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LED POWER SOQURCE AND DC-DC CONVERTER

BACKGROUND OF THE DISCLOSURE

006 Light emitting diodes (LEDs) are becoming more and more popular for highting
and signaling applications, 1n which mudtiple LEDs are formed into an arrav and
powered to emit hight. LED arvays are typically supplied with DC current with the
amount of supplied power controliing the array brightness. In many applications, it is
desirable to maintain elecirical isolation between the LED array and the input power
supplv, such as where installers mav ground the LED array to earth ground. Moreover,
it 1s desirable to avoid thermal excesses in the LED power source. A need therefore
exists for improved LED power sources and DC-DC converters that provide isolation

and set-protection against overheating.
SUMMARY OF THE DISCLOSURE

{0001} An LED power source is provided along with a self oscillating DC-DC converter
therafor, which can be emploved for operating an LED array. The power sowce
ncludes an inpat rectifier which receives an input AC voltage sigoal and produces an
matiad DC voltage recerved by the DC-DC converter. In one embodiment, the power
sourcs includes a boost converter operatively coupled between the mput rectifier and the
DE-DC converter, which may have a power [actor correction contraller to control a
power factor of the power souwrce. The DC-DC converter has isolated supplv-side and
load-side ground connections as well as a self~oscillating inverter and an owiput
rectifier. The mverter 1s coupled with the supply-side ground conneclion and receives
the mutial DC voltage directly or indirectly from the mput vectifier and produces an
mtermediate AC signal. The output rectifier is coupled with the load-side ground
connection and receives the mfermediate AC signal from which it produces an output
DC voliage to supply power to the LED array. The BC-DC converter may further
include an inverter controlier that modifies the inverter frequency to control the supplied
power hased at least in part on sensed output power draw, where the inverter controller

15 electrically 1solated from the inverter in some embodiments. The DC-DC converter
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mav be controlled using a controf transformer with a primary winding operatively
coupled to and controdled by the inverter controtler, as well as secondary windings that
control the inverter switching frequency. The transformer in some embodiments has a
core made of a matenal having a Curle temperature associated with a maximum
operating temperature of a component in the power source, where the control
transformer reduces the inductance of the secondary windings when the core
temperature exceeds the Curie termperature to prevent the power source from

overhealing.
BRIEF DESCRIPTION OF THE DRAWINGS

[OE2] One or more exemplary ambodiments are set forth in the following detaled

desenption and the drawings, m which:

006031 Fre 1 s a schematic diagram tllustrating an exemplary LED power sousce having

a sell~osallating 1solated DC-DC converter for powering an LED array;

[O0004] Fig 2 15 a schematic dragram dlustrating details of an exemplary self-osciliating

isolated DC-DC converter; and

[0005] Fig. 3 15 a side elevation view tllustrating an exemplary controd transformer with
a core having a Curie temperature T set for thermal protection of the system and DC-

DU converter of Figs. 1 and 2.

[0006] Refernng now to the drawings, where like reference numerals are used to refer to
like elements throughout. and wherein the varous Teatures are not necessanty drawn to
scale, Fig. 1 ilustrates an LED povwer source 102 including a rectifier 110 receiving
mput power from an AC input 104, where the rectifier can be active or passive or the
power source 102 can altematively be supplied with DC mput pover with the vectifier

omitted. The rectifier 110 hag an output 12 providing a rectified DC voltage to a

switching type DC-DC converter 120, which includes vanous switching devices

operated by suitable control signals (not shownd. In one smbodiment, the converter 120

b3
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1s a boost converter with a power factor control (PFC) component 121 {0 control the
power factor of the ballast 102, In cerlain embodiments, the inttial converter 128 may

be omitted, with the rectifier {or external DC supply) providing the DC voltage 122,

0007} The LED power source 102 further includes a self~osciliating 1solated DC-DC
converter 200 that is comprised of an inverter 210 receiving the DC voliage 122 and
generating an intermediate AC, and a controller 220 that controls the inverter 210, The
inverier 21018 transformer coupled to provide 1solated AC power to an oulput rectifier
230, The output rectifier converts the intermediate AC to provide a PO power output
202 tor dniving an LED array load 1306, which may include any number of LEDs 132
arranged m any switable series andfor parallet configuration. The exemplaty controller
224 senses one or more conditions at the oulput rectifier 230 and selectively modifies

operation of the mverter 210 accordingly.

{0008} Referring also to Fig, 2, further details of an embodiment of a self~oscillating
isolated DC-DC converter 210 are iftustrated. The exemplary DC-DC converter 200 of
Fig. 2 may be advantageously emploved in the LED power source 102 of Fig. 1 above,
and mav be emploved m any system in which wolated DC-DC conversion is required,
As shownn Fig. 2, the DC-DC converter 200 includes an mverter 210 having terminals
210a and 210D that receive DC power from the boost converter 120 or other preceding
DC supply. The mverter 210, moreover, includes a resonant circuit 213 and a pair of
resonance controlied switching devices Q1 and Q2, in one example, n-tvpe MOSFETy
atthough any suttable switching devices may be emploved. The mverter receives DC
mput voltage via the terminals 210a and 210h and this input DC s selectively swilching
by the switching devices Q1 and Q2 coupled in series between a positive vollage node
DC+ and a negative node coupled to a first cirenit ground GNDL In operation, the
selective switching of the switches Q1 and Q2 operates to generale a square wave at an
myerter output node 211, which in tum excites the resonant circwl 213 to thereby drive

a bigh frequency bus 212

{00091 The converter 200 mcludes transformers for power and control isolation, as well
as for self-oscillation. These include a first transformer T1 with a winding T1A in the

resonant circuit 213 and a winding T1B in the output rectifier circuit 230, a second

Ll
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ransformer T2 having a first winding T2A in series with the winding T1A in the
resonant cireuit 213 and second and third windings T2B and T2C in switch control
circuits associated with the first and second switching devices Q1 and Q2, respectively,
as well as a third transformerT3 with a first winding T3A n the controtier 220 and
second and third windings T3B and T3C m the switch controf circuits associated with
Q1 and Q2. In operation, the first transformer T1 provides AC power from the high
frequency bus 212 to the secondary winding T1B of the oufput recuifier 230, and the
secondary current from T1B is rectified {o provide output power at terminals 202a and
202b for driving the LED arvay 130 with power isolated from the first circuit ground
GND1, where the pegative output terminal 202b provides an output ground GND2 that
is 1solated from the first cirout ground GNDY via the Dirst transformer T1. The first
winding T2A of the second transformer operates as a primary in the resonant circuit 213
and the secondary windings T2B and T2C are connected in the gate drive circnits for Q1
and Q2. respectively for oscillatory actuation of the switches according to the resonance
of the circuif 213, The third transformer T3 i1s used by the controller 220 to selectively
control the inductance of the gate drive circuils for closed loop operation of the

converter 200, in one example, 1o control the LED arrav output carrent.

{0610} The high frequency bus s generated at the node 212 by the inverter 210 and the
resonant cirewit 213, which includes a resonant mductance {e.g., the series connected
windings T1A and T2A) as well a3 an equivalent resonant capacitance including the
equivalent of capactliors C1 and C2 connected 1 series between the DO+ and GNIY
nodes, with a center node at the high frequency bus 2120 The inverter 214 also includes
a clamping cirenit formed by clamping diodes D1 and D2 individually coupled
parailel with the capacitances €1 and C2, respectively. The switches Q1 and Q2 are
alternately activated to provide a square wave of amplituede VDC/2 at a common
inverter output node 211 (e.g.. hall the DC bus vollage across the lerminals 1228 and
122b). The square wave output of the mverter 210 excites the resonant circwf 213, Gate
or controd lines 214 and 216 include resistances R1 and R2 for providing control signals

to the gales of the inverter switches Q1 and Q2. respectively.
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[0 1] The swatch gating signals are generated using first and second gate drive circuits
221 and 222, respectivaly, with the first drive circuil 221 couplad betwesn the inverter
output node 211 and a first circuit node 218, and the second drive circwt 222 coupled
between the circuit ground GNID1 and node 216, The drive circuits 221 and 222
respactively iclude the first and second driving inductors T2B and T2C which are
secondary windings mutually coupled to the resonant inductor T24A of the resonant
circuit 213 to induce voltage in the driving inductors T2B and T2C proportional to the
instantangous rate of change of current in the resonanit circuit 213 for self-oscillatory
operation of the mverler 210, In addition, the drive circuils 221 and 222 mclode the
secondary inductors T3B and T3C senally connected to the respective first and second
driving mductors T2B and T2C and the gate control lines 214 and 216, where the
controlier 220 can change the osciliatory frequency of the inverter 210 by varyving the
inductance of the windings T3B and T3C through control of the cusrent through the

primary winding T3A,

0012} In operation, the gate drive circuits 221 and 222 maintain Q1 i an "ON" state for
a first half of a cycle and the switch Q2 "ON" for a second half of the cvcele to generate a
generally square wave at the output node 211 for exciiation of the resonant circuit 213,
The gate to source voltages Ves of the switching devices Q1 and Q2 in one embodiment
are limited by bi-directional voltage clamps Z1, 22 and 43, Z4 {e.g., back-to-back Zener
diodes) couplad between the respective switch sources and the gate controf lines 214
and 216, In this embodiment, the mdividual bi-diveetional voltage clamp Z1, 22 and
Z3. Z4 cooperate with the respective inductor T3B and T3C to control the phase angle
between the fundamental frequency component of voltage across the rescnant civcuit

213 and the AC current in the resonant inductor T2A.

|8 3] To start the converter 200, series coupled resistors B3 and R4 across the mput
terminals 122a and 122b cooperate with a resistor R6 {coupled betvezen the mverter
output node 211 and the circuit GND1) o tnitiate regenerative operation of the gate
drive circuits 221 and 222, In addition, the inverter switch control circwtre includes
capacitors 3 and C4 coupled in series with the windings T3B and T3C, respectively.

Upon application of DC power, C3 is charged from the positive DC input via R3, R4
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and R6. During thus tume, a resistor RS shunts the capacitor C4 1o prevent C4 from
charging and thereby prevents concurrent activation of Q1 and Q2. Since the voliage
across €3 1s initially zero, the series connected inductors T2B and T3B act as a shont
circuit due to a refatively long time constant for charging of the capacitor €3, Once C3
charges up to the threshold vollage of the Vgs of Q1 (e.g.. 2-3 volis in one
embodiment). Q1 turns ON and a small bias current flows through Q1. This current
brases Q1 in a comwmon drain, Class A amplifier configuration having sufficient gain {0
allow the combination of the resonant circuit 213 and the gate control circuwt 221 to
produce a regenerative action to begin oscillation of the wverter 2160 at or near the
resonant frequency of the network ncluding C3 T3B and T2B, which is above the
natural resonant frequency of the resonat circuit 213, As a result, the resonant voltage
seen at the high frequency bus node 212 lags the fundamental of the inverter output
voltage at node 211, thereby facililating sofl-switching operation of the mverter 210,
The mverter 210 therefore begins operation 1 a linear mode at startup and transitions

into switching Class D mode.

0014} In steady state operation of the LED power source 102 circuit, the square wave
voltage at the inverter output node 211 has an amplitude of approximately one-half of
the voltage of the positive terminal 122a (e.g., Vdo/2), and the imtial bias voltage across

>3 drops. In the illustrated inverter a first network 224 including the capacitor C3 and
inductor T3B and a second network 226 including the capacitor €4 and inductor T3C
are equivalently inductive with an operating frequency above the resonant frequency of
the first and second networks 224, 226, In steady state oscillatory operation, this resulis
in a phase shift of the gate cirewt to allow the current flowing through the inductor T2A
to lag the fundamental frequency of the voltage produced at the mverter outpul node

211, thus facilitating soft-switching of the mverter 210 during the steady-slate operation.

The ocutput voltage of the inverter 210 in one embodiment is clamped by serially
connected clamping diodes D1, D2 to linut high voltage seen by the capacitors C1 and
C2. As the inverter output voltage at node 211 increases, the clamping diodes D1, D2
start to clamp, preventing the voltage across the capacitors C and €2 from changing
sign and limiting the output voltage (o a value that prevents thermal damage to

compenents of the inverter 210,
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|06 5T 1o steady siate operation, therefore, the mnverter 210 provides a high frequency
bus at the common node 211 while maintaining the soft switching condition for Q1 and
Q2. The high frequency current Howing through the primary winding T1A of the
resonant circuit 213 is transformer coupled to the secondary winding T1B that drives a
passive full wave rectifier bridge which includes diodes D7, D3, D9, and D10 in the
output rectifier 230, Other forms of output rectifiers can be used. inclading active or
passive, full or half~wave rectifiers, with or without fillering components. The
exemplary output rectifier 230 mcludes an output {ilter capacitance C8 operative to
smooth the rectified DC voltage from the diodes bridge D7-D10, and the resulting DC
output voltage 1s provided at rectifier output terminals 202a and 202b, with the negabive
output terminal 202 forning an output ground GND2 as shown in Fig. 2. The output
rectifier 230 also includes a sense resistance R11 coupled between the lower leg of the
reciifier D7-D10 and the negative output terminal 202b, where the voltage across R11 s
proportional to the DC current provided to the LED array 130 (or to other toad)

connected to the output terminals 202,

[0016] The controlier circuit 220 senses this load current signal and operates to
vary/controf the inductance of the inverter windings T3B and T3C, and hence the
operating [requency of the mverter 210, by changing the toading seen by the tertiary
winding T3A. In particular, as the frequency of the mverter 210 15 decreased, the ouwtput
current provided to the LED (sensed via resistor R11) will increase, and vice versa. The
invesier frequency, morsover, decreases with decreased oading of T3A. Thus, the
exemplary countroller 220 of Fig. 2 operates to increase or decrease the loading on T3/
to reduce or raise the LED current, respectively, The controller 220 includes an
operational amplifier (OP-AMP) U1 with a non-inverting mput couplad to the output
ground GND2 and an inverting input receiving the LED current sensing signal from the
output rectifier 230 via aresistor R10. Resistors R9 and R10 provide a reference o the
non-inverting input based on the level set by a stabilized shunt regulator formed using
zener Z8 and capacitance C6, and the stabilized reference node at RY is connected via a
resistor RS {o an apper terminal of a fid] badge rectifier D3-D6 coupled to the tertiary

o

winding T3A. A zener Z6 15 coupled across the bridge D3-D6, and the loading of the
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bridge is controlled bv a MOSFET Q3 series connected with a zener 27 across the

bridge outpd.

{0017} The amphilier U1 drives the gate of Q3 to perform proportional integral (P1)
control vig integrator feedback capacitance C7 and resistor R7 connecied between the
amplifier output and mverting input to reduce any difference between the established
reference level and the LED current sense signal from the output rectifier 236, In
general, the closed loop controller 220 thus mereases the loading (increasing the gate
signal to Q3) 1o decrease the inductance of the transformer windings 138 and T3C 10
thereby increase the mverter frequency and thus decrease the LED output current when
the sensed LED current level is above the reference level, and vice versa when the
sensed LED carrent {evel is below the reference level.  The illustrated embodiment
shows one exemplary controtler 220, but other embodiments are possible in which the
loading of a teriiary winding T3 A 1s medified to control the output of the rectifier 230,
The DC-DC converter 200 thus provides electrically isolated inverter input and rectifier
output circuits 210 and 230 using the transformer T1 forisolated power transfer to the
output lead. together with isolated control via the transformer windings of T3, and selt-
osciliating operation using the resonant circuit 213 and the gate drive circutt coupling

via T2

[O018] In one embodiment, the inverter 210 i< provided with an input BC bus level of
about 430 volts at the ternunals 122 and drives an LED array at a nominal voltage of
around 63 volis with the inverter frequency being controlled in a range of around 120-
166 kHz. 1o this example, the following exemplary components and values may be
wsed: RI and R2 10 Q; R3 and R4 2MQ: RS 100k R6 IMO; R7 100 Q) R8 10k& RY
43RG RIO20KkE RIOT 2 Cland C268nF, C3and C4 33 nF (5 1 nF, U6 and
C7 1 uF CR2x47pF, TIA 2 mbE: TIB 320 gH T2A 150 gl T2B and T2C 1.0 gH;
T3A I mH; T3B and T3C 500 gh: D and D2 EDIF; D3-D6 IN4148; Z1 and
ZITZMA230 91V 72 and 74 TZMS250 20V, Z6 TZMS262 51V Z7 TZMS231 5.1V
ZR 253V Q1 and Q2 BSS165; Q3 BSS138; and UT LMV931. By using the wolation
transformers T1 and T3, the installed LED arrav can have its negative ternunal

connecied 1o earth ground if desived, and this is fully isolated from the supply wam and
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the circwt ground of the inverter 210 without requiring a separate power supply for
isolation. Moreovar, the self-oscillating features of the inverter 210 alfows for robust
startup and steady-state operation without requiring pulse width modulation (PWM) or

frequency controlier.

00191 Referring also to Fig. 3, the DC-DC converter may further include itegrat
thermal protection incorporaled wnte the isolated control configuration as described
above. In certain embodiments, the transformer T3 has a ferromagnetic cove 300 with a
Curne temperature T set at a temperature threshold level corresponding 1o a destred
thermal shutdown salety level for the DC-DC converter 260, For example, the
threshold level may be sel to 100 degrees € or 125 degrees C or other level
corresponding o a limit above which one or more components of the converter 200 may
be subject to thermal failure or degradation. In this embodiment, once the temperature
of the core of T3 exceads the threshold Te, the core material becomes paramagnetic and
the mductance of the mverter gate condrof circw! windings T3B and T3C decreases due
to the Curie effect, thereby ncreasing the mverter frequency. This lowers the output
power fevel, n tum reducing the temperature of T3, and the closed-loop control will
stabifize at a lowered power operating point sufficient to prevent thermal degradation of
the DU-DC converter 200, Thus, even in high ambient temperature operating
conditions, the DC-DC converter 200 in this embodiment provides thermal self-

protaction.

[0020] The above examples are merely ilustrative of several possible embodiments of
various aspects of the present disclosure, wherein equivalent alterations andfor
modifications will oecur to others skilled 1n the art upon reading and understanding this
specilication and the annexed drawings. In particular regard to the various fonctions
performed by the above described components (assemblies, devices, systems, circuits,
and the like}, the terms (including a reference to a "means™) used to describe such
components are intended to correspond, unless otherwise indicated, to any component,
such ag hardware, soltware, or combinations thereof, which performs the specified
function of the described component (L2, that is functionallv equivalent), even though

not structuerally equivalent 1o the disclosed structure shich perfonms the function in the

9
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tHustrated tmplementations of the disclosure. In addition, although a particular feature
of the disclosura may have been Hustrated andfor described with respect to only one of
several implementations, such feature may be combined with one or more other features
of the other implementations as mav be desired and advantageous for any given or
particular application. Furthermore, references to singular components or items are
intended, unless otherwise specified, to encompass two or more such components or

b I £ ¥

items. Also, 1o the extent that the terms "including”, "includes”, "having”, "has", "with",
or varants thereof are vsed in the detaled description and/or i the claimes, such terms
are intended to be inclusive in a manner similar to the term "comprising”. The invention
bas been described with reference to the preferred embodiments. Obviously,
modifications and alterations will occur to others upon reading and understanding the
preceding detailed description. It 13 intended that the invention be construed as

inchuading all such modifications and allerations.

10
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The following 15 claimed:

i An LED power source for operating an LED array of one or more LEDs,
the power source comprising:

an nput rectifier operative to recetve an input AC voltage signal and to produce
an mittal DC voltage: and

a DC-DC converter which is operatively couplad to the mput rectifier to receyve
the mutial DC voltage, the DC-DC converter comprising:

a supply-side ground connection,

a load-side ground connection elecirically 1solated from the supply side
ground,

a self-oscillating inverter operatively coupled to the supply-side ground
connection and receiving the nitial DC voltage, the inverter operative to produce
an nterntediate AC signal, and

an output rectifier operativelv coupled 10 receive the intermadiate AC
signal from the averter and being coupled with the load-side ground connection,
the output rectifier operative to produce an output DC voltage to supply power to

the LED array.

2. The LED power source of claim |, Turther comprising a boost converter
operatively coupled between the mput rectifier and the DC-DC convertar, the boost
converter receiving the imtial DC voltage from the input rectifier and amphifying the
initial DC voltage to provide an intermediate DC voltage, the inverter converting the

miermediate DC voltage to produce the intermediate AC signal.

3 The LED power source of claim 2, wherein the boost converter further
comprises a power factor correction controlter (o control a power factor of the power

soufce.

4. The LED power source of claim 1, wherain the DC-DC converter further
comprises an inverter controller operatively coupled to the inverter, to modify a swatching

frequency of the inverter, to control a frequency of the intermediate AC signal to control

i1
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power supplied 1o the LED array based at {east in part on a sensed power drawn by the
LED array.

3 The LED power source of claim 4, wherain the inverter controller is

electrically isolated from the inverter.

&, The LED power source of claim 4, wherein the DC-DC converter further
comprises a contrel ranstormer coniprising:

a primary winding operatively coupled to and controlied by the inverter controlier;

a secondary winding operative to control the switching frequency of the mverter:
and

a core operatively coupled to the primary winding and the secondary windings,
the core comprising & core material having a Curie temperature associated with a
maximum operating janction temperatwre of a component in the power source, operative
to become paramagnetic when the temperature of the core exceeds the Cune temperature
of the corg;

the control transformer being oparative o reduce the inductance of the secondary
windings to lower the power supplied 1o the LED arrav 1o prevent the component of the

power source from overheating,

7. The LED power source of claim 4, wherein the ipverter further comprises:

a resonant civeuil which generates an osciliation signal. including 4 resonant
inductance and a resonant capacilance;

first and second switches operatively connected together at & common node 10
receive the oscillation signal detervuning the swilching rate of the first and second
switches:

a first gate control circult controliing the first switch, the first gate control circuit
comprising an mductance operatively connected between the junction of the Hrst and
second switches and the gate of the first switch and being coupled to the resonant

mductance; and
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a second gate control circut controlling the second switch, the second gate control
cirewii comprising an induciance operatively connected between the supply-side ground
connection and the gate of the second switch and being coupled 1o the resonant
inductance;

wherein the st and second switches induce an AC current in the resonant circuill.

8. The LED power source of claint 1, wherein the inverter further comprises:
a feedback transformer comprising:

a primary windmg, and

a first and second secondary winding operatively connected 1o the primary
winding of the feedback transformer;
a resonant circuit comprising:

a signal-to-center capacilance operatively connected to the positive rail of
the initial DC voltage,

a center-to-ground capacitance operatively comected between the signal-
to-center capacitance and the supply -side ground connection, and

an inductance comprising the primary winding of the feedback transformer
operatively connected to the junction of the signal~lo-center capacitance and the
center-to-ground capactiance;
a first gate control circuit comprising:

an inductance compnising the first secondary winding of the feedback
transformer operatively connected to the inductance of the resonant cirewt,

a capacitance operatively connected to the inductance of the first pate
confrod ciroudl, and

a resistance operatively connected to the capacitance of the first gate drive
civeuit;
a second gate control circuit comprising:

an inductance comprising the second secondary winding of the feedback
{ransformer operatively connected to the supply-side ground connection.

a capacitance and resistance in parallel operatively connected to the

inductance of the second gate controf circwnt, and
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a resistance operatively connecied to the parallel capacitance-resistance of

the second gate drive circuil; and

first and second switches operatively connected in series between the positive rail
of the DC voltage and the supply-side ground connection, and the junction of the first and
second switches 1s comnectad o the inductance of the resonant circutt, the first and second
switches being controlled by the fivst and second gate control circuits respectively:

wherein the primary winding of the feedback transformer induces a voltage in the
inductance of the first and second gate control cirenits proportional to the instantaneous
rate of change of current in the resonant circwit, the first and second gate control circuils
alternatively switching the first and second switches operating to excite the resonant

circuit,

9 An isolated, sell~oscillating DC-DC converter conyprising:

a supplv-side ground connection;

a load-side ground comnection electrically isolated from the supply side ground
connection;

a seif-oseillating inverter operatively coupled to the supply-side ground
connection and recerving the mitial DC voltage, the inverter operative 1o produce an
intermediate AC signal; and

an output rectifier operatively coupled to receive the intermediate AC signal from
the mverter and being coupled with the foad-side ground connection, the oulput rectifier

operative to produce ar owtput DC voltage to supply power to a toad.

10, The BC-DC converter of claim 9, {urther comprising an inverier controiler
operatively coupled to the inverter, to modify a switching frequency of the mverter, 1o
control g frequency of the intermediate AC signal to control power supplied to aload

based af least in part on a sensed power drawn by the lead.

i1 The DC-DC converter of clamm ¥, wherawn the inverter controller 1s

electrically isolated from the inverter,

14
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12. The DC-DC converter of claim 9, further comprising a contril transformer
comprising:

a primary winding operatively coupled to and controlied by the inverter controlier;

a secondary winding operative to controd the switching frequency of the invenier,
and

a core operatively coupled to the primary winding and the secondary windings,
the core comprising a core material having a Curie temperature associated with a
maxinuun operating junction temperature of at least ope component in the power source
the core being operative {0 become paramagnetic when a lemperature of the core exceeds
the Curie temperature of the core;

the control transformer being operative to reduce the inductance of the secondary
windings to lower the power supplied to the LED array to prevent the component of the

power source from overheating,

13, The DC-DC converter of claim 9, further comprising:

a resonant circuit which generates an oscillation signal, inchuding a resonant
inductance and a resonant capaciiance;

first and second swiiches operatively connected fogether at a common node to
recaive the osciliation signal deternuning the switching rate of the [irst and second
switches;

a first gate control cireuit controlling the first switch, the first gale control cirenit
comprising: an inductance operatively connected between the junction of the first and
second switches and the gate of the first switch and being coupled to the resonant
nductance: and

a second gate control circuit controlling the second switch, the second gale control
circutt comprising: an inductance operatively connected between the supply-side ground
conneciion and the gate of the second swiich and being coupled to the resonant
mnductance;

wherein the Frst and second switches induce an AC current in the resonant circuil,

4. Aself-oscillanng BC-DC converter comprising:
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a self-oscillating mverter receiving the imtial DC voltage, the inverter operative o
produce an intermediate AC signal;
an output rectifier operatively coupled to receive the itermediate AC signal from
the inverter, the output rectifier operative 1o produce an output DC veoltage to supply
power o a load; and
a control transformer comprising:
a primary winding operatively coupled to and controlled by the inverter
conirofler;
a secondary winding operaiive to control the switching frequency of the
wverter; and
a core operatively coupled to the primary winding and the secondary
windings, the core comprising a core material having a Curnie {emperative
associated with & maximuem operating junction emperature of at least one
component in the inverter and operative to become paramagnetic when a
temperature of the core exceeds the Cunie temperature of the cove;
the control transformer being operative to reduce the inductance of the
secondary wingdings to lowaer the power supplied to the LED array {o prevent the

compovent of the power source from overbeating.

15 The self-oscillating DC-DC converter of claim 14, further comprising an
mverter controlier operatively coupled to the mverter. to modify a switching frequency of
the inverter, to control a frequency of the intermediate AC signal to control power
supplied to the LED array based at least in part on a sensed power drawn by the LED

array.

16, The sell~oscillating DC-DC converter of claim 14, wherein the mverter
further comprises:
a resonant circult which generates an osciliation signal, including a resonant

mductance and a resonant capacitance;

i6
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first and second switches operatively connected together at & commeon node 1o
receive the oscillation signal determining the swilching rate of the first and second
switches;

a first gate control circunt controliing the first switch, the first gale control circuit
comprising an inductance operatively connected between the junction of the first and
second switches and the gate of the first switch and being coupled 1o the resonant
inductance; and

a second gate control circut controlling the second switch, the second gate control
cirewit comprising an inductance operatively connected between the supplyv-side ground
connection and the gate of the second switch and bemng coupled 1o the resonant
inductance:

wherein the first and second switches induce an AC current in the resonant circuit.

17
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