable battery cells, said external control
Related U.S. Application Data signal for controlling an external power source and/or an
(60) Provisional application No. 61/266,724, filed on Dec. f:xternal load, said power management system f.ormu}g an
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BATTERY WITH INTEGRATED POWER
MANAGEMENT SYSTEM AND SCALABLE
BATTERY CUTOFF

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application 61/266,274, filed on Dec. 4, 2009, the
entire contents of which are hereby incorporated by refer-
ence.

[0002] This application refers to U.S. patent application
Ser. No. 12/628,809, filed on Dec. 1, 2009, entitled “Prismatic
Automotive Battery with Scalable Architecture,” (the
“related application™) the entire contents of which is incor-
porated herein by reference.

TECHNICAL FIELD

[0003] The present disclosure relates to batteries and scal-
able architectures for manufacturing batteries.

BACKGROUND

[0004] A rechargeable battery may be used in terrain,
marine, or aeronautic vehicles in various applications. One
application is as a starter battery to drive the starter motor of
the vehicle. Starter battery applications may require high
electrical currents to drive the starter motor, and the ability to
be recharged from the vehicle’s alternator. Most current auto-
motive starter batteries are of lead acid construction. How-
ever, lithium-ion (Li-lon) batteries may be used instead of
lead acid batteries. Li-lon batteries can provide improved
power-to-weight ratios, longer cycle lives, and environmental
benefits due to the lack of lead.

[0005] A second application for Li-Ion batteries in vehicles
is to provide power for micro-hybrid (start-stop) drive sys-
tems. Unlike some hybrid cars, where a relatively high-volt-
age battery is used to drive an electric motor that is used for
vehicle propulsion, cars with micro-hybrid systems are pro-
pelled by conventional internal combustion engines. How-
ever, in micro-hybrid cars, the engine is automatically turned
off when the car is stopped (e.g., at a traffic light) and then
started back up when the driver presses the accelerator to
drive off. This start-stop technique reduces emissions without
requiring significant infrastructure changes to existing car
designs. However, micro-hybrid applications also require
batteries that can withstand the frequent charge-discharge
cycles caused by constantly restarting the engine. Li-Ion bat-
teries have performance characteristics that are better
matched for such applications than lead-acid batteries.

SUMMARY

[0006] In one aspect, the present disclosure relates to a
battery with an integrated power management system and
scalable cutoftf component. In one embodiment, the battery
system includes a battery housing with first and second volt-
age output terminals, a plurality of rechargeable battery cells
within the battery housing and having first and second voltage
terminals; a power management system for generating an
external control signal and an internal control signal based
upon monitored operating parameters of the plurality of
rechargeable battery cells, said external control signal for
controlling an external power source and/or an external load,
said power management system forming an integral part of
the battery system; and a cutoff switch circuit within the
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battery housing and for making and breaking a conductive
path between the first voltage terminal of the plurality of
battery cells and the first voltage output terminal of the battery
housing in response the internal control signal from the bat-
tery management system.

[0007] Inoneembodiment, the battery cells are lithium ion
cells. In some embodiments, the cutoff switch includes a
plurality of metal-oxide semiconductor field effect transistors
(MOSFETs). In some embodiments, the plurality of MOS-
FETs are arranged as groups of parallel MOSFETs. In some
embodiments, the plurality of MOSFETs include a first group
of MOSFETs connected in parallel with each other and a
second group of MOSFETs connected in parallel with each
other and wherein the first group is connected in series with
the second group. In some embodiments, the battery system
includes a busbar in electrical communication with the plu-
rality of rechargeable battery cells and MOSFETs. In some
embodiments, the battery system includes a shunt resistor in
electrical communication with the plurality of MOSFETs. In
some embodiments, the battery system includes a tempera-
ture sensor in thermal communication with the MOSFETs. In
some embodiments, the battery is an automotive battery. In
some embodiments, the external power source can be an
alternator. In some embodiments, the battery is a telecommu-
nications battery.

[0008] Another aspect of the present disclosure relates to a
method for operating a battery system with an integrated
power management system and scalable cutoff component.
The method includes: monitoring operating parameters of a
plurality of rechargeable battery cells within a battery hous-
ing; generating an external control signal and an internal
control signal based upon the monitored operating param-
eters of a plurality of rechargeable battery cells, said external
control signal for controlling an external power source and/or
an external load; and making or breaking a conductive path
between the first voltage terminal of the plurality of battery
cells and the first voltage output terminal of the battery hous-
ing in response to the internal control signal.

[0009] In some embodiments, the operating parameters
include voltage across a shunt resistor within the battery
housing. In some embodiments, the operating parameters
include temperature and voltage across a plurality of metal-
oxide semiconductor field effect transistors (MOSFETs)
within the battery housing. In some embodiments, the making
or breaking a conductive path includes activating a cutoff
switch including a plurality of metal-oxide semiconductor
field effect transistors (MOSFETs).

BRIEF DESCRIPTION OF THE FIGURES

[0010] For a fuller understanding of the nature and objects
of the present disclosure, reference should be made to the
following detailed description taken in connection with the
accompanying drawings in which the same reference numer-
als are used to indicate the same or similar parts wherein:
[0011] FIG. 1 shows an automotive battery.

[0012] FIG. 2 shows an automotive battery with the outer
casing removed and cell sub-assemblies exposed.

[0013] FIG. 3 shows a system level block diagram of an
automotive power system.

[0014] FIG. 4A shows a power management system for an
automotive battery.

[0015] FIG. 4B shows a power management system for an
automotive battery.

PETITIONERS Ex. 1006
90of 13



US 2013/0101874 Al

[0016] FIG. 5 shows a resistance-temperature relationship
fora MOSFET (metal-oxide-semiconductor field-effect tran-
sistor) device.

[0017] FIG. 6 shows a scalable cutoff component inte-
grated into an automotive battery.

DESCRIPTION

[0018] The disclosed battery consists of an assembly of cell
subassemblies, each containing prismatic Li-lon battery
cells, where the cells are electrically connected to the other
cells in the module to form the battery. The term prismatic
refers to the shape of the battery cell and it differentiates this
module from other modules with cylindrical battery cells.
The battery has an integrated power management system that
provides passive (through control of components external to
the battery) and active (through internal controls) protection
against over-charge, over-discharge, over-temperature, and
over-current. The battery also includes a scalable battery cut-
off component controlled by the power management system.
The battery can be, for example, an automotive battery.
[0019] FIG.1 shows an automotive battery 100 with a outer
case 110, a negative terminal 102 and a positive terminal 104,
and a LIN (Local Interconnect Network) management inter-
face 106 which is a connector for coupling to a LIN within the
vehicle. Case 110 is molded, and lead-free terminals 102 and
104 are insert-molded in place on the case. The case consists
of a top cover that includes the terminals, and an enclosure
base.

[0020] FIG. 2 shows the inside of automotive battery 100
with the enclosure case removed. The battery is shown from
a perspective rotated 180 degrees upside-down in relation to
FIG. 1. The battery contains one or more cell subunits 202. As
described in more detail in the related application identified
above, the cell subassemblies are a basic building block from
which automotive batteries of arbitrary scales may be con-
structed. The cell subassemblies contain Li-lon prismatic
battery cells (not visible), each of which provides a portion of
the battery’s electrical power and storage capacity. The cell
subassemblies 202 are held together by pressure plate 204,
top cover 200, and bands 206. The individual battery cells are
electrically connected in parallel and/or series by busbars
(described in the related application) which connect the cells
to one another and to the terminals of the battery. One such
busbar 208 is shown in FIG. 2 connecting one respective
terminal of each of four different battery cells together. Bus-
bar 208 also connects the four terminals to positive terminal
104.

[0021] The prismatic automotive battery described herein
has a group ofidentical cells. The quantity of cells per module
and the module’s electrical connection configuration (parallel
count versus series count) defines the module’s electrical
characteristics and performance ratings. For example, battery
100 is configured in a ‘4S4P’ configuration which has 16 cells
in four subgroups, where the subgroups are electrically con-
nected in series, and with four cells in each subgroup that are
electrically connected in parallel. Depending on the configu-
ration, automotive batteries may contain either an even or an
odd number of battery cells.

[0022] FIG. 3 shows a system-level block diagram of bat-
tery 100 within an automotive electrical system. Battery 100
comprises several battery cell subunits 324 and a cutoff com-
ponent 322. Here, each subunit 324 represents a group of four
parallel battery cells making up the 4S4P battery. Battery 100
is connected in parallel with a combination of a starting
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solenoid switch 304 and starter motor 306. Battery 100 also is
connected in parallel with an alternator 308, used to charge
the battery. Alternator 308 has a control input for controlling
its output power, which is connected directly or indirectly to
the battery’s LIN interface (not shown). Battery 100 is shown
as four battery cell elements in series, internal to the battery
housing. Although battery 100 uses an electronic power man-
agement system to maintain balance between individual bat-
tery cells and to detect cell voltage, the internal cutoff com-
ponent 322 is used as a last resort to protect the battery from
alternator runaway or other abusive overcharging. Internal
cutoff component 322 also may be used to prevent damage to
the battery due to over discharge.

[0023] Load controller 310 selects one or more electrical
loads 304 to be connected in parallel to and driven by battery
100. Load controller 310 can disconnect one or more loads to
implement load shedding in situations where the battery can-
not provide a sufficiently high voltage if connected to all of
the loads. The load controller may shed loads automatically
or in response to a request from the battery power manage-
ment system (described in more detail below) through the
battery’s LIN interface. In some embodiments, one or more
loads may be directly connected in parallel with battery 100
without being connected in series with a load controller.

Power Management System

[0024] FIG. 4 shows a component-level view of battery
100, including power management system 400, battery cell
assembly 320, LIN interface 106, fuse 420, and cutoff com-
ponent 322. Battery cell assembly 320 is electrically con-
nected in series with cutoff component 322 and fuse 420.
Power management system 400 is connected directly or indi-
rectly through an intermediate analog-to-digital interface to
battery cell assembly 320, and is communicatively connected
to LIN interface 106 and to cutoft component 322. Power
management system 400 provides several capabilities,
including external charge control, external load control and
internal charge and discharge control. As used herein, “inte-
gral part of the battery” refers to devices and/or components
that are part of the overall battery assembly, including com-
ponents that are within the battery enclosure defined by the
housing as well as components that attached or affixed to the
outside of the housing.
[0025] Specifically, power management system 400
includes microprocessor 402, which is configured through
firmware to perform the following functions, some of which
are described in more detail in subsequent sections:
[0026] 1. Provide input protection and control of charging,
including over-voltage and over-current protection
[0027] 2. Provide under-voltage protection by control of
external load-shedding or by active control of an in-line
cutoft switch
[0028] 3. Sense and supervise the overall battery voltage,
including active control of an in-line cutoff switch to limit
the current though and voltage across the battery

[0029] 4. Sense individual battery cell temperature
[0030] 5. Sense individual battery cell voltage
[0031] 6. Control each battery cell’s connection to indi-

vidual small resistive loads placed in parallel with each cell
in order to balance the cell’s voltages within battery cell
assembly 320

[0032] 7. Enable/disable circuitry to decrease current con-
sumption
[0033] 8. Determine control signals for the alternator

PETITIONERS Ex. 1006
10 0f 13



US 2013/0101874 Al

[0034] 9. Process watchdog timing signals as a failsafe
mechanism to ensure the power management system is
operating and

[0035] 10. Interact with external components through a
LIN and/or RS232 interface and/or other digital or analog
signals.

External Charge Control

[0036] Power management system 400 communicates
directly or indirectly to the automobile’s alternator to exter-
nally control the amount of charge current passed from the
alternator to the battery. In this manner, the battery pack is
able to optimize the amount of current flow to externally
control the battery’s state of charge. This is accomplished by
the power management system internally monitoring the volt-
age, current, temperature, and other relevant parameters of
the system. Microprocessor 402 processes this information to
determine appropriate charging parameters, and then com-
municates to and/or controls the alternator to increase or
decrease the amount of charge current into the battery pack.

External Load Control

[0037] Power management system 400 communicates with
the automobile’s body/load controller to control the amount
of'discharge current to control the battery’s state of charge. In
this manner, the battery pack is able to optimize the amount of
current flow to control the battery’s state of charge. This also
is accomplished by the power management system internally
monitoring the voltage, current, temperature, and other rel-
evant parameters of the system. Microprocessor 402 pro-
cesses this information to determine appropriate charging
parameters, and then communicates to and/or controls the
load controller to increase or decrease the discharge current
from the battery by selectively connecting or disconnecting
certain loads to to/from the battery.

Internal Current Control

[0038] In addition to the above external control of the bat-
tery’s state by controlling the battery’s external power
sources and loads, power management system 400 also
detects and actively prevents excessive current flow through
the battery in order to protect the battery. Microprocessor 402
internally monitors the voltage, current, temperature, and
other relevant parameters of the battery system. Microproces-
sor 402 uses this information to control a high power cutoff
switch (described below) to actively control the flow of cur-
rent through the battery pack.

Cutoff Component

[0039] As part of performing the above functions, the
microprocessor 402 is configured to control and monitor a
cutoff component 322 that can be used to selectively connect
or disconnect the battery from the load(s) connected to its
terminals. Cutoff component 322 provides over-voltage,
under-voltage, over-current and over-temperature protection
for the battery system. Cutoff component 322 is effectively, a
switch either bi-directional or uni-directional, that can be
used to control whether the cells in battery cell assembly 320
are electrically connected to the terminals for charging, and
separately control this connection for discharging. Cutoff
component 322 also may be configured to be a uni-directional
switch, only used to control battery charging.
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[0040] As shown in FIG. 4A, cutoff component 322
includes two groups of parallel arranged MOSFET devices
432 and 434 connected in series. Power management system
400 operates each group of MOSFET devices 432 and 434 as
a single switch to selectively allow or disallow current flow to
or from the battery, depending on whether the MOSFETs are
switched to an On or Off state. Because the MOSFET groups
432, 434 are arranged in series, the MOSFETs, one MOSFET
group controls whether current can flow in a direction that
charges the battery, and the second group controls whether
current can flow in a direction that discharges the battery.
Therefore, the series arrangement of the two groups creates a
bi-directional switch. The parallel arrangement of the MOS-
FETs within each group splits the current flow across the
MOSFETs, allowing the use of MOSFETs with lower cur-
rent-carrying ratings than the maximum currents expected for
charging and discharging of the battery. Examples of rugge-
dized MOSFETS for this application include the Infineon
IPB180N03S4L-HO and IPB18ON03S4L.-01, the Interna-
tional Rectifier IRF2804SPBF, and the Fairchild FDB8860.

[0041] Each MOSFET is electrically connected in parallel
with the other MOSFETS within its group, with its drain and
source terminals oriented so that when the MOSFET is in an
On state, current is allowed to flow to charge/discharge the
battery. The gate terminals of each MOSFET in a group are
connected together to effect a single switching control. The
two groups of parallel MOSFETs are electrically connected
in series with each other and in series with the battery cells
within the battery. The MOSFETS also are closely thermally
coupled to the cells and to each other with one or more
conductors, as is described in more detail below.

[0042] When only one MOSFET group is switched to its
Off state, the current is effectively blocked in one direction.
Current may still flow in the opposite direction. This occurs
because each MOSFET effectively has a body diode which
allows current to flow in one direction, but not in the other
(unless the MOSFET is in its On state). A separate diode may
also be connected in parallel with each group of MOSFETs to
provide an additional current path around the MOSFET
group when the current flows in the opposite direction to that
controlled by the group.

[0043] Cutoff component 322 can provide an indication of
the current flow through the component (and thus of the
current through the battery) in a number of ways. According
to one approach, a current sensor (not shown) is placed in
series with the two groups of MOSFET devices so as to sense
the current flowing through the cutoff component. Instead of
using a current sensor, a less expensive shunt resistor 436 of
known resistance is placed in series with the switches, as
shown in FIG. 4A. The voltage across this shunt resistor 436
will be directly proportional to the current. The microproces-
sor simply computes the current by dividing the measured
voltage by across the shunt resistor by the known resistance of
shunt resistor 436.

[0044] Another approach, which is shown in FIG. 4B, is to
simply measure the voltage across the MOSFETs and then
determine the drain-source resistance of a MOSFET in its On
state (R y5(,,,, by measuring the temperature of the MOSFET.
This is accomplished by using temperature measuring
devices 438 packaged in close thermal proximity to the MOS-
FET devices, which are themselves packaged in close thermal
proximity to each other. Further, FIG. 4B depicts the two
groups of MOSFETs 432, 434 connected in parallel. Because
the MOSFETs 432, 434 are connected in parallel, this is a
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uni-directional protection scheme. Specifically, FIG. 4B
depicts a device for protecting against over voltages or over
charging.

[0045] According to this second approach, power manage-
ment system 400 uses the measured temperature to determine
a temperature-calibrated R ,,,,», which is the used to convert
the voltage measured across the drain-source terminals into a
current without the need for a relatively expensive precision
current sensor. To measure current, the system measures the
voltage across the drain and source of the MOSFETs (V,5). If
the resistance (R, 5) of the MOSFETSs is known, the current is
calculated as [V ,s/R 5] In general, however, the resistance
of MOSFETs will vary significantly with temperature. Tem-
perature variations can occur due to changes in ambient tem-
perature or from power being dissipated within the device
(i.e., current flow through the device). To account for this, the
MOSFET resistance is found and calculated the following
way:

Resistance=R+AR,,

[0046] where R, is the initial resistance and AR, is the
change in resistance due to temperature.

[0047] First, the initial resistance is found via calibration
during the battery pack manufacturing process. Specifically, a
known current (I,) is applied at a constant temperature and
V s 1s measured precisely. The initial resistance (R,) is found
tobeV,/1,. Second, the change in resistance due to tempera-
ture can be determined in several ways, including:

[0048] 1.By directmeasure (i.e. measuring the temperature
of the device).

[0049] 2. By deducing the change in temperature.

[0050] The second method involves measuring the change

in ambient temperature, determining the power dissipation
within the device, and inferring the resultant temperature. The
ambient temperature is measured at a convenient and more
cost-effective location. The power dissipation within the
device is determined with empirical study, based on the
amplitude and duration of current through the device (P=It).
[0051] Once the temperature of the MOSFET is deter-
mined, the resistance is inferred based on the resistance-
temperature relationship listed in the datasheet for the par-
ticular device or through empirical study. An example of the
resistance-temperature relationship 500 for a MOSFET is
shown in FIG. 5.

[0052] These computations are all carried out by an appro-
priately programmed microprocessor 402.

Scalable Architecture of the Cutoff Component

[0053] FIG. 6 shows a cutoff component built with a scal-
able architecture and integrated into one of the busbars 102 of
battery 100. The MOSFET devices 630 are positioned
between two long conductors 610, 612 that make up a portion
of the busbar. The conductors and MOSFETs are also posi-
tioned on a printed circuit board 620 or a similar substrate.
The two conductors are selected and configured to provide
close thermal coupling between the MOSFETs and the tem-
perature sensors (not visible). The MOSFET devices are cho-
sen in part so that the drain and source terminals are on
opposite sides of the device, with each attached to a respective
one of the conductors of the busbar 610, 612. This configu-
ration creates a scalable architecture for the cutoff component
322 that complements the scalable architecture of the rest of
the battery. In other words, one can readily change the size
and/or performance of the module by simply adding or sub-
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tracting identical parts or subassemblies, e.g., the MOSFETs.
The orientation of the MOSFETs is easily configured to
accommodate either uni-directional (e.g., to prevent charg-
ing) or bi-directional (e.g., to prevent charging and discharg-
ing) protection for the battery by simple orientation of the
MOSFETs. The number of MOSFETs can easily be adjusted
in the design in order to accommodate differing current limits
of the battery in relation to the individual current-carrying
capacities of the MOSFETs.

[0054] The particular arrangement shown in FIG. 6
involves two sets of parallel connected MOSFETs 632 that
are oriented to shut off the discharge current (also shown in
FIG. 4B). By reversing the orientations of the MOSFETs,
they will provide a shut-oft control for the charging current.
By using two sets connected in series, as illustrated in FIG.
4 A, they will provide shut-off for both charging and discharg-
ing. This latter arrangement is achieved by simply configur-
ing two sets of parallel bus bars connected appropriately.
[0055] The cutoff component and/or power management
system also may be used separately from the battery. Systems
of multiple batteries that use just a single series cutoff com-
ponent and/or power management system also may be used,
for example, in telecom applications. While the specification
has been directed to an automotive battery embodiment, the
power management system and cutoff switch disclosed
herein can be used in any battery application that requires
power management and monitoring. For example, a battery
used in a telecommunications application could implement
the described power management system and cutoff switch.
[0056] While examples of the present invention have been
shown and described, it will be readily apparent to those
skilled in the art that various changes and modifications may
be made therein without departing from the scope of the
invention.

1. A battery system comprising:

a battery housing with first and second voltage output

terminals;

a plurality of rechargeable battery cells within the battery

housing and having first and second voltage terminals;

a power management system for generating an external

control signal and an internal control signal based upon
monitored operating parameters of the plurality of
rechargeable battery cells, said external control signal
for controlling an external power source and/or an exter-
nal load, said power management system forming an
integral part of the battery system; and

a cutoff switch circuit within the battery housing and for

making and breaking a conductive path between the first
voltage terminal of the plurality of battery cells and the
first voltage output terminal of the battery housing in
response the internal control signal from the battery
management system.

2. The battery system of claim 1, wherein the battery cells
are lithium ion cells.

3. The battery system of claim 1, wherein the cutoff switch
comprises a plurality of metal-oxide semiconductor field
effect transistors (MOSFETs).

4. The battery system of claim 3, wherein the plurality of
MOSFETs are arranged as groups of parallel MOSFETs.

5. The battery system of claim 3, wherein the plurality of
MOSFETs include a first group of MOSFETs connected in
parallel with each other and a second group of MOSFETs
connected in parallel with each other and wherein the first
group is connected in series with the second group.
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6. The battery system of claim 3, further comprising a
busbar in electrical communication with the plurality of
rechargeable battery cells and the plurality of MOSFETs.

7. The battery system of claim 3, further comprising a shunt
resistor in electrical communication with the plurality of
MOSFETs.

8. The battery system of claim 3, further comprising a
temperature sensor in thermal communication with the MOS-
FETs.

9. The battery system of claim 1, wherein the battery is an
automotive battery.

10. The method of claim 9, wherein the external power
source comprises an alternator.

11. The battery system of claim 1, wherein the battery is a
telecommunications battery.

12. A method for operating a battery system comprising:

monitoring operating parameters of a plurality of recharge-

able battery cells within a battery housing;

generating an external control signal and an internal con-

trol signal based upon the monitored operating param-
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eters of a plurality of rechargeable battery cells, said
external control signal for controlling an external power
source and/or an external load; and

making or breaking a conductive path between the first

voltage terminal of the plurality of battery cells and the
first voltage output terminal of the battery housing in
response to the internal control signal.

13. The method for operating a battery system of claim 12,
wherein the operating parameters comprise voltage across a
shunt resistor within the battery housing.

14. The method for operating a battery system of claim 12,
wherein the operating parameters comprise temperature and
voltage across a plurality of metal-oxide semiconductor field
effect transistors (MOSFETs) within the battery housing.

15. The method for operating a battery system of claim 12,
wherein the making or breaking a conductive path comprises
activating a cutoff switch comprising a plurality of metal-
oxide semiconductor field effect transistors (MOSFETs).

#* #* #* #* #*
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