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(57) Abstract: This invention discloses
a charging/discharging protective circuit
for a secondary battery pack, having
an over-charging/discharging voltage
comparator, a reference voltage source
and a battery status decision circuit.
There is also a sampling circuit having a
sequential pulse generator for generating
pulses for selecting one of the batteries
in the battery pack for testing purposes.
The pulse generator provides M-channel
gating pulses to the selection circuit of the
battery under test and provides sampling
pulses to the over-charging/discharging
voltage comparators. The reference
voltage source has a regulated output
circuit. This invention uses time
division inspection methods to provide
a cost-effective solution for inspecting
batteries in a battery pack.
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Protective Circuits for Secondary Battery Packs

Cross Reference

[1] This application claims priority from a Chinese patent application entitled “A Type of
Charging/Discharging Protective Circuit for Secondary Battery Packs” filed on December 7,
2005, having a Chinese Application No. 200510022293.4. This application is incorporated

herein by reference.

Field of Invention

2] This invention involves protective integrated circuits for secondary batteries and, in

particular, protective charging/discharging circuits for secondary battery packs.

Background

3] In lithium ion batteries storing high density internal energy, excessive accumulation of
internal heat while in the over-charged state could damage battery performance and life, and, in
particular, may result in a battery explosion and even fire. Therefore, such lithium ion batteries
must have a well-designed protective circuit to ensure safety during the over-charged/discharged
states and to prevent performance deterioration as well. Most of the available integrated
circuits for protection of lithium ion battery packs (hereinafter IC) utilizes pure analogue circuits.
Different reference voltage source ICs producéd with CMOS technology using different doping
concentrations are not completely the same, and the thresholds for over-charging/discharging
protection will vary within a certain range. A large number of divider (bleed) resistors can be
designed into the IC by the designer based on such variations. There are also a large number of
regulation points (for adjustment of variations) that can be designed in to adjust the resistors.
Both of these approaches allow it possible to adjust the divider (bleed) resistance during
intermediate testing according to the desired voltage ratio and after the wafer has been

manufactured. As a result, the resistance may be kept basically constant to meet the use

1
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requirements or specification. Normally, the IC has a number of variable resistors, comparator
and reference voltage sources, occupying about 40% of the IC area. The accuracy of such
adjustment remains relatively low, and the protective voltage threshold of each battery has to be
corrected separately. To ensure adequate accuracy, laser is adopted to adjust to around 100
regulation points for 3~4 batteries, thus increasing production cost accordingly. Therefore, it is
desirable to have a simpler and more cost effective protective circuit for the charging and

discharging and inspection of battery packs.

Summary of the Invention

[4] The technical problem to be solved by this invention is to overcome the defects of the
present technology and propose a protective circuit of low cost and high accuracy for charging
and discharging of secondary battery packs.

[5] Briefly, for the charging and discharging protective circuit for the secondary battery pack,
the secondary battery pack may have multiples of M batteries (where M is more than 2), where
the protective circuit including charging/discharging voltage comparators, a reference voltage
source which provides comparative reference voltage, and a battery status decision circuit
connected to the output of the over-charging/discharging voltage comparator. The output of the
said battery status decision circuit is connected to the battery charging/discharging control circuit,
which controls the charging and discharging of the batteries in the battery pack.

[6]  There is a sampling circuit for controlling the sampling of the voltage levels of the
batteries and having a sequential pulse generator, which provides M-channel gating pulses (or
strobes) to the selection circuit of the battery under test and provides sampling pulses to the
over-charging/discharging voltage comparator. The said M-channel gating pulses connect
sequentially the M batteries under test to the comparative voltage inputs of the voltage
comparator, respectively. The sampling pulses allow the sending samples of the comparison

results of the voltage comparator to the battery status decision circuit.
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Description of the Drawings

[7] The following are further descriptions of the invention with references to figures and
examples of their applications.

[8] Figure 1 is a method embodiment of this invention, showing a block diagram;

9] Figure 2 is an embodiment of this invention, showing a sequential wave diagram for a
4-channel gating pulses (or strobes);

[10] Figure 3 is an embodiment of this invention, showing a one-channel gating pulses and the
corresponding seéuential wave diagram for sampling pulses;

[11]  Figure 4 is a method of this invention, showing the regulated output circuit diagram for

the reference voltage source.

Detailed Description of the Preferred Embodiments

[12] The technical problem to be solved by this invention is to overcome the defects of the
present technology and propose a protective circuit of low cost and high accuracy for
charging/discharging of secondary battery packs. The technical problems in this invention can
be solved in the following manner.

[13] For the charging/discharging protective circuit for a secondary battery pack, the
secondary battery pack having multiples of M batteries (where M is more than 2), the circuit
including charging/discharging voltage comparators, a reference voltage source which provides
comparative reference voltage levels, and a battery status decision circuit connected to the output
of the voltage comparators. The output of the said battery status decision circuit is connected
externally to the battery charging/discharging control circuit for controlling the charging and
discharging of the batteries in the battery pack.

[14] The protective charging/discharging circuit for a secondary battery pack includes the
following:

a comparative voltage source for the voltage comparators; and
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a samplin.g circuit for the battery voltage having a sequential pulse generator, which
provides M-channel gating pulses (or strobes) to the selection circuit and provides sampling
pulses to the voltage comparators. The said M-channel gating pulses allow the connecting
sequentially of the M batteries under test to the voltage comparators, respectively. The
sampling pulses allow the sending of the comparison results of the voltage comparators to the
battery status decision circuit.

[15] A secondary battery pack is an energy-s;'orage component with its terminal voltage
varying slowly during normal conditions, and its charging/discharging process being a
continuous and smooth process. Therefore, the comparative voltage of the
over-charging/discharging voltage comparator is sampled intermittently, and the voltage of the
battery under test is inspected at set time intervals.

[16]  On the other hand, over-current and short-circuit conditions are abrupt abnormalities and
must be protected immediately. Therefore, comparative voltage for the over-current and
short-circuit inspection voltage comparators are provided in a continuously on-line method.
During other time, when there is no inspection of the batteries under test, the entire circuitry
remains in a hibernation state for the purpose df reducing power consumption, except the
continuously on-line monitoring for over-current and short-circuit conditions.

[17]  Technical problems in this invention are further solved in the following way:

[18]  The reference voltage source has a regulated output circuit for adjusting the protective
circuit to be within specification after manufacturing.

[19] In the regulated output circuit of the said reference voltage source, a multi-stage voltage
divider is comprised of adjustable-ratio resistors and fixed-ratio resistors providing stepwise
adjusted resistance.

[20] Both ends of the said serial adjustable-ratio resistors are pressure welding points for
probe test, across which are fuses that may melt when over-voltage or over-current conditions

occur.
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[21]  The sequential pulse generator, including a square wave generator, a cascéded oscillator,
frequency divider, and amplifier, intermittently inspects the voltage of the battery under test at
set time intervals. When the gating pulses of a channel are at the high level, the corresponding
terminal voltage of the battery under test will be sent to the input of comparative voltage of the
voltage comparator via the level conversion circuit. M-channel sampling pulses, which are at
the high level only during the intervals set for the high level, will send the comparison results of
the voltage comparators to the battery status decision circuit.

[22]  Technical problems in this invention are solved on the following selective basis:

[23]  The said secondary battery pack is a lithium ion battery pack.

[24] M is an integer between 2 and 8; For the preferred selection, M is 3 or 4.

[25]  The level conversion circuit is a differential operational amplifier.

[26]  The reference voltage source is a current amplification circuit at zero temperature shift
and intermittent energy band. Variation of reference operating points due to load variation at
output terminals can be separated, and a stable reference comparative voltage can be provided.
[27]  The circuits may be either hybrid discrete digital/analogue circuits, or hybrid integrated
digital and analogue circuits. Layout can be made for the IC by using small line width.

[28] In comparison with the technology available now, the present invention, the sampling
circuits creates a time division inspection system such that the number of regulating points
needed to create the protection threshold voltage for the calibrating of the protective circuit can
be minimized and in the preferred embodiment is reduced to 6 regulating points, thus minimizing
the need for wafer testing, saving regulation time, and test equipment cost. The adjustment step
for the threshold voltage for over-charging protection can be as high as 3.3mV, and the system
regulation step, namely the step accuracy, can be 10mV. The protection threshold for
over-discharging, over-current and short circuit can reach an accuracy of 5%. Accuracy of time
delays reaches 30%, 50% better than the existing technology.

[29]  As shown in Figure 1, for the charging/discharging protective circuit of a battery pack,

the battery pack may comprise 4 cascaded lithium ion batteries: E1, E2, E3 and E4. The
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protective circuit includes voltage comparators B1, B2, B3 and B4 for detecting over-charging,
over-discharging, over-current and short circuit. There i_s also a reference voltage source 2,
providing them with comparative reference voltage levels respectively. There is also a battery
status decision circuit 1 connected to the outputs of voltage comparators B1, B2, B3 and B4.
The output of said battery status decision circuit 1 is connected to a control circuit for battery
charging and discharging, which in one embodiment can be the field effect transistor M1 and M2
and freewheeling diode D1 and D2. The battery status decision circuit 1 includes four 8-digit
counters for over-charging/discharging delay, a 4-digit counter for over-current delay and
auxiliary circuits. As over-charging and over-discharging will not occur at the same time,
sharing of a group of counters can save a number of elements.

[30] There is a comparative voltage source, comprising of a selection circuit 3 for selecting
one of the batteries for testing EI~E4 and a level conversion circuit 4, which provides an
interface between the selection circuit and voltage comparator Bl and B2. The said level
conversion circuit 4 with a 2-stage differential operational amplifier, adopting common-source
and common-grid output, can satisfy the need for bandwidth. It has a large amplification
multiple, high common-mode rejection ratio and low power consumption.

[31] There is a sampling circuit for battery voltage, including a sequential pulse generator 5,
which provides 4-channel pulses to the selection circuit for the selection of a battery E1~E4 and
sampling pulses to voltage comparator B1 and B2. The said 4-channel gating pulses allows the
sequential connection of one of the batteries E1~E4 to be under test by connecting the selected
battery to comparative voltage input terminals of the voltage comparators B1 and B2. Note that
the comparative voltages from the voltage comparators Bl and B2 are generated by the
intermittent sampling method (from pulses generated by the sampling circuit). On the other
hand, the comparative voltage of the over-current and short-current detection voltage
comparators B3 and B4 are provided by a continuous online detection method. These
comparative voltage inputs are connected to the discharging loop. The said sampling pulses

allow the sending of the comparison results from the over-charging/discharging voltage
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comparators to the battery status decision circuit.

[32] In the preferred method, the battery inspection cycle is set at T=10mS, namely, voltages
of the batteries are inspected at 10mS intervals. Furthermore, the width of gating pulses for the
batteries under test E1~E4 is set at Pu = 200 p S, gating pulse interval between two adjacent
batteries at Pc=200 u S, and sampling pulse width of batteries under test E1~E4 at Pd=1/4,
Pu=50 u S. They are set at 1/2~3/4 of the corresponding gating pulses so as to avoid influence
from level variation. The sequential waveform of 4-channel gating pulses, as well as the
sequential waveform of one-channel gating pulses and the corresponding sampling pulses are
shown in Figure 2 and 3. The upper waveform in Figure 3 is a sequential waveform of one of
the channels in providing gating pulses, while the lower waveform is a sequential waveform of
the corresponding sampling pulses.

[33] The reference voltage source 2 has a regulated output circuit 8, whereby the series of
adjustable-ratio resistors of stepwise adjusted values R1-1, R1-2, R1-3, R1-4, R1-5, R1-6 and
R1-7 as well as fixed ratio resistors R2, R3 and R4 form a multi-stage voltage divider, and 6
adjustment points are provided accordingly.

[34] Both ends of said series of adjustable-ratio resistors R1-1~R1-7 are pressure welding
points PO~P6 for probe test, across which are FO~F5 fuses, that can be broken when over-current
or over-voltage condition occurs.

[35] The sequential pulse generator 5 is a square wave generator including a cascaded
oscillator 6, a quad frequency divider and an amplifier 7, with oscillator generating a square
wave signal at 20K frequency. When a channel of gating pulses is at a high level, the terminal
voltage of the corresponding battery under test is sent via a level conversion circuit 4 to the
comparative voltage inputs of over-charging/discharging voltage comparators B1 and B2. On
the other hand, the 4-channel sampling pulses, which are at a high level only during the period
set for the high level, allow the sending of the comparison results of corresponding
over-charging/discharging voltage comparators B1 and B2 to the battery status decision circuit 1.

[36]  The reference voltage source 2 has a current amplification circuit, zero temperature shift
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and intermittent energy band, and its output voltage is 2.5V.

[37]1 The protective circuit operates in the following way: the 4-channel gating pulses
generated by sequential pulse generator 5 controls the selection circuit 3 to sequentially connect
one of the batteries E1~E4 to the level conversion circuit 4. Relative voltage on both terminals
of the selected battery is changed to absolute voltage with reference to the ground, and is applied
respectively to the voltage comparators B1 and B2 for comparison with their respective reference
voltages. The comparison result (compared levels) is sampled by sampling pulses generated
from the sequential pulse generator 5, and the sampled result is sent to the battery status decision
circuit 1. The battery status decision circuit 1 counts the continuously sampled result of the
same battery, and finally sends a corresponding control level to the charging/discharging control
circuit. Such control circuit may use field effect transistor M1 and M2 as well as freewheeling
diode D1 and D2. The purpose of the control circuit is to protect the battery pack from
abnormal battery conditions.

[38] Asshown in Figure 4, in the regulated output circuit § of reference voltage source 2, Vref
1 is the comparative reference voltage for the over-charging voltage comparators B1, Vref 2 is
the comparative reference voltage for over-discharging voltage comparator B2 and short circuit
detection voltage comparator B4, and Vref 3 is the comparative reference voltage for
over-current detection voltage comparator B3. The characteristics of the lithium battery
themselves confine the protective threshold for over-charging normally to 4.2V~4.4V. In case
of an excessively low threshold, the battery can not be fully charged, as it is placed under
protection before the battery is fully charged. In case of an excessively high threshold, there
will be a risk of battery expansion and break and even explosion. In this specific
implementation method, the voltage threshold for charging protection is made continuously
adjustable in the range of 4.2V~4.4V (center value 4.3V) by regulating adjustment resistor R1.
Voltage threshold for over-discharging protection is around 2.5V, voltage threshold for
over-current protection is around 0.3V, and voltage threshold for short circuit protection is

around 1.25V. All the resistors in Figure 4 are ratio-resistors, with their resistance being given



WO 2007/065362 PCT/CN2006/003319

in the figures. RI is in the range of 27.8K Q2 ~84.5 KQ, continuously adjustable in steps of
0.9KQ. Through adjustment of resistance of R1, the voltage threshold for over-charging
protection is made continuously adjustable in the range of 4.202V ~ 4.398V, with its maximal
adjustment step being as small as 3.3mV. Considering differences in resistance as well as offset
voltage of the level conversion circuit, the system adjustmen‘t step of the voltage threshold for
over-charging protection is made to be 10mV through emulation and calculation. In other
words, the regulated voltage threshold for IC over-charging protection can be continuously
adjustable in the range of 4.2V~4.4V, with the adjustment accuracy being * 10 mV of the set
value. The variation range of the voltage thresholds for over-discharging protection, short
circuit protection and over current protection can be determined on the basis of the range of
voltage threshold for over-charging protection. Considering etching accuracy of the resistors,
uneven doping concentration, the nominal range of the variation of voltage thresholds for
over-discharging protection, short circuit protection and over current protection is set at 5%.
All ratio resistors are in the form of cascaded and parallel resistor units of equal length and width,
and pseudo resistors are added on both sides to reduce environmental impact and strengthen
consistency of resistance values.

[39] The above content is a further detailed description of this invention in combination with
specific selective implementation methods, and the specific implementation of this invention can
not be considered to be confined to such descriptions. Ordinary technicians, working in the
filed of technology of this invention, can make some simple inferences or substitutions under the
prerequisite of not departing from the conception of this invention. Such inferences or
substitutions should all be deemed to fall in the range of patent protection as determined in the

claims submitted for this invention.
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CLAIMS

1. A protective circuit for a secondary battery pack having a plurality of batteries,
comprising:

a sampling circuit generating pulses for selecting one or more of the batteries for
inspection;

a selection circuit for receiving said pulses and selecting a battery in the battery
pack;

a reference voltage source providing one or more reference levels;

a plurality of voltage comparators each receiving one of the reference levels to
compare with the level of the selected battery and generating one or more compared
levels;

a battery status decision circuit connected to the comparators generating control
signals as a function of the compared levels; and

a battery charging/discharging control circuit for controlling the charging or
discharging of the selected battery in response to the control signals.

2. The protective circuit of claim 1 wherein the reference voltage source has a

regulated output circuit allowing the calibration of protection thresholds.

3. The protective circuit of claim 2 wherein in the regulated output circuit, there is a
multi-stage voltage divider with adjustable-ratio resistors and fixed-ratio resistors
providing stepwise adjusted resistance for calibrating the protective circuit to be within

predetermined inspection ranges.

4. The protective circuit of claim 1 wherein the sampling circuit includes a

sequential pulse generator.
5. The protective circuit of claim 1 wherein the sampling circuit includes a

sequential pulse generator generating pulses for the inspecting the batteries at

predetermined time intervals.

10
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6. The protective circuit of claim 4 wherein the sampling circuit further includes a

square wave generator, cascaded oscillator, frequency divider and amplifier.

7. The protective circuit of claim 1 wherein the sampling circuit causes the

intermittently inspection the voltages of the batteries at set time intervals.

8. The pfotective circuit of claim 1 wherein the batteries of the secondary battery

pack are lithium ion batteries.

9. The protective circuit of claim 1 wherein the battery pack is configured in

multiples of M batteries where M is an integer between 2 and 8.

10. The protective circuit of claim 1 further including a level conversion circuit

connected between the selection circuit and the comparators.

11. The protective circuit of claim 10 wherein the level conversion circuit is a

differential operational amplifier.

12. The protective circuit of claim 1 the protective circuit is a discrete hybrid

digital/analogue circuit.

13. The protective circuit of claim 1 the protective circuit is a hybrid integrated

digital/analogue circuit.

14. A protective circuit for a secondary battery pack having a plurality of batteries,
comprising:

a sampling circuit generating pulses for selecting one or more of the batteries for
inspection, wherein the sampling circuit includes a sequential pulse generator generating
pulses for inspecting selected one of the batteries at predetermined time intervals;

a selection circuit receiving the pulses and for selecting a battery in the battery

pack;

11
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a reference voltage source providing one or more reference levels, wherein the
reference voltage source has a regulated output circuit allowing the calibration of
protection thresholds;

a plurality of voltage comparators each receiving one of the reference levels to
compare with the level of the selected battery and generating one or more compared
levels;

a battéry status decision circuit connected to the comparators generating control
signals as a function of the compared levels; and

a battery charging/discharging control circuit for controlling the charging or

discharging of the selected battery in response to the control signals.

15. The protective circuit of claim 14 wherein in the regulated output circuit, there is
a multi-stage voltage divider with adjustable-ratio resistors and fixed-ratio resistors
providing stepwise adjusted resistance for calibrating the protective circuit to be within

predetermined inspection ranges.

16. The protective circuit of claim 14 wherein the batteries of the secondary battery

pack are lithium ion batteries.

17. The protective circuit of claim 14 wherein the battery pack is configured in

multiples of M batteries where M is an integer between 2 and 8.

18. The protective circuit of claim 14 further including a level conversion circuit

connected between the selection circuit and the comparators.

19. The protective circuit of claim 14 the protective circuit is a discrete hybrid

digital/analogue circuit.

20. The protective circuit of claim 14 the protective circuit js a hybrid integrated

digital/analogue circuit.

12
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