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(57) A battery monitor system that determines battery pack temperature and battery pack identification. The battery
pack includes a battery pack circuit having a thermistor and an AC circuit component. The battery monitoring system
determines the battery pack temperature by measuring the resistance of the thermistor when the battery pack circuit 1s
1n a steady-state condition, and determines the value of the AC component based on a changing or dynamic electrical
condition of the battery pack circuit. In one embodiment, to determine battery pack identification, an identification
capacitor 1s connected 1n circuit with the thermistor. One terminal of a comparator 1s switched to a low reference
voltage potential once the idenftification capacitor has been charged, and the output of the comparator gives an
indication of the discharge rate of the capacitor, and thus 1ts identification. In an alternate embodiment, the battery
monitor circuit determines the identity of the battery pack by determining whether a thermistor does or doesn’t exist,
and 1f so, whether an 1dentification capacitor does or doesn’t exist.

I*I Industrie Canada  Industry Canada



10

Pl e YA ot MR b eull v AL | IS Y G LAY A ML Gt ¢ 2 o L] ruas i,

CA 02273543 1999-06-03

ABSTRACT OF THE DISCLOSURE

A battery monitor system that determines battery pack temperature and
battery pack identification. The battery pack includes a battery pack circuit having
a thermistor and an AC circuit component. The battery monitoring system
determines the battery pack temperature by measuring the resistance of the
thermistor when the battery pack circuit is in a steady-state condition, and
determines the value of the AC component based on a changing or‘dynamic
electrical condition of the battery pack circuit. In one embodiment, to determine
battery pack identification, an identification capacitor is connected in circuit with the
thermistor. One terminal of a comparator is switched to a low reference voltage
potential once the identification capacitor has been charged, and the output of the
comparator gives an indication of the discharge rate of the capacitor, and thus its
identification. In an alternate embodiment, the battery monitor circuit determines the
identity of the battery pack by determining whether a thermistor does or doesn't

exist, and if so, whether an identification capacitor does or doesn't exist.
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APPARATUS FOR DETERMINING BATTERY
PACK TEMPERATURE AND IDENTITY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a battery charger monitor that
monitors battery pack parameters during charging of a battery and, more
particularly, to a battery charger monitor that monitors battery voltage, battery
temperature and determines battery pack identification using an identification
capacitor within the battery pack, where the battery pack identification and the
battery temperature are monitored on a single line between the battery monitor and

the battery pack.

2. Discussion of the Related Art

Many different electrical devices, such as some power tools, cellular
phones, appliances, etc., use battery packs that are rechargeable. Modern battery
chargers are capable of charging battery packs having different rated voltages and
different battery chemistry, i.e., nickel-cadmium, metal hydride, lithium, etc. Most of
these battery chargers monitor the voltage of the battery pack during the charging
process to provide a full charge without exceeding the maximum charge of the
battery pack which could cause damage to the pack. U.S. Patent Nos. 4,388,582
and 4,392,101, both issued to Sar et al., and assigned to the assignee of the
present invention, disclose a quick battery charging technique which monitors the

charging of a battery pack by noting inflection points in a voltage charging curve as
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the electrical chemical potential within the battery cells changes with respect to time.
By determining specific inflection points in the charging curve, it is possible to
accurately terminate the charging when the battery pack is at full charge.

In addition to monitoring the voltage of a battery pack that is being
charged, the battery monitor may also determine other pieces of useful information,
including battery pack temperature and battery pack identification. Monitoring
battery pack temperature is useful because overheating the battery pack during
charging can cause significant damage to the battery pack. Determining the battery
pack identification is desirable to ascertain certain things such as maximum battery
voltage and capacity, battery chemistry, manufacturing date, etc. This information
can be used by a charging control algorithm controlling the charging process to aid
iIn monitoring and adjusting the charging process.

Battery chargers and charger monitors that monitor battery voltage anc
battery temperature during the charging process can be found in U.S. Patent No.
0,352,969 and U.S. Patent Application Serial No. 08/834,375, filed April 16, 1997,

titled “Indirect Thermal Sensing System for a Battery Charger,” both assigned to the

assignee of the instant application. Both of these documents disclose an analog-to-

digital conversion technique that converts an analog battery voltage signal to a
digital representation suitable for microprocessor analysis. The battery voltage
signal is attenuated by a voltage attenuation or prescaler circuit, acting as a voltage
divider, to cause the battery voltage to be in a predetermined narrow range
regardless of the battery voltage. The prescaler circuit allows the battery charger
to effectively monitor the battery voltage for a wide range of battery packs having

varying voltages. U.S. Patent Application Serial No. 08/834,375 also discloses a
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technique for monitoring battery temperature using a similar analog-to-digital

conversion method.

U.S. Patent No. 5,489,834 issued to Pitkanen discloses a battery type
and temperature identification circuit. The battery pack being charged includes a
negative temperature coefficient resistor, a voltage divider resistor, and a fixed
identification resistor electrically connected in a voltage divider circuit. The
identification resistor is different for each different battery pack type, and provides
the basis for determining battery type. An output voltage from the voltage divider
circuit follows a particular curve set by the identification resistor as the temperature
on the pack changes. Because the value of the identification resistor is selected
based on the battery pack type, and the values of the negative temperature
coefficient resistor and voltage divider resistor are selected to be the same or nearly
the same for each battery type, the different voltage curves at the output of the
voltage divider circuit for the different battery types can be spaced apart. By
determining which curve the output voltage follows for changes in temperature gives
an indication of the battery pack identification.

This technique does, however, suffer from a number of drawbacks and
disadvantages. Particularly, because each of the voltage signals for the different
battery packs are voltage divided by a particular identification resistor to be
separated, the resolution of the voltage signal is low, and distinction between one
voltage curve to a next voltage curve could provide error because of curve overlap.
Because one voltage curve for one battery pack type is adjacent to another battery

pack type, it may be impossible to tell whether the voltage representation is at the

end of one voltage curve or at the beginning of a next voltage curve. Additionally,
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because the battery type identification circuit must have accurate resolution within

the range of each voltage curve as well as over the entire range of the voltage
curves combined, a very expensive analog-to-digital converter is required.

German Patent Application No. DE 42 25 686 A1, published March 3,
1994 discloses a circuit for recognizing and charging a battery pack, where the
battery pack includes a temperature dependent resistor and an identification
capacitor. A microprocessor applies a DC voltage signal to the battery pack to
determine the resistive value of the temperature dependent resistor. Next, a square
wave signal is applied to the battery pack, and the impedance is measured. The
value of the identification capacitor is then determined by the equation
Z=1/(sqr(1/R)* + (1/Xc)?) to identify the battery pack.

What is needed is a battery charger monitor circuit that is able to
charge a battery pack in the charger, monitor the voitage of the battery, monitor the
temperature of the battery, and provide an indication of the battery pack
identification in and efficient and cost effective manner, and doesn't suffer the
dfawbacks of the prior art devices discussed above. It is therefore, an object of the

present invention to provide such a battery monitor circuit.

SUMMARY OF THE INVENTION
In accordance with the teachings of the present invention, a battery
monitor is disclosed that uses a thermistor in combination with an AC circuit
component, such as a capacitor or an inductor, to determine battery pack
temperature and battery pack identification. To determine the battery pack

temperature, the resistance of the thermistor is measured when the battery pack
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circuit is in a steady-state condition. Next, an AC signal is applied to the battery

pack circuit under a dynamic circuit condition to identify the AC circuit component

and identify the battery pack. Thus, the temperature of the battery pack and the
identification of the battery pack can be determined on a single line.

5 According to one embodiment, to determine the battery pack

temperature in one embodime‘nt, a first voltage divider network is provided, including

a reference capacitor, where an output voltage of the first voltage divider network

Is applied to one terminal of a comparator. A second voltage divider network is

provided that is electrically connected to the battery pack. The second voltage

10 divider network includes a thermistor positioned within the battery pack at a location

suitable to take battery pack temperature measurements, and a plurality of resistors

within the battery monitor circuit. The output of the second voltage divider network

IS applied to another terminal of the comparator. Once the reference capacitor is

charged, it is allowed to discharge through the first voltage divider network. When

15 the reference capacitor decays below the value of the output of the second voltage

divider network, the comparator switches high. Because the values of the reference

capacitor and the resistors in the first voltage divider network, and the plurality of

resistors in the second voltage divider network are known, the resistive value of the

thermistor can be determined based on the output of the comparator. This resistive

20 value is representative of the temperature within the battery pack.
According to one embodiment, the second voltage divider network and
the comparator are also used to determine battery pack identification. An unknown
identification capacitor that has a value unique to a particular battery pack is

included in the battery pack, and is connected in circuit with the thermistor and the
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second voltage divider network. The battery monitor circuit can determine the

capacitance value of the identification capacitor based on its discharge rate. One
terminal of the comparator is switched to a low reference voltage potential once the
identification capacitor has been charged and is at a steady state. The second
voltage divider network includes a low value resistor that allows the identification
capacitor to be quickly discharged. Once the voltage potential of the second divider
network applied to the positive terminal of the comparator falls below the reference
potential, the monitor can determine the value of the capacitor based on the known
value of the resistances.

In another embodiment, the identification of the battery pack is
determined by whether a thermistor and a capacitor exist in the battery pack circuit.
To determine whether the thermistor is in the battery pack circuit, a voltage output
of a voltage divider network is measured. If the measurement indicates that the
thermistor does exist, then the voltage measurement is used to determine the
resistance of the thermistor. To determine whether the capacitor exists in the
battery pack circuit, the capacitor is first discharged, assuming that it does exist.
Next, charging of the capacitor is initiated, and after a predetermined period of time,
a voltage output of the battery pack circuit is measured to determine whether it is
above or below a predetermined threshold value. Ifit is above the threshold value,
then the capacitor does not exist, and if it is below the threshold the capacitor does
exist.

Other advantages and objects of the present invention will become

apparent to those skilled in the art from the subsequent detailed description,

appended claims and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a circuit diagram of a battery pack monitoring circuit that
détermines battery pack voltage temperature and identity according to an
embodiment of the present invention:

Figure 2 is a graph of a voltage divider output of the circuit shown in
Figure 1 having temperature on the horizontal axis and voltage on the vertical axis:

Figure 3 is a graph of the log A/D timer counts as a function of
temperature with voltage on the vertical axis and temperature on the horizontal axis:

Figure 4 is a graph of the decay times of the identification capacitor
with time on the vertical axis and temperature on the horizontal axis:

Figure S is a graph of the decay time of the identification capacitor with
time on the vertical axis and temperature on the horizontal axis:

Figure 6 is a circuit diagram of a battery pack monitoring circuit that
determines battery pack temperature and identity according to another embodiment
of the present invention; and

Figure 7 is a voltage output graph for determining the presence of a
capacitor in the battery monitoring circuit of Figure 6, where voltage is on the vertical

axis and time is on the horizontal axis.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following discussion of the preferred embodiments directed to a
system for measuring battery temperature and determining battery pack identification

In a battery charger is merely exemplary in nature, and is in no way intended to limit

the invention or its applications or uses.
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Figure 1 shows a schematic diagram of a battery monitoring circuit 10
that is separated into a battery pack side 12 and a battery charger side 14,
according to an embodiment of the present invention. The battery pack side 12 is
electrically connected to the battery charger side 14 at three connections 16, 18 and
20, as shown. The battery monitor circuit 10 is used to monitor a battery pack 22
including a plurality of battery cells 24. The battery monitoring circuit 10 provides
three major functions, including monitoring the charging process of the battery pack
22, determining the temperature of the battery pack 22, and identifying the battery
pack 22. The connection 16 connects a battery pack voltage measuring and
charging line, the connection 18 connects a battery pack temperature and battery
pack identification line, and the connection 20 provides a ground connection.
Although not specifically shown, it will be understood that the battery monitoring
circuit 10 will include battery charging circuitry In association with the monitoring
circuitry on the battery charger side 14. The battery pack identification can provide
various desirable information, including battery chemistry, such as nickel cadmium,
metal hydride, lithium, etc., number of cells 14, manufacturing date, rated voltage,
efc.

The battery monitoring circuit 10 is microprocessor controlled by a
microprocessor 26. The microprocessor 26 can be any suitable microprocessor for
the purposes described herein, and as will be well understood by those in the art,
many different microprocessors are available for this purpose. Four of the
microprocessor pins are labeled 1, 2, 3 and 4 for purposes of the discussion herein.
However, these pins will have different pin numbers depending on which

microprocessor is used. As will be discussed in greater detail below, the battery
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pack temperature and the battery pack identification are both determined from a
single connection at pin 2.

The battery pack side 12 includes a battery pack circuit 30 in electrical
connection with the battery pack 22. The battery pack circuit 30 includes an
Identification capacitor 32 and a thermistor 34. The thermistor 34 is a variable
resistor that changes its resistance based on temperature, as is well understood in
the art. Other types of temperature sensing devices may be applicable within the
scope of the present invention, as would be appreciated by those skilled in the art.
The identification capacitor 32 is specially selected to identify the battery pack 22,
and thus has a different capacitive value depending upon the pack 22. The
thermistor 34 is strategically placed within the battery pack 22 so as to provide a
temperature reading of the pack 22. Thus, everything on the battery pack side 12
Is removabie from the actual battery charger as a single unit, and can be replaced
with other battery packs.

In accordance with the teachings of the present invention. both the
temperature of the battery pack 22 and the identification of the battery pack 22 are
determined through a single connection to the battery charger side 14, here
connection 18. The temperature of the battery pack 22 is measured when the
battery pack circuit 30 is in a steady-state condition, where a DC signal is applied
through the connection 18. To determine the identification of the battery pack 22,
the battery pack circuit 30 is put under a dynamic circuit condition to determine the
value of the capacitor 32. In an alternate embodiment, the capacitor 32 can be

replaced with another AC circuit component, such as an inductor.
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The battery charger side 14 of the battery monitoring circuit 10 includes
a voltage attenuator 36 or prescaler circuit (resistor divider network) that is used to
attenuate the output voltage of the battery pack 12 to be at or near a desirable

voltage output. The attenuation of the voltage attenuator 36 can be selectively set
so that the desirable voltage output is nearly the same for all battery packs 22
regardiess of its actual voltage. This attenuated voltage is applied to the positive
terminal of a comparator 38 at pin 1 of the microprocessor 26. The charging voltage
applied to the battery pack 22 is applied through the connection 16 from a current
source (not shown) to charge the battery pack 22.

The battery charger side 14 of the battery monitor circuit 10 further
includes an RC circuit 40. The RC circuit 40 includes a reference capacitor 42
having a known value, and resistors R, and R, also having known values that make
up a voltage divider network within the circuit 40. The output voltage of the RC
circuit 40 is applied to pin 4 of the microprocessor 26. When the microprocessor 26
switchés a switch 44 to a suitable reference potential, here a plus five volt potential,
the capacitor 42 is charged through the resistor R,. After the capacitor 42 has been
charged and is at steady state, the switch 44 is switched to a high impedance state,
and the voltage of the capacitor 42 dissipates through the resistor R, at a known
dissipation rate based on the values of the capacitor 42 and the resistors R, and R,.
This capacitor dissipation voltage is applied to the negative terminal of the
comparator 38 through a switch 46. At the same time that the switch 44 is switched
to a high impedance state, the microprocessor 26 begins counting at a
predetermined clock pulse rate by an internal timer. Once the voltage potential of

the capacitor 42 falls below the attenuated voltage of the battery pack 12, the output

10
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of the comparator 38 goes high, and the microprocessor 26 stores the number

of counts.

By programming the microprocessor 26 with the values of the capacitor
42, the resistors R, and R,, and the selected attenuation value of the voltage
attenuator 36, the discharge of the capacitor 42 will be known, and thus the voltage
of the battery pack 22 can be converted to a digital signal. A more detailed
discussion of an analog-to-digital conversion of a voltage potential as just described
can be found in Patent No. 5,352,969 and U.S. Patent Application No. 08/834,375,
mentioned above. For the purposes of the present invention, monitoring of the

battery voltage in this manner is not necessary, and can be done by various

techniques.

Resistors R,, R, and R, and the thermistor 34 make up a voltage
divider network 48. To determine the temperature of the battery pack 22, the switch
44 is connected to the five volt reference potential to charge the capacitor 42, and
pins 2 and 3 are set to a high impedance input state, i.e., open, so that the
identification capacitor 32 on the battery pack side 12 is charged fhrough the resistor
R,. In this configuration, the thermistor 34 and the resistor R, are connected in
parallel, and combine with the resistor R, to form the voltage divider network 48.
The output of the voltage divider network 48 at pin 2 is now a function of the
temperature of the battery pack 22. A graph of this voltage divider output is shown
in Figure 2, where the voltage output at pin 2 is on the vertical axis and temperature
is on the horizontal axis. As is apparent, as the temperature increases, the
resistance of the thermistor 34 goes down and the voltage divider output at pin 2

decreases.

11
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The analog voltage divider output at pin 2 is applied to the positive
terminal of a comparator 50. The voltage signal from the RC circuit 40 is applied
to pin 4 of the microprocessor 26, which in turn is applied to the negative input
terminal of the comparator 50 through the switch 46. After the capacitor 42 is
charged, and the switch 44 is switched to a high impedance state, the capacitor 42
begins to discharge, and the microprocessor 26 begins to count clock pulses. When
the capacitor dissipation voltage at pin 4 drops below the voitage divider output
signal of the circuit 48 at pin 2, the comparator 50 switches high and the
microprocessor 26 stores the count pulse as a digital conversion. This count pulse
Is a digital representation of the temperature. A technique for measuring
temperature of a battery pack, and converting it to a digital representatibn In this
manner Is discussed in U.S. Patent Application No. 08/834',375. Figure 3 is a graph
showing the voltage divider output at pin 2 in Log AD counts on the vertical axis and
temperature on the horizontal axis. As is apparent, as the temperature goes up, the
resistance of the thermistor goes down, the voltage output goes down and the digital
count decreases.

The comparators 38 and 50 and the switches 44 and 46 ére shown
internal to the microprocessor 26. This configuration is shown by way of a non-
limiting example in that these components can be external to the microprocessor 26,
and the outputs of the comparators 38 and 50 can be applied as inputs to the
microprocessor 26. Further, the comparison between the various signals discussed
above, and switching of the switches can be performed in software by programming
the microprocessor 26. The depiction shown in Figure 1 is solely intended to give

an understanding of the basic operation of the monitoring circuit 10 of the invention.

12
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In accordance with the teachings of the present invention, the
identification of the battery pack 22 is also determined at pin 2 of the microprocessor
26. To accomplish this, pin 2 is set to a high impedance input state and pin 3 is set
to a high output state by switching a switch 52 to a +5 volt potential. In this
configuration, the thermistor 34 and the resistor R, are in parallel, and the resistor
R, and R, are in parallel in the voltage divider circuit 48. The capacitor 32 is
charged through the voltage divider circuit 48 by the high output state potential
applied to the resistor R; and R.. A low reference voltage, here 0.2 volts, is applied
to the negative terminal of the comparator 50 through the switch 46, and an internal
timer of the microprocessor 26 is initialized.

Once the voltage across the capacitor 32 reaches steady state, the
capacitor 32 is discharged by setting pin 3 to a low output state by switching the
switch 52 to ground and the internal timer is started. The charging and discharging
of the capacitor 32 provides a changing or dynamic circuit electrical condition.
Because the resistor R, has a much lower value than the thermistor 34 and the
resistors R; and R,, the capacitor 32 discharges quickly through the resistor R..
Thus, the changing resistance of the thermistor 34 as the temperature changes does
not have a significant effect on the discharge rate of the capacitor 32. In this
example, the resistor R, has a value that is two magnitudes lower than the resistors
R, and R, to provide this quick discharge. However, this is by way of a non-limiting
example in that other values may be applicable for different designs.

When the voltage at pin 2 from the discharge of the capacitor 32 falls
below the 0.2 reference voltage, the comparator 50 switches high, and the timed

count is stored. This count value represents a voltage discharge time of the

13

. " e 13 7 1 N PG 4 1 PP S § A T DA M




10

15

20

L S R [ Y S [V WP PR R

CA 02273543 1999-06-03

capacitor 32. Because the values of R,, R,, R, and the thermistor 34 are known.

the value of the capacitor 32 can be determined based on its discharge rate.
Because different values for different capacitors will have different discharge times
for the same resistor values, by inserting a known capacitor in association with the
battery pack 22, the battery pack 22 can be identified.

The values of the resistors R, and R, and the thermistor 34 are
selected so that the voltage drop across the thermistor 34 falls within the common
mode input voltage range of the comparator 50 and within the predicted temperature
range of interest. However, these values are not optimized for measuring the
voltage decay across the capacitor 32 due to a large temperature dependency. This
Is apparent by viewing the graph shown in Figure 4, depicting the decay times
versus temperature for different values of the capacitor 32 without the resistor R..
This shows that without the lower value resistor R, the temperature change on the
thermistor 34 has a great effect on the discharge time of a capacitor having different
values. Without the resistor R, the process would consume a large amount of
software resources when modeled as a microcontroller program, although it would
work. However, the decay time temperature dependency can be dramatically
reduced by the addition of the resistor R.. By connecting the resistor R, to pin 3,
one terminal of the resistor R, can be set high when the resistors R, and R are in
parallel, or set low when the thermistor 34 and resistors R, and R, are in parallel to
dynamically alter the output of the voltage divider circuit 48. When the resistor Rs
is floating, the voltage divider circuit 48 is optimized for temperature readings. By
making the resistor R; small in comparison to the thermistor 34, and by setting pin

3 high or low, the voltage divider circuit 48 is optimized for measuring the discharge
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time of the capacitor 32. Because the value of the resistor R, is small, it "overrides"
the effects of the other resistances in the voltage divider circuit 48, including the
thermistor 34. This fast charging and discharging through the resistor R, results in
a capacitor decay time temperature independence as shown in the graph of Figure
.

Another embodiment for determining battery pack temperature and
battery pack identity is also disclosed, accdrding to the present invention, that is a
simplified version of the embodiment described above. Certain battery monitoring
applications may only require the identification of a limited number of battery packs
than that proposed by the embodiment described above. Figure 6 shows a
schematic diagram of a battery monitoring circuit 60 that is separated into a battery
pack side 62 and a battery charger side 64, according to another embodiment of the
present invention. The battery pack side 62 is electrically connected to the battery
charger side 64 at three separate connections 66, 68 and 70, as shown. The
battery monitoring circuit 60 is used to monitor a battery pack 72 that includes a
plurality of battery cells 74. The connection 66 connects a battery pack voltage
measuring and charging line, the connection 68 connects a battery pack temperature
and battery pack identification line, and the connection 70 provides a ground
connection.

The battery monitoring circuit 60 is microprocessor controlled by a
microprocessor 76. The microprocessor 76 can be any suitable microprocessor for
the purposes described herein, such as the Zilog Z86C83, known to those skilled

in the art. Five of the microprocessor pins are labeled 1, 2, 3, 4 and 5 for purposes
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of discussion herein. However, these pins will have different pin numbers
depending on which microprocessor is used.

The battery pack 72 is charged by a control signal applied to pin 1 to
turn on a current source 78. The voltage of the battery pack 72 is measured at pin
2 of the microprocessor 76 using a 12-bit log A/D converter 80 in the same manner
as described above. The details of the charging and charge monitoring of the
battery pack 72 can be any suitable technique known in the art consistent with the
battery monitoring circuit 60.

The battery pack side 62 includes an identification capacitor 82 and a
thermistor 84, just as with the embodiment described above. However, in this
embodiment, the monitoring circuit 60 does not identify the battery pack 72 by
determining the actual capacitance of the capacitor 82, but determines the identity
of the battery pack 70 by whether the capacitor 82 exists, regardless of its value,
and whether the thermistor 84 exists. For certain battery packs, such as nickel
cadmium battery packs, the temperature of the pack may not need to be
determined, or may be determined by indirect thermal sensing or other thermal
sensing techniques, and thus the thermistor 84 is not needed. Since the
identification capacitor 82 only has the purpose of determining the identity of the
battery pack 72, the capacitor 82 can also be eliminated. Therefore, for certain
types of battery packs, both the thermistor 84 and the capacitor 82 can be
eliminated. Accordingly, a first type of battery pack can be identified by determining
that it does not have a thermistor or a capacitor, a second type of battery pack can

be identified by determining that it has a thermistor and no capacitor, and a third
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type of battery pack can be identified by determining that it has both a thermistor
and a capacitor.

The charger side 64 of the monitoring circuit 60 includes a circuit 86
that includes a pull-up resistor R; connected to a five volt potential and resistors R,
and R; electrically connected as shown, that combine with the thermistor 84 to
define a voltage divider network. In accordance with the teachings of the present
invention, to determine if the thermistor 84 exists, the resistor R; is electrically
removed from the circuit 86 by setting an analog/digital 1/0 at pin 4 of the
microprocessor 76 to a high impedance. Then, the thermistor 84 and the resistor
Rg divide the +5 volt potential. The divided voltage is measured at pin 3 of the
microprocessor 76, where the voltage is applied to an 8-bit analog/digital converter
88 that converts ‘ the voltage to a digital representation readable by the
microprocessor 76. An 8-bit A/D converter is used in this embodiment because it
provides a good absolute accuracy, although it has less resolution than the A/D
converters identified above. Because the value of R, is known, if the thermistor 84
did not exist in the battery pack side 62, then the thermistor 84 would not act to
divide the voltage. The microprocessor 76 would determine this by the value stored
In the A/D converter 88. Likewise, if the thermistor 84 does exist in the battery pack
side 62, a different value will be stored in the A/D converter 88. Therefore, the
microprocessor 76 can identify whether the thermistor 84 exists or not.

If the thermistor 84 does exist, the monitoring circuit 60 will determine
the temperature of the battery pack 72 by the resistance of the thermistor 84.
Because the resistance value of the thermistor 84 will change based on the

temperature of the pack 72, values stored in the A/D converter 88 will change based

17




10

15

20

CA 02273543 1999-06-03

on the resistance value of the thermistor 84, giving an indication of the pack
temperature in the manner as described above.

If the monitoring circuit determines that the thermistor does not exist
In the battery pack side 62, then it is determined that the battery pack 72 is a
particular battery pack type, such as a nickel cadmium battery pack. If the
monitoring circuit 60 determines that the thermistor 84 does exist in the battery pack
side 62, it will then determine if the thermistor 84 has a value that falls within a
certain range. If the resistive value of the thermistor 84 is within the range, the
circuit 60 then determines whether the capacitor 82 does or doesn’t exist. First, pin
4 is set as an output low to discharge the capacitor 82 through pin 4, assuming that
it does exist. In this configuration, the pin 4 is a digital output. Pin 3 of the
microprocessor 76 is then set to a high impedance input to remove that connection
from the circuit 86. After the capacitor 82 has had time to discharge and the circuit
86 Is at steady state, pin 4 is set to an analog high impedance input. The five
voltage potential applied to the resistor R, begins to charge the capacitor 82. A
voltage reading is then taken at pin 4 by an 8-bit analog/digital converter 80 a
predetermined period of time after the pin 4 is set to an input, to measure the
voltage of the circuit 86. The predetermined period of time is less than the time it
takes the capacitor 82 to fully charge and the circuit 86 to reach steady state. If the
measured voltage is above a predetermined threshold when the time period has
elapsed after the pin 4 is set to an analog input, then the microprocessor 76 knows
that the capacitor 82 does not exist in the battery pack 62 because the voltage of

the circuit 86 increased too fast. If the voltage at pin 4 is below the predetermined
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threshold, then the microprocessor 76 makes a determination that the capacitor 82
does exist.

For a specific example, the capacitor 82 is 10uf and the threshold value
Is 0.7V. Figure 7 shows a graph with voltage V on the vertical axis and time t on
the horizontal axis. The capacitor 82 is discharged by making pin 4 an output low
as discussed above. The voltage at pin 4 is V, after the capacitor 82 is discharged
and the circuit 86 is at a steady state. At time t,, pin 4 is switched to an analog A/D
input and the voltage at pin 4 begins to rise. At time t,, here 1ms after time t., the
voltage is measured at pin 4 by the converter 90. If the capacitor 82 does not exist,
as shown by graph line 92, then the voltage at pin 4 should be V, at time t,, which
is above the threshold. If the capacitor 82 does exist in the battery pack 62, the
voltage at pin 4 should be V, at time t,, which is below the threshold V. as shown
by graph line 94,

The foregoing discussion discloses and describes merely exemplary
embodiments of the present invention. One skilled in the art will readily recognize
from such discussion, and from the accompanying drawings and claims, that various
changes, modifications and variations can be made therein without debarting from

the spirit and scope of the invention as defined in the following claims.
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CLAIMS

1. A battery monitoring system for monitoring a battery pack being
charged in a charging device, said monitoring system comprising:

a battery monitoring circuit including a first voltage divider network, said
first voltage divider network including a plurality of resistors;

an identification capacitor positioned within the battery pack, said
identification capacitor being electrically connected to the first voltage divider
network when the battery pack is connected to the battery monitoring circuit;

a first comparison system including a first input and a second input,
said first input being connected to an output of the first voltage divider network and
said second input being selectively connected to a reference voltage potential; and

a controlling device, said controlling device charging the identification
capacitor and discharging the identification capacitor through the first voltage divider
network, wherein an output of the first comparison system provides a signal
Indicative of the value of the identification capacitor when the identification capacitor

discharges through the first voltage divider network.

2. The system according to claim 1 wherein the controlling device
applies a first voltage potential to one of the plurality of resistors in the first voltage
divider network when the controlling device is charging the identification capacitor
and applies a second voltage potential to the one resistor in the first voltage divider
network when the controlling device is discharging the identification capacitor, said
one of the plurality of resistors having a resistive value that is significantly lower than

the values of the remaining resistors in the first voltage divider network to allow the
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identification capacitor to quickly discharge through the one of the plurality of

resistors.

3. The system according to claim 2 wherein the first voltage divider
network includes at least a first resistor, a second resistor and a third resistor, said
one of the plurality of resistors being the first resistor, wherein the controlling device
provides output signals to the first voltage divider network so that the first resistor
and the second resistor are connected in parallel when the controlling device is
charging the identification capacitor, and the first resistor and the third resistor are

connected in parallel when the controlling device is discharging the identification

capacitor.

4. The system according to claim 2 wherein the one of the plurality of
resistors has a value that is at least two orders of magnitude less than the remaining

resistors in the first voltage divider network.

5. The system according to claim 1 further comprising a temperature
sensitive resistor positioned within the battery pack and forming part of the first
voltage divider network when the battery pack is connected to the battery monitoring
circuit, said temperature sensitive resistor acting in association with the first voltage
divider network to provide a signal indicative of a temperature of the battery pack

on a same line as the signal providing an indication of the battery pack identity.
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6. The system according to claim 5 wherein the battery monitoring
circuit further includes a second voltage divider network, said second voltage divider
network including a plurality of resistors and a reference capacitor, wherein an
output from the second voltage divider network is selectably connected to the
second input of the first comparison system, said controlling device causing the
reference capacitor to be discharged through the second voltage divider network,
and wherein an output of the first comparison system provides an indication of the
temperature of the battery pack as a result of a comparison between an output
voltage of the first voltage divider network and an output voltage of the second

voltage divider network.

7. The system according to claim 1 further comprising a voltage
attenuator, said voltage attenuator being responsive to an output voltage from the
battery pack and providing an attenuated voltage output, said battery monitoring
system further comprising a second comparison system including a first input and
a second iInput, said first input of the second comparison system being responsive
to the attenuation voltage from the voltage attenuator, said battery monitoring circuit
further including a second voltage divider network, said second voltage divider
network including a reference capacitor and a plurality of resistors, wherein a
voltage output from the second voltage divider network is selectively connected to
the second input of the second comparison system, said second comparison system
providing an output to the controlling device indicative of the attenuated voltage of
the battery pack when the controlling device discharges the reference capacitor

through the second voltage divider network.
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8. A battery monitoring system for monitoring a battery pack being
charged in a charging device, said monitoring system comprising:

a battery monitoring circuit including a first voltage divider network and
a second voltage divider network, each of the first and second voltage divider
networks including a plurality of resistors;

an identification capacitor positioned within the battery pack, said
identification capacitor being electrically connected to the first voltage divider
network when the battery pack is connected to the battery monitoring circuit:

a temperature sensitive resistor positioned within the battery pack, said
temperature sensitive resistor forming part of the first voltage divider network when
the battery pack is connected to the battery monitoring circuit, said temperature
sensitive resistor acting in association with the first voltage diyider network to
provide a signal indicative of a temperature of the battery pack on a same line as
the signal providing an indication of the battery pack identity;

a first comparison system including a first input and a second input,

said first input being connected to an output of the first voltage divider network and

sald second input being selectively connected to a reference potential and an output

of the second voltage divider network; and

a controlling device, said controlling device charging the identification
capacitor and discharging the identification capacitor through the first voltage divider
network, wherein an output of the first comparison system provides a signal
indicative of the value of the identification capacitor when the identification capacitor
discharges through the voltage divider network, said controlling device further

causing the reference capacitor to be discharged through the second voltage divider
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network, and wherein an output of the first comparison system further provides an
indication of the temperature of the battery pack as a result of a comparison
between the output voltage of the first voltage divider network and an output voltage

of the second voltage divider network.

9. The system according to claim 8 wherein the controlling device
applies a first voltage potential to one of the plurality of resistors in the first voltage
divider network when the controlling device is charging the identification capacitor
and supplies a second voltage potential to the one resistor in the first voltage divider
network when the controlling device is discharging the identification capacitor, said
one of the plurality of resistors having a resistive value that is significantly lower than
the values of the remaining resistors in the first voltage divider network to allow the

identification capacitor to quickly discharge through one of the plurality of resistors.

10. The system according to claim 9 wherein the first voltage divider
network includes at least a first resistor, a second resistor and a third resistor, said
one of the plurality of resistors being the first resistor, wherein the controlling device
provides output signals to the first voltage divider network so that the first resistor
and the second resistor are connected in parallel when the controlling device is
charging the identification capacitor, and the first resistor and the third resistor are

connected in parallel when the controlling device is discharging the identification

capacitor.
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11. The system according to claim 9 wherein the one of the plurality

of resistors has a value that is at least two orders of magnitude less than the

remaining resistors in the first voitage divider network.

12. The system according to claim 8 further comprising a voltage
attenuator, said voltage attenuator being responsive to an output voltage from the
battery pack and providing an attenuated voltage output, said battery monitoring
system further comprising a second comparison system including a first input and
a second input, said first input of the second comparison system being responsive
to the attenuation voltage from the voltage attenuator, said battery monitoring circuit
further including a second voltage divider network, said second voltage divider
network including a reference capacitor and a plurality of resistors, wherein a
voltage output from the second voltage divider network is selectively connected to
the second input of the second comparison system, said second comparison system
providing an output to the controlling device indicative of the attenuated voltage of
the battery pack when the controlling device discharges the reference 'capacitor the

second voltage divider network.
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13. A system for determining the identification of a battery pack, said
system comprising:

a battery pack circuit positioned within the battery pack, said battery
pack being configured to be inserted into a battery pack charger, said battery pack
circuit including an identification capacitor; and

a battery pack monitoring circuit positioned within the battery pack
charger, said battery pack monitoring circuit including a first voltage divider network
that is electrically connected to the identification capacitor when the battery pack is
inserted into the battery charger, said first voltage divide network including a plurality
of resistors, said battery monitoring circuit providing an indication of the value of the
identification capacitor upon discharge of the identification capacitor through the first

voltage divider network.

14. The system according to claim 13 wherein the battery pack
monitoring circuit includes means for applying a first voltage potential to one of the
plurality of resistors in the first voltage divider network when the battery pack
monitoring circuit is charging the identification capacitor, and for applying a second
voltage potential to the one resistor in the first voltage divider network when the
battery pack monitoring circuit is discharging the identification capacitor, said one
of the plurality of resistors having a resistive value that is significantly lower than the
values of the remaining resistors in the first voltage divider network to allow the
identification capacitor to quickly discharge through the one of the plurality of

resistors.
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15. The system according to claim 13 wherein the battery pack circuit
further includes a temperature sensitive resistor electrically connected to the
identification capacitor and forming part of the first voltage divider network when the
battery pack is connected to the battery pack monitoring circuit, said temperature

5 sensitive resistor acting in association with the first voltage divider network to
provide a signal indicative of a temperature of the battery pack on a same line as

the signal providing an indication of the battery pack identity.

16. The system according to claim 15 wherein the battery monitoring
circuit further includes a second voltage divider network, said second voltage divider
network including a plurality of resistors and a reference capacitor, said battery
monitoring circuit charging and discharging the reference capacitor through the

5 second voltage divider network, wherein the battery pack monitoring circuit provides
an indication of the temperature of the battery pack based on a result of the
comparison between an output voltage of the first voltage divider network and an

output voltage of the second voltage divider network.

27



CA 02273543 1999-06-03

b |
w ! . h"" i "." N
’: ) 4 ; "‘."’ \.
[ - .

17. A rechargeable battery pack including a plurality of battery cells,
said battery pack being configured to be inserted into a battery charger to charge
the battery cells, said battery pack further including a unique identification capacitor
having a predetermined value, said battery charger being operable to determine the

5 value of the identification capacitor based on a discharge rate of the identification

capacitor.

18. The battery pack according to claim 17 further comprising a
temperature sensitive resistor, said battery charger further being operable to
determine the temperature of the battery pack based on a resistive value of the

temperature sensitive resistor.
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19. A method of determining the identity of a battery pack, said

method comprising the steps of:
discharging a potential capacitive component of a battery pack circuit
of the battery pack;
S initiating recharging of the potential capacitive component after the
capacitive component is substantially discharged;
waiting a predetermined period of time after initiating the recharging of

the potential capacitive component; and

measuring a voltage output of the battery pack circuit after the
10 predetermined period of time to determine whether the voltage output is above or

below a predetermined threshold value.

20. The method according to Claim 19 wherein the step of

measuring a voltage output includes determining that the battery pack circuit does
not include the potential capacitive component if the value output is above the
threshold value and determining that the battery pack circuit does include the

5 potential capacitive component if the voltage output is below the threshold value.

21. The method according to Claim 19 wherein the step of
measuring the voltage output includes using an analog-to-digital converter to

measure the voltage output.

22. The method according to Claim 19 wherein the predetermined

time period is 1ms.
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23. The method according to Claim 19 wherein the predetermined

threshold value is 0.7 volts.

24. The method according to Claim 19 wherein the step of
discharging the potential capacitive component includes setting an analog/digital
input/output of a microprocessor to a digital output low, and the step of initiating
recharging of the potential capacitiVe component includes setting the analog/digital
input/output to an analog input, said step of measuring a voltage output of the

battery pack circuit includes measuring the voltage output at the analog input.

25. The method according to Claim 19 further comprising the step
of determining if the battery pack includes a potential temperature dependent

resistive element.

26. The method according to Claim 25 wherein the step of
determining if the battery pack circuit includes a potential resistive element includes
the step of 'determining the voltage output of a voltage divider network, where the

resistive element is part of the voltage divider network.

27. The method according to Claim 26 further comprising the step
of determining the resistance of the resistive element if it is determined that the

potential resistive element exists based on the voltage output of the divider network.
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28. The method according to Claim 27 wherein the voltage output

of the divider network is determined by an analog-to-digital converter.
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29. A method of determining the identity of a battery pack, said
method comprising the steps of:

determining whether a battery pack circuit of the battery pack includes
a potential temperature dependent resistive element by determining the voltage
output of a voltage divider network, where the resistive element is part of the voltage
divider network;

discharging a potential capacitive component of the battery pack circuit;

initiating recharging of the potential capacitive component after the
capacitive component is substantially discharged;

waiting a predetermined period of time after the step initiating the
recharging of the potential capacitive component; and

measuring a voltage output of the battery pack circuit to determine
whether the voltage output is above a predetermined threshold value, said step of
measuring the voltage output includes determining that the battery pack circuit does
not include the potential capacitive component if the voltage output is above the
threshold value and determining that the battery pack circuit does include the

potential capacitive component if the voltage output is below the threshold value.

30. The method according to Claim 29 wherein the step of
measuring the voltage output includes using an analog-to-digital converter to

measure the voltage output.

31. The method according to Claim 29 wherein the predetermined

time period is 1ms.
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32. The method according to Claim 29 wherein the predetermined

threshold value is 0.7 volts.

33. The method according to Claim 29 wherein the step of
discharging a potential capacitive component includes setting an analog/digital
Input/output of a microprocessor to a digital output low, and the step of initiating
recharging of the potential capacitive component includes setting the analog/digital

5 input/output to an analog input, said step of measuring a voltage output of the

battery pack circuit includes measuring the voltage output at the analog input.

34. The method according to Claim 29 further comprising the step
of determining the resistance of the resistive element if it is determined that the

potential resistive element exists based on the voltage output of the divider network.
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