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GAS DISCHARGE LAMP BALLAST WITH RECONFIGURABLE FILAMENT VOLTAGE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from Provisional U.S. Patent Application No.
61/717,607, filed October 23, 2012, entitled GAS DISCHARGE LAMP BALLAST WITH
RECONFIGURABLE FILAMENT VOLTAGE, and U.S. Patent Application No. 13/782,639 filed
March 1, 2013, entitled GAS DISCHARGE LAMP BALLAST WITH RECONFIGURABLE
FILAMENT VOLTAGE.

BACKGROUND

[0002] A typical fluorescent lamp includes a sealed glass tube containing a rare earth gas,
and an electrode at each end for striking and maintaining an electric arc through the gas. The
electrodes are typically constructed as filaments to which a filament voltage is applied to heat the
electrodes, thereby improving their capability to emit electrons. This results in improved electric arc

stability and longer lamp life.

[0003] Typical prior art ballasts apply the filament voltage to the filaments prior to striking
the arc and maintain the filament voltages throughout the entire dimming range of the lamp. At low
end, when light levels are lowest and, consequently, the electric arc is at its lowest level, the filament
voltage helps maintain a stable arc current. At high end, when light levels are highest, and the

electric arc current is at its highest level, the electric arc current contributes to heating the filaments.

[0004] FIG. 1 is a perspective view of an example gas discharge lamp fixture 100. The
fixture 100 includes a ballast 102, lamp sockets 104, and a housing 106. The ballast 102 and the
sockets 104 may be fixed to the housing 106. The lamp sockets 104 may be sized and situated
within the housing 106 to hold lamps 108. The ballast 102 may have wires 110 to connect the
ballast 102 to the sockets 104 for driving the lamps 108 and for providing heating current, discussed
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above. In practice, the ballast 102 may be wired by a fixture supplier, as is common in new

construction, or it may be wired by an on-site installer, as is common in retrofit projects.

[0005] A typical ballast may be configured for operation with a particular lamp type, for
instance, a lamp from a particular manufacturer. The ballast may be configured, for example, at the
time the ballast is manufactured or at the time the ballast is installed. For example, a ballast may be
configured to apply a pre-determined filament voltage to the lamps, such that that the filaments of
cach lamp will be heated in accordance with an optimal range of filament heating temperatures
associated with that lamp type. If too much or too little filament voltage is applied, the filaments of
the lamps may be under heated or overheated, which may detrimentally affect the lamps, for

example, by shortening the useful lives of the lamps.

[0006] Lamps from different manufactures typically have different optimal ranges of
filament heating temperatures. Accordingly, if a ballast is configured to operate with a first lamp
type, and then actually operated with a second lamp type, the ballast may not heat the filaments of
the second lamp type within the optimal range for that lamp type.

SUMMARY

[0007] The filament voltage supplied by a ballast may be reconfigurable. An amount of
filament voltage supplied by the reconfigurable ballast may be adjusted based on the lamp type with
which the ballast is actually operating. The filament voltage may be reconfigured dynamically

and/or may be reconfigured via a user-provided value.

[0008] An electronic dimming ballast may be configured for driving a plurality of gas
discharge lamps. Each gas discharge lamp may have a respective filament. The electronic dimming
ballast may include a filament winding magnetically coupled to an inductor and operable to supply
an alternating current (AC) filament voltage to each of the filaments. The electronic dimming ballast
may include a first inverter circuit for generating a high-frequency AC voltage for driving the
plurality of lamps and a second inverter circuit having an output coupled to the inductor for

independently supplying the AC filament voltage to the filaments. The electronic dimming ballast
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may include a control circuit configured to control generation of the AC filament voltage in

accordance with a reconfigurable AC filament voltage value.

[0009] A method of reconfiguring an electronic dimming ballast may include reconfiguring
an AC filament voltage applied by the electronic dimming ballast to a filament of a lamp installed in
(e.g., coupled to) the electronic dimming ballast. Reconfiguring the AC filament voltage may
include supplying an initial AC filament voltage to the filament. Reconfiguring the AC filament
voltage may include computing a hot-to-cold cathode resistance ratio associated with the filament.
Reconfiguring the AC filament voltage may include determining whether the computed hot-to-cold

cathode resistance ratio is within a range specified for the electronic dimming ballast.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a perspective view of an example gas discharge lamp fixture.
[0011] FIG. 2 is a simplified block diagram of a dimming ballast for driving multiple lamps.
[0012] FIG. 3 is a simplified schematic diagram of an example ballast back end circuit

having an independent filament drive.

[0013] FIG. 4 is a plot of the magnitude of filament voltage versus the dimming level of the
ballast illustrating a lamp safe operating area (SOA).

[0014] FIG. 5 is a plot of respective hot/cold cathode resistance ratio values for three

example gas discharge lamps from different manufacturers.

[0015] FIGs. 6A and 6B are plots illustrating reconfiguring a filament voltage applied to a

gas discharge lamp responsive to a measured hot/cold cathode resistance ratio value.

[0016] FIG. 7A is a flow chart illustrating a first example method of reconfiguring a filament
voltage applied to a gas discharge lamp.

[0017] FIG. 7B is a flow chart illustrating a second example method of reconfiguring a

filament voltage applied to a gas discharge lamp.



WO 2014/066267 PCT/US2013/065975

DETAILED DESCRIPTION

[0018] An example of an electronic dimming ballast 200 for driving three fluorescent lamps
L1, L2, L3 in parallel is shown in FIG. 2. The electronic dimming ballast 200 may drive any
number of lamps. Electronic ballasts typically can be analyzed as comprising a front end circuit 210
and a back end circuit 220. The front end circuit 210 typically includes a rectifier circuit 230 (e.g., a
full-wave rectifier bridge) for generating a rectified voltage from an alternating-current (AC) line
voltage, and a filter circuit, for example, a valley-fill circuit 240, for filtering the rectified voltage to
produce a direct-current (DC) bus voltage. The valley-fill circuit 240 may be coupled to the rectifier
230 through a diode 242 and may include one or more energy storage devices that selectively charge
and discharge so as to fill the valleys between successive rectified voltage peaks to produce a
substantially DC bus voltage. The DC bus voltage may be the greater of either the rectified voltage

or the voltage across the energy storage devices in the valley-fill circuit 240.

[0019] The back end circuit 220 may include a lamp drive inverter circuit 250 for converting
the DC bus voltage to a high-frequency AC voltage, and an output circuit 260 comprising a resonant
tank circuit for coupling the high-frequency AC voltage to the lamp electrodes. A balancing circuit
270 may be provided in series with the three lamps L1, L2, L3 to balance the currents through the
lamps and to prevent any lamp from shining brighter or dimmer than the other lamps. A control
circuit 280 may generate drive signals to control the operation of the lamp drive inverter circuit 250
so as to conduct a desired load current I;oap through the lamps L1, L2, L3. A power supply 290
may be connected across the outputs of the rectifier 230 to provide a DC supply voltage Ve for

powering the control circuit 280.

[0020] The control circuit 280 may include one or more processors (e.g., MicCroprocessors),
microcontrollers, integrated circuits (e.g., field programmable gate arrays), or the like, in any
combination. For example, the illustrated control circuit 280 may include a microprocessor 282 that
may execute computer-executable instructions in order to control one or more functional aspects of
the ballast electronic dimming ballast 200. The control circuit 280 may be operable to reconfigure a

value (e.g., a magnitude) of filament voltages provided to filaments of the lamps L1, L2, L3.
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[0021] The control circuit 280 may include a memory 284. The memory 284 may be
communicatively coupled to the microprocessor 282 and may operate to store information such as
computer-executable instructions, configuration settings associated with operation of the electronic
dimming ballast 200 (e.g., one or more filament voltage values, a filament voltage lookup table), or
the like. The memory 284 may include any component suitable for storing the information. For
example, the memory 284 may include one or more components of volatile and/or non-volatile
memory, in any combination. The memory 284 may be internal or external with respect to the
microprocessor 282. For example, the memory 284 and the microprocessor 282 may be integrated
within a microchip. Moreover, the memory 284 may be internal or external with respect to the
control circuit 280. During operation of the electronic dimming ballast 200, the microprocessor 282
may store and/or retrieve information, for instance a filament voltage value, from the memory 284.
It should be appreciated that the functionality of the control circuit 280 may include any combination

of one or more of hardware, firmware, or software.

[0022] The electronic dimming ballast 200 may be configured to communicate with a user
interface, such as a remote management interface 286 (e.g., a Lutron® Energi Savr Node™
Programming Interface) that is communicatively coupled to the control circuit 280. The remote
management interface 286 may include any component suitable for presenting information to and/or
receiving information from a user of the electronic dimming ballast 200. For example, the remote
management interface 286 may be a user interface rendered on a device in electrical communication
with the electronic dimming ballast 200 (e.g., a computer, a tablet, a smartphone, etc.), a discrete
device (e.g., a device that includes one or more manually operated input devices such as buttons,

switches, etc.), or the like.

[0023] The electronic dimming ballast 200 may receive commands, configuration
information, or the like, indicated by a user via the remote management interface 286, for example a
command to reconfigure a filament voltage value for controlling the magnitude of the filament
voltages provided to the filaments of the lamps L1, L2, L3. The electronic dimming ballast 200 may
provide information for presentation via the user interface, such as a filament voltage value presently

employed by the electronic dimming ballast 200, respective confirmations of one or more commands
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received from the user and executed by the microprocessor 282, or the like. For example, the
electronic dimming ballast 200 may receive input entered by a user via the remote management
interface 286, such as an indication of a desired reconfigured filament voltage value, and may
confirm receipt and/or implementation of the desired filament voltage value via the remote

management interface 286, for instance by rendering an indication on a display.

[0024] The electronic dimming ballast 200 may include a communication circuit 288 that is
communicatively coupled to the control circuit 280, for example via a communication link 289. The
communication link 289 may be any suitable communication link, such as a wired communication
link (e.g., an Ethernet link, a power line communication link, etc.), or a wireless communication link

(e.g., a Clear Connect RF link, a Wi-Fi link, a cellular wireless link, etc.).

[0025] The communication circuit 288 may include one or more components operable for the
transmission and/or reception of information comprising signals and/or data. For instance, the
communication circuit 288 may include a transceiver, a modem, and/or the like. One or more
components of the control circuit 280, for instance the microprocessor 282, may be configured to
receive commands and/or configuration information pertaining to operation of the electronic
dimming ballast 200 via the communication circuit 288. For example, the microprocessor 282 may
receive information, such as operational commands, via the communication circuit 288 from one or
more external components, such as the remote management interface 286. One or more components
of the control circuit 280, for example the microprocessor 282, may be configured to transmit
information via the communication circuit 288. For example, the microprocessor 282 may be
configured to communicate a present filament voltage value applied by the electronic dimming

ballast 200, for example to the remote management interface 286 for rendering on a display.

[0026] The communication circuit 288 may be configured with respective capabilities to
transmit and/or receive information in accordance with one or more communication schemes, as
desired. For example, the communication circuit 288 may be configured to be capable of
transmitting and receiving information via radio frequency (RF) communication, low-voltage
communication such as low-voltage differential signaling (LVDS), and/or power line

communication (PLC) schemes.
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[0027] FIG. 3 shows a simplified schematic diagram of an example back end circuit 330 that
may be, for example, the back end circuit 220 of the electronic dimming ballast 200 for driving the
lamps L1, L2, L3 as shown in FIG. 2. The back end circuit 330 may include a lamp drive inverter
circuit 350 that may be, for example, the lamp drive inverter circuit 250 and an output circuit 360
that may be, for example, the output circuit 260. For example, the inverter input terminals A, B may
be connected to the output of the valley-fill circuit 240 of the ballast 200 shown in FIG. 2. The lamp
drive inverter circuit 350 may generate a high-frequency AC voltage for driving the lamps L1, L2,
L3 and may include series-connected first and second switching devices 352, 354, for example, two
field-effect transistors (FETs). The output of the lamp drive inverter circuit 350 is connected to the
output circuit 360 for coupling the high-frequency AC voltage to the lamps L1, L2, L3. The output
circuit 360 comprises a resonant inductor 362, a resonant capacitor 364, and a DC blocking capacitor
366. The output circuit 360 filters the output of the lamp drive inverter circuit 350 to supply a
substantially sinusoidal voltage to the parallel-connected lamps L1, L2, L3. The DC blocking
capacitor 366 prevents DC current from flowing through the lamps L1, L2, L3. A balancing circuit
380 may be provided in series with the three lamps L1, L2, L3 to balance the currents through the
lamps and to prevent any lamp from shining brighter or dimmer than the other lamps. The balancing
circuit 380 may be, for example, the balancing circuit 270 of the electronic dimming ballast 200, as

shown in FIG. 2.

[0028] A control circuit (e.g., the control circuit 280 of the ballast 200 shown in FIG. 2) may
drive the FETs 352, 354 of the lamp drive inverter circuit 350 using a complementary duty cycle
switching mode of operation, for example a D(1-D) switching technique. This means that one, and
only one, of the FETs 352, 354 is conducting at a given time, and at least one of the FETs is
conductive at all times. When the FET 352 is conducting, then the output of the lamp drive inverter
circuit 350 is pulled upwardly toward the DC bus voltage. When the FET 354 is conducting, then

the output of the lamp drive inverter circuit 350 is pulled downwardly toward circuit common.

[0029] The illustrated example ballast back end circuit 330 includes a filament drive inverter
circuit 370 that may be different from the lamp drive inverter circuit 350. The filament drive

inverter circuit 370 may operate to provide AC filament voltages to the filaments of the lamps L1,
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L2, L3 via a filament drive inductor 372, and may be referred to as an independent filament drive.
Filament windings W1, W2, W3, W4 are magnetically coupled to the filament drive inductor 372 of

the filament drive inverter circuit 370 and are coupled to the filaments of the lamps L1, L2, L3.

[0030] The filament drive inverter circuit 370 may enable independent control of the
filament voltage value to which the magnitudes of the AC filament voltages are controlled. For
example, the filament drive inverter circuit 370 may be controlled by a control circuit (e.g., the
control circuit 280 that controls the lamp drive inverter circuit 350). Alternatively, the filament
drive inverter circuit 370 may be controlled by a control circuit (not shown) that is different from the
control circuit 280 that controls the lamp drive inverter circuit 350. The frequency of the filament
drive inverter circuit 370 may be driven independently of the frequency of the lamp drive inverter
circuit 350. The frequency of the filament drive inverter circuit 370 may be driven somewhat
independently of the frequency of the lamp drive inverter circuit 350, such as operating at one-half

of the frequency of the lamp drive inverter circuit 350, for example.

[0031] The filament drive inverter circuit 370 may include series-connected first and second
switching devices 374, 376, for example, two field-effect transistors (FETs). The FETs 374, 3760f
the filament drive inverter circuit 370 may be driven using a symmetric duty cycle switching mode
of operation. This means that the FETs 374, 376are rendered conductive and non-conductive at the
same duty cycle, but are driven to be conductive at different times (e.g., offset from each other).
When the FET 374 is conducting, then the output of the filament drive inverter circuit 370 is pulled
upwardly toward the DC bus voltage. When the FET 376 is conducting, then the output of the

filament drive inverter circuit 370 is pulled downwardly toward circuit common.

[0032] The filament windings provide AC filament voltages to the filaments to keep the
filaments warm through the entire dimming range. The filaments especially need to be heated when
the ballast 200 is dimming the lamps L1, L2, L3 to low end and during preheating of the filaments
before striking the lamps. The control circuit 280, for example the microprocessor 282, may retrieve
a value corresponding to the filament voltage value from the memory 284 and may cause the

filament drive inverter circuit 370, for example the first and second switching devices 374, 376, to
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apply filament voltages having magnitudes equal to the filament voltage value to the respective

filaments of the lamps L1, L2, L3.

[0033] The windings W1, W2, W3 may be referred to as independent filament windings
because each is coupled to a respective filament of each of several different lamps (e.g., winding W1
is coupled to a filament of lamp L1; winding W2 is coupled to a filament of lamp L2; and winding
W3 is coupled to a filament of lamp L.3). The winding W4 may be referred to as a common filament
winding because it is coupled to the filaments of all three lamps L1, L2, L3. The common filament
winding may be electrically connected to the filaments such that the filaments are in series with one
another or in parallel with one another. FIG. 3 illustrates the common filament winding as being

electrically connected to the filaments such that the filaments are in parallel to one another.

[0034] Manufacturers of gas discharge lamps typically establish a safe operating arca (SOA)
for a particular lamp-type. The SOA may define acceptable magnitudes of the filament voltage
and/or current at various dimming levels to maximize the life of the lamp. FIG. 4 illustrates an
example safe operating area (SOA) for a particular lamp type. Different manufacturers may
establish different respective SOAs, for example for their respective different lamp-types.
Accordingly, if a first lamp A is installed and operated in a first ballast at a first heating voltage
value, or first filament voltage value, it may operate within an associated hot-to-cold cathode

resistance ratio (Rh/Rc¢) range.

[0035] For example, FIG. 5 depicts a plot of Rh/Rc for three different lamps including a first
lamp A, a second lamp B, and a third lamp C. One of the lamps, for example the first lamp A, may
be installed in (e.g., coupled to) a first ballast that heats the filaments of the first lamp A in
accordance with a first filament voltage value. The first ballast may be configured to apply a pre-
determined filament voltage value to the filaments of the first lamp A, for example via an
independent filament drive, such that the first lamp A exhibit a Rh/Rc of approximately 4.75, within
a predetermined, preferred Rh/Rc operating range of the first ballast of approximately 4.25 to
approximately 5.25.
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[0036] Lamp types other than the first lamp A, for example the second lamp B or the third
lamp C from respective different manufacturers, may be designed with respective SOAs that are
different from the SOA of the first lamp A, such that when the second lamp B or the third lamp C is
installed and operated in the first ballast at the first filament voltage value, the respective Rh/Rc
operating ranges of the second lamp B or the third lamp C may fall outside the preferred Rh/Rc
operating range of with the first ballast, particularly at low dimming levels. For example, the second
lamp B, when coupled to the first ballast and operated at the first filament voltage value, may exhibit
a Rh/Rc of approximately 4.15, outside the preferred Rh/Rc operating range of the first ballast, as
illustrated in FIG. 5. Similarly, the third lamp C, when coupled to the first ballast and operated at
the first filament voltage value, may exhibit a Rh/Rc of approximately 4.01, outside the preferred
Rh/Rc¢ operating range of the first ballast.

[0037] Accordingly, it would be desirable for a ballast to accommodate various lamp types,
such that a preferred Rh/Rc operating range of the ballast may be maintained regardless of what

lamp type is installed and operated in the ballast.

[0038] Configuring a ballast so as to enable reconfigurable filament voltage value may
accommodate the use of different lamp types. For example, reconfigurable values of the filament
voltage may be achieved via software, for example software executed by a control circuit (e.g., by
the microprocessor 282 of the control circuit 280). In accordance with an embodiment, a ballast
back end circuit (e.g., the back end circuit 330) may be enabled for reconfigurable filament voltage
values via a software control, for example a software control implemented in a control circuit (e.g.,

the control circuit 280) that drives the filament drive inverter circuit 370.

[0039] The control circuit 280 may be manually configured with an initial filament voltage
value, for example at a time of manufacture of the ballast and/or at a time when the voltage is
installed. The initial filament voltage value may be stored by the control circuit 280. The initial
filament voltage value may correspond with a particular type of lamp that is to be installed and

operated in the ballast, for example.

10
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[0040] The initial filament voltage value may be, may be stored in the memory 284 so as to
be retrievable by the microprocessor 282, for example, or may be otherwise stored by the electronic
dimming ballast 200. For example, the ballast 200 may be configured with the initial filament
voltage value at the time of manufacture, for example stored in the memory 284 before the ballast
200 is shipped to a consumer. Alternatively, the ballast 200 may be configured with the initial
filament voltage value at a time after manufacture, for example entered via the remote management
interface 286 and stored in the memory 284 after the ballast 200 has been installed. For example, a
plurality of ballasts 200 may be installed at a single location, such as a customer premises. The
plurality of ballasts 200 may be individually wired, may be networked together (e.g., in a mesh
network), or may be otherwise installed, for example partially individually and partially networked,
installed in multiple discrete networks, etc. If the ballasts 200 are individually installed, a respective
initial filament voltage value may be separately stored by each ballast 200, for example in the
respective memory 284 of each ballast 200. If the ballasts 200 are networked, an initial filament
voltage value may be communicated substantially simultaneously to all ballasts participating in the
network, for example via one or more broadcasts received via the respective communication circuit

288 of each ballast 200.

[0041] The ballast 200 may operate in accordance with an initial, or first, filament voltage
value for a period of time, for example until one or more lamps coupled to the ballast 200 are
replaced. If the presently installed lamps are to be replaced with lamps of a different particular type
(e.g., a different brand), the ballast 200 may be reconfigured with a second filament voltage value
that is different from the first filament voltage value, for instance if the replacement lamps require
the second filament voltage value to operate in accordance with a preferred Rh/Rc range of the
ballast 200. The ballast 200 may be commanded to operate at the second filament voltage value.
For example, in accordance with a plurality of networked ballasts 200, a central control function
may distribute an instruction to the plurality of ballasts 200, for example via broadcast, to cease
operating at the first filament voltage value and to resume operating at the second filament voltage

value.

11
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[0042] The ballast 200 may be reconfigured to operate in accordance with a second filament
voltage value and may store the second filament voltage value in a location in its memory 284 that
stores the first filament voltage value. For example, a ballast 200 may overwrite the first filament
voltage value with the reconfigured, second filament voltage value in its memory 284, such that
when the ballast 200 is subsequently powered on, the microprocessor will retrieve the second
filament voltage value from its memory and cause the ballast 200 to operate in accordance with the

second filament voltage value.

[0043] The second filament voltage value may be predetermined. For example, a lookup
table (e.g., stored in the memory 284) that pertains to a particular ballast 200 may contain one or
more lamp types and associated filament voltage values that will cause the ballast 200 to operate in
accordance with a preferred Rh/Rc range of the ballast 200. The lookup table may be consulted
when the particular lamp type coupled to a ballast 200 changes. For example, if lamps of a first
lamp type are removed from a ballast 200 and replaced with lamps of a second lamp type, the lookup
table can be queried, for example by the microprocessor 282, such that a corresponding filament
voltage value associated with the second lamp type is retrieved from the lookup table and employed
by the ballast 200. These operations may, for example, be performed by the control circuit 280 of
the ballast (e.g., by the microprocessor 282) and/or by a central control function associated with a
network if the ballast 200 is networked with one or more other ballasts. It should be appreciated that
reconfiguring the filament voltage value of the ballast 200 is not limited to the lamp replacement
described herein, and that the filament voltage value of the ballast may be reconfigured at any
suitable time as desired. Alternatively, the lookup table may be stored in the remote management

interface 286, which may transmit a filament voltage value to the ballast 200.

[0044] Referring now to FIGs. 6A-6B and 7A-7B, a ballast 200 may be configured to
automatically assign a suitable filament voltage value. One or both of example filament voltage

reconfiguration methods 700 and 750, may be performed to reconfigure the filament voltage value of

a ballast 200.

[0045] In accordance with a first example filament voltage reconfiguration method 700

illustrated in FIG. 7A, a ballast 200 may be commanded to operate in accordance with a

12
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predetermined filament voltage value. The first example filament voltage reconfiguration method
700 may begin at 702, when an interface associated with the ballast 200, for example the remote
management interface 286, receives a command from a user to reconfigure the filament voltage
value of the ballast 200. The command may include the user entering an integer value, for example,

that corresponds with a particular type of lamp that may be coupled to the ballast 200.

[0046] At 704, the command may be communicated to the control circuit 280 of the ballast
200 as an indication (e.g., a signal) to reconfigure the filament voltage value of the ballast 200. For
example, the indication may be communicated to the ballast 200 from the remote management
interface 286 via the communication circuit 288, over the communication link 289. The ballast 200
may be operating in accordance with an initial filament voltage value when the indication to

reconfigure the filament voltage value is received by the communication circuit 288.

[0047] At 706, the indication may be processed by the control circuit 280. For example, in
accordance with the illustrated embodiment, the microprocessor 282 may parse the indication in
order to retrieve the integer value. The microprocessor 282 may use the integer value to reference a
lookup table, for example stored in the memory 284, that includes a first entry including the integer
value and a second entry associated with the first entry that includes a second filament voltage value
that is different from the initial filament voltage value. The initial filament voltage value may
correspond to a first lamp that was coupled to the ballast, for example, and the second filament
voltage value may correspond to a second lamp that was coupled to the ballast 200 as a replacement

of the first lamp.

[0048] Also at 706, the microprocessor 282 may cause the second filament voltage value to
be stored in the memory 284. For example, the microprocessor 282 may cause the second filament

voltage value to overwrite the initial filament voltage value in the memory 284.

[0049] At 708, the control circuit 280 may cause the ballast 200 to apply the second filament
voltage value in accordance with the indication. For example, the microprocessor 282 may
command the filament drive inverter circuit 370 to apply filament voltages having magnitudes equal

to the second filament voltage value to the filaments of the lamps L1, L2, L3. With application of
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the second, reconfigured filament voltage value, the first example filament voltage reconfiguration

method 700 may end.

[0050] In accordance with a second example filament voltage reconfiguration method 750
illustrated in FIG. 7B, a ballast 200 may determine a suitable filament voltage value based, for
example, upon a computed Rh/Rc value and/or a measured value of a target parameter indicative of
a heating level of one or more respective filaments of one or more lamps coupled to the ballast 200.
The second example filament voltage reconfiguration method 750 may begin at 752, when a lamp
fixture, for example a gas discharge lamp fixture 100 having a ballast 200, is powered on (e.g.,

switched on).

[0051] At 754, the ballast may apply an initial filament voltage value. The initial filament
voltage value may be predetermined, for example retrieved from the memory 284 by a control
element associated with the ballast 200 (e.g., the microprocessor 282 and/or a central control
function of a network of ballasts if the ballast 200 is networked). Alternatively, the ballast 200 may

determine the initial filament voltage value, for example using a computed Rh/Rc value.

[0052] At 756, the ballast may compute an Rh/Rc value, for example responsive to the lamp
fixture being powered on. The control circuit 280, for example the microprocessor 282, may
compute a cold cathode resistance (Rc) value of one or more filaments of the lamps. The
microprocessor 282 may compute the Rc value using the initial filament voltage value supplied to at
least one of the filaments of the lamps and a first measurement of a corresponding current conducted
through the at least one of the filaments, taken substantially coincident with the lamp fixture being
powered on, for example. The Rc value may be computed, for example, by dividing the initial

filament voltage by the first filament current measurement.

[0053] The microprocessor 282 may subsequently compute a hot cathode resistance (Rh)
value of one or more filaments of the lamps. The microprocessor 282 may compute the Rh value
using the initial filament voltage value supplied to the at least one of the filaments of the lamps and a
second measurement of the corresponding current conducted through the at least one of the

filaments, taken at a time after the filaments of the lamps reach an operating temperature, for
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example approximately 0.5 seconds after the lamp fixture is powered on. The Rh value may be
computed, for example, by dividing the initial filament voltage by the second filament current
measurement. The microprocessor 282 may use the computed values of Rc and Rh to compute a

hot-to-cold cathode resistance ratio (Rh/Rc) for the lamps coupled to the ballast 200.

[0054] In accordance with the illustrated embodiment, the first and second measurements of
the filament current, may be aggregate measurements corresponding to all of the filaments of all of
the lamps coupled to the ballast (e.g., all of the filaments of each of lamp L1, L2, L3). Accordingly,
the Rh/Rc¢ value computed by the microprocessor 282 represents an aggregate Rh/Rc value for the
entire ballast 200. Alternatively, the filament current of each filament may be measured
independently, and independent Rh/Rc¢ values corresponding to individual lamps may be computed
therefrom; or the filament current of at least one filament (e.g., a single filament of a single lamp)

may be measured, and a single representative Rh/Rc value may be computed therefrom.

[0055] At 758, the control element may determine whether the computed Rh/Rc value is
within a preferred Rh/Rc operating range of the ballast 200. If the computed Rh/Rc value is within
the preferred range of the ballast, the second example filament voltage reconfiguration method 750
may end with the microprocessor 282 designating the initial filament voltage value as an operating
filament voltage value of the ballast 200. The microprocessor 282 may cause the operating filament
voltage value to be stored in the memory 284, for example overwriting the initial filament voltage

value.

[0056] It should be appreciated that if the computed Rh/Rc value is substantially equal to one
(1), for example if the Rh/Rc value corresponds to a lamp that has resistors in place of the cathodes
of a gas discharge lamp (e.g., an LED tube lamp), the microprocessor 282 may set the operating
filament voltage value of the ballast 200 to zero (0) and may store the operating filament voltage
value in the memory 284, for example overwriting the initial filament voltage value. Setting the
filament voltage value to zero for an LED lamp may save power that would otherwise be wasted by

applying the filament voltage to the resistors of the LED lamp.
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[0057] If the computed Rh/Rc value is not within the preferred range of the ballast, the
microprocessor 282, for example, may cause the filament drive inverter circuit 370 to adjust the
filament voltage, by providing a higher or lower magnitude of filament voltage at 760, in order to
bring the computed Rh/Rc value within the preferred range, and the second example filament

voltage reconfiguration method 750 may end.

[0058] Alternatively, the second example filament voltage reconfiguration method 750 may
continue to 756, with computing an adjusted Rh/Rc value corresponding to the adjusted filament
voltage value may be computed. The second example filament voltage reconfiguration method 750
may further continue to 758 and a determination may be made whether the adjusted Rh/R¢ value is
within the preferred range of the ballast. These adjustment steps, for example returning to one or
both of 756 and 758, may be performed one or more times, for example until an Rh/Rc value that is

within the preferred range of the ballast is determined.

[0059] Once an Rh/Rc value that is within the preferred range of the ballast is determined,
the second example filament voltage reconfiguration method 750 may end with the microprocessor
282 designating the adjusted filament voltage value as an operating filament voltage value of the
ballast 200. The microprocessor 282 may cause the operating filament voltage value to be stored in

the memory 284, for example overwriting the initial filament voltage value.

[0060] To illustrate, in accordance with the illustrated example of FIG. 6A, a lamp, upon a
fixture to which the lamp is coupled being powered on, may operate at a Rh/Rc value of 4.15 in
accordance with an initial filament voltage value provided by an associated ballast, which Rh/Rc
value may be outside a preferred Rh/Rc range of the ballast (e.g., the illustrated preferred Rh/Rc
range of 4.25 to 5.25). The control circuit 280 of the ballast 200, for example the microprocessor
282, may compute the Rh/Rc value of 4.15, determine that the computed Rh/Rc value is not within
the preferred range of 4.25 to 5.25, and may supply an adjusted (e.g., higher) filament voltage value
to the filaments of the lamp, such that lamp operates in accordance with an adjusted Rh/Rc value

(e.g., 4.75) that is within the preferred range of the ballast 200, as illustrated in FIG. 6B.
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[0061] In accordance with a modified second example filament voltage reconfiguration
method 750, one or both of 756 and 758 may be different. For example, at 756, the ballast 200 may
measure respective values of one or more target parameter indicative of a heating level of one or
more filaments of one or more respective lamps coupled to the ballast 200 (e.g., a current heating
level of the one or more filaments). The target parameter may include one or more of a cathode
voltage applied by filament drive inverter circuit 370 to the one or more filaments, a cathode current
supplied to the one or more filaments by the filament drive inverter circuit 370, or a cathode power
delivered to the one or more filaments by the filament drive inverter circuit 370, or the like. At 758,
the microprocessor 282, for example, may determine whether the one or more measured target
parameter values are within one or more corresponding ranges specified for the ballast 200.
Dependent upon the determination at 758, the magnitude of the filament voltage may be adjusted,
for example as described elsewhere herein. In accordance with the modified second example
filament voltage reconfiguration method 750, one or more filament voltage adjustment steps, for
example returning to one or both of 756 and 758 as described elsewhere herein, may be performed
one or more times, for example until the one or more measured target parameter values fall within

their respective preferred ranges.

[0062] It should be appreciated that the first and second example filament voltage
reconfiguration methods 700, 750 are not limited to initiation coincident with powering on the lamps
of a ballast, and that one or more steps of the first and/or second example filament voltage
reconfiguration methods 700, 750 may be performed at any suitable time. For example, a control
element associated with a ballast may cause the ballast to periodically compute the Rh/Rc value, for
instance to ensure that the filaments of one or more lamps coupled to the ballast are being heated in
accordance with the preferred Rh/Rc operating range of the ballast. It should further be appreciated
that a ballast is not limited to execution of only one of the first and second example filament voltage
reconfiguration methods 700, 750. For example, a ballast may execute one or more steps of both of
the first and second example filament voltage reconfiguration methods 700, 750, for example at

different times.
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CLAIMS

1. An electronic dimming ballast for driving a gas discharge lamp, the gas discharge lamp
having a filament, the electronic dimming ballast comprising:

a filament winding magnetically coupled to an inductor and operable to supply a filament
voltage to the filament;

a first inverter circuit for generating a high-frequency AC voltage for driving the gas
discharge lamp and a second inverter circuit having an output coupled to the inductor for
independently supplying the filament voltage to the filament; and

a control circuit configured to control generation of the filament voltage in accordance with a

reconfigurable filament voltage value.

2. The electronic dimming ballast of claim 1, wherein the filament voltage value is user
specified.
3. The electronic dimming ballast of claim 1, wherein the filament voltage value is associated

with a gas discharge lamp type.

4. The electronic dimming ballast of claim 1, wherein the filament voltage value is stored in a

lookup table and is accessible by the control circuit.

5. The electronic dimming ballast of claim 1, wherein the control circuit is configured to

determine the filament voltage value.

6. The electronic dimming ballast of claim 5, wherein the filament voltage value is determined

based upon a hot-to-cold cathode resistance ratio.

7. The electronic dimming ballast of claim 1, wherein the control circuit is configured to

measure a value of a target parameter indicative of a heating level of the filament.
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8. The electronic dimming ballast of claim 7, wherein the target parameter is at least one of a

cathode voltage, a cathode current, or a cathode power.

9. The electronic dimming ballast of claim 7, wherein the control circuit is further configured to
determine whether the target parameter value is within a range specified for the electronic dimming

ballast.

10.  The electronic dimming ballast of claim 9, wherein the control circuit is further configured to

adjust the filament voltage if the target parameter value is not within the range.

11.  The electronic dimming ballast of claim 1, wherein the control circuit is configured to

compute a hot-to-cold cathode resistance ratio associated with the filament.

12.  The electronic dimming ballast of claim 11, wherein the control circuit is further configured
to determine whether the computed hot-to-cold cathode resistance ratio is within a range specified

for the electronic dimming ballast.

13.  The electronic dimming ballast of claim 12, wherein the control circuit is further configured
to adjust the filament voltage if the computed hot-to-cold cathode resistance ratio is not within the

range.

14.  An electronic dimming ballast for driving a lamp, the ballast comprising:
a control circuit configured to control generation of a filament voltage in accordance with a

reconfigurable filament voltage value.

15.  The electronic dimming ballast of claim 14, wherein the filament voltage value is user

specified.

16.  The electronic dimming ballast of claim 14, wherein the filament voltage value is associated

with a lamp type.
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17.  The electronic dimming ballast of claim 14, wherein the filament voltage value is stored in a

lookup table and is accessible by the control circuit.

18.  The electronic dimming ballast of claim 14, wherein the control circuit is configured to

determine the filament voltage value.

19.  The electronic dimming ballast of claim 18, wherein the filament voltage value is determined

based upon a hot-to-cold cathode resistance ratio.

20.  The electronic dimming ballast of claim 14, wherein the control circuit is configured to

measure a value of a target parameter indicative of a heating level of the filament.

21.  The electronic dimming ballast of claim 20, wherein the target parameter is at least one of a

cathode voltage, a cathode current, or a cathode power.

22 The electronic dimming ballast of claim 20, wherein the control circuit is further configured
to determine whether the target parameter value is within a range specified for the electronic

dimming ballast.

23.  The electronic dimming ballast of claim 22, wherein the control circuit is further configured

to adjust the filament voltage if the target parameter value is not within the range.

24.  The electronic dimming ballast of claim 14, wherein the control circuit is configured to

compute a hot-to-cold cathode resistance ratio associated with the filament.

25.  The electronic dimming ballast of claim 24, wherein the control circuit is further configured
to determine whether the computed hot-to-cold cathode resistance ratio is within a range specified

for the electronic dimming ballast.
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26.  The electronic dimming ballast of claim 25, wherein the control circuit is further configured
to adjust the filament voltage if the computed hot-to-cold cathode resistance ratio is not within the

range.

27. A method of reconfiguring an electronic dimming ballast, the method comprising:
reconfiguring a filament voltage applied by the electronic dimming ballast to a filament of a

lamp coupled to the electronic dimming ballast.

28.  The method of claim 27, wherein reconfiguring the filament voltage comprises:
supplying an initial filament voltage to the filament;
measuring a value of a target parameter indicative of a heating level of the filament; and
determining whether the measured target value is within a range specified for the electronic

dimming ballast.

29.  The method of claim 28, wherein the target parameter is at least one of a cathode voltage, a

cathode current, or a cathode power.

30.  The method of claim 28, further comprising, if the target parameter value is determined to be
within the specified range, designating the initial filament voltage as an operating filament voltage of

the electronic dimming ballast.

31.  The method of claim 28, wherein if the target parameter value is determined to be outside the
specified range, the method further comprises:

setting an adjusted filament voltage to replace the initial filament voltage, wherein the
adjusted filament voltage is higher than the initial filament voltage or lower than the initial filament

voltage.

32.  The method of claim 31, further comprising:
measuring a second value of the target parameter associated with the adjusted filament

voltage; and
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determining whether the second target parameter value is within the range specified for the

electronic dimming ballast.

33.  The method of claim 32, further comprising, if the second target parameter value is
determined to be within the specified range, designating the adjusted filament voltage as an

operating filament voltage of the electronic dimming ballast.

34.  The method of claim 28, wherein if the target parameter value indicates that the lamp is a
Light Emitting Diode (LED) lamp, setting an operating filament voltage of the electronic dimming

ballast to zero volts.

35. A method of determining a filament voltage for use by an electronic dimming ballast, the
method comprising:

supplying an initial filament voltage to a filament of a lamp installed in the electronic
dimming ballast;

computing a hot-to-cold cathode resistance ratio associated with the lamp; and

determining whether the computed hot-to-cold cathode resistance ratio is within a range

specified for the electronic dimming ballast.

36.  The method of claim 35, further comprising, if the computed hot-to-cold cathode resistance
ratio is determined to be within the specified range, designating the initial filament voltage as an

operating filament voltage of the electronic dimming ballast.

37.  The method of claim 35, wherein if the computed hot-to-cold cathode resistance ratio is
determined to be outside the specified range, replacing the initial filament voltage with an adjusted
filament voltage, wherein the adjusted filament voltage is higher than the initial filament voltage or

lower than the initial filament voltage.

38.  The method of claim 37, further comprising:
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computing an adjusted hot-to-cold cathode resistance ratio associated with the adjusted
filament voltage; and
determining whether the adjusted hot-to-cold cathode resistance ratio is within the range

specified for the electronic dimming ballast.

39.  The method of claim 38, further comprising, if the adjusted hot-to-cold cathode resistance
ratio is determined to be within the specified range, designating the adjusted filament voltage as the

operating filament voltage of the electronic dimming ballast.

40. A method of reconfiguring an alternating current filament voltage for use by an electronic
dimming ballast, the method comprising;:

supplying a first filament voltage to a filament of a lamp installed in the electronic dimming
ballast;

receiving a signal indicative of supplying a second filament voltage to the filament that is
different from the first filament voltage; and

supplying the second filament voltage to the filament.

41.  The method of claim 40, wherein the signal is received from a control circuit in electrical

communication with the electronic dimming ballast.

42.  The method of claim 40, wherein the electronic dimming ballast is electrically connected to a
ballast network and the signal is received from a central control function associated with the ballast

network.

43.  The method of claim 40, wherein the signal includes an integer value pertaining to a

particular type of lamp installed in the electronic dimming ballast.

44.  The method of claim 43, further comprising referencing, by a control circuit in electrical

communication with the electronic dimming ballast, a lookup table that includes a first entry
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pertaining to the integer value and a second entry that includes the second filament voltage, wherein

the first and second entries are associated with one another.

45.  The method of claim 40, further comprising:
computing a hot-to-cold cathode resistance ratio associated with the lamp; and
determining whether the computed hot-to-cold cathode resistance ratio is within a range

specified for the electronic dimming ballast.

46. A method of replacing a lamp of a gas discharge lamp fixture, the method comprising:
removing a first lamp of a first type from an electronic dimming ballast of the gas discharge
lamp fixture;
installing a second lamp of a second type in the electronic dimming ballast, wherein the
second type is different from the first type;

reconfiguring an initial filament voltage applied by the electronic dimming ballast.

47.  The method of claim 46, wherein reconfiguring the initial filament voltage comprises:
receiving at the electronic dimming ballast a signal indicative of supplying a second filament
voltage that is different from the initial filament voltage; and

supplying the second AC filament voltage to a filament of the second lamp.

48.  The method of claim 47, wherein the signal is generated by a user and received at a control

circuit in electrical communication with the electronic dimming ballast.

49.  The method of claim 47, wherein the electronic dimming ballast is electrically connected to a
ballast network and the signal is received from a central control function associated with the ballast

network.

50.  The method of claim 46, wherein reconfiguring the initial filament voltage comprises:

computing a hot-to-cold cathode resistance ratio associated with the second lamp; and
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determining whether the computed hot-to-cold cathode resistance ratio is within a range

specified for the electronic dimming ballast.

51.  The method of claim 50, further comprising, if the computed hot-to-cold cathode resistance
ratio is determined to be within the specified range, designating the initial filament voltage as an

operating filament voltage of the electronic dimming ballast.

52.  The method of claim 50, wherein if the computed hot-to-cold cathode resistance ratio is
determined to be outside the specified range, replacing the initial filament voltage with a second
filament voltage, wherein the second filament voltage is higher than the initial filament or lower than

the initial filament voltage.

53.  The method of claim 52, further comprising:

computing an adjusted hot-to-cold cathode resistance ratio associated with the second
filament voltage; and

determining whether the adjusted hot-to-cold cathode resistance ratio is within the range

specified for the electronic dimming ballast.

54.  The method of claim 53, further comprising, if the adjusted hot-to-cold cathode resistance
ratio is determined to be within the specified range, designating the second filament voltage as an

operating filament voltage of the electronic dimming ballast.

55.  The method of claim 50, wherein reconfiguring the initial filament voltage comprises:
measuring a value of a target parameter indicative of a heating level of the filament; and
determining whether the measured target value is within a range specified for the electronic

dimming ballast.

56.  The method of claim 55, wherein the target parameter is at least one of a cathode voltage, a

cathode current, or a cathode power.

57.  The method of claim 55, further comprising:
25
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adjusting the filament voltage if the target parameter value is not within the range.

58.  The method of claim 55, wherein if the target parameter value indicates that the lamp is a
Light Emitting Diode (LED) lamp, setting an operating filament voltage of the electronic dimming

ballast to zero volts.
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