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EMERGENCY DIMMING APPARATUS

RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Application No.
62/148,590, filed April 16" 2015, the entire contents of which are hereby incorporated.

BACKGROUND

[0002] The present application relates to dimmers, or dimming systems, and more

specifically, light-emitting diode (LED) dimming systems.

[0003] A commonly known LED dimming system includes a 0-10V dimming driver. 0-10V
dimming drivers provide an output drive signal, typically a fixed current signal, and an
approximately 1-9V control signal (e.g., a voltage signal) used to control the output drive signal
which is usually delivered to one or more controlled lights, or lighting loads. In some
embodiments the controlled lights are a plurality of LEDs, such as but not limited to an LED
array. However, 0-10V dimming drivers may be used to control other varieties of lights as well,
such as, but not limited to, fluorescent lights. The control signal varies from approximately 1V
DC to approximately 9V DC. Often, the controlled lights are scaled so that when receiving
approximately a 9V to 10V control signal the controlled lights operate at a maximum output, and
when receiving approximately a OV to 1V control signal, the controlled lights operate at a

minimum output.
SUMMARY

[0004] Emergency lighting systems may be used during power failures to power the
controlled lights (e.g., an LED load). Typically, emergency lighting systems sense a power
failure and deliver power directly to the controlled lights, thus bypassing the driver (e.g., 0-10V
dimming driver). Such a condition has the potential to damage the driver by creating relay
switch transients that may be detrimental to the circuitry of the driver. Thus, typical emergency
lighting systems require additional measures or devices, such as extra diodes, to prevent back

feeding of the drivers. However, these extra diodes are unable to avoid the issue of incorrect
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forward output voltage and output current parameters, which may vary based on the type of load

present from the controlled lights.

[0005] To overcome some of these limitations, a device consistent with one or more of the
exemplary embodiments disclosed herein provides an emergency dimming apparatus. The
emergency dimming apparatus includes an input, a charger, an energy storage device, a power
conversion device, an emergency control output, and a controller. The input is configured to
receive a line voltage. The charger is configured to receive the line voltage and generate a
charging voltage. The energy storage device is configured to receive the charging voltage and
selectively output a stored voltage. The power conversion device is configured to convert the
stored voltage to an output voltage. The emergency control output is configured to output an
emergency control signal. The controller includes a processor and a memory. The controller is
configured to monitor the line voltage, determine if the line voltage has crossed a threshold,
output the output voltage when the line voltage has crossed the threshold, and output an

emergency control signal when the line voltage has crossed the threshold..

[0006] In another exemplary embodiment the application provides a method of operating a
light. The method includes monitoring a line voltage. The method further includes charging an
energy storage device if the line voltage is above a threshold. The method further includes
converting a stored voltage from the energy storage device to an output voltage. The method
further includes outputting the output voltage if the line voltage is below the threshold and

outputting an emergency control signal if the line voltage is below the threshold.

[0007] In yet another embodiment, the application provides a lighting system including a
light, a switch outputting a control signal, a driver, and an emergency dimming apparatus. The
driver receives a line voltage and the control signal, the driver converts the line voltage to a
lighting voltage, the lighting voltage based on the control signal. The emergency dimming
apparatus includes an input, a charger, an energy storage device, a converter, an output, an
emergency control output, and a controller including a processor and a memory. The input is
configured to receive the line voltage. The charger is configured to receive the line voltage and
output a charging voltage. The energy storage device is configured to receive the charging

voltage and selectively output a stored voltage. The converter is configured to convert the stored
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voltage to an output voltage. The controller is configured to monitor the line voltage, determine
if the line voltage has crossed a threshold, and output the output voltage via the output and output
an emergency control signal via the emergency control output when the line voltage is below the
threshold. Wherein when the line voltage is below the predetermined threshold, the driver
receives the output voltage, converts the output voltage to a second lighting voltage, the second

lighting voltage based on the emergency control signal.

[0008] In yet another embodiment, the application provides a method of providing power to
a 0-10V driver input and an appropriate signal to a 0-10V control when the AC power from the

utility fails and when an energy storage power back-up takes over.

[0009] In yet another embodiment, the application provides a method of the required 0-10V
control signal to be based upon the wattage rating of the driver such as to provide the required

safety agency, (UL924) lumen output and back-up time.

[0010] Other aspects of the application will become apparent by consideration of the detailed

description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a block diagram of a dimming system in accordance with an exemplary

embodiment of the present application.

[0012] Fig. 2 is a block diagram illustrating an emergency dimming apparatus of the

dimming system of Fig. 1.

[0013] Fig. 3 is a flow chart illustrating a process of the emergency dimming apparatus of
Fig. 2.

[0014] Fig. 4 is a block diagram of a dimming system in accordance with another

embodiment of the present application.

DETAILED DESCRIPTION
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[0015] Before any embodiments of the application are explained in detail, it is to be
understood that the application, and the devices and methods described herein, are not limited in
their application to the details of construction and the arrangement of components set forth in the
following description or illustrated in the attendant drawings. The devices and methods in this
application are capable of other embodiments and of being practiced or of being carried out in

various ways.

[0016] Fig. 1 is a block diagram of a dimming system 100 according to one exemplary
embodiment of the application. Dimming system 100 controls a lighting load 105. In some
embodiments, the lighting load 105 includes one or more light-emitting diodes (LEDs), such as
but not limited to an LED array. In other embodiments, the lighting load 105 may include any

variety of lights, including but not limited to, fluorescent lights.

[0017] Dimming system 100 includes a driver 110, a dimmer switch, or dimmer control, 115,
and an emergency dimming apparatus 200. The driver 110 includes a driver input 120, a driver
output 125, and a control input 130. The driver 110 receives a line voltage, such as but not
limited to an alternating-current (AC) voltage, at the driver input 120. As illustrated, the driver
input 120 may include a line input and a neutral input. In some embodiments, the line voltage is
approximately 120VAC having a SOHz or 60Hz frequency or, alternatively, approximately
277VAC having a 50Hz or 60Hz frequency. In other embodiments, the line voltage is within a
range of approximately 90VAC to approximately 305VAC.

[0018] The driver 110 receives a control signal at the control input 130 from the dimmer
control 115. In some embodiments, the dimmer control 115 is a 0-10V controller such as, but
not limited to, the Leviton [P710-DLZ. The driver 110 converts the line voltage, based on the
control signal, to output a constant current at a specific voltage (e.g., a lighting voltage)
consistent with the lighting load 105. The lighting voltage is output to the lighting load 105 via
the driver output 125. In some embodiments, the lighting voltage at the required load constant
current level is an output power level. In some embodiments, the driver 110 is an LED driver,
such as but not limited to a 0-10V dimming driver, which may vary the output current in
response to a control signal in a range of approximately 1VDC to approximately 9VDC. In such

an embodiment, the lighting load 105 is scaled such that when receiving a first lighting voltage



WO 2016/168073 PCT/US2016/026610

(based on a received control signal of approximately 9V to 10V) from the driver 110, the lighting
load 105 operates at a first potential output (for example, but not limited to, the maximum
potential output), and when receiving a second lighting voltage (based on a received control
signal of approximately OV to 1V) the lighting load 105 operates at a second potential output (for
example, but not limited to, the minimum potential output. Additionally, in such an
embodiment, when receiving a third lighting voltage, the lighting load 105 operates at a
predetermined level between 0% and 100% of full potential output power based on the third
lighting voltage. For example, if the third lighting voltage is approximately 2V, the lighting load
105 operates at approximately 20% of the potential output.

[0019] Fig. 2 is a block diagram of the emergency dimming apparatus 200 according to one
embodiment of the application. The emergency dimming apparatus 200 includes an input 205,
an output 210, an emergency control output 215, a charger 220, an energy storage device 225, a
power conversion device 230, and a controller 235. In the event of a power failure, the
emergency dimming apparatus 200 provides power to the driver 110 (Fig. 1) as well as controls
the constant current output of the driver 110 through the control output 215, which according to
one or more exemplary embodiments includes one positive and one negative conductive lead. In
some embodiments, the emergency dimming apparatus 200 provides a high-voltage direct-
current (DC) power to the driver 110 (Fig. 1). In other embodiments, the emergency dimming

apparatus 200 provides a high-voltage alternating-current (AC) power to the driver 110 (Fig. 1).

[0020] According to at least one embodiment, control output 215 interfaces with the 0-10V
dimming control input of driver 110 (Fig. 1). When a power failure is determined, emergency
dimming apparatus 200 drives the 0-10V dimming input to a level appropriate to achieve a
desired light output from load 105. As the battery discharges to power the load via output 210,
the control output 215 is controlled to maintain the light output from light load 105 at a fixed, or

otherwise predetermined, level.

[0021] Emergency dimming apparatus 200 according to the embodiment shown receives the
line voltage at input 205. In some embodiments, the emergency dimming apparatus 200 receives

substantially the same line voltage as the driver 110. In other embodiments, emergency dimming
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apparatus 200 receives a different input (e.g., an input voltage from a different source other than

the line voltage from power mains).

[0022] The input 205 provides the line voltage to the charger 220. The charger 220 converts
the line voltage to a charging voltage (e.g., a DC-voltage). The charging voltage is then output
to the energy storage device 225 in order to charge the energy storage device 225, or maintain
the energy storage device 225 at a predetermined voltage (e.g., charge) level. In some
embodiments, the energy storage device 225 is a rechargeable battery having one or more battery
cells. In such an embodiment, the energy storage device 225 may have a chemistry such as but
not limited to, lithium-ion, lead-acid, a nickel-cadmium, nickel metal hydride, and lithium-ion
polymer. In another embodiment, the energy storage device 225 includes one or more
capacitors, such as but not limited to, super-capacitors. The energy storage device 225 outputs a

DC stored-voltage to the power conversion device 230.

[0023] The power conversion device 230 is a power converter configured to convert the DC
stored-voltage received from the energy storage device 225 to an output voltage. The term

29 CC

“convert,” “conversion,” or “converter” herein may be used to broadly describe any type of
known power conversions, including but not limited to, AC-to-DC rectification, DC-AC
inversion, DC-to-DC conversion, and AC-to-AC conversion. In some embodiments, the DC
stored-voltage is received when a failure of the AC input power line from the utility provider
occurs. In some embodiments, the power conversion device 230 is a DC-DC converter
configured to convert the DC stored-voltage to a high-DC output voltage. In such an
embodiment, the high-DC voltage is within a range of approximately 160VDC to approximately
220VDC. In other embodiments, the power conversion device 230 is a DC-AC converter
(inverter) configured to invert the DC stored-voltage to a high-AC output voltage. In such an
embodiment, the high-AC voltage is within a range of approximately 100VAC to approximately

300VAC. The voltage (e.g., high-DC voltage or high-AC voltage) is output via the output 210.

[0024] Controller 235, according to the exemplary embodiment of emergency dimming
apparatus 200 shown in Fig. 2 is electrically and/or communicatively coupled to the charger 220,
the energy storage device 225, and the power conversion device 230, as well as additional

components of the emergency dimming apparatus 200. The controller 235 may be configured to
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control and/or monitor the charger 220, the energy storage device 225, and the power conversion
device 230, as well as additional components of the emergency dimming apparatus.
Additionally, the controller 235 may be configured to output an emergency control signal from
the emergency control output 215. In some embodiments, the emergency control signal can be
programmed by a user so that the driver 110, when receiving the emergency control signal,
operates the lighting load 105 at a set output potential, ranging from 0% to 100% output

potential.

[0025] According to one or more exemplary embodiments, controller 235 includes a plurality
of electrical and electronic components that provide power, operational control, and protection to
the components and modules within the controller 235. For example, the controller 235

includes, among other things, a processor 240 (e.g., a microprocessor, a microcontroller, or
another suitable programmable device), a memory 245, input units and output units. In some
embodiments, the controller 235 is implemented partially or entirely on a semiconductor (e.g., a
field-programmable gate array [“FPGA”] semiconductor) chip, such as a chip developed through

a register transfer level (“RTL”) design process.

[0026] The memory 245 includes, for example, a program storage area and a data storage
area. The program storage area and the data storage area can include combinations of different
types of memory 245, such as read-only memory 245 (“ROM”), random access memory 245
(“RAM”) (e.g., dynamic RAM [“DRAM”], synchronous DRAM [“SDRAM”], etc.), electrically
erasable programmable read-only memory (“EEPROM”), flash memory, a hard disk, an SD card,
or other suitable magnetic, optical, physical, or electronic memory devices. The processor 240 is
connected to the memory 245 and executes software instructions that are capable of being stored
in a RAM of the memory (e.g., during execution), a ROM of the memory (e.g., on a generally
permanent basis), or another non-transitory computer readable medium such as another memory
or a disc. Software included in the implementation of the emergency dimming apparatus 200 can
be stored in the memory 245 of the controller 235. The software includes, for example,
firmware, one or more applications, program data, filters, rules, one or more program modules,
and other executable instructions. The controller 235 is configured to retrieve from memory 245

and execute, among other things, instructions related to the control processes and methods
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described herein. In other constructions, the controller 235 includes additional, fewer, or

different components.

[0027] In normal operation, the emergency dimming apparatus 200 receives and monitors the
line voltage. During normal operation, the line voltage is used to charge, or maintain a charge
on, the energy storage device 225 (via the charger 220). Additionally, during normal operation,

no emergency control signal is output via the emergency control output 215.

[0028] In some embodiments, if the controller 235 senses that no line voltage is present at
the input 205, the emergency dimming apparatus 200 enters power failure mode. In some
embodiments, if the line voltage is below a threshold, the emergency dimming apparatus 200
enters power failure mode. In such an embodiment, the predetermined threshold may be within a

range of approximately 90V to approximately 110V (e.g., approximately 108V).

[0029] During a power failure, the controller 235 controls the energy storage device 225 to
output the DC stored-voltage to the power conversion device 230. In some embodiments, the
controller 235 further controls the power conversion device 230 to convert the DC stored-voltage
to the high-DC voltage. In other embodiments, the controller 235 further controls the power
conversion device 230 to invert the DC stored-voltage to the high-AC voltage. The voltage (e.g.,
the high-DC voltage or the high-AC voltage) is then output, via the output 210, to the driver 110
at the driver input 120. Additionally, the controller 235 outputs the emergency control signal,
via the emergency control output 215, to the driver 110 at the control signal input 130. The
driver 110 receives the voltage (e.g., the high-DC voltage or the high-AC voltage) and the
emergency control signal, and outputs a constant current to the lighting load 105 in a similar
fashion as discussed above. After the controller 235 senses the line voltage is above the

predetermined threshold, the emergency dimming apparatus 200 returns to normal operation.

[0030] Fig. 3 is a flowchart illustrating a process 300 for operation of the emergency
dimming apparatus 200. Process 300 begins with the controller 235 monitoring the line voltage
at the input 205 (Step 305). The controller 235 determines if the line voltage is above the
predetermined threshold (Step 310). If the line voltage is above the predetermined threshold, the
emergency dimming apparatus 200 operates normally (Step 315) and then proceeds to Step 305.

As discussed above, during normal operation, the emergency dimming apparatus 200 will use the
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line voltage to charge, or maintain charge, of the energy storage device 225. If the line voltage is
below the predetermined threshold, the emergency dimming apparatus 200 enters power failure
mode (Step 320). As discussed above, during power failure mode, the emergency dimming
apparatus 200 will output the voltage (e.g., the high-DC voltage or the high-AC voltage) and
emergency control signal to the driver 110. The process 300 will then proceed to Step 305.

[0031] Fig. 4 illustrates another embodiment of an emergency dimming apparatus 400 within
a dimming system 100’. The dimming system 100’ and the emergency dimming apparatus 400
may include substantially similar parts and components as the dimming system 100 and the
emergency dimming apparatus 200. In some embodiments, the emergency dimming apparatus
400 further includes a control input pass-through 405. During normal operation, the emergency
dimming apparatus 400 receives the control signal at the control input pass-through 405 and
outputs the control signal at the emergency control output 215. The driver 110 receives the
control signal and operates normally. During a power failure, the controller 235 will disconnect
the control input pass-through 405 and output the emergency control signal at the emergency

control output 215.

[0032] In some embodiments, the emergency dimming apparatus 200, 400 may further
include a test button. When the test button is activated by a user, the emergency dimming
apparatus 200, 400 enters a test mode. In some embodiments, the test mode is similar to the
power failure mode, such that the emergency dimming apparatus 200, 400 will output the output

voltage and the emergency control signal to the driver 110.

[0033] In some embodiments, the emergency dimming apparatus 200, 400 may further
include one or more indicators, such as but not limited to, a battery state indicator. The battery
state indicator may provide a condition (e.g., voltage level) of the energy storage device 225 to

the user.

[0034] In some embodiments, the dimming systems 100, 100’ may use wireless
communication. In such an embodiment, the emergency dimming apparatuses 200, 400 may

output the control signal and/or the emergency control signal wirelessly to the driver 110.
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[0035] Thus, a device in accordance with embodiments disclosed in this application
provides, among other things, an emergency dimming apparatus. The embodiments of the
present application described above are configured to provide an appropriate electrical power for
the proper light output required to qualify as an emergency light fixture. By providing power to
the driver, that is already present in the fixture, the issue of load parameters is reduced. The
present application provides a high-voltage, as well as an emergency control signal, to the driver.
Thus, the present application provides dynamic control of the light output via the control input of
the driver, in order to maintain a constant light output, even as the battery discharges (e.g.,
battery voltage decreases). Various features and advantages of embodiments of the devices

disclosed in this application are set forth in the following claims.

10
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CLAIMS

What is claimed is:
1. An emergency dimming apparatus comprising:
an input configured to receive a line voltage;
a charger configured to receive the line voltage and generate a charging voltage;
an energy storage device configured to receive the charging voltage and selectively
output a stored voltage;
a power conversion device configured to convert the stored voltage to an output voltage;
an emergency control output configured to output an emergency control signal; and
a controller including a processor and a memory, the controller configured to
monitor the line voltage,
determine if the line voltage has crossed a threshold,
output the output voltage when the line voltage has crossed the threshold, and

output an emergency control signal when the line voltage has crossed the
threshold.

2. The emergency dimming apparatus of claim 1, wherein the threshold is within a range of

approximately 90 volts and approximately 110 volts.

3. The emergency dimming apparatus of claim 1, wherein the output voltage and the

emergency control signal are output to a driver.

4. The emergency dimming apparatus of claim 3, wherein the driver is a light-emitting
diode (LED) driver.
5. The emergency dimming apparatus of claim 3, wherein the emergency control signal

controls the driver to maintain a light output from a light load at a fixed level.

6. The emergency dimming apparatus of claim 1, further comprising a control input.

11
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7. The emergency dimming apparatus of claim 6, wherein a control signal is received at the

control input

8. The emergency dimming apparatus of claim 7, wherein when the line voltage is above

the threshold, the control signal is output from the emergency control output.

0. The emergency dimming apparatus of claim 1, wherein the output voltage is at least one

selected from the group consisting of a high-AC voltage and a high-DC voltage.

10.  The emergency dimming apparatus of claim 9, wherein the high-DC voltage is within a

range of approximately 160VDC and approximately 220VDC.

11.  The emergency dimming apparatus of claim 9, wherein the high-AC voltage is within a

range of approximately 100VAC and approximately 300VAC.

12. A method of operating a light, the method comprising:
monitoring a line voltage;
charging an energy storage device if the line voltage is above a threshold,;
converting a stored voltage from the energy storage device to an output voltage;
outputting the output voltage if the line voltage is below the threshold; and

outputting an emergency control signal if the line voltage is below the threshold.

13. The method of claim 12, wherein the threshold is within a range of approximately 90

volts and approximately 110 volts.
14. The method of claim 12, wherein the steps of outputting the output voltage and the

emergency control signal include outputting the output voltage and the emergency control signal

to a driver.

12
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15. The method of claim 14, wherein the emergency control signal controls the driver to
maintain a light output from a light load at a fixed level.

16. The method of claim 12, further comprising receiving a control signal and outputting the

control signal when the line voltage is above the threshold.

17. The method of claim 12, wherein the output voltage is at least one selected from the

group consisting of a high-AC voltage and a high-DC voltage.

18. The method of claim 17, wherein the high-DC voltage is within a range of approximately
160VDC and approximately 220VDC.

19. The method of claim 17, wherein the high-AC voltage is within a range of approximately
100VAC and approximately 300VAC.

13
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20. A lighting system comprising:
a light;
a switch outputting a control signal;
a driver receiving a line voltage and the control signal, the driver converting the line
voltage to a lighting voltage, the lighting voltage based on the control signal; and
an emergency dimming apparatus including:
an input configured to receive the line voltage,
a charger configured to receive the line voltage and output a charging voltage,
an energy storage device configured to receive the charging voltage and
selectively output a stored voltage,
a power conversion device configured to convert the stored voltage to an output
voltage,
an output,
an emergency control output, and
a controller including a processor and a memory, the controller configured to
monitor the line voltage,
determine if the line voltage has crossed a threshold, and
output the output voltage via the output and output an emergency control
signal via the emergency control output when the line voltage is below the
threshold;
wherein when the line voltage is below the predetermined threshold, the driver receives
the output voltage, converts the output voltage to a second lighting voltage, the second lighting

voltage based on the emergency control signal.

14
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