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(57) Abstract: A battery management system, comprising a bank of serially connected battery cells having a lower most cell connected
to ground and an uppermost cell connected to one port of a load, the other port of whichbeing connected to ground; circuitry for sampling
the output voltage of a selected battery cell; a voltage to current converter for receiving the sampled battery cell output voltage, which
consists of a current source that outputs current being proportional to the sampled output voltage a predetermined resistor, connected
between the current source output and ground, into which the output current of the current source is fed; a control circuit, adapted to
measure the voltage generated across the predetermined resistor with respect to ground; determine whether or not the selected battery
cell is fully charged according to the difference between the measured voltage and a predetermined threshold voltage; repeat the process

for additional battery cells of the bank.
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BATTERY MANAGEMENT SYSTEM (BMS) AND APPLICATION

Field of the Invention

The present invention relates to the field of Battery Management Systems {BMS). More
particularly, the present invention relates 1o a system and method for controlling the
charging level of a bank of serially connected batteries and performing equalization of the

charges in the batteries.

Backeround of the Invention

An array of batteries connected in series {in order to obtain high voltages) reguires
monitoring of the state of the batteries charge level. There is a need to avoid a situation
where the state of charge of the hatteries is not equal, because if there is no balance
between the charge the batteries in the array, a situation may arise where a battery that is
already fully charged will be charged again and will be overcharged, and a battery which
does not charge at all, will remain discharged. The state of battery overcharging is
detrimental to the battery and shortens its life, and there is a proliferation of parameters
and uneven aging of the batteries. Therefore, there is a need to perform equalization of

the state of charge levels among these batteries.

There are several conventional methods to perform equalization of the charge levels
among the batteries: active methods and passive methods. The active methods use
converters for transferring energy from one cell to another. These methods are very

complex and expensive to implement.

There are several passive equalization conventional methods:

1. Checking the voltage of each of the batteries in the array, usually while charging, and if
the voltage of one of the batteries is too high {i.e. the battery reached its maximum
charge), the battery does not continue to be charged by the same current. A bypass is

made to the current, and the current is being dissipated on a resistor. For this purpose, an
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integrated circuit (IC) is used and can be connected to several cells. The IC checks the
voltage, and when needed, it starts to discharge the reguired battery cell. Because the IC
can only reach 10 to 12 batteries, depending on the type of I, several ICs are reguired
with communication between them in order to reach all the butteries in the array, along
with a sending a central command, from which information about the batteries is known.
The information is transmitted via a communication line to a system that monitors the
information. The disadvantages of this method are that it is expensive, there is a need for
an A/D converter to each battery group, while every group of batteries needs processors.
When there are a lot of batteries, there is a need to replicate these electric batteries for

each battery and the price becomes very expensive.

2. Measuring the cell with respect to the ground with a difference amplifier. This method
can be used with a multiplexer for monitoring, an A/D converter, measuring all voltages
and the charge reduction can be controlled via a voltage-discharge transistor. This method
is much simpler, but the problem with this method is that when there are many cells, the
amplifier is unable to measure high voltages, i.e. the amplifier's input voltage cannot be
high, and therefore very extensive voltage divisions are needed, so that the voltage at this
point will be low. The resistor ratios should be those that produce low voltage at the input
of the amplifier {low common mode voltage), within its power limits. The particular
precision required for each resistor results in very low measurement accuracy, because the
resistor precision must be multiplied by the same factor whose voltage is reduced. The

measurement errors in this method become very large and therefore, unacceptable.

It is therefore an object of the present invention to provide a system and method for

monitoring on charging state of a bank of batteries.

it is another object of the present invention to provide a system and method for

performing equalization of the charges of the batteries in a batteries’ bank.
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Other objects and advantages of the invention will become apparent as the description

proceeds.

Summary of the Invention

A method for accurately monitoring the charging level of a bank of serially connected

battery cells, comprising the steps of:

a)

providing a bank of serially connected battery cells having a lower most cell
connected to ground and an uppermost cell connected to one port of a load, the
other port of which being connected to ground;

sampling the output voltage of a selected battery cell;

feeding the sampled battery cell output voltage into a voltage to current converter
consisting of:

c.1) a current source that outputs current being proportional to the sampled output
voltage

.2} a predetermined resistor, connected between the current source ocutput and
ground, into which the output current of the current source is fed;

measuring the voltage generated across the predetermined resistor with respect to
ground;

determining whether or not the selected battery cell is fully charged according to
the difference between the measured voltage and a predetermined threshold
voltage; and

repeating steps b) to d) above for additional battery cells of the bank.

The output voltages of all sampled battery cells may be fed into a multiplexer, which

forwards the output voitages to a processor that cutputs the voltages of all sampled

battery cells, each at a predetermined timing.
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in one aspect, the voltage to current converter is implemented by:

a} providing an operational amplifier, which is suitable to operate in high voltage
levels;

b} connecting the negative port of the selected battery cell to an input of the
operational amplifier;

¢} providing a p-channel FET;

d} connecting the source of the p-channel FET to the positive port of the selected
battery cell via a first serial resistor;

e} connecting the drain of the p-channel FET to the ground via a second serial resistor;

f)  connecting the gate of the p-channel FET to the cutput of the operational amplifier;
and

g} connecting a feedback line between the source of the p-channel FET and the other

input of the operational amplifier.

Power supply voltages to feed DC power to the operational amplifier may be taken from

the neighboring battery cells.

The lower DC supply to the operational amplifier may be taken from one battery cell being
fower than the measured battery cell and the higher upper battery cell and the higher DC
supply to the operational amplifier is taken from one battery cell being upper than the

measured battery cell.

In one aspect, multiple packages of operational amplifiers are used for measuring groups
of battery cells, while each time, taking the lower supply voltage from one battery cell
below the measured group, while the remaining lowest battery cell is measured directly,

with respect to ground.
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Overcharging of the selected battery cell is prevented upon measuring that its output

voltage is within the threshold by:

a)

connecting the drain of a FET to the positive port of the selected battery cell via a
first resistor and the source of the FET o the negative port of the selected battery
cell;

connecting a shunt capacitor and a shunt resistor between the gate and source of
the FET;

connecting a shunt Zener between the gate and source of the FET, for protecting
the gate from overvoltage;

connecting a port of a series capacitor to the gate;

applying a sguare wave to the other port of the series capacitor and causing the
shunt capacitor to be charged to a voltage that causes the FET to conduct and
consume the current that normally charges the battery cell;

terminating the application of the sguare wave to the series capacitor whenever
the output voltage is not within the threshold; and

allowing the shunt capacitor discharge via the shunt resistor and cause the FET to
stop conducting, thereby returning to measuring the voltage generated across the

predetermined resistor with respect to ground.

A battery management system, comprising:

a)

a bank of serially connected battery cells having a lower most cell connected to
ground and an uppermost cell connected to one port of a load, the other port of
which being connected to ground;

circuitry for sampling the output voltage of a selected battery cell;

a voltage to current converter for receiving the sampled battery cell output voltage,
consisting of:

c.1) a current source that cutputs current being proportional to the sampled output

voltage
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¢.2} a predetermined resistor, connected between the current source output and
ground, into which the output current of the current source is fed;
d) a control circuit, adapted to:

- measure the voltage generated across the predetermined resistor with respect
to ground;

- determine whether or not the selected battery cell is fully charged according to
the difference between the measured voltage and a predetermined threshold
voltage; and

- repeat the process for additional battery cells of the bank.

The battery management system may further further comprise:

a} a processor; and
b} a multiplexer, which is adapted to receive the output voltages of all sampled

battery cells and forward the output voltages to the processor,

where the processor outputs the voltages of all sampled battery cells, each at a

predetermined timing.

The battery management system may further comprise:

a} an operational amplifier, which is suitable to operate in high voltage levels, where
the negative port of the selected battery cell is connected to an input of the
operational amplifier;

b} a p-channel FET, where the source of the p-channel FET is connected to the positive
port of the selected battery cell via a first serial resistor, the drain of the p-channel
FET is connected to the ground via a second serial resistor and the gate of the p-
channel FET is connected to the cutput of the operational amplifier; and

¢} a feedback line connecting between the source of the p-channel FET and the other

input of the operational amplifier.
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The power supply voltages to feed DC power to the operational amplifier may be taken

from the neighboring battery cells.

The lower DC supply to the operational amplifier may be taken from one battery cell being
tower than the measured battery cell and the higher upper battery cell and the higher DC
supply to the operational amplifier is taken from one battery cell being upper than the

measured battery cell.

Mutltiple packages of operational amplifiers may be used for measuring groups of battery
cells, while each time, taking the lower supply voltage from one battery cell below the
measurad group, while the remaining lowest battery cell is measured directly, with respect

to ground.

The bhattery management system may further comprise circuitry for preventing
overcharging of the selected battery cell upon measuring that its cutput voltage is within

the threshold, the circuitry comprises:

a} a FET the drain of which being connected to the positive port of the selected
battery cell via a first resistor and the source of which being connected to the
negative port of the selected battery cell;

b} a shunt capacitor and a shunt resistor, being connected between the gate and
source of the FET;

¢} a shunt Zener being connected between the gate and source of the FET, for

protecting the gate from overvoltage;
wherein a port of a series capacitor is being connected to the gate;

the circuitry is adapted to:
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d) apply a square wave to the other port of the series capacitor and causing the shunt
capacitor to be charged to a voltage that causes the FET to conduct and consume
the current that normally charges the battery cell;

e} terminate the application of the sguare wave to the series capacitor whenever the
cutput volitage is not within the threshold; and

f}  allow the shunt capacitor discharge via the shunt resistor and cause the FET to stop
conducting, to thereby return to measuring the voltage generated across the

predetermined resistor with respect to ground.

Brief Description of the Drawings

The above and other characteristics and advantages of the invention will be better
understood through the following illustrative and non-limitative detailed description of
preferred embodiments thereof, with reference to the appended drawings, wherein:

- Fig. 1 {prior art) shows am array of n serially connected batteries with output
voltages Vi,....,Vn, respectively;

- Fig. 2 {prior art) illustrates a circuitry for equalizing the charge among an array of
serially connected batteries;

- Fig. 3 {prior art} illustrates another circuitry for monitoring the charging level of
an array of serially connected batteries;

- Fig. 4 illustrates a circuitry for monitoring the charging level of a single battery in
an array of serially connected batteries, according to an embodiment of the
invention;

- Fig. 5 illustrates a circuitry for monitoring the charging level of an array of serially
connected batteries, according to an embodiment of the invention;

- Fig. 6 illustrates the implementation of the circuitry of Fig. 4;

- Fig. 7 illustrates the same implementation of the circuitry of Fig. 6, using actual

components;
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- Fig. 8 shows the connection of multiple packages for measuring groups of 4
battery cells, while each time, taking the lower supply voltage from one battery
cell below the measured group;

- Fig. 2 {prior art) illustrates a typical current discharge circuitry, for preventing
overcharging of a battery cell;

- Figs. 10A-10B illustrate a current discharge circuitry for preventing overcharging
of a battery cell, according to the invention; and

- Fig. 11 illustrates a simplified eguivalent model of the switched capacitor

converter gate drive circuit 102, according to an embodiment of the invention.

Detailed Descrintion of the Present Invention

The present invention proposes a system and method for controlling the charging level of a
bank of serially connected batteries and performing egualization of the charges of the

batteries.

Fig. 1 {prior art) shows an array of n serially connected batteries with output voltages
Vi,....,Vn, respectively. The total output voltage of the array is Ve=Vit....4Vn. A proper
operation of the array is when all connected batteries are essentially equally charged, in
order to prevent a situation when due to different manufacturing parameters and aging,
some batteries will not be sufficiently charged and other batteries will be overcharged.

Fig. 2 {prior art) iHustrates a circuitry for equalizing the charge among an array of 12 serially
connected batteries. The circuitry measures the output voltage of each battery during
charging, and if the output voltage of one of the batteries reached its upper limit, the
circuit stops charging it with the same current. Instead, the current is routed into a resistor,
which dissipates the power. For example, If the upper battery is fully charged, transistor
On is switched on and most of the current is directed into resistor Rn. However, this
circuitry is expensive as it contains DACs, a multiplexer and associated processing

hardware,
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Fig. 3 {prior art) ilustrates another circuitry for monitoring the charging level of an array of
serially connected batteries. The voltage across each battery is measured and input into a
differential amplifier 301, in order to obtain the cutput voltage Vout of the battery at the
output of the differential amplifier. However, the voltages at the ports of the upper
batteries may be very high {up to 800V in electric cars as of 2020} with respect to ground,
which requires using a high attenuation voltage dividers {R1/R2=R4/R3 must be large} to
decrease the voltages before processed by the operational amplifier 301, This deteriorates
the accuracy of the measurement of the actual voltage across each measured battery cell.
For example: if the accuracy of the resistors is 0.1% and if R1/R2 is 100 then, due to the

mismatch of the resistor the error in measurement will be about 20%.

Fig. 4 ilustrates a circuitry for monitoring the charging level of a single battery in an array
of serially connected batteries, according to an embodiment of the invention.

The array of serially connected hattery celis has a lower most cell {Cell1} connected to
ground and an uppermost cell {Cell,) connected to one port of a load. The other port of the
foad is connected to ground, such that the summed voltage Vg of all cells (1,....,n) feeds the

oad.

In this case, the proposed circuitry is generic for all battery cells, regardless their voltage
level with respect to ground. The circuitry consists of a voltage to current converter 401
that outputs current | which is proportional to the battery cell voltage Vs. By using a
resistor Ro to ground, the output voltage Vo can be used to know the voltage Vs.

if I=Ks-Vs, then Vo=Ks-Ro-Vs.

The circuitry comprises a control circuit {not shown), which is adapted to measure the
voltage generated across the predetermined resistor Rg with respect to ground, determine

whether or not the selected battery cell {Cells) is fully charged according to the difference
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between the measured voltage and a predetermined threshold voltage. This measurement

process is repeated by the controller for additional battery cells of said bank,

Fig. 5 illustrates a circuitry for monitoring the charging level of an array of serially
connected batteries, according to an embodiment of the invention. The circuitry consists of
n current converters 401, one for each battery cell. The output voltages are forwarded to a

multiplexer 402 and then to a processor 403 which outputs the voltages of all battery celis.

Fig. 6 illustrates a possible implementation of the circuitry of Fig. 4 above. The circuitry
comprises an operational amplifier 601 which feeds a p-channel FET Q1, which is suitable
to operate in high voltage levels {e.g., 500 V} and the power supply voltages to feed DC
power to the operational amplifier 601 are taken from the neighboring batteries. One port
of the measured battery is connected via a resistor Rs to the source of Q1 and the other
port to one input of operational amplifier 601, A feedback line 602 is connected between
the source of Q1 and the other input of operational amplifier 601. As a result, the current

flowing through resistor Ro is proportional to the battery cell voltage Vs.

Fig. 7 illustrates the same implementation of the circuitry of Fig. 6 but using actual
components. The battery voltage to be measured is V1. During normal operation, the
voltage between the inputs of the operational amplifier Ul is practically zero and
therefore, the voltage across resistor R2 will be identical to the battery voltage V1.
Therefore, the current flowing through MOSFET U2 will be I=V1/R2 and Vout=V1-R4/R2.
Operational amplifier U1 keeps the current flowing via R2 very accurate {and deviation will
be compensated by UL). if R4 and R2 are selected to be equal, R4=R2, then Vout=V1. Since
there are only two resistors involved, and no high ratio divider is required, the error will be
very small and depends primarily on the offset voltage of amplifier and input current bias.
The expected accuracy with common operational amplifiers will thus be very high {down

to 10 mV error) and independent of the cell position in the array. Such high accuracy
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must be obtained to evaluate the state of charge of batteries cells, such as Lithium lon

cells,

Generally, common mode voltage of the operational amplifier U1 should not be close to
the voltages of its upper and lower DC supply, in order to prevent errors that may arise.
This problem, may be overcome by taking the lower supply to operational amplifier Ul
from one battery lower {in this example, from battery cell V5 rather that V4). The
measurement of V4 can be made during the next group, in which V4 will be the upper
battery cell. A package of 4 operational amplifier Ul is an off the shelf product. This way,
the combination of such package with 4 corresponding MOSFETs U2 allows measuring

groups of 4 battery cells.

Fig. 8 shows the connection of multiple packages for measuring groups of 4 battery cells,
with a four operational ampilifiers per package while each time, taking the lower supply
voltage from one battery cell below the measured group. The remaining lowest battery cell

C1 can be measured directly, since its lower voitage is grounded.

Fig. 9 {prior art) illustrates a typical current discharge circuitry, for preventing overcharging
of a battery cell. After monitoring its voltage, the discharge circuit does not allow a charged
battery cell to be further charged by full current. Discharge is allowed by a p-channel
MOSFET Q2 which is controlied by another transistor Q1 connected between the gate of
Q2 {via a resistor Rp) and ground. Upon discharge, Q2 conducts and the current intended
to charge the battery cell is directed to resistor R. where it is dissipated. Or, in no-charge
mode, the current discharge {bleeder} circuit can partially discharge a cell as might be
required for equalization. The disadvantage of this prior art circuitry is that each cell
reguires an individual connection via Qi for discharge. Another disadvantage is that it
required a p-channel MOSFET which is more expensive and has larger conduction

resistance
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Figs. 10A-10B illustrate a current discharge circuitry for preventing overcharging of a
battery cell, according to the invention. This implementation uses an n-channel MOSFET
and the same connections used for monitoring the voltage of @ measured battery cell is

also used for controlling the discharge for that battery cell.

The circuit comprises a transistor Q10 which applies short-circuit on resistor Rb in a
predetermined rate using a sguare wave. Resistor Ra is fed by a current source 101 and
when transistor Q10 is not conducting, the voltage at the output port of current source 101
is I-{Ra+Rb) and when transistor Q10 is conducting {i.e., Rb=0 as it is short-circuited), the
voltage at the output port of current source 101 is I-Ra. As a result, the voltage at the
putput port of current source 101 is also a square wave with similar characteristics as the
input voltage applied to the gate of Q10 {except for a DC level of {-Ra). The circuit 102
actually functions as a switched capacitor converter gate driver. The resulting square wave
at the output port of current source 101 charges and discharges the capacitor C1, as a
function of the low and high voltages of the applied square wave at the output port of
current source 101, When the voltage at the output port of current source 101 is low, the
capacitor C1 discharges via route 103 (resistor Ra, capacitor Cg) and diode D2, as shown in
Fig. 10A. This results in zero voltage at the gate of Q11. When the voltage at the output
port of current source 101 is high, the capacitor C1 charges via route 104 {current source
101 and capacitor Cg), as shown in Fig. 10B, such that capacitor Cg is also charged. As a
resulf, as long as the sguare wave is applied to the gate of Q10, the gate of Q11 is held at
higher voltage and conducts, such that the current intended to charge battery cell Vn is
routed away to prevent Vn from being overcharged. Upon terminating the discharge
peried, the square wave applied to the gate of 010 is stopped, capacitor Cg discharges via
resistor Rg, until the gate of Q11 remains at low voltage and Q11 stops conducting. At this
stage, the circuit returns back to monitoring mode, where the voltage Vo accurately

reflects the voltage across the monitored battery cell Vn,
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Fig. 11 illustrates a simplified equivalent model of the switched capacitor converter gate
driver circuit 102, according to an embodiment of the invention. A sguare wave at the
output port of current source {i.e., the input port of capacitor C1) charges the capacitor (g
via capacitor C1, the gate of Q11 is held at higher voltage and conducts, such that the
current intended to charge battery cell Vn is routed away to prevent Vn from being
overcharged. When the voltage at the output port of current source 101 is low, the
capacitor C1 discharges via Ra and the forward diode of Zener Dz1.Upon terminating of the
discharge period, the sguare wave applied to the gate of Q10 is stopped, capacitor Cg
discharges via resistor Rg, until the gate of 011 remains at low voltage and Q11 stops
conducting. At this stage, the circuit returns back to monitoring mode, where the voltage
Vo accurately reflects the voltage across the monitored battery cell Vn. The Zener diode
Dz {rather than a diode D2 as in Fig. 10A), may optionally be added to protect the gate of

Q11 from over voltage.

The above examples and description have of course been provided only for the purpose of
illustrations, and are not intended to limit the invention in any way. As will be appreciated
by the skilled person, the invention can be carried out in a great variety of ways, employing
more than one technique from those described above, all without exceeding the scope of

the invention.
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1. A method for accurately monitoring the charging level of a bank of serially connected

2.

battery cells, comprising:

a)

providing a bank of serially connected battery cells having a lower most cell
connected to ground and an uppermost cell connected to one port of a load, the
other port of which being connected to ground;

sampling the output voltage of a selected battery cell;

feeding the sampled battery cell output voltage into a voltage to current converter
consisting of:

¢.1} a current source that outputs current being proportional to said sampled
output voltage

c.2} a predetermined resistor, connected between said current source output and
ground, into which the output current of said current source is fed;

measuring the voltage generated across said predetermined resistor with respect
to ground;

determining whether or not said selected battery cell is fully charged according to
the difference between the measured voltage and a predetermined threshold
voltage; and

repeating steps b) to d) above for additional battery cells of said bank.

The method according to claim 1, further comprising feeding the output voliages of all

sampled battery cells into a multiplexer, which forwards said output voltages to a

processor that outputs the voltages of all sampled hattery cells, each at a

predetermined timing.

The method according to claim 1, wherein the voltage to current converter is

implemented by:



WO 2021/191894 PCT/IL2021/050315

providing an operational amplifier, which is suitable to operate in high voltage
levels;

connecting the negative port of the selected battery cell to an input of said
operational amplifier;

providing a p-channel FET,;

connecting the source of said p-channel FET to the positive port of the selected
battery cell via a first serial resistor;

connecting the drain of said p-channel FET to the ground via a second serial
resistor;

connecting the gate of said p-channel FET to the output of said operational
amplifier; and

connecting a feedback line between the source of said p-channel FET and the other

input of said operational amplifier.

The method according to claim 3, wherein the power supply voltages to feed DC power

to the operational amplifier are taken from the neighboring battery cells.

The method according to claim 4, wherein the lower DC supply to the operational

amplifier is taken from one battery cell being lower than the measured battery cell and

the higher upper battery cell and the higher DC supply to said operational amplifier is

taken from one battery cell being upper than the measured battery cell.

The method according to claim 5, wherein muitiple packages of operational amplifiers

are used for measuring groups of battery cells, while each time, taking the lower supply

voltage from one battery cell below the measured group, while the remaining lowest

battery cell is measured directly, with respect to ground.
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7. A method according to claim 1, further comprising preventing overcharging of the

selected battery cell upon measuring that its output voltage is within the threshoid by:

a)

connecting the drain of a FET to the positive port of the selected battery cell via a
first resistor and the source of said FET to the negative port of the selected battery
cell

connecting a shunt capacitor and a shunt resistor between the gate and source of
said FET;

connecting a shunt Zener between the gate and source of said FET, for protecting
said gate from overvoltage;

connecting a port of a series capacitor to said gate;

applying a sguare wave to the other port of said series capacitor and causing said
shunt capacitor to be charged to a voltage that causes said FET to conduct and
consume the current that normally charges said battery cell;

terminating the application of said square wave to said series capacitor whenever
the output voltage is not within said threshold; and

allowing said shunt capacitor discharge via said shunt resistor and cause said FET to
stop conducting, thereby returning to measuring the voltage generated across the

predetermined resistor with respect to ground.

8. A battery management system, comprising:

a)

a bank of serially connected battery cells having a lower most cell connected to
ground and an uppermost cell connected to one port of a load, the other port of
which being connected to ground;

circuitry for sampling the output voltage of a selected battery cell;

a voltage to current converter for receiving the sampled battery cell output voltage,
consisting of:

c.1) a current source that outputs current being proportional to said sampled

output voltage
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¢.2} a predetermined resistor, connected between said current source output and
ground, into which the output current of said current source is fed;
d) a control circuit, adapted to:

- measure the voltage generated across said predetermined resistor with respect
to ground;

- determine whether or not said selected battery cell is fully charged according to
the difference between the measured voltage and a predetermined threshold
voltage; and

- repeat the process for additional battery cells of said bank.

9. The battery management system according to claim &, further comprising:
a} a processor; and
b} a muitiplexer, which is adapted to receive the output voltages of all sampled
battery cells and forward said output voltages to said processor,
said processor outputs the voltages of all sampled battery cells, each at a

predetermined timing.

10. The battery management system according to claim 8, further comprising:

a} an operational amplifier, which is suitable to operate in high voltage levels, where
the negative port of the selected battery cell is connected to an input of said
operational amplifier;

b} a p-channel FET, where the source of said p-channel FET is connected to the
positive port of the selected battery cell via a first serial resistor, the drain of said p-
channel FET is connected to the ground via a second serial resistor and the gate of
said p-channel FET is connected to the output of said operational amplifier; and

¢} afeedback line connecting between the source of said p-channel FET and the other

input of said operational amplifier.
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12.

13.

14.
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The battery management system according to claim 10, in which the power supply
voltages to feed DC power to the operational amplifier are taken from the neighboring

battery cells.

The battery management system according to claim 11, in which the lower BC supply
to the operational amplifier is taken from one battery cell being lower than the
measured battery cell and the higher upper battery cell and the higher DC supply to
said operational amplifier is taken from one battery cell being upper than the

measured battery cell.

The battery management system according to claim 12, in which multiple packages of
operational amplifiers are used for measuring groups of battery cells, while each time,
taking the lower supply voltage from one battery cell below the measured group, while

the remaining lowest battery cell is measured directly, with respect to ground.

The battery management system according to claim 8, further comprising circuitry for
preventing overcharging of the selected battery cell upon measuring that its output
voltage is within the threshold, said circuitry comprises:

a} a FET the drain of which being connected to the positive port of the selected
battery cell via a first resistor and the source of which being connected to the
negative port of the selected battery cell;

b} a shunt capacitor and a shunt resistor, being connected between the gate and
source of said FET;

¢} a shunt Zener being connected between the gate and source of said FET, for

protecting said gate from overvoltage;
wherein a port of a series capacitor is being connected to said gate;

said circuitry is adapted to:
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d) apply a sguare wave to the other port of said series capacitor and causing said

shunt capacitor to be charged to a voltage that causes said FET to conduct and

consume the current that normally charges said battery cell;

e} terminate the application of said square wave to said series capacitor whenever the

cutput volitage is not within said threshold; and
allow said shunt capacitor discharge via said shunt resistor and cause said FET to
stop conducting, to thereby return to measuring the voltage generated across the

predetermined resistor with respect to ground.
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