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SUPPLEMENTAL, BACKUP OR EMERGENCY LIGHTING SYSTEMS AND
METHODS

BACKGROUND

Field

This relates to supplemental lighting, including for example backup
lighting, emergency lighting and similar supplemental lighting systems and
methods. This also relates to rechargeable battery assemblies.

Related Art

A number of backup and emergency lighting systems include battery or
power backup assemblies tapped into a part of a lighting circuit. The
assembilies typically include a battery or other storage device typically
charged through main power supply during normal operation. When the
assembly is activated or triggered, for example by a power outage, brownout,
or other condition, power is supplied to the normal lighting system through the
driving circuit used to drive the lighting system during normal operation. Such
a connection may create a more complicated wiring arrangement and possibly
lead to connection errors. While the backup system may be designed for
providing power backup, the backup system is powering a light source
generally designed primarily for normal lighting operation.

Installation of backup or emergency lighting system into pre-existing
lighting systems generally requires substantial retrofit. The backup or
emergency lighting system requires tapping into and interrupting the circuits of
the pre-existing lighting system. A number of electrical connections must be
disassembled and reconnected with the backup or emergency lighting
system, with the attendant probability for errors. Additionally, with a wide
variety of existing lighting configurations, the physical placement of the
backup or emergency lighting system may require excessive physical
modification of housings and/or surrounding support structure.

Standalone backup or emergency lighting systems are well known.
Such systems are generally placed separately from the normal, everyday

lighting system, and generally include their own mounting structures, wiring
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conduit, and the like. Design and installation of standalone backup or
emergency lighting systems in new structures typically require support
structures and installation procedures separate from the normal day-to-day
lighting system. Retrofit of existing structures for backup or emergency
lighting systems sometimes requires separate mounting arrangements and
separate wiring designs, separate from the mounting and wiring of the day-to-
day lighting system.

SUMMARY

Methods and apparatus are disclosed for a supplemental lighting
system, for example emergency or backup lighting, that can be easy to install,
more versatile, and less prone to user error. One or more of the examples
can be used for path lighting and egress lighting, and can operate with their
own power and light sources independently of existing or everyday lighting
systems, such as those controlled by wall switches, timers or other controls.
One or more of the examples can also be installed independently of an
existing lighting, and sometimes even in the same housing or "envelope" of an
existing lighting unit. Additionally, one or more of the examples can be
implemented with existing power sources by tapping directly into the main
power supply independent of control switches and the like used for controlling
everyday lighting systems. Furthermore, one or more of the present
examples can be implemented in a new installation, or can be retrofitted into
an existing structure. In the example of a retrofit, in one example, the
supplemental lighting system can be installed without having to make
connections with the existing lighting system, but instead making a connection
to the main power source. In one example of a retrofit, such as for a down
light, an existing trim ring can be replaced with a new trim ring incorporating
the light sources of the supplemental lighting system along with the
electronics. In another example of a retrofit, such as a linear lighting system,
the supplemental lighting system can be attached to the existing fixture
housing with a tap going back to the main power source. These and other
aspects of the examples will be apparent from the following description and

drawings.
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In one example of a method and apparatus described herein, a lighting
system is provided having an electric storage element, for example a battery
supply, with an element, for example a connector, for electrically coupling an
electric storage element to an electrical circuit configured for powering a light
source in the lighting system. The coupling element may be a plug and
socket combination, a switch arrangement, or other means for electrically
coupling an electric storage element to the electrical circuit. The coupling
element can be used, for example, to indicate or signal to the lighting system
the configuration or characteristics of the storage element being coupled to
the lighting system. In one example, the coupling element can be used to
couple batteries of different characteristics, such as different capacities, to
allow a given battery to supply current at a common voltage to the electrical
circuit. The coupling element can be used to adapt to different battery
characteristics, such as battery capacities, for example to make the system
more versatile or adaptive. The coupling element can be used as an indicator
for causing the lighting system to set an appropriate circuit configuration, for
example one of several reference voltages, for accommodating batteries of
different voltages so that batteries of different capacity ratings can be used in
the same circuit. In other examples, the coupling element can be used to
couple and adapt to storage elements of different chemistries, such as Nickel
Metal Hydride batteries, Nickel Cadmium batteries and Lithium ion batteries.
Different storage element chemistries may require different charging settings
for the charging circuit, such as voltage and current and capacity, for
example. Such information can be communicated to the lighting system
through the coupling element. Furthermore, a Lithium lon rechargeable
battery supply can include a circuit for allowing it to be used with a circuit
designed for a NiCad powered system or with a circuit designed for a lithium
ion powered system, and such configuration if desired can be communicated
to the lighting system. The form of the communication can be selected as
desired. For example, the information can be communicated by changing an
analog setting in electronics of the lighting system, or the information can be
communicated by conveying digital information to a processor, register or
other digital device in the lighting system. A further form of communication of

the information to the lighting system is mechanical, such as by changing a
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switch configuration, which may then change an electrical or digital setting in
the lighting system, for example.

In another example of a method and apparatus described herein, a
lighting system having an electric storage element, for example a battery
supply, with a coupling element for electrically coupling the storage element to
an electrical circuit is configured for powering a light source in the lighting
system. The coupling element may include connection elements having at
least two separate contact elements, each for setting the electrical circuit to
correspond to a respective battery capacity. For example, if the system is
configured to accommodate two different battery capacities, the coupling
element may include connection locations corresponding to two separate
circuit elements in the electrical circuit, each corresponding to a respective
circuit configuration. In one example, the two separate contact elements
correspond to respective different resistors as part of a voltage reference
circuit for charging different electric storage elements. In another example, if
the system is configured to accommodate three different battery capacities,
the coupling element may include connection elements having three separate
contact elements, and each for setting the electrical circuit according to
respective different resistors in the circuit. In this example, as well as other
possible examples, the coupling element also includes two active contact
elements for coupling the electric storage element to a circuit for supplying
current to the light source from the storage element. In some of the examples
described herein, the light source is an LED light source, LED array or other
LED configurations, or other light sources. LED light sources are acceptable
components as they are low-voltage components.

In another example of a method and apparatus described herein, a
lighting system is provided with a rechargeable electrical storage element and
an isolation system in an electrical circuit. The isolation system is between a
power supply circuit and a light powering circuit, for example to provide a
measure of isolation for the light powering circuit from the power supply
circuit. The rechargeable electrical storage element, for example a battery, is
electrically coupled to the light powering circuit for charging the storage
element, and also for powering the light source. In one example, the isolation

system is an isolation transformer. In one example, an isolation transformer
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serving as the isolation system separates a power supply circuit capable of
being set for different configurations, such as different reference voltage
settings, from the light powering circuit used to drive a low-voltage LED light
source or assembly. In another example, the power supply circuit is
configured to be coupled to a main power supply and includes a circuit or
circuits allowing setting of different reference voltages, and may include an
integrated circuit element. Other configurations of power supply circuit and/or
light powering circuit can be used.

In another example of a method and apparatus described herein, a
rechargeable electrical storage element, in one example a battery, and for
example that may be used in a supplemental lighting systems such as those
described herein, includes an electrical coupling element having a first
number of discrete electrical contact elements and a second larger number of
discrete electrical contact positions at least one of which lacks an active
electrical contact element. In one example, the storage element includes a
connector having a number of openings or slots for making a respective
number of electrical connections, but at least one of them lacks any electrical
contact element. For example, the connector may have six openings or slots
for making possible electrical connections, but only four are active with
respective functioning electrical contact elements. In another example, the
connector may have seven openings or slots for making possible electrical
connections, but only four are with active respective electrical contact
elements. In this example, the connector and storage element may be
connected into a circuit of one or more of the lighting systems described
herein, with two of the electrical contact elements coupling with corresponding
active contact elements in a charging circuit of the lighting system, and two
others of the electrical contact elements coupling with corresponding active
contact elements in a power supply circuit of the lighting system, for example
to set a circuit configuration such as a reference voltage. Also in this
example, the mating connector of the lighting system may include additional
active electrical contact elements for electrically coupling with corresponding
contact elements in other storage element assemblies, such as those having
other capacity ratings, for example. Such connectors would allow different
battery types to be used in a single, more versatile lighting system, for
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example without requiring any rewiring or changing of the circuit design of the
lighting system. A number of battery types can be used with the lighting
system, simply by installing the desired battery type, or by removing the
existing battery type and replacing it with a different battery type.

In the examples of the method and apparatus described in the
immediately preceding paragraph, the mating connector of the lighting system
may include openings or slots for mating with the connector and storage
element. The openings or slots may include active electrical contact elements
in selected openings or slots corresponding to active electrical contact
elements in the connector for the storage element configurations expected to
be used with the lighting system. In a first example, a first predetermined
opening or slot may include an active electrical contact element coupled to the
common input line of the lighting system, and every connector and storage
element combination to be used with the lighting system must have at least an
active contact corresponding to the first opening or slot of the lighting system.
Any connector not having an active contact in the first opening or slot would
not operate with the lighting system. This configuration of coding or
predetermined characteristic of a connector would have all configurations
sharing an opening or slot, and the uniqueness between configurations arises
from others of active or inactive openings or slots. This configuration of
coding or predetermined characteristic of a connector would be positional in
nature. Additionally, for each storage element configuration permitted to be
used with the lighting system, the storage element connector will include an
active electrical contact element corresponding to the first opening or slot and
at least a second active electrical contact element in a respective second
opening or slot in the lighting system connector. Therefore, in the lighting
system, the lighting system connector will include as many additional active
electrical contact elements as there are different storage elements to be used
with the lighting system. For example, if only one storage element
configuration is to be used with the lighting system, the connector for the
lighting system will have active electrical contact elements corresponding to
the first opening or slot and one other opening or slot, for example to set a
circuit configuration such as a reference voltage. If two storage element

configurations are to be used with the lighting system and no others, the
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lighting system connector will have active electrical contact elements
corresponding to the first opening or slot and corresponding to two other
openings or slots. Likewise, only proper storage elements designed to be
used with the lighting system will have connectors with active electrical
contact elements in the positions corresponding to the active electrical contact
elements in the lighting system connector.

In a second example, any two slots or openings can include active
electrical contact elements coupled in the lighting system to accommodate a
respective connector and storage element configuration. In this example, the
first slot or opening does not necessarily correspond to a common input line of
the lighting system, but instead the circuit of the lighting system is configured
so that the placement of active electrical contact elements in the lighting
system connector achieves the desired coupling of the storage element into
the lighting system for the desired effect. For example, active electrical
contact elements in the first and second slots or openings may correspond to
a first storage element configuration, active electrical contact elements in the
second and third to a second storage element configuration, and active
electrical contact elements in the first and third to a third storage element
configuration, corresponding to respective first, second or third circuit
configurations in the lighting system. This configuration of coding or
predetermined characteristic of a connector would have the uniqueness
between configurations also arising from positional or location differences
between openings or slots for one configuration versus another.

In a third example, respective active electrical contact elements in the
connector for the lighting system are coupled into the lighting system circuit in
the same way for all storage element configurations, for example in the first
and second openings or slots, and the storage element and its connector
include a respective indicator corresponding only to that particular storage
element configuration. For example, the lighting system connector includes
active electrical contact elements in first and second slots or openings (for
example first and second in line from an end of the connector), and each
different storage element configuration includes a different resistor unique to
that storage element. For example, the storage element may be a battery
with a connector having a 100 ohm resistor, while a different storage element
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may be a battery with a connector having a 1,000 ohm resistor and a third
different storage element may be a battery with a connector having a 10,000
ohm resistor. In another example, the storage element may include additional
components coupled to the active electrical contact elements in the connector
for providing suitable information to the lighting system. An example of such
additional components may be those such as used in conjunction with SM bus
technology. Use of resistors or similar electronic components may be
considered passive components. Other examples may use active
components, such as SM Bus technology or similar active components. This
configuration of coding or predetermined characteristic of a connector would
have the uniqueness between configurations arising from electronic
differences between one or more openings or slots for one configuration
versus another. In the examples described herein, the electronic differences
producing the uniqueness are incorporated into the connector or coupling
element for the storage element. In any of the foregoing configurations, the
lighting system connector may also include other active elements for other
purposes, for example to receive current from a storage element. Additionally
in any of the foregoing configurations, the storage element connectors include
active electrical contact elements corresponding to the particular storage
element configuration to be used with the lighting system.

In another example of a method and apparatus described herein, a
lighting system such as those described herein can include a connection
element or coupling element for coupling a light source to a driver or
energizing system for the light source. The connection element or coupling
element includes an indicator element for indicating to the driver or energizing
system a type or configuration or a characteristic of light source that is being
coupled to the driver or energizing system. In the examples of LED light
sources, the light sources can be in the form of arrays, and the connection
element or coupling element can indicate to the driver or energizing system
the size of the array, the type of array, a form of energy to be used to drive the
array, for example a particular voltage, current or power level, or other
characteristics of the array to be indicated or communicated to the driver or
energizing system. In examples of other light sources, the connection
element or coupling element can be used to indicate to the driver or
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energizing system characteristics of the light source. In any of the examples
of light source connectors, differentiation between different light source
configurations can be accomplished by connector positional differences or
connector electronic differences, and for electronic differences, the
differences can be incorporated into the connector forming part of the light
source.

In one example of a method and apparatus of a lighting system with a
connection element or coupling element having an indicator element, the
connection element or coupling element can have a first number of discrete
electrical contact elements and a second larger number of discrete electrical
contact positions at least one of which lacks an active electrical contact
element. In one example, the light source includes a connector having a
number of openings or slots for making a respective number of electrical
connections, but at least one of them lacks any electrical contact element.
For example, the connector may have four openings or slots for making
possible electrical connections, but only two are active with respective
functioning electrical contact elements for energizing or driving the light
source. The other two openings or slots are configured for indicating to the
driver or energizing source a configuration or other characteristic of the light
source. In this example, the connector and light source may be connected
into a circuit (either separately or together in a single connection), with two of
the electrical contact elements coupling with corresponding active contact
elements in a light source driving circuit of the lighting system, and two others
of the electrical contact elements coupling with corresponding active contact
elements in a light source driving circuit, for example to set a circuit
configuration such as a current, voltage or power, for example for driving the
light source. A number of light source types or configurations can be used
with the lighting system, simply by installing the desired light source
configuration, or by removing the existing light source configuration and
replacing it with a different light source configuration. It should be understood
that any of the connection configurations described herein for the storage
element can be adopted for the light source connection or coupling element,
as appropriate for indicating to the driving or energizing system a
characteristic of the light source, and that any of the connection configurations
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described herein for the light source can be adopted for the storage element
connection or coupling element.

In another example of the lighting systems described herein (or as to
any of the methods and apparatus described herein using connectors), the
connector may be keyed, polarized or otherwise shaped or configured such
that connection can be made with the lighting system in only a single
configuration. Molex-type connectors can be suitable. This reduces the
possibility of user error, and can also reduce the possibility of connecting
storage elements to the circuit not designed for that circuit. Additionally, in
any of the examples described herein where more than one connection is
being made to the circuit, each connection can be configured so as to have a
different shape, size or other aspect than each of the other connections so
that a connector intended for one circuit location cannot be connected to a
connector for any other circuit location. In examples described herein,
suitable connectors include those that are mating or complementary and
separable from each other, and may also include those that are pin and
socket type, for example for lighting and driver applications. Suitable
connectors may also be releasably latching, locking or otherwise engageable
so they cannot be accidentally separated. The connectors can be any that do
not require tools, can be manually manipulated, or that are structures that
mate and are reusable.

A battery assembly is disclosed including at least one lithium-ion
battery cell and a regulator circuit. The battery assembly is typically reliably
encased in a secure housing or casing, typical for conventional rechargeable
batteries. Contacts, connectors or other conductive elements are exposed or
accessible from outside the housing so that the battery assembly can be
incorporated into a recharging and/or power supply configuration. In one
example, the battery assembly is configured to be incorporated in and operate
with an emergency or lighting backup system, for example one that can be
coupled to main power for recharging the battery assembly and also to a
lighting array for providing illumination if the main power goes out, or
decreases to a pre-selected voltage or power. In one example, the regulator
circuit and battery cell are integral with each other inside the same housing or
casing. In one example, the regulator circuit is formed from a plurality of
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analog components, and in another example, the regulator circuit effectively
provides a constant current and constant voltage for the battery. In a further
example, the regulator circuit is configured so that a charge current for the
battery is less than 50% of the total current capacity of the battery, and in
another example, is less than about 10% of the total capacity. In one design
configuration, the regulator circuit is configured so that the charge current for
the battery is about 5% of the total current capacity of the battery. In a further
example, the regulator circuit includes a voltage detector and a switch, in one
example a MOSFET. In another example, a plurality of battery cells form part
of the battery assembly, and each battery cell includes a respective regulator
circuit, and in one example, a respective voltage regulator and MOSFET.

In any of the examples described herein, including the examples
described in the preceding paragraphs, the lighting system can be made part
of or incorporated into an existing area lighting design or incorporated into a
new area lighting design. It may be used in path and egress lighting
arrangements, environmental lighting arrangements, common area lighting
arrangements as well as many other applications. It may be incorporated into
an existing lighting fixture configuration, or may be supported and installed
separate from an existing lighting fixture configuration. The number,
positioning and orientation of the supplemental lighting system may depend
on lighting requirements, safety regulations, actual light output or battery size.

These and other examples are set forth more fully below in conjunction
with drawings, a brief description of which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an interior area of a building in the form
of a hallway leading to an exit showing a lighting fixture and a control element
in the form of wall switch assembly.

FIG. 2 is a transverse cross-section and partial schematic of the light
fixture of FIG. 1 showing a conventional linear light fixture with a emergency
lighting system incorporated therein.
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FIG. 3 is a schematic showing a lighting circuit and a plurality of
corresponding connection elements for use there with such as may be used
with the emergency lighting system of FIG. 2.

FIG. 4 is a schematic and isometric view of a light assembly, in this
example an LED array.

FIG. 5 is a schematic of a emergency lighting system in accordance
with several examples described herein and that may be used with the lighting
systems depicted in FIGS. 1-2.

FIG. 6 is an electrical schematic representing an example of a lighting
circuit such as that depicted in FIG. 3 for use in the lighting systems depicted
in FIGS. 1-2.

FIGS. 6A-6C are schematics of examples of battery assemblies for use
with the lighting circuit of FIG. 6.

FIGS. 7A-7F are schematics of examples of battery assemblies for use
with the lighting circuit of FIG. 6.

FIG. 8 is a schematic of a further example of a battery assembly for
use with the lighting circuit of FIG. 6.

FIG. 9 is a schematic of a further example of a battery assembly for
use with the lighting circuit of FIG. 6.

FIG. 10 is a schematic of a lighting system according to one example
using a parallel array of light sources.

FIG. 11 is a schematic of a further lighting system according to one
example using a series array of light sources.

FIG. 12 is a schematic of one example of a connection element for use
with lighting systems described herein.

FIG. 13 is a schematic of a further lighting system according to one
example using a series array of light sources operating at a constant power.

FIG. 14 is a schematic of a lighting system in accordance with several
examples described herein and that may be used with a lighting system using
LED light sources as the normal lighting source.

FIG. 15 is a schematic showing a lighting circuit and a plurality of
corresponding connection elements for use there with, such as may be used

with lighting systems described herein.
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FIG. 16 is an electrical schematic representing a portion of one
example of a lighting circuit such as that depicted in FIG. 14 for use with
lighting systems described herein.

FIG. 17 is an electrical schematic representing another portion of one
example of a lighting circuit such as that depicted in FIG. 14 to be used in
combination with the portion shown in FIG. 16 for use with lighting systems
described herein.

FIG. 18 is an electrical schematic representing a portion of the lighting
circuit depicted in FIGS. 16-17 and representing a low voltage or emergency
mode control circuit.

FIG. 19 is a schematic representation of an example of a light source
and connector combination for use in indicating to a light source driver or
energizing system characteristics of the light source.

FIG. 20 is a schematic block diagram of a lighting system in
accordance with several examples described herein and that may be used
with a lighting system using LED light sources as the normal lighting source
and that may be used in a constant power output environment.

FIG. 21 is an electrical schematic of a battery assembly including a
battery protection and/or control circuit.

DETAILED DESCRIPTION

This specification taken in conjunction with the drawings sets forth
examples of apparatus and methods incorporating one or more aspects of the
present inventions in such a manner that any person skilled in the art can
make and use the inventions. The examples provide the best modes
contemplated for carrying out the inventions, although it should be understood
that various modifications can be accomplished within the parameters of the
present inventions.

Examples of supplemental lighting systems and of methods of making
and using the supplemental lighting systems are described. Depending on
what feature or features are incorporated in a given structure or a given
method, benefits can be achieved in the structure or the method. For
example, supplemental lighting systems using LEDs may provide more
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flexibility in design and implementation and longer product lifetime. They may
also permit better and more user friendly characteristics, for example fewer
chances for error in installation and application. Supplemental lighting
systems may have improved ease of and flexibility in installation.

Improvements are also provided to components that can be used with
supplemental lighting systems. For example, supplemental lighting systems
may include unique connectors that reduce the possibility of installation error,
and they may also include elements to permit a variety of battery types or
sizes to be used with the same charging and lighting circuit, or a variety of
light source types or configurations to be used with the same driving or
energizing circuit.

These and other benefits will become more apparent with
consideration of the description of the examples herein. However, it should
be understood that not all of the benefits or features discussed with respect to
a particular example must be incorporated into a supplemental lighting
system, component or method in order to achieve one or more benefits
contemplated by these examples. Additionally, it should be understood that
features of the examples can be incorporated into a supplemental lighting
system, component or method to achieve some measure of a given benefit
even though the benefit may not be optimal compared to other possible
configurations. For example, one or more benefits may not be optimized for a
given configuration in order to achieve cost reductions, efficiencies or for other
reasons known to the person settling on a particular product configuration or
method.

Examples of several supplemental lighting system configurations and
of methods of making and using the supplemental lighting systems are
described herein, along with components that can be used with such lighting
systems, and some have particular benefits in being used together. However,
even though these apparatus and methods are considered together at this
point, there is no requirement that they be combined, used together, or that
one component or method be used with any other component or method, or
combination. Additionally, it will be understood that a given component or
method could be combined with other structures or methods not expressly

discussed herein while still achieving desirable results. For example, battery
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configuration identifiers or designators can be used in other applications.
Also, light source configuration identifiers or designators can be used in other
applications, as well. Additionally, a lithium ion battery and protection or
regulator circuit can be used in applications other than emergency or
supplemental lighting systems, lighting or otherwise.

LED light sources are used as examples of a source for a
supplemental lighting system that can incorporate one or more of the features
and derive some of the benefits described herein, and in particular emergency
or backup lighting systems. However, other light sources can also be used in
place of or in addition to LED light sources in the present apparatus and
methods.

It should be understood that terminology used for orientation, such as
front, rear, side, left and right, upper and lower, and the like, are used herein
merely for ease of understanding and reference, and are not used as
exclusive terms for the structures being described and illustrated.
Additionally, the adjectives first, second, third, etc., are used to distinguish
one element from another (such as an opening or contact identified or
referenced first, second or third), and unless otherwise indicated, are not
intended to define a particular position or location.

Supplemental lighting systems such as those described herein can be
used in a number of applications. Examples of supplemental lighting systems
include emergency lighting systems and backup lighting systems. They can
be used to supplement existing or day-to-day path and egress lighting, area
lighting, environmental lighting, workspace lighting as well as other
applications. One application is illustrated in the context of area or common
area lighting in FIGS. 1-2. As with any of the applications of the supplemental
lighting system, the supplemental lighting system can be positioned and
supported in an existing lighting fixture or separate and apart from existing
lighting fixtures. In the present examples, the supplemental lighting system
will be described in the context of mounting and support with an existing
lighting fixture for use as an emergency lighting system, but it should be
understood that the installations and applications to which the lighting system
and any of its components can be applied extend beyond emergency

applications.
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Common areas such as common area 100 (FIG. 1) often use ceiling
lighting 102 for day-to-day lighting. The ceiling lighting generally takes the
form of one or more ceiling fixtures distributed about the area to be illuminated
according to a selected lighting design. Only one ceiling fixture 102 is shown
in FIG. 1. However, it should be understood that any number of ceiling
fixtures will be used as desired, and each ceiling fixture can include a
emergency lighting system, or an emergency lighting system can be
supported elsewhere, for example one emergency lighting fixture for each
ceiling fixture. Alternatively, the number of emergency lighting systems can
be fewer than the number of ceiling lighting fixtures or greater than the
number of ceiling lighting fixtures, either supported within the fixtures, outside
the fixtures or both. The number, size, distribution and orientation of the
emergency lighting systems will depend on the desired illumination for the
area.

Signage can be provided, for example for emergency purposes, by an
exit sign 104 at an exit 106 from the area. The exit sign 104, as is well
known, provides illumination for the sign itself rather than area illumination.

The lights in the ceiling fixture 102 can be controlled by light switches
or other controls in a control panel 108 on a wall 110 of the common area.
Alternative controls include wall switches, circuit breakers, relays and other
control mechanisms and systems. Alternatively, a control panel can be
located in a separate area, such as an electrical room, control room or other
remote area.

Considering the ceiling fixture 102 in more detail (FIG. 2), the ceiling
fixture is a linear lamp fixture in a recessed housing 112. The housing
supports a plurality of linear lamps 114, which, for example, may be
fluorescent lamps or other common area light sources. The lamps are
supported by and provided current through respective sockets 116, which in
turn are electrically coupled to ballasts or other power supplies represented at
118. The ballasts may be contained in cans or other housings inside of a
fixture housing, or they may be mounted directly to the side or surface of the
fixture out of sight. The number of ballasts may vary according to the design
of the fixture and the number of lamps. Each ballast is coupled to a main
power supply such as the Main building panel 120, and the ballasts are
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controlled by the switches or other controls, for example in the control panel
or switchbox 108. Other existing lighting systems with which the examples
can be used include compact light sources, incandescents, halogen light
sources, as well as others.

In the present example, an emergency lighting system 122 has a
configuration in terms of size and orientation that allows it to be supported by
and secured in the ceiling fixture 102. The emergency lighting system 122 is
shown schematically in FIG. 2. Depending on its size and orientation, the
emergency lighting system can be placed on any available surface in the
ceiling fixture 102. In the present examples, the emergency lighting system is
provided power only through the main service panel 120, and is not controlled
by any control switches or other controls such as human or automated
controls. In other applications, an emergency lighting system can be
connected and operated through control equipment.

The emergency lighting system 122 shown in FIG. 2 is shown
schematically as a single component. In one example, the emergency lighting
system can be a series of components mounted in and supported by a single
housing, with appropriate conductors going to the mains supply panel. The
light source can be mounted to the housing or supported inside the housing
while allowing light to pass through a housing wall, such as a clear plastic wall
or the like. A lighting electronic circuit and an electronic storage device can
be mounted in and supported by the housing and coupled to the light source
for providing current to the light source.

In another example, the emergency lighting system can be formed from
a number of discrete components, each supported by a single housing or
each supported separately, for example in the ceiling light fixture 102. In the
following discussion, the examples will have a emergency lighting system
composed of two or more individual components.

In one example of an emergency lighting system (FIGS. 3-4), a lighting
system 300 and electrical circuit assembly 302 are contained in and
supported by a housing 304. The electrical circuit is described more fully
below in conjunction with FIGS. 5 and 6. In the present example, the housing
wall includes a number of openings in which are mounted respective sockets

for receiving respective connectors. In the present example, each of the
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openings and their respective sockets in the housing 304 are distinct and
different from each of the others. Having different sized openings and sockets
minimize the possibility of erroneous connections of components. Additionally
in the present example, each of the sockets and the corresponding
connectors are keyed, polarized or otherwise shaped so as to permit
complete connection only in a single orientation. Keying or polarization also
helps to reduce the possibility of erroneous connections. An example of a
polarized connector is shown in FIG. 12. Also in the present example, a first
opening provides access to a power supply socket 306 for receiving a power
supply connector 308. The power supply connector 308 in the present
example is coupled directly to the main power panel. The socket 306 and the
connector 308 are configured so as to easily accommodate the voltages and
current expected to be applied to the emergency lighting system.

Lighting system 300 also includes an opening for providing access to a
test socket 310 supported in the housing 304 for a test and status connector
312. The test and status connector can be used to connect to the electrical
circuit assembly 302 a test switch, such as a manual pushbutton switch (not
shown) through a respective pair of conductors. The test and status
connector can also be used at the same time to connect a status indicator,
such as a status LED (not shown) through its own respective pair of
conductors. While only two conductors are shown for the connector 312, it
will be understood that the two conductors represent the number of
conductors selected for the particular application, in this case for the test
switch and the status indicator. The test switch can be used to indicate that
the emergency lighting system is operating normally, and will also operate
normally when needed, such as during a power outage or low-power
condition.

The lighting system 300 also includes an opening for providing access
to a light socket 314 supported in the housing 304. The light socket 314 is
configured to receive and support a light connector 316, which in turn is
connected to a light source 318 (FIG. 4), which also forms part of the
emergency lighting system 300 even though it is shown on a separate sheet
from FIG. 3. In the present example, the light source 318 is formed from an
array of parallel-connected LEDs 320 arranged on and supported by a light
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housing 322. The LEDs are arranged in a planar array on the surface of the
housing 322 in a uniform pattern. Alternatively, they can be arranged on
multiple surfaces, on a single non-planar surface, oriented in different
directions, or otherwise arranged. They can also include lenses, reflectors,
and other optical elements desired for the particular result and application for
which the system is intended. Additionally, the light source can be a single
LED, or the light source can be other light producing elements or components
arranged as described for the LEDs or otherwise suitable for the particular
light producing element or component. The configuration of the light
producing element or component may depend on the desired light output, the
available power supply, as well as the light producing capability of the light
producing element or component itself. The configuration may also depend
on the available space as well as other factors of the particular area to be
iluminated.

While the light source 318 can be directly hardwired to its connector
316, the light source 318 of the present example includes an opening for
providing access to a lighting circuit connection socket 324 for receiving a
lighting circuit connector 326 which could be hardwired or otherwise coupled
to the socket 316. The connector assembly of the connector 316 and the
connector 326 and their associated conductors can be configured to have the
desired length for the particular design. In the present example, the
connector 326 is distinct and different from each of the other connectors in the
lighting system 300.

The lighting system 300 further includes an opening for providing
access to a battery socket 328 (FIG. 3) supported in housing 304. The
battery socket 328 is configured to receive and support a battery connector
330, which in turn is electrically connected to an energy storage device, for
example in the form of storage battery 332. The connector 330 and the
storage battery 332 form a battery assembly 334 for supplying energy to the
electrical lighting circuit 302 through the connector 330. It should be
understood that while components 328 and 330 are sometimes referred to
herein as socket and plug, respectively, they can take a number of forms of
complimentary engaging components, whether plug and socket, respectively
or other configurations. In the examples considered herein, the storage
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battery 332 is a rechargeable battery. The battery is recharged also through
the electrical lighting circuit 302, as described more fully below. In the present
examples, the rechargeable battery can take any number of configurations
rechargeable through the electric lighting circuit 302 and that can provide
power to light sources, such as the light source 318. Integration of the
rechargeable battery assembly into the electric lighting circuit is described
more fully below, along with various forms of connection of the battery
assembly.

The battery connector 330, as with any of the connectors herein, can
though need not be configured to be unique relative to the other connectors.
Being unique reduces the likelihood of mis-connections. Additionally, the
battery connector 330 is keyed, polarized or otherwise configured to permit
connection with the socket 328 in only one orientation. Additional
configuration information about the battery socket 330 is described more fully
below.

In another example of the lighting circuit 300, any or all of the sockets
306, 310, 314 and 328 can be formed as mating connectors for their
respective connectors coupled to the electrical lighting circuit 302 through
connectors passing through the housing 304. As such, the mating connectors
can take any number of configurations suitable for reliable electrical
connection with their respective connectors, and need not be sockets
specifically. Mating connectors coupled to the housing through respective
wires or other conductors provide additional flexibility in positioning the
various wires and mating connections.

In a combination of components described with respect to FIGS. 3 and
4, a lighting system can be configured to form part of or incorporated into an
existing area lighting design or incorporated into a new lighting design. The
assembly may be used in path and egress lighting arrangements,
environmental lighting arrangements, common area lighting arrangements as
well as many other applications. It may be incorporated into an existing
lighting fixture configuration such as that described with respect to FIGS. 1
and 2, or may be supported and installed separate from an existing lighting
fixture configuration. The number, positioning and orientation of an

emergency lighting system such as that described may depend on lighting

20



10

15

20

25

30

WO 2010/127366 PCT/US2010/033443

requirements, regulations and rated light output and battery size, as well as
other considerations.

The lighting system 300 and its electrical circuit assembly 302 can take
a number of configurations. In the example shown in FIG. 5, the lighting
system receives power during normal operating conditions from a power
source 500, such as from the main service panel. The power may be in the
form of typical voltages and currents, and may range from 110-240 VAC
alternating current or 110-277 VAC, for example, and may range from 47-63
Hz, for example. The power is received through the power supply connector
308 at a primary circuit in the form of power supply and charger circuit 502 in
the electrical circuit assembly 302. The power supply and charger circuit 502
is coupled to a secondary circuit in the form of a sensor and LED control
circuit 504 through an isolation circuit 506. An LED array 508, such as the
light source 318 shown in FIG. 4, is coupled to the sensor and LED control
circuit 504 for receiving current to power the LED array.

An assembly 510 including an electrical storage element such as a
battery 510A is coupled to the sensor and LED control circuit 504 on the side
opposite of the isolation circuit 506 from the power supply and charger circuit
502. Battery discharge occurs to the sensor and LED control circuit 504. In
the present configuration, the battery 510 is a rechargeable battery assembly.
In this configuration, the battery is also charged through the sensor and LED
control circuit 504. The assembly 510 also includes a battery identification
component 510B. The battery identification component 510B includes a
hardware, firmware or software component that signifies, for example to the
lighting circuit, the battery configuration. A typical configuration to be
presented to the lighting circuit may be the battery capacity. Other details
may also be presented. The mode of presentation may be selected as
desired, and includes one or more of the modes described herein. When the
assembly 510 is joined to the lighting circuit, the lighting circuit knows the
battery configuration and the battery can be discharged and/or charged
accordingly. Other actions can be taken as well, for example lighting indicator
lights, sending signals to external devices, as well as other actions.

The lighting system 300 may also include other components, as
desired, such as the interface 511 represented by the dashed-line box in FIG.
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5. The interface may be included, for example, to accommodate alternative
light sources, such as an alternative LED array.

In the present example, the power supply and charger circuit 502
receives current at the line voltage and drives the secondary circuit through
the isolation circuit for charging the battery 510. An alternating current is
induced in the secondary circuit sensor and LED control 504 through the
isolation circuit 506. The sensor and LED control circuit 504 senses the
alternating current and does not conduct current to the light source so that the
light source such as LED array 508 is not illuminated. If the sensor and LED
control circuit 504 senses that the alternating current drops below a threshold
value, the sensor and LED control circuit 504 draws current from the battery
assembly 510 and turns on a current control device to drive the LED array
508. The threshold value in the present configurations is at or near the
equivalent of a power outage. However, it should be understood that
threshold setting circuits can also be included if desired.

In the present examples, the isolation circuit 506 takes the form of a
transformer, such as that described in FIG. 6 configured in the present
examples to be inverting. Where the light source 508 is an LED array or other
low-voltage light source, the isolation circuit 506 isolates the primary and
secondary circuits and helps to protect the sensor and LED control circuit 504
and the LED array 508 from the high voltage and current in the primary circuit
of the power supply and charger circuit 502. Other isolation configurations
can be used, including capacitive isolation.

The power supply and charger circuit 502 in the present examples
includes a Universal charger for the battery assembly 510. The universal
charger accepts incoming AC voltages at a number of different levels, for
example between 110 VAC and 277 VAC, as well as differing frequencies
such as between 47-63 Hz. The charger can also be used to charge a
number of different-sized batteries, which allows a number of different battery
configurations to be used with a single electrical lighting circuit.

The battery assembly 510 in the present examples includes a
connector configuration complementary to a mating connector configuration in
the electrical lighting circuit 302. The mating connector configuration and the
lighting circuit 302 are configured so that batteries having different capacity
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ratings can be connected to the same circuit 302, and in the described
examples the connection can be made without having to reconfigure any
wiring, connections or other components to accommodate the different
batteries. Batteries having different rating configurations can be charged
equally well with the electrical lighting circuit 302 simply by establishing the
mating connection between the battery assembly 510 and the electrical
lighting circuit 302.

With the battery assembly 510 coupled to the sensor and LED control
circuit 504, the rechargeable battery can be charged from power provided
through the power supply and charger circuit 502. Additionally, the battery
can be used to supply current to the sensor and LED control circuit 504 in the
secondary circuit for powering the LED array 508, particularly when the LED
array 508 is a low-voltage device or assembly.

In the present example, the electronic lighting circuit 302 (FIG. 6)
includes the power supply and charger 502 in the primary circuit and the
sensor and LED control 504 in the secondary circuit. The isolation circuit 506
couples the primary and secondary circuits together. Considering the circuit
302 in more detail, the primary circuit is a flyback circuit for providing low
voltage DC output to the secondary circuit and receives power from the main
power supply connector 306. The primary circuit receives power through a
conventional fuse 602. A transient voltage suppressor 604 is connected
across the line where the AC is input to a rectifier circuit 606. The rectified AC
is applied to a smoothing circuit having a pair of parallel-connected electrolytic
capacitors 608 and 610, the positive side of each of which are coupled on
respective sides of an inductor 612 for filtering EMI. The inductor 612 is
coupled to the Vext of a constant voltage/constant current switching circuit
614. In the present example, the switching circuit 614 is a Linkswitch LNK
501 switching circuit, the February 2005 specification sheet of which is
incorporated herein by reference. A clamp diode 616, resistor 618 and clamp
capacitor 620 are coupled to the switching circuit in the conventional manner.
A control pin capacitor 622 is coupled in the conventional manner between
the control pin or Vref and the switching circuit output.

In the present example, a plurality of resistors 624 are coupled
between the control pin and respective contacts or pins in the battery socket
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328. In the present example, a separate resistor is provided for each battery
Capacity configuration expected to be coupled to the lighting circuit. Having
separate and different resistors coupled between the switching circuit 614 and
separate, respective contacts or pins in the battery socket 328 allows the
battery socket 328 to set the charging current and to receive and charge at
least a like number of different battery configurations (and possibly more
depending on the configuration), for example batteries of different capacities,
alternatively connected in the same battery socket. The electrical lighting
circuit and the socket 328 do not have to be rewired or otherwise reconfigured
to accept different types of batteries. In one example, if the lighting circuit 302
was intended to accept only two different types of batteries, two different
resistors 624 can be coupled to respective separate contacts in the socket
328 and the socket can receive the two different batteries, for example for
charging. In another example, if the lighting circuit 302 was intended to
accept only three different types of batteries, three different resistors 624, for
example the three different resistors R9 (626), R11 (628), and R12 (630), can
be coupled to respective separate contacts in the socket 328, corresponding
to pins 3, 2 and 4, respectively. In other examples, four or more different
resistors may be included along with a corresponding number of separate and
individual contacts in the socket 328.

Other circuit configurations than separate and individual resistors can
also be used to accomplish the same or similar result. For example, a first
resistor (such as R11) can be selected and connected to Vref, between Vref
and each of R9 and R12. The two additional resistors R9 and R12 would be
configured to provide effectively the same result as R9, R11 and R12 in FIG.
6. One lead for the pins 2-4 in the connector 328, for example from pin 2,
would be connected only to the first resistor, and the other leads for pins 3
and 4 would be connected to the first resistor through respective resistors (for
example R9 and R12). Therefore, the voltage setting corresponding to pin 2
is set by R11, pin 3 by R9 plus R11, and pin 4 by R12 plus R11. Such a
series arrangement of resistances is easy to calculate to produce the desired
voltages at Vref. Parallel resistors can also be configured for the same
purpose, as can a combination of series and parallel resistors. It is noted that

use of two resistors in series to set respective voltages at Vref and then using
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the same resistors in parallel to set a third voltage at Vref allows the slot for a
pin corresponding to a third resistor to be used for other purposes or
eliminated entirely. Alternative to resistances, other circuit configurations can
be used to alternately select or identify the settings to be used for different
battery configurations using the connection of socket 328 and plug 330.

The power supply and charger circuit 502 also includes a tap between
the clamp diode 616 and the clamp capacitor 620 leading to a separate
contact, in the present example pin 1, in the socket 328. In the present
example of the power supply and charger circuit 502 shown in FIG. 6, the
reference charging current for the battery is determined by one of the
resistors 626, 628 and 630, by a jumper or other coupling of pin 1 with the pin
or contact corresponding to one of the resistors 626, 628 and 630.

In the context of a connector 330 configured for connecting to the
socket in an electrical lighting circuit, such as those described herein, the
connector 330 includes one active contact in a position corresponding to pin 1
of the socket 328 and one active contact in a position corresponding to only
one reference capacity. Additional active contacts, described more fully
below, are provided in the connector 330 for the sensor and LED control
circuit 504 for charging and discharging the battery and for operating the
circuit. Further active contacts may also be provided in the connector, if
desired, for example for redundant connections or communication with the
battery such as for SMBus controller inside the battery pack or for other uses,
but additional active contacts are not needed to be included for the power
supply and charger circuit 502 for complete identification of the battery
configuration. In the present examples, "active contact” refers to a normally
functioning contact or pin in a connector (for example a socket, plug, or other
means for selectively establishing an electrical connection) that is connected
for functioning in its intended mode. For example, in the connector 330, an
active contact would be one that would be electrically connected to a jumper
between the two contacts, for example those corresponding to pin 1 and the
pin for the appropriate resistor. While the connector 330 may also include
contacts in respective slots, openings or other positions in the connector for
making contact with a contact in a socket or other component, the contact
would not be active if it was not operationally coupled to any other component
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leading out of the device, for example connector 330, for example to a
reference resistor. Additionally, for a slot that completely omitted a contact,
so that not only is there no active contact but no contact at all, the slot could
serve the same purpose as an inactive contact. For example, for an empty
slot, the slot would serve as part of a connector configuration that would join
some but not all possible candidate connectors to form a working connection.
An example of a socket with contacts in respective slots and also an empty
slot is shown in FIG. 12.

In the present example of the apparatus shown in FIGS. 6 and 6A, the
connector 330A would have active contacts in positions corresponding to pin
1 of the socket 328 and one of pins 2, 3 and 4 by way of a jumper 632
connecting the two contacts. In the example shown in FIG. 6A, the jumper
632 connects the contacts associated with pins 1 and 4, thereby making them
active contacts because they would function in their intended way when
connection(s) are completed to other components. The connector 330A
would also have active contacts for the sensor and LED control circuit 504, as
discussed more fully below.

Examples of alternatives to the connector configuration shown in FIG.
6A, such as for alternate battery configurations, include a connector 330B with
a jumper 632B coupling pins 1 and 3 together (FIG. 6B). A battery with a
second capacity, for example different from the battery incorporating the
connector 330A, is assembled with the connector 330B. When the battery
assembly is coupled into the lighting system, the common of the lighting
circuit is coupled to Vref through resistor R9 to set a reference voltage
different from that for the battery 332. A third configuration includes connector
330C with a jumper 632C coupling pins 1 and 2 together (FIG. 6C) for
identifying a third battery configuration, for example having a third battery
capacity. When the battery assembly is coupled to the lighting circuit, the
connector 330C couples the common of the lighting circuit through resistor
R11 to Vref, thereby setting the reference voltage for charging a third battery
configuration. If the system was designed to accommodate additional
batteries, additional resistor configurations and corresponding slots, if desired,
can be included, which possibility is represented by the dashed line for the
jumper 632C.
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The lighting circuit and its battery assembly shown in FIG. 6 uses a
configuration whereby the common of the lighting circuit is always at pin 1 of
the connector, and the other slots are selected as a function of the desired
Vref value. In other possible configurations of lighting system, settings or
other circuit configurations can be selected or set with a connector such as
battery assembly connector, for example, by having a jumper span any two or
more contacts in the connector, thereby forming a circuit connection in the
lighting system when the connector is connected to the lighting circuit. For
example, one configuration has a jumper 633A spanning pins 1 and 2 of a
connector 331A (FIG. 7A). In another example, a jumper 633B spans pins 2
and 3 of a connector 331B (FIG. 7B). Further examples have a jumper 633C
spanning pins 1 and 3 (FIG. 7C), and a jumper 633D spanning pins 3 and 4
(FIG. 7D). Still further examples have a jumper 633E spanning pins 2 and 4
(FIG. 7E) and a jumper 633F spanning pins 1 and 4 (FIG. 7F). With additional
slots, additional contacts can accommodate additional combinations of
jumpers/connections, as desired, which possibility is represented by the
dashed line for the jumper 633F. Alternatively, even without additional slots,
jumpers can span more than two pins to form other combinations of
connections, as desired. Additionally, with the foregoing possible connection
configurations, the lighting circuit can be configured to use the selections
specified by the battery assembly connector in a number of ways. For
example, an assembly of resistors, configured in ways such as described
herein, can be used to set the lighting circuit for the battery configuration with
which the connector is used. In other examples, one or more integrated
circuits can interpret and make the settings identified by the battery connector.

A further example of a battery configuration identifier or designator
includes a connector 331G (FIG. 8) for a battery with a plurality of slots. At
least some of the slots have respective contacts for connecting with
associated contacts in a lighting circuit connector. In the present example, a
simple implementation with a small number of slots and contacts includes
battery charging and discharging contacts 331G’ and designator contacts
331G” for identifying the battery information. In the present examples, the
designator contacts 331G” are substantially identical as between different
battery configurations (at least as the designator contacts are concerned).
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However, they need not be substantially identical if desired. The connector
includes a jumper having a designator corresponding to a respective battery
configuration for each different battery. In the present examples, the
designator is a resistor 331G’ selected to have a value for setting the desired
Vref in the lighting circuit of FIG. 6. Therefore, the value, Rn, of the resistor
331G’ will be different for each Vref value to be set. Generally, each battery
capacity will have a corresponding Vref to be selected. Any given battery
assembly will then have a resistor and jumper combination suitable for the
battery that then sets the Vref once the connector 331G is connected to the
lighting circuit. The number “n” in Rn will be between 1 and the maximum
number of battery configurations for which the lighting circuit is designed. The
resistors R9, R11, and R12 shown in FIG. 6 can then be omitted, as the Vref
is set by the resistance in the battery assembly connector, unless a resistance
is desirable in the charging circuit for reducing power dissipation when the
LEDs are not illuminated or for other reasons.

In another example of a battery configuration identifier or designator, a
connector 331H (FIG. 9) for a battery may include a plurality of slots wherein
at least some of the slots have respective contacts for connecting with
associated contacts in a lighting circuit connector. In the connector 331H, the
battery is connected for charging and discharging in a desired configuration,
such as at contacts 331H’. In the present example, the battery assembly
includes a device 331H”, such as an integrated circuit, for providing more
detailed information from the battery assembly to the lighting circuit. The
device 331H"” is coupled into the connector 331H over an SMBCLK line and
an SMBDAT line, each biased at +5 volts. Such hardware uses software
suitable for the information transfer and recording, and may use known
SMBus technology and protocols or other standards for the desired operation.
In one example, the integrated circuit may include one or more memory
devices containing information stored thereon about the battery and its
operating characteristics. For example, the information may include battery
type, capacity, and charging voltage and current, as well as other useful
information such as manufacturer, manufacture date, and the like. Once the
battery assembly is connected, the lighting circuit and battery assembly
communicate with each other so that the lighting circuit can be set as desired.
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The combination of the lighting circuit and battery assembly can also indicate
battery status, for example, expected remaining life, as well as other
information. In the lighting circuit, the resistors R9, R11, and R12 shown in
FIG. 6 can then be omitted, as the Vref is set by the information through the
battery assembly connector, unless a resistance is desired in the charging
circuit for reducing power dissipation when the LEDs are not illuminated.

The foregoing examples of apparatus and methods for identifying,
designating or signaling to a lighting circuit the particular battery configuration
being connected to it can be used with a number of battery types. For
example, NiCad or metal hydride batteries may incorporate a connection
configuration allowing them to be used with constant current charging
systems in the lighting system, and may include a configuration for
designating to the lighting circuit the battery characteristics. For NiCad or
metal hydride batteries, for example, the designation may correspond to the
battery capacity, to permit the charging system to properly charge the battery.
In another example, lithium ion batteries may incorporate a connection
configuration allowing them to be used in a lighting system having a different
charging configuration. For lithium-ion batteries, for example, the designation
may correspond to the battery type and capacity so that the charging system
can charge at the proper voltage and current for the battery.

In other configurations of lighting circuits and battery configurations, the
respective connections in the lighting circuit and the battery may prevent even
a physical connection where the lighting system is designed for a NiCad or
metal hydride battery but the battery is a lithium-ion, or vice versa.
Alternatively, the respective connections in the lighting circuit and the battery
may permit physical connection of the connector elements even though active
contact elements in the lighting circuit do not match up with active contact
elements in the battery, thereby still preventing operation of the battery with
the lighting circuit. In a further alternative, some active contact elements may
make contact while at least one active contact element is missing a mating
connection. For example in a lighting circuit accommodating NiCad or metal
hydride batteries, the connections may be configured so that no active contact
elements or less than all are joined between the lighting circuit and a lithium
ion battery/connector combination. Similarly, a lighting circuit operating along
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with a lithium-ion battery may be configured so that no active contact
elements or less than all are joined between the lighting circuit and NiCad or
metal hydride batteries. In other examples, battery designations or
identifications can be made digitally or through other communications
methods such as SM bus technology. In the example of SM bus technology,
additional information can be provided to the lighting circuit, such as
remaining battery life, signals for setting visible indicators or for sending
information to remote locations, or the like. Other active approaches can be
used to indicate configurations to the system, including pulse width
modulation techniques, ascii coded information, and even applications that
would use a single wire or single conductor connection for the indicating
function. Therefore, battery chemistries (NiCad or metal hydride batteries
versus lithium ion batteries) can be used as a determinant for configuring the
connections; additionally, for a given battery chemistry, the connections can
then be configured for battery capacities or other battery characteristics. In
any case, the ability of a lighting system to accommodate and operate with
batteries of different configurations provides flexibility in design and operation.
Therefore, with a suitable lighting circuit, different battery and connector
configurations can be combined with the lighting circuit as desired, with the
battery and connector configuration indicating to the lighting circuit the
necessary battery characteristics for proper operation.

As discussed herein, the socket 328 and the connector 330 and 330A
in the present example are keyed, polarized or otherwise oriented so that the
socket and connector can be joined in only one configuration. FIG. 12 shows
a polarized connector 330J with an asymmetric surface 700 to provide one
form of keying or polarization. Other forms of polarization can be used
instead or in addition, for example by changing an opening, closing an
opening or otherwise changing the connector to form an asymmetry.
Polarization reduces the possibility that an unintended connection is made
between the battery and the power supply and charger circuit 502. It also
makes it easier for installation personnel to make the connection according to
the intended design.

The connector 331J also includes openings 706 within a body 708. In
the present example, five openings 706 are formed in the body. These five
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openings will join comparable structures in a lighting circuit socket.
Comments regarding polarization, openings and contact elements may apply
as well to lighting circuit socket structures for connection elements intended to
be used together. However, the present description of the connector 331J will
be made in the context of its use in a battery assembly with the understanding
that a complimentary structure is contemplated for the lighting circuit
connection, though the structures can be transposed.

The connector 331J can be a structure suitable for use in the
configurations of the connectors 331G or 331H. The connector 331J can
include active contact elements 701, 702, 703 and 704 corresponding to the
pins 1-4, respectively in the connectors 331G and 331H. The contact
elements can be any form suitable for establishing the desired electrical
connection, and in the example shown in FIG. 12 are cylindrical contact
elements. Contact elements 701 and 702 couple with the mating connection
on the lighting circuit for indicating to or setting the lighting circuit for the
battery connected to it. Contact elements 703 and 704 connect the battery
itself to the lighting circuit, and the empty slot between them can serve a
number of functions. For example the empty slot may provide an insulating
barrier between them, or the empty slot may provide a keying or polarizing
function when used in conjunction with another structure in the corresponding
position in the opposite connection element. In another configuration, the slot
between the contact elements 703 and 704 can include a contact element that
is either inactive or active for a desired purpose.

In the present example, the resistors 624 set the charge current, and
the particular resistor for setting the charge current is selected as a function of
the configuration of the connector 330. The selected resistor can be chosen
in other ways, as well. For example, the jumper 632 can be set in other ways,
for example through a separate connector physically separate from the
connector 330A. In another example, a separate connector can be secured to
the battery assembly with the jumper and the battery connections being made
when the battery is installed. The separate connector can be secured to the
battery for example by a pigtail, cord or other flexible securement, or by other
means. In the present examples, the appropriate jumper and battery
electrical connector are combined into the same physical connector 330
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housing so that setting the jumper and connecting the battery can be
accomplished in a single operation. Additionally, a single physical connector
330 allows polarization or keying to be applied to a single structure.

Other ways for selecting the appropriate reference voltage for the
charging circuit may also be used. For example, switches could be used to
select one or more resistors for setting the appropriate reference voltage.
Manual switches can be included on a circuit board, extending out through
any circuit housing, switches could be set at the factory so the circuit 302
properly accommodates only a single battery type, or could be user
selectable. While jumpers used in the connector 330A allow selection of the
reference voltage to be specifically tied to the battery storage device to which
the connector 330A is physically connected, jumpers instead can be used on
the circuit board or in other locations as desired. In another configuration,
traces on the circuit board can be removed or otherwise opened leaving only
the selected resistance for the reference voltage corresponding to the battery
size to be used with the lighting circuit 302. An adjustable resistor can also be
used, and adjusted as a function of the particular battery configuration to be
used with the circuit at the time. Alternatively, a single reference voltage can
be defined by using only a single resistor whose value is chosen for a single
selected battery configuration intended to be used with the system, as noted
with respect to the example described with respect to FIG. 8.

The isolation circuit 506 in the present example takes the form of a
transformer 634, in this example wired for inverting the current from the power
supply and charger circuit 502. Other forms of the isolation between the
primary and secondary circuits are also possible.

A high frequency filtering capacitor 636 is coupled across the
transformer 634. The capacitor 636 filters electro-magnetic interference.

The sensor and LED control circuit 504 connects to the secondary for
the transformer 634. The sensor and LED control circuit senses the existence
of power from the main power connector 306 and keeps current from the LED
array while power is at the desired level. If the main power supply drops
below a nominal level, the sensor and LED control circuit 504 supplies current
to the LED array from the battery for the lifetime of the battery or until the

main power supply rises again.
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The sensor and LED control circuit includes a diode 638 to rectify the
AC output from the secondary of the transformer 634. The diode 638
provides direct current to the rest of