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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a device and method for driving light emitting
diodes (LEDs) using switched mode power supply configuration. The invention is
particularly suited for the design of a LED current controller and will be described in this
context.

BACKGROUND TO THE INVENTION

[0002] The following discussion of the background of the invention is intended to facilitate
an understanding of the present invention. However, it should be appreciated that the
discussion is not an acknowledgement or admission that any of the material referred to
was published, known or part of the common general knowledge in any jurisdiction as at
the priority date of the application.

[0003] Light Emitting Diodes (LEDs) are often driven by controller circuits to fulfill one or
more objectives. As LEDs are sensitive to current and voltage fluctuations, one of the most
important objectives for LED controller circuits is to provide appropriate current to drive the
LEDs under supply voltage or load variations.

[0004] Pulse-Width Modulation (PWM) based controllers have been developed to provide
appropriate current to LEDs under supply voltage/load variations. Most PWM controllers
are switched-mode based controllers involving the use of electronic switches such as
MOSFET as a means for regulating the current input to the LEDs.

[0005] Fig. 1 illustrates a typical buck-boost LED controller used for an isolated AC
application. The current driver circuitry is based on an analog PWM controller, which
includes the use of current feedback resistors 13; opto-couplers 14; and polarized
capacitors 12. The current driver circuitry further includes an analog PWM controller 15.

[0006] The PWM based controller circuit has several disadvantages listed as follows:

« As the current-sense feedback resistors 13 are in the current path of the power
MOSFET and the LEDs, it dissipates a lot of electrical energy. This is a loss of
electrical energy as the feedback resistors 13 consume electrical energy (which is
dissipated as heat) which is not producing useful work. Moreover, such feedback
resistors 13 are typically power resistors which generate considerable heat and
generally require thicker copper design when implemented on a printed circuit
board (PCB). This increases the overall cost of implementation.

« The lifetime of the polarized capacitors 12 is typically much shorter than the lifetime
of the LEDs. When one or more polarized capacitors 12 break down, they lead to
short circuits which may further cause the malfunctioning of the driver circuitry.
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Such malfunctioning is likely to shorten the lifetime of the LEDs due to a cascading
malfunctioning effect.

« The polarized capacitors 12 further introduce phase differences in the circuit which
decreases power factor and the overall useful electrical power efficiency.

o The opto-couplers 14 are typically expensive electrical components which will
increase the overall cost of implementing the LED controller.

[0007] In addition to the above disadvantages, the Applicant submits that generic PWM
controllers (whether analogue or digital) work based on fixed/narrow frequencies range
and does not ensure that the controller is working in a discontinuous mode when the
operating frequency changes.

[0008] It is thus an object of the invention to overcome, or at least ameliorate in part, one
or more of the aforementioned problems.

[0009] KR100954123B discloses a power supply device that control the illumination of a
LED lamp according to a surrounding environment by changing an AC input voltage. More
particularly, the device comprises a converter that outputs the AC input voltage to the LED
lamp through a switching element. In order to constantly control the illumination of the LED
lamp regardless of the variation of the AC input voltage, an output current feedback unit is
provided. In case the measured output current value of the output current feedback unit
exceeds a reference value, a PFC (Power Factor Correction) Integrated Circuit controls
the commutations of the switching element in consequence for adjusting the power factor
of the converter.

SUMMARY OF THE INVENTION

[0010] Throughout this document, unless otherwise indicated to the contrary, the phrase

"comprising”, "consisting of", and the like, are to be construed as inclusive and not
exhaustive.

[0011] In accordance with a first aspect of the present invention there is a device
according to claim 1.

[0012] Preferably, the at least one IC is an application-specific integrated circuit (ASIC).

[0013] Preferably, the switch-on time of the electronic switch is calculated according to the
following formula:

I « T
Tov = .L
K *Vw>*T 0.

Where Toy is the switch-on time of the electronic switch, /loyris the desired
electrical current; T is the switching time period of the electronic switch; K'is the
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reference constant value; Torr is the discharge time of the inductive element of the
switch mode power and Vjy is the digitalized voltage input.

[0014] Preferably, for an isolated alternating current (AC) fly back configuration having the
inductive element as a transformer isolating the at least one LED at the secondary end of
the transformer, the reference constant K'is calculated according to the following formula:

1
K=em——
2+ JL * L,

wherein L is the inductance value of the primary winding of a transformer and L, is the

inductance value of the secondary winding of the transformer. Preferably, the transformer
is a planar transformer.

[0015] Alternatively, for a non-isolated direct current (DC) fly back configuration, the
reference constant value K'is calculated according to the following formula:
1

K=—
Li

wherein Lj is the inductance value of the inductive element in the fly back
configuration.

[0016] Preferably, the value of Toyn is updated at each time period based on comparing an
value A with a value B; the formulas of A and B are respectively:
A= Vi *Ton*Torr; and

B=K*Iout*(Ton + Torr + Tearc)

Wherein TcaLc is the time after the discharge time of the inductive element to
compute the formula and the switching time period of the electronic switch is the
summation of TON; To|:|: and TCALC-

such that when the value of A is greater than B, the value of Ton is decreased by a
predetermined number of clock cycles; when the value of A is smaller than B, the
value of Toy is increased by the predetermined number of clock cycles; and when
the value of A is equals to B, no change is made to Ton.

[0017] Preferably, the device configured for adjustment of the electrical current as a
function of temperature by means of a thermistor positioned at the junction of each LED;
the device further configured to update the electrical current output via updating the
predetermined number of clock cycles.

[0018] Preferably, the electronic switch is a metal-oxide-semiconductor field-effect
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transistor (MOSFET), and in operation, the MOSFET is configured to work in a
discontinuous mode.

[0019] Preferably, the ADC, voltage comparator and oscillator are integrated into the IC.

[0020] In accordance with a second aspect of the present invention there is a method
(claim 13) for providing electrical current to at least one Light Emitting Diode (LED) via a
switch mode power converter comprising the steps of:

(i) obtaining (a) a digitized voltage input; (b) a switching time period of an electronic
switch; (c) a discharge time of an inductive element of the switch mode power
converter; (d) the desired value of the electrical current; and (e) a digital reference
as inputs and

(ii) calculating a switch-on time of the electronic switch at each switching time
period;

(iii) regulating the electrical current flowing into the at least one LED at each
switching time period based on the switch-on time of the electronic switch; and

(iv) repeating steps (i) to (iii) for each switching time period.

[0021] Preferably, the switch-on time of the electronic switch Toy is calculated according to
the following formula:

Toyp *T °
K sVmw Ty

Ton =

Wherein loyris the desired electrical current; T is the switching time period of the
electronic switch; K'is a reference constant; Torr is the switch-off time of the
electronic switch at each switching time period and W is the digitized voltage input.

[0022] Preferably, for an isolated alternating current (AC) source input having a
transformer isolating the at least one LED to the secondary end of the transformer, the
constant gain value Kis calculated according to the following formula:

1.

K=

wherein L, is the inductance value of the primary winding of a transformer and L, is
the inductance value of the secondary winding of the transformer.
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[0023] Alternatively, for a non-isolated direct current (DC) fly-back configuration, the
reference constant Kis calculated according to the following formula:
1
L3
wherein Lj is the inductance value of an inductive element in the fly-back
configuration.

[0024] Preferably, the value of Ton is updated based on comparing a value A with a value
B ; the formula_s of A and B are respectively:
A= Vn *Ton*Torr; and

B=K*lout*(Ton + Torr + Tcarc)

Wherein TcaLc is the time after the discharge time of the inductive element to
compute the formula and the switching time period of the electronic switch is the
summation of Ton, Torr and Tcarc.

[0025] such that when the value of A is greater than B, the value of Toy is decreased by a
predetermined number of clock cycles; when the value of A is smaller than B, the value of
Ton is increased by the predetermined number of clock cycles; and when the value of A is
equals to B, no change is made to Ton.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The following invention will be described with reference to the following drawings of
which:

Fig. 1 illustrates a prior art LED current controller circuit.

Fig. 2 illustrates a configuration of the LED driver circuit in accordance with the first
embodiment of the invention for isolated alternating current (AC) application.

Fig. 3 illustrates a configuration of the LED driver circuit in accordance with the
second embodiment of the invention for non-isolated direct current (DC) application.

Fig. 4 illustrates a flow chart for implementation of a digital algorithm in accordance
with the first and second embodiment of the invention.
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Fig. 5 illustrates possible waveforms at the gate and drain of the electronic switch
(MOSFET) in accordance with the first and second embodiment embodiments of
the invention.

[0027] Other arrangements of the invention are possible and, consequently, the
accompanying drawings are not to be understood as superseding the generality of the
preceding description of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] In context of the description, the term 'current’ will generally be understood to mean
electrical current' unless otherwise indicated.

[0029] In accordance with the first embodiment of the invention shown in Fig. 2 there is a
device for providing electrical current to at least one Light Emitting diode 20. The device is
a LED driver 20 for an isolated alternating current (AC) application. The LED driver
comprises transformer 23, fly-back converter 22, voltage divider 24, Analog-to-digital
converter (ADC) 26, electronic switch 28, voltage comparator 30, bridge rectifier 32,
Integrated circuit (IC) 34 and an electronic oscillator 36.

[0030] Transformer 23 is an isolation transformer. Transformer 23 decouples a LED load
100 from the rest of the circuitry. Each LED 100 is connected in series with other LEDs
100. The winding ratio of transformer 23 is configured according to the number of LEDs in
LED load 100. Transformer 23 may be a planar transformer or other low-loss transformers
as known to a person skilled in the art.

[0031] Resistor Rp and capacitor Cp are connected in a parallel configuration with the
primary end of the transformer 23. A diode Dp is connected to the Resistors Rp, capacitor
Cp, and the transformer 23. The conducting end of the diode Dp is connected in a series
configuration to the primary end of the transformer 23. The non-conducting end of the
diode Dp is connected in series configuration to the resistor Rp and capacitor Cp.

[0032] A capacitor Cs is connected in parallel to the secondary end of the transformer 23.
A diode Ds is connected to the secondary end of the transformer 23 and the capacitor Cs.
The conducting end of the diode Ds is connected to the secondary end of the transformer
23 in a series configuration. The non-conducting end of the diode Ds is connected to the
capacitor Cs in a series configuration. The LED load 100 is connected in a parallel
configuration to the capacitor Cs.

[0033] Voltage divider 24 comprises a series of standard resistors. For illustration, voltage
divider 24 is represented using standard resistors Ry, Rao. For an AC supply voltage of 230
VAC, the resistance value for Ry is about 300kQ and for R» is about 2.2kQ. During
operation, the voltage between Ry and R; is tapped by ADC 26. The tapped voltage is
converted to a digital value Vpp. One end of Rz is connected to electrical ground.
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[0034] The ADC 26 is suited to operate in the range of 50 to 120 Hz. In order for the
embodiment to work, the minimum resolution of the ADC 26 should- be 8-bit. The digitized
voltage of the ADC 26 may also be used as an under-voltage security lock.

[0035] Electronic switch 28 is typically a power transistor. In this particular embodiment,
electronic switch 28 is a MOSFET. The drain of the electronic switch 28 is connected to
the conducting end of the diode Dp. The gate of the electronic switch 28 is connected to
the output pin of the IC 34, and the source of the electronic switch 28 is connected to the
electrical ground.

[0036] Voltage comparator 30 is connected to the primary end of the transformer 23 via a
resistor Rs. Resistor Rs is in turn connected in a series configuration with resistor Re.
When in operation, voltage comparator 30 obtains the voltage between resistor Rs and
resistor Re. The obtained voltage is compared with a voltage reference Vger. VRger is
typically configured to be the same value as Vpp. Voltage comparator 30 is typically (but
not limited to), an operational-amplifier.

[0037] The bridge rectifier 32 is configured to provide a rectified output from the AC mains.
The AC mains may be either 110 VAC or 230 VAC.

[0038] The IC 34 is typically an Application Specific Integrated Circuit (ASIC). In this
regard, it is to be appreciated that ADC 26, voltage comparator 30, electronic oscillator 36
may be integrated with IC 34. In addition, IC 34 may further comprise Regulators, Power-
on-reset, MOSFET driver, , One-time programmable (OTP) memory, EEPROM, Flash
and/or other programmable memory blocks as known to a person skilled in the art. IC 34
may be programmed using hardware description language (HDL) such as Verilog, VHDL,
or other hardware description language as known to a person skilled in the art.

[0039] The IC 34 is programmed and configured to receive five inputs; i.e.
(a.) A reference constant K;
(b.) Desired reference current loyr;
(c.) The digitized voltage value Vpp obtained from the ADC 26;

(d.) A time value Torr of the discharge of the core of transformer 23 measured
through voltage comparator 30; and

(e.) A switching period T (i.e. the switching period of the electronic switch 28) as
illustrated in Fig. 5.

[0040] In relation to the switching period of the electronic switch 28, the electronic
oscillator 36 generates an operating frequency of 20 MHz, i.e. at a time period of 50 nano
seconds. The switching time of the switch mode power supply (SMPS) is related to the
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on/off of the electronic switch 28. In the context of this embodiment, the switching time of
the SMPS ranges from 30 kHz to 300 kHz.

[0041] Using the received five inputs, the IC 34 computes an output Ton to drive the gate
of the electronic switch 28 in accordance with formula 1.
[DIAI * T

T°"=K:V.,.~To, (D

Where Ton is the switch-on time of the electronic switch 28, louris the desired
reference current; Tis the switching time period of the electronic switch 28; K is the
reference constant; Togr is the discharge time of the transformer 23 and V|y is the
digitalized voltage input.

[0042] The reference constant K is calculated based on the inductance value of the
primary and secondary windings of the transformer 23 as described in formula 2.

T2eJLvL, : 2

where L is the inductance value of the primary windings of the transformer 23 and
L is the inductance value of the secondary windings of the transformer 23. The
value of reference K is stored in a memory within the IC 34, the memory may be
one-time programmable (OTP), flash or EEPROM. Alternatively the reference K
may be hardcoded in the formula, i.e. the value of reference K is stored inside the
IC 34 as registers, in which case the K value may not be updated during operation.

[0043] The electronic oscillator 36 (20 MHz frequency, 50 ns period) is coupled with an
internal 10 bit counter to count Toy and Torr. The 10 bit counter translates to 1024 clock
cycles before overflow). This means that with the 10 bit internal counter, the 1024 clock
cycles may be counted within 50ns * 1024 = 51.2us. Hence, the counter is capable for
counting between 19.53125 kHz up to 20 MHz. It is to be appreciated that the switching
time T of the electronic switch 28 of 30 kHz to 300 kHz falls within the above range.The
digital reference current lour fixes the desired output current to drive the LEDs. The value
of digital reference current loyt may be either stored in the memory of IC 34 or hardcoded
in the formula, in which case the digital reference value loyr may not be updated during
operation.

[0044] The embodiment will next be described in the context of its operation. As an
illustration (and not meant to be exclusive), a voltage input of 230VAC is entered to drive
the LED driver 20. Eighteen LEDs 100 are connected in series with each other. The
eighteen LEDs 100 form the LED load.

[0045] Fig. 5 illustrates typical voltage-time waveforms at the gate and drain of the
electronic switch 28 when the LED driver 20 is in operation. A voltage overshoot at the
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drain of electronic switch 28 is measured. The voltage overshoot is proportional to the
voltage across the LEDs 100. The voltage overshoot value is used to measure the time of
core discharge Torr using the voltage comparator 30 and a digital counter. The value of
Torr is measured based on the time of the core discharge of the primary end of the
transformer 23.

[0046] During operation, Vger is configured to be the same voltage reference of the input
voltage Vpp as sampled by the ADC 26. Such a configuration ensures that the electronic
switch 28 is consistently working in discontinuous mode.
[0047] The value of Toy is fine-tuned iteratively in accordance to the flow chart illustrated
in Fig. 4 such that over a period (of clock cycles), the electrical current flowing into the LED
load 100 is regulated by adjusting Ton. The steps are described in the flow chart are
described as follows:

The electronic switch 28 is activated for Ton time. (Step 60)

The Torr timing is computed based on the voltage comparator 30 and digital
counter (Step 62)

A value Viy (Vin=Vpp) is obtained from the ADC 26 (digitized value) (Step 64)
Formula (3) is computed as follows: (Step 66)

A=V *Ton*Torr . (3)

Formula (4) is computed as follows: (Step 68)
B =K * lour * (Ton *+ Torr + Tcawc) | 4
wherein Ta.c is the time after the discharge to compute the formula.

such that the switching period T of the electronic switch 28 is the summation of Toy,
Torr and Teacc.

[0048] The actual implementation takes approximately 128 clock cycles.
[0049] The value of A and B are compared (Step 70).

[0050] If A is greater than B, i.e. A > B, then Toy is adjusted to Toy - N for the next time
period T (Step 72).

[0051] If A is smaller than B, i.e. A < B, then Ton is adjusted to Ton + N (Step 74).

[0052] In the situation where A is equals to B, there is no updating of Tony and Ton remains
unchanged (Step 76).
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[0053] The value N is an adjustment value. N is the increment or decrement of the switch-
on time Ton of the MOSFET. The adjustment value N forms part of the feedback loop for
stabilizing current loyt under supply variation. The value of N typically ranges between 1
and 128 number of clock cycles.

[0054] It is to be appreciated that for different differences of A and B, different values of N
are used.

[0055] It is to be further appreciated that A and B is computed separately due to the
complexity of performing hard-coded division, which is time-consuming and inefficient for
this application. To overcome the problem, algebraic manipulation is used to compute the
formulas (3) and (4) and therein compare the results between A and B.

[0056] The process Step 60 to 76 repeats itself until the circuit is switched off or according
to other terminating condition as known to a person skilled in the art.

[0057] The Torr value may further be configured for short circuit protection of the LED load
100. For the purpose of short circuit protection, the Toge value is compared with a short
circuit reference value Torr, SC. If a short circuit is present on the secondary winding of the
transformer 23, where the LED load 100 is, the Toge value will be shorter than the short
circuit reference value Torr, SC, thereby activating the short circuit protection.

[0058] The Applicant has discovered that the use of the ASIC and the implementation of
formula (1) to (4) are independent from the number of LEDs in the load. The
implementation of the ASIC further omit the need for polarized capacitors on the main
power supply, polarized capacitors with larger capacitance on the secondary windings of
transformer 23, feedback power resistors on the MOSFET and on the LED chain/load. The
total efficiency (as well as power factor correction) of the system will thus increase as
majority of the electrical power will be transferred to the LEDs instead of to the feedback
resistors and capacitors. In addition, the cost of implementing the circuitry is typically lower
than the prior art circuitry as described in Fig. 1, as the components used generally lower
in cost as compared to specific components such as opto-couplers 14 (thereby omitting
the need for voltage feedback on the secondary end of transformer 23) and polarized
capacitors.

[0059] In the above example, with eighteen LEDs (each LED 100 having a forward voltage
of 3.2V) and an input of 230 VAC and a reference output current loyr of 350 milliamperes
(mA), an efficiency of as high as 94% is achieved. This is based on obtained demo-board
simulation results, where the system power consumption is 21.5W. The total LED power
consumption is 20.16 W such that the efficiency is 20.16 divided by 21.5, i.e. 93.8 %.

[0060] In addition, for the purpose of short circuit protection, if one LED 100 is shorted the
formulas (1) to (4) are capable of adapting the value of Toy to provide the right current to
the working LEDs via the feedback mechanism described in Step 60 to 76. The driver 20 is
thus independent from the number of LEDs present on the secondary end of the
transformer 23 (i.e. the load side).
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[0061] An additional security option is done computing the Ton multiplied by the V iy value.
In order not to saturate the transformer core L4, L, this value must be under a digital
threshold value Tonmax. The digital threshold value Ton,uax is calculated as Formula (5),
assuming that the core saturates at 0.3 Tesla:

Tonmax=(Np* 0.3 * Ag)/ (V) (5)

Where Np is the number of primary windings, Ag is the effective area of the
transformer, V| is the input voltage.

[0062] In accordance to the second embodiment of the invention as shown in Fig. 3 there
is a device for providing electrical current to at least one Light Emitting diode 120. The
device is an LED driver 120 for a non-isolated DC application. The LED driver comprises
fly-back converter 122, voltage divider 124, Analog-to-digital converter (ADC) 126,
electronic switch 128, voltage comparator 130, DC power supply 132 and an Integrated
circuit chip (IC) 134 and electronic oscillator 136.

[0063] Fly-back converter 122 comprises a diode 121 connected in a series configuration
with inductor 123 and capacitor 125. Inductor 123 and capacitor 125 are configured to be
in a parallel configuration with the LED load 200. Each LED 200 is connected in series to
other LEDs 200. The conducting end of the diode 121 is connected to the inductor 123.
The non-conducting end of the diode 121 is connected to the capacitor 125.

[0064] Voltage divider 124 comprises a series of standard resistors. For illustration,
voltage divider 124 is represented using standard resistors Rs, Rs. The voltage between Rs
and R, is tapped by ADC 126 during operation. At a DC voltage of 12V, the value of Rs
and R4 are about 47kQ and 4.7kQ respectively. One end of R4 is connected to electrical
ground.

[0065] The ADC 126 operates in the range of 50 to 120 Hz. In order for the embodiment to
work, the minimum resolution of the ADC 126 is 8-bit. The digitized voltage of the ADC
126 may be used as an under-voltage security lock. The tapped voltage between R; and
R4 is converted to a digital value Vpp.

[0066] Electronic switch 128 is typically a power transistor. In this particular embodiment,
electronic switch 128 is a MOSFET. The drain of the electronic switch 128 is connected to
the conducting end of the diode 121 and the inductor 123. The gate of the electronic
switch 128 is connected to the output pin of the IC 134, and the source of the electronic
switch 128 is connected to the electrical ground.

[0067] Voltage comparator 130 compares the voltage obtained at the drain of the
electronic switch 128 with a voltage reference Vger. Voltage comparator 130 is typically
(but not limited to), an operational-amplifier.

[0068] The DC power supply 132 is configured to provide a DC output to the circuit. The
DC output may range from 3V to 400V.
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[0069] The IC 134 is typically an Application Specific Integrated Circuit (ASIC). In this
regard, it is to be appreciated that ADC 126, voltage comparator 130, electronic oscillator
136 may be integrated with IC 134. In addition, IC 134 may further comprise regulators,
Power-on-reset, MOSFET driver, OTP memory, EEPROM, Flash and/or other
programmable memory blocks as known to a person skilled in the art. IC 134 may be
programmed using hardware description language (HDL) such as Verilog, VHDL, or other
hardware description language as known to a person skilled in the art.

[0070] The IC 134 is programmed and configured to receive five inputs; i.e.
(a.) A reference constant K;
(b.) Desired reference current loyr;
(c.) The digitized voltage value Vpp obtained from the ADC 126;
(d.) A time value Torr of the core discharge of the inductor 123; and

(e.) A switching period T, the switching period of the electronic switch 28 obtained
from electronic oscillator 136.

[0071] The electronic oscillator 136 generates an operating frequency of 20 MHz, i.e. a
time period of 50 nano seconds. The switching time of the switch mode power supply
(SMPS) is related to the on/off of the electronic switch 128. In the context of this
embodiment, the switching time of the SMPS ranges from 30 kHz to 300 kHz.

[0072] Using the received five inputs, the IC 134 computes an output Ton to drive the gate
of the electronic switch 128 in accordance with formula 1.

[0073] The reference constant K is calculated based on the discharge time of the inductor
123 as described in formula 6.

x |
L: (6)

where L; is the inductance value of the inductor 123. The reference K is a digital
value and could be stored in a memory within the IC 134, the memory could be
OTP, flash or EEPROM. or hardcoded in the formula, in which case the digital value
is stored inside the ASIC 134 as registers; thus the digital value may not be
changed during operation.

[0074] The electronic oscillator 136 (20 MHz frequency, 50 ns period) is coupled with an
internal 10 bit counter to count Toy and Toge. The 10 bit counter translates to 1024 clock
cycles before overflow). This means that with the 10 bit internal counter, the 1024 clock
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cycle may be counted within 50ns * 1024 = 51.2us. Technically speaking, the counter is
capable for counting between 19.53125 kHz up to 20 MHz. Thus the switching time T of
the electronic switch 128 of 30 kHz to 300 kHz falls within the above range.

[0075] The embodiment will next be described in the context of its operation.

[0076] Fig. 5 illustrates typical voltage-time waveforms at the gate and drain of the
electronic switch 128 when the LED driver 120 is in operation. A voltage overshoot at the
drain of electronic switch 128 is measured. The voltage overshoot value is used to
measure the time of core discharge Torr using the voltage comparator 130 and a digital
counter. The value of Torr is measured based on the discharge time of the inductor 123.
This is easily obtained via various methods as known to a person skilled in the art.

[0077] During operation, Vger is configured to be the same voltage reference of the input
voltage Vpp as sampled by the ADC 126. This configuration ensures that the electronic
switch 128 is consistently working in discontinuous mode.

[0078] The value of Ton is fine tuned iteratively in accordance with the flow chart as
illustrated earlier in Fig. 4. The process Step 60 to 76 repeats itself until the circuit is
switched off or according to other terminating condition as known to a person skilled in the
art.

[0079] The Torr value may further be configured for short circuit protection of the LEDs
200. In this regard, the Torr value is compared with a short circuit reference value Torr sc.
If a short circuit is present on the secondary winding of the transformer 23, where the
LEDs 200 are, the Torr value will be shorter than the short circuit reference value, thereby
activating the short circuit protection.

[0080] The digital reference lour fixes the desired output current to drive the LEDs. The
value of digital reference loyr is stored in the memory of IC 134 or hardcoded in the
formula.

[0081] During operation, the value of Toy is fine-tuned iteratively in accordance to the flow
chart illustrated in Fig. 4 such that over a period (of clock cycles), the electrical current
flowing into the LED load 100. is regulated by adjusting Ton. The steps 60 to 74 are
described as mentioned earlier. Steps 60 to 74 repeats itself until the circuit is switched off
or according to other terminating condition as known to a person skilled in the art.

[0082] The Torr value may further be configured for short circuit protection of the LED load
200. For the purpose of short circuit protection, the Torr value is compared with a short
circuit reference value Torrsc. If a short circuit is present on the inductor 123, where the
LED load 200 is, the Torr value will be shorter than the short circuit reference value
Torrsc, thereby activating the short circuit protection.

[0083] The digital reference lour fixes the desired output current to drive the LEDs. The
value of digital reference loyr may be either stored in the memory of IC 134 or hardcoded
in the formula, in which case the digital reference value lour may not be updated during
operation.
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[0084] In addition, for the purpose of short circuit protection, if one LED 200 is shorted the
formulas (1), (3), (4), (6) are capable of adapting the value of Toy to provide the right
current to the working LEDs via the feedback mechanism described in Step 60 to 76. The
driver 120 is thus independent from the number of LEDs 200 present.

[0085] An additional security option is done computing the Ton multiplied by the Vy value.
In order not to saturate the inductor 123 this value must be under a digital threshold value
Ton,max- The digital threshold value Tonmax is calculated as illustrated in Formula (5),
assuming that the core saturates at 0.3 Tesla:

[0086] With respect to both the embodiments, the Applicant observes that as the current is
adjusted iteratively and based on the implementation of the ASIC programming, it is easy
to dim the LED loads 100, 200 using the present circuitry without additional components.
Thus, it is to be appreciated that dimming may be achieved via adjusting the current
reference value lour.

[0087] It is to be further appreciated that if a user wishes to switch off the device under
both the embodiments as described, he may simply do so by inputting the current
reference value lout to 0. The same user may switch on the device if he put a different
value other than 0 in the loyt register.

[0088] Further, the drivers 20, 120 may be configured for direct monitoring and adjustment
of current as a function of temperature. In this regard, a thermistor may be positioned at
the junction of each LED so that the controller may be adapted to auto update a different
current output (via updating the value of N) for the LED loads 100, 200 based on the
junction temperature sensed. This ensures that the LEDs 100, 200 are not over heated.
Such a strategy will lengthen the life span of the LEDs 100, 200.

[0089] The above feature may be easily implemented via an additional enable pin on the
ASIC 34, 134 as known to a person skilled in the art.

[0090] By way of an example of the thermistor-based monitoring, if there are five white
LEDs and one red LED connected in a series configuration, the thermistor may be
positioned adjacent to the red LED (due to the fact that the red LED has the lower critical
temperature as compared to white LEDs). Care should however be taken such that the red
LED is positioned at a location where heat dissipation could take place readily. In this way,
as soon as the critical temperature of the red LED is reached, the |IC (ASIC) 34, 134
decrease the current to the LED load.

[0091] For illustration, when the junction temperature of the red LED reaches 60 degree
Celsius, the IC 34, 134 will adjust the current to decrease by 10% (e.g. 300 mA). When the
junction temperature of the red LED reaches 65 degree celsius, the IC 34, 134 will adjust
the current to decrease by 30% (250 mA); and when the junction temperature of the red
LED is decreased to 55 degree Celsius, the IC 34, 134 will resume the current to full load
(350 mA).

[0092] It should be appreciated by the person skilled in the art that the invention is not
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limited to the examples described. In particular, the following additions and/or
modifications can be made without departing from the scope of the invention:

« Field-programmable gate array (FPGA) can be used as an alternative to ASIC as'
known to a person skilled in the art.

o While the existing embodiments illustrate the LEDs loads 100, 200 in the series
configuration, the LEDs loads 100, 200 may be arranged in a parallel configuration
as known to a person skilled in the art, such that the driven current loyr is the
average of the current in each single parallel chain.

o The IC 34, 134 may be further configured to have more inputs for other purposes;
and not be limited to five inputs.

« The adjustment value N as mentioned in step 74 is the increment or decrement of
the switch on time Ton of the MOSFET and may forms part of the stabilization filter
loop. Typically the bigger the difference between A and B the bigger the value of N
applied. As an example of a range, a ratio of 20 to 1 in terms of clock cycle is
applied for AC/DC and from 5 to 1 in DC/DC.

o A 'Wake-up- function' may be incorporated into the LED drivers 20, 200 via using
motion sensor with digital interface or analog threshold.

« Although the LED drivers 20, 200 as presented in the first and second embodiments
described the invention being applied to a fly-back converter configuration, it is to
be appreciated that the IC 34, 134 and the formulas (1) to (6) are applicable to
general switch mode power supplies including buck-boost converters, buck
converters and boost converters (both isolated AC and non-isolated DC
configurations).

« The formulas (1) to (6) is not limited to the frequency generated by the electronic
oscillator 36. In general, the higher the frequency generated, the bigger the design
required for implementation; conversely the lower the frequency, the less precision
on the current control. In this regard, 20MHz is a good compromise between
precision and implementation.

[0093] It should be further appreciated by the person skilled in the art that features and
modifications discussed above, not being alternatives or substitutes, can be combined to
form yet other embodiments that fall within the scope of the invention described.
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Patentkrav

1. Indretning til at tilvejebringe elekirisk stram til mindst én lysemitterende
diode (LED) (100; 200) via en stromkonverter med skiftefunktion, omfatten-
de:

mindst ét integreret kredslgb (IC) (34; 134),

en elektronisk omskifter (28; 128), der kan konfigureres til at have en om-
skiftningstidsperiode;

en analog-digital-konverter (ADC) (26; 126), hvor ADC (26; 126) er konfigure-
ret til at opné en digitaliseret speendingsindgang;

en speendingskomparator (30; 130), hvor spaendingskomparatoren (30; 130)
er konfigureret til at opna en afladningstid af et induktivt element (L4, 123) af
stromkonverteren med skiftefunktion ved hver tidsperiode;

kendetegnet ved, at

det mindst ét IC (34; 134) er et programmerbart IC, som anvender et hard-
ware-beskrivelsessprog, hvor det programmerbare IC (34; 134) under drift er
programmeret til at opnd den digitaliserede spaendingsindgang (26), aflad-
ningstiden af det induktive element, (L4, 123), den gnskede elekiriske strom
(lout), en referencekonstant (K) og omskiftningstidsperioden af den elektroni-
ske omskifter (28; 128) som indgange og derefter beregne en afbrydertid
(Ton) af den elektroniske omskifter (28; 128) ved hver omskiftningsperiode,
séledes at afbrydertiden (Ton) af den elektroniske omskifter (28; 128) regule-
rer den elektriske stram, der flyder ind i den mindste én LED (100; 200).

2. Indretning ifalge krav 1, hvor det mindst ét programmerbare |C (34; 134) er

et applikationsspecifikt integreret kredslgb (ASIC).

3. Indretning ifglge krav 2, hvor afbrydertiden af den elektroniske omskifter
(28; 128) er beregnet efter den falgende formel:

Jour ¥ T
K * Vin * Torr

Tow =
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hvor Toy er teendingstiden af den elektroniske omskifter (28; 128), lour er den
gnskede elektriske strom; T er omskiftningstidsperioden af den elektroniske
omskifter (28; 128); K er referencekonstanten; Torr er afladningstiden af det
induktive element af stramkonverteren med skiftefunktion, og Vin er den digi-

taliserede speendingsindgang.

4. Indretning ifglge krav 3, hvor referencekonstanten K for en isoleret veksel-
strom(AC)-flyback-konfiguration med det induktive element som transforma-
tor (23), der isolerer den mindst én LED (100) ved den sekundaere ende af
transformatoren (23), beregnes ifglge falgende formel:

1

2¥VLi*L:

hvor L er induktansveerdien af primeaerviklingen af transformatoren (23), og

K =

L. er induktansveerdien af sekundaerviklingen af transformatoren (23).

5. Indretning ifalge krav 4, hvor transformatoren (23) er en planartransforma-
tor.

6. Indretning ifelge krav 3, hvor referencekonstanten K for en ikke-isoleret

jeevnstram(DC)-flyback-konfiguration, beregnes efter fglgende formel:

hvor Ls; er induktansveerdien af det induktive element (123) i flyback-

konfiguration.

7. Indretning ifalge et hvilket som helst af kravene 3 til 6, hvor veerdien af Toy
opdateres ved her tidsperiode baseret pd sammenligning af en vaerdi A med

en veerdi B; hvor formlerne for henholdsvis A og B er:

A = Vin*Ton*Torr;

0g
B = (VK)*Tour*(Tan+ Tore + Tearc)
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hvor TcaLc er tiden efter afladningstiden af det induktive element for at be-
regne formelen og omskiftningstidsperioden af den elektroniske omskifter
(28; 128) er summeringen af Ton, Torr 09 TcaLc;

saledes at nar veerdien af A er starre end B, gges veerdien af Toy med et for-
udbestemt antal takicykler; nar veerdien af A er mindre end B, gges vaerdien
af Ton med et forudbestemt antal taktcykler; og nar veerdien af A er lig med

B, foretages ingen andringer af Ton.

8. Indretning ifalge krav 7, hvor indretningen er konfigureret til regulering af
den elektriske strom i forhold til temperaturen ved hjeelp af en thermistor, der
er anbragt ved samlestykket for hver LED (100; 200); hvor indretningen yder-
ligere er konfigureret til at opdatere det forudbestemte antal takicykler.

9. Indretning ifalge et hvilket som helst af de foregaende krav, hvor den elek-
troniske afbryder (28; 128) er en metal-oxid-halvleder-felteffekt-transistor
(MOSFET), og MOSFET konfigureres til i drift at arbejde i diskontinuerlig

modus.

10. Indretning ifalge et hvilket som helst af de foregaende krav, yderligere
omfattende en elektronisk oscillator (36; 136), hvor ADC, (26; 126), speen-
dingskomparatoren (30; 130) og oscillatoren (36; 136) integreres i det pro-

grammerbare IC.

11. Indretning ifelge et hvilket som helst af de foregdende krav, hvor mini-

mumsoplasningen af ADC (26; 126) er 8 bit.

12. Indretning ifolge krav 4 eller 6, hvor Tore-vaerdien er konfigureret til at
sammenlignes med en kortslutningsreferenceveerdi, séledes at Tope-vaerdien
under brug er mindre end kortslutningsreferenceveerdien, nar der opstar en

kortslutning.
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13. Fremgangsmade til at tilvejebringe elektrisk stroam til mindst én lysemitte-
rende diode (LED) (100; 200) via en stramkonverter med skiftefunktion, om-
fattende folgende trin:

(i) opna (a) en digitaliseret spaendingsindgang (26), (b) en omskiftningstids-
periode af en elektronisk omskifter (28, 128); (c) en afladningstid af et induk-
tivt element (L4, 123) af stromkonverteren med skiftefunktion; (d) den gnske-
de veerdi af den elektriske stram (lut); 0g (€) en digital referencekonstant (K)
som indgange;

(i) beregne en teendingstid (Ton) af den elektroniske omskifter (28; 128) ved
hver omskiftningstidsperiode; og

(iii) regulere den elektriske strgm, der flyder ind i den mindst én LED (100;
200) ved hver omskiftningstidsperiode baseret pa afbrydertiden (T,n) af den
elektroniske omskifter (28; 128); og

(iv) gentage trin (i) til (iii) for hver omskiftningstidsperiode.

14. Fremgangsmade ifalge krav 13, hvor afbrydertiden Ton af den elektroni-
ske omskifter (28; 128) beregnes ifglge folgende formel:

Joor ¥ T

Tov =
o K ¥ Vi * Torr

hvor loyr er den gnskede elektriske strom; T er omskiftningstidsperioden af
den elektroniske omskifter (28; 128); K er en referencekonstant; Togr er sluk-
ketiden af den elektroniske omskifter (28; 128) ved hver omskiftningstidsperi-

ode, og Vi er den digitaliserede spzendingsindgang.

15. Fremgangsmade ifolge krav 14, til tilfersel af en isoleret veksel-
strom(AC)-kilde med en transformator (23), der isolerer den mindst én LED
(100), til den sekundeere ende af transformatoren (23), hvor referencekon-

stanten K beregnes ifalge den falgende formel:

1
2¥V L ¥

K =

hvor L, er induktansveerdien af primeerviklingen af transformatoren (23), og

L, er induktansveerdien af sekundeaerviklingen af transformatoren (23).
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16. Fremgangsmade ifalge krav 14, til en ikke-isoleret jeevnstram(DC)-
flyback-konfiguration, hvor referencekonstanten K beregnes ifglge den fol-

gende formel:

.
K = L3
hvor Ls er induktansveerdien af det induktive element (123) i flyback-

konfigurationen.

17. Fremgangsmade ifglge et hvilket som helst af kravene 14 til 16, hvor
veerdien af Ton opdateres ved hver omskiftningsperiode baseret pa en sam-
menligning af en veerdi A med en veerdi B; hvor formlerne af A og B er hen-

holdsvis:
A = Vin ¥Ton*Torr,

09
B = (VK)*lour*(Ton+ Tore + Tealc)

hvor TcaLc er tiden efter afladningstiden af det induktive element for at be-
regne formelen, og omskiftningsperioden af den elekironiske omskifter (28;
128) er summeringen af Ton, Torr 09 TcaLc;

séledes at nar veerdien af A er stgrre end B, ages vaerdien af Toy med et for-
udbestemt antal takicykler; nar veerdien af A er mindre end B, gges vaerdien
af Ton med et forudbestemt antal taktcykler; og nar veerdien af A er lig med
B, foretages ingen andringer af Ton.

18. Fremgangsmade ifglge et hvilket som helst af kravene 13 til 17, hvor mi-

nimumsoplgsningen af den digitaliserede spaendingsindgang er 8 bit.

19. Fremgangsmade ifalge et hvilket som helst af kravene 14 til 16, hvor
Toevaerdien sammenlignes med en Kkortslutningsreferenceveerdi, og nar
Torr er mindre end kortslutningsreferenceveerdien, angiver denne tilstedevae-

relsen af en kortslutning.
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Fig. 1 (Prior Art)
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Fig. 4
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