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(57) Abstract: An apparatus and method of operation of a low-current LED lighting circuit are disclosed. The invention utilizes high

o AC voltage input and unreduced voltage ripple component of the rectified DC power signal, which provides the ability to drive an
LED load at high power factor at low current. The invention discloses both active and passive circuits to limit the peak current flow

o ing to the LED and create a current source for the LED load. The proposed circuit increases reliability by optionally eliminating ca -
pacitor, inductor, and heatsink components while minimizing luminous flux fluctuations.



APPARATUS AND METHOD OF OPERATION OF A LOW-CURRENT LED

LIGHTING CIRCUIT

Related Application Data

This application claims the priority of prior U.S. provisional application Ser. No.

61/718,749 filed on 10/26/2012, which is hereby incorporated by reference herein in its

entirety.

Technical Field

Embodiments of the present invention relates generally to LED lighting circuits, and

more particularly to an apparatus and method of operation of a low-current LED lighting

circuit.

Background Art

A light emitting diode ("LED") can provide light in a more efficient manner than an

incandescent light source and/or a fluorescent light source. The relatively high efficiency

associated with LEDs has created an interest in using LEDs to displace conventional light

sources in a variety of lighting applications. For example, LEDs are being used in traffic

lighting, residential lighting, automobile lighting systems, flashlights, and to illuminate cell

phone keypads and displays.

LED lighting circuits that use standard AC input power ("AC mains") generally

include an input power circuit that converts AC input power to a rectified DC power signal,

circuitry or components to filter or reduce the voltage ripple component of the DC power

signal, and circuitry to create a current from the DC power signal and control its peak current

flow to the LED load. Some circuits also include capacitors to act as an energy storage

buffer, providing the difference between the varying input voltage of the AC mains and the

relatively constant power consumed by the LED load. A typical LED load is an LED mesh

circuit, well known in the prior art, which can include a number of LEDs in series, parallel

branches of LEDs in series, or combinations thereof.



The reliability of an LED lighting circuit can be improved by eliminating the

components with the lowest Mean Time Between Failures ("MTBF") of the individual

components that make up the circuit. LEDs are very high-reliability components, which have

a typical Mean Time Between Failures ("MTBF") in the range of 100,000 to 1,000,000

hours, whereas devices that store energy, such as capacitors, are the lowest-reliability

components. Electrolytic capacitors, which are heavily used in industry, have a typical

MTBF in the range of 15,000 to 50,000 hours.

Prior art devices consume a significant amount of power to operate their ripple

voltage reducing circuitry and capacitive coupling circuitry, which subtracts from the power

that can be delivered to the LED load. The addition of capacitor, inductor, and heatsink

components also adds to complexity and cost. Because prior art LED lighting circuits

typically utilize combinations of capacitor, inductor, and heatsink components to reduce the

ripple voltage of the rectified DC signal, and capacitors to provide an energy buffer between

the varying input voltage of the AC mains and the near constant power consumed by the

LED load, such circuits have their reliability limited by the MTBF of their capacitors, do not

drive an increasing number of LEDs with increasing AC mains voltage while also

maintaining low current to the LED load, are expensive, and can be complicated to build and

package. The present invention addresses the above-noted shortcomings of the prior art while

providing additional benefits and advantages.

Summary of the Embodiments

It is therefore an object of the present invention to provide an LED lighting circuit

and related method that result in a high MTBF. It is a further object of the present invention

to provide an LED lighting circuit and related method that results in a circuit that provides

higher AC input voltage and more power to the LED load than in prior art devices, while also

maintaining low current to the LED load. It is yet a further object of the present invention to

provide an LED lighting circuit and related method that is less expensive than prior art

devices. It is yet a further object of the present invention to provide an LED lighting circuit

and related method that is less complicated and easier to package than prior art devices.



According to the present invention, there is provided an LED lighting circuit

comprising: (a) a rectification circuit for converting an AC input power signal to a rectified

DC power signal; (b) a peak current limiting circuit electrically coupled to the rectification

circuit for providing a peak current limiting means from the voltage ripple of said rectified

DC power signal, wherein said voltage ripple is intentionally unreduced, whose output

creates a current source; and (d) an LED mesh circuit electrically coupled to the output of the

peak current limiting circuit and receives said current source as an input.

In another example of the present invention, one or more resistors provide the peak

current limiting means. This limits the peak current flowing to the LED load.

In another example of the present invention, an active circuit provides the peak

current limiting means. This limits the peak current flowing to the LED load, and can also

regulate the voltage across the peak current limiting circuit.

In another example of the invention, capacitor, inductor, and heatsink components are

omitted. This allows for maximum voltage input to the peak current limiting circuit,

increases the MTBF of the entire LED lighting circuit, lowers cost, and simplifies design and

packaging.

In another example of the present invention, the LED mesh circuit comprises at least

one LED.

In another example of the present invention, the LED lighting circuit is encapsulated

by an electrically insulating material. Use of electrically insulating materials include but are

not limited to protecting circuits from such matters as mechanical and humidity, and may be

used to perform other functions, such as light emission.

In another example of the present invention, the AC input power range is between 50VRMS,

inclusive, and 350VRMS, inclusive, with a maximum of 20% of the AC input power

allocated to the peak current limiting circuit, with the current source equal to or less than

20mA per LED.

In yet another example of the present invention, the unreduced voltage ripple input to

the peak current limiting circuit is allowed to vary, and at least one electrical characteristic of

at least one of the LEDs in the LED mesh circuit is chosen such that variations in the

luminous flux intensity are rendered unobservable to the human eye. To ensure that the

variations in luminous flux intensity are rendered unobservable to the human eye, the



frequency of the voltage ripple input should be in the range of 60Hz, inclusive, and lKHz,

inclusive.

In another embodiment of the present invention, the LED lighting circuit further

comprises a potentiometer AC dimmer circuit connected to the AC input power signal that

limits the voltage across the peak current limiting circuit, thereby making the LED mesh

circuit dimmable.

In another embodiment of the present invention, the LED lighting circuit further

comprises a triac AC dimmer circuit connected to the AC input power signal that lowers the

duty cycle of the peak current limiting circuit, thereby making the LED mesh circuit

dimmable.

Viewed from another broad aspect, the present invention provides a method of

operating an LED lighting circuit, comprising the steps of: (a) rectifying an AC power input

signal to a rectified DC power signal; (b) producing an intentionally unreduced voltage ripple

from said rectified DC power input signal; (c) electrically coupling a peak current limiting

circuit to the rectification circuit for providing a peak current limiting means from the

voltage ripple of said rectified DC power signal, wherein said voltage ripple is intentionally

unreduced, whose output creates a current source; and (d) electrically coupling an LED mesh

circuit to the output of the peak current limiting circuit and receiving said current source as

an input.

Another form of the present invention provides a method wherein one or more

resistors provide the peak current limiting means. This limits the peak current flowing to the

LED load, and regulates the voltage across the peak current limiting circuit.

Another form of the present invention provides a method wherein an active circuit

provides the peak current limiting means. This limits the peak current flowing to the LED

load, and can also regulate the voltage across the peak current limiting circuit.

Another form of the present invention provides a method wherein capacitor, inductor,

and heatsink components are omitted. This allows for maximum voltage input to the peak

current limiting circuit, increases the MTBF of the entire LED lighting circuit, lowers cost,

and simplifies design and packaging.

Another form of the present invention provides a method wherein the LED mesh

circuit comprises at least one LED.



Another form of the present invention provides a method wherein the LED lighting

circuit is encapsulated by an electrically insulating material. Use of electrically insulating

materials include but are not limited to protecting circuits from such matters as mechanical

and humidity, and may be used to perform other functions, such as light emission.

Another example of the present invention preferably provides a method wherein the

AC input power range is between 50VRMS, inclusive, and 350VRMS, inclusive, with a

maximum of 20% of the AC input power allocated to the peak current limiting circuit, with

the current source equal to or less than 20mA per LED.

Another example of the present invention provides a method wherein the unreduced

voltage ripple input to the peak current limiting circuit is allowed to vary, and at least one

electrical characteristic of at least one of the LEDs in the LED mesh circuit is chosen such

that variations in the luminous flux intensity are rendered unobservable to the human eye.

Another embodiment of the present invention provides a method wherein the LED

lighting circuit further comprises a potentiometer AC dimmer circuit connected to the AC

input power signal that limits the voltage across the peak current limiting circuit, thereby

making the LED mesh circuit dimmable.

Another embodiment of the present invention provides a method wherein the LED

lighting circuit further comprises a triac AC dimmer circuit connected to the AC input power

signal that lowers the duty cycle of the peak current limiting circuit, thereby making the LED

mesh circuit dimmable.

Other aspects, embodiments and features of the invention will become apparent from

the following detailed description of the invention when considered in conjunction with the

accompanying figures. The accompanying figures are for schematic purposes and are not

intended to be drawn to scale. In the figures, each identical or substantially similar

component that is illustrated in various figures is represented by a single numeral or notation.

For purposes of clarity, not every component is labeled in every figure. Nor is every

component of each embodiment of the invention shown where illustration is not necessary to

allow those of ordinary skill in the art to understand the invention.



Brief Description of the Drawings

The preceding summary, as well as the following detailed description of the

invention, will be better understood when read in conjunction with the attached drawings.

For the purpose of illustrating the invention, presently preferred embodiments are shown in

the drawings. It should be understood, however, that the invention is not limited to the

precise arrangements and instrumentalities shown.

FIG. 1 shows a block diagram of an LED lighting system that eliminates traditional

capacitive coupling after rectification, which provides unreduced voltage ripple of rectified

DC power as input to a peak current limiting circuit, that in turn, drives an LED load.

FIG. 2 shows a schematic view of a preferred embodiment of the invention, wherein

the rectification circuit includes a full-wave rectifier, and the peak current limiting circuit

includes a resistor.

FIG. 3 shows a schematic view of a typical LED load, configured in an LED mesh

circuit.

FIG. 4A and 4B show schematic diagrams of implementations of the peak current

limiting circuit.

FIG. 5 shows simulated current per LED for the circuit in FIG. 3;

FIG. 6 shows simulated power curves for the LED and resistor for the circuit in FIG.

3 .

FIG. A shows a schematic of another embodiment of the present invention, which

includes a potentiometer AC dimmer circuit.

FIG. 7B shows a schematic of yet another embodiment of the present invention,

which includes a triac AC dimmer circuit.

Detailed Description of Specific Embodiments

One important aspect of this invention is to provide an LED lighting circuit and

related method that results in a high MTBF, where the entire LED lighting circuit can be

more reliable, last longer, and be less expensive to build. FIG. 1 discloses a block diagram of

an LED lighting circuit 8, which includes AC mains 6, Rectification Circuit 2, Peak Current

Limiting Circuit 4, and LED load 10. FIG. 2 illustrates this aspect of the invention by



intentionally omitting the lower MTBF components, such as capacitors, inductors, and

heatsinks.

FIG. 2, in accordance with a preferred embodiment of the present invention,

discloses a schematic diagram of an LED lighting circuit 20, with AC mains 6, LED LOAD

10, with full-wave rectifier 14 as an example of the FIG.l Rectification Circuit 2, and peak

current limiting means 22 (a resistor) as an example of the FIG. 1 Peak Current Limiting

Circuit 4 . In contrast to prior art lighting circuits, FIG. 2 contains no capacitive coupling after

full-wave rectifier 14, which intentionally leaves the voltage ripple of the rectified DC power

signal unreduced and at a maximum possible value. This allows for more power to be

allocated to the peak current limiting means 22 (a resistor), which creates current source 16,

which supplies current to the LED LOAD 18.

FIG. 3 discloses a schematic diagram of a typical LED mesh circuit 24, well-known

in the prior art, as an implementation of LED load 10 disclosed in FIG. 1 and in FIG.2, to

illustrate that in accordance with a preferred embodiment of the present invention, no

capacitive, inductive, or heatsink components are included in the LED mesh circuit 24. FIG.

3 includes one or more LEDs 28, wired in parallel to form branch circuits 26. When more

than one branch circuits 26 are connected in series, they form a typical LED mesh circuit 24.

A preferred embodiment of the invention includes a count of eighty LEDs 28 in the LED

mesh circuit 24.

FIG. 4A and FIG. 4B show schematic diagrams of circuits to implement FIG. 1 Peak

Current Limiting Circuit 2 and create FIG.2 current source 16, according to embodiments of

the invention, that can provide high-reliability and low cost. FIG. 4A and FIG. 4B show

passive circuits.

Additionally important aspects of the present invention provide an LED mesh circuit

and related method that are less expensive than prior art devices, and less complicated and

easier to package than prior art devices. When the LED mesh circuit 24 disclosed in FIG. 3 is

used as the LED load 10 disclosed in FIG. 2, this significantly simplifies LED mesh

circuit(s) 24 as compared to prior art devices, and the fewer number of components makes

the LED mesh circuit 24 less expensive to produce and package as compared to prior art

devices.



It is a further object of the present invention to provide an LED lighting circuit and

related method that operates at a higher AC input power range and at lower current than prior

art devices. An example illustrating the present invention includes a FIG. 1 AC mains 6

power range between 50VRMS, inclusive, and 350VRMS, inclusive, with a maximum of

20% of the FIG.l AC mains 6 power allocated to the FIG.l Peak Current Limiting Circuit 2,

which creates FIG.2 current source 16 value equal to or less than 20mA per FIG.3 LED 28.

FIG. 5 shows simulated current for the FIG. 2 LED LOAD 10, and FIG. 6 shows

simulated power for the FIG. 2 peak current limiting means 22 (a resistor) and for each FIG.3

LED 28 in FIG.2 LED LOAD 10. For the simulation, the FIG.2 AC mains value is set to

120VRMS, the value of FIG.2 peak current limiting means 22 (a resistor) is set to 2000

ohms, and the voltage drop across FIG.2 peak current limiting means 22 (a resistor) is set to

3 .5VDC. Note that the FIG.5 simulated current waveform is also an embodiment of the FIG.

2 current source 16 that flows through each FIG.3 LED 28 in FIG.3 LED mesh circuit

24.The larger curve in FIG. 6 shows the power dissipation for peak current limiting means 22

(a resistor), and the smaller curve in FIG. 6 shows the power dissipation for each FIG.3 LED

28 in FIG.2 LED LOAD 10.

An example of the invention discloses a typical FIG.3 LED mesh circuit 24

comprised of two (2) FIG.3 branch circuits 26 containing forty (40) FIG.3 LEDs 28 each in

series, a proverbial "2 x 40" FIG.3 LED mesh circuit 24. Using the same values for the

simulations in FIG.5 and FIG.6, based on the FIG.2 LED lighting circuit 20, the amount of

voltage required to turn on one of the FIG.3 LED mesh circuits 24 would be the voltage drop

of 3.5 VDC across each FIG.3 LED 28 multiplied by forty (40) FIG.3 LEDs 28 for a total of

140VDC. With approximately 20V across the FIG. 2 peak current limiting means 22 (a

resistor), this creates a FIG.2 current source 16 limited to a value of 10mA, 5ma in each

FIG.3 branch circuit 26 of FIG.3 LED mesh circuit 24.

The total power dissipated at each FIG.3 branch circuit 26 of forty (40) FIG.3 LEDs

28 is 3 .5VDC * 5mA * 40 = 0.7 watts, and the total power for eighty (80) FIG.3 LEDs 28 is

1.4 Watts. A typical 350mW white LED can produce 2.5 to 5 lumens (lm) when driven at

5ma. Therefore, eighty (80) FIG.3 LEDs 28 at 51m yields a total of 4001m.

In yet further examples of the present invention there will be fluctuations of the power at

FIG. 1 LED LOAD 10, but it is possible to obtain luminous output from the FIG.l LED

lighting system 8 with minimum luminous flux that will be unobservable by the human eye.



FIG. 7A discloses a schematic diagram of another embodiment of the present

invention, LED lighting circuit 70, where the average current encountered by the LED mesh

circuit is controllable, either remotely or locally, by controlling the impedance of the peak

current limiting circuit. Like the FIG. 2 LED lighting circuit 20, LED lighting circuit 70

comprises an AC mains 6, LED LOAD 10, full-wave rectifier 14 as an example of the FIG.l

Rectification Circuit 2, and peak current limiting means 22 (a resistor) as an example of the

FIG.l Peak Current Limiting Circuit 4 . However, LED lighting circuit 70 additionally

connects a potentiometer AC dimmer circuit 7 1 to the AC mains 6 . The potentiometer AC

dimmer circuit 7 1 varies the impedance between the AC mains 6 and the peak current

limiting means 22, which limits the peak current seen by the LED LOAD 10, thereby making

the light-emitting devices in the LED LOAD 10 dimmable. For example, if 20V is allocated

to the peak current limiting means 22, then changing the impedance from 2k Ohms to IK

Ohms doubles the peak current and increases the Luminous flux. The increase in Luminous

flux is dependent on the LED selected, typically a 2 :1 increase in current produces a 2 :1

increase in flux. Note that the peak current limiting can be controllable (adjustable) either

remotely or locally to LED lighting circuit 70.

FIG. 7B discloses a schematic diagram of yet another embodiment of the present

invention, LED lighting circuit 73, where the average luminous flux output of the LED mesh

circuit is controllable, either remotely or locally, by controlling the duty cycle of the peak

current limiting circuit. Like the FIG. 2 LED lighting circuit 20, LED lighting circuit 73

comprises an AC mains 6, LED LOAD 10, full-wave rectifier 14 as an example of the FIG.l

Rectification Circuit 2, and peak current limiting means 22 (a resistor) as an example of the

FIG.l Peak Current Limiting Circuit 4 . However, LED lighting circuit 73 additionally

connects a triac AC dimmer circuit 74 to the AC mains 6 . A triac is a solid-state switch that

can be used to vary the duty cycle of a circuit, which is the time that the AC voltage is

applied to the circuit.

For example, a circuit having a 60% duty cycle has AC power applied to the circuit

60% of the time (e.g. turned on) and AC power removed from the circuit 40% of the time

(e.g. turned off). Connecting the triac AC dimmer circuit 74 to the AC mains 6 controls the

duty cycle of the peak current limiting circuit, which limits the peak current seen by the LED

LOAD 10, thereby making the light-emitting devices in the LED LOAD 10 dimmable. For



example, by adjusting the triac AC dimmer circuit 74 to half of the current duty cycle of

LED lighting circuit 73, the average current applied to the LED LOAD 10 will be reduced by

half, therefore reducing the luminous flux produced by the LED LOAD 10.

It will be understood that the invention may be embodied in other specific forms

without departing from the spirit or central characteristics thereof. The present examples and

embodiments, therefore, are to be considered in all respects as illustrative and not restrictive,

and the invention is not to be limited to the details given herein.



Claims

What is claimed is:

1. An LED lighting circuit comprising:

a rectification circuit for converting an AC input power signal to a rectified DC

power signal;

a peak current limiting circuit electrically coupled to the rectification circuit for

providing a peak current limiting means from the voltage ripple of said rectified DC power

signal, wherein said voltage ripple is intentionally unreduced, whose output creates a current

source; and

an LED mesh circuit electrically coupled to the output of the peak current limiting

circuit and receives said current source as an input.

2 . The LED lighting circuit of claim 1, wherein one or more resistors provide said peak

current limiting means.

3 . The LED lighting circuit of claim 1, wherein an active circuit provides said peak

current limiting means.

4 . The LED lighting circuit of claim 1, wherein capacitor, inductor, and heatsink

components are omitted.

5 . The LED lighting circuit of claim 1, wherein said LED mesh circuit comprises at

least one LED.

6 . The LED lighting circuit of claim 1, wherein said LED lighting circuit is

encapsulated by an electrically insulating material.

7 . The LED lighting circuit of claim 1, wherein the AC input power range is between

50VRMS, inclusive, and 350VRMS, inclusive, with a maximum of 20% of the AC input

power allocated to the peak current limiting circuit, with said current source equal to or less

than 20mA per LED.

8. The LED lighting circuit of claim 1, wherein said unreduced voltage ripple input to

said peak current limiting circuit is allowed to vary, and at least one electrical characteristic

of at least one of the LEDs in said LED mesh circuit is chosen such that variations in the

luminous flux intensity are rendered unobservable to the human eye.

9 . The LED lighting circuit of claim 1, further comprising a potentiometer AC dimmer

circuit connected to the AC power input signal that limits the voltage across the peak current



limiting circuit, thereby making the LED mesh circuit dimmable.

10. The LED lighting circuit of claim 1, further comprising a triac AC dimmer circuit

connected to the AC power input signal that lowers the duty cycle of the peak current

limiting circuit, thereby making the LED mesh circuit dimmable.

11. A method of operating an LED lighting circuit, comprising the steps of:

rectifying an AC power input signal to a rectified DC power signal;

producing an intentionally unreduced voltage ripple from said rectified DC power

signal;

electrically coupling a peak current limiting circuit to the rectification circuit for

providing a peak current limiting means from the voltage ripple of said rectified DC power

signal, wherein said voltage ripple is intentionally unreduced, whose output creates a current

source; and

electrically coupling an LED mesh circuit to the output of the peak current limiting

circuit and receiving said current source as an input.

12. The method of claim 11, wherein the peak current limiting means is accomplished

using one or more resistors.

13. The method of claim 11, wherein the peak current limiting means is accomplished by

using an active circuit.

14. The method of claim 11, wherein capacitor and inductor and heatsink components are

omitted.

15. The method of claim 11, wherein said LED mesh circuit comprises at least one LED.

16. The method of claim 11, wherein said LED lighting circuit is encapsulated by an

electrically insulating material.

17. The method of claim 11, wherein the AC input power range is between 50VRMS,

inclusive, and 350VRMS, inclusive, with a maximum of 20% of the AC input power

allocated to the peak current limiting circuit, with said current source equal to or less than

20mA per LED.

18. The method of claim 11, wherein said unreduced voltage ripple input to said peak

current limiting circuit is allowed to vary, and at least one electrical characteristic of at least

one of the LEDs in said LED mesh circuit is chosen such that variations in the luminous flux

intensity are rendered unobservable to the human eye.

19. The method of claim 11, further comprising connecting a potentiometer AC dimmer



circuit to the AC input power signal that limits the voltage across the peak current limiting

circuit, thereby making the LED mesh circuit dimmable.

20. The method of claim 11, further comprising connecting a triac AC dimmer circuit to

the AC power input signal that limits the voltage across the peak current limiting circuit,

thereby making the LED mesh circuit dimmable.
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