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POWER SUPPLY FOR LIGHT EMITTING DIODES

Background of the Invention

The present invention relates to electrical power supplies, and more specifically to power supplies that
provide a regulated current output for driving light emitting diodes.

Various lighting applications require a string of series-connected light emitting diodes (LEDs) as a source of
ilumination. To emit light, the LEDs must receive direct current {DC} electrical power; in particular, a minimum amount
of DC current ﬁeeds to be supplied to each of the LEDs for light emission. These LEDs will emit more light with
increasing amounts the current, but the lifetime of the LED is shortened when the LEDs are driven with excessive
current. Although the LEDs may be powered with batteries, employing commercial or residential alternating current
(AC) line voltage is often more practical, and thus power supplies that convert AC line voltage into a DG voltage are
desirable for powering LEDs. The AC line voltage, however, is not perfectly stable, but rather fluctuates. For example,
residential AC line voltage, nominally 115 AC volts {VAC) can vary between 110 to 120 VAC. Such variatien presents
a problem if, as a result, the current fed to the LEDs is less than the minimum current required to activate the LEDs or
if the current exceeds the maximum, and thereby reduces the lifetime of the LED.

Variation in the electrical characteristics between different LEDs also can cause the level of current to be too
low or too high. When current is passed through an LED, the device is forward biased; in this made of operation of the
LED, a voltage known as the forward valtage drop can be measured across the LED. This forward voltage drop differs
somewhat between individual LEDs. When a series of such LEDs are stfung together, e.g., 24 or 48, the small
difference in forward voltage drop accumulates into a larger, more significant value. Variations in this cumulative
voltage drop across a large number of LEDs present difficulties for an engineer who must design the power supply
circuit so as to provide the LEDs with a current above the minimum and below the maximum current levels. For a
power supply with a fixed impedance, differences in a load translate into different amounts of current sunk into that
load. Thus, if the voltage drop across a group of LEDs connected in series is not the same, the current into the LEDs
will likewise be dissimilar. If the disparity is extreme, the current may fall below the minimum, causing the LEDs to
fade out, or the current may exceed the maximum, thereby damaging the LEDs, or at least shortening their lifetime.

Conventional supplies for powering LEDs are also large and expensive, yet inefficient. For example, many
power supplies employ a transformer to step down the valtage from the AC line. A transformer, however, is large and
heavy and adds to the cost of the supply. .

Thus, there is a need for an efficient, compact, and inexpensive pawer supply for powering a string of series-
cannected LEDs. This power supply must provide a stable current that does not fall below the minimum required by
the LED, thereby causing the LEDs to stop emitting light, and does not exceed the maximum current level for the LED,
thereby damaging the LEDs or at least shortening their lifetime.

Summary of the Invention

In one aspect of the invention, an apparatus comprises a light emitting diode and a power supply for

powering the light emitting diode, wherein the power supply comprising a step-down impedance, a current regulator, a
-1
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rectifier, and a low pass filter. In this power supply, the current regulator is electrically connected to the step-down
impedance, while the rectifier is electrically connected between the step-down impedance and the current regulator.
The low pass filter is electrically connected between the rectifier and the current regulator. Additionally, the current
regulator has an autput for electrical connection to the at least one light emitting diode.

5 Another aspect of the invention comprises a power supply for providing electrical power to at least ene light
emitting diode. This power supply comprises a step-down impedance, a current regulator, a rectifier, and a low pass
filter. The current regulator is electrically connected to the step-down impedance, the current regulator rectifier is
electrically connected between the step-down impedance and the current regulator, and the low pass filter is
electrically connected between the rectifier and the current regulator. The current regulator has an output for

10 electrical connection to the at least ane light emitting diode that outputs a current and voltage compatible with the
light emitting diode.
In another aspect of the invention, a method of providing power to one or more light emitting diodes (LEDs)
using an AC voltage includes attenuating the AC voltage. After attenuation, the AC voltage is rectified to produce a
rectified voltage. Subsequent to the rectification, ripple is removed from the rectified voltage, and subsequent to this
15 ripple removal, the rectified voltage is converted into a substantially constant supply of DC current. This DC current is
applied to power the one or more light emitting diodes {LEDs).

Brief Description of the Drawings

FIGURE 1 depicts a hleck diagram of a power supply that is a preferred embodiment of the present invention.
FIGURE 2 is a schematic circuit diagram of a power supply that includes each of the elements in the block
20 diagram of FIGURE 1.
FIGURES 3A-3F are plots on axes of time and veltage depicting waveforms corresponding to electrical
signals at different stages in the circuit shown in FIGURE 2.

Detailed Description of the Preferred Embodiment

Embediments of the invention will now be described with reference to the accompanying Figures, wherein like
25 numerals refer to fike elements throughout. The terminology used in the description presented hergin is not intended to be
interpreted in any limited or restrictive manner, simply because it is being utilized in conjunction with a detailed description
of certain specific embodiments of the invention. Furthermore, embadiments of the invention may include several novel
features, no single one of which is solely responsible for its desirable attributes or which is essential to practicing the
inventions herein described.
30 A block diagram of a power supply 10 that is a preferred embodiment of the present invention and that
electrically connects a source of AC line voltage 12 with one or more light-emitting diodes (LEDs) 14 is shown in
FIGURE 1. The power supply 10 comprises a surge protector 16, a voltage attenuator 18, a rectifier 20, a low pass
filter 22 that suppresses ripple, a charge dissipator 24, and a current regulator 26, each having an input and an output.
The source of AC line voltage 12 may be a residential or commercial AC electrical line. The input of the surge

35 protector 16 receives the AC line voltage and offers protection for the circuitry in the remainder of the power supply
2-
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10 against spurious voltage spikes in the AC line. The AC line voltage after passing through the surge protector 16 is
fed into the voltage attenuator 18 to lower the AC voltage. The output of the voltage attenuator 18 is directed to the
rectifier 20, where full-wave rectification is performed, and then to the low pass filter 22, which reduces ripple in the
rectified voltage. The output of the Jow pass filter 22 is coupled to the current regulator 26, which provides a

5 regulated DC current to the LEDs 14. A charge dissipator 24, shown in FIGURE 1 between the low pass filter 22 and
the current regulator 26, prevents dangerously rapid discharge of voltage within the power supply 10 when the LEDs
14 are disconnected.

As depicted in FIGURE 2, the power supply 10 has two input terminals 28 for connecting to the source of AG

line voltage 12. These input terminals 28 must be capable of safely receiving the AC liﬁe voltage 12, which may be a
10 120 volt (V) residential line having an average RMS voltage of 115 volts or 240 volt commercial line having an average

RMS voltage of 230 volts. This line voltage may also be 220 V as is standard for residences in Europe. The surge

pratector 16 is shown in FIGURE 2 as a surge protection device 30 shunted across the input terminals 28. This surge

protection device 30 may comprise any device capable of preventing voltages in excess of 180 VAC, preferably 138

VAC, from reaching other electrical components in the power supply 10. One example of such a device is a ZNR, P/N
15 ERZ-v0o5D241, manufactured by Panasonic.

Preferably, the voltage attenuator 18 comprises a capacitor 32, hereinafter referred to as the step-down
capacitor, which is in electrical contact with one of the two input terminals 28. The step-down capacitor 32 is
required to be a bipolar eapacitor capable of receiving an AC input that oscillates between negative and positive
voltages and preferably comprises one or more polyester or Mylar® polyester film capacitors. A capacitor or plurality

20 of capacitars having a net capacitance in the range of between 0.1pF-10uF may be employed. The appropriate level
of capacitance is a function of numerous factors, including but not limited to, the AC line voltage input to the power
supply 10 (e.g., residential, commercial), the number of LEDs 14 in the array, and the electrical characteristics of the
LEDs, in particular, the current drawn by and the voltage drop across each of the LEDs, as well as the arrangement of
the LEDs (e.g., whether the LEDs are arranged in series or both series and parallel). Although the voltage attenuatar

25 18 is shown in FIGURE 2 as comprising a capacitor, a resistor or any other element can be employed that provides a
voltage drop from the input terminals 28 to the rectifier 20, but an element having an impedance substantially
comprising an imaginary part is preferred, to avoid thermal heating. The impedance of a capacitor, for example, -
comprises solely of an imaginary part, known in the art as reactance, and does not heat up as AC current is passed
through it. Unlike capacitors, resistors have a real impedance or resistance, and heat up when conducting current.

30 Accordingly, capacitors are preferred to minimize temperature rise and loss of energy due to thermal dissipation.

Alternatively, an inductor can be shunted across the input terminals 28. An ideal inductor, like a capacitor,
comprises solely of reactance. Real inductors, however, are formed from wire wound about a magnetic core. This
wire is resistive, so that a conventional inductor will dissipate heat. Additionally, an inductor capable of providing a
sufficient step-down voltage for the power supply 10 would be substantially larger than a capacitor suitable for the

35 application described hergin. For the foregoing reasons, a capacitor is therefore preferred.
-3-

PGR2023-00016 - Home Depot
Page 4 of 20 Ex. 1003 - Page 2612



WO 02/23956 PCT/US01/28932

As shown in FIGURE 2, the rectifier 20 comprises a diode bridge 34, a type of full-wave rectifier that is well
known in the art. This diode bridge 34 includes four diodes 38 connected together at four junctions 38a, 38b, 38¢,
38d. The step-down capacitor 32 is affixed to one of the junctions 38a such that one of the fwu input terminals 28 is
electrically connected to the bridge 34 through the capacitor. The oppositely situated junction 38b is in direct

5 electrical contact with the other of the two input terminals 28. Conducting lines 40a, 40b extend from the remaining
twa junctions 38c and 384, respectively, and lead to the low pass filter 22, also acting as the ripple suppression filter.
These two conducting lines, 40a and 40b, are designated as plus {“+”) and minus {*-”) to indicate that the plus
conducting line is at a higher potential than the minus conducting line, which may be grounded. The diedes 36 in the
diode bridge 34 are conventional diodes such as IN4003 diodes, manufactured by International Rectifier Corporation,
10 and capable of receiving a maximum {max) peak reverse voltage of 200 V. Although a diode bridge that provides full-
wave rectification is shown in FIGURE 2, other full or half-wave rectifiers may be employed in accordance with the
present invention. Preferably, however, the rectifier 20 contains little or no resistive components, so as to minimize
heat dissipation.

As depicted in FIGURE 2, the ripple suppression filter 22 comprises a capacitor 42 shunted across the plus

15 and minus conducting lines 40a, 40b, i.e., one end of the capacitor is electrically coupled to the plus electrically
conducting line while the other end of the capacitor is electrically couplied to the minus electrically conducting line.
This capacitor 42, hereinafter referred to as the ripple-suppression capacitor, may have a capacitance between 10 pF
and 100 pF and preferably comprises tantalum (Ta). A suitable capacitance is determined at least in part by the AG
line voltage and the electrical properties of the LEDs 14. Although the ripple suppression filter 22 shown comprises a

20 capacitor shunted across the plus and minus conducting lines 40a, 40b, other filters capable of reducing oscillation can
be employed as the ripple suppression filter 22,

The charge dissipator 24 depicted in FIGURE 2 comprises a resistor 44, also shunted across the plus and
minus electrically conducting lines 40a, 40b and, similarly, across the ripple suppression filter 24. The resistor 44,
hereinafter referred to as the charge-dissipation resistor, may comprise a conventional resistor well known in the art

25 having a value of resistance between 10 k€2 and 100 kC2. The appropriate resistor may be selected based on, among
other factors, the AC line voltage and the discharge rate (time) required. Although the charge dissipator 24 shown
comprises a resistor, other components arranged to safely dissipate charge released when the power supply 10 is
disconnected from the array of LEDs 14, can be employed as the charge dissipator 22.

As shown in FIGURE 2, the current regulator 26 comprises a veltage regulator 48 in series with a current

30 set-point resistor 50. This voltage regulator 48, a device adapted to supply a substantially constant voltage, may
comprise a conventional voltage regulator or one yet to be devised. This voltage regulator 48 may, for example,
comprise an LM317AT voltage regulator manufactured by National Semiconductor, adapted to supply an input-output
voltage differential of +40 V maximum and a maximum current of 1.5A. The voltage regulator 48 has an input
terminal 52, an output terminal 54, and a reference terminal 56; the input terminal is electrically connected to the plus

35 electrically conducting line 40a, and the output terminal is electrically connected to ane end of the current set-point
A
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resistors 50. The other end of the current set-point resistor 50 is electrically connected hoth ta a positive output lead
58 for the power supply 10 and to the reference terminal 56 of the voltage regulator 48. The resistance of the set-
point resistor 50, which may range from 0.8 Q to 1.2 kQ, is determined by the voltage difference between the output
and reference terminals 54 and 56 of the voltage regulator 48 along with the current to be drawn by the LEDs 14.
Although a voltage requlator in series with a set-point resistor is shown, other current regulators, i.e., devices adapted
to provide a substantially constant current to a given load, can be employed in acesrdance with the present invention.
Preferably, this current supply provides a current within the range of between 1.0 mA and 1.0 A, more preferably
between 25 and 50 mA.

Preferably, more than a single current set-point resistor 50 is included in the current regulator 28, as shown
in FIGURE 2, which depicts a switch 60 electrically connected to the output terminal 54 of the voltage regulator 48.
This switch leads to the current set-point resistor 50 when set in a first position, and when set to a second position
{eads to another current set-point resistor 51. Although two such current set-point resistors 50 and §1 are shown,
more than two resistors can be included in the current regulator 26 in accordance with the present invention.
Alternatively, the current regulator may comprise only one single current set-point resistor 50, but a plurality of current
set-point resistars, and a switch 60 that incorporates any one of the resistors in a continuous electrical path from the
output terminal 54 of the voltage regulator 48 to the positive output lead 58 of the power supply 10 is preferred.

As shown in FIGURE 2, a capacitor 81 is electrically connected in parallel across the plus and minus
contacting lines 40a, 40b. This capacitor 61 prevents the voltage regulator 48 from oscillating. A zener diode 62 and
resistor 64 are electrically connected in parallel across the input and cutput terminals 52, 54 of the voltage regulator
48. This zener diode 62 may comprise a conventional zener, e.9., a 39 V zener, available from Diodes, Inc. Selection of
the appropriate zener diode 62 and resistor 64 depends on the electrical charactefistics of the voltage regulator 48,
namely, on the maximum and minimum voltage that can be sustained between the input terminal 52 and the output
terminal 54 without interrupting the constant delivery of proper current levels to the LED’s or without damaging the
voltage regulator.

The string of LEDs 14 shown in FIGURE 2 has two ends, one end being electrically connected to the positive
output lead 58 for the power supply 10, while the other end of the string of LEDs 14 is electrically connected to a
negative output lead 66 of the power supply. The positive output lead 58 is in electrical contact with one end of the
set-point resistors 50, 51, as discussed above, while the negative output lead 86 is in electrical contact with the minus
conducting line 40b, which may be grounded. The power supply 10 is designed to accommodate a variety of different
types of LEDs 14 having a wide range of center wavelengths and electrical properties. Significantly, different LEDs 14
may require different amounts of current, depending on their design as well as the brightness of the output emission
desired. Current set-points for the' LEDs 14 may be between about 1mA to about 1A, more preferably, between about
25 mA to about 50 mA. Example of suitable LEDs 14 include a TS AlinGaP LED, which emits red light having a
wavelength of about 630 nm and an InGaN LED, which emits green light having a wavelength of about 526 nm. In

addition to accommodating different types of LEDs, the power supply 10 can power arrays of various size from a
-5
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single LED up to 60 LEDs for 115 VAC input power, and in various arrangements such as LEDs in series or both series
and parallel. For example, the plurality of LEDS 14 may comprise two or more strings in parallel with each other,
wherein each string includes a number of LEDs connected in series.
The power supply 10 delivers power to the array of LEDs 14 hy converting AC line voltage into a DC
5 regulated current that is delivered to the LEDs. As discussed above, the amount of current supplied to the LEDs 14
controls the level of emission output therefrom, higher current producing a more intense optical output. Since driving
the LEDs 14 with too much current shortens their lifetime, a safe level of current, hereinafter designated lerpomr
which provides sufficiently bright illumination but that also ensures adequate lifetime of the LEDs, must be determined
and consistently provided to the array of LEDs 14 when activated. By choesing the appropriate components for the

10 power supply 10 shown in the FIGURE 2, a substantially stahle DC current at the set-point, lgrpqnr, can be delivered
to a plurality of LEDs 14. To power the LEDs 14 at the DG current set-point, the power supply 10 receives AC line
voltage from a residential or commercial AC line at the input terminals 28, thereby causing a sinusoidal voltage to be
coupled to the step-down capacitor 32 and to the diode hridge 34. Before being attenuated by the step-down
capacitor 32, however, any voltage spikes in excess of 150 VAC are clamped by the surge protector 16, which

15 prevents excessively high voltages from reaching the step-down capacitor and the remainder of the powver supply
circuitry. The AC line voltage input into the power supply 10 is shown in FIGURE 3A as having a peak voltage of V,
e wax @nd an RMS value of Vag yermg- The voltage reaching the diode bridge 34 is reduced by the voltage drop, Ve,
across the step-down capacitor 32, the value of which is determined, in part, by the impedance of the capacitor.
FIGURE 3B shows the AC voltage attenuated by the step-down capacitor 32 having a magnitude of Vg ine gy - Verr

20 -

This oscillating voltage is applied to the diode bridge 34, which rectifies the sinusoidal voltage in a manner
well known in the art. FIGURE 3C illustrates the effect of a rectifier circuit, such as the diode bridgé 34, on a
sinuscidal signal, like the signal across the two junctions 38a and 38b of the diode bridge. The rectified voltage
exhibits a small voltage drop, Vggpee introduced by the bridge. The extent of oscillation or ripple in the rectified

25 voltage is greatly reduced by the ripple suppression capacitor 42. FIGURE 3D depicts the voltage across the plus and
minus conducting lines 40a and 40h electrically connected to two of the junctions 38¢ and 384 of the diode bridge 34
and to the ripple suppression capacitor 42, FIGURE 3D illustrates both the rectification and suppression of ripple, as
well as the reduction in the overall signal caused by the voltage drop Veap yax, and Vogpge introduced by the capacitor
32 and the diode bridge 34.

30 The voltage at the plus conducting line 40z is applied to the input terminal 52 of the voltage regulator 48,
which produces a voltage at the output terminal 54 that is a fixed increment above the voltage at the reference
terminal 56 of the veltage regulator. For the LM317AT voltage regulator, this fixed increment is 1.25 V; accordingly,
the voltage at the output terminal 54 is consistently 1.25 V lower than the veltage at the reference terminal 56.
FIGURE 3E depicts this voltage at the output terminal 54 of the voltage regulator 48. The voltage at the output

35 terminal 54 is reduced by a veltage drop across the set-point resistor 50, and this reduced voltage is applied to the
-6-
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reference terminal 56. In this manner, a vultége regulator similar to 48 is converted into the current regulator 26.
That is, since the voltage at the output terminal 54 will be a fixed incremental voltage, (i.e., 1.25 V) below the
reference terminal 56, for a given set-point resistor 50 the current through that resistor is known. Thus, by selecting
different resistors 50, different set-point currents can be established. The switch 60 that connects the voltage
5 regulator 48 with the plurality of set-point resistors 50, §1 in FIGURE 2 permits various set-point currents to be
chosen, depending upon which resistor is employed. FIGURE 3F shows the current flowing though the pesitive and

negative output leads 58, 66 and the load, i.e., the plurality of LEDs 14, electrically connected thereto.
The voltage regulator 48 essentially converts the voltage waveform depicted in FIGURE 3D into a
substantially constant current shown in FIGURE 3F. The voltage regulator 48, such as the LM317AT, may, however,
10 operate improperly if excessive voltage is applied across the input terminal 52 and the output terminal 54 of the
voltage regulator. The zener diede 62 and resistor 64 in parallel therewith prevent excessive voltages from being
applied across the input and output terminals 52 and 54 of the veltage regulator 48 and from possibly damaging that
device. The charge dissipation resistor 44 in the power supply circuit 10 provides discharge of the ripple suppression
capacitor 42 when the plurality of LEDs 14 is disconnected from the positive and negative output leads 53 and 66.
15 Charge stored on the ripple suppression capacitor 42 during operation will require a known time to discharge when the
LEDs 14 are removed from the circuit. The resultant energy will have a time constant, <, that is decreased by the
introduction of the charge dissipation resistor 44 therehy increasing the discharge rate and minimizing the likelihood of

stored energy which could cause a shock.

The circuit design shown in FIGURE 2 presents numerous advantages over prior-art power supplies. Power
20 loss is minimized by limiting the numhber of resistors. Resistors convert an amount of energy equal to the potential
energy drop across the resistor into thermal energy, energy that is lost, Le., that is not used to power the LEDs 14. Ta
limit the number of resistive elements in the power supply 10, the AC line veltage is preferably stepped down to a
lower voltage with a capacitor, the step-down capacitor 32, instead of with a resistor. Unlike resistors, capacitors in
AC circuits are reactive: the average power dissipated by a capacitor receiving a complete cycle of a sinusoidal
25 current or voltage is close to zero. Similarly, the average power over a complete cycle is exactly zero far any purely
reactive circuit, such as, e.g., an ideal capacitor or an ideal inductor, and for circuits operated at low frequency that
draw low current and therefore resemble purely reactive circuits. Minimizing the resistive elements in the circuit also
causes the circuit to be more reactive. The power supply 10 depicted in FIGURE 2 has a minimal number of resistive
elements and is designed to be operated at 50 Hz or 60 Hz, and to draw low current from the AC line. Consequently,
30 the amount of power dissipated thermally by the power supply 10 is fess than conventional LED power supplies,
providing numerous advantages over prior art designs. Since a small amount of energy is transformed into thermal
energy and radiated away from the power supply, most of the energy coupled into the power supply 10 is efficiently
transferred to the LEDs 14 as electrical power. Accordingly, less power is required to operate the power supply 10,
thereby reducing operating costs. Light emitted by light emitting diodes 14 is less hright when the LEDs are exposed

35 to heat, therefore by limiting the heat reaching the LEDs, the power supply 10 promotes efficient production of light
7.
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from elactrical pawer. Alse, since the power supply 10 does not heat up significantly during eperation, it can be
incorporated in systems that are sensitive to temperature without the inclusion of large or heavy heat sinks. For
example, the power supply 10 and accompanying LEDs 14 may be contained in plastic tubes that encase the LEDs.
Additionally, since no large heat sinks are necessary, the power supply 10 may be compact.

5 The power supply circuit 10 also provides longer lifetime for the LEDs 14, as the current regulater 26
ensures that that the current received by the LEDs never exceeds safe levels even with fluctuations in the AC line
voltage. As discussed above, the power supply 10 delivers a relatively stable current to the LEDs 14, This current is
established by selecting the appropriate set-point resistor 50. This current, the set-point current lyer.poyy, is determined
by the selection of the set-point resistor 50 and does not vary with differences in the voltage drops across LEDs 14.

10 Accordingly, a single circuit design can accommodate a plurality of LEDs 14 even if the manufacturing specifications,
and more specifically, the voltage drap across the LEDs varies from one LED to another. This feature is advantageous
as LEDs of the same model are not all alike; in particular, any two LEDs of the same model manufactured by the same
manufacturer may provide different voltage drops when current is passed through them. MNevertheless, the power
supply circuit 10 depicted in FIGURE 2 will deliver a fixe& amount of current, i.e., lger.pqur t0 the plurality of LEDs 14.

15 Also, delivering a stable current to the LEDs ensures that their intensity does not vary with fluctuatiens in the AC
power line amplitude, which are commonplace.

Another advantage, as discussed aheve, is that the power supply 10 is simple and cempact. Since the power
supply 10 does not employ a large and heavy transformer, nor any large or heavy heat sinks to dissipate thermal
energy, the power supply can be compact and light. The power supply 10, may range in size from between 1 and 2

20 . inches (in.) wide and between 1 and 2 in. long. Preferably, the power supply the power supply is about 1 in. wide and
2in. long. Preferably, the power supply 10 is enclosed in a metal cagé to isolate switching noise and electro-magnetic
interference (EMI). A metal cage, known in the art as a Faraday cage, shields electronics external to the power supply
10 from signals generated by the power supply. Even without the Faraday cage, however, the power supply 10
generate negligible electro-magnetic interferehce since the power supply is not a switching power supply. The low-

25 pass filter 22 also provides AC noise reduction. Additional features of the power supply 10 include its ability to
pravide extremely uniform intensity across the plurality of the LEDs 14 in the array that are connected in series. The
power supply 10 can also be manufactured at a low cost by using standard electronic components. The power supply
preferably costs less than $100 and more preferahly less than $5.

_ Various embodiments of the present invention are illustrated by the following examples:

30 Example 1

The power supply circuit 10 shown in FIGURE 2 can he employed to power a plurality of forty-eight (48)
LEDs such as AllnGaP LEDs manufactured by Hewlett-Packard that emit red[amher light having a wavelength between
about 615 and 590 nm. So as not to shorten the lifetime of the LEDs 14, which typically ranges between ahout five
to ten years, while providing sufficient emission from the LEDs for certain lighting applications, the power supply 10

35 delivers 50 mA to each of the plurality of LEDs, which are arranged in series. Although each of the LEDs 14 are of the
-8-
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same model and manufacturer, any given LED in the string may have a voltage drop across it that may vary as much as
0.1 DC volts (VDC); in particular, the forward voltage for these LEDs ranges from about 2.3 to 2.4 VDC. Accordingly,
for a string of 48 such LEDs 14, the total voltage drop across the LEDs can be as small as 110.4 VDC and as large as
115.2 VDC, the average being 112.8 VDC.

5 In this example, the power supply circuit 10 includes an LM317AT voltage regulator, which provides a
voltage at the output terminal 54 that is 1.25 V below the voltage at the reference terminal 56. The LM317AT
voltage regulator will be damaged if a positive voltage of greater than +40 V or a negative voltage more negative than
-0.3 V is applied between the input terminal 52 and the output terminal 54. Additionally, the LM317AT voltage
regulator wilf no [onger provide a regufated voltage at the output terminal 54 if, when operating at room temperature

10 {26°C), less than +3.75 V is applied between the input terminal 52 and the output terminal. The range of voltages
that can therefore be applied between these input and output terminals 52 and 54 is between +3.75 V and +40 V.
Thus, in this example the power supply circuit 10 is designed to provide a proximate voltage drop between the input
terminal 52 and the output terminal 54 of ahout 25 V.
To establish a 50 mA set-point current for the LEDs 14, a set-point resistor b0 of 25 Q is employed. Since
15 the voltage difference between the reference terminal 56 and the output terminal 54 is 1.25 V, a set-point resistor 50
of 25 Q shunted across the reference terminal and the output terminal will ensure that 50 mA flows out the output
terminal through the 25 €2 set-point resistor and to the LEDs 14.
In this example, the surge protection device 30 comprises a ZNR surge protector manufactured by Panasonic
and the diode bridge 34 comprises a four-diode bridge manufactured by Microsemi Corporation. The ZNR surge
20 protector limits the voftage coupled to the step-down capacitor to 135 VAC. The diode bridge 34 rectifies the AC
voltage as is well known in the art and introduces a 2 V voltage drap, Vggpee. between the input AC voltage and the
rectified voltage.
The power supply 10 is designed to deliver a substantially constant current to the string of 48 LEDs 14
despite the variation in AC line voltage and in the voltage drop across the 48 LEDs. As is well known, the AC line
25 voltage varies in amplitude; for example, commercial line voltage varies between about 110V and 120V, a total of & 5
V, on average being about 115 V. Also, as discussed above, the total voltage drop across the 48 LEDs 14 varies about
+ 2.4V, i.e., between about 110.4 VDC and 115.2 VDC. The total variation introduced by variations in line voltage
and in the voltage drop across the LEDs 14 is therefore about + 7.4 V.
An appropriate value of the capacitance for the step-down capacitor 32 needs to be selected so as to
30 maintain an operating voltage across the input terminal 52 and the output terminal 54 of the voltage regulator 48,
corresponding to 25 V despite the fluctuations in the amplitude of the AC line voltage 12 and differences in voltage

drop across the 48 LEDs 14. The voltage drops across the components in the power supply 10 are related by:

((VACLINE —Veawr) % \[E)_ Vermer ~Vreeuraror —Vigps =0

-O-
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For an average AC line voltage, Vg e of 115 V and an average voltage drop across the LEDs, Vg, of 112.8 V, where
the voltage drop across the bridge 34, Vegnee is 2.0 V and the operating point for the voltage regulator 48, ie., the
voltage, Veesuiamon, Detween the input terminal 52 and the output terminal 54 is 25 V, the voltage across the step-down
capacitor 32, Ve is determined to be 16.13 V. Since the line voltage fluctuates + 5 volts and the voltage drop across
5 the 48 LEDs can vary as much as <+ 2.4 V, then the voltage across the step-down capacitor 32, Vg, is about 16.13 &

7.5 V. The capacitance required to establish the requisite step-down voltage can be determined from the equation

where R is the resistance corresponding to the

defining the impedance for a capacitor, R =|Z|=
2z fC

magnitude of the impedance Z, fis the frequency of the AC voltage, and C is the eapacitance of the capacitor. The
voltage V¢, across the step-down capacitor 32 must be largest when the line voltage is 5 V higher than the average
10 line voltage, and the voltage drop across the 48 LEDs, Vg, is 2.4 V below average, in which case the voltage drop
across the capacitor must be 16.13 + 7.5 V or 23.65 V. Since 50 mA is defivered to the 48 LEDs 14, 50 mA is drawn
through the input terminals 28 of the power supply 10 and through the step-down capacitor 32. The resistance of the
step-down capacitor 32 can be computed from the Ohm's Law: 7 = IR . To establish a 23.65 V drop across the
step-down capacitor 32 with a 50 mA current, a 473 Q resistance is required. For 80 Hz AC line voltage, the
15 * capacitance of the step-down capacitor 32 is therefore preferably 5.6 pF.
As described above, the power supply 10 minimizes thermal or I°R loss, since the number of resistors is held

to a minimum. As is well known, power is determined by the relationship P = IV where P is power, or with the

following equation for resistors P = >R, where R is resistance. Accordingly, the power into the power supply 10

is a product of the RMS value of the line voltage (115 V) and the current drawn by the power supply (50 mA), which
20 corresponds to 5.75 W. Similarly, the power delivered to the plurality of LEDs 14 equals the average voltage drop
across the LEDs {112.8 V) times the current through the LEDs (50 mA); this product equals 5.64 W. A comparison of
the power into the power supply 10 (5.75 W) and into the plurality of LEDs 14 {5.64 W) yields a total efficiency for the
power supply of 98%.
Also, as discussed above, the power supply 10 provides a substantially constant level of current to the 48
25 LEDs 14, despite fluctuations in the AC line voltage and variations in the veltage drop across the 48 LEDs. In Example
1, the set-point current is 50 mA, and the voltage regulator 48 will deliver this current provided the voltage Vg
between the input terminal 52 and the output terminal 54 is within the range of +3.75 VDC and +40.0 VOC. For
example, when the AC voltage line is 110 V (RMS) and the voltage drop across the plurality of LEDs is 115.3 V, witha
23.65 V drop across the step-down capacitor 32 and a 2.0 V veltage drop across the diode bridge 34, results in a
30 14.69 V valtage across the input terminal 52 and the output terminal 54 of the voltage regulator 48, which satisfies
the +3.75 VDC minimum requirement for proper operation of the voltage regulator. Similarly, in the case where the

AC line voltage is 120 V (RMS) and the voltage drop across the 48 LEDs is 110.4 V, with the voltage drop across the
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step-down capacitor 32 of 23.65 V and the voltage drop across the diode bridge 32 of 2.0 V, the voltage Vg across
the input terminal 52 and the output terminal 54 is 33.95 V, which does not exceed the + 40.0 VDC limit for safe

operation of the voltage regulator 48. In computing these values for the voltage drop across the voliage regulator 48,

the RMS line voltages, i.e., of 110V, and 120 V, are multiplied by \/5 to convert the RMS voltage into peak voltage.
"5 To further protect the voltage regulator 14 from being subjected to veltages across the input and output
terminals in excess of +40 YV, the zener diode comprises a 39 V zener, P/N No. TN474ADICT manufaetured by Vishay
and the resistor in parallel with the zener comprises a 10 k2 resistor. This combination safeguards the voltage
regulator 14 from excess voltages across the input and output terminals 52 and 54, upon discharge of the ripple
suppression capacitor 42 initiated by electrically disconnecting any one of the 48 LEDs from the power supply 10. To

10 prevent arcing of the ripple suppression capacitor 42, the charge dissipation resistor 44 is provided. This resistor 44

will permit the dissipation of 170 VDG or 120 \/5 . the peak voltage associated with the 120 V RMS AC line voltage
and that is stored by the ripple suppression capacitor 42. The charge dissipation resistor 44 comprises a 50 kQ
resistor. If the charge dissipation resistor 44 is too large, heat will be generated as current is passed through this
resistor upon discharge of the ripple suppression capacitor 42 as well as during normal operation of the power supply

i5 10. As discussed above, excessive heating here may be incompatible with the packaging of the power supply 10 or of
the surrounding environment.

Also, excessive ripple in the current delivered to the LEDs 14 may permanently damage them. For the
standard LED 14, the ripple in the voltage received by the voltage regulator 48 must not exceed 10 V and preferably is
hetween 4-6 V. Accordingly, the ripple suppression capacitor 42 comprises a 33 uF capacitor that reduces ripple in

20 the rectified voltage output by the diede hridge 34 to between 4-6 V. The preferred capacitance of the ripple
suppression capacitor 42 is proportional to the set-point current delivered to the LEDs 14, thus, when the set-point
current is small, the capacitance is similarly reduced. Also, the oscillation-suppression capacitor 61 comprises a 0.1
WF capacitor, which prevents the voltage regulator 48 from oscillating and driving the LED 14 with currents outside
the safe range of operation.

25 The power supply 10 in Example 1 is designed to convert residential AC line voltage 12, corresponding to
119 VAC at 60 Hz, into a regulated 50 mA current that is delivered to 48 LEDs 14 in series, wherein each LED has a
2.3 - 2.4V voltage drop. The power supply 10, however, can be designed to draw power from other AC sources, such
as commercial AC line voltages or European AG line veoltages, which operate at 220 V and 50 Hz. The power supply 10
may also be designed to accommodate more or less than 48 LEDs in series, or both series and parallel, having different

30 voltage drops and being driven with different amounts of current. The electrical components, e.g., the step-down
capacitor 32, the ripple suppression capacitor 42, the charge-suppression resistor 44, and the set-point resistors 50
and 51, will have respective capacitance and resistance values determined by the requirements of the power supply
10. These requirements include, but are not limited to, the AC line voltage, the set-point current, and the voltage drop

across the plurality of light-emitting diodes 14.

-11-
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Example 2
The power supply circuit 10 of Example 1 may be modified to accommodate 24 red LEDs 14 in series, by

simply altering the step-down capacitance from 5.6 pF to a 2.2 pF and the current regufator 48 will deliver the proper
regulated ‘DC current of 50 mA. To modify the set-point current, the set-point resistance is changed. As with the
5 circuit in Example 1, the power supply 10 of Example 2 receives an AC line voltage of 115 VAC. The efficiency of this
configuration is reduced as the number of LEDs 14 is smaller and therefore the amount of power transferred into light
output is less. Similarly, if the number of LEDs 14 is increased, the amount of power transformed into light energy is
greater and the efficiency is likewise higher.
The present invention may be embodied in other specific forms without departing from the essential
10 characteristics as deseribed herein. The embodiments described above are to be considered in all respects as
illustrative only and not restrictive in any manner. The scope of any invention is, therefore, indicated by the following
claims rather than the foregoing description. Any and all changes which come within the meaning and range of

equivalency of the claims are to be considered in their scope.
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WHAT IS CLAIMED 1S:

1. An apparatus comprising a light emitting diode and a power supply for powering said light emitting

diode, said power supply comprising:
a step-down impedance;
5 . a current regulator electrically connected to the step-down impedance;
l a rectifier electrically connected between the step-down impedance and the current regulator; and
a low pass filter electrically connected between the rectifier and the current regulater,

wherein said current regulator has an output for electrical conneetion to said at least one light emitting diode.

2. The power supply of Claim 1, further comprising a surge protector in electrical contact with said
10 step-down impedance.

3. The power supply of Glaim 1, whergin said reactive element comprises a bipolar capacitor.

4, The power supply of Claim 3, wherein said at [east one light emitting diode comprises a plurality of

light emitting diodes connected in series.

5. The power supply of Claim 4, wherein said plurality of light emitting diodes comprise at least two
15 sets of serially connected light emitting diodes connected in parallel.

6. The apparatus of Claim 4, wherein said plurality of light emitting diodes comprises at least 12.

7 The apparatus of Claim 4, wherein said plurality of light emitting diodes comprises at least 24.

8. The apparatus of Claim 4, wherein said plurality of light emitting diodes comprises at least 48.

9 A power supply for praviding electrical power to at least one light emitting diode, comprising:

20 a step-down impedance;
a current regulator electrically connected to said step-down impedance;
a rectifier electrically connected between said step-down impedance and said current regulator; and
a low pass filter electrically connected between said rectifier and said current regulator,
wherein said current regulator has an output for electrical connection to said at least one light emitting diode
25 that outputs a current and voltage compatible with said light emitting diode.
10. The power supply of Claim 9, further comprising a surge protector in electrical contact with said

step-down impedance.

11. The power supply of Claim 9, wherein said step-dovwn impedance comprises a reactive element.
12. The powver supply of Claim 11, wherein said reactive element comprises a bipolar capacitor.
30 13. The power supply of Claim 12, wherein said bipolar capacitor comprises film.
14, The power supply of Claim 9, wherein said rectifier comprises a diode bridge.
15. The power supply of Claim 9, further comprising a charge dissipator electrically connected between

said low pass filter and said current regulator.

16. The power supply of Claim 15, wherein said charge dissipator comprises a resistor.
35 17. The power supply of Claim 9, wherein said low pass filter comprises a capacitor.
-13-
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18. The power supply of Claim 9, wherein said current regulator comprises:

a voltage regulator having an input terminal, an output terminal, and a reference terminal
electrically connected such that said output terminal is at a voltage offset from the voltage of said reference
terminal by a substantially constant potential difference; and

5 at least one set-paint resistor electrically connecting said output terminal of said voltage regulator
to said reference terminal of said voltage regulator.

19. The power supply of Claim 18, wherein said current regulator comprises at least two set-paint
resistors and a switch seitable in a plurality of positions to electrically connect different set-point resistors to said
output and reference terminals of said voltage regulator.

10 20. The power supply of Claim 9, wherein said current regulator comprises:
a voltage regulator having an input terminal, an nutplit terminal, and a reference terminal; and
a resistor, wherein said output terminal is electrically connected to said reference terminal through

said resistor.

21, The power supply of Claim 9, wherein said current output by said current regulator output
15 comprises about 30 milliamps ta 1 amp.
22, The power supply of Claim 9, wherein said voltage output at said current regulator output ranges

between about 2 to 170 volts.
23. The power supply of Claim 8, wherein said at least one light emitting diode comprises a plurality of
light emitting diodes connected in series.
20 24, The power supply of Glaim 23, wherein said plurality of light emitting diodes comprise at least two
sets of serially connected light emitting diodes connected in parallel.
25. A methed of providing power to one or more light emitting diodes {LEDs} using an AC voltage
comprising:
attenuating said AC voltage;
25 subsequent to said attenuating, rectifying said AC voltage to produce a rectified voltage;
subsequent to said rectifying, removing ripple from said rectified voltage; and
subsequent to said removing, converting said rectified voltage into a substantially constant supply

of DC current and applying the DC current to power said one or more light emitting diodes (LEDs).

26. The method of Claim 25, wherein said step of attenuating comprises applying said AC voltage to a
30 substantially reactive component,
27. The method of Claim 26, wherein said step of attenuating comprises applying said AC voltage to a
capacitor.
28. The method of Claim 25, wherein said one or more LEOs comprises a plurality of LEDs connected in
series.
35 29. The method of Claim 28, wherein said plurality of LEDs comprises at least 12.
-14-
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30. The method of Claim 28, wherein said plurality of LEDs comyprises at least 24.
31. The method of Claim 28, wherein said plurality of LEDs comprises at least 48.
-15-
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Examiner Name Le, Don P.
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Initial No Code! of cited Document )
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1 10492251 P019-11-26 Miskin et al. Ex. 1001
2 5380693 P002-04-30 Kastl Ex. 1009
3 b086294 1991-02-04 Kasegi Ex. 1014
4 H412971 P002-07-02 Mojnarowski et al. Ex. 1018
5 H803732 P004-10-12 Kraus et al. Ex. 1019
6 5510995 P003-01-28 Muthu et al. Ex. 1020
7 019662 P006-03-28 Shackle Ex. 1021
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9 H870497 P005-04-12 Hua et al. Ex. 1024
10 5300748 P001-10-09 Miller Ex. 1025
11 h353213 [1994-10-04 Paulik et al. Ex. 1027
12 H656398 1987-04-07 Michael et al. Ex. 1028
13 H806965 1998-09-15 Deese Ex. 1031
14 856103 P005-02-15 Hudson et al. Ex. 1033
15 5580228 P003-06-17 Chen et al. Ex. 1034
16 B774582 P004-08-10 Kwong et al. Ex. 1035
17 H573766 1985-03-04 Boumay, Jr. et al. Ex. 1044
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Filing Date 2020-08-24
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Aftorney Docket Number 3725194.00131 19US05

Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PR Passages or Relevant
Document .
Figures Appear
FLAT WHITE LIGHTING
1 003100206 pu 2003-07-17 bTY LTD. Ex. 1005, Ex. 1076
2 P372609 (5B 2002-08-28 Hugewin Electronics Co. | Ex. 1029
3 P011/143510 WO 2011-11-17 | ynk Labs, Inc. Ex. 1049
4 011082168 WO 2011-07-07 | ynk Labs, Inc. Ex. 1057
5 010138211 WO 2010-02-12 | ynk Labs, Inc. Ex. 1061
6 0101266011 WO 2010-11-04 | ynk Labs, Inc. Ex. 1062
If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item
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(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS

Initials* | No

publisher, city and/or country where published.

Bamsung Electronics Co_, Lid. v. Lynk Labs, Inc. U.S. Patent No. 10,492,251 Petition for Inter Partes Review of U S.
Patent No. 10,492,251, 95 pages

Bamsung Electronics Co_, Ltd. v. Lynk Labs, Inc. U.S. Patent No. 10,492,251 Power of Attorney for Pelitioner
Samsung Electronics Co., Lid. 3 pages
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3 Bamsung Electronics Co., Ltd. v. Lynk Labs, Inc. U.S. Patent No. 10,492,251 Petitioner's Notice Regarding Multiple
Petitions, 9 pages

4 Samsung Electronics Co., Ltd. v. Lynk Labs, Inc. Case: IPR2022-00051, U.S. Patent No. 10,492,251 Patent Owner's
Mandatory Notices Pursuant to 37 C F.R. Section 42 8, 5 pages

5 Samsung Electronics Co., Ltd. v. Lynk Labs, Inc., U.S. Patent No. 10,492 251 Declaration of R. Jacob Baker, Ph.D.,
P E_ In Support of Petition for Inter Partes Review of U.S. Patent No. 10,492 251, 173 pages - Ex. 1002

6 R. Jacob (Jake) Baker, Ph.D., P.E. CV, 37 pages - Ex. 1003

7 1JS Patent Application 16/148,945 filed on February 15, 2019, 309 pages - Ex. 1004

8 |JS Application No. 61/331,225 filed May 4, 2010, 63 pages - Ex. 1010

9 Matson Mastering Electronics, Third Edition, pp 1-151 - Ex. 1012 and Ex. 1018

10 Btan Gibilisco, Handbook of Radio & Wireless Technology, pp 1-188 - Ex. 1013

11 Defendant Lynk Labs, Inc.'s Response to Plaintiffs’ Initial Non-Infringement, Unenforceability, and Invalidity
Contentions, 51 pages - Ex. 1038

12 File History for U.S. Patent No. 9,198,237 Issued May 18, 2011- Part 2, 321 pages - Ex. 1039

13 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 1 of 4, pp. 1-161 - Ex. 1041, Ex. 1061, ex, 1054
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14 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 2 of 4, pp. 162-1048 pages - Ex. 1041, Ex. 1061, Ex. 1054

15 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 3 of 4, pp. 1049-1230 pages - Ex. 1041, Ex. 1061, Ex.
[os54

16 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 4 of 4, pp. 1231-1237 pages - Ex. 1041, Ex. 1061, Ex.
[os54

17 ITim Williams, The Circuit Designer's Companion, First Published 1991, ISBN 0 7506 1142 1, 314 pages - Ex. 1042,
Fx. 1094

18 Chamber Dictionary of Science and Technology, General Editor Professor Peter MB Walker, CBE, FRSE, Chambers
Harrap Published Ltd. 1999 ISBN 0 550 14110 3, 4 pages - Ex. 1047, Ex. 1024

19 McGraw-Hill Dictionary of Scientific and Technical Terms, Sixth Edition, Library of Congress Cataloging in Publication
Data , ISBN 0-07-042313-X, pages 4 - Ex_ 1048, Ex. 1018

20 PCT File History US/2011/36359, filed 2011-05-12 - Ex. 1050

21 PCT File History US/2010/62235, filed 2010-12-28 - Ex. 1052, Ex. 1039

22 1).S. Provisional Application filed May 12, 2010 - Ex. 1063

23 1).S. Provisional Application filed December 28, 2009 - Ex. 1064

24 1).S. Provisional Application filed December 31, 2009 - Ex. 1065
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Aftorney Docket Number 3725194.00131 19US05

25 1J.S. Provisional Application 60/997,771 filed October 6, 2007 - Ex. 1066

26 1JS Provisional Application 60/547.653 filed February 25, 2004 - Ex. 1067

27 1JS Provisional Application 60/559867 filed February 25, 2004 - Ex. 1068

28 1JS Provisional Application 61/217,215 filed May 28, 2009 - Ex. 1069

29 1JS Provisional Application 61/215,144 filed May 1, 2009 - Ex. 1070

Civil Docket for Case# 6:21-cv-02665, Northern District of lllinois, Samsung Electronics. Co., Ltd., filed May 17, 2021,

30 14 pages - Ex_ 1076, Ex_ 1061

Civil Docket for Case# 6:21-cv-00097-ADA, Western District of Texas (Waco) - Lynk Labs, Inc. filed January 29, 2001,

31 D pages - Ex_ 1077, Ex. 1074

32 1JS District Court for the Northemn District of lllinois, Estimated Patent Case Schedule, 2 pages - Ex. 1079, Ex. 1062

Samsung Electronics Co., Ltd. and Samsung Electronics America, Inc., v. Lynk Labs, Inc., Case No. 1:21-cv-02665 -

33 Bupplemental Report of Parties’ Planning Meeting, filed October 14, 2021, 11 pages - Ex_ 1080, Ex. 1075

Samsung Electronics Co_, Ltd. and Samsung Electronics America, Inc_, v. Lynk Labs, Inc., Case No. 1:21-cv-02665 -
34 Defendant Lynk Labs, Inc's Answer to Plaintiffs Samsung Electronics Co., Ltd. and Samsung Electronics America,
Inc.'s First Amended Complaint and Counterclaims, filed August 3, 2021, 67 pages - Ex. 1082, Ex. 1071

Samsung Electronics Co., Ltd. and Samsung Electronics America, Inc., v. Lynk Labs, Inc., Case No. 1:21-cv-02665 -

35 Defendant Lynk Labs, Inc.'s Amended Preliminary Infringement Contentions, 9 pages - Ex. 1083, Ex. 1066
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Examiner Name Le, Don P.

Aftorney Docket Number 3725194.00131 19US05

1).S. Patent No. 10,492,251 ("the '251 Patent™) Exemplary Infringement Contention Claim Charts, Appendix A-1

36 hrough J-1 - Ex. 1084

37 Samsung Electronics Co., Ltd. et al. v. Lynk Labs, Inc. Case No. 1:21-cv-02665, Notification of Docket Entry July 27,
021, 1 page - Ex. 13085, Ex. 1068

38 Bamsung Electronics Co., Ltd., and Samsung Electronics America, Inc. v. Lynk Labs, Inc., No. 21 C 2665, Order dated|
August 19, 2021 - Ex. 1086

39 Samsung Electronics Co., Ltd. et al. v. Lynk Labs, Inc. Case No. 1:21-cv-02665, Notification of Docket Entry October
18 2021, 1 page - Ex. 1087, Ex_1070

40 | ynk Labs, Inc., v. Home Dept USA, Inc_, The Home Depot Inc., and Home Depot Product Authority, LLC, Case. No.

6:21-cv-00097, Complaint For Patent Infringement dated January 29, 2021, 88 page - Ex_ 1088, Ex. 1072

| ynk Labs, Inc_, v. Home Dept USA, Inc_, The Home Depot Inc., and Home Depot Product Authornity, LLC, Case. No.
41 H:21-cv-00097-ADA, First Amended Complaint For Patent Infringement dated March 17, 2021, 94 pages - Ex. 1089,
Ex. 1073

Samsung Electronics Co., Lid. et al. v. Lynk Labs, Inc. Case IPR2022-00051, Patent No. 10,492,251 Notice of Filing

42 Date Accorded to Petition, mailed December 9, 2021, 5 pages.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible.  Applicant is to place a check mark here if
English language translation is attached.
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Filing Date 2020-08-24

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Miskin

.. Art Unit 2844
( Not for submission under 37 CFR 1.9%)

Examiner Name Le, Don P.

Aftorney Docket Number 3725194.00131 19US05

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-13
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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(54) Abstract Title

Wireless remote control bulb device

(687) A wireless remote control buib device for controlling the action of at least one bulb comprises a remote
controller module and at least one remote control receiver (30) installed in a bulb. The remote controller
module is used to emit a remote control signal to be received by the remote control receiver (30), of which the
addressing code has been learned and set beforehand. After being unmistakably discriminated, the bulb will
be triggered to generate the on or off action so that the effect of controlling bulbs by wireless remote control
can be achieved.
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2372609

WIRELESS REMOTE CONTROI, BULB DEVICE
Field of the invention

The present invention relates to a wireless remote control device and, more

particularly, to a wireless remote control bulb device capable of controlling
5  bulbs to be turned on or off through wireless remote control way.
Background of the invention

In prior art, the switches for controlling bulbs are usually installed on the
wall, and eéach switch can only control the bulb connected therewith, Except
modifying the wiring of the power wires of bulbs, it is impossible to change the

10  way of control. However, this engineering must spend much time and money,
and thus is very cumbersome.

Along with continual progress of scientific technology, more and more
people emphasize the convenience and swiftness of lives. The present invention
aims to let people be capable of flexibly controlling each bulb. Moreover, the

15 present invention aims to let handicapped people be capable of controlling the
action of each bulb through wireless remote control way without the need of
other’s help. Speaking briefly, the present invention provides a wireless remote
control device to control bulbs to be tumed on or off so as to achieve
convenient use.

20 Summary and objects of the present invention

The primary object of the present invention is to provide a wireless remote
control device capable of controlling each bulb to be turned on or off through
wireless remote control way. It is not necessary to connect each bulb to a
switch on the wall via a connection wire. Therefore, very convenient use can be

1
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achieved. Moreover, the look of each bulb will mot be mfluenced so that the
original fabrication mold and fabrication process can be followed to reduce the
cost.
Another object of the present invention is to provide a wireless remote
5 control device for controlling bulbs so that each bulb can be remotely
controlled, and a plurality of bulbs can be controlled to act simultaneously.
Thereby, the on or off states of bulbs can be zoned or grouped to achieve
convenience and flexibility in management,
Yet another object of the present invention is to provide a wireless rémote
10 control device for controlling bulbs, which device can be connected to a
computer system. Thereby, the bulbs can be remotely controlled at a long
distance or via the network.
According to the present invention, a wireless remote control bulb device
comprises a remote controller module for emitting a remote control signal to be
15 received by at least a remote control receiver installed in a bulb. The bulb is
~ then driven after the signal is unmistakably discriminated. Thereby, the device
can control the on or off states of more than one bulb through wireless remote
centrol way.
The various objects and advantages of the present invention will be more
20  readily understood from the following detailed description when read in
conjunction with the appended drawings, in which:
Brief description of drawing:
Fig. 1 is a block diagram of a remote controller module of the present

invention;

PGR2023-00016 - Home Depot
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Fig. 2 is 4 schematic view of a remote controller module of t1‘1e present
mnvention;
Fig. 3 is a block diagram of a remote control receiver of the present
invention;
5 Fig. 4 is a schematic view after a remote control receiver of the present
invention is installed in a bulb.
Detailed descripﬁc;n of preferred embodiment
According to the present invention, a wireless remote control bulb device
comprises a wireless remote controller module for emitting a remote control
10  signal to be received by a remote control receiver installed in a bulb. The bulb
is then driven after the signal is unmistakably discriminated. Thereby, the user
can control the on or off states of at least one bulb through wireless remote
coutrol way.
As shown in Figs. 1 and 2, a remote controller module 10 comprises a
15  central processing unit (CPU) 12, a radio-frequency (RF) emitting unit 14, a
- panel keyboard 16, a display 18, a first storage 20, an RF receiving unit 22, a
serial port 24, and a time base generator 28. The CPU is respectively connected
to the RF emitting unit 14, the panel keyboard 16, the display 18, the first
storage 20, the RF receiving unit 22, the serial port 24, and the time base
20 generator 28. The CPU 12 is used to receive keyed-in data from the panel
keyboard 16 and the remote control serial codes and zone codes of the bulbs
the user wants to control so that the remote control receiver can receive them
for learning and discriminating. The remote controller module 10 also displays
the codes on the display 18 and stores them in the first storage 20. The CPU 12

3
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transfers a remote control code to the RF emitting unit 14, which will then emit

a remote control signal to set the remote control receiver. The RF receiving unit

22 connected to the CPU 12 is used to receive and copy data transferred from

another remote controller module. The serial port 24 is a connector for the

5 connection of the remote controller module 10 to external digital systems such

as computer systems so that the object of controlling bulbs at a long distance or

via the network can be achieved. The time base generator 28 is used to generate

a reference time required for calculating date and time. The user can set in
advance the time to turn on of off the bulbs. The CPU 12 will be driven to

10 control the on or off states of bulbs once the set time has arrived. A power

supply 26, generally being a battery set, is used to provide electricity for each

of the above components.

As shown in Figs. 3 and 4, a remote control receiver 30 is installed in the

holder 52 of 4 bulb 50. The remote control receiver 30 comprises a

15  learning/discriminating device 32, an RF receiver 34, a DC power supply 36,

and a second storage 38. The learning/discriminating device 32 is respectively

connected fo the RF recciver 34, the DC power supply 36, and the second

storage 38. The RF receiver 34 is used to receive the remote control signal

emitted from the remote controller module 10. The received remote control

20  signal is then discriminated and compared by the learning/discriminating

device 32 to see whether the remote control code is correct. The RF receiver 34

can also stores the received remote control code in the second storage 38. The

second storage 38 stores the internal serial code of the remote control receivef

30 itself for comparing. After the received remote control code is unmistakably

4
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discriminated by the learning/discriminating device 32, a confirmation signal is
transferred to a thyristor (TRIAC) 42 in the DC power supply 36. The TRIAC
42 is an AC control switch with two ends thereof respectively connected to an
AC power supply terminal 54 in the bulb and an activator 56 of the bulb. If a
5 remote control signal of the wireless remote control bulb device is received, the
remote control receiver 30 will open or close the AC power connected to the
bulb to let the bulb be turned on or off. The DC power supply 36 further
comprises an AC rectification/DC supply unit 40 connected to the AC power
supply terminal 54 in the bulb for transforming AC power into DC power to
10 \ provide electricity for each component in the remote control receiver 30.
The above first storage 20 and second storage 38 are electrically erasable
programmable read-only memories (EEPROMs).
Before the present invention is used, the serial codes and zone codes of the
bulbs to be controlled must be keyed in via the panel keyboard of the remote
15 controller module. The codes are then emitted by the RF emitting unit and then
- received by the RF receiver in the remote control receiver, Next, the received
serial codés are transferred to the learning/discriminating device to be learned
and memorized there and then stored in the secohd storage. Thereby, the
remote controller module can remotelsz control at least a remote control
20 receiver that has learmed and been set beforehand to control the action of at
least a bulb. |
Because independent remote control needs independent addressing way, the
remote control receiver of the present invention in each bulb bas a umque
addressing way of serial code to be learned and copied by the remote controller
5
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module. Therefore, each remote controller module not only can control a bulb
independently, but also can control several tens of bulbs through learning, The
same key can be set for a plurality of bulbs by the remote controller module so
that the bulbs can be controlled to be turned on or off simultaneously.

5 To sum up, the present invention provides a wireless remote control bulb
device to conirol the on or off states of bulbs through wireless remote control
way. It is not necessary to connect each bulb to a fixed switch on the wall via a
connection wire, resulting in very convenient use. Moreover, because the
remote control receiver is installed in the bulb, the look of each bulb will not be

10 influenced so that the original fabrication mold and fabrication process can be
followed to-reduce the cost. Additionally, the present invention can achieve the
effect of remote controlling the bulbs at a long distance via a telephone line or
the network so that the on or off states of the bulbs-can be zoned or grouped to
acquire convenience and flexibility in management,

15 Although the present invention has been described with reference to the
preferred embodiments thereof, it will be uﬁderstood that the invention is not
limited to the details thereof. Various substitutions and modifications have been
suggested i the foregoing description, and others will occur to those of
ordinary skill in the art. Therefore, all such substitutions and modifications are

20 intended to be embraced within the scope of the invention as defined in the

appended claims,
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CLAIMS

1. A wireless remote control bulb device for controlling the on or off state of at
least a bulb through wireless remote control way, said wireless remote
control bulb device comprising;

5 a remote controller module comprising a CPU, a panel keyboard, a display, a
time basé generator, and a first storage, said CPU being respectively
connected to said panel keyboard, said display, said time base generator, and
said first storage, said CPU being used to receive kgyed-in data from said
panel keyboard and remote control serial codes, display them on said display,

10 and then stofe them in said first storage, said CPU also being used to ﬁansfer
a remote control code to an RF emitting unit to let said RF emitting unit emit
a Temote control signal, said time base generator being used to generate time-
so that the user can set the timing to turn on of off said bulb beforehand, a
power supply being used to provide electricity for each of the above said

15 components; and
at least a remote control receiver installed in the holder of said bulb, said
remote control receiver comprising an RF receiver, a leaming/discriminating
device, a DC power supply, and a second storagé, said RF receiver being
uséd to receive said remote conmtrol signal emitted from said remote

20 controller module, said learning/discriminating device being used for
discriminating and comparing to verify said remote control code, a signal
being transferred to saild DC power supply conmected to sad
learning/discriminating device to control the action of said bulb after -said
remote  control code is  unmistakably  discriminated, said

7
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learming/discriminating device being further connected to said second
starage for storing the internal serial code and said received remote control
code.

2. The wireless remote control Bulb device of claim 1, wherein said CPU in

5 said remote controller module is further connected to an RF receiving unit
for receiving and copying data transferred from another remote controller
module. |

3. The wireless remote control bulb device of claim 1, wherein said remote
controller module further comprises a serial port to be connected to external

10 digital systems.

4. The wireless remote céntrol bulb device of claim 1, wherein said DC power
supply comprises an AC rectification/DC supply unit and a thyristor
respectively connected to a power supply terminal in said bulb and an
activator of said bulb, said thyristor being used to receive said signal

15 transferred ﬁ‘ofn satd learning/discriminating device.
- 5. The wireless remote control bulb device of claim 1, wherein said first
storage and said second storage are electrically erasable programmable read-

only memories.
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6. A wireless remote control bulb device substantially as described herein with

reference to the drawings.
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LED LIGHTING SYSTEM
RELATED APPLICATIONS

[Para 1] The application is a continuation-in-part of International Application No.
PCT/US20 10/06223 5 filed December 28, 2010 which claims priority to U.S. Provisional
Application No. 61/284,927 filed December 28, 2009 and U.S. Provisional Application No.
61/335,069 filed December 31, 2009 and is a continuation-in-part of U.S. Patent Application
No. 12/287,267, filed October 6, 2008, which claims priority to U.S. Provisional Application
No. 60/997,771, filed October 6, 2007; U.S. Patent Application No. 12/364,890 filed
February 3, 2009 which is a continuation of U.S. Application No. 11/066,414 (now U.S.
Patent No. 7,489,086)‘ filed February 25, 2005 which claims priority to U.S. Provisional
Application No. 60/547,653 filed February 25, 2004 and U.S. Provisional Application No.
60/559,867 filed April 6, 2004; International Application No. PCT/US201 0/001 597 filed
May 28, 2010 which is a continuation-in-part of U.S. Application No. 12/287,267, and claims
priority to U.S. Provisional Application No. 61/217,215, filed May 28, 2009; International
Application No. PCT/US20 10/00 1269 filed April 30, 2010 which is a continuation-in-part of
U.S. Application No. 12/287,267, and claims priority to U.S. Provisional Application No.
61/215,144, filed May 1, 2009; this application also claims priority to U.S. Provisional
Application No. 61/333,963 filed May 12, 2010; the contents of each of these applications are

expressly incorporated herein by reference.

TECHNICAL FIELD
[Para 2] The present invention relates to an LED lighting system having multiple

circuits or drivers capable of providing an output to at least one LED circuit.
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FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[Para 3] None.

BACKGROUND OF THE INVENTION

[Para 4] Description of the Related Art

[Para 5] LEDs are semiconductor devices that produce light when a current is supplied
to them. LEDs are intrinsically DC devices that only pass current in one polarity and
historically have been driven by DC voltage sources using resistors, current regulators and
voltage regulators to limit the voltage and current delivered to the LED. Some LEDs have
resistors built into the LED package providing a higher voltage LED typically driven with 5V
DC or 12V DC.

[Para 6] Some standard AC voltages in the world include 12VAC, 24VAC, 100VAC,
11IOVAC, 120VAC, 220VAC, 230VAC, 240VAC and 277VAC. Therefore, it would be
advantageous to have a single chip LED or multi-chip single LED packages and/or devices
that could be easily configured to operate at multiple voltage levels and/or multiple
brightness levels by simply selecting a voltage and/or current level when packaging the
multi-voltage and/or multi-current single chip LEDs or by selecting a specific voltage and/or
current level when integrating the LED package onto a printed circuit board or within a
finished lighting product. It would also be advantageous to have multi-current LED chips
and/or packages for LED lamp applications in order to provide a means of increasing
brightness in LED lamps by switching in additional circuits just as additional filaments are
switched in for standard incandescent lamps.

[Para 7] US 7,525,248 discloses a chip-scale LED lamp including discrete LEDs

capable of being built upon electrically insulative, electrically conductive, or electrically semi
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conductive substrates. FFurther, the construction of the LED lamp enables the lamp to be
configured for high voltage AC or DC power operation. The LED based solid-state light
emitting device or lamp is built upon an electrically insulating layer that has been formed
onto a support surface of a substrate. Specifically, the insulating layer may be epitaxially
grown onto the substrate, followed by an LED buildup of an n-type semiconductor layer, an
optically active layer, and a p-type semiconductor layer, in succession. Isolated mesa
structure of individual, discrete LEDs are formed by etching specific portions of the LED
buildup down to the insulating layer, thereby forming trenches between adjacent LEDs.
Thereafter, the individual LEDs are electrically coupled together through conductive
elements or traces being deposited for connecting the n-type layer of one LED and the p-type
layer of an adjacent LED, continuing across all of the LEDs to form the solid-state light
emitting device. The device may therefore be formed as an integrated AC/DC light emitter
with a positive and negative lead for supplied electrical power. For instance, the LED lamp
may be configured for powering by high voltage DC power (e.g., 12V, 24V, etc.) or high
voltage AC power (e.g., 110/120V, 220/240V, etc.).

|Para 8] US 7,213,942 discloses a single-cAip LED device through the use of
integrated circuit technology, which can be used for standard high AC voltage (110 volts for
North America, and 220 volts for Europe, Asia, etc.) operation. The single-chip A C LED
device integrates many smaller LEDs, which are connected in series. The integration is done
during the LED fabrication process and the final product is a single-c/iip device that can be
plugged directly into house or building power outlets or directly screwed into incandescent
lamp sockets that are powered by standard AC voltages. The series connected smaller LEDs
are patterned by photolithography, etching (such as plasma dry etching), and metallization on
a single chip. The electrical insulation between small LEDs within a single-chip is achieved

by etching light emitting materials into the insulating substrate so that no light emitting
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material is present between small LEDs. The voltage crossing each one of the small LEDs is
about the same as that in a conventional DC operating LED (abricated [rom the same type of
material (e.g., about 3.5 volts for blue LEDs).

[Para 9] Accordingly, single chip LEDs have been limited and have not been integrated
circuits beyond being fixed series, fixed parallel or series parallel circuit configurations until
the development of AC LEDs. The AC LEDs have still however been single circuit or
parallel circuit fixed single voltage designs.

[Para 10] LED packages have historically not been integrated circuits beyond being
fixed series, fixed parallel or fixed series parallel LED circuit configurations.

[Para 11] The art is deficient in that it does not provide a multi-voltage and/or multi-
currcnt circuit monolithically intcgrated on a single substratc which would be advantagcous.
[Para 12] It would further be advantagcous to have a multi-voltage and/or multi-
brightness circuit that can provide options in voltage level, brightness level and/or AC or DC
powering input power preterence.

[Para 13] It would turther be advantageous to provide multiple voltage level and/or
multiple brightness level light emitting LED circuits, chips, packages and lamps "multi-
voltage and/or multi-brightness LED devices"” that can easily be electrically configured for at
least two forward voltage drive levels with direct AC voltage coupling, bridge rectified AC
voltage coupling or constant voltage DC power source coupling. For example, it would be
advantageous to provide a device that can be driven with more than one AC or DC forward
voltage "multi-voltage"” at 6V or greater based on a selectable desired operating voltage level
that is achieved by electrically connecting the LED circuits in a series or parallel circuit
configuration and/or more than one level of brightness "multi-brightness” based on a
switching means that connects and/or disconnects at least one additional LED circuit to

and/or from a first LED circuit. It would be advantageous if the desired operating voltage
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level and/or the desired brightness level clectrical connection was achicved and/or completed
at the LED packaging level when the multi-voltage and/or multi-brightness circuits and/or
singlc chips arc integrated into the LED package, or the LED package may have external
clectrical contacts that match the intcgrated multi-voltage and/or multi-brightness circuits
and/or single chips within, allowing the drive voltage level and/or the brightness level select-
ability to be passed on through to the exterior of the LED package and allowing the voltage
level or brightness level to be selected at the LED package user, or the PCB assembly facility,
or the end product manufacturer.

[Para 14] It would further be advantageous to provide at least two integrated circuits
having a forward voltage of at least 12VAC or 12VDC or greater on a single chip or within a
single LED package that provide a means of selecting a forward voltage when packaging a
multi-voltage and/or multi-brightness circuit using discrete die (one LED chip at a time) and
wire bonding them into a circuit at the packaging level or when packaging one or more multi-
voltage and/or multi-brightness level single chips within a LED package.

[Para IS] It would further be advantageous to provide multi-voltage and/or multi-
brightness level devices that can provide electrical connection options for either AC or DC
voltage operation at preset forward voltage levels of 6V or greater.

[Para 16] It would further be advantageous to provide multi-brightness LED devices that
can be switched to different levels of brightness by simply switching additional circuits on or
off in addition to a first operating circuit within a single chip and or LED package. This
would allow LED lamps to switch to higher brightness levels just like 2-way or 3-way
incandescent lamps do today.

[Para 17] The benefits of providing multi-voltage circuits of 6V or greater on a single
chip is that an LED packager can use this single chip as a platform to offer more than one

LED packaged product with a single chip that addresses multiple voltage levels for various
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end customer design requirements. This would also increase production on a single product
for the chip maker and improves inventory control. This also improves buying power and
inventory control for the LED packager when using one chip.

[Para 18] It would further be advantageous to have a LED lighting assembly which
includes LED circuitry for AC or DC drive and a high frequency AC voltage transformer or
inverter that could be used to convert low frequency voltages, like for example mains voltage
or some other low voltage at 50/60 Hz, to a high frequency without a change in the voltage
provided. For example, it would be advantageous to have a LED lighting power supply
and/or driver capable of receiving 120 VAC at 60 Hz and be able to provide a high frequency
AC output directly to an AC driven LED circuitl(s), or alternatively to a DC driven LED
circuil(s) through an AC-10-DC reclifier at a voltage equal to or different from the original
input voltage to the power supply and/or driver.

[Para 19] It would be further advantageous to combine multiple-voltage LED chips,
packages, circuits, lamps, etc., high frequency AC voltage power supplies and/or
transformers to drive LEDs by either directly connecting a high frequency transformer or
inverter to an AC driven LED circuit(s), or by operably connecting an AC-to-DC rectifier
between the high frequency transformer or inveter and a DC driven LED circuit. With proper
design considerations LEDs may be driven more efficiently with direct AC or rectified AC
than with constant Voltage or constant current DC drive schemes. High frequency AC
transformers or inverters can be made smaller and more cost etfective than constant current
or constant voltage DC drivers or power supplies currently being used to power LEDs. The
higher the frequency, the smaller the transtormer can be made. With proper design
consideration and based on the wattage and the frequency of the AC voltage output of the
power supply, a high frequency AC voltage transformer can be made small enough to be

mounted directly onto a LED lighting PCB assembly.

PGR2023-00016 - Home Depot
Page 7 of 53 Ex. 1003 - Page 2708



WO 2011/143510 PCT/US2011/036359

[Para 20] It would be further advantagcous to provide an LED lighting systcm capablc
of operating after a circuit or driver through which power is supplied to LEDs fails.
[Para 21] The present invention provides for these advantages and solves the

deficiencics in the art.
SUMMARY OF THE INVENTION

[Para 22] According to one aspect of the invention at least two single voltage AC LED
circuits are formed on a single chip or on a substrate providing a multi-voltage AC LED
device for direct AC power operation. Each single voltage AC LED circuit has at least two
LEDs connected to each other in opposing parallel relation.

[Para 23] According to another aspect of the invention, each single voltage AC LED
circuit is designed to be driven with a predetermined forward voltage of at least 6VAC and
preferably each single voltage AC LED circuit has a matching forward voltage of 6VAC,
12VAC, 24VAC, 120VAC, or other AC voltage levels for each single voltage AC LED
circuit.

[Para 24] According to another aspect of the invention, each multi-voltage AC LED
device would be able to be driven with at least two different AC forward voltages resulting in
a first forward voltage drive level by electrically connecting the two single voltage AC LED
circuits in parallel and a second forward voltage drive level by electrically connecting the at
least two single vollage level AC LED circuits in series. By way of example, the second
forward vollage drive level of the serially connected AC LED circuits would be
approximately twice the level of the first forward voltage drive level of the parallel connected
AC LED circuits. The at least two parallel connected AC LED circuits would be twice the

current of the at least two serially connected AC LED circuits. In either circuit configuration,
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the brightness would be approximately the same with either forward voltage drive selection
of the multi-voltage LED device.

[Para 25] According to another aspect of the invention, at least two single voltage series
LED circuits, each of which have at least two serially connected LEDs, are formed on a
single chip or on a substrate providing a multi-voltage AC or DC operable LED device.

[Para 26] According to another aspect of the invention, each single voltage series LED
circuit is designed to Be driven with a predetermined forward voltage of at least 6V AC or
DC and preferably each single voltage series LED circuit has a matching forward voltage of
6V, 12V,24V, 120V, or other AC or DC voltage levels. By way of example, each multi-
voltage AC or DC LED dcvice would be able to be driven with at least two different AC or
DC forward voltages resulting in a first forward voltage drive level by electrically connecting
the two single voltage series LED circuits in parallel and a second forward voltage drive level
by electrically connecting the at least two single voltage level series LED circuits in series.
The second forward voltage drive level of the serially connected series LED circuits would be
approximately twice the level of the first forward voltage drive level of the parallel connected
series LED circuits. The at least two parallel connected series LED circuits would be twice
the current of the at least two serially connected series LED circuits. In either circuit
configuration, the brightness would be approximately the same with either forward voltage
drive selection of the multi-voltage series LED device.

[Para 27] According to another aspect of the invention, at least two single voltage AC
LED circuits are formed on a single chip or on a substrate providing a multi-voltage and/or
multi-brightness AC LED device for direct AC power operation.

[Para 28] According to another aspect of the invention, each single voltage AC LED
circuit has at least two LEDs connected to each other in opposing parallel relation. Each

single voltage AC LED circuit is designed to be driven with a predetermined forward voltage

PGR2023-00016 - Home Depot
Page 9 of 53 Ex. 1003 - Page 2710



WO 2011/143510 PCT/US2011/036359

of at least 6VAC and preferably each single voltage AC LED circuit has a matching forward
voltage of 6VAC, 12VAC, 24VAC, 120VAC, or other AC voltage levels for each single
voltage AC LED circuit. The at least two AC LED circuits within each multi-voltage and/or
multi current AC LED device would be able to be driven with at least two different AC
forward voltages resulting in a first forward voltage drive level by electrically connecting the
two single voltage AC LED circuits in parallel and a second forward voltage drive level by
electrically connecting the at least two single voltage level AC LED circuits in series. The
second forward voltage drive level of the serially connected AC LED circuits would be
approximately twice the level of the first forward voltage drive level of the parallel connected
AC LED circuits. The at least two parallel connected AC LED circuits would be twice the
currcnt of the at least .two scrially connccted AC LED circuits. In cither circuit configuration,
the brightness would be approximately the same with cither forward voltage drive sclection
of the multi-voltage LED device.

[Para 29] According to another aspect of the invention at least two single voltage LED
circuits are formed on a single chip or on a substrate, and at least one bridge circuit made of
LEDs is formed on the same single chip or substrate providing a multi-voltage and/or multi-
brightness LED device for direct DC power operation. Each single voltage LED circuit has
at least two LEDs connected to each other in series. Each single voltage LED circuit is
designed to be driven with a predetermined forward voltage and preferably matching forward
voltages for each circuit such as 12VDC, 24VDC, 120VDC, or other DC voltage levels for
each single voltage LED circuit. Each multi-voltage and/or multi-brightness LED device
would be able to be driven with at least two different DC forward voltages resulting in a first
forward voltage drive level when the two single voltage LED circuits are connected in
parallel and a second forward voltage drive level that is twice the level of the first forward

voltage drive level when the at least two LED circuits are connected in series.
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[Para 30] According to another aspect of the invention at least two single voltage LED
circuits are formed on a single chip or on a substrate providing a multi-voltage and/or multi-
brightness LED device for direct DC power operation. Each single voltage LED circuit has
at least two LEDs connected to each other in series. Each single voltage LED circuit is
designed to be driven with a predetermined forward voltage and preferably matching forward
voltages for each circuit such as 12VAC, 24VAC, 120VAC, or other DC voltage levels for
each single voltage LED circuit. Each multi-voltage and/or multi-brightness LED device
would be able to be driven with at least two different DC forward voltages resulting in a first
forward voltage drive level when the two single voltage LED circuits are connected in
parallel and a sccond forward voltage drive level that is twice the level of the first forward
voltage drive level when the at least two LED circuits are connected in series.

[Para 31j According to another aspect of the invention at least two single voltage LED
circuits are formed on a single chip or on a substrate, and at least one bridge circuit made of
standard diodes, LEDs or some combination thereof is provided separate of the LED circuit
or formed on the same single chip or substrate providing a multi-voltage and/or multi-
brightness LED device for direct DC power operation. Each single voltage LED circuit has
at least two LEDs connected to each other in series. Each single voltage LED circuit is
designed to be driven with a predetermined forward voltage and preferably matching forward
voltages for each circuit such as 12VDC, 24VDC, 120VDC, or other DC voltage levels for
each single voltage LED circuit. Each multi-voltage and/or multi-brightness LED device
would be able to be driven with at least two different DC forward voltages resulting in a first
forward voltage drive level when the two single voltage LED circuits are connected in
parallel and a second forward voltage drive level that is twice the level of the first forward
vollage drive level when the at least two LED circuils are connected in series.

[Para 32] According to another aspect of the invention a multi-voltage and/or multi-

10
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current AC LED circuit is integrated within a single chip LED. Each multi-voltage and/or
multi-current single chip AC LED comprises at least two single voltage AC LED circuits.
Each single voltage AC LED circuit has at least two LEDs in anti-parallel configuration to
accommodate direct AC voltage operation. Each single voltage AC LED circuit may have
may have at least one voltage input electrical contact at each opposing end of the circuit or
the at least two single voltage AC LED circuits may be electrically connected together in
series on the single chip and have at least one voltage input electrical contact at each
opposing end of the two series connected single voltage AC LED circuits and one voltage
input electrical contact at the center junction of the at least two single voltage AC LED
circuits connected in series. The at least two single voltage AC LED circuits are integrated
within a single chip to form a multi-voltage and/or multi-current single chip AC LED.

[Para 33] According to another aspect of the invention, at least one multi-voltage and/or
multi-brightness LED devices may be integrated within a LED lamp. The at least two
individual LED circuits within the multi-voltage and/or multi-brightness LED device(s) may
be wired in a series or parallel circuit configuration by the LED packager during the LED
packaging process thus providing for at least two forward voltage drive options, for example
12VAC and 24VAC or 120VAC and 240V AC thal can be selected by the LED packager.
[Para 34] According (o another aspect of the invention a multi-voltage and/or mulli-
current AC LED package is provided, comprising al least one multi-voltage and/or mulli-
current single chip AC LED integrated within a LED package. The multi-voltage and/or
multi-current AC LED package provides matching electrical connectivity pads on the exterior
of the LED package to the electrical connectivity pads of the at least one multi-voltage and/or
multi-current single chip AC LED integrated within the LED package thus allowing the LED
package user to wire the multi-voltage and/or multi-current AC LED package into a series or

parallel circuit configuration during the PCB asscmbly process or final product intcgration
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process and further providing a AC LED package with at least two forward voltage drive
options.

[Para 35] According to another aspect of the invention multiple individual discrete LED
chips are used to form at least one multi-voltage and/or multi-current AC LED circuit within
a LED package thus providing a multi-voltage and/or multi current AC LED package. Each
multi-voltage and/or multi-current AC LED circuit within the package comprises at least two
single voltage AC LED circuits. Each single voltage AC LED circuit has at least two LEDs
in anti-parallel configuration to accommodate direct AC voltage operation The LED package
provides electrical connectivity pads on the exterior of the LED package that match the
electrical connectivity pads of the at least two single voltage AC LED circuits integrated
within the multi-voltage and/or multi-current AC LED package thus allowing the LED
package to be wired into a series or parallel circuit configuration during the PCB assembly
process and further providing a LED package with at least two forward voltage drive options.
[Para 36] According to another aspect of the invention a multi-voltage and/or multi-
current single chip AC LED and/or multi-voltage and/or multi current AC LED package is
integrated within an LED lamp. The LED lamp having a structure that comprises a heat sink,
a lens cover and a standard lamp electrical base. The multi-voltage and/or multi-current
single chip AC LED and/or package is configured to provide a means of switching on at least
one additional single rvoltage AC LED circuit within multi-voltage and/or multi-current AC
LED circuit to provide increased brightness from the LED lamp.

[Para 37] According to anther broad aspect of the invention at least one multi-current
AC LED single chip is integrated within a LED package.

[Para 38] According to another aspect of the invention, at least one single chip multi-
current bridge circuit having standard diodes, LEDs, or some combination thereof is

integrated within a LED lamp having a standard lamp base. The single chip multi-current
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bridge circuit may be electrically connected together in parallel configuration but left open to
accommodate switching on a switch to the more than one on the single chip and have at least
one accessible electrical contact at each opposing end of the two series connected circuits and
one accessible electrical contact at the center junction of the at least two individual serially
connccted LED circuits. The at Icast two individual circuits arc integrated within a singlc
chip.

[Para 39] According to another aspect of the invention when the at least two circuits are
left unconnected on the single chip and provide electrical pads for connectivity during the
packaging process, the LED packager may wire them into series or parallel connection based
on the desired voltage level specification of the end LED package product offering.

[Para 40] According to another aspect of the invention, a high frequency transformer or
inverter may provide power to at least one multi-voltage and/or multi-brightness LED device
or chip. The high frequency transformer or inverter may be either packaged with the LED
device or chip and may provide direct AC voltage to the LED device or chip, or as a separate
driver or power supply for the LED device or chip capable of being electrically connected to
the LED device or chip. The high frequency transformer or inverter is designed to receive a
voltage at a low frequency, like for example a voltage at 50/60 Hz like a mains voltage, and
output a voltage at a high frequency. The high frequency transformer or inverter may also be
configured to step-up or step-down the voltage provided to the transformer or inverter from a
source voltage.

[Para 41] According to another aspect of the invention, a high-lrequency (ransformer or
inverter may provide power to a DC driven-LED circuit, chip, or device or an LED circuit,
chip or device containing one or more series strings of LEDs through a rectifier having
standard diodes, LEDs, or some combination thereof may be electrically connected between

the high-frequency transformer or inverter and. The rectifier may be provided independently
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from the high-frequency transformer or inverter and the LED circuit, chip, or device and
electrically connected at its input to the high-frequency transformer or inverter and at its
output to the LED circuit, chip or device. Alternatively, the rectifier may be packaged with
the high-frequency transformer or inverter forming a power supply or driver for the LED
circuit, chip, or device. The rectifier may likewise be packaged directly with, or as part of, an
LED circuit, chip, or device. As should be appreciated by those having skill in the art,
packaging the rectifier directly with the LED circuit, chip, or device allows for an LED
package containing a DC-driven LED circuil, chip, or device, or one or more series strings of
LEDs, to be directly plugged into any power supply or driver providing an AC voltage output
and operate. As a further alternative, a high-frequency inverter, rectifier, and LED circuit,
chip, or device may be packaged into a single lighting device capable of being directly
incorporated into a lighting element, or may be incorporated directly into a lamp or other
OEM product utilizing LED light.

[Para 42] According to another aspect of the invention, a two-way or three-way switch
may be provided directly between a high-frequency inverter providing power to a LED
circuits, chip, or device and the LED circuits, chip or device, or in the alternative between a
LED circuits, chip, or device and a rectifier having standard diodes, LEDs, or some
combination thereof electrically connected to a high-frequency transformer or inverter.

[Para 43] According to another aspect of the invention, an LED lighting system having
multiple circuits or drivers capable of receiving an AC voltage input at a first frequency, like
for example a mains input, and providing an output capable of driving at least one LED
circuit is provided. The LED lighting system includes a sensor capable of sensing the output
of each circuit or driver capable of driving the LED circuit, and permitting only a single
output to be provided. The sensor may be further capable of switching between circuits or

drivers capable of driving the LED circuit if any circuit or driver currently being utilized
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Other aspects and features of the invention will become apparent to those

having ordinary skill in the art upon review of the following Description, Claims, and

associated Drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[Para 45]
[Para 46]
[Para 47]
[Para 48]
Para 49]
[Para 50]
[Para 51]
[Para 52]
[Para 53]
[Para 54]
[Para 55]
[Para 56]
[Para 57]
[Para 58]
[Para 59]
[Para 60]
[Para 61]
[Para 62]

[Para 63]

Page 16 of 53

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

I'G.

FIG.

FIG.

FIG.

FIG.

1 shows a schematic view of a preferred embodiment of the invention;
2 shows a schematic view of a preferred embodiment of the invention;
3 shows a schematic view of a preferred embodiment of the invention;
4 shows a schematic view of a preferred embodiment of the invention;
5 shows a schematic view of a preferred embodiment of the invention;
6a shows a schematic view of a preferred embodiment of the invention;
6b shows a schematic view of a preferred embodiment of the invention;
77a shows a schematic view of a preferred embodiment of the invention;
7b shows a schematic view of a preferred embodiment of the invention;
8 shows a schematic view of a preferred embodiment of the invention;
9 shows a schematic view of a preferred embodiment of the invention;
10 shows a schematic view of a preferred embodiment of the invention;
11 shows a schematic view of a preferred embodiment of the invention;
12 shows a schematic view of a preferred embodiment of the invention;
13 shows a schematic view of a preferred embodiment of the invention;
14 shows a schematic view of a preferred embodiment of the invention;
15 shows a schematic view of a preferred embodiment of the invention;
16 shows a block diagram of a preferred embodiment of the invention;

17 shows a block diagram of a preferred embodiment of the invention;
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[Para 64] FIG. 18 shows a block diagram of a preferred embodiment of the invention;
[Para 65] FIG. 19 shows a block diagram of a preferred embodiment of the invention;
and,

[Para 66] FIG. 20 shows a block diagram of a preferred embodiment of the invention.
[Para 67] FIG. 2 | shows a block diagram of an embodiment of an LED system as

contemplated by the invention.

[Para 68] FIG. 22 shows a block diagram of an embodiment of an LED system as
contemplated by the invention.

[Para 69] FIG. 23 shows a schematic diagram of a circuit or driver as contemplated by
the invention.

[Para 70] FIG. 24 shows a schematic diagram of an LED circuit as contemplated by the

invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[Para 71] While the present invention is susceptible of embodiment in many different
forms, there is shown in the drawings and will herein be described in detail preferred
embodiments of the invention with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the invention and is not intended to limit
the broad aspect of the invention to the embodiments illustrated.

[Para 72] FIG. 1 discloses a schematic diagram of a multi-voltage and/or multi-
brightness LED lighting device 10. The multi-voltage and/or multi-brightness LED lighting
device 10 comprises at least two AC LED circuits 12 configured in an imbalanced bridge
circuit, each of which have at least two LEDs 14. The at least two AC LED circuits have
electrical contacts 16a, 16b, 16¢c, and 16d at opposing ends to provide various connectivity

options for an AC voltage source input. For cxample, if 16a and 16¢ arc clectrically
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connected together and 16b and 16d are electrically connected together and one side of the
AC voltage input is applied to 16a and 16¢ and the other side of the AC voltage input is
applied to 16b and 16d, the circuit becomes a parallel circuit with a first operating forward
voltage. If only 16a and l6c¢ are electrically connected and the AC voltage inputs are applied
to electrical contacts 16b and 16d, a second operating forward voltage is required to drive the
single chip 18. The single chip 18 may also be configured to operate at more than one
brightness level "multi-brightness™ by electrically connecting for example 16a and 1[6b and
applying one side of the line of an AC voltage source to 16a ad 16b and individually applying
the other side of the line from the AC voltage source a second voltage to 26b and 26c.

[Para 73] FIG. 2 discloses a schematic diagram of a multi-voltage and/or multi-
brightness LED lighting device 20 similar to the multi-voltage and/or multi-brightness LED
lighting device 10 described above in FIG. 1. The at least two AC LED circuits 12 are
integrated onto a substrate 22. The at least two AC LED circuits 12 configured in a
imbalanced bridge circuit, each of which have at least two LEDs 14. The at least two AC
LED circuits have electrical contacts 16a, 16b, 16¢, and 16d on the exterior of the substrate
22 and can be used to electrically configure and/or control the operating voltage and/or
brightness level of the multi-voltage and/or multi-brightness LED lighting device.

[Para 74] FIG. 3 discloses a schematic diagram of a multi-voltage and/or multi-
brightness LED lighting device 30 similar to the multi-voltage and/or multi-brightness LED
lighting device 10 and 20 described in FIGs. 1and 2. The multi-voltage and/or multi-
brightness LED lighting device 30 comprises at least two AC LED circuits 32 having at least
two LEDs 34 connected in series and anti-parallel configuration. The at least two AC LED
circuits 32 have electrical contacts 36a, 36b, 36¢, and 36d at opposing ends to provide various
connectivity options for an AC voltage source input. For cxample, if 36a and 36¢ are

clectrically connccted together and 36b and 36d are clectrically connected togcther and onc
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side of the AC voltage input is applied to 36a and 36¢ and the other side of the AC voltage
input is applied to 36b and 36d, the circuit becomes a parallel circuit with a first operating
forward voltage. If only 36a and 36c¢ are electrically connected and the AC voltage inputs are
applied to electrical contacts 36b and 36d, a second operating forward voltage is required to
drive the multi-voltage and/or multi-brightncss lighting device 30. The multi-voltage and/or
multi-brightncss lighting device 30 may be a monolithically intcgrated singlc chip 38, a
monolithically integrated single chip integrated within a LED package 38 or a number of
individual discrete die integrated onto a substrate 38 to form a multi-voltage and/or multi-
brightness lighting device 30.

[Para 75] FIG. 4 discloses a schematic diagram of the same multi-voltage and/or multi-
brightness LED device 30 as described in FIG. 3 having the at least two AC LED circuits 32
connected in parallel configuration to an AC voltage source and operating at a first forward
voltage. A resistor 40 may be used to limit current to the multi-voltage and/or multi-
brightness LED lighting device 30.

[Para 76] FIG. 5 discloses a schematic diagram of the same multi-voltage and/or multi-
brightness LED device 30 as described in FIG. 3 having the at least two AC LED circuits 32
connected in series configuration to an AC voltage source and operating at a second forward
voltage that is approximately two times greater than the first forward voltage of the parallel
circuit as described in FIG. 4. A resistor may be used to limit current to the multi-voltage
and/or multi-brightness LED lighting device.

[Para 77] FIGs. 6a and 7a disclose schemalic diagrams of a multi-vollage and/or multi-
brightness LED lighting devices 50. The multi-voltage and/or multi-brightness LED lighting
devices 50 comprises at least two AC LED circuits 52, each of which have at least two LEDs
54 in series and anti-parallel relation. The at least two AC LED circuits 52 have at least three

electrical contacts 56a, 56b and 56¢, and in the case of [FIG. 7a a fourth electrical contact 56d.
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The at least two AC LED circuits 52 are electrically connected together in parallel at one end
56a and left unconnected at the opposing ends of the electrical contacts 56b and 56c¢, and in
the case of FIG. 7a, 56d. One side of an AC voltage source line is electrically connected to
56a and the other side of an AC voltage source line is individually electrically connected to
56b, 56c, and 56d with either a fixed connection or a switched connection thereby providing
a first brightness when AC voltage is applied to 56a and 56b and a second brightness when an
AC voltage is applied to 56a, 56b and 56¢, and a third brightness when an AC voltage is
applied to 56a, 56b, 56c, and 56d. It is contemplated that the multi-voltage and/or multi-
brightness LED lighting devices 50 are a single chip, an LED package, an LED assembly or
an LED lamp.

[Para 78] FIGs. 6b and 7b disclose a schematic diagram similar to the multi-voltage
and/or multi-brightness LED device 50 shown in FIGs. 6a and 7a integrated within a lamp 58
and connecled Lo a switch 60 (o control the brightness level of the multi-voltage and/or multi-
brightness LED lighting device 50.

[Para 79] FIG. 8 discloses a schematic diagram of a multi-brightness LED lighting
device 62 having at least two bridge rectifiers 68 in series with LED circuits 69. Each of the
at least two bridge rectifiers 68 in series with LED circuits 69 comprise four LEDs 70
configured in a bridge circuit 68. LED circuits 69 have at least two LEDs 71 connected in
series and electrical contacts 72a, 72b and 72c. When one side of an AC voltage is applied to
72a and the other side of an AC voltage line is applied to 72b and 72c individually, the
brightness level of the multi-brightness LED lighting device 62 can be incrcased and/or
decreased in a fixed manner or a switching process.

[Para 80] FIG. 9 discloses a schematic diagram the multi-brightness LED lighting
device 62 as shown above in FIG. 8 with a switch 74 electrically connected between the

multi-brightness LED lighting device 62 and the AC voltage source 78.
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[Para 81] FIG. 9 discloscs a schematic diagram of at Icast two single voltage LED
circuits intcgrated with a single chip or within a substratc and forming a multi-voltage and/or
multi -brightness LED device.

[Para 82] FIG. 10 discloscs a schematic diagram of a single chip LED bridge circuit 80
having tour LEDs 81 configured into a bridge circuit and monolithically integrated on a
substrate 82. The full wave LED bridge circuit has electrical contacts 86 to provide for AC
voltage input connectivity and DC voltage output connectivity.

[Para 83] FIG. 11 discloses a schematic diagram of another embodiment of a single chip
multi-voltage and/or multi-brightness LED lighting device 90. The multi-voltage and/or
multi-brightness LED lighting device 90 has at least two series LED circuits 92 each of
which have at least two LEDs 94 connected in series. The at least two series LED circuits 92
have electrical contacts 96 at opposing ends to provide a means of electrical connectivity.
The at least two series LED circuits are monolithically integrated into a single chip 98. The
electrical contacts 96 are used to wire the at least two series LEDs circuit 92 into a series
circuit, a parallel circuit or an AC LED circuit all within a single chip.

[Para 84] FIG. 12 discloses a schematic diagram of the same multi-voltage and/or multi-
brightness LED lighting device 90 as shown above in FIG. 11. The multi-voltage and/or
multi-brightness LED lighting device 90 has at least two series LED circuits 92 each of
which have at least two LEDs 94 connected in series. The at least two series LED circuits
can be monolithically integrated within a single chip or discrele individual die can be
integrated within a substrate to form an LED package 100. The LED package 100 has
electrical contacts 102 that are used to wire the at least two series LEDs circuit into a series
circuit, a parallel circuit or in anti-parallel to form an AC LED circuit all within a single LED
package.

[Para 85] As seen in FIGs. 13-15, a single rectifier 110 may be provided for two or more

20

PGR2023-00016 - Home Depot
Page 21 of 53 Ex. 1003 - Page 2722



WO 2011/143510 PCT/US2011/036359

LED circuits 92, each containing at least two LEDs 94 connected in series. The single
rectifier 1 10 comprises standard diodes 112 connected to an AC voltage source 116, or in the
alternative may be connected to a driver or power supply which ultimately provides an AC
voltage, like for exaﬁple a high frequency AC driver 118. The single rectifier 110 is
electrically connected to the LED circuits 92. Specifically, the rectifier 110 connects to a
common junction of an anode of at least one LED 94 in each LED circuit 92, and to the
cathode of at least one LED 94 in each LED circuit 92. As shown in FIG. 15, the rectifier
may instead be connected to a switch, allowing for either one or both of LED circuits 92 to be
opcrative at any given time.

[Para 86] It is contecmplated by the invention that diodes 112 in FIGs. 13-15 arc
interchangeable with LEDs 70 in rectifiers 68 in FIGs. 8 and 9 and vice versa. As should be
appreciated by those having skill in the art, any combination of LEDs 70 and diodes 112 can
be used in rectifiers 68 and 110, so long as rectifiers 68 and 110 provide DC power from an
AC source.

[Para 87] As shown in FIGs. 13 and 14, and further shown in FIGs. 16-20, any lighting
devices, chips, or AC-LED or DC LED circuits contemplated by the present invention may be
powered through a high-frequency AC driver 118. As shown in FIG. 13, any AC source 116
may be connected to the high-frequency driver or inverter or transformer 118, however, as
shown in Figs. 16-20 it is contemplated that low frequency voltage 124, like for example a
mains voltage, is provided to the high-frequency driver or transformer or inverter 113.

[Para 88] FIGs. 16 and 17 show two embodiments of an AC LED lighting system 140
wherein a high-frequency AC driver, inverter, or transformer 118 for provides a high-
frequency voltage to an AC LED circuit, lighting device, or chip 126. AC LED circuit,
lighting device, or chip 126 may be any of the devices, circuits, or chips shown and described

in FIGs. 1-7, like for example LED lighting devices 10, 20, 30 and/or AC LED circuits 12,
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32, or any combination thereof. When multiple AC LED circuits, lighting devices, or chips
are connected to the high-frequency driver in combination, such AC LED circuit(s), lighting
device(s), or chip(s) may be connected together in either a series relationship, a parallel
relationship, or a series-parallel relationship.

[Para 89] As shown in FIG. 16, the high-frequency AC driver, inverter or transformer
118 may be packaged separately from an (or multiple) AC LED circuit, device, or chip 126.
In such embodiments a power source 128 provides voltage to the high-frequency AC driver,
inverter or transformef 118 which steps up the frequency of the voltage to a higher frequency
and provides the higher-frequency voltage to the AC LED circuit(s), device(s), or chip(s)
126. High-frequency AC driver, inverter, or transformer 118 may further include necessary
circuilry, for example a (ransformer, for stepping-up or stepping-down the AC vollage
provided by the power source 128.

[Para 90] As shown in FIG. 17, high-frequency AC driver 118 may be packaged with
AC LED circuit(s), device(s), or chip(s) 126 in a unitary AC LED light bulb, lighting element
130. It is contemplated by the invention that a switch may be configured between the high-
frequency driver 118 and the AC LED circuit(s), device(s), or chip(s) 126 for selectively
operating one or more AC LED circuit, lighting device, or chip. For example, as shown in
FIGS. 6A, 6B, 7A, and 7B a 2-way or 3-way switch may be attached at the input side of the
AC LED circuit(s), lighting device(s), or chip(s). Such a switch may be located between the
high-frequency AC driver, inverter, or transformer 118, and the AC LED circuit(s), lighting
device(s), or chip(s).

[Para 91] FIGs. 14 and 18-20 show a DC LED lighting system 142 having a DC LED
circuit(s), device(s), or chip(s) 92, 132 being powered by a high-frequency AC driver,
inverter, or transformer ] 18 through a rectifier 110. In operation, the combination of AC

sources 116, 128, high-frequency AC driver, inverter or transformer 118, and DC LED
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circuit, device, or chip 92, 132 operate in substantially the same manner as that described
with respect to FIGs. 16 and 17. However, in each system shown in FIGs. 14 and 18-20,
rectifier 110 rectifies the high-frequency AC voltage output of the high-frequency AC driver
before a voltage is provided to the DC LED circuit(s), device(s), or chip(s) 92, 132. DC LED
circuit(s), device(s), or chip(s) 132 are not limited in form tojust circuit 92, and instead may
take the form of any of the lighting devices, circuits, or chips shown and described, for
example, in FIGs. 8-12. When multiple DC LED circuits, lighting devices, or chips are
connected to the high-frequency driver in combination, such DC LED circuit(s), lighting
device(s), or chip(s) may be connected together in either a series relationship, a parallel
relationship, or a series-parallel relationship. Additionally, as shown in FIG. 15, a switch,
like for example a 2-way switch or a 3-way switch, may also be attached at the input side of
DC LED circuit(s), device(s), or chip(s).

[Para 92] As shown in FIGs. 18-20, like in an AC embodiment, AC driver 118, rectifier
110, and DC LED circuit(s), device(s), or chip(s) 132 may be packaged in any number of
ways. As shown in FIG. 18, each element may be packaged separately and electrically
connected together inv series. Alternatively, as shown in FIG. 19, a DC LED driver 134 may
be formed by combining the high-frequency AC driver 118 with rectifier 110. As shown in
FIG. 20, an additional alternative contemplated by the invention is forming a DC LED
lighting element 136, which may be embodied as a light bulb, lighting system, lamp, etc.,
wherein the DC LED ‘lighting element 136 includes each of a high-frequency AC driver 118,
a rectifier 110, and a DC LED circuit(s), lighting device(s), or chip(s) 132. It should be
appreciated by those having skill in the art that a lighting element containing only rectifier
110 and a DC LED circuit(s), lighting device(s), or chip(s) 132 may also be designed. Such
lighting elements have the advantage of being able to be plugged into any AC source,

whether it is a high-frequency AC driver, inverter, or transformer, or a simple mains voltage,
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and provide a light output in the same manner as the imbalanced circuit shown in, for
example FIGs. 1-7.

[Para 93] FIGs. 21 and 22 show embodiments of a lighting system which may be used to
incorporate any of the AC LED or DC LED drivers, lighting devices, circuits, chips or the
like discussed herein.

[Para 94] FIG. 2 1 shows lighting system 200 having at least one LED circuit 202
connected as a load to driver 204. LED circuit 202 has at least two LEDs connected in series
and may be configured in any manner shown and discussed in any of figures, like for
example, FIGs. 1-9, 11, and 12, or as shown and discussed later in FIG. 24. As should be
appreciated by those having ordinary skill in the art, it is contemplated that lighting system
200 may include two bor more LED circuits 202 connected in series, parallel, or series parallel
wherein each LED circuit 202 has at least two LEDs connected in series.

[Para 95] Driver 204 in lighting system 200 has an input, like for example a plug, power
cord, or other adapter capable of connecting to a power source, for receiving a first AC
voltage and frequency from power source 206, which may be any AC power source including
a mains power source, and includes at least first circuit 208 and second circuit 2 10 which are
each capable of receiving the first AC voltage and first frequency. Circuits 208, 210 each
have an output capable of being connected the at least one LED circuit 202 for driving the at
least two LEDs connected therein. As seen in [FIG. 21, driver 204 may additionally include
circuit 214 which is substantially similar to circuits 208, 210. As should be appreciated by
those having ordinary skill in the art, any number of circuits may be included in driver 204 so
long as each additional circuit is capable of receiving the first AC voltage and first frequency,
and having an output capable of being connected the at least one LED circuit 202 for driving
the at least two LEDs connected therein.

[Para 96] Driver 204 further includes a sensor in the form of circuit 212 which is
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configured to sense and permit the output of only one of first circuit 208 or second circuit 210
to be provided to the at least one LED circuit 202. For example, circuit 212 may be
configured to sense the output from both first circuit 208 and second circuit 210 and allow
only the output of first circuit 208 to be provided to at least one LED circuit 202 while the
output of circuit 210 is blocked or not provided to at least one LED circuit 202. If circuit 212
no longer senses an output from circuit 208, because for example circuit 208 has failed,
circuit 212 may disconnect or block the output of circuit 208 from at least one LED circuit
202, and connect the output of circuit 210 to at least one LED circuit 202 so that circuit 210
drives al least one LED circuit 202. As should be appreciated by those having ordinary skill
in the art, in embodiments including circuit 214 or any additional circuits capable of
receiving the first AC voltage and first frequency and having an output capable driving at
least one LED circuit 202, circuit 212 may be configured to allow only a single output
through and connect a new circuit output each time the circuit providing an output to at least
one LED circuit 202 fails.

[Para 97] In order to achieve this function, circuit 212 may include any sensor and/or
switch combination known to thosc of ordinary skill in thc art capable of dctecting or scnsing
the output of circuits 208 and 210, and blocking thc outputs so only a single output is
provided to at least one LED circuit 202 at all times so long as one of circuit 208 and 210 are
operational. Examples of circuits which may be used as circuit 212 include a relay circuit, a
micro-controller IC, or a voltage level sensing circuit connected between the output of
circuits 208 and 210 and at least one LED circuit 202.

[Para 98] In alternative embodiments, circuit 212 may include a logic gate and multiple
circuits, each of the multiple circuits including an RMS converter and a window voltage
comparator controlling an analog switch. Each RMS converter would receive the output of

circuit 208 or circuit 210 and convert the output voltages to an RMS voltage. The RMS
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voltage may then be provided to arespective window voltage comparator, and be compared
to high and low reference voltages stored in the each window voltage comparator. If the
measured RMS voltage is within the high or low reference range, the comparator may then
close an analog switch, allowing the output of circuit 208 or 210 to proceed to the logic gate.
The logic gate may then be configured to allow only one received output from circuit 208 or
210 to pass through and be provided to at least one LED circuit 202. If the allowed output
from either of circuit 208 or 210 fails and is not provided, the logic gate may then allow the
non-allowed output from 208 or 210 to be provided to at least one LED circuit 202. Utilizing
a logic gate receiving multiple inputs and an RMS converter and window voltage comparator
has the added benefit of blocking the output from either of circuit 208 or 210 if the output is
too high or too low, insuring maximum efficiency when driving at least one LED circuit 202.
[Para 99] Regardless of what is used for circuit 212, it should be appreciated by those
having ordinary skill in the art that a two-way or three-way switch like that shown and
described in FIGS. 6A and 6B or 7A and 7B may be provided on the back end of circuit 212
wherein the two-way or three-way switch may connect additional LED circuits formed as
part of at least one LED circuil 202. Ulilizing a swilch may allow for additional LED circuils
to be turned on and off, adjusting the brightness of system 200.

|Para 100] As should be appreciated by those having ordinary skill in the art, any two-
way or three-way switch may also be utilized tojoin the output of circuits 208 and 210, as
well as any additional similar circuits included in driver 204, to provide additional power (o
at least one LED circuit 202. For example, the switch may be used to combine the outputs of
circuits 208 and 210 into a single output before reaching circuit 212, or alternatively may
alter the logic of a logic gate used in circuit 212, allowing the output of both circuits 208 and
210 to be provided to at least one LED circuit 202.

[Para 101] FIG. 22 shows an alternative embodiment to FIG. 21 wherein lighting system
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300 contains at least one LED circuit 302,which is substantially similar to LED circuit 202,
drivers 304 and 306 and sensor 308. In operation, drivers 304 and 306 function in a similar
manner as circuits 208 and 210 and sensor 308 may function in substantially the same
manner as circuit 212. In the embodiment shown in FIG. 22, however, drivers 304 and 306
may be packaged separately from sensor 308. Packaging each driver 304 and 306 separately
may also allow for cither driver to be easily replaced within system 300 if either driver 304 or
306 fails.

[Para 102] Drivers 304 and 306 cach have a first input for rcceiving a first AC voltage
and frequency and cach contain an output capable of being connected to the at Icast onc LED
circuit 302 through seénsor 308. In ecmbodiments where multiple drivers arc uscd, lighting
system 300 may include a single input for power from power source 310, like for example a
plug, power cord, or other adapter capable of connecting to and transmitting an AC voltage.
[Para 103] As with the embodiment described in FIG. 21, in embodiments where multiple
drivers are used, sensor 308 may be configured b receive the output of the drivers 304 and
306, sense the voltages, and allow only a single output to be provided to at least one LED
circuit 302. Sensor 308 may include arelay circuit, a micro-controller IC, or a voltage level
sensing circuit connected between the output of circuits 208 and 210 and at least one LED
circuit 202.

[Para 104] In alternative embodiments, sensor 308 may include a logic gate and multiple
circuits, each of the multiple circuits including an RMS converter and a window voltage
comparator controlling an analog switch. Each RMS converter would receive the output of
driver 304 or driver 306 and convert the output voltages to an RMS voltage. The RMS
voltage may then be provided to a respective window voltage comparator, and be compared
to high and low reference voltages stored in the each window voltage comparator. 1If the

measured RMS voltage is within the high or low range, the comparator may then close an
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analog switch, allowing the output of driver 304 or 306 to procced to the logic gate. The
logic gate may then be configured to allow only one received output from drivers 304 or 306
to pass through and be provided to at lcast onc LED circuit 302. If the allowed output from
cither of driver 304 or 306 fails and is not provided, the logic gatc may then allow the non-
allowed output from drivers 304 or 306 to be provided to at Icast onc LED circuit 302.
Utilizing a logic gate receiving multiple inputs and an RMS converter and window voltage
comparator has the added benefit of blocking the output from either of drivers 304 and 306 if
the output is too high or too low, insuring maximum etfticiency when driving at least one
LED circuit 302.

[Para 105] While circuits 208, 2 10 and drivers 304, 306 may be any of the drivers or
circuits discussed herein capable of driving LED circuits, FIG. 23 shows one embodiment of
circuits 208, 210 and a configuration for drivers 304, 306 as contemplated by the invention.
A should be appreciated by those having ordinary skill in the art, each of the circuit shown
in FIG. 23 may be packaged separately forming drivers 304, 306, or packaged together in a
single driver forming driver 204. As such, it should be understood when referring to FIG. 23,
the terms circuits 208, 210 may be used interchangeably with the terms driver 304, 306.
[Para 106] As seen in FIG. 23, circuits 208, 210 each contain AC input 400, connected in
series with fuse 402, resistor 404, and bridge rectifier 406 which provides DC output 408
from circuits 208, 210 to a sensor or circuit and at least one LED circuit. Circuits 208, 210
may also include a voltage suppressor 410 connected in series with fuse 402 and resistor 404,
while being connected in parallel with rectifier 406. Voltage suppressor 410 may be a
transient voltage suppressor used to protect rectifier 406 and any sensor or circuit or LED
circuits connected to the output of the circuit 208 or 210. Circuits 208, 210 and drivers 304,
306 may further include a transformer for stepping the provided AC voltage up or down

and/or to adjust the provided AC frequency up or down.
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[Para 107] Driver 204 may further include further include at least two capacitors
connected to a fourth circuit wherein the fourth circuit only allows one of the at least two
capacitors to connect to the first or second circuit or any additional circuits included in driver
204 which are providing an output to LED circuit 202. The fourth circuit may be configured
to disconnect the one of the at least two capacitors connected to the first or second circuit if
the one capacitor fails and then connect at least one other capacitor from the at least two
capacitors to circuits 208, 210. The fourth circuit may be configured to connect any one of
the at least two capacitors anywhere within the first or second circuit, and preferably in
parallel with bridge rectifier 406.

[Para 108] In embodiments like that shown in FIG. 22 wherein multiple drivers are
provided for lighting system 300, each driver 304, 306 may contain at least two capacitors
and an internal sensor wherein the internal sensor only one of the at least two capacitors to
form a portion of the driver, i.e. form a portion of the circuit shown in FIG. 23.

[Para 109] A resistor may be connecled in series with the at least two LEDs [orming at
least one LED circuit 202, 302 in order to suppress the current provided by driver 204 or
drivers 304, 306 to further protect the at least two LEDs. FIG. 24 shows an embodiment of at
least one LED circuit 202, 302 for use in conjunction with circuits 208, 210 and drivers 304,
306 shown in FIG. 23, wherein at least two LEDs 500 are connected in series with resistor
502. Asseen in FIG. 24, LED circuit 202, 302 may further include a capacitor 504 connected
in series with LEDs 502 and in parallel with resistor 502 for smoothing the received output
from driver 204 or drivers 304, 306. LED circuit 202, 302 finally may also include a fuse
506 to further protcct LED circuit 202, 302 from any surge currcnts.

[Para 110] In cmbodiments where mains power is dircetly rectified and provided to LED
circuit 202, 302 through circuit 212 or sensor 308, LEDs 500 may be high voltage LEDs

having a forward voltage of at least 36V. However, it should be appreciated that LEDs
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having any forward voltage may be utilized, so long as the total forward voltage across each
LED is satisfied by the provided output from driver 204 or drivers 304, 306.

[Para 111] It is to be understood that additional embodiments of the invention described
herein may be contemplated by one of ordinary skill in the art, and the scope of the present
invention is not limited to the embodiments disclosed. While specific embodiment s of the
present invention have been illustrated described, numerous modifications come to mind
without significantly departing from the spirit of the invention, and the scope of protection is

only limited by the scope of the accompanying claims.
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CLAIMS
What is claimed is:

1. An LED lighting system comprising:
at least one LED circuit comprising at least two LEDs connected in series;
a driver having an input for receiving a first AC voltage and frequency from an
AC power source, the driver having

a first circuit capable of receiving the first AC voltage and first frequency
and having an output capablc of being connccted to the at lcast onc LED circuit to
drive the at least two LEDs;

a second circuit capable of receiving the first AC voltage and first
frequency and having an output capable of being connected to the at least one
LED circuit to drive the at least two LEDs; and,

a third circuit which senses and permits the output of only one of the first

or second circuits to be provided to the at least one LED circuit.

2. The LED lighting system of claim 1 wherein the third circuit is configured to sense

and provide the output of the first circuit to the at least one LED circuit.

3. The LED lighting system of claims 1 or 2 wherein the third circuit is configured to
sense and provide to the output of the second circuit to the at least one LED circuit if

no output is sensed from the first circuil.

4. The LED lighting system of any of claims 1-3 wherein the AC voltage source is

mains power.
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5. The LED lighting system of any of claims 1-4 further comprising at least two LED

circuits cach having at lcast two LEDs connccted in scrics.

6. The LED lighting system of any of claims 1-5 wherein each of the first and second
circuit includes a resistor, a fuse and a bridge rectifier connected in series with the
received AC voltage and current such that the output of the second and

third circuits is a DC voltage and current.

7. The LED lighting system of claim 6 wherein the first and second circuit further
include a voltage suppressor connected in parallel with the bridge rectifier, the voltage

suppressor being connected in series with the resistor and the fuse.

8. The LED lighting system of claim 7 wherein the voltage suppressor is a transient

voltage suppressor.

9. The LED lighting system ol any of claims 1-8 wherein the at least one LED circuil

includes a resistor connected in series with the two or more LED circuits.

10. The LED lighting system of claim 9 wherein the at least one LED circuit includes a

capacitor connected in parallel with the resistor.

11. The LED lighting system of any of claims 1-10 further comprising at least one
additional circuit capable of receiving the first AC voltage and first frequency and
having an output capable of being connected to the at least one LED circuit to drive

the at least two LEDs.
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12.

13.

14.

15.

16.

17.

18.

Page 34 of 53

The LED lighting system of claim 11 wherein the third circuit is configured to switch
to the at Icast onc additional circuit if no output is scnsed from the first circuit or the

second circuit.

The system of any of claims 1-12 wherein the first and second circuits include a
transformer connected to the AC power source for stepping the input AC voltage up

or down.

The system of any of claims 1-13 wherein the first and second circuits include a
transformer connected to the AC power source for stepping the frequency of the input

AC voltage up or down.

The LED lighting system of any of claims 1-14 wherein the forward voltage of each

of the at least two LEDs is at least 36V.

The LED lighting system of any of claims 1-15 wherein the driver further includes at
least two capacitors connected to a fourth circuit wherein the fourth circuit only

allows one of the at least two capacitors to connect to the first or second circuit.

The LED lighting system of claim 16 wherein the fourth circuit is confligured (o
disconnect the one of the at least two capacitors connected to the first or second

circuit if the one capacitor fails.

The LED lighting system of claim 17 wherein the fourth circuit connects a different
capacitor from the at least two capacitors to the first or second circuit if the one of the

at least two capacitors fails.
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19. An LED lighting system comprising:

at least one LED circuit comprising at least two LEDs connected in series;

a first driver having an input for receiving a first AC voltage and frequency from
an AC power source, the first driver having an output capable of being connected to
the at least one LED circuit to drive the at least two LEDs;

a second driver having an input for receiving the first AC voltage and frequency
from the AC power source, the second driver having an output capable of being
connected to the at least one LED circuit to drive the at least two LEDs; and,

a sensor for sensing the output of the first and second drivers, the sensor being
configured to provide the output of only the first or second driver to the at least one

LED circuit.

20. The LED lighting system of claim 19 wherein the sensor is configured to sense and

provide the output of the first driver to the at least one LED circuit.

21. The LED lighting system of claims 19 or 20 wherem the sensor is configured to
provide the output of the second driver to the at least one LED circuit if the output of

the first driver is not sensed.

22. The LED lighting system of claims 19-21 whercin the AC power source is mains

power.

23. The LED lighting system of any of claims 19-22 wherein each of the first and second
drivers include a resistor, a tuse, and a bridge rectifier connected in series such that

the output of the first and second drivers is a DC voltage and current.
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24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 36 of 53

The LED lighting system of claim 23 wherein each of the first and second drivers

include a voltage suppressor.

The LED lighting system of claim 23 wherein the voltage suppressor is a transient

voltage suppressor.

The LED lighting system of any of claims 19-25 wherein the first and second drivers

each include a transformer capable of stepping the first AC voltage up or down.

The LED lighting system of any of claims 19-26 wherein the first and second drivers

each include a transformer capable of stepping the first AC frequency up or down.

The LED lighting system of claims 19-26 further comprising at least two LED circuits
comprising at least two LEDs connected in series wherein the at least two LED
circuits are connected to each other in parallel and are capable of receiving the output

from either of the first or second drivers.

The LED lighting system of claim 28 wherein the at least two LED circuits each

include a resistor connected in series with the at least two LEDs.

The LED lighting system of claims 28 or 29 wherein the at least two LED circuits

each include a capacitor connected in series with the at least two LEDs.

The LED lighting system of claim 30 whercin the capacitor is connccted in parallel to

the resistor.

The LED lighting system of any of claims 19-31 further comprising at least one

additional driver having an input for receiving a first AC voltage and frequency from
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an AC power source, the third driver having an output capable of being connected to
the at least one LED circuit to drive the at least two LEDs.

33. The LED lighting system of claim 32 further wherein the sensor is capable of
providing the output of the at least one additional driver to the at least one LED circuit

if an output is not sensed from either of the first or second driver.
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FIG. 6B

2-WAY SINGLE CHIP

FIG. 6A
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3-WAY SINGLE CHIP AC LED FOR 3-WAY BULB
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3-WAY SINGLE CHIP AC LED FOR 3-WAY BULB
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Mualib-Voltage Aud Mt -Brightoess LED Lighting Dovices
Sund Methnde OFf Using Same

HELATED APFLITATIONS

&

Para 3} The spphication i & sontinustionda-part of TLE. Pagent Applivation Mo,

bl
poF
>y
i
-
N
V
)

; ftfed Qciober &, 2008, which clatms the paosity 1o WS, Frovidonst Applivation
N, HO097 771, Sled Gotober 8, 3007, this spphication also clhaires priceity R UlA

Provintonal Appheation No. $14317,215, filed May 28, 2009 the sontents of cach of thess

spplcations are sxpressly ncarporated herveln by reference

£

TECHNICAL FIELD
fPara 3 The presg

AL aperaion,

et rvention speoifie aii‘e mefetes to multiple voltege lovel and

X

mitiple brightness level LED devices, pachages sad Jamps,

FEDERALLY RPONSORED RESEARUHE OR DEVELOPMENY

PPars 3 Tung.

BACKGROUNE OF THE INVENTION

PPars 4 Field of the Invention
{Pars § The preset invention gonerally redates to Hght emitting dlodeg ("LE

amlit-voliage level andéor maadti-baghtness fevel gperativn. The proseat imvention

Y

vecifically relates o muliple voltags Toved snd multiple Srighiness Tevel Hght sontting diode
S A4 2

ﬁ.

tondty, shaghe chips, packages and hmps “devices™ for diveot AC vollage power st

aperation, bridge rectified AC vollage powst soures operating or vonstant DO valtage power

[Farg § Dlegoription of the Related &3t
LEDs sre semticondector dovices that pradece Hht when @ current s supplisd o them.
LEDs are nteinsivally DO devives that only pase carrent in one polarity and historvally have

boow detven by DO voltage soarces usy . corvent reguisteos snd voliage rogulaites
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FAR R

for Mt the voltage aod curvent dobiversd to G LED. Some LEDs have resistors budltinte
the LED package providing ¢ higher voltage LEE typioaily detverd with §V L or 13V DX
{Para 7} With propey destgn ocowideratinns LEDs may be dedven more efficiontly with
dizset AU ovreetified AC tharowith constant voliage o eonstand cursent D debve sehemes,
Para 8§} sme standard A0 voltags o the warld inclade 12V AL, 24VAL, 100VAL,

VIOWAD, TIOVACQ, 230VAL WAL, 240VAL and 2TIVALD, Theeefore, twould he

advasiageous to have @ single ship LED or niplt-ohip single LY packages that condd be

casily configured to opense at mueltipls W?.&p:i by simply selecting a voltage andfor current

nf

vel when packaging the melti-voliage and/ormulibcarran \mg'ix chip LEDs or by selecting
a speific voltage andfor vuent lovel when intograting the LED paokage onto a printed
civeuit bourd or within a findshed Hghthag pradiet. wontd alas be advanisgonus to have

mulib-ourrent LED chips andior packages Sor LRD o spplicaiions norder o pmxvidea

meansof increasiog brightocgs 1o LED lsosps by switching in addiional aireulls jugt as
additions] laments are switohed In for standaed incandescent lnwps,
Pars 9] LIS 7,535,248 diaclover a chip-soalke LED Jomp inchding diserete LEEs

sapgtie of baing budt vpor slestrioadly polative, gheotieatly vonductive, e glostrically seod
sundociive aubsteaies, Further, the consbuction of the LED lamp enables the lamp lo be
configured for high voliage &0 or DO power ppemtion. The LB based solid-stake gt
exsitiing devies or lamg e batl upea an slevtrically lnsolating layer that bes been formed
orto & suppert surfes of » substrate, Specifisaiiy, the insulating Jayer may be epitaiaily
grown anto the substvate, Tollowed by an LED butldop of gy wetype semisondustor Tayer, an
aptisally active Jayer, snd @ potvpe seosivonductor Tayer, in spcoussiim, Tsolted mesa

strechuse of individoad, discrete LEDs &y formed by ciching specifio portions of the LED

tanildup dovert 10 the inndating Jayer, thereby formiing trenches betoesn adjasent LED
Theroafter, the individus] LEDg aoe slestrioally coupled wogsther throwugh conductive
sloments or asee being depositnd o ovunesting the v-tvpe laver of tae LED and the ptype

fayerof vy adiacerd LED, continuing aorosvad] of the LEDS 1o forna the solud-state Hgle

eroitiing devive, The device muay therefors be formed oz an lotepraied SO Habs omittar
with 8 poattive and sogative load & supplied electrios! power, For instanee, the LED lamp

may be configurad for powering by high voltage BU power (e, 13V, 34V, et or gk

&

L.
voliage AU power {eg., FIVIZDVY, 33G7240Y, el

Py 18] LIS 713,342 diseloses 3 single-cdip LED device theough the wse of

negrated eiroult tocknalogy, which can be usad for xmzmsd high AC voltsge {110 volts for
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Nopth America, spd 230 vols for Berops, Ashy, oiv.} operatinn. The single-ofifp AL LER

devive Integrates many smaller LED which are vonneeted dnsovies. The integration ds doms

dusing the LED fabrioation provess and the Snal product iy s single-ohdp devies that can be

¥

Plagred drectly into howse oy Indiding poerer putlete ordirecthy sorewed indn invandescen
favhy sockets thet ave powered by stendied A0 voltages. The series connested stoalier LEES

X “ N

are pattorned by photolithopraphy, stohing {such as plesma dry otohing), sod meiailizaion wy
2 ) YEAL 2 ¥

& single okidp, The elpetvica! inslation between small LEDS within § single-cdie is achigved
by sinhing Held enitting materials inte e nsuketing substrate so that ne light switing

roxteriad ¥¢ pregend boteroon small L8, The voltage crossiug oach ong of the sl LEDs s

about the ssre se that 1o & convesdional DO operating LED fabeionted from the sae ppe of
woaderiad (0.8, abont 1.8 volts for Bue LEGs) | '

PPara 11 Sccondingly, single chip LEDs have been Hmited and bave not been integrated

eivouits beyond boing Bxed sorfes or fixad parallel oirondt configumions wnyil the

2

Y

develnpment of AU LEDs. The &0 LEDs have m% however been single cwcudt, fixed sigle

1

{¥ara 13 LED packsges have historioally sot boen ntegrated sirenits bevond being

srrrent cirpuit monolithicelly tntegrated i 2 single substrate whicl would he sdeantageos.
iPars 14 it woold forthes o advantagenas ts heve 3 amiti-vedtage andfomuli-

brighiness clrouit thet van previde aptions 1 valte

powering pul power profarence.
{Fara 18] Hevondd finher be advandagaous to provide multiply wdtage lovelsadie
muitiple boghdness lovel Habt swdtting LEEY chvulis, elips, packages and langps ™

wohuge sndfor multi-brighmess LED devices™ that can sastly be electrically mﬁgumé For atd

tosst twe Seward voltage drive Tevelswith divdet A0 voltage couplivg, bridge rectified AC

voage coupling or constant voltage IX powsr seuree conpling. This invention comps

atrepiy snd devices that can be debver with mare than one AT or BU farward voliags “mulg-

voltage™ 8t 6V or grester bued on @ selentalide deshoed cperating vol
achisved by cloeirically conneciing the LED cironils n g series ov \p;&mﬁ el pirouit

confipuration sadior more than one fove! of brightness "mnit-hrightness™ based on g

switching means that connpets andfor disconneats 3t east one additional LED chranit o

andfor from o St LED cimuit,.  The desived operating voltage lovel andéor the desired
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brightness level electrion! conmection may be schivved sndior comploetad st the LED
packaging lovel when the malii-voltage sndfor multi-brighinoseofronits anddor siogle oldps
ate integnuied into the LED package, or fie LED packsge may have exfornal eloctrical

comasts thal maleh the Integrated madit-voliage apdfor mudtdnipghiness stronits axdfor single

chips within, thus alowing the drive vl tas‘ <levied dndior the brightness Teved seloct-ability w

o

e passed on theoogh o the extarior of ﬁim LED paskage snd allpwing the voltage lovel o
hrightness level o beselested at the LED ;3;3.c£§3;age user, or the POB asembly Saliy, o e
sad product manufachurer.

{Fars 18} Howonld further be advantageous 1o provide at leaat two Integrated olvonits
having 2 forward valtage of of least 12VAL or 13VIND or greater on g single obip oy withina
sinpls LED package that provide & rovang of selecting o Hooward volisge when packaging a

mwttvoltage andfor nuslii-brightess oot using disorate div {oone LED chip st tme) and

wire bonding thess hte a cireust at the packaging level or when paokeging one ormeore maltt

voltage andior mulii-briphtosss level single chipy 'within 3 LED package.

Pars 17 it would Buther by advaniageons 16 provide sulibsolage aadfor nadii-
brightness level devives that can provide electtival connaction oplious for sither AC ot DO
vottage epoaiion st gréset forvard voltage fsvsle nf 6V o reates.

{Para I8} i would forther be sdvantapeous o provide mult-teightoesy LR devices dat
can e switched to different kevels (3§"izr§g§}m;‘\~ss By sivmpdy swiching additivoal eirouits anoor
affin additon to x fisst oporsting olecall wiz;‘t;ir( 3 gingle chip sod or LED paskage. This

Y

wordd wilow LED lamps to awiieh to higher brighivess Ievels just Bke Z-way or Soway

ivandesornt lnmps dp fodey.
iPars 19 The benefits of providing multi-volisge circutts of §V or greater on s single

ohip is that an LED packager van use this single ohip a5 a platform to offer wmove than ong

*

N < | o~

LED packaged product with 1 single chip that addeesses maltiple voltage levels for various
sod cugiomer design roguivementy.  Thic alen incrence producting oxea single product for the
chip msker and ioproves wventory contral. Thiv alze dmproves buying power and rventory
conirel for the LED packager when using one olup

Para 28 The pregent mvendion provides for t§3 e advaninges snd solves the

deficiencios i the gt

2
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SUMMARY OF THE INVENTION

{Fara 31} Apcording to one aspect of the snvenm:en st deant bwn stngle voltage AU LED
chronity’are formad on g gogle ohip or oo substisde providing & multi-volinge AC LER
davics for dircet AC pawer operation. Each single voltage AC LED cirondt has at least twa
LEDs ponsected to each other in opposing gmam%ksi latian.

Para 23 Acnarding to another aspest of the ‘n\fés}iia}m anch sigle voltage ACLED
oiroutt fo designed o be driven wath & pradotermined Torward voltags of st least $VAL sad
preferably cuch single voltage AC LED civendt has ¢ matching forvvard voltage of VAL,

IIVAL, VAL, BOVAC, wr other AT voltage levels for sach single volisge ACLED
3 > Mo ) Y

cisouil.
Para 2¥ Acording to ancther wopest of the Invention, sach melt-voltage AT LED
devies woald br able 1o be driverowith ot keot two different & forwand voltages resulting in

»\w

a Toat foreeard voltape debve level by elegivically sonusciing the bva single voliage AL LEU

ciyouits i pavaliel wind s sccond forward voltage deive loval by elentrically conpenting the &t

-

sast bwo ghugle volig

ot AC LED cwrcuits nseries. By way of Mi*‘npi the seeond
forward veltage drive lovel of the serislly sotinseivd &C LED s wanld be
approvimately twice the level of the Hst forward voltage drive fovel of the pasliebeomented

ACLED vironite, The st feast twe paralisl o .‘ii AL LED otrenits would be twice the

cuerent of the at lesat two seriaily conasst

the brightacss would b s ';:epmximsz‘; -ty the sarne *vzm sithor forward voltags drive selestion
sf the mnltbvodiage LED fev

{Fara 34} Acvopding to another aspect of the hreention, at least two single vollage asries
LED chrouits, sach of which have at loast tvo serislly connected LE s, ans formed ane

single el ar oo o subsirale providing @ welibveliagy &0 o BC opemble LED devies.

fRara 38} Aecording e aowber sspect of the Invention, cavh single volta
cisvuit iy designed 1o be deiven with & pradetennined forward voltage of st least 6V &C or

2 and preforably each dagle voltage series LED oxcolt hag g matching foreard voltage of
SV, 12V, 34V, 120
nimge A or XD LE

ar BU volinge lovels, By way of examiple, savh ninlit-

pald be shin o he'driven with at least bea different AC o

st forward vol tage drive lovel by electnically vonnecting
e g single voltags sovisy LED ginuita in *r:wai‘s ot end 2 avvond forwand voliage drvve leved

by eisetrically conneeting e af least bep singls w?

k%3]
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Thy second forwand volivge drive fevel of Se serally connected seriesy LED cirowits woald be
sppraimatedy telos the lovel of e fioxd forwand volisgs ddve tevel of the perallel connected
sovies LEDS ciroults. The st fesst two paralled comneoted serfes LED circatis weould be thwice
the current of the at least twe serially cownected vories LED cironitg. B cither olrout

configursiton, the brightness would be approximately the same with aither forwand voltage

drive selsction of the multi-voliage series LED devigs,
PPars 3§ Avoording o wnother sapest of the invention, st loast two single vollage AC

LED cireuits wre forned on 2 single olip or on 2 subateate providing o woultiovoliags andfor

iahituess AD LED device for divent AU power operation,

X

%

{Fara I Ascording o another aspect of the mvention, seoh single voltage AC LED

cirondt has ot leest two LEES convented o each offipr i i opposing paraliel slatien. Bach
single voltage &0 LED circuit s dosigned to he driven with a prodetermined forward vohage

af at feust SVAC and preforably vach shngle voltage A0 LED civonit has 3 watohing forward

veRage of SVAQ, 1IVAL, 24VAL, 120VAL, or nther A wedtage lovele for aach single

vedtge AU LED sirait. The ateast e AT LED cirouiis within cach nulii-voltage andfor
suhil current AC LED device would be foft able to b deiven with at Teast two difforant AD
forward voltages raselting by 2 Seat forward voltage drive fevel by ss&&::fxia:sziiy connecting the
e single volisge AC LEY oirontis tn pavallel and & second forward voliage diive Jevel by
slootrically connpoting the st lesst two aingls voltage lovel AQ LED vironity }3 series, Yhe
sepond forward voltage deive Joval of the sorially comneotad AL LED sivouiie would b
approxinmaiehy bvice the leved of the Bost forward voltage drive loval of the paralie] conneeied

oY

AL LER civounts. The at least two paradled "ﬁ-z\rséa:.téé ACLED chosits would be e the
purrent of e st feast teo sorially comnsoted AULE I3 sircoits. Inventher sironit configuration,
the brightness would be approxinately the same with sither forward voltage drive selection
of the multi-voliage LED davies, 5

Para 281 Acoording to ancther aepest of the invention &t least two single voltage LED
chrouits sre fornaed on a single ohip or onoa subsiate, and & leest one bridge cirouit made of
LEDs s formed on the seme single chip or substrate providing a multi-volage andfor mudti-
hrightuess LED device for divect DHD podvar o aoraticn. Bach single volisge LED circult has
st losst o LEDS conneoted o each other byserfes. Nach single voltsge LED cirsuit ds

designed 10 b doven with @ pradetermined faeward voltage wnd praferably matching forwvard
Y

voltages forcach chomit spch s YEVEXD, FAVIIT, 128VDG, o other T woltage lovely Fox

zach single volings LED oirpwitc Bach mnltt-volings andfor pud-Brightess LED device
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world be abl to be driven with st Iast tvo tiﬁff&re*:* D forweard vollages renulting i s flegt
forsand voltage didve ool when the tvo single woltape LB crrends ave conmeoted i

paralisl and & second forvand voliage dtve feved that is twive the leved of the Sirst furward

vediage drive fovel when the of least oo LED i*‘s:uii@ are ponareted fy senies.
{Fara 39 Acourding toancther dapeot of the fay Ma wrat fenst v gingle voltage LER
cirguits are formed on 3 siogle chip or on a subsirate providing s pwiibvoltage sndfor multh

weas LED devive for disnet BU poweroperation. Bach single voltags LED sivoudt has

east e LEDS connented 16 canh otfer $o sories. Bach dagle voltage LEE clrmsit i

i
A’

i |

dosignad i be drivero with ¢ pradeterminad forwand voltepe aad pofrslly madching forsand
salisges for oach circw such se 12VAU, MVAC, 120VAC, or sther DU voltage lovels e
sach stngle voltage LED ofrcuit. Bach mubiwvaliage aadfor multt-hrightness LED davice
wenld b abde foebe drivars with at feast beo sfifferent BC forwant valiages tesuliing fo ¢ finst
forward volinge dove Toved when the two single veltage LEDR oivouils are comectad in
paraliel and a second forwand voltsge drive lovel that s twive the fevel of the Best forward

) . 4 ¢y o4 o .
vollare drive lovel whes the ot least tea LRI cxrcusy are comngoted in soriss.,

{Para My Accurding to another aspact of the nvention at loaal two single volage LED

civonits sy formed o a shaghe chip o ox 2 subatrate: and at Jeast one heldge cirenit made of

LEDs is formed on the same single ohip ara ahstrute providing a multi-volisge andfor mall-
brightness LED devios for dineet DO powsr operetion. Bach sheply vollage LED fvenit has
stieast bwo LEDs cannscied to sach other o sevies. Back single vollags LED sircnit i
designed o be deiven with & prodetenmmed forwasd voltage and preferably matching forward

VDT, ovother O voliage lovels fiw

n»

voltagas for sach eircuit sueh as 1ZVRC, 248V0HE U
each shgle voltage LED circait, Bach nudtiwoltage andfor multi-brightoess LED device

wolild be able fo be debven with at least two different DO forward voltages resulis

forward voltage dovve lovel when the two aingle voltage LED oirontty v comvected n

3y

paralicl and a seoond forveard voltage drive Tovel et is twice the Jevel of the finst forwerd

voltage drive lovel when the at feast two LEDY givg pits ave sornected in series,
{Para 31} Acoording to another aspeot of s}m vention 2 mulii-voltage andfor malt-
corrent AL LED olreui s ndograd ,?itiif’&'«?{um a ssmgﬁ' ship LEDN Baol rdtiovolings andfor

muitt-curront single ohip &0 LED LED comprises ot lewt twesingle vollage &0 LED

cirouits. Fuach single voltage AU LED circuit has st lolst twe LEDs in anti-paraliel
configumtian o sconmanodate direct A0 voltage nprw\m Rach singls woliage ACLED

sivcuit may have may have 3¢ feast one voliags input slectrioal comact 4t oach meging end

ik
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of the cirord or the al Ioast two single voltage AT LED cireuity may be elecnically sonngeted

together i series on fhe singde ohip and have ot losst one volisge fnput dlevtinval sontact st
suck opposing ond of the twa serive sonpecied shigle voltage AT LED chroutts and eng
voltage tnputolestrival contact 8t the conter fenction of the af leas! dwo single voltags AC
LED ofroniis connentod in series. The af loast bwo single voltage &0 LED ofscuits swe
Tnteprated within o siogle ohip to fornyva » uiiifwit;*.gé andéor puit-nurrent single slap AC
LED. o

Fara 33 Anconding v a“iﬁihﬁ‘i aspacd oF the Invention, at lesst eoe roult-volisge andfor
mhti-hrigiiness LED devicss may be busgrated within 3 LED lamp, The & lesst two
individual LED sireuits within the maulth-voltage s&,mi;"m et -Rrighincese LED devionts) may
bewired By 8 sertex o paialied cloult configamtis i)} she LELF packager durlog de LED

packaging procsss thus providing Tor ot least tve Rorwand volinge detve options, o exampls

L2VAT and 24VAL or I2HVAL snd 340V AL thut van be velevted by the LED packager.

Pars 313} According t mnother aapect of the teventing @ wekb-vollage saedfor smith
outvent AL LED package i provided, comprising at least one multi-volinge ared/or mulid

surrent single chip AC LED integrated within a LED ;,\»‘sss;;'kagc\ The rpdti-voltage andfor

sommeativity pads on the exisrior

rauiti-purreat AT LED pasRage provides matching
of the LED peckags o the festvioal compentivity pads of the o kot ong nadtbvoltage andfor
sulit-coveent dingle ohip AC LED integrated within e LED »§>E§i¢k€i;§:§t‘- Hvey allowang the LED

geuser 1o wive e omit-voliage aadior roulti-plerent A0 LED package infoa sodes o

parstie! circult confipuration during the PCR a&ses‘-wix' process or fined product infegration

provesy sl further providiog 3 A0 LED package with st least twe forward vollage drive
SPRLIOnY. o

{Para A According to another aspest of e mvention meltiple individuat discrete LED
ehipy are wsnd to formoad least one rudti-voliagy andfor welth-vurrerd AC LELE aivenit witlin
& LED pachage thue providing & multb-yoliags andor ol swrremt AT LED package. Fach
mudif-voluge andfor nltt-curreny A0 LED cironit within the package conrprives ol loast wo
single voltage AT LED cieits. Bach single voliage AC LED cioouit beos.a least e LEDS

Y

m anti-paeatiel configurstion o sccompmodate divest AC voliage operation The LED package

srovides sloctrics] connectivity pads on e sxtanor of the LED peokage tat match the

wlecirica] sonveotivity pads of the st Tead two single voltage AU LED cirouits wtepraied
within the madti-volizgs andVor multi-carrent AC LED package thus allowing the LED

package Yo be wired info & srion o pavalied «:«mzs% mm\gwaim during the PCH assmably

o
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process and Hirther peoviding & LED package mé& at Jeust two Torwand valiage drler options,
{Pars 38} According o another aspect of the pvention 3 multi-voltage andéor maulii-

sytereny single ohip A LED anddor mmBivohage andfor paaltt carment AC LED

ey

sackege 18
mtegrated withio an LED lwnp. The LED lamp baving o sivrcture that comprises a heat sink,

Ry

lons cover and & standurd lamp clecirioal ase. The pwlitvoliage sndfor mult-ourrent

w

single oidp AC LED andfer package b confipnred t provide & wears of switeh

I civonit within paltb-volage axdiormuibcureat AL

o pdditionsd single volisge A L

LED clronli to proveide rmoroused brightness hwn the LED g

{Pars 35 Avoording 1o wiher road sspeet of the fwvention at least one meiti~currem
AL LED single chip & integrated within & LED packag

Fave 37 Acnerding 10 another aspoct of the hevention, ot least noc single ohip muli

surrent LED bridge air*ssit i3 integrated within g LED lamp having a siandard lang base.

The single chip molt-corrent LED bridge vircit may be slectrically convectad together in

pacalie! configuration bt B open  sccommedate switchiog oo # switeh fo e wore than
ane ob e single chip snd have x loaat one ascesaible slestrics! ontint at such spposing end

of the pwn ssues sormecied olmeits and one acodssitile sleotrival contact ot the conter function

P
%
%
7
o
Lo
£
’Z)
’Ju
2
=
S
=
%

of the ot feast bwo fndividusl sevislly comeciad LED alvvuits. Th

Para 384 Asconding B suother aepeet of the nvertion When the at Jeast tvo pirouiie ag

2 3

loft uneonnesiad oa the stogde olip and provade electrionl pads for connectivity during the

X

packaging process; the LB packager may wive them ngo sevies or peraile! comection based

Z

6

o the degired voltage fevel sperification of the oxd LEE: package pradust offering.

BRIEF DESURIPTION OF THE BRAWINGS

Para 39 Frgure | shows o sohematic view ofa peeferred smbodunent of the tavention;
{Para 48 Figure 3 shows a scheowtio view of & profred swbodioen of Sie fovention;
Pars 41 Figure 3 shows 2 schematio view'of 3 preforeed sorbodiman of (e invention
Pava 43 Figuee 4 shows ¢ schomatic view ol a psviem&d embodiment of the ventien;
Para 43 Figirs 3 showe a sehemati view of & $ ‘*:*ef wred emhadiment of the vvention;
g ap
{Fara 44§ Fignre & shows.a schamatio view of & preferred embodiment of the nvention;
Para 48 Figare 7 shows a schamatio wiew ofa ;’zrzeﬁsmei sbmdinend of the avertion;
FPars 48§ Figuee 8 shows a schematio view of a preforred smbodiment of the invention,
Para 47 Figure @ shows 3 schomatic view of a prefened embodiment of the fnvention;
& b3
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{Para 381 Pigure 10 shows z sChematic view of a preferted embodiment of the wmveriion;
{Pars 451 Figure 11 shows x schomatic viow of » preferred embodiment of the fnvemion;
and,

Fars S Figure 1 shows woschematio viow of & preforred embodiment of the breentiong

[

DETAILED DESCRIPTION OF PREFERNRED EMBODIMENTS

{Para 34 Figwre | discloses a sohomabd <§sa gram of 2 rmudti-volisge andfor mults
beightnoss LED Hghting devies 10, The vmihvvs\%twc aredfor preli-boghiness LED Lighiing
e By & 3 RN

device Hroomprises at fsast two AC LED chouits 12 m‘:ixg«\erﬁ b 2 hbalenoed beidee
grrouit, esch of witioh have ab least g LEDe 14, The o leaal b AL LED airenits have
slectoical condacts 16a, 16h, 180, and 18d at opposing ends to provide various connectivity

AN

aptiony for an &AC voltage sonrce Inpat. For example, i 16sand 180 are slectrically

sorsiecind togeiher and 18h and 184 are dlectnically vonnzoted ogether xad vne side of the

AL voltage \ngmt e applied & 6y and 160 and the ather side of the AC volinge apat i
spphivd fu 10b and 184, e clrowit benomsas & paraliel divowit with @ Sest operating forwasd

Honly {Gaand 180 wre electrkadly oonmected and the AC veltage inpuls ave spphiad

tond coninels 160 and 164, 3 second operating forveard voltags s regueived o drive the

hip 18, The single chip 18 may abya be \{‘w‘zgmm t operate af wars than ong

3,
8
‘;3
5]
e
(‘z

weel “muelt-beiphtoose”™ by slest »:aiiv connesting for exsmple 162 end 166 and
ey £

spplying one side of the te of 38 AC volisgy sowse st 15a ad 16 and indhvidually apslying

the other side of the Hee from the AC vol gé \ﬁm i sconnd voltage fo 380 and 26c.

S

at

[Para &3 Flrure I discloses & Sfi“hﬁtﬂ‘;ii-{ie‘f.- \im& Fo o & molitbvolage andfor muhi
brightness LED Hglding device 20 similsr o the swlii-voltage sodfor multi-brighiness LED
Hghting device 10 -desoribed shove in figare 1L The af least two QO LED ottty 12 s
fntegrated ooto @ substrate 2T The at elast bwo AL LED cironits 12 confypred ina

AU

53

renbalenosd brbdgs oievsit, ench of which have ot least bwo LEDs 1 The st loast b

EET giroults have dootrics] contasts 16s, 18h, 16¢, and 16¢ on the exisnior of the substets

32 and can be used W slectrivally configure andfor sontrol the epergting voliage sadber

brightnass level of the sultb-voltage sodier mult-brightneey LED balting devics.

[Pars 833§ Figure 3 discloses 2 schematic dagram of 2 padti-voliage andfor urdts
beighinessy LED Hghting device 30 stnilay 1o the multi-volisge andfor nulit-brightoess LEDR

.

fighting devioe 10 and 20 dosovibed in figares | a*s:d; 3. The mult-voliage andior ol

brightness LEEY Bghibng devive 30 comprises : af ioast tee AC LED cinvwits 32 having wb least

"1
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two LEDs 34 conneoted ix series and anti-paraliel configuration, Tie «f least by AL LED
ohrouits 32 have electrical sondacts 38, 36, 360, snd 3&d at cppusing sads to provide various
sonnestivity optiona for sy AD voltvge sonroy input. For example, 1030 and 36¢ are
slorteioslly conneoted together snd 36k aad 364 sor electriosily conpprtad togather and e
side of the AU voltuge npet is applied v 38 and 160 and the other side of the AC vollags
input is applicd to 36 and 364, the cironit bevomes & paraile] ofrouit with & first operating

o Y

forward voltage, W only 38a and 360 are elesirically connected and the AL voltage inpots s
&ty {C

..

applied fo slectrical contante 36h and 364, 2 second operating forward voltage i requind to
drive the multi-voltage snd/or molti-brighiness hghiing device 30, The multi~voltage sndfor
randtt-brightness iighténg devioe 36 roay by & monolithically ifﬁ@mﬂmﬁ gingle chip 38, &
reptotithisally nlegrated single chip integrated withio a LEE package 38 or « mumbeeaf
mdividual disorste die ntagrated onto 8 subhsrate 38 to form & multbvoltags sudfor malts
brighiness hghting device 3.

iPara 341 Figurs 4 discloses 2 whamatic diagram ofithe saae "nuitliwiaiﬁag{‘f i

ibed i Hgnre 3 having the ot ast twe AT LED

multi-brightness LED device 30 an dewe
oireeits 32 vometed i patallel configneation fo an AC vollage soume aad i}p{:i‘&iing o first
forward vollage, A resistor 40 may be osed to Nt ourrent o the mulii-voltage andfor paelti-

brighiveas LED Gghting dovice 30

- ™
fPara 85] Fignre § disclises » solmatie dagram of the same mulib-yollage andfor
multi-brightrness LED devive 30 as desenbed in figure L hasving the 8t losst two AC LED
cirguifs 32 connecied in senes confipuration o an AC voltage source and operating at a

senond forward voltage that ¢ approximately two tmes groster than the et onvaad voltage

of the parallel clrouit ae desonbed i figore 4 A rosieior may b ased o it cuoent to the

sulaohsge andfor mul-brightwas LED §iqhbins: devive.
L& R D

{Fara 58] E*‘igzxm & diacioges a sohematic diagram of 2 smithvoltags andfor sxelii-
brightress LED Habting devies 38 The multi-voliage andfor mulit-brightzess LED lighting

¢ Mreomprises at least tvs AT LED cirouits 82, each of which have at least two LEDs
94 in serfes and anti-paraliel relation. The at feadt two AC LEDY cirnwits 52 have at feast three
slentncal puntacia S8y, §6hand §6¢. The st §\3&$§ swo AC LED afronits 2 xre slosirically

N

sonnected topether i parallel at one end 562 and ol ursonagoted 8t the opposing ends of the

slpctrival comtaoty and 3o One side of an A0 voltage saurce Hae iy electnically

gonaecied o 563 and the other side of an AC voltage sonree line s individeally slectiie

conneoied to S6% and S6¢ with cither s Hixed connention or & switched conpeptice tharehy

it

PGR2023-00016 - Home Depot
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WO HIAN2L PUTTDRZ VOB IR

providing o Best brightoesg when AT

brishiness when an AL voltage is appli
% i
ipitb-volisgs andor mulit-brightoess LED i ghm} 8 &ew;:c Siss vng‘e ‘:h‘;;a, as LED
package, an LED sssenbly or as LED lanp, The madti-brightuess switeching capability
S & : \
{Fara 87 Fuumre 7 diadioses 8 scheraatic §t sgsém stnilar to the multi~voltsge andfor

device 8 shovr ﬁg:vsrr\ & i Antagny fod within & Jump 38 and conmented

,zf-'e
e

wltb-brightoess

to @ switoh 60 control the brightuess levsl ol fhe molt ~volage suddfe molitd

7w

LRI Hghting davice 3
[Pars 58] Figurs ¥ digeloses & schematie diagram a mulit-brightness LED Hghting devion

$F having at oast oo bridge reetified 88 seriee LEG cironiig 88, Hachof e at boagt twe

o

‘midgﬁs rectified 68 seetes LED otvcaity 69 that are conneoted to and reptified with an LED
& bridgeaiouit 88, The i loast two

hm}g;* rectifiod OF gories LED clrouits 9 have

alecirival contaens Ta, T8 snd T, When one ide of an A0 voltage i sppliad e ¥ and
e other side of an AU voliage Baw is applind t 73b and 730 individually, the brightaess

teval o the rudti-brightvess LED Hghting devies 62 can be Inoressed andfor deveased {a

{Fara 89} Figure ¥ discloses 3 sehematio diagram the muhi-heiginess LEE Bghting

dovive 6 a¢ shown akovs i figure § with & dwitch ¥4 clectrically cornceted between the

s davics &2 and t&\ M‘ soitage sonmg 7

Pars 88 Figure # disclosea s achemstin eii&gmm of s losst fwo single voltage LED

eltotlis integeatnd with & Mngle ship or within ¢ substaate and forming & multbvolinge andfor

it

%

swibripghtooss LED devi

{Para 61} Figure 1¢ disclosss o achematie diagram of v single ohip LED heidge ofronit

£

$into & bridge stvenit and monolithically inegprated on &

o The il wave LED bridee chreadt has glecinos! sontachy 86 1o provade for AC

volisgs inpul conotivi & DO vollsge ontpul sonnastivity,
Parg §3 Ve ‘, dise sohematio diagn P sadiment of & single
PPars &3 Figure 11 discloses 3 schematio diagram of ancther codbodiment of a single

chip mmioenlizge andior pmlii-tuiphtness LED Nghting device S8 The m m‘tbmiiag& andior

&3

B lighting devies 90 has at least fwo series LEII circuits B cach of

yw‘

owiii-brightuess
which have ot losst b LY 84 soonected fseries, The at leagt two series LED cironits 82

o~

have slevtrios! conlaety 9§ st cpposing srmds o wovide & reeang of slecives] sonmectivity,

The af loast v sories LED chroudts aee wonohitdoaly inteprated bnto 2 single ohip 88, The

PGR2023-00016 - Home Depot
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Wiy 2h iR POTL

FAR R

slecteical sotscts 98 ars vsed to wike e ot least two series LEDS cironit 93 into  sories
olrendt, 8 paralie! sirouit ovan AC LED oot 2 withis a aingle ship.

{Fara &3] Figure 12 discloess 2 schonwtis Saguan of the sawme mul-voluge andior

mudte-beightness LED Mabting des a5 shows above w figuee 11 The mul-voltage

sadior muld-drighiness LEDF Hghtog devices $0 hag ot leant fec seeies LED owvondts 83 sack
of whivh have at feast two LEDs 34 connected v serder. The o loast two series LED vireuits
ean be menelithically integrated within & single ohip or discrete fndividoal die canbe
integrated within « substeats W form an LED pagkags 3163 The LED package 100 ha

slentrival condacts 102 that are s:«.:d o wive the ai Eczsai Py senes LEDs oircuit bdn 8 soriny

clreaity & paralie] chroult or inant-pasalisi w fo m an AU LED oot ol within a single LED

P
153

PGR2023-00016 - Home Depot
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CLATMIR
What s olatmed i

2 3.

U A& single chipowmiti-volage or mudti-brighiness fed Nghting device comprising:
A 3t least two LED circaiis;

Booosch of the af lesst vwe LED dimeits koving ot least dwo LEDS connested
topather i seriay

o eanh of the o feast two LED circuits helng dleotvivally unconnented to sagh
ather ina parslel relaitonship;

& the at lesst twp LED cirowils having o Roward oporating deive voltage of &t
feast & volts; and,

£ fhe ot least two LED chcults being monolithicelly integrated on & stagh
substrsie

0F

w single chip multvoliage or mu‘s&sﬂbs“ghm oss lod Gphting device of olaim |
i

cash W LED sommeeted fo cach

wherein the ot least swo LED chrouits having &
other in apposing paralie] relation,
3. A single chip multi-volinge or multi-brightness LED Ughting device compris

,‘»

J'/

& ableaabtwo LED ehsulis;

b, ecach of the at least bwo LEDY chouits having &1 Iessl tso LEDS consented
topether iy sonies;
o oach of the i jeast by LED choults being slecinically snnonmected 1 gach

oty i a pavaliel relationshipg

e
w
w
By
Z
o
&
%
i
Caxd
-
z
Pl

LED aeuily having ¢ Yorward operating drve voluge of o

g the st least two LED chrowils being intograted within 3 subsiiate,

peg

B

4. The single ohip ms‘ftwvoit\sw or 3&3&&2#%*%3&'5&%:%3‘3@&& ICE‘ iighsmn‘ devige of clum 3

o o8ch other in (sppcsamg ;Ta.ra.ii»:;} stei.as;i:)}i..

PGR2023-00016 - Home Depot
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Wiy 2h iR

b

A gingd

<

POTL

Highting device somprising:

& ohip multi-voliage

Sirends;

3t Joant b LE

st two LED clacuits having at leagt two LED slecteivally

cn

commsted iegother i sanes condigavation;

the at least two LED gienlis aaum voltags

apposing onds of each LED cirowiy

the at loast swe LRI sirowits baving & forward operating detve veltage of @t

Teast & valts; and,

He st lsast hwo LED ciropits bed :3,“ monolithically indegrsted on 8 mngle
subsirate.
single chip wolti-vobinge LED Hulting device sompriaing
a3t keast one senes LED sircail;
b the at feast one series LED chouit baving ot least four LEDs conwecied

tegather sleotrically in series;

the at least ong sevies LED ciroult having voliage Input cleoinios] contacs &t

e

@

opposing onds of the sories sirouit aod w8 lousl one voliage input elueltical

somac &t the o u:mai by compeoted annde wnd cathode function of ot least o
LEDs w

Athin e sories oircuit and,

erating drive voltags of

£

the at least one savles LED civonit having 2 forward op

vadis.

al bomet 13

o
Ly 41
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SHIHIEERY

WO 20U

R34 P

T Acsingle obip mulivoltuge LER Bglting devide sompeisag:
& of losst wvo LED chrouds;

.

B osack of the at loadl o LED ciroulis having ot loset two LEDs cleotrizally

conpested together in Oppexing parailel relationy

o, the at least b LED circuty havity valisgs npul cleoidcal contasts at the
opposing ends of each LED clrouit;

& fheoat least tve LED cirouiy having 8 Boward opeaatiog drive vollage of at

feast § volts; and,

the at Teast bwo LED sirouits belng reonciithically tntogrsted on s single

3

suhelrate,

e
P22

The alngle chip muiti-voltage LED Hphtlng devives of claines 17 being detvanhy &
Feoqueney bigher thas matns AC frequency.

8. The single ohip nuliveliage LED Holiting devives of cldms 17 belog dudven by 8

frequenny fower than matns AC freguanoy.

HL A Jamp comprising @b loast ane device made according to any one of clatms 148,

*:.‘J

P& uminadte compeistng at least one Temp made socording to chaim U

.,,,
o

PGR2023-00016 - Home Depot
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130 A method ol manefciuning compeising
pz‘svidiﬁg 3 single chip devior with e v move LED chrepus eonBignmble by
sonteoting the slrenils g0 a5 to povide optional aperating voltage level

egived brightness lovel wherein the eleotrieal conneation between the LED

ey beachisved andfor sompleted &t e LED pavkaging lovel whan the
mtti-valtags sndfor muit-brighteess olrvails andéer single olips ave integrated Bnte
the LED packags, of the LED paokage may have exiomal olostrival contasts that
mateh the integrated maelt-voliags andfor reaiti-brightness ciropily andior single chips
within and,

sptionally allowing the drive volage Tovel andfar the brighinass lovel select-
shility 1 be pussed on Swough to the exterker of the LED package and allowing the
vedtape fovel or brighiness lovel to be selected at the LED pacXage vser, W the PCR

assembly Soility, orthe end product manufacteren
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W WA FIanH FOTTUSIRARI 26

LED CIRCUITS AND ASREMRLE

by

RELATED APPLICATERS

OBy The spplicsfion i » continssticevinepart of WS Patent Application Mo,
367, teld Qotober &, 2008, which cluims Ge prority o U8, Frovisiona] Application

W, Sled Qotober 6, I007, s spphosthay alse clalms polexity o US

flod May I, 2009 the contents of sach of these

jood
o
e
e
5
o
vd
>
o
e
7
e
%
v
7
<3
2
o
o,
oy
£
St
(743
P
S
z

appdications are sxprossly Incorpossted hereln by reforence.

FIBLD OF THR INVENTION

{21 The prosent invention wilstes genstadly o hght-omitting dicds CLED™) sirouits

and assonbies; and more specifioslly to sealeble altomating coment (UALTY diven LED

{00031 Whils pot intonding w limdt the scope of the clats or disclosures, i belef

=g

surprnary, the present disclosore aod clafns wre divscted o providing oproved aase of
desiging sod bullding Hghuing fixtares weing Al-drven LEDs. Disclosed and slafmed e

LED ciwuits baving  acalahly  choult configerstions and LED paclage asson¥y

p<d

o

senfiguesitons which oes be used 1o an ACdrive platfors 1o more sasily mateh the voltage

ovivad, Cirondis

o

mgnivenwyds of the lighting fatweds) or systems i which the LERDY s are
aad LED paciage sssowmbdien are claimed and disclosed which reduse oljectionable fhicker
produced fram AC-driven LEDg and to produse move light poy component,. Packsged LEI s
e povided for Hohting design avoordt ug e the mvention which wddoess Hioker at low

frequencies (o8 360 Hz wiile belng scalible s deshred for a partivsdar Bhding gosd

exihiond regort fo denigning individnal sssemblics gt the semvorduntor die Ievel. Clrowlte suv

Ug e

algo divcloded angd ¢l which provide for some of the LEDs inow oireuit o be on duving
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W WA FIanH FOTTUSIRARI 26

Both posiiive snd negative phases of s AC souwses, B smong other things, addrses fhcker

Also, cironity are clatmed and disclosed where # basie ofronit design provides 3 voltage and

ourrsr performance wherelny soulabnBity o maiching o pardicalyr voltage requivenient is
achieved by configuring LEDS tu the basie devign andior by fnindng ome ormos of the bagis
siveuits fogother in sonies or hasie 1o achivve the desiin requinoment,

OG04} Aconrding o an cmbodiment of the hreention an Al-doven LED gironit i
¥

proposad having ol loasd & 8ot {hasic] cirowit compeisiog LEDx Bach LED has an input and

av outpul, awd the ofronit having at least Hest and sconnd §

-.S

asie branchas connentig av fost

srad sencnd comman points, the Sommaon powts providing inpet sad sutput for an AC ity

cuvrent for the oipail This oirondt s owell w8 others desonbed and claimed hesein

(.:
o

incorporsting varkes wumbee of LEDe say ‘ov referred 0 e 20 R &

“heste LED cirawly” or a Tsubefwuit,” given the fact the sccording © an aspecy of the

Pavention such clweite themaelves may by joined with other such cloults In either basto o

-»~z

series relationships o each they, The fnst ranch of the basie LED oircwit has 2 fimtand &

second LED, and the seoond kranch having » (ded snd @ foueth LRI The Bet LED B

commected to the second LED b apposing series relationship with the inpots of the first and

4

second LEDy doflning o Gt branch jonetion. The thivd LED s sonaecied to the fowth LED
M ooppesing sevies with the outpuls of the third and fowrth LEDs defining & second branch
jusotion, The ot avd seconad hranches are connected o one snother such that e outpad of

o

the Best L

REX s connectad o the toput of the third LEIX at the Srat common point and the
autprt-of the second LRD s comnented to e nput of the furtl LED at the sseond vomman

¢ a Bt LED 4s

’/c
s

podnt - Al least vos {or & Ty cross-com mimq mv{:mi branch having af loa

provided in an srbodiment of e Invention, thy sl crosgconmneeting chwuit . being

confipurad such thet the fput of (e Ffth LED iy vonescisd o secomd branch funvtion and its

Pt

PGR2023-00016 - Home Depot
Page 4 of 20 Ex. 1003 - Page 2824



S IRUYII6NHE PCTUSH BRI
output 15 commevied o the Bt heaneh junvtion. It ix smportant t wole that acording o an

embodiment and sspedt of the invention that streaity diselosnd and clalmed horsin, selt In

sn antibavie relativnship of vertadn LEDs and Surther resuiting io an imbaleoced brndge affect

Y poratien,

OGS An AL LED beidgs je an LED tops

"’;3

slogy where the solf reetifying property of antt

ve g set of “bridge’ LEDs with rectified corrent. An

o3,

Basie LED stringy s used 0 &

3

srent wamber o than the other side. A balaneed bridge

i @ particalar inplamentativg of this topology where the input and output sides have squal

¥

sumdery of LEDs by senies, When used ina specific voliage debve regime, suchoas 12V AL

1

the advantage of @i imbalanced bridge topology I8 that # caw by goas

;.5
Wfy
=5
o
i
&

k3
5
z
=

H
=

with sizodard GalN die so that he forward sombined volisge of the die in ohe phase oyely 18

closely awiched 1o the nalive supply voltage while the reverse voltage applisd o the dindes

i the apposing phase i kepl & an scoepiable Jevel blow the reverge broaldowsn voltage of

fhe dhi,

IHG0s] According B wnother erbodimant of the fnveation, sa AU driven LED cirouit

s .

MRy fumprise one or more additional bavde cirouits oach boeing the aame as the flist baaie

i

chroult identiBed shove, Bach additionsd ¢hroult heing sonductively consiested ¢ the farwt

basie strcutt and jo ooe ancther st th fesraon poinds for providing an input and an
output for an AC dedving current of e owcait,  According to other embadineats, the
addistonal baske cirouits way be cobmevied {n serdes to the S hase chowdt and fo ome

ancther @ the additional baste sironifs may be conneciad i hasie b the first basie omaui ang

fo one another,
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HELE Acourding v another embodiment of the mvenion, » addiional LEDs, in palrs,
may be provided in the cwrceit whereln the pairs are configored among the frst asd second
branch otrenlis of cach of the respecive basie olrcus or modudes, such that curvent flaws
thrpugh the respuctive Bfth dinde of sach basic cirouil upon both a nogative and positive
phase of the AC driving source and 50 that the current draw feoegh saol of the respective

basic chaouits during both AL phases is substantialhy *s SANIS.

(G008 According v another embodiment the AL -driven LED sireoit furthes Comprises ¥

sross-ctonseiing civuit branchey sxeh having one or moee LEDs sad being eoafigweed such

that current flows through zach of the respective one oy more LEDS npon both ¢ nogative and
rosiive phase efthe AC detving source and go that the cursent deaw through sach of the
respactive basie oircuils durlng bollc AT phases is substantally the same.

spent of the inventicn, the bagle LED cirouit

and wmare complon oiropits derived therefram nelede & oo or move of & regintor, 3 fransent
Ry urge profecion, and @ mivrofirse; In any nember oy combination respevting the needed or
dostred fnpodence, resistance, awbor dove ourrenthaaliage proteciion,

fOBI0] According o mnother sspont and embodiment of the invention, the cirouit

embodiments deseobed and claimed hewetn ae formad on 2 single ssrconducior chip.

[73

Another prbadiment and aspect of the fnvention provides that the chuuits desenibed an
slabmed buesin inoloding the LEE die are formad o @ sapphire schsteate,

Qo According to another smbodiment of the mvention, an AC-driven LED assewmbly

comprises at least & Ot and & seoond LED sach discretedy pochaged, the LEDx being

: 3

connested In sn AL civcuil sud each LED package being vourded o w subsirate s g disiance

A

frcon the other of preftable spprocimatedy 3 ram or ess, wnd more proferably 38 ooy o fese

In an swbodunent the peckaged LED: slso cach have o length of preforably approximately
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2.3 o o loss, amd racwe preferabdy L0 mon ¢r loss. Inan smbndunent S packaped L8,
alze sach bave a widih of prafiraldy appoovimately 2.8 mom g loss, awd e preforsbly 38

nm or Jess, Inoan embdodiment the LEDY packages ave weranged with respest to sach other ica

2

Hrour spstial sedaionship while In another smbodinend the LED packages we atangad with

.

rospot to sach other in an XY rectilinear spatisl relationship,

E

BEIEE DESCRIFIION OF T

DRAWNGS

FIGL 1 iy » soherontic view of sn Al driven LED ciroult scomding 10 30 ombodimend of the

Wvention;

FHE, 288 2 sehematin view of an A -dotven LERY pircant gocording 1o an embastimeny of the
investion
FIG, ¥ 3 scheroptic view of ag A.'Céﬂixiww LED chondt acsording to an sroshodiment of the
frvention;
Fii3, 4 tg 2 schematie view of an Al-dvbeen LED ;:i.sC'zsis aocording to an cobodimment of the
vvesdion,

FEG. 3 15 1 schematie view of an ACdeivan LED ofronit aceording W an emmbodiment of the

P

Bvenh i‘li

FRG 6 s @ sohowmato top view of an Atl-doiven LED assorably sccording o an embodiment
s the tventiong

FEZ. 7 s a schomstie fop view of sn AU-driven LED assendhly according to an embodinent
of thy invention; sud,

FIG, Rz 2 schematic side view of s Aldviven LED asseanbly avconding 1o av ambodiment
of the heventton,

FH3 9 s nachomstie view of s modifieation o ACdriven olrcuit 70 of Fig. 4.

DETALLED DESCRIPOGN QR THE PRESENY IMYENTION

L1
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{012 Wil iy nvention I8 susteptitde fo snvbodiments i many different forns, there

are shosers i the drawhags and wil hergin be desoribed i detadl, prefoned ambodiments of

fie mvention with S wderstanding S S presen disclosures e o be considesed as
axorphifications of the poinciples of the tovention and ave not intended to Hmit the browd

agpests of the inventivs v te obodimonts Mustnted. Like componenty fo e variow

FIGE, will be given ke wiforence mumberg

'\4‘

aeiv climugdt 12

having a fref bhoanoh 14, and 8 sconnd branch 18, Brasches 14, 18 ¢ af Stest conanon
padut T8 and seonnd common point 3 The scnurmn poisty 18, 38 provide toput st cutpat

for an AU doving current o a deivey 34 for the oironit,

DO The frw beeacd 34 hes o fst LED 30 aved o second LEE 28, and the second

wr

ya fhand LED 30 sod ¢ SHunh LED 32, The first LED 268 da connacted 1o tha

senond LEEY 28 o oppoxing sorles relationship with the lapate of the firg and second LEDR

26, 2% Jdefiming & firsl hranch jusetion 34, The ﬁmd LED 30 is connevted tothe fourth LER

33 i oppoting series with the potputs of the ¢ BEs 30, 33 defining a g

branch junotiva 36

N

FOB13] The frst sad second branches 34, 38 we counectad fo one ancther such that the

cutput of the Sest LEE 38 is connectad fo the nput of the third LEE 3G «t the St comma
pot 18 and the ontput of the second LED 28 is conmecied to the toput of the foweth LED 32
3t the second common point 28, A firet swsscomenting sirondt branch 38 bag 2 88 LED
40, The first cress-connooing oireuit branch 38 being configured sueh that the inpet of the

GRh LU 40 i conneted to second branch junctlon 346 and fhe outpot & sonseokd o the

fiost hranch junction 34,
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[B018] A willl be sppreciated by thess of Sl By gy @y the LED ' 26 soad 32 will

peovide hght only apon the opposife wave, pulse or phase, At kever freguencies, eg wains

froguencies, if the LED: wre speced puesusst o another aspeat «fF the invardion {daclosed

>

betow} ab proforbiv approxinately L0 nwr wr less profovably approxtoately 2.0 nun or fess,
¥ app H ¥

then the smeat of moticestle flicker may oot by wnaoceptabde. Howsesr, the ovies

X

connpciing cirowit 38 and dinde 40 will be 1y 10 bath phases of the AT drive

and hence mitigate Sicker which may by svidenved in #s susrousding LED: 28, 28, 30 and

.;-‘.J

by

HGIT] Advaniageously the LED circuit 18 provides an LED topology an anbsdanced
bridge affect g3 ane side of the circuit has s different numbesr of LBD b soviey than the oiber

LR

gotaristic s slse dscloacd in all ai’\;iie adrcuits  Figs, I

5o
,.}

5
%
f
(4
o
o
W
£
o
3
hact

{0018] FIG 2 dlscloses an AC-driven LED cirvuit 30 which {s 2 raodifivation of AC
drivayy LED chroult 10, Clroudt 30 further mitigates flicker, Ciroult 30 provides an additionsl]
stsseonneciing ciroudt branch 42 hoving LED 44, The LEDRE 40, 44 are configund such
thatsurrent Sows through sach upon both & negative and positive phass of the AC doving

3 b

senres 24, ¥ should be sppreviated thet socprding fo the hrvention x nuntber of such vrosg

//z

compecting cirouit bovovhes {such as 38, 421 may be added s dosirasd, hovedver, since the

LEDs {such ss LED $0, 44 are v bawme with each other, theiy voliage denand will b

sivided while thely cored drave will not. Hemen mmw«‘ driver nesd by provided for this

gy To increase the Gght ouiput of the sircait of the tmvention, ¥ shoudd benoted s

4%

diseivsed i FIG. 3 that sdditional or & LERS m way be provided in e branches 4 and 16

Specificathy FIG. 3 ducloses an AC-driver siron s{é whink fs 3 nodifosticn of oirenit $6.

et

PGR2023-00016 - Home Depot
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Clroult 89 provides for additional LBDs 48 and 48, The pate of LEDs ave configered among
the Srst and seoond branch cimulits 14, 18 of the basie oot 15 sunh that cumrent o
fhrough the respotive diodes 40, 44 upon bath o negative snd positive phase of the AC
driving souree 34 and 5o that the cherent draw Sarough baate cirpwit 15 during both AC phases

by snbsiaatially the surme.

HE et ] £t should be voted that acoerding 1o Ge invention, » palrs of LE S s be
configured smdng Gost sod secord braseh clrouites of @ rospreiive bashe oivcail sueh that
vent fows through e rospactive cross conneving ok of & basic ohroult

gpon both @ nogative and poaitivs phase of te AU deving soures and so that the turrent draw
theangh sach of the rospective bave cimuits dusing both ALl phases is sobutantially the ssme.

More LEDS i the brasoh clroults divide the covrent from S higher coment LEDs I oross

compeeling vircudts 38, 43

Aconrding o snother aspect of the brvention, o forther mitigate the smoaant of

Y

flicker perestved, addlag o the Bghd provided and to sealabillty, e hame cirouits,

a o

sach belng the same as the first basic ciruit, tray be sonductively conmmcied to the frst basie
chrealt dn series o basie at the thelr coramoen poluts 15 20 for providing sn fnpet and @
driving current for the o m*

ORI For instange, FIG. 4 Sisclosss an AU driven LEDY oircait 70 which inchales
saddiiional basic ohroutis 18 oowecied o oseries at common poings 18, 200 Additienally, as

seen 1y FEG. & an AC-debven LED oiroutt B0 inclndes additional basie ctvonlis 15 sonnevted

%,

2
o

hiz embodiment shows the atihity of providing a sealabie

 hasio @ common points 18, 24

fiv]

clrputt that can b manulioired modulardy and veed o convect o makch higher voliage
e nis £.¢. oireuit 1§ mey draw drawing 12V AD while two such oircutis 15 i sovies

>

would et I3V AL sequisemsnty,
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Page 10 of 20 Ex. 1003 - Page 2830



WO IR R W AR R B o)

0331 Prefoahly, te nomber and type of LEDs b the AC-drivart LED cinvuit draws o
combined curvent sad combined vodtage which e subsisntisily sguad to the nominad voliage
capacity of the AU drive soaree,

iH0ad} As shovwn in FIG 6, an ACdeiven LED assonably 30 baa 8 first and 3 second LED

\

wan AU cirpgit and sach LR

'»ﬁ'n

ff&

82 pach divereiely packaged, the LEDs being connester

\

pachage 82 being mounted {oa substrate 8231 » distaace 41 from the other of preferably

approximaisly 3 pwror loss, sod ot preferadly 2.0 nwnoor lves. The AC-dniven LED

sasortidy 990 also hag packaged LEDs 84-zach haviag 2 width 42 and g longth 8% of

prefentdy approximately 2.5 mon a M, and g profesably 2.8 mm or less,

{528 FIQL & disoloses s AC-ddver LED assembly 80 witerein fhe LED paakages 84

ave preanged with respect to sach ofher s Hnear wmha‘ relnticnship, while FIG, 7 discloses

@y assnrebly 106 whovein the LED peoksges 84w

%
po
s
&
i
=2
Pl
1’.::
o
“?’;
&
e
pid
vl
&
141
%
o
<
L
i1
g
&

XY reeiilinear spatial relattonship.

fO0261 As can o scown in FESL 8, when LED packages A4 sve plased &t 3 mumvor fess, the
9 Ry =

Hght prodused tenefiom Teeesecty, theeby redocing of slimineting %e offcely of flickex
{027l Fig © discloses s modification to AC-drives girauit 70 which according fo the

sion, whether swmbodied on @ single okip, o i other another sulstvids ot st bowd

mounting, f& provided with one  more at the option of the design ordenia, fo include one o

,..
i
A
4

more of ¢ transient volage suppresser 43 or Hke devipe, 2 mforo-fse 47, or ke devics

& PTC devios) and » resistor 4% The resistor 49 may be gunecessary in a design where the

Zi'f

resistmcefinpedance of the fusing andior overvoltage devices ars sufficient for the pironit

perfrmanng
fpoee) Aocording B the hwention, the various swhodiments of the basie LED cimpuits

serial and paraliel arsagemerds of same arp formed by Torabay the

o

and Jarger elrondte of ¢
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diefand or other clepait elaments on @ slogle domicondueios ohip or & substrate, or mounted v
sabuirates, and 3sseneblies way be prodeced, snch s cregting an Adl-fetven eircotl whers all
sireuits and LEDS are formed orva serptosnducton, where the LED are diseretely pankagad
apact ooy ihe chouits, and where cach bagio chroult is formeed onca privted aivcnit boawd,
Frefosably according to an sspect of the invantion the busio swenits and larger chrouits
comabining then may be formed on 8 sapphire substrate for themnal management of the
sumerons LED die.

HE While i the preceding ther has beorvast fouth o prefarred ombodinont ol the

o b tenduestoad that the present fnvention may be ambodied in othey specific

s

Hvvention, { is
Torzas withent doparting fom the ¢purit or condral Sharacteristics thereofl The prdsent
smbodiments, thorafbre, are o be conafdered i all rospecta as Homrative and not reattotive,

sod the Ipveniion s ot 1o be Huited woihe detatls ;gwsm herets, While specifie sodbadinasnts

ES

X

have been iHustratad and desorihod, numsous m\ki feations come o mind withoot

&

significantly depseting from the chameoteriatins of the nventionand e soope of profselinn

enly Hmited by the seope of the sccompanying (atns,
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n

choowE having ot least fiest and sccond bowches conpeoting b st and seeond comeman
points, the common pobrly praviding fnput and onpay for an AC driving curess & the
ol

the Tirst brased havig 3 sscund LED, snd e ssoond braneh fwving s thirg

f,szq
P
=
m
z2
w
=
[#5

and ¢ fourth LR
the Hest LED s conveoiad to the second LED i opposiig sevics relationship with the

F e Best vod ascorsd LEDs defintog 8 Firet branch junotion;

w

3
by
>3

tha third LED fs coonented @ the fourth LEIY in opposing sevies with the outpats of
the third aod fourth LED defintng s seconsd beanch junction,
the first and sccond brsoches wre somected o one anothor such that the watpat of the

fiost LED s conneoted fo the Input of the third LED ot the Best common point and the ontpat

of the sceond LED s conneated o the nput of the fourth LED st the second conunon poing;

Hrgt crossqconpesting olreuit bravwh having of loast ¢ Gith LED, the frst srosge

sonneoting stead hranch being cwefigwed such tat the toput of the &8 LED iz cammsated

&

o the sepond Branch jenction sad the cutpet 18 cotmectad to the Bt

<

yeanch henction, and,

o

whersin e arssngoment of the LEDs provide an imbalaoss beidgs offset o the basie

ACxddven oireuit,

2. Tha Al-dotven LED circuit seowrding to olvim T Bothey ocmprising ons or more

X

addivional basie cirvuite each bedng the same as the Hret bagi sironit, et additonal ciwuit

St
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sing sondustively o to the heste ciromit and fo one another 8 WAL COTTRNDY
b fustivel tod to the Rrg 1% thee ot the i

ey Y

poinis for providing »n inpud and an outpat @or an AD drtving currerd fov the cironil,

k3 A AC-driven LEL oot scoprding fo \:'&ii‘ﬁ‘\ 2owhersin the additinnsd bagio oirondts
are connested b sertey B the fast basie ciroult and 1o snganother

4, Axv AC-driven LED chroult sccording o oladm 3 wherein the addiional basio ahwvulls
ave sonnaciad i haviy to the Hret basio cinnaitand o one waathey,

8. The AC-driven LED oircull secording (0 olsim 144 farther eotprising » additionad

LB, i pales, wheeein {he pairg are s,:m\sxs;umi araong the fiot arsd sscored branch cirde of
cank of the mspactive basie olrouits, sech that curvent flows theough the rospective filth diods
of each basie sirendt upon both a negative and positive phase of the AT doving sowree sod 50
fhrat the cnrvast draw through each of the respactive basio civouits during both AC phases is

substantial 1\’ the same

&, The AC-drivery LED choudt scooeding o chaitns 1.3 forfher comprising, Tor sach basie

econmecting ciroult branches sach having one or mae LEDs and baing

coufipured such that curent Hows through cechoof the respeotive ong or mare LEDS upon
bodh a negative and positive phase of the AC doving xousce and s that the comad draw

through sach of the respestive basic cirodte dunag both AL phaaes i substantially the same.
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7. Thoe ACdriver LERY ohoutt sovarding toolaims 16 wheredw the serober aad tvpe of

LEDs of the AT driven LED girouit draw a contbined cumsnt which i subatentislly egual to

the aondinal current sapacity of the ACsenrce.

3 The AU~driven LED cirouit aseording to clsins 127 whoreds the sundet and fypoe of
LEDs of the Al-driven LED cirouit deops 3 combined vohage which is subgantially squal fe
the wominal voltage sepraity of the ACseues,

2. The AC-driven LED siveult socording toclofms 13 and 527 wherein the {iext basie

ctrout and each other bastc cirouit has 5 volisgs ﬁmp of terelve volts,

M. The AC-driven circuits of slaime 19 bed ng formed on e single semiconductor chip
P The AC-driven LEE cirouity of clumg 148 wherehe the LEDs are diserstely paakaged

apast Som the sirowin
13, The AC-dniven LED sasomblics of oleimg 11518 and 17 whorein each bagio olrcuit b

=~

fooned an s pintsd ciroult bowed,

13 The AC<driven oircaity of elabms 1413 Sether comprising ong or more of 3 ansient
voligge suppressar devics, & Tuseable elome

13
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POWER SUPPLY FOR LIGHT EMITTING DIODES

Background of the Invention

The present invention relates to electrical power supplies, and more specifically to power supplies that
provide a regulated current output for driving light emitting diodes.

Various lighting applications require a string of series-connected light emitting diodes (LEDs) as a source of
ilumination. To emit light, the LEDs must receive direct current {DC} electrical power; in particular, a minimum amount
of DC current ﬁeeds to be supplied to each of the LEDs for light emission. These LEDs will emit more light with
increasing amounts the current, but the lifetime of the LED is shortened when the LEDs are driven with excessive
current. Although the LEDs may be powered with batteries, employing commercial or residential alternating current
(AC) line voltage is often more practical, and thus power supplies that convert AC line voltage into a DG voltage are
desirable for powering LEDs. The AC line voltage, however, is not perfectly stable, but rather fluctuates. For example,
residential AC line voltage, nominally 115 AC volts {VAC) can vary between 110 to 120 VAC. Such variatien presents
a problem if, as a result, the current fed to the LEDs is less than the minimum current required to activate the LEDs or
if the current exceeds the maximum, and thereby reduces the lifetime of the LED.

Variation in the electrical characteristics between different LEDs also can cause the level of current to be too
low or too high. When current is passed through an LED, the device is forward biased; in this made of operation of the
LED, a voltage known as the forward valtage drop can be measured across the LED. This forward voltage drop differs
somewhat between individual LEDs. When a series of such LEDs are stfung together, e.g., 24 or 48, the small
difference in forward voltage drop accumulates into a larger, more significant value. Variations in this cumulative
voltage drop across a large number of LEDs present difficulties for an engineer who must design the power supply
circuit so as to provide the LEDs with a current above the minimum and below the maximum current levels. For a
power supply with a fixed impedance, differences in a load translate into different amounts of current sunk into that
load. Thus, if the voltage drop across a group of LEDs connected in series is not the same, the current into the LEDs
will likewise be dissimilar. If the disparity is extreme, the current may fall below the minimum, causing the LEDs to
fade out, or the current may exceed the maximum, thereby damaging the LEDs, or at least shortening their lifetime.

Conventional supplies for powering LEDs are also large and expensive, yet inefficient. For example, many
power supplies employ a transformer to step down the valtage from the AC line. A transformer, however, is large and
heavy and adds to the cost of the supply. .

Thus, there is a need for an efficient, compact, and inexpensive pawer supply for powering a string of series-
cannected LEDs. This power supply must provide a stable current that does not fall below the minimum required by
the LED, thereby causing the LEDs to stop emitting light, and does not exceed the maximum current level for the LED,
thereby damaging the LEDs or at least shortening their lifetime.

Summary of the Invention

In one aspect of the invention, an apparatus comprises a light emitting diode and a power supply for

powering the light emitting diode, wherein the power supply comprising a step-down impedance, a current regulator, a
-1
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rectifier, and a low pass filter. In this power supply, the current regulator is electrically connected to the step-down
impedance, while the rectifier is electrically connected between the step-down impedance and the current regulator.
The low pass filter is electrically connected between the rectifier and the current regulator. Additionally, the current
regulator has an autput for electrical connection to the at least one light emitting diode.

5 Another aspect of the invention comprises a power supply for providing electrical power to at least ene light
emitting diode. This power supply comprises a step-down impedance, a current regulator, a rectifier, and a low pass
filter. The current regulator is electrically connected to the step-down impedance, the current regulator rectifier is
electrically connected between the step-down impedance and the current regulator, and the low pass filter is
electrically connected between the rectifier and the current regulator. The current regulator has an output for

10 electrical connection to the at least ane light emitting diode that outputs a current and voltage compatible with the
light emitting diode.
In another aspect of the invention, a method of providing power to one or more light emitting diodes (LEDs)
using an AC voltage includes attenuating the AC voltage. After attenuation, the AC voltage is rectified to produce a
rectified voltage. Subsequent to the rectification, ripple is removed from the rectified voltage, and subsequent to this
15 ripple removal, the rectified voltage is converted into a substantially constant supply of DC current. This DC current is
applied to power the one or more light emitting diodes {LEDs).

Brief Description of the Drawings

FIGURE 1 depicts a hleck diagram of a power supply that is a preferred embodiment of the present invention.
FIGURE 2 is a schematic circuit diagram of a power supply that includes each of the elements in the block
20 diagram of FIGURE 1.
FIGURES 3A-3F are plots on axes of time and veltage depicting waveforms corresponding to electrical
signals at different stages in the circuit shown in FIGURE 2.

Detailed Description of the Preferred Embodiment

Embediments of the invention will now be described with reference to the accompanying Figures, wherein like
25 numerals refer to fike elements throughout. The terminology used in the description presented hergin is not intended to be
interpreted in any limited or restrictive manner, simply because it is being utilized in conjunction with a detailed description
of certain specific embodiments of the invention. Furthermore, embadiments of the invention may include several novel
features, no single one of which is solely responsible for its desirable attributes or which is essential to practicing the
inventions herein described.
30 A block diagram of a power supply 10 that is a preferred embodiment of the present invention and that
electrically connects a source of AC line voltage 12 with one or more light-emitting diodes (LEDs) 14 is shown in
FIGURE 1. The power supply 10 comprises a surge protector 16, a voltage attenuator 18, a rectifier 20, a low pass
filter 22 that suppresses ripple, a charge dissipator 24, and a current regulator 26, each having an input and an output.
The source of AC line voltage 12 may be a residential or commercial AC electrical line. The input of the surge

35 protector 16 receives the AC line voltage and offers protection for the circuitry in the remainder of the power supply
2-
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10 against spurious voltage spikes in the AC line. The AC line voltage after passing through the surge protector 16 is
fed into the voltage attenuator 18 to lower the AC voltage. The output of the voltage attenuator 18 is directed to the
rectifier 20, where full-wave rectification is performed, and then to the low pass filter 22, which reduces ripple in the
rectified voltage. The output of the Jow pass filter 22 is coupled to the current regulator 26, which provides a

5 regulated DC current to the LEDs 14. A charge dissipator 24, shown in FIGURE 1 between the low pass filter 22 and
the current regulator 26, prevents dangerously rapid discharge of voltage within the power supply 10 when the LEDs
14 are disconnected.

As depicted in FIGURE 2, the power supply 10 has two input terminals 28 for connecting to the source of AG

line voltage 12. These input terminals 28 must be capable of safely receiving the AC liﬁe voltage 12, which may be a
10 120 volt (V) residential line having an average RMS voltage of 115 volts or 240 volt commercial line having an average

RMS voltage of 230 volts. This line voltage may also be 220 V as is standard for residences in Europe. The surge

pratector 16 is shown in FIGURE 2 as a surge protection device 30 shunted across the input terminals 28. This surge

protection device 30 may comprise any device capable of preventing voltages in excess of 180 VAC, preferably 138

VAC, from reaching other electrical components in the power supply 10. One example of such a device is a ZNR, P/N
15 ERZ-v0o5D241, manufactured by Panasonic.

Preferably, the voltage attenuator 18 comprises a capacitor 32, hereinafter referred to as the step-down
capacitor, which is in electrical contact with one of the two input terminals 28. The step-down capacitor 32 is
required to be a bipolar eapacitor capable of receiving an AC input that oscillates between negative and positive
voltages and preferably comprises one or more polyester or Mylar® polyester film capacitors. A capacitor or plurality

20 of capacitars having a net capacitance in the range of between 0.1pF-10uF may be employed. The appropriate level
of capacitance is a function of numerous factors, including but not limited to, the AC line voltage input to the power
supply 10 (e.g., residential, commercial), the number of LEDs 14 in the array, and the electrical characteristics of the
LEDs, in particular, the current drawn by and the voltage drop across each of the LEDs, as well as the arrangement of
the LEDs (e.g., whether the LEDs are arranged in series or both series and parallel). Although the voltage attenuatar

25 18 is shown in FIGURE 2 as comprising a capacitor, a resistor or any other element can be employed that provides a
voltage drop from the input terminals 28 to the rectifier 20, but an element having an impedance substantially
comprising an imaginary part is preferred, to avoid thermal heating. The impedance of a capacitor, for example, -
comprises solely of an imaginary part, known in the art as reactance, and does not heat up as AC current is passed
through it. Unlike capacitors, resistors have a real impedance or resistance, and heat up when conducting current.

30 Accordingly, capacitors are preferred to minimize temperature rise and loss of energy due to thermal dissipation.

Alternatively, an inductor can be shunted across the input terminals 28. An ideal inductor, like a capacitor,
comprises solely of reactance. Real inductors, however, are formed from wire wound about a magnetic core. This
wire is resistive, so that a conventional inductor will dissipate heat. Additionally, an inductor capable of providing a
sufficient step-down voltage for the power supply 10 would be substantially larger than a capacitor suitable for the

35 application described hergin. For the foregoing reasons, a capacitor is therefore preferred.
-3-
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As shown in FIGURE 2, the rectifier 20 comprises a diode bridge 34, a type of full-wave rectifier that is well
known in the art. This diode bridge 34 includes four diodes 38 connected together at four junctions 38a, 38b, 38¢,
38d. The step-down capacitor 32 is affixed to one of the junctions 38a such that one of the fwu input terminals 28 is
electrically connected to the bridge 34 through the capacitor. The oppositely situated junction 38b is in direct

5 electrical contact with the other of the two input terminals 28. Conducting lines 40a, 40b extend from the remaining
twa junctions 38c and 384, respectively, and lead to the low pass filter 22, also acting as the ripple suppression filter.
These two conducting lines, 40a and 40b, are designated as plus {“+”) and minus {*-”) to indicate that the plus
conducting line is at a higher potential than the minus conducting line, which may be grounded. The diedes 36 in the
diode bridge 34 are conventional diodes such as IN4003 diodes, manufactured by International Rectifier Corporation,
10 and capable of receiving a maximum {max) peak reverse voltage of 200 V. Although a diode bridge that provides full-
wave rectification is shown in FIGURE 2, other full or half-wave rectifiers may be employed in accordance with the
present invention. Preferably, however, the rectifier 20 contains little or no resistive components, so as to minimize
heat dissipation.

As depicted in FIGURE 2, the ripple suppression filter 22 comprises a capacitor 42 shunted across the plus

15 and minus conducting lines 40a, 40b, i.e., one end of the capacitor is electrically coupled to the plus electrically
conducting line while the other end of the capacitor is electrically couplied to the minus electrically conducting line.
This capacitor 42, hereinafter referred to as the ripple-suppression capacitor, may have a capacitance between 10 pF
and 100 pF and preferably comprises tantalum (Ta). A suitable capacitance is determined at least in part by the AG
line voltage and the electrical properties of the LEDs 14. Although the ripple suppression filter 22 shown comprises a

20 capacitor shunted across the plus and minus conducting lines 40a, 40b, other filters capable of reducing oscillation can
be employed as the ripple suppression filter 22,

The charge dissipator 24 depicted in FIGURE 2 comprises a resistor 44, also shunted across the plus and
minus electrically conducting lines 40a, 40b and, similarly, across the ripple suppression filter 24. The resistor 44,
hereinafter referred to as the charge-dissipation resistor, may comprise a conventional resistor well known in the art

25 having a value of resistance between 10 k€2 and 100 kC2. The appropriate resistor may be selected based on, among
other factors, the AC line voltage and the discharge rate (time) required. Although the charge dissipator 24 shown
comprises a resistor, other components arranged to safely dissipate charge released when the power supply 10 is
disconnected from the array of LEDs 14, can be employed as the charge dissipator 22.

As shown in FIGURE 2, the current regulator 26 comprises a veltage regulator 48 in series with a current

30 set-point resistor 50. This voltage regulator 48, a device adapted to supply a substantially constant voltage, may
comprise a conventional voltage regulator or one yet to be devised. This voltage regulator 48 may, for example,
comprise an LM317AT voltage regulator manufactured by National Semiconductor, adapted to supply an input-output
voltage differential of +40 V maximum and a maximum current of 1.5A. The voltage regulator 48 has an input
terminal 52, an output terminal 54, and a reference terminal 56; the input terminal is electrically connected to the plus

35 electrically conducting line 40a, and the output terminal is electrically connected to ane end of the current set-point
A
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resistors 50. The other end of the current set-point resistor 50 is electrically connected hoth ta a positive output lead
58 for the power supply 10 and to the reference terminal 56 of the voltage regulator 48. The resistance of the set-
point resistor 50, which may range from 0.8 Q to 1.2 kQ, is determined by the voltage difference between the output
and reference terminals 54 and 56 of the voltage regulator 48 along with the current to be drawn by the LEDs 14.
Although a voltage requlator in series with a set-point resistor is shown, other current regulators, i.e., devices adapted
to provide a substantially constant current to a given load, can be employed in acesrdance with the present invention.
Preferably, this current supply provides a current within the range of between 1.0 mA and 1.0 A, more preferably
between 25 and 50 mA.

Preferably, more than a single current set-point resistor 50 is included in the current regulator 28, as shown
in FIGURE 2, which depicts a switch 60 electrically connected to the output terminal 54 of the voltage regulator 48.
This switch leads to the current set-point resistor 50 when set in a first position, and when set to a second position
{eads to another current set-point resistor 51. Although two such current set-point resistors 50 and §1 are shown,
more than two resistors can be included in the current regulator 26 in accordance with the present invention.
Alternatively, the current regulator may comprise only one single current set-point resistor 50, but a plurality of current
set-point resistars, and a switch 60 that incorporates any one of the resistors in a continuous electrical path from the
output terminal 54 of the voltage regulator 48 to the positive output lead 58 of the power supply 10 is preferred.

As shown in FIGURE 2, a capacitor 81 is electrically connected in parallel across the plus and minus
contacting lines 40a, 40b. This capacitor 61 prevents the voltage regulator 48 from oscillating. A zener diode 62 and
resistor 64 are electrically connected in parallel across the input and cutput terminals 52, 54 of the voltage regulator
48. This zener diode 62 may comprise a conventional zener, e.9., a 39 V zener, available from Diodes, Inc. Selection of
the appropriate zener diode 62 and resistor 64 depends on the electrical charactefistics of the voltage regulator 48,
namely, on the maximum and minimum voltage that can be sustained between the input terminal 52 and the output
terminal 54 without interrupting the constant delivery of proper current levels to the LED’s or without damaging the
voltage regulator.

The string of LEDs 14 shown in FIGURE 2 has two ends, one end being electrically connected to the positive
output lead 58 for the power supply 10, while the other end of the string of LEDs 14 is electrically connected to a
negative output lead 66 of the power supply. The positive output lead 58 is in electrical contact with one end of the
set-point resistors 50, 51, as discussed above, while the negative output lead 86 is in electrical contact with the minus
conducting line 40b, which may be grounded. The power supply 10 is designed to accommodate a variety of different
types of LEDs 14 having a wide range of center wavelengths and electrical properties. Significantly, different LEDs 14
may require different amounts of current, depending on their design as well as the brightness of the output emission
desired. Current set-points for the' LEDs 14 may be between about 1mA to about 1A, more preferably, between about
25 mA to about 50 mA. Example of suitable LEDs 14 include a TS AlinGaP LED, which emits red light having a
wavelength of about 630 nm and an InGaN LED, which emits green light having a wavelength of about 526 nm. In

addition to accommodating different types of LEDs, the power supply 10 can power arrays of various size from a
-5
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single LED up to 60 LEDs for 115 VAC input power, and in various arrangements such as LEDs in series or both series
and parallel. For example, the plurality of LEDS 14 may comprise two or more strings in parallel with each other,
wherein each string includes a number of LEDs connected in series.
The power supply 10 delivers power to the array of LEDs 14 hy converting AC line voltage into a DC
5 regulated current that is delivered to the LEDs. As discussed above, the amount of current supplied to the LEDs 14
controls the level of emission output therefrom, higher current producing a more intense optical output. Since driving
the LEDs 14 with too much current shortens their lifetime, a safe level of current, hereinafter designated lerpomr
which provides sufficiently bright illumination but that also ensures adequate lifetime of the LEDs, must be determined
and consistently provided to the array of LEDs 14 when activated. By choesing the appropriate components for the

10 power supply 10 shown in the FIGURE 2, a substantially stahle DC current at the set-point, lgrpqnr, can be delivered
to a plurality of LEDs 14. To power the LEDs 14 at the DG current set-point, the power supply 10 receives AC line
voltage from a residential or commercial AC line at the input terminals 28, thereby causing a sinusoidal voltage to be
coupled to the step-down capacitor 32 and to the diode hridge 34. Before being attenuated by the step-down
capacitor 32, however, any voltage spikes in excess of 150 VAC are clamped by the surge protector 16, which

15 prevents excessively high voltages from reaching the step-down capacitor and the remainder of the powver supply
circuitry. The AC line voltage input into the power supply 10 is shown in FIGURE 3A as having a peak voltage of V,
e wax @nd an RMS value of Vag yermg- The voltage reaching the diode bridge 34 is reduced by the voltage drop, Ve,
across the step-down capacitor 32, the value of which is determined, in part, by the impedance of the capacitor.
FIGURE 3B shows the AC voltage attenuated by the step-down capacitor 32 having a magnitude of Vg ine gy - Verr

20 -

This oscillating voltage is applied to the diode bridge 34, which rectifies the sinusoidal voltage in a manner
well known in the art. FIGURE 3C illustrates the effect of a rectifier circuit, such as the diode bridgé 34, on a
sinuscidal signal, like the signal across the two junctions 38a and 38b of the diode bridge. The rectified voltage
exhibits a small voltage drop, Vggpee introduced by the bridge. The extent of oscillation or ripple in the rectified

25 voltage is greatly reduced by the ripple suppression capacitor 42. FIGURE 3D depicts the voltage across the plus and
minus conducting lines 40a and 40h electrically connected to two of the junctions 38¢ and 384 of the diode bridge 34
and to the ripple suppression capacitor 42, FIGURE 3D illustrates both the rectification and suppression of ripple, as
well as the reduction in the overall signal caused by the voltage drop Veap yax, and Vogpge introduced by the capacitor
32 and the diode bridge 34.

30 The voltage at the plus conducting line 40z is applied to the input terminal 52 of the voltage regulator 48,
which produces a voltage at the output terminal 54 that is a fixed increment above the voltage at the reference
terminal 56 of the veltage regulator. For the LM317AT voltage regulator, this fixed increment is 1.25 V; accordingly,
the voltage at the output terminal 54 is consistently 1.25 V lower than the veltage at the reference terminal 56.
FIGURE 3E depicts this voltage at the output terminal 54 of the voltage regulator 48. The voltage at the output

35 terminal 54 is reduced by a veltage drop across the set-point resistor 50, and this reduced voltage is applied to the
-6-
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reference terminal 56. In this manner, a vultége regulator similar to 48 is converted into the current regulator 26.
That is, since the voltage at the output terminal 54 will be a fixed incremental voltage, (i.e., 1.25 V) below the
reference terminal 56, for a given set-point resistor 50 the current through that resistor is known. Thus, by selecting
different resistors 50, different set-point currents can be established. The switch 60 that connects the voltage
5 regulator 48 with the plurality of set-point resistors 50, §1 in FIGURE 2 permits various set-point currents to be
chosen, depending upon which resistor is employed. FIGURE 3F shows the current flowing though the pesitive and

negative output leads 58, 66 and the load, i.e., the plurality of LEDs 14, electrically connected thereto.
The voltage regulator 48 essentially converts the voltage waveform depicted in FIGURE 3D into a
substantially constant current shown in FIGURE 3F. The voltage regulator 48, such as the LM317AT, may, however,
10 operate improperly if excessive voltage is applied across the input terminal 52 and the output terminal 54 of the
voltage regulator. The zener diede 62 and resistor 64 in parallel therewith prevent excessive voltages from being
applied across the input and output terminals 52 and 54 of the veltage regulator 48 and from possibly damaging that
device. The charge dissipation resistor 44 in the power supply circuit 10 provides discharge of the ripple suppression
capacitor 42 when the plurality of LEDs 14 is disconnected from the positive and negative output leads 53 and 66.
15 Charge stored on the ripple suppression capacitor 42 during operation will require a known time to discharge when the
LEDs 14 are removed from the circuit. The resultant energy will have a time constant, <, that is decreased by the
introduction of the charge dissipation resistor 44 therehy increasing the discharge rate and minimizing the likelihood of

stored energy which could cause a shock.

The circuit design shown in FIGURE 2 presents numerous advantages over prior-art power supplies. Power
20 loss is minimized by limiting the numhber of resistors. Resistors convert an amount of energy equal to the potential
energy drop across the resistor into thermal energy, energy that is lost, Le., that is not used to power the LEDs 14. Ta
limit the number of resistive elements in the power supply 10, the AC line veltage is preferably stepped down to a
lower voltage with a capacitor, the step-down capacitor 32, instead of with a resistor. Unlike resistors, capacitors in
AC circuits are reactive: the average power dissipated by a capacitor receiving a complete cycle of a sinusoidal
25 current or voltage is close to zero. Similarly, the average power over a complete cycle is exactly zero far any purely
reactive circuit, such as, e.g., an ideal capacitor or an ideal inductor, and for circuits operated at low frequency that
draw low current and therefore resemble purely reactive circuits. Minimizing the resistive elements in the circuit also
causes the circuit to be more reactive. The power supply 10 depicted in FIGURE 2 has a minimal number of resistive
elements and is designed to be operated at 50 Hz or 60 Hz, and to draw low current from the AC line. Consequently,
30 the amount of power dissipated thermally by the power supply 10 is fess than conventional LED power supplies,
providing numerous advantages over prior art designs. Since a small amount of energy is transformed into thermal
energy and radiated away from the power supply, most of the energy coupled into the power supply 10 is efficiently
transferred to the LEDs 14 as electrical power. Accordingly, less power is required to operate the power supply 10,
thereby reducing operating costs. Light emitted by light emitting diodes 14 is less hright when the LEDs are exposed

35 to heat, therefore by limiting the heat reaching the LEDs, the power supply 10 promotes efficient production of light
7.
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from elactrical pawer. Alse, since the power supply 10 does not heat up significantly during eperation, it can be
incorporated in systems that are sensitive to temperature without the inclusion of large or heavy heat sinks. For
example, the power supply 10 and accompanying LEDs 14 may be contained in plastic tubes that encase the LEDs.
Additionally, since no large heat sinks are necessary, the power supply 10 may be compact.

5 The power supply circuit 10 also provides longer lifetime for the LEDs 14, as the current regulater 26
ensures that that the current received by the LEDs never exceeds safe levels even with fluctuations in the AC line
voltage. As discussed above, the power supply 10 delivers a relatively stable current to the LEDs 14, This current is
established by selecting the appropriate set-point resistor 50. This current, the set-point current lyer.poyy, is determined
by the selection of the set-point resistor 50 and does not vary with differences in the voltage drops across LEDs 14.

10 Accordingly, a single circuit design can accommodate a plurality of LEDs 14 even if the manufacturing specifications,
and more specifically, the voltage drap across the LEDs varies from one LED to another. This feature is advantageous
as LEDs of the same model are not all alike; in particular, any two LEDs of the same model manufactured by the same
manufacturer may provide different voltage drops when current is passed through them. MNevertheless, the power
supply circuit 10 depicted in FIGURE 2 will deliver a fixe& amount of current, i.e., lger.pqur t0 the plurality of LEDs 14.

15 Also, delivering a stable current to the LEDs ensures that their intensity does not vary with fluctuatiens in the AC
power line amplitude, which are commonplace.

Another advantage, as discussed aheve, is that the power supply 10 is simple and cempact. Since the power
supply 10 does not employ a large and heavy transformer, nor any large or heavy heat sinks to dissipate thermal
energy, the power supply can be compact and light. The power supply 10, may range in size from between 1 and 2

20 . inches (in.) wide and between 1 and 2 in. long. Preferably, the power supply the power supply is about 1 in. wide and
2in. long. Preferably, the power supply 10 is enclosed in a metal cagé to isolate switching noise and electro-magnetic
interference (EMI). A metal cage, known in the art as a Faraday cage, shields electronics external to the power supply
10 from signals generated by the power supply. Even without the Faraday cage, however, the power supply 10
generate negligible electro-magnetic interferehce since the power supply is not a switching power supply. The low-

25 pass filter 22 also provides AC noise reduction. Additional features of the power supply 10 include its ability to
pravide extremely uniform intensity across the plurality of the LEDs 14 in the array that are connected in series. The
power supply 10 can also be manufactured at a low cost by using standard electronic components. The power supply
preferably costs less than $100 and more preferahly less than $5.

_ Various embodiments of the present invention are illustrated by the following examples:

30 Example 1

The power supply circuit 10 shown in FIGURE 2 can he employed to power a plurality of forty-eight (48)
LEDs such as AllnGaP LEDs manufactured by Hewlett-Packard that emit red[amher light having a wavelength between
about 615 and 590 nm. So as not to shorten the lifetime of the LEDs 14, which typically ranges between ahout five
to ten years, while providing sufficient emission from the LEDs for certain lighting applications, the power supply 10

35 delivers 50 mA to each of the plurality of LEDs, which are arranged in series. Although each of the LEDs 14 are of the
-8-
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same model and manufacturer, any given LED in the string may have a voltage drop across it that may vary as much as
0.1 DC volts (VDC); in particular, the forward voltage for these LEDs ranges from about 2.3 to 2.4 VDC. Accordingly,
for a string of 48 such LEDs 14, the total voltage drop across the LEDs can be as small as 110.4 VDC and as large as
115.2 VDC, the average being 112.8 VDC.

5 In this example, the power supply circuit 10 includes an LM317AT voltage regulator, which provides a
voltage at the output terminal 54 that is 1.25 V below the voltage at the reference terminal 56. The LM317AT
voltage regulator will be damaged if a positive voltage of greater than +40 V or a negative voltage more negative than
-0.3 V is applied between the input terminal 52 and the output terminal 54. Additionally, the LM317AT voltage
regulator wilf no [onger provide a regufated voltage at the output terminal 54 if, when operating at room temperature

10 {26°C), less than +3.75 V is applied between the input terminal 52 and the output terminal. The range of voltages
that can therefore be applied between these input and output terminals 52 and 54 is between +3.75 V and +40 V.
Thus, in this example the power supply circuit 10 is designed to provide a proximate voltage drop between the input
terminal 52 and the output terminal 54 of ahout 25 V.
To establish a 50 mA set-point current for the LEDs 14, a set-point resistor b0 of 25 Q is employed. Since
15 the voltage difference between the reference terminal 56 and the output terminal 54 is 1.25 V, a set-point resistor 50
of 25 Q shunted across the reference terminal and the output terminal will ensure that 50 mA flows out the output
terminal through the 25 €2 set-point resistor and to the LEDs 14.
In this example, the surge protection device 30 comprises a ZNR surge protector manufactured by Panasonic
and the diode bridge 34 comprises a four-diode bridge manufactured by Microsemi Corporation. The ZNR surge
20 protector limits the voftage coupled to the step-down capacitor to 135 VAC. The diode bridge 34 rectifies the AC
voltage as is well known in the art and introduces a 2 V voltage drap, Vggpee. between the input AC voltage and the
rectified voltage.
The power supply 10 is designed to deliver a substantially constant current to the string of 48 LEDs 14
despite the variation in AC line voltage and in the voltage drop across the 48 LEDs. As is well known, the AC line
25 voltage varies in amplitude; for example, commercial line voltage varies between about 110V and 120V, a total of & 5
V, on average being about 115 V. Also, as discussed above, the total voltage drop across the 48 LEDs 14 varies about
+ 2.4V, i.e., between about 110.4 VDC and 115.2 VDC. The total variation introduced by variations in line voltage
and in the voltage drop across the LEDs 14 is therefore about + 7.4 V.
An appropriate value of the capacitance for the step-down capacitor 32 needs to be selected so as to
30 maintain an operating voltage across the input terminal 52 and the output terminal 54 of the voltage regulator 48,
corresponding to 25 V despite the fluctuations in the amplitude of the AC line voltage 12 and differences in voltage

drop across the 48 LEDs 14. The voltage drops across the components in the power supply 10 are related by:

((VACLINE —Veawr) % \[E)_ Vermer ~Vreeuraror —Vigps =0

-O-
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For an average AC line voltage, Vg e of 115 V and an average voltage drop across the LEDs, Vg, of 112.8 V, where
the voltage drop across the bridge 34, Vegnee is 2.0 V and the operating point for the voltage regulator 48, ie., the
voltage, Veesuiamon, Detween the input terminal 52 and the output terminal 54 is 25 V, the voltage across the step-down
capacitor 32, Ve is determined to be 16.13 V. Since the line voltage fluctuates + 5 volts and the voltage drop across
5 the 48 LEDs can vary as much as <+ 2.4 V, then the voltage across the step-down capacitor 32, Vg, is about 16.13 &

7.5 V. The capacitance required to establish the requisite step-down voltage can be determined from the equation

where R is the resistance corresponding to the

defining the impedance for a capacitor, R =|Z|=
2z fC

magnitude of the impedance Z, fis the frequency of the AC voltage, and C is the eapacitance of the capacitor. The
voltage V¢, across the step-down capacitor 32 must be largest when the line voltage is 5 V higher than the average
10 line voltage, and the voltage drop across the 48 LEDs, Vg, is 2.4 V below average, in which case the voltage drop
across the capacitor must be 16.13 + 7.5 V or 23.65 V. Since 50 mA is defivered to the 48 LEDs 14, 50 mA is drawn
through the input terminals 28 of the power supply 10 and through the step-down capacitor 32. The resistance of the
step-down capacitor 32 can be computed from the Ohm's Law: 7 = IR . To establish a 23.65 V drop across the
step-down capacitor 32 with a 50 mA current, a 473 Q resistance is required. For 80 Hz AC line voltage, the
15 * capacitance of the step-down capacitor 32 is therefore preferably 5.6 pF.
As described above, the power supply 10 minimizes thermal or I°R loss, since the number of resistors is held

to a minimum. As is well known, power is determined by the relationship P = IV where P is power, or with the

following equation for resistors P = >R, where R is resistance. Accordingly, the power into the power supply 10

is a product of the RMS value of the line voltage (115 V) and the current drawn by the power supply (50 mA), which
20 corresponds to 5.75 W. Similarly, the power delivered to the plurality of LEDs 14 equals the average voltage drop
across the LEDs {112.8 V) times the current through the LEDs (50 mA); this product equals 5.64 W. A comparison of
the power into the power supply 10 (5.75 W) and into the plurality of LEDs 14 {5.64 W) yields a total efficiency for the
power supply of 98%.
Also, as discussed above, the power supply 10 provides a substantially constant level of current to the 48
25 LEDs 14, despite fluctuations in the AC line voltage and variations in the veltage drop across the 48 LEDs. In Example
1, the set-point current is 50 mA, and the voltage regulator 48 will deliver this current provided the voltage Vg
between the input terminal 52 and the output terminal 54 is within the range of +3.75 VDC and +40.0 VOC. For
example, when the AC voltage line is 110 V (RMS) and the voltage drop across the plurality of LEDs is 115.3 V, witha
23.65 V drop across the step-down capacitor 32 and a 2.0 V veltage drop across the diode bridge 34, results in a
30 14.69 V valtage across the input terminal 52 and the output terminal 54 of the voltage regulator 48, which satisfies
the +3.75 VDC minimum requirement for proper operation of the voltage regulator. Similarly, in the case where the

AC line voltage is 120 V (RMS) and the voltage drop across the 48 LEDs is 110.4 V, with the voltage drop across the
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step-down capacitor 32 of 23.65 V and the voltage drop across the diode bridge 32 of 2.0 V, the voltage Vg across
the input terminal 52 and the output terminal 54 is 33.95 V, which does not exceed the + 40.0 VDC limit for safe

operation of the voltage regulator 48. In computing these values for the voltage drop across the voliage regulator 48,

the RMS line voltages, i.e., of 110V, and 120 V, are multiplied by \/5 to convert the RMS voltage into peak voltage.
"5 To further protect the voltage regulator 14 from being subjected to veltages across the input and output
terminals in excess of +40 YV, the zener diode comprises a 39 V zener, P/N No. TN474ADICT manufaetured by Vishay
and the resistor in parallel with the zener comprises a 10 k2 resistor. This combination safeguards the voltage
regulator 14 from excess voltages across the input and output terminals 52 and 54, upon discharge of the ripple
suppression capacitor 42 initiated by electrically disconnecting any one of the 48 LEDs from the power supply 10. To

10 prevent arcing of the ripple suppression capacitor 42, the charge dissipation resistor 44 is provided. This resistor 44

will permit the dissipation of 170 VDG or 120 \/5 . the peak voltage associated with the 120 V RMS AC line voltage
and that is stored by the ripple suppression capacitor 42. The charge dissipation resistor 44 comprises a 50 kQ
resistor. If the charge dissipation resistor 44 is too large, heat will be generated as current is passed through this
resistor upon discharge of the ripple suppression capacitor 42 as well as during normal operation of the power supply

i5 10. As discussed above, excessive heating here may be incompatible with the packaging of the power supply 10 or of
the surrounding environment.

Also, excessive ripple in the current delivered to the LEDs 14 may permanently damage them. For the
standard LED 14, the ripple in the voltage received by the voltage regulator 48 must not exceed 10 V and preferably is
hetween 4-6 V. Accordingly, the ripple suppression capacitor 42 comprises a 33 uF capacitor that reduces ripple in

20 the rectified voltage output by the diede hridge 34 to between 4-6 V. The preferred capacitance of the ripple
suppression capacitor 42 is proportional to the set-point current delivered to the LEDs 14, thus, when the set-point
current is small, the capacitance is similarly reduced. Also, the oscillation-suppression capacitor 61 comprises a 0.1
WF capacitor, which prevents the voltage regulator 48 from oscillating and driving the LED 14 with currents outside
the safe range of operation.

25 The power supply 10 in Example 1 is designed to convert residential AC line voltage 12, corresponding to
119 VAC at 60 Hz, into a regulated 50 mA current that is delivered to 48 LEDs 14 in series, wherein each LED has a
2.3 - 2.4V voltage drop. The power supply 10, however, can be designed to draw power from other AC sources, such
as commercial AC line voltages or European AG line veoltages, which operate at 220 V and 50 Hz. The power supply 10
may also be designed to accommodate more or less than 48 LEDs in series, or both series and parallel, having different

30 voltage drops and being driven with different amounts of current. The electrical components, e.g., the step-down
capacitor 32, the ripple suppression capacitor 42, the charge-suppression resistor 44, and the set-point resistors 50
and 51, will have respective capacitance and resistance values determined by the requirements of the power supply
10. These requirements include, but are not limited to, the AC line voltage, the set-point current, and the voltage drop

across the plurality of light-emitting diodes 14.

-11-
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Example 2
The power supply circuit 10 of Example 1 may be modified to accommodate 24 red LEDs 14 in series, by

simply altering the step-down capacitance from 5.6 pF to a 2.2 pF and the current regufator 48 will deliver the proper
regulated ‘DC current of 50 mA. To modify the set-point current, the set-point resistance is changed. As with the
5 circuit in Example 1, the power supply 10 of Example 2 receives an AC line voltage of 115 VAC. The efficiency of this
configuration is reduced as the number of LEDs 14 is smaller and therefore the amount of power transferred into light
output is less. Similarly, if the number of LEDs 14 is increased, the amount of power transformed into light energy is
greater and the efficiency is likewise higher.
The present invention may be embodied in other specific forms without departing from the essential
10 characteristics as deseribed herein. The embodiments described above are to be considered in all respects as
illustrative only and not restrictive in any manner. The scope of any invention is, therefore, indicated by the following
claims rather than the foregoing description. Any and all changes which come within the meaning and range of

equivalency of the claims are to be considered in their scope.
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WHAT IS CLAIMED 1S:

1. An apparatus comprising a light emitting diode and a power supply for powering said light emitting

diode, said power supply comprising:
a step-down impedance;
5 . a current regulator electrically connected to the step-down impedance;
l a rectifier electrically connected between the step-down impedance and the current regulator; and
a low pass filter electrically connected between the rectifier and the current regulater,

wherein said current regulator has an output for electrical conneetion to said at least one light emitting diode.

2. The power supply of Claim 1, further comprising a surge protector in electrical contact with said
10 step-down impedance.

3. The power supply of Glaim 1, whergin said reactive element comprises a bipolar capacitor.

4, The power supply of Claim 3, wherein said at [east one light emitting diode comprises a plurality of

light emitting diodes connected in series.

5. The power supply of Claim 4, wherein said plurality of light emitting diodes comprise at least two
15 sets of serially connected light emitting diodes connected in parallel.

6. The apparatus of Claim 4, wherein said plurality of light emitting diodes comprises at least 12.

7 The apparatus of Claim 4, wherein said plurality of light emitting diodes comprises at least 24.

8. The apparatus of Claim 4, wherein said plurality of light emitting diodes comprises at least 48.

9 A power supply for praviding electrical power to at least one light emitting diode, comprising:

20 a step-down impedance;
a current regulator electrically connected to said step-down impedance;
a rectifier electrically connected between said step-down impedance and said current regulator; and
a low pass filter electrically connected between said rectifier and said current regulator,
wherein said current regulator has an output for electrical connection to said at least one light emitting diode
25 that outputs a current and voltage compatible with said light emitting diode.
10. The power supply of Claim 9, further comprising a surge protector in electrical contact with said

step-down impedance.

11. The power supply of Claim 9, wherein said step-dovwn impedance comprises a reactive element.
12. The powver supply of Claim 11, wherein said reactive element comprises a bipolar capacitor.
30 13. The power supply of Claim 12, wherein said bipolar capacitor comprises film.
14, The power supply of Claim 9, wherein said rectifier comprises a diode bridge.
15. The power supply of Claim 9, further comprising a charge dissipator electrically connected between

said low pass filter and said current regulator.

16. The power supply of Claim 15, wherein said charge dissipator comprises a resistor.
35 17. The power supply of Claim 9, wherein said low pass filter comprises a capacitor.
-13-
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18. The power supply of Claim 9, wherein said current regulator comprises:

a voltage regulator having an input terminal, an output terminal, and a reference terminal
electrically connected such that said output terminal is at a voltage offset from the voltage of said reference
terminal by a substantially constant potential difference; and

5 at least one set-paint resistor electrically connecting said output terminal of said voltage regulator
to said reference terminal of said voltage regulator.

19. The power supply of Claim 18, wherein said current regulator comprises at least two set-paint
resistors and a switch seitable in a plurality of positions to electrically connect different set-point resistors to said
output and reference terminals of said voltage regulator.

10 20. The power supply of Claim 9, wherein said current regulator comprises:
a voltage regulator having an input terminal, an nutplit terminal, and a reference terminal; and
a resistor, wherein said output terminal is electrically connected to said reference terminal through

said resistor.

21, The power supply of Claim 9, wherein said current output by said current regulator output
15 comprises about 30 milliamps ta 1 amp.
22, The power supply of Claim 9, wherein said voltage output at said current regulator output ranges

between about 2 to 170 volts.
23. The power supply of Claim 8, wherein said at least one light emitting diode comprises a plurality of
light emitting diodes connected in series.
20 24, The power supply of Glaim 23, wherein said plurality of light emitting diodes comprise at least two
sets of serially connected light emitting diodes connected in parallel.
25. A methed of providing power to one or more light emitting diodes {LEDs} using an AC voltage
comprising:
attenuating said AC voltage;
25 subsequent to said attenuating, rectifying said AC voltage to produce a rectified voltage;
subsequent to said rectifying, removing ripple from said rectified voltage; and
subsequent to said removing, converting said rectified voltage into a substantially constant supply

of DC current and applying the DC current to power said one or more light emitting diodes (LEDs).

26. The method of Claim 25, wherein said step of attenuating comprises applying said AC voltage to a
30 substantially reactive component,
27. The method of Claim 26, wherein said step of attenuating comprises applying said AC voltage to a
capacitor.
28. The method of Claim 25, wherein said one or more LEOs comprises a plurality of LEDs connected in
series.
35 29. The method of Claim 28, wherein said plurality of LEDs comprises at least 12.
-14-
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30. The method of Claim 28, wherein said plurality of LEDs comyprises at least 24.
31. The method of Claim 28, wherein said plurality of LEDs comprises at least 48.
-15-
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o0 (57) Abstract: An LED array circuit (30b) includes a number of series connected LED pairs (32), each pair (32) including two
2 parallel connected oppositely polarized LEDs. The array is coupled to a standard AC voltage source (34) in series with an inductor
) having Q>5 and a reactance which is equivalent to the resistance of a current limiting resistor. The use of an inductor in place of a
: resistor increases the efficiency of the array to approximately 80%. The efficiency of the array is increased even further by coupling

a capacitor parallel to the array and by tuning the inductor and capacitor to the frequency of the AC voltage source (34). According
1o one embodiment of the invention, a single module is provided with a plurality of LED arrays (31a-31c), with each LED array
(3laor 31b or 31c) having its own capacitor coupled in parallel thereto, and its own series coupled switch (36a or 36b or 36¢). The
module is coupled to and across the AC voltage source (34), with one node of the module coupled to the AC voltage source (34) by
an inductor.
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AC POWERED LED CIRCUITS FOR TRAFFIC SIGNAL DISPLAYS

BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates to light emitting diode arrays. More particularly, the invention
relates to circuits incorporating light emitting diode arrays which are powered by an alternating

current and which are advantageously used in traffic signal and other displays.

2. State of the Art

Modem wmaffic signal systems include two major components: the controller and the
display (lights). The technology of modern traffic signal controllers is quite evolved and
includes modern computer technology which incorporates traffic flow sensors, timers, and the
like. Over the last seventy years, however, traffic signal displays have not changed
significantly. The displays utilize high power broad spectrum incandescent bulbs with colored
filters to produce the desired traffic signal color. It is well known that traffic signal displays are
inefficient, as they consume large amounts of energy in order to produce a display which is
bright enough to be seen in broad daylight. The inefficiency of the displays is due in part to the
general inefficiency of incandescent bulbs, and is exacerbated by the fact that much of the light
energy produced by the bulbs is wasted by filtering the light. Moreover, traffic signal displays
require frequent maintenance. Incandescent bulbs have a relatively short life span, typically less
than eight thousand hours, shorter still if switched on and off frequently and if constantly
exposed to the elements; all of which are the case with traffic signals.

It is known in the art to use a light emitting diode (LED) array in lieu of incandescent
bulbs in a traffic signal. Such arrays are disclosed, for example, in U.S. Patent Number
4,271,408 to Teshima et al., U.S. Patent Number 4,298,869 to Okuno, and U.S. Patent
Number 4,954,822 to Borenstein, the complete disclosures of which are hereby incorporated
herein by reference. An LED array can provide many advantages when used in lieu of an
incandescent bulb. The primary advantages are that an LED array is much more efficient than
an incandescent bulb and requires little or no maintenance. In most cases, an LED array will
consume about one tenth the power that a filtered incandescent bulb will consume to produce the
same light output. The life cycle costs of a traffic signal using an LED array in licu of an
incandescent bulb is also significantly reduced since incandescent bulbs used in traffic signals
typically must be replaced once or twice a year. A well designed LED array could be expected
to function for more than twenty years before requiring replacement. Another, less apparent
advantage is that a single array can be used to display many different illuminated symbols such
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as international symbols for turn only, do not enter, walk, don't walk, etc. The LED array is
more resistant to the elements and is more mechanically durable than an incandescent bulb. Itis
also possible to achieve a higher flashing rate with an LED array than with an incandescent
bulb. It is known in industrial psychology that certain high flashing rates are more apt to draw
attention than other slower flashing rates. In addition, an LED array does not require a light
reflector like the relatively large parabolical reflectors used with incandescent bulbs. The
elimination of the reflector is an advantage because during certain seasons at certain times of
day, sunlight can be reflected off the reflector in an incandescent bulb traffic signal and cause a
confusing display. Yet another advantage of an LED array is that, if it is properly arranged,
when faults develop in the array, the entire array need not fail.

Despite all of the advantages of using LED arrays in traffic signal displays, there are
several concerns which have prevented their widespread adoption. The first and perhaps the
most significant concern is that an LED array is not easily retro-fitted to an existing traffic
signal. This is primarily because existing incandescent displays operate with a "standard"” 120
volt 60 Hz AC power supply. LEDs require a DC current of approximately 5 to 20 milliamps
and a forward operating voltage of between 1.5 to 2.5 volts depending on the wavelength of the
emitted light and the semiconductor material used. Another reason why retro-fitting is difficult
is because the “standard” traffic signal housings are designed to accept a "standard"
incandescent bulb. These issues have been addressed in the art. As shown in prior art Figure
1, an arrangement which has been proposed by Borenstein, supra., uses a step down isolation
transformer 10 with a center tapped full-wave rectifier 12 to drive an array of LEDs 14 which
are connected in parallel. Although Borenstein does not specify exactly how many LEDs are to
be used, a typical traffic signal display will require at least between twenty and eighty LEDs.
Assuming that fifty LEDs are used with Borenstein's power supply, it is difficult to imagine that
an efficiency of more than 50% could be achieved. Moreover, a most common LED failure
mode is a short where the LED becomes a short circuit. If the LEDs are arranged in parallel as
taught by Borenstein, a short fault in one LED will disable the entire array.

As shown in prior art Figure 2, a simpler arrangement which has been proposed by
Teshima et al., supra., uses a rectifier bridge 16 to convert the AC power supply to pulsating
DC and an array of sixty-two 1.6 volt LEDs 18 in series with a resistor 20. A smoothing
capacitor 22 is connected in parallel with the array for absorbing ripple components of the
power supply. Unfortunately, the rectifier circuit adds expense to the system and makes it less
reliable. The resistor wastes energy and lowers the efficiency of the system. While Teshima et
al. suggests that the rectifier can be eliminated by using pairs of oppositely polarized LEDs
connected in series through a protective resistor, little information is given about this

arrangement.
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A simpler solution has been proposed by Okuno, supra., which is shown in prior art
Figure 3. Okuno avoids the use of a rectifier bridge by providing an array of LEDs 24 which
are connected in series and polarized in one direction and an array of LEDs 26 which are
connected in series and polarized in the opposite direction. The two arrays 24 and 26 are
connected in parallel so that a respective array is illuminated during each half cycle of the AC
power supply. According to Okuno, however, a current limiting resistor 28 (a generator
resistor) must be connected in series with the arrays. Assuming each array 24 and 26 includes
twenty-five LEDs, the value of the resistor 28 should be approximately 3300 ohms to produce
the desired average LED current. Since approximately 70% of the line voltage is dropped
across the resistor 28, the resistor is the dominant factor in determining the LED current and
energy is wasted by the resistor. In this example, the arrangement has an efficiency of only
about 35% and the LED current has a range of £25%. If a greater number of LEDs were used,
the efficiency would increase, but the current range would widen.

Recently, committees have been formed to study the critical characteristics of LED
arrays used in traffic displays and to make recommendations about these characteristics. Sce,
e.g., Interim LED Purchase Specifications of the Institute of Transportation Engingers, Part 2,
July 1998. One of the characteristics of LED arrays is the power factor (a value between zero
and 1) and it has been recommended that the power factor be greater than 0.9. Another
characteristic is total harmonic distortion (THD-F) which is recommended to be less than 20%.
The ratio of peak to average current is indicative of the number of lumens obtained per watt of
power. A low peak to average current is more efficient. Current regulation is also important in
LED arrays as the line voltage (nominally 110-120 in the U.S.) normally fluctuates. One (US)
standards committee recommends that current be regulated for voltage fluctuations between 80
and 134 volts. Some LEDs, especially red LEDs are sensitive to temperature and increase in
brightness when ambient temperature drops. Therefore, many committees recommend that the
circuits controlling wraffic LEDs provide for temperature compensation. For LLED traffic signals,
it is also important that the LED array be tolerant to the failure of individual LEDs. Although the
MTBF (mean time between failure) for an individual LED is greater than thirty years, it is quite
likely that a single LED in an LED array having several hundred LEDs will fail in a shorter time.
In particular, failure of an individual LED in an array should not cause more than 20% light
loss. Whether an LED fails by shorting or by opening is another issue to be addressed.

Finally, some committees have expressed concern that LED arrays might interfere with
other traffic control devices. In particular, some emergency vehicles are equipped with a light
transmitter which modulates light in a manner similar to a TV remote control. Traffic signals are
equipped with a light receiver so that the traffic signal can be controlled by an approaching
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emergency vehicle. Since AC powered LED arrays of the type shown in prior art Figure 3 (self
full wave rectifying) have a light output with a main frequency component of 120Hz (twice line
frequency), there is some concern that this modulation will interfere with emergency vehicle
remote traffic signal control.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a circuit incorporating an AC line
powered LED array which is suitable for retro-fitting in an existing traffic signal display.

It is also an object of the invention to provide an AC line powered LED array circuit
which does not require a rectifier bridge or a transformer.

It is another object of the invention to provide an AC line powered LED array circuit
which has enhanced efficiency and does not use a current limiting resistance.

Itis a further object of the invention to provide a highly efficient, low cost AC powered
LED array circuit for use in traffic signal and other displays.

It is also an object of the invention to provide an AC line powered LED array having a
large number of LEDs connected in series so that the cumulative voltage across the array may be
comparable to or greater than an AC line voltage.

It is another object of the invention to provide an AC line powered LED array circuit
which provides a relatively constant current through the LED array regardless of the type or
number of LEDs in the array.

It is a further object of the invention to provide an AC line powered LED array and
circuit which is highly fault tolerant.

It is still another object of the invention to provide AC line powered LED display which
is compatible with existing traffic signal controllers.

It is also an object of the invention to provide an LED array and circuit which has a
power factor greater than 0.9,

It is another object of the invention to provide an LED array and circuit which has a total
harmonic distortion less than 20%.
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It is a further object of the invention to provide an LED array and circuit which has a low
peak to average current ratio.

It is still another object of the invention to provide an LED array and circuit which has
current regulation for voltage variations from 80-134 volts.

It is also an object of the invention to provide an LED array and circuit which has a
relatively constant light output regardless of ambient temperature.

1t is another object of the invention to provide an LLED array and circuit which is tolerant
to the failure of individual LEDs.

It is a further object of the invention to provide an LED array and circuit which tolerates
individual LED failures regardless of whether the failure is a short failure or an open failure.

It is still another object of the invention to provide an LED array and circuit which will
not interfere with emergency vehicle remote control of traffic signals.

In accord with these objects which will be discussed in detail below, the LED array
circuit of the present invention includes a number of series connected LLED pairs, each pair
including two paraliel connected oppositely polarized LEDs, which are coupled to a standard
AC voltage source by an inductor which is arranged in series between the AC voliage source
and the LED array. The inductor is preferably provided with a Q>5 and a rcactance which is
equivalent to the resistance of a current generator or current limiting resistor. The use of an
inductor in place of a resistor increases the efficiency of the array circuit to approximately 80%
if the inductor is properly chosen. The efficiency of the array circuit is increased even further
by coupling a capacitor in parallel to the array, thereby generating an impedance converter which
converts an AC voltage source into a high impedance AC current source. By tuning the
inductor and capacitor of the impedance converter to the frequency of the AC voltage source, the
efficiency of the array is greater than 80%. Moreover, when the capacitor is included in the
circuit, the power factor of the circuit is improved, non-linearity of the circuit is diluted, the
impedance of the source is increased, and the LED array may include a large number of LEDs
(e.g., forty pairs or more). In fact, so many LEDs may be included in the array such that the
voltage drop across the array is greater than the AC line peak voltage itself.

According to a preferred embodiment of the invention, the LED array and circuit are
mounted on a circuit board which is connected by spacers 1o a clear circular disk. The disk is
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dimensioned to take the place of a standard traffic signal filter/lens. This embodiment is retro-
fitted to an existing traffic signal by removing the bulb, reflector, and filter/lens from the traffic
signal and mounting the clear circular disk in place of the filter. Alternatively, and in accord
with another embodiment of the invention, a single retro-fittable unit is provided wherein an
inductor, a capacitor, and an array of LEDs are contained in a housing having substantially the
same size and shape as a standard incandescent bulb used in a traffic signal display. According
to yet another embodiment of the invention, a plurality of individually switched arrays are
contained in a single module where a first terminal of each array is coupled to a common point
which is series connected through a single inductor to the AC voltage source, and a separate
capacitor is coupled parallel to each array. The second terminal of each array is coupled through
arespective individual switch to the AC voltage source. The second embodiment provides a
module for several independently operable mutually exclusive displays.

Other embodiments of the invention include circuits which have improved power
factors, LED arrays which tolerate the failure of individual arrays regardless of whether the
failure is a short or open, circuits which compensate for the effects of temperature on LED
luminance, circuits which regulate the current through the LED array as line voltage varies,
circuits which balance the peak to average current ratio through thc LED arrays, circuits which
minimize harmonic distortion, and circuits which minimize the possibility of interference with
emergency remote control of traffic signals. Further, according to the invention, circuits are
provided for switching the current applied to LED arrays according to a plurality of parameters
such as ambient temperature, ambient light, voltage, etc.

Additional objects and advantages of the invention will become apparent to those skilled
in the art upon reference to the detailed description taken in conjunction with the provided
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a prior art LED array circuit using a transformed and
rectified power supply with LEDs coupled in parallel;

Figure 2 is a schematic diagram of a prior art LED array circuit using a filtered and

rectified power supply with LEDs coupled in series with a current limiting resistor;

Figure 3 is a schematic diagram of a prior art LED array circuit with oppositely polarized
series connected LEDs coupled in series with a current limiting resistor;
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Figure 4 is a schematic diagram of a first embodiment of an LED array circuit according
to the invention;

Figure 5 is a schematic diagram of a second embodiment of an LED array circuit
according to the invention,;

Figure 6 is a partially transparent side elevation view of a housing for the LED array
circuit of Figure 5 which is adapted for retro-fitting in an existing traffic signal display;

Figure 7 is a cross sectional schematic view of a prior art traffic signal display having an
incandescent bulb, a reflector, and a colored filter/lens;

Figure 8 is a side elevation schematic view of an LED array according to the invention
mounted on a circular disk for retro-fitting in an existing traffic signal display;

Figure 9 is a cross sectional view similar to Figure 7 showing the LED array of Figure 8
installed in an existing traffic signal display;

Figure 10 is a schematic diagram of a third embodiment of an LED array circuit
according to the invention;

Figure 11 is a schematic diagram of an LED array circuit similar to Figure 4 but having a
higher power factor than other embodiments;

Figure 12 is a schematic diagram of a portion of an LED array which is protected against
the failure of individual LEDs;

Figure 13 is a schematic diagram of a series circuit for temperature compensation;
Figure 14 is a schematic diagram of a series circuit for current regulation;

Figure 15 is a schematic diagram of an enhanced series circuit for current regulation and
balancing;

Figure 16 is a schematic diagram of a circuit for temperature compensation, current
regulation, and balancing;
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Figure 17 is a schematic diagram of an LED array circuit similar to Figure 5 but having a
higher power factor;
Figure 18 is a schematic diagram similar to Figure 5 but with temperature compensation;

Figure 19 is a schematic diagram similar to Figure 5 but which provides higher current
and lower voltage for parallel LED arrays;

Figure 20 is a schematic diagram of a series LED array with a full wave rectifier and
filter capacitor for use with the L-C circuit power supply according to the invention;

Figure 21 is a schematic diagram similar to Figure 20 but showing groups of LEDs
protected against the failure of individual LEDs;

Figure 22 is a schematic diagram similar to Figure 21 but with a circuit for temperature

compensation and current regulation;

Figure 23 is a schematic diagram of a circuit including several series LED arrays coupled
to each other in parallel, each having a current sharing impedance;

Figure 24 is a schematic diagram of a current sharing impedance for use in the circuit of
Figure 23;

Figure 25 is a schematic diagram of a current sharing impedance for use in the circuit of
Figure 23;

Figure 26 is a schematic diagram of dual series LED arrays having an electronic
balancing circuit;

Figure 27 is a schematic diagram similar to Figure 26 but with a circuit for temperature
compensation and current regulation;

Figure 28 is a schematic diagram similar to Figure 5 but with the locations of the
inductor and capacitor interchanged;

Figure 29 is a schematic diagram similar to Figure 28 but with a tapped inductor;
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Figure 30 is a schematic diagram of a circuit for switching a pair of LED arrays to
provide a brighter or dimmer output;

Figure 31 is a schematic diagram of a circuit for automatically switching the circuit of
Figure 30;

Figure 32 is a schematic diagram of a lossless resonant synchronous boost regulator
circuit; and

Figure 33 is a schematic diagram of an LED array circuit and a separate switching circuit
for controlling the light output of the array according to a plurality of parameters.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure 4, a first embodiment of an LED array circuit 30 according to
the invention includes an array of LEDs 31 arranged as a plurality of LED pairs 32, and an
inductor L. The LED pairs 32 each include two parallel coupled LEDs 32a, 32b which are
oppositely polarized. The LED pairs 32 are coupled to each other in series to form the LED
array 31. A first terminal or node 33 of the array is coupled to an AC voltage source 34 through
the serics connected inductor L, with the second terminal or node 35 of the array 31 coupled to
the AC voltage source through a switch 36. It will be appreciated that the switch 36 shown in
Figure 4 is merely representative of some type of switching circuit and in practice will likely be
part of a traffic signal controller. It will also be understood that the connection of the circuit 30
to the AC voltage source 34 is preferably a removable connection as represented in Figure 4 by
removable couplings 37 and 39. According to the invention, the inductor L is chosen to have a
reactance equivalent to the resistance of a current generator or current limiting resistor and to
have Q>5. The use of inductor L with the array 30 produces an efficiency of about 80% and
achieves all of the advantages of LED arrays without suffering the disadvantages of the current
limiting resistor of the prior art.

It will be appreciated that during one half cycle of the AC voltage source, one of the
LED:s in each pair will light and during the other half cycle, the other LED in each pair will light.
One of the advantages of arranging the LEDs as shown (i.e. in parallel oppositely polarized
pairs which are series connected) is that if an LED faults either closed (short) or open, only that
LED or one LED pair will be disabled. That is, if an LED shorts, all of the remaining LEDs will
continue to function except for the one which is paired with the shorted LED and which will be
shorted thereby. If, on the other hand, a red LED faults open, the LED which is paired with it
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will be forced to conduct reverse voltage during the half cycle in which the open faulted LED
would have lit.

Those skilled in the art should appreciate that the circuit of Figure 4 exhibits non-linear
characteristics and that the most important factor in powering the LEDs is the average current
which flows through the array of LEDs. If the voltage drop across the LED array is small
relative to the peak line voltage, the current through the array is substantially related to the RMS
short circuit current Ige through the inductor L. which is expressed below according to the
approximation:

oY (1)

where V is the RMS line voltage and Z;_is the impedance of the inductor L. Since it is the
average current rather than the RMS current which is of importance to the LEDs, the average
short circuit current Igccave) through the inductor L over one complete AC cycle is expressed
according to approximation:

3«/_7) I, @

ISC(AVG) = [ P

It will also be appreciated that the impedance Z; of the inductor L is a complex number related to
its inductance L by:

Z, = |j2nFL] (3)
where F is the AC line frequency and j is the square root of

(-1). By combining the above approximations (1) and (2) and equation (3), the average short
circuit current through the inductor L. can be expressed according to:

I

2«/5)( v ) VA2 @)

o~ (55 Gem) = e

Since each LED is ON for a half cycle and OFF for a half cycle, the average current
through current I pp v through the array during each half cycle will be substantially equal to
one half the average short circuit current Iy svgy through the inductor L so long as the voltage
drop across the LED array is relatively small compared to the peak AC line voltage. For
example, utilizing the relationship (4) above with an AC source of 120 V RMS at 60 Hz, an
appropriate average current of approximately 24 ma through an array of approximately twenty
LEDs every half cycle can be controlled by an inductor L. having an inductance of 6 Henries.
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The inductor L. will maintain an appropriate average current through the array so long as the
voltage drop across the array is relatively small as compared to the peak AC line voltage.

The efficiency, power factor, and control of current in the circuit of Figure 4 can be
further enhanced by the addition of a capacitor C as shown in Figure 5. The circuit 30a of
Figure 5 is substantially the same as that in Figure 4, but with the addition of capacitor C which
is coupled in parallel to the LED array 31 across the terminals 33 and 35. In this circuit, the
inductance of the inductor L is preferably chosen according to the relationship (4) given above.
The L-C circuit shown in Figure 5 is not a filter circuit but is an impedance converter which
effectively converts the AC voltage source into a high impedance AC current source when the L-
C circuit is tuned to the frequency of the AC source according to approximation:

Fo L (5)

2n 4/ 1L.C

Thus, the value of the capacitor C is preferably chosen according to the approximation:

1

C= 2L ©
with a frequency of 60 Hz, and an inductor of approximately 6 Henries, the desired capacitance
would be approximately 1pF. This arrangement effectively increases the current generator
impedance Z, of the circuit by a factor of Q such that lZgI = QX|, with X being the reactance
of the inductor L. It also increases the open circuit voltage V- by a factor of Q so that Vpe =
QV. The AC voltage source therefore appears to the LED array as a current source even when
the voltage drop across the array is comparable to the peak AC line voltage. Because of the high
current generator impedance, the same tuned circuit can tolerate a wide range in the number and
types of LED pairs without materially affecting the I.LED current. Thus, a standard tuned circuit
can be used with many different types of LED arrays. Moreover, in principle, the tuned circuit
can generate a voltage across the LED array which may be greater than the AC line voltage.
Therefore, a very large number of LEDs can be used in the array. Indeed, in a preferred
embodiment of the invention, forty or more pairs of LEDs are utilized. It should be noted that
the inductor L, when used in the AC powered circuits described above, provides high
impedance without energy wasting resistance.

Referring now to Figure 6, those skilled in the art will appreciate that the LED array 31,
the inductor L and the capacitor C can be mounted in a housing 40 having the same size and
shape as a conventional incandescent bulb with a conventional base connector 42. In this
manner, the array is easily retro-fitted to existing traffic signal displays which utilize this type of
fixture.

PGR2023-00016 - Home Depot
Page 12 of 49 Ex. 1003 - Page 2892



WO 01/01385 PCT/US99/14876
12

The invention may be easily adapted to replace incandescent lighting in virtually any
kind of traffic signal display unit. Figure 7 shows a popular existing traffic signal display 50
having a weather tight enclosure or casing 52 which contains an incandescent bulb 54 and a
parabolic reflector 56. The inside of the enclosure 52 is accessible via a hinged door 58 which
carries a colored lens/filter 60 (e.g. red, yellow, or green) fitted to an opening in the door with a
grommet 62. The bulb 54 is held in a socket 64 which is electrically coupled to a voltage source
(not shown) via a quick connect block 66. The bulb 54, reflector 56, socket 64 and attached
wires are also hinged to the enclosure 52. Thus the interior elements of the display 50 are all
easily accessible and replaceable.

According to a preferred embodiment of the invention, and as shown in Figures 8 and 9,
an LED array 31 is mounted on one side of a circuit board 70 which is provided with circuit
traces and elements 72 on its other side. The circuit elements and traces may include the
inductor L, the capacitor C, and the connections of the array 31 as described with reference to
Figures 4 and 5 above. The circuit board 70 is coupled to a clear plastic disk 74 by a number of
spacers 76 so that the LEDs 32 in the array 31 face the disk 74 as seen best in Figure 9.
Preferably, both the disk 74 and the circuit board 70 are circular. The disk 72 is fitted with a
grommet 62 which is substantially the same as the grommet 62 used to hold the filter/lens 60 in
the prior art display 50 described above. The prior art display 50 of Figure 7 is modified by
removing the lens/filter 60 with its grommet 62 and by removing the bulb 54, reflector 56, and
socket 64. The disk 74 with its grommet 62 is fitted into the opening in the hinged door 53 and
the circuit 72 is electrically coupled to the quick connect block 66. It has been found that the
portion of the circuit board 70 which faces the disk 74 should be painted black before mounting
the LEDs 32. This prevents unwanted reflection off the circuit board during bright daylight
hours. It will be appreciated that the circuit 72 need not be mounted on the circuit board 70. All
or part of the circuit 72 could be mounted off the board 70 inside the enclosure 52. Asa
practical matter, it may be advantageous to mount all of the circuit except for the inductor L on
the circuit board 70 and mount the inductor L inside the enclosure 52

Figure 10 shows a circuit 30b utilizing muitiple LED arrays according to the invention.
LED arrays 31a, 31b, 31c, each of which are substantially the same as the LED array 31 shown
in Figure 5, are coupled by their first terminals 33a-33c to the AC voltage source 34 through a
common inductor L and are coupled by their second terminals 35a-35¢ through individual
respective switches 36a-36¢ to the AC voltage source. Capacitors C,, C,,, C, are respectively
coupled in parallel to each array 31a, 31b, 31c across their respective terminals. The circuit
shown in Figure 10 assumes that each array is operated in mutual exclusivity so that the L-C
circuit as described above operates in the same manner in this circuit when each array is turned
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on. This type of circuit is well suited for a multiple display traffic signal. For example, if the
LEDs in array 31a are all red light emitting, the LEDs in array 31b are all yellow light emitting,
and the LEDs in array 31c are all green light emitting, the circuit is well suited for use in a red,
yellow, and green traffic light where only one LED array is turned on at any given time. Using
the circuit of Figure 10, a single inductor L can be shared by all of the LED arrays, thereby
reducing the cost of the traffic signal display unit.

Figure 11 illustrates an improvement to the circuit of Figure 4 through the addition of an
R-C network which increases the power factor. The circuit 130 of Figure 11 is similar to the
circuit 30 described above with similar reference numerals (increased by 100 referring to similar
parts. The series R-C network across nodes 137, 139 provides two benefits. The value of C
can be chosen so that the power factor is greater than 0.9. In particular, C can be chosen to
have a reactance similar to the reactance of the remainder of the circuit. The value of R, chosen
in conjunction with C, can be chosen so that the R-C network protects the contacts of the switch
136 against arcing.

Figure 12 illustrates an LED module 232 containing four LED pairs 232-1, 232-2, 232-
3, 232-4 protected by a pair of Zener diodes Z,, Z,,. The Zener voltage (V) of each diodes Z,,
Z,, is nominally the same the other. The sum of the Zener voltage (V) of either Zener and the
forward threshold of either Zener (V) is chosen to be just greater than the peak voltage across
the LED pairs. Four LED pairs are shown for example. In practice, m number of LED pairs
may be used.

During normal operation, the peak voltage drop (mVy) across the group of m pairs of
LEDs is less than V,+V 4 and the protective Zener pair Z,, Zg do not conduct and are not
stressed. If an LED shorts, the protection Zeners are not called into play and the operation is as
previously described, except for the loss of light from the pair which includes the shorted LED.

If an LED fails open (e.g. 232-1a) light is lost from all the "a" LEDs in the group of m
LED pairs and all of the "b" LEDs in the group still light. The function of the protective Zeners

is to limit the voltage drop across the group in the "a" direction to slightly more than the normal
mV¢. This excess voltage is readily limited to about 2 volts. The limiting of the difference of
voltage drops in opposite directions reduces the DC bias stress on the inductor so that continued

operation in this failed mode is practical.

The module 232 is preferably utilized with additional identical modules coupled to each
other in series and to an inductor or L-C power supply described above. According to another
aspect of the invention, a series circuit is added in series between the LED modules and the
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power supply to improve the balance of current flowing in the "a" and "b" directions whether
under normal or fault conditions. Figures 13-15 illustrate examples of this type of series circuit.

Figure 13 illustrates a series circuit 241 consisting of a negative temperature coefficient
resistor R,.. The proper choice of the value and temperature coefficient of this resistor can
reduce the temperature effect on light output from more than 3 to 1 to less than 1.5 to 1. The
value of the resistor may be chosen empirically or with the aid of a graphing function.

Figure 14 shows a series circuit 341 which consists of an incandescent lamp "B". The
lamp preferably has a current rating which is at least four times the current which will flow
through it. Incandescent lamps increase their effective resistance rapidly as the operating
current increases from zero to normal operating conditions. Resistance typically increases by
a factor of 2.8 to 1 from 25% to 100% operating current. The benefit of this circuit, at the
loss of some efficiency, is improved current regulation with line voltage variations and

improved current balance in the "a" and "b" directions under both normal and fault conditions.

Figure 15 shows a series circuit which consists of two incandescent lamps B,, By, and
two steering diodes D,, Dy,. In this circuit bulb B, only responds to the current in the "a"
LED direction and the By, lamp only responds to the current in the "b" LED direction. In
addition to the benefits of the circuit of Figure 14, this configuration improves the balance of
current in the "a" and "b" directions. In order that the life expectancy of the incandescent
lamps not materially affect the overall reliability of the overall circuit, the lamps should be

operated well below their normal operational conditions.

Figure 16 illustrates an active electronic means for providing the functions of current
regulation, current balancing, and temperature compensation at the same time. The basic
principle of operation is to sense the current through the LED array 232 and shunt excess
current around the array. Shown are two separate shunt regulators, one that senses the current
when the "a" LEDs are conducting and one that senses the current when the "b" LEDs are
conducting,

The "a" shunt regulator includes resistor Rgr,, Zener diode Z,, transistor Q,, current
drawing resistor R, and switching diodes D,;, D,,. The "b" shunt regulator includes resistor
Rgyp,, Zener diode Zy, transistor Qy, current drawing resistor Ry, and switching diodes Dy,
Dy
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The values of the resistor Rgy, is chosen so that when the current in the "a" LEDs
exceeds the appropriate value, the voltage across Rgj, exceeds the sum of the Zener voltage of
Z, and the base emitter threshold voltage of Q,, which causes Q, to tum on thereby by-
passing some of the input current around the array through the current drawing resistor R,
The value of the resistor Rgy, is chosen in the same way with respect to the "b" LEDs. The
switching diodes D,;, D,, remove the "a" regulator from the circuit when the "b" regulator is
functioning and the switching diodes Dy, Dy, remove the "b" regulator from the circuit when
the "a" regulator is functioning. By incorporating an appropriate temperature sensitive
resistance (negative TC) as part of Rg;, or Rgy,, temperature compensation will be
accomplished. Ilustratively, if Rgy, increases in value as ambient temperature goes down, by-
pass current will start at a lower LED current as temperature decreases.

Figure 17 illustrates an improvement to the circuit of Figure 5 through the addition of
an R-C network R and C; which is parallel to the L-C circuit and which increases the power
factor. The circuit 130a of Figure 17 is similar to the circuit 30a (Figure 5) described above
with similar reference numerals (increased by 100) referring to similar parts. The series R-C
network across nodes 137, 139 provides two benefits. The value of C; can be chosen so that
the power factor is greater than 0.9. The value of R, chosen in conjunction with C,, can be
chosen so that the R-C network protects the contacts of the switch 136 against arcing,.

Figure 18 illustrates a circuit similar to the circuit 30a (Figure 5) described above with
similar reference numerals (increased by 200) referring to similar parts. This circuit 230a
differs from the circuit 30a by the inclusion of a negative temperature coefficient resistor Ryrc
in series between node 237 and the inductor L. The resistor Ry changes resistance in
response to changes in temperature and thereby compensates for the sensitivity of LEDs to
temperature.

Figure 19 illustrates a circuit similar to the circuit 30a (Figure 5) described above with
similar reference numerals (increased by 300) referring to similar parts. This circuit 330a
differs from the circuit 30a by the inclusion of a step-down autotransformer Lp across the
nodes 333, 335. The inductance of transformer Ly is preferably greater than or equal to four
times the inductance of inductor L and the tap coefficient (k) is preferably less than 1.0. This
circuit provides, across nodes 333', 335', a lower voltage and a higher current than provided by
the circuit 30a across nodes 33, 35. In particular, the circuit increases the short circuit current
by a factor 1/k and decreases the open circuit voltage by the factor k. This circuit is useful for
powering an LED array which requires more current and less voltage, e.g. a parallel array.
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Figure 20 illustrates a circuit 331 which can replace the LED array 31, 131, 231
described above. The circuit 331 includes a series LED array 332, a full wave rectifier D;-D,
and a filtering capacitor Cp. The advantages of using this circuit in conjunction with the L or
L-C power supply of the invention are several. The peak to average current ratio approaches
1.0 and light modulation (flicker) is significantly reduced. More complex series-parallel arrays
can be used such as those described below with reference to Figures 23, 26, and 27. DC
current issues do not exist for the inductor. Since current is only flowing in one direction it is
not necessary to balance the current flow in opposite direction,

Figure 21 illustrates a circuit similar to the circuit illustrated in Figure 20 but with
improved failure performance. The LED array 432 includes "n" groups of "m" series
connected LEDs. Each group of "m" LEDs has a parallel connected Zener diode Z, which
conducts if one of the LEDs in the group should fail open.

Figure 22 illustrates a circuit similar to the circuit illustrated in Figure 21 but with a
shunt regulator similar to those described above with reference to Figure 16. The shunt
regulator includes resistors Ry, Rga, transistor Q;, and Zener diode Z;. The shunt regulator
provides current regulation and temperature compensation as described above.

Those skilled in the art will appreciate that in an array of series connected LEDs the
current is the same in all the LEDs. In an array of parallel connected LEDs, the current in each
LED differs. Generally, the series connected array is preferable but for the need to protect the
array from an open failed LED. Figure 23 illustrates a complex array of "m" series arrays
coupled in parallel. As shown in Figure 23, each series array 632-1 through 632-n is provided
with a sharing impedance 641-1 through 641-n. The sharing impedance is preferably
comparable to the total dynamic impedance of the array alone. Figures 24 and 25 illustrate
that the sharing impedance 641 may be either a resistor 641' or an incandescent lamp 641".
The non-linear characteristics of the lamp produces better balance and more effictency than the
resistor.

Figure 26 illustrates a circuit 731 similar to the circuit 631 described above, but with an
electronic current balancing circuit for balancing two series LED arrays 732-1 and 732-2 which
are coupled parallel to each other. The current balancing circuit includes seven resistors R;-
Rg, R and two transistors Q, Q, which form a differential current steering circuit. In normal
operation, the current through resistors R, R, and R, is equal. If an LED in the array 732-1
fails open, the voltage across resistor Ry will drop lower than the voltage across the resistor
R,. A higher dynamic impedance is created at the node of Rs and the collector of Q, than the
sum of Ry and R5. This causes the differential transistors Q,, Q, to steer more of the current
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through the resistor R to the array 732-1 and less to the array 732-2. The circuit 731
provides excellent balance and efficiency.

Figure 27 illustrates a circuit 731a which is substantially the same as circuit 731 with
the addition of a shunt regulator such as described above with reference to Figures 16 and 22.
The shunt regulator includes resistors Rgs, R+, transistor Q5 and Zener diode Z. In addition,

the circuit 73 1a optionally includes a negative temperature compensation resistor Ryrc.

Figure 28 illustrates a circuit 830 which is similar to the circuit 30a of Figure S but with
the location of the inductor L and capacitor C interchanged. Circuit 830 is not as preferred as
embodiment as the circuit 30a has a better power factor and lower harmonic distortion.
However, one advantage of circuit 830 is that the exciting voltage of the inductor is limited to
the LED array voltage which may allow the inductor to be smaller and cheaper. Another
advantage of interchanging the locations of the inductor and capacitor is illustrated in Figure
29.

Figure 29 illustrates a circuit 830a which is substantially the same as the circuit 830
but where the inductor L is provided with a tap to provide the function of a step down
autotransformer as described above with reference to Figure 19 without the addition of an
additional component.

Figure 30 illustrates a pair of LED arrays 932-1, 932-2, each having an associated
series circuit 941-1, 941-2, and a double pole double throw switch 951 controlled by unit 953.
The switch 951 changes the circuit arrangement so that the LED arrays may be arranged in
series or in parallel (shown). The average current through individual LEDs when the arrays are
in series is approximately twice current through individual LEDs when the arrays are in
parallel. Thus, the total light output of the two arrays is either doubled or halved by toggling
the switch 951. According to the invention, the switching unit 953 may be used to
compensate for temperature or may be used to dim the LEDs at night. Figure 31 shows a
controller unit 953' which includes a relay 955 and a photocell 957 designed to dim the LEDs
at night. It will be appreciated that the photocell 957 is provided with a filter (not shown)
which filters out the wavelength of the LEDs.

Figure 32 shows a circuit 1030 which is similar to the circuit shown in Figure 21 having
an inductor L, a capacitor C, a series LED array 1032 with a full wave rectifier D;-Dy, and a
filter capacitor Cg. The circuit 1030 also includes an LED array current sensor and controller
1059, a zero crossing detector 1061, and an opto relay 1063. Those skilled in the art will
appreciate that at the time the voltage across the capacitor C is crossing zero, the current
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stored in the inductor L is near its peak and is about to be passed into the load. The circuit of
Figure 32 causes the voltage across the capacitor to be momentarily held at zero after the zero
crossing instant. This causes the inductor to be charged with a higher current than it would
otherwise thereby delivering more current (power) to the load. The LED current sensor and
controller 1059 measures the difference between the desired average current and the actual
average current. A voltage proportional to the difference is stored on a capacitor (not shown).
At the time that the zero crossing is indicated by the detector 1061, the controller 1059
generates a pulse having a length proportional to the aforementioned stored voltage. (Below
some threshold, no pulse is generated.) The pulse is used to activate the opto relay 1063
which shorts the capacitor C for the duration of the pulse. Since the relay shorts the capacitor
when the energy in it is zero, this circuit is in principle lossless.

Figure 33 illustrates a system according to the invention having a separate LED circuit
1130 and traffic light controller circuit 1170. The LED circuit 1130 may be any of the circuits
previously described. The controller circuit 1170 includes a triac 1172 which is controlled by
a controller 1174 in response to inputs 1176, 1178, 1180. The inputs 1176, 1178, 1180 may
include a temperature sensor, a voltage sensor, a photocell, etc. The triac and controller,
therefore, control the brightness of the LED array as well as whether it is on or off. Those
skilled in the art will appreciate that a similar triac and controller could be located in the LED
assembly 1130, rather than at the traffic controller location, to provide appropriate dimming
of the LED array while the traffic controller only controls whether the array is on or off.

There have been described and illustrated herein several embodiments of an AC
powered LED array and circuits associated with it. While particular embodiments of the
invention have been described, it is not intended that the invention be limited thereto, as it is
intended that the invention be as broad in scope as the art will allow and that the specification
be read likewise. Thus, while particular configurations have been disclosed in reference to a
housing for the LED array and associated circuits, it will be appreciated that other
configurations could be used as well. Furthermore, while the circuit of the invention has been
described with reference to traffic signal displays, it will be appreciated that the circuit is
useful in any AC powered illumination apparatus, including, but not limited to illuminated
safety displays such as fire alarm indicators, exit signs, airport and shipping displays, etc. It
will therefore be appreciated by those skilled in the art that yet other modifications could be
made to the provided invention without deviating from its spirit and scope as so claimed.
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Claims:

1. An LED array circuit powered by a substantially sinusoidal AC voltage source of known
frequency, comprising:

a) a first set of LEDs arranged as a first plurality of LED pairs, each LED pair comprising
two oppositely polarized LEDs coupled to each other in parallel, and each LED pair being
series connected to another LED pair, said first set of LEDs having first and second terminal
nodes, coupled to and across the substantially sinusoidal AC voltage source;

b) an inductor arranged in series with and coupling one of said first and second terminal nodes
to the substantially sinusoidal AC voltage source, said inductor having a Q value and reactance
chosen for improved power efficiency; and

¢) a first capacitor coupled in parallel to said first set of LEDs at said first and second
terminal nodes, wherein said inductor and said first capacitor form an impedance converter
circuit which is tuned to the known frequency of the substantially sinusoidal AC voltage
source thereby effectively converting the AC voltage source into substantially an AC current
source, said substantially AC current source with said first set of LEDs providing said circuit
with improved power efficiency.

2. A circuit according to claim 1, wherein:
said inductor has a Q greater than five.

3. A circuit according to claim 1, wherein:
said first set of LEDs comprises at least forty LEDs.

4. A circuit according to claim 1, wherein:

the values of said inductor and said first capacitor are chosen according to the
1
21 /LC
where F is the frequency of the substantially sinusoidal AC voltage source, L is the value of
said inductor, and C is the value of said first capacitor.

approximate relationship g ..

5. A circuit according to claim 1, further comprising:

d) a second plurality of LED pairs, each second plurality of LED pairs comprising two
oppositely polarized LEDs, said second plurality of LED pairs being coupled to each other in
series to form a second set of series connected LEDs having two terminal nodes coupled to
and across the substantially sinusoidal AC voltage source, one of said two terminal nodes of
the second plurality of series connected LEDs being coupled to the substantially sinusoidal
AC voltage source by said inductor.
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6. A circuit according to claim 5, further comprising:

e) a first switch means for coupling said first set of series connected LEDs to the
substantially sinusoidal AC voltage source; and

f) a second switch means for coupling said second set of series connected LEDs to the
substantially sinusoidal AC voltage source.

7. A circuit according to claim 1, further comprising:

d) a second plurality of LED pairs, each pair of said second plurality of LED pairs
comprising two oppositely polarized LEDs, said second plurality of LED pairs being coupled
to each other in series to form a second set of series connected LEDs having two terminal
nodes coupled to and across said substantially sinusoidal AC voltage source, with one of said
terminal nodes being coupled by said inductor to the substantially sinusoidal AC voltage
source; and

) a second capacitor coupled in parallel with said second set of series connected LEDs.

8. A circuit according to claim 7, further comprising:

f) a first switch means for coupling said first set of series connected LEDs to the
substantially sinusoidal AC voltage source; and

g) a second switch means for coupling said second set of series connected LEDs to the
substantially sinusoidal AC voltage source.

9. A circuit according to claim 1, wherein:

said first set of series connected LEDs are mounted on one side of a substantially
circular circuit board, and

said substantially circular circuit board is attached to a substantially circular clear
plastic disk with spacers such that said first plurality of series connected LEDs face said clear
plastic disk.
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10. An LED array circuit powered by a substantially sinusocidal AC voltage source of known
frequency, comprising:

a) a plurality of series connected LEDs having first and second terminal nodes, coupled to
and across the substantially sinusoidal AC voltage source, said plurality of series connected
LEDs comprising a plurality of LED pairs, each LED pair comprising two oppositely
polarized LEDs coupled to each other in parallel, and each LED pair being series connected to
another LED pair;

b) an inductor arranged in series with and coupling one of said first and second terminal nodes
to the substantially sinusoidal AC voltage source; and

c) a first capacitor coupled in parallel to said plurality of series connected LEDs at said first
and second terminal nodes, wherein said inductor and said first capacitor form an impedance
converter circuit which is tuned to the known frequency of the substantially sinusoidal AC
voltage source thereby effectively converting the AC voltage source into substantially an AC
current source, wherein

said plurality of series connected LEDs comprising a number of LEDs sufficient to
cause a voltage drop across said first set of LEDs to be greater than a peak voltage of the AC

voltage source.

11. A circuit according to claim 10, wherein:
said inductor has a Q greater than five.

12. A circuit according to claim 10, wherein:

the values of said inductor and said first capacitor are chosen according to the

1
2nJLC

where F is the frequency of the substantially sinusoidal AC voltage source, L is the value of

approximate relationshipp ..

said inductor, and C is the value of said first capacitor.

13. A circuit according to claim 1, wherein:
said Q value is at least five.
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14. An LED array circuit powered by a substantially sinusoidal AC voltage source of known
frequency, comprising:

a) a first set of LEDs arranged as a first plurality of LED pairs, each LED pair comprising
two oppositely polarized LEDs coupled to each other in parallel, and each LED pair being
series connected to another LED pair, said first set of LEDs having first and second terminal
nodes, coupled to and across the substantially sinusoidal AC voltage source;

b) an inductor arranged in series with and coupling one of said first and second terminal nodes
to the substantially sinusoidal AC voltage source; and

¢) a first capacitor coupled in parallel to said first set of LEDs at said first and second
terminal nodes, wherein said inductor and said first capacitor form an impedance converter
circuit which is tuned to the known frequency of the substantially sinusoidal AC voltage
source thereby effectively converting the AC voltage source into substantially an AC current
source, said inductor having an inductance value chosen to provide a desired current for
lighting said first set of LEDs, and said inductor chosen to have a high impedance while
providing energy efficiency.

15. A circuit according to claim 14, further comprising:

d) a second plurality of LED pairs, cach second plurality of LED pairs comprising two
oppositely polarized LEDs, said second plurality of LED pairs being coupled to each other in
series to form a second set of series connected LEDs having two terminal nodes coupled to
and across the substantially sinusoidal AC voltage source, one of said two terminal nodes of
the second plurality of series connected LEDs being coupled to the substantially sinusoidal
AC voltage source by said inductor.

16. A circuit according to claim 15, further comprising:

e) a first switch means for coupling said first set of series connected LEDs to the
substantially sinusoidal AC voltage source; and

f) a second switch means for coupling said second set of series connected LEDs to the
substantially sinusoidal AC voltage source.

17. A circuit according to claim 14, further comprising;

d) a second plurality of LED pairs, each pair of said second plurality of LED pairs
comprising two oppositely polarized LEDs, said second plurality of LED pairs being coupled
to each other in series to form a second set of series connected LEDs having two terminal
nodes coupled to and across said substantially sinusoidal AC voltage source, with one of said
terminal nodes being coupled by said inductor to the substantially sinusoidal AC voltage
source; and

e) a second capacitor coupled in parallel with said second set of series connected LEDs.
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18. A circuit according to claim 17, further comprising:

f) a first switch means for coupling said first set of series connected LEDs to the
substantially sinusoidal AC voltage source; and

g) a second switch means for coupling said second set of series connected LEDs to the
substantially sinusoidal AC voltage source.

19. A circuit according to claim 14, wherein:

said first set of series connected LEDs are mounted on one side of a substantially
circular circuit board, and

said substantially circular circuit board is attached to a substantially circular clear
plastic disk with spacers such that said first plurality of series connected LEDs face said clear
plastic disk.

20. An LED array circuit powered by a substantially sinusoidal AC voltage source,
comprising;:

a) a first plurality of series connected LEDs having first and second terminal nodes, coupled
to and across the substantially sinusoidal AC voltage source; and

b) a current limiting inductor arranged in series with and coupling one of said first and second
terminal nodes to the substantially sinusoidal AC voltage source, said inductor having an
inductance value chosen to provide a desired current through said LEDs, and having a Q value
and reactance for improved power efficiency.

21. A circuit according to claim 20, further comprising:

¢) a second plurality of series connected LEDs having two terminal nodes, one of said
terminal nodes of said second plurality of LEDs being coupled to said first terminal node of
said first plurality of LEDs, and the other of said terminal nodes of said second plurality of
LEDs being coupled to said second of said terminal nodes of said first plurality of LEDs, such
that said first plurality of LEDs are polarized in a first direction and said second plurality of
LED:s are polarized in second direction opposite to said first direction.

22, A circuit according to claim 20, wherein:

said first plurality of series connected LEDs comprises a first plurality of LED pairs,
each LED pair comprising two oppositely polarized LEDs coupled to each other in parallel,
and each LED pair being series connected to another LED pair.

23. A circuit according to claim 22, wherein:
said inductor has a Q greater than five.
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24. A circuit according to claim 20, wherein:
said inductor has a Q greater than five.

25. A circuit according to claim 22, further comprising:

¢) a second plurality of LED pairs, each LED pair comprising two oppositely polarized
LEDs, said second plurality of LED pairs being coupled to each other in series to form a
second plurality of series connected LEDs having two terminal nodes coupled to and across
the substantially sinusoidal AC voltage source, one of said two terminal nodes of the second
plurality of series connected LEDs being coupled to the substantially sinusoidal AC voltage
source by said inductor.

26. A circuit according to claim 25, further comprising:

d) a first switch means for coupling said first plurality of series connected LEDs to the
substantially sinusoidal AC voltage source; and

e) a second switch means for coupling said second plurality of series connected LEDs to the
substantially sinusoidal AC voltage source.

27. A circuit according to claim 26, further comprising:
f) a first capacitor coupled in parallel to said first plurality of series connected LEDs at said

first and second terminal nodes.

28. A circuit according to claim 20, further comprising:
c) a first capacitor coupled in parallel to said first plurality of series connected LEDs at said
first and second terminal nodes.

29. A circuit according to claim 20, wherein:

said first plurality of series connected LEDs are mounted on one side of a substantially
circular circuit board, and

said substantially circular circuit board is attached to a substantially circular clear
plastic disk with spacers such that said first plurality of series connected LEDs face said clear
plastic disk.

30. A circuit according to claim 20, further comprising:
¢) an R-C circuit coupled across said substantially sinusoidal AC voltage source.
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31. A circuit according to claim 20, further comprising:
¢) at least one Zener diode coupled in parallel with at least some of said series connected
LEDs.

32. A circuit according to claim 20, further comprising:
c) a negative temperature coefficient resistor coupled in series with said first plurality of
series connected LEDs.

33. A circuit according to claim 20, further comprising:
¢) an incandescent lamp coupled in series with said first plurality of series connected LEDs.

34. A circuit according to claim 20, further comprising:
c) a current regulation circuit coupled in series with said first plurality of series connected
LEDs.

35. A circuit according to claim 34, wherein:

said current regulation circuit comprises a first incandescent lamp, a second
incandescent lamp coupled in parallel with said first incandescent lamp, a first diode coupled
in series with said first incandescent lamp, and a second diode coupled in series with said
second incandescent lamp, said first and second diades being oppositely oriented.

36. A circuit according to claim 20, further comprising;:
c) a current regulation circuit coupled in parallel with said first plurality of series connected
LEDs.

37. A circuit according to claim 36, wherein:

said current regulation circuit includes a Zener diode and a transistor.

38. A circuit according to claim 20, further comprising:
c) a first capacitor coupled in parallel to said first plurality of series connected LEDs.

39. A circuit according to claim 38, further comprising:
d) an R-C circuit coupled across said substantially sinusoidal AC voltage source.

40. A circuit according to claim 38, further comprising:
d) a negative temperature coefficient resistor coupled in series with said first plurality of

series connected LEDs.
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41. A circuit according to claim 38, further comprising:
d) a full wave rectifier and a filter capacitor coupled in parallel with said first plurality of
series connected LEDs.

42. A circuit according to claim 41, further comprising:
e) at least one Zener diode coupled in parallel with at least some of said series connected
LEDs.

43. A circuit according to claim 38, further comprising:
d) a current regulation circuit coupled in series with said first plurality of series connected
LEDs.

44. A circuit according to claim 43, wherein:
said current regulation circuit includes an incandescent lamp.

45. A circuit according to claim 43, wherein:

said current regulation circuit includes a resistor.

46. A circuit according to claim 43, wherein:
said current regulation circuit includes a transistor.

47. A circuit according to claim 38, further comprising:
d) a current regulation circuit coupled in parallel with said first plurality of series connected
LEDs.

48. A circuit according to claim 47, wherein:
said current regulation circuit includes a Zener diode and a transistor.

49. A circuit according to claim 20, further comprising:
c) a brightness control circuit coupled to said first plurality of series connected LEDs.

50. A circuit according to claim 49, wherein:

said brightness control circuit includes a second plurality of series connected LEDs and
a switch means coupled to said first plurality of series connected LEDs and said second
plurality of series connected LEDs,

said switch means selectively coupling said first plurality of series connected LEDs
and said second plurality of series connected LEDs in series or in parallel with each other.
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51. A circuit according to claim 49, further comprising:

d) sensor means for sensing a first ambient condition, said sensor means coupled to said
brightness control circuit such that said brightness control circuit is responsive to said first
ambient condition.

52. A circuit according to claim 51, wherein:
said first ambient condition is temperature.

53. A circuit according to claim 51, wherein:
said first ambient condition is daylight.

54. A circuit according to claim 51, wherein:
said first ambient condition is the voltage value of said substantially sinusoidal voltage
source.

55. A circuit according to claim 49, wherein:
said brightness control circuit includes a triac coupled in series with said first plurality
of series connected LEDs.

56. A circuit according to claim 55, further comprising:
d) sensor means for sensing a first ambient condition, said sensor means coupled to said triac
such that said triac is responsive to said first ambient condition.

57. A circuit according to claim 56, wherein:

said first ambient condition is temperature.

58. A circuit according to claim 56, wherein:

said first ambient condition is daylight.

59. A circuit according to claim 56, wherein:
said first ambient condition is the voltage value of said substantially sinusoidal voltage
source.
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60. A circuit according to claim 38, further comprising:

d) a relay coupled in parallel with said first capacitor for selectively shorting out said
capacitor; _

€) a zero crossing detector for detecting when the voltage through said capacitor is crossing
zero, said zero crossing detector coupled to said relay for shorting out said capacitor when the
voltage through said capacitor is crossing zero.

61. A circuit according to claim 60, further comprising:

f) a current sensor and controller coupled to said first plurality of series connected LEDs,
coupled to said zero crossing detector, and coupled to said relay, whereby said relay is
activated for a period of time in proportion to the difference between the actual average
current and a desired average current.
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In aceordanoe with the presant imv&atiaﬁ in itz
broadest aspact, thare is provided a systew in which
power or data ds transmiited agross & @aﬂ&ifbulkhéaﬁ
by means of a low freguency magnebtic coupling betwaen

sale wd

("‘:;<

&

fhe two sides of the pansglbulkhesd, respectively.

eedd

%
RS

the ooid

srs irvon-oorsd o ag to

o

produce a concantrated magnetic field. & typieal
sperating fregusncey iz of the order of 200 ﬁ«.

T one typs of sabodimsnt, ths rea&ivinv

e
3
£
zm)‘
ZM
p
&

sounted io ssries with & rectifier and an LED lamp to
form & lamp wmdt, ?xefe abldy, the Iatter components

ave encapsulstad to forwm zald lamp uwnil.
¢

lamp unit

.
with &

an LED, the latter somponents being mounted
togrbher in oY on ® oobmon housing which is adapted

b Fitted to a panel/bulkbsad at a pozition spposite o
 magnetic tranamission coll dlsposad on the oltber side
of ths psosl/bulbbead and capable of emdbting & low-

fraguency magnetic field.

By arvanging fov khe

n

the pansl fbulkhead without penstrating right through
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. i, the lamp undit can be powersd émﬁ gontrolled frowm
e the transmission eoil side of ths panel/bulkhsad without
reguiring any meahanical thrw dgrh-gonnestion,
The invention is Jsseribed further hereinsftey,
5 by v of sxampls only, with ref&fﬁnm& o thw
drawings, in which:
Fig. 1 is & cireouit diagram of a basiz arraugement
in mopordmnce with ths present Invenkions
Fig. 2 ix 8 civeuit diagram of a second arvan gt
iR in accordange with the prezent 1nwe”t10w for transmitting
powey through &‘gangl;
‘¥igs. 3 and ¢ show Qiagrammatically two pussible
formz of panslepounted indicator lamps incovporsiing
the present invention) and ‘
i3 Fig., § is a block elvcult disgram of an arrangsment
in sgcordsncs with the present isvention for the
- transmission of buth pover and data hrongh & panel sw
28
_E
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in & Blind threadad hols 26 and the transsitter unit 24

£l

»

{x mponted oo a printed sivouwdl boavd 25, Typiosl

o

panel thivknssses may be in the rangs of 3wm to Swam Wt

the invention is noty lismited to this vangs,

1

Geoing the afovegeing system, it will be appreciated

Phat the folloving sdvantages nan be obtalned i~

A 3

. X, Lam@& may be veplased {sither for repaly oY

colow changed without hreaking the psnel seal. This

can ba of particular uss in applicationsg where the

by

>4

18 spwipment is exposed to hazsydous mrbavrials, 2.4, in

- {,,

phe chemioul industry.

. A la‘“fr@e?~ﬂ»: undit 238 zan be wzed to
interrogate an instroment’s ouiput state and bheun
ramoaved for sscurity reasons.

15 3. Panel drililng iz unpnecessary and allows &
V ﬁamufactarer to ohangs panel designs by moving the
mounting position of lamps.

In f&rthﬁx appiications, Jdata wan be supsrinposed
on & carrisr snd transwitted through a panel. This -

20 possiblity is {llustrated in Fig. 5 where & data ayzhsm
38, much as & cowmputsy, suppliss s control signal on
& line 2W to & mexdulator 3T in which @ carrisr signal
{g.g, 200 Hz}, provided by an oscillator 34 on A ling

38, can be nodified tn form o modulatad signal to 8

25 frapapitter 38, Dats supsrimpsssd on the garrisr oan

shereby be transmitiad through the panel 48, Carried

4
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snait, Two-way transmizsion ls possible with such a
systam,

Tt is preferrved o uwss iron~cored transmissian

and piok-up colls I8, 16 in ths pressat systewm so asg

5 to produce & concentrated magnetic field. Due to the
mnueéﬁtraﬁeﬁ and loosbised nspure of the fi&l&, A
indicator lawps gan be densgely packed without inters
ﬁéramaﬁ problems apisimg since oross-talk betwasn
Xamps‘shariﬂk the same pensl €131 not provide suffidient

ig avil volvage to OV TCONES the LED forward valtages of

-

4

sthar revsiver dsvices,

Proferably, the transmitted elsctromagnetic signal

)

,w’

g of sinugaidal form bul any othey suiliable waveshaps

K &

g used within the anbit of the invention.

P
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Fom
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Lo

1. A systen in which powsy or daba is transmitied
anrons 8 panel/bulkhesd by means of 8 low frequency

mognetic coupling betwesn s palr of transmisaion and

]
a
o
-
P

g vreceiving coils dizposed on the itwo sids
panal/bulkhesd, respentively.
. & systew sz claimed in cleis I, whareln thw

coile are frone~oored zo as bo produse a wonwentrated

i T, & system as colatmed in clais 1 ov 2, whereln
the rteceiving ooil iz mounisd in surles with 8
seetifier and an LED lswmp to forem & lasp unit.

&. & syshesm as olsiwed in flsim 3, whersin the

2

rengiving soil, the rechtifier and the LED are encapsul-

sted to Torm sald lamp unil.

fons
%5

, A system sz olaimed o claim 3 or &, wherein
the lamp unit is adspted to be sounted on the panel/

fmezive #y by the ume of 8 blind,

24
oy
o2l
s
“w
Pe

e
P
joc
%
P

sorew~threaded revess in the panel/bulkhead.
26 S. A system as clweimed in any of < claims 1 to 5y
wherein, in srder by bransmit dabs throughb the panel/
Bulkheed, the low frogueney alectromagnatin fisld
: transnitied by the tranasmissian coil is modulatsd by

a sotw sigral, the corvesponding signal genersisd in

sy the recaiving soil bedng cantespR andingly daspodelated

to reonver the dats,
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Fo A& systen vs claimed In gony of olsdme 1 ko 8,
sghereln the transmission opil produces sn siternsbing or
slectromagnetie Fiald having a frogquency of the order
of 200Hz.
5 B, A panel mounting lsmp unii cosprising s
magnetie plok-up cail in series with & diode and gn

LER, the lstisy nomponsnis being sounted togeiher in

5 @i & copmen howsing which is sdapted fo b Fitisd Lo

prad
Yorr

@ panelbulkhead at a puxition o

g

B0

¥

ta fo 8 magunebic

i transwmiszion noil disposad on the ofhey mids of the

P

panalibuelkhesd and capable of swidting s low~fregusnoy
magnsbin Field,

Foo A& psnel wmounting lemp unit ez claimed in rlaiw

&, wherein the pick-up woil, ths diods snd the LED

w
L1933
@
3
933
g

sncapstlated to form wald lamp unit.
)

1., & punel mounting lapp unit sz claimsd in nlaiw

3

& oy 7, whereln bhe lemp enid iz adeplsd ¢ by mounted
on bhe panslitulkhesd By an sdhesive or by the ume of

biind, sorsw~threadesd raoess in the penel bulkhesd.

e

]
o
z
$nds
“
-
“

yrliam for btrsnsmitting powsy oy dats scvoss

8 panslbulkbeed, subzstantially as herninbafors
£ g k

T
@
3
b
»y
j
4 }
@

# with refersnse to the sccowmpanying dyawings.

2. & panel maunting lawp unil substantially az
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[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.} Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 12/14 (3), 12/13 (3), 12/7 (2) and 12/6.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material .
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/CRYSTAL L HAMMOND/
Primary Examiner, Art Unit 2844

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20211218
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1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-07
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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bage Ex. 1088
27 ITim Williams, The Circuit Designer's Companion, First Published 1991, ISBN 0 7506 1142 1, 314 pages - Ex. 1089,
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Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17 PGR2023-00016 - Home Depot
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGHI‘EX}"}.QCE._}ffage 2989



Receipt date: 12/14/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Crystal L. Hammond

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-14
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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1 20030085870 P003-05-08 Hinckley Ex. 1006
2 0030020629 D003-01-30 Swartz et al. Ex. 1007
3 0030144034 P003-07-31 Hack et al. Ex. 1009
4 D0020195968 D002-12-26 Sanford et al. Ex. 1011
5 0020021573 P002-02-21 Ehang Ex. 1012
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Filing Date 2021-02-22
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STATEMENT BY APPLICANT .
L Art Unit 2844
( Not for submission under 37 CFR 1.99)
Examiner Name Crystal L. Hammond
Aftorney Docket Number 3725194.00146 14US07
6 0030035075 P003-02-20 Butler et al. Ex. 1016
7 20020158590 P002-10-31 Saito et al. Ex. 1017
8 0030072145 P003-04-17 Nolan et al. Ex. 1020
9 20020191029 P002-12-19 Gillespie et al. Ex. 1022
10 20020086702 P002-07-04 | ai et al. Ex. 1023
11 20040108997 P004-06-10 | ce Ex. 1024
12 0030137258 P003-07-24 Piepgras et al. Ex. 1030
13 0050116235 P005-06-02 Schultz et al. Ex. 1032
14 20020060530 P002-05-23 Sembhi et al. Ex. 1036
15 20040206970 P004-10-21 Martin Ex. 1037
16 20020195968 P002-12-26 Sanford et al. Ex. 1039
EFS Web 2.1.17 PGR2023-00016 - Home Depot

ALL REFERENCES CONSIDERED EXCEPT WHERE LIKED THROUGHI‘EX}/}.QCE._}ﬁage 2996



Receipt date: 12/14/2021 17/181,802 ~ GAU: 2844
Application Number 17181802
Filing Date 2021-02-22
INFORMATION DISCLOSURE First Named Inventor | Miskin
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( Not for submission under 37 CFR 1.99)
Examiner Name Crystal L. Hammond
Aftorney Docket Number 3725194.00146 14US07
17 20050128751 P005-06-16 Roberge et al. Ex. 1041
18 20030122502 P003-07-03 Clauberg et al. Ex. 1043
19 0030076306 P003-04-24 Eadesky et al. Ex. 1091
20 20030231168 P003-12-18 Bell et al. Ex. 1092
If you wish to add additional U.S. Published Application citation information please click the Add button| Add
FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document .
Figures Appear
1 |pooz100206 hu 200307-17 | [Flat White Pty Ltd. '15(’)‘716014' Ex.1005, Ex.
2 |p223gse o 2002-03-21 |[lcledyne Lightingand | - 4506
Display Products, Inc.
3 0101385 Wwo 2001-01-04 |pVelles Reymond Ex. 1038
4 |po110s2168 o 2011-07-07  |[fichael Miskin, Robert L. | 7, 1457
Kottrisch
5 | po10138211 o 2010-12-02  |[Wichael Miskin, Robert L. | 7, 1464
Kottrisch
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First Named Inventor | Miskin

Art Unit 2844

Examiner Name Crystal L. Hammond

Aftorney Docket Number 3725194.00146 14US07

Michael Miskin, Robert L.

6 010126601 o 2010-11-04 Kottrisch

Ex. 1062

7 |p202414 5B 19870310 |[oXley Developments |, n5q
[Company Limited

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . '
Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS

publisher, city and/or country where published.

1 Samsung Electronics Co_, Lid. v. Lynk Labs, Inc. US Patent 10,750,583, Petition for Inter Partes Review of U.S. Pateni)
No. 10,750,583 dated October 28, 2021 - 79 pages

2 Bamsung Electronics Co_, Lid_, v. Lynk Labs, Inc. Patent No. 10,750,583, Power of Attorney for Pelitioner Samsung
Flectronics Co., Ltd., - 3 pages

3 Bamsung Electronics Co_, Lid_, v. Lynk Labs, Inc. Patent No. 10,750,583, Petitioner's Notice Regarding Multiple
Petitions - 8 pages

4 Bamsung Electronics Co_, Lid_, v_ Lynk Labs, Inc. Case: IPR2022-00100, U.S. Patent No. 10,750,583, Patent Owner's
Mandatory Notices Pursuant to 37 C.F.R Section 42.8 - 5 pages

5 Famsung Electronics Co_, Lid_, v_ Lynk Labs, Inc. Patent No. 10,750,583, Declaration of R. Jacob Baker, PHD_, P.E.
In Support of Petition for Inter Partes Review of U.S. Patent No. 10,750,583 Ex. 1002

6 Baker CV, 37 pages - Ex. 1003

7 US Patent Application 16,449,273 filed June 21, 2019 Ex. 1004
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8 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Parts 1 - 4, pp. - Exs. 1041, 1061, 1054, 1034
9 Matson Mastering Electronics, Third Edition, pp 1-191 - Exs. 1012, 1018, 1031
10 im Williams, The Circuit Designer's Companion, First Published 1991, ISBN 0 7506 1142 1, 314 pages - Ex. 1042,
094
11 Chamber Dictionary of Science and Technology, General Editor Professor Peter MB Walker, CBE, FRSE, Chambers
Harrap Published Ltd. 1999 ISBN 0 550 14110 3, 4 pages - Ex_ 1047, 1024
12 McGraw-Hill Dictionary of Scientific and Technical Terms, Sixth Edition, Library of Congress Cataloging in Publication
Data , ISBN 0-07-042313-X, pages 4 - Ex_ 1048, 1018
13 1JS Patent Provisional Application 61-333,963 filed May 12, 2010 Ex. 1063
14 LIS Patent Provisional Application 61-284,927 filed December 28, 2009 Ex. 1064
15 LIS Patent Provisional Application 61-335,069 filed December 31, 2009 Ex. 1065
16 1JS Patent Provisional Application 60-997,771 filed October 6, 2007 Ex. 1066
17 1JS Patent Provisional Application 60-547,653 filed March 2, 2004 Ex. 1067
18 1JS Patent Provisional Application 60-559,867 filed April 8, 2004 Ex. 1068
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Art Unit 2844

Examiner Name Crystal L. Hammond

Aftorney Docket Number 3725194.00146 14US07

19 1JS Patent Provisional Application 61-217,215 filed May 28, 2009 Ex. 1069

20 1JS Patent Provisional Application 61-215,144 filed May 1, 2009 Ex_ 1070

'Supplemental Report of Parties' Planning Meeting”, from Samsung Electronics Co. Ltd. et al v. Lynk Labs, Inc., Case

21 No. 1:21-cv-02665, filed October 14, 2021 - 11 pages Ex. 1075, Ex. 1080

Docket from Samsung Electronics Co. Ltd. et al v. Lynk Labs, Inc., Case No. 1:21-cv-02665 printed October 25, 2021-

22 4 pages Ex_ 1076, Ex. 1061

23 Fstimated Patent Case Schedule in Northern District of lllinois - 2 pages Ex. 1079, Ex. 1062

'Defendant Lynk Labs, Inc.'s Answer to Plaintiffs Samsung Electronics Co., Ltd. and Samsung Electronics America,
24 |Inc.'s First Amended Complaint and Counterclaims” from Samsung Electronics Co. Ltd. et al v. Lynk Labs, Inc_, Case
No. 1:21-cv-02665, filed August 3, 2021 - 67 pages Ex. 1082, Ex. 1071

'Defendant Lynk Labs, Inc.'s Amended Preliminary Infringement Contentions" from Samsung Electronics Co. Ltd. et al

2 . Lynk Labs, Inc_, Case No. 1:21-cv-02665, filed August 31, 2021 - 9 pages Ex. 1083, Ex. 1066

26 1).S. Patent No. 10,750,583 Exemplary Infringement Chart Samsung SmartThings Hub {as Appendix J-2) - 11 pages
Fx. 1084

27 'Notification of Docket Entry"” from Samsung Electronics Co. Ltd. et al v. Lynk Labs, Inc., Case No. 1:21-cv-02665, filed}
July 27, 2021 - 1 page Ex_ 1085, Ex_ 1068

8 'Order” as scheduling order from Samsung Electronics Co. Ltd. et al v. Lynk Labs, Inc., Case No. 1:21-cv-02665, filed
fugust 19, 2021 - 2 pages Ex. 1086

29 'Notification of Docket Entry"” from Samsung Electronics Co. Ltd. et al v. Lynk Labs, Inc., Case No. 1:21-cv-02665, filed}
Dctober 18, 2021 - 1 page Ex. 1087, Ex. 1070
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( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Crystal L. Hammond

Aftorney Docket Number 3725194.00146 14US07

'Defendant Lynk Labs, Inc.'s Supplement to Second Amended Preliminary Infringement Contentions {'551 Patent and
30 979 Patent)" from Samsung Electronics Co. Ltd. et al v. Lynk Labs, Inc., Case No. 1:21-cv-02665, filed September 22,
P021 - 20 pages Ex. 1072

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE
Examiner Signature /CRYSTAL L HAMMOND/ Date Considered 12/17/2021

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
English language translation is attached.
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Application Number 17181802
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Crystal L. Hammond

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-14
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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( Not for submission under 37 CFR 1.99)
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U.S.PATENTS Remove
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1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
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Initial Number Code'| Date of cited Document
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If you wish to add additional U.S. Published Application citation information please click the Add button| Add
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Name of Patentee or Pages,Columns, Lines

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
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Document

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

| ynk Labs, Inc. v. Home Depot USA, Inc. The Home Depot, Inc., and Home Depot Product Authority, LLC, Case No.
1 b:21-cv-00097-ADA, Defendants’ Corrected Reply Claim Construction Brief on the Terms of U.S. Patent Nos.
110,091,842, 10,154,551, 10,349,479, 10,492,251,10,517 149, 10,537,001, 10,652,979, 10,757,783, and 10,932,341
filed November 10, 2021 - 60 pages

2 | ynk Labs, Inc. v. Home Depot USA, Inc. The Home Depot, Inc., and Home Depot Product Authority, LLC, Case No.
b:21-cv-00097-ADA, Plaintiff Lynk Labs, Inc.'s Responsive Claim Construction Brief filed October 27, 2021, Part 1

3 | ynk Labs, Inc. v. Home Depot USA, Inc. The Home Depot, Inc., and Home Depot Product Authority, LLC, Case No.
b:21-cv-00097-ADA, Plaintiff Lynk Labs, Inc_'s Responsive Claim Construction Brief filed October 27, 2021, Part 2

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE
Examiner Signature /CRYSTAL L HAMMOND/ Date Considered

12/17/2021

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.

4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
English language translation is attached.
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Application Number 17181202

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-14
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date:

Doc code: IDS
Dec description: Information Disclosure Statement (IDS) Filed

12/13/2021

17/181,802 - GAU: 2844

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

17181802

Filing Date

P021-02-22

First Named Inventor

'Vliskin

Art Unit

2844

Examiner Name

Hammond, Crystal L.

Aftorney Docket Number

3725194.00146 14US07

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 H728432 1994-01-11 Janatius et al.
2 78888882 P011-02-15 Huang et al.
3 17038399 P006-05-02 | ys et al.
4 17852009 P010-12-14 [Coleman et al.
5 H653895 1987-03-31 Deguchi et al.
6 B471495 P013-06-25 Muguruma et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
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Receipt date: 12/13/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin
Art Unit 2844

Examiner Name Hammond, Crystal L.
Aftorney Docket Number 3725194.00146 14US07

1 20060163589 P006-07-27 Fan et al.
2 20050185401 P005-08-25 Jiang et al.
3 20070024213 P007-02-01 Shienyberg et al.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication where Relevant

_ - . 5
Initial* No | Number3 Code2| Code?| Date Applicant of cited Passages or Relevant T
Document ;
Figures Appear
[COLOR KINETICS
1 P005-524960 1P 2005-08-18 |1\~ 5P bORATED Abstract only

Corresponds to US

2 011-040701 P 2011-02-24 NICHIA CORP 8471495

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature JCRYSTAL I, HAMMOND/ Date Considered 12/18/2021

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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Receipt date: 12/13/2021

17/181,802 - GAU:

2844

Application Number

17181802

Filing Date

2021-02-22

INFORMATION DISCLOSURE

First Named Inventor | Miskin

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Art Unit

2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number

3725194.00146 14US07

English language translation is attached.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
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Receipt date: 12/13/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-13
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 13/13/2021 17/181,802 - GAU: 2844

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date: 13/08/2021 17/181,802 - GAU: 2844

Doc code: IDS PTO/SBI08a (01-10)
o . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 17181802
Filing Date P021-02-22
INFORMATION DISCLOSURE First Named Inventor 'Vliskin
STATEMENT BY APPLICANT .
L Art Unit 2844
( Not for submission under 37 CFR 1.99)
Examiner Name Hammond, Crystal L.
Aftorney Docket Number 3725194.00146 14US07
U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 10517149 P019-12-24 Miskin et al. Ex. 1001
2 H457450 1995-10-10 Deese et al. Ex. 1008
3 5019493 P000-02-01 Kuo et al. Ex 1009
4 H785418 1998-07-28 Hochstein Ex. 1010
5 5541800 P003-04-01 Bamett et al. Ex. 1011
6 b014052 1991-05-07 ODbeck Ex. 1013
7 3582932 1971-06-01 [Chapman Ex. 1014
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
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Receipt date:

12/08/2021 17/181,802 - GAU:

2844

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 17181802

Filing Date 2021-02-22

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

Examiner
Initial*

Cite No

Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where

Number Codel| Date of cited Document .
Figures Appear

Relevant Passages or Relevant

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

Initials* | No

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document .
Figures Appear
1 1953825 FP 2008-08-06 Cree, Inc. Ex. 1012
If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite s . . '
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS

publisher, city and/or country where published.

Home Depot US A_, Inc. v. Lynk Labs, Inc. Case IPR 2022-00023 U.S. Patent No. 13,517,149, Issue Date December
P4, 2019, Declaration of Dr. Lebby dated October 20, 2021, 157 pages - Ex. 1002

| ynk Labs, Inc_, v. Home Depot USA, Inc_, The Home Dept Inc., and Home Depot Product Authonty, LLC Case No.

2 b:21-cv-00097-ADA Scheduling Order filed August 13, 2021, 4 pages - Ex. 1003

3 | ynk Labs, Inc_, v. Home Depot USA, Inc_, The Home Dept Inc., and Home Depot Product Authonty, LLC Case No.
b:21-cv-00097 Complaint for Patent Infringement dated January 29, 2021, 88 pages - Ex. 1004
| ynk Labs, Inc. v. Home Depot USA, Inc., The Home Dept Inc., and Home Depot Product Authority, LLC Case No.

4 h:21-cv-00097-ADA Plaintiff Lynk Labs, Inc,'s Amended Preliminary Infringement Contentions 149 Patent dated June

P3, 2021, 154 pages - Ex. 1005
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Receipt date: 12/08/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

5 1JS Patent Application No. 16/215,502 filed December 10, 2018, 359 pages - Ex. 1006

JEEE 100 The Authcritative Dictionary of IEEE Standards Terms, Seventh Edition, Published by Standards Informaiton

6 Network IEEE Press, pp 1-4 - Ex_ 1007
| ynk Labs, Inc. v. Home Depot USA, Inc., The Home Dept Inc., and Home Depot Product Authority, LLC Case No.
7 b:21-cv-00097-ADA Defendants' Opening Claim Construction Brief on the Terms of U.S. Patent Nos. 10,091,842,

110,154,551, 10,349,479, 10,492,251, 10,517,149, 10,537,001, 10,652,979, 10,757,783 and 10,932,341 filed October
b, 2021, 38 pages - Ex. 1015

8 1JS Patent Application No. 16/274,164 filed February 12, 2019, 543 pages - Ex. 1016

9 Heat Sink, Merriam-Webster; Examples of heat sink in a sentence, http://wwwmerriam-webster.com/dictionary/heat%
POsink, 7 pages - Ex_ 1017

10 |Jnsulator, Britannica Online Encylopedia Full Article, http-//iwww britannica.com/print/article/289459, 2 pages - Ex. 1018]

Home Depot USA, Inc., v. Lynk Labs, Inc. Case IPR2022-00023 U.S. Patent 10,517,149 Issue Date December 24,

" 019, Petition for Inter Partes Review dated October 20, 2021, 74 pages

Home Depot USA, Inc., v. Lynk Labs, Inc. Case IPR2022-00023 U.S. Patent 10,517,149 Issue Date December 24,

12 019, Pelitioner's Power of Attorney dated October 20, 2021, 2 pages

Home Depot USA, Inc., v. Lynk Labs, Inc. Case IPR2022-00023 U.S. Patent 10,517,149 Issue Date December 24,

13 P019, Patent Owner's Mandatory Notices Pursuant to 37 C_F R. Section 428 dated November 10, 2021, 5 pages

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature /CRYSTAL I HAMMOND/ Date Considered 12718732021

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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Receipt date: 12/08/2021

17/181,802 - GAU:

2844

Application Number

17181802

Filing Date

2021-02-22

INFORMATION DISCLOSURE

First Named Inventor | Miskin

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Art Unit

2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number

3725194.00146 14US07

English language translation is attached.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
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Receipt date: 12/08/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-06
Name/Print Dennis A. Majewski/ Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 13/08/2021 17/181,802 - GAU: 2844

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date: 13/13/2021 17/181,802 - GAU: 2844

Doc code: IDS PTO/SBI08a (01-10)

L . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 17001074
Filing Date P020-08-24
INFORMATION DISCLOSURE First Named Inventor 'Vliskin
STATEMENT BY APPLICANT .
L Art Unit 2844
( Not for submission under 37 CFR 1.99)
Examiner Name Le, Don P.
Aftorney Docket Number 3725194.00131 19US05
U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 10492251 P019-11-26 Miskin et al. Ex. 1001
2 5380693 P002-04-30 Kastl Ex. 1009
3 b086294 1991-02-04 Kasegi Ex. 1014
4 H412971 P002-07-02 Mojnarowski et al. Ex. 1018
5 H803732 P004-10-12 Kraus et al. Ex. 1019
6 £E510995 P003-01-28 Muthu et al. Ex. 1020
7 019662 P006-03-28 Shackle Ex. 1021
8 F949772 P005-09-27 Shimizu et al. Ex. 1023
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Receipt date: 12/13/2021

17/181,802 - GAU: 2844

Application Number 17001074
Filing Date 2020-08-24
INFORMATION DISCLOSURE First Named Inventor | Miskin
STATEMENT BY APPLICANT .
L Art Unit 2844
( Not for submission under 37 CFR 1.99)
Examiner Name Le, Don P.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-13
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Home Depot U.S.A., Inc., v. Lynk Labs, Inc., U.S. Patent No. 10,932,341, Filing Date: January 10, 2020, Issue Date:
1 February 23, 2021 - PGR2022-00009; Declaration of Dr. Dean Neikirk U.S. Patent No. 10,932,341, 140 pages - Ex.
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2 Home Depot US A, Inc_, v. Lynk Labs, Inc_, U.S. Patent No. 10,932,341, Filing Date: January 10, 2020, Issue Date:
February 23, 2021 - PGR2022-00009; Petition for Post Grant Review of U.S. Patent No. 10,932,341, 94 pages
3 1JS Patent Application No. 16740295 filed January 10, 2020 (Part 1) 768 pages - Ex. 1003
4 1JS Patent Application No. 16740295 filed January 10, 2020 (Part 2) 466 pages - Ex. 1003
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b:21-cv-00097-ADA, Scheduling Order filed August 13, 2021, 4 pages - Ex. 1013
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| ynk Labs, Inc., v. Home Depot USA, Inc., The Home Depot Inc., and Home Depot Product Authority, LLC, Case No.
b:21-cv-00097-ADA, Defendants’ Opening Claim Construction Brief on the Terms of U.S. Patent Nos. 10,091,842,
10,154,551, 10,349,479, 10,492,251, 10,517,149, 10,537,001, 10,652,979, 10, 757,783, and 10,932,341 filed October
b, 2021, 38 pages - Ex. 1021

10

| ynk Labs, Inc., v. Home Depot USA, Inc., The Home Depot Inc., and Home Depot Product Authority, LLC, Case No.
11 6:21-cv-00097-ADA, Plaintiff Lynk Labs, Inc.'s Responsive Claim Construction Brief filed October 27, 2021, 47 pages -
Fx. 1022

12 Application Multi-Voltage and Multi-Brightness LED Lighting Devices And Methods Of Using Same, Remarks filed June
I3, 2019 12 pages - Ex. 1023

13 LIS Application No. 15/369,218 Non-Final Office Action dated October 2, 2018 - Ex. 1024

14 Response to Office Action U.S Application No. 16/440,884 filed August 22, 2019, 11 pages - Ex. 1026

JEEE 100 The Authcritative Dictionary of IEEE Standards Terms Seventh Edition, Published by Standards Information

15 Network IEEE Press, 3 pages - Ex. 1028

16 Response to Office Action US Application No. 16/440,884 filed June 16, 2020, 8 pages - Ex. 1029

Home Depot USA, Inc., v. Lynk Labs, Inc., Case PGR2022-00009, U.S. Patent No. 10,932,341, Patent Owner's

17 Mandatory Notices Pursuant to 37 C F R. Section 42 8 dated November 19, 2021, 5 pages
18 Home Depot USA, Inc., v. Lynk Labs, Inc., Case PGR2022-00009, U.S. Patent No. 10,932,341, Issue Date February
P3, 2021, Petitioner's Power of Attorney dated November 5, 2021, 2 pages
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1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17

PGR2023-00016 - Home Depot

ALL REFERENCES CONSIDERED EXCEPT WHERE LIKED THROUGHI‘EX}/}.QCE._}ﬁage 3034



Receipt date: 12/07/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-07
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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5 0030230934 A1 P003-12-18 Cordelli et al. Ex. 1028
6 0020060530 A1 P002-05-23 Sembhi et al. Ex. 1056

EFS Web 2.1.17

PGR2023-00016 - Home Depot
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGHEW?:Q%.'}@age 3041



Receipt date:

12/13/2021

17/181,802 - GAU: 2844

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 17181802
Filing Date 2021-02-22
First Named Inventor | Miskin

Art Unit 2844

Examiner Name

Hammond, Crystal L.

Aftorney Docket Number

3725194.00146

7 20020081982 A1 P002-06-27 Schwartz et al. Ex. 1081
8 20040207484 A1 P004-10-21 Forrester et al. Ex. 1089
9 20030122502 A1 P003-07-03 Clauberg et al. Ex. 1091
10 0050128751 A1 P005-06-16 Roberge et al. Ex. 1092

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

If you wish to add additional Foreign Patent Document citation information please click the Add button

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document ;
Figures Appear
TELEDYNE LIGHTING
1 p002/23956 wo 2002-03-21  |JAND DISPLAY Ex. 1026
PRODUCTS, INC.
FLAT WHITE LIGHTING
2 003100206 pu 2003-04-17 by | 1o Ex. 1076
OXLEY
3 P202414 GB 1988-09-21 | DEVELOPMENTS Ex. 1077
[COMPANY LIMITED
Add

NON-PATENT LITERATURE DOCUMENTS

Remove

Examiner
Initials™

Cite
No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),

publisher, city and/or country where published.

Ts

EFS Web 2.1.17

PGR2023-00016 - Home Depot
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGHEW?:Q%.'}@age 3042




Receipt date: 12/13/2021 17/181,802 ~ GAU: 2844
Application Number 17181802
Filing Date 2021-02-22
INFORMATION DISCLOSURE First Named Inventor | Miskin
STATEMENT BY APPLICANT P~
( Not for submission under 37 CFR 1.99)
Examiner Name Hammond, Crystal L.
Aftorney Docket Number 3725194.00146
1 Samsung Electronics Co., Lid. v. Lynk Labs, Inc. U.S. Patent No. 10,517,149 Petition for Inter Partes Review of U.S.
Patent No. 10,517,149, 98 pages
2 Samsung Electronics Co., Lid. v. Lynk Labs, Inc. U.S. Patent No. 10,517,149 Power of Attorney for Petitioner
Bamsung Electronics Co_, Ltd. 3 pages
3 Samsung Electronics Co., Ltd. et al. v. Lynk Labs, Inc. Case IPR2022-00098, Patent No. 10,4517,149 Notice of Filing
Date Accorded to Petition, mailed November 23, 2021, 6 pages.
4 Samsung Electronics Co., Lid. v. Lynk Labs, Inc. Case: IPR2022-00098, U.S. Patent No. 10,517,149 Patent Owner's
Mandatory Notices Pursuant to 37 C F.R. Section 42 8, 5 pages
5 Samsung Electronics Co., Ltd. v. Lynk Labs, Inc., U.S. Patent No. 10,517,149 Declaration of R. Jacob Baker, Ph.D.,
P E_ In Support of Petition for Inter Partes Review of U.S. Patent No. 10,517 149, 179 pages - Ex. 1002
6 R. Jacob (Jake) Baker, Ph.D., P.E. CV, 37 pages - Ex. 1003
7 File History of U.S. Patent 10,517,149, 359 pages - Ex. 1004
8 Mvatson Mastering Electronics, Third Edition, pp 1-191 - Ex. 1018
9 PCT File History US/2010/62235, filed 2010-12-28 - Ex. 1039
10 PCT File History US/2010/001597, filed 2010-05-28 - Ex_. 1043
11 PCT File History US/2010/001269, filed 2010-04-30 - Ex. 1044
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12 1).S. Provisional Application 61,333,963 filed May 12, 2010 - Ex. 1046

13 1J).S. Provisional Application 61/284,927 filed December 28, 2009 - Ex. 1047

14 1J.S. Provisional Application 60/335,963 filed December 31, 2009 - Ex. 1048

15 1J).S. Provisional Application 60/997,771 filed October 6, 2007 - Ex. 1049

16 LIS Provisional Application 60/547.653 filed February 23, 2004 - Ex. 1050

17 LIS Provisional Application 60/559867 filed February 25, 2004 - Ex. 1051

18 LIS Provisional Application 61/217,215 filed May 28, 2009 - Ex. 1052

19 1JS Provisional Application 61/215,144 filed May 1, 2009 - Ex. 1053

Civil Docket for Case# 6:21-cv-02665, Northern District of lllincis, Samsung Electronics. Co., Ltd., filed May 17, 2021,

20 14 pages -Ex_ 1061

21 LIS District Court for the Northemn District of lllinois, Estimated Patent Case Schedule, 2 pages - Ex. 1062

Samsung Electronics Co., Ltd. and Samsung Electronics America, Inc., v. Lynk Labs, Inc., Case No. 1:21-¢cv-02665 -

22 Defendant Lynk Labs, Inc.'s Amended Preliminary Infringement Contentions, (8-31-2021 9 pages - Ex_ 1066.
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23 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 1 of 4, pp. 1-161 - Ex. 1041, Ex. 1061, Ex. 1054
24 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 2 of 4, pp. 162-1048 pages - Ex. 1041, Ex. 1061, Ex. 1054
25 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 3 of 4, pp. 1049-1230 pages - Ex. 1041, Ex. 1061, Ex.
o054
26 Bedra/Smith, "Microelectronic Circuits,” Fourth Edition, Part 4 of 4, pp. 1231-1237 pages - Ex. 1041, Ex. 1061, Ex.
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Defendant Lynk Labs, Inc.'s Amended Preliminary Infringement Contentions, 9 pages - Ex. 1066
1).S. Patent No. 10,517,149 ("the 149 Patent") Exemplary Infringement Contention Claim Charts, Appendix A-5
28
hrough I-3 - Ex. 1067
Samsung Electronics Co., Ltd. et al. v. Lynk Labs, Inc. Case No. 1:21-cv-02665, Noftification of Docket Entry July 27,
29
021, 1 page - Ex. 1068
Samsung Electronics Co., Ltd. et al. v. Lynk Labs, Inc. Case No. 1:21-cv-02665, Scheduling Order dated August 19,
30
P021, 2 pages - Ex. 1069
31 Civil Docket for Case#t 6:21-cv-00097-ADA, Western District of Texas (Waco) - Lynk Labs, Inc. filed January 29, 2001,
D pages - Ex_ 1074
32 Samsung Electronics Co., Lid. et al. v. Lynk Labs, Inc. Case No. 1:21-cv-02665, Noftification of Docket Entry October
118 2021, 1 page - Ex_ 1070
Bamsung Electronics Co., Ltd. and Samsung Electronics America, Inc., v. Lynk Labs, Inc., Case No. 1:21-¢cv-02665 -
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Inc.‘s First Amended Complaint and Counterclaims, filed August 3, 2021, 67 pages - Ex. 1071
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| ynk Labs, Inc., v. Home Dept USA, Inc_, The Home Depot Inc., and Home Depot Product Authority, LLC, Case. No.

34 b6:21-cv-00097, Complaint For Patent Infringement dated January 29, 2021, 88 page - Ex. 1072

35 | ynk Labs, Inc., v. Home Dept USA, Inc_, The Home Depot Inc., and Home Depot Product Authority, LLC, Case. No.
b:21-cv-00097-ADA, First Amended Complaint For Patent Infringement dated March 17, 2021, 94 pages - Ex. 1073

36 Samsung Electronics Co., Ltd. and Samsung Electronics America, Inc., v. Lynk Labs, Inc., Case No. 1:21-¢cv-02665 -

Bupplemental Report of Parties’ Planning Meeting, filed October 14, 2021, 11 pages - Ex_ 1075

37 |[lim Williams, The Circuit Designer's Companion, First Published 1991, ISBN 0 7506 1142 1, 314 pages - Ex. 1094

If you wish to add additional non-patent literature document citation information please click the Add button| Add
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1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
English language translation is attached.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-13
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGHI‘EX}"}.QCE._}ffage 3047



Receipt date: 13/13/2021 17/181,802 - GAU: 2844

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date: 10/22/2021 17/181,802 - GAU: 2844

Application Number 17181802
Filing Date 2021-02-22
INFORMATION DISCLOSURE First Named Inventor | Miskin
STATEMENT BY APPLICANT .
L Art Unit 2844
( Not for submission under 37 CFR 1.99)
Examiner Name Hammond Crystal L.
Aftorney Docket Number 3725194.00146 14US07
20 H891786 P005-05-10 Sato
21 H654880 1987-03-31 Sontag
il’;ange(s applie H
o document,
TW,/ |22 ke46398 OBl R B -C
2/2%/200 1 0%,/1987 Myhrman
23 H439731 P002-08-27 Uohnson et al.
24 7180265 P0O07-02-20 Naskali et al.
25 0112957 P015-09-18 Beart et al.
26 5326225 P012-12-04 [Dba et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| . Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No : Relevant Passages or Relevant
Initial Number Code| Date of cited Document )
Figures Appear
1 20040130909 P004-07-08 Mueller et al.
2 0070273299 P007-11-29 Miskin et al.
EFS Web 2.1.17 PGR2023-00016 - Home Depot
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United States Patent and Trademark Office

Office of the Chief Finaneial Qfficer

Document Code ' WREER
Usear (48472

Effective Date Sale ltem Reference Number Refund Total
12/06/2021 17181802 $2,000.00
Document Number Fee Code Fee Code Description Amount Paid Payment Method Account Number
12021BSF12084869 1820 RCE- 2ND AND $2,000.00 DA 021818
SUBSEQUENT
REQUEST
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Office of the Chief Finaneial Qfficer

Document Code ' WREER
Usear (48472

Effective Date Sale Accounting Date Sale ltem Reference Number
12/06/2021 12/29/2021 17181802
Document Number Fee Code Fee Code Description Amount Paid Payment Method
12021BSF12084869 1820 RCE- 2ND AND SUBSEQUENT $2,000.00 DA
REQUEST
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/181,802 02/22/2021 Michael Miskin 3725194.00146 14US07
CONFIRMATION NO. 5141
24573 PUBLICATION NOTICE

K&L Gates LLP-Chicago

P.O. Box 1135 RGN L

Chicago, IL 60690 0000 97767

| AT

Title:MULTI-VOLTAGE AND MULTI-BRIGHTNESS LED LIGHTING DEVICES AND METHODS OF USING
SAME

Publication No.US-2022-0015207-A9
Publication Date:01/13/2022

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/181,802 02/22/2021 Michael Miskin 3725194.00146 14US07 5141
24573 7590 03/11/2022 | A AMINGR |
K&L Gates LLP-Chicago
P O Box 1 135 HAMMOND, CRYSTAL L
Chicago, IL 60690
| ART UNIT | PAPER NUMBER |
2844
| NOTIFICATION DATE | DELIVERY MODE |
03/11/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

USpatentmail @klgates.com

PTOL-90A (Rev. 04/07)

PGR2023-00016 - Home Depot
Ex. 1003 - Page 3053



mect Application No. Applicant(s)
Noth CofA//ed bili 17/181,802 Miskin et al.
olice of Allowabliity Examiner Art Unit | AIA (FITF) Status
CRYSTAL L HAMMOND 2844 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to IDS filed 11/22/2021 and 12/13/2021.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.} Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 11/22/2021 and 12/13/2021.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material .
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/CRYSTAL L HAMMOND/
Primary Examiner, Art Unit 2844

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220215

PGR2023-00016 - Home Depot
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Receipt date:

Doc code: IDS
Dec description: Information Disclosure Statement (IDS) Filed

12/13/2021

17/181,802 - GAU: 2844

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

17181802

Filing Date

P021-02-22

First Named Inventor

'Vliskin

Art Unit

2844

Examiner Name

Hammond, Crystal L.

Aftorney Docket Number

3725194.00146 14US07

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 H728432 1994-01-11 Janatius et al.
7888888
2 |/8868882 Fiolnd B:¥i P011-02-15 Huang et al.
3 17038399 P006-05-02 | ys et al.
4 17852009 P010-12-14 [Coleman et al.
5 H653895 1987-03-31 Deguchi et al.
6 B471495 P013-06-25 Muguruma et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
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Receipt date: 12/13/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin
Art Unit 2844

Examiner Name Hammond, Crystal L.
Aftorney Docket Number 3725194.00146 14US07

1 20060163589 P006-07-27 Fan et al.
2 20050185401 P005-08-25 Jiang et al.
3 20070024213 P007-02-01 Shienyberg et al.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication where Relevant

_ - . 5
Initial* No | Number3 Code2| Code?| Date Applicant of cited Passages or Relevant T
Document ;
Figures Appear
[COLOR KINETICS
1 P005-524960 1P 2005-08-18 |1\~ 5P bORATED Abstract only

Corresponds to US

2 011-040701 P 2011-02-24 NICHIA CORP 8471495

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature JCRYSTAL I, HAMMOND/ Date Considered 12/18/2021

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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Receipt date: 12/13/2021

17/181,802 - GAU:

2844

Application Number

17181802

Filing Date

2021-02-22

INFORMATION DISCLOSURE

First Named Inventor | Miskin

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Art Unit

2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number

3725194.00146 14US07

English language translation is attached.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if

EFS Web 2.1.17
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Receipt date: 12/13/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond, Crystal L.

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-12-13
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17 PGR2023-00016 - Home Depot
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Receipt date: 13/13/2021 17/181,802 - GAU: 2844

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date: 10/25/2021 17/181,802 - GAU: 2844

PTO/SB/08a (01-10)

Doc code: IDS Al d f through 07/31/2012. OMB 0651-0031
L . . . pproved for use througl . -
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 17181802

Filing Date P021-02-22
INFORMATION DISCLOSURE First Named Inventor 'Vliskin
STATEMENT BY APPLICANT [ — —

( Not for submission under 37 CFR 1.99)

Examiner Name Hammond Crystal L.

3725194.00146 14US07

Aftorney Docket Number

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 10757783 P020-08-25 Miskin et al. Ex 1008
2

If you wish to add additional U.S. Patent citatio

n information pl

ease click the Add button.

Add

U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document )
Figures Appear
1 0110273098 P011-11-10 Grajcar Ex 1004
20060226795
2 poos2eeTes— /CpL-H/ |bo06-10-12  |[walter et al. Ex 1006
3 0070171145 PO07-07-26 [Coleman et al. Ex 1009
4 0140361697 P014-12-11 Miskin et al. Ex 1015
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Receipt date:

10/25/2021

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

17/181,802 - GAU: 2844
Application Number 17181802
Filing Date 2021-02-22
First Named Inventor | Miskin
Art Unit 2844

Examiner Name

Hammond Crystal L.

Aftorney Docket Number

3725194.00146 14US07

5 20160143097 P016-05-19 Miskin Ex 1016
6 ?0160188426 P017-06-29 Miskin Ex 1017
7

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

If you wish to add additional Foreign Patent Document citation information please click the Add button

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document ;
Figures Appear
1 P001001385 wo 2001-01-04 |Reymond, Welles Ex 1005
2 P013082609 wo 2013-06-06 |LYNKLABS, INC. Ex 1014
3 P013026053 wo 2013-02-21 |LYNK LABS, INC. Ex 1018
PANASONIC
NTELLECTUAL
4 j160883 FP 2001-12-05 ROPERTY Ex 1023
ANAGEMENT CO. LTD
Add

NON-PATENT LITERATURE DOCUMENTS

Remove

Cite
No

Examiner
Initials™

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),

publisher, city and/or country where published.

Ts
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Receipt date: 10/25/2021 17/181,802 ~ GAU: 2844
Application Number 17181802
Filing Date 2021-02-22
INFORMATION DISCLOSURE First Named Inventor | Miskin
STATEMENT BY APPLICANT P~
( Not for submission under 37 CFR 1.99)
Examiner Name Hammond Crystal L.
Aftorney Docket Number 3725194.00146 14US07
PETITION FOR INTER PARTES REVIEW, Home Depot USA, Inc_, Petitioner, v. Lynk Labs, Inc., Patent Owner, Case
1 IPR2021-001368 U.S. Patent No. 10,757,783, Issue Date August 25, 2020, Title: "Color Temperature Controlled and
| ow THD LED Lighting Devices and Driving the Same,” 95 pages dated August 18, 2021
Petitioners' Power of Attorney, Home Depot USA, Inc., Petitioner, v. Lynk Labs, Inc., Patent Owner, Case
2 IPR2021-001368 U.S. Patent No. 10,757,783, Issue Date August 25, 2020, Title: "Color Temperature Controlled and
| ow THD LED Lighting Devices and Driving the Same,” 2 pages dated August 17, 2021
3 Declaration of Dr. Lebby U.S. Patent No. 10,757,783 dated August 18, 2021, 187 pages - Ex 1002
4 LIS Application Serial No. 16,440,884, filed June 13, 2019, 341 pages - Ex 1003
5 nstitute of Transportation Engineers, Publication No. ST-017B 300/1G/102, ISBN 0-935403-16-7 (1998), 25 pages - EX
007
6 Complaint for Patent Infringement Lynk Labs, Inc. v. Home Depot USA Inc., The Home Depot Inc., and Home Depot
Product Authority, LLC, Case No. 6:21-cv-00097, filed January 29, 2021, 86 pages - Ex_ 1010
7 LIS Application Serial No. 61630025 filed December 2, 2011, 39 pages - Ex 1012
8 IS Application Serial No. 61570200 filed December 13, 2011, 31 pages - Ex 1013
9 Plaintiff Lynk Labs, Inc.'s Amended Preliminary Infringement Contentions, Case No. 6:21-cv-00097-ADA, dated June
P3, 2021, 7 pages - Ex 1019
10 [Dkon et al., "The First Practical LED", Received: November 9, 2015, 14 pages - Ex 1020
11 Bcheduling Order, Case No. 6:21-cv-00097-ADA filed August 13, 2021, 4 pages - Ex 1021
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Receipt date: 10/25/2021 17/181,802 ~ GAU: 2844
Application Number 17181802
Filing Date 2021-02-22
INFORMATION DISCLOSURE First Named Inventor | Miskin
STATEMENT BY APPLICANT .
Art Unit 2844

( Not for submission under 37 CFR 1.99)

Examiner Name

Hammond Crystal L.

Aftorney Docket Number

3725194.00146 14US07

12 LIS Application Serial No. 61233829, filed August 14, 2009, 36 pages - Ex 1022

13

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature /CRYSTAL L HAMMOND/

Date Considered 11/15/2023

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

English language translation is attached.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. * Applicant is to place a check mark here if
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Receipt date: 10/25/2021 17/181,802 ~ GAU: 2844
Application Number 17181802

Filing Date 2021-02-22

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond Crystal L.

Aftorney Docket Number 3725194.00146 14US07

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Dennis A. Majewskif Date (YYYY-MM-DD) 2021-10-25
Name/Print Dennis A. Majewski Registration Number 65578

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 10/25/2021 17/181,802 - GAU: 2844

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date:

12/13/2021

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

17/181,802 - GAU: 2844
Application Number 17181802
Filing Date 2021-02-22
First Named Inventor | Miskin
Art Unit 2844

Examiner Name

Hammond, Crystal L.

Aftorney Docket Number 3725194.00146
42 H324316 1994-06-28 Schulman et al. Ex. 1087
43 5580228 P003-06-17 Chen et al. Ex. 1090
44 FO07089 P005-06-14 Uensen et al. Ex. 1100
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U_S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| . Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No : Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
1 0020021573 A1 P002-02-21 Ehang EX 1005
xﬁange(s aPPiiec}
to docum nt,
W/ 2 0020137258 A1 [p665=67=24 fepgrasetal— Ex. 1009
i,/18/2022 09,2002 Alkram
3 0020118557 A1 P002-08-29 Ohlsson Ex. 1015
4 20020158590 A1 P002-10-31 Saito et al. Ex. 1019
5 0030230934 A1 P003-12-18 Cordelli et al. Ex. 1028
6 0020060530 A1 P002-05-23 Sembhi et al. Ex. 1056
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Receipt date: 10/25/2021

17/181,802 - GAU:

2844

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 17181802

Filing Date 2021-02-22

First Named Inventor | Miskin

Art Unit 2844

Examiner Name Hammond Crystal L.

Aftorney Docket Number 3725194.00146 14US07

9 p298869

1981-11-03 Okuno

10 [F262559

P007-08-28 Tripathi et al.

11 B587205
%aﬂge(s) aPPEie

P013-11-19 Ter Weeme et al.

N e N

i

D document,

W,/

18/20212

12 [F375476

P008-05-20 Peottet-al-

Walter et al.

13 7852009

P010-12-14 [Coleman et al.

14 B373363 P013-02-12 Edenko
15 B722771 P004-04-20 Stephens
16 5184628 P001-02-06 Ruthenberg

17 7213940

P007-05-08 \an De Ven Antony et al.

18 /264378

P007-09-04 | oh

19 5541800

P003-04-01 Thomas et al.
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Receipt date:

12/13/2021

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

17/181,802 ~ GAU: 2844
Application Number 17001074
Filing Date 2020-08-24
First Named Inventor | Miskin
Art Unit 2844
Examiner Name Le, Don P.
Aftorney Docket Number 3725194.00131 19US05

20 10091842 P018-10-02 Miskin et al. Ex. 1054
21 0615420 P017-04-04 Miskin Ex. 1055
22 0198237 P015-11-24 Miskin Ex. 1056
23 B179055 P012-05-15 Miskin et al. Ex. 1058
24 8148905 P012-04-03 Miskin et al. Ex. 1059
25 7489086 P009-02-10 Misking et al. Ex. 1060

If you wish to add additional U.S. Patent citation information please click the Add button.

Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner| . Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No : Relevant Passages or Relevant
Initial Number Code| Date of cited Document )
Figures Appear
1 20110193484 P011-08-11 Harbers et al. Ex. 1006
2 20040041620 P004-03-04 D'Angelo et al. Ex. 1007
(Jhan e(s)apphed
tq documemt
ST W/ 3 20050158590 H2882=48-54 Ex. 1008
1428,/2027 Q7/2005 1
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Receipt date:

10/25/2021

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

17/181,802 - GAU: 2844
Application Number 17181802
Filing Date 2021-02-22
First Named Inventor | Miskin
Art Unit 2844

Examiner Name

Hammond Crystal L.

Aftorney Docket Number

3725194.00146 14US07

5 20160143097 P016-05-19 Miskin Ex 1016
hange(s) hpplied
Aocumen@
W 6 20160188426 P B4F=0 6P Bt Rl Ex 1017
31,/2022 06,2016 Kousha etal
7

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document ;
Figures Appear
1 P001001385 wo 2001-01-04 |Reymond, Welles Ex 1005
2 P013082609 wo 2013-06-06 |LYNKLABS, INC. Ex 1014
3 P013026053 wo 2013-02-21 |LYNK LABS, INC. Ex 1018
PANASONIC
NTELLECTUAL
4 j160883 FP 2001-12-05 ROPERTY Ex 1023
ANAGEMENT CO. LTD
Add

If you wish to add additional Foreign Patent Document citation information please click the Add button

NON-PATENT LITERATURE DOCUMENTS

Remove

Cite
No

Examiner
Initials™

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),

publisher, city and/or country where published.

Ts
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Receipt date:

Doc code: IDS

12/13/2021

Dec description: Information Disclosure Statement (IDS) Filed

17/181,802 - GAU: 2844

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

17181802

Filing Date

P021-02-22

First Named Inventor

'Vliskin

Art Unit

2844

Examiner Name

Hammond, Crystal L.

Aftorney Docket Number

3725194.00146 14US07

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
L ) Figures Appear
- ange(s appi;ed
to docum nt,
TW. |1 5728432 k004-04-34—MNanative-et-ak—
9,/ 2021 0%/1998 |mashiro et al.
2 78888882 P011-02-15 Huang et al.
3 17038399 P006-05-02 | ys et al.
4 17852009 P010-12-14 [Coleman et al.
5 H653895 1987-03-31 Deguchi et al.
6 B471495 P013-06-25 Muguruma et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )
Figures Appear
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/181,802 04/05/2022 11297705 3725194.00146 14US07 5141
24573 7590 03/16/2022
K&L Gates LLP-Chicago
P.O. Box 1135

Chicago, II. 60690

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Michael Miskin, Sleepy Hollow, IL;
Robert L. Kottritsch, Shefford Bedfordshire, UNITED KINGDOM;

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Lynk Labs, Inc., Elgin, IL;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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