wo 2014/022351 A2 |1 0FV OO RO 000 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

6 February 2014 (06.02.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/022351 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification: Not classified

International Application Number:
PCT/US2013/052653

International Filing Date:
30 July 2013 (30.07.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/566,105 3 August 2012 (03.08.2012) US
Applicant: GE LIGHTING SOLUTIONS, LLC

[US/US]; 1975 Noble Road, Bldg. 338, Nela Park, East
Cleveland, OH 44112 (US).

Inventor: CARLI, Giampaolo; 1940 Onesime-gagnon,
Lachin, QC, H8T 3M6 (CA).

Agents: DIMAURO, Peter, T. et al.; General Electric
Company, Global Patent Operation, 2 Corporate Drive,
Suite 648, Shelton, CT 06484 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: DIMMING CONTROL METHOD AND APPARATUS FOR LED LIGHT SOURCE

- 200
CURRENT CURRENT
REFERENCE SENSE
~ 210 o -
POWER 3
206

211 CIRCUIT] 202
- 2
2 2
212 204

FIXED
ENABLE PWG

216
PWG OPERATION
THRESHOLD
FIG. 2A

(57) Abstract: A light emitting diode (LED) light source, LED driver circuitry and methods for controlling the brightness of an LED
light source are presented, in some embodiments, an LED driver control circuit receives a dimming command signal to dim the LED
light source, modulates a continuous direct current (DC) level to dim the LED light source, and determines that a predetermined
threshold level has been reached. At this time, the process includes initiating a tixed pulse width generator (PWG) control signal
having a fixed duty cycle, automatically adjusting the LED current amplitude to its nominal current level, and decreasing the current
amplitude while the fixed PWG control signal is active to achieve commanded lower dimming of the LED light source.
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DIMMING CONTROL METHOD AND APPARATUS FORLED LIGHT SOURCE

BACKGROUND

(00017 Light-emitting diode (LED} light sources are becoming more common in the
marketplace. Originally used to replace conventional incandescent, fluorescent, or halogen
lamps, and the like in homes, LED light sources are now becoming more commonly used in
products such as automobiles. Their increased use is not surprising as LEDs are typically more
efficient than conventional incandescent light bulbs and the like, and have longer operational
lives.

{0002} In some implementations, LED light sources include a plurality of light-emitting
diodes provided in a suitable housing. LEDs are current-dependent components, and thus in
order to illuminate LEDs properly an LED driver control device (an LED driver) is typically
coupled between an alternating-current {AC) source and the LED light source to regulate the
power supplied to the LED light source. The LED driver may regulate the current supplied to the
LED light source to a specific peak current value, or regulate the voltage provided to the LED
light source to a particular value, or may regulate both the current and the voltage.

[0003] Many different LED dviver configurations are known, and some provide power by
using pulse-width modulation (PWM}). Some driver circuit designs switch an LED power supply
unit on and off using a pulse duration modulator to control the mean light output of the LEDs,
Thus, PWM signals may be used to alter the brightness and color of LEDs.

[0004] The Light output of an LED 1s proportional to the current flowing through it, and
thus methods have been developed to conirol the current delivered to an LED light source. For
GalnN type LEDs, a typical load current is about 350 milliamps {(mA) at a forward operating
voltage of between three and four volts (3V-4V), which corresponds to about a one watt (1W)
power rating. At this power rating, this type of LED provides about 100 lumens per watt which
is significantly more efficient than conventional light sources. For example, incandescent lamps
typically provide 10 to 20 lumens per watt and fluorescent lamps, 60 to 90 lumens per watt.

[0005] LED light sources usually include a plurality of individual LEDs that may be
arranged in both a series and parallel relationship. Thus, a plurality of LEDs may be arranged in
a series string and a number of series strings may be arranged in parallel to achieve a particular

desired light output.
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{0006} LED light sources are typically rated to be driven via either a current load confro’
technique or a voltage load control technigue. An LED light source that is rated for the current
load control technique is also characterized by a rated current (for example, 350 mA) to which
the peak magnitude of the current through the LED light source is regulated to ensure that the
LED light source is illuminated to the appropriate intensity and color. In contrast, an LED light
source that is rated for the voltage load control technique is characterized by a rated voltage (for
example, 15 V) to which the voltage across the LED light source should be regulated to ensure
proper operation of the LED light source. Typically, each string of LEDs in an LED light source
rated for the voltage load conirol technique includes a current balance regulation element to
ensure that each of the parallel legs has the same impedance so that the same current is drawn in
each paraliel siring.

{0007] It is also known that the light output of an LED light source can be dimmed by
using a pulse-width modulation (PWM) technique and a constant current reduction (CCR)
technique. PWM dimming can be used for LED light sources that are controlled in either a
current or voltage load control mode. In PWM dimming, a pulsed signal with a varying duty
cycle may be supplied to the LED light source.

[G008] I an LED hight source is being controlled using the current load control
technique, the peak current supplied to the LED light source is kept constant during an On-time
of the duty cycle of the pulsed signal. But as the duty cycle of the pulsed signal varigs, the
average current supplied to the LED light source also varies to vary the intensity of the light
output of the LED light source.

[0009] If the LED light source is being controlled using the voltage load control
technique, the voltage supplied to the LED light source is kept constant during the On-time of
the duty cycle of the pulsed signal in order to achieve the desired target voltage level, and the
duty cycle of the load voltage is varied in order to adjust the intensity of the light output.

[0010] Constant current reduction dimming is typically only used when an LED light
source is being controlled using the current load control technique. In constant current reduction
dimiming, current is continuously provided to the LED light source, however, the DC magnitude
of the current provided to the LED light source is vaned to thus adjust the intensity of the light

output.
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{001 1] There remains a need in the art for an energy-efficient and simple LED driver

cirenit to control dimming of an LED light source, with reduced component count.

SUMMARY OF THE INVENTION

{0012] In an embodiment, a light emitting diode (LED) light source includes at least one
LED and a driver control circuit for controlling the brighiness of the LED. The driver control
circuit includes a power circuit operable to receive input power (either an alternating current
{AC) or a direct current {I3C)) and fo generate a direct current to power the at least one LED, and
at least one of a comparator or an amplifier having a current sense signal input and a dimmed
current reference command signal input. The comparator or amplifier generates a control signal
output that controls the power circuit to dim the at least one LED by decreasing the amplitude of
LED cuorrent when the control signal is above a predetermined threshold. The driver control
circuit also includes a fixed pulse width generator (PWG) having an output connected to the
power circutt, wheren the fixed PWG 1s configured to operate with a predetermined fixed duty
cycle, and a comparator circuit having a predetermined threshold signal input and a dimming
command signal input. When the dimming command signal is above the predetermined
threshold the comparator circuit disables the fixed PWG to dim the at least one LED. In
addition, the comparator circuit enables the fixed PWG when the dimming command signal
decreases below the predetenmined threshold level resulting in the power converter circuit being
controlled On-Off with the predetermined fixed duty cycle. The current amplitude level is
automatically adjusted in response to the dimming command signal and the activation of the
PWG in order to further dim the at least one LED.

[0013] Advantageously, the driver control circuitry may include an averager circuit or a
fow-pass filter having an output connected to the comparator or amplifier circuif, wherein the
averager circuit or low-pass filter operates to extract the average value of the sensed load current.
By so dotng, the control loop automatically adjusts the current amplitude level in response to the
activation of the PWG in order to further dim the at least one LED. Beneficially, in some
implementations, the power circuit may further include an integrated circuit (IC) for controlling
of a boost, buck, buck-hoost, SEPIC, hysteretic, or flyback-type topology. In addition, in some

advantageous embodiments the fixed PWG component is one of a fixed 555 timer circuifor a
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ripple counter circuit, and the power converter circuit is controlled On-Off within a frequency
range of 100 Hertz to 2 Kilchertz,

[0014] A method for controlling brightness of an LED light source is also described. In
some embodiments, the process includes receiving, by an LED driver conirol circuit, a dimming
command signal to dim an LED light source, and then modulating a continuous direct current
(BC) level to dim the LED light source. When it is determined that a predetermined threshold
level has been reached, the process includes initiating a fixed pulse width generator (PWG)
coutrol signal having a fixed duty cycle, automatically adjusting a current amplitude to its
nominal current level, and decreasing the current amplitude while the fixed PWG control signal
is active to achieve commanded lower dimming of the LED light source.

[0015] In some beneficial embodiments, the predetermined threshold level comprises a
percentage of a dimming range, which may be ten percent. In addition, the duty cycle of the
fixed PWG control signal may advantageously be a percentage of a peak cwrrent, and in some
embodiments the duty cycle is twenty-percent. The process may advantageously also include
determining that the dimoming command signal is greater than the threshold level, and then

modulating the continuous direct current {DC) level to dim the LED light source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features and advantages of some embodiments, and the manner in which the
same are accomplished, will become more readily apparent with reference to the following
detailed description taken in conjunction with the accompanying drawings, which illustrate
exemplary embodiments (not necessarily drawn to scale), wherein:

[6017] FIG. 1A is a schematic block diagram of a prior art amplitude modulated
dimming circuit;

{0018] FIG. 1B 1s a schematic block diagram of a prior art pulse-width modulated
{(PWM} modulated dimming circuit;

[0019] FIG. 2A 15 a schematic block diagram of an LED dimming circuit in accordance
with aspects of the present invention,

{0020] FIG. 2B 1s a schematic block diagram of an LED dimming circuit in accordance

with aspects of another embodiment of the present invention; and
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[G021] FIG. 3 1s a flowchart illustrating a dimming method in accordance with aspects of
the present invention.

{0022] Like reference numbers in the drawings indicate the same or similar elements.

DETAILED DESCRIPTION

{0023] The 1nventor recognized that a need exists for an energy-efficient and simple LED
driver circuit to control dinuning of an LED light source down to dimming levels below ten
percent, wherein such an LED driver circuit has a reduced component count as compared to prior
art configurations. Embodiments of such are described hereinbelow with reference to FIG. 2A,
FIG. 2B, and FIG. 3.

[0024] FIG. 1A 1s a schematic circuit diagram illustrating a conventional driver control
systern 100 with amplitude modulation {AM) dimming control for an LED light source 102 that
includes a plurality of LEDs in a series configuration. Amplitude modulated dimming is also
known in the industry as linear dimming or continuous dimming. A power circuit 104, which
may include an mntegrated circutt (IC) for control of a boost, buck, buck-boost, SEPIC,
hysteretic, or flyback power topologies and the like, operates to conirol the amplitude of a DC
{direct current) load current through the series of LEDs 102, A comparator/amplifier circuit 106
operates to monitor the LED current (by utilizing the LED current sense feedback input 110} and
to produce an appropriate orror voltage signal 112 {that may be compensated in order to achieve
toop stability) that is fed to the power circuit 104 for LED current regulation. A dimming
function can be implemented by simply mixing a dimming command signal 108 {(which may be
generated by a dimming conirol circuit, not shown) with the current reference 111 in order to
obtain a dimmed current reference signal 116, When the dimmed current reference signal 116
falls below ten percent (10%) of the full load level, then the load current supplied to the LED
tight source 102 is amplitude~-modulated to a direct current {DC) level that is too small to aveid
flickering and significant color change of the LEDs of the LED light source 102, These are sub-
optimal results which are to be avoided in most LED lighting situations.

(00251 FIG. 1B shows another conventional dimming circuit diagram 120 that utilizes a
pulse width modulated (PWM) control function. In this case the amplitude of the current is not
varied as a function of a dimming command; rather, the dimming command is provided directly

to the power circuit 104 in the form of a PWM signal 122, Thus, the current reference 124 is fed
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directly into the comparator/amplifier circuit 106, which again operates to monitor the LED
current and to produce an appropriate ervor voltage signal 112, The power circuif responds to the
PWM signal 122 by allowing current to flow in the LED string 102 during the “On” level of the
PWM signal, and by infubiting current from flowing in the LED string during the “Off” level of
the PWM signal.

[0026] FIG. 2A 15 a schematic circuit diagram of an LED driver control system 200
according to an embodiment of the invention. In some embodiments, the LED light source 202
includes a plurality of LEDs in series. In this implementation, the system includes a power
circuit 204 {which may include an integrated circuit (IC} for conirel of a boost, buck, buck-boost,
SEPIC, hysteretic, or flyback power topologies and the like) which operates to control the direct
current (DC) through the series of LEDs 202, As shown, the output of a comparator/anmplifier
circuit 206 is connected to the power circuit 204 along with the output of a fixed pulse-width
generator (PWQG) circuit 208, As used herein, a “comparator/amplifier circuit” may be a
comparator, an amplifier, or both. The inputs to the comparator/amplifier circuit 206 include a
current sense signal 210, and a command signal 212 that is derived from a dimmed current
reference signal 211 in a manner that is dependent on whether the PWG circuit 208 is activated
or not activated. The activation of the PWG circuit 208 itself depends on whether the dimming
command signal 213 is higher than a predetermined threshold level 216, In some embodiments,
for example, a predetermined threshold level of twenty percent (20%) of the dimming command
signal may be selected to initiate operation of the fixed PWG 208. Thus, during operation of the
LED driver control system 200, as long as the dimming command signal is above 20%, the
comparator 214 operates to disable the operation of the fixed PWG circuit 208. In such a case,
the LED driver control system 200 operates in the same manner as described above with regard
to the LED driver 100 of FIG. 1A,

{0027} However, as the dimming command signal diminishes so that it reaches the
predstermined threshold level of 209, then the power circuit 204 is controlied to be “On” and
“Off” with a fixed 20% duty-cycle at a frequency ranging between one hundred herte (100Hz) to
two kilohertz (2kHz). It should be understood that this duty cycle is fixed, and that it is either
activated or not activated. Thus, no feedback mechanism and/or no modulation mechanism

is/are required.
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[0028] Referring again to FIG. 24, the main loop, consisting of comparator/amplifier 206
and power circuit 204, stays in control by automatically adjusting the average load current to
20% of the full load value. This is accomplished by increasing the value of the dimmed reference
signal 211 by a factor equal to the inverse of the fixed duty cycle selected for the PWG 208, For
instance, if the selected PWQ duty cycle is 20%, the dimming current reference signal 211 is
automatically increased by a factor of five because one divided by 20% equals five (1/0.2 = 5).
Accordingly, when the command signal 212 decreases to ten percent {10%) of the full load level,
flicker-free operation of the LED light source 202 is still maintained, while obtaining 2%
dimming (10% amplitude reduction and 20% duty ratio for a total average output current of 2%).

{00291 Accordingly, instead of utilizing amplitude control to achieve higher level
dimming of an LED light source and then using PWM control for lower level dimming of the
LED light source (as taught by the prior art}, the present LED driver control system 200 imposes
a fixed PWG regime {(fixed duty cycle} when the dimming command falls below a predetermined
threshold value (in the above described example, the threshold value is 20%, but other choices
are possible and/or permissible). Such operatién can be achieved with a simple circuit rather
than by using a full PWM modulator, to save cost. For example, an extremely simple timing
circuit, such as a fixed 555-type timer circuit or a ripple counter circuit, could be used to
implement the fixed PWG component 208 of FIG. 2A.

00301 Accordingly, flicker-free dimming down to 2% of the LED light source nominal
brightness can be achieved through the use of an inexpensive and simple fixed PWG regime and
with the use of only one control mechanism {current amplitude), rather than by utilizing two
control mechanisms as used by previous art,

{00317 FIG. 2B 15 a schematic circuit diagram of an LED driver control system 250
according to another embediment. In this implementation, the system includes a power circuit
204 (which may include an integrated circuit (IC) for control of a boost, buck, buck-boost,
SEPIC, hysteretic, or flyback power topologies and the like} which operates to control the direct
current (DC) through the series of LEDs 202, As shown, the output of a comparator/amplifier
circuit 206 1s connected to the power circuit 204 along with the output of a fixed pulse-width
generator (PWQG) circuit 208, The inpuis to the comparator/amplifier circuit 206 include a
current sense signal 210, and a dimmed current reference signal 212, The averager circuit 232

{which, in its simplest form, may be a low pass filter {LPF})} operates to extract the average value
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of the LED current. The dimming command signal 213 is input to a comparator circuit 214
along with a pre-selected or predetermined PWG operation threshold signal 216, In an example,
a predetermined threshold level of twenty percent (20%) of the dimming command signal may
be selected to initiate operation of the fixed PWG 208, Thaus, during operation of the LED driver
control system 250, as long as the dimming command signal is above 20%, the comparator 214
operates to disable the operation of the fixed PWG circuit 208, In such a case, the LED driver
control system 250 operates in the same manner as the LED driver 100 of FIG. 1A,

[0032] However, as the dimming command signal diminishes so that it reaches the
predetermined threshold level of 20%, then the power circuit 204 is controlled to be “On” and
O with a fixed 20% duty-cycle at a frequency ranging between one hundred hertz (100Hz) to
two kilohertz (2kHz). Thus, this duty cycle is fixed, as it is either activated or not activated.
Thus, no feedback mechanism and/or no modulation mechanism is/are required. Accordingly,
due to the presence of averager circuit 252, in order for the main loop (which consists of the
comparator/amplifier circuit 206 and the power circuit 204 and the averager circunit 252} to stay
in control when the fixed duty cycle PWG is activated, the current amplitude level during the
“On” time is automatically adjusted by the control loop so that the load current average is 20%
of the full load level. Again, flicker-free dimming down to 2% of the LED light source nominal
brightness can be achieved through the use of an inexpensive and simple fixed PWG regime and
with the use of only one control mechanism (current amplitude}, rather than by utilizing two
control mechanisms as used by previous art.

{0033] FIG. 3 is a flowchart of a process 300 for controlling the brighiness of an LED
light source according to an embodiment. For example, a dimming command signal may be
received 302 by an LED driver control circuit. If such command is above (not less than or equal
to) a predetermined threshold level in step 304, then the process branches to step 305 wherein
amplitude modulation of the DC current level continues until the appropriate level of dimness is
achieved (in some embodiments, a person may wish to downwardly adjust the brighiness level of
the LED light source, to make it less bright, and thus he or she could operate a dimming switch
or other dimming conirol circuitry which in tum transmits such a dimming command.} Butifin
step 304 the dimming command equals to or is lower than the predetermined threshold level,
then the LED driver conirol circuit imtiates 306 operation with a fixed duty cyele by using a

fixed pulse width (PW) control signal having a fixed duty cycle. Nexi, the LED driver control
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circuit automatically adjusts 308 the load current amplitude to the required value (nominal
current level) that will achieve the desired average current through the LED string. The process
branches back to set 302 or restarts when a new dimming comumand is received.

{0034} Advantageously, the described LED driver control systems 200 and 250, and the
process 300, may allow the LED light source dimming mechanism to never drive the LEDs with
an instantanecus load current that is so low that flickering could result, and furthermore may
prevent any significant color shift in the LEDs. Moreover, dimming operation is typically
accomplished utilizing only amplitude control, and thus can be without the use of two control
mechanisms (one for current amplitude control and the other for PWM control). Yet further,
dimmming can beneficially be accomplished with fewer components which may result in increased
circuit reliability and lower cost.

[0035] The above description and/or the accompanying drawings are not meant to imply
a fixed order or sequence of steps for any process referred to herein; rather any process may be
performed in any order that is practicable, including but not limited to simultaneous performance
of steps indicated as sequential.

[0036] Although the present invention has been described in connection with specific
exemplary embodiments, it should be understood that various changes, substitutions, and
alterations apparent to those skilied in the art can be made to the disclosed embodiments without

departing from the spinit and scope of the invention as set forth in the appended claims.
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WHAT IS CLAIMED IS:

i, A light emitting diode {LED) light source apparatus, comprising:
at feast one LED; and

a driver control circuit for controlling the brightness of the at least one LED, wherein the

driver conirol circuit comprises:

a power circuit operable to receive input power and to generate a direct current to

power the at least one LEDY;

at least one of a comparator or an amplifier having a current sense signal input
and a dimmed current reference command signal input, wherein the at least one of a
comparator or an amplifier generates a control signal output that controls the power
circuit to dim the at least one LED by decreasing the amplitude of LED current when the

control signal is above a predetermined threshold;

a fixed pulse width generator (PWG) having an output connected to the power
circuit, wherein the fixed PWG is configured to operate with a predetermined fixed duty

cycle; and

a comparator circuit having a predetermined threshold signal input and a dimming
command signal input, wherein when the dimming command signal is above the
predetermined threshold the comparator circuit disables the fixed PWG to dim the at least
one LED, and wherein the comparator circuit enables the fixed PWG when the dimming
comumnand signal decreases below the predetermined threshold level resulting in the
power converter circuit being controlled On-Off with the predetermined fixed duty cycle,
and wherein the current amplitude level is automatically adjusted in response to the
dimming command signal and the activation of the PWG in order to further dim the at

least one LED.

2. The apparatus of claim 1, wherein the driver control circuit further comprises at least one

of an averager circuit or a low-pass filter having an output connected {o the at least one of the

1o
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comparator or amplifier, wherein the averager circuit or low-pass filter operates to extract the

average value of the sensed load current.

3. The apparatus of claim 1, wherein the power circuit further comprises an integrated
circuit (IC) including one for controlling of a boost, buck, buck-boost, SEPIC, hysteretic, or

flyback-type power topology.

4. The apparatus of claim 1, wherein the fixed PWG component comprises one of a fixed

555 tumer circuit or a ripple counter circuit.

5. The apparatus of claim 1, wherein the power converter circuit is controlled On-Off within

a frequency range of 100 Henz to 2 Kilohertz.

6. An LED drver for controlling the brightness of an LED light source, comprising:

a power circutt operable to receive an alternating current or direct corrent input and to

generate a direct current to power at least one LED of an LED light source;

at least one of a comparator or amplifier having a current sense signal input and a
dimmmed current reference signal input, wherein the at least one of 8 comparator or amplifier
generates a control signal cutput that controls the power circuit to dim the at least one LED by
decreasing the amplitude of LED current when the control signal is above a predetermined

threshold;

a fixed pulse width generator (PWG) having an output connected to the power converter
circuit, wherein the fixed PWG is configured to operate with a predetermined fixed duty cycle;

and

a comparator circuit having a predetermined threshold signal input and a dimming
command signal input, wherein when the dimming command signal is above the predetermined
threshold the comparator cirenit disables the fixed PWG to dim the at least one LED, and

wherein the comparator circuit enables the fixed PWG when the dimming command signal

H
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decreases below the predetermined threshold level resulting in the power converter circuit being
controlled On-Off with the predetermined fixed duty cycle, and wherein the current amplitude
level is automatically adjusted in response to the dimming command signal and the activation of

the PWQG in ovrder to further dim the at least one LED.

7. The apparatus of claim 6, further comprising at least one of an averager circuit or a low-
pass filter having an output connected to the at least one of the comparator or amplifier, wherein
the averager circuif or low-pass filter operates to extract the average value of the sensed load

current.

8. The apparatus of claim 6, wherein the power circuit further comprises an integrated
circuit (IC) for controlling one of a boost, buck, buck-boost, SEPIC, hysteretic, or fiyback-type

topology.

Q. The apparatus of claim 6, wherein the fixed PWM component comprises one of a fixed

555 timer civcwt or a nipple counter circuit,

10.  The apparatus of claim 6, wherein the power converter circuit is controlled On-Off within

a frequency range of 100 Heriz to 2 Kilohertz.

i1, A method for controlling brighiness of an LED light source, comprising;

receiving, by an LED driver control circuit, a dimming command signal to dim an LED

light source;
modulating a continuous direct current (DC) level to dim the LED light source;
determining that a predetermined threshold level is reached;
initiating a fixed pulse width generator (PWG) control signal having a fixed duty cycle;

autornatically adjusting the LED current amplitude to its nominal current level; and

12
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decreasing, by the LED driver control circuit, the current amplitude while the fixed PWG

control signal is active to achieve comumanded lower dimming of the LED light source.

12.  The method of claim 11, wherein the predetermined threshold level comprises a

percentage of a dimming range.

13, The method of claim 12, wherein the predetermined threshold is ten percent.

14.  The method of claim 11, wherein the duty cyele of the fixed PWG control signal

comprises a percentage of a peak current.

{5, The method of claim 14, wherein the duty cycle is twenty-percent.

16.  The method of claim 11, further comprising:

determiniog that the dimming command signal is greater than the threshold level; and

modulating the continuous direct current {(DC} level to dim the LED light source.
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