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MODE SELECTION CIRCUIT FOR A BATTERY
AND METHOD OF OPERATION THEREOF
Abgtract _

For use with a reserve battery couplable to a charging
circuit capable of providing a charging current to the
reserve battery, a mode selection circuit and a method of
operation thereof. The mode selection circuit includes, in
one embodiment, (1) a signal generator that generates a
signal based on a temperature of the reserve battery and (2)
a mode-changing circuit, coupled to the signal generator,
that accepts the signal and selects an alternative one of:
(a) a non-charge mode 1n which the charging current 1is

substantially interrupted when the temperature 1s greater

than a reference temperature and (b) a charge mode in which

the charging current is provided to the reserve battery when

the temperature i1s less than the reference temperature.
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MODE SELECTION CIRCUIT FOR A BATTERY
AND METHOD OF OPERATION THEREOF
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The present i1nvention 1s directed, 1n general, to power
supplies and, more specifically, to a mode selection circuilt

for a battery and a method of operation thereof.

In a variety of telecommunications and other

applications, batteries [e.g., valve-regulated lead acid
(VRLA) batteries] are emploved to provide reserve energy to
the eqgquipment powered thereby. With the increasing trend
toward distributed power systems, battery reserve systems
are often located in outdoor uncontrolled environments.
Over a decade of experience in using VRLA batteries in
outdooxr environments has clearly shown that high
temperatures drastically reduce the life of the battery.
The lifetime of a typical VRLA battery with a rated life of
ten vears at a constant operating ambient temperature ot
25°C will be reduced by a factor of two for approximately
every 7°C rise 1in average operating temperature. When
deployed 1in outdoor environments, the batteries are
generally placed in closed cabinets with poor heat-exchange

characteristics. The batteries are, therefore, exposed to
high temperatures with poor wventilation. As a result, a
ten-vear rated battery may have its lifetime reduced to a
quarter or a third of its rated value, especially 1n warmer
climates such as Dallas, Texas.

While reducing the temperature of the operating
environment of the battery is an important factor 1in
sustaining the life of the battery, there are other

ancillary considerations as well. The system employed to

maintain the battery in a state of readiness (1.e., fully

charged) is another important consideration 1in battery
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reserve systems. A known technique to improve the life of
a battery is to employ an intermittent charging system. An
intermittent charging system is disclosed in A New Concept:
Intermittent Charging of Lead Acid Batteries in
Telecommunication Systems, by D.P. Reid, et al. (Reid),
Proceedings of INTELEC 1984, pp. 67-71.

Since the commercial AC power source is typically
availlable about 99.9% of the time, the Dbattery is
conventionally maintained in a float mode whereby the
battery 1is fully charged and is essentially being topped-
off continuously. With an intermittent charging system,
the battery is only charged a fraction of the time and,
otherwise, the battery is disconnected from the charging
circuilt. Such a system is very sensible with VRLA
batteries especially in view of the fact that VRLA
batteries suffer from relatively low self-discharge rates
(e.g., less than 10% over a 180 day period at about 25°C).
Analogous to the 1loss of battery capacity at higher
temperatures, 1t 1s estimated that the self-discharge rate
approximately doubles for every 10°C rise in temperature.
Even with the increase in self-discharge rates associated
with higher operating temperatures, a relatively low duty
cycle (i.e., ratio of the charging time to total time) is
sufficient to maintain the battery in a state of readiness
should the commercial power source be interrupted.

Since elements of the battery experience aging during

tfloat charging (e.g., excess current contributes to grid

loss), it would be advantageous to decrease the period of

time that the battery is in the float mode. As disclosed in
Reid, the life of a battery may double by employing a 50%
float duty cycle over a full float duty cycle operation for a

particular battery design. Therefore, a reduction in the

pares == . E— it e s . e e e war ,.w'mmm.p.q—u‘ L N TS,
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float mode duty cycle significantly increases the life of the
battery.

As previously mentioned, Reilid discloses a system that
intermittently charges the Dbattery. Reid fails to
recognize, however, that float charging contributes to
excess current charging of the battery (in excess of the
charge necessary to compensate for the charge beiling
replenished or lost during self-discharge) thereby
unnecessarily heating the battery. The reactions that
diminish battery life during float charging are accelerated

at higher temperatures thereby further contributing to the
degradation of the life of the battery.

Accordingly, what 18 needed in the art 1is a
recognition that charging a battery under particular
environmental conditions affects the life of the battery
and, more particularly, what 1s needed 1s an intermittent

system for charging a battery that overcomes the

deficiencies 1n the prior art.

Summary of the Invention

To address the above-discussed deficiencies of the
prior art, the present 1invention provides for use with a
reserve battery couplable to a charging circuit capable of

providing a charging current to the reserve battery, a mode

selection circuit and a method of operation thereof.

The mode selection circuilt includes, in one
embodiment, (1) a signal generator that generates a signal
based on a temperature of the reserve battery; (2) a charge
detection circuit that mwmonitors a charge of said reserve
battery and generates a signal as a function thereof and
(3) a mode-changing c¢ircuit, coupled to the signal
generator, that accepts the signal and selects an

alternative one of: (a) a non-charge mode 1n which the
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charging current 1s substantially 1interrupted when the
temperature is greater than a reference temperature and (b)
a charge mode in which the charging current 1s provided to
the reserve battery when the temperature 1s less than the

reference temperature.

The present 1invention, therefore, recognizes that
float charging a battery at higher ambient temperature
conditions has deleterious effects on the life of the
battery. By charging the battery, 1n one embodiment,
during the periods of time when the amblent temperatures
are lower and providing substantially zero charging
current to the battery otherwise, additional improvements
in extending battery life are possible. Consequently, the
mode selection circult alternatively selects a mutually-
exclusive one of the non-charge or charge mode for a
battery reserve system. The 1intermittent charging system
provides an effective technique for protecting and

extending the life of the reserve battery.

In accordance with one aspect of the present invention
there 1s provided for use with a reserve battery couplable
to a charging circuit capable of providing a charging
current to sailid reserve battery, a method of selecting
modes for sald reserve battery, comprising: providing a
signal with a signal generator based on a temperature of
said reserve battery; providing a signal with a charge
detection circult based on a charge of said reserve
battery; and accepting salid signals with a mode-changing
circuit, coupled to said signal generator and said charge
detection circuit, and selecting an alternative one of: a
non-charge mode 1in which said charging current is
substantially interrupted when sald temperature is greater
than a reference temperature or sald charge 1s above a

predetermined value, and a charge mode 1in which said
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charging current 1is provided to said reserve battery when
said temperature 1is less than said reference temperature
and said charge 1is below said predetermined value, said
reference temperature being modifiable.

In accordance with another aspect of the present
invention there is provided a battery back-up power supply,
comprising: a source of electrical power; an AC/DC
rectifier coupled to said source of electrical power; a
reserve battery couplable to a said AC/DC rectifier, said
AC/DC rectifier capable of charging said reserve battery;
and a mode selection circult, comprising: a sSignal
generator that generates a signal based on a temperature of
sald reserve battery; a charge detection c¢ircuilt that
monitors a charge of said reserve battery and generates a
signal as a function thereof; and a mode-changing circuit,
coupled to said signal generator and said charge detection
circuilt, that accepts said signals and selects an
alternative one of: a non-charge mode 1n which said
charging current 1s substantially 1nterrupted when said

temperature 1s greater than a reference temperature or said

charge is above a predetermined value, and a charge mode in
which said charging current 1s provided to said reserve
battery when said temperature 1is less than said reference
temperature and sald charge 1s below said predetermined
value, said reference temperature being modifiable.

In accordance with vyet another aspect of the present
invention there 1is provided for use with a reserve battery
couplable to a charging circuit capable of providing a
charging current to sald reserve battery, a mode selection
circuit, comprising: a signal generator that generates a
signal based on a time of day; and a mode-changing circuit,
coupled to said signal generator, that accepts said signal

and selects an alternative one of : a
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charge mode 1in which said charging current 1s provided to
sald reserve battery during a predetermined time of day,
and a non-charge mode 1in which said charging current 1is
substantially interrupted during time periods other than
said predetermined time of day.

In accordance with still vyet another aspect of the
present invention there 1s provided for use with a reserve
battery couplable to a charging circuit capable of
providing a charging current to saild reserve battery, a
mode selection circult, comprising: a signal generator that
generates a signal based on a time of day; and a mode-
changing circuit, coupled to said signal generator, that
accepts said signal and selects an alternative one of: a
charge mode 1in which said charging current 1is provided to
sald reserve battery during a predetermined time of day,
and a non-charge mode 1n which said charging current 1is
substantially 1nterrupted during time periods other than

sald predetermined time of day.

The foregoing has outlined, rather broadly, a
preferred and alternative feature of the present invention
so that those skilled 1n the art may better understand the
detailed description of the 1invention that follows.
Additional features of the invention will be described
hefeinafter that form the subject of the claims of the
invention. Those skilled 1in the art appreciate that they
can readily wuse the disclosed conception and specific
embodiment as a basis for designing or modifying other
structures for carrying out the same purposes of the
present invention. Those skilled 1n the art also realize
that such equivalent constructions do not depart from the

spirit and scope of the invention in its broadest form.
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Brief Description of the Drawings

For a more complete understanding of the present
invention, reference 1s now made to the following

descriptions taken 1in conjunction with the accompanying

drawings, 1in which:
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FIGURE 1 i1llustrates a schematic diagram of a battery

back-up power supply providing an environment for the

present invention;

FIGURE 2 1llustrates a schematic diagram of another

battery back-up power supply providing an environment for

the present invention;

FIGURE 3 1i1llustrates a schematic diagram of a battery
back-up power supply incorporating an embodiment of a mode
selection clrcult constructed according to the principles of
the present invention;

FIGURE 4 illustrates a diagram of a temperature verses
time profile for an exemplary reserve battery in a typical
outdoor application;

FIGURE 5 illustrates a schematic diagram of a battery
back-up power supply 1ncorporating another embodiment of a
mode selection circuit constructed accoxrding to the
principles of the present i1nvention; and

FIGURE 6 illustrates a schematic diagram of a battery
back-up power supply incorporating another embodiment of a

mode selection circuit constructed according to the

principles of the present invention.

Detalled Description

Referring 1initially to FIGURE 1, illustrated 1is a
schematic diagram of a battery back-up power supply 100
providing an environment for the present invention. The
power supply 100 includes a source of electrical power 110
coupled to an AC/DC rectifier 120. The AC/DC rectifier 120
is then couplable to a reserve battery 130 and is adapted to
float charge the resexrve battery 130. The power supply also
includes a disconnect switch 140 coupled to the reserve
battery 130. When the reserve battery 130 1s almost
completely discharged following the loss of AC power, the

disconnect switch 140 decouples the reserve battery 130 from
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a load 150 to avoid putting the reserve battery 130 into a

deep discharge. The power supply 100 provides power to the
load 150.

Turning now to FIGURE 2, 1llustrated is a schematic

5 diagram of another battery back-up power supply 200

10

15

20

25

30

providing an environment for the present invention. The
power supply 200 includes a source of electrical power 210
coupled to an AC/DC rectifier 220. The AC/DC rectifier 220
is then couplable to a first reserve battery 230 and a
second reserve battery 250 and i1s adapted to float charge
both batteries. The power supply 200 also includes a first
disconnect switch 240 coupled to the first reserve battery
230 and a second disconnect switch 260 coupled to the second

reserve battery 250. The disconnect switches 240, 260

connect and disconnect the batteries 1n an alternating
fashion such that at least one of the batteries is connected

at all times. The power supply 200 provides power to a load
270.

Power supplies employing multiple battery strings are
often employed in wireless applications at lower voltages
(e.g., 24 to 48 volts). Obviously, the reserve batteries
230, 250 are limited to charging at a duty cycle of 50% oxr
more. Thus, with n battery strings, the minimum duty cycle
is 1/n. The power supply 200, therefore, would benefit from
an intermittent charging system as disclosed herein.

Turning now to FIGURE 3, illustrated is a schematic

diagram of a battery back-up power supply 300 incorporating

an embodiment of a mode selection circult constructed

according to the principles of the present invention. The

power supply 300 includes a source of electrica

power 310

coupled to an AC/DC rectifier 320 (a charging circuilt 1in the

illustrated embodiment). The AC/DC rectifier 320 is coupled

to the mode selection circuit that includes a mode-changing

circuit, for instance, a temperature-dependant mode-changing



10

15

20

25

30

CA 02248746 1998-09-29

_7-

circuit, [a parallel coupled switch (e.g., a low-voltage

drop metallic contactor 350 and diode 355) and a signal

generator, in this embodiment a temperature transducer 360

(e.g., a thermistor and associliated amplifier circuit that

generates a voltage proportional to the temperature of the
reserve battery 330), which 1is 1n turn couplable to a
reserve battery 330. The power supply 300 may also i1nclude
a disconnect switch 340 coupled to the reserve battery 330.
When the reserve battery 330 is almost completely discharged
following the loss of AC power, the disconnect switch 340
decouples the reserve battery 330 from a load 380 to avoid
putting the reserve battery 330 into a deep discharge. The
power supply 300 additionally provides power to the load
380.

The temperature transducer 360 1s coupled between the
reserve battery 330 and the mode-changing circuit. The
transducer 360 relays a signal to a control terminal of the
switch 350 based upon or indicative of the temperature of
the reserve battery 330. When the sensed temperature of the

reserve battery 330 drops below a reference temperature, the

transducer 360 signals the switch 350 to close and the
reserve battery 330 1i1is charged. Furthermore, a charge
detection circuit 370 (e.g., a voltage detection circuit

that measures the open circuit voltage across the reserve

battery 330) may be coupled in parallel with the resexrve
battery 330 and a control signal is coupled from the charge
detection circuit 370 to the switch 350. When the battery
voltage drops below a predetermined level and the sensed
temperature is below the reference temperature, the switch
350 1is closed and the reserve battery 330 1is charged.
Conversely, 1f the battery voltage is above the
predetermined level, the switch 350 is opened and a charging
current to the reserve battery 330 1s substantially

interrupted thereby facilitating a non-charging mode of
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When the source of electrical power 310 is available
and the reserve battery 330 is not being charged, the switch
350 1is opened and the output voltage of the AC/DC rectifier
320 1s adjusted above the open-circult voltage of the
reserve battery 330 such that the diode 355 i1is reverse
biased and no current flows 1nto the reserve battery 330.
The reserve battery 330 experiences a small self-discharge,
but since no current 1i1s flowing therethrough, no energy from

an external source dissipates as heat in the reserve battery

330 thereby extending the life of the reserve battery 330.

In the event of a failure of the source of electrical
power 310, the output voltage of the AC/DC rectifier 320
drops to a point where the diode 355 begins conducting and
the reserve battery 330 then immediately powers the load
380. The switch 350 closes soon after the diode 355 begins
conducting such that the reserve battery 330 can deliver the
power to the load 380. Of course, the switch 350 and diode
355 may include any type of switching device and still be
within the broad scope of the bresent invention.

Again, to charge the reserve battery 330 when the
source of electrical power 310 1is avallable and the
temperature 1is 1in the proper region, the switch 350 1is
closed and the voltage of the AC/DC rectifier 320 1is
adjusted to float-charge the reserve battexry 330. To stop
charging the reserve battery 330, the switch 350 i1is opened
and the voltage of the AC/DC rectifier 320 1s maintained

above the open-circult voltage of the reserve battery 330

such that the diode 355 is in a nonconducting state. In
this manner, the reserve battery 330 can be intermittently
charged (even with only a single battery string) without

limiting the immediate availability of the reserve battery

330 to power the load 380. The intermittent charging system
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can, therefore, provide any charging duty cycle even with

multiple battery strings in parallel.

Turning now to FIGURE 4, illustrated is a diagram of a

temperature verses time profile for an exemplary reserve

battery 1in a typical outdoor application. As time cvycles
from night to day to night, the reserve battery will Dbe
charged during the time when the transducer senses a
temperature below a reference level. In one embodiment,
when the battery temperature is above the reference level,
the reserve battery will not be charged. AaAs illustrated in
the profile, one methodology to implement battery charging
1s to charge the battery during the night when the
temperature of the battery plant is lower. While many
altern.ative schemes are avalilable, it is adwvantageous to

charge the battery when the environmental temperature is

below a reference temperature (e.g., 30°C) to, ultimately,

extend the life of the battery. Those skilled in the art
understand that any type of battery such as a wvalve-
regulated lead acid (VRLA) batte_ry is well within the broad
scope of the present invention. Those skilled in the art
also understand that the reference temperature includes any
temperature (depending on, for instance, the climate of the
installation) and the temperature may be periodically or
continually modified (depending on, for i1instance, the

working conditions of the installation) and still be within

) -

—he broad scope of the present invention.

Turning now to FIGURE 5, illustrated is a schematic
diagram of a battery back-up power supply 500 incorporating

another embodiment of a mode selection circuilit constructed

accoxrding to the principles of the present invention. The
power supply 500 includes a source of electrical power 510

coupled to an AC/DC rectifier 520. The AC/DC rectifier 520

is then coupled to the mode selection circuit that includes

a mode- changing cilircuit (a low voltage disconnect circuilt
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including a controlled switching device 550, e.qg., an

lsolated-gate bipolar transistor, and a disconnect switch

540) and a signal generator (e.g., a temperature transducer
560), which 1s in turn couplable to a reserve battery 530.
When the reserve battery 530 is almost completely discharged
following the loss of AC power, the disconnect switch 540
decouples the reserve battery 530 from a load 580 to avoid
putting the reserve battery 530 into a deep discharge.
Additionally, the power supply 500 provides power to the
load 580.

The temperature transducer 560 is coupled between the
reserve battery 530 and the low voltage disconnect circuit.
The transducer 560 relays a control signal to the disconnect
switch 540 based upon or indicative of the temperature of
the reserve battery 530. When the sensed temperature of the
reserve battery 530 drops below a reference temperature, the
transducer 560, sensing the drop, signals the disconnect
switch 540 to close and the reserve battery 530 is charged.
Furthermore, a charge detection circuit 570 1s coupled 1in
parallel with the reserve battery 530 and a control signal
i1s coupled from the charge detection circuit 570 to the low
voltage disconnect circuilt. When the voltage of the reserve
battery 530 drops below a predetermined level and the sensed
temperature 1s Dbelow the reference temperature, the
disconnect switch 540 1s closed and the reserve battery 530
is charged. Conversely, 1f the battery voltage is above the
predetermined level, the disconnect switch 540 is opened and
a charging current to the reserve battery 530 1is
substantially i1nterrupted thereby facilitating a non-
charging mode of operation.

When the reserve battery 530 is not being charged, the
disconnect switch 540 and the controlled switching device
550 are both open. In the event of a loss of AC power, the

disconnect switch 540 and the controlled switching device
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550 are both transitioned on. The controlled switching

device 550 transitions on rapidly (within a few

microseconds) ensuring that the power to the load 580 1s not
disrupted. The disconnect switch 540 turns on a few
5 milliseconds later and due to 1its lower on-state drop
reduces the dissipation in the rvontrolled switching device
550 to near zero. Thereafter, the controlled switching
device 550 may be turned off. Since the controlled

switching device 550 carries current for only a few

10 milliseconds, the energy dissipation therethrough 1is
relatively small. If the voltage of the reserve battery 530
falls below a predetermined threshold, the disconnect switch
540 may be opened to disconnect the reserve battery 540 from
the load 580. Of course, any controllable switching device

15 may be emploved in lieu of the switching devices illustrated
and described above.

Turning now to FIGURE 6, illustrated i1s a schematic
diagram of a battery back-up power supply 600 incorporating
another embodiment of a mode selection circult constructed

20 according to the principles of the present i1nvention. The
power supply 600 includes a source of electrical power 610
coupled to an AC/DC rectifier 620. The AC/DC rectifier 620
is then coupled to a reserve battery 630. The power supply
600 also includes a disconnect switch 640 coupled to the

25 reserve battery 630. Additionally, the power supply 600
provides power to a load 680.

The illustrated embodiment employs a combination of

charging current and non-charging current to provide

intermittent charging. By monitoring the current of the
30 reserve battery 630 and using a current control loop 650,
the charging of the reserve battery 630 occurs as follows.
The reserve battery 630 is float charged by regulating the
float voltage. When the charging of the reserve battery 630

is to be terminated, the output voltage of the AC/DC
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rectifier 620 is adjusted by the current control loop 650 to
a value near the open-circuit voltage of the reserve battery
630 thereby controllling the current therethrough within a

small value.

More specifically, a clock 660 (or any timing device)

is coupled to the current control loop 650 (forming part of

the mode selection circuit). The clock 660 relays a signal

to the current control loop 650, that may be based upon or
indicative of a temperature of the reserve battery 630. At

a predetermined time period, a current sufficient to charge

the reserve battery (a charging current) i1is provided to the
reserve battery 630 during a charge mode. At a time period
other than the predetermined time period, the charging

current is substantially 1nterrupted to the reserve battervy

630 during a non-charge mode. In the event of a loss of

the source of electrical power 610, the reserve battery 630

is already connected to the load so no additional steps are

necessary. This particular embodiment does not require any

additional connections except monitoring the current into

the reserve battery 630 and the control of the charging
current or voltage. Of course, other technigques to control
the current through the reserve battery 630 are well within
the broad scope of the present invention.

The above noted descriptions include possible

embodiments of the present invention. Other possible

variations include, without limitation:

Monitoring battery temperature and estimating
the self discharge rates when the battery 1s not
being charged, and when the estimated total self-
discharge of the battery has dipped below a
threshold, charge the battery to replenish the
charge;

Varying the charging time and monitoring the

charging current to replenish the charge
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estimated to have been lost due to self discharge

(with some excess charging to account for errors

in estimating the self discharge), so as to
further minimize overchargiling; and

When the battery 1s “not being charged”,
maintain the battery voltage at a value (probably

temperature dependent) that maximizes the life of

the battery.

Thus, 1in the alternative embodiment of the present
invention, the intermittent charging system is related to a
time of day or period of time. In conjunction with
historical weather trends, for instance, the battery may be
charged during specific times of the day when the
temperature is at its coolest. For instance, the battervy
may be automatically charged from 2:00 to 4:00 AM everyday
or periodically, depending on the expected discharge rate of
the battery. Those skilled in the art understand that
various technigues to intermittently charge the battery in
connection with predetermined time periods are avallable and

are well within the broad scope of the present invention.

Although the present invention has been described in
detail, those skilled in the art understand that they can
make various changes, substitutions and alterations herein
without departing from the spirit and scope of the invention

in 1ts broadest form.
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Claims:

1. For use with a reserve battery couplable to a
charging circuit capable of providing a charging current to
sald reserve battery, a mode selection circuit, comprising:

5 a signal generator that generates a signal based on a
temperature of said reserve battery;

a charge detection circuit that monitors a charge of
sald reserve battery and generates a signal as a function
thereof; and

10 a mode-changing circuit, coupled to said signal
generator and said charge detection circuit, that accepts

sald signals and selects an alternative one of:

a non-charge mode 1n which said charging current

1s substantially interrupted when said temperature is

15 greater than a reference temperature or said charge is
above a predetermined value, and

a charge mode 1n which said charging current 1is

provided to said reserve battery when said temperature

1s less than said reference temperature and said

20 charge is below said predetermined value, said

reference temperature being modifiable.

2. The circult as recited in Claim 1 wherein said

charging circuit comprises an AC/DC rectifier.

3. The circult as recited in Claim 1 wherein said

25 reserve battery 1s a valve-regulated 1lead acid (VRLA)

battery.

4 . The circuit as recited in Claim 1 wherein said

mode-changing circuit comprises a parallel-coupled switch

and diode coupled to said reserve battery.
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5. The circult as recited 1n Claim 1 wherein said

mode-changing circuit comprises a current control loop.

6. The circuit as recited in Claim 1 wherein said
signal generator comprises a temperature transducer that

> generates said signal based on a sensed temperature of said

reserve battery.

7 . For use with a reserve battery couplable to a
charging circuilt capable of providing a charging current to
sald reserve battery, a method of selecting modes for said

10 reserve battery, comprising:

providing a signal with a signal generator based on a
temperature of said reserve battery;

providing a signal with a charge detection circuit
based on a charge of said reserve battery; and

15 accepting said signals with a mode-changing circuit,
coupled to said signal generator and said charge detection
circult, and selecting an alternative one of:

a non-charge mode 1n which said charging current
1s substantially interrupted when said temperature is

20 greater than a reference temperature or said charge is

above a predetermined value, and

a charge mode in which said charging current is
provided to saild reserve battery when said temperature
1s less than said reference temperature and said

25 charge 1s Dbelow said predetermined wvalue, said

reference temperature being modifiable.

8. The method as recited in Claim 7 wherein said

charging circuit comprises an AC/DC rectifier.
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. The method as recited in Claim 7 wherein said

reserve Dbattery 1s a valve-regulated 1lead acid (VRLA)

battery.

10. The method as recited 1in Claim 7 wherein said

mode-changing circult comprises a parallel-coupled switch

and diode coupled to said reserve battery.

11. The method as recited in Claim 7 wherein said

mode-changing circult comprises a current control loop.

12. The method as recited in Claim 7 wherein said
signal generator comprises a temperature transducer that

generates said signal based on a sensed temperature of said

reserve battery.

13. A battery back-up power supply, comprising:

a source of electrical power;

an AC/DC rectifier <coupled to said source of

electrical power;

a reserve battery couplable to a said AC/DC rectifier,

sald AC/DC rectifier capable of charging said reserve

battery; and
a mode selection circuit, comprising:
a signal generator that generates a signal based
on a temperature of sald reserve battery;
a charge detection circuit that monitors a charge
of said reserve battery and generates a signal as a
function thereof; and
a mode-changing circuit, coupled to said signal
generator and said charge detection circuit, that accepts
sald signals and selects an alternative one of:
a non-charge mode 1n which said charging

current 1s substantially interrupted when said
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temperature 18 greater than a reference
temperature or said - charge is above a

predetermined value, and

a charge mode in which said charging current
1s provided to said reserve battery when said
temperature 18 less than said reference
temperature and said charge 1s below said
predetermined value, said reference temperature

being modifiable.

14. The power supply as recited in Claim 13 wherein
sald reserve battery is a valve-regulated lead acid (VRLA)

battery.

15. The power supply as recited in Claim 13 wherein
sald mode-changing circuit comprises a parallel-coupled

switch and diode coupled to said reserve battery.

16. The power supply as recited in Claim 13 wherein
sald mode-changing circuit comprises a current control

loop.

17. The power supply as recited in Claim 13 wherein
salid signal generator comprises a temperature transducer
that generates said signal based on a sensed temperature of

sald reserve battery.

18. For use with a reserve battery couplable to a
charging circuit capable of providing a charging current to
sald reserve battery, a mode selection circuit, comprising:

a signal generator that generates a signal based on a
temperature of said reserve battery; and

a mode-changing circuit, having a low-voltage-
disconnect (LVD) and coupled to said signal generator, that

accepts said signal and selects an alternative one of:
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a non-charge mode 1in which said charging

current 1s substantially interrupted when

said

temperature 1s greater than a reference temperature,

and

a charge mode in which said charging current

1s provided to said <reserve Dbattery when

said

temperature 1s less than said reference temperature.

19. The c¢ircuit as recited 1n Claim 18 further

comprising a charge detection c¢ircuit, coupled to

reserve battery, that monitors a charge of said reserve

said

battery, said wmode-changing circuit further selecting an

alternative one of:

sald non-charge mode in which said charging

current 1s substantially interrupted when said charge

18 above a predetermined wvalue, and

said charge mode in which said charging current

1s provided to said reserve battery when said charge

1s below saild predetermined value and said temperature

1s less than said reference temperature.

20. The circuilt as recited in Claim 18 wherein

charging circuit comprises an AC/DC rectifier.

21. The circuilit as recited in Claim 18 wherein

sald

said

mode-changing circuit comprises a parallel-coupled switch

and diode coupled to said reserve battery.

22. The circulit as recited in Claim 18 wherein

mode-changing circuit comprises a current control loop.

23. The circuit as recited in Claim 18 wherein
signal generator comprises a temperature transducer

generates sald signal based on a sensed temperature of

reserve battery.

saild

said
that

said
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24. For use with a reserve battery couplable to a
charging cilrcult capable of providing a charging current to
sald reserve battery, a method of selecting modes for said

reserve battery, comprising the steps of:

S providing a signal with a signal generator based c

3
\

temperature of sald reserve battery; and

accepting said signal with a mode-changing circuit,
having a low-voltage-disconnect (LVD) and coupled to said
signal generator, and selecting an alternative one of:

10 a non-charge mode in which said charging current
1s substantially interrupted when said temperature is
greater than a reference temperature, and

a charge mode 1n which said charging current is
provided to saild reserve battery when said temperature

15 1s less than said reference temperature.

25. The method as recited 1in Claim 24 further
comprising the step of monitoring a charge of said reserve
battery with a charge detection circuit coupled to said
reserve battery, the method further comprising the steps of

20 selecting an alternative one of:
salid non-charge mode 1in which said charging
current 1s substantially interrupted when said charge

18 above a predetermined value, and

sald charge mode in which said charging current
25 is provided to said reserve battery when said charge
1s below said predetermined value and said temperature

1s less than said reference temperature.

26. The method as recited in Claim 24 wherein said

charging circuit comprises an AC/DC rectifier.
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27. The method as recited 1n Claim 24 wherein said
mode-changing circult comprises a parallel-coupled switch

and diode coupled to said reserve battery.

28. The method as recited in Claim 24 wherein said

mode-changing cilrcuit comprises a current control loop.

29. The method as recited in Claim 24 wherein said
signal generator comprises a temperature transducer that

generates sald signal based on a sensed temperature of said

reserve battery.

30. For use with a reserve battery couplable to a
charging circuit capable of providing a charging current to
sald reserve battery, a mode selection circuit, comprising:

a signal generator that includes a clock and generates
a signal based on a temperature of said reserve battery;
and

a mode-changing c¢ircult, coupled to said signal
generator, that accepts said signal and selects an
alternative one of:

a non-charge mode 1n which sailid charging current

18 substantially interrupted when said temperature is

greater than a reference temperature, and

a charge mode 1i1n which saild charging current is
provided to said reserve battery when said temperature

1s less than said reference temperature.

31. The circuit as recited 1in Claim 30 further
comprising a charge detection circuit, coupled to said
reserve battery, that monitors a charge of said reserve

battery, said mode-changing circuit further selecting an

alternative one of:
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salid non-charge mwmode 1n which said charging
current 1s substantially interrupted when said charge
is above a predetermined value, and

salid charge mode 1n which said charging current
1s provided to sald reserve battery when said charge
is below said predetermined value and said temperature

is less than said reference temperature.

32. The circuit asg recited 1in Claim 30 wherein sgaid

charging circuit comprises an AC/DC rectifier.

33. The circult as recited in Claim 30 wherein said
mode-changing circult comprises a parallel-coupled switch

and diode coupled to said reserve battery.

34. The circuit as recited in Claim 30 wherein said
mode-changing c¢ircult comprises a low-voltage-disconnect

(LVD) circuit coupled to salid reserve battery.

35. The circulit as recited in Claim 30 wherein said

mode-changing circult comprises a current control loop.

36. The circuit as recited 1in Claim 30 wherein said
signal generator comprises a temperature transducer that

generates said signal based on a sensed temperature of said

reserve battery.

37. For use with a reserve battery couplable to a
charging circuit capable of providing a charging current to
sald reserve battery, a method of selecting modes for said
reserve battery, comprising the steps of:

providing a signal with a signal generator including a

clock based on a temperature of said reserve battery; and
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accepting sald signal with a mode-changing circuit,
coupled to said signal generator, and selecting an

alternative one of:

a non-charge mode 1in which said charging current

S 1s substantially 1interrupted when sailid temperature 1is
greater than a reference temperature, and

a charge mode 1n which said charging current 1is

provided to said reserve battery when said temperature

is less than said reference temperature.

10 38. The method as recited 1in Claim 37 further
comprising the step of monitoring a charge of said reserve
battery with a charge detection circuit coupled to said
reserve battery, the method further comprising the steps of

selecting an alternative one of:

15 sald non-charge mode 1n which said charging
current 1s substantially 1interrupted when said charge

1s above a predetermined value, and

sald charge mode 1n which said charging current
1s provided to said reserve battery when said charge
20 is below said predetermined value and said temperature

1s less than said reference temperature.

39. The method as recited 1n Claim 37 wherein said

charging circuit comprises an AC/DC rectifier.

40. The method as recited 1in Claim 37 wherein said
25 mode-changing circuilt comprises a parallel-coupled switch

and diode coupled to said reserve battery.

41. The method as recited in Claim 37 wherein said
mode-changing cilircult comprises a low-voltage disconnect

(LVD) c¢ircuilt coupled to said reserve battery.

CTTTPP TR .. . .- wlw_quﬁ_ . -f.w“m.mmw.q\. .. * *vw — by PPEApAL T A
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42. The method as recited in Claim 37 wherein said

mode-changing circulit comprises a current control loop.

43. The method as recited in Claim 37 wherein said
signal generator comprises a temperature transducer that
generates sald signal based on a sensed temperature of said

reserve battery.

44. For use with a reserve battery couplable to a
charging circuit capable of providing a charging current to
said reserve battery, a mode selection circuit, comprising:

a signal generator that generates a signal based on a
time of day; and

a mode-changing circuit, coupled to said signal
generator, that accepts said signal and selects an
alternative one of:

a charge mode in which said charging current is

provided to said reserve battery during a

predetermined time of day, and

a non-charge mode in which said charging current
1s substantially interrupted during time periods other

than said predetermined time of day.

45. The circuit as recited 1in Claim 44 further
comprising a charge detection circuit, coupled to said
reserve battery, that monitors a charge of said reserve
battery, said mode-changing circuit further selecting an
alternative one of:

sald charge mode in which said charging current
1s provided to said reserve battery during said
predetermined time period and when said charge is

below said predetermined value, and

...........
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said non-charge mode 1n which said charging
current is substantially interrupted when said charge

is above a predetermined value.

46 . The circult as recited in Claim 44 wherein said

charging circuit comprises an AC/DC rectifier.

47. The circuit as recited 1in Cla'im 44 wherein said
reserve battery 1is a valve-regulated lead acid (VRLA)

battery.

48. The circult as recited in Claim 44 wherein said
mode-changing circuit comprises a parallel-coupled switch

and diode coupled to saild reserve battery.

49. The circuilt as recited 1in Claim 44 wherein said
mode-changing circult comprises a low-voltage-disconnect

(LWD) circuit coupled to said reserve battery.

50. The circulit as recited 1in Claim 44 wherein said

mode-changing circult comprises a current control loop.

51. The circuit asg recited in Claim 44 wherein said

signal generator comprises a clock.

52. For use with a reserve battery couplable to a
charging circuit capable of providing a charging current to
sald reserve battery, a method of selecting modes for said

reserve battery, comprising:

providing a signal based on a time of day with a
signal generator; and

accepting said signal with a mode-changing circuit,
coupled to said signal generator, and selecting an

alternative one of:
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a charge mode in which said charging current 1is
provided to sald reserve battery during a
predetermined time of day, and

a non-charge mode in which said charging current
is substantially interrupted during time periods other

than said predetermined time of day.

53. The method as recited in Claim 52 further
comprising monitoring a charge of said reserve battery with
a charge detection circuit, coupled to said reserve
battery, that method further selecting an alternative one
of:

said charge mode in which said charging current
is provided to said reserve battery during said
predetermined time period and when said charge 1s
below said predetermined value, and

said non-charge mode in which said charglng
current is substantially interrupted when said charge

is above a predetermined value.

54. The method as recited in Claim 52 whereiln said

charging circuit comprises an AC/DC rectifier.

55. The method as recited in Claim 52 wherein said
reserve battery 1s a valve-regulated 1lead acid (VRLA)

battery.

56. The method as recited in Claim 52 wherein said
mode-changing circuit comprises a parallel-coupled switch

and diode coupled to said reserve battery.

57. The method as recited in Claim 52 wherein said
mode-changing circuit comprises a low-voltage-disconnect

(LVD) circuit coupled to said reserve battery.
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58. The method as recited in Claim 52 wherein said

mode-changing circuit comprises a current control loop.

59. The method as recited in Claim 52 wherein said

signal generator comprises a clock.

60. A battery back-up power supply, comprising:

a source of electrical power;

an AC/DC rectifier <coupled to said source of
electrical power;

a reserve battery couplable to a said AC/DC rectifier,
said AC/DC rectifier capable of charging said reserve
battery; and

a mode selection circuit, including:

a signal generator that generates a signal based

on a time of day, and
a mode-changing circuit, coupled to said signal
generator, that accepts said signal and selects an
alternative one of:
a charge mode in which said charging current
is provided to said reserve battery during a
predetermined time of day, and
a non-charge mode in which saild charging
current is substantially interrupted during time
periods other than said predetermined time of

day .

61. The power supply as recited in Claim 60 further
comprising a charge detection c¢ircuit, coupled to said
reserve battery, that monitors a charge of said reserve
battery, said mode-changing circuit further selecting an
alternative one of:

said charge mode in which said charging current 1is

provided to said reserve battery during said predetermined
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time period and when said charge 1s below said

predetermined value, and

salid non-charge mode in which said charging current 1is
substantially interrupted when said charge 1s above a

predetermined value.

62. The power supply as recited 1n Claim 60 wherein
said reserve battery is a valve-regulated lead acid (VRLA)

battery.

63. The power supply as recited 1n Claim 60 wherein
said mode-changing c¢ircuit comprises a parallel-coupled

switch and diode coupled to said reserve battery.

64. The power supply as recited 1n Claim 60 wherein
said mode-changing circuilt comprises a low-voltage-

disconnect (LVD) circuit coupled to said reserve battery.

65. The power supply as recited in Claim 60 whereiln

said mode-changing c¢ircult comprises a current control

loop.

66. The power supply as recited 1in Claim 60 wherein

salid signal generator comprises a clock.




CA 02248746 1998-09-29

AC/DC

10 RECTIFIER

220

e | = , |- 270
210 ° RECTIFIER | |£240 | /~ 260 LOAD|

320

310

60 | 380

330 :
| —=— | TRANSDUCER|  |LOAD

| 340

AC/DC
RECTIFIER

DETECTION
CIRCUIT




CA 02248746 1998-09-29

2/
TEMPERATURE —— FIG. 4
CHARGING ----
_____ : -
| |
i |
i i
| i
| L TIME
NIGHT DAY NIGHT
FIG. 5
500 520
510

CHARGE
DETECTION
CIRCUIT |

= TRANSDUCER L0AD]

1-;:

o AC/DC |
RECTIFIER

FIG. 6

600
660
CURRENT
CONTROL CLOCK | {LOAD|
AC/DC | LOOP
RECTIFIER
=630 -
640 /7



120

0 AC/DC
RECTIFIER |




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - abstract drawing

