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(57) Abstract: A solid state lighting driver arrangement exhibiting a plurality of LED strings receiving power from a single power
source, the single power source providing a discontinuous current, wherein a plurality of first windings are provided, each associ

o ated with a particular LED string and coupled to provide current balancing between the various LED strings. The discontinuous
current resets the windings during the off time or during a reversal period. In one particular embodiment, a second winding is
magnetically coupled to each of the first windings, and the second windings are connected in a closed in-phase loop. In another
particular embodiment, at least two of the first windings are magnetically coupled to each other, thus ensuring a balance between
current in each LED string.



LED STRING DRIVER ARRANGEMENT WITH NON-DISSIPATIVE
CURRENT BALANCER

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the field of solid state lighting, and in

particular to a plurality of LED strings coupled to a common power source in parallel

and comprising a non-dissipative current balancer.

[0002] Light emitting diodes (LEDs) and in particular high intensity and

medium intensity LED strings are rapidly coming into wide use for lighting

applications due their high efficiency, long life, mechanical compactness and

robustness, and low voltage operation, without limitation. LEDs with an overall high

luminance are useful in a number of applications including backlighting for liquid

crystal display (LCD) based monitors and televisions, collectively hereinafter referred

to as a matrix display, as well as for general lighting applications. Due to the limited

power capacity of a single LED device, in many applications multiple LEDs are

connected in series to form an LED string. The constituent LEDs of an LED string

thus share a common current.

[0003] In a large LCD matrix display, and in large solid state lighting

applications, such as street lighting, typically the LEDs are supplied in a plurality of

strings of serially connected LEDs, at least in part so that in the event of failure of one

string at least some light is still output.

[0004] LEDs exhibit similar electrical characteristics to diodes, i.e. they only

conduct current when the forward voltage across the device reaches its conduction

threshold, denoted Vf. When the forward voltage rises above Vf the current flowing

through the device increases sharply. As a result, a constant current source is

preferred for driving LEDs, typically implemented as a switching type DC to DC

converter in current control mode.

[0005] LEDs providing high luminance exhibit a range of forward voltage

drops, denoted Vf, and their luminance is primarily a function of current. For

example, one manufacturer of LEDs suitable for use with a portable computer, such as

a notebook computer, indicates that Vf for a particular high luminance white LED

ranges from 2.95 volts to 3.65 volts at 20 mA and an LED junction temperature of 25°

C, thus exhibiting a variance in Vf of greater than ±10%. Furthermore, the luminance



of the LEDs vary as a function of junction temperature and age, typically exhibiting a

reduced luminance as a function of current with increasing temperature and increasing

age.

[0006] In order to provide a balanced overall luminance, it is important to

control the current of the various LED strings to be approximately equal despite the

disparate electrical characteristics of the various strings. In one embodiment a power

source is supplied for each LED string, and the voltage of the power source is

controlled in a closed loop to ensure that the voltage output of the power source is

consonant with the voltage drop of the LED string, however the requirement for a

power source for each LED string is quite costly.

[0007] In another embodiment, as described in U.S. Patent Application

Publication US 2007/0195025 to Korcharz et al, entitled "Voltage Controlled

Backlight Driver" and published August 23, 2007, the entire contents of which is

incorporated herein by reference, this is accomplished by a controlled dissipative

element placed in series with each of the LED strings. In another embodiment,

binning is required, in which LEDs are sorted, or binned, based on their electrical and

optical characteristics. Thus, in order to operate a plurality of like colored LED

strings from a single power source, at a common current, either binning of the LEDs

to be within a predetermined range of Vf is required, or a power regulation device,

such as the dissipative element of the aforementioned patent application, must be

supplied to drop the voltage difference between the strings caused by the differing Vf

values so as to produce an equal current through each of the LED strings. Either of

these solutions adds to cost and/or wasted energy.

[0008] U.S. Patent S/N 7,242,147 issued July 10, 2007 to Jin, entitled

"Current Sharing Scheme for Multiple CCF Lamp Operation", the entire contents of

which is incorporated herein by reference, is addressed to a balancer, wherein each

CCFL is connected to an AC power source lead via a primary transformer winding.

The secondary windings are connected in a closed in-phase loop. The balancer

requires an alternating current input in order to avoid DC saturation of the

transformers, and is thus not suitable for use with LED strings, which operate only on

DC.



[0009] What is needed is a LED driving arrangement, preferably of low cost,

which further provides appropriate balancing between the LED strings without excess

power dissipation.

SUMMARY OF THE INVENTION

[00010] Accordingly, it is a principal object of the present invention to

overcome at least some of the disadvantages of the prior art. This is provided in

certain embodiments by a solid state lighting unit exhibiting a plurality of LED strings

receiving power from a single power source, the single power source providing a

discontinuous current. A plurality of first windings are provided, each associated with

a particular LED string and coupled to provide current balancing between the various

LED strings. The discontinuous current resets the windings during the off time or

during a reversal period.

[00011] In one particular embodiment, a second winding is magnetically

coupled to each of the first windings, and the second windings are connected in a

closed in-phase loop. In another particular embodiment, at least two of the first

windings are magnetically coupled to each other, thus ensuring a balance between

current in each LED string.

[00012] In one particular embodiment, the power source is a boost converter

providing a discontinuous current and in another particular embodiment the power

source is a flyback converter providing a discontinuous current. In yet another

particular embodiment the power source is a bridge converter in communication with

a transformer providing an alternating current.

[00013] In one particular embodiment the single power source is arranged to be

driven with a balanced signal, such that the positive side and negative side are of

equal energy over time. In one further particular embodiment, the bridge converter

comprises a capacitor arranged to block direct current flow through the transformer

and thereby ensure balance between the two halves of the bridge converter power

cycle.

[00014] In one embodiment, the solid state lighting driver arrangement further

comprises: a unidirectional electronic valve connected between the power source

and the plurality of first windings, wherein the LED strings are each connected to a



center tap of the associated first winding. In another embodiment, the solid state

lighting driver arrangement further comprises: a first unidirectional electronic

valve connected between a first polarity of the power source and a first end of each of

the plurality of first windings; and a second unidirectional electronic valve connected

between a second polarity of the power source, and a second end of each of the

plurality of first windings, the second polarity opposing the first polarity, wherein the

LED strings are each connected to a center tap of the associated first winding.

[00015] In one embodiment, the solid state lighting driver arrangement further

comprises: a first set of unidirectional electronic valves, each of the first set

connected between a first polarity of the power source and a first end of a respective

one of the first windings; and a second set of unidirectional electronic valves, each of

the second set connected between a second polarity of the power source and a second

end of a respective one of the first windings, the second polarity opposing the first

polarity, wherein the LED strings are each connected to a center tap of the associated

first winding. In another embodiment, the plurality of light emitting diode strings are

coupled in parallel.

[00016] In one independent embodiment, a method of balanced driving for light

emitting diode (LED) strings is provided, the method comprising: providing a

plurality of LED strings; providing a current which is discontinuous in one direction;

coupling the current to the provided plurality of LED strings; providing a

plurality of first windings, each of the first windings associated with a particular one

of the provided plurality of LED strings; and coupling each of the plurality of first

windings so as to provide current balancing between the the provided plurality of

LED strings.

[00017] In one embodiment, the further comprises: providing a plurality of

second windings, each magnetically coupled with a unique one of the provided first

windings; and connecting the plurality of second windings in a closed in-phase loop

so as to provide the current balancing. In another embodiment, the method further

comprises magnetically coupling at least two of the provided first windings to each

other.

[00018] In one embodiment, the method further comprises providing a boost

converter, the provided boost converter providing the discontinuous current as a

discontinuous direct current. In another embodiment, the method further comprises



providing a flyback converter, the provided flyback converter providing the

discontinuous current as a discontinuous direct current.

[00019] In one embodiment, the method further comprises providing a bridge

converter in communication with a transformer, the provided bridge converter in

communication with a transformer providing the discontinuous current as an

alternating current. In one further embodiment, the provided bridge converter

comprises a capacitor arranged to block direct current flow through the transformer

and thereby ensures balance between the two halves of the bridge converter power

cycle.

[00020] In another embodiment, the method further comprises: providing a

power source providing alternating polarity, the power source providing the current;

and providing a unidirectional electronic valve connected between the power source

and the provided plurality of first windings, wherein the coupling of the power to the

various LED strings is via a center tap of the associated first winding.

[00021] In one embodiment, the method further comprises: providing a power

source providing alternating polarity, the power source providing the current;

providing a first unidirectional electronic valve connected between a first polarity of

the power source and a first end of each of the plurality of first windings; and

providing a second unidirectional electronic valve connected between a second

polarity of the power source, and a second end of each of the plurality of first

windings, the second polarity opposing the first polarity, wherein the coupling of the

power to the various LED strings is via a center tap of the associated first winding.

[00022] In another embodiment, the method further comprises: providing a

power source providing alternating polarity, the power source providing the current;

providing a first set of unidirectional electronic valves, each unidirectional electronic

valve of the first set connected between a first polarity of the power source and a first

end of a particular one of the provided first windings; and providing a second set of

unidirectional electronic valves, each unidirectional electronic valve of the second set

connected between a second polarity of the power source and a second end of a

particular one of the provided first windings, the second polarity opposing the first

polarity, wherein the coupling of the power to the various LED strings is via a center

tap of the associated first winding. In one embodiment, the provided plurality of light

emitting diode strings are connected in parallel.



[00023] In another independent embodiment a solid state lighting driver

arrangement is provided, the solid state lighting driver arrangement comprises: a

bridge converter comprising a power transformer and a capacitor, the capacitor

arranged to prevent the flow of direct current through the primary winding of the

power transformer, the bridge converter arranged to provide an alternating current

output across a secondary winding of the power transformer; a plurality of light

emitting diode (LED) strings, one end of each of the plurality of LED strings coupled

to the center tap of the secondary winding of the power transformer, and a second end

coupled to at least one end of the secondary winding of the power transformer; and

a balancer transformer with a pair of magnetically coupled center

tapped windings, the balancer transformer arranged between one of the first end and

the second end of the LED strings and the power transformer secondary winding and

arranged such that power on each half cycle output by the bridge converter is

balanced between the LED strings receiving power during that half cycle.

[00024] In one embodiment, the balancer transformer is further arranged such

that power between the half cycles output by the bridge converter is balanced between

the LED strings receiving power during each half cycle. In another embodiment, a

first end of the secondary winding of the power transformer is coupled to the center

tap of the first winding of the balancer transformer and a second end of the secondary

winding of the power transformer is coupled to the center tap of the second winding

of the balancer transformer, and wherein the second end of each of the plurality of

LED strings are coupled to a particular end of one of the first and second windings of

the balancer transformer.

[00025] In one embodiment, the first end of the secondary winding of the

power transformer is coupled to a first end of the first winding of the balancer

transformer and to a second end of the second winding of the balancer transformer;

the second end of the secondary winding of the power transformer is coupled to a

second end of the first winding of the balancer transformer and to a first end of the

second winding of the balancer transformer; and the second end of each of the

plurality of LED strings is coupled to the center tap of a particular one of the first

winding and the second winding of the balancer transformer.

[00026] Additional features and advantages of the invention will become

apparent from the following drawings and description.



BRIEF DESCRIPTION OF THE DRAWINGS

[00027] For a better understanding of the invention and to show how the same

may be carried into effect, reference will now be made, purely by way of example, to

the accompanying drawings in which like numerals designate corresponding elements

or sections throughout.

[00028] With specific reference now to the drawings in detail, it is stressed that

the particulars shown are by way of example and for purposes of illustrative

discussion of the preferred embodiments of the present invention only, and are

presented in the cause of providing what is believed to be the most useful and readily

understood description of the principles and conceptual aspects of the invention. In

this regard, no attempt is made to show structural details of the invention in more

detail than is necessary for a fundamental understanding of the invention, the

description taken with the drawings making apparent to those skilled in the art how

the several forms of the invention may be embodied in practice. In the accompanying

drawings:

[00029] FIG. 1 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit comprising a boost converter, wherein the

series connected windings each represent a primary winding of a respective

transformer, and the secondary windings are connected in a closed in-phase loop;

[00030] FIG. 2 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit comprising a boost converter, wherein the

series connected windings are magnetically coupled to each other;

[00031] FIG. 3 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit comprising a flyback converter, wherein the

series connected windings each represent a primary winding of a respective

transformer, and the secondary windings are connected in a closed in-phase loop;

[00032] FIG. 4 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit comprising a flyback converter, wherein the

series connected windings are magnetically coupled to each other;

[00033] FIG. 5 illustrates a high level schematic diagram of a first exemplary

embodiment of a solid state lighting arrangement driven by an AC signal, wherein the



series connected windings each represent a primary winding of a respective

transformer, and the secondary windings are connected in a closed in-phase loop;

[00034] FIG. 6 illustrates a high level schematic diagram of a second

exemplary embodiment of a solid state lighting arrangement driven by an AC signal,

wherein the series connected windings each represent a primary winding of a

respective transformer and the secondary windings are connected in a closed in-phase

loop;

[00035] FIG. 7 illustrates a high level schematic diagram of a first exemplary

embodiment of a solid state lighting arrangement driven by an AC signal, wherein

each of the LED strings are driven on each half cycle through an associated portion of

the primary winding of a respective transformer and the secondary windings are

connected in a closed in-phase loop;

[00036] FIG. 8 illustrates a high level schematic diagram of a second

exemplary embodiment of a solid state lighting arrangement driven by an AC signal,

wherein each of the LED strings are driven on each half cycle through an associated

portion of the primary winding of a respective transformer and the secondary

windings are connected in a closed in-phase loop;

[00037] FIG. 9 illustrates a high level schematic diagram of a third exemplary

embodiment of a solid state lighting arrangement driven by an AC signal, wherein

each of the LED strings are driven on each half cycle through an associated portion of

the primary winding of a respective transformer and the secondary windings are

connected in a closed in-phase loop;

[00038] FIG. 10 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting arrangement comprising 4 LED strings with a

single balancing transformer;

[00039] FIG. 11 illustrates the circuit architecture of FIG. 10, wherein an

increased ripple is provided for the 4 balanced LED strings;

[00040] FIG. 12 illustrates the circuit architecture of FIG. 11, with a common

cathode arrangement;

[00041] FIG. 13 illustrates a high level schematic diagram of an exemplary

embodiment of the circuit architecture arranged to balance 2 LED strings with a single

balancing transformer, wherein each LED string conducts in both half cycles of a

switching converter; and



[00042] FIG. 14 illustrates the circuit architecture of FIG. 13, with a common

cathode arrangement.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[00043] Before explaining at least one embodiment of the invention in detail, it

is to be understood that the invention is not limited in its application to the details of

construction and the arrangement of the components set forth in the following

description or illustrated in the drawings. The invention is applicable to other

embodiments or of being practiced or carried out in various ways. Also, it is to be

understood that the phraseology and terminology employed herein is for the purpose

of description and should not be regarded as limiting. The term winding is

particularly meant to mean a winding of electrically conducting wire forming an

inductor. The winding may form a stand alone inductor, or be magnetically coupled

to another winding forming a transformer.

[00044] FIG. 1 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit 10 comprising a boost converter 20, a

plurality of LED strings 30 and a plurality of first windings 40, wherein first windings

40 each represent a primary winding of a respective balancer transformer 50, each

respective balancer transformer 50 exhibiting a magnetically coupled secondary

winding 60, and the secondary windings 60 are connected in a closed in-phase loop,

as will be described further hereinto below. Solid state lighting unit 10 further

comprises a plurality of capacitors 70, each associated with a particular one of LED

strings 30, and a sense resistor 80. Only a single sense resistor 80 is shown, however

a plurality of sense resistors 80 may be supplied without exceeding the scope.

[00045] Boost converter 20 comprises: an input capacitor 100; a storage

inductor 110; a control circuit 120; an electronically controlled switch 130, illustrated

without limitation as an NMOSFET; a resistor 140; and a unidirectional electronic

valve 150, illustrated without limitation as a diode.

[00046] An input DC voltage potential, denoted VIN is connected to a first end

of input capacitor 100 and to a first end of storage inductor 110. A second end of

storage inductor 110 is connected to one terminal of electronically controlled switch

130, particularly the drain terminal thereof, and to the anode of unidirectional



electronic valve 150. The gate terminal of electronically controlled switch 130 is

connected to the output of control circuit 120, and the source terminal of

electronically controlled switch 130 is connected to a common potential point,

denoted GND, via resistor 140. The second end of input capacitor 100 is connected to

the common potential point.

[00047] The cathode of unidirectional electronic valve 150 is connected in

parallel to a first end of each first winding 40, and the second end of each first

winding 40 is connected to the anode end of a respective LED string 30, and to a first

end of the respective associated capacitor 70. The cathode end of a particular one of

the LED strings 30 is connected to a first end of sense resistor 80 and to the input of

control circuit 120. The second end of sense resistor 80 and the cathode end of the

remainder of the LED strings 30 are connected to the common potential point. The

second end of each capacitor 70 is connected to the common potential point.

[00048] As indicated above each first winding 40 is magnetically coupled with

a particular secondary winding 60 thus forming a balancer transformer 50. Secondary

windings 60 are connected in a closed serial in-phase loop, thus ensuring that a

common current flows through all of the secondary windings 60 in a uniform

direction when current flows through LED strings 30. A current I I is illustrated

entering the first end of first winding 40 and a common current 12 is illustrated

flowing through the secondary windings 60.

[00049] Only two transformers 50 and LED strings 30 are shown for clarity

however this is not meant to be limiting in any way. Additional transformers and

LED strings 30 may be connected in parallel, with secondary windings 60 connected

to form a single in-phase loop without exceeding the scope.

[00050] In operation, when electronically controlled switch 130 is closed

inductive current builds up in storage inductor 110, and when electronically controlled

switch 130 is opened the inductive current continues to flow through storage inductor

110 and freewheels to LED strings 30 through diode 150 and the respective first

windings 40. The amount of current flowing through the LED strings 30 is sensed by

a voltage drop developed across sense resistor 80 and control circuit 120 thus varies

the duty cycle of electronically controlled switch 130 to ensure that the current

flowing through LED strings 30 is consonant with a reference target. Capacitors 70

provide filtering of the ripple developed across LED strings 30.



[00051] As described above there is a difference between the voltage drop

across each of the LED strings 30, and thus the current through the various LED

strings 30 will tend to be different accordingly. Advantageously, due to the closed

in-phase loop of secondary windings 60, the electro-magnetic coupling mechanism of

each of the respective transformers 50 will generate a correction voltage in the

respective primary winding 40 to compensate for the LED voltage difference and

force current through the various LED strings 30 to be equal. Such balancing action

can be explained by an equation of each balancer transformer 50:

NlJlldt = N2jl2dt EQ. 1

where, N l represents the number of turns of the respective primary winding 40, N2

represents the number of turns of the respective secondary winding 60, II represents

the current through the respective primary winding 40, as indicated above, and 12

represents the current through the respective secondary winding 60, as indicated

above.

[00052] Because current 12 in secondary windings 60 are all equal due to the

closed in-phase loop, the primary current I I flowing through each LED string 30 tends

to be equal when all the transformers have the same turns ratio.

[00053] Because of the tolerance of the voltage drops across the various LED

strings 30, the voltage across each balancer transformer 50 primary winding 40 will

be different when primary current II is flowing. Such voltage difference will cause a

small balancing error in each switching cycle, and if such an error is accumulated over

multiple operating cycles, it could result in a large DC bias error and eventually drive

the current through the respective LED string 30 out of the specification range. In

order to prevent such situation, reset of the balancer current through the transformers

50 and the respective balancer core flux has to occur periodically. Advantageously,

the discontinuous output of boost converter 20 provides such a reset time in each

operating cycle, particularly since no output capacitor is supplied for boost converter

20. In further detail, when electronically controlled switch 130 is closed,

unidirectional electronic valve 150 is reverse biased and no current is driven into the

respective first windings 40, thus providing a reset for the transformer core. The small

energy stored in the primary leakage inductance of transformers 50 quickly decays to



zero by freewheeling through the path of LED string 30, resistor 140 if present, closed

electronically controlled switch 130 and via diode 150 returning to primary winding

40.

[00054] FIG. 2 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit 200 comprising a boost converter 20, a pair

of LED strings 30, and a pair of first windings 40 magnetically coupled so as to form

a balancer transformer 210. Solid state lighting unit 200 further comprises a plurality

of capacitors 70, each associated with a particular one of LED strings 30, and a sense

resistor 80. Only a single sense resistor 80 is shown, however a plurality of sense

resistors may be supplied without exceeding the scope.

[00055] Boost converter 20 comprises: an input capacitor 100; a storage

inductor 110; a control circuit 120; an electronically controlled switch 130, illustrated

without limitation as an NMOSFET; a resistor 140; and a unidirectional electronic

valve 150, illustrated without limitation as a diode.

[00056] An input DC voltage potential, denoted VIN is connected to a first end

of input capacitor 100 and to a first end of storage inductor 110. A second end of

storage inductor 110 is connected to one terminal of electronically controlled switch

130, particularly the drain terminal thereof, and to the anode of unidirectional

electronic valve 150. The gate terminal of electronically controlled switch 130 is

connected to the output of control circuit 120, and the source terminal of

electronically controlled switch 130 is connected to a common potential point,

denoted GND, via resistor 140. The second end of input capacitor 100 is connected to

the common potential point.

[00057] The cathode of diode 150 is connected in parallel to a first end of each

first winding 40, and the second end of each first winding 40 is connected to the

anode end of a respective LED string 30, and to a first end of the respective associated

capacitor 70. The cathode end of a particular one of the LED strings 30 is connected

to a first end of sense resistor 80 and to the input of control circuit 120. The second

end of sense resistor 80 and the cathode end of the remaining LED strings 30 are

connected to the common potential point. The second end of each capacitor 70 is

connected to the common potential point.

[00058] A current IP is illustrated entering the first end of a first winding 40

and a current IS is illustrated entering the first end of a second first winding 40. The



connection polarity is shown such that the fluxes generated by the current of the first

windings 40 cancel each other.

[00059] In operation, as described above in relation to EQ. 1 the currents of the

two LED strings, IS and IP are forced to be equal as long as the turns ratio of balancer

transformer 210 is 1:1. Reset of the flux of balancer transformer 210 is provided

during the time that electronically controlled switch 130 is closed, which thus

prevents DC bias current accumulation over time. While only two LED strings 30 are

shown, this is not meant to be limiting in any way, and such a balancing network can

be further extended to more LED branches by cascading the balancing network

configuration, i.e. each first winding 40 of balancer transformer 210 may be further

connected to an additional balancer transformer 210 driving an additional pair of LED

strings 30. Because the losses in balancer transformer 210 are very low, such a

balancing method provides a non-dissipative type of LED current matching, yielding

a low cost and high efficiency LED drive system.

[00060] FIG. 3 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit 300 comprising a flyback converter 310, an

isolator 340, a plurality of LED strings 30 and a plurality of first windings 40, wherein

first windings 40 each represent a primary winding of a respective balancer

transformer 50, each balancer transformer 50 exhibiting a magnetically coupled

secondary winding 60, and the secondary windings 60 are connected in a closed in-

phase loop, as described above in relation to solid state lighting unit 10. Solid state

lighting unit 300 further comprises a plurality of capacitors 70, each associated with a

particular one of LED strings 30, and a sense resistor 80. Only a single sense resistor

80 is shown, however a plurality of sense resistors may be supplied without exceeding

the scope. Isolator 340 may comprise an opto-isolator or transformer without

limitation.

[00061] Flyback converter 310 comprises: an input capacitor 100; a transformer

320; a flyback control circuit 330; an electronically controlled switch 130, illustrated

without limitation as an NMOSFET; a resistor 140; and a unidirectional electronic

valve 150, illustrated without limitation as a diode.

[00062] An input DC voltage potential, denoted VIN is connected to a first end

of input capacitor 100 and to a first end of a first winding 325 of transformer 320. A

second end of first winding 325 of transformer 320 is connected to one terminal of



electronically controlled switch 130, particularly the drain terminal thereof. The gate

terminal of electronically controlled switch 130 is connected to the output of fiyback

control circuit 330, and the source terminal of electronically controlled switch 130 is

connected to a common potential point, denoted GND, via resistor 140. A second end

of input capacitor 100 is connected to the common point.

[00063] A first end of a second winding 327 of transformer 320 is connected to

the anode of unidirectional electronic valve 150, and the second end of second

winding 327 of transformer 320 is connected to a second common potential point,

typically isolated from GND. The cathode of unidirectional electronic valve 150 is

connected in parallel to a first end of each first winding 40, and the second end of

each first winding 40 is connected to the anode end of a respective LED string 30, and

to a first end of the respective associated capacitor 70. The cathode end of a particular

one of the LED strings 30 is connected to a first end of sense resistor 80 and to the

input of flyback control circuit 330 via isolator 340. The second end of sense resistor

80 and the cathode end of the remainder of the LED strings 30 are connected to the

second common potential point. The second end of each capacitor 70 is connected to

the second common potential point.

[00064] As indicated above each first winding 40 is magnetically coupled with

a particular secondary winding 60 thus forming a balancer transformer 50. Secondary

windings 60 are connected in a closed serial in-phase loop, thus ensuring that a

common current flows through all of the secondary windings 60 in a uniform

direction when current flows through LED strings 30. A current I I is illustrated

entering the first end of each first winding 40 and a common current 12 is illustrated

flowing through the in-phase loop of secondary windings 60.

[00065] Only two balancer transformers 50 and LED strings 30 are shown for

clarity however this is not meant to be limiting in any way. Additional balancer

transformers 50 and LED strings 30 may be connected in parallel, with secondary

windings 60 of all balancer transformers 50 connected to form a single in-phase loop

without exceeding the scope.

[00066] In operation, solid state lighting unit 300 operates in all respects

similar to that of solid state lighting unit 10, with the exception that the power is

supplied by fiyback converter 310 instead of boost converter 20. During the period

when electronically controlled switch 130 is open the energy stored in first winding



325 of transformer 320 flies back to LED strings 30 via second winding 327 of

transformer 320 and the LED current is forced to be equal by the balancer network

composed of transformers 50 whose secondary windings 60 are connected in a closed

in-phase loop. When electronically controlled switch 130 is closed the inductive

current of first winding 325 of transformer 320 builds up and the current through

balancing transformers 50 extinguishes thus resetting the core of each balancer

transformer 50, as described above in relation to FIG. 1.

[00067] FIG. 4 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit 400 comprising a flyback converter 310,

wherein the series connected windings 40 are magnetically coupled to each other to

form balancer transformer 210, as described above in relation to solid state lighting

unit 200 of FIG. 2 . In operation, power is supplied as described above in relation to

solid state lighting unit 300 of FIG. 3 and balancing between the LED strings 30 is

provided as described above in relation to solid state lighting unit 200.

[00068] FIG. 5 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit 500 comprising a bridge circuit 510, an

isolator 340, a plurality of LED strings 30 and a plurality of first windings 40, wherein

first windings 40 each represent a primary winding of a respective balancer

transformer 50, each balancer transformer 50 exhibiting a magnetically coupled

secondary winding 60, and the secondary windings 60 are connected in a closed in-

phase loop, as described above in relation to solid state lighting unit 10 of FIG. 1 and

solid state lighting unit 300 of FIG. 3, and wherein a full wave rectifier 520 is

provided for each LED string 30.

[00069] Bridge circuit 510 comprises: an input capacitor 100; a first and a

second electronically controlled switch 130, each illustrated without limitation as an

NMOSFET; a bridge control circuit 530; an isolation capacitor 540; and a power

transformer 550. An input DC voltage potential, denoted VIN, is connected to a first

end of input capacitor 100 and to a first terminal of first electronically controlled

switch 130, specifically the drain of electronically controlled switch 130. The source

of first electronically controlled switch 130 is connected to a first terminal of second

electronically controlled switch 130, specifically the drain thereof, and to a first end of

isolation capacitor 540. The second end of input capacitor 100 and the source of

second electronically controlled switch 130 are connected to a common potential



point, denoted GND. The second end of isolation capacitor 540 is connected to a first

end of a first winding of power transformer 550 and a second end of the first winding

of power transformer 550 is connected to the common potential point. The outputs of

bridge control circuit 530 are connected to respective gates of first and second

electronically controlled switches 130.

[00070] A first end of a second winding of power transformer 550 is connected

to a first end of each first winding 40, and the second end of each first winding 40 is

connected to a first alternating current input of a respective full wave rectifier 520.

The positive full wave rectified output terminal of each full wave rectifier 520 is

connected to the anode end of the respective LED string 30. A second alternating

current input of each full wave rectifier 520 is connected to the second end of the

second winding of power transformer 550, and the negative full wave rectified output

terminal of each full wave rectifier 520 is connected to a second common potential

point, typically isolated from GND. The balance of the connections of solid state

lighting unit 500 are as described above in relation to solid state lighting arrangement

300 of FIG. 3, and in the interest of brevity will not be further described.

[00071] In operation, bridge circuit 510 provides an AC voltage via power

transformer 550. Full wave rectifiers 520 ensure that current flows through LED

strings 30 during each half of the AC cycle. The current of the LED strings 30 are

balanced by the balancer network comprised of transformers 60, as described above in

relation to solid state lighting unit 10 and solid state lighting unit 300. Isolation

capacitor 540 further ensures that on average the amount of current passing through

the various LED strings 30 is the same for each half cycle, since any mismatch

between the consecutive half cycles will result in a residual voltage on isolation

capacitor 540. Similarly the balancing arrangement of solid state lighting units 200

and 400 of FIGs. 2 and 4, respectively, may be utilized without exceeding the scope.

Bridge circuit 510 is illustrated as a half bridge network, however this is not meant to

be limiting in any way, and other topologies such as a full bridge or push-pull circuit

may be substituted for bridge circuit 510 without exceeding the scope.

[00072] FIG. 6 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting unit 600. The arrangement and operation of solid

state lighting unit 600 is in all respects similar to the construction and operation of

solid state lighting unit 500 of FIG. 5, except that instead of full wave rectifiers 520



supplying DC power to LED strings 30, an additional LED string 35 is provided in

anti-parallel with the each LED string 30, with the cathode end of the respective LED

string 35 connected to the anode end of the respective LED string 30 and the anode

end of the respective LED string 35 connected to the second common point. During a

first phase of the AC power output by bridge circuit 510 current is supplied to LED

strings 30 and during a second phase of the AC power, opposing the first phase,

current is supplied to LED strings 35. The current of LED strings 30 and 35 are

balanced by the balancer network comprised of transformers 60, as described above in

relation to solid stage lighting unit 10 and solid state lighting unit 300.

[00073] FIG. 7 illustrates a high level schematic diagram of a first exemplary

embodiment of a solid state lighting arrangement 700 driven by AC signal, wherein

each of a plurality of LED strings 30 are driven on each half cycle through an

associated portion of the primary winding of a respective transformer and the

secondary windings are connected in a closed in-phase loop. In particular, solid state

lighting arrangement 700 comprises: a driving transformer 710 comprising a primary

winding 712 magnetically coupled to a secondary winding 715; a plurality of

unidirectional electronic valves 150, each illustrated without limitation as a diode; a

plurality of balancer transformers 50 each comprising a first winding 40 and a second

winding 60; and a plurality of LED strings 30. Each balancer transformer 50 is

associated with a particular LED string 30.

[00074] Primary winding 712 of driving transformer 710 is connected to an AC

source, which may be in all respects similar to bridge circuit 510 of solid stage

lighting arrangement 500, without limitation. A first end of primary winding 712 is

connected to a first polarity of the AC source, denoted AC1, and a second end of

primary winding 712 is connected to an opposing polarity of the AC source, denoted

AC2. A first end of secondary winding 715 is connected to the anode of a first

unidirectional electronic valve 150, and the cathode of the first unidirectional

electronic valve 150 is connected to a first end of first winding 40 of each balancer

transformer 50. The second end of first winding 40 of each balancer transformer 50 is

connected to the cathode of a second unidirectional electronic valve 150 and the

anode of the second unidirectional electronic valve 150 is connected to a second end

of second winding 715.



[00075] The anode end of each LED string 30 is connected to a center tap of

first winding 40 of the respective associated balancer transformer 50, and the cathode

end of each LED string 30 is connected to a center tap of secondary winding 715 of

driving transformer 710. A sense resistor may be supplied, as described above in

relation to solid state lighting arrangement 10, with or without isolation, without

exceeding the scope. A capacitor may be supplied (not shown) in parallel with each

LED string 30 to smooth out any ripple current without exceeding the scope.

[00076] As indicated above each first winding 40 is magnetically coupled with

a particular secondary winding 60 thus forming a balancer transformer 50. Secondary

windings 60 are connected in a closed serial in-phase loop, thus ensuring that a

common current, illustrated as current 12, flows through all of the secondary windings

60 in a uniform direction when current flows through LED strings 30. A current I I is

illustrated flowing through each LED string 30.

[00077] Three LED strings 30 and the associated balancer transformers 50 are

shown for clarity however this is not meant to be limiting in any way. Additional

transformers 50 and LED strings 30 may be connected in parallel, with all of the

secondary windings 60 connected to form a single in-phase loop without exceeding

the scope.

[00078] In operation, when the first end of secondary winding 715 is positive in

relation to the second end of secondary winding 715, current I I is supplied to each of

the LED strings 30 through the first unidirectional electronic valve 150 and the

respective half of first winding 40 of balancer transformer 50. Current I I flows only

through the first half of first winding 40, i.e. from the first end of first winding 40 to

the center tap, and is returned to the center tap connection of secondary winding 715.

Current I I through each of the LED strings 30 is balanced by the operation of the

single in-phase loop of secondary windings 60, with the polarity of 12 as illustrated.

[00079] When the second end of secondary winding 715 is positive in relation

to the first end of secondary winding 715, current II is supplied to each of the LED

strings 30 through the second unidirectional electronic valve 150 and the respective

second half of first winding 40 of balancer transformer 50. Current I I flows only

through the second half of first winding 40, i.e. from the second end of first winding

40 to the center tap. Current I I through each of the LED strings 30 is balanced by the

operation of the single in-phase loop of secondary winding 60, where current 12 is in



the reverse polarity (not shown). Resetting of each of the balancer transformers 50

occurs due to the flux reversal between the two half AC cycles.

[00080] FIG. 8 illustrates a high level schematic diagram of a second

exemplary embodiment of a solid state lighting arrangement 800 driven by AC signal,

wherein each of a plurality of LED strings 30 are driven on each half cycle through an

associated portion of the primary winding of a respective transformer and the

secondary windings are connected in a closed in-phase loop. Solid state lighting

arrangement 800 is in all respects similar to solid state lighting arrangement 700 with

the exception that the polarity of the unidirectional electronic valves 150 are reversed

and the polarity of the LED strings 30 are similarly reversed, with current flow II

reversed as illustrated.

[00081] FIG. 9 illustrates a high level schematic diagram of a third exemplary

embodiment of a solid state lighting arrangement 900 driven by AC signal, wherein

each of a plurality of LED strings 30 are driven on each half cycle through an

associated portion of the primary winding 40 of a respective balancer transformer 50

and the secondary windings 60 are connected in a closed in-phase loop. Solid state

lighting arrangement 900 is in all respects similar to solid state lighting arrangement

700 with the exception that a separate pair of unidirectional electronic valves 150 is

supplied for each first winding 40. The polarity of unidirectional electronic valves

150 and LED strings 30 of solid state lighting arrangement 900 can be reversed, as

described above in relation to solid state lighting arrangement 800, and still offer the

same balanced LED drive performance. In such a reversed case the current flowing

through LED strings 30 takes the opposite path through the primary winding 40 of the

balancer transformer 50 during the respective first and second half cycle of the AC

signal as compared with the current flow of solid state lighting arrangement 900.

[00082] FIG. 10 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting arrangement 1000 comprising: a first and a

second electronically controlled switch 130, illustrated without limitation as

NMOSFETs; an isolating capacitor 540; a power transformer 550 having a primary

winding 552 and a secondary winding 555; 4 LED strings 30 each with an associated

capacitor 70 and an associated unidirectional electronic valve 150, illustrated without

limitation as a diode; and a balancer transformer 1010 comprising a first winding

1020 and a second winding 1030. Preferably first winding 1020 and second winding



1020 have an equal number of turns. Electronically controlled switches 130 are

preferably part of a half bridge switching arrangement, as described above in relation

to FIG. 5, and for clarity both VIN and GND are shown. While a half bridge driver is

illustrated, other converter circuits, including without limitation a full bridge, may be

provided without exceeding the scope.

[00083] The drain of first electronically controlled switch 130 is connected to

VIN and the source of second electronically controlled switch 130 is connected to

GND. The source of first electronically controlled switch 130 is connected to the

drain of second electronically controlled switch 130 and to a first end of isolating

capacitor 540. A second end of isolating capacitor 540 is connected to a first end of

primary winding 552, and a second end of primary winding 552 is connected to GND.

[00084] A first end of secondary winding 555, denoted AA, is connected to the

center tap of first winding 1020 of balancer transformer 1010 and a second end of

secondary winding 555, denoted BB is connected to the center tap of second winding

1030 of balancer transformer 1010. The center tap of secondary winding 555 is

connected to the anode end of each LED string 30 and to a first end of each capacitor

70. The cathode end of each LED string 30 is connected to a second end of the

respective associated capacitor 70 and to the anode of the respective associated

unidirectional electronic valve 150. The cathode of each unidirectional electronic

valve 150 is connected to a respective end of one of first and second windings 1020,

1030. In further detail, the cathode of a first unidirectional electronic valve 150 is

connected to a first end of first winding 1020, denoted with a dot for polarity, the

cathode of a second unidirectional electronic valve 150 is connected to a second end

of first winding 1020, the cathode of a third unidirectional electronic valve 150 is

connected to a first end of second winding 1030, denoted with a dot for polarity, and

the cathode of a fourth unidirectional electronic valve 150 is connected to a second

end of second winding 1030.

[00085] In operation, the LED strings 30 connected to the respective ends of

first winding 1020 conduct in a half cycle when first end AA of secondary winding

555 is positive in relation to second end BB of secondary winding 555 and the LED

strings 30 connected to second winding 1030 conduct in a half cycle when second end

BB of secondary winding 555 is positive in relation to first end AA of secondary

winding 555. The currents of the LED strings 30 connected to the respective ends of



first winding 1020 are forced to be equal during the respective half cycle since the

windings halves are magnetically coupled. Similarly, the currents of the LED strings

30 connected to the respective ends of second winding 1030 are forced to be equal

during the respective half cycle since the windings halves are magnetically coupled.

[00086] As described above, isolating capacitor 540 is coupled in series with

primary winding 552 of power transformer 550, and thus the current flowing through

primary winding 552, and hence transferred to secondary winding 555 during the two

half cycles will be equal, because isolating capacitor 540 does not couple DC current

in steady state. If a difference in average operating voltage between the LED strings

30 during the respective half cycles exists, a DC bias will automatically develop

across isolating capacitor 540 to offset the average operating voltage difference so as

to maintain equal total current of the two LED string 30 groups, i.e. the LED strings

30 connected to respective ends of first winding 1020 and the LED strings connected

to respective ends of second winding 1030. Thus, current through the two LED

strings operative on each half cycle are balanced by the respective winding of

balancer transformer 1010 and current between the half cycles are balanced by the

operation of isolating transformer 540.

[00087] Capacitors 70 are connected in parallel with each of the respective

LED strings 30 to smooth out any ripple current and maintain the current through the

respective LED string 30 to be approximately constant. Unidirectional electronic

valves 150 are arranged to block any reverse voltage to LED strings 130 and further

prevent bleeding of current between capacitors 70, particularly between capacitors 70

connected to the same winding.

[00088] FIG. 11 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting arrangement 1100, which is in all respects

identical with solid state lighting arrangement 1000 with the exception that capacitors

70 are not provided, and thus LED strings 30 are allowed to operate with an increase

amount of ripple current. Advantageously, in the absence of capacitors 70 first and

second unidirectional electronic valves 150 which were connected between the

respective ends of first winding 1020 and the cathode end of the respective LED

string 30 are merged into a single unidirectional electronic valve 150 connected

between the center tap of first winding 1020 and first end AA of secondary winding

555. Similarly, third and fourth unidirectional electronic valves 150 which were



connected between the respective ends of second winding 1030 and the cathode end

of the respective LED string 30 are merged into a single unidirectional electronic

valve 150 connected between the center tap of second winding 1030 and second end

BB of secondary winding 555. Operation of lighting arrangement 1100 is in all

respects similar to the operation of lighting arrangement 1000, and in the interest of

brevity will not be further detailed.

[00089] FIG. 12 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting arrangement 1200, which is in all respects

identical with solid state lighting arrangement 1100 with balancer transformer 1010

provided on the anode side of the various LED strings 30. Operation of lighting

arrangement 1200 is in all respects similar to the operation of lighting arrangement

1200, and in the interest of brevity will not be further detailed.

[00090] FIG. 13 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting arrangement 1300, wherein each winding of

balancer transformer 1010 drives a single LED string 30. In particular, the center tap

of secondary winding 555 is connected to the anode end of each LED string 30, first

end AA of secondary winding 555 is connected to each of a first end of first winding

1020, denoted with a dot for polarity, and to a second end of second winding 1030,

via a respective unidirectional electronic valve 150 and second end BB of secondary

winding 555 is connected to each of a second end of first winding 1020 and to a first

end of second winding 1030, denoted with a dot for polarity, via a respective

unidirectional electronic valve 150. The cathodes of unidirectional electronic valves

are connected to secondary winding 555 and the anodes of unidirectional electronic

valves are connected to the respective windings 1020, 1030 of balancer transformer

1010. The cathode end of a first LED string 30 is connected to the center tap of first

winding 1020 and the cathode end of a second LED string 30 is connected to the

center tap of second winding 1030.

[00091] In operation, each LED string 30 of solid state lighting arrangement

1300 conducts in both half cycles and therefore the ripple current frequency of the

LED strings 30 is twice the switching frequency of electronically controlled switches

130. On each side of balancer transformer 1010 half of the center tapped winding

conducts current during one half cycle and the remaining half winding conducts

current in during the other half cycle. Therefore the core of balancer transformer



1010 sees an AC excitation. The connection polarity of first winding 1020 opposes

the connection polarity of second winding 1030 and thus ensures that the

magnetization force generated by the current of the two LED strings 30 are in

opposite direction, and as a result the current of the two LED strings 30 are equal.

[00092] FIG. 14 illustrates a high level schematic diagram of an exemplary

embodiment of a solid state lighting arrangement 1400, which is in all respects

identical with solid state lighting arrangement 1300 with balancer transformer 1010

provided on the anode side of the various LED strings 30. Operation of lighting

arrangement 1400 is in all respects similar to the operation of lighting arrangement

1300, and in the interest of brevity will not be further detailed.

[00093] It is appreciated that certain features of the invention, which are, for

clarity, described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention

which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable sub-combination.

[00094] Unless otherwise defined, all technical and scientific terms used herein

have the same meanings as are commonly understood by one of ordinary skill in the

art to which this invention belongs. Although methods similar or equivalent to those

described herein can be used in the practice or testing of the present invention,

suitable methods are described herein.

[00095] All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. In case of conflict,

the patent specification, including definitions, will prevail. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting.

[00096] It will be appreciated by persons skilled in the art that the present

invention is not limited to what has been particularly shown and described herein

above. Rather the scope of the present invention is defined by the appended claims

and includes both combinations and sub-combinations of the various features

described hereinabove as well as variations and modifications thereof which would

occur to persons skilled in the art upon reading the foregoing description and which

are not in the prior art.



C L A I M S

I claim:

1. A solid state lighting driver arrangement comprising:

a power source providing a current which is discontinuous in at least one

direction;

a plurality of light emitting diode (LED) strings arranged to receive power

from said power source; and

a plurality of first windings, each of said first windings associated with a

particular one of said plurality of LED strings and coupled to provide current

balancing between the various LED strings.

2 . The solid state lighting driver arrangement of claim 1, further comprising a

plurality of second windings, each magnetically coupled with a unique one of said

first windings, said plurality of second windings connected in a closed in-phase loop

to provide said current balancing.

3 . The solid state lighting driver arrangement of claim 1, wherein at least two of

said first windings are magnetically coupled with each other.

4 . The solid state lighting driver arrangement of any of claims 1 - 3, wherein

said power source is a boost converter providing a discontinuous direct current.

5 . The solid state lighting driver arrangement of any of claims 1 - 3, wherein

said power source is a flyback converter providing a discontinuous direct current.

6 . The solid state lighting driver arrangement of any of claims 1 - 3, wherein said

power source is a bridge converter in communication with a transformer providing an

alternating current.

7. The solid state lighting driver arrangement of claim 6, wherein the bridge

converter comprises a capacitor arranged to block direct current flow through the

transformer and thereby ensure balance between the two halves of the bridge



converter power cycle.

8. The solid state lighting driver arrangement of any of claims 1 - 3, further

comprising:

a unidirectional electronic valve connected between said power source and

said plurality of first windings,

wherein said LED strings are each connected to a center tap of the associated

first winding.

9 . The solid state lighting driver arrangement of any of claims 1 - 3, further

comprising:

a first unidirectional electronic valve connected between a first polarity of said

power source and a first end of each of said plurality of first windings; and

a second unidirectional electronic valve connected between a second polarity

of said power source, and a second end of each of said plurality of first windings, said

second polarity opposing said first polarity,

wherein said LED strings are each connected to a center tap of the associated

first winding.

10. The solid state lighting driver arrangement of any of claims 1 - 3, further

comprising:

a first set of unidirectional electronic valves, each of said first set connected

between a first polarity of said power source and a first end of a respective one of said

first windings; and

a second set of unidirectional electronic valves, each of said second set

connected between a second polarity of said power source and a second end of a

respective one of said first windings, said second polarity opposing said first polarity,

wherein said LED strings are each connected to a center tap of the associated

first winding.

11. The solid state lighting driver arrangement of any of claims 1 - 3, wherein the

arrangement of said plurality of light emitting diode strings to receive said power

source is in parallel.



12. A method of balanced driving for light emitting diode (LED) strings, the

method comprising:

providing a plurality of LED strings;

providing a current which is discontinuous in at least one direction;

coupling said current to said provided plurality of LED strings;

providing a plurality of first windings, each of said first windings associated

with a particular one of said provided plurality of LED strings; and

coupling each of said plurality of first windings so as to provide current

balancing between the said provided plurality of LED strings.

13. The method of claim 12, further comprising:

providing a plurality of second windings, each magnetically coupled with a

unique one of said provided first windings; and

connecting said plurality of second windings in a closed in-phase loop so as to

provide said current balancing.

14. The method of claim 12, further comprising magnetically coupling at least two

of said provided first windings to each other.

15. The method of any of claims 12 - 14, further comprising providing a boost

converter, said provided boost converter providing said discontinuous current as a

discontinuous direct current.

16. The method of any of claims 12 - 14, further comprising providing a flyback

converter, said provided flyback converter providing said discontinuous current as a

discontinuous direct current.

17. The method of any of claims 12 - 14, further comprising providing a bridge

converter in communication with a transformer, said provided bridge converter in

communication with a transformer providing said discontinuous current as an

alternating current.



18. The method of claim 17, wherein said provided bridge converter comprises a

capacitor arranged to block direct current flow through the transformer and thereby

ensures balance between the two halves of the bridge converter power cycle.

19. The method of any of claims 12 - 14, further comprising:

providing a power source providing alternating polarity, said power source

providing said current; and

providing a unidirectional electronic valve connected between said power

source and said provided plurality of first windings,

wherein said coupling of said power to the various LED strings is via a center

tap of the associated first winding.

20. The method of any of claims 12 - 14, further comprising:

providing a power source providing alternating polarity, said power source

providing said current;

providing a first unidirectional electronic valve connected between a first

polarity of said power source and a first end of each of said plurality of first windings;

and

providing a second unidirectional electronic valve connected between a second

polarity of said power source, and a second end of each of said plurality of first

windings, said second polarity opposing said first polarity,

wherein said coupling of said power to the various LED strings is via a center

tap of the associated first winding.

2 1. The method of any of claims 12 - 14, further comprising:

providing a power source providing alternating polarity, said power source

providing said current;

providing a first set of unidirectional electronic valves, each unidirectional

electronic valve of said first set connected between a first polarity of said power

source and a first end of a particular one of said provided first windings; and

providing a second set of unidirectional electronic valves, each unidirectional

electronic valve of said second set connected between a second polarity of said power

source and a second end of a particular one of said provided first windings, said



second polarity opposing said first polarity,

wherein said coupling of said power to the various LED strings is via a center

tap of the associated first winding.

22. The method of any of claim 12 - 14, wherein said provided plurality of light

emitting diode strings are connected in parallel.

23. A solid state lighting driver arrangement comprising:

a bridge converter comprising a power transformer and a capacitor, the

capacitor arranged to prevent the flow of direct current through the primary winding

of the power transformer, the bridge converter arranged to provide an alternating

current output across a secondary winding of the power transformer;

a plurality of light emitting diode (LED) strings, one end of each of the

plurality of LED strings coupled to the center tap of said secondary winding of said

power transformer, and a second end coupled to at least one end of said secondary

winding of said power transformer; and

a balancer transformer with a pair of magnetically coupled center tapped

windings, said balancer transformer arranged between one of said first end and said

second end of said LED strings and said power transformer secondary winding and

arranged such that power on each half cycle output by the bridge converter is

balanced between the LED strings receiving power during that half cycle.

24. The solid state lighting driver arrangement according to claim 23, wherein said

balancer transformer is further arranged such that power between the half cycles

output by the bridge converter is balanced between the LED strings receiving power

during each half cycle.

25. The solid state lighting driver arrangement according to claim 23, wherein a

first end of the secondary winding of the power transformer is coupled to the center

tap of the first winding of said balancer transformer and a second end of the secondary

winding of the power transformer is coupled to the center tap of the second winding

of said balancer transformer, and wherein the second end of each of the plurality of

LED strings are coupled to a particular end of one of the first and second windings of



said balancer transformer.

26. The solid state lighting driver arrangement according to claim 23, wherein:

the first end of the secondary winding of the power transformer is coupled to a

first end of the first winding of said balancer transformer and to a second end of the

second winding of said balancer transformer;

the second end of the secondary winding of the power transformer is coupled

to a second end of the first winding of said balancer transformer and to a first end of

the second winding of said balancer transformer; and

the second end of each of the plurality of LED strings is coupled to the center

tap of a particular one of the first winding and the second winding of the balancer

transformer.
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