US 20210265846A1

a9y United States

12y Patent Application Publication o) Pub. No.: US 2021/0265846 A1

Krishnamurthi et al.

(54)

(71)

(72)

@
(22)

(1)

BATTERY PROTECTION CIRCUIT WITH
ACTIVE PROTECTION BYPASS

Applicant:

Inventors:

Appl. No.:

Filed:

MOTOROLA SOLUTIONS, INC.,
Chicago, 1L (US)

Macwien Krishnamurthi, Shah Alam
(MY); Scott J. Arendell, Buford, GA
(US); Muhamad Ridzuan Azizan,
Baling (MY); Kow Chee Chong,
Bayan Lepas (MY); John E.
Herrmann, Suwanee, GA (US); Thean
Song Qoi, Prai (MY)

16/799,368

Feb. 24, 2020

Publication Classification

Int. CL.

HO02J 7/00

43) Pub. Date: Aug. 26, 2021
(52) US. CL
CPC ... H02J 7/0029 (2013.01); H02J 7/0047
(2013.01)
(57) ABSTRACT

A battery module includes a first load terminal, a second
load terminal, a load enable terminal, and a battery having
a first battery terminal coupled to the first load terminal. A
first protection circuit includes a first isolation device
coupled between a second battery terminal of the battery and
the second load terminal of the battery module. The first
protection circuit further includes a first sensing circuit
configured to measure a battery parameter and control the
first isolation device based on the battery parameter. A driver
circuit is coupled between the first battery terminal and the
first protection circuit. The driver circuit is configured to
control power to the first protection circuit based on a load
enable signal asserted at the load enable terminal. A bypass
circuit is coupled between the second battery terminal and

(2006.01) the second load terminal.
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BATTERY PROTECTION CIRCUIT WITH
ACTIVE PROTECTION BYPASS

BACKGROUND OF THE INVENTION

[0001] Portable electronic devices, for example cellular
smartphones, two-way radios, etc., derive their portability
from rechargeable batteries or battery modules. Recharge-
able battery modules often include circuit boards, electronic
circuitry, mechanical assemblies, and electromechanical
protection components. The circuits employed in recharge-
able battery modules include charging circuits that control
current, fuel gauging circuits, temperature measurement
circuits, indicator circuits, and the like.

[0002] Rechargeable battery performance, especially with
respect to those having cells constructed of lithium-based
materials, may be compromised if the cell within the battery
pack is over or under charged. Standards boards also enact
protection requirements for battery modules used in volatile
environments, for example, where combustible gasses may
be present in the atmosphere. For battery modules with
exposed contacts that remain energized, current limits are
established for situations where the contacts may become
short circuited, for example, from dust or other materials in
the environment. For these reasons, battery modules typi-
cally include active protection circuits. Active protection
circuits operate based on current or voltage limits and open
switches within the battery module if a limit is violated,
thereby turning off the battery module.

[0003] The protection circuits add cost and complexity to
the battery modules. Integrated circuit devices are provided
for sensing the voltage and current parameters of the battery
module and isolation devices are provided to isolate the
contacts of the battery module when a limit be violated.
Safety standards often require redundant circuitry, which
increases the number of components in a device. The
physical size of the protection circuits limits the ability of
manufacturers to fabricate smaller and more efficient battery
modules.

[0004] In general, the capacity of a battery module
decreases over time due to repeated charge/discharge cycles.
Battery modules with active protection circuits discharge at
a quicker rate compared to battery modules without protec-
tion or with passive protection circuits, since the active
protection circuits provide a constant drain on the battery
cells, even when a load is not connected or operating. When
a battery is discharged beyond a certain minimum charge
level, the battery cells may become damaged and unable to
charge. In instances where a battery module is stored for an
extended period, for example, more than three months, the
battery module may become depleted and damaged due to
the drain from the active protection circuits.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0005] The accompanying figures, where like reference
numerals refer to identical or functionally similar elements
throughout the separate views, together with the detailed
description below, are incorporated in and form part of the
specification, and serve to further illustrate embodiments of
concepts that include the claimed invention, and explain
various principles and advantages of those embodiments.
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[0006] FIGS. 1A-1C are diagrams illustrating battery
modules with exposed contacts, according to some embodi-
ments.

[0007] FIGS. 2A and 2B illustrate a simplified circuit
diagram of a battery protection circuit, according to some
embodiments.

[0008] FIG. 3 is a simplified circuit diagram of an active
current limit circuit and a backflow detection circuit in the
battery protection circuit of FIGS. 2A and 2B, according to
some embodiments.

[0009] FIG. 4 is a circuit diagram of a bypass control
circuit in the battery protection circuit of FIGS. 2A and 2B,
according to some embodiments.

[0010] The apparatus and method components have been
represented where appropriate by conventional symbols in
the drawings, showing only those specific details that are
pertinent to understanding the embodiments of the present
invention so as not to obscure the disclosure with details that
will be readily apparent to those of ordinary skill in the art
having the benefit of the description herein.

DETAILED DESCRIPTION OF THE
INVENTION

[0011] Protection circuits for battery modules drain the
battery, even when the battery module is not used to power
a load, and also add cost and complexity to the battery
modules. Accordingly, embodiments disclosed herein pro-
vide, among other things, a system and method for providing
battery protection.

[0012] One embodiment provides a battery module
including a first load terminal, a second load terminal, a load
enable terminal, and a battery having a first battery terminal
coupled to the first load terminal. A first protection circuit
includes a first isolation device coupled between a second
battery terminal of the battery and the second load terminal
of the battery module. The first protection circuit further
includes a first sensing circuit configured to measure a
battery parameter and control the first isolation device based
on the battery parameter. A driver circuit is coupled between
the first battery terminal and the first protection circuit. The
driver circuit is configured to control power to the first
protection circuit based on a load enable signal asserted at
the load enable terminal. A bypass circuit is coupled between
the second battery terminal and the second load terminal.
The battery module provides improved battery life during
periods of storage or inactivity by reducing the load imposed
by the first protection circuit.

[0013] Another embodiment provides a method for pro-
tecting a battery module. The method includes measuring a
battery parameter of a battery of the battery module using a
first protection circuit. The first protection circuit includes a
first isolation device coupled between the battery and a first
load terminal of the battery module and is configured to
control the first isolation device based on the battery param-
eter. A bypass circuit is coupled between the battery and the
first load terminal in parallel with the first isolation device.
Power to the first protection circuit is enabled based on a
load enable signal indicating activation of a load coupled to
the battery.

[0014] FIG. 1A is a diagram of a battery module 100A.
The battery module 100A includes a housing 105 and
exposed contacts, for example, load contacts 110 and char-
ger contacts 115. The load contacts 110 include a load
positive terminal [+, a load negative terminal [.—, and a load
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data terminal L, The charger contacts include a charger
positive terminal CH+, a charger data terminal, CHj, a
charger negative terminal CH—, and a thermistor terminal
CHy,;. In the battery module 100, the load contacts 110 and
the charger contacts 115 are positioned on opposite ends of
the housing 105 on the same side.

[0015] FIGS. 1B and 1C are diagrams of an alternative
battery module 100B. In the battery module 100B, the load
contacts 110 are positioned on one side of the housing as
shown in FIG. 1B and the charger contacts 115 are posi-
tioned on the opposite side and the opposite end of the
housing 105 as shown in FIG. 1C.

[0016] In some embodiments, the battery modules 100A,
100B are suitable for powering a radio, for example, a radio
used by emergency responders. The radio may be employed
in hazardous environments.

[0017] FIGS. 2A and 2B show a simplified circuit diagram
of a battery protection circuit 200, according to some
embodiments. Terminals L+, L-, L, CH+, CH—, and
CH 4 correspond to exposed contacts 110, 115 of the battery
module 100A, 100B. The battery protection circuit 200
includes redundant protection units 205A, 205B with asso-
ciated isolation devices 205A1, 205A2, 205B1, redundant
active current limit (ACL) devices 210A, 210B, 210C with
associated isolation devices 210A1, 210B1, 210C1 and
latches 210A2, 210B2, 210C2, a reverse blocking device
215, redundant blocking failure circuits (BFC) 220A, 220B,
and 220C, a bypass circuit 225, a bypass control module
230, and overvoltage protectors 235A, 235B and associated
isolation devices 235A1, 235B1, for providing protection for
a battery 240. In some embodiments, the battery 240
includes two cells 240A, 240B. However, the number of
cells may vary. In the example shown, a first current sense
resistor 245 is coupled to a negative battery terminal Cell-,
and a second current sense resistor 250 is coupled between
the isolation device 205B1 and the isolation device 210A1
for sensing current flowing through the battery 240. A
thermistor 255 in parallel with a diode 260 is coupled across
the C,;; and CH- terminal. In instances where the battery
module 100A, 100B is employed to power a radio, the L+,
L-, L, terminals may be radio terminals, and a signal
asserted on the L, terminal is indicative of whether the radio
is active or inactive.

[0018] The particular device used to implement the pro-
tection units 205A, 205B may vary. In general, each pro-
tection unit 205 A, 205B independently monitors cell voltage
and current and controls the charging and discharging of the
cells 240A, 240B of the battery 240. The isolation devices
205A1, 205A2 are controlled by a discharge enable terminal
(DoA) and a charge enable terminal (CoA) of the protection
unit 205A, respectively. The isolation device 205B1 is
controlled by a charge enable terminal (CoB) of the protec-
tion unit 205B.

[0019] Each protection unit 205A, 205B includes an over-
charge detector that monitors the voltages across the corre-
sponding cells 240A, 240B (Cell+, Cell Mid, Cell-) by
comparing these voltages to predetermined voltage thresh-
olds. When the cell voltage exceeds a charge threshold, the
protection unit 205A, 205B asserts the associated CoA, CoB
terminal to open the associated isolation device 205Al,
205B1 and prevent any further charging of the cells 240A,
240B. Each protection unit 205A, 205B also includes an
overdischarge detector that ensures that the voltage across
the cells 240A, 240B does not fall below a predetermined
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threshold. If the voltage falls below a discharge threshold,
the protection unit 205A asserts the DoA terminal to open
the isolation device 205A2 and prevent any further dis-
charge of the cells 240A, 240B. Each protection unit 205A,
205B further includes an overcurrent detector that senses the
voltage drop on the current sensor resistor 245 to determine
the battery current. If the battery current exceeds a current
threshold, the protection unit 205A asserts the DoA terminal
to open the isolation device 205A2 and interrupt the battery
current. Note that the DoB terminal of the protection unit
205B does not have an associated isolation device. As
described in greater detail below, the ACL devices 210A,
210B, 210C also provide overcurrent protection. Since the
ACL devices 210A, 210B, 210C provide the required level
of redundancy, the isolation device associated with the DoB
terminal of the protection unit 205B may be omitted, reduc-
ing the cost and footprint of the battery protection circuit
200.

[0020] The ACL devices 210A, 210B, 210C measure the
battery current based on the voltage present on the current
sense resistor 250 and control the isolation devices 210A1,
210B1, 210C1 to interrupt the current flowing through the
battery 240 if a limit is violated. If an ACL device 210A,
210B, 210C detects an overcurrent situation, it sets the
associated latch 210A2, 210B2, 210C2 to maintain the
lockout condition until a reset occurs. When the current
flowing through the current sense resistor 250 exceeds a
predetermined threshold, for example, 1.9 A, the ACL
devices 210A, 210B, 210C actuate, causing the isolation
devices 210A1, 210B1, 210C1 to enter a high impedance
state and activating the latches 210A2, 210B2, 210C2.

[0021] In some embodiments, the C,,, terminal is used to
detect the presence of a charger coupled to the battery
module 100A, 100B. When a charger is coupled to the
battery module 100A, 100B, the charger reads the tempera-
ture of the battery pack by asserting a signal at the C,y,
terminal. The signal at the C,, terminal causes a voltage to
appear across the thermistor 255. Hence the C,, signal
indicates the presence of a charger. The C,;, signal is
provided to an enable terminal of the reverse blocking
device 215 such that the reverse blocking device 215 is
maintained in an open state if a charger is not present to
preventing discharge of the battery 240 through the charger
terminals, CH+, CH-. As a result, the charger terminals
CH+, CH- are coupled to the cells 240A, 240B only when
the battery module 100A, 100B is coupled to a charger,
providing the advantage of protecting the battery module
100A, 100B from short circuits transients on the charger
terminals CH+, CH-.

[0022] The BFCs 220A, 220B, 220C detect a failure of the
reverse blocking device 215 to block discharging of the
battery 240 through the charger terminals CH+, CH-. In
some embodiments, the BFCs 220a, 220B, 220C detect
current flowing through the reverse blocking device 215
toward the charger terminal CH+ when the C,,, terminal
does not detect the presence of a charger. Since redundant
BFCs 220aq, 220B, 220C are provided, the need for redun-
dant reverse blocking devices 215 is avoided. In general, the
BFCs 220a, 220B, 220C have reduced cost and footprint
compared to redundant reverse blocking devices 215 if they
were provided.

[0023] In some embodiments, the outputs of the BFCs
220A, 220B, 220C are provided as alternative activation
inputs to the ACL devices 210A, 210B, 210C such that the
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isolation devices 210A1, 210B1, 210C1 are opened to
isolate the battery 240 from the L- terminal if the BFCs
220A, 220B, 220C detect current through the reverse block-
ing device 215 or if the ACL devices 210A, 210B, 210C
detects an overcurrent situation. In this manner, the isolation
devices 210A1, 210B1, 210C1 are shared by the BFCs
220A, 220B, 220C and the ACL devices 210A, 210B, 210C.
[0024] When the isolation devices 210A1, 210B1, 210C1
are activated, the current formerly flowing through the
isolation devices 210A1, 210B1, 210C1 flows through the
bypass circuit 225. In general, the bypass circuit 225 pro-
vides a path with increased resistance as compared to the
path through the isolation devices 210A1, 210B1, 210C1,
thereby limiting the current when the isolation devices
210A1, 210B1, 210C1 are opened by the BFCs 2204, 220B,
220C or the ACL devices 210A, 210B, 210C.

[0025] The bypass circuit 225 includes one or more resis-
tors, for example, resistors 225A, 225B, 225C. In some
embodiments, the bypass circuit 225 includes a fuse 225B
that is sized to limit the current to about %3 of the current
rating of the resistors 225A. In some embodiments, the
bypass circuit 225 includes a protection circuit 225C and
associated isolation device 225D that measures current
through the resistors 225A and opens the isolation device
225D responsive to the current through the resistors 225A,
225B, 225C reaching a limit approaching that of the fuse
225B to avoid blowing the fuse 225B, which is unrecover-
able. For purposes of safety standards, the resistors 225A,
225B, 225C and the fuse 225B are tested to confirm con-
formance to spark and thermal requirements.

[0026] In some embodiments, the bypass circuit 225 is
also employed when the load is inactive to reduce the
discharge rate of the battery 240 arising from active protec-
tion circuitry, for example, the ACL devices 210A, 210B,
210C. The bypass control module 230 controls a transistor
230A that enables power to the ACL devices 210A, 210B,
210C. In some embodiments, the bypass control module 230
turns off the power to the ACL devices 210A, 210B, 210C
via the transistor 230A responsive to the L, signal indicating
that the load (e.g., radio) is either off or disconnected. In this
manner, the leakage current of the battery 240 is reduced by
approximately 95%, extending the storage life of the battery
module 100A, 100B in the inactive state from about three
months to longer than 12 months. The bypass control
module 230 turns on the power to the ACL devices 210A,
210B, 210C via the transistor 230A responsive to the L,
signal indicating that the load is on or responsive to enable
active current limit detection if the load is active. When the
load is first activated, it generally has low start up current
requirements. The high resistance path created by the resis-
tors 225A limits the inrush current during startup of the load.
[0027] In some embodiments, the bypass control module
230 also controls power to the ACL devices 210A, 210B,
210C responsive to the C4 signal indicating the presence or
absence of a charger. The bypass control module 230 enables
the transistor 230A responsive to the charger being active to
enable the ACL devices 210A, 210B, 210C.

[0028] In some embodiments, the bypass control module
230 also controls the transistor 230A based on the DoA or
DoB signal from the protection units 205A, 205B. If either
DoA or DoB is asserted (e.g., logic “0”) to indicate a
discharge interruption, the bypass control module 230 opens
the transistor 230A to remove power from the ACL devices
210A, 210B, 210C. When power is removed, the isolation
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devices 210A1, 210B1, 210B1 open. In this manner, the
bypass control module 230 provides redundant discharge
protection, reducing or obviating the need for an isolation
device on the DoB terminal of the protection unit 205B.
[0029] Inan embodiment including all of these variations,
where the bypass control module controls based on L5, C 5,
DoA, and DoB, the logic equation employed by the bypass
control module 230 is:

Tumn On=(Lp//Crz) && DoAd,&& DoB

(where “//” indicates a logical “OR” and && indicates a
logical “AND”).

[0030] In some embodiments, the charger terminal CH-
has an alternate connection location indicated by dashed
optional connection line 265 and optional connection break
270. In this arrangement, the CH- terminal is connected to
the input of the bypass circuit 225 in series with the isolation
devices 210A, 210B1, 210C1.

[0031] The overvoltage protectors 235A, 235B and asso-
ciated isolation devices 235A1, 235B1 provide front-end
overvoltage protection for the charger contact CH+. If the
C, signal is at a logic “0” indicating the absence of a
charger or if the COA or CoB signals are at a logic “0”
indicating an overvoltage condition, the overvoltage protec-
tors 235A, 235B open the isolation devices 235A1, 235B1.
[0032] FIG. 3 is a simplified circuit diagram illustrating
the ACL device 210A and the BFC 220A in the battery
protection circuit 200 of FIGS. 2A and 2B, according to
some embodiments. The other redundant ACL and BCF
circuits have similar structure, so they are not separately
illustrated. In some embodiments, the ACL device 210A is
implemented using a comparator 300 having a reference
voltage, V., at one input terminal and the voltage repre-
senting the current measurement by the signal I-sense #2
generated by the current sense resistor 250 at the other input
terminal. When current flowing through the current sense
resistor 250 causes a voltage across the current sense resistor
250 to exceed that of V., the output of the comparator 300
changes state. In some embodiments, the isolation device
210A1 is an N-type device, and the output of the comparator
300 transitions from a logic “0” to a logic “1” causing the
isolation device 210A1 to enter a high impedance state,
thereby blocking current.

[0033] In some embodiments, the BFC 220A is imple-
mented by a transistor 305 having a resistor 310 coupled to
a first terminal. A second terminal of the transistor 305 is
coupled to the input of the comparator 300 in parallel with
the output of the current sense resistor 250. A gate terminal
of the transistor 305 is coupled to the C,;; terminal. The
transistor 305 includes a body diode 305A. The forward
voltage of the body diode 305A is employed to detect a
failure of the reverse blocking device 215. The transistor 305
is enabled by the C,, signal. The current flowing through
the body diode 305A generates a voltage at the negative
terminal of the comparator 300 that serves as an alternative
activation signal. For example, if the CH+ and CH- termi-
nals are shorted, for example, from dust or other materials in
the environment, the body diode 305A provides sufficient
voltage drop to cause the comparator 300 to change its
output state. Sharing the comparator 300 for implementing
the ACL device 210A and the BFC 220A reduces cost and
footprint of the battery protection circuit 200.

[0034] FIG. 4 is a circuit diagram illustrating an example
bypass control circuit 230, according to some embodiments.
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The bypass control circuit 230 of FIG. 4 controls power to
ACL devices 210A, 210B, 210C based on the L, DoA, and
DoB signals. The L, signal is rectified by a diode 400. A
resistor 402 is coupled between the diode 400 and the gate
terminal of an isolation device 404. Parallel capacitors 406,
408 are coupled between the resistor 402 and a grounded
terminal of the isolation device 404. A resistor 410 is
coupled between the diode 400 and ground. The resistors
402, 410 and capacitors 406, 408 define the time constant for
the rectified L, signal.

[0035] The DoA signal is provided to the gate terminal of
an isolation device 412 through a resistor 414. A capacitor
416 is coupled between the resistor 414 and a terminal of the
isolation device 412 coupled to the isolation device 404. The
capacitor 416 charges through the resistor 414 to enable the
isolation device 412 when the DoA is in a logic “1” state.
[0036] The DoB signal is provided to the gate terminal of
an isolation device 418 through a resistor 420. A capacitor
422 is coupled between the resistor 420 and a terminal of the
isolation device 418 coupled to the isolation device 412. The
capacitor 422 charges through the resistor 420 to enable the
isolation device 418 when the DoB is in a logic “1” state.
[0037] A pull-up resistor 424 is coupled between the
isolation device 418 and a gate terminal of the isolation
device 230A (see FIGS. 2A and 2B). A resistor 426 and a
capacitor 428 are coupled in parallel between the Cell+
voltage and the resistor 424 to generate a voltage at the gate
terminal of the isolation device 230A. Thus, the isolation
device 230A is enabled to power the ACL devices 210A,
210B, 210C when the L, signal is present and the DoA, and
DoB signals are at a logic “1” state.

[0038] In some embodiments, the bypass control circuit
230 may be modified to include parallel activation based on
the C,4 signal by providing another isolation device in
parallel with the isolation device 404 having a gate terminal
receiving the C,; signal. A similar rectifying and time
constant circuit may be provided on the C,,; terminal.
[0039] In the foregoing specification, specific embodi-
ments have been described. However, one of ordinary skill
in the art appreciates that various modifications and changes
may be made without departing from the scope of the
invention as set forth in the claims below. Accordingly, the
specification and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of present teach-
ings.

[0040] The benefits, advantages, solutions to problems,
and any element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as a critical, required, or essential features or
elements of any or all the claims. The invention is defined
solely by the appended claims including any amendments
made during the pendency of this application and all equiva-
lents of those claims as issued.

[0041] Moreover in this document, relational terms for
example, first and second, top and bottom, and the like may
be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or
implying any actual such relationship or order between such
entities or actions. The terms “comprises,” “comprising,”
“has,” “having,” “includes,” “including,” “contains,” “con-
taining” or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises, has, includes, contains

2 <
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a list of elements does not include only those elements but
may include other elements not expressly listed or inherent
to such process, method, article, or apparatus. An element
proceeded by “comprises . . . a,” “has . .. a,” “includes . .
. a,” or “contains . . . a” does not, without more constraints,
preclude the existence of additional identical elements in the
process, method, article, or apparatus that comprises, has,
includes, contains the element. The terms “a” and “an” are
defined as one or more unless explicitly stated otherwise
herein. The terms “substantially,” “essentially,” “approxi-
mately,” “about” or any other version thereof, are defined as
being close to as understood by one of ordinary skill in the
art, and in one non-limiting embodiment the term is defined
to be within 10%, in another embodiment within 5%, in
another embodiment within 1% and in another embodiment
within 0.5%. The term “coupled” as used herein is defined
as connected, although not necessarily directly and not
necessarily mechanically. A device or structure that is “con-
figured” in a certain way is configured in at least that way,
but may also be configured in ways that are not listed.
[0042] It will be appreciated that some embodiments may
be comprised of one or more generic or specialized proces-
sors (or “processing devices”) for example, microproces-
sors, digital signal processors, customized processors and
field programmable gate arrays (FPGAs) and unique stored
program instructions (including both software and firmware)
that control the one or more processors to implement, in
conjunction with certain non-processor circuits, some, most,
or all of the functions of the method and/or apparatus
described herein. Alternatively, some or all functions could
be implemented by a state machine that has no stored
program instructions, or in one or more application specific
integrated circuits (ASICs), in which each function or some
combinations of certain of the functions are implemented as
custom logic. Of course, a combination of the two
approaches could be used.

[0043] The Abstract of the Disclosure is provided to allow
the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will
not be used to interpret or limit the scope or meaning of the
claims. In addition, in the foregoing Detailed Description, it
may be seen that various features are grouped together in
various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter lies in less than all features of a single
disclosed embodiment. Thus the following claims are
hereby incorporated into the Detailed Description, with each
claim standing on its own as a separately claimed subject
matter.

2

We claim:

1. A battery module, comprising:
a first load terminal;

a second load terminal;

a load enable terminal,

a battery having a first battery terminal coupled to the first
load terminal;
a first protection circuit, comprising:
a first isolation device coupled between a second bat-
tery terminal of the battery and the second load
terminal; and
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a first sensing circuit configured to measure a battery
parameter and control the first isolation device based
on the battery parameter; and

a driver circuit coupled between the first battery terminal
and the first protection circuit and configured to control
power to the first protection circuit based on a load
enable signal asserted at the load enable terminal; and

a bypass circuit coupled between the second battery
terminal and the second load terminal.

2. The battery module of claim 1, wherein the first sensing

circuit comprises:

a current detection circuit coupled to the battery, wherein
the battery parameter comprises a battery current.

3. The battery module of claim 2, wherein the current

detection circuit comprises:

a current sense resistor coupled between the second
battery terminal and the second load terminal; and

a first comparator having a first input terminal coupled to
the current sense resistor, a second input terminal
coupled to a reference voltage terminal, and a first
output terminal coupled to the first isolation device.

4. The battery module of claim 3, further comprising:

a first charger terminal;

a second isolation device coupled between the first char-
ger terminal and the first battery terminal; and

a first blocking failure detection circuit coupled between
the first battery terminal and the first input terminal of
the first comparator.

5. The battery module of claim 4, further comprising:

a charger enable terminal coupled to an enable terminal of
the second isolation device.

6. The battery module of claim 5, further comprising:

a second charger terminal coupled to the second load
terminal.

7. The battery module of claim 4, further comprising:

a second charger terminal coupled to the second battery
terminal.

8. The battery module of claim 4, further comprising:

a third isolation device coupled between the first charger
terminal and the first load terminal; and

a second protection circuit coupled to the battery and
configured to control the third isolation device based on
a voltage of the battery.

9. The battery module of claim 1, wherein the first

protection circuit comprises:

a second isolation device coupled between the second
battery terminal of the battery and the second load
terminal; and

a second sensing circuit coupled to the second isolation
device.

10. The battery module of claim 1, wherein the bypass

circuit comprises:

a resistor; and

an isolation device coupled to the resistor.

11. The battery module of claim 10, wherein the isolation

device of the bypass circuit comprises a fuse.

12. The battery module of claim 10, wherein the isolation

device of the bypass circuit comprises:

a transistor; and

a second protection circuit coupled to the transistor and
configured to control the transistor based on a current
flowing through the bypass circuit.
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13. The battery module of claim 1, further comprising:

a first charger terminal coupled to the first battery termi-

nal;

a second charger terminal coupled to the second battery

terminal; and
a charger enable terminal,
wherein the driver circuit is configured enable power to
the first protection circuit based on at least one of the
load enable signal indicating activation of a load
coupled to the first load terminal and the second load
terminal and a charger enable signal asserted at the
charger enable terminal indicating activation of a char-
ger coupled to the first charger terminal and the second
charger terminal.
14. The battery module of claim 1, wherein the driver
circuit is configured to a provide power to the first protection
circuit responsive to the load enable signal indicating con-
nection of a load to the first load terminal and the second
load terminal.
15. A method for protecting a battery module, comprising:
measuring a battery parameter of a battery of the battery
module using a first protection circuit, the first protec-
tion circuit comprising a first isolation device coupled
between the battery and a first load terminal of the
battery module and being configured to control the first
isolation device based on the battery parameter;

providing a bypass circuit coupled between the battery
and the first load terminal in parallel with the first
isolation device; and

enabling power to the first protection circuit based on a

load enable signal indicating activation of a load
coupled to the battery.

16. The method of claim 15, wherein the battery param-
eter comprises a battery current.

17. The method of claim 15, further comprising:

controlling a second isolation device coupled between a

first charger terminal of the battery module and the
battery based on a charger enable signal indicating
presence of a charger coupled to the first charger
terminal;

detecting a failure of the second isolation device; and

controlling the first isolation device to isolate the battery

from the first load terminal responsive to detecting the
failure of the second isolation device.

18. The method of claim 17, further comprising:

controlling a third isolation device coupled between the

first charger terminal and a second load terminal
coupled to the battery based on a voltage of the battery.

19. The method of claim 15, wherein the bypass circuit
comprises a resistor and a second isolation device transistor
coupled to the resistor, the method comprising:

controlling the second isolation device based on a current

flowing through the bypass circuit.

20. The method of claim 15, further comprising:

enabling power to the first protection circuit based on the

load enable signal indicating activation of the load
coupled to the battery or a charger enable signal indi-
cating presence of a charger coupled to the battery.
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