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(57) Abstract: Systems and methods are disclosed that facilitate switching a lamp ballast between DALI and analog control states
as a function of control state information stored prior to the ballast being powered of and control information received by an inter -
face circuit for the ballast circuit. A depolarization circuit is coupled to the interface circuit and ensures consistent polarity across
a rectifier circuit regardless of the polarity of two control wires coupled to a miswiring protection circuit in the interface circuit. In
this manner, a single interface circuit provides dual 0-10V analog and DALI control for dimming a lighting device regardless of
whether a wall-mounted controller coupled to the interface circuit is an analog or a DALI type controller, thereby mitigating a
need to switch out a ballast circuit coupled to the lighting devise when changing between DALI and analog type controllers.
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UNIFIED 0-10V AND DAL DIMMING INTERFACE CIRCUIT

BACKGROUND OF THE INVENTION

[60G1]  The present application is directed to electronic interface circwis, R finds
particular application v conjunction with digital addressable lighting interface (IDALI}
circuits and 0-10V dimming interface circuits, and will be described with the particular

reference thereto,

[0002]  Classical 0-10V dimmung inferface circuils employ a §-10V control signal to
dim g lighting device over a practical range of oufput power. Light fevel 1s determined by
an analog voltage level set by a user 1n the range of 0-10V. Such circnits have a positive-
negative polanty that must be adhered to n order for the system to function property.
The interface circutt is required o provide a controlled current that 1s electrically 1solated
from the eleciromes of the highting device so that passive control componenis such as

contacts and poteniiometers may be used to dim the lighting device.

[(003]  Other interface circuits allow lighting devices to be dimuned using the DALL
standard protocol. Such circuits are generally not polarized, allowing the control wires to
be imterchanged. Light level is controlled by digital messages that are passed to a DALY

control bus, at up {o 22V according to the standard,

[6004]  Altempts to depolarize a 0-10V power supply wnterface have thus far inchuded
using a synchronous vectifier bridge thal requires continuous conunutation and a diode

bridge i the depolarizing circwt.

[0005]  The following contemplates new methods and apparatuses that overcome the

above referenced problems and others.

BRIEF DESCRIPTION OF THE INVENTION

[0006]  According to an aspect, a dual-control anslog and DALL imterface cirewt
comprises an isolating inverter circart that is coupled o a current regulator and a voliage

regulator, and a nwcroconirolier that is coupled to the isolating wmverter circuit, the
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current regulator, and the voltage regulator. The interface circwt further comprises a
depolanzng circuit that ensures a desired polanity at a rectifier circuit that is inductively

coupled to the 1solating inverter circuit..

[0007]  According to another aspect. a method of providing dual 0-10V analog and
DALT control of a ballast cireuit for dimming a lighting device comprises powenng ON
the baltast cirawt, reading control state wformation stored in memory and deseribing a
contrel state of the ballast circutt prior (0 entening an OFF state, and determining whether
the ballast circuit was in a DAL control state prior {o entering the OFF state. The
method further comprises emploving received DALT commands to control the ballast
circuit 1l the ballast circuit was in a DAL control state prior to entening the OFF slate,
and employing recerved analog control commiands to control the ballast cireuit 1f the

ballast circuit was in an analog control state prior Lo entering the OFF siate.

JOOOR]  According to vet another aspect, a computer-readable medium stores computer-
executable mstructions for execution by a processor, the mnstructions including reading,
apon powening ON a lighting device ballast civeuit. control state information stored in
memory and describing a control state of the ballast circuit prior to entering an OFF
state, and determuning whether the bablast cirouit was iy a DAL control state prior o
enterimyg the OFF state. The instractions further include emploving received DALI
conunands to control the baliast circwt if the ballast circuit was in a DALI control state
prior 10 entering the OFF state, and emploving received anslog contrel commands to
control the ballast circuit if the ballast circuit was in an analog control state prior o
enlering the OFF state. Additionally, the compuler-readable medium stores instructions
for montloning inconung control signals for DALY control commands when the ballast is
i the analog control state, updating the control state nformation n the memeory to
indicate that the ballast circuit is in the DAL control state upon detection of the valid
DALE control command. Furthermore, the compuler-readable medium stores
instructions for monitoring mcoming contred signals for analog control comumands when
the ballast is i the DALY control state, and updating the control state information in the
memory (o ndicate that the ballast cirewt 1s in the analog control state upon detection of

the analog control command.

3
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BRIEF DESCRIPTION OF THE DRAWINGS

[G009]  FIGURE 1A and 1B dlustrate the interface circuit of ballast, which includes a
current regudator comprising a pawr of resistors in series between a positive voltage bus
on a DALI ballast board and an isolating inverter in the mterface circuit.

[(G10}  FIGURE 2 ilustrates a portion of the interface civeunnt that includes an isolation
transformer, g rectifier circuit, and a depolanzation circutt,

[0011]  FIGURE 3 illustrates a miswirmng protection circuit (MPC), which 1s part of the
O0-10V-DALT interface circait

[B012]  FIGURE 4 Hustrates a mathod of providing dual -10V and BALI control for a
lighting device {e.g., a discharge lamp or the like), such as may be emploved using the
circutiry described with repard to Figs. 1A-3 and in accordance with various aspects

described heremn.

DETAILED DESCRIPTION OF THE INVENTION

[0013]  With reference to FIGURES 1A-3, a dual mode mterface circuit, or ballast
circuit, 10 is ilustrated that facilitates using either or both or a (-10V control signal and
DAL control signals to control dimuming of a single lamp. The mterlace circang 10
includes a depolarizing cireuit 110 (Fig. 2) that alfows a 0-10V interface to be used in a
non-polarized fastuon. Like a DALY control circuit, the leads of the 0-10V interface nay
be interchanged without affecting circult performance. That is, the depolarizing circuit
144} permits two control wires to be appliad from the circut 10 to a lamp or other device
regardless of the polarity thereof. The interface 10 also includes a nuswiring protection
circur 146 (Fig. 3) that prevents the ballast 18 from being damaged due to accidental
connection of the control wires to mains or other high-voltage wiring. That s, the
nuswiring protection circwt protects the inferface circuit should the control wires be
imadvertently wired to the mains during installation.  The miswiring protection cureuit is

configured such that it ensures that the ballast civeuit operates regardless of the wiring of

(8]
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two interchangeable comirol wires coupled to the muswiting protection ciyenit and o a

conlrol device.

[0014]  In this manner the witerface civcut 10 provides a fast, electrically solated
interface that allows AC andfor DC signals to be received by a microcontroller that
regulates a parameter of the device to which it 1s coupled, such as {uminosity of a
lighting device. For instance, the interface circait 10 pernuts daia 1o be transmitted from
the microcentroller to the control wires, as required by DALI standards, as well as
pernuis low-tevel current to pass through an isolation barvier to the control leads. as
required by 0-10V dinsming standards. Only two control wires need be applied to the
lighting device (e.g.. discharge lamp, incandescent lamp, high-intensity discharge lamp,
fluorescent lamp, ete). and the bghtmg device 13 pot sensitive 1o the polanty of the
conlrol wires regardiess of which control method (2.2, 0-10V or DALY} 1s emploved. In
the case of 0-10V dimmung, the mterface cwrcuit provides a fow-level current supplv to
the control wires {0 provide passive dimmung control. 1n the case of DALI dimnung, the
control interface allows the lighting device to receive and transmit coded DALL packets
per the IEC standard over the same two control wires used for 0-10V dinwning, In both
cases, the control wires are elecirically isolated from mwains that supply the lighting

device with power.

[6015] The dual 0-10V-DALI ballast circwt 10 permits a lighting device to be
emploved, for instance, in analog (-10V mode for an unspecified time period (2.2,
weeks, months, vears, ete.). 1f and when a wall-mounted analog comtrol unit is replaced
with a DALT controller, the change is sensed and the ballast continues working, withowt
requinng an operator (o change out the ballast coupled to the lighting device {eg., na
ceiting or othey relatively inaccessible place). Another advantage resides in the abilily of
a purchaser {e.g., a construction company or the like) to purchase large numbers of the
ballast circuits without knowing a prion whether analog or DALL controliers will be used
therewith. That is. a purchaser may purchase a number of the ballasts and then amploy
aralog, DALL or both control mechanisms to control lighting devices coupled to the

hallasts.
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[0016]  Ancther advantage resides in the miligation of a need for a rvetailer or
manufacturer to mamtam separate inventories of DAL and analop ballasts, because the
dual-mode ballast 10 can operate n either mode. Moreover the dual modality of the
circuit 10 can be adjusted to perform with analog and anv suwitable digital control logic,

and is pot Hmited to DALY control.

{60171 Accordingly, FIGURE 1A and 1B ilustrate the interface circwel 10, which
includes a current regulator 12 comprising a pair of resistors 14, 16 i serigs between a
posttive voltage bus on a DALI ballast board and an isolating inverter 40 in the interface
circuit 10, In one example, the resistors 14, 16 are 1ML resistors. In another example, a
single 2MEQ resistor is used in place of the two IMQ resistors. 1t will be appreciated that
the resistor foregoing resisior values, as well as any other component values presented
herein, are provided for illustrative purposes only, and that the herem-described
embodiments are not lunited {0 the provided component values, b rather may comprise
any suitable component valwes to achieve the desired circuit features andior

functionality.

[0018] A voltage regulator 20 15 coupled 1o the 1solating inverter portion 40 of the
cireutt and lo the positive voltage bus on the DALI ballast. The voltage regulator 20
imcludes a clamping diode 22 that 15 coupled to the isolating inverter 4. The diode 22
and the Zener dinde 24 are coupled to a resistor 26 and a regulated DC output supply
voltage 28. The Zener diode is further coupled (o a signal ground. 1n one example, the
resistor 26 is a 3.3k resistor.  In another example. the DC supply output 28 15 a 5V

supply voltage. Tn vet another example the diode 22 is a INS148 diode.

[00191  The isolating mverter 40 includes a transformer winding Tia (e.g., 20mH or the
like} that 18 couple 10 an mtegrated circurt UL, such as a 16-pin small-outline integrated
circwd (SOIC).  In one exampile, the mtegrated circuit Ul is a UD4053 clup. The
winding Tla is coupled to the nucrochip Ul at one end to pin 14 and at the other end 1o
pin 13, Pin 14 is coupled o pin 13 via a switch 41 and o pin 12 via switch 42, Pin 1315
coupled to pin 1 viz a switch 43 and {o pin 2 via a switch 44, Switches 41 and 42 are
further coupled 1o pin 11 of the chip U1, and switches 43 and 44 are connected to pin 10

thereof. Pin 10 is also coupled to pin 11, Pins 3, 4, and 3 are not connected, and pins 6,
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7. 8. and 9 are coupled to earth ground. A capacitor 45 is provided across the isolating
inverter 4, and is coupled at one end to pins 2 and 13 via a bus 46, and at the other end
to pins 1 and 12 via a bus 47, In one example, the capacitor 45 is a 2.2nF capacitor. In
another example, the capacitor has a cutoff frequency of approximately 12kHz
However, 1t will be appreciated that the capacitor may have any suitable capacitance that
permits a DALY signal to pass, The bus 47 15 coupled 1o a ballast control ground {not

shown), as well as to signal ground.

[3020f  The miterface circutt 10 lurther includes a divide-by-8 counter {DBSC) 50, that
1s coupled to the chip Ul and to a nucrocontrolier chip 60, In one embodiment, the
BDRC 50 i3 a SOIC i6-pin chip. such as a MCI4018B or the bke, and the
microcontroller 60 is a programmable intelligent computer (PIC), such as a 20-pin SOIC
{e.g., a PICI6FHY or the like). Pins | and 11 of the DBSC are coupled 1o each other, 1o
pin 11 of the chip Ul, as well as to pin 10 of the chip Ul Pins &, 10, and 135 of the

DB]C are coupled to pin 12 of the chip U1

(00211 Pin 1 of the microcontroller 60 and pin 16 of the DBBC 30 are coupled to each
other. to a DC source 62 (2.¢.. in one embodiment, the source 62 15 the regulated supply
voltage output 28 from the voltage regulator 20, and o a capacitor 64, In one example,
the BC source 15 a SV DC source. The capacitor 64 is coupled across pin 1 {Vdd) and
pin 20 (Vss) of the mucrocontrolier 60, as well as to a signal ground. In one example, the

capacilor 64 ts a 0. 1uF capacitor.

[0022]  Pin 3 {(RA3) of the microcontrotler 60 is coupled (o pin 14 of the DBRC 50. Pin
S (PEA) of the mucrocontroller 60 iz coupled to a pulse width modalation (PWM)
componenl 1 a ballast power regulation control circuit (not shown),  Pin 6 (RC4)
transmits o node B, which 18 coupled to a miswiring protection cirawil deseribed in
graater detal with regard to Fig. 3. Pin 8 (RC6) 15 coupled to a resistor 66, which 1 turn
is coupled to a node A, Node As coupled to the nuswining protection civcust, which s
described in greater detail with regard to Fig. 3. In one example, the resistor 66 15 a

10K resistor.

(00231 Pin 14 {ANG) of the microcontrolier 68U receives a 0-10 V input and 13 coupled

1o pin {8 (AN of the microcortroller 60 and to the bus 46 of the solating nverter 40.

)
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Pin 13 (AN3) 15 coupled t0 a lamp ballast circunt and receives a lamp failure signal 1 the
gvent that a lamp faldure ocours. The remaimng pins {pins 2, 4, 7.9, 16, 11, 12, 13, 16,

17, and 19) of the nucrocontrofler are not connected.

[0024]  FIGURE 2 illustrates a portion 80 of the interface circuit 10 that includes an
isolation transformer Tlb, a rectifier circait 90, and a depolarization circuit 110, The
isolation transformer T1b 13 inductively coupled to the transformer winding Tla of Fig
1A, and s coupled to the rectifier circuit 20, That 15, the isolating transformer Tlb is
coupled at g lirst end between diodes 92 and 94, and at a second end between diodes 96
and 98 A capacitor 100 15 coupled to diodes 92 and 96 at a [irst end, and to diodes 94
and 98 at a second end. The capacilor 100 15 further coupled to a negative terminal 107
of the depolarizing crcuit 110, The diodes 92 and 94 are coupled to a posifive terminal
102 of the depolarizing circwt 110, In one example, the diodes 92, 94, 96, Y8 are

IN4148 diodes, and the capactior is a 2.2nF capacitor.

[0023}]  The depolarizing circuit 110 includes an integrated circutt U3, In one examiple
the mtegrated circuit U3 is a CD4033 chip. The inlegrated circwit U3 comprises a
plurality of switches that are selectively engaged to ensure that the polarity across the
lerminals 101 and 102 remain constant, which ensures proper operation of the reclifier
circart {and thus the ballast 10} regardless of the configuration of two control eads or

wires coupled to the miswirning protection cireuit (Fig. 3}

[0026]  Pin 2 of the chup U315 coupled to the posiiive terminal 102 and to aswiteh 112
Pin 2 1s further coupled to min 13 of the chip U3, which i tum 15 coupled o a switch

T4 Pin 10 of the chip U3 1s coupled to switches 112 and 114

[0027]  Pin 1 of the chip U3 is couplad o the nepative terminal 101, 0 a switch 116,
and to pin 12 of the chup U3, Pin 12 is coupled o a switch 118, Pins 1 and 12 are also
coupled to earth ground. Pin 11 of the chip U3 is coupled to both switch 116 and switch
118

[BO28]  Pin 14 of the chip U3 15 coupled to switches 114 and 118, as well a3 to a
terminal €1 that is couplad to the nuiswiring protection circuit 140 {Fig. 3} Pin 15 of the

chip U3 is coupled to switch 112 and switch 116, as well as o terminal C2 of the
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miswiring protection circuit 140 (Fig. 3}, Pin 13 of the chip U3 is further coupled to a
resistor 120, which 1s in tum coupled to pin § of a comparator 122, Pins 3, 4, and 5 of

the chip U3 are not connected, and pins 6, 7. 8. and 9 are connecied to earth ground.

(00291 In one example, the comparator 122 15 a LM397 vollage comparalor. Pin 2 of
the comparator 122 is coupled to earth ground. Pin 3 of the comparator 122 15 coupled {o
a resistor 124, which 1 turn is coupled to pin 14 of the chip U3, Pin 4 of the comparator
122 is coupled to pins 10 and {1 of the chip U3, Pin 3 of the comparator 122 15 coupled
to a resistor 126, which in turn s coupled 1o a voltage source ot ternunal 128, According
to an example, the resistors 120 and 124 are 150kQ resistors, the resistor 126 15 a 100kQ

resistor, and the voliage source 128 is a 19V source.

[0030F  Sull referring to Figure 2, an isolated power supply civeuit 13¢) 18 illustrated,
which drives the switches of chup 113, The circuit 130 includes a transformer winding
Tic, which is inductively coupled to windings T1b and Tla (Fig. 1A} A first end of the
winding Tic is coupled to capacitor 131, which in turn i coupled 1o the anode of diode
132 and to the cathode of diode 133, The cathode of diode 13235 coupled to a capacitor
134, 10 a cathode of a Zever diode 135, and to a terminal 136, A second end of the
transtormer winding Tl is coupled to the anode of diode 133, the capagitor 134, and the
anode of Zener diode 135 In one example the capacitor 131 1 a 0.01nF capacitor, and
the capacitor 134 13 a 10uF capacitor. In another example, the diodes §32, 133 are
IN4148 diodes, and the Zener diode is a 19V Zener dinde. In another example, the

terminal 136 is a 19V terminal.

[0031F  FHGURE 3 ilfustrates a misyiring prolection circuit (MPC) 140, which is past of
the 0-10V-DALL nterface circuit 100 The MPC 140 includes an &-pin SOKC
phototransistor 142, which has a light-emitting dicde (LED} 144 that s coupled pin 1 of
the phototransistor 142, which i tum is coupled 1o node A (e.g., resistor 66 of Fig. 1B).
The LED 144 15 further coupled to pin 2 of the phototransistor 142, which 1s coupled 1o
node B (e.g., pin 6 of the microcontroller 60 of Fig. 18). Pin § of the phototransistor 142
is coupled 1o an enutter of a transistor 146, and to a first end of a resistor 148 that 1s
coupled to earth ground at a second end. In one example the resistor 148 is a 100kQ

resistor. Pin 6 of the phototransistor 142 18 coupled to a resistor 154, which i tumn is
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coupled to a voltage source 132, In one example, the resistor 154 is a 100kQ resistor,

and the voltage source 132 is 19V sowrce.

[0032] Pio 5 1s additionally coupled to a gate of a first melal-oxide-semiconductor
figld-effect transistor (MOSFET) 154 and 1o a gate of a second MOSFET 156, The
second end of the resistor 148 is coupled to the source of cach MOSFET {54, 156, The
drain of MOSFET 134 is coupled 1o a resistor 138 (e, a 910Q resistor or the Mke),
while the dramm of the MOSFET {36 15 coupled to a positive temperature coefficient
{(PTC)Y thervustor 160 {e.g.. 300Q or the bke), which in turn 15 coupled to a first control
wire 161, The drain of the MOSFET 156 and the thermister 160 are additionally coupled
to a first Zeoer diode 162 10 a dual Zener diode component 164, and 1o termunal C1,

which is coupled to pin 15 of the chip U3 (Fig. 2).

00331  The resistor 158 18 coupled {o a second Zener diode 166 in the dual Zener diode
component 164, and a terminal C2, which 13 coupled 1o pin 14 of the chip U3 (Fig. 23
The resistor 158, the second Zener diode 166, and the terminal €2 are further coupled to
a second control wire 167, In one example. the Zener diodes 162, 166 are 18V Zener

diodes.

[3034] A pair of dual Schottky diode components 168, 174 is coupled across terminals
Cl and Cl. For mstance. a first dual Schottky dicde component 168 comprises a
Schottky diode 170 having an anode connected between the termunal Cl and the
thermistor 160, and to a cathode of a Schotiky diode 172, The cathode of the Schottky
diode 170 is coupled to a calhode of a Schottky diede 176 in the second dual Schottky
diode component 174, The anode of Schottky diede 176 1s coupled to the cathode of
Schottky diode 178, which in tumn are coupled 1o a bus between ferminal C2 and the
second control wire 167, The anodes of diodes 172 and 178 are coupled to earth ground,
and the cathodes of diodes 170 and 176 are coupled to a voliage terminal {e.g., 19V or

the like).

(003

i

| FIGURE 4 illustrates a wethod of providing dual 0-10V and DALY control for a
Iighting device (e.g., a discharge lamp or the like), such ax may be emploved usimyg the
circuitry described with regard to Figs. 1A-3 and in accordance with various aspects

described herain. The very first time a ballast is powered up at a customer site, 1t is

Q
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considered to be mn 0-14V control mode. Under this assumption, 1f the ballast is on a 0-
189V contrelier, it will work mmmediatelv. I the ballast is on a DAL controfler, it will be
fully on {e.g., in a brightest state).  On the first appearance of a legal DALL message, the
ballast will revert 1o a DALY mode of operation.  The state of the hallast (DALY or 0-
10V) can be recorded in non~-volatite memory (not shown), so that following a power
intesruption, the ballast will retwmn to operation in the proper state. Since it 18 not g
normal condition for DALL ballasts to be tumed onfoff using the mains, it 13 alsp
acceptable to go straight to 0-10V conirol moede following a power-up.  Using the
algorithm of Figure 4, it is possille 0 swilch a powered-ON ballast between O-10V
operation and DALL operation at will, by swapping controllers and issuing reasonably
siinple control reguests with themy  If power 1s cycled, the ballast retaing its previous

state 1y an electrically progranunable read-only memory (EPROM).

[3036]  Accordingly, at 220, the ballast is powered up. AL 222, a determination 1s made
regarding whether the ballast was in DALI mode prior o powering offt  The
determmation can be made by reading most recent stored state of the ballast control from
a memory or computer-readable medium emploved to store the comtrol state of the
ballast. It is deternuned that the ballast was in DALT mode prior to powenng off. then
the method proceeds to 230, where the ballast s controlled {e.g. dimmed andior
brightened) according to received DALY messages, white monitosing for A/D signals that

might indicate a switch to 0~10V control mode.

{30371 Hitis determined that the ballast was notin DALI mode prior to shutting down,
thent at 224, the baflast 15 controlled using A/D signals (e.g., 1 0-10V control mode)
while montlonng for wcoming DALT messages that might indicate a switch to DALY
mode. At 226, a determunation 15 made regarding whether a DALY message has been
detected.  If no DALD message has been detected, the method reverts to 224 for

continued O-10V control of the ballast.

[0038]  If a DAL message is detected at 226, then at 228 the ballast 15 recogmzed ag
being 1 DALI control mode, and the memory 1s updated to rellect the state of the ballast
control. At 230, the ballast is controlled in DALI mode while montlonng for A/D

signals that indicate & swilch to 0-10V mode. At 232, a determination is made regarding

1
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whether a monitored or detected A/D vollage is less than a predetermuned threshold
voltage V1 for a predetermined time period T1. In one embodiment, the predetermined
threshold voltage is approxinwtely 9V, and the predetermined ume period is
approximately 20ms. U the detected A/D voltage is not below V1 for at least T1, then
the ballast 1s still in DALY mode and the method reverts to 230 for continued operation in
DALI control mode. If the detected A/D voltage 18 below V1 for al least the time period
T1. then the detected vollage is inconsistent with & vahid DALL message, the ballast 15
determuned to be iy (-10V control mode, and the memory is updated o reflect that the
ballast is in 0-10V control mode. The method then reverts to 224 for 0-10V control

while monttonng for DALY messages.

[0039F 1t will be apprecisted that one or more computer-executable algorithms for
parforming the method of Figure 4 15 stored to persistent memory 300 associated with
and/or mtegral 1o a device emploving the ballast or interface cirowt 10, For instance, the
method may be stored as a series of computer-executable instructions that are recalled

forny the memory 300 and executed by a processor 302,

[0040]  According to an example, the ballast may be powered up and checked for 0-10V
and DAL function at a factory site. When the ballast uses its EPROM to save us state
daring factory testing, the state 15 simply reset to 0-10V mode during a last fimctional

est.

{0041} In another example, by monitoring the A/D signal or the digital inputs during
operation, the signal patterns that indicate a switch between 0-10V and DAL need not
be restricted lo “legal” 0-10V or DALI commands. The ballast may check for

frequencies, patterns, or extended digital bursts that are not part of the normal 0-10V or

DAL control “language.”

[00G42]  In the case of high intensity discharge (HID) lamps. the digital ballast can have
a delay (eg.. 15 mmutes or some other predetermined delay) added between power-up

and an imitial dimpung command (whether 1t be DALT or 0-10V).

[6043] b is to be appreciated that the foregoing example(s) isfare provided for

lustrative purposes and that the subject innovation is not imited to the specific values

i
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or ranges of values presented therein. Rather, the subject innovation may enmiploy or
otherwise comprise any suitable values or ranges of values, as will be appreciated by

those of skill in the art

{00441 The invention hag been described with reference to the preferred embodiments.
Obvioeslv, modifications and alierations will occur to others upon reading and
understanding the preceding detatled description. 1t 1 intended that the wmvention be

construed as mcluding all such modifications and allerations.
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WHAT IS CLAIMED IS:

i A dual-controt analog and DALY interface circuit, comprising:

an 1solating inverter civcuit that 1s coupled lo a current regulator and & voltage
regulator;

microcontrofler that is coupled to the isolating inverter circunit, the current
regulator, and the voltage regulator; and

a depolarizing circuit that ensures a desired polarity at a rectifier circuil that is

inductively coupled to the isolating inverter circuit

2. The interface circutt as set forth in claim 1, forther including a miswiring
protection circuit that ensures that the mterface circuit operates regardless of the wiring of
two mterchangeable control wires coupled to the miswining protection circuit and o g

control device.

3 The interface circuit as set forth in claim 1, wherein the depolanization
cireuit mcludes a plurality of switches that are selectively engaged depending on a
detected configuration of the tyeo control wires to ensure thal a polanty across the
rectifier circwit remains constant.

4, The interface circuit as set forth in claim 3. further comprising an wsolated

power supply circait that drives the plarality of switches.

b3 The mlerface civcutt as set fovth in claim 4, wherein the isolaled power

supply cirewt is inductively coupled {0 the rectifier cireuit.

6, The mterface cirowt as set forth i claim 3, wherein the depolarication
cirenit comprises a comparator that detects a polarity of the two interchangeable control
wires and selectively engages the phuralily of switches to maintain the constant polanty

across the rectifier circuit.
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7. The interface circuit as set forth in claim 1, wherein the rectifier circut is

inductively coupled to the isolating mverter circuit.

8. The interface circuit as set forth in clam 1, coupled to a power regulation

control circuit of a ballast for a discharge lanyp.

9, The mierface circut as set forth i claum 1, further comprising a capacitor

in the isolating inverter circuit having a cutoft frequency of approximately {2kHz or

greater that permils passage of a DAL signal.

10, A method of providing dual 0-10V analog and DALT control of a ballast
cirewt for dinwning a lighting device, comprising:

powering ON the ballast cireuit;

reading control state information stored in memory and describing a control state
of the bailast circutl prior 1o entering an OFF siate;

determining whether the ballast circut was i a DALI control state prior to
entering the OFF state;

emploving received DALL commands to controf the ballast circuit if the ballast
circul! was in a DALL control stale prior to enlering the OFF stale; and

emploving received analog control conunands to controf the baltast cirant if the

baliast oyrcuit was in an analog control state prioy to entering the OFF siate.

il The method as set forth in claim 10, further comprising monitoring
inconung control signals Tor DALT control commands when the ballast 1s in the analog

control state.

12, The method as set forth in clam 11, forther comprising delecting a valid

mcoming DALT control command.
13, The method as set forth m claim 12, further comprising updating the

control state mformation in the memory to indicate that the ballast cirewit 15 in the DALY

control state upon detection of the valid DALY control command.

i4
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14 The method as set forth in claim 18, further comprising monitoring
incoming contrel signals for analog control commands when the ballast is in the DALL

conirol state.

15, The wethod a3 set forth in claim 14, further comprising detecting an

mcoming analog control command.

16, The method as set forth in claim 13, further comprising updating the
control state infornation in the memory to indicate that the ballast circuit 18 in the analog

control state upon detection of the analog control command.

17 The method as set forth in claim 13, wherein detecting an incoming anafog
control command comprises:

comparing an analog voltage associated with an meoming control command to a
predetermined threshold voltage V1

determinming whether the analog voltage 1s less than the predetermined threshold
voltage V1 for a predetermined time period T1; and

identifving the inconung control command as an analog control command 3t the
anatog voltage is less than the predeternmuned threshold voltage V1 for at feast the

predetermined tune pariod T1.

i8. The method as set forth in claim 17, wherein the predetermined threshold

voltage V1 is approximately 9 volis.

9. The method as set forth in claim 17, wherein the predetermined time

period approsimately 20ms.

200 A computer-readable medium having stored thereon computer-executable

mstructions for execution by a progessor, the instructions including:

e
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reading, upon powening ON a lighting device ballast circwt, control state
information stored in memory and describing a control state of the ballast circut prior to
entering an OFF state;

determining whether the ballast circuit was in a DAL control slate prior to
entering the OFF state;

emploving received DALL commands to control the ballast circuit if the ballast
cireuit was w a DALT control state prior to enlerng the OFF state;

emploving received analog control commands to conirof the ballast circwnt if the
baliast circuit was 1n an analog control state prior to entering the OFF state;

monitoring inconung control signals for DALI control commands when the ballast
is in the analog control state;

updating the control state information in the memory to ndicate that the ballast
cirewt 1% 10 the DAL control state upon detection of the valid DALI control commmand;

monioring meonung control signals for analog control commands when the
ballast is in the DAL control state; and

updating the conirol state information in the memory to inlicate that the bailast

cireutt 1s i the analog control state upon detection of the analog control commmand.

21, The computer-readable mediom of claim 20, further mcloding stored
instroctions for detecting an analog control cormmmand when the ballast civeuit 1s 10 DALL
control mode, the instructions including

comparing an analog voltage associated with an inconung control command to a
predetermined threshold voltage V1,

deternuning whether the anglog voltage 1s less than the predetermined threshold
voltage V1 for a predetermined time period T1; and

wdentifving the incoming controd command as an analog control cormmand if the
analog vollage is less than the predetermined threshold voltage V1 for at least the

predetermined time period T1

16
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