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The present invention relates to battery charging systens for

portabl e rechargeabl e batteries, such as the batteries used in portable
cellul ar tel ephones. Such batterl es are typically either nickel-cadm um or
ni ckel -netal hydride. Summary of the Inventlbn It is a primary object of

the present invention to provide ap, char gi ng system whi ch
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cellular tel ephone or ot her. device powered by the battery-during the entire
tine the batte%—%?#@-&%ﬁa ' A specific object of this invention is
to provide such an llmr@wmdmlgadajaﬂtbfsn@pmmhheéhu@haé fesvidd hqirbﬁrdybauery :
rapidly while protecting the battery from damage due to overchar
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changes in the input v supplTed by the ve ectric system
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supply widely varying input voltages to the charging system, and batteries made by a

vériety of different manufacturers, having different sizes, capacities and charging
characteristics. _ .

One partiéularly important objective of this invention is to pro;/ide 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 proteé'ting the battery from darﬁage
due to overcha:gihg. In this connection, a related object is to provide such an
improved chafging system which 'autor'natically 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.



charging systemwhich utilizes the inherent characteristics of the battery
.to conpensate ' for use of the battery while the charging is in progress. Yet
anot her object of this invention is to provide such an inproved battery
chargi ng system whi ch operates at a high level of efficiency during the
rapi d charging portion of a charging cycle and thus avoids the need for

el aborate heat sinks. Still another object pf the invention is to provide a
battery chargi ng system whi ch provides i nproved protection agaimnst
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battery preferably continues at, a trickle rate. The threshold voltages
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 thresh%)ld voltages
are preferably automatically adjusted to compensate for variations in temperature and
variations in the input voltage supplied to the ¢harging 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 ﬁow 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 sbcket 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 éonstant—c’urrent charging
sources 12 and 13 for supplying a cﬂarging cﬁr,rent to the battery 10. Both of the
sources 12 and 13 are powéred by the vehicle electrical system 11. The source 12 is

a high-current source which supplies a relatively high charging current, e.g., 700



are preferably automatically adjusted to conpensate for variations in
tenperature and variations in the input voltage supplied to the charging
system Brief Description of the Drawings FIGURE 1 is a block diagramof a
battery chargi ng system enbodying.the invention, and FIG 2 is a schematic
di agram of a prepared circuit for inplementyng the battery charging system
of FIGURE 1. Detailed Description of the Preferred Enbodi nents Turni ng now
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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. Cbnsequently, 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 battefy is being
charged at a temperature of 25° C., but if the temperature increases to 60° C., a
charge input of 50% might be represented by a reference voltage of only 1.4 volts.
To compensate for such variations, the dufput of the reference voltage source 16 is
continuously adjusted by the output from a terﬁperature 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



whi ch supplies a relatively low charging current, e.g. 25 ma., for charging
the battery at a trickle rate. The | owcurrent source 13 operates

conti nuously whenever the battery charging systemis connected between the
vehicle electrical system 11l and the battery 10. The high-current source
12, however, operates only when it is turnedl on by a vol tage conparator 14.
The conparator 14 continuously conpares the output voltage of the pattery
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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 sburce 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.



factors affecting the battery tenperature, or the sensor nay be located to
provide a nore direct indication of the battery tenperature. For exanple,

t he sensor can be the therm stor 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 gase of the battery. If desired,
mul tiple tenperature sensors can be used, with the outputs of the sensors
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vol tage source 16. The charging.system of the present |nvention,_ however,
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- 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 possibiiity of damaging
the battery by overcharging the battery from the high-current source 12.
Nickel-cadmium batteries aré 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



18 nonitors the input to the charging systemfromthe vehicle electrical
system 11, and continuously adjusts the reference voltage fromthe source
16 in response to variations in the input voltage. The voltage conparat or
14° continuously conpares the terminal voltage of the battery being charged,
as nonitored by the voltage sensor 15, and a threshold val ue set by the
out put of the reference voltage source 16. ghe | ower threshold voltage is
selected to correspond to a charge input of“about 50% of the nom nal
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the rapid charge dc;es 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 préviously, the reduction of the
threshold voltages may be effected by either reducing reference voltages representing
the desired threshold levels, or 'by a:tificially 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-durrent 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.
Neveftheless, 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
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i medi ately detect that condition and turn on the high-current source 12 to
rapi dl'y 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
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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 combarator 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 paif of resistors R2 and R3, and provides a control input to the

switching regulator 24. A high control input holds the regulator 24 off.



Ni-ckel -cadm um batteries are particularly susceptible to damage from
overcharging. To provide further protection agai nst such overcharging, a
backup tiner 20 neasures a second, longer tinme interval each tinme the
charger is connected to either the battery 10 or the vehicle electrical
system 11. This second tine interval can be8adjusted by a switch 21 to
allow the selection of different intervals for different types of
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representing th
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 referenc;é
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 égain. The timing capacitor C4 then
discharges again to turn on the regulator 24, repeating the éycle.

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-



battery voltage while maintaining the reference voltage fixed. If the
battery 10 continues to be discharged-as the tel ephone or other device
power éd by the battery continues to be used, the battery voltage may
eventual Iy drop bel ow the reduced |ower threshold. In this event a
fast-charge cycle will again be initiated by the conparator by turning on
the high-current source 12, and the battery will be re-charged to the
charge input offtiste intqrvalsismedutel yastthe batesty wellageinereasdst eWh@h(i,celth%e&ﬂT@
addi ti onal b effected in t e tjne interval measured éﬁ t he top-off
timer 19. Thu@lll ?ﬁég%é lFFatStasee Bsess (jhich eanseythe ¢ @m%omdeorw

operation as heeurit 19%&% Q'Ele eﬁn'gfl%%?'a y! hﬂ\é&ﬁ#&?tem eﬂ? ﬁ% sues

Nevert hel ess, the batter In a s ate
of charge to ¢féschite reduce |thmmpsof6pmeamtanvaloﬁhdnk@et&ﬁrgphmma bztteqt hhfchdeut or

- h f f. enment the S em of
PP 5 ¥ shotee il Ehdeeptd el aeisiank Plotectifh abBe Ve chitingn In 4ddidon, X
I i cal al s
So i 53 EZ%?"??S‘H*?L‘?"F‘%?&???%?%@ Srosyss SR i

swi t chi ng reg%rpuﬁdnthezr@fqrhmgmwge isavaidest b)QlLequ@a qtees?buuedh emltagalssvtmgn |2 El ude
f the curren f ul,ator,. Th of the regul ator S
guppl ?ed to t ?B’t& {tgﬁﬁ)[ﬁtgqryQ ehres i Q&ﬁp‘ﬁ E BAM&Y- and a di ode D3.
The inductor L1 anWlﬁn@x@&ﬁéb@ﬂterg%hﬁx%ﬁrfE élréddk%nﬁ%@to%iﬁf&'ﬂﬁa&éiﬁcl@“t put

of the 7 regul ator 24. The output term nal al so receives a
tri ckl e- char g¢legirieal sysigm o %haﬁéf}‘i rﬂphﬁckuleﬂmenahe@veszm inceeased waltage or  R7

and the di odepfonAs 885 wddio94 2AN Eincreased 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 examplé an artificial increase in the battery
voltage input to the comparator 25 by 0.3 volt has the same effect as reducmg 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 feedﬁack signal is produced by
connectiné 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).



the trickle current flows continuously, regardl ess of whether or not the
switching regulator 24 is operating to supply the rgpid-charging current.
cat ch' di ode D1 | Jﬂﬂ \ruﬂﬂ’ ﬂ he out put of the rjegyt und.
The battery term H I'I n| tored by a voltgge- d%qév‘ft%st E?@t t
formed by three resistors *RI5 and Rl4 jn series, 9 Lhe
addition of a capacitor C5 |n parallel with the resistors R15 and R14. One

i nput of a voWhagi Eeimal gt:0r 25 is connected to a point bet ween t he
resistors R8 and R15, so that this input of the corrparat or receives

vol tage proportioral t o t#ahashet ehareing apariable, srhasgrab emt%f%rcbﬁ@@odm tag
supplied to tégﬁgﬁgﬁﬁnd I nput of the conparator 25 is derived froma voltag
di vi der forne e series arrangenent of a resistor R9, a diode D5, a

resistor R13, a dlpl'ddlldiﬂg amdleatricabkignalrrem&ntieg \blmelnattemeouuppwoltagem nal 20

and ground. A zener, dj.ode }S,E0 aral | el th the.resistors
~R13 and R20 and th‘ﬂmé41 g&f’&u‘é}e& ﬁétt%lt&aﬁé‘gpléﬂ Wb{lg‘hocg@rglpg SULTERt R
circuit is thge ts@dté@%emnslsigam Ee@résbﬁhd A hatiéty Bufid k%oﬁ%@dk@ps?%elbwn the
el ectrical vehicle System the |evel of the ref erence voltage supplied to

t Ee conpar alt @reseieciedr lower Wireshold, ube baltery rwtpun voltagei qopmsmndmgal lawered t
conpensat o f dpfegudt e nigt 8AGuefrol Mol e brkRBioh BF & EVE k@ Be g o

A

e
e

(0]

el ectrical syt aA8 the input voltage from t he vehi cl e el ectrical system

i ncreases or decreases, .so does, the reference vol t age, nper at ure
conpensation is pr%W‘&é'é“goShetrﬁﬁldo"rhéEﬁé“b? therhadteryafter dbe S‘EF‘%‘p‘e}?@ﬁ‘F'E@gébe a

function of t h | t age
nput 0 ¢ he eachEoRAiVSake e b DfEcied Sphd Mol e tALE durit ' 207,
of the corrpar\aﬂnage é&respoindngg to mdajppaﬂthmﬁbkdsbemgzhﬂnsmmly belowpthe oliput C4.

Thi's supplies o?ta gp ab gfl:]rg(t gtl 1tsag e8 S 188&00%5 nommgl capacity.

2. The method of claim 1 which includes tﬁe steps of
starting the measurement of a preselected time interval when the signal
representing the battery oufput 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.
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conparator 26, which receives a reference voltage at—tsother input from
the zener diode D6. As long as the capacitor C4 rengj out put
of the conparator 26 renains high. This output voltaﬂgﬂ‘gmnmggmgﬂmcross
a-voltage divider forned by a pair of resistors R2 a , @anc psovrdes a
control input to the switching regulator 241 A high control input holds the

regul ator 24 off. 8 When the battery vol t_ag’g input to the conparator 25
drops bel ow t he ref.er entle methodgf dlaipud whergin dothhsaid uppertanddowpm thaeshplds 5

goes | ow, which cau t he capacitor .C4 to. disch (. hrough a di ode D10
and the Comaﬁfg@@ﬁ%@%fﬂm&v%@%ﬁ’f@ﬁaﬁ s Wtfé’ld:c%\'gégﬁ ‘ff“p%?q?rgduces t he
I nput voltage to the conparator 26, causing the output of that conparator

to go low, which turns on the regulator 24. This initiates rapid charging
of the battery. Wién t hEheomepwd dfclainel which includea the siepspof menitgrijig, the dnput
produces a vo) # ] Kk ' , '

O fect of ar t19FEF sPpRaIE RS B ghERINEY abf Sutsihe S8 B Epptpifsae
conpar at or 25for Wasiatiérizein Gaidpinputofoltape. conpar at or- 25 goes | ow, the
artificial increase in the battery voltage input is renoved, which has the
sanme effect as raising the reference voltage input to an upper threshold

| evel . Thus, the rgpid ' : : 4l | ' 1 e
reduced battery volt ag;’ﬁ%é&f{tﬂbgiﬁc&%ﬂf%%ﬁﬁiﬁéﬁ%ﬂg&é?%%??ﬁfogggﬁg%&é; t he
ref erence vol batzey temperatureh and atijusting said tingsholdgwatonpensite dbrt yariatisas inasaid e
the level of the reference voltage, which causes the output of the

conpar at or 25PAETHEMPLHUE i n and char ge

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 rechargeablé 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 battei'y by supplying a high charging

current to the battery when the signai 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.



the capacitor C4 through a resistor RL1. The conbination of the capacitor
C4 and a voltage conparator 26 functions as the top-off tiner. The top-off
time intérval is determned in part by the time required to. charge the
capacitor CA. After the output of the conparator 25 goes highg $HT HAS BEEN
capacitor C4 charges to the level of the reference voltagg supp Eg&.\é@t e
conpar at or 26. When the charge on the capacitor C4 reac

the reference voltage supplied to the conpar al®r 26, the out put of” the
conparator 26 goes high, and the resulljRg e Qh’he control voltage
supplied to the switching regulator -2 ,ng regulator to
turn off. This term nates thePORIARBLERLLUARGES SLLERIES i |t pe
switching regulator 24 is turned on agai n-A@T‘l@AC{Fhe switching regul ator 24
has been turned off, the battery term nal voltage across the term nals 22
and 23 gradual | y di m The imethodvfi charging atposhble rechasgeableHmttont protuees anledectrical
conparator 25 to.go,low again.. The tim capaci tor . t hen di scharges

oA a T urn onsig eleSEng e bifterk Shitd: FORRE Rpid Erarding haB bRl B
and a capacitor faftiaddEbye hed High BRArRIn Qiuﬁ&attbmemt@?mnerb@h an the
out put and the battery.floﬁtggegi np%lt] gérgt I%e conparator 25. The cggacitor C8
accumul at es ‘a chegPERsenting thedaitery qytpyt voliagpdrops belomea prosalecipd lewerethresholdhat
t he top- 9 of i i f ' ‘ . -
nercases. When S bffery Sofiafhn hfs (ppekEREnaR i MaiP@idEhto ke operaion

ri ses, which causfesdéviee pewbred bybthe batteryp OTigy rapitechacging @fitthe at@ppis tethinatdd

renoved abruptly. The cjrcuit .of FlI exploits this
P yafter the sfgnal representﬁlgethe attery output vo{]tage rises to a preselected upper

threshold.” The battery voltage at the upper threshold is substantially below the output
voltage of a battery that is charged to 100% of its nominal capacity.
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effect to reduce the top-off time interval when operating with a battery

which is at or
over - char gi ng.
variations of the battery voltage signa
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connectors that plug into wall sockets. For exanple, the ability to charge
a portable battery with virtually no risk of overcharging, and while

mai ntai ni'ng the operation of the device powered by the battery, is
partitularly useful in desk-top chargers for nickel-cadm um batteries

(whi ch are susceptible to damage from over2hargi ng). 10 What is clainmed
is: 1. A net hod of chargingtg portabl e rechargeabl g battery, said nethod
conpri si ng produc n ele Qal signal representi t he battq“yfoutput
vol tage, initiating fapid chhrg

ng of theggattery by plying a" hi gh
charging current to ffhe batt lhhen t he gnal repre i the battery
out put vol tage dropsjbel ow a presel L thresliol d, the Rattery
out put vol tage corregponding to said | owel 't hreshol d}being. hi/fM enough
mai ntain the operati ¢gn of a device dowered by said bantﬁ%ii nd term najislg
the rapid charging off the bggtery affter the signal répr§§ t

out put voltage rises|to a sel ect §d upper. thteshold,axﬁb ry out
vol tage correspondin el ow ut put
voltage of a battery{that is chargeq to 100P6 of its rrom apacity. 2.

The met hod of claim 3 which’includeq the steps of starting the nmeasurenent
of a preselected tgyggintervar when ighal regpresegting the battery
out put voltage risesj|to said presele er tfgeshgd, and
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term.nating the rapid charging of the battery and initiatingg
charge by supplying a | ow charging current to the battery wh
presel ected tine interval expires. 3. The net hod of cl ai
includes the step of adjusting said preselected tine interva 1@@3{%
to the magnitude of the bdttery output voltage. 4. The nef hpd o
whi-ch includes the steps of initiating the neasurenent of a pa
interval whenever the charging systemis enerl@i zed, and reducing said
threshold voltages if said backup tine interval expires befo
systemis-de-energi zed. 5. The nBARTERY GHARGER HORh incl udes the
steps of monitoring the anbi PORTABIF RECHARGKABHFEUBATTERIES east sai d

upper threshold to conpensate for variati i d anmbi ent tenperature.
6. The method of claimb5 wherein both Mr and | ower threshol ds

are adjusted to conpamsdh&nbdof E%%ﬁk'aog&dbib fehshgdb Bﬁ&er%??&ﬁ%@éﬂf Blectrical

The nmethod of claim1l which includés the steps of m)nltorl he 1 nput
vol t age suppl i edlgtld repeeseitinggtha hatioryt anputaeliagelj Repidraargingiof thedmiteryds t o

conpensat e’ for - ons._in.said.| ut volta The .net hod f claim
1 whi ch i ncl uded ‘ﬁ‘g‘g HPB‘#‘%%HF!@ %&'%8“’5%? ‘%?" P baERK MAEf AsTE
adj usting said tépresshhglshd mtmﬁbe@aavadgerdrwbaéwqrﬁresm révﬂeatﬁreshmd

t enperature. 9. The met hod of claim 1l wherein the difference between -
sai d upper and - The battery voltage at this lower threshold is high enough to maintain the operation
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of a device powered by the battery. The rapid charging of the battery is terminated
after the signal repreéenting the battery output voltage rises to a preselected upper
threshold. The battery voltage-at the upper threshold is substantially below the output'
voltage of a battery that is charged to 100% of its nominal capacity.

Figure 1
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| ower threshol dsias established by artificially increa Rﬁ__ghﬁ‘h.él -;I:;e\/'gi_{_-fg‘g%i_z

sai d signal repr g m'gm”ﬂm ry output voltage whén{the battery i 5 hot
bei ng ‘rapi dly chak ; ng said artificial in ré~as@ goihees L
o)

initiation of rapid c_haLrgi"ng Sof *t he battci y. 10. A systtem for char gi hgia
portabl e rechargeable battery fromthe el*€ctrical syst m-e+—a——v-eh'i-c're:—jsri_d
system co | k.n § .07 producing an electrical signal representing ghe
battery out%@-%%ﬁ&@g—'-{’m, ans for initiating rapid charging of the battery
by supplying a high chameihogd of whafpitg & Poktable 18iHapgaablel titteycsafd fietod
representing the battery output voltage drops bel ow a presel ected | ower

t hreshol d, €OMePIHA8 ery out put voltage corresponding to said | ower threshold

pat tery, “and mocprodpolie el dbctrtal MgiRf ket RRafy i kP QB EbRiRe Y D7 L ¢!

the signal reprebititinggrapidechasging rof theibattery byl supplying & hight chasgipg eamkstctoed

upper thr eSEI%l bql'ttery when the signal representing the battéry output voltage drops below a
presélected 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- tt_gre‘s’h@l_d voltages if said backup time interval expires before the
chzﬁ'giﬁg system 1sde-energlzed

5. The method of claim 1 which includes the steps of monitoring the
. ambient te‘ﬁl_h_e:;a_mre,. andadjusting at least said upper threshold to compensate for
variations ‘in ‘said ambient temperature.
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