
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0267984 A1 

US 20070267984A1 

Peng (43) Pub. Date: Nov. 22, 2007 

(54) SYSTEM AND METHOD FOR SELECTIVELY Publication Classification 
DMIMING AN LED (51) Int. Cl. 

(76) Inventor: Chris Peng, Walnut, CA (US) H05B 39/00 (2006.01) 
(52) U.S. Cl. ....................................................... 315/312 Correspondence Address: 

KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET, FOURTEENTH FLOOR (57) ABSTRACT 
IRVINE, CA 92614 Embodiments of the present disclosure include an LED 

ballast circuit for dimming one or more LEDs using a phase 
(21) Appl. No.: 11/506,709 controlled dimmer switch. The LED ballast circuit has a 

1-1. power conditioning unit which includes a Substantially fixed 
(22) Filed: Aug. 18, 2006 duty cycle clock for outputting a clock cycle and a trans 

O O former configured to store energy and discharge a substantial 
Related U.S. Application Data portion of the stored energy once per clock cycle in order to 

(60) Provisional application No. 60/802,319, filed on May power one or more LEDs. The LED ballast circuit arid load 
22, 2006. collectively behave like a resistor. 

  

ADVANCED LIGHTING CONCEPTS LLC - EX 1005



Patent Application Publication Nov. 22, 2007 Sheet 1 of 9 US 2007/0267984 A1 

NYYYYYYYYYYYYNN 

Nanynan YYYYYN 

Ya 

N 

Ya 
Q 
Ya 

  

  



Patent Application Publication Nov. 22, 2007 Sheet 2 of 9 US 2007/0267984 A1 

  



Patent Application Publication Nov. 22, 2007 Sheet 3 of 9 US 2007/0267984 A1 

S. 

S 

  





US 2007/0267984 A1 Nov. 22, 2007 Sheet 5 of 9 Patent Application Publication 

  



US 2007/0267984 A1 Nov. 22, 2007 Sheet 6 of 9 Patent Application Publication 

  



Patent Application Publication Nov. 22, 2007 Sheet 7 of 9 US 2007/0267984 A1 

  



US 2007/0267984 A1 Nov. 22, 2007 Sheet 8 of 9 Patent Application Publication 

1A A74 

  



Patent Application Publication Nov. 22, 2007 Sheet 9 of 9 US 2007/0267984 A1 

S 
QS 

Ya Yn 

& N 

N 

  



US 2007/0267984 A1 

SYSTEMAND METHOD FOR SELECTIVELY 
DMIMING AN LED 

RELATED APPLICATIONS 

0001. This application claims the benefit of U.S. Appli 
cation Ser. No. 60/802,319, which was filed on May 22, 
2006, the entirety of which is hereby incorporated by 
reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a system and 
method for dimming a light emitting diode (LED). More 
particularly, the present invention relates to an isolated 
dimmable LED ballast driver. 

BACKGROUND 

0003. The search for a better lightbulb has been going on 
for years. Recently the development of high-brightness 
LEDs has vastly improved the efficiency and reliability of 
these light sources. However, the LED operates in a funda 
mentally different way than incandescent or even fluorescent 
lamps. This means that LEDs generally are not connectable 
directly with existing lighting fixtures. Ballast circuits are 
used to make existing lighting fixtures operable with LEDs. 
Ballast circuitry is often complex and expensive, making 
LED lighting expensive to operate. Another drawback of 
current ballast circuits is that they generally do not work 
consistently with conventional phase-modulated dimmer 
Switches. 

SUMMARY 

0004 Aspects of the present disclosure include ballast 
circuitry for an LED-based lighting fixture capable of oper 
ating with standard phase modulated dimmer Switches. The 
ballast circuitry is simple and inexpensive. In one embodi 
ment, a pulse width modulator operating at a fixed Switching 
frequency and duty cycle controls a gate MOSFET which 
transfers power through a transformer that Supplies the 
LEDs with power. Depending on the average power Sup 
plied to the ballast from the phase controlled dimmer, the 
LEDs appear to the human eye to dim. 
0005. In accordance with one embodiment, a lighting 
fixture adapted to be dimmable by a thyristor-based dimmer 
is provided. The fixture comprises a power conditioning unit 
adapted to accept an AC electrical input and having an 
output, the power conditioning unit and a lighting unit. The 
power conditioning unit comprises a switching MOSFET, a 
control circuit, and a transformer. The control circuit is 
adapted to output a Switching clock cycle and duty cycle that 
are generally fixed during normal operation of the power 
conditioning unit. The duty cycle and clock cycle are 
adapted to gate the switching MOSFET. The transformer has 
a primary winding configured to store electrical energy 
when the MOSFET is gated on. A secondary winding of the 
transformer receives electrical energy from the primary 
winding and delivers it to the outlet. The lighting unit is 
connected to the power conditioning unit output and is 
adapted to receive electric power therefrom. The lighting 
unit comprises one or more light emitting diodes (LEDs). 
The duty cycle, clock and transformer are chosen so that the 
primary winding discharges Substantially all of the energy 
stored therein at least once per a predetermined number of 
clock cycles. 
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0006. In another embodiment, the duty cycle, clock and 
transformer are chosen so that the primary winding dis 
charges Substantially all of the energy stored therein every 
clock cycle. In one embodiment the power conditioning unit 
and lighting unit collectively emulate a resistor during 
normal operation. 
0007. In yet another embodiment, the power conditioning 
unit comprises an over-Voltage protector configured to auto 
matically adjust the duty cycle to prevent damage due to a 
non-normal operating condition in which the load voltage 
exceeds a rated voltage of the fixture. 
0008. In a still further embodiment, the power condition 
ing unit comprises a manually-adjustable variable resistor 
configured to adjust the Switching frequency. In one Such 
embodiment, the variable resistor is adapted to be adjusted 
during manufacture of the power conditioning unit so as to 
calibrate the Switching frequency to a chosen value. In 
another embodiment, the variable resistor is not accessible 
for adjustment during normal operation of the power con 
ditioning unit. 
0009. In an embodiment, an impedance matching resistor 

is connected in series between a thyristor-based dimmer and 
the rest of the power conditioning unit, wherein the imped 
ance matching resistor is chosen to prevent a false trigger by 
the thyristor-based dimmer. 
0010. In accordance with another embodiment, the power 
conditioning unit is configured to operate at a rated Voltage 
during normal operation. The control circuit is configured so 
that when a load voltage differs significantly from the rated 
Voltage, a non-normal condition is indicated, and the duty 
cycle is adjusted so as to adjust the power delivered to the 
load until the load Voltage generally corresponds to the rated 
Voltage. Once the load voltage generally corresponds to the 
rate Voltage the power conditioning unit returns to a normal 
condition. 

0011. In still another embodiment, the transformer is 
configured to provide electrical isolation between the light 
ing unit and the relatively high input Voltage. In another Such 
embodiment, the power conditioning unit is enclosed within 
a housing, and a pair of apertures are formed through the 
housing to provide access to the power conditioning unit 
output, and a relatively low Voltage is arranged across the 
output. 
0012. In accordance with another embodiment, the 
present invention provides a method of dimming an LED 
using a thyristor-based dimmer. The method comprises 
providing an LED, providing an LED driver comprising a 
Substantially fixed operating frequency clock and a trans 
former, providing a thyristor-based dimmer adapted to Sup 
ply a power to the LED driver, and supplying power to the 
transformer as a function of the duty cycle so as to charge 
the transformer. The transformer is adapted to substantially 
fully discharge at least once per a predetermined number of 
clock cycles. The method further includes directing at least 
a portion of the energy discharged from the transformer to 
the LED. 
0013. In another embodiment, the method additionally 
comprises providing a variable resistor configured to adjust 
the operating Switching frequency, and adjusting the vari 
able resistor to adjust the Switching frequency. 
0014. In accordance with a further embodiment of the 
present invention, a light emitting diode dimming circuit is 
provided for use with a thyristor-based dimmer switch. The 
light emitting diode dimmer circuit comprises a Switching 
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MOSFET, a control circuit configured to provide a clock 
frequency and a duty cycle gate drive signal for controlling 
the MOSFET, a transformer configured to store energy and 
discharge Substantially all of the stored energy at least once 
per a predetermined number of clock cycles, and one or 
more light emitting diodes configured to receive at least a 
portion of energy discharged by the transformer. The fre 
quency and duty cycle are generally fixed during normal 
operation. 
0.015. In another embodiment, the control circuit is 
adapted to sense a non-normal operating condition indicated 
by a changing output voltage. The control circuit is further 
adapted to change the duty cycle to stabilize output voltage 
within a preset range. The control circuit maintains normal 
operation when the output Voltage is stabilized. 
0016. In yet another embodiment, the present invention 
provides a system for dimming an LED. The system com 
prises a thyristor-based dimmer, a lighting portion compris 
ing one or more LEDs, and an LED ballast operably 
connected between the thyristor based dimmer and the 
lighting portion. The LED ballast is configured to imitate a 
resistive load as seen by the thyristor based dimmer. 
0017. In a still further embodiment, the LED ballast 
comprises a Switching frequency clock that is Substantially 
fixed during normal operation. 
0018. In one embodiment, a lighting fixture has a phase 
control dimmer configured to Supply a power to the power 
conditioning unit and an impedance matching resistor con 
nected in series between the phase control dimmer circuit 
and the power conditioning unit. The impedance matching 
resistor is chosen to prevent a false trigger by the phase 
control dimmer. In one embodiment, the lighting fixture has 
a variable resistor configured to adjust the constant duty 
cycle. 
0019. In one embodiment, a method of dimming an LED 
using a phase control-based dimmer is disclosed. The 
method includes the steps of providing an LED; providing 
an LED driver comprising a constant duty cycle and con 
stant frequency clock and a transformer, providing a phase 
control-based dimmer adapted to alter power supplied to the 
LED driver by a power Supply; and Supplying power to the 
transformer as a function of the duty cycle so as to charge 
the transformer. The transformer is adapted to substantially 
fully discharge once per a predetermined number of clock 
cycles and directs at least a portion of the discharged energy 
to the LED. 

0020. In one embodiment, the transformer is adapted to 
Substantially fully discharge once per clock cycle. In one 
embodiment, the transformer is adapted to provide electrical 
isolation. In one embodiment, the LED driver further com 
prises a screw-plug connection. In one embodiment, the 
method of dimming an LED includes the step of adjusting 
the constant duty cycle to prevent damage due to a mal 
function. In one embodiment, the method of dimming an 
LED includes the steps of providing a phase control dimmer 
configured to Supply a power to the power conditioning unit 
and providing an impedance matching resistor connected in 
series between the phase control dimmer circuit and the 
power conditioning unit. The impedance matching resistor is 
chosen to prevent a false trigger by the phase control 
dimmer. In one embodiment, the method of dimming an 
LED includes the steps of providing a variable resistor 
configured to adjust the constant clock frequency by adjust 
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ing the variable resistor. In one embodiment, the step of 
adjusting the variable resistor occurs during manufacturing 
or before installation. 
0021. In one embodiment, a light emitting diode dim 
ming circuit for use with a phase control dimmer Switch is 
disclosed. The light emitting diode dimmer circuit has a 
Substantially fixed frequency clock for outputting a constant 
duty cycle, a transformer configured store energy and dis 
charge a Substantial portion of the stored energy once per a 
predetermined number of clock cycles. One or more light 
emitting diodes are configured to receive at least a portion of 
energy released by the transformer. 
0022. In one embodiment, a system for dimming an LED 

is disclosed. The system for dimming an LED includes a 
thyristor based dimmer, a lighting portion having one or 
more LEDs, and an LED ballast operably connected 
between the thyristor based dimmer and the lighting portion. 
The LED ballast is configured to emulate a resistive load as 
seen by the thyristor based dimmer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The drawings and the associated descriptions are 
provided to illustrate embodiments of the disclosure and not 
to limit the scope of the claims 
0024 FIG. 1 illustrates a phase controlled dimmer switch 
operably connected to an LED ballast circuit operably 
connected LEDs. 
0025 FIG. 2A illustrates a voltage waveform of a stan 
dard 120VAC power supply. 
(0026 FIGS. 2B-2D illustrate voltage waveforms which 
have been adjusted by a phase controlled dimmer switch. 
0027 FIG. 3 illustrates one embodiment of a circuit 
diagram for dimming an LED. 
0028 FIG. 3A illustrates a voltage waveform of a recti 
fied phase controlled dimmer adjusted power Supply. 
0029 FIG. 3B illustrates the input capacitor voltage 
waveform of a rectified phase controlled dimmer adjusted 
power Supply. 
0030 FIG. 3C illustrates a pulse width modulated output 
gate drive to the MOSFET waveform. 
0031 FIG. 3D illustrates the flux stored and released in 
the transformer of FIG. 3. 
0032 FIG. 4 illustrates another embodiment of a circuit 
diagram for dimming an LED. 
0033 FIG. 5 illustrates yet another embodiment of a 
circuit diagram for dimming an LED. 
0034 FIG. 6A illustrates one embodiment of an LED 
luminaire. 
0035 FIG. 6B illustrates an exploded view of the LED 
luminaire of FIG. 6A. 
0036 FIG. 7 illustrates one embodiment of an LED 
module. 

DETAILED DESCRIPTION OF PREFERED 
EMBODIMENTS 

0037 Embodiments of the present disclosure include an 
LED ballast circuit capable of operating with a standard 
thyristor based phase controlled dimmer switch. A standard 
120V AC power is supplied to a phase controlled dimmer 
switch. The phase controlled dimmer switch adjusts the 
120V AC waveform based on the control lever selection. 
The phase controlled dimmer switch supplies the adjusted 
waveform to an LED ballast circuit. The waveform is 
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rectified to a DC power supply. A pulse width modulator 
outputs a fixed duty cycle which controls a transistor Such 
as, for example, a MOSFET. The transistor controls current 
Supplied to a transformer. The transformer receives and 
releases Substantially all of its Supplied power once per a 
predetermined number of clock cycles. The transformer then 
supplies power to the LEDs which turn on and off in 
response to the power supplied to them. The LEDs produce 
an amount of light responsive to the amount of power 
supplied to the LED. 
0038 FIG. 1 illustrates one embodiment of a phase 
controlled dimmer-LED lighting scheme. A phase controlled 
dimmer 101 has a user adjustable control lever 103. The 
phase controlled dimmer 101 is operably connected to an 
LED ballast 105 which is operably connected to a lighting 
unit 106 comprising one or more LEDs 107. In operation, 
the LEDs 107 are responsive to the LED ballast circuit 105. 
The LED ballast circuit is responsive to the output of the 
phase controlled dimmer 101. The output of the phase 
controlled dimmer 101 is responsive to the lever 103 posi 
tion. Thus, the LEDs 107 produce an amount of light 
responsive to the user adjusted position of the lever 103. 
0039) Phase controlled dimmers receive as an input, a 
standard AC power source, such as, for example, a two wire 
120VAC, 110VAC, or 220VAC power source. FIG. 2A 
illustrates a standard 120VAC power source waveform. 
Although the present disclosure is capable of operating with 
various AC power sources, embodiments of the present 
disclosure will be described with respect to a 120VAC power 
source. It will be understood by a person of skill in the art 
that the circuit can be adjusted to operate with other power 
Source Voltages. 
0040 Phase controlled dimmers adjust the voltage wave 
form by cutting portions of the outputted voltage. FIGS. 
2B-2D illustrate examples of possible waveform outputs of 
a phase controlled dimmer. As can be seen in FIGS. 2B-2D, 
a section 251, 255, 259 of each pulse 253, 257, 261 has been 
removed from each waveform. As the switch on the phase 
controlled dimmer is adjusted, more or less of the waveform 
is effectively removed by the phase controlled dimmer. 
These outputted phase controlled waveforms are then Sup 
plied to the inputs of an LED ballast circuit. 
0041 FIG. 3 illustrates one embodiment of a circuit 
diagram of an LED ballast circuit 300. Ballast circuit 300 
has AC inputs 301, 302, fuse 303, resistor 304, capacitor 
305, resistor 306, resistor 307, diode bridge 308, EMI 
inductor 309, capacitor 310, capacitor 311, resistor 312, 
resistor 313, transistor 314, Zener diode 315, diode 316, 
resistor 317, diode 318, resistor 319, variable resistor 320, 
resistor 321, capacitor 322, capacitor 323, integrated circuit 
(“IC) 324, resistor 325, capacitor 326, resistor 327, diode 
328, resistor 329, storage capacitor 330, capacitor 331, 
resistor 332, MOSFET 333, diode 334, resistor 335, resistor 
336, transformer 337 with primary winding 351, first sec 
ondary winding 352, and second secondary winding 353, 
diode 338, capacitor 339, capacitor 340, capacitor 341, male 
and female connectors 342, 343, and a lighting unit 106 
comprising LED light modules 344, 345, 346. In the illus 
trated embodiment, each LED module 344, 345, 346 com 
prises 3 LEDs arranged electrically in series. It will be 
understood by a person of skill in the art that any number of 
LED modules can be used with the circuit of the present 
invention. In addition, any number of LEDs can be arranged 
either in series or in parallel or both on each LED module. 
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0042. With continued reference to FIG. 3, the power 
Supplied by the phase controlled dimmer is applied across 
the terminals 301, 302. The voltage applied across the 
terminals 301,302 flows through impedance matching resis 
tor 304, diode-bridge 308, EMI inductor 309, and into high 
frequency filter capacitor 310. The voltage is rectified as it 
passes through the diode-bridge 308, and becomes a pulsat 
ing DC voltage on filter capacitor 310. FIG. 3A illustrates an 
example of the rectified phase controlled waveform of FIG. 
2D. FIG. 3B illustrates the rectified waveform after being 
regulated by the input capacitor 310. The voltage then feeds 
through transistor 314, regulated by Zener 315, and charges 
storage capacitor 330. Resistors 312 and 313 are used to 
modify the current provided to charge the capacitor 330. 
Storage capacitor 330 provides a substantially constant DC 
voltage to IC 324. This allows the IC 324 to have a proper 
Supply Voltage even at lower, including Zero Voltage, Voltage 
portions of each AC cycle. The capacitor 330 stores and 
releases the Supplied power, effectively creating a relatively 
steady and Substantially constant power Supply to the IC 
324. Resistor 335 and diode 334 provide a secondary power 
Supply to the capacitor 330 from second secondary winding 
353. Resistor 335 limits the inrush current through diode 
334. Capacitor 341 provides a common mode shunting for 
the high Switching noise from getting out of the ballast. 
0043. In one embodiment, IC 324 is a standard current 
mode control PWM. In one embodiment, the IC 324 is a 
UC3845 IC commercially available from Fairchild Semi 
conductorTM, MotorolaTM, or Texas InstrumentsTM among 
other IC manufacturers. Preferably, the IC 324 is adapted to 
provide a constant frequency, constant duty-cycle gate drive 
signal to the MOSFET 333. Variable resistor 320, resistor 
321 and capacitor 322 form an R/C oscillator circuit which 
oscillates at a constant frequency. IC 324 has VCC 377 for 
supplying power to the chip, and GND 375 for referencing 
ground. IC 324 also has VFB 372, COMP371, VREF 378, 
R/C 374, O/P 376, and ISENSE 373. A reference voltage 
level is outputted at the VREF output 378. Depending on the 
values of the resistors 320, 321 and the capacitor 322. 
associated with the R/C input 374, the duty cycle of the IC 
324 can be programmed or adjusted. After adjusting to a 
desired setting, the frequency and duty cycle are substan 
tially fixed. The duty cycle is outputted at O/P output 376. 
FIG. 3C illustrates an example of a duty cycle waveform 
created by the IC 324. ISENSE 373 is described below with 
reference to current sense resistor 336. 

0044) The choice of which duty cycle to apply affects the 
efficiency and longevity of the LEDs. A duty cycle of about 
40-50% is preferred for efficiency and longevity; however, 
any duty cycle in the range of 0-90% can be used. In another 
embodiment, the duty cycle ranges from about 0-90%. In yet 
another embodiment, the duty cycle ranges from about 
35-60%. In one embodiment, the duty cycle ranges from 
about 40-50%. Although there is no limit to the operating 
frequency that can be used with the embodiments of the 
present disclosure, a higher frequency will reduce the mag 
netic size but result in lower efficiency. A frequency in the 
range of about 20 KHZ to 100 KHZ results in a preferred 
compromise between efficiency, size, and cost. 
0045. The duty cycle output goes through resistor 329 
and diode 328, before driving the gate of the MOSFET 333. 
When duty cycle output is high, the MOSFET 333 is gated 
on and power will flow from the rectified voltage on 
capacitor 310 through the primary winding 351 of trans 
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former 337. When the duty cycle output is low, the MOSFET 
333 is gated off and power is not supplied to the transformer 
337. Resistor 329 and capacitor 331 limit the gate-drive 
current to MOSFET 333 and slow down the turn on time for 
MOSFET 333. This reduces electromagnetic interference 
(EMI). Diode 328 bypasses resistor 329 when the IC 324 
turns off MOSFET 333, speeding up the turn off process. 
Resistor 336 is a bleeder resistor to ensure MOSFET 333 
will stay off before IC 324 is energized. Resistor 336 senses 
the MOSFET 333 switching current and provides a feedback 
through resistor 327 to the IC 324 current sense pin ISENSE 
373. Capacitor 326 filters the high frequency switching 
noise from falsely triggering the internal circuitry of the 
current sense pin ISENSE 373. Resistor 317 and diode 318 
provide the path for the magnetizing current stored in the 
transformer's 337 primary winding 351 to reach the capaci 
tor 311. Resistors 313 and 312 use this energy to keep the 
transistor 314 turned on. 

0046) When the MOSFET 333 is gated on, current flows 
through the transformer 337 according to the following 
equation: 

(1) 

where Vin is the voltage supplied to the capacitor 10, L is the 
inductance of the primary windings 351, and T is the amount 
of time that Voltage is being Supplied to the transformer. As 
described below, the total time (T) that voltage will be 
supplied to the transformer will be substantially the same in 
each Switching cycle because the duty cycle Supplied by the 
IC 324, which gates on and off the MOSFET 333, is 
Substantially fixed during normal operation, and the trans 
former releases substantially all of its stored energy every 
clock cycle. FIG. 3D schematically Illustrates the flux stored 
and released in the transformer of FIG. 3. As shown, during 
portions of the electrical Supply curve cut out by the phase 
control dimmer, substantially reduced or no flux is stored in 
the transformer. 

0047. The magnetic flux first stored in the transformer 
primary winding 351 is supplied to the transformer second 
ary windings 352, 353 after the MOSFET 333 turns off. 
Thus, the peak current in the primary inductance in each 
clock cycle can be expressed according to the following 
equation: 

(2) 

where Ipk is the peak current in the primary inductance and 
t is the amount of time the MOSFET 333 is gated on. The 
energy stored in the primary windings 351 in each Switching 
cycle can be expressed by the following equation: 

E=AL*(Ipk)? (3) 

where E is the energy stored in the primary windings 351. 
Substituting equation 2 into equation 3, E can be described 
aS 
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E= L. (Vin.if (4) 

which can be rewritten as: 

1 (Vin: f) (5) 
E = - 

2 L 

0048 Depending on the transformer turn ratio, a substan 
tial portion of the stored energy (E) can be delivered through 
the first secondary winding 352 and the diode 338 to the 
capacitor 339. In a preferred embodiment, on each switching 
cycle, substantially all of the energy (E) stored in the 
primary windings is released to the first and second second 
ary winding 352, 353. In another embodiment, substantially 
all of the energy (E) stored in the primary windings is 
released to the first and second secondary windings 352, 353 
after a predetermined number of duty cycles. Because the 
switching frequency is fixed, the power delivered to the 
LEDs can be calculated as follows: 

P=E:F (6) 

where F is the frequency of the ballast circuit and P is the 
power transferred to the LEDs. Substituting equation 5 into 
equation 6, P becomes: 

1 (Vin: f) (7) 
P = - : 

2 L 

The duty cycle (D) of the IC 324 can be expressed according 
to the following equation: 

Equation 7 can be rewritten as: 

1 (Vin): t: F (9) 
= - - - : t: F 

2 L: F 

Substituting equation 8 into equation 9, power (P) delivered 
to the LEDs can be written as: 

1 (Vin): D (10) 
: - ::D 

2 L: F 

which can be rewritten as: 

(Vin)? (11) 

(...) 
Because both F and D are fixed during normal operation of 
the ballast circuit, the effective resistance of the LED ballast 
circuit as seen by inputs 301 and 302 is: 
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2L: F (12) 

Substituting equation 12 into equation 11: 

0049 

P = (Vin)? (13) 
(Ref) 

Preferably, L. F. and D are all generally fixed values during 
normal operation of the ballast circuit. The power (P) 
delivered to the LEDs is, therefore, a function of the voltage 
input (Vin), and during normal operation the ballast behaves 
like a resistor. 
0050. The phase controlled dimming switch 101 effec 
tively sees a resistor value, effective resistance (Ref), across 
the voltage inputs 301, 302. If a pure resistive load were 
placed across the inputs 301, 302, instead of the rest of the 
circuit in FIG. 3, the power delivered (Pd) to the load would 
be effectively represented by: 

(Vin) (14) 
R Pl 

where R is the resistive load. Such as an incandescent light 
bulb. Note that equation 14 is similar to equation 13. Phase 
controlled dimmers typically are made using thyristors to 
control the AC input as described above. These dimmers are 
designed to work with a resistive load, such as an incan 
descent lamp. When a capacitor is seen on the load of a 
thyristor, the thyristor can be falsely triggered, causing an 
undesirable amount of power to be delivered to the ballast 
circuit and LED module. Because the ballast circuit of the 
present disclosure behaves like a resistive load, the phase 
controlled dimmer works properly and false triggering is 
avoided. 

0051. With continued reference to FIGS. 1 and 3, in one 
embodiment, the transformer provides electrical isolation, 
which reduces the risk of a shock to a user. The transformer 
steps down the Voltage from relatively high levels, such as 
line Voltage, to lower levels that are safe for human contact. 
As such, the transformer provides isolation to the lighting/ 
load unit 106 so that a user who touches the LEDs, or 
portions of the circuit in the lighting/load unit, will not 
receive a dangerous electrical shock from the Voltage flow 
ing through the circuit and LEDs, because the load unit is 
isolated from the relatively high voltage within the main 
ballast circuit. This provides a significant safety measure for 
the user. 

0.052. In one embodiment, an automatic LED over-volt 
age protection feature is provided. The LED over-voltage 
protection feature provides voltage feedback from the load 
unit, which includes the LEDs. This is useful in guarding 
against malfunctions in the LEDs or elsewhere in the load, 
such as an external LED load failure, or another abnormal 
condition. An external LED load failure can include, for 
example, the removal of one or more LEDs from the load, 
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an open circuit, or other malfunction which may cause the 
voltage on the LEDs to rise. The overload-protection feature 
enables the circuit to limit the voltage supplied to the LEDs 
to prevent the remaining LEDs, or the rest of the circuit, 
from being damaged. 
0053 When the voltage across the primary windings 351, 
and thus the LEDs, rises, the voltage increase is reflected 
across the second secondary windings 353. This will cause 
the Voltage across capacitor 330 to increase approximately 
proportional with the second secondary winding 353 output 
voltage. Resistor 319 and 325 divide this voltage down to a 
lower level and compare with the IC 324 reference voltage 
378. If the divided voltage on VFB 372 exceeds the internal 
reference voltage, the IC 324 will automatically reduce the 
VCOMP371 voltage output, which will in turn reduce the 
duty cycle, reducing the amount of time the MOSFET 333 
is gated on. The duty cycle is adjusted until the divided 
Voltage is equal to or less than the internal reference Voltage. 
This reduces the amount of power supplied to the trans 
former and the LEDs while maintaining approximately the 
same Voltage level. Thus, in an abnormal state, the duty 
cycle is adjusted so as to stabilize and limit the output 
Voltage. Once the Voltage is stabilized as appropriate, the 
ballast circuit returns to normal operation, in which the duty 
cycle remains Substantially fixed at its adjusted position. 
0054 The over-voltage feature just discussed provides 
safety and durability, preventing the fixture from being 
damaged due to load failures or the like. In another embodi 
ment the same or a similar circuit structure provides opera 
tional Voltage regulation. For example, in one embodiment, 
a rated Voltage is chosen corresponding to a desired Voltage 
load. The internal reference voltage may be chosen to 
correspond with the sensed Voltage across the load. Most 
preferably, the divider ratio of resistors 319 and 325 is 
chosen so that the divided Voltage corresponds to the inter 
nal reference Voltage when the load is connected and oper 
ating properly. In Such an embodiment, adjustments will be 
automatically made in order to keep the Voltage generally 
COnStant. 

0055 For example, if the load is increased, such as by 
adding an LED module in parallel with the existing load, 
current drawn through the load will tend to increase. Since 
the amount of power being Supplied remains constant, the 
Voltage will decrease. Upon detecting the decrease in Volt 
age, the IC 324 will increase the duty cycle, thus increasing 
power output, and correspondingly increasing load voltage 
until the rated nominal voltage is obtained. Once the rated 
Voltage is obtained, the ballast circuit returns to normal 
operation, in which the duty cycle and Switching frequency 
are held generally constant. 
0056. In the opposite situation, such as when the load is 
decreased, such as by removing an LED module from a 
parallel disposition, the IC 324 will sense a load voltage 
increase, and will reduce the duty cycle until the rated, 
nominal Voltage is maintained. The ballast circuit then 
reverts to normal operation. In Summary, the Voltage is 
maintained at a generally constant level defined by a rated 
voltage of the device, but the circuit will automatically 
adjust power output to correspond appropriately to the load. 
Further, the ballast and associated load behave like a resistor 
during normal operation, and thus retain the capability of 
being dimmed by a phase-control-based dimmer. 
0057. In another embodiment, a light fixture construction 
system is provided in which the ballast is rated for a 
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particular voltage, and a plurality of light fixtures are 
adapted to carry LED-based loads corresponding to the rated 
Voltage, but each fixture has features corresponding to 
unique power needs. For example, a first fixture employs 
one LED module, a second fixture employs two identical 
LED modules arranged in electrical parallel, and a third 
fixture employs three identical LED modules arranged in 
electrical parallel. Each of these fixtures suitably use the 
same ballast circuit for power delivery, and the ballast 
adjusts duty cycle to provide Suitable power and to maintain 
generally the same voltage for the load of each fixture. Once 
the initial adjustment is made, the ballast circuit operates in 
a normal condition; the duty cycle is kept generally fixed and 
the fixture is dimmable by a typical phase-control-based 
dimmer. In further embodiments, more or less than three 
modules may be employed. 
0058. Further embodiments may include additional fix 
ture variations. For example, instead of single LED modules 
arranged in parallel, one, two, three or more groups of one 
or more serially-arranged LED modules may be arranged so 
that the groups are in parallel. In still further embodiments, 
groups may not necessarily include only LED modules, but 
can include other electrically-powered devices correspond 
ing to the fixture, such as lighting sensors, RF generators 
and/or receivers, a controller, or the like. Such devices may 
be provided alone or in combination with other devices 
and/or LED modules. As discussed above, preferably one 
model of a ballast circuit may appropriately power a plu 
rality of fixtures/loads that are configured to work with the 
ballast’s rated voltage. After an initial adjustment for the 
particular load, the ballast operates normally, providing a 
constant duty cycle and Switching frequency, and thus 
behaves substantially like a resistor. 
0059. In one embodiment, the second secondary winding 
353 provides a second power supply to IC 324, reducing the 
current demand and power dissipation on transistor 314. 
This has the effect of increasing the efficiency and reducing 
the temperature rise of the ballast circuit. 
0060. In one embodiment, an automatic LED load over 
current protection feature is provided. This protection fea 
ture has a current sense resistor 336 which senses the 
switching current of the MOSFET 333. As the current 
running through the resistor 336 increases, the Voltage 
across the resistor also increases proportionally. ISENSE 
input 373 of IC 324 is responsive to the voltage across 
resistor 336. In normal operation, the current and the voltage 
across the current sense resistor 336 will be low. However, 
when the Voltage on the current sense resistor rises above a 
predetermined threshold, the ISENSE input 373 responds by 
triggering the preset protection internal to the IC 324 to 
reduce the time the MOSFET 333 is gated on. This reduces 
the current flowing in the MOSFET 333 which in turn will 
protect the ballast and LED from destruction by abnormal 
load conditions. 

0061. In one embodiment, an impedance matching resis 
tor 304 is provided. The impedance matching resistor 304 is 
selected to connect in series with the AC input circuitry. The 
resistance of this resistor is selected to have low resistance 
to minimize the power wasted on the resistor 304, yet, have 
a high enough resistance so that the Solid-state phase con 
trolled dimmer switch will not be falsely triggered due to the 
presence of capacitor 310. A capacitive load can cause the 
phase controlled dimmer to experience a phase shift making 
it trigger at the wrong time. The phase shift can cause an 
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undesirable amount of power to be delivered to the intended 
load. As described above, capacitor 310 is used to filter the 
high frequency switching current, and average the Switching 
current, so that the ballast circuit can behave like a pure 
resistor. 

0062. In one embodiment, components with tight toler 
ances are used to make the ballast-circuit predictable. Pref 
erably, a variable resistor 320 is provided to adjust for 
tolerance requirements and allow lower tolerance compo 
nents to be used. Lower tolerance components are generally 
less expensive than higher tolerance components. The vari 
able resistor 320 is connected in series with the frequency 
setting resistor 321. The variable resistor 320 is adjusted 
during manufacturing in order to adjust the Switching period 
(T). The switching period adjusts the effective resistance 
(Ref) of the circuit, and thus the power supplied to the 
LEDs. The variable resistor 320 allows for final trimming of 
the LED ballast output power to a consistent specified level 
in production. In a preferred embodiment, once the variable 
resistor 320 is set, or calibrated, so that the ballast circuit 
behaves as desired, the setting of the resistor 320 is not 
changed. In another preferred embodiment, once resistor 
320 is appropriately set, the circuit structure is at least 
partially encased in a resin, and a user does not have access 
to further set the resistor 320. 

0063 FIG. 4 illustrates another embodiment of an LED 
ballast circuit for dimming an LED. The illustrated LED 
ballast circuit has all of the components as the circuit 
described with respect to FIG.3, with the added components 
of a third secondary winding 401 of transformer 337, diode 
402, diode 403, and capacitor 404. These components are 
added to aid in Smoothing the power Supplied to capacitor 
310. With more consistent power, the capacitor 310 can be 
chosen to have a smaller capacitance. With a small capaci 
tance at capacitor 310, the impedance matching resistor 304 
can also be chosen to have a small resistive value. As 
discussed above, the resistance of impedance matching 
resistor 304 is selected to have low resistance to minimize 
the power wasted on the resistor 304, yet have a high enough 
resistance so that the Solid-state phase control dimmer 
switch will not be falsely triggered due to the presence of 
capacitor 310. The added components of FIG. 4 allow the 
impedance matching resistor 304 to have a lower resistance 
while still maintaining the Sufficient impedance matching to 
prevent the phase controlled dimmer Switch from operating 
improperly. 
0064 FIG. 5 illustrates yet another embodiment of an 
LED ballast circuit for dimming a load unit having three sub 
units. The LED ballast circuit of FIG. 5 has many of the 
same components and operation as that described with 
respect to FIG. 3. FIG. 5 also includes three separate 
inductors 500, one for each of 3 load subunits. Resistors 501 
and capacitors 502 are provided to reduce the undesirable 
high frequency oscillation of the transformers 500 that have 
primary windings 503, first secondary windings 505, and 
second secondary windings 507. Each first secondary wind 
ing 505 supplies a load subunit comprising an LED bank 
344, 345, 346 with power. Diodes 509 and capacitors 510 
are provided to filter and smooth the power supplied to the 
LEDs. Second secondary windings 507 and diodes 511 
provide the same functionality as second secondary winding 
353 and diode 334. Using three separate transformers allows 
for the power sent to the LEDs to be more equally distrib 
uted among each subunit. Providing three Subunits allows 
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for lower distribution Voltage and easier cooling for each 
Subunit, as well as a lower magnetic profile, allowing the 
ballast to be packaged in a low profile enclosure. Although 
three transformer/subunit pairs are employed in the illus 
trated embodiment, it is to be understood that two, three, 
four or more Such pairs may be suitably used. 
0065. In the embodiment illustrated in FIG. 5, compo 
nents values are generally chosen from standard component 
values. For example, in a preferred embodiment, the com 
ponent values for the components in FIG. 5 are: fuse 303: 
about 1 A, 250V; impedance matching resistor 304: about 47 
ohms, 5 W; capacitor 305: about 104 Pf, 250V, XCAP: 
resistor 306: about 470K, /4 W, 5%; resistor 307: about 
470K ohms, 4 W, 5%; capacitor 310: about 2.2 Uf, 200V. 
FILM: capacitor 311: about 0.01 uF/500V. CER: resistor 
312: about 100K ohms, A W: resistor 313: about 100K 
ohms, 4W: resistor 317: about 100 ohm: 4W: resistor 319: 
about 150K ohms, 0805; variable resistor 320: about 2K 
ohms; resistor 321: about 680 ohms, 0805, 5%; capacitor 
322; about 0.01 uF, 16V, 0805; capacitor 323: about 0.1 uF, 
16V, 0805; resistor 325: about 27K ohm, 0805, 5%; capaci 
tor 326: about 330 Pf, 16V, 0805; resistor 327: about 510 
ohm, 0805; resistor 329: about 100 ohm, 0805; storage 
capacitor 330: about 100 Uf, 25V, AL; capacitor 331: about 
1000 pF 50V. CER: resistor 332: about 470K ohms, % W. 
5%; resistor 335: about 10 ohms, /4 W, 5%; resistor 336: 
about 1 ohm, 1 W: transformers 500: about 230 uH; capaci 
tors 510: about 10 Uf, 25V, AL; resistors 501: about 1 K 
ohms, % W, 5%; and capacitors 502: about 100 pF, 200V. 
CER. The foregoing component values are provided by way 
of example and not by way of limitation. It will be under 
stood by a person of skill in the art that various other 
component values can be used with the present disclosure. 
0066. In one embodiment, standard components are cho 
sen. For example, in the embodiment of FIG. 5, diode bridge 
308 can be a KBP206G diode bridge, transistor 314 can be 
a 2SC4620 transistor, Zener 315 can be an RLZ15C Zener, 
diode 316 can be a 1N4148 dioide, IC 24 can be a UC3845, 
diode 318 can be a 1N4007 diode, transformers 500 can be 
CS127125 transformers, diodes 509 can be SB160 diodes, 
diodes 511 can be 1 N4148 diodes, MOSFET 333 can be a 
4NQ60E MOSFET, and diode 328 can be a 1N4148 diode. 
0067. In one embodiment, the ballast circuit of the 
present disclosure is incorporated into a housing to form part 
of a Luminaire. In one embodiment, the LED luminaire has 
a modular construction. The load unit comprises LEDs 
disposed on one or more modules, and the modules and 
ballast circuit housing are attached to a mounting structure 
to construct the luminaire. 

0068 FIGS. 6A-6B illustrate one embodiment of an LED 
luminaire. The luminaire includes an LED module 601, a 
mount member 603, and a driver 605. A pair of threaded 
fasteners 607 secure the module 601 onto the mount member 
601 and the driver 605. The fasteners 607 extend through 
mounting holes 621, 623 formed through the module 601 
and mount member 603, respectively, and engage threaded 
mount members 625 arranged in the driver 605. The fasten 
ers 607 communicate electrical power from the driver 605 to 
the LED module 601. Nonconductive inserts 631 electrically 
insulate the fasteners 607 from the mount member 603. 

0069. With reference next to FIG. 7, the LED module 601 
preferably comprises a module body 701 having a dielectric 
layer 703. Conductive contacts 705a-d are provided on the 
dielectric layer 703 opposite the module body 701. LEDs 
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707 are attached to the contacts 705a-d so as to be electri 
cally in series between contact 705a and 705d. In the 
illustrated embodiment, the array of LEDs 707 is arranged 
in series between the mounting holes 621. Input contacts 711 
are configured to electricity communicate with the driver 
605 via the fasteners 607. The input contacts 711 comprise 
an area Surrounding the mounting holes 621 and communi 
cate electrically with adjacent contacts 705a, d. 
0070. In the illustrated embodiment, the LEDs comprise 
white LEDs in an electrical series arrangement. It is to be 
understood that LEDs having different colors and different 
power requirements, as well as embodiments having one, 
two, four, five, six, seven, eight, nine, or more LEDs, may 
be employed. Further, modules having input contacts may or 
may not employ mount holes, and electric power may or 
may not be supplied to the module via a threaded fastener, 
and may also or instead be supplied by wires, non-threaded 
fasteners, clips, or the like. In the illustrated embodiment, 
the module body 701 is heat conductive, and comprises a 
metal, preferably an aluminum plate. It is to be understood 
that other types of materials can be used for the module 
body, including plastics, other metals, ceramics, and the like. 
Further, although it is generally preferable that the module 
body 701 have high heat conductance properties, in some 
embodiments, such properties may not be necessary and 
thus are not employed. 
(0071. With continued reference to FIGS. 6A and 6B, the 
mount member 603 is configured to fit in a typical electrical 
junction box. As such, mounting apertures 801 are posi 
tioned to align with corresponding apertures on Such junc 
tion boxes. Further, as discussed above, the mount member 
603 comprises module mount holes 623 which are config 
ured to align with the mounting holes 621 formed through 
the module 601 and with mount members 625 of the driver 
605. In the illustrated embodiment, the mount member 603 
has a substantially flat module mount portion 803 configured 
to complement the substantially flat module body 701. This 
complementary configuration facilitates heat transfer 
between the LED module 601 and mount member 603. 

(0072. The driver 605 comprises a case 901 that encloses 
electrical components and circuitry for power conditioning, 
such as, for example, a ballast circuit. A pair of flexible 
conductors 903 are configured to connect to line voltage 
Such as 120VAC and to communicate Such line Voltage to 
the driver circuitry. In one embodiment, the flexible con 
ductors 903 connect to the output of a phase controlled 
dimmer Switch which is connected to a Voltage. The cir 
cuitry within the driver steps down the voltage and rectifies 
it into a DC voltage that is appropriate for the module. For 
example, in the illustrated embodiment, the Voltage is 
stepped down to 6-10 volts. Of course, other voltage levels, 
such as about 30 volts, about 12 volts, or the like are also 
contemplated. 
0073. With continued reference to FIGS. 6A and 6B, 
mounting members 625 are arranged in the driver 605, and 
are configured to align with the mounting holes 621, 623 
through the module 601 and mount member 603. The 
mounting members 625 are polarized, meaning that they are 
configured as part of a circuit path Such that when a module 
is properly installed, it bridges from a positive to a negative 
mounting member. This completes a circuit, Supplying elec 
trical power from a circuit board housed inside the driver 
housing 901 to the LED module 601. In the illustrated 
embodiment, the mount members 625 are threaded so as to 
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engage threads of the fasteners 607. Electric power is 
communicated through the engaged threads. The ballast 
circuitry is comprised within housing 901 so as to protect it 
from human contact. Preferably mount members 625 are 
electrically located on the ballast circuit after power has 
passed through the transformer 337 so that the mount 
members 625 are electrically isolated from dangerous volt 
age levels. As such, in this embodiment, the circuit electri 
cally isolates the mount members 625 from dangerous 
voltage levels, and the housing 901 physically isolates users 
from any high-voltage portions of the circuit, and allows 
access only to the electrically isolated mount members 625. 
Such physical and electrical isolation reduces the risk of an 
electrical shock to a user. 
0074 Although FIGS. 6A-6B illustrate a luminaire 
employing only one LED module, a skilled artisan will 
recognize from the disclosure herein that 2, 3, or 4 or more 
LED modules can be used with the ballast circuit and 
housing described herein. In addition, a skilled artisan will 
recognize that 1, 2, 3, or 4 or more LEDs can be attached to 
each LED module, either in series or in parallel. 
0075. The embodiment illustrated in connection with 
FIGS. 6A-6B has a single pair of mounts 625, and thus only 
a single module 601 can be directly connected to the mounts. 
Applicant contemplates a product system comprising mul 
tiple models of ballasts. Some models may be adapted to 
have different rated operating voltages. Other models are 
adapted to have varying connector configurations. For 
example, ballast circuits, and associated housings, having 2. 
3, 4 or more sets of connectors are contemplated. Further, 
embodiments are contemplated in which the connectors are 
in electrical series, parallel, or combinations thereof. Pref 
erably, each ballast of the product system is adapted to adjust 
duty cycle to meet the load’s power needs and achieve stable 
operation, and then operates normally, in which the duty 
cycle is generally fixed. 
0076 Although the foregoing invention has been 
described in terms of certain preferred embodiments, other 
embodiments will be apparent to those of ordinary skill in 
the art from the disclosure herein. Additionally, other com 
binations, omissions, Substitutions and modifications will be 
apparent to the skilled artisan in view of the disclosure 
herein. It is contemplated that various aspects and features 
of the invention described can be practiced separately, 
combined together, or Substituted for one another, and that 
a variety of combination and subcombinations of the fea 
tures and aspects can be made and still fall within the scope 
of the invention. Furthermore, the systems described above 
need not include all of the modules and functions described 
in the preferred embodiments. Accordingly, the present 
invention is not intended to be limited by the recitation of the 
preferred embodiments, but is to be defined by reference to 
the appended claims. 

What is claimed is: 
1. A lighting fixture adapted to be dimmable by a thyris 

tor-based dimmer, the fixture comprising: 
a power conditioning unit adapted to accept an AC 

electrical input and having an output, the power con 
ditioning unit comprising: 
a switching MOSFET: 
a control circuit adapted to output a Switching clock 

cycle and duty cycle that are generally fixed during 
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normal operation of the power conditioning unit, the 
duty cycle and clock cycle adapted to gate the 
switching MOSFET; and 

a transformer having a primary winding configured to 
store electrical energy when the MOSFET is gated 
on, a secondary winding of the transformer receiving 
electrical energy from the primary winding and 
delivering it to the outlet; 

a lighting unit connected to the power conditioning unit 
output and adapted to receive electric power therefrom, 
the lighting unit comprising one or more light emitting 
diodes (LEDs); 

wherein the duty cycle, clock and transformer are chosen 
So that the primary winding discharges Substantially all 
of the energy stored therein at least once per a prede 
termined number of clock cycles. 

2. A lighting fixture as in claim 1, wherein the duty cycle, 
clock and transformer are chosen so that the primary wind 
ing discharges Substantially all of the energy stored therein 
every clock cycle. 

3. A lighting fixture as in claim 1, wherein the power 
conditioning unit and lighting unit collectively emulate a 
resistor during normal operation. 

4. A lighting fixture as in claim 1 additionally comprising 
an over-Voltage protector configured to automatically adjust 
the duty cycle to prevent damage due to a non-normal 
operating condition in which the load voltage exceeds a 
rated voltage of the fixture. 

5. A lighting fixture as in claim 1, wherein the generally 
fixed duty cycle is between about 35% and about 65%. 

6. A lighting fixture as in claim 5, wherein the generally 
fixed duty cycle is between about 40% and about 50%. 

7. A lighting fixture as in claim 1, wherein the power 
conditioning unit comprises a manually-adjustable variable 
resistor configured to adjust the Switching frequency. 

8. A lighting fixture as in claim 7, wherein the variable 
resistor is adapted to be adjusted during manufacture of the 
power conditioning unit so as to calibrate the Switching 
frequency to a chosen value, and wherein the variable 
resistor is not accessible for adjustment during normal 
operation of the power conditioning unit. 

9. A lighting fixture as in claim 1, wherein the power 
conditioning unit further comprises an impedance matching 
resistor connected in series between a thyristor-based dim 
mer and the rest of the power conditioning unit, wherein the 
impedance matching resistor is chosen to prevent a false 
trigger by the thyristor-based dimmer. 

10. A lighting fixture as in claim 1, wherein the power 
conditioning unit is configured to operate at a rated Voltage 
during normal operation, wherein the control circuit is 
configured so that when a load Voltage differs significantly 
from the rated Voltage, a non-normal condition is indicated, 
and the duty cycle is adjusted so as to adjust the power 
delivered to the load until the load voltage generally corre 
sponds to the rated Voltage, at which time the power 
conditioning unit returns to a normal condition. 

11. A lighting fixture as in claim 1, wherein the trans 
former is configured to provide electrical isolation between 
the lighting unit and the relatively high input voltage. 

12. A lighting fixture as in claim 11, wherein the power 
conditioning unit is enclosed within a housing, and a pair of 
apertures are formed through the housing to provide access 
to the power conditioning unit output, and a relatively low 
Voltage is arranged across the output. 
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13. A method of dimming an LED using a thyristor-based 
dimmer, comprising: 

providing an LED; 
providing an LED driver comprising a Substantially fixed 

operating frequency clock and a transformer, 
providing a thyristor-based dimmer adapted to Supply a 
power to the LED driver; 

Supplying power to the transformer as a function of the 
duty cycle so as to charge the transformer, 

wherein the transformer is adapted to substantially fully 
discharge at least once per a predetermined number of 
clock cycles; and 

directing at least a portion of the energy discharged from 
the transformer to the LED. 

14. The method of claim 13, wherein the transformer is 
adapted to Substantially fully discharge once per duty cycle. 

15. The method of claim 13, wherein a duty cycle of the 
substantially fixed frequency clock is between about 35% 
and about 60%. 

16. The method of claim 13, wherein a duty cycle of the 
substantially fixed frequency clock is between about 40% 
and about 50%. 

17. The method of claim 13, wherein the transformer is 
adapted to provide electrical isolation. 

18. The method of claim 13, wherein the LED driver 
further comprises a screw-plug connection 

19. The method of claim 13 additionally comprising 
providing a variable resistor configured to adjust the oper 
ating Switching frequency, and adjusting the variable resistor 
to adjust the Switching frequency. 

20. The method of claim 19, further comprising adjusting 
the Substantially fixed Switching frequency during manufac 
turing. 

21. A light emitting diode dimming circuit for use with a 
thyristor-based dimmer switch, the light emitting diode 
dimmer circuit comprising: 

a switching MOSFET: 
a control circuit configured to provide a clock frequency 

and a duty cycle gate drive signal for controlling the 
MOSFET, the frequency and duty cycle being gener 
ally fixed during normal operation; 

a transformer configured to store energy and discharge 
Substantially all of the stored energy at least once per a 
predetermined number of clock cycles; and 

one or more light emitting diodes configured to receive at 
least a portion of energy discharged by the transformer. 
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22. The light emitting diode dimming circuit of claim 21, 
wherein the transformer discharges substantially all of the 
stored energy once per each duty cycle. 

23. The light emitting diode dimming circuit of claim 21, 
wherein the substantially fixed duty cycle is between about 
35% and about 65%. 

24. The light emitting diode dimming circuit of claim 21, 
wherein the substantially fixed duty cycle is between about 
40% and about 50%. 

25. The light emitting diode dimming circuit of claim 21, 
wherein the transformer is configured to provide electrical 
isolation. 

26. The light emitting diode dimming circuit of claim 21, 
wherein the control circuit is adapted to sense a non-normal 
operating condition indicated by a changing output Voltage, 
the control circuit is adapted to change the duty cycle to 
stabilize output voltage within a preset range, and wherein 
the control circuit maintains normal operation when the 
output voltage is stabilized. 

27. The light emitting diode dimming circuit of claim 21 
additionally comprising an impedance matching resistor 
arranged to be connected in series with a thyristor-based 
dimmer circuit, wherein the impedance matching resistor is 
chosen to prevent a false trigger by the thyristor-based 
dimmer. 

28. A system for dimming an LED, the system compris 
ing: 

a thyristor-based dimmer; 
a lighting portion comprising one or more LEDs; 
an LED ballast operably connected between the thyristor 

based dimmer and the lighting portion, wherein the 
LED ballast is configured to imitate a resistive load as 
seen by the thyristor based dimmer. 

29. The system of claim 28, wherein the LED ballast 
comprises a Switching frequency clock that is Substantially 
fixed during normal operation. 

30. The system of claim 29, wherein the LED ballast 
comprises a transformer. 

31. The system of claim 30, wherein the transformer is 
configured to Substantially fully discharge once per clock 
cycle. 

32. The system of claim 28, wherein the LED ballast 
comprises an impedance matching resistor. 

k k k k k 




