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L L 11:1 ’ N ’ ’ In a battery charger for charging a plurality of battery cells 
P'O' lgox 1404 connected in series With each other With a constant current 
Allegandria VA22313_1404 (Us) in a batch manner, the present invention is intended to 

’ suppress the generation of heat in cell shunt circuit sections 
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a shunt current and Which becomes a heat generating source, 
(30) Foreign Application Priority Data is regenerated to a charger side via a ?yback transformer 

provided in each of the cell shunt circuit sections, thereby 
Dec. 18, 2000 (JP) .................................... .. 2000-383463 suppressing heat generation. 
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BATTERY CHARGER 

[0001] This application is based on Application No. 2000 
383463, ?led in Japan on Dec. 18, 2000, the contents of 
Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a battery charger 
provided With a cell shunt (charging current shunt) circuit 
capable of protecting the overcharge of a plurality of indi 
vidual lithium ion battery cells connected in series With one 
another to constitute a lithium ion battery for example, 
Which can be installed on a satellite, spacecraft, etc. 

[0004] 2. Description of the Related Art 

[0005] FIG. 6 illustrates a knoWn lithium ion battery 
charger. The knoWn battery charger includes a plurality of 
lithium ion battery cells C1-C1“, and a plurality of cell shunt 
circuit sections Sh1-Shn, and a constant current controller 8. 
Each of the cell shunt circuit sections Sh1-Shn, is constituted 
by a shunt transistor 4, a reference voltage generating 
section 5, and a comparator 7. In addition, a symbol Ichg 
represents a battery charging current, Ip a shunt current, VC 
a cell voltage, and VS a reference voltage generated by the 
reference voltage generating section 5. 

[0006] In a nickel cadmium battery and a nickel hydrogen 
battery used in the past as batteries for a satellite and a 
spacecraft, a plurality of battery cells connected in series 
With one another are charged by performing batch constant 
current charging in order to achieve reduction in resources 
of a battery charger and improvements in reliability. On the 
other hand, lithium ion battery cells, Which have high energy 
density and various eXcellent characteristics for installation 
on a satellite and a spacecraft, are becoming the mainstream 
of future satellite and spacecraft batteries. 

[0007] In such a batch constant-current charging method, 
hoWever, variations in individual capacities of the battery 
cells result in variations in the charging amounts for the 
respective cells, so that some battery cells may be over 
charged. 

[0008] In particular, lithium ion battery cells have a char 
acteristic that the lifetime property is remarkably decreased 
due to overcharging. This is a Weak point for satellite and 
spacecraft batteries for Which a long life time is required. 
Thus, the lithium ion battery charger as referred to above is 
required in order to cope With such a problem. 

[0009] The knoWn lithium ion battery charger is con 
structed as shoWn in FIG. 6. In this knoWn battery charger, 
the constant current controller 8 performs poWer conversion 
based on the electric poWer from a primary poWer supply 
input section 10 to generate, through constant current con 
trol, a battery charging current Ichg, Which is supplied to the 
lithium ion battery cells C1-Cn connected in series With the 
constant current controller 8 to charge the lithium ion battery 
cells C1-Cn in a batch processing manner. 

[0010] By this charging, charge energy is uniformly accu 
mulated in the respective lithium ion battery cells C1-Cn in 
proportion to the product of the battery charging current IChg 
and a charging time or duration It. In this process, a cell 
voltage VC in each of the lithium ion battery cells C1-Cn rises 
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according to a charge energy limit of each cell or variations 
in the capacities of the cells. Although a cell having the 
smallest capacity ?rst reaches a charging completion volt 
age, charging is continued until all the lithium ion battery 
cells C1-Cn reach the charging completion voltage. 

[0011] In this charging operation, When a lithium ion 
battery cell C1 ?rst reaches the charging completion voltage 
for instance, the comparator 7 in the cell shunt circuit section 
Sh1 detects that a voltage VC across the cell C1 reaches a 
reference voltage VS Which is preset to a value equal to the 
charging completion voltage, and drives the shunt transistor 
4, so that a surplus current (hereinafter, called a shunt current 
Ip) is shunted from the battery charging current Ichg, thus 
preventing the battery charging current IChg from being 
supplied to the lithium ion battery cell C1. The above 
mentioned operation is similarly performed in each of the 
cell shunt circuit sections Sh1-Shn, Whereby each of the 
lithium ion battery cells CJL-Cn is prevented from being 
overcharged in the continued charging operation. 

[0012] In the lithium ion battery charger as described 
above, by shunting the shunt current Ip from the battery 
charging current IChg through each shunt transistor 4, the 
lithium ion battery cells C1-Cn are prevented from being 
overcharged. HoWever, the shunt current Ip ?oWs through 
each shunt transistor 4 to generate heat P therein, as 
expressed by the folloWing equation 

[0013] This heat P makes the thermal design of a satellite 
or spacecraft battery system dif?cult. Moreover, it is a factor 
of disturbing the reduction in resources and the improve 
ment in reliability of the battery charger. 

SUMMARY OF THE INVENTION 

[0014] The present invention is intended to solve above 
mentioned draWbacks, and the object of the present inven 
tion is to suppress the generation of heat in a battery charger. 

[0015] Bearing the above object in mind, the present 
invention resided in a battery charger for charging a plurality 
of battery cells connected in series With one another With a 
constant current in a batch manner, the battery charger 
including a plurality of cell shunt circuit sections connected 
in parallel With the battery cells, respectively, a plurality of 
cell voltage detecting sections for detecting cell voltages of 
the battery cells, respectively, and a cell shunt driving unit 
for driving the cell shunt circuit sections, respectively. Each 
of the cell shunt circuit sections comprises: an energy 
reservoir acting as a bypass path for bypassing a charging 
current supplied to a corresponding one of the battery cells 
so as to be input to the folloWing battery cell provided at a 
doWnstream side of the one battery cell so as to reserve 
surplus energy obtained from the charging current thus 
bypassed and regenerate the thus reserved surplus energy to 
a batch charging line connected With the serially connected 
battery cells; and a sWitching element inserted in the bypass 
path for opening and closing thereof. The cell shunt driving 
unit compares a voltage detected by each of the cell voltage 
detecting section With a reference voltage, and outputs to the 
sWitching element of each of the cell shunt circuit sections 
a drive pulse signal of a pulse Width corresponding to a 
difference betWeen the detected voltage and the reference 
voltage. The energy reservoir regenerates the surplus energy 
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to the batch charging line When the switching element opens 
the bypass path based on the drive pulse signal from the cell 
shunt driving unit. 

[0016] In a preferred form of the present invention, the 
energy reservoir comprises a ?yback transformer having a 
primary Winding and a secondary Winding, the ?yback 
transformer being operable to bypass a battery cell charging 
current ?oWing in its primary Winding through the sWitching 
element and regenerate an output of its secondary Winding 
in a direction of the batch charging line through a reverse 
?oW preventive diode. 

[0017] In another preferred form of the present invention, 
the cell shunt driving unit comprises a plurality of cell shunt 
driving sections provided one for each of the cell shunt 
circuit sections. Each of the cell shunt driving sections 
comprises: a differential amplifying section for comparing 
the voltage detected by a corresponding one of the cell 
voltage detecting sections and the reference voltage to 
output a difference therebetWeen; and a sWitch driving 
section for controlling the pulse Width of the drive pulse 
signal in accordance With an output of the differential 
amplifying section thereby to control the opening and clos 
ing of a corresponding one of the sWitching elements based 
on the thus controlled pulse Width. 

[0018] In a further preferred form of the present invention, 
the cell shunt driving unit comprises a plurality of cell shunt 
driving sections provided one for each of the cell shunt 
circuit sections. Each of the cell shunt driving sections 
comprises: a comparator for comparing the voltage detected 
by a corresponding one of the cell voltage detecting sections 
With the reference voltage to generate an output signal 
representative of a comparison result; and a ?xed pulse 
Width sWitch driving section for outputting a ?xed driving 
pulse signal With a preset pulse Width to the corresponding 
sWitching element based on the output signal of the com 
parator. 

[0019] In a yet further preferred form of the present 
invention, the cell shunt driving unit comprises a cell shunt 
driving section provided in common for the plurality of cell 
shunt circuit sections. The cell shunt driving section com 
prises: a sWitching section including a plurality of sWitches 
connected With the sWitching element s, respectively; a 
sWitch selection controller for selecting one of the sWitches 
of the sWitching section to control the opening and closing 
thereof; a multiplexer controller for performing a selection 
setting of the voltage detected by each of the cell voltage 
detecting sections and notifying the selection setting to the 
sWitch selection controller; a multiplexer for successively 
selecting and outputting one of the voltages detected by the 
plurality of cell voltage detecting sections based on the 
selection setting of the multiplexer controller; a comparator 
for comparing the detected voltage output from the multi 
plexer With the reference voltage to generate an output 
signal representative of a comparison result; and a ?xed 
pulse Width sWitch driving section for outputting a ?xed 
driving pulse signal With a preset pulse Width. The sWitch 
selection controller closes, When detecting based on the 
output signal of the comparator that the detected voltage is 
greater than the reference voltage, the sWitch selected based 
on the selection setting of the multiplexer controller, and 
outputs the ?xed driving pulse signal from the ?xed pulse 
Width sWitch driving section to a corresponding one of the 
sWitching elements through the closed sWitch. 
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[0020] The above and other objects, features and advan 
tages of the present invention Will become more readily 
apparent to those skilled in the art from the folloWing 
detailed description of preferred embodiments of the present 
invention taken in conjunction With the accompanying draW 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a constructional vieW illustrating a 
lithium ion battery charger according to a ?rst embodiment 
of the present invention. 

[0022] FIG. 2 is a constructional vieW illustrating a 
lithium ion battery charger according to a second embodi 
ment of the present invention. 

[0023] FIG. 3 is a constructional vieW illustrating a 
lithium ion battery charger according to a third embodiment 
of the present invention. 

[0024] FIGS. 4A through 4C are time charts illustrating 
operating states (i.e., shunt current, feedback current and cell 
charging current) of respective portions of the lithium ion 
battery chargers according to the ?rst through third embodi 
ments of the present invention. 

[0025] FIGS. 5A and 5B are time charts illustrating 
operating states (i.e., cell voltage and operation timing) of 
respective portions of the lithium ion battery chargers 
according to the second and third embodiments of the 
present invention. 

[0026] FIG. 6 is a constructional vieW illustrating a 
knoWn lithium ion battery charger. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] NoW, preferred embodiments of the present inven 
tion Will be described in detail While referring to the accom 
panying draWings. 
[0028] Embodiment 1. 

[0029] FIG. 1 is a circuit diagram shoWing a ?rst embodi 
ment of the present invention, and symbols 8, 10 and Cl-Cn 
designate quite the same components as those of the knoWn 
apparatus described above. In FIG. 1, a battery charger 
according to this embodiment includes a plurality of cell 
voltage detecting sections Ml-Mn, a cell shunt driving unit 
comprised of a plurality of cell shunt driving sections 
Dsl-Dsn, and a plurality of cell shunt circuit sections Shl 
Shn. Each of the cell shunt circuit sections Shl-Shn includes 
a ?yback transformer 1 having a primary Winding 1a and a 
secondary Winding 1b, a sWitching element 2 comprised of 
a sWitching section in the form of a photodiode and a driving 
section in the form of a phototransistor, and a diode 3 
connected to the secondary Winding 1b of the ?yback 
transformer 1 for inputting the output thereof to an upstream 
or input side of the constant current controller 8. Each of the 
cell shunt driving sections Dsl-DSn includes a reference 
voltage generating section 5, a differential ampli?er circuit 
6, and a sWitch driving section 14 having a pulse Width 
control function. Symbols IChg represents a battery charging 
current for charging the battery cells Cl-Cn, Ip a shunt 
current in each of the cell shunt circuit sections Sh1 -Shn, Ucs1 
a cell charging current actually ?oWing in each of the lithium 
ion battery cells Cl-Cn, Ubck a feedback current ?oWing 
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from the secondary Winding 1b of each ?yback transformer 
1 into the constant current controller 8, VC1-VCn cell 
voltage monitoring signals generated by the cell voltage 
detecting sections Ml-Mn, respectively, and VS a reference 
voltage generated by each reference voltage generating 
section 5. 

[0030] In the lithium ion battery charger as constructed 
above, reference Will hereinbeloW be made to the case Where 
the cell voltage Vc of a lithium ion battery cell C1 ?rst 
reaches a charging completion voltage for instance. 

[0031] In a cell shunt driving section D51, a differential 
amplifying section in the form of a differential ampli?er 
circuit 6 receives a detection signal in the form of a cell 
voltage monitoring signal VC1 from a cell voltage detecting 
section M1, compares the signal level of the voltage moni 
toring signal VC1 With the reference voltage VS Which is 
preset to a value corresponding to a charging completion 
voltage in conformity With the cell voltage monitoring signal 
VC1, and outputs a difference signal representative of a 
difference betWeen the cell voltage monitoring signal VC1 
and the reference voltage V5 to the sWitch driving section 14. 

[0032] Subsequently, the sWitch driving section 14 
receives a saWtooth signal at its positive input terminal, and 
the difference signal from the differential ampli?er circuit 6 
at its negative input terminal, and compares their signal 
levels With each other. When the signal level of the saWtooth 
signal is greater than the signal level of the difference signal, 
the sWitch driving section 14 outputs a drive pulse signal to 
the sWitching element 2 of the corresponding cell shunt 
circuit section Sh1. 

[0033] That is, the sWitch driving section 14 is able to 
control the pulse Width of the drive pulse signal in accor 
dance With a variation in the difference signal from the 
differential ampli?er circuit 6, Whereby the sWitching ele 
ment 2 is driven to open and close based on the drive pulse 
signal (hereinafter, referred to as sWitch driving operation). 

[0034] Then, the sWitching element 2 is driven to perform 
the sWitch driving operation based on the drive pulse signal, 
so that a bypass path to the lithium ion battery cell C1 is 
closed upon closure of the sWitching element 2, Whereas the 
bypass path to the lithium ion battery cell C1 is opened upon 
opening of the sWitching element 2. 

[0035] In actuality, in the course of the sWitch driving 
operation being carried out on the basis of the drive pulse 
signal, When the sWitching element 2 is in a closed state, the 
bypass path is closed, permitting part of a shunt current Ip to 
be shunted from the battery charging current IChg to the 
primary Winding 1a of the ?yback transformer 1. In this 
case, the remaining part of the battery charging current IChg 
?oWs into the lithium ion battery cell C1, and that part of the 
battery charging current Ichg, i.e., What is given by subtract 
ing the shunt current Ip from the battery charging current 
Ichg, is hereinafter called “a cell charging current 1661.”. 

[0036] Here, in the ?yback transformer 1 acting as an 
energy reservoir, the shunt current Ip ?oWs in the primary 
Winding 1a, thereby suppressing the in?oW of the battery 
charging current IChg into the lithium ion battery cell C1. At 
this time, the electric energy produced by the shunt current 
Ip and the cell voltage VC (hereinafter, referred to as surplus 
energy) is reserved in the ?yback transformer 
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[0037] In addition, the output of the secondary Winding 1b 
of the ?yback transformer 1 is connected With the diode 3 in 
a manner as to be placed in a cut-off state When the sWitching 
element 2 is in an on state. 

[0038] This shunt current Ip is expressed by the folloWing 
equation (2): 

Ip=VC><t/Lp (2) 
[0039] Where Lp represents the inductance of the primary 
Winding 1a of the ?yback transformer 1; and t represents the 
time elapsed or charging time. 

[0040] The shunt current Ip gradually increases in propor 
tion to the time elapsed tWhen the sWitching element 2 is in 
the closed state, as depicted in FIG. 4A. 

[0041] Here, note that the cell charging current Ics1 is 
obtained by subtracting the shunt current Ip from the battery 
charging current Ichg, as depicted in FIG. 4C. 

[0042] Thus, the diode 3 is connected With the secondary 
Winding 1b of the corresponding ?yback transformer 1 in 
such a manner that it is in a cutoff state as long as the 
corresponding sWitching element 2 is in the closed state. 
Also, the diode 3 is connected With the upstream or input 
side of the constant current controller 8 so as to transmit the 
output of the secondary Winding 1b of the corresponding 
?yback transformer 1 to the constant current controller 8. 

[0043] In the sWitch driving operation of the sWitching 
element 2 based on the drive pulse signal, at the instant When 
the sWitching element 2 is sWitched over from the closed 
state into the open state, a corresponding bypass path is 
opened so that the surplus energy reserved in the ?yback 
transformer 1 as described above is regenerated to the batch 
charging line as a feedback current Ibck through the second 
ary Winding 1b of the ?yback transformer 1. 

[0044] The feedback current Ibck begins to How at the 
instant When the sWitching element 2 is sWitched over from 
the closed state into the open state, and thereafter decreases 
gradually, as shoWn in FIG. 4B. 

[0045] In this connection, note that a duration tOEE in Which 
the feedback current Ibck is ?oWing is expressed by the 
folloWing equation (3): 

lQ?=(Vc><lQn/Lp)><(NpXLS/NQ/Vbm (3) 
[0046] Wherein Vc represents the cell voltage of the 
lithium ion battery cell C1; tOn represents the closing time of 
the sWitching element 2 due to the pulse Width control; LS 
represents the inductance of the secondary Winding 1b of the 
?yback transformer 1; Np represents the number of turns of 
the primary Winding 1a of the ?yback transformer 1; NS 
represents the number of turns of the secondary Winding 1b 
of the ?yback transformer 1; and Vbat represents a total sum 
of the cell voltages of the lithium ion battery cells C1-C1“. 

[0047] The product It of the charging time and the charg 
ing current, Which is charged to the lithium ion battery cell 
C1 during the time When the sWitching element 2 is in the 
sWitch driving operation under pulse Width control, is 
expressed by the folloWing equation (4): 

1l=(IChg—(VCXl0n2)/(2XLpXlC)Xl (4) 
[0048] Where to represents a sWitching cycle. 

[0049] In the sWitch driving operation of the sWitching 
element 2 under the pulse Width control, the closing period 
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of time tOn of the switching element 2 in the pulse Width 
control is controlled such that the product It of the charging 
current and the charging time as shoWn in equation (4) above 
is made, thereby preventing the lithium ion battery cell C1 
from being overcharged. 

[0050] In addition, the ?yback transformer 1 serves to 
regenerate the surplus energy, Which is produced by the cell 
voltage Vc and the shunt current Ip shunted from the battery 
charging current IChg supplied from the constant current 
controller 8, to the batch charging line, thereby suppressing 
excessive heating in the cell shunt circuit section Shl. 

[0051] The above-mentioned operation is similarly carried 
out in the remaining lithium ion battery cells C2-Cn, so that 
the respective lithium ion battery cells CZ-Cn can be pre 
vented from being overcharged in the continued charging 
operation. 

[0052] Here, it is to be noted that the output of the 
secondary Winding 1b of each ?yback transformer 1 is 
regenerated to a line connecting betWeen the primary poWer 
supply 10 and the constant current controller 8, and the 
constant current controller 8 is controlled to output a con 
stant current at all times. As a consequence, the lithium ion 
battery cell C1 is alWays supplied With the constant battery 
charging current IChg even though feedback current Ibck is 
regenerated from the secondary Winding 1b of each ?yback 
transformer 1 to the batch charging line. 

[0053] Embodiment 2. 

[0054] FIG. 2 is a circuit diagram illustrating a lithium ion 
battery charger according to a second embodiment of the 
present invention. In FIG. 2, symbols 1, 1a, 1b, 2, 3, 5, 8, 
10, C1-C1“, Ml-Mn, Sh1-Sn, Ichg, Ip, I061, Ibck, and VCl-VCn 
designate quite the same as in the above-mentioned ?rst 
embodiment. 

[0055] In the second embodiment, each of cell shunt 
driving sections Dsl-D511, Which together constitute a cell 
shunt driving unit, is comprised of a reference voltage 
generating section 5, a comparator 7 having a hysteresis 
function, and a ?xed pulse Width sWitch driving section 24. 

[0056] In the lithium ion battery charger constructed in the 
above manner, reference Will be made to the case Where the 
cell voltage VC across a lithium ion battery cell C1 ?rst 
reaches a charging completion voltage. 

[0057] First of all, in the cell shunt driving section Dsl, the 
comparator 7 receives a detected voltage in the form of a cell 
voltage monitoring signal VCl from the cell voltage detect 
ing section M1, and compares its signal level With the 
reference voltage Vs Which is preset to a value correspond 
ing to the charging completion voltage in conformity With 
the cell voltage monitoring signal VCl. As a result of the 
comparison, the comparator 7 outputs a drive signal to the 
?xed pulse Width sWitch driving section 24 When the cell 
voltage monitoring signal VCl is greater than the reference 
voltage Vs. 

[0058] Subsequently, the ?xed pulse Width sWitch driving 
section 24 receives a pulse signal of a ?xed Width at its ?rst 
input terminal, and the drive signal from the comparator 7 at 
its second input terminal. 

[0059] The ?xed pulse Width sWitch driving section 24 
outputs, based on the drive signal input from the comparator 
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7, the pulse signal (hereinafter referred to as “a ?xed driving 
pulse signal”) input from the ?rst input terminal to the 
sWitching element 2 of the cell shunt circuit section Shl. 

[0060] That is, the ?xed pulse Width sWitch driving section 
24 is able to drive the sWitching element 2 based on the drive 
signal from the comparator 7 so that the sWitching element 
2 performs sWitching operation With a ?xed pulse Width. 

[0061] Thus, in the lithium ion battery charger of the 
second embodiment, too, as described above in the ?rst 
embodiment, When a sWitching element 2 is closed, a shunt 
current Ip shunted from the battery charging current Ichg is 
permitted to How into a corresponding ?yback transformer 
1, Which then reserves surplus energy obtained from the 
shunt current Ip, Whereas When the sWitching element 2 is 
opened, the surplus energy thus reserved in the ?yback 
transformer 1 is regenerated to the batch charging line as a 
feedback current Ibck. In this manner, the lithium ion battery 
charger is able to prevent heating of the respective sWitching 
elements 2 of the cell shunt circuit sections Shl-Shn. 

[0062] Note that in the above operation, the shunt current 
Ip, the duration toff in Which a feedback current Ibck is 
?oWing, and the product It of the charging current and the 
charging time are expressed by equations similar to those 
(2), (3) and (4), respectively, employed in the ?rst embodi 
ment. 

[0063] Here, in the ?xed pulse Width sWitching operation 
of the sWitching element 2 as described above, the product 
It of the charging current and the charging time as expressed 
by equation (4) above is set to be negative. That is, the 
closing time ton of the sWitching element 2 is set such that 
the corresponding lithium ion battery cell C1 discharges 
When the ?xed pulse Width sWitching operation is continued. 

[0064] Accordingly, the ?xed pulse Width sWitch driving 
section 24 continues driving the corresponding sWitching 
element 2 to perform the ?xed pulse Width sWitching opera 
tion, thereby decreasing the cell voltage Vc across the 
lithium ion battery cell C1, as depicted in FIG. 5. 

[0065] As a result, the comparator 7 of the cell shunt 
driving section Dsl outputs a sWitching stop signal to the 
sWitch driving section 24 at the time When it detects that the 
cell voltage Vc across the lithium ion battery cell C1 falls 
beloW the charging completion voltage. 

[0066] Here, note that the interval betWeen the starting and 
the stopping of the ?xed pulse Width sWitching operation of 
the sWitching element 2 depends on the hysteresis charac 
teristic of the comparator 7, as depicted in FIG. 5, in Which 
a symbol Vsp represents a sWitch driving start level, and Vss 
a sWitch driving stop level. 

[0067] Subsequently, the sWitch driving section 24 stops 
the ?xed pulse Width sWitching operation of the sWitching 
element 2 based on a sWitching stop signal received from the 
comparator 7. 

[0068] Thus, the lithium ion battery charger is able to 
make the average value of the product It of the charging 
current and the charging time, as expressed by equation (4) 
above, to Zero by repeating the above operation, thereby 
preventing the overcharging of the lithium ion battery cell 
C1. 

[0069] The above-mentioned operation is similarly carried 
out in the remaining lithium ion battery cells C2-Cn, so that 
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the respective lithium ion battery cells C2-Cn can be pre 
vented from being overcharged in the continued charging 
operation. 
[0070] Embodiment 3. 

[0071] FIG. 3 is a circuit diagram illustrating a lithium ion 
battery charger according to a third embodiment of the 
present invention. In FIG. 3, symbols 1, 1a, 1b, 2, 3, 5, 8, 
10, C1-Cn, M1-Mn, Sh1-Shn, Ichg, Ip, Icel, Ibck, and 
VC1-VCn designate quite the same as in the above-men 
tioned ?rst and second embodiments, and a symbol 7 
designates quite the same component as in the above 
mentioned second embodiment. 

[0072] The lithium ion battery charger according to the 
third embodiment includes, in addition to the above com 
ponents, a cell shunt driving unit in the form of a single cell 
shunt driving section Ds Which comprises a multiplexer 11, 
a multiplexer controller in the form of a multiplexer driving 
section 12, a sWitching section S comprised of a plurality of 
sWitches S1-Sn, a sWitch selection controller in the form of 
a sWitch selection latch controller 13 having a latch output 
section 13a and a decoder 13b, and a ?xed pulse Width 
sWitch driving section 34. 

[0073] In the lithium ion battery charger as constructed 
above, the single cell shunt driving section Ds provided in 
common for the plurality of cell shunt circuit sections 
Sh1-Shn drives the cell shunt circuit sections Sh1-Shn, 
respectively, thereby preventing the lithium ion battery cells 
C1-Cn from being overcharged. 

[0074] Actually, in the lithium ion battery charger, the 
multiplexer 12 performs a selection setting as to Which of the 
plurality of cell voltage monitoring signals VC1-VCn from 
the cell voltage detecting sections M1-Mn is to be selected, 
and successively outputs multiplexer driving signals to the 
multiplexer 11 and the decoder 13b of the sWitch selection 
latch controller 13 based on such a selection. 

[0075] Then, the multiplexer 11 successively acquires, 
based on the multiplexer driving signals from the multi 
plexer driving section 12, the cell voltage monitoring signals 
VC1-VCn from the plurality of cell voltage detecting sec 
tions M1-Mn, and sequentially outputs these signals to the 
comparator 7. 

[0076] Here, reference Will be made to the case Where for 
example, the cell voltage Vc of the lithium ion battery cell 
C1 ?rst reaches the cell charging completion voltage. 

[0077] First of all, the comparator 7 receives, at its posi 
tive input terminal, a cell voltage monitoring signal VC1 
from the multiplexer 11, and at its negative input terminal, 
a reference voltage Vs, compares the signal level of the cell 
voltage monitoring signal VC1 With the reference voltage 
Vs, and outputs a decoder driving signal representative of 
the result of the comparison to the decoder 13b of the sWitch 
selection latch controller 13. 

[0078] Subsequently, the decoder 13b speci?es a sWitch 
S1 corresponding to the lithium ion battery cell C1 based on 
the multiplexer driving signal from the multiplexer driving 
section 12, and closes the thus speci?ed sWitch S1 through 
the latch output section 13a When it detects, based on the 
decoder driving signal from the comparator 7, that the signal 
level of the cell voltage monitoring signal VC1 is greater 
than the signal level of the reference voltage Vs. 
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[0079] As a result, the ?xed pulse Width sWitch driving 
section 34 outputs a ?xed driving pulse signal to the sWitch 
ing element 2 of the cell shunt circuit section Sh1 via the 
noW closed sWitch S1, Whereby the sWitching element 2 is 
driven to perform a ?xed pulse Width sWitching operation in 
accordance With the ?xed driving pulse signal. 

[0080] In addition, When the cell voltage Vc across the 
lithium ion battery cell C1 falls beloW the charging comple 
tion voltage, the sWitch S1 is opened according to the same 
operation as described above, so that the ?xed driving pulse 
signal supplied to the sWitching element 2 is interrupted, 
thus stopping the ?xed pulse Width sWitching operation of 
the sWitching element 2. That is, it is possible to prevent the 
overcharging of the lithium ion battery cell C1 according to 
the same operation as in the ?rst embodiment. 

[0081] Further, in the lithium ion battery charger of the 
third embodiment, too, as described above in the ?rst and 
second embodiments, in the ?xed pulse Width sWitching 
operation of the sWitching element 2, When a sWitching 
element 2 is closed, a shunt current Ip shunted from the 
battery charging current Ichg is permitted to How into a 
corresponding ?yback transformer 1, Which then reserves 
surplus energy obtained from the shunt current Ip, Whereas 
When the sWitching element 2 is opened, the surplus energy 
thus reserved in the ?yback transformer 1 is regenerated to 
the batch charging line as a feedback current Ibck. 

[0082] The above-described operation is similarly carried 
out in the remaining lithium ion battery cells C2-Cn, so that 
the respective lithium ion battery cells C2-Cn can be pre 
vented from being overcharged in the continued charging 
operation. 
[0083] As described in the foregoing, according to the 
present invention, in cell shunt circuit sections provided as 
overcharge protective measures for individual battery cells, 
by regenerating surplus energy, Which is generated by a cell 
voltage and a shunt current and Which becomes a heat 
source, to a battery charger side as a feedback current via a 
?yback transformer, it is possible to prevent the surplus 
energy from being consumed as heat for heating the cell 
shunt circuit sections. 

[0084] Further, according to a preferred embodiment of 
the present invention, in cell shunt driving sections for 
driving the cell shunt circuit sections, the pulse Width of a 
driving pulse signal is controlled based on a difference 
betWeen the cell voltage generated by a cell voltage moni 
toring signal and a reference voltage, so that a sWitching 
element is driven to perform sWitching operation in accor 
dance With the driving pulse signal thus controlled. As a 
result, surplus energy can be regenerated to a charger side 
through a ?yback transformer, thereby preventing heat gen 
eration. 

[0085] Moreover, according to another preferred embodi 
ment of the present invention, in cell shunt driving sections 
provided one for each of the cell shunt circuit sections, a 
?xed pulse driving signal is output to a sWitching element or 
stopped in accordance With the result of a comparison 
betWeen a cell voltage generated by a cell voltage monitor 
ing signal and a reference voltage, so that the sWitching 
element is driven to perform sWitching operation as 
required. Thus, surplus energy can be regenerated to a 
charger side through a ?yback transformer, thereby prevent 
ing heat generation. 
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[0086] In addition, according to a further preferred 
embodiment of the present invention, in a cell shunt driving 
section provided in common for the cell shunt circuit 
sections, a ?xed pulse driving signal is successively output 
to a sWitching element or stopped in accordance With the 
result of a comparison betWeen a cell voltage generated by 
each of cell voltage monitoring signals successively sup 
plied and a reference voltage, so that the sWitching element 
is driven to perform sWitching operation as necessary. Con 
sequently, surplus energy can be regenerated to a charger 
side through a ?yback transformer, thereby preventing heat 
generation. 
[0087] While the invention has been described in terms of 
preferred embodiments, those skilled in the art Will recog 
niZe that the invention can be practiced With modi?cations 
Within the spirit and scope of the appended claims. 

What is claimed is: 
1. A battery charger for charging a plurality of battery 

cells connected in series With one another With a constant 
current in a batch manner, said battery charger including a 
plurality of cell shunt circuit sections connected in parallel 
With the battery cells, respectively, a plurality of cell voltage 
detecting sections for detecting cell voltages of said battery 
cells, respectively, and a cell shunt driving unit for driving 
said cell shunt circuit sections, respectively, 

each of said cell shunt circuit sections comprising: 

an energy reservoir acting as a bypass path for bypass 
ing a charging current supplied to a corresponding 
one of said battery cells so as to be input to the 
folloWing battery cell provided at a doWnstream side 
of said one battery cell so as to reserve surplus 
energy obtained from the charging current thus 
bypassed and regenerate the thus reserved surplus 
energy to a batch charging line connected With said 
serially connected battery cells; and 

a sWitching element inserted in said bypass path for 
opening and closing thereof; 

Wherein said cell shunt driving unit compares a voltage 
detected by each of said cell voltage detecting section 
With a reference voltage, and outputs to said sWitching 
element of each of said cell shunt circuit sections a 
drive pulse signal of a pulse Width corresponding to a 
difference betWeen said detected voltage and said ref 
erence voltage, and 

Wherein said energy reservoir regenerates said surplus 
energy to said batch charging line When said sWitching 
element opens said bypass path based on said drive 
pulse signal from said cell shunt driving unit. 

2. The battery charger according to claim 1, Wherein said 
energy reservoir comprises a ?yback transformer having a 
primary Winding and a secondary Winding, said ?yback 
transformer being operable to bypass a battery cell charging 
current ?oWing in its primary Winding through said sWitch 
ing element and regenerate an output of its secondary 
Winding in a direction of said batch charging line through a 
reverse-?oW preventive diode. 

3. The battery charger according to claim 1, Wherein said 
cell shunt driving unit comprises a plurality of cell shunt 
driving sections provided one for each of said cell shunt 
circuit sections, 

each of said cell shunt driving sections comprising: 

a differential amplifying section for comparing said 
voltage detected by a corresponding one of said cell 
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voltage detecting sections and said reference voltage 
to output a difference therebetWeen; and 

a sWitch driving section for controlling the pulse Width 
of said drive pulse signal in accordance With an 
output of said differential amplifying section thereby 
to control the opening and closing of a corresponding 
one of said sWitching elements based on the thus 
controlled pulse Width. 

4. The battery charger according to claim 1, Wherein said 
cell shunt driving unit comprises a plurality of cell shunt 
driving sections provided one for each of said cell shunt 
circuit sections, 

each of said cell shunt driving sections comprising: 

a comparator for comparing said voltage detected by a 
corresponding one of said cell voltage detecting 
sections With said reference voltage to generate an 
output signal representative of a comparison result; 
and 

a ?xed pulse Width sWitch driving section for output 
ting a ?xed driving pulse signal With a preset pulse 
Width to said corresponding sWitching element based 
on the output signal of said comparator. 

5. The battery charger according to claim 1, Wherein said 
cell shunt driving unit comprises a cell shunt driving section 
provided in common for said plurality of cell shunt circuit 
sections, 

said cell shunt driving section comprising: 

a sWitching section including a plurality of sWitches 
connected With said sWitching element s, respec 
tively; 

a sWitch selection controller for selecting one of said 
sWitches of said sWitching section to control the 
opening and closing thereof; 

a multiplexer controller for performing a selection 
setting of said voltage detected by each of said cell 
voltage detecting sections and notifying the selection 
setting to said sWitch selection controller; 

a multiplexer for successively selecting and outputting 
one of said voltages detected by said plurality of cell 
voltage detecting sections based on said selection 
setting of said multiplexer controller; 

a comparator for comparing said detected voltage out 
put from said multiplexer With said reference voltage 
to generate an output signal representative of a 
comparison result; and 

a ?xed pulse Width sWitch driving section for output 
ting a ?xed driving pulse signal With a preset pulse 
Width; 

Wherein said sWitch selection controller closes, When 
detecting based on the output signal of said comparator 
that said detected voltage is greater than said reference 
voltage, the sWitch selected based on said selection 
setting of said multiplexer controller, and outputs said 
?xed driving pulse signal from said ?xed pulse Width 
sWitch driving section to a corresponding one of said 
sWitching elements through said closed sWitch. 


