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DRIVING CIRCUIT FOR HIGH-POWERED LIGHT EMITTING DIODE

CROSS REFERENCE TO RELATED APPLICATION

[001] This Non-Provisional Application claims benefit to United States
Provisional Application Serial No. 61/091,644 filed August 25, 2008 hereby

incorporated by reference.

FIELD OF THE INVENTION

[002] The present invention relates to high current light emitting diode lights

and specifically to an improved driving circuit for such lamps.

BACKGROUND OF THE INVENTION

[003] Light emitting diodes (LEDs), commonly used as indicator lights, also
hold promise as an efficient way of providing area illumination, for example, in
replacement of incandescent light bulbs operating on standard residential AC line power

(approximately 110 V).

[004] One common method of powering LEDs directly from standard AC
power is to use parallel and opposed chains of series connected LEDs whose forward
voltage drops approximates the voltage of the available AC power. During a first-half
cycle of the AC waveform, the first series chain provides illumination while during the
second half cycle of the AC waveform the second chain provides illumination. This
series connection of LEDs accommodates the operating voltage and current limitation
of the LEDs by reducing the effective voltage across each LED and thereby eliminates
the need for sophisticated power regulation circuitry. A slight reduction in the number
of LEDs in each chain and better current regulation can be obtained by introducing one

or more series current limiting resistors into the chains.

[005] An alternative approach in providing area illumination with LEDs
employs a limited number of high power LEDs (HPLED) driven by a power converter,
such as a flyback converter employing a transformer and rectifier circuit. The converter

provides a high current source of DC power precisely regulated by switching
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semiconductors. This converter approach is relatively costly and requires a bulky

transformer or similar inductive device.

[006] One useful application of LEDs for area illumination is the replacement
of medium wattage incandescent light bulbs (15-40 W) used in appliances such as
refrigerators and dryers where such bulbs illuminate, for example, the interior of the
appliance. These bulbs operate in a confined space that may be unsuitable for
replacement by large strings of series connected LEDs or devices using typical power
converters. Such applications are also normally cost sensitive making multiple LED or

power converter approaches impractical.

SUMMARY OF THE INVENTION

[007] The present invention provides a drive circuit for HPLEDs that can be
used for cost-effective small-area illumination in appliances having an AC power
connection. The drive circuit combines a phase control circuit (controllably conducting
for only a portion of the AC cycle) augmented by a current control circuit. The phase
control circuit provides energy efficient reduction of residential AC voltage to a level
suitable for the LEDs and the current control circuit provides the necessary precision of

regulation required for LED devices.

[008] Specifically the present invention provides an appliance light having a
phase control circuit receiving line AC voltage to block a predetermined phase angle of
the line voltage to controllably reduce an average current flow. An LED module
receives current from the phase control circuit. A current control circuit monitors
current through the LED module and controls the current therethrough to a constant

value.

[009] It is thus a feature of at least one embodiment of the invention to employ
the low cost and high efficiency of a phase control circuit to reduce line voltage to a

level suitable for driving a small number of LEDs in an appliance.

[0010] The appliance light may further include a full wave rectifier receiving the
output from the phase control circuit to provide an intermittent DC current flow; the

rectifier positioned in series with the phase control circuit and the LED module.



WO 2010/024977 PCT/US2009/050772

[0011] Tt is thus a feature of at least one embodiment of the invention to provide

illumination on both phases of the AC waveform for improved light output.

[0012] The appliance light may include a filter capacitor receiving the
intermittent DC power from the rectifier to provide a substantially constant DC voltage

to the LED module.

[0013] It is thus a feature of at least one embodiment of the invention to provide

illumination with reduced flicker.

[0014] The LED module may include less than ten series connected LEDs each

operating at greater than 75 milliamps.

[0015] It is thus a feature of at least one embodiment of the invention to provide

a small area illuminator suitable for an appliance light.

[0016] The phase control circuit may be a triac triggered by a resistor/capacitor

phase shift network receiving the AC voltage.

[0017] It is thus a feature of at least one embodiment of the invention to provide

a low-cost open loop current regulator.

[0018] The LED module may include light emitting diodes attached to a
heatsink and the triac may also be attached to the heatsink.

[0019] It is thus a feature of at least one embodiment of the invention to provide
a small form factor package sharing a single heatsink and suitable for use in an

appliance.

[0020] The current control circuit may be a transistor operating in a constant
current mode. The transistor, in turn, may be a bipolar transistor effectively monitoring
current at a base-emitter junction to provide constant collector-emitter current

determined by an applied constant base voltage.

[0021] It is thus a feature of at least one embodiment of the invention to provide
precise current regulation independent of the phase control system for improved

regulation and immunity to AC line voltage disturbances.
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[0022] In one embodiment, the current control circuit may communicate with
the phase control circuit to change the predetermined phase angle for controlling the

current through the LED module.

[0023] It is thus a feature of at least one embodiment of the invention to enlist

the phase control circuit to provide an energy-efficient current regulation mechanism.

[0024] The current control circuit may include a current sensor providing input
to a microprocessor also receiving a phase signal indicating phase of the AC voltage to
produce a trigger signal to a triac based on the current sensor signal to control current

through the LED module to a constant value.

[0025] It is a feature of at least one embodiment of the invention to permit more
sophisticated current control, for example, for fade-in, fade-out of illumination

operation of the LEDs, through microprocessor phase control.

[0026] Other features and advantages of the invention will become apparent to
those skilled in the art upon review of the following detailed description, claims and

drawings in which like numerals are used to designate like features.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Fig. 1 is a schematic representation of a low-cost, prior-art line voltage
LED lamp showing two embodiments with and without a series resistance for current
limiting;

[0028] Fig. 2 is a block diagram of the present invention showing blocks of a
phase control circuit, rectifier, filter capacitor, LED module, and current control circuit;

[0029] Fig. 3 is a detailed schematic representation of the embodiment of Fig. 2;

[0030] Fig. 4 is an exploded perspective view of the circuit of Fig. 2 as

assembled on a heatsink;

[0031] Fig. 5 is a figure similar to that of Fig. 2 showing an alternative

embodiment of the invention employing microprocessor phase control; and

[0032] Fig. 6 is a phantom view of a standard residential dryer and refrigerator

showing positioning of the appliance light for illumination of their internal cavities.
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[0033] Before the embodiments of the invention are explained in detail, it is to
be understood that the invention is not limited in its application to the details of
construction and the arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or being carried out in various ways. Also, it is to
be understood that the phraseology and terminology used herein are for the purpose of
description and should not be regarded as limiting. The use of "including" and
"comprising" and variations thereof is meant to encompass the items listed thereafter

and equivalents thereof as well as additional items and equivalents thereof.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Referring to Fig. 1, a prior art LED lamp 10 powered by AC line 12
(typically 110-120 VAC) employs two ranks 14a and 14b of series connected LEDs 16.
The LEDs 16 of each rank 14 are connected anode-to-cathode and the two ranks 14a
and 14b are connected in parallel to each other to conduct in opposite directions.
During a positive half cycle of the AC line 12, rank 14a conducts and during the
negative half cycle of the AC line 12, rank 14b conducts.

[0001] One or more series resistances 18 may be placed in series with the ranks
14a and 14b to provide current limiting thereby reducing the number of LEDs 16

required and lessening variations in power consumption over a wider temperature range.

[0035] Two drawbacks to this design are the requirement of a large number of
LEDs 16 to reduce the voltage on any individual LEDs to a practical level and the need
for series resistances 18 such as may produce wasteful heat (particularly when the LED

lamp 10 is used in a refrigerator application).

[0036] Referring now to Fig. 2, the present invention provides an appliance light
21 employing an LED module 20 having a reduced number of LEDs 16 (typically less
than ten and in a preferred embodiment three). Each of the LEDs 16 may be a high
power LED (HPLED) operating, for example, at currents of greater than 75 milliamps
to produce more than ten lumens per watt and typically more than forty lumens per

watt.
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[0002] In the example shown, three LEDs 16 are connected in series, anode to
cathode, to produce an LED module 20 having an operating voltage limit of a few volts.
The AC line 12 is connected through series connected phase control circuit 22, rectifier
24, and filter capacitor 26 to provide conditioning of the voltage of the AC line 12 to

reduce it to a few volts before it reaches the LED module 20.

[0037] A current control circuit 28 connected in series with these elements 20,
22, 24, and 26, after the LED module 20, provides for more precise regulation of the
current flowing through the LEDs 16. It will be understood that this current control
circuit 28 may be placed at different locations within the series connections of these

components with similar effect, for example immediately after filter capacitor 26.

[0038] Referring still to Fig. 2, the AC line 12 provides an AC waveform 30
having amplitude with respect to a zero reference of approximately 115 V changing in
polarity according to a sine function at approximately 60 Hz. The AC waveform 30
may be received by a phase control circuit 22 incorporating a triac 32, thyristor, or other
semiconductor device operating to block a predetermined phase angle of the AC
waveform 30. As is generally understood in the art, the triac 32 begins blocking current
at each zero crossing of the AC waveform 30 and then turns on at a predetermined later
phase angle to produce a partially blocked AC waveform 34. This mode of operation,
where the triac 32 is either fully blocking current or fully conducting current, generates
very little heat in comparison to a current limiting resistance or non switching transistor
regulation. Largely, the only heat generated is during the switching time which
represents a very small fraction of time of operation. The triac 32 may be triggered by a
phase delay circuit 36 also receiving the AC waveform 30 and providing a trigger signal
at a delayed phase with respect to the AC waveform according to the desired

predetermined phase angle of blocking.

[0039] The partially blocked AC waveform 34 may be received by a full wave
rectifier to produce a rectified, partially blocked AC waveform 38. This waveform 38
may then be received by a filter capacitor 26 to provide a substantially constant DC
voltage 40 that is connected to one terminal of the series connected LEDs 16 of the
module 20. This DC voltage 40 is set, via the phase delay circuit 36, to provide a

current through the LEDs 16 close to their steady state design operating currents.
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[0040] The remaining terminal of the series connected LEDs 16 of the LED
module 20 may be received by a current control circuit 28 controlling the current
through the LED module 20. The current control circuit 28 will provide feedback
regulated current correction of the current through the LEDs 16. Because the voltage on
the LEDs 16 has been reduced by the phase control circuit 22, the current control circuit
28 may employ a "resistive" or class-A control strategy, meaning, in this case, a control
strategy that controls current by dissipating power in the manner of a resistor. In a first
embodiment, as will be described below, the current control circuit 28 will employ a

transistor operating in constant current mode.

[0041] Referring now to Fig. 3, the appliance light 21 in the above embodiment
includes a full-wave rectifier 44 comprised of power diodes 41 arranged in a standard
bridge connection. One input leg 42a of the full-wave rectifier 44 is connected to the
AC line 12 and the other input leg 42b of the full-wave rectifier 44 is connected to the
phase control circuit 22. The negative output leg 42¢ of the full-wave rectifier 44 is
connected to ground and the positive output leg 42d of the full-wave rectifier 44 is
connected to a filter capacitor 26. The other lead of the filter capacitor 26 is connected

to ground.

[0042] It will thus be understood that current flow through the output leg 42d
requires current flow through the phase control circuit 22 and thus, electrically, phase

control circuit 22 is in series between the AC line 12 and the filter capacitor 26.

[0043] The output of the filter capacitor 26 is received By the anode of a first of
the series connected LEDs 16 of the LED module 20 and the cathode of the last LED 16
is connected to the current control circuit 28. In one embodiment, the current control
circuit is a bipolar NPN transistor 50 and the last LED is connected to the collector of
this transistor 50. The emitter of the transistor 50, in turn, connects through an emitter
resistor 52 to ground and the base of the transistor connects to a constant voltage source
formed at the junction between a zener diode 54 and resistor 56, the latter also
connected to a source of DC voltage, in this case, the output of the filter capacitor 26
and the former also connected to ground. It will be understood that when the transistor
50 is driven in this manner by a constant voltage it approximates a constant current

source from the collector to the emitter thereby controlling the current through the
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LEDs 16 for small excursions in the voltage at the filter capacitor 26. By lowering the
voltage on filter capacitor 26 sufficiently, the power dissipation in transistor 50 and

emitter resistor 52 can be appropriately minimized.

[0044] The phase control circuit 22 includes a triac 60 leading from leg 42b of
the rectifier 24 to ground. The triac 32 may be triggered on the phase of the AC line 12
to provide intermittent conduction of the AC current to charge a filter capacitor 26 to a
relatively low voltage determined by the average conduction time of the triac 32. The
triac 32 is triggered in this embodiment by a phase shift circuit consisting of adjustable
resistance element 62 connected to the AC line 12 through the rectifier 24 and joined to
a capacitor 64 connected to ground. It will be understood that the waveform at the
junction between the resistance 62 and capacitor 64 will have a phase lag determined by
the values of the resistance element 62 and capacitor 64. This phase delayed waveform
is connected to the trigger of the triac 32 through a diac 66 according to techniques well
known in the art to cause conduction of the triac 32 at a predetermined phase angle after

a zero crossing of the AC waveform 30 of AC line 12.

[0045] Referring now to Fig. 4, the appliance light 21 may be assembled on a
single heatsink 70 having the triac 32 and LEDs 16 mounted on opposite plate surfaces
thereof to share heatsinking. A circuit card 72 holding the remaining components of
Fig. 3 may attach to the rear of the heatsink 70 and a transparent or translucent bezel 74
may be placed over the LEDs 16. The LEDs 16 may communicate with the circuit card
72 through appropriate vias through the heat sink 70. The resulting illumination area 76
from the LEDs may be substantially unidirectional coming from the plane defined by

the LEDs 16 as attached to the heatsink 70.

[0046] Referring now to Fig. 5, the current control circuit 28 may alternatively
be implemented by a current sensor such as a series resistance 80 receiving current from
the LEDs 16 to determine the current flow therethrough by a voltage drop. The
resistance 80 may provide an input signal to a microprocessor 82 indicating total current
flow. The microprocessor 82 may also receive a phase signal derived from the AC
waveform 30 and may execute a stored program to provide a delayed trigger signal 84
delayed by a predetermined phase amount from the zero crossings of the signals from

the AC waveform 30.
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[0047] This signal 84 is provided to the gate of the triac 32 to control the phase
angle over which current is blocked. The amount of phase lag may be a function of the
current flow through the LEDs 16 to provide a closed-loop control of average current

flow through the triac 32.

[0048] In the embodiment shown in Fig. 5, the microprocessor 82 may also
receive a signal 86 from a door switch to turn the appliance light 21 on and off with
opening and closing of a door. In this case, the microprocessor 82 may be programmed
to implement a gradually changing phase delay in triggering the triac 32 so as to provide
for a gradual brightening of the LEDs 16 when the appliance light 21 is turned on and a
gradual dimming of those LEDs 16 when the appliance light 21 is turned off. This
effect may be implemented by a program using, for example, a timer to time a time
between a zero crossing and a triggering of the trigger signal 84 that varies in its count

limit as a function of time since the signal 86 was received or removed.

[0049] Referring to Fig. 6, the present appliance light 21 may be incorporated
into an appliance such as a dryer 90 or refrigerator 92 to illuminate an internal cavity 94
of these appliances when doors 96 covering those cavities are opened as signaled by a

door switch of a type known in the art.

[0050] By eliminating a transformer or any similar device, reducing the number
of discrete LEDs 16 and reducing power dissipation, the components of the appliance

. light 21 may be extremely compact.

[0051] Variations and modifications of the foregoing are within the scope of the
present invention. It is understood that the invention disclosed and defined herein
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text and/or drawings. All of these different combinations
constitute various alternative aspects of the present invention. The embodiments
described herein explain the best modes known for practicing the invention and will
enable others skilled in the art to utilize the invention. The claims are to be construed to

include alternative embodiments to the extent permitted by the prior art.

[0052] Various features of the invention are set forth in the following claims.
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CLAIMS

We claim;:

1. An appliance light comprising:

a phase control circuit receiving AC line voltage to block a predetermined phase
angle of the AC line voltage to controllability reduce an average current flow;

an LED module receiving current from the phase control circuit; and

a current control circuit monitoring current through the LED module for

controlling the current therethrough to a constant value.

2. The appliance light of claim 1 further including a full wave rectifier
receiving an output from the phase control circuit to provide an intermittent DC current
flow; the rectifier positioned in series with the phase control circuit and the LED

module.

3. The appliance light of claim 2 further including a filter capacitor
receiving the intermittent DC power from the rectifier to provide a substantially

constant DC voltage to the LED module.

4. The appliance light of claim 1 wherein the LED module comprises less

than ten series connected LEDs operating at greater than 75 milliamps.

5. The appliance light of claim 1 wherein the phase control circuit is a triac

~ triggered by a resistor capacitor phase shift network receiving the AC voltage.

6. The appliance light of claim 5 wherein the LED module includes light
emitting diodes attached to a heatsink and wherein the triac is also attached to the

heatsink.

10
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7. The appliance light of claim 1 wherein when the current control circuit is

a transistor operating in a constant current mode.

8. The appliance light of claim 7 wherein the transistor is a bipolar
transistor monitoring current at a base-emitter junction to provide constant collector

emitter current determined by an applied constant base voltage.

9. The appliance light of claim 1 wherein the current control circuit
communicates with the phase control circuit to change the predetermined phase angle

for controlling the current through the LED module.

10.  The appliance light of claim 1 wherein the current control circuit
includes a current sensor providing input to a microprocessor also receiving a phase
signal indicating phase of the AC voltage to produce a trigger signal to a triac based on '

the current sensor signal to control current through the LED module to a constant value.

11.  Inahome appliance having a door openable and closable about an
appliance cavity, the home appliance receiving line voltage and current, and an
appliance light for illuminating the appliance cavity comprising:

a phase control circuit receiving line AC voltage to block a predetermined phase
angle of the line voltage to controllability reduce an average current flow;

a rectifier receiving an output from the phase control circuit to provide an
intermittent DC current flow;

including a filter capacitor receiving the intermittent DC power from the rectifier
producing a substantially constant DC voltage;

an LED module receiving these substantially constant DC voltages from the
filter capacitor; and

a current control circuit monitoring current through the LED module for

controlling the current therethrough to a constant value.

11
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12.  The appliance light of claim 11 wherein the appliance is selected from

the group consisting of a dryer and a refrigerator.

13.  The appliance light of claim 11 wherein the LED module provides

unidirectional illumination.

14.  The appliance light of claim 11 wherein the phase control circuit
includes a switched triac and wherein the LED module includes light emitting diodes

attached to a heatsink and wherein the triac is also attached to the heatsink.

15.  The appliance light of claim 11 wherein the current control circuit is a

transistor operating in a constant current mode.

16.  The appliance light of claim 15 wherein the transistor is a bipolar
transistor monitoring current at a base-emitter junction to provide constant collector

emitter current determined by an applied constant base voltage.

17.  The appliance light of claim 11 wherein the current control circuit
communicates with the phase control circuit to change the predetermined phase angle

for controlling the current through the LED module.

18.  The appliance light of claim 17 wherein the current control circuit
current sensor provides input to a microprocessor also receiving a phase signal
indicating phase of the AC voltage providing a trigger signal to a triac based on the

current sensor signal to control current through the LED module to a constant value.

12
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