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BATTERY PACK VOLTAGE DETECTION 
APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on and incorporates 
herein by reference Japanese Patent Applications No. 2000 
353179, No. 2001-90786, No. 2001-90795 and No. 2001 
276896 ?led on Nov. 20, 2000, Mar. 27, 2001, Mar. 27, 2001 
and Sep. 12, 2001, respectively. 

FIELD OF THE INVENTION 

[0002] The invention relates to a ?ying capacitor type 
battery voltage detection apparatus. 

BACKGROUND OF THE INVENTION 

[0003] Abattery pack for supplying a high voltage as high 
as several hundred volts is comprised of many cells (sec 
ondary cells or fuel cells) connected in series. This pack is 
used usually for, for example, a hybrid vehicle, electric 
vehicle, or fuel battery block electric vehicle in order to 
reduce the Wiring resistance loss and to reduce the siZe of 
sWitching elements. 

[0004] A high voltage battery pack is provided With a 
voltage detection apparatus that detects the voltage of each 
cell for capacity calculation and protection of each cell. A 
battery block comprising a desired number of cells con 
nected in series is regarded as a cell. Thus the term “cell” in 
this description means a cell comprising a plurality of 
battery blocks connected in series With each other. 

[0005] US. Pat. No. 6,362,627 (JP-A-11-248755) pro 
poses a battery pack voltage detection apparatus that uses a 
?ying capacitor and multiplexer circuit. This apparatus is 
referred to as a ?ying capacitor type battery voltage detec 
tion apparatus as an exemplary battery pack voltage detec 
tion apparatus. 

[0006] The ?ying capacitor type battery voltage detection 
apparatus detects the voltage difference of the ?ying capaci 
tor, namely stored voltage, by means of a voltage detection 
circuit through a process in Which the voltage of each cell is 
applied to a ?ying capacitor successively through a pair of 
analog sWitches of a multiplexer. The cell voltage is sample 
held under shutdoWn condition of both analog sWitches. 
Both ends of the ?ying capacitor is connected conductively 
to the voltage detection circuit through respective capacitor 
potential output analog sWitches. 

[0007] HoWever, it is preferable for the ?ying capacitor 
type battery voltage detection apparatus to be provided With 
a current limitation resistor having a large resistance value 
connected in series to each analog sWitch to prevent the 
heavy current ?oW from the battery pack due to short-circuit 
failure and insulation failure (ground fault failure) of the 
analog sWitch of the multiplexer. 

[0008] HoWever, if a current limitation resistor is pro 
vided, it takes a long time that the terminal voltage of a 
capacitor, namely ?ying capacitor, reaches the cell voltage. 
The time required to measure all the cell voltage increases. 
The increased cell voltage measurement time causes ?uc 
tuation of the operation condition in the duration of mea 
surement, particularly ?uctuation of current, voltage, tem 
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perature, and SOC. This resultantly causes a serious error of 
the battery pack performance calculated based on the mea 
sured cell voltage and current. 

[0009] This problem can be solved by providing a plural 
ity of capacitors, by increasing the number of analog 
sWitches, and by reducing the number of input of each 
analog sWitch. HoWever, the circuit structure becomes com 
plicated. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide a ?ying capacitor type battery pack voltage detec 
tion apparatus, Which has less measurement error and less 
complication. 

[0011] According to the present invention, battery cell 
voltages of a battery pack are read in parallel to capacitors 
by the use of analog sWitches. The stored voltages of the 
capacitors are A/D-converted sequentially through the ana 
log sWitches. Thereby, each cell voltage is measured With 
suppression of measurement error by the use of the simple 
?ying capacitor type circuit structure While the circuit safety 
is secured by providing the current limitation resistor 
betWeen each cell and the analog sWitch. A common noise 
reduction circuit having a pair of capacitors is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description made With reference 
to the accompanying draWings. In the draWings: 

[0013] FIG. 1 is a circuit diagram shoWing a battery pack 
voltage detection circuit in accordance With a ?rst embodi 
ment of the present invention; 

[0014] FIG. 2 is a circuit diagram shoWing a battery pack 
voltage detection circuit in accordance With a ?rst modi?ed 
embodiment of the ?rst embodiment of the present inven 
tion; 
[0015] FIG. 3 is a circuit diagram shoWing a battery pack 
voltage detection circuit in accordance With a second modi 
?ed embodiment of the ?rst embodiment of the present 
invention; 
[0016] FIG. 4 is a circuit diagram shoWing a ?ying 
capacitor type battery pack voltage detection apparatus in 
accordance With a second embodiment; 

[0017] FIG. 5 is a circuit diagram shoWing a ?ying 
capacitor type battery pack voltage detection apparatus in 
accordance With a ?rst modi?ed embodiment of the second 

embodiment; 
[0018] FIG. 6 is a circuit diagram shoWing a ?ying 
capacitor type battery pack voltage detection apparatus in 
accordance With a second modi?ed embodiment of the 
second embodiment; 

[0019] FIG. 7 is a circuit diagram shoWing a ?ying 
capacitor type battery pack voltage detection apparatus in 
accordance With a third modi?ed embodiment of the second 
embodiment; 
[0020] FIG. 8 is a circuit diagram shoWing a ?ying 
capacitor type battery pack voltage detection apparatus in 
accordance With a third embodiment; 
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[0021] FIG. 9 is a circuit diagram showing a ?rst modi?ed 
embodiment of the third embodiment; 

[0022] FIG. 10 is a circuit diagram showing a second 
modi?ed embodiment of the third embodiment; 

[0023] FIG. 11 is a circuit diagram shoWing a third 
modi?cation of the third embodiment; 

[0024] FIG. 12 is a circuit diagram shoWing a fourth 
modi?cation of the third embodiment; 

[0025] FIG. 13 is a circuit diagram shoWing a ?fth modi 
?cation of the third embodiment; and 

[0026] FIG. 14 is a circuit diagram shoWing a sixth 
modi?cation of the third embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] [First Embodiment] 
[0028] Referring ?rst to FIG. 1, numeral 1 denotes a 
battery pack, 2 denotes a multiplexer (input analog sWitch 
group), 3 denotes a capacitor group, 4 denotes a multiplexer 
(output analog sWitch group), 5 denotes a voltage detection 
circuit, 6 denotes a poWer source circuit, 7 denotes a current 
detection circuit, 8 denotes a current limitation resistor 
group. The current limitation resistor group 8 comprises 
current limitation resistors R1 to R8. The battery pack 1 
comprises battery blocks 11 and 12 that are connected in 
series. The battery block 11 comprises four cells 111 to 114 
that are connected in series. The battery block 12 comprises 
four cells 121 to 124 that are connected in series. The input 
analog sWitch group 2 comprises analog sWitches 21 to 29. 
The capacitor group 3 comprises capacitors 31 to 34 that are 
connected in series. The output analog sWitch group 4 
comprises analog sWitches 41 to 45. 

[0029] Each terminal (positive electrode end or negative 
electrode end) of the cells 111 to 114 of the battery block 11 
is connected to the one end of the respective analog sWitches 
21 to 25 individually through the respective current limita 
tion resistors R1 to R5 individually. Each terminal (positive 
electrode end or negative electrode end) of the cells 121 to 
124 of the battery block 12 is connected to the one end of the 
respective analog sWitches 21 to 25 individually through the 
respective current limitation resistors R5 to R9 individually. 

[0030] The loW potential side terminal (negative electrode 
end) of the cell 124 is connected to the terminal 35 of the 
capacitor 31 through the current limitation resistor R9 and 
analog sWitch 29. The loW potential side terminal (negative 
electrode end) of the cell 123 is connected to the terminal 36 
of the capacitor 32 through the current limitation resistor R8 
and analog sWitch 28. The loW potential side terminal 
(negative electrode end) of the cell 122 is connected to the 
terminal 37 of the capacitor 33 through the current limitation 
resistor R7 and analog sWitch 27. The loW potential side 
terminal (negative electrode end) of the cell 121 is con 
nected to the terminal 38 of the capacitor 34 through the 
current limitation resistor R6 and analog sWitch 26. 

[0031] The other ends of the analog sWitches 21 to 25 are 
connected to the terminals 35 to 39 of the respective 
capacitors 31 to 34 individually. 

[0032] The other end of the analog sWitch 29 is connected 
to the high potential side terminal of the capacitor 31. The 
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other end of the analog sWitch 28 is connected to the high 
potential side terminal of the capacitor 32. The other end of 
the analog sWitch 27 is connected to the high potential side 
terminal of the capacitor 33. The other end of the analog 
sWitch 26 is connected to the high potential side terminal of 
the capacitor 34. Because the high potential side analog 
sWitches 21 to 24 are connected to the loW potential side 
analog sWitches 26 to 29 in the relation of re?ection in the 
mirror With respect to the analog sWitch 25, this connection 
is referred to as “mirror connection”. 

[0033] The respective terminals 35, 37 and 39 of the 
capacitors 31 to 34 are connected to the input terminal 51 of 
the voltage detection circuit 5 through respective analog 
sWitches 41, 43, and 45, Which are components of a multi 
plexer, individually. The respective terminals 36 and 38 of 
the capacitors 31 to 34 are connected to the input terminal 
52 of the voltage detection circuit 5 through respective 
analog sWitches 42 and 44, Which are components of the 
multiplexer, individually. 
[0034] The voltage detection circuit 5 comprises a pair of 
voltage ampli?ers for amplifying the terminal potential of 
the capacitors supplied to the input terminals 51 and 52 
based on a predetermined reference voltage, and a pair of 
A/D-converters for A/D-converting the output signal voltage 
of these ampli?ers individually. The circuit structure and 
operation of the voltage detection circuit 5 is Well knoWn, 
and the description is omitted. 

[0035] OtherWise, the terminal voltage of the capacitor 
supplied to the input terminals 51 and 52 may be ampli?ed 
differentially by the use of one voltage ampli?er of the 
voltage detection circuit 5 to A/D-convert the output signal 
voltage. 
[0036] The poWer source circuit 6 applies a reference 
voltage Vref to the input terminal 52 of the voltage detection 
circuit 5, and applies loW and high poWer source voltages 
VH and VL on the voltage detection circuit 5. The poWer 
source voltage VH is set to a value larger than the reference 
voltage Vref by a predetermined value (for example, 5 V). 
The poWer source voltage VL is set to a value smaller than 
the reference voltage Vref by the predetermined value (for 
example, 5 V). 

[0037] The current detection circuit 7 is provided With a 
current sensor 71 for detecting a current of the battery pack 
1 and an A/D-converter 72 for A/D-converting the analog 
current value detected by the current sensor 71. The A/D 
converter 72 supplies a digital current signal to a micro 
computer (MC) 9. Similarly, the voltage detection circuit 5 
supplies a detected digital voltage signal to the microcom 
puter 9. 

[0038] The microcomputer 9 computes SOC of the battery 
pack 1 based on the input signal. The microcomputer 9 also 
control each analog sWitch and the sampling timing of each 
A/D-converter. 

[0039] Next, the operation of this embodiment Will be 
described. All the analog sWitches are turned off initially. 

[0040] (Cell Voltage Measurement of Battery Block 11) 

[0041] At ?rst, the analog sWitches 21 to 25 are turned on 
to thereby apply terminal voltages of the cells 111 to 114 
respectively on the capacitors 31 to 34. After a predeter 
mined duration, the analog sWitches 21 to 25 are turned off. 
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[0042] Next, the analog switches 41 and 42 are turned on 
to supply voltages of both ends of the capacitor 31 to the 
input terminals 51 and 52 of the voltage detection circuit 5. 
The pair of A/D-converters of the voltage detection circuit 5 
A/D-convert the voltages to digital voltage signals, and the 
digital voltage signals are held temporarily in a built-in 
digital memory. As a matter of course, the digital voltage 
signals may be transmitted directly to the microcomputer 9. 

[0043] Next, the analog sWitch 41 is turned off and the 
analog sWitch 43 is turned on to supply voltages of both ends 
of the capacitor 32 to the input terminals 51 and 52 of the 
voltage detection circuit 5. The pair of A/D-converters of the 
voltage detection circuit 5 A/D-converts the voltages to 
digital voltage signals, and the digital voltage signals are 
held temporarily in the built-in digital memory. 

[0044] Next, the analog sWitch 42 is turned off and the 
analog sWitch 44 is turned on to supply voltages of both ends 
of the capacitor 33 to the input terminals 51 and 52 of the 
voltage detection circuit 5. The pair of A/D-converters of the 
voltage detection circuit 5 A/D-converts the voltages to 
digital voltage signals, and the digital voltage signals are 
held temporarily in the built-in digital memory. 

[0045] Next, the analog sWitch 43 is turned off and the 
analog sWitch 45 is turned on to supply voltages of both ends 
of the capacitor 34 to the input terminals 51 and 52 of the 
voltage detection circuit 5. The pair of A/D-converters of the 
voltage detection circuit 5 A/D-converts the voltages to 
digital voltage signals, and the digital voltage signals are 
held temporarily in the built-in digital memory. Then the 
analog sWitches 44 and 45 are turned off. 

[0046] Next, the analog sWitches 25 to 29 are turned on 
and respective voltages of the cells 121 to 124 are applied on 
the capacitors 31 to 34. After a predetermined duration, the 
analog sWitches 25 to 29 are turned off. 

[0047] Next, in the same manner as used for the cell 
voltage detection of the battery block 11, the analog sWitches 
41 to 45 are turned on sequentially one pair by one pair so 
that the stored voltages of the capacitors 31 to 34 are 
A/D-converted by means of the voltage detection circuit 5, 
and the A/D-converted stored voltages are held temporarily. 
As a matter of course, the A/D-converted stored voltage may 
be transmitted to the microcomputer 9 directly. 

[0048] Next, the eight pairs of digital voltage signals held 
temporarily in the voltage detection circuit 5 are transmitted 
to the microcomputer 9, and the microcomputer 9 computes 
these digital voltage signals to determine each cell voltage. 

[0049] More speci?cally, the voltage of the cell 111 is 
calculated based on the absolute value of the difference 
betWeen a pair of digital signals determined When the analog 
sWitches 41 and 42 are turned on. In the same manner as 

described above, each cell voltage is calculated based on the 
absolute value of the difference betWeen a pair of digital 
signals that has been A/D-converted simultaneously. As a 
matter of course, if the digital subtraction is carried out by 
the use of the voltage detection circuit 5 and the result is held 
temporarily, the temporary hold memory of the voltage 
detection circuit 5 can be reduced. 

[0050] In the case that the voltage detection circuit 5 
differentially ampli?es the difference of a pair of potentials 
supplied simultaneously to the input terminals 51 and 52 by 
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the use of a differential ampli?er, it is preferable that the 
differentially ampli?ed value is converted into an absolute 
value by the use of an analog absolute value circuit and then 
A/D-converted. Conversion to an absolute value may be 
carried out by the use of a digital circuit as described beloW. 
In detail, the difference betWeen a digital signal value 
obtained by A/D-converting a differentially ampli?ed value 
and a digital value that is equivalent to the cell voltage of 0 
V is obtained, and the absolute value of the difference may 
be calculated. The digital value that is equivalent to the cell 
voltage of 0 V is obtained by a Way in Which, for example, 
differential ampli?cation is carried out by the use of a 
differential ampli?er of the voltage detection circuit 5 in the 
state that the analog sWitches 41 to 44 are turned off or more 
preferably the input terminals 51 and 52 are short-circuited 
by the use of a short-circuit sWitch, and the output voltage 
may be A/D-converted. 

[0051] In the ?rst embodiment, the operation for reading 
cell voltages of the battery block 11 (or 12) in the capacitors 
31 to 34 is carried out in parallel, but the cell voltages are 
read out from the capacitors 31 to 34 time-sequentially. The 
reason of the difference is described as folloWs. The reading 
in operation takes a long time due to a large time constant 
for reading-in operation, because high resistance current 
limitation resistor group 8 is provided betWeen the high 
voltage battery pack 1 having a small output impedance and 
the analog sWitch group 2 during the reading-in operation. 
On the other hand, during reading-out operation, because the 
input impedance of the voltage detection circuit 5 is large 
and A/D conversion can be carried out at high speed 
currently, the time required for A/D conversion of the stored 
voltage of one capacitor is very short. As a result, high speed 
cell voltage measurement is realiZed Without complex circuit 
structure. 

[0052] Next, the current measurement Will be described as 
folloWs. 

[0053] In this embodiment, the microcomputer 9 com 
mands the A/D-converter 72 to sample-hold the current 
signal after a predetermined time (coincident With the dif 
ference betWeen the cut-off delay time of the analog 
sWitches 21 to 25 and the cut-off delay time of the A/D 
converter 72) from the time When the microcomputer 9 
commands the analog sWitches 21 to 25 to be turned off. The 
reason is that the cut-off delay time of the analog sWitches 
21 to 24 comprising photo MOS transistors is far larger than 
the cut-off delay time of the analog sWitch for sample 
holding of the A/D-converter usually. As a result, the voltage 
sampling and the current sampling are carried out simulta 
neously, and the electric state of the battery block 11 can be 
calculated accurately by the use of both data. 

[0054] Similarly in this embodiment, the microcomputer 9 
commands the A/D-converter 72 to sample-hold the current 
signal after a predetermined time (coincident With the dif 
ference betWeen the cut-off delay time of the analog 
sWitches 21 to 25 and the cut-off delay time of the A/D 
converter) from the time When the microcomputer 9 com 
mands the analog sWitches 25 to 29 to be turned off. The 
reason is that the cut-off delay time of the analog sWitches 
25 to 29 comprising photo MOS transistors is much larger 
than the cut-off delay time of the analog sWitch for sample 
holding of the A/D-converter usually. As a result, the voltage 
sampling and the current sampling are carried out simulta 
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neously, and the electric state of the battery block 11 can be 
calculated accurately by the use of both data. 

[0055] Furthermore in this embodiment, the microcom 
puter 9 uses the voltage/current data sampled simultaneously 
for the electric state detection (typically for SOC calcula 
tion) of the cells 111 to 114 of the battery block 11, and uses 
the voltage and current data sampled simultaneously for the 
electric state detection (typically for SOC calculation) of the 
cells 121 to 124 of the battery block 12. That is, the SOC 
calculation of the different battery blocks having the cells of 
voltages measured sequentially is carried out by the use of 
the current value sampled at different timing in this embodi 
ment. Thereby, the SOC of each cell can be measured 
accurately, because the measurement time difference 
betWeen the voltage and current is eliminated though the 
voltage is sampled sequentially. 
[0056] The ?rst modi?cation of the ?rst embodiment is 
shoWn in FIG. 2. In this modi?cation, the voltage detection 
circuit 5 is provided With only one input terminal 51. The 
potentials of respective terminals 35, 37, and 39 of capaci 
tors 31 to 34 are supplied to an A/D-converter through an 
ampli?er or directly, and the ampli?er or A/D-converter of 
the voltage detection circuit 5 ampli?es or A/D-converts the 
potentials of the respective terminals 35, 37, and 39 of the 
capacitors 31 to 34 sequentially based on a predetermined 
reference voltage. 

[0057] This modi?cation is characteriZed in that the ref 
erence potential is supplied sequentially together With the 
potentials of the respective terminals 35, 37, and 39 of the 
capacitors 31 to 34 to the input terminal 51 of the voltage 
detection circuit 5 through the analog sWitch 46. The circuit 
structure and operation other than those are similar to those 
described in the ?rst embodiment. 

[0058] According to this modi?cation, the same effect can 
be brought about by obtaining the absolute value of the 
difference betWeen the digital potentials of the terminals 35, 
37, and 39 and the digital potential of the reference potential 
With the simple circuit structure compared With that of the 
?rst embodiment. 

[0059] The second modi?cation of the ?rst embodiment is 
shoWn in FIG. 3. In this modi?cation, the voltage detection 
circuit 5 is provided With tWo input terminals 51 and 52 as 
in the ?rst embodiment. HoWever, potentials of the input 
terminals 51 and 52, namely terminal voltages of each 
capacitor, are differentially ampli?ed by means of one 
differential ampli?er 53 and then A/D-converted by means 
of an A/D-converter 54 sequentially. 

[0060] The digital signal generated from the A/D-con 
verter 54 is stored temporarily until all the cell voltages have 
been A/D-converted, and then transmitted to the microcom 
puter 9. The digital signal may be transmitted to the micro 
computer 9 during reading-in operation of the cell voltage to 
capacitors 31 to 34 in parallel. 

[0061] The second modi?cation is characteriZed in that a 
short-circuit sWitch 47 is provided to short-circuit betWeen 
the input terminals 51 and 52. The short-circuit sWitch 47 is 
turned on at a predetermined timing and a digital signal that 
is corresponding to the cell voltage of 0 V is generated from 
the A/D-converter 54. As a result, each cell voltage can be 
measured based on the absolute value of the difference 
betWeen the digital signal corresponding to 0 V and other 
digital signals. 
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[0062] In the ?rst embodiment and its modi?cations, each 
cell has one battery block, but as a matter of course a battery 
block comprising a plurality of battery blocks connected in 
series may be regarded as a cell. Ausual MOS may be used 
for the output analog sWitch group instead of photo MOS 
transistor. 

[0063] [Second Embodiment] 
[0064] A second embodiment of a battery pack voltage 
detection apparatus is shoWn in FIG. 4. A battery pack 1 
comprises eight battery blocks VB1 to VBS that are con 
nected in series. Each battery block (module) comprises the 
same number of cells that are connected in series, respec 
tively. Each block may comprises a single battery cell. R1 to 
R9 denote current limitation resistors, S1 to S9 denote 
analog sWitches that are connected in series to the respective 
current limitation resistors R1 to R9 individually and con 
stitute a multiplexer 2. Those sWitches S1 to S9 are for 
sampling voltages of the blocks VB1 to VBS. 

[0065] The analog sWitches S1, S5, and S9, Which are (4m 
(m is 0 or positive integer)+1)-th analog sWitches, are 
provided to connect the (4m (m is 0 or positive integer)+ 
1)-th terminals of the battery pack 1 to the independent 
terminal of a ?rst ?ying capacitor C1 individually. The 
?ying capacitors C1 and C2 have the same electrostatic 
capacity. 

[0066] The analog sWitches S3 and S7, Which are (4m (m 
is 0 or positive integer)+3)-th analog sWitches, are provided 
to connect the (4m (m is 0 or positive integer)+3)-th termi 
nals of the battery pack 1 to the independent terminal of the 
second ?ying capacitor C2 individually. 

[0067] The analog sWitches S2, S4, S6, and S8, Which are 
(2m (m is 0 or positive integer), namely even number)-th 
analog sWitches, are provided to connect the (2m (m is 0 or 
positive integer), namely even number)-th terminals of the 
battery pack 1 to the connection terminals of both ?ying 
capacitors C1 and C2 individually. 

[0068] Analog sWitches S10 to S12 are output side analog 
sWitches, S10 is the ?rst output side analog sWitch in this 
embodimet, S11 is the third output side analog sWitch, and 
S12 is the second output analog sWitch. 

[0069] The analog sWitch S10 is provided to connect the 
independent terminal of the ?rst ?ying capacitor C1 to the 
?rst input terminal X of the voltage detection circuit 5 
through an input resistor R11, the analog sWitch S12 is 
provided to connect the independent terminal of the second 
?ying capacitor C2 to the ?rst input terminal X of the 
voltage detection circuit 5 through an input resistor R12, and 
the analog sWitch S11 is provided to connect the connection 
point betWeen both ?ying capacitors C1 and C2 to the third 
input terminal Y of the voltage detection circuit 5 through an 
input resistor R13. 

[0070] The ?rst input resistor R11 is provided to connect 
the output terminal of the ?rst output side analog sWitch S10 
to the ?rst input terminal X of the voltage detection circuit 
5, the second input resistor R12 is provided to connect the 
output terminal of the second output side analog sWitch S12 
to the ?rst input terminal X of the voltage detection circuit 
5, and the third input resistor R13 is provided to connect the 
output terminal of the third output side analog sWitch S11 to 
the second input terminal Y of the voltage detection circuit 
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5. The voltage detection circuit 5 differentially ampli?es the 
potential difference betWeen both input terminals X and Y. 
Numeral 40 denotes a controller that turns on the analog 
sWitches S1 to S12 in the predetermined sequence at con 
stant intervals, and the controller 40 operates sequentially at 
a constant timing. Vref denotes a reference potential of the 
voltage detection circuit 5. 

[0071] In operation of the voltage detection circuit 5, at 
?rst, the analog sWitches S1, S2, and S3 are turned on. A 
voltage of the battery block VB1 is read into the ?ying 
capacitor C1, and a voltage of the battery block VB2 is read 
into the ?ying capacitor C2. 

[0072] Next, analog sWitches S1, S2, and S3 are turned off. 
The analog sWitches S10 and S11 are turned on for a 
predetermined period and the potential difference of the 
?ying capacitor C1 is read into the voltage detection circuit 
5. Next, the analog sWitch S10 is turned off, and then the 
analog sWitches S11 and S12 are turned on for a predeter 
mined period for reading of the potential difference of the 
?ying capacitor C2 in the voltage detection circuit 5. 

[0073] The analog sWitch S11 is turned off and the analog 
sWitches S10 and S12 are turned on for a predetermined 
period to thereby cause conversion of the stored electric 
energy of the ?ying capacitors C1 and C2 to thermal energy 
by the use of the input resistors R11 and R12. OtherWise, the 
output side analog sWitch S11 may be turned on When the 
stored electric energy is dissipated. 

[0074] The analog sWitches S3, S4, and S5 are turned on. 
The voltage of the battery block VB3 is read into the ?ying 
capacitor C2, and the voltage of the battery block VB4 is 
read into the ?ying capacitor C1. The subsequent operations 
such as detection operation of the voltage detection circuit 5 
by the use of the analog sWitches S10 to S12. The stored 
electric energy dissipation operation of the ?ying capacitors 
With simultaneous turning-on of the output side analog 
sWitches S10 and S12 are the same as the operation 
described above. 

[0075] The analog sWitches S5, S6, and S7 are turned on. 
The voltage of the battery block VB5 is read into the ?ying 
capacitor C1, and the voltage of the battery block VB6 is 
read into the ?ying capacitor C2. The subsequent operations 
such as detection operation of the voltage detection circuit 
by the use of the analog sWitches S10 to S12 and the stored 
electric energy dissipation operation of the ?ying capacitors 
C1 and C2 With simultaneous turning-on of the output side 
analog sWitches S10 and S12 are the same as those operated 
in the above. 

[0076] The analog sWitches S7, S8, and S9 are turned on. 
The voltage of the battery block VB7 is read into the ?ying 
capacitor C2, and the voltage of the battery block VB8 is 
read into the ?ying capacitor C1. The subsequent operations 
such as detection operation of the voltage detection circuit 5 
by the use of the analog sWitches S10 to S12. The stored 
electric energy dissipation operation of the ?ying capacitors 
With simultaneous turning-on of the output side analog 
sWitches S10 and S12 are the same as the above operation. 

[0077] The voltage detection circuit 5 sequentially ampli 
?es the voltages of the battery blocks VB1 to VB8 that have 
been detected sequentially, and the ampli?cation is folloWed 
by absolute value processing and A/D conversion. 
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[0078] According to the second embodiment, because 
previous stored voltage is discharged and dissipated (may be 
residual partially) before the voltage of the voltage of the 
next battery block is read into the ?ying capacitors C1 and 
C2, the previous reversed stored voltage does not remain in 
the ?ying capacitors C1 and C2 When the voltage of the next 
battery block is read into the ?ying capacitors C1 and C2 
With turning-on of the input side analog sWitch. As a result, 
an over-current Will not ?oW through the input side analog 
sWitches S1 to S9 and the current limitation resistors R1 to 
R9, and these circuit elements can be made small and the 
reading time can be shortened. Furthermore, because high 
resistance current limitation resistors R1 to R9 can be used, 
a short-circuit current that ?oWs When other analog sWitch is 
turned on is reduced during possible OFF failure of the input 
side analog sWitch. As a result the circuit safety is improved. 

[0079] The second embodiment shoWn in FIG. 4 may be 
modi?ed as shoWn in FIG. 5. In this ?rst modi?cation, a 
short-circuit sWitch RS1 is connected betWeen both input 
terminals X and Y of the voltage detection circuit 5. 

[0080] In operation, the analog sWitches S1, S2, and S3 are 
turned on. The voltage of the battery block VB1 is read into 
the ?ying capacitor C1, and the voltage of the battery block 
VB2 is read into the ?ying capacitor C2. 

[0081] Next, the analog sWitches S1, S2, and S3 are turned 
off and the analog sWitches S10 and S11 are turned off for 
a predetermined period so that the potential difference of the 
?ying capacitor C1 is read into the voltage detection circuit 
5. Next, the analog sWitch S10 is turned off, and then the 
analog sWitches S11 and S12 are turned on for a predeter 
mined period so that the potential difference of the ?ying 
capacitor C2 is read into the voltage detection circuit 5. 

[0082] Next, the analog sWitches S10 to S12 and the 
short-circuit sWitch RS1 are turned on for a predetermined 
period so that the stored electric energy of the ?ying 
capacitors C1 and C2 is converted into thermal energy by 
means of the input resistors R11 and R12, and the potential 
of the input terminal X of the voltage detection circuit 5 is 
set to the reference potential Vref. In the subsequent opera 
tion, the voltages of other remaining battery blocks is read 
out sequentially as in the case of the second embodiment. 

[0083] The ?rst modi?cation may be further modi?ed as 
shoWn in FIG. 6. In this second modi?cation, the voltage 
detection circuit 5 and the short-circuit sWitch RS2 are 
provided additionally. In this modi?cation, the independent 
terminal of the second ?ying capacitor C2 is connected to 
the input terminal Z of the second voltage detection circuit 
through the second output side analog sWitch S12 and the 
second input resistor R12. Both ends of the short-circuit 
sWitch RS2 is connected to the input terminals Y and Z of 
the second voltage detection circuit 5A. 

[0084] The voltages of the battery blocks VB1 and VB8 
are detected by the use of this circuit in the folloWing 
manner. 

[0085] At ?rst, the analog sWitches S1, S2, and S3 are 
turned on. The voltage of the battery block VB1 is read into 
the ?ying capacitor C1, and the voltage of the battery block 
VB2 is read into the ?ying capacitor C2. 

[0086] Next, the analog sWitches S1, S2, and S3 are turned 
off and the analog sWitches S10 to S12 are turned on for a 
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predetermined period. The potential difference of the ?ying 
capacitor C1 is read into the voltage detection circuit and the 
potential difference of the ?ying capacitor C2 is read into the 
voltage detection circuit 5A. 

[0087] After the differential voltage detection circuits 5 
and 5A detect the signal, the short-circuit sWitches RS1 and 
RS2 are turned on so that the stored electric charge of the 
?ying capacitors C1 and C2 is dissipated by means of the 
input resistors R11 to R13 and the potential of the input 
terminals X and Z of the differential voltage detection 
circuits 5 and 5A are set to the reference potential. Accord 
ing to this modi?cation, the measurement time of the ?rst 
modi?cation can be reduced to a half. 

[0088] The ?rst modi?cation may be modi?ed further as 
shoWn in FIG. 7. The input resistors R11 to R12 and the 
analog sWitches S10, S11, and S12 are disposed reversely, 
and the connection point betWeen the input resistor R11 and 
the analog sWitch S10 is connected to the connection point 
betWeen the input resistor R12 and the analog sWitch S12 
With the short-circuit sWitch RS1. At ?rst, the analog 
sWitches S10 and S11 are turned on to detect the voltage, and 
then the analog sWitch S10 is turned off and the short-circuit 
sWitch RS1 is turned on. As a result, the voltage of the ?ying 
capacitors C1 and C2 is changed to approximately 0 V if the 
electrostatic capacities of the ?ying capacitors C1 and C2 
are nearly equal. 

[0089] In this case, because the short-circuit sWitch RS1 is 
interposed betWeen the loW voltage side analog sWitches 
S10, S11, and S12 and the high voltage side analog sWitches 
S1 to S7, and because the short-circuit sWitch RS1 can be 
turned on in the duration from the turning-off of the analog 
sWitches S10 to S12 to the turning-on of three analog 
sWitches out of the analog sWitches S1 to S9, the processing 
time is shortened. 

[0090] [Third Embodiment] 
[0091] A third embodiment of the battery pack voltage 
detection apparatus is shoWn in FIG. 8. Numeral 301 
denotes a voltage source such as a battery cell, 302 and 303 
denote input side analog sWitches, 304 denotes a ?ying 
capacitor, 305 and 306 denote output side analog sWitches, 
307 and 308 denote resistors, 309 denotes a high input 
resistance differential ampli?er circuit, 310 denotes an A/D 
converter, 311 and 312 denote next stage capacitors, and 313 
and 314 denote input resistors. The differential ampli?er 
circuit 309 is provided With operational ampli?ers OP1, 
OP2, and OP3. OP1 and OP2 constitute voltage folloWer 
circuits, and OP3 constitutes a voltage ampli?er circuit. 

[0092] Numerals 315 and 316 denote capacitors that are 
provided to connect +input terminals of a pair of operational 
ampli?ers OP1 and OP2 to the ground, 350 denotes a current 
limitation resistor, A and B denote output terminals of the 
output side analog sWitches 305 and 306, C and D denote 
+input terminals of the operational ampli?ers OP1 and OP2. 
Cs denotes a ?oating capacitance that has different electro 
static capacitance. Coff denotes a parasitic capacitance that 
connects both ends of the analog sWitches 302, 303, 305, and 
306, and the magnitude is different depending on the struc 
ture of the sWitch. 

[0093] The input side analog sWitches 302, 303 are pro 
vided to connect both ends of the voltage source 301 to both 
ends of the ?ying capacitor 304 individually. The output side 
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analog sWitches 305 and 306 are provided to connect both 
ends of the ?ying capacitor 304 to both ends of signal lines 
L1 and L2 individually. The signal lines L1 and L2 have 
input resistors 313 and 314 individually on the middle. The 
output terminals A and B of the output side analog sWitches 
305 and 306 are connected to one ends of the capacitors 311 
and 312 individually, and the other ends of the capacitors 
311 and 312 are grounded through the current limitation 
resistor 350. The +input terminals C and D of the pair of 
operational ampli?ers OP1 and OP2 are connected to one 
ends of the resistors 307 and 308 individually, and the other 
ends of the resistors 307 and 308 are grounded. 

[0094] The input resistors 313 and 314 have equal resis 
tance value. The resistors 307 and 308 have equal resistance 
value. The capacitors 315 and 316 have equal capacitance 
value. The capacitors 311 and 312 have equal electrostatic 
capacitance value that is larger than the capacitance value of 
the ?oating capacitance Cs and smaller than the capacitance 
value of the ?ying capacitor 304. 

[0095] The operation of the ?ying capacitor type voltage 
detection circuit of this embodiment operates as folloWs. At 
?rst, the output side analog sWitches 305 and 306 are turned 
off, and then the input side analog sWitches 302 and 303 are 
turned on so that a voltage AV of the voltage source 301 is 
sample-held in the ?ying capacitor 304. 

[0096] Next, the input side analog sWitches 302 and 303 
are turned off, and then the output side analog sWitches 305 
and 306 are turned on so that the stored voltage of the ?ying 
capacitor 304 is applied betWeen +input terminals C and D 
of the pair of operational ampli?ers OP1 and OP2. As a 
result, the charge of the ?ying capacitor 304 is distributed to 
the capacitors 311 and 312. 

[0097] Furthermore, the A/D-converter 310 is operated 
during turning-on of the output side analog sWitches 305 and 
306 to sample the output voltage of the differential ampli?er 
circuit 309 for analog-digital conversion. After the analog 
digital conversion, the output side analog sWitches 305 and 
306 are turned off. 

[0098] By repeating turning-on and turning-off of the 
input side analog sWitches 302 and 303 and the output side 
analog sWitches 305 and 306, the voltage AV of the voltage 
source 301 can be measured With insulation. 

[0099] The electric charge that has been charged in the 
capacitors 311 and 312 is discharged almost exhaustively 
during OFF state of the output side analog sWitches 305 and 
306 through the input resistor group 307, 308, 313, and 314 
of the differential ampli?er circuit 309. 

[0100] The noise voltage reduction is attained in this 
embodiment as folloWs. The voltage source 301 is in ?oating 
state With respect to the ground potential, and a common 
noise voltage En is superimposed on one end of the voltage 
source 301. The common noise voltage En passes into the 
signal lines L1 and L2 through the parasitic capacitance 
Coff. The common noise voltage En is almost canceled 
apparently from the output of the differential ampli?er 
circuit 309, if the circuit constant of each paired circuit 
element is exactly equal. HoWever, the partial common noise 
voltage En that has not been canceled due to differing circuit 
constant of each circuit element enters the output voltage. 

[0101] To avoid this problem, the capacitors 311 and 312 
are provided betWeen the differential ampli?er circuit side 



US 2004/0051534 A1 

terminals of the output side analog switches 305 and 306 and 
the reference potential. The connection of the capacitors 311 
and 312 in parallel to the resistors 307 and 308 increases the 
cut-off frequency of the high pass ?lter comprising the 
resistors 307 and 308 and the parasitic capacitance Coff. As 
a result the loW frequency component of the common noise 
voltage En that entes the input terminals C and D can be 
reduced. 

[0102] Furthermore, because the resistors 307 and 308 
form a high pass ?lter together With the parasitic capacitance 
Coff in this embodiment, the loW frequency component of 
the common noise voltage En can be reduced. Additionally, 
because the capacitors 315 and 318 form a loW pass ?lter 
together With the input resistors 313 and 314 in this embodi 
ment, the high frequency component of the common noise 
voltage En can be reduced. The cut-off frequency of the high 
pass ?lter is set approximately equal to that of the loW pass 
?lter by selecting the circuit constants suitably. Thereby, the 
common noise voltage En into the +input terminals C and D 
of the pair of operational ampli?ers OP1 and OP2 can be 
eliminated over the almost entire frequency range. 

[0103] Since the parasitic capacitance Coff and the capaci 
tors 311 and 312 form a series connected component With 
respect to the common noise voltage En in this embodiment, 
the common noise voltage En is applied on the series 
connected component comprising the parasitic capacitance 
Coff and the capacitors 311 and 312, if the resistor such as 
the current limitation resistor 350 is ignored. Therefore, the 
common noise voltage En that is divided by the inverse 
number of capacitance ratio of the parasitic capacitance Coff 
and capacitance of the capacitors 311 and 312 is applied on 
the capacitors 311 and 312. For example, if the capacitance 
of the capacitors 311 and 312 is 100 times that of the 
parasitic capacitance Coff, about 1% of the common noise 
voltage En is applied on both ends of the capacitors 311 and 
312, and the common noise voltage En component applied 
on the signal lines L1 and L2 is reduced signi?cantly. To 
enhance this effect, it is preferable that the capacitance of the 
capacitors 311 and 312 is larger than that of the parasitic 
capacitance Coff. 

[0104] HoWever, if the capacitance of the capacitors 311 
and 312 is too large, the natural discharge of the capacitors 
311 and 312 though the resistors 307, 308, 313, and 314 can 
be insuf?cient after sampling of the A/D-converter 310. In 
such a case, a sWitch for discharging the charge of the 
capacitors 311 and 312 may be provided additionally, or the 
resistance value of the resistors 307, 308, 313, and 314 may 
be reduced. 

[0105] In the same manner, the common noise voltage is 
mixed into the signal lines L1 and L2 through the ?oating 
capacitance Cs of respective circuits, and the common noise 
voltage is mixed through the parasitic capacitance betWeen 
the analog sWitches 302, 303, 305, and 306 and the main 
electrode. HoWever, because the capacitance of the ?oating 
capacitance Cs and the capacitors 311 and 312 function as 
the series connected component or parallel connected com 
ponent to the common noise voltage that is mixed through 
the ?oating capacitance Cs, the capacitors 311 and 312 
reduce the common noise voltage that is mixed through the 
?oating capacitance Cs also in this case. Furthermore, the 
high pass ?lter function and loW pass ?lter function reduce 
the common noise voltage that is mixed through the ?oating 
capacitance Cs apparently. 
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[0106] AC voltage component of the voltage source 301 
arising from the current ?uctuation of the voltage source 301 
due to impedance change of the load to Which the voltage 
source supplies an electric poWer, and the external noise 
voltage that enters electromagnetically into the line for 
connecting the voltage source 301 to the load impedance are 
superimposed on the voltage of the voltage source 301. 
These noise voltage is also reduced in the same manner as 
the common noise voltage En. That is, the circuit structure 
shoWn in FIG. 8 is effective in reducing AC noise voltage 
due to the common noise voltage and the voltage source 
because of the ?lter function of the differential ampli?er 
circuit 309 and the capacitance division effect of the capaci 
tors 311 and 312. As a result, the S/N ratio of the signal 
voltage is improved signi?cantly. 

[0107] The signal voltage that is read out from the ?ying 
capacitor 304 is essentially a DC voltage, and Will not be cut 
off due to the ?lter function. The high pass ?lter function of 
the differential ampli?er circuit 309 is effective in suppress 
ing the delay of signal change response due to the loW pass 
?lter function, and resultantly effective in shortening the 
delay time that starts from the turning-on of the output side 
analog sWitches 305 and 306 and that ends With the input of 
the signal voltage of normal magnitude to the A/D-converter 
310. As a result, the time required for operation can be 
shortened. 

[0108] Next, the operation of the A/D-converter (signal 
processing circuit) 10 that samples the output voltage of the 
differential ampli?er circuit 309 Will be described addition 
ally. 

[0109] The sampling timing of the A/D-converter 310 is 
set at the time at least after elapse of the time equivalent to 
the time constant "c=CR, Which is obtained on the assump 
tion that the loW frequency passing ?lter characteristic of the 
differential ampli?er circuit 309 is CR loW pass ?lter, from 
the turning-on of the output side analog sWitches 305 and 
306. Thereby, the signal propagation delay effect of the 
differential ampli?er circuit 309 can be avoided. 

[0110] The turning-on of the output side analog sWitches 
305 and 306 causes distribution of the stored voltage of the 
?ying capacitor 304 to the capacitors 311 and 312 and causes 
reduction of the stored voltage concomitantly. The voltage 
ampli?cation factor of the differential ampli?er circuit 309 
is determined so as to compensate the reduction. In detail, 
the total voltage ampli?cation factor is set to 1 or a prede 
termined constant value. At that time, it is more preferable 
that the voltage ampli?cation factor of the differential ampli 
?er circuit 309 is set to, for example, 1 With regard to the 
voltage reduction due to response delay of the differential 
ampli?er circuit 309 at the time of sampling of the A/D 
converter 310. As a matter of course, this voltage compen 
sation may be attained in the A/D-converter 310. 

[0111] In this embodiment, the current limitation resistor 
350 is connected betWeen the main terminal of the opposite 
output side analog sWitch of the capacitors 311 and 312 (the 
main terminal (end) of the output side analog sWitch side 
means the main terminal (end) on the opposite side, namely 
the main terminal (end) on the reference poWer source side) 
and the ground potential (reference potential source). 

[0112] Thereby, rush current that arises When the charge 
stored in the ?oating capacitance Cs betWeen both terminals 
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