
BATTERY CHARGER FOR PORTABLE RECHARGEABLE BATTERIES Field of the Invention
The present invention relates to battery charging systems for charging
portable rechargeable batteries, such as the batteries used in portable
cellular telephones. Such batteries are typically either nickel-cadmium or
nickel-metal hydride. Summary of the Invention It is a primary object of
the present invention to provide an improved battery charging system which
rapidly but safely charges portable rechargeable batteries over a wide
variety of operating conditions. The different conditions may include a
wide range of ambient temperatures and humidities, vehicle electrical
systems which supply widely varying input voltages to the charging system,
and batteries made by a variety of different manufacturers, having
different sizes, capacities and charging characteristics. One particularly
important objective of this invention is to provide such an improved
charging system which permits the battery to maintain operation of the
cellular telephone or other device powered by the battery during the entire
time the battery is being charged. A specific object of this invention is
to provide such an improved battery system which charges the battery
rapidly while protecting the battery from damage due to overcharging. In
this connection, a related object is to provide such an improved charging
system which automatically compensates for changes in temperature or
changes in the input voltage supplied by the vehicle electrical system. A
further object of this invention is to provide such an improved battery 



charging system which utilizes the inherent characteristics of the battery
to compensate for use of the battery while the charging is in progress. Yet
another object of this invention is to provide such an improved battery
charging system which operates at a high level of efficiency during the
rapid charging portion of a charging cycle and thus avoids the need for
elaborate heat sinks. Still another object of the invention is to provide a
battery charging system which provides improved protection against
overcharging of the battery.    2 Other objects and advantages of the
invention will be apparent from the following detailed description and the
accompanying drawings. In accordance with the present invention, the
foregoing objectives are realized by providing a battery charging system
which monitors the battery output voltage and initiates rapid charging of
the battery by supplying a high charging current to the battery when the
battery output voltage drops below a preselected lower threshold voltage.
The lower threshold voltage is high enough to maintain the operation of a
device powered by the battery. After the battery output voltage rises to a
preselected upper threshold voltage, the rapid charging is terminated. In
the preferred embodiment of the invention, the rapid charging is continued
for a preselected time interval after the upper threshold voltage is
reached, and rapid charging is terminated when the preselected time
interval expires. After rapid charging is terminated, charging of the
battery preferably continues at a trickle rate. The threshold voltages 



are preferably automatically adjusted to compensate for variations in
temperature and variations in the input voltage supplied to the charging
system. Brief Description of the Drawings FIGURE 1 is a block diagram of a
battery charging system embodying the invention, and FIG. 2 is a schematic
diagram of a prepared circuit for implementing the battery charging system
of FIGURE 1. Detailed Description of the Preferred Embodiments Turning now
to the drawings and referring first to FIGURE 1, there is shown a battery
charging system for charging a portable rechargeable battery 10 from the
electrical system 11 of a conventional vehicle. Typically the power for the
charging system is derived from the cigarette lighter socket in a vehicle.
The nominal voltage supplied to the charging system by the vehicle
electrical system 11 is typically 13.8 volts, but in actual practice this
input voltage can vary over a range from about 10.5 volts to about 33
volts. The illustrative charging system includes two constant-current
charging sources 12 and 13 for supplying a charging current to the battery
10. Both of the sources 12 and 13 are powered by the vehicle electrical
system 11. The source 12 is a high-current source which supplies a
relatively high charging current, e.g., 700    3 ma., for rapidly charging
the battery. The second source 13 is a low-current source 



which supplies a relatively low charging current, e.g. 25 ma., for charging
the battery at a trickle rate. The low-current source 13 operates
continuously whenever the battery charging system is connected between the
vehicle electrical system 11 and the battery 10. The high-current source
12, however, operates only when it is turned on by a voltage comparator 14.
The comparator 14 continuously compares the output voltage of the battery
10, as determined by a voltage sensor 15, with a reference voltage from a
reference voltage source 16. As described in detail below, the reference
voltage is used to determine when the battery output voltage monitored by
the sensor 15 represents a predetermined percentage of charge, because the
relationship between cell voltage and percent of charge capacity is well
known for portable rechargeable batteries. As the temperature of a
rechargeable battery increases, due to a change in ambient temperature or
prolonged charging or both, the cell voltage at any given charge input
(usually expressed as a percentage of the nominal capacity of the battery)
decreases. Consequently, the value of the reference voltage from the source
16 is preferably adjusted as a function of one or more sensed temperatures
so that the value of this reference voltage will be more representative of
a specified charge input over a wide range of temperature conditions. For
example, a charge input of 50% might be represented by a reference voltage
of 1.44 volts when the battery is being charged at a temperature of [err]
C., but if the temperature increases to [err] C., a charge input of 50%
might be represented by a reference voltage of only 1.4 volts. To
compensate for such variations, the output of the reference voltage source
16 is continuously adjusted by the output from a temperature sensor 17.
This sensor 17 may be located to simply sense ambient temperature, which is
one of the major 



factors affecting the battery temperature, or the sensor may be located to
provide a more direct indication of the battery temperature. For example,
the sensor can be the thermistor that is conventionally included in the
battery-operated circuitry of a cellular telephone, or the sensor could be
located close to, or even attached to, the case of the battery. If desired,
multiple temperature sensors can be used, with the outputs of the sensors
being combined to provide a compensating input signal to the reference    4
voltage source 16. The charging system of the present invention, however,
is particularly useful with an ambient temperature sensor, which is most
convenient for a universal charger that is easy to use with any
rechargeable battery and any device operated by that battery. The
safeguards that are included in the charging system of this invention
permit the use of an ambient temperature sensor without jeopardizing the
battery or the reliability of the charging system, as will be described in
more detail below. It is also desirable to adjust the output of the
reference voltage source 16 as a function of the input voltage supplied by
the vehicle electrical system 11, which can vary over a relatively wide
range in actual operation. Variations in the input voltage supplied to the
charger have a small but significant effect on the magnitude of the
charging current, which in turn can raise or lower the battery voltage by
one or two tenths of a volt. To compensate for these variations, an input
voltage current sensor 



18 monitors the input to the charging system from the vehicle electrical
system 11, and continuously adjusts the reference voltage from the source
16 in response to variations in the input voltage. The voltage comparator
14 continuously compares the terminal voltage of the battery being charged,
as monitored by the voltage sensor 15, and a threshold value set by the
output of the reference voltage source 16. The lower threshold voltage is
selected to correspond to a charge input of about 50% of the nominal
capacity of the battery, and the upper threshold voltage is selected to
correspond to a charge input of about 70% of the nominal capacity of the
battery. As the battery 10 is used and discharged, its terminal voltage
(monitored by the sensor 15) eventually drops to the level of the lower
threshold voltage. When the battery voltage drops below the lower threshold
level set by the output of the reference voltage source 16, the comparator
14 responds by producing an output signal which turns on the high-current
source 12. The resulting high-current output from the source 12 charges the
battery 10 at a fast rate until source 12 is turned off. Because this fast
charge is initiated before the battery has been discharged to the point
where it can no longer be used to operate the cellular telephone or other
device powered by the battery, the operation of the telephone or other
device is not interrupted by the charging operation.    5 It will be
appreciated that if a battery that is already below the 50% charge 



level is connected to the charging system, the comparator 14 will
immediately detect that condition and turn on the high-current source 12 to
rapidly charge the battery. Thus, the battery will quickly be brought up to
a charge level sufficient to operate the device that it is supporting, and
rapid charging will continue while that device is in use. Each time the
comparator 14 turns on the high-current source 12, the threshold level set
by the output of the source 16 is increased to the preselected upper
threshold voltage. The same effect may be achieved by artificially changing
the battery voltage input to the comparator by an amount equal to the
desired differential between the upper and lower thresholds, while
maintaining a fixed reference voltage input. When the battery 10 has been
charged to approximately 70% of its nominal capacity, the battery terminal
voltage monitored by the sensor 15 rises to the level of the upper
threshold voltage. At this point the comparator 14 produces an output
signal to a top-off timer 19 to initiate the measurement of a preselected
time period. This preselected time period is typically about 25 minutes,
and is selected to be long enough to allow the high-current source 12 to
increase the charge input from approximately 70% to approximately 80%, or
even 85 to 90%, of the nominal capacity of the battery. When this time
period expires, the top-off timer 19 produces an output signal which turns
off the high-current sensor 12. The low-current source 13 then continues to
charge the battery 10 at a trickle rate. The rationale for terminating the
fast charge of the battery at 80 to 90% of the nominal capacity of the
battery is to virtually eliminate any possibility of damaging the battery
by overcharging the battery from the high-current source 12. 



Nickel-cadmium batteries are particularly susceptible to damage from
overcharging. To provide further protection against such overcharging, a
backup timer 20 measures a second, longer time interval each time the
charger is connected to either the battery 10 or the vehicle electrical
system 11. This second time interval can be adjusted by a switch 21 to
allow the selection of different intervals for different types of
batteries. A typical range for the time intervals that can be selected for
the backup timer is 45    6 to 75 minutes. The backup timer 20 is reset
whenever the charger is connected to either the vehicle electrical system
11 or the battery 10. When the backup time interval measured by the timer
20 expires, the timer 20 produces an output signal which reduces the values
of both the upper and lower threshold voltages. In most operating
situations, this adjustment will reduce the upper threshold voltage to a
value below the battery terminal voltage, which has the effect of
terminating the fast-charge mode by turning off the high-current source 12
via the comparator 14. Thus the battery continues to be charged only in the
trickle mode. For example, if the charger is connected to a battery in a
condition such that the rapid charge does not raise the battery terminal
voltage above the upper threshold value, under the existing ambient
conditions, the rapid charge might continue beyond the time limit set by
the backup timer. As mentioned previously, the reduction of the threshold
voltages may be effected by either reducing reference voltages representing
the desired threshold levels, or by artificially increasing the signal
representing the 



battery voltage while maintaining the reference voltage fixed. If the
battery 10 continues to be discharged as the telephone or other device
powered by the battery continues to be used, the battery voltage may
eventually drop below the reduced lower threshold. In this event a
fast-charge cycle will again be initiated by the comparator by turning on
the high-current source 12, and the battery will be re-charged to the
charge input level represented by the reduced upper threshold, plus the
additional charge effected in the time interval measured by the top-off
timer 19. Thus, the battery will not be as fully charged in this mode of
operation as in normal operation, because of the reduced threshold values.
Nevertheless, the battery will be maintained in a sufficiently high state
of charge to permit continuous operation of the telephone or other device
powered by the battery. A preferred circuit for implementing the system of
FIG. 1 is shown in FIG. 2. This circuit is connected to the vehicle
electrical system at terminals 20 and 21, and to the battery at terminals
22 and 23. Power from the input terminals 20 and 21 is supplied to a
switching regulator 24 through a resistor R1 which determines the magnitude
of the current output from the regulator. The output of the regulator 24 is
supplied to the output terminal 22 through an inductor L1 and a diode D3.
The inductor L1 and a capacitor C3 form a filter which smooths the output
of the    7 regulator 24. The output terminal 22 also receives a
trickle-charging current from the input terminals 20, 21 via a resistor R7
and the diode D3. As described above, 



the trickle current flows continuously, regardless of whether or not the
switching regulator 24 is operating to supply the rapid-charging current. A
catch diode D1 is connected from the output of the regulator 24 to ground.
The battery terminal voltage is monitored by a voltage-dividing circuit
formed by three resistors R8, R15 and R14 in series, filtered by the
addition of a capacitor C5 in parallel with the resistors R15 and R14. One
input of a voltage comparator 25 is connected to a point between the
resistors R8 and R15, so that this input of the comparator receives a
voltage proportional to the battery terminal voltage. The reference voltage
supplied to the second input of the comparator 25 is derived from a voltage
divider formed by the series arrangement of a resistor R9, a diode D5, a
resistor R13, a diode D7 and a resistor R20 between the input terminal 20
and ground. A zener diode D6 is connected in parallel with the resistors
R13 and R20 and the diode D7. Because the voltage drop across this series
circuit is the voltage supplied to the input terminals 20 and 21 from the
electrical vehicle system, the level of the reference voltage supplied to
the comparator 25 varies with fluctuations in the input voltage supplied to
the terminals 20 and 21. These variations in the reference voltage
compensate for variations in the input voltage supplied from the vehicle
electrical system. As the input voltage from the vehicle electrical system
increases or decreases, so does the reference voltage. Temperature
compensation is provided by the diode D7, whose voltage drop varies as a
function of the temperature of the diode. As long as the battery voltage
input to the comparator 25 is above the reference voltage input, the output
of the comparator 25 is high, which maintains a charge on a capacitor C4.
This supplies a high input voltage to a second voltage 



comparator 26, which receives a reference voltage at its other input from
the zener diode D6. As long as the capacitor C4 remains charged, the output
of the comparator 26 remains high. This output voltage is connected across
a voltage divider formed by a pair of resistors R2 and R3, and provides a
control input to the switching regulator 24. A high control input holds the
regulator 24 off.    8 When the battery voltage input to the comparator 25
drops below the reference voltage input, the output of the comparator 25
goes low, which causes the capacitor C4 to discharge through a diode D10
and the comparator 25. The discharging of the capacitor C4 reduces the
input voltage to the comparator 26, causing the output of that comparator
to go low, which turns on the regulator 24. This initiates rapid charging
of the battery. When the output of the first comparator 25 is high, it
produces a voltage drop across a feedback resistor R12, which has the
effect of artificially increasing the battery input voltage to the
comparator 25. When the output of the comparator 25 goes low, the
artificial increase in the battery voltage input is removed, which has the
same effect as raising the reference voltage input to an upper threshold
level. Thus, the rapid charging of the battery will continue until the
reduced battery voltage input signal to the comparator 25 rises above the
reference voltage input. The battery voltage signal eventually rises above
the level of the reference voltage, which causes the output of the
comparator 25 to go high again and charge 



the capacitor C4 through a resistor R11. The combination of the capacitor
C4 and a voltage comparator 26 functions as the top-off timer. The top-off
time interval is determined in part by the time required to charge the
capacitor C4. After the output of the comparator 25 goes high, the
capacitor C4 charges to the level of the reference voltage supplied to the
comparator 26.   When the charge on the capacitor C4 reaches the level of
the reference voltage supplied to the comparator 26, the output of the
comparator 26 goes high, and the resulting increase in the control voltage
supplied to the switching regulator 24 causes the switching regulator to
turn off. This terminates the fast charging of the battery, until the
switching regulator 24 is turned on again. After the switching regulator 24
has been turned off, the battery terminal voltage across the terminals 22
and 23 gradually diminishes, which eventually causes the output of the
comparator 25 to go low again. The timing capacitor C4 then discharges
again to turn on the regulator 24, repeating the cycle. The resistor R12
and a capacitor C8 are connected in parallel with each other between the
output and the battery voltage input of the comparator 25. The capacitor C8
accumulates a charge that varies with the battery terminal voltage, so that
the top-    9 off time interval is reduced as the battery voltage
increases. When a cell is near a full charge, the internal cell resistance
rises, which causes the cell to become spongy when current is applied and
removed abruptly. The circuit of FIG. 2 exploits this 



effect to reduce the top-off time interval when operating with a battery
which is at or near full charge, to provide additional protection against
over-charging. In addition, toggling of the comparator 25 due to small
variations of the battery voltage signal around the reference voltage is
avoided by requiring a preselected voltage swing, e.g., 0.8 volt at the
battery, to charge the output of the battery. Whenever the battery-charging
circuit is connected to either the vehicle electrical system or the
battery, a backup timer 27 receives an increased voltage through a zener
diode D4. This increased voltage is supplied to the reset input of the
backup timer 27, so as to start measurement of a backup time interval. When
the backup timer times out, it connects a resistor R17 to +5 volts to
artificially increase the battery voltage input to the comparator 25. As
described above, an artificial increase in the battery voltage input to the
comparator 25 has the same effect as reducing the reference voltage. For
example, an artificial increase in the battery voltage input to the
comparator 25 by 0.3 volt has the same effect as reducing the reference
voltage by 0.3 volt. The control input of the regulator 24 also receives a
feedback signal indicative of the output voltage of the regulator. This
feedback signal is produced by connecting a resistor R4 between the control
input of the regulator 24 and the battery side of the inductor L1. The
value of the resistor R4 is such that the output voltage does not drop
below 5.5 volts, so that the charger can also function as a battery
eliminator when required. While the invention has been described with
particular reference to a charging system powered by a vehicle electrical
system, the invention is also useful in charging systems that derive their
power from other sources, such as a-c. to d-c. 



connectors that plug into wall sockets. For example, the ability to charge
a portable battery with virtually no risk of overcharging, and while
maintaining the operation of the device powered by the battery, is
particularly useful in desk-top chargers for nickel-cadmium batteries
(which are susceptible to damage from overcharging).    10 What is claimed
is: 1.    A method of charging a portable rechargeable battery, said method
comprising producing an electrical signal representing the battery output
voltage, initiating rapid charging of the battery by supplying a high
charging current to the battery when the signal representing the battery
output voltage drops below a preselected lower threshold, the battery
output voltage corresponding to said lower threshold being high enough to
maintain the operation of a device powered by said battery, and terminating
the rapid charging of the battery after the signal representing the battery
output voltage rises to a preselected upper. threshold, the battery output
voltage corresponding to said upper threshold being below  the output
voltage of a battery that is charged to 100% of its nominal capacity. 2.
The method of claim 1 which includes the steps of starting the measurement
of a preselected time interval when the signal representing the battery
output voltage rises to said preselected upper threshold, and 



terminating the rapid charging of the battery and initiating a trickle
charge by supplying a low charging current to the battery when said
preselected time interval expires. 3.    The method of claim 2 which
includes the step of adjusting said preselected time interval in response
to the magnitude of the battery output voltage. 4.    The method of claim 2
which includes the steps of initiating the measurement of a backup time
interval whenever the charging system is energized, and reducing said
threshold voltages if said backup time interval expires before the charging
system is de-energized. 5.    The method of claim 1 which includes the
steps of monitoring the ambient temperature, and adjusting at least said
upper threshold to compensate for variations in said ambient temperature.
6.    The method of claim 5 wherein both said upper and lower thresholds
are adjusted to compensate for variations in said ambient temperature. 7.
The method of claim 1 which includes the steps of monitoring the input
voltage supplied to the charging system, and adjusting said thresholds to
compensate for variations in said input voltage. 8.    The method of claim
1 which includes the step of monitoring the battery temperature, and
adjusting said thresholds to compensate for variations in said battery
temperature. 9.    The method of claim 1 wherein the difference between
said upper and 



lower thresholds is established by artificially increasing the level of
said signal representing the battery output voltage when the battery is not
being rapidly charged, and removing said artificial increase upon
initiation of rapid charging of the battery. 10.   A system for charging a
portable rechargeable battery from the electrical system of a vehicle, said
system comprising means for producing an electrical signal representing the
battery output voltage, means for initiating rapid charging of the battery
by supplying a high charging current to the battery when the signal
representing the battery output voltage drops below a preselected lower
threshold, the battery output voltage corresponding to said lower threshold
being high enough to maintain the operation of a device powered by said
battery, and means for terminating the rapid charging of the battery after
the signal representing the battery output voltage rises to a preselected
upper threshold.    


