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(57) Abréegée/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 recelved by an interface 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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(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 1s coupled to the imnterface 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 mterface circuit. In
this manner, a single mterface 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 1s 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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UNIFLED 0-10V AND DALL DIMMING INTERFACE CIRCUTT

BACKGROUND OF THE INVENTION

(0001 The present application 1s directed to electronic mnterface curcwis. B finds
particular application i conjunction with digital addressable lighting interface (DALY
circutts and O~10V dimming interface circuids, and will be described with the particular

reference thereto.

(0002  Classical O-10V danoung nterface arcunls employ a (-10V control signal {o
ditn g highting device over a praciical range of output power. Light {evel 1s determined tw
an analog voltage level set by a user in the range of 0-10V, Such crcutls have a posttive-
negative polaritv that must be adhered to i order lor the svstem to function properiy.
The interface circntt 15 required to provide a controlled current that 1s elecincaliv solated
from the electromies of the highting device so thal passive control components such as

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

[I03] Other interface circuits allow highting devices 1o be dimumed using the DALI
standard protocol. Such circuiis are generally not polarized, allowing the control wires o
be mterchanged. Light level is comtrolled by digital messages that are passed to a DALL

control bus, at up 1o 22V according {o the standard.

[0004]  Attempts to depolarize a U-10V power supply mterface have thus far inchaded
ung a synchronous rectifier bridee thal requires continuous conunutation and a dinde

bridge m the depolanizing cirout,

(00031 The lollowing contemplates new methods and apparatuses that overcome the

above reterenced problems and others.

BRIEF DESCURIPTION OF THE INVENTION

100061 According Lo an aspecl, a dual-control analog and DALIL imterface c¢irowt
comprises an isolating mverter circust that is coupled 10 a current regulator and a voltage

regulator, and a mucrocontrolier that 15 coupled to the isolating myverter circut, the
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current regulator, and the voltage regulator. The interface circwt further compnses a
depolanizing circuit that ensures a desired polanity at a rectifier circuit that is inductively

coupted {o the 1solating wverter circut.

[0007]  According 1o another aspect. a method ol providing dual 0-10V analog and
DALI contrei of a ballast circutt for dimmung a lighting device comprises powenng ON
the ballast cirawt, reading control state wformation stored m memory and describing a
control state of the ballast circut prior to entenng an OFF state, and determining whether
the ballast circust was m a DALIL control state prior to entenng the OFF state. The
method further comprises emploving received DALT commands 1o controd the ballast
circutt 1l the ballast circut was i a DALL control state prior {0 entenng the OFF slate,
and emploving recesved analog control commmands o control the ballast circutt 1f the

pallast circuit was iy an analog control state prior (0 entering the OFF state.

JGGOR]  According 10 yvet another aspect, a computer-readable medium stores computer-
excculable mstructions for execution by a processor, the mstructions meiuding reading,
apon powening ON a lighting device ballast aircuit, controd state information stored m
memory and describing a control state of the ballast circant prior o entering an OFF
state, and determuning whether the ballast cireuwrt was iy a DALT controf state prior {0
entermy the OFF state.  The mstructions further include emploving received DALI
commmands to control the ballast circut 1f the ballast circuit was m a DALI control state
prior {0 entering the OFF stafe, and emploving recetved anglog control comumands {0
control the ballast circwt if the ballast circuit was in an analog control state prior
for momlonng mcomung control signals for DALIL control commands when the ballast 1s
i the analog control state, updating the control state information m the memory o
indicate that the ballast aircunt i3 1 the DALTL control stale upon delection of the vahd
DAL control command. Furthermore, the compuler-readable medium  stores
insiructions for monitoring mcoming controd signals for analog control conumands when
the hallast 1s 1y the DAL control state, and updating the control state information it the
memory {0 mdicate that the ballast arewt s in the analog condrol state upon detection of

the analog control command.

3
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BRIEF DESCRIPTION OF THE DRAWINGS

009 FIGURE 1A and 1B dlustrate the mterface circunt o ballast, which includes a
on a DAL ballast board and an isolating inverter in the mterface circu.

{0010 FIGURE 2 diustrates a portion of the mterface circunt that includes an isolation
transformer, a rectifier arcust, and a depolanzation circuit.

10011} FIGURE 3 illustrates a muswinng protection civcutt (MPC), which 1s part of the
O-10V-DALT mterface circunt.

10012 FIGURE 4 dlustrates a method of providing dual 0-10V and DAL control [or a
lighting device {e.g., a discharge lamp or the hke), such as may be emploved using the
circutiry described with regard to Figs. 1A-3 and 1 accordance with vanous aspecis

described herem.

100131 With reference to FIGURES 1A-3. a dual mode interface circuit, or ballast
circuit, 10 is lustrated that facilitates using either or both or a 0-10V control signal and
DALI control signals to control dimyming of a single lamp. The mterface cucut {0
includes g depolarizng cirewit 1O (Fig 2) that allows a -10V interface 1o be used 1 a
non~polarized fastuon. Like a DALI control circwid, the leads of the 0-10V mterface may
be mierchanged without allecting circult performance. That 15, the depolanizing circat
144} permits two control wires to be appliad from the circwt 10 to a lamp or other device
regardless of the polarity thereot. The inlerface 10 also meludes a nuswinmg profection
circind 140 (Fig. 3) that prevents the ballast 18 from being damaged due o accidental

connection of the control wires to mains or other high-voltage wining. That s, the

imadvertently wired (o the mains dunng mnstallation. The miswiring protection cirewt 1s

configured such that it ensures that the ballast circuit operates regardless of the winng of

"o
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4y

two interchangeable control wires coupled to the nuswining protection cireut and {0 a

control device.

100141 In this manner the lerface civcwst 10 provides a fast, electucally wsolated
interface that allows AC andior DC signals to be received by a microcomntroller that
regulates a parameter of the device to which it 1 coupled, such as lununosity of a
hghting device. Forinstance, the mtertace circant 10 permuts data to be transmutted from
the microcontroller to the control wires, as required by DAL standards, as well as
pernuis {ow-level current (o pass through an solation barner to the control leads. as
required by O-10V dinmmming standards. Only fwo conirol wires need be applied {o the
lighting device (e.g., discharge lamp, incandescent lamp, high-intensity discharge lamp,
fluorescent lamp, efe ). and the bighting device 1 pot sensitive to the polanty of the
conlrol wires regardless of which control method (e.g., 0-10V or DAL 15 emploved. In
the case of -10V dimnung, the miertace circant provides a fow-level current supply to
the control wires 0 provide passive dimnung control, In the case of DALT dimnunyg, the
control interface gllows the lighting device to recerve and transmit coded DALL packets
per the IEC standard over the same two control wires used for 0-10V dinuming. In both
cases, the control wires are elecincatly isolated from mams that supply the bighting

device with power.

(33151 The dual 0-10V-DALI bhallast circwt 10 permits a highting device to be
eniploved, for instance, in analog 0-10V mode for an unspecified time penod (2.,
weeks, months, vears, efc.). If and when a wall-mounied analog cordrol unit is replaced
with a DALI coutroller, the change is sensed and the ballast continues working, without
requinng an operator {0 change out the ballast coupled 1o the lighting device {e.g.. ma
cetiing or other relativelyv maccessible place). Another advantage resides i the ability of
a purchaser {e.g., a construction company of the hike) to purchase large numbers of the
ballast circuts without knowing a prion whether analog or DALI controllers will be used
therewith, That 1s. a purchaser may purchase a number of the ballasts and then amplov
analog, DALL or both control mechanisms to control hghting devices coupled to the

ballasts.
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100161 Another advaniage resides 1n the mitigation of a need for a velader or
manufacturer to mamimn separate inveniories of DALI and analog ballasts, because the
dual-mode ballast 10 can operate in either mode. Moreover the dual modahty of the
circuit 10 can be adjusied 1o perform with analog and anv swifable digital control logic,

and 15 not innited to DALIL control.

00171 Accordingly, FIGURE 1A and 1B dlustrate the mterface cwanl 10, wihch
mcludes a current regulator 12 comprising a pair of resistors {4, 16 m series between a
positive voltage bus on a DALT ballast board and an solating inverter 40 in the interface
circutt 10, In one example, the resistors 14, 16 are 1MO resistors. In another example, a

single 2MEQ resistor 1s used mn place of the two IMQ resistors. B will be appreciated that
the resistor loregoing resisior values, as well as any other component values presented
herein, are provided for stlustrative purposes only, and that the herem-descoibed
smbodiments are not lumied 1o the provided component values, bl rather may comprise
any  suitable component values to achieve the desired circuit features and/or

functionality.

0018 A vollage regulator 20 s coupled 1o the solating inverter portion 40 of the
circutt and lo the positive voltage bus on the DALI ballast. The voltage regulator 20
mcludes a clamping diode 22 that 1s coupled to the olating mverter 4. The diode 22
andl the Zener dinde 24 are couplad 1o a resistor 20 and a reculated DC output suppliv
voltage 28, The Zener diode 15 further coupled (0 a signal ground.  In one example, the
resistor 26 15 a 3.3kQ resistor. In another example. the DC supply output 28 15 a 5V

supply voltage. o vel another examiple the diode 22 15 a INSG148 diode.

100GV The wsolating mverter 40 melades a transformer windhing Tia (e.g., 20mH or the
fike) that 15 couple (0 an ntegrated circul U, such as a 16-pin smali-outline mitegrated
circutf (SOICY.  In one example. the mtegrated circuit Ul is a CD4053 chup. The
wingding Tla 1s coupied 1o the nucrochip Ul at one end 1o pin 14 and at the other end 1o
pinn 15, Py 14 is coupled 1o pin 13 vig a switch 41 and to pin 12 via swiich 42, Pin 151
coupied to pmn I via a swiich 43 and to pin 2 via g swilch 44, Swatches 41 and 42 are

turther coupled to pin 11 of the chup U1, and switches 43 and 44 are connected to pin 10

thereof. Pwn 10 1s also coupled to pin 11, Pins 3, 4, and 3 are not connected, and pins 6,

L
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7. 8. and ¢ are coupled {0 earth ground. A capacitor 45 18 provided across the isolating

iverter 4, and 1s coupled at one end to ping 2 and 13 via a bus 46, and at the other end

antother examiple. the capacttor has a cufoff freguency of approximately 12kHz
However, 1t will be appreciated that the capacitor may have any suitable capacitance that
permiis a DALT signal to pass, The bus 47 13 coupled 1o a ballast control ground {not

shown), as well as to signal ground.

1030201 The mterface circunt 10 lurther includes a divide-by-8 counter {DBIC) 30, that

BDEC 50 18 a SOIC 16-pm chip. such as a MCU4G18B or the bke, and the
microcontrolier 64 15 a programmable iteiligent computer (PIC), such as a 20-pin SOIC
(e.2., a PICIOFOW or the like). Pmms 1 and 11 of the DBSC are coupled 1o each other, 1o
pin 11 of the chip Ul, as well as lo pin 10 of the chup U1, Ping &, 14, and 13 of the

DBSC are coupled to pin 12 of the chip Ut

[0021]  Pin 1 of the microcomtroller 60 and pin 16 of the DBRC 30 are coupled 1o gach
other. to a DC source 62 {a.g.. in one embodiment, the source 62 18 the regulated supply
voitage ouiput 28 from the voltage regulator 20}, and lo a capacitor 64, In one example,
the DX source 1s a 3V DO source. The capacitor 64 18 coupled across pm 1 {Vdd) and
pin 20 {Vss) of the nucrocontroller 60, as well as {o a signal ground. In one example, the

capacilor 64 15 a 0. 1uF capaciior,

100221 Pin 3 (RA3) of the microcontroller 60 13 coupled 1o pin 14 of the DBSC 30, Pin
S (PIA) of the mmcrocontroller 60 is coupied to a pulse width modalation {(PWM)
componant iy a ballast power regulation control curcut (not shown)., Pm 6 (RU4)
transmils {0 node B, which 15 coupled 10 a muswinng protection et deseribed in
praater detal with regard to Fig. 3. P 8 (RC6) 15 coupled {0 a resistor 66, which in turn
15 couplad 1o a node A, Node A 1s coupled to the nuswiring protection circuit, which 1s
described 1 greater detail with regard to Fig. 3. In one example, the resistor 606 18 &

10K} resistor.

(00231 P 14 {ANO) of the microcontrolier 68 recaives a 0-10 V mput and 18 coupled

(o pin I8 (AN} of the microcontroiler 60 and 1o the bug 46 of the 1solating inverter 40.

&
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Pin 15 (ANS) 15 coupled to a lamp hallast circwt and receives a lamp failure signal i the
avent that a lamp fadure ocours. The remanung pins {pins 2.4, 7.9, 10, 11, 12, 13, 16,

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

[0024]  FIGURE 2 tlustrates a porion 80 of the mierface circutt 1) thal mmcludes an
isofation transformer T1b, a recufier cireast 90, and a depolanization circuit 11, The
isofation transtormer T1b 18 wduetively coupled to the transtormer winding Tla of Fig
1A, and is coupled to the rectifier circuit 90, That 15, the solating transformer Tlb 18
coupied at g lirst end between diodes 92 and 94, and al a second end between diodes 96

and 98, A capacitor 100 15 coupled to diodes 92 and 96 at a first end, and to diodes 94

and 98 at a second end. The capacitor 100 53 fwrther couplad 1o a negative fernunal 161

ol the depolanzing circutt 110, The diodes 92 and 94 are coupled to a posiiive terminal

142 of the depolariang crcuwt 110, In one example, the diodes 92, 94, 96, 98 are

IN4148 diodes, and the capaciior 1s a 2.2nkb capacitor.

00231 The depolarizing circut 110 melades an invegrated circudt U3, 1n one example
the stegrated civcutt U3 15 a CD4033 chip. The mlegrated circwt U3 comprises a
plurality ol switches that are selectively engaged to ensure that the polarily across the
ternunads 101 and 102 remam constant, which ensures proper operation of the rectibier
circast {and thus the ballast 1)) regardless of the configuration of fwo control teads or

wires coupled 1o the miswiring protection cirouit (Fig, 3).

[6020] P 2 of the chup U3 1w coupled to the positive terminal 102 and to aswiich 112

Pin 2 s further coupled (o pin 13 of the chip U3, wiuch i tum 18 coupled 1o a swilch

114, Pin 10 of the chip U3 1s coupled (o svtches 112 and 114

G327 Pin | of the chip U3 {5 coupled (o the negative termmal 101, 0 a switch 16,
artd to pin 12 of the chip U3, Pin 12 15 coupled to a switch 118, Pms 1 and 12 are also
coupted to earth ground. Pin 11 of the ¢hup U3 15 coupled o both swiich 116 and switch
118

G028 Pin 14 of the chip U3 15 coupled to switches 114 and 118, as well a5 {0 a

chip U3 15 coupled 10 swiich 112 and swiich 116, as well a8 o temunal C2 ol the
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nuswiring protection circuit 140 (Fig. 3}, Pin 13 of the chup U3 s turther coupled {0 &
resistor 120, whuch 18 in twm coupled to pin § of @ comparator 122, Pins 3, 4, and 5 of

the chip 1i3 are not connected. and pins 6, 7. 8, and 9 are connected to earth ground.

(00291 In one example, the comparator 12215 a LM397 vollage comparalor. Pin 2 of
the comparator 122 1s coupled to earth ground. Pin 3 of the comparator 122 15 coupled {0
a resistor 124, which m tum 13 coupled to pin 14 of the chip U3 P 4 of the comparaior
122 1s coupled to pins 10 and 11 of the chip U3, Pin 5 of the comparator 12218 coupled
to a resistor 126, which m tum 1s coupled 1o a voltage source or ternunal 128, According
to an exampie, the resistors 120 and 124 are 150kQ resistors, the resistor 126 18 a H00kQ

resistor, and the voliage source 128 18 a 19V source.

100304 Sull referting {o Figare 2, an 1solated power supply circust 136 18 sllustrated,
which drives the switches of chip U3, The circuit 130 includes a transtormer winding
Tic, which is inductively coupled o windings T1b and Tla (g, 1AY A [irst end of the
winding Ti¢ is coupled to capacitor 131, which in turm s coupled 1o the anode of diode
132 and to the cathode of diode 133, The cathode of diode 132 18 coupled to a capacitor
134, 1o a cathode of a Fevner diode 135, and to a terminal 136 A second end of the
transtormer winding T1c 1s coupled o the anode of diode 133, the capacitor 134, and the
anode of Zener diode 133, In one example the capacitor 131 18 a 0.01nF capaciior, and
the capacitor 134 1z a 10uF capacitor. In another example, the diodes 132, 133 are
ING14R dhodes, and the Zener diode 15 a 19V Zener dinde.  In another example, the

terminal 13618 a 19V ternanal

10031} FIGURE 3 diustrates a smsyarng protection circul (MPC)Y 140, which s past of
the O-10V-DALL wterface circut 100 The MPC 140 mcludes an &-pin SO
phototransistor 142, which has a hght-emitting dicde (LED} 144 that s coupled pan 1 of
the phototransistor 142, which in tumn 18 coupled to node A {e g, resistor 66 of Fig. 1B).
The LED {44 15 turther coupled to pin 2 of the phototransistor 142, which 1s coupied 1o
node B {e.g.. pin 6 of the microcontrolier 60 of Fip. 1B). Pin § of the phototransistor 142
15 coupled to an enutter ol a transistor 146, and to a hirst end ol a ressstor 148 that s
coupled to eanth ground at a second end. In one example the resistor 148 15 g 160kQ

resistor. Pin 6 of the phototransistor 142 18 coupled 1o a resistor 150, which 0 tamn s
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coupled o a voltage source 152, In one example, the resistor 1541 is a 100kQ resigior.

and the voliage source 132 13 19V source.

100321 Pin 5 s addibionally coupled to a gate of a first metal~oxide-semiconductor
figld-effect transisior (MOSFET)Y 154 and to a gate of a second MOSFET 136, The
second end of the resistor 148 18 coupled 1o the source of each MOSFET 134, 156, The
drain of MOSFET 134 15 coupled 1o a resistor 138 (e.g., a Y10Q resistor or the hika),
while the dramt of the MOSFET 156 15 coupled t0 a positive temperature coeflicient
(PTC)Y themustor 160 (e.¢., 300Q or the bke), which in tuin 15 coupled to a first conirol
wire 161, The dramn of the MOSFET 1506 and the thermuster 160 are addiionally coupled

to a first Zener diode 162 10 a dual Zener diode component 1064, and 1o ternunal €1,

which s coupled Lo pin 15 ol the chup U3 (Fig. 2).

100331 The resistor 158 18 coupled {0 a second Zener diode 166 in the dual Zener diode
component 164, and a terminal €2, which 18 coupled to pin 14 of the chip U3 (Fig.

The resistor 158, the second Zener diode 166, and the terminal €2 are further coupiﬂd. 10
a second control wire 167, In one example, the Zener diodes 162, 166 are 18V Zener

diodes.

{00341 A pair of dual Schottky diode components 168, 174 15 coupled across terminals
C1 and €1, For mnstance. a first dual Schottky diode component 168 comprises a
Schottky diode 170 having an anode connected between the termunal €1 and the
thermistor 160, and to a cathode of a Schottky diode 172, The cathode of the Schottky
diode 170 15 coupled to a cathode of a Schottky diede 176 in the second dual Schottky
diode component 174, The anode of Schottky diode 176 18 coupled to the cathode of
Schottky diode 178, which i tum are coupled 1o a bus between termunal €2 and the
second contfrof wire 167, The anodes of diodes 172 and 178 are coupled t0 sarth ground,
and the cathodes of diodes 170 and 176 are coupled to a voliage terminal {e.g.. 19V or

the like).

10035]  FIGURE 4 sHlustrates a wethod of providing dual 0-10V and DALY control for a
hobimyg device (2.2, a discharge lamp or the bika), such as may be emploved usimyg the
circuitry describad with regard to Figs. 1A-3 and in accordance with vanous aspects

described hersin. The very [irst tume a baltast s powered up at a customer site, it 18
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constderad to be m O-18Y control mode. Under this assumption, 1f the ballast 1s on a 0-
fulby on {e.g., 10 a brightest state).  On the first appearance of a legal DALI messace, the
ballast will revert 10 a DALT maode of operation. The state of the hallast (DALY or -
1OV) can be recorded 1n non-volaliie memory (ot shown), so that {followmg a power
irdesruption, the ballast wall retwm to operation m the proper state. Since it 18 not a
normal condition for DALL ballasts to be turned on/off using the mamns, it 13 also
acceptable to go straight to 0-10V conirel mwode following a power-up.  Using the
algonithm of Figure 4. it 18 possible {0 switch a powered-ON hallast between U-10V
opergtion and DALIL operation at will, by swapping controllers and 1ssuing reasonably

simple control reguests with themy I power 1s eycled, the ballast retains its previous

100361 Accordingly, at 220, the ballast 13 powerad up. AL 222, a delernunation 18 made
regarding whether the ballast was in DALI mode prior o powering off The
determingtion can be made by reading most recent stored state of the bgllast control from
a memory or computer-readable medium emploved to store the control state of the
ballast. H s determuned that the ballast was in DALT mode prior to powenng off. then
the method proceads to 230, where the ballast 15 controlied {e.g. dimmed andior

brightened) according 10 received DALT messages, white momitosmyg for A/D signals that

might indicate a switch {0 0-10V control mode.

[0037F 1t 1 determined that the ballast was not in DALI mode prior 1o shutling down,
then at 224, the batlast s controlled using A/D signals (e.g., m -10V control mode)
while montonng for mcoming DALY messages that ought mmdicate a switch 1o DAL
mode. At 226, a determunation 18 made regarding whether a DALL message has been
detecied. U no DALT message bas been detected, the method reverts to 224 for

continued G-10V control of the ballast.

0038} If a DAL message 15 detected at 226, then at 228 the baliast 18 recommzed as
bemng w DAL control mode, and the memory 15 updated to reflect the state of the ballast
control. At 230, the ballast 13 controlled 1 DALL mode while montlonng for A/D

signais thal indicate a swilch to 0-10V mode. At 232, a determunation i3 made regarding

1
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whether a monitored or detected A/D voltage 1s less than a predetermuned threshoid
viilage V1 for a predetermined fume period T1. In one embodiment. the predetermingd
threshold voltage is approximuately 9V, and the predetermined time penod s
approximately 20ms. U the detected A/D voliage 15 not below V1 for at legst T1, then
the ballast s still in DALY mode and the method reverts to 230 for conbinued operalion m
DALI control mode. H the detected A/D voltage 1s below V1 for at least the time period
T1, then the detected vollage v mconsistent wilh a vahid DAL message, the ballast 1s
deternuned to be 1y (-10V controd mode. and the memory 1s updated 0 reflect that the
ballast is in 0-10V control mode. The method then reverts {o 224 for 8-10V control

while monitoring for DALL messages

10039 1t wall be apprecaied thal one or more compuler-executable algorithms lor
perfornung the method of Figure 4 15 stored to persistent memory 300 assoctated with
and/or integral to a device emploving the ballast or intertace cucwt 1. For instance, the
method mav be stored as a senes of computer-execuiable mstructions that are recalled

form the memory 300 and executed by a processor 302

[0040]  According to an example, the ballast may be powered up and checked for (-10V
ancd DALT function at a factory site. Whan the ballast uses its EPROM {o save s siale
darmyg factory testing, the state 15 stmply reset o 0-19V mode during a last functional

lest.

[30411  In another example, by monitoring the AD «ignal or the digital mputs during
operation, the signal pattems that indicate a swiich between 0-10V and DALIT need not
be restuicted o “legal™ O-10V or DAL commands. The ballast mav check for
frequencies, patiemns, or extended digital bursts that are not part of the normal 0-10V or

DALI control “language.”™

[GG421  In the case of high mtensity discharge (HID) lamps. the digital bailast can have
a delay (eg., 15 mmutes or some other predetermined delay) added between power-up

and an mutial dvmmng command (whether 1t be DALY or 0-10V),

{00431 It 1s to be appreciated that the foregoing example(s) is‘are provided for

Hustrative purposes and that the subject mnovation is not imuted to the specihic values

i
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or ranges of values presented theremn. Rather. the subject mnovation may employ or
otherwise comprnise any sutiable values or ranges of values, as will be appreciated by

those of skall in the art

[0044]  The invention has been descenibed wath reference to the preferred embodiments.
understanding the preceding detarled deseniption. 1t 15 mended that the mvention be

construed as melnding all such modifications and atlerations.
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WHAT IS CLAIMED IS

i A dual-control analog and DALI interface oircuit, comprising:

an ssolating wmverter circust that 15 coupled o a current regulator and a voliage
regulator;

microcontroller that 1s coupled 1o the isolating wnverter circuit, the Curent
regulator, and the voltage reguiator; and

a depolartzing circunt that ensures a desired polanty at a rectilier ciraul that 1s

induchively coupled to the isolating mnverter arcust.

2. The mierface circant as set forth m claum L further including a miswinng
protection circuit that ensures that the interface circuit operates regardiess of the wining of
two nterchangeable control wires coupled 1o the miswinng profection circut and 10 §
control device.

3 The miterface circuit as set forth in clatm 1, wherein the depolanzation
circutt mcludes a plurahity of switches thal are selectively engaged depending on a
detected configuration of the fwo control wires {0 ensure thal a polanly across the
rectifier circut remains constant,

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

power supply circuit that drives the plurality of switches.

3. The wterface circut as set forth wny claom 4, wherein the solated power

sapplv cireut is induchively coupled 1o the rectihier circuit.

0, The mterface curewit as set forth in claim 3, wherein the depolarization
circull comprises a comparator that detects & polarity of the two mterchangeable comdrol
wires and selectively engages the phlurahiy of switches o mamtain the constant polanty

aCross the rectifier circuid.
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7. The mterface circuit as set forth m claim 1. wherein the rectifier circuut is

inductivelv coupled {o the 1solating inverter circuit.

8. The interface circuit as set forth in ¢claim 1. coupled {o a power regulation

control circut of a ballast for a discharge famp.

9, The interface circwl as set forth m claum 1, further comprising a capacior

i the isolating mverter circutt having a cutolt frequency of approxumately {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
cireuit for dimming a lighting device, comprising:

powering ON the ballast cirouit;

reading control state mformation stored 1 memory and descrnbing a control state
of the bailast circuil prior 1o entering an OFF state;

determining whether the ballast circuit was i a DAL control state prior o

entering the OFF state;

circuit was i a DALI control stale prior to enlering the OFF state; and
emploving recerved analog control conunands to control the ballast ciranl it the

baliast eircuit was i an analog control state prior 1o entening the OFF stale.

{1.  The method as set forth in clanm 10, further comprising montoring
mconung control signals for DALT control commands when the bailast 15 in the analog

controd state.

12, The method as set lTorth in clavm 11, further comprising delecting a valid

meonung DALT control command.
13, The method as set forth w claymn 12, further comprisimg updating the

control state mformation i the memory {0 mdicate that the ballast cirewtt 18 m the DALY

control state upon detection of the valid DALT control command.

14
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14, The method as set forth m claim 18, further comprising monitoring
incoming control signals for analog control commands when the ballast is in the DALI
conirol state.

15, The method as set forth m clavm 14, further compnising detecting an

meoming analog control command.

16.  The method as set forth in clasm 13, further comprising updating the
control state information 1 the memory to indicate that the hallast Gircuif 15 1n the analop

control state upon detection of the analog coniral command.

17, The method as set forth in claim 135, wherein detecting an incoming analog
control command comprises:

comparing an analog voltage assoctated with an incommyg confrol command to 8
predetermined threshold voltage V1.

determining whether the analog voltage 15 less than the predetermined threshoid
voltage VI for a predetermined time period T1; and

sdentitving the mconung control command as an analog control commmand i the
analog voltage 18 less than the predeternuned threshold voltage V1 for at least the

predetermined tune parod T

I8,  The method as set forth in claim 17, wheremn the predetermined threshold

voltage V1 s approximatelv 9 volis.

{9, The method as set forth wm claim 17, wherein the predeternuned time

period approsimately 20ms.

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

mstructions tor execution by a progessor, the mstructions mcladmg:
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reading, upon powering ON a lighting device ballast circwf, control state
information stored in memory and describing a control state of the ballast circwt prior to
entering ant OFF state:

1

determining whether the ballast circut was m a DALL control state prior to

eraploving received DALL commands to control the ballast circutt 1f the ballast
circutt was i a DALIL control state prior to entenng the OFF state;

empioving recetved analog control commandds to controd the ballast circust 1t the
baliast circuit was in an analog control state prior to entening the OFF state:

montoring inconung control signals for DAL control commands when the ballast
15 in the analog control state;

updating the control state miormation m the memory to indicate that the ballast
circwit 15 10 the DALT control state upon delection of the valid DAL control conmmand;

montoring weonung control signals for analog control commands when the
ballast 1s in the DALT control state: and

updating the control state information in the memory to indicate that the ballast

circuit 1s 1 the analoge control state upon detection of the analog control command.

21, The computer-readable mediom of claam 20, further mcluding stored
mstructions for detecting an analog contrel command when the ballast circuit 15 1n DAL
control mode, the mstructions mcluding

comparing an analog voliage associated with an inconung control command 1o a
predeternuned threshold voltage V1

deternuning whether the anaglog voltage 18 less than the predeternuned threshold
voltage V1 for a predeternuned time pertod T1; and

wentifving the mcoming controd comwnand as an analog control command i the
analog vollage 18 less than the predetermined threshold voltage V1 {or at least the

predetermined time period T

16
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