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DEVICE AND METHOD FOR PROVIDING AN ELECTRICAL
CURRENT TO AN ELECTRICAL LOAD

FIELD OF THE INVENTION

The present invention relates to a device and method for providing an electrical
current to an electrical load. In particular, the present invention relates to a
device and method for driving electrical loads using switched mode power

supply (SMPS) configuration.
BACKGROUND ART

The following discussion of the background to the invention is intended to
facilitate an understanding of the present invention only. 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 of the person skilled in the art in any jurisdiction as at the

priority date of the invention.

Existing switched mode power supply (SMPS) devices typically comprise
numerous elements such as capacitors, inductors, and regulators. Such
elements take up space and introduce possible distortions to electrical

components and circuitries.

Devices or systems, also known as drivers, for driving electrical loads typically
comprise digital or analog voltage or current controllers arranged in
configurations not limited to, isolated or non-isolated configurations. Such
controllers typically operate to take in electrical input such as alternating current
and voltage to provide a regulated output. Most advanced controllers comprise
some form of feedback mechanism/loop to ensure that at least one electrical
parameter, such as electrical current, is maintained at a desirable or allowable
range while achieving an acceptable level of power factor. However, in order to
improve overall performance, conventional controllers typically incorporate
electrical/electronic components such as resistors, capacitors, inductors etc. to

compensate for distortion, reduce harmonics or improve power factor. Such
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components increase the overall cost and also increase form factor.

Further, the feedback of most existing controllers require the sensing of a
variety of electrical parameters at every predetermined interval(s). Such
sensing may increase the amount of time required to process the electrical input
in order to produce the regulated output.

Some electrical loads such as LED units or LED lamp units are typically
sensitive to fluctuations in current and temperature. As such, electrical
controllers for LEDs need to take into account temperature and current
requirements. The issue of noise generated by electronics and electrical
components is an important consideration for sensitive electrical loads.

The present invention seeks to provide a system and method that alleviates the

above-mentioned drawbacks or meet the above needs at least in part.
SUMMARY OF THE INVENTION

Throughout the document, unless the context requires otherwise, the word
“‘comprise” or variations such as “comprises” or “comprising”, will be understood
to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers.
Furthermore, throughout the specification, unless the context requires
otherwise, the word “include” or variations such as “includes” or “including”, will
be understood to imply the inclusion of a stated integer or group of integers but
not the exclusion of any other integer or group of integers.
The invention seeks o reduce the number of electronic components and
improve power factor by utilizing a memory device for storing one or more ideal
voltage waveforms. An input voltage Vi from an electrical source is used as a
synchronized reference and the ideal waveform is used to compute a reference
voltage for electrical current control.
In accordance with an aspect of the invention there is a device for providing an
electrical current to an electrical load comprising a memory storage device for
storing a plurality of ideal voltage waveforms; an electronic controller arranged
in data communication with the memory storage device, the electronic controller
operable to select one of the plurality of ideal voltage waveforms to compute a
reference voltage and a switching period based on a predetermined criterion;
2
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and an electronic switch arranged to receive the switching period as input to
switch the electronic switch between an on state and an off state, wherein the
electrical current is calculated based on a function of the reference voltage and
the switching period or frequency of the electronic switch.

In some embodiments, the at least one of the plurality of ideal voltage
waveforms is an ideal alternating current (AC) waveform.

In other embodiments, the at least one of the plurality of ideal voltage
waveforms is an ideal direct current (DC) waveform.

In some embodiments, the device further comprises a sense circuit arranged in
data communication with the electronic controller, the sense circuit operable to
sense a source input voltage, wherein the source input voltage provides
electrical power to the device.

In some embodiments, the sense circuit comprises a potentiometer, a potential
divider or a feedback resistor.

In some embodiments, the sensed source input voltage is divided by a
predetermined number. The predetermined number may be an even number,
such as four (4).

In some embodiments, in a transient state before the one of the plurality of ideal
voltage waveforms is selected, the electronic controller is operable to use the
source input voltage divided by the predetermined number as the reference
voltage for switching the electronic switch.

In some embodiments, upon switching the electronic switch, a time Tx is
measured from the time where the reference voltage is sensed at a
predetermined voltage to the time where the reference voltage is next sensed
at the predetermined voltage.

In some embodiments, the one of the plurality of ideal voltage waveforms is
selected to compute the reference voltage when the following conditions are
satisfied: i. after a multiple of the time period Tx; and ii. where the input voltage
drops to zero; and wherein the period of the selected ideal voltage waveform
corresponds to the time period Txor approximate the time period Tx.

In some embodiments, the ideal AC waveform comprises one or more of the
following: a sine waveform, a square of a sine waveform, or a polynomial

function waveform such as, but not limited to a quadratic function.
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In some embodiments, if the device is deployed in a boost converter
configuration, the sine waveform is selected.
In some embodiments, if the device is deployed in a flyback converter
configuration, a square of a sine waveform or a polynomial function waveform
is selected.
In some embodiments, if the input voltage does not drop to zero after the
multiple of the time period Tx, an ideal DC waveform is selected.
In some embodiments, the device further comprises an analog to digital
converter to convert the source input voltage to a digital waveform.
In some embodiments, the device is implemented at a primary side of a flyback
switch mode power converter.
In some embodiments, the device further comprises a dimming circuit arranged
to provide a dimming signal to the electrical load.
In some embodiments, the electronic controller comprises an application-
specific integrated circuit (ASIC) or a field-programmable gate array (FPGA).
In some embodiments, the electronic switch is a MOSFET.
In some embodiments, the current is calculated based on the following
mathematical expression:
IOUT — ViTONTOFF
2LT
wherein lout is the current provided to the electrical load; T corresponds to a
switching cycle; Ton is the switch on time of the electronic switch; Torr is the
switch off time of the electronic switch corresponding to a time taken for an
inductor having an inductance L to discharge; and Vi corresponds to the source
input voltage.
In some embodiments, the input voltage Vi is related to the reference voltage
Vhin accordance with the following mathematical expression:
_ ViTonRyp
L)
Wherein Vhis a reference voltage applied to a comparator for comparison with

the source input voltage Vi, and where Ry, is the resistance value of a feedback

element, the feedback element positioned for comparing Vh with Vi which is

the voltage across the feedback element having resistance value Ri.
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In some embodiments, the current is calculated based on the following
mathematical expression:
lour = ZEZOE
2Rgp T
In some embodiments, the current is calculated based on the following
mathematical expression:
1y = VRTiTorr
2RV, T
wherein lout is the current provided to the electrical load; T corresponds to a
switching cycle T = Ton + Torr + Tcalc; Torr is the switch off time of the
electronic switch corresponding to a time taken for an inductor having an
inductance L to discharge; Vicorresponds to the input voltage; Vh a reference
voltage that triggers the switch off of the electronic switch; T+ corresponds to a
time that the sensed input voltage reaches or is at a predetermined voltage V1.
In some embodiments, the memory storage device is a ROM, RAM, database,
or LUT.
According to another aspect of the invention there is a method for providing a
electrical current to an electrical load comprising the steps of: storing a plurality
of ideal voltage waveforms in a memory storage device; selecting one of the
plurality of ideal voltage waveforms and computing a reference voltage and a
switching period based on a predetermined rule, the selecting and computing
steps performed by an electronic controller; and receiving at an electronic
switch, the switching period as input to switch the electronic switch between an
on state and an off state, wherein the electrical current is calculated based on
a function of the reference voltage and a switching period or frequency of the
electronic switch.
In some embodiments, at least one of the plurality of ideal voltage waveforms
is an ideal alternating current (AC) waveform.
In some embodiments, at least one of the plurality of ideal voltage waveforms
is an ideal direct current (DC) voltage waveform.
In some embodiments, the method further comprises the step of sensing by a

sense circuit a source input voltage, wherein the source input voltage provides
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electrical power to the device.

In some embodiments, the sense circuit comprises a potentiometer, a potential
divider or a feedback resistor.

In some embodiments, the method further comprises the step of dividing the
sensed source input voltage by a predetermined number. In some
embodiments, the predetermined number is 4. In other embodiments, the
predetermined number is any even integer. In some embodiments, the
predetermined number is any odd integer.

In some embodiments, the method further comprises the step of activating the
electronic switch using the divided sensed input voltage as reference voltage.
In some embodiments, the method further comprises the step of measuring a
time T1 corresponding the time where the input voltage is sensed at a
predetermined voltage to the time where the input voltage is next sensed at the
predetermined voltage. The predetermined criterion may include situations
where the following conditions are satisfied: i. after a multiple of a time period
T4; and ii. where the input voltage drops to zero; and wherein the period of the
selected ideal voltage waveform corresponds to the time period T1 or
approximate the time period T+.

In some embodiments, the ideal AC waveform comprises one or more of the
following: a sine waveform, a square of a sine waveform, a quadratic function
waveform, a polynomial function waveform.

In some embodiments, if the device is deployed in a boost converter
configuration, the sine waveform is selected.

In some embodiments, if the device is deployed in a flyback converter
configuration, a square of a sine waveform is selected.

In some embodiments, if the input voltage does not drop to zero after the
multiple of the time period T+, a DC waveform is selected.

In some embodiments, the method further comprises the step of converting the
(source) input voltage to digital value.

In some embodiments, the device is implemented at a primary side of a flyback
switch mode power converter.

In some embodiments, the method further comprises the step of providing a

dimming signal to the electrical load.
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In some embodiments, the electronic controller comprises an application-
specific integrated circuit (ASIC) or a field-programmable gate array (FPGA).
In some embodiments, the electronic switch is a metal-oxide semiconductor
field-effect transistor (MOSFET).
In some embodiments, the current is calculated based on the following
mathematical expression

loyr = ViTonTorr

2LT

wherein lout is the electrical current provided to the electrical load; T
corresponds to a switching cycle; Ton is the switch on time of the electronic
switch; Torr is the switch off time of the electronic switch corresponding to a
time taken for an inductor having an inductance L to discharge; and Vi
corresponds to the input voltage.
In some embodiments, the input voltage Vi is related to the reference voltage

Vhin accordance with the following mathematical expression:

__ViTonRyp
V, = —

wherein R is the resistance value of a feedback element, the feedback element
positioned for comparing Vn with a voltage Vs across the feedback element
having resistance Rew.

In some embodiments, the current is calculated based on the following
mathematical expression:

o = ViTorr
our = % Rpp

In some embodiments, the current is calculated based on the following
mathematical expression
IOUT — VthTlTOF'F
2RV, T

wherein lout is the current provided to the electrical load; T corresponds to a
switching cycle; Torr is the switch off time of the electronic switch corresponding
to a time taken for an inductor having an inductance L to discharge; Vi
corresponds to the input voltage; Vh a reference voltage that triggers the switch
off of the electronic switch; T1 corresponds to a time that the sensed input

voltage reaches a predetermined voltage V1.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:

Fig. 1a illustrates a device for providing electrical current to an electrical load

according to some embodiments of the invention;

Fig. 1b illustrates another embodiment of the device for providing electrical

current to an electrical load;

Fig. 2 is an example of a Look up table (LUT) for storage of ideal voltage

waveforms according to some embodiments;

Fig. 3 is a flow chart illustrating a method for selecting an entry from the LUT of

Fig. 2 as part of the process to provide electrical current to an electrical load;

Fig. 4a shows part of a voltage waveform (y-axis) against time (x-axis) depicting
the relationship between the reference voltage, a fraction of input voltage, and
time in a transient state before an ideal voltage waveform is selected from the
LUT;

Fig. 4b illustrates the synchronization of an ideal waveform to the input voltage

using a trigger; and

Fig. 5a and Fig. 5b are table of results demonstrating the effectiveness of the
device and method in discontinuous mode and continuous mode in a buck

boost switched mode power supply (SMPS) configuration.

Other arrangements of the invention are possible and, consequently, the
accompanying drawing is not to be understood as superseding the generality

of the preceding description of the invention.

PREFERRED EMBODIMENTS OF THE INVENTION

Particular embodiments of the present invention will now be described with
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reference to the accompanying drawings. The terminology used herein is for
the purpose of describing particular embodiments only and is not intended to
limit the scope of the present invention. Additionally, unless defined otherwise,
all technical and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to which this invention
belongs.

Throughout the description, the term ‘waveform’ is not limited to actual
waveform but include data and/or dataset associated with an electrical signal,
such as a voltage or current supply signal. In particular, one waveform may
include one or more sets of data associated with the waveform.

The device is suited, but not limited to provide at least a relatively 'ripple free'
current defined to be less than 5% from the specified rated current. The
specified rated current is typically (but not limited to) around 350 mA to 700 mA.
Throughout the description, references to 'current’, 'connection(s)' refer to
electrical current and connections unless otherwise stated.

Throughout the description, the input voltage Virefers to a source input voltage
obtained from an electrical power mains or source; the reference voltage Vh
refers to a voltage computed from an ideal voltage waveform.

In accordance with an aspect of the invention there comprises a device for
providing an electrical current to an electrical load comprising a memory
storage device for storing a plurality of ideal voltage waveforms; an electronic
controller arranged in data communication with the memory storage device, the
electronic controller operable to select one of the plurality of ideal voltage
waveforms to compute a reference voltage based on a predetermined criterion;
and an electronic switch arranged to receive the reference voltage as input to
switch the electronic switch between an on state and an off state, wherein the
electrical current is calculated based on a function of the reference voltage and
a switching period or frequency of the electronic switch.

Referring to the embodiment illustrated in Fig. 1a, the device 100 is a switch
mode power supply (SMPS) or driver for providing electrical current to one or
more electrical loads 180. The device 100 draws electrical energy from an
electrical supply 50, such as an alternating current (AC) power source or a

direct current (DC) power source. Examples of the power supply include the
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mains of a building providing AC power or a battery pack providing DC power.
The device 100 comprises a rectifier module 102 arranged in electrical
connection with an electronic controller 104, the electronic controller 104
arranged or configured to receive one or more inputs associated with the ideal
voltage waveform from a memory device 106 to drive an electronic switch 108.
The switching of the electronic switch 108 regulate the provision of current to
the electrical load 180. The electronic switch 108 is arranged in electrical
connection with an inductive element 110, which may be an isolating
transformer where the device 100 is arranged in a flyback configuration or an
inductor where the device 100 is arranged in a DC to DC non-isolated
configuration. The discharge time of the inductive element 110 or isolating
transformer is used as one of the inputs to control the switching state of the
electronic switch 108. In some embodiments, the voltage across the inductive
element 110 may be sensed by a feedback module 112, afterwhich a switch off
time Torr is computed by the electronic controller 104 based on the discharge
time of the inductive element 110. |

In some embodiments there comprise a dimmer circuit 114. Where the
electrical load comprises LED lamp units, the dimmer circuit 114 may be
arranged at the secondary side of the device 100 to adjust the brightness of the
LED lamp units. The dimmer circuit 114 may be arranged to control the current
provided to the electrical load 180 and may receive inputs from motion sensors,
potentiometer et cetera as known to a skilled person. It is to be appreciated that
logic associated with the dimmer circuit 114 can be implemented as an output
voltage of the electronic controller 104 digitalized by an analog to digital
converter (ADC).

In some embodiments, the rectifier module 102 comprises a rectifier bridge
element, current or voltage sensing circuits, and supply side capacitors or
resistors. In some embodiments, the feedback module 112 comprise one or
more comparators for comparing a reference voltage Vn with the voltage Vn
across a feedback element, such as a feedback resistor having resistance Ri.
In some embodiments, the electronic controller 104 may be an application-
specific integrated circuit (ASIC), a field-programmable gate array (FPGA) or

other type of programmable or non-programmable integrated circuit (IC), where
10
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in the case the electronic controller 104 is non-programmable the logic may be
hard-wired onto one or more circuit board(s). The electronic controlier 104 may
be arranged to receive a plurality of inputs including, but not limited to:

i. A switching period T and corresponding Ton (switch on) and Toer (switch off)
measurements;

ii. An input voltage or source input voltage Vi digitized from the main voltage or
power source;

iii. Inductance (L) of the inductive element 110, which may be predetermined.
Based on the inputs, the electrical current to be provided to the load is

calculated based on the following mathematical expression in equation (1):

loyr = —"""'—VJZIZ;OFF (1)

wherein lout is the electrical current to be provided to the electrical load; T
corresponds to the switching period (or switching cycle); Ton is the switch on
time of the electronic switch; Torr is the switch off time of the electronic switch
corresponding to a time taken for the inductive element 110 having an
inductance L to discharge; and Vicorresponds to the input voltage.

In some embodiments, the switching period T is a summation of the following
parameters: Ton + Torr + TcaLc, wherein Tcalc is the time after the discharge
time of the inductive element to compute equation (1).

In some embodiments, the input voltage Vi is related to a reference voltage Vn

in accordance with the following mathematical expression in equation (2):

v, = DL (2)

Wherein Vi is the reference voltage applied to the comparator within the
feedback module 112 for comparison with the voltage across feedback element
having resistance Rb.

In some embodiments, the output electrical current is calculated based on the
following mathematical expression utilizing the switch off time Torr, the
reference voltage Vh and the switching period T mathematically expressed as

equation (3) as follows:
_ VnTorr
lour = T4 (3)

In some embodiments, the output electrical current is calculated based on the

11
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following mathematical expression:

Ioyp = L2nlilorr (4)

2RV T
By utilizing equation (4) instead of equation (3), any delay associated with the
use of a comparator may be avoided, because in equation (4) the contribution
of uncertainty coming from the comparator are cancelled by introduction of the
parameters Vi, T1 and V1.

Where T4 corresponds to a time that the input voltage Vi based on the sensing
circuit 102 reaches a predetermined voltage V1 from O.

The memory device 106 may comprise a random access memory (RAM), a
read-only memory (ROM), and/or other memory device capable of storing data
associated with the plurality of ideal voltage waveforms. In some embodiments,
the memory device 106 may be integrated as part of the electronic controller
104. In some embodiments, the electronic controller 104 and/or the memory
device 106 forms part of an integrated circuit (IC) chip. In other embodiments,
the memory device 106 may be a separate |IC chip from the electronic controller
104. In some embodiments, the memory device 106 may be implemented as
look-up table, which define specific ideal voltage waveforms to be selected
based on a set of operation conditions as inputs. Such inputs may be
associated with the initial operating parameters of the device 100 before an
ideal voltage waveform is selected to compute the reference voltage Vh.

It is to be appreciated that the SMPS may be arranged in an isolated fly back
configuration or a non-isolated configuration (DC power supply).

The ideal waveforms stored in memory device 106 may be digitized ideal
waveforms, each waveform defined by at least three parameters including
period or frequency; amplitude; and type.

Fig. 1b shows another embodiment of a device 200 for providing an electrical
current lour to drive an electrical load comprising an electronic controller 202
arranged to receive a plurality of inputs to compute the reference voltage Vh,
and an electronic signal to turn on and off an electronic switch 204 to produce
the necessary loutr. In some embodiments, the electronic switch 204 is a
MOSFET.

The plurality of inputs include, but is not limited to:-
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i. A switching period T (generated by an internal clock) and corresponding Ton
and Torr measurements;
ii. An input voltage Vi digitized from the main voltage or power source;
iii. Inductance (L) of an inductive element 206, which may be predetermined.
Based on the inputs, the electrical current lout to be provided to the load is
calculated based on equation (1).
In the embodiment shown in Fig. 1b, the electronic controller 202 may comprise
an analog to digital convertor ADC 212, a memory unit 214, a digital interface
216, a waveform selector 218, a digital measurement unit 220, a reference
voltage generator 222, an internal algorithm unit 224, and a synchronization
unit 226.
The ADC 212 arranged to receive electrical energy having a voltage Vi from a
main AC or from a DC source. The Vi together with any current preset signal
DIM is digitalized by the ADC. If a high voltage is detected (e.g. above 280 V)
the value will be divided by a resistor divider. The digitalization is used to: 1)
synchronize the ideal voltage waveform to the input voltage Vi; 2) compute
Vour value using the mathematical expression

Vout = Vi* Ton/ Torr (5)
The memory unit 214 comprises storage of ideal voltage waveforms that could
be sine, triangular, polynomial or others. These could be embedded during
fabrication process, or could be loaded from any external device (not shown).
The memory unit 214 may comprise a configuration register for allowing a
user/programmer to preset different modes of operation. For example, the DIM
value may be adjusted digitally, the waveform shape may be selected, and
operation parameters such as internal error condition and measured value may
be checked and/or obtained.
The digital interface 216 provides one or more user interface allowing the
loading of ideal voltage waveform(s) from an external device and to configure
and check modes and measured values.
This waveform selector 218 facilitates the selection of suitable ideal waveform
based on the input voltage Vi. This selection could be done using digital
interface 216 or could be done automatically by the synchronization unit 226.

The digital measurement unit 220 is arranged to measure the time parameters
13
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T, Ton and Torr. It is electrically connected to a first comparator 203 to receive
a output resultant of Vh and Vg as inputs, where Vfy is the voltage across a
feedback resistor 207 at one end of the feedback resistor 207 connected to the
source of the electronic switch 204, the other end of the feedback resistor 207
is connected to ground. The feedback resistor 207 has a resistance value of
Rib.

The digital measurement unit 220 is also connected to a second comparator
205. The second comparator 205 is connected to check the discharge time of
the inductive element 206. One of the input terminal of the second comparator
205 is arranged to tap the source input voltage Vi, another input terminal of the
second comparator 205 is arranged to tap the voltage at the drain of the switch
204. This is used for measuring Torr.

The reference voltage generator 222 comprises a digital to analog convertor
operable to convert the ideal voltage waveform to an analog waveform.

The internal algorithm unit 224 receives parameters from other units and
produces calculations based on equations (1) to (5).

The synchronization unit 226 is operable to synchronize the ideal voltage
waveform stored in the memory unit 214 to the input AC waveform V.. It uses a
threshold level, for example Vi/4 to trigger the waveform as illustrated in Fig.
4b. A digital counter counts between two trigger points. The half of the counter
will be the half of the waveform. The top of the ideal waveform will be
synchronized with the top of the input Vi signal.

With reference to Fig. 2, an embodiment of the memory device 106, 214 may
be in the form of a look-up table (LUT) comprising various entries, for example,
a 60 Hz; 240 V; AC ideal sine waveform. Thus the at least one of the plurality
of ideal voltage waveforms may be an ideal alternating current (AC) waveform
or an ideal direct current (DC) waveform. The memory device 106 may be
populated by ideal waveforms based on common supply AC voltages utilized
around the world, such as, but not limited to, 100-120VAC; 220-240VAC etc.
Once populated, the relevant ideal voltage waveform will be selected based on
feedback obtained during the first few cycles of operating the device 100,
hereinafter referred to as transient state. The term ‘ideal waveform’ may also

refer to the data associated with the waveform, including digital data.
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The method 300 of selecting and synchronizing an applicable ideal waveform
from the LUT in operation is detailed as follows. It is to be appreciated that
before an ideal waveform is selected from the LUT or memory device 106, the
device 100 operates in a transient state.

The process commence once the electricity mains (e.g. AC supply) is switched
on (step s302) and electricity flows to device 100, 200. Electricity may pass
through the rectifier module 102 and input voltage Vi is sensed by a sense
circuit which may be in the form of a sense resistor circuit. The sense circuit
may comprise a potentiometer, a potential divider, a feedback resistor or a
combination of any of the aforementioned elements having resistance Rw.

The sensed input voltage Vi is divided by a predetermined number according to
the input voltage range of the ADC. In some embodiments, the predetermined
number is 4 (step s304). It is to be appreciated that the predetermined number
may be any integer and may preferably be an even integer.

Once determined, the the Vi/4 is used as a trigger to synchronize the ideal
voltage waveform with Vi..

The electronic switch is activated (step s306) and the time taken from the input
voltage Vi to rise from 0 to V1 (see Fig. 4) and the voltage to fall from Vito V1 is
measured, preferably with the use of an internal oscillator or clock which may
be integrated with the electronic controller 104. V1 may be calculated or derived
based on the division of input voltage Vi by a predetermined number, such as
8 (step s308).

After the time T1 between the zero crossing (Vi = 0) to V1 (rising) is obtained
and time T2 from V1 (falling) to zero crossing (Vi = 0) is obtained, a
predetermined number of cycles (for example 4 cycles of T1and T2) are counted
(step s310). At the zero crossing after the four (4) cycles, the ideal waveform
from the LUT is activated and the device now switches (step $312) to a steady-
state using the selected ideal waveform as Vh. The steady-state control
algorithm for providing the regulated current based on equations (1) to (4) is
activated to control the electronic switch (step s314).

In the event where the voltage Vi does not drop to zero after the multiple of
cycles, a DC waveform is selected.

The selected ideal voltage waveform can be multiplied digitally by some
15
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constant to adjust the output current lout. Then it is converted to analog by the
reference voltage generator 222.

The selected ideal AC waveform may comprise one or more of the following: a
sine waveform, a square of a sine waveform, a polynomial function waveform.
The polynomial function waveform may be a quadratic function waveform.

In some embodiments, if the device 100 is deployed as a boost converter
configuration, a sine waveform is selected. If the device 100 is deployed as a
flyback converter configuration, a square of a sine waveform is selected.

In some embodiments, the electronic controller may comprise an application-
specific integrated circuit (ASIC) or a field-programmable gate array (FPGA).
In some embodiments, where the electronic switch is a MOSFET, the gate of
the MOSFET may be connected to the output of the electronic controller 104 to
provide the necessary switch on time Ton to switch the electronic switch 108.
The drain of the electronic switch 108 may be connected to the inductive
element 110, and the source of the electronic switch 108 may be connected to
electrical ground via feedback resistor.

Fig. 5a and Fig. 5b illustrate the device 100 used in buck boost, isolated
configurations, operating in discontinuous conduction mode (DCM) shown in
Fig. 5a, and continuous conduction mode (CCM) shown in Fig. 5b.

Fig. 5a illustrates the operating results of the device 100 having an isolating
transformer having a inductance value of 390uH, a sense feedback resistor R
having resistance value of 10 ohms, an output current lout at 350mA, 400mA
for 28 LED units forming a high powered LED lamp unit as electrical load and
430mA as 12 LED units forming a high powered LED lamp unit as electrical
load respectively. The input voltage Vi is varied between 90 VAC and 265 VAC.
It was observed that the power factor of the device 100 in operation varies from
0.942 to 0.996.

Fig. 5b illustrates the operating results of the device 100 having a sense
feedback resistor Rip having resistance value of 10 ohms, an output current lout
at 350mA, for 28 LED as electrical load and 370mA as 12 LED as electrical
load respectively. The input voltage Vi is varied between 90 VAC and 265 VAC.
It was observed that the power factor of the device 100 in operation varies from

0.980 to 0.996.
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It is appreciable that the device 100, or part thereof, may be implemented in a
form of one or more integrated circuit chips (IC chips). In some embodiments,
the whole device 100 may be an IC chip.

It is to be appreciated by the person skilled in the art that variations and
combinations of features described above, not being alternatives or substitutes,
may be combined to form yet further embodiments falling within the intended

scope of the invention.
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CLAIMS

1. A device for providing an electrical current to an electrical load comprising

a memory storage device for storing a plurality of ideal voltage waveforms;

an electronic controller arranged in data communication with the memory
storage device, the electronic controller operable to select one of the plurality of ideal
voltage waveforms to compute a reference voltage and a switching period based on a
predetermined rule; and

an electronic switch arranged to receive the switching period to switch the
electronic switch between an on state and an off state, wherein the electrical current is
calculated based on a function of the reference voltage and the switching period of the
electronic switch, and wherein the reference voltage is computed based on the
selected one of the plurality of ideal voltage waveforms.

2. The device according to claim 1, wherein at least one of the plurality of ideal

voltage waveforms is an ideal alternating current (AC) waveform.

3. The device according to claim 1, wherein at least one of the plurality of ideal

voltage waveforms is an ideal direct current (DC) waveform.

4. The device according to any one of claims 1 to 3, further comprises a sense
circuit arranged in electrical connection with the electronic controller, the sense circuit

operable to sense a source input voltage.

5. The device according to claim 4, wherein the sense circuit comprises at least
one of the following: a potentiometer, a potential divider, a feedback resistor.

6. The device according to claim 4, wherein the sensed source input voltage is
divided by a predetermined number.

7. The device according to claim 6, wherein the predetermined number is 4.

8. The device according to claim 6 or 7, wherein in a transient state before the
one of the plurality of ideal voltage waveforms is selected, the electronic controller is
operable to use the sensed source voltage divided by the predetermined number as
the reference voltage.

9. The device according to claim 8, wherein upon switching the electronic switch,
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a time Ty is measured from the time where the reference voltage is sensed at a
predetermined voltage to the time where the reference voltage is next sensed at the
predetermined voltage.

10. The device according to claim 9, wherein the one of the plurality of ideal voltage
waveforms is selected to compute the reference voltage when the following conditions
are satisfied:

i. after a multiple of the time T,; and

ii. where the input voltage drops to zero;

and wherein the period of the selected ideal voltage waveform corresponds to the time
Txor approximate the time period Tx.

11. The device according to claim 2, wherein the ideal AC waveform comprises
one or more of the following: a sine waveform, a square of a sine waveform, a

polynomial function waveform.

12. The device according to claim 11, wherein if the device is deployed in a boost

converter circuit, the sine waveform is selected.

13. The device according to claim 11, wherein if the device is deployed in a flyback
converter circuit, a square of a sine waveform or a polynomial function waveform is

selected.

14. The device according to claim 10, wherein if the input voltage does not drop to
zero after the multiple of the time period T, an ideal DC waveform is selected.

15. The device according to any one of claims 4 to 14, further comprises an analog
to digital converter to convert the source voltage to a digital waveform.

16. The device according to any one of the preceding claims, wherein the device
is implemented at a primary side of a flyback switch mode power converter.

17. The device according to claim 16, further comprises a dimming circuit arranged

in data communication with the electronic controller.

18. The device according to any one of the preceding claims, wherein the electronic
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controller comprises an application-specific integrated circuit (ASIC) or a field-
programmable gate array (FPGA).

19. The device according to any one of the preceding claims, wherein the electronic
switch is a MOSFET.

20. The device according to any one of the preceding claims, wherein the current
is calculated based on the following mathematical expression

IOUT — ViTONTOFF
2LT
Wherein lour is the current provided to the electrical load; T corresponds to a switching
cycle; Ton is the switch on time of the electronic switch; Torr is the switch off time of
the electronic switch corresponding to a time taken for an inductor having an
inductance L to discharge; and Vicorresponds to the source input voltage.

21. The device according to claim 20, wherein the input voltage Vi is related to the
reference voltage Vhin accordance with the following mathematical expression:
_ ViTonRep
hET
Wherein Ry, is the resistance value of a feedback element, the feedback element
positioned for comparing Vi with Vi, where Vg, is the voltage across the feedback

element having resistance value Ri.

22. The device according to claim 21, wherein the current is calculated based on
the following mathematical expression:

I _ ViTorr
oUT = Hrp Rrp

23. The device according to any one of claims 1 to 19, wherein the current is
calculated based on the following mathematical expression

_— ViViT1 Torr

OUT T 2R T

Wherein lour is the current provided to the electrical load; T corresponds to a switching
cycle; Torr is the switch off time of the electronic switch corresponding to a time taken
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for an inductor having an inductance L to discharge; Vi corresponds to the input
voltage; Vi a reference voltage that triggers the switch off of the electronic switch; T
corresponds to a time that the input voltage is at a predetermined voltage V.

24. The device according to any one of the preceding claims, wherein the memory
storage device is a ROM, RAM, database, LUT.

25. A method for providing electrical current to an electrical load comprising
storing a plurality of ideal voltage waveforms in a memory storage device;
selecting one of the plurality of ideal voltage waveforms and computing a

reference voltage and a switching period based on a predetermined rule, the selecting

and computing steps by an electronic controller;

receiving at an electronic switch, the switching period as input to switch the
electronic switch between an on state and an off state, wherein the electrical current is
calculated based on a function of the reference voltage and a switching period or
frequency of the electronic switch, and wherein the reference voltage is computed
based on the selected one of the plurality of ideal voltage waveforms..

26. The method according to claim 25, wherein at least one of the plurality of ideal

voltage waveforms is an ideal alternating current (AC) waveform.

27. The method according to claim 25, wherein at least one of the plurality of ideal

voltage waveforms is an ideal direct current (DC) voltage waveform.

28. The method according to any one of claims 25 to 27, further comprising the
step of sensing by a sense circuit an input voltage.

29. The method according to claim 28, wherein the sense circuit comprises a
potentiometer, a potential divider or a feedback resistor.

30. The method according to claim 28, further comprising the step of dividing the
sensed input voltage by a predetermined number.

31. The method according to claim 30, wherein the predetermined number is 4.

32. The method according to claim 31, further comprising the step of activating the
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electronic switch using the divided sensed input voltage as reference voltage.

33. The method according to claim 32, further comprising the step of measuring a
time Txcorresponding the time where the input voltage is sensed at a predetermined
voltage to the time where the input voltage is next sensed at the predetermined voltage.

34. The method according to claim 33, wherein the predetermined rule includes
where the following conditions are satisfied:

i. after a multiple of a time Tx; and

ii. where the input voltage drops to zero;

and wherein the period of the selected ideal voltage waveform corresponds to the time
Txor approximate the time Tx.

35. The method according to claim 26, wherein the ideal AC waveform comprises
one or more of the following: a sine waveform, a square of a sine waveform, a quadratic

function waveform, a polynomial function waveform.

36. The method according to claim 35, wherein if the device is deployed in a boost

converter circuit, the sine waveform is selected.

37. The method according to claim 35, wherein if the device is deployed in a flyback

converter circuit, a square of a sine waveform is selected.

38. The method according to claim 34, wherein if the input voltage does not drop
to zero after the multiple of the time Tx, a DC waveform is selected.

39. The method according to any one of claims 28 to 38, further comprises the step
of converting the source voltage to a digital waveform.

40. The method according to any one of claims 25 to 39, wherein the device is
implemented at a primary side of a flyback switch mode power converter.

41. The method according to claim 40, further comprises the step of providing a

dimming signal to the electronic controller.

42. The method according to any one of claims 25 to 41, wherein the electronic
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controller comprises an application-specific integrated circuit (ASIC) or a field-
programmable gate array (FPGA).

43. The method according to any one of claims 25 to 42, wherein the electronic
switch is a MOSFET.

44, The method according to any one of claims 25 to 43, wherein the electrical
current is calculated based on the following mathematical expression

IOUT — ViTONTOFF
2LT
Wherein loyr is the electrical current provided to the electrical load; T corresponds to
a switching cycle; Ton is the switch on time of the electronic switch; Torr is the switch
off time of the electronic switch corresponding to a time taken for an inductor having
an inductance L to discharge; and V;corresponds to the input voltage.

45, The method according to claim 44, wherein the input voltage Vi is related to the
reference voltage Vhin accordance with the following mathematical expression:
_ ViTonRep
T
Wherein Ry, is the resistance value of a feedback element, the feedback element
positioned for comparing Vi with Vi, wherein Vi, is the voltage across the feedback

element having resistance value R,

46. The method according to claim 45, wherein the current is calculated based on
the following mathematical expression:

loyr = @

2TRyy
47. The method according to any one of claims 25 to 43, wherein the current is
calculated based on the following mathematical expression
bW:WWﬂ%m
2RI T

Wherein lour is the current provided to the electrical load; T corresponds to a switching
cycle; Torr is the switch off time of the electronic switch corresponding to a time taken
for an inductor having an inductance L to discharge; Vi corresponds to the input
voltage; Vi a reference voltage that triggers the switch off of the electronic switch; T
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corresponds to a time that the sensed input voltage reaches a predetermined voltage
Vi.

48. An integrated circuit chip comprising

a memory storage module for storing data related to a plurality of ideal voltage
waveforms;
an electronic controller arranged in data communication with the memory storage
device, the electronic controller operable to select data related to the plurality of ideal
voltage waveforms to compute a reference voltage and a switching period based on a
predetermined rule; and

an electronic switch arranged to receive the computed switching period to
switch the electronic switch between an on state and an off state, wherein the electrical
current is calculated based on a function of the reference voltage and the switching
period of the electronic switch, and wherein the reference voltage is computed based
on the selected one of the plurality of ideal voltage waveforms.
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