| nprovenents relating to Power Adaptors This invention relates to power
adaptors, and in particular power adaptors suitable for providing a change
i n ef f ectwoeownsmge between the input and the out put ofctrlos2pevesiszsadapt or.
I n donestic applications, the voltage avali | abl e fromthe mains supply is
typically 120V-240V AC, at frequencies of 50 or 60 Hz. Were a power
adaptor is adapted to drive a |low voltage | oad, such as a 10V |oad, the
rati o between the voltage dnarovementgiretating opPomer AHedoters vol t age required
to drive the load is between 10 and 20. Wth such a large ratio,
conventional sw tched-node power adaptors used to drive |ow voltage | oads
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i ncl udesa tigaptdransformer with a turns ratio suitable to create a step
down in voltage and a corresponding step up in current. In sone

conventi onal power supplies, this nagnetic transformer is provided at the
input to the power. adaptar. such that the tire .power. adaptor. erates at
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transfornmer, which is rather bulky and inefficient. There has now been
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It is common therefore in prior art power adaptors to include a magnetic
transformer with a turns ratio suitable to create a step down in voltage and a
corresponding step up in current. In some conventional power supplies, this
magnetic transformer is provided at the input to the power adaptor, such that the
20 entire power adaptor operates at lower voltage. In such cases, the magnetic
transformer operates at a supply frequency (50 or 60 Hz) and is relatively bulky
and expensive. In other cases, the magnetic transformer is integrated as part of
the switching circuit, allowing it to operate at the switching frequency of the
electronic components in the power adaptor. Such circuits therefore have the

25 advantage that the magnetic transformer can be made smaller.

Nevertheless, all of these prior art arrangements require a magnetic transformer,
which is rather bulky and inefficient.

30 There has now been devised an improved power adaptor which overcomes or
substantially mitigates the above-mentioned and/or other disadvantages
associated with the prior art.



for connection to an AC power supply, and a resonant circuit coupled to the
| nput that provides an output suitable for driving a | oad, wherein the
capaci t anwe 2arwb4igsduct ance of the resonant circuit are eelramee/dso3provi de
a pre-determ ned change in effective vol :%age, and a correspondi ng
pre-determ ned change in effective currerit, between the input and the

out put of the power adaptor. The power supply according to the invention is
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duty ratios (short ontines relative to swtching periods) an avi ng
current wawefrenteoelivean iheymppéakdtioe autpuagétheapower adaptparti cul ar, the
power adaptor may be adapted to connect to a high voltage AC mai ns supply
(eg 110V or 230V AC, at frequencies of 50Hz or 60Hz), and provide an out put
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volt ag(}l:5 at titrrpe% relative to switching periods) and having current waveforms with high peak
to average ratios. In particular, the power adaptor may be adapted to connect to a
high voltage AC mains supply (eg 110V or 230V AC, at frequencies of 50Hz or
60Hz), and provide an output suitable for driving a low voltage solid state light
source (eg 10-20V).
20
The capacitance and inductance of the resonant circuit may be selected to provide
a pre-determined decrease in effective voltage, and a corresponding pre-
determined increase in effective current, between the input and the output of the
power adaptor. Alternatively, the capacitance and inductance of the resonant
25 circuit are selected to provide a pre-determined increase in effective voltage, and a
corresponding pre-determined decrease in effective current, between the input

and the output of the power adaptor.

In presently preferred embodiments, the capacitance and inductance of the

30 resonant circuit are selected to provide a pre-determined ratio between the
effective voltage at the input of the power adaptor and the effective voltage at the
output of the power adaptor, and a pre-determined ratio between the effective
current at the input of the power adaptor and the effective current at the output of
the power adaptor.



out put of the power adaptor, and a pre-determ ned rati o between the
effective current at the input of the power adaptor and the effective
current avothm/awisput of the power adaptor. The resonant PCIIIGB2049/(58334
preferably configured to provide an outp havi ng an i ncreased or decreased
effective current relative to the effective current through a resonant

I nductor, such that the output has a correspondi ngly decreased or increased
effective voltage relative to the effective voltage of the power supply.
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transformers, which may be present in the power adaptor.

The pre-determined changes in effective voltage and effective current between the
input and the output of the power adaptor may be achieved with no assistance

20 from a transformer. However, the power adaptor may be provided with a
piezoelectric transformer that isolates the output from the input of the power
adaptor. In this arrangement, the piezoelectric transformer may provide a further
pre-determined change in effective voltage, and a further pre-determined change
in effective current, between the input and the output of the power adaptor.

25
Where the power adaptor is provided with a piezoelectric transformer, the
piezoelectric transformer may be arranged to provide at least some of the
capacitance of the resonant circuit. In one embodiment, the piezoelectric
transformer provides all of the capacitance of the resonant circuit. The inclusion of

30 a piezoelectric transformer therefore offers several advantages when incorporated
into a power adaptor having a resonant circuit. Hence, according to a further
aspect of the invention, there is provided a power adaptor comprising an input for

connection to an AC power supply, a resonant circuit coupled to the input that



a piezoelectric transformer therefore offers several advantages when

i ncorporated into a power adaptor having a resonant circuit. Hence,
accor di ngvoeon/fwierher aspect of the invention, there i ecpraBbebadizspover
adaptor conprising an input for connectign to an AC power supply, a
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that provided by a magnetic transformer. This arrangement therefore enables the
power adaptor to have a lower bulk storage capacitance than power adaptors that
utilise magnetic transformers to provide a pre-determined change in effective
voltage.

20
This arrangement of the present invention is suitable for driving fixed loads.
However, the power adaptor may also be adapted to drive variable loads. In
particular, the power adaptor may be adapted to turn off the output, when the load
is insufficient to be driven by the output provided by the power adaptor, and then

25 turn on the output when the load is sufficient to be driven by the output provided by
the power adaptor.

In a particularly preferred arrangement for providing an output that is suitable for
driving a constant current load, the resonant circuit is an LCL series-parallel

30 resonant circuit.

By “LCL series-parallel resonant circuit” is meant a resonant circuit comprising a
first inductor and a first capacitor in series, and a parallel load leg including a
second inductor. The first inductor and first capacitor are preferably connected in



driving a constant current |oad, the resonant circuit is an LCL
series-parallel resonant circuit. By "LCL series-parallel resonant circuit”
i's meant wonreswRast circuit conprising a first inductor pamdtBo69058334
capacitor in series, and a parallel loaddeg including a second inductor.
The first inductor and first capacitor are preferably connected inseries
between two input termnals of the resonant circujt, and the resonant
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sel ected such t e reactance the first inductor and the reactance
Xi 2 of the second inductor are substantially equal in magnitude, and are
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frequencies, the power adaptor provides a constant current output, at a given
effective input voltage, and the resonant circuit is preferably driven at that resonant
frequency or a sub-harmonic thereof, or sufficiently near to that resonant
frequency or a sub-harmonic thereof for the power adaptor to be suitable for use

20 with a constant current load, such as a solid state light source. In particular, the
first and second inductors are preferably selected such that the reactance X_1 of
the first inductor and the reactance X, of the second inductor are substantially
equal in magnitude, and are substantially equal in magnitude to the reactance Xc1
of the first capacitor. In particular, X_ 1 = X2 = -Xc1 in presently preferred

25 embodiments.

When the chosen components satisfy these conditions, at a given input voltage,
the current delivered to a load will be constant, independent of the load connected
to the power adapter. Furthermore, variation of the input voltage would directly

30 control the magnitude of the constant current delivered to the load. When driving
a constant voltage load, such as LEDs, the power delivered to the load would
therefore be directly proportional to the input voltage, without requiring any
feedforward or feedback control.



enbodi nrents. When the chosen conponents satisfy these conditions, at a
given input voltage, the current delivered to a load will be constant,
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variation of the input voltage woul d dir&(‘:]tly control the nagnitude of the
constant current delivered to the | oad. en driving a constant voltage

| oad, such as LEDs, the power delivered to the | oad would therefore be
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where Xci is the reactance of "the first Capacitor.” The reactance of the
first capacitor is preferably therefore equal to the square-root of the
product of the requi rk/ed_l_oad resistance RL and the required input

resi stance Rln f&r TW&.Resonant circuit. The output of the pdher adaptor is

preferably therefore adapted to be connected to a | oad of apparent
i npedance RL, the value of the first and second inductors, and the first
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i nduct ance and capacitance of the resonant circuit therefore provides a
pre-determ ned change in effective voltage between the input and the

The output of the power adaptor is preferably therefore adapted to be connected
15 to aload of apparent impedance R, the value of the first and second inductors,

and the first capacitor, L1, L2 and C1, being chosen such that at least one

frequency, the reactances of L1, L2 and C1 are approximately similar in magnitude

and that at least one frequency the apparent impedance seen at the input

terminals Ri, is transformed by the LCL resonant circuit to be approximately equal
20 to the square of the reactance of the capacitor Xc1divided by the apparent

impedance of the load, R,.

This selection of the inductance and capacitance of the resonant circuit therefore
provides a pre-determined change in effective voltage between the input and the

25 output of the power adaptor.

In presently preferred embodiments, the power adaptor according to the invention
comprises an input for connection to a mains AC power supply, and the resonant
circuit provides an output suitable for driving a solid state light source. As

30 discussed above, the resonant circuit is preferably an LCL series-parallel resonant

circuit.



out put of the power adaptor. In presently preferred enbodi nents, the power
adapt or according to the invention conprises an input for connection to a
mai ns AC wowery/auppl y, and the resonant circuit provi depcarcRudymsi3sui t abl e
for driving a solid state |light source. %s di scussed above, the resonant
circuit is preferably an LCL series-parallel resonant circuit. The use of an
LCL series-parallel resonant circuit is particularéﬁpadvantageous when t he
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prefer %)I y |§){)P£/?c5etd gr;])%lwetr%dgg%r for a solid state light source, the power adaptor
comprising an input for connection to a mains power supply, and an LCL series-
parallel resonant circuit coupled to the input that provides an output suitable for
driving the solid state light source.

20 The resonant circuit is preferably adapted to provide, at a given input voltage, a
constant current output. The power delivered to the output preferably therefore
varies with variation of the voltage at the input, with no need for any control. In
particular, the magnitude of the constant current is preferably proportional to the
input voltage. Furthermore, the resonant circuit is preferably adapted to provide,

25 atagiven input voltage, a constant current output that is independent of the load.
In order to achieve these characteristics, the resonant circuit is preferably adapted
such that one of its resonant frequencies provides these properties, and the
resonant circuit is preferably driven at that resonant frequency, or sufficiently near
to that resonant frequency for the power adaptor to be suitable for use with a solid

30 state light source.

Nevertheless, it has been found that by driving the resonant circuit at a sub-

harmonic of the resonant frequency, the power factor and/or efficiency of the



I nput voltage. Furthernore, the resonant circuit is preferably adapted to
provide, at a given input voltage, a constant current output that is
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current OUttlF?é‘Peéd?%%t('fJ% 1,8 endent of the load, and a third resonant
frequency that provi g at’’'a given input voltage, a current that varies
wi th | oad. These resonant frequenci es are preferably achi eved by sel ecting

e R P et R e S et v i e PO PR ed "™
resonant g first resonant frequency at OHz, ie DC current, a second resonant frequency that
provides, at a given input voltage, a constant current output that is independent of
the load, and a third resonant frequency that provides, at a given input voltage, a
current that varies with load. These resonant frequencies are preferably achieved
20 by selecting the first inductor, the second inductor and the first capacitor, such that
the reactances of those components are substantially equal. The third resonant
frequency may be adapted to provide a significantly greater power at the output,
relative to the second resonant frequency. A controller of the power adaptor may
therefore be adapted to switch between the different resonant frequencies in order
25 to utilise their different characteristics. For example, a controller of the power
adaptor may be adapted to switch between the second and third resonant
frequencies to compensate for a change of input voltage, eg between 230V and
110V AC. Further examples of such control include loading a TRIAC in the
lighting system at critical points, and altering the power factor and/or regulation of
30 the power adaptor.

As the voltage at the input varies sinusoidally, the current drawn from the input by
an LCL series-parallel resonant circuit, configured as described above, will

inherently follow a square shape. However, the waveform of the current drawn



frequency may be adapted to provide a significantly greater power at the
output, relative to the second resonant frequency. A controller of the
power adapoaniomayostyher ef ore be adapted to swi tch bet weerctriaB2diddsessent
resonant frequencies in order to utilisegheir different characteristics.
For exanple, a controller of the power adaptor may be adapted to switch
bet ween the second and third resonant frequencies to conpensate for a

change of ifigputhe BPLhBE the esoeeREeRcWRmRY Dedmedtiod Ry, a FORYPllaT OS REBPWST of
such contr Walel | TR ' ' ' itical
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modi fied by a controller of the power adaptor. The power adaptor may
t her ef or e iwsMefeien af henturdnt sirawd diene the inpdeisenatengimilae imahapetothef t he

current drawn from i nput he resonant circuit. |n rtic r, the
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current drawn fromthe input is nore simlar in shape to the waveform of

the vol t agdlaiened@epkput. In particular, the current drawn by the resonant
circuitqmay have a waveformthat is generally sinusoidal, but with
flattened peaks. The resonant circuit is preferably driven by a resonance
drive circUihe regbhaft girovitiisl sefaraohs drivegre by drregensi@native cirduie whigronant
circuit. The resonance drive signal is preferably an alternating signal,
and i s prefEPUBES ATPBININGE BVes geglctpﬁhgtr%siortaﬁﬁp'rﬁw;« Eﬁﬁtr?%ﬁ’”ac"\ﬁ% HEVef our
el ectronic .y ¢ T dr ' ; [ I : he
Form of & Shie & Gl ET e eBIo SRPRRAAE S abeoylep bz dvaiel
resonant cithatunayeontolawoadr feunetectrgnicawitnhes, e & Edlst efheateésoganod dayge
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to excite the resonant circuit with an alternating voltage, the alternating voltage
typically consisting of blocks of positive and negative voltage. The electronic
switches are typically connected together in the form of a full bridge inverter
(4 switches) or a half bridge inverter (2 switches).

20
As discussed above, the power adaptor may be adapted to modify the waveform
of the current that would inherently be drawn by the resonant circuit, and in
particular modify the shape and/or size of that waveform. In particular, a
resonance drive signal may be provided to the resonant circuit, wherein the

25 resonance drive signal is adapted to determine the desired input current
waveform. For instance, the resonance drive signal may be adapted in a variety of
ways including, but not limited to, any of the following including combinations
thereof: (i) introducing a dead-band between half-cycles or full cycles of the
alternating drive signal, (ii) varying the frequency of the drive signal, and (iii)

30 missing cycles of the alternating drive signal.

Where the resonance drive signal is adapted by missing cycles of the alternating
drive signal, these missing cycles may be arranged in a discontinuous

arrangement, in a single continuous group, or in a plurality of continuous groups,



switches are typically connected together in the formof a full bridge
inverter (4 switches) or a half bridge inverter (2 switches). As discussed
above, theopowani@dapt or may be adapted to nodify the waecefeB2mafsi1ishe
current that would inherently be drawn bi the resonant circuit, and in
particul ar nodify the shape and/or size 9 that waveform In particular, a
resonance drive signal provided to the resonant circuit, wherein the
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alternaging drive signal. Were the resonance drive signal is adapted by
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Any controller of the power adaptor, as discussed above, is preferably adapted to
control the resonant drive signal provided to the resonant circuit, in order to
determine the waveform of the current drawn from the input by the resonant

20 circuit. This controller of the power adaptor may be provided by an integrated
circuit, such as a microprocessor, an analogue electronic circuit, or any
combination of analogue and digital electronics. Indeed, the controller of the
power adaptor may be an application specific, integrated circuit, which may be
manufactured at very low cost. In this configuration, the oscillator of the drive

25 circuit may also form part of the integrated circuit, or may be a separate circuit.

The determination of the frequency at which the resonant circuit is driven may be
used to calibrate the power adaptor for improved efficiency. Alternatively, the
frequency at which the resonant circuit is driven may be varied during use, in order

30 to vary the power being supplied to the solid state light source.

The output for driving the solid state light source may be isolated from the

resonant circuit, particularly for applications in which users would have access to



Any controller of the power adaptor, as discussed above, is preferably
adapted to control the resonant drive signal provided to the resonant
circuit, wo2oriatosto determ ne the waveform of the curr eot/gB2eewosizsem t he

i nput by the resonant circuit. This contigller of the power adaptor may be
provi ded by an integrated circuit, such a m croprocessor, an anal ogue

el ectronic circuit, or any conbination of analogue and digital electronics.
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configuration, e oscitlator e drive circulrt may orm part of
the integrated circuit, or may be a separate circuit. The determ nati on of
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in order to vary the power being supplied to thé solid state |ight source.
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transforner to provide this isolation. The resonant circuit may al so

i ncl ude a [FAPACKAITSpot enti al dividing capacitors, to which the first
capacitgr is connected. Alternatively, where the resonance drive circuit
contains four electronic switches (eg FETs) arranged to create two

swi t chi ng llegsoftey embddiledt el resthanceidryeingbitweniprisesttwo,elédteorai r  of
capacitors could be re Iaced%éoé a single capacitor. These capacitors are

pref er abl y SWit€ABacs9 6ES) cANRBIeH Ot theneqt sefigg-Pagalish serRanagE cieliti r cui t
conpri ses Fae B3, L8 S f E X Y@?g
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whi ch first swtch bej ON whilst a second switch is OFF nd vice
Ver sa. 19hi seapid AR OPE. gRediRavershy T amangement isparticuiary

advantageous where the switches are driven by a low voltage controller, such as

an integrated circuit.

In this embodiment, the first resonant inductor of the LCL series-parallel resonant
20 circuit preferably comprises two inductors, one connected to one end of the first

capacitor, and the other connected to the other end of the first capacitor. In this

arrangement, one of these two inductors will be active in the positive half cycle of

the supply, and the other of these two inductors will be active in the negative half

cycle of the supply. In one embodiment, these two inductors are wound about a
25 common core, such that the first resonant inductor of the LCL series-parallel

resonant circuit is a three terminal inductor.

The power adaptor may draw current from the input as a function of the voltage at
the input in order that the power adaptor appears as a resistive load to the mains
30 supply. This is preferably achieved by: (i) minimising the capacitance at the input
of the power adaptor, (ii) drawing a current waveform from the input that is
substantially in phase with the voltage waveform at the input, and/or (iii) drawing
current that is substantially proportional to the voltage. These features reduce

current distortion and harmonic currents drawn from the mains supply, and



advant ageous where the switches are driven by a | ow vol tage controller,
such as an integrated circuit. In this enbodinent, the first resonant

i nduct or wb 2bfvm4bde seri es-parall el resonant circuit preCercBby/ Gossri ses
two i nductors, one connected to one end ?é the first capacitor, and the

ot her connected to the other end of the rst capacitor. In this
arrangenent, one of these two inductors will be active in the positive half
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i nductor. The roower adapt or Nﬁly d%rrg\riv Eﬁrrent fromthe input as a function
of the vol SHEBIVAS & RANYEIHIANal Hagiet I90h8RUCRe power adaptor appears as a
resistigye load to the mains supply. This is preferably achieved by: (i)
mnimsing the capacitance at the input of the power adaptor, (ii) draw ng
a current veieshaiively, theroower adpptor ey diasv power tiom theligputrapd dgctantdf t he
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the efficiency and power factor of the power adaptor by renoving the

capacitive |l oad presented to the mains supply. Indeed, these features

enabl e, the - t i '

o esent Bd e AR Rl S0 BRI RIT & LG o e fIEI0E Br gibeles
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function of the voltage at the input, such that the power adggt or does not

appear as &!/EOUERYL BRI PSHR]E BriEGR. RN tFHING. reYRSESBITRNS fEe Breseghthat
source is Q%zﬁfoeﬂﬁrﬁbge@héisalm st F fitl_tar%U%&de (LED), or a series of two or

nore LEDs. e power adaptor pre y 1 ncludes one or nore diodes at its
output, eg a diode bridge, to ensure that no reverse currents are present
that C%l d Afjn?/rrc? roﬁ rc‘:f?*c&i?rly ioq thset S(t)v?/elr jaggpt)to% ?nuarycbee' powered by an integrated power
supply. Alternatively, the control circuitry of the power adaptor may be powered by
a connection to one of the inductors of the resonant circuit, for instance a

connection to a winding coupled to that inductor.

20 Where the power adaptor includes an integrated power supply, the integrated
power supply preferably draws power directly from the mains power supply, most
preferably via the input of the power adaptor. In particular, the integrated power
supply is preferably a constant current power supply, such as a switch mode
constant current regulator, which preferably does not cause excessive inrush and

25 islow in cost. The control circuitry is preferably adapted to shut itself down during
the off periods of a mains cycle, for example when the power adaptor is connected
to a TRIAC or similar device, so that the constant current device can be low in
power and hence the efficiency high.

30 The power adaptor preferably also includes a fault detection circuit that disables
the resonant circuit, preferably by removing the oscillating drive signal, in the event
that the load is removed, which may be caused by failure or disconnection of the
light source, for example. The fault detection circuit preferably connects an output
of the resonant circuit with the controller. This fault detection circuit is a feedback



Any control circuitry of the power adaptor nmay be powered by an integrated
power supply. Alternatively, the control circuitry of the power adaptor may
be power estolyi0macmnnecti on to one of the inductors of treTrcER0MABI336i rcuit,
for instance a connection to a w ndi ng \(,:\g?lpl ed to that inductor. Were the
power adaptor includes an integrated po supply, the integrated power
supply preferably draws power directly fromthe mains power supply, nost
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the input of the power adaptor and the LCL series-parallel resonant circuit. Hence,
the power adaptor is preferably substantially free of bulk storage capacitance
between the input of the power adaptor and the resonant circuit. Indeed, the
power adaptor is preferably substantially free of electrolytic capacitors. This

20 enables the supply to be designed with minimal reactance, minimal inrush current,
and long life with reduced size and cost relative to prior art power adaptors for
solid state lighting systems. A bulk storage capacitor may be provided at the
output of the power adaptor, but this is not essential for the functioning of the
power adaptor with a conventional solid state light source.

25
The power adaptor according to the invention is preferably suitable for use in a
lighting system that utilises any power reducing device for determining the power
available at the input of the power adaptor. In particular, the power reducing
device may be a variable resistor, such as a Variac, or a rheostat. The power

30 adaptor may also be adapted to function in lighting systems that include a dimmer
control utilising SCR phase control or a triac in order to reduce the power available
at the input of the power adaptor. In this case, however, the power adaptor may

be adapted to draw a minimum current from the mains supply to keep the SCR



positive) portions of the alternating current waveform Nevertheless, there
is no need for the power adaptor to provide a steady DC signal at the input
of the LGkoerwmsosparal l el resonant circuit, and hence achdio®icIzge
capacitor (also known as a reservoir cap;['flgitor or snoot hing capacitor) is
preferably not provided between the input "of the power adaptor and the LCL
series-parallel resonant circuit. Hence, the Bower adaptor i referably
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or a tq'ac in order to reduce the power available at the input of the power
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si gnal at the input of the power adaptor. In particular, the power available at the input of

the power adaptor may be varied using an external device, such as an external

power reducing device, associated with the mains supply. This embodiment is

particularly suitable for use with a lighting unit including an integral power adaptor,

20 which would be suitable for incorporation into a conventional lighting circuit. In

order to maximise the efficiency of the power adaptor, the power adaptor is

preferably adapted to transfer all power available at the input, save for

unavoidable losses, to the output of the power adaptor.

25 According to a further aspect of the invention, there is provided a lighting system
comprising a power adaptor as described above and a lighting unit including at
least one solid state light source.

The lighting unit will typically be provided with a plurality of solid state light

30 sources. In order to achieve different colours of light output, the lighting unit may
include solid state light sources that emit light of different colours, for example
LEDs that emit light of red, green and blue colour. Furthermore, the lighting unit
may also include LEDs of amber, cyan and white colour in order to raise the colour

rendering index.



fromthe input. The power adapter may include a controller able to deliver
a control signal to the resonant circuit for reducing power drawn fromthe
i nput . Howe\2e10/0410670t her enbodi nents, the power adaptor pdwasB20005133¢| ude a
controller having such a feature. In par écul ar, the power adaptor may be
adapted so that the light output fromthe“solid state |ight source is only
controll able by varying the power avail able at the input of the power

adaptor. In particular, the power available at the input of the power

adapt or MR SfhritSt A% e RITAGNRHit A8Y ede SlHinsh fLsH, R itdy BOVeT

reduci ng device, assocl at mal ns” supply. ment 1S

parti cul ar Inpused tsepbeatélyr lndeedyithd pawier ghiapiog nuan be iadapiedi togoravidergosggral
power adaptor, which | d be.suitagble for incorporation jntq a.
onvent | onds airig bng TahtBatiiS! s ldhinepbRehESs e bTakicd sBliesase « ne
power agaplighs séliBe®OBIFthaRAGOnd ﬁ?rﬁfr@fﬁfs?&hh HAREL 5 QIUrbAYTreUch! |

power avail able at the input, save Tor “unavoi dabl e | osses, to"the output of

t he power @oaer@dapiassoritiedightiog sysiem may alspéwiuds apower edutingdevickere i s
provi ded a |

Bna a1 gnothg 4 Tendie TR RGP st S REOBmBRORIAN TR, BCe ST aPeR
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output from the one or more solid state light sources is controllable by varying the

power available at the input of the power adaptor. In order to maximise the

efficiency of the power adaptor, the power adaptor is preferably adapted to

transfer all power available at the input, save for unavoidable losses, to the output

20 of the power adaptor.

The lighting unit preferably comprises a housing for accommodating the power
adaptor and the one or more solid state light sources, and a connector for
connecting the input of the power adaptor to the mains supply. The connector is
25 preferably adapted to connect to a fitting for a conventional filament light bulb. In
particular, the lighting unit may include a bayonet or threaded connector. In one
embodiment, the light output from the one or more solid state light sources is only
controllable by varying the power available at the input of the power adaptor.

30 According to a further aspect of the invention, there is provided an electronic
impedance matching circuit incorporating an LCL resonant circuit with input
terminals and output terminals with a first inductor L1,connected from a first input
terminal through a common point with second inductor L2, to a first output
terminal, the second input terminal being directly connected to the second output



such as a variable resistor, a rheostat or a dinmer control that utilises
SCR phase control. The power adaptor according to the invention is

parti cul avbyosuistiahl e for use with a lighting unit incl edirgp2es/dsndsegr a
power adaptor, which would be suitable fi% incorporation into a
conventional lighting circuit. ance rding to a further aspect of the
invention, there is provided a ghting unit suitable for direct connectlon

to a mains l@uHpAY anfjf?ec@ﬁ@fﬁt?f Ft:g] Gﬁ'ﬂ"t‘eﬁﬁﬂﬁﬁ%?%ﬂ@ CRIMBIONRAIDE Rptween th
described aQgYcyRAGrsCAlR Me ARIE C6Hhé<lfjtlo?1%35&wbbﬁ%ﬁ&%‘fé‘rﬁﬁmal‘s.rbf‘ﬂﬂiuﬁ %nﬁhe

l'ight output fromthe one or nore solid state I'ight sources is ntrol | abl e
by varyi ng autgutp dine inpax &érinzibls eting devemfmm ahighhiee quoavery indenterothe omtput der
to maximse the eff|C|enc r adator S

bref o abl y SBREPE Epatedter 1o AISAYREAPESRNT kinedsncBRE PRYES SL® o
unavoi dgbl eoh@sotnts L9, Li"ﬁn@@@b’ém@fchbﬁé‘n Bgﬁﬁﬁhﬁ%lﬁﬁt on@hﬁadu‘eﬁ%' fhg unit

preferably conprises a housing for accommodati ng the power adaptor and the
one or nor ¢eadhhdesoblt U2 ghd Csloanecapprosimatelysomi@cinanagoitudsomntbthat ay t he

i nput of the main ly.. The con r s preferably
adapt ed t o R RUB TRBY ot PRl MhPge R B e At e AR el bui b, 1
parti cul ar trdnRforhicdhty the ILDIL FedBhant BREUIER Be BpRI@harlly Biliglagdere equarchor .

I n one enbodi ment, the |light output fromthe one or nore solid state |ight

sour ces |st%r®a®@mﬁ3 of themapasijondivigedd\t the arpasentdiwedapre ohthe leedi Rbut  of
t he poq\gr adaptor. According to a further aspect of the invention, there is
provi ded an el ectronic i npedance matching circuit incorporating an LCL

r esonant ciTmfréqu/u'rtdy of opetaticer of thaldgrafrdquen guihveremisireferably ltiasef torthe

i nduct or connected froma first input term nal through a comon point
with seconcﬁrquGUEY ¥inere the eagtanagestofdds bataﬂde@ﬂnaﬁ%lappfwg?ébﬁkﬁ”'Iaﬁput
termnal being directly connected to the second outputtermnal, and a
capacitor C 1, connected between the common point between the two i nductors
and the di rTéreteIeohrmmicﬁrinpadamxm wdehisg coadit tseprafarably anfapitepia davedooeibput

the i n%t | eérrg Lr]‘:aﬂ)s wﬂ%l ngolgardevr%r(]}uErrePnrgn?wrﬁli&hisfsru%%’fja%r’gl%}/y IIor{/}//eerrthan thé Pn%u?m put

supply voltage.

Alternatively, however, the electronic impedance matching circuit may be adapted
to charge a battery with a voltage requirement which is substantially lower than the

20 input supply voltage, or may be adapted to drive an electric motor at more than
one speed by dynamically matching the varying apparent load impedance to the
supply voltage.

A preferred embodiment of the invention will now be described in greater detail,

25 by way of illustration only, with reference to the accompanying drawings, in which
Figure 1 is a schematic diagram of a power adaptor according to the invention;
Figure 2 is a schematic diagram of a resonant circuit, including a resonance

30 controller and a resonance drive circuit, that forms part of the power adaptor of

Figure 1;

Figure 3 is a schematic diagram of the resonant circuit of Figure 2, including an

alternative resonant drive circuit;



term nal s being connected to a | oad of apparent inpedance RL, the val ue of
the conponents L 1 , L2 and C 1 being chosen such that at |east one
frequencywotzhm/memcet ances of L 1 , L2 and C 1 are appr orCoaiB2byo/wissul ar in
magni tude and that at |east one frequencythe apparent inpedance seen at
the input termnals is transforned by the' LCL resonant circuit to be
approxi mately equal to the square of the reactance of the capacitor divided
by the apparent inpedance of the |l oad, RL. The frequency of operation of

t he high fn ' Py fear I t I re the
react ances P?)@H%Q?Lbé,é E&éﬁ%rﬁ%ﬁcch %gggr"ﬁ oggggocéingaét?%fr}ét&eﬁﬁg{a .Cﬁgﬁggg?‘vé’@?ﬁoni c

i npedance rragurei2)g circuit is preferably adapted to drive one or nore LEDs
with a voltage requirenent which is substantially | ower than the input
supply voltage. Alternatively, however, the el ectronic inpedance matching

Ci rcui t smayibgeasiant séhdrhatiddizgfard Falthflatekidlive t4ehé 2EEUIE SRGWA §reNt whi ch
is substantially |lower than thé input supply voltage, or nmay be adapted to

drive an elfFegureid notor at nore than one speed by dynamnically matching the
varyi ng apparent |oad i npedance to the supply voltage. A preferred
enbodi nent of the invention will now be described in greater detail, by way

of illustraig@e ®Orly schérhfitic @lagFan R aBukhQlRATRNRADhE Girfliid¥hd\gs in i N whi ch
Figure 1 is a schematic diagram of a power adaptor according to the

i nvention; F9Y&rd 2 is a schematic diagramof a resonant circuit, including
a resopgnce controller and a resonance drive circuit, that forms part of
the power adaptor of Figure 1; Figure 3 is a schematic diagram of the
resonant ciFiguret7 sfa Stlgpmeti@diaigrarnudianfiftraalterhtitiventd fheecirceitashamin idrHigere
circuit; Fi %e 4 is a schematic diagramof a second alternative to the
circuit sh ndn Fi gure 2; Figure 5 is a schematic diagramof a third
alternative to the circuit shown in Figure 2;

Figure 8 is a schematic diagram of a lighting system according to the invention.
15
Figure 1 shows a power adaptor 20 according to the invention. The power adaptor
20 comprises an input 22 for drawing electrical power from the mains circuit, and
an output 24 for providing electrical power to the three LEDs 60a,60b,60c of the
solid state lighting unit 50. The power adaptor 20 includes a filtering and rectifying
20 circuit 30 at the input 22, such that the AC voltage waveform drawn from the mains
circuit is supplied to the remainder of the power adaptor circuitry as a full-wave
rectified waveform (DC+).

The power adaptor 20 also includes a low power, auxiliary power supply 32, and a
25 resonant circuit 34 including a resonance controller 40 and a resonance drive
circuit 42, which are described in more detail below with reference to Figure 2.
The low power, auxiliary power supply 32 provides a low power DC output (+V) for
powering the integrated circuits of the resonance controller 40 and the resonance
drive circuit 42. This provides a stable power supply to the integrated circuits of
30 the power adaptor to ensure stable functioning of those circuits. It is noted that in
other embodiments, the integrated circuits of the power adaptor are powered by
connections to additional windings coupled to one of the inductors of the resonant

circuit, and hence the auxiliary power supply 32 is omitted.



Figure 6 is a schematic diagramof a fourth alternative to the circuit
shown in Figure 2; Figure 7 is a schematic diagramof a fifth alternative
to the ciwoubto/ahman in Figure 2; and Figure 8 is a schegmtéRo@imgsam of a
i ghting system according to the inventig?g. Figure 1 shows a power adaptor
20 according to the invention. The power adaptor 20 conprises an input 22
for draw ng el ectrical power fromthe nmains circuit, and an output 24 for

provi di ng dINEIEEPRAN Girshirs% iqlying e Eegompace saNBolieTetk and theEesoprnee st at e
1ghting_ UnrlveShoulhe RYBSWRAAPHAfe 30 ThAGEUGGSG Editdiih 8 iAdIdagest i fYi ng

circuit 30 at the I nput a vol tage waveform drawn from
t he mai ns @ontrol ¢irgust andisl adeghtechta bentrad iiteé nelem aoiCe tdnieepineait 42ddpt or
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circuit 42, which are described in nore detail belowwith reference to
Figure 2 . frometheinppblgithe eaponianheycyibodder ltdsippled that prethedembadirnentsolier DC

Control | or SO0 RS e et B B e by A % i SR R E o o

power supplaftogethehe i ntegrated circuits of the power adaptor to ensure
stable functioning of those circuits. It is noted that in other
enbodi nents, the integrated circuits of the power adaptor are powered by

resonal ciTEGrEonan (R 31 e A A oGP ey P e R B °

resonant ciGtand L2%#, Thacksshangetdriver chouitaiie ataptedtd dnvedthedrCL sbdes-
resonance drive circuit 42, is shown in Figure 2 . The_resonance controller

40 i ncl udePasAltEb FRIBIANE Fireyl With ASquara geyecd Ming gigRat-of NBIREUAER BA¥RCe drive
ciroult 42idih RAGIAGHIGY by IS [RBBARNFIIRA! BYIFEETS, $8nfgctego BLtlBiitnd OF

suppl ying acontr signal” to the resonance drrve circuit
det er m nes of tiee fesomaof cirdwst, @andrassocidied\drive cincuitne 44nplilte by T$ hee cestool
circul I1534'byI theirgscglnoatn(%:%I éom?rtolliern 48t tf'%re o%rtrggtdoifqﬁg tréséontarr]m? circuit 34 is rectified
using a diode bridge, and then smoothed by a capacitor (C5) at the output of the
rectifier, so as to form an output suitable for driving the LEDs 60a,60b,60c. The
capacitors C2 and C3 create a connection point for the second end of the resonant
circuit, substantially midway in voltage between DC+ and 0V.
20
Alternatively, the resonance drive circuit 42 contains four electronic switches (eg
FETs) arranged to create two switching legs (in a “H-bridge”), as a single phase
inverter, as illustrated in Figure 3. In this embodiment, the capacitors C2 and C3
have been be replaced by a single capacitor (C2) connected between DC+ and
25 0V. The circuit cannot operate with no capacitance across the DC supply, as a
small amount of capacitance is required to protect the switches from overvoltage

damage during switching transients.

The LCL series-parallel resonant circuit is configured such that at a chosen

30 frequency, the reactance of L1 (X.+), the reactance of C1 (Xc¢+) and the reactance
of L2 (X.2) are substantially equal. In this configuration, the LCL series-parallel
resonant circuit has two non-zero resonant frequencies. The frequency at which
the reactances are equivalent will be one of the two non-zero resonant
frequencies. When driving the resonant circuit at this frequency, the resonant



resonance drive circuit 42 is self-oscillating, and the control circuit is
omtted altogether. The resonant circuit 34 has the formof an LCL

seri es- pavel2bmo4t@sonant circuit (L1 , C 1 and L2). TheprcessBramos1isni ve
circuit 42 is adapted to drive the LCL siéiesparallel resonant circuit with
a square wave driving signal. This square”wave signal is generated by two
el ectronic swtches, eg FETs, connected to a first end of the resonant

circuit, asdCHiSHRPliasR Capsiant eyrrentto e putpuinandperceyixthed eI | ed by the
resonance t GH 66E, régagﬂ_@% ﬁ%@%acﬁf Tﬁ%%@?ﬁt‘gaéﬁf ti5é E?r&t%n?’éur‘r tr|§Ct' fied

using a dio r| "dgé, snoot acitor at t out put
of the rect;jrcbpcemonaldoetlseumpdt(yohagel dThtqone'sosamttfeémerfogns driving the LEDs
60a, 60b, 60c. The capacitors C2 and C3 create a connection point for the
second end of the resonant circuit, substantially mdway in voltage between
DC+ and Ov. Alternativegly, the resonance drive circuit 42 contains four

el ectrofic swtahest+ Ts) arranged to create two switchirfg)legs (in a
"H bhdge"), as a si naﬁ hase inverter, as illustrated in Figure 3 . In
this enbodi ment, the capacitors C2 and C3 have been be replaced by a single
capacitor (C2) connected between DC+ and OV. The circuit cannot operate

Wi th no capael r‘e%Bﬁ&n@é:é&%?olFe'ﬂﬂo%ost‘hlé%%né\%@dﬁh?@bkcw&tthgfefér%?aci tance

is required to protect the switches from overvol tage danage during
swi t chi ng tadaptactietexcitetibe LAL wresesarpaelmesemamte@@nardosa hodblstre‘senant

configured_such that }\ a chosen f g @nc s reactance, g 1H{q
reactance OfFUEERCYH1) 3 AL qREaPencs dhatvie %r%ane@% CRrE S 86%%% aIIy
equal . 1pn tréscﬁnmmfqu@h@yItﬁa,smntb,ﬁm@%swinetﬁem@p‘drﬁé sWReERAle reiduegd! has
two non-zero resonant frequencies. The frequency at which the reactances

are equi valagathexcel thpefigienaf otithe dirgoit ifoimprered r Evghanadyardgaesnicagle thgen
i 19" el I ool Gl o cddMiBad ANt Bt RIONAL A the

suppl i es a ¢ons curre ence
60a, 60b, 60¢eductivaroflthe expénsdef h@@étsa@ﬁltém@arhdldere@ﬁlrtdlﬁ)mmséragt current

is proportional to the input voltage. This resonant frequency is

15  The normal characteristic of this configuration of the LCL series-parallel resonant
circuit is to draw a power which is directly related to input voltage. Without any
control, as the voltage at the input 22 varies sinusoidally, the AC current drawn
from the input 22 would follow a square shape. However, it is possible to use the
on-time modulation and/or the frequency of the switches to reduce the power

20 drawn from the input 22 in the proximity of each zero crossing, and therefore to
improve the input current harmonics. In addition, the optional capacitor (C5) on
the output of the rectifier smoothes the power delivered to the LED such that the

light output will contain less fluctuation.

25 A fault detection circuit is preferably provided that includes a connection between
the output of the LCL series-parallel resonant circuit and a disable pin on the PIC
of the resonance controller 40, through resistor R1, and a connection with 0V
through resistor R2. The fault detection circuit draws minimal power. However, in
the event that an LED 60a,60b,60c stops conducting, the associated fault

30 detection circuit quickly detects a rise in voltage at the output of the resonant
circuit and causes the resonance controller 40 to shut-off its output to the resonant
drive circuit 42, and hence cause the drive signal to be removed from the resonant
circuit 34. In Figure 2, the fault detection circuit is shown connected between L2



CO1 =+ - (2) IL C The resonance controller 40 and the resonance drive
circuit 42 is therefore adapted to excite the LCL series-parallel resonant
circuit olvoeiwmidshi s resonant frequency, wi . As a conpequEB0®/03i33dri vi ng
the resonant circuit close to the resonaz\@l frequency, the switching | osses
in the electronic switches are reduced d hence the efficiency of the
circuit is |rrproved Furt her advantages include the reduction of conducted

and radi at &f éh@@?%@?@l Eloweyer. frigasecrotedRat thisneircuitroudalsetbeon of the
f
char acter | SLTHEEEAHerkbbh Bie PO B0 cRA oF 3, DRAEIRARSFine SR #Rhinal

circuit isadftheloatpua2gpower which is directly related to input voltage.
Wt hout any control, as the voltage at the input 22 varies sinusoidally,
the AC current drawn fromthe input 22 would follow a square shape.

Howeverg i tTHeSaRBSst o d;fbv&ér dé$|9eﬁébEtOQHetLE]?s B4, Bbﬁte%%aﬁ‘ﬂﬁé %né@w.thrtﬁauency
of the switches to reduce the power drawn fromthe i nput in

proximty o'farlemmOiﬁneolnpub@@instupmdvolmeamiT@ makeﬁptrswt@bte@nurspuwtrcarrent
har noni cs. t| onal capacitor (C5) on the output of the
rectifier ?Wcﬁ?ﬁg (fﬁ%dﬁ del ivered to the LED such that the |ight
output will contain less fl uctuatl on. A fault detection circuit is
preferably provided that includes a connection between the output of the
LCL series rgl4 shows adHeRer alferpative nitneLigus shownpn igirethdn pheshothe he
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through're |on circul

However, i mirivbeireuiddR damatsts1intgHpob 6o 6Beirebic switgrese egHETS, mgnnedfted to a
associ ated fault detection circuit quickly detects a rise in volta]ge at the

out put of the §NEkPriARIresRACCHibP @%%'%tﬁ@ OFixg GHEHIEY 1othet & e ToIm @fo
shut -of f i Rj(g"% Ha' d;@ use the
drive si gn[aalﬁ t LeJ(Srdl rtﬁchﬁ%%ﬁéﬁﬂee drjfgsrgﬁgn %F?I&%ﬁédgﬁ@%f F(gm% 2, the
fault det eciectronié swiiches. skstiremmare e emtbotl mn ewtetoeis2aidndlhee dny)cﬂawlbn dge.
However 15 pldee?ec'?lorr]moéir%utltrz% atnhd F32 (l:gudrtes (éoaur!dd 3)a|o%gny capacitor (C5 Figures 2

and 3) at the output of the rectifier.

The power adaptors described above in relation to Figures 1-4 are each adapted
to connect to a high voltage power supply (eg 110V or 230V AC, at frequencies of

20 50Hz or 60Hz), and provide an output suitable for driving a low voltage load, such
as a solid state light source (eg 10-20V). In particular, the LCL series-parallel
resonant circuit of each power adaptor is adapted to provide an output having a
significantly decreased voltage, and a significantly increased current, relative to
the power supply, without any need for a magnetic transformer.

25
The LCL series-parallel resonant circuits of the power adaptor described in relation
to Figures 1-4 each have a first terminal and second terminal connected to a full
bridge inverter with four switching devices or a half bridge inverter with two
switching devices and voltage dividing capacitors. A first inductor L1, and first

30 capacitor C1 are connected in series from the first terminal to the second terminal.
The load leg of the circuit is connected in parallel with the first capacitor C1, the
load leg comprising a second inductor L2 in series with a rectifying means to
supply unidirectional current to the load while current in the resonant circuit

alternates at high frequency.



connected between the positive end of the diode bridge and the positive
termnal of the output 24. The anpunt of power delivered to the LEDs

60a, 60b, 600 20em4ips7vari ed with the variation of the i npetToB200/6W3Pl Y

vol tage, which makes it suitable for use )'q/ith a power reducing device 10 .
Figure 4 shows a further alternative to ? e circuit showmn in Figure 2, in
whi ch the resonance controller 40 has been omtted. In this enbodi nent, the
resonance drive circuit 42 consists sinply of two electronic swi tches, eg
FETs, connggigg, %ﬂ:ir%uft' fetvditd eOJcréé‘setfhreEﬁer ac@tbFéﬁ!deteﬁﬁﬂeé%ﬁé’Bb%ﬁﬂ
drive circuitry 44 that iI's any formof anal ogue or digital circuit capable
of provi di mgieh sudriednl thralrgh/énedogd ddg.t b widudd be expeoteddhemforehtbat if the
Furthernore, this eg&od}j. rTEnt doeiT not i ncl ude anél fault det eCtié;H circuit
(RL and Re TPRCRNGRPENSNiIrghidggtor i was NCEeaRad, 4rdreesr Mrljade WobIdRg 3) at
the out gut RbpAdia&@es ithattomddierR@nBIthadBRAGE BchREGHE RSl RBAYSUILbE €l ation
to Figures 1-4 are each adapted to connect t0 a high voltagé power supply
(eg 110V omeemlosely matchedtpudedpwer ubltEpveqmired0Hz) , and provi de an out put
suitable for driving a | ow voltage | oad, such as a solid state |light source
(eg 10-20V). In particular, the LCL series-parallel resonant circuit of
each power |g@Pbeén drscadérbatat BiPNOtdife 88s® WK s PRYsBE B cHabdelvahasy |y
decreased voltage, and a significantly increased current, relative to the
pover supplf§r thgirepenANtaemprnants bil, b2 pag ket pech that i ewsent imilee jaad leg is
seriesyparall el - j ' : tor described in

rel ati ?)ﬁ t%'qfﬁﬂécud;nzlgq‘q@%retgé'ﬁ]%égwgﬁtf'b?’s??‘ﬁ ern(‘?%g aﬁd second term nal
connected to a full bridge inverter with four switching devices or a half
bridge inverter with two swi tching devices and vol tage di vi di ng capacitors.
A first indh@srrantin thejegdideg of tigplaeyit atany TeaweNQYoRGNaERY i n series from
the first termnal to the second termnal. The load leg of the circuit is
connected in parallel with the first capacitor C 1, the load I eg conprising
a second inductqr L2 in series with"a rectifying nmeans to

o -

FUUR e+ Rekpy F F (N Koy + XpXes + Xep Xy (3)

A

15
Where X_1, XL2, Xc1 are the reactances of the resonant components L1, L2 and
C1, respectively, V is the excitation voltage, R_ is the effective resistance of the
load and j is the reactive component.

20  When X1 = X2 = -Xc¢1 the above equation simplifies to

¥

—{{Xeqd (4)

frn =
£

In this configuration, the current in the load is independent of the load, and is
25 proportional to the input supply voltage.

The further step of decreasing Xc1 results in an increase in the load current for the
same voltage. However, a surprising aspect of this invention is that at resonance,
the input resistance of the circuit is

30

R: (5)



supply unidirectional current to the load while current in the resonant
circuit alternates at high frequency.In such a circuit, the voltage across
the firstwoapmaist@ar C 1 determ nes the current which ispdricBoo%dsizsegh t he
load leg. It would be expected therefore %hat if the reactance of the first
inductor L 1 was increased, a greater vo? age woul d be dropped across that
conponent and the voltage across the |l oad | eg woul d be nore cl osely nat ched
to the lower voltage required. It has been discovered that this is not the
case, but ig rﬁﬂﬁﬁgflble to choose values for the resonant conponents L 1
L2 and C 1 su the current in the load leg is significantly higher
than the current in the first inductor L 1 . The current in the |load | eg of
this circuit at any f ency is given by: (3 ) Were Xn, Xi 2, Xci are the
reactances of tHe: resbnint conponents L 1 , L2 and C 1, respggfjively, Vis
the excitation voltage, RL is the effective resistance of the load and j is

the reaetive conponent. Wien XLi = Xi = -Xci the above equation
sinplifies ur I%;&j i ndependent
of the Ioao'l_ié}]aclr?gt {SZBO%PEH?%H ?@é}&%é? Lﬁeh&)e | qﬂétCh%éogwa eR ﬁ%é further

step of decreetaxsemgug@r) walsueldfsmsuetnthamdneeeereemtrdram atdhe umutneemaﬂemdt he
sane volta%;e. However, a surprising aspect of this invention is that at
resonance, tt“Pl@“'l’rﬁBh‘i'eWV@é@%ﬁan@éoé@ 'SR@Ncircuit is (5)Rearranging, Hence it
is possible to choose a value of Xci to match a given load RL to a required
(higher) value of Ryn such that the current drawn at the input is small and
t he cud@entlThds| th'rsaeedboddmetmteofltbadh\iemtibhgmn drivesa lavhieltagebbldDragring &bt ae

[ [ ealo vota D string froma her vo

t d i |
oy ort oo, hsTvo!Sad sl ed e sPid dnaPethSRend haleors, T eI Py
fromthe cQisd Beferfs FrofNthedSoRsak dQlfrretnIT"a§p§d:t§Qﬂ'tﬁls circuit.

As an example an LED string of forward voltage 12V with a current requirement of

15 1Ais to be driven from a 230V AC power supply. The apparent resistance of the
load R is 12Q. The power of the load is 12W so the power of the input (assuming
no losses) is 12W. If the half bridge inverter with split capacitors is used to drive
the resonant circuit, the effective voltage applied on the resonant circuit is £115V.
The required input resistance is therefore approximately 1100 Q. The value of Xc1

20 is therefore 115Q, which corresponds to a capacitance of 20nF at a frequency of
70 kHz. The corresponding values of Ly and L, would be 260 uH.

A further embodiment of the power adaptor according to invention is shown in
Figure 5. This embodiment is similar to the previous embodiments, in that it

25 comprises a half-bridge inverter (M1, M2), an LCL series-parallel resonant circuit
(L1, C1, L2), a pair of potential-dividing capacitors (C2, C3), and a schottky diode
bridge (D1-D4) and a capacitor (C4) at its output. The output is connected to one
or more LEDS (two LEDs, LED 1 and LED 2, are shown in Figure 5), which are
connected in series.

30
However, this embodiment differs from the previous embodiments in that the
capacitor (C1) of the LCL series-parallel resonant circuit is defined by a

piezoelectric transformer. The piezoelectric transformer comprises four



As an exanple an LED string of forward voltage 12V with a current
requirement of 1A is to be driven froma 230V AC power supply. The apparent
resi st anowoabioidagosroad RL is 12W The power of the | oadprcs/GR2WwB1i3he power
of the input (assumng no |osses) is 12V\é If the half bridge inverter with
split capacitors is used to drive the re %nant circuit, the effective

vol tage applied on the resonant circuit is 115V. The requjred input
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115W whic ; itance of 20OnF at a frequency of 70 kHz.
The corres%gﬁ%ﬁgégg{}ﬂggﬁ%?qﬁgﬁ%%g L2 woul d be 260 nH A further enbodi nent
of the power adaptor according to invention is shown in Figure 5 . This
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., C 1, 52) adaphR focfﬂ%v%té?f‘bbt%'utﬁhVihQ'd’QgﬁﬁiEéﬁt‘l)ﬁ@é&eé% v6itdge, Al &
schottky diode bridge (D1 -D4) and a"capacitor (C4) at 1ts output. The

out put i s ctgmieandly inereased currant, eelbVEStq theopaVESsSUARED In pardculED the ar e

shown in Figure whi r onn d ip series. However. this i ment
di f1erst r oNenatspisliTe AOaBiRGRRRRELCR # ot fle At Hopn &5y PSS e
LCL seri esozanaACebt frég@stiids 61 5OME br 6OHEE fdndestobieaarPbeipoesgitdble for
transforner. The piezoelectric transformer conprises fourpiezoelectric

t r ansf or medrigingn@ iave voligge poligh stateighi gogrcan(aget @Y ) mat eri al , such as PZT
(lead zhrconate titanate). The LCL series-parallel resonant circuit

i ncluding the piezoelectric transfornmer is adapted to provide an out put
havi ng a siTgw pieceelbtlyicdenstaraag alsy isates thedodpst ghtnki prawvdrl adaptor fesrmed
current, relative to the power supply. In particular, the power adaptor is
adapt ed t o lR@HIRREOT the ﬁowgb@ﬁ%f’f-age power supply (eg 110V or 230V AC, at
frequenci es of 50Hz or 60Hz), and provide an output suitable for driving a
| ow voltage solid state |ight source (eg 10-20V). The piezoelectric

t r ansf or nerA arther iestlaatireent bictheytqwer asfaptdreaquoveing dol apteotiofn isosnovwe in nput  of

the poyi\gr ?:qglﬁjrteoé.' This embodiment is similar to the previous embodiments, in that it

comprises an LCL series-parallel resonant circuit (L1, C1, L2), a pair of potential-

dividing capacitors (C2, C3), and a schottky diode bridge (D1-D4) and a capacitor
(C4) at its output. The output is connected to two LEDs (LED 1 and LED 2), which
are connected in series.
20
However, this embodiment differs from the previous embodiments in that the
resonance drive circuit comprises two FETs (M1,M2) connected between the LCL
series-parallel resonant circuit and ground, ie two “low-side” switches. These two
low-side switches each alternate between ON and OFF, which a first switch being
25 ON whilst a second switch is OFF, and vice versa, so as to create a square-wave

driving signal.

Furthermore, the first resonant inductor (L1) of the LCL series-parallel resonant
circuit of the previous embodiments has been replaced by two inductors (L1a and
30 L1b), one connected to one end of the capacitor C1, and the other connected to
the other end of the capacitor C1. In this arrangement, one of these two inductors
(L1a) will be active in the positive half cycle of the resonant frequency at the
output, and the other of these two inductors (L1b) will be active in the negative half

cycle of the resonant frequency at the output.



A further enbodi nent of the power adaptor according to invention is shown
in Figure 6 . This enbodinent is simlar to the previous enbodi nents, in
that it owopoicasiean LCL series-parallel resonant circuipCT(dBR0g9/B13B4 L2), a
pair of potential dividing capacitors (C2,,C3), and a schottky di ode bridge
(D1-D4) and a capacitor (C4) at its out p%f' The output is connected to two
LEDs (LED 1 and LED 2), which are connected in series. However, this
enbodi ment differs fromthe previous enbodi nents in that the resonance
drive circuht ' ;

seri es- par g*ﬂqse?%g mgﬁtlg??F@E@rl%%vag%%d&%qﬁ?{ﬁe%@f??Wg%st\h%c hes.
These two Ismitches ¢@VId\iV2 ramsdraarhbyab iew vattagd eomizelrerCbucnds 8RFnteghated a
first switch being ON whilst a second switch is OFF, and vice versa, so as
to create &'rQHE'are-wave driving signal. Furthernore, the first resonant
inductog (L1 ) of the LCL series-parallel resonant circuit of the previous
enbodi nents has been replaced by two inductors (L1 a and L 1b), one
connect ed tAofusiner embasimeneofcthpaowesradapiqr agedrding teirvention ihskewd in o t he

nductors (198w e SsbBaimeby s Rebfle 8¢ BOBERhen B! 576 beitpant

frequency abr thean@usiprtof sasiezédlecichRinstdrnidras antarmarigeieritanst ddrredpbndk! |
be active in the negative half cycle of the resonant frequency at the

out put . Thi $0 éadrReementsshrw inchicyre p- ddusrtbgdinent ¢prabinghdegrent s in
whi ch ' 3 . ] | troller, h
L 40, 2y RERs e b 2R KONGRS RhRde, cont ol er, Sueh a2

to invention is shown in Figure 7 . This enbodinment is identical to the
enbodi mrent _shown _in Figure 6, save for the inclusion of aa_gi ezoel ectric

t ransf or meFNa{lyafrige Sfavsne ighing sxsieasprsading do t nventipiye s igigan i n
relat i on i SYRCTFETHERE (8 RAINS B AIFip R T Tn e oaMy Lo Y Bolr
accor di ng tredudieg devieetliOyisucilas d TRRACngnd comprises a power adaptor 20
15 according to the invention and a solid state lighting unit 50. The solid state lighting

unit 50 comprises three LEDs 60a,60b,60c connected in series. The power

adaptor 20 is supplied with electrical power from the mains circuit, and is adapted

to provide electrical power to the LEDs 60a,60b,60c of the solid state lighting unit

50.



systemis connected to a mains circuit including a mains supply L N and a
power reducing device 10, such as a TRIAC, and conprises a power adaptor 20
accor di ngwbaotdnaidenventi on and a solid state |ighting umrct/dGfoosldzesssol i d
state lighting unit 50 conprises three LE@S 60a, 60b, 60c connected in
series. The power adaptor 20 is supplied™w th electrical power fromthe
mains circuit, and is adapted to provide electrical power to the LEDs

60a, 60b, 60&l8Ms he solid state lighting unit 50.Cl ainms 1. A power adaptor
conprising an input for connection to an AC power supply, and a resonant
circuit coupled to the input that provides an output suitable for driving a
| oad, wher di.n t Hepoapradaptoc eompdsingdarcingat orabnhaetioretoaaAlC powenusupEy e

sel ected to provide a pre-determ ned chan in effective volt , .and a
cor t 65 pondiAg BIESORENEFH HEGP S Beterinans et PsAsh #a LB aUIBaR Bhe | npu
and t hesoulpiingd |dRE wWHRAEHH tRE@BbSEitarke arft REWBanRd LN résonehti@sh ard
Claiml1l, wherein the capacitance and I nductance of the resonant circuit are

sel ect ed t sefmated teprovisieea peg-detarmitedichangs i éffective yottbge, angl aage, and a
correspondin i se |

- get d i fecti t { t
e hon AR 5 S BeTEd S385 Iy SHARbIR Fltro e 0 1R
in Cai m1thabafritof tHiepsReasdaspee and inductance of the resonant circuit

are selected to provide a pre-determ ned increase in effective voltage, and
a correspondi ng pre-determ ned decrease in effective current, between the

" any B ecedi nd: BPuPRRogREr B ARImBOTR Khm dn O o Rke AP s ™

resonant ciiiduttancy of thelresdmeahttaircplt @vé deleatadl © slet/ielena prddetiiningaet ween t he
effective voltage at the input of the power adaptor and the effective
vol tage at desEeas@rip@ffestive Maltgaguandapfresronding Rresdeted@ingdingE’RRSEDi o

between th : i : i f and t he
of f sot 1 ve SuEeis cunt HELAkn e hOf atPltle Sl LB R RRARr.

15 3. A power adaptor as claimed in Claim 1, wherein the capacitance and
inductance of the resonant circuit are selected to provide a pre-determined
increase in effective voltage, and a corresponding pre-determined decrease in
effective current, between the input and the output of the power adaptor.

20 4. A power adaptor as claimed in any preceding claim, wherein the
capacitance and inductance of the resonant circuit are selected to provide a pre-
determined ratio between the effective voltage at the input of the power adaptor
and the effective voltage at the output of the power adaptor, and a pre-determined
ratio between the effective current at the input of the power adaptor and the

25 effective current at the output of the power adaptor.

5. A power adaptor as claimed in any preceding claim, wherein the
pre-determined changes in effective voltage and effective current between the
input and the output of the power adaptor are achieved with no assistance from a

30 magnetic transformer.

6. A power adaptor as claimed in any preceding claim, wherein the

pre-determined changes in effective voltage and effective current between the



5 . A power adaptor as clained in any preceding claim wherein the
pre-determ ned changes in effective voltage and effective current between

t he i nputwendiwdesout put of the power adaptor are achi ered/cB20§9/030334

assi stance froma magnetic transforner. 2 . A power adaptor as clainmed in
any preceding claim wherein the pre-det O ni ned changes in effective

vol tage and effective current between theinput and the output of the power
adapt or ar d"RIEANEVBE AMIRH F{dhaperver aHaRtor BapAshierad Yy iR ASSIStanca figser
adapt or as ycl-aidpgfhei N any preceding claim wherein the power adaptor is
provided with a piezoelectric transforner that isolates the output fromthe
i nput of the power adaptor. 8 . A power adaptor as clained in daim?7,
wherein the piezoelectric transformer, provides .a furthe r.e-det er m ned
Change i n d et BRVGHPYSRIE B8 HIp RO B it CBiTh WoaRR At BOMAT
effectige GpRIMis pRAINEENith REpiEIGECRRArdiRErMEMHAL 9blatdiethRRpuBFaRt OF - 9
. A power adaptor as clained in CCaim7 or Claim8, wherein the

pi ezoel ect the Inpuaréthe pewen@dapier.ponwer adaptor is arranged to provide at

| east some of the capacitance of the resonant circuit. 10 . A power adaptor
as claimed in Aaim9, wherein the piezoelectric transforner provides all

of the capacit ancgowbr hligotbrasiiinetiif Claim 7 Wherbif evepicadaRtric as cl ai med
in any preceding claim wherein the output is suitable for driving a

constant cifansfarmesaaovides a furthenrie-deigpnedahanogirsferivaveitages éadiang
ons ! POVCIE-GRIARTO ! t
navi ng S s initfer e deRSRTARY ehGY i elrBafRlbdr Rt Heli B i P

parti cul ar cefpeatfitve ppakt adepiof. t he AC power supply. 13 . A power adaptor
as clainmed in Gaim12, wherein the resonant circuit is preferably
configured to either boost (ie raise) or buck (ie lower) the actual voltage

gﬁgg't ‘éﬁf‘i ngl ;he A PBWEr 8habtBR aB ¥EeBdRRY S 7!dP CFAHEB, WAcRIP&Bic3oelectric
transformer of the power adaptor is arranged to provide at least some of the

15  capacitance of the resonant circuit.

10. A power adaptor as claimed in Claim 9, wherein the piezoelectric
transformer provides all of the capacitance of the resonant circuit.

20 11. A power adaptor as claimed in any preceding claim, wherein the output is

suitable for driving a constant current load.

12. A power adaptor as claimed in any preceding claim, wherein the resonant
circuit is configured to provide an output having a substantially constant voltage,

25 which is pre-determined for a particular effective voltage of the AC power supply.

13. A power adaptor as claimed in Claim 12, wherein the resonant circuit is
preferably configured to either boost (ie raise) or buck (ie lower) the actual voltage
received at the input of the power adaptor, in order to provide a substantially

30 constant voltage, which is pre-determined for a particular effective voltage of the

AC power supply, for the majority of the input AC cycle.

14. A power adaptor as claimed in any preceding claim, wherein the power
adaptor is suitable for driving fixed loads.



constant voltage, which is pre-determned for a particular effective

vol tage of the AC power supply, for the majority of the input AC cycle. 14.
A power anepbmwosasm7cl ai med in any preceding claim wher eCm/dB80906Y534
adaptor is suitable for driving fixed Io?.?s. 15 . A power adaptor as clained
in any preceding claim wherein the powef adaptor is adapted to drive fixed
| oads and variable |loads. 16 . A power adaptor as clained in daim15,
wherein the power adaptor is adapted to turn off the output, when the | oad

is insuffigigent i : i By - pt or,
and t hen tﬁlrgrs\ or'lat ??1\285%? p%ttsp\%}%)glnatl@quﬁtgggh@éﬁq@i%%lrgh%tggelﬁgr\{%Pf)@gﬁ by the
out put pr oadadetbrby atibptepldaatrivedaetdoadd Znd varipbledoadslapt or as clainmed in
any preceding claim wherein the resonant circuit is an LCL series-parallel
resonant circuit. 18 . A power adaptor as claimed in Claim17, wherein the

resonang ciqgcui ta hswarAagh&er 88 €lhirBatin @laif 5 Avhérich (RSHEREE adaREHRNCI es,

the power adaptor provides a constant current output, at a given effective
i nput vol t &geptethid tuheofféke patiut.cvinemuthe ioadds inssifficaentttadie dresoneinthe

frequency or sub-.harnonj ¢ thereof . or ficiently near to.that r nant
frequency StltiBuHER RE/Ing ool EkrdtLe Y M bufEPAnd SRty e bR e
for use w tidis@grfieRns tabé deiven eptthé eathbut bPovidéd BoWes padepaaprs. cl aimed in

Claim 18, wherein the constant current load is a solid state |ight source.

20. A power adaptor as clainmed in any one of Clainms 17 to 19, wherein the

st fRduador ahaoPREeraRef &R EBMpBELf br th el clitF, HARIA ¥ rebtant 1°

subst ant i aldirgui¢ipiah LOL seagsipardiel repohanteidgaith substantially equal in
magni tude to the reactance Xci of the first capacitor. 2 1. A power adaptor
as clainmed in any one of Clains 17 to 20, wherein the capacitance of the

LCL seri es-jgar alq ﬁ&wgﬁéamel: agicra%ngH ih S)Iéﬁ e2 1 GHeid thetrdsBRSMAGRGItIE tO
match a required Toad resistance RL and a required input resistance Rln for
adapted such that at one of its resonant frequencies, the power adaptor provides a
15  constant current output, at a given effective input voltage, and the resonant circuit
is driven at that resonant frequency or a sub-harmonic thereof, or sufficiently near
to that resonant frequency or a sub-harmonic thereof, for the power adaptor to be

suitable for use with a constant current load.

20 19. A power adaptor as claimed in Claim 18, wherein the constant current load

is a solid state light source.

20. A power adaptor as claimed in any one of Claims 17 to 19, wherein the first
and second inductors are selected such that the reactance X.1 of the first inductor

25 and the reactance X2 of the second inductor are substantially equal in magnitude,
and are both substantially equal in magnitude to the reactance Xc1 of the first
capacitor.

21. A power adaptor as claimed in any one of Claims 17 to 20, wherein the
30 capacitance of the LCL series-parallel resonant circuit is selected with a reactance
Xc1 to match a required load resistance R and a required input resistance Ri, for

the resonant circuit.



the resonant circuit.22. A power adaptor as clained in daim2 1, wherein
the capacitance is selected wwth a reactance that is equal to the

squar e- r od0 20fo/t4ls7pr oduct of the required | oad resi st arce/dd2o@ndiishe
required input resistance Rln for the reéﬁnant circuit. 23. A power adaptor
as claimed in any preceding claim where t he power adaptor conprises an
input for connection to a mains AC power sugjlo ., and the resonant circuit

provi des arZout puPOWES adapter ﬁ%P'W?C‘l"ﬁ&'%ﬂ% i \Wherein e ¢apacitapee . 24. A
pover adapt@fe4&d GhitR! ctdhc@n aPu% | RO @q/dgre%&f &"tﬁeyﬂ@d%ﬁ 'ﬂﬁé‘
ased or decreased

circuit is configured to provi e an out put having an 1ncr

current relraquived toadtrlamstanceelﬁ[tammtrmgknu&edmﬂaesisianﬂad:tipfqrtlselcdssdrimnt t he
out put has a correspondi ngly decreased or increased effective voltage
relative t&'PH@ effective voltage of the power supply. 25. A power adaptor
as claiged in Caim24, wherein the output has a current that is increased
or decreased relative to the current through the first resonant inductor by
a factor of23at Iﬁea@wet&@apt%asmqm@drinaﬂamrmecﬁ@gcl%m@ereinm@pﬁwzn

wherelnthe ut_h curre th i,s increased e dre tlveto
the curr encoBhidTioniied SLbRENoriARhet i B04 BRREE AL pAREL SIS A RbL

A lighting réycﬁia?mcﬂ’@mt)br&hd@s an POyt s@ﬂéﬂb%r éﬁwﬁ@@l $ed Stétea@ht I@b@ﬁt@dl ng
claimand a lighting unit including a solid state |ight source. 28.

lighting systemas claimed in Caim27, wherein the lighting unit |s

provi dgg v 2 /DLULRE Lt BF a8 eldifledl ALy ARG UARS rgin fnd [ARe Ui

suitable for 'dire conn mai n

conpri si ng oacpmvmorafmmd)to amwrleaarmsdtpun hanmgmremcba@dod»radenrembcacwwmtd
state light source in which the |ight output fromthe solid state |ight

source is (BﬁIaPV%%theoWré‘EﬂtéhWQ\rﬂaﬁ Sﬁﬁﬁ’@aﬂh@dﬂﬁtﬁéfs%ﬁh?ém%olﬁpuE R@s Anput  of
poveradapeor oreondiay e Sated  HEdash SICTE Dokl fafe s eeitettle ! 12, e
f or unavoi dalibge bdHsegowensupply.
15
25. A power adaptor as claimed in Claim 24, wherein the output has a current
that is increased or decreased relative to the current through the first resonant

inductor by a factor of at least two.

20 26. A power adaptor as claimed in Claim 24, wherein the output has a current
that is increased or decreased relative to the current through the resonant inductor
by a factor of at least five.

27.  Alighting system comprising a power adaptor as claimed in any preceding

25 claim and a lighting unit including a solid state light source.

28. Alighting system as claimed in Claim 27, wherein the lighting unit is
provided with a plurality of solid state light sources.

30 29. Alighting unit suitable for direct connection to a mains supply, the lighting
unit comprising a power adaptor as claimed in any preceding claim and a solid
state light source, in which the light output from the solid state light source is only

controllable by varying the power available at the input of the power adaptor.



t he output of the power adaptor. 3 1. Alighting unit as clained in daim
29 or Claim30, wherein the lighting unit conprises a housing for
accomodavongiwdatspower adaptor and the solid state |igletTssB0@®R05138d a
connector for connecting the input of thﬁgpower adaptor to the mains
supply. 32. Alighting unit as clained in"Claim3 1, wherein the connector
I s adapted to connect to a fitting faor a conventional filanment |ight bulb.

33. An el _e@pr pnipt:'igh%@dﬁ%%s RRRTER %C@iw,twmﬂéﬁt@@r%wfﬁg?d@rpt@@ r esonant
circurt w ?@PP%UFO t%&rﬁé?ér”a?“ %o@@pa\‘?éib%\‘% a{ ﬁrerfhgﬁ‘t], Savé §d dhdvbidiold I&Eéé,otb L

1. connecte oma first rnput termna rough’a conmon point wth sSecond
i nduct or L2he paotput of thet powepadapter.m nal , the second i nput term nal being
directly connected to the second output termnal, and a capacitor C 1,
connected between the comon point between the two inductors and the direct

connect songqbet vepiht#RaMIbas Blafhed s Chlim PPBF CRIth 0/tikkrein thegighBiRY lunit,
termnals being driven froma high frequency inverter, the output Termnals

bei ng conn&otmgtises aahousing ffr aeogpmrﬁmatlngﬂéaam?mamcrreﬁnﬂhl%@if stale
L |2 1 bei :
Che react adBBEseyee” o SichniRhRR G QR ERGTNT dod RRLLBY eRiverr Rfap iR e

and t hat atméiﬁggyp?pye frequency the apparent inpedance seen at the input
terminals is transforned by the LCL resonant circuit to be approxi mtely
equal to the square of the reactance of the capacitor divided by the

SPP21E o, B oy H08m Bl S8, SRR PREGRIEBAREENSTY
hi gh fr equeneyecttoed fitting ifer & coseentonahflahtearlighchulbher e the reactances of L
1, L2 and C 1 are approximtely simlar.
33. An electronic impedance matching circuit incorporating an LCL resonant
circuit with input terminals and output terminals with a first inductor L1,connected
15  from a first input terminal through a common point with second inductor L2, to a
first output terminal, the second input terminal being directly connected to the
second output terminal, and a capacitor C1, connected between the common point
between the two inductors and the direct connections between second terminals of
input and output , the input terminals being driven from a high frequency inverter,
20 the output terminals being connected to a load of apparent impedance RL, the
value of the components L1, L2 and C1 being chosen such that at least one
frequency, the reactances of L1, L2 and C1 are approximately similar in magnitude
and that at least one frequency the apparent impedance seen at the input
terminals is transformed by the LCL resonant circuit to be approximately equal to
25 the square of the reactance of the capacitor divided by the apparent impedance of
the load, RL.

34. An electronic impedance matching circuit as claimed in Claim 33, wherein
the frequency of operation of the high frequency inverter is close to the frequency
30 where the reactances of L1, L2 and C1 are approximately similar.



