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Description

Technical Field

[0001] The present invention relates to a switching cir-
cuit for balancing battery cells, and more particularly to
a switching circuit for interrupting balancing current.

Background Art

[0002] There are various methods of balancing cells
of lithium ion battery. The most used one among the var-
ious methods is to apply an electric current to a battery
cell having a relatively high voltage in a discharge direc-
tion, so as to balance battery cells.
[0003] Typically, a method of applying electric current
to a resistor, etc. is merely used to balance battery cells.
However, in this method, electric power is greatly wasted.
Therefore, this method is used for a system consuming
a small amount of electric power. Further, there is another
method using a DC-DC converter. Generally, this method
has a high efficiency and a low heating value.
[0004] However, since it is impossible for a battery to
have an efficiency of 100%, there is a problem in that the
total voltage of the battery cell may be lowered below the
original minimum voltage due to the balancing of the bat-
tery cells when the number of battery cells having a low
voltage increases. In addition, the cells may be efficiently
balanced by combining charging current and discharging
current.
[0005] General balancing control circuits have an in-
dependent balance electric source (including resistor,
etc.) disposed in each battery cell so as to allow electric
current for balancing to flow, and alternately provide the
balancing current to various cells in a manner of time
division.
[0006] FIG. 1 is the block diagram illustrating the struc-
ture of a conventional balancing control circuit. The con-
ventional balancing control circuit will be described with
reference to FIG. 1.
[0007] Terminal voltages of cells B1, B2, B3 and B4 of
a lithium ion battery are selected by a line selector 10,
and then provided through a ground shift 20 to a central
processing unit (CPU) 30. An analog to digital converter
(A/D converter) embedded in a CPU 30 A/D converts the
analog terminal voltages into digital data, so that they
become readable as digital data.
[0008] The CPU 30 compares voltage data of the cells
B1, B2, B3 and B4 of the lithium ion battery with one
another, so as to obtain differences between the values
of the voltage data. If the differences are greater than a
prescribed value, it is determined that balances between
the cells are different.
[0009] Further, the CPU 30 provides a balance control
signal to a balance current controller 40 in order to bal-
ance the cells, so as to allow the balance current con-
troller 40 to apply electric current to the cells to be bal-
anced.

[0010] The balance current is applied from a balance
electric source (for example D-D converter) to the cells
selected by an electric current switch. Switches selecting
a terminal of the battery cell are generally arranged as
shown in FIG. 2. The terminals B1, B2, B3 and B4 are
sequentially connected to BV

+ and BV
- according to the

operation of the switches.
[0011] Such an arrangement is realized by Metal Oxide
Silicon Field Effect Transistors (MOSFETs) having a par-
asitic diode, as shown in FIG. 3.
[0012] At this time, the MOSFETs S2, S3, S6 and S7
need to interrupt the bi-directional flow of electric current,
and each MOSFET is disposed between drains (or sourc-
es) so as to Connect the drains (or sources) to each other,
thereby preventing the flow of the current caused by the
parasitic diode.
[0013] In this case, a dozen MOSFETs are required.
[0014] Further, in consideration of voltage applied to
MOSFETs between drain and source, the maximum volt-
age is applied to the MOSFETs S1, S4, S5, and S8. The
voltage is three times greater than the voltage of the cell.
For example, assuming that the maximum voltage of
each cell is about 4.5V, the sum of the voltage of three
cells is about 13.5V. Since the MOSFETs having toler-
ance of internal voltage are generally required, MOS-
FETs having a voltage level of 20∼30V are used.
[0015] In the conventional balance control circuit as
described above, since the MOSFET must have higher
internal voltage than total voltage of the battery cells,
MOSFETs having high internal voltage are required and
a great number of MOSFETs are needed in order to in-
terrupt the flow of the electric current through the parasitic
diode.
[0016] Other prior art devices are described in US
2002/017895, JP 2002 369400, JP H11 355966 and JP
2002 221539.

Disclosure of the Invention

[0017] Accordingly, the present invention has been
made to solve the above-mentioned problems occurring
in the prior art, and it is an object of the present invention
to provide a switching circuit for balancing cells of a lith-
ium ion battery, which includes the reduced number of
MOSFETs which is used as a switching means and has
a low internal voltage, thereby reducing the manufactur-
ing cost thereof and improving the efficiency of the
MOSFETs .
[0018] In order to accomplish the object of the present
invention, there is provided a switching circuit for balanc-
ing battery cells according to the appended claims. In
particular, the switching circuit includes: plural pairs of
switching means, each pair of which are connected to
each other in parallel and interrupt a flow of electric cur-
rent in a bi-direction in order to reduce internal voltage
applied to the switching means.
[0019] Further, the switching means includes a Metal
Oxide Silicon Field Effect Transistor (MOSFET) having
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a parasitic diode.
[0020] Further, the plurality of switching means has
lower internal voltage than the total voltage of a battery
pack.

Brief Description of the Drawings

[0021]

FIG. 1 is a block diagram illustrating a conventional
switching circuit for balancing battery cells.
FIG. 2 is a circuit diagram of the conventional switch-
ing circuit for balancing the battery cells.
FIG. 3 is a circuit diagram of the conventional MOS-
FET switching circuit for balancing battery cells.
FIG. 4 is a circuit diagram of a switching circuit ac-
cording to an embodiment of the present invention.
FIG. 5 is a circuit diagram of a MOSFET switching
circuit according to the embodiment of the present
invention.
FIG. 6 is a circuit diagram of a switching circuit ac-
cording to an exemplary embodiment.
FIG. 7 is a circuit diagram of a MOSFET switching
circuit according to an exemplary embodiment.
FIG. 8 is a circuit diagram of a switching circuit ac-
cording to still another embodiment of the present
invention.
FIG. 9 is a circuit diagram of a switching circuit ac-
cording to still another embodiment of the present
invention.
FIG. 10 is a circuit diagram of a switching circuit ac-
cording to still another embodiment of the present
invention.
FIG. 11 is a circuit diagram of a switching circuit ac-
cording to still another embodiment of the present
invention.

Best Mode for Carrying Out the Invention

[0022] Hereinafter, a preferred embodiment of the
present invention will be described with reference to the
accompanying drawings. FIG. 4 is a circuit diagram of a
switching circuit for switching four battery cells, according
to an embodiment of the present invention.
[0023] A dozen opening/closing switches are entirely
required for Bv

+ and Bv
-. Specifically, the switches S2,

S3, S6 and S7 are replaced by switches S11 and S12,
switches S15 and S16, switches S13 and S14, and
switches S17 and S18, respectively, which are connect-
ed in parallel so as to form a circuit.
[0024] In the circuit, the total number of opening/clos-
ing switches increases somewhat, but switches having
lower internal voltage than the total voltage of battery
cells may be used.
[0025] FIG. 5 is a circuit diagram of an opening/closing
switch including MOSFET with a parasitic diode. In this
case, since the switching circuit should have a function
of interrupting one directional electric current, the total

number of opening/closing switches is equal to the
number of MOSFETs.
[0026] In the case of suitably arranging each MOSFET,
the voltage applied to each MOSFET is about 2*Bv, and
the internal voltage of each MOSFET is equal to the sum
of the voltage of two cells, i.e. 9V.
[0027] In FIG. 5, the internal voltage is represented
which is required for the switching circuit for selecting a
battery cell according to the present invention.
[0028] Specifically, the internal voltage required for the
switches SW11, SW12, SW13, SW14, SW15, SW16,
SW17 and SW18 is Bv, and the internal voltage required
for the switches SW31, SW32, SW33, and SW34 is 2*Bv.
[0029] FIG. 6 is a circuit diagram of a switching circuit
according to an exemplary embodiment.
[0030] In the present embodiment, a dual MOSFET
package is used. Identical numerals are used to depict
the MOSFETs and the switches.
[0031] The opening/closing switches in FIG. 6 are im-
proved so that the switches for Bv

+ and the switches for
Bv

- are partially used in common, thereby reducing the
number of the switches.
[0032] FIG. 7 is a circuit diagram of a switching circuit
according to an exemplary embodiment, in which MOS-
FETs having parasitic diodes are used as opening/clos-
ing switches.
[0033] In FIG. 7, the internal voltage is represented
which is required for the switching circuit. The internal
voltage required for the switches SW11, SW12, SW13,
SW14, SW21, and SW22 is 2*BV, and the internal voltage
required for the switches SW31, SW32, SW33, and
SW34 is Bv.
[0034] Hereinafter, in the case where eight battery cells
are connected in series, internal voltage and the number
of elements will be described.
[0035] FIG. 8 is a circuit diagram of a switching circuit
according to still another embodiment of the present in-
vention, in which the internal voltage of the elements is
Bv.
[0036] When the elements having the minimum inter-
nal voltage are used, the number of switching elements
increases. In the present embodiment, only the switching
elements connected to BV

+ are shown, and fifty-six
switching elements are used for the switch circuit. If the
switching elements connected to BV

- are added, one hun-
dred-twelve switching elements are used for the switch
circuit. Although the switch circuit includes a great
number of switches, it is useful to use the elements of
low internal voltage for Integrated Circuit (IC).
[0037] On the other hand, FIG. 9 is a circuit diagram
of a switching circuit according to still another embodi-
ment of the present invention, in which the internal volt-
age of the switching element is 2*BV

+. If the internal volt-
age of the switching element is set to 2*BV

+, the number
of the switching elements can be reduced. That is, forty
switching elements can be used for both of BV

+ and BV
-.

[0038] FIG. 10 is a circuit diagram of a switching circuit
according to still another embodiment of the present in-
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vention, in which switching elements having an internal
voltage of 4*BV is used. Twenty-eight switching elements
are used for both of BV

+ and BV
-.

[0039] In the present embodiment, since two bundles
of four battery cell modules are connected in series and
eight units are connected to each battery cell, a switching
element having an internal voltage of 4*BV need to be
used for an auxiliary switch.
[0040] As described above, the switching elements of
high internal voltage are effectively used, and thereby it
is possible to reduce the great number of switching ele-
ments.
[0041] FIG. 11 is a circuit diagram of a switching circuit
according to still another embodiment of the present in-
vention, in which twenty-eight switching elements are
used and are classified into the switching elements used
for BV

+, the switching elements used for BV
-, and the

common switching elements used for both of BV
+ and BV

-.
[0042] In the case of eight battery cells, when the
switching circuit is formed according to the conventional
method, the switching elements require the internal volt-
age of 7*BV (about 32V). When the switching elements
having high internal voltage are turned on, its resistance
increases and causes the scale-up of the switching ele-
ments.
[0043] According to the present invention, however,
the switching elements are merely arranged in hierarchi-
cal structure. Thus, the switching elements having low
internal voltage can be used in comparison with the total
voltage of the battery cells, thereby reducing their resist-
ance and miniaturizing the size thereof.
[0044] As described above, since the present invention
can use the switching elements having low internal volt-
age and low resistance, it is possible to reduce a loss of
the electric current due to the resistance during the cell
balancing, thereby improving the balancing efficiency
and reducing heat generation.
[0045] Further, the switching elements of low internal
voltage have a little resistance and a small size as com-
pared with other elements, thereby making it possible to
miniaturize the battery.
[0046] Furthermore, it is possible to reduce the number
of the switching elements, thereby miniaturizing the bat-
tery and reducing the manufacturing cost of the battery.
[0047] Although a preferred embodiment of the
present invention has been described for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the inven-
tion as disclosed in the accompanying claims.

Claims

1. A switching circuit for balancing battery cells, com-
prising switching sets connected between a balance
electric source (Bv+, Bv-) and the battery cells (B1,
B2, B3, B4, B5, B6, B7, B8),

- the balance electric source (Bv+, Bv-) applying
a balance current to the battery cells (B1, B2,
B3, B4, B5, B6, B7, B8) through the switching
sets,

characterized in that the switching sets being ar-
ranged in an hierarchical structure so that:

- each of said switching sets including a plurality
of pairs of switching means (S11-S12; S13-S14;
S15-S16; S17-S18; S31-S33; S32-S34),
- one of the switching sets comprising at least
eight switching means;
- the switching means of each switching set be-
ing connected in pairs such that each switching
mean of a switching set is directly connected
through one of its terminals electrically closer to
the source to the terminal electrically closer to
the source of only one other switching mean of
the same switching set;
- each switching mean of a switching set elec-
trically closer to the source being directly con-
nected to only one pair of switching means of
the adjacent switching set electrically closer to
the battery cells by its terminal electrically closer
to the battery cells,
- in each pair of the switching means of the
switching set electrically closest to the battery
cells (S11-S12; S13-S14; S15-S16; S17-S18;)
one of the switching mean (S11, S13, S15, S17)
being directly connected to the negative terminal
of the battery while the other switching mean
(S12, S14, S16, S18) being directly connected
to the positive terminal of the battery both
through their terminals electrically closer to the
battery cells;

wherein the number of pairs of switching means in-
creases in each switching set going from the balance
electric source (Bv+, Bv-) to the battery cells (B1,
B2, B3, B4, B5, B6, B7, B8);
thereby reducing the internal voltage applied to the
switching means.

2. The switching circuit for balancing battery cells as
claimed in claim 1, wherein the switching means in-
cludes a Metal Oxide Silicon Field Effect Transistor
(MOSFET) having a parasitic diode.

3. The switching circuit for balancing battery cells as
claimed in claim 1, wherein the plurality of switching
means has lower internal voltage than the total volt-
age of a battery pack.

Patentansprüche

1. Schaltkreis zum Ausgleichen von Batteriezellen,
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welcher zwischen einer elektrischen Ausgleichs-
quelle (Bv+, Bv-) und den Batteriezellen (B1, B2, B3,
B4, B5, B6, B7, B8) verbundene Schaltgruppen um-
fasst,

- wobei die elektrische Ausgleichsquelle (Bv+,
Bv-) einen Ausgleichsstrom an die Batteriezel-
len (B1, B2, B3, B4, B5, B6, B7, B8) durch die
Schaltgruppen anlegt,

dadurch gekennzeichnet, dass die Schaltgruppen
in einer hierarchischen Struktur derart angeordnet
sind, dass:

- jede der Schaltgruppen eine Mehrzahl von
Paaren von Schaltmitteln (S11-S12; S13-S14;
S15-S16; S17-S18; S31-S33;S32-S34) um-
fasst,
- eine der Schaltgruppen wenigstens acht
Schaltmittel umfasst;
- die Schaltmittel jeder Schaltgruppe derart in
Paaren verbunden sind, dass jedes Schaltmittel
einer Schaltgruppe durch einen seiner An-
schlüsse, welcher elektrisch näher zu der Quelle
ist, direkt mit dem Anschluss nur eines anderen
Schaltmittels der gleichen Schaltgruppe ver-
bunden ist, welcher elektrisch näher zu der
Quelle ist;
- jedes Schaltmittel einer Schaltgruppe, welche
der Quelle elektrisch näher ist, mit nur einem
Paar von Schaltmitteln der benachbarten
Schaltgruppe, welche den Batteriezellen elek-
trisch näher ist, durch seinen Anschluss, wel-
cher den Batteriezellen elektrisch näher ist, di-
rekt verbunden ist,
- in jedem Paar der Schaltmittel der Schaltgrup-
pe, welche den Batteriezellen (S11-S12; S13-
S14; S15-S16; S17-S18) elektrisch näher ist, ei-
nes der Schaltmittel (S11, S13, S15, S17) direkt
mit dem negativen Anschluss der Batterie ver-
bunden ist, während das andere Schaltmittel
(S12, S14, S16, S18) direkt mit dem positiven
Anschluss der Batterie verbunden ist, beide
durch deren Anschlüsse, welche den Batterie-
zellen elektrisch näher sind;

wobei die Anzahl von Paaren von Schaltmitteln in
jeder Schaltgruppe von der elektrischen Ausgleichs-
quelle (Bv+, Bv-) beginnend zu den Batteriezellen
(B1, B2, B3, B4, B5, B6, B7, B8) ansteigt;
wodurch die auf die Schaltmittel angelegte interne
Spannung reduziert wird.

2. Schaltkreis zum Ausgleichen von Batteriezellen
nach Anspruch 1, wobei die Schaltmittel einen Me-
tall-Oxid-Silizium-Feldeffekttransistor (MOSFET)
umfassen, welcher eine parasitäre Diode aufweist.

3. Schaltkreis zum Ausgleichen von Batteriezellen
nach Anspruch 1, wobei die Mehrzahl von Schalt-
mitteln eine niedrigere innere Spannung als die Ge-
samtspannung eines Batteriepacks aufweist.

Revendications

1. Circuit de commutation pour équilibrer des éléments
de batterie, comprenant des ensembles de commu-
tation connectés entre une source électrique d’équi-
libre (Bv+, Bv-) et les éléments de batterie (B1, B2,
B3, B4, B5, B6, B7, B8),

- la source électrique d’équilibre (Bv+, Bv-) ap-
pliquant un courant d’équilibre aux éléments de
batterie (B1, B2, B3, B4, B5, B6, B7, B8) par le
biais des ensembles de commutation,

caractérisé en ce que les ensembles de commuta-
tion sont agencés en une structure hiérarchique de
sorte que :

- chacun desdits ensembles de commutation
comporte une pluralité de paires de moyens de
commutation (S11-S12 ; S13-S14 ; S15-S16 ;
S17-S18 ; S31-S33 ; S32-S34),
- l’un des ensembles de commutation comprend
au moins huit moyens de commutation ;
- les moyens de commutation de chaque en-
semble de commutation sont connectés par pai-
res de sorte que chaque moyen de commutation
d’un ensemble de commutation soit connecté
directement par le biais de l’une de ses bornes
électriquement plus près de la source à la borne
électriquement plus près de la source d’unique-
ment un autre moyen de commutation du même
ensemble de commutation ;
- chaque moyen de commutation d’un ensemble
de commutation électriquement plus près de la
source est connecté directement à uniquement
une paire de moyens de commutation de l’en-
semble de commutation adjacent électrique-
ment plus près des éléments de batterie par sa
borne électriquement plus près des éléments de
batterie,
- dans chaque paire des moyens de commuta-
tion de l’ensemble de commutation électrique-
ment le plus près des éléments de batterie (S11-
S12 ; S13-S14 ; S15-S16 ; S17-S18) l’un des
moyens de commutation (S11, S13, S15, S17)
est connecté directement à la borne négative de
la batterie tandis que l’autre moyen de commu-
tation (S12, S14, S16, S18) est connecté direc-
tement à la borne positive de la batterie tous les
deux par le biais de leurs bornes électriquement
plus près des éléments de batterie ;
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dans lequel le nombre de paires de moyens de com-
mutation augmente dans chaque ensemble de com-
mutation en allant de la source électrique d’équilibre
(Bv+, Bv-) aux éléments de batterie (B1, B2, B3, B4,
B5, B6, B7, B8) ;
réduisant ainsi la tension interne appliquée aux
moyens de commutation.

2. Circuit de commutation pour équilibrer des éléments
de batterie selon la revendication 1, dans lequel les
moyens de commutation comportent un transistor à
effet de champ métal-oxyde semi-conducteur (MOS-
FET) ayant une diode parasite.

3. Circuit de commutation pour équilibrer des éléments
de batterie selon la revendication 1, dans lequel la
pluralité de moyens de commutation a une tension
interne inférieure à la tension totale d’un bloc-batte-
rie.

9 10 
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