A Controller The present invention relates to a controller and
particularly, but not exclusively to a controller for controlling the
optical owppuoii/wicsat | east one light emtting di ode. 5 Poe/graviwmsbs2out put
froman LED will vary over its useful lifetime and as such the perception
of the light output will also vary. W have now devised a controller
for controlling the optical output of at |east one light 10em tting di ode.
In accordance with the present invention as seen froma first aspect, there
is provided a controller for contrRcbhfignédhe optical output of at |east one
light emtting diode, the controller conprising a control unit and a power
supply unit for supplying power to 15the at |east one light emtting diode,
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the paner output fromthe power supply unit to the at |east one |ight
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| i ght em garcapgjon phitie lighmdutpuewitletsondnsi gnal is representative of the
tenperature of the at |l east one |light emtting diode. 25The provision of
two feedback | oops enables the control unit to nonitor and adjust the
optical olfephave obwtderiskil ghtontsalier formgntiolttetharmptical optpot ptiat 16aat oas lighter gy
savingjligﬂmh@Qmﬁﬁstenl Wi t hout conprom sing the visual perception of the
optical output. Preferably, the control unit further receives as input
a third signal which is representative 30of the tinme and a fourth signal
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preferably generated by a clock which is arran e&ttolnnnltor e time, such
as the tisadtreler dnpoatrdimertherapiios! Qifemtef alleagt ong Bght eiittng @oderhe fourth signal
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condi ;[SI Ont?]é at least one light emitting diode,
the control unit being arranged to receive as input, first and second signals which are
representative of the operating characteristics of the at least one light emitting diode,
and which is further arranged to control the power output from the power supply unit to
the at least one light emitting diode in dependence of the first and second signals,
20  wherein
the first signal is representative of the current within the at least one light emitting diode
and the second signal is representative of the temperature of the at least one light

emitting diode.

25  The provision of two feedback loops enables the control unit to monitor and adjust the
optical output of the light emitting diode and to provide for an energy saving lighting
system, without compromising the visual perception of the optical output.

Preferably, the control unit further receives as input a third signal which is representative
30  of the time and a fourth signal which is representative of ambient lighting conditions.

The third signal is preferably generated by a clock which is arranged to monitor the time,
such as the time of day and/or month and/or year, for example. The fourth signal is
preferably generated by a sensor which senses ambient lighting conditions.



The controller is preferably arranged to control the optical output of a
plurality of light emtting diodes. 5The controller is preferably powered
by an al twonatirgssourrent mai ns supply. The power unit pcefesatilososecei ves
as input arectified direct current supply which is obtained fromthe
alternating current mains supply. » The power supply to the controller
and the power unit is preferably first regulated to 10m nim se any voltage
spi kes. In accordance with the present invention as seen froma second
aspect, there is provided an energy saver light emtting diode (LED) power
supply system conposed and realized as shown in the description with the
el enent s  MSpraWelirad rrefereRl aeaaphép GRrte! 15 PRICRIIRE P aurwisbly i< ligRint r ol s
and feat WRiRing@¥RE] Si ng: an overvol tage suppression section to cut the
vol tage transient peaks of the AC grid; a G aetz Schottky di ode bridge for
the efficient high voltage AC \DC conversion; a ripple filter to obtain a
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aut omat i ctak biferhatngatuirent rsa@os suppdy. and to perforns protecti on and energy
savi ng operations; a LED nodule to convert efficiently the electrical
energy supplied by the power unit into |light energy. I n accordance with
t he presefhe pewesrrlpply tashe eentrdlieoand thehpoweragyiteistpreferablyefirsts regulataddeod a

25met hpd : | il : optical output of at |east one light emtting
di odeﬁpt hrgfn}r@?%%ﬁ \édcljﬂ??%(?lségzbﬁsg the steps of: providing electrical power to

the at least one light emtting diode to cause the light emtting diode to
produce af QRbidafbe MhPIE: present in @G &s! fbndfrbh! §tseSbrdNalpethi bredl &
representative of the current passing through the at
provided an energy saver light emitting diode (LED) power supply system composed and
realized as shown in the description with the elements represented in the drawing with
15  the exposed automatic controls and features, comprising:
an overvoltage suppression section to cut the voltage transient peaks of the AC grid; a
Graetz Schottky diode bridge for the efficient high voltage AC\DC conversion; a ripple
filter to obtain a stable DC voltage; an high efficiency resonant DC/DC buck converter for
an efficient DC\DC conversion; a power unit that regulates efficiently voltage and current
20 on the LED module; a control unit to manage automatically the other sections and to
performs protection and energy saving operations; a LED module to convert efficiently

the electrical energy supplied by the power unit into light energy.

In accordance with the present invention as seen from a third aspect, there is provided a
25 method of controlling the optical output of at least one light emitting diode, the method

comprising the steps of:

providing electrical power to the at least one light emitting diode to cause the light

emitting diode to produce an optical output;

generating a first signal which is representative of the current passing through the at
30 least one light emitting diode;

generating a second signal which is representative of the temperature of the at least one

light emitting diode;

adjusting the electrical power supply to the at least one light emitting diode in

dependence of the first and second signals.



30l east one light emtting diode; generating a second signal which is
representative of the tenperature of the at | east one |light emtting diode;
adj ust i ngwvohe1leloessori cal power supply to the at | east omeTidR2bi1/050820t i ng

di ode in dependence of the first and second signals. 3 In accordance with
the present invention as seen froma fpurth aspect, there is provided a

| i ghting system conprising an array of light emtting diodes and at | east
one controller of the first or second aspect. 5 An enbodi nment of the
present invention will now be described by way of exanple only and with

reference to the acconpanyi ng drawi ng, which illustrates an el ectronic
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el ectronic crtrécur r| sr ng a controller 20 for controlling the

optical o¥t¥u rsb‘?rsﬁﬁ(’@ra}sﬁ light emitting diodes (LED) (not shown)
housed wi t hi n an LED nodul e 30 The LED s are powered using a power unit 21
whi ch ' [ nt. t 2
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however, assed pression Ci Wwhich is
arranged to remove any vol tage spikes mhrch appear fromthe mains 42 above
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to 25nm nimze the voltage drop across the diode bri a 1,
mnim ze lér'te?dtwhl%recwms inpats GoatrplsigahfrerAe canbelan 2agéamwerr$r@pbn ode

bridge 4lidsapbhvangssuiiRdng9aematce a rectified voltage which is subsequently
15
The power modulation system 40 comprises a Graetz diode bridge 41 which receives an
alternating current input from the mains 50, for example. The ac supply to the diode
bridge 41 however, is first passed through a voltage suppression circuit 42 which is
arranged to remove any voltage spikes which appear from the mains 42 above a
20  threshold value, and a fuse 43, such as a self restoring fuse, which is arranged to isolate
the power modulation system 40 from the mains 50 in the event that the mains input
voltage far exceeds the average voltage.

The diode bridge 41 comprises four Schottky diodes 41a-d which are arranged to
25 minimize the voltage drop across the diode bridge 41, and thus minimize electrical
power dissipation in the diode bridge 41.

The diode bridge 41 is arranged to generate a rectified voltage which is subsequently
passed through a ripple filter 44 comprising a capacitor and resistor (not shown)
30 arranged in a parallel configuration. The capacitors (not shown) of the filter 44 comprise
a low equivalent series resistance (ESR) to withstand any peaks in the current, and
comprise a working temperature range which ensures a long filter lifetime. The ripple
filter 44 is arranged to smooth the oscillating waveform from the diode bridge 41 and



passed through a ripple filter 44 conprising a capacitor and resistor (not
shown) 30 arranged in a parallel configuration. The capacitors (not shown)
of the fiwbpanidiasonpri se a | ow equi val ent series resisramaB20H3R)3220

wi t hstand any peaks in the current, and conprise a working tenperature
range which ensures a long filter lifetime. The ripple filter 44 is
arranged to snooth the oscillating waveformfromthe di ode bridge 41 and
WO 2011/ 101680PCT/ GB2011/ 050322 4 generate a substantially constant
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converter is arranged t o ‘st ep-down direct current voltage supply from
the 5 fif¥¥ee45% 0 a useful voltage for powering the power unit 21 of the
controller 20. The buck converter 45 regul ates the output voltage to the

power unif 21 to produce a s | e, constant v nd i ncor tes

over - cur rﬁ?ﬂ b‘t?&&f’gﬁri%r‘? aré%‘i‘@?? ?%Pt:e&ﬁot"’”é'?%f"é CBrﬁg’HHH WFeFuPly| 0&@@“6

prot ect i ofitec#4 e US@fuIt\@It@ge)ﬁoeptbwérhg thepewerlmitt2 12 tie comtraiiesr200Tise wadkt ages
fromthe main Q.,10 wer it 21 is p r the
LD s of CReeectE raliel ot iR JBIARE e efiter A L REEEE B e a1 ow
f r equencycopsiastvaliage hamd)nhubrablatﬂs oferchreent @rétagt@no ahgtitirduit cpmtettt@nrwsionant

conver t el ool TRAULBHS LR, BREEY b0 pbLANHOn et LAFiohERERAL} 5230, I

order to osses SSOCIate e co ver Br 45,
the 15 ctbﬁmrtsewpnl&%per ates without the mean val ue inductor-capacitor
(L-O,Ffilter (not shown), which is commonly used in buck converters,
vmthout affecting LED lifetine. This is because the LED s (not shown) of
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30. In order to minimise winding power losses associated with the converter 45, the
15  converter 45 operates without the mean value inductor-capacitor (L-C) filter (not shown),
which is commonly used in buck converters, without affecting LED lifetime. This is
because the LED’s (not shown) of the module 30 are capable of withstanding the peak

forward current surges.

20  The mean value of the voltage across the LED module 30 can be expressed as:
1 T
v, = — j V (t)dt
T 0

where V(t) is the impulse signal with variable duty cycle and with peak value equal to the
25  output voltage of the buck converter 45.

The voltage output from the power unit 21 is controlled by a switch (not shown), such as
a metal oxide semiconductor field effect transistor (MOSFET), which comprises a low
drain-source resistance when arranged in the ON state. The switching frequency of the

30 MOSFET (not shown) must be a maximum of 3-4 kHz to ensure a high efficiency and to
reduce any voltage stresses on the LED’s (not shown) of the module 30.



25o0ut put vol tage of the buck converter 45. The vol tage output fromthe
power unit 21 is controlled by a swtch (not shown), such as a netal oxide
sem conduwwbani1fioedsd ef fect transi stor (MOSFET), which ceoprgmes/@oizow

drai n-source resistance when arranged in the ON state. The sw tching
frequency of the 30 MOSFET (not shown); nust be a maxi mum of 3-4 kHz to
ensure a high efficiency and to reduce any voltage stresses on the LED s
(not shown) of the nodule 30. 5 The power nodul ation system 40 is al so
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25The con:% ol E?rﬂt 22 iis arranged to set the duty cycle value followi ng a
control af gt i'P 8%y has input val ues rel ating to the current within the
LED s (not shovvn) of the rmdul e 30 as determ ned by a current sensor 23,
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human eye is more sensitive to the peak of light intensity than the mean value, while
power consumption is proportional to the mean value of the current absorbed. In this

way, it is possible to obtain a better visual perception using less electrical power.

25  The control unit 22 is arranged to set the duty cycle value following a control algorithm
which has input values relating to the current within the LED’s (not shown) of the module
30 as determined by a current sensor 23, the temperature of the LED’s (not shown) as
determined by a temperature sensor 24, ambient light intensity as determined by a light
sensor 25, and a time signal, such as the time of day and/or time of year, as generated
30 by aclock 26.

The signal from the current sensor 23 is necessary for regulating the current flow within
the LED’s (not shown) and for short-circuit protection of the power unit 21. The current
signal from the LED module 30, is further passed through a low pass filter 27 to generate



30by a clock 26. The signal fromthe current sensor 23 is necessary for
regulating the current flowwthin the LED s (not shown) and for

short - ci rwoi2o1podsect i on of the power unit 21. The curr egtr/cB2gnalsos2eom t he
LED nodul e 30, is further passed through a | ow pass filter 27 to generate 6
an average current signal which is pa%sed to the control unit 22.

Accordi ngly, when the nean value of the current flowing in the LED nodul e
30 deviates outside a pre-defined range, the control unit 22 is arranged to
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devi ates outside a pre-defined range, for exanple above 60C, the control
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The temperature sensor 24 which monitors the temperature of the LED’s (not shown), is
mounted on a circuit board (not shown) of the LED module 30 and is arranged to
generate a signal to the control unit 22 which is representative of the temperature of the

20  circuit board (not shown), and thus the LED’s (not shown). When the temperature of the
LED module 30 deviates outside a pre-defined range, for example above 60°C, the
control unit 22 decreases the duty cycle of the signal which is applied to the power unit
21 in proportion to the deviation in the temperature of the LED’s outside the pre-defined
range, to vary the mean value of the current which is output from the power unit 21, and

25  thus the temperature of the LED module 30. This kind of temperature control is required
to extend LED lifetime and to make the LED’s (not shown) operate near the point of
maximum device efficiency. This is because LED Iluminous efficiency is inversely
proportional to the temperature of the LED, and so by keeping this temperature as low
as possible, the LED efficiency can be held at its maximum value.

30
When the temperature of the LED module 30 exceeds the maximum operating
temperature of the LED employed, the control unit 22 is arranged to generate a signal
causing the power unit 21 to switch OFF the power supply to the module 30, and thus
protect the LED’s (not shown).



25 thus the tenperature of the LED nodule 30. This kind of tenperature
control is required to extend LED Iifetine and to make the LED s (not
shown) oproave/mean the point of maxi mum devi ce effi ci emcy/GBRBhigso®2because
LED [ um nous efficiency is inversely proportional to the tenperature of the
LED, and so by keeping this tenperature as |ow as possible, the LED
efficiency can be held at its maxi numval ue. 30 When the tenperature of the
LED nodul e 30 exceeds the nmaxi mum operating tenperature of the LED

enpl oyed, the control unit 22 is arranged to generate a signal causing the
power unit 21 to switch OFF the power supply to the nodule 30, and thus
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arrangﬁd to deliver tinme and day information to the control unit 22, so as
to affect the |ight output in accordance with the tinme of day for exanple.
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due to electrical Ohm c conduction and to inprove the effici ency of the
buck converter 45. This is because the converter 45 provides an increased
ef fi ci encyhentED's t(he sboilvp)vithio tHealgeD ndhiegitedre ameainydueincart @uattricalpaetiel 1 s
| ower . 25arrangement of rows of LED’s (not shown), with the LED’s (not shown) of each row
20  being arranged in an electrical series configuration. The number of LED’s (not shown) in
series in each row must be more than ten, to reduce power losses due to electrical
Ohmic conduction and to improve the efficiency of the buck converter 45. This is
because the converter 45 provides an increased efficiency when the output voltage is
higher and the output current is lower.
25
The LED module 30 comprises a further row comprising a series arrangement of a
resistor (not shown) and a Zener diode (not shown). The row comprising the resistor
(not shown) and the Zener diode (not shown) is arranged in parallel to the rows of LED’s
(not shown) and must be connected such that the cathode of the Zener diode (not
30 shown) is coupled to the anode of the LED (not shown). This scheme is helpful as a
passive over-voltage LED protection circuit, but is essential, when one or more LED’s of

a series is interrupted or defectively soldered, for example.



The LED nodul e 30 conprises a further row conprising a series arrangenent
of a resistor (not shown) and a Zener diode (not shown). The row conprising
t he resi swono{imetesshown) and t he Zener di ode (not shownpcCrssenriasgad in
parallel to the rows of LED s (not shown) and nmust be connected such that

t he cathode of the Zener diode (not §$ shown) is coupled to the anode of
the LED (not shown). This schene is hel pful as a passive over-voltage LED
protection circuit, but is essential, when one or nore LED s of a series is
interrupt@dig defectively soldered, for exanple. 8 Clains 1.A controller
for controlTing the optical output of at |east one light emtting diode,
the arrangement conprising a control unit and a power supply unit for
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is generated by a sensor which senses anbient |ighting conditions:
emitting diode.

15 2. A controller according to claim 1, wherein the control unit further receives as
input a third signal which is representative of the time and a fourth signal which is
representative of ambient lighting conditions.

3. A controller according to claim 2, wherein the third signal is generated by a clock
20  which is arranged to monitor the time.

4, A controller according to claim 2 or 3, wherein the fourth signal is generated by a
sensor which senses ambient lighting conditions.

25 5. A controller according to any preceding claim, wherein the controller is arranged
to control the optical output of a plurality of light emitting diodes.

6. A controller according to any preceding claim, wherein the controller is powered
by an alternating current mains supply.

30
7. A controller according claim 6, wherein the power unit receives as input a
rectified direct current supply which is obtained from the alternating current mains
supply.



255. A control ler according to any preceding claim wherein the controller
is arranged to control the optical output of a plurality of light emtting
di odes. Wo 2hwconsnol | er according to any precedi ng cl aipar/csrerigisos2the
controller is powered by an alternating current mains supply. 30 7. A
controller according claim®6, whereinghe power unit receives as input a
rectified direct current supply which 1s obtained fromthe alternating
current mains supply. 9 8. An energy saver light emtting diode (LED)
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wherein the Graetz schottky diode bridge is |linked, as shown in the
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ensure stability and long [ifetinme to the whole system 12. The LED power

suppl VS system of the claim8, wherein the high efficiency
10. The LED power supply system of the claim 8, wherein the Graetz schottky diode

bridge is linked, as shown in the drawing, to the overvoltage suppressor and to the ripple
filter to obtain an highly efficient rectification of the AC line.

20 11. The LED power supply system of the claim 8, wherein the ripple filter is built with
capacitors with low equivalent series resistance and extended temperature range to
ensure stability and long lifetime to the whole system.

12. The LED power supply system of the claim 8, wherein the high efficiency
25 resonant direct current/direct current (DC/DC) buck converter transforms the rectified DC
high voltage into a lower DC regulated voltage with extremely high efficiency and with
overcurrent protection, short-circuit protection and overvoltage protection, to ensure the

best power supply to the power unit.

30 13. The LED power supply system of the claim 8, wherein the Power unit modulates
the output voltage of the resonant converter with a low frequency Pulse Width
Modulation, to vary the energy to transfer to LED module without any LC filter to

eliminate winding power losses.



25 resonant direct current/direct current (DC/ DC) buck converter transforns
the rectified DC high voltage into a | ower DC regul ated voltage with

ext renel ywbighi/eidsoci ency and with overcurrent protecti @gr/GHroriosei2ecui t
protection and overvoltage protection, to ensure the best power supply to

t he power unit. 3013. The LED power suqﬁl y systemof the claim8, wherein
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syst em of odth@ cGirédtNoacrédiercehvkréibeeigiBhdyol unit generates a PWM signal with
a variable duty cycle D that respects always the condition D<1, to obtain a

reductd on of power consunption because of the inertial features of human
eye that 1ms nore LSENEOWErsRppIP sydiempeate ddiml 8, @hnerdimirendhtry! unhaitlddes amean

val ue, Vmgrlogera%(r)nva\%{e integrated circuit able to generate a signal in pulse width modulation to
control the amount of power transferred to the LED module following a control algorithm
that involves all the input signals exposed in the previous description.

20

18. The LED power supply system of the claim 8, wherein the control unit generates
a PWM signal with a variable duty cycle D that respects always the condition D<1, to
obtain a reduction of power consumption because of the inertial features of human eye
that is more sensitive to the peak of light intensity than its mean value, while power

25  consumption is proportional to the mean value of the current absorbed.

19. The LED power supply system of the claim 8, wherein the current transducer
signal for current regulation and short-circuit protection is made of electromagnetic
inductive type with a winding on a ferromagnetic ring to cut power losses due to

30  amperometric resistive shunts.

20. The LED power supply system of the claim 8, wherein the LED temperature
transducer is mounted on the circuit board of the LED module to transfer to the control
unit the correct value of board temperature that has to be regulated.



25consunption is proportional to the nean value of the current absorbed.

19. The LED power supply systemof the claim8, wherein the current

t ransducewobgmaleshor current regul ation and short-circect/gBoi@svion i s
made of el ectromagnetic inductive type with a winding on a ferronmagnetic
ring to cut power |osses due to 30anpgjonetric resistive shunts. 20. The
LED power supply systemof the claim8, wherein the LED tenperature
transducer is nounted on the circuit board of the LED nodule to transfer to
the control unit the correct value of board tenperature that has to be

regulated. 11 21.The LED power supply system of the claim8, wherein the
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energy. 23. power supp emof the claim@8, wherein the Real
time clock keeps 15 track of the current tinme, and delivering to the
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conposed tyidoRg At bkdheRjy. various series of nore than ten LED's, to
reduce power |osses due to'electrical ohmc conduction and to inprove

efficiency of the resonant converter, for the reason that at the sane
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15 ° track of the current time, and delivering to the control unit time and day information, to

decrease output light flow at a specific day or at a specific hour of a day reducing power

consumption.

24. The LED power supply system of the claim 8, wherein the LED module is
20 composed by the parallel of various series of more than ten LED’s, to reduce power
losses due to electrical ohmic conduction and to improve efficiency of the resonant
converter, for the reason that at the same output power its efficiency is higher when the

output voltage is higher and the output current is lower.

25  25. The LED power supply system of the claim 8, wherein the LED module has a
series composed by a resistor and a Zener diode in parallel to each LED with the
cathode of the Zener diode linked to the anode of the LED, to protect every single LED
to over-voltages and to avoid the power off of the other LED’s of the series when one or
more LED’s are interrupted or badly soldered.

30
26. A method of controlling the optical output of at least one light emitting diode, the
method comprising the steps of:
providing electrical power to the at least one light emitting diode to cause the light

emitting diode to produce an optical output;



25 25. The LED power supply systemof the claim8, wherein the LED nodul e
has a series conposed by a resistor and a Zener diode in parallel to each
LED wi t h wbeorniaiinésde of the Zener diode |inked to the arousmbivdses2bED, to
protect every single LED to over-voltages and to avoid the power off of the
other LED s of the series when one or re LED s are interrupted or badly
sol dered. 30 26. A nethod of controlling the optical output of at |east one
light emtting diode, the nethod conprising the steps of: providing
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conprising an. arra mtti ng di odes and at | east one controller
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27. A lighting system comprising an array of light emitting diodes and at least one
controller according to any of claims 1 to 25.



