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BATTERY CELL BALANCING SYSTEMS USING CURRENT REGULATORS
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. provisional application, serial number
60/998,104, filed on October 9, 2007, which is hereby incorporated by reference in its
entirety.
TECHNICAL FIELD
[0002] The invention relates to battery protection systems, and more particularly to
battery cell balancing systems.
BACKGROUND
[0003] Used as a DC voltage power supply, a typical Lithium-lon (Li-lon) battery
pack usually includes a group of battery cells connected in series.
[0004] Charging and discharging the battery pack through normal operation over time
may result in cell-to-cell variations in cell voitages. When one or more cells in a series
string charge faster or slower than the others, an unbalanced condition may occur.
[0005] FIG. 1 illustrates a conventional cell balancing circuit using a dedicated pin to
control an external bypass path. The positive terminal (anode) of a cell 102 is coupled
to a controller 110 at terminal BAT1 through a first resistor 108. The negative terminal
(cathode) of the cell 102 is coupled to the controller 110 at terminal BATC through a
second resistor 106. An external bypass path is parallel-connected with the cell 102.
The bypass path can inciude a current limiting resistor 101 and a bleeding control switch
104 connected In series with the current limiting resistor 101. The switch 104 is

controlled by a controller 110 via a dedicated pin CB.
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[0006] When an unbalanced condition occurs, for example, a voitage of cell 102 is
greater than that of any other cell (not shown in FIG. 1 for purposes of brevity and clarity)
in the battery pack, the controller 110 may turn on the switch 104 to enable a bleeding
current to flow through the external bypass path, thereby balancing cell voltages in the
battery pack. One of the disadvantages of this method is that an extra pin CB is
needed to control the bleeding control switch 104, which can increase the cost.

[0007] FIG. 2 shows another conventional cell balancing circuit using an intemnal
switch to control a bleeding control switch. Elements labeled the same as in FIG. 1
have similar functions and will not be repetitively described herein for purposes of brevity
and clarity. In the controller 210, an intemal switch 212 is coupled between terminal
BAT1 and terminal BATO, and is under control of an internal swftch control unit 214
which is also located in the controller 210.

[0008] InFIG. 2, a voltage drop on the resistor 106 determines a conductance status
of the bleeding contro! switch 104. Furthermore, when internal switch 212 is turned on
by a control signal from the internal switch control unit 214, the voltage drop on the
resistor 106 is determined by a voltage divider including resistor 108 and resistor 106.
As such, the voltage drop on the resistor 106 may be small (e.g., half of the cell voltags).
{0009] There are also some disadvantages of this method.  Firstly, since the voltage
drop on the resistor 106 may be small, the threshold voltage of the bleeding control
switch 104 may have to be low enough (e.g., 1V) such that the bieeding control switch
104 is able to be turned on by the small voltage drop across the resistor 108. If the

bleeding control switch 104 is a MOSFET, then it may need to be a MOSFET with a
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lower threshold voltage. Such MOSFET is generally expensive, which will increase the
total cost of the circuit.

[0010] Secondly, considering a group of series-connected cells, bleeding control
switches of neighboring cells can not be simultaneously enabled, which teads to limited
practical usage of the balancing circuit for a battery pack having a group of cells. In FIG.
2, in order to conduct the bypass path, internal switch 212 is turned on and a current
flows from terminal BATO, through the resistor 106 to the negative terminal of the cell
102. [f there is a second cell (not shown in FIG. 2 for purposes of brevity and clarity)
connected in series with cell 102, the resistor 106 is coupled between the positive
terminal of the second cell and the controller 210. in order to conduct the bypass path
of the second cell, a bleeding current needs to flow from a positive ierminal of the
second cell, through the resistor 106 to terminal BATO, which may result in a confliction
of the current direction, |

[0011] Thirdly, the cell voltage may need to be high enough to ensure that the
bleeding control switch 104 can be operable. [f the cell voltage is too low, the
gate-to-source voltage Vgs of the bleeding control switch 104 (that is, the voltage drop
on the resistor 108) may never be greater than the threshold voltage of the bleeding
control switch 104. As such, the switch 104 may not be turned on even if internal
switch 212 is turned on. Consequently, this method may not be applicable for low

voltage cells, such as LiFePo4 cells.
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SUMMARY
[0012] Accordin«j to one embodiment of the invention, there is provided a cell
balancing circuit used for balancing a cell. The celi balancing circuit includes a bypass
path coupled to the cell, & current regulator coupled to the bypass path, and a bleeding
control switch. The current regulator is operable for producing a current and for
controlling a conduciance status of the bypass path. The bleeding control switch

conducts the bypass path in response to the current produced by the current regulator.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Features and advantages of embodiments of the invention will become
apparent as the foliowing detailed description proceeds, and upon reference to the
drawings, where like numerals depict like elements, and in which:
[0014] FIG. 1 ilustrates a conventional cell balancing circuit using a dedicated pin to
enable or disable a bypass path.
[0015] FIG. 2 iliustrates another conventional cell balancing circuit with a bleeding
control switch controlled by an internal switch.
[0016] Fig. 3 illustrates an electrical system, in accordance with one embodiment of
the present invention.
[0017] FIG. 4 illustrates a cell balaneing circuit, in accordance with one embodiment
of the present invention.
[0018] FIG. 5 illustrates a cell balancing circuit, in accordance with one embodiment
of the present invention.
[0019] FIG. 6 illustrates a cell balancing circuit for balancing a group of cells, in
accordance with one embodiment of the present invention.
[0020] FIG. 7 illustrates a cell balancing circuit for balancing a group of cells, in
accordance with one embodiment of the present invention.
[0021] FIG. 8 iliustrates a flowchart of a method to balance a cell, in accordance with

one embodiment of the present invention.
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DETAILED DESCRIPTION

[0022] Reference will now be made in detail to the embodiments of the present
invention. While the invention will be described in conjunction with these embodiments,
it will be understood that they are not intended to limit the invention to these
embodiments. Additional advantages and aspects of the present disclosure will
become readily apparent to those skilled in the art from the following detailed description.
As will be described, the present diéclosure is capable of modification In various obvious
respects, all without departing from the spirit of the present disclosure. Accordingly, the
drawings and description are to be regarded as illustrative in nature, and not as
limitative.

[0023] FIG. 3 illustrates an electrical system 300 including a functional module 302
and a battery pack 304. The battery pack 304 includes a group of battery cells. The
functional module 302 is powered by the battery pack 304 and can perform one or more
functions. The electrical system 300 can include, but is not limited to, a computer
system, a vehicle, an electrical bike, an uninterruptible power supply, etc. In one
embodiment, the functional module 302 includes a central processing unit {CPU) of a
computer system. In one embodiment, the functional module 302 inciudes a vehicle
motor of a vehicle.

[0024] According to the present invention, in one embodiment, it Is provided a battery
cell balancing circuit for the battery pack 304, which reduces pin numbers and can be
operable even if a battery cell voltage is low. The cell balancing circuit uses a current

regulator to control a bypass path of a battery cell, in one embodiment.
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Advantageously, a bleeding control switch for conducting a bypass path of a battery cell
can be various types of swiiches and is not limited to a switch with a low threshold
voltage (e.g., 1V). Furthermore, in one embodiment, the battery cell balancing circuit is
able to balance multiple cells simultaneously, e.g., to balance nelghboring ceils
simultaneously.

[0025] FIG. 4 illustrates a ceil balancing circuit 400, in accordance with one
embodiment of the present invention. The balancing circuit 400 in FIG. 4 utilizes a
constant current regulator, e.g., an internal current sink 414, to control a conductance
status of a bypass path of a cell 102, in one embodiment. [n one embodiment, the
current regulator 414 is coupled to the bypass path for producing a current to control a
conductance status of the bypass path. The bypass path is conducted (turned on) in
response to the current produced by the current regulator 414, in one embodiment.
[0026] The positive terminal (anode) of the cell 102 in a battery pack is coupled to a
controller 410 at terminal BAT1 through a first resistor 408. The negative terminal
(cathods) of the cell 102 is coupled to the controller 410 at terminal BATO through a
second resistor 406. A bypass path is parallel-connected with the cell 102 for enabling
a bypass current of the cell 102.

[0027] In one embodiment, the bypass path includes a bleeding (balancing) control
switch 404 and a current limiting resistor 401 coupled in series. 1n one embodiment,
ihe bleeding contro! switch 404 can be a P channel metal oxide semiconductor field
effect transistor (PMOSFET). The bleeding control switch 404 can conduct the bypass

path in response to the current produced by the current regulator 414. In one
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embodiment, the resistar 408 is coupled between the bypass path and the current sink
414. A conductance status of the bleeding control switch 404 is determined by its
gate-to-source voltage Vgs, which is equal to a voltage drop on the resistor 408, in the
example of FIG. 4. In one embodiment, a controller 410 can be used to control a
charging and/or discharging of the battery pack, and can be used to perform protection
functions (e.g., over-voltage protection, over-current protection, under-voltage protection,
cell balancing) for the battery pack. The controller 410 can be integrated in the battery
pack, The controller 410 can include a current regulator shown as a current sink 414
coupled between terminal BAT1 and ground. The current sink 414 is operable for
providing a sink current flowing from the positive terminal of the cell 102 through the
resistor 408 to ground and for controlling a conductance status of the bypass path. In
other words, the curren-t sink 414 sinks current from the positive terminal of the cell 102,
The sink current flows though the resistor 408, thereby producing a voltage drop on the
resistor 408. As such, the conductance status of the bypass path can be determined by
the voltage drop across the resistor 408.

[0028] The controller 410 may further include a current sink control unit 412 which is
operable for controlling {(e.g., enable/disable} the current sink 414.  In one embodiment,
the current sink control unit 412 moniters the cell 102 and enables the current sink 414 if
cell 102 is unbalanced. In one embodiment, cell 102 is unbalanced if a voltage of celi
102 is greater than a predetermined threshoid. [n an alternative embodiment, cell 102
is unbalanced if a difference between the voltage of cell 102 and a voltage of another

cell (not shown in FIG. 4 for purposes of brevity and clarity) in the same battery pack is
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greater than a predetermined threshold. In an alternate embodiment, the bypass path
of the cell 102 can be built inside the controller 410.

[0029] For illustration purposes, it is assumed that a resistance of the resistor 408 is
1KQ, the sink current provided by the current sink 414 is 3mA, and the threshold voltage
of the bieeding control switch 404 is -1V. However, the cell balancing circuit in the
present disclosure is not limited to such specific values.

[0030] In operation, if an unbalanced condition occurs (e.g., during a
charging/discharging/standby phase of the battery pack), the current sink 414 can be
enabled by the current sink control unit 412 to provide a sink current, e.g., 3mA, flowing
from the positive terminal of the cell 102 through the resistor 408 to ground. As such,
the voltage drop on the resistor 408 is 3V. Therefore, the gate-to-source valtage Vgs of
the bleeding control switch 404 is -3V and the bleeding control switch 404 is turned on,
in one embodiment. Once the bleeding control switch 404 is turned on, the
corresponding bypass path is conducted (tumed on). As a result, a bleeding current
(balancing current) can flow through the bypass path, thus balancing the cell voltages in
the battery pack. For example, during a battery charging phase, if a bleeding current is
enabled for the cell 102, part of the charging current of the cell 102 can be shunted away
via the bypass path, thus charging of the celi 102 can be slowed down, and the cell
unbalance can be reduced/eliminated after balancing for a time period. Such time
period can be determined by the current sink control unit 412, in one embodiment.
[0031] FIG. 5 illustrates a cell balancing circuit 500, in accordance with one

embodiment of the present invention. Elements labeled the same as in FIG. 4 have
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similar functions and will not be detailed described herein for purposes of brevity and
clarity. The balancing cireuit 500 in FIG. 5 utilizes a constant current regulator, e.g., an
internal current source 514 to control a conductance status of a bypass path of a cell 102
in a battery pack, in one embodiment. In one embodiment, the current regulator 514 is
coupled to the bypass path for producing a current to control a conductance status of the
bypass path. The bypass path is conducted (turned on) in response to the current
produced by the current source 514, in one embodiment.

[0032] In one embodiment, a bleeding control switch 504 can be an N channel metal
oxide semiconductor field effect transistor (NMOSFET). The bleeding control switch
504 can conduct the bypass path in response to the current produced by the current
regulator 514. - The positive terminal of the cell 102 is coupled to a controller 510 at
terminal BAT1 through a first resistor 408. The negative terminal of the cell 1_02 is
coupled to the controller 510 at termina! BATQ through a second resistor 408. A
conductance status of the bleeding control switch 504 is determined by its
gate-to-source voltage Vgs, which is equal to a voltage drop on the resistor 406, in the
example of FIG. 5, In one embodiment, the controlier 510 can be used io control a
charging and/or discharging of the battery pack, and can be used to perform protection
functions {e.g., over-voitage protection, over-current protection, under-voltage
protection, cell balancing) for the battery pack. The controlier 510 can be integrated in
the battery pack. In one embadiment, the controller 510 can include a current source
514 which is coupled between terminal BATO and a power supply Vec 513. The current

source 514 is operable for providing a source current flowing from the power supply 513
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through the resistor 406 to the negative terminal of the cell 102 and for controliing a
conductance status of the bypass path. In other words, the current source 514 sources
current to the negative terminal of the cell 102, The source current flows through the
resistor 406, thereby producing a voltage drop on the resistor 406. As such, the
conductance status of the bypass path can be determined by the voltage drop across
the resistor 408,

[0033] The controller 510 may further include a current source control unit 512 which
is operable for controling (e.g., enabie/disable) the current source 514. In one
embodiment, the current source control unit 512 monitors the cell 102 and enables the
current source 514 if cell 102 is unbalanced. In one embodiment, celi 102 is
unbalanced if a voltage of cell 102 is greater than a predstermined threshold. In an
alternative embodiment, cell 102 is unbalanced if a difference between the voltage of cell
102 and a voltage of ancther cell (not shown in FIG. 5 for purposes of brevity and clarity)
in the same battery pack is greater than a predetermined threshold. In an alternate
embodiment, the bypass path of the csll 102 can be built inside the controller 510.
[0034] For illustration purposes, it is assumed that a resistance of resistor 406 is 1KqQ,
the source current provided by the current source 514 is 3mA, and the threshold voltage
of the bleeding control switch 504 is 1V. However, the cell balancing circuit in the
present disclosure is not limited to such specific values.

[0035] If an unbalanced condition occurs, the current source 514 can be enabled by
ihe current source control unit 512 to provide a source current, e.g., 3maA, flowing from

the power supply 513 to the negative terminal of the cell 102 through the resistor 406,
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As such, the valtage drop across the resistor 406 is 3V, Therefore, the gate-to-source
voltage Vgs of the bleeding control switch 504 is 3V and the bleeding control switch 504
is turned on, in one embodiment. Once the bleeding control switch 504 is turned on,
the corresponding bypass path is conducted (turned on). Consequently, a bleeding
current (balancing current) can flow through the bypass path, thus balancing the cell
voltages in the battery pack. A bleeding time period can be determined by the current
source control unit 512, in one embodiment.

[0036]) FIG. 8 illustrates a cell balancing circuit for balancing a group of
series-connected cells cell-1 ~ cell-N in a battery pack, in accordance with one
embodiment of the present invention. Cell-1 ~ cell-N are coupied in series. Not all of
the cells are shown in FIG. 6 for purposes of brevity and clarity. A plurality of bypass
paths are coupled to thé cells cell-1 ~ cell-N respectively, and each of the plurality of
bypass paths is operable for enabling a bypass current of a corresponding cell. In one
embodiment, each bypass path can include a corresponding bleeding control switch
Q1-1 ~ Q1-N and a corresponding resistor Re-1 ~ Re-N coupled in series.  Therefore, a
conductance status of a bypass path is determined by a conductance status of a
corresponding bleeding control swilch Q1-1 ~ Q1-N. Each of the bleeding controf
switches Q1-1 ~ Q1-N can be a PMOSFET. Not all of the bleeding control switches
and resistors are shown in FIG. 6 for purposes of brevity and clarity.

[0037] A controller 810 is coupled to the plurality of cells cell-1 ~ cell-N for balancing
the plurality of cells cell-1 ~ cell-N. The controller 610 comprises a plurality of current

regulators, e.g., current sinks 614-1 ~ 614-N, which are coupled to the piurality of bypass



(28) JP 2009-201345 A 2009.9.3

paths respectively. Each of the plurality of current regulators 614-1 ~ 614-N is operable
for producing a current flowing from a positive terminal of a corresponding cell to ground
to control a conductance status of a corresponding bypass path, and the corresponding
bypass path is conducted (turned on) in response to the current. Each bleeding control
switch Q1-1 ~ Q1-N can conduct (turn on) a corresponding bypass path in response o
the current produced from a corresponding current regulator 614-1 ~ 614-N.  Terminals
of the cells celi-1 ~ cell-N are coupled to the controller 610 at terminals BATO ~ BATN
through resistors R0O-0 ~ RO-N respectively. In one embodiment, terminals BAT1 ~
BATN are coupled to ground through current sinks 614-1 ~ 614-N in the controller 610.
Not all of the terminals, resistors, and current sinks are shown in FIG. 6 for purposes of
brevity and clarity. In one embodiment, each of the plurality of current regulators 614-1
~ 614-N is operable for producing a current flowing through a corresponding resistor
R0O-0 ~ RO-N-1, which produces a voltage drop on the corresponding resistor R0-0 ~
RO-N-1. The conductance status of a corresponding bleeding control switch Q1-1 ~
Q1-N is determined by a voltage drop on the cotresponding resistor R0-0 ~ R0-N-1, in
one embodiment.

[0038] In one embodiment, the controlier 610 can include a current sink control unit
612 which is operable for controliing current sinks 614-1 ~ 614-N. In one embodiment,
the current sink control unit 612 in the controller 610 enables a corresponding current
sink 614-1 ~ 614-N if a corresponding cell cell-1 ~ cell-N is unbalanced. The current

sinks 614-1 ~ 614-N can be enabled or disabled independently or simultaneously by the
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current sink control unit 612. Consequently, the balancing circuit can be operable for
balancing the group of cells according to the state of each cell.

[0039] FIG. 7 illustrates a cell balancing circuit for balancing a group of
serles-connected cells cell-1 ~ cell-N in a battery pack, in accordance with one
embodiment of the present invention. Cell-1 ~ cell-N are coupled in series. Not all of
the cells are shown in FIG. 7 for purposes of brevity and clarity. A plurality of bypass
paths are coupled to tHe cells cell-1 ~ cell-N respectively, and each of the plurality of
bypass paths is operable for enabling a bypass current of a corresponding cell. In one
embodiment, each bypass path can include a corresponding bleeding control switch
Q1-1 ~ Q1-N and a resistor Rc-1 ~ Re-N coupled in series. Therefore, a conductance
status of a bypass path is determined by a conductance status of a corresponding
bleeding control switch Qi-1 ~ Q1-N. Each of the bleeding control switches Q1-1 ~
Q1-N can be an NMOSFET. Not all of the bleeding control switches and resistors are
shown in FIG. 7 for purposes of brevity and clarity.

[0040] A controller 710 is coupled to the plurality of cells cell-1 ~ cell-N for balancing
the plurality of cells cell-1 ~ cell-N. The controller 710 comprises a plurality of current
regulators, e.g., current sources 714-1 ~ 714-N, which are coupled to the plurality of
bypass paths respectively. Each of the plurality of current regulators 714-1 ~ 714-N is
operable for producing a current flowing from a power supply 718 to a negative terminal
of a corresponding cell to control & conductance status of a corresponding bypass path,
and the corresponding bypass path is conducted (turned on}) in response to the current.

Each bleeding control switch Q1-1 ~ Q1-N can conduct (turmn on) a corresponding
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bypass path in response to the current produced from a corresponding current regulator
714-1 ~ 714-N, Terminais of the cells celi-1 ~ cell-N are coupled to the controller 710 at
terminals BATO ~ BATN through resistors R0-0 ~ RO-N respectively. In one
embodiment, terminals BATO ~ BATN-1 are coupled to a power supply Vec 718 through
current sources 714-1 ~ 714-N in the controlier 710. Not all of the tarminals, resistors,
and current sources are shown in FIG. 7 for purposes of brevity and clarity. In one
embodiment, each of the plurality of current regulators 714-1 ~ 714-N is operable for
producing a current flowing through a corresponding resister R0-0 ~ R0O-N-1, which
produces a voltage drop on the corresponding resistor R0-0 ~ RO-N-1. The
conductance status of a corresponding bleeding control switch Q1-1 ~ Q1-N is
determined by a voltage drop on the corresponding resistor R0-0 ~ RO-N-1, in one
embodiment.

[0041] In one embodiment, the controlier 710 can include a current source control
unit 712 which is operable for controlling current source 714-1 ~ 714-N. In one
embodiment, the current source control unit 712 in the controller 710 enables a
corresponding current source 714-1 ~ 714-N if a corresponding cell cell-1 ~ cell-N is
unbalanced. The current source 714-1 ~ 714-N can be enabled or disabled
independently or simultaneously by the current source control unit 712.
Consequently, the balancing circuit can be operable for balancing a group of cells
according to the state of each cell.

[0042] FIG. 8 illustrates a flowchart 800 of a method for balancing a cell, in

accordance with one embodiment of the present invention. FIG. 8 is described in
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combination with FIG. 4 and 5. In block 802, a current is generated by a current
regulator, e.g., a current sink 414 or a current source 514, if a cell 102 is unbalanced.
As such, a voltage drop on a resistor 408/406 coupled between the bypass path and the
current regulator can be produced (step not shown in FIG. 8). In one embodiment, a
bleeding control switch 404/504 can be turned on in response to the voltage drop on the
resistor 408/406 (step not shown in FIG. 8). Therefore, in block 804, a bypass path
coupled to the cell 102 is conducted (tumned on) in response to the current generated by
the current regulator. In block 806, a bypass current is enabled to flow through the
bypass path.

[0043] The PMOSFET and NMOSFET used in the above embodiments can be
replaced by any other type of switches whose conductance status can be controlled by a
voltage drop, without departing from the scope of the present disclosure. The resistor
can also be replaced by any other type of components with resistance or impedance,
across which a voltage drop can be developed due to a current flow, without departing
from the scope of the present disclosure. The present invention intends to cover those
equivalent embodiments.

[0044] Advantageously, according to the present invention, extra pins for controlling
bypass paths are not needed, such that the cost can be reduced. Furthermore, cell
balancing circuits in the present invention can be applicable for different types of battery
cells, because a conductance status of a bleeding control switches is not affected by a
cell voltage. In one embodiment, the present invention Is further capable of

simultaneously balancing neighboring cells. According to one embodiment of the
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present invention, a current regulator generates currents with the same direction either
flow into the controller (when current sinks are used as shown in FiG. 6) or flow out of
the controller (when current sources are used as shown in FIG. 7). Therefore, there is
no confliction of current direction. Consequently, mulftiple cells, no matter neighboring
cells or non-neighboring cells, can be simuitaneously balanced by a single controlier, in
one embodiment. The cell balancing circuits can be used in battery charging and
battery discharging, stand-by conditions, in one embodiment,

[0045] The terms and expressions which have been employed herein are used as
terms of description and not of limitation, and there is no intention, in the use of such
terms and expressions, of excluding any equivalents of the features shown and
described (or portions thereof), and it is recognized that various modifications are
possible within the scope of the claims. Other modifications, variations, and

alternatives are also possible. Accordingly, the claims are intended to cover all such

equivalents.
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1. A cell balancing circuit comprising:

a bypass path coupled to a cell for enabling a bypass current of said cell;

a current regulator coupled to said bypass path for producing a current to control a
conductance status of said bypass path; and

a bleeding conirol switch for conducting said bypass path in response to said

current.

2. The cell balancing clrcuit of claim 1, further comprising:

a resistor coupled between said bypass path and said current reguiator,

wherein said current flows through said resistor to produce a voltage drop on said
resistor, and wherein said conductance status of said bypass path is determined by said

voltage drop.

3. The cell balancing circuit of claim 2, wherein said bypass path comprises said
bleeding control switch, and wherein a conductance status of said bleseding control

switch is determined by said voltage drop on said resistor.

4.  The cell balancing circuit of claim 1, whereln said current regulator comprises a
current source operable for producing safd current flowing from a power supply to a

negative terminal of said cell.
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5. The cell balancing circuit of claim 1, wherein said current regulator comprises a
current sink operabie for producing said current flowing from a positive terminal of said

cell to ground.

8. The cell balancing circuit of claim 1, further comprising:
a current regulator control unit coupled to said current regulator for conirolling said

current regulator and for enabling sald current regulator If said cell is unbalanced.

7. The cell balancing circuit of claim 8, wherein said cell is unbalanced if a voltage
difference between a first cell voltage of said cell and a second cell voltage of another

cell in series with said first cell is greater than a predstermined threshold.

8. The cell balancing circuit of claim 6, wherein said cell is unbalanced if a voltage of

said cell is greater than a predetermined threshold.

9. A battery pack having a plurality of cells, comprising:

a plurality of bypass paths each coupled to a corresponding cell of said plurality of
cells for enabling a bypass current of said corresponding cell; and

a controller coupled to said plurality of cells for balancing said plurality of cells, said
controller comprising a plurality of current regulators each coupled o a corresponding

bypass path of said plurality of bypass paths for producing a current to control a
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conductance status of said corresponding bypass path; and
a plurality of bleeding control switches each for conducting one of said plurality of

bypass paths in response to said currant.

10. The battery pack of claim 9, further comprising:

a plurality of resistors respectively coupled between said plurality of bypass paths
and said plurality of current regulators,

wherein said current flows through a corresponding resistor of said plurality of
resistors to produce a voltage drop on said corresponding resistor, and wherein said
conductance status of said corresponding bypass path is determined by said voltage

drop.

11. The battery pack of claim 10, wherein each of sald piurality of bypass paths
comprises a corresponding bleeding controt switch, and wherein a conductance status of

said corresponding bleeding control switch is determined by said voltage drop.

12. The battery pack of claim 8, wherein each of said plurality of current regulators
comprises a current sink operable for producing said current flowing from & positive

terminal of one of said plurality of ceils to ground.

13. The battery pack of claim 9, wherein each of said current regulators comprises a

current source operable for producing said current flowing from a power supply to a
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negative terminal of one of said plurality of cells.

14. The battery pack of claim 9, wherein said controller enables a corresponding current

regulator if one cell of said plurality of cells is unbalanced.

15. The battery pack of claim 14, wherein said one cell is unbalanced If a voltage
difference between a first cell voltage of said one cell and a second cell voliage of

another cell is greater than a predetermined threshold.

16. The battery pack of claim 14, wherein said one cell Is unbalanced if a voltage of said

one cell is greater than a predetermined threshold,

17.. A method for balancing a cel!, comprising:
generating a current by a current regulator if said cell is unbalanced;
conducting a bypass path coupled to said cell in response to said current; and

enabling a bypass current of said cell to flow through said bypass path.

18. The method of claim 17, further comprising:
preducing a voltage drop on a resistor coupled between said bypass path and said
current regulator,

wherein said current flows through said resistor.
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19. The method of claim 18, further comprising:

turning on a bleeding control switch in said bypass path in response to said voltage

drop.

20. The method of claim 17, wherein said cell is unbalanced if a voitage of said cell is

greater than a predetermined threshold.

21. The method of claim 17, wherein said cell is unbalanced if a voltage difference
between a first cell voltage of said cell and a second cell voltage of another cell in series

with said cell is greater than a predetermined threshold.

22. An electrical system comprising:
a functional module for performing a function; and
a batter pack for powering said functional module, wherein said battery back
comprises:
a plurality of bypass paths each coupled to a corresponding cell of a plurality of
cells for enabling a bypass current of said corresponding cell; and

a controller coupled to said plurality of cells for balancing said plurality of cells,
said controller comprising a plurality of current regulators each coupled to a
corresponding bypass path of said plurality of bypass paths for producing a current
to control a conductance status of said corresponding bypass path; and

a plurality of bleeding control switch each for conducting one of said plurality of
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bypass paths in response to said current.

23. The electrical system of claim 22, further comprising:

a plurality of resistors respectively coupled between said plurality of bypass paths
and said plurality of current regulators,

wherein said current flows through a corresponding resistor to produce a voltage
drop on said corresponding resistor, and wherein said conductance status of said

correspanding bypass path is determined by said voltage drop.

24, The electrical system of claim 23, wherein each of said plurality of bypass paths
comprises a corresponding bleeding control switch, and wherein a conductance status of

said corresponding bleeding control switch is determined by said voltage drop.

25. The electrical system of claim 22, wherein each of said plurality of current regulators
comprises a current sink operable for producing said current, and wherein said current

flows from a positive terminal of one of said plurality of celis to ground.
26, The electrical system of ¢laim 22, wherein each of said plurality of current regulators
comprises a current source operable for producing said current, and wherein said

current flows from a power supply to a negative terminal of one of said piurality of cells.

27. The electrical system of claim 22, wherein said controlier enables a corresponding
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current regulator if one cell of said plurality of cells is unbalanced.

28, The electrical system of claim 27, wherein said one cell is unbalanced if a voltage
difference between a first cell voitage of said one cell and a second cell voltage of

another cell is greater than a predestermined threshold.

29. The electrical system of claim 27, wherein said one cell is unbalanced if a voltage of

said one cell is greater than a predeterminead threshold.

30. The electrical system of claim 22, wherein said functional module comprises a

central processing unit (CPU).

31. The electrical system of claim 22, wherein said functional module comprises a

vehicle motor.

1 Abstract

According to one embodiment of the invention, there is provided a cell
balancing circuit used for balancing a cell. The cell balancing circuit includes a
bypass path coupled to the cell, a current regulator coupled to the bypass path, and a
bieeding control switch. The current regulator is operable for producing a current and
for controlling a conductance status of the bypass path. The bleeding conirol switch
conducts the bypass path in response to the current produced by the current

regulator.

2 Representative Drawing

Fig. 3
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