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(57) Abstract: An interface circuit for a lamp ballast includes first and second input power lines, L 1 and. L2, with first and sec-
ond respective switches, and a neutral power line N, all coupled to a diode bridge. Closing one of the first or second input power
lines L1 or L2 causes a photodiode in an opto-isolator coupled to the diode bridge to turn ON. which in turn causes a MOSFET in
a control circuit to be in an open state. When in the open state, a first resistor coupled to the source of the MOSFET is included in
the control circuit and causes a lamp attached thereto to operate in a dimmed state. When both input power line switches are
closed. L 1 and L2 are both coupled to the diode bridge and thereby cause the phototransistor to be in an OFF state, which causes
the MOSFET to close, thereby including a second resistor, coupled to the drain of the MOSFET. in the control circuit in parallel
with the first resistor. This in turn causes the lamp to operate at full intensity.
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DIMMING INTERFACE FOR POWER LINE

BACKGROUND OF THE INVENTION

JO001} The present application relates 1o electronic hghting. Morve specificallv, it relates
te a dimming mnterlace for a power line and will be described with particular relerence
thereto. It s to be appreciated that the present interface can also be used 1n other Lighting
applications andfor other power line apphcations, and is not limited to the

aforementioned application.

(00021 In the past, dimmable ballast svstems have tvpically been composed of muitiple
discrete ballasts. In order to achieve a lower light output, one or more of the ballasts
would be shut off. Conversely, when greater light output is desired. more ballasts ave
activated. Thig approach has the drawback of only being able to produce discrete levels
of lght cutput. With each ballast only able to produce a smgle light outpai, the
ageregate owtput 13 limited to what the various combinations of the ballasts present can
produce. Moreover, this setup alse requires multiple lamps for the same space to be

lighted, resuliing in an ingfficient use of space.

[0003] Another approach i dimmable hghting applications has been to dim a single
ballast by varving the operating volage of the ballast, that is, by varving the voltage of
the high frequency signal used to power the famp. One draveback in such a system is that
as the voltage of the high frequency signal 18 diminished, the lamyp cathodes cool down.
This can lead to the lamp extinguishing, and unnecessary damage to the cathodes. To
avoid this problem, such systems apply an external cathode heating. While this solves
the problem of premature extinguishing, the ballast 1s drawing power that is not being

used to power the lamp. This decreases the overall efficiency of the baltast.

[00G4] Another oplion is to reduce the range from full hght outpwt to a lower light
owput, but not low enough that external cathode heating 18 requured. In T8 lamps, this
amounts to a ballast that can change the lamp current from a tugh ballast factor level
{tvpically 265mA of arc current} 1o a fow ballast factor level of only 140mA. Thig
provides a dimming range where a considerable amount of energy can be saved without

sacrificing too much light. Associated with this high-low ballast factor approach is the
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mnterface between the power line and the ballast controf mpul. which deternunes the light
level. Conventional dimuning interfaces have 2 output levels: a high ballast factor at
which full power is output, and a low ballast factor at which less than full power is
outpul. A drawback of conventional dimnung imterfaces 15 that they are subject to
capacitive loading by non-dimming ballasts coupled lo the circuit, which can cause the

dimming interface to matfunction.

[0003} The Tollowing description provides new svstems and methods that overcome the
above referenced problem caused by capacitive loading by other dimming or non-

dimamng ballasts.

BRIEF DESCRIPTION OF THE INVENTION

[0006] A livst tnput power hine L1 with a first switch, a second inpat power tine L2 with a
second swilch, and a neutral inpe power line N comprise the extemnal power source to
which the ballast is connecled. The interface circut comprises a diode bridge to which
the first input power line is coupled via the first switch; to which the second input power
line is coupled via the second switch; and to which the neutral power hine is directly
coupled. The interlface circuit further comprises a phototransistor that is i an OFF state
when the first and second switches are closed so that the first and second mput lines are
connacted to the diode bridge, and s m an ON state when only one of the first and

second swilches arve closed.

{30071 According to another aspect, a control circwt for a dimming interface circuit for
controlling an electric device comprises a MOSFET that bas a source coupled to a first
reststor and a dram coupled to a second resistor, wherein the second resistor is excluded
from the circuil when the MOSFET is open, and wherein the second resistor is wcluded

in the circuit, in paratlel with the {irst resistor, when the MOSFET 15 closed.

JOGOR] According 1o vet anocther aspect, a method of dimnung one or more lamps
comprises providing first and second switchable mput power lines L1 and L2, and &
neutral power line N, and closing one of the switchable mput power lines L1 or L2 10

cause a phototransistor in an interface circuit to turn ON, which causes a MOSFET in a

3
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control circult o be in an open state during which at least one lamp coupled to the
control circuit s in a dimmed state. The method further comprises closing both of the
switchable input power lines L1 and L2 (o cause a phototransistor to tumn OFF, which
causes the MOSFET 1o be in a closed slate duning which the at least one lamp s a

non~-disuned state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009F  FIGURE 1 a ballast circuit, such as an instant start ballast or the Iike, which may

be emploved in conjunciion with the herein-desenibed dimming interface circuit,

[0a101  FIGURE 2 sllustrates the dimnung interface circwl, which s insensitive to
capacitive load caused by one or more non~dimnmung ballasts coupled to common power

lines.

[0011] FIGURE 3 ilustrates a simplified view of a contrel circuit in the PFC and
inverter circuitry that is affected by the interface circuit. in accordance with one or more

aspects described herein,

DETAILED DESCRIPTION OF THE INVENTION

[0012} The following relates to a dimuming terface or ballast for a power line. The
dinwning ballast woitigates capacitive loading caused by non-dinwning interfaces or
hallasts coupled {0 the same power line. The described dismmung ballast is insensitive to

the capacitive loading caused by non-dinuning bailasts.

[G013] With reference to FIGURE 1, a ballast circuit 10, such as an mstant start ballast or
the hke, which may be emploved m comunction with the herein-described dinuning
interface circuit 92 The ballast circuit includes an inverter circuit 12 resonant cireuit or
network B4, and a clamping cireuit 16, A DC voltage 1s supplied to the mverter 12 via g
positive bus rail 18 running from a posilive voltage terminal 20, DC voliage is derived

from the PFC stage. The circunt 10 completes at a common conductor 22 connected 10 a

(8]
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ground or common lenminal 24, A high frequency bus 26 is generated by the resonant
circuiy 4 as described i more detal below. Furst, second, third, through n lamps 28,
36, 32, 34 are coupled to the high frequency bus 26 via first, second, third, and ™
ballasting capacitors 36, 38, 40, 42. Thus, if one lamp 15 removed, the others continug {o
operate. I is contemplated that any number of lamps can be connected to the high
frequency bus 26, E.g., lamps 28, 30, 32, 34 are coupled to the high frequency bus 26

via an associated ballasting capacitor 36, 38, 40, 42.

[0014] The inverter 12 includes anglogous upper and lower, that 18, first and second
swilches 44 and 46, for example, two n-channel MOSFET devices (as shown), seniallv
connected between conductors 18 and 22, to excite the resonant circuit 14, 1t is to be
understood that other types of transistors, such as p-channel MOSFETS, other field effect
transistors, or bipolar junction transistors may also be so configured. The high frequency
busg 26 is generated by the inverter 12 and the resonant circuit 14 and includes a resonant
inductor 48 and an equivalent resonant capacttance that includes the equivalence of first,
second, and third capacitors 8, 52, 54 and ballagting capacitors 36, 38, 40, 42 which
also prevent DC current from Howing through the lamps 28, 30, 32, 34, Although they
do contribute to the resonant circuit, the ballasting capacitors 36, 38, 40, 42 are primanty
used as ballasting capacitors.  The switches 44 and 46 cooperate to provide a sguare

wave at a common first node 86 1o excite the resonant circuit 14,

[(315] First and second gate drive circunts. penerally designated 60 and 62, respectively,
include first and second driving inductors 64, 66 that are secondary windings mutually
coupled to the resonant inductor 48 to induce g vollage in the driving inductors 64, 66
proportional to the nstantaneous rate of change of current in the resonant circuwit 14,
First and second secondary inductors 68, 70 are sertally connected to the first and second
driving inductors 64, 66 and the gates of switches 44 and 46. The gate drive circuits 60,
62 are used {0 conirol the operation of the respective upper and lower switches 44, 46.
More particularly, the gate drive circuits 60, 62 miaintain the upper switch 44 “on™ for a
first half cvele and the lower switch 46 “on™ for a second half cvele. The square wave 13
generated at the node 56 and is used to excite the resonant circuil. First and second bi-
directional voliage clamps 71, 73 are connected in parallel to the secondary inductors 68,

78, respectively, each including a pair of back-to-back Zener dicdes. The bi-dwectional



WO 2010/110951 PCT/US2010/024288

voltage clamps 71, 73 act to clamp positive and negative excursions of gate-to-source
voltage 1o respective linuis determined by the vollage ratings of the back-to-back Zener
diodes. Each li-directional voltage clamp 71, 73 cooperates with the respective first or
second secondary mductor 68, 70 so that the phase angle between the fundamental
frequency component of voltage across the resonant circunt 14 and the AC current in the

resonant inductor 48 approaches zere durtng 1gnition of the lamps.

(0016} Upper and lower capacitors 72, 74 are connected in series with the respective
first and second secondary inductors 68, 70, In the starting process, the capacitor 72 is
charged from: the voltage ternunal 18 The voltage across the capacitor 72 is mitiallv
zere, and duritng the starting process, the serially connected inductors 64 and 68 act
essentially as a short circuit, due to the relatively long time constant for charging the
capacitor 72, When the capacitor 72 1s charged to the threshold voltage of the gate-to-
source voltage of the switch 44 {e.g. 2-3 Volts), the switch 44 tums ON, which results in
a small bias current flowing through the switch 44, The resulting current biases the
switch 44 in a common drain, Class A amphifier configuration. This produces an
amplifier of sufficient gain such that the combination of the resonant circuit 14 and the
gate control circuit 60 produces a regenerative action that starts the inverter mto
oscillation, near the resonant frequency of the network including the capacitor 72 and the
nductor 68. The generated frequency is above the resonant frequency of the resonant
circuit k4. This produces a resonant current that ags the fundamental of the voliage
produced at the common node 56, allowing the myerter 12 to operate in the sofi-
swiiching mode prior 1o igniting the lamps. Thus, the inverter 12 starls operabing in the
linear mode and transitions into the switching Class D mode. Then, as the current builds
up through the resonant circuit 14, the voltage of the high frequency bus 26 increases o
1ignite the lamps, while maintaining the soft-switching mode, through ignition and into

the conducting. arc mode of the famps.

0017} During steady state operation of the ballast civeuit 10, the voltage at the common
node 86, being a square wave. 1 approximately one-half of the voliage of the positive
terminal 20, The has voltage that once existed on the capacitor 72 diminishes. The
frequency of operation is such that a first network 76 including the capacitor 72 and the

inductor 68 and a second network 78 that includes the capacitor 74 and the inductor 70
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are equivalently inductive. That s, the frequency of operation 1s above the resonant
frequency of the identical first and second networks 76, 78, This results i the proper
phase shift of the gate circuit to allow the current flowing through the inductor 48 to lag
the fundamental frequency of the voltage produced at the common node 56, Thus, soli-

switching of the inverter 12 is maintained during the steady-state operation.

[30181 The output voltage of the inverter 12 is clamped by serally connected clamping
diodes 80, 82 of the clamping circuit 16 o limit high voltage penerated o start the lamps
28, 30, 32, 34. The clamping circuit 16 further includes the second and third capacitors
52, 54, which are essentially connected in parallel to each other. Each clamping diode
80, 82 is connected across an assoctated second ov third capacitor 52, 84 Prior to the
lamps starting, the lamps” clrcuits are open, since impedance of each lamp 28, 38, 32, 34
is seen as very higl impedance. The resonant circuit 14 is composed of the capacitors
36, 38, 44, 42, 30, 52, and 54 and the resonant inductor 48, The resonant cuowt 14 1
driven near resonance.  As the output voltage at the commion node 56 increases, the
clamping diodes 86, 82 start to clamp, preventing the vollage across the second and third
capactlors 82, 54 {rom changing sign and hmiting the ovtput vollage to a value that does
not cause overheating of the nverter 12 components. When the clamping diodes 80, 82
are clamping the second and third capacitors 82, 54 the resonant circuit 14 becomes
composed of the ballast capacitors 36, 38, 40, 42 and the resonant inductor 48, That is,
the resonance 18 achigved when the clamping diodes 88, 82 are not conducting. When
the lamps 1gnite, the impedance decraases quickly. The voltage at the common node 82
decreases accordingly. The clamping diodes 80, 82 discontinue elamping the second and
thard capacitors 82, 54 as the ballast 10 enfers steady state operation.  The resonance g
dictated again by the capacitors 36, 38, 40, 42, 80, 52, and 54 and the resonant inductor
48

[6019] In the manner described above, the nverter 12 provides a high frequency bus 26
at the common node 86 while mamtaining the soft switching condition for swiiches 44,
46, The inverier 12 is able to starl a single lamp when the rest of the lamps are lit
because there 1s sulficient voltage at the high frequency bus to allow for ignition. An

imterface mductor 90 s coupled o the inductors 68 and 70. The mterface inductor 90

)
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provides an interface between an mterface circuit 92 and the inverter 12, The dimming

interface circuit 92 is coupled to conirol leads 94 (g.g., power lines).

[3020] FIGURE 2 iHlustrates the dimnung interface cirowit 92, which is msensitive o
capacitive load caused by one or more non~dimnung hallasts coupled 1o common power
lines.  Ag s known, an mstant start ballasts may have iaterfaces {0 a power hine that
control light output. The mterface described herein hag three input wires. one of which
is a neutral wire, N The otber two mput lines, LY and L2, control the state of dinwning.
If either L1 or L2 is connected to the power line, (e.g., by respective swiiches 100 or
102). then the ballast circuit 10 lights the lamps to a less-than-lalt intensity {e.g., 50-
H3%. or some other predelernuned tmtensity level).  When both switches 100, 102 are
closed, both L1 and L2 are connected to the power hoe, and the ballast drives the Jamps
to full intensily. Thus, the ballast sheds the highting toad to a dimming level (eg., 30-
6(%, or some other predeternuned intensity level) when only one of lines L1 and 1.2 ave
connected Lo power. and drives the lamps to full mtensity when both of lines L1 and L2
ave connected o power. I will be understood that L1, 1.2 and the external switches are
external to the ballast. In one example, the switches 100, 102 are wall switches. L1 and

1.2 are a connection 1o the power line.

[0021} If other ballasts (e.g. non-dinwming ballasts) are connected to the switches 100,
102, they do not inhibil the operation of the interface circuil 92 due to the bridge network
104, The bridge 104 comprises a bus 106 that §s coupled to L1 and to a cathode of a
diode 108, which 15 coupled v parallel with a capacitor 110 1o the bus 106, The bus 106
is further coupled o an anode of a diode 112, The bndge 104 further compnises a bus
114 that is coupled in simifar fashion to L2, and to a cathode of a diode 116 that is
coupled to the bus 114 in parallel with a capacitor 118. The bus 114 is further coupled ©©
an anode of a diode 128, The bridge 104 further comprises a bus 122 that 1s coupled in
similar fashion to the neutral fine N, and 1o a cathode of a diode 124 that s coupled to
the bus 122 in parallel with a capacitor 126. The bus 122 is further coupled to an anode
of a diode 128 The cathodes of diodes 112, 120, and 128 are coupled 0 a common bus
129 The anodes of diodes 108, 116, and 124 are coupled to a conumon bus 130 in
addition to the respective capacitors 110, 118, and 126, which are also coupled to the bus
130
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[{(3022] Bus 106 15 coupled to a resistor 131, and bus 114 15 coupled to a capacitor 132,
The resistor 131 and capacitor 132 are coupled © an opto-isolator 134 that mcludes two
light-emitting diodes (LED} 136 and 138, as well as a phototransistor 140, The resistor
131 15 coupled to a cathode of the dicde 136 and o an anode of the LED 138, and the
capactlor is coupled to an anode of the diode 136 and to a cathode of the LED 138, The
LEDs 136 and 138 are connected in an anti-parallel connection, anode to cathode. Asg
the power line vollage changes polanity, sach half-cvcle, current can {low through each
LED, thereby doubling the frequency of the signal that appears across the capaciior 144,

Thus both halves of the power line can turn the phototransistor 140 on.

[(3023} The phototransistor 40 is coupled line 81, and to a resistor 142 that is further
coupled to Vec. The emitter of the phototransistor 140 13 coupled to ground A
capacitor B4 13 coupled between lings $1 and 82, which m tum are coupled to a power
factor correction {(PFC) and inverter circuitty 146, The PFC an inverter circuitry 146 is
coupled to one or more lamps 148, In one example, the PFC and mvester circuitty 146
includes the ballast 10 of Figure 1, although 1t 1s not limited thersto and may comprise

additional PEC circuitry as described with regard to Figure 3.

({30241 One or more non-dimming ballasts 150a-1580n may be coupled to the lines L1,
1.2, and N, as Hlustrated, each non~-dimming ballagt 150 has a respective capacitor 152
coupled between the commection to the neutrgl line N and the connection to lines L1 and
L2 It is the capacitor(s) 150 that contrnibute a capacitive load that can cause
conventional dimming interfaces or ballasts to fail. However, the bridge 1094 and the
opto-isolator 134 of the herem-described nterface 92 make the mierface insensitive o
such capacitive loading. thereby permutiing the dinuning interface to function properly

even when such non-dimwning ballasts are also coupled to the lines L1, L2 and N

00251 In one example, the diodes 108, 112, 116, 120, 124, and 128 are S2T (General
Semiconductor) diodes. The capacitors 110, 118, 126, and 132 may be 100nI capacitors.
The resistor 131 may be a 3KkQ resistor. The resistor 142 may be a 100k resistor. The
opto~-isolator 134 may be a Fairchild Semiconductor FODR14. It is to be appreciated that
the foregoing example(s) isfare provided for illustraive purposes and that the subject

innovation is not limited to the speaific values or ranges of values presented therein.
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Rather, the subject innovation may emplov or otherwise comprise any suitable values or

ranges of values, as will be appreciated by those of skill in the art.

[3026] With continued reference 1o Figure 2, FIGURE 3 llustrates a simplified view of a
baltast control circwmt 158 in the PFC and inverter circwitry 146 that s affected by the
interface cirewit 92, in accordance with one or more aspects described herein. The
control cireuit 188 includes a capacitor 160, a resislor 162, and a resistor 164 coupled in
sertes, wherein the capacitor 160 s further coupled o the bus 26 of Figure 1. The
resistor 164 18 coupled to a resistor 166 and a resistor 168, The resistor 168 1s coupled to
drain of & gate such as a MOSFET 170 (or any other suitable type of switch), while the
resistor 166 1s coupled to a source of the MOSFET 170. The gate of the MOSFET 170 is
coupled to an anode of a Zener diede 172, to a capacitor 173, and to a resistor 174 The
capacitor 173 and resistor 174 in tutn are coupled 1o the sowrce of the MOSFET 170, 10
the resistor 166, and to a switch 82, The switch 81 18 coupled to the cathode of the
Zener diode 172,

00271 The control circuit 158 further includes a resistor 176 that is coupled to each of
the resistors 164, 166, and 168, as well as to a gate of a MOSFET 178 and a capacitor
180, A cathode of a Zener diode 182 is coupled to a source of the MOSFET 178, and the
anode of the Zener diode 182 is coupled to the resistor 166, the source of the MOSFET
178, the capacitor 173, and the resistor 174, all of which are coupled to 82. The anode of
the Zener diode 182 is further coupled to the anodes of diodes 134 and 186, The drain of
the MOSFET 178 is coupled to the capacitor 180 and to cathodes of diodes 188 and 190,
The anode of diode 188 and the cathode of diode 184 are coupled to each other and to
C1 (Figure 1), which the anode of diode 190 and the cathode of diode 186 are coupled to

each other and to C2 (Figure 1)

[0028] When L1 or 1.2 1s connected, the phototransistor 140 of Figure 2 1s v an ON
state, and low dimming is achieved. When the phototransistor 140 1s ON, the MOSFET
1s OFF (e.g.. open), and resistor 168 is taken out of the control circuit, However, when
both L1 and L2 are connected {when switches 100 and 102 are both closed), current o
the opto-1solator goes to zero, and the phototransistor 140 turns OFF. This causes the
MOSFET 178 to turn ON (e g., closed), which puts resistor 168 in parallel with resistor

166, causing the lamps coupled to the PFC and inverter circuitry 156 1o po hugh {e.g.. to

Q
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output light at full intensity}. When L1 or L2 is disconnected again, the pholotransistor
140 tums back ON and the MOSFET 170 turns OFF, removing resistor 168 from the

circuit and causing the lamps to dim

[3029] In one example. the capacitor{s) 160, may be a 100pF capacitor. The resistors
162, 164 may be 1ML resistors, and the resistor 166 may be a 200kQ resistor. The
MOSFETs 170, 178 may be BSS138 MOSFETs, and the Zener diodes 172, 182 may be
INS232 Zener diedes. To further this example, the capacitor 173 may have a value of
1uF, the resistor 174 may be a 100kQ resistor, and the resistor 174 may have a value of
10k€&. The capacitor 180 may be a 10nF capacitor, and the diodes 184, 186, 188, and
190 mayv be IN4148 diodes.

[0030 T s to be appreciated that the foregomng examipte(s) 1s/are provided for itlustrative
purposes and that the subject fmnovation 1s pot limited to the specific values or ranges of
valugs presented thergin.  Rather, the subject innovation may employ or otherwise
comprise anyv suttable values or ranges of values, as will be appreciated by those of skl

in the art,

[00311 The nvention has been described with reference to the preferred embodiments.
Obviously, modifications and alterations will occur 1o others upon reading and
understanding the preceding detasled description. 1t 1s intended that the invention be

construed as mcluding all such modifications and allerations.

1
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WHAT IS CLAIMED IS:

1 A dimming interface cireudt, comprising:
a fiest put power line L1 with a first switch;
a second mput power line 1.2 with a second switch;
a neutral mput power line N,
a diode bridge:
to which the first input power line 1s coupled via the first switch;
to which the second input power line is coupled via the second switch;
and
to which the neutral power line i divectly coupled; and
a photolransistor that 13 m an OFF slate when the first and second swilches are
closed so that the first and second input lines are connected to the diode bridge, and 15 in

an ON state when only one of the first and second switches are closed.

2. The mterface circuit as set forth 1o claim 1, coupled to a control circuit that
inchudes a first resistor and a second resistor, coupled 1o a gate, wherein the gate 1s open
when the phototransistor 5 in an ON stale, causing at least one lamp coupled to the
control circait 1o be m dimmed state, and wherein the galte 13 closed when the

phototransistor 18 1 an OFF state. causing the at {east one lamp to be in a {full-intensity

state.

3 The interlace circuit as set Torth in claimm 2, wherein the gate 18 &
MOSFET.

4. The interface cirowt as set forth i claim 3, wheremn closing ong of the

first swiich and the second switch causes the phototransistor to enter the ON state.

5 The merface civcuit as set forth in claim 3, wherein closing both of the

first switch and the second switch causes the phototransistor to enter the OFF state.

6, The interface circuit ag set forth in claim 2, wherein the second resistor is

exciuded from the control circuit when the gale is open.

i
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7. The interface circuit as sei forth in claim 1, wherein the second resistor is

inchuded the control circuit, in parallel with the frst resistor when the gate is closed.

8. The interface circuit as set forth o claim 1, wherein the phototransistor is

included in an opto-isolator.

9. The interface circuit as set forth in claim 8, wherein the diode budge
mehudes a first bus that s coupled to first and second diodes, to the first input power line

.1, and to the opto~isolator via a resistor.

10, The interface circuit as set forth in claim 9, wherein the diode bridge
mciudes a second bus that is coupled to third and fourth diodes, to the second input power

ling L2, and to the opto-solalor via a capacitor.

i1, The interface circuit as set forth in claim 10, wheremn the diode bridge
includes a third bus that is coupled to filth and sixth diedes, and 1o the neutral power line

\:
Y
N

12, A control circuit for a dimming interface circuit for controliing an eleciric
device, conmprising:

a MOSFET that has a sowrce coupled to a first resistor, a first capacitor, and &
switch 82, and a drain coupled 1o a second resistor;

wherein the second resistor 1s excluded from the civeuit when the gate is open; and

wherein the second resistor is included in the arcurt, in paraliel with the first

resistor, when the MOSFET is closed.

i3, The control circwt as set forth in claim 12, coupled {0 an interface circuit
with a photo transistor, wherein the gate 15 open when the phototransisior is i an ON

state, and closed when the phototransistor i in ant OFF state.

14 The contrel circuit as set forth fn claim 13, wherein the pholotransistor is

inchuded 1 an opto-isolator that 1s coupled o a diode bridge and to the control cirouit.
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t

L

The control circuit as set forth in claim 14, wheremn the dicde bridge
COMPrises:

a first bus that 1s coupled to fivst and second diodes. to a fivst wput power line L1,
and to the opto~isolalor via a resistor;

a second bus that s coupled lo third and fourth diodes, to a second input power
line L2, and to the opto-isolator via a capacitor; and

a third bus that 18 coupled to fifth and sixth dicdes, and to a neutral power ine N

16, The control circutl as set forth in clanm 15, wherein the st and second
mput power lines are coupled to a power source by first and second swiiches,
respectivaly, and wherein the phototransistor is 1n the ON state when one of the first and
seconds switches 18 closed and in the OFF state when both of the first and second

swiiches are closed.

17, The control circutt as set forth in claim 12, wherein the gate is a MOSFET

18, A method of dimming one or more lamps, comprising:

providing fivst and second switchable input power lings L1 and L2, and a8 neutral
power line N

closing one of the switchable input power lines L1 or L2 lo cause a
phototransistor in an interface circuit to tumn ON, which causes 8 MOSFET in a control
circuil 1o be in an open state during which at least one lamp coupled to the control circuit
i3 1 a dimmed state; and

closing both of the switchable input power lines L1 and L2 to cause a
pholotransistor 1o turn OFF, which causes the MOSFET 1o be in a closed state during

which the at least one lamp is 10 a full-intensity state.

19, The method according to claim 8, wherein closing the MOSFET causes a
second resistor 1o be included in the control circuit in a parallel configuration with a first
resistor, thereby reducing resistance 1 the control circwit and permitting the at least one

lamp 1o operale at full intensity.



WO 2010/110951 PCT/US2010/024288

20, The method according to claim 19, further including coupling one or more
non-dinwning ballast circutts input power lines L1 and L2, and to the input neutral power

line N,

i4
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