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LED DRIVER AND LIGHTING SYSTEM USING THE SAME

- TECHNICAL FIELD OF INVENTION

The present invention relates to an LED driver and to lighting systems comprising the LED driver.
BACKGROUND AND PRIOR ART

Light emitting diode (LED) is a semiconductor diode. On application of electrical signal, LED
converts electrical energy in to light energy and emits light. As a source of light, LED has
applications in outdoor lighting, pilot lights (in circuits), backlights, tube lights, torches, toys,
indicators, sensors and control apparatus, lanterns, tunnel and mine lights, decorative and
landscaping lights, pathways and runway lights, light house lights etc. In electronic system, a LED

driver is used to supply desired current and voltage to LED or an array of multiple LEDs.

In general, brightness of the LED increases with a current supplied to the LED, but increase in the
supplied current increases temperature of the p-n junction and lowers the performance of the LED.

Therefore, the LED driver is used to achieve optimum performance of the LED.

The patent application WO2007021935 discloses an LED driver which includes a switch current
regulator connected to a current control signal input. The switch curreni regulator controls a current

provided to an LED based upon the magnitude of a voltage on the current control signal input. The

current supply is regulated by regulating the amount of voltage. Therefore, the current supplied to

LED is constant and consumes more energy and gives varying shades of output light.

Patent application US20060170373 discloses an LED driver, including a current adjusting unit to
adjust'magnitude of a current flowing on the LED by supplying power from a power supply device

to the LED and cutting off the power.

Patent application US20050088209 relates to a switching device for driving an LED array. The
switching device drives the LED array by means of pulse shaped current. The value of the pulse
shaped current is regulated by at least cne of frequency modulation, pulse width modulation and

amplitude modulation. The regulation of current is achieved through voltage regulation.
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The LED drivers known in the art use techniques of pulse width modulated (PWM) voltage control
to provide a constant current to drive LEDs. These drivers provide the constant current for driving
the [;EDS in an inefficient manner and thus consume large amount of power and have higher heat
dissipation. The lumen output of the LED is low.lThe;eforé, the known LED drivers increase the

size and cost of the LED lighting system.

Hence there is a need for an LED driver which overcomes the drawbacks of the LED drivers of the
prior art as well as the conventional LED drivers and improve the performance of the LED without

increasing the power consumption and temperature.

SUMMARY

The present invention in an embodiment, is directed towards an apparatus for driving at least one

light-emitting diode (LED). The apparatus for driving the at least one LED comprises a current

- switching unit enabled to switch an input current signal through current pulse width modulation, .

control peaks of the switched current signal and adjust duty cycle of the switched current signal to.
provide an intermediate current signal and amplify the ‘intermediate current signal as per

requirements of the at least one LED to provide an output current signal.

[}

In another embodiment, the present invention is directed towards a lighting system comprising at

least one light emitting diode (LED) and the apparatus for driving the at least one LED.

In a further embodiment, the present invention is directed towards a method for driving at least one
light-emitting diode (LED). The method comprises receiving an input current signal, switching the

input current signal through current pulse width modulation to obtain a switzhed current signal,

~controlling peaks of the switched current signal to obtain a switched current signal with controlied

current peaks as per requirements of the at least one LED, adjusting duty cycle of the switched
cu.rrent signal with controlled current peaks signal to obtain an intermediate current signal as per
requirements of the at least one LED and the controlled peaks of the switched current signal,
amplifying the intermediate current signal to obtain an output current signal; and, provid'ing the

output current signal to the at least one LED.
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BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the invention, reference is now be made (o the embodiment
illustrated in greater detail in the accompanying drawings and described below by way of an

example of .the ' invention.

FIG. 1 illustrates a schematic diagram of an LED driver for driving at ieast one LED, in accordance

with an embodiment of the present invention.

FIG. 2 illustrates a schematic diagram for a lighting system, in accordance with an embodiment of

the present invention.

FIG. 3 illustrates a schematic diagram for a method of driving at least one LED, in accordance with

an embodiment of the present invention.

[t is to be understood that the drawing is not to scale and is schematic in nature. In certain instances
details, which are not necessary for an understanding of the present invention or which renders other
details difficult to perceive may be omitted. It is to be understood, of course, that the invention is not

necessarily limited to the particular embodiments illustrated herein.

"DETAILED DESCRIPTION

In describing the embodiment of the invention which- is .illustrated in the drawings, specific
terminology is resorted to for the sake of clarity. However, it is not intended that the invention be
limited to the specific terms so selected and it is to be understood that each specific term includes all

technical equivalents that operate in a similar manner to accomplish a similar purpose.

The present invention relates to a Light Emitting Diode (LED) driver apparatus and a lighting
system comprising the LED driver. The LED driver is be used to drive a single LED or an array of

multiple LEDs in a range of milliWatts to 100 Watts or more.

Before explaining at least one embodiment of the invention in detail, it is to _bé understood thar the

invention is not limited in its application to the details of construction and the arrangement of the
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components set forth in the following description or illustrated in the drawings. The invention is . - '

applicable to other embodiments or of being practiced or carried out in various ways.

FIG. 1 depicts an LED driver (100) for driving at least one LE_D, in accordance with one
embodiment of the present invention. The LED driver comprises a current switching unit (110)
enabled to switch an input current signal through current pulse width'modulqtion, control peaks of
the switched current signal and adjust a duty cycle of the switched current signal to provide an
infermediate current signal and amplify the intermediate currént signal as per the requirements ¢f the

LED to provide an output current signal.

In an embodiment, the current switching unit 110 includes a first intégrated circuit 112, and a

second integrated circuit 1 14.

The second integrated circuit 114 receives an input current signal through the first integrated circuit
112. The first integrated circuit 112 triggers the second integrated circuit after receiving an external
signal in the form of a relay or a switch. The first integrated circuit 112 receives an output voltage

supply from the voltage converter unit 130 or directly from a power source.

In an embodiment, the current switching unit includes a first inductor 116, in communication with
the second integrated circuit 114. The first inductor 116 provides oscillations for current pulse width

modulation of the input current signal. The first inductor 116 is a coil or a solenoid.

In another embodiment, the current switching unit includes a first variable, resistor 118 in
communication with the second integrated circuit 114. The pulse width rﬁodulated switched current
signal is regulated through the first variable resist;)r 118. The first variable resistor 118 controls
peaks of the pulse width modulated switched current signal depending on requirements of the at
least one LED. Thus, the first variable resistor 118 is configured accordingly. In one embodiment,
for example, the current peaks are adjusted to 2 - .104 times of the rated current req.uired by the at
least one LED, using the first variable resistor 118. The first variable resistor 118 is controlled
externally and in one embodiment the value of the first variable re;istor 118 is programmed. In

another embodiment, the first variable resistor 118 is a'potentiometer, rheostat or a preset.
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In another embodiment, the current switchiﬁg unit 110 includes a second variable resistor 120 in
communication with the second integrated circuit 114. The seéond variable resistor 120 regulates a
duty cycle of the pulse width modulated switched current signal with controlled current péaks to
provide an intermediate current signal. The regulation of duty cycle is based on requirements of the
at least one LED and configuration of the first variable resistor 118. Thus, the second variable
resistor 120 is configured accordingly. The second variable resistor 120 is controlled externally and
in one embodiment the value of the second variable resistor 120 is programmed. In another

embodiment the second variable resistor is a potentiometer, rheostat or a preset.

~ The current switching unit also includes a transistor 122, in communication with the second

integrated circuit 114. The transistor 122 receives the intermediate current signal from the second
integrated circuit 114 and amplifies the i'_ntermediate current signal to give an oﬁtput current signal.
This output current signal is an amplified pulse width modulated switched current signal with
controlled current peaks and adjusted duty cycle. The output signal is provided to the at least one
LED. The at least one LED provides high lumen outp_u‘t and reduces power consumption because of
high current peaks and adjusted duty cycle respectively. Further, lower power consumption leads to

negligible heat dissipation.

A feedback resistor 124 senses the output current signal provided to the at least onc LED and '
provides the measured signal information to the second integrated circuit 114. The output of the

seccnd integrated circuit 114 is thus regulated.

The LED driver apparatus 100 optionally includes a voltage converter unit 130. The voltage
converter unit 130 is enabled to provide an output voltage supply based on the requirements of the
current switching unit. The voltage converter unit 130 further includes a third integrated circuit 132,

a seéond inductor 134, a second feedback resistor 136, and a tljifd variable resistor 138.

The third integrated circuit 132 receives an input voltage supply from a power supply and provides

_ an output current signal.

The second inductor 134 provides oscillations for pulse width modulation of the input current signal.

The second inductor 134 is a coil or a solenoid.
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The third variable resistor 138 regulates upper limit of the output current signal based on
requirements of the current switching unit 110. Thus, the third variable resistor 13§ is configured ,

accordingly.

The second feedback resistor 136 measures the oﬁtput voltage supply and provides the measured
information to the third integrated circuit 132. Thus, the output voltage supply from the third

integrated circuit 132 is regulated.

The voltage converter unit 130 optionally comprises a transformer to boost the voltage of the output
voltage supply. The voltage converter unit 130 is an optional component. The voltage converter unit

is alternately called SMPS.

In a further embodiment, the present invention is directed towards a lighting system comprising an
LED or an array of multiple LEDs and an LED driver. The system optionally comprises at least one

power source. The system also optionally comprises a heat dissipation apparatus.

FIG. 2 depicts a lighting system 200 in accordance with an embodiment of the p!‘ésellt invention.

"The lighting system 200 comprises an LED driver 220 and an LED or an array of multiple LEDs

230. The lighting system also further comprises at least one power supply 210.

The power supply 210 supplies AC or DC pgwer. Power supply is an electrical power supply, a
solar power supply ora battery supply. Further, the power supply is 24 - 48 volts DC supply, or 220
- 240 volts AC supply. The AC supply is converted to DC before feeding to the voltage converter
unit 222.

The LED driver 220 further comprises the voltage converter unit 222 and a current switching unit

224. The voltage converter unit 222 is an optional component.

The voltage converter unit 222 changes the voltage level of supplied power. The voltage converter
unit 222 either boosts or drops the voltage level depending on type of power supply used and
requirements of the current switching unit 224. The power supply such as a lithium-ion battery,

having a normal operating voltage of about 2.6 volts either cannot power the circuit because of low
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supply voltage or gives deteriorated performance when the battery runs down. i such cases the

voltage converter unit is used to step-up the voltage to a desired voltage level.

The current switching unit 224 receives an output voltage supply from the voltage converter unit
222 or directly from the power supply 210. The current sw1tch1ng unit 224 provides an output

current signal to drive the LED or the array of multiple LEDs 230 ‘The output current signal is a

Apulse width modulated switched current signal with controlled current peaks and adjusted duty

cycle. The LED or array of multiple LEDs is driven on this output current signal and hence provides

high lumen output with lower power consumption and minimal heat dissipatioﬁ.

* FIG. 3 depicts a method for driving at least one LED or an array of multiple LEDs in accordance

with an embodiment of the present invention. The method comprises receiving an input current

signal 310 and switching the input current signal through current pulse width modulation to obtain a

» switched current signal 320. Oscillations for current pulse width modulation are provided by a first
- inductor. The method further comprises controlling the peaks of the switched current signal to

(obtain a switched current signal with controiled current peaks 330. The peaks of the ewitched

current 51gnal are controlled as per requirements of an LED or an array of multlple LEDs through a
first varieble resistor. The method further comprises adjusting duty cycle of the switched current

signal with controlled current peaks to obtain an intermediate current signal 340. The intermediate
current signal is a pulse width modulated swifchéd current signal with controlled current peaks and
adjusted duty cycle. The duty cycle adjustment is carried out through a second variable resistor
based on the requirements of the LED or array of hultiple LEDs and configuration of the first
variable resistor. The method further comprises amplifying the intermediate current signal to obtain
an output current signal 350. The output current signal is a pulse width modulated switched current
signal with controlled current peaks and adjusted duty cycle. The amplification is carricd out
through a transistor. The method further comprises providing the output current signal to the LED or

the array of multiple LEDs 360.

The output current signal which is provided to the LED or the array of multiple. LEDs is adjusted to

— 10 times the rated current required by the LED or the array of multiple LEDs.

The LED driver apparatus of the present invention drives LEDs to provide high lumen output with
lower power consumption and minimal heat dissipation.

7
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To illustrate the working of the LED driver apparatus of the present invention, the LED driver
apparatus was operated at 45% duty cycle and current peaks of 500% and provided an output current
signal, which provided maximum driving power to the ILED. The LED provided 100% lumen output ,

without dimming and the average power consumption was lowered by 35% - 40%.

Table 1 represents the comparison of the LED driver apparatus present invention over conventional

LED drivers.

LED drivers known in Present Invention
the art
Lumen OQutput 65 % 100 %
“Junction Temperatul;e 150° C 60°C-70°C.
of LED
Power consumed 145 % - ‘ ' ‘55 Yo
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CLAIMS

We claim:
I. An apparatus for driving at least one light-emitting diode (LED), comprising:

a current switching unit enabled to switch an input current signal through current pulse width

- modulation, control peaks of the switched current signal and adjust duty cycle of the switched

" current signal to provide an intermediate current signal and amplify the intermediate current signal

as per requirements of the at least one LED to provide an output current signal.

" 2. The apparatus of claim 1, wherein the current switching unit comprises a first integrated circuit

* and a second integrated circuit, wherein the second integrated circuit is enabled to receive an input

| current signal provided by the first integrated circuit, and provide the output current signal.

3. The apparatus of claim 2, wherein the current switching unit further comprises a first variable
resistor in communication with the second integrated circuit, wherein the first variable resistor is -
configured to control peaks of the switched current signal based on the requirements of the.at least.

one LED.

4. The apparatus of claim 3, wherein the current switching unit further comprises a second variable
resistor in communication with the second integrated circuit, wherein the second variable resistor is
configured to adjust the duty cycle of the switched current signal with controlled current peaks

based on the requirements of the at least one LED and the configuration of the first variable resistor.

5. The apparatus of claim 4, wherein the current switching unit further comprises a first inductor

enabled to provide oscillations for current pulse width modulation of the input current signal.

6. The apparatus of claim 5, wherein the current switching unit further comprises a transistor for -

amplifying the intermediate current signal as per requirements of the at least one LED.

7. The apparatus of claim 6, wherein the current switching unit further comprises a feedback
resistor enabled to measure the output current signal and provide the: measured current information

to the first integrated circuit.
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8. The apparatus of claim I, optionally comprising at least one voltage converter unit, wherein the
voltage converter unit is enabled to receive an input voltage supply and provide an output voltage

supply as per requirements of the current switching unit.

9. The voltage converter unit of claim 8, wherein the voltage converter unit comprises:

a third integrated circuit enabled to switch the input voltage supply through pulse width moduilation
and provide the output voltage supply;

a third variable resistor in communication with the third integrated circuit and configured to control
the output voltage supply as per the requirements of the current switching unit;

a second inductor in communication with the third integrated circuit and enabled to provide
oscillations for pulse width modulation of the input voltage supply; and,

a second:feedback resistor enabled to measure the output volt'age supply and provide the measured

information to the third integrated circuit.

" 10. A lighting system comprising:

at least one light emitting diode (LED) and

the apparatus for driving the at least one LED of claim 1.
11. The lighting system of claim 10, optionally comprising at least one power source.

12. A method for driving at least one light-emitting diode (LED), the method comprising:

receiving an input current signal,

switching'the input current signal through current pulse width modulation to obtain a switched
current signal, ;

controlling peaks of the switched current signal to obtain a sw‘/itchedvcurrent signal with controlled
current peaks as per requirements of the at least one LED,

adjusting duty cycle of the switched current signal with controlled current peaks signal to obtain an

intermediate current signal as per requirements of the at least one LED and the controlled peaks of

. the switched current signal,

30 -

amplifying the intermediate current signal to obtain an output current signal; and,

providing the output current signal to the at least one LED.
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13. The method of claim 12, wherein the method further comprises measuring the output current

signal and providing measured signal information to a first integrated circuit through a feedback

., resistor.

14. The method of claim 12, wherein the method further comprises switching the input current

signal through current pulse width modulation mode through oscillations provided by an inductor.

15. The method of claim 12, wherein the method further comprises controlling peaks of the switched
current signal based on requirements of the at least one LED through configuring a first variable

resistor.

16. The method of claim 12, wherein the method further comprises adjusting the duty cycle of the
switched current signal with controlled current peaks through a second variablz resistor, based on

requirements of the at least one LED and configuration of the first variable resistor.

Dated, this 24" day of June, 2009

Signature:- M M

Name: Ms. Komal Shah
IN/PA-1162
(Authorized Registered Patent Agent)
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A
Switching the input current signal 320
through current pulse width v
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~ current signal
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A 4
Amplifying the intermediate /350
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Fig. 3
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