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Asserted claims of the 819 and 531 patents

= 819 Patent: claims 1, 24-27, 29, 48-50, 52, 57-60, and 65-67

= ’531 Patent: claims 1, 10-12, and 25-26
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Text of the Claim Constructions

Term Construction

“said output light being a quantity of light

exiting from the lighting device” AR el ClelE 7l

“solid state light emitter” Plain and ordinary meaning

“perceived as white” “perceived as white by normal human vision”

“perceived as light having a color temperature

perceived as warm white between approximately 2700K and 3500K”

“brightness (of light emitted by a lighting device)
“wall plug efficiency” as measured relative to outlet energy (the power
input to the lighting device) in lumens per watt.”
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Level of Ordinary Skill in the Art

“A person of ordinary skill would have had at least a
Bachelor of Science degree in materials science,
electrical engineering, or an equivalent field of study,
along with three or more years of experience working
with LED technology and that a more advanced degree
reduces the threshold for years of experience in
working with LED technology.”
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The 819 Patent
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’819 Patent — Abstract

USO085968 1912

10) IPatent No.: US 8,596,819 B2
Dec. 3, 2013

az United States Patent
Negle: ul.

(57) ABSTRACT

There 1s provided a lighting device which emits light with an
efficacy of at least 60 lumens per watt. The lighting device
comprises at least one solid state light emitter, e.g., one or
more light emitting diodes, and optionally further includes
one or more lumiphor. In some embodiments, the output light
is of a brightness of at least 300 lumens. In some embodi-
ments, the output light has a CRI Ra of at least 90. Also, a
method of lighting, comprising supplying electricity to a
lighting device which emits light with an efficacy of at least
60 lumens per watt.

of
£
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Limitations of the Asserted Claims of ’819 Patent

Limitation ‘ Claims
"at least 60 lumens per watt" 1, 29, 52, 60
"output light is perceived as warm white" 24
"from about 60 to about 70 lumens per watt" 25,48,57, 65
"from about 70 to about 80 lumens per watt" 26, 49, 58, 66
"from about 80 to about 85 lumens per watt" 27,50, 59, 67
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’819 Patent — First Embodiment

FIG. 4 depicts a first embodiment of a lighting device in
accordance with the first aspect of the present invention.

Referring to FIG. 4, there is shown a lighting device which
includes a heat spreading element 11 (formed of aluminum),
insulating regions 12 (formed in situ by anodizing surfaces of
the aluminum heat spreading element), a highly reflective
surface 13 (formed in situ by polishing the surface of the
aluminum heat spreading element), conductive traces 14
formed of copper, lead frames 15 formed of silver-plated
copper (or silver-plated mild steel), packaged LEDs 16a, 165
(described in more detail below), a reflective cone 17 (made
of MCPET® (marketed by Furukawa, a Japanese corpora-
tion) with a diffuse light scattering surface and a diffusing
element 18 (the diffusing element 18 performs a light scat-
tering function).

JX-0002.0010, 22 at 15:11-25 (annotated) RDX-0002.008




’819 Patent — First Embodiment

/1 6b
35
32/ 33
21 54
b
FIG.7

JX-0002.0011, 22 at 16:39-45

Referring to FIG. 7, each of the greenish-yellowish emit-
ters 165 includes a blue light emitting diode chip 31 (namely,
a Cree XT LED (C460XT290) die with a peak wavelength
range of from about 450 nm to about 465 nm, and optical
power greater than 24 mW), a lead frame 15 having a reflec-
tive surface 32, a copper wire 33, an encapsulant region 34,
and a broad spectrum emitting lumiphor 35.

N I_'..m.n CREE@
Exhibit 5 "
xxXT290-Sxx00-A

e XThin LED Performance
¢ 460 & 470 nm
XT-12™ - 12.0 mW min.
XT-16™ - 16.0 mW min.

X[=-18"" — 18.0 mW miin,

XT-21™ - 21.0 mW min.
el XT-24™ - 24.0 mW min.
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’819 Patent — First Embodiment

22

™24

Referring to FIG. 6, each of the red LEDs 164 includes a
red light emitting diode chip 21 (from Epistar in Taiwan,
measuring 14 milsx14 mils, comprising AllnGaP and having
a brightness ofnot less than 600 mcd), a lead frame 15 having
a reflective surface 22, a copper wire 23, and an encapsulant
region 24. The reflective surface 22 is made of silver.

JX-0002.0011, 22 at 16:23-28
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’819 Patent - First Embodiment (47 red LED + 123 BSY emitters)

The device depicted in FIG. 4 includes three series strings
of LED emitters.

Connected to the first string of LED emitters are a current
regulator, forty-seven red LEDs 16a (shown in more detail in
FIG. 6), and twenty-one greenish-yellowish emitters 165
(each including a blue LED and a broad spectrum emitting
lumiphor) (shown in more detail in FIG. 7).

Connected to the second string of LED emitters are a
current regulator, zero red LEDs and fifty-one greenish-yel-
lowish emitters 165 (as above).

Connected to the third string of LED emitters are a current
regulator, zero red LEDs and fifty-one greenish-yellowish
emitters 165 (as above).

‘The current passing through the first string of LED emitters
1s regulated to be about 20 milliamps.

The current passing through the second string of LED
emitters is regulated to be about 20 milliamps.

‘The current passing through the third string of LED emit-
ters is regulated to be about 20 milliamps.
JX-0002.0010, 15:36-48; 15:55-60; Fig.5 (annotated) — —— — T R DX.0002.011




’819 patent — Second Embodiment

il

E__U_

60

l

M/{Wj |

FIGS. 8-11 depict a second embodiment of a lighting
device in accordance with the present invention.

58~/

JX-0002.0012, 23 at 17:57-18:4

The lighting device includes a plurality (e.g., three) series
strings of LED emitters.

Connected to a first string of LED emitters are a current
regulator and a plurality (e.g., six) of greenish-yellowish
emitters. Each of the greenish-yellowish emitter includes a
blue LED and a lumiphor, the lumiphor comprising YAG
doped with Ce, Pr and/or Gd. |

Connected to a second string of LED emitters are a current
regulator, and a ratio of red LEDs to greenish-yellowish emit-
ters, e.g., zero red LEDs and a plurality (e.g., six) of greenish-
yellowish emitters.

Connected to a third string of LED emitters are a current
regulator, and a different ratio of red LEDs to greenish-yel-
lowish emitters, e.g., a plurality of red LEDs (e.g., thirty) and
zero greenish-yellowish emitters.

RDX-0002.012




Background Section of ‘819 Patent — RGB and PC LED Approaches

Because light that is perceived as white is necessarily a
blend of light of two or more colors (or wavelengths), no
single light emitting diode junction has been developed that
can produce white light. “White” LED lamps have been pro-
duced which have a light emitting diode pixel/cluster formed
of respective red, green and blue light emitting diodes.
Another “white” LED lamp which has been produced
includes (1) a light emitting diode which generates blue light
and (2) a luminescent material (e.g., a phosphor) that emits
yellow light in response to excitation by light emitted by the
light emitting diode, whereby the blue light and the yellow
light, when mixed, produce light that is perceived as white
light.

000017
02

JX-0002.0015 at 2:63-3:8 RDX-0002.013




Background Section of ‘819 Patent — RGB LED Approach
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Colored objects 1lluminated by RGB LED lamps some-
times do not appear in their true colors.

In addition,
currently available green LEDs are relatively inefficient, and
thus limit the efficiency of such lamps. |
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JX-0002.0017 at 6:29-30, 38-40
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Background Section of ‘819 Patent — PC LED Approach

EE LIGHTING RAB_Ov
X000

In the case of conventional LED packages which include a
phosphor, a significant proportion (e.g., in many cases, as
much as 20% to 25%) of the excitation light (i.e., light from
the LED) is reflected (back-scattered) from the phosphor
back into the light emitting diode chip/package.

In addition, the phosphor converted light is omnidirec-
tional, so that in general, 50% of the light is directed back to
the LED source.

Furthermore, if the luminescent element is too thick, and/
or if the luminescent material (e.g., phosphor) content in the
luminescent element is too great, “self-absorption” may
occur.

JX-0002.0017 at 6:59-7:7
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Background Section of ‘819 Patent — PC LED Approach
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Some so-called “warm white” LEDs have a more accept-
able color temperature (typically 2700 to 3500 K) for indoor
use, and in some cases, many (but not all) of such warm white
LEDs have good CRI Ra (in the case of a yellow and red
phosphor mix, as high as Ra=95), but their efficacy is gener-
ally significantly less than that of the standard “cool white”
LED:s.

CREE LIGHTING-RAB_0000017!

JX-0002.001;

JX-0002.0017 at 6:41-47
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The ’531 Patent
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U.S. Patent 8,403,531 — Abstract

US008403531H2

ay United States Patent (10) Pa US 8,403,531 B2
Negley et al. 5 Da Mar. 26, 2013

(57) ABSTRACT

There is provided a lighting device which emits light with an
wall plug efficiency of at least 85 lumens per watt. The light-
ing device comprises at least one solid state light emitter, e.g,,
one or more light emitting diodes, and optionally further
includes one or more luminescent material. In some embodi-
ments, the output light is of a brightness of at least 300
lumens. In some embodiments, the output light has a CRI Ra
of at least 90. Also, a method of lighting, comprising supply-
: ing electricity to a lighting device which emits light with a
wall plug efficiency of at least 85 lumens per watt.

CREE LIGHTING-RAB_00000002
JX-0001.0002

JX-0001.0021 RDX-0002.018




Limitations of the Asserted Claims of ’531 Patent

Limitation Claims
"at least 85 lumens per watt" 1
"from about 85 to about 113.5 lumens per watt" 10
"at least 110 lumens per watt" 11

"from about 100 to about 113.5 lumens per

n 12

watt
"from about 85 to about 100 lumens per watt" 25
"from about 85 to about 110 lumens per watt" 26

RDX-0002.0019
e aaaaaaaasaasaSass



’531 Patent — Only Disclosed Embodiment

The light sources are LEDs. The LEDs include non-white,
non-saturated phosphor converted LEDs 30 and saturated
LEDs 32. The LEDs provided light output as described in
U.S. Pat. No. 7,213,940, the entirety of which is hereby incor-
porated herein 1in its entirety. In this particular embodiment,
21 phosphor converted LEDs 30 and 11 saturated LEDs 32
are utilized. The phosphor converted LEDs 30 are Cree X
Lamps from Cree, Inc., Durham, N.C. and the saturated LEDs
32 are from OSRAM/Sylvania. The brightness of the parts are
sufficiently high to achieve the desired light output and wall
plug efficiency. The saturated LEDs 32 are OSRAM Golden
Dragon parts to which lenses are attached to improve light
extraction. In particular, an optical adhesive is used to attach
lenses, such as the lenses from Cree XRE parts, to the Golden
Dragons.

JX-0001.0004, 20 at 21:17-31 RDX-0002.020




’531 Patent — Only Disclosed Embodiment
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JX-0001.0005, 20 at 21:52-63

The power supply 34 is connected to the Edison connector
20 through wires 36 and 38. A schematic of the power supply
34 is provided in FIG. 2. In FIG. 2, the string of LEDs is
connected between pins 1 and 2 of J1. With regard to specific
parts, the values in the present embodiment are provided in
FIG. 2 for the majority of parts. With regard to parts without
values, the diode D2 is a MURS140 from Digikey, the induc-
tor L1 is 3.9 mH and the transistor Q1 is an nFET FQP3N30-
ND from Digikey. The HV9910B is a universal high bright-
ness LED driver from Supertex, Inc, Sunnyvale, Calif. The
variable resistance RS 1s provided to adjust the current
through the LED string connected across J1.

Specifications
Input 90VAC — 135VAC

Load Current 1500mA maximum
(adjustable down to 350mA)

LED String Voltage 40V maximum
Switching Frequency 50kHz
Efficiency 90% (typ.)

RDX-0002.021




’531 Patent — Only Disclosed Embodiment

Input voltage: 120 Volts (V) AC, 60 Hz The device of FIGS. 1 and 2 was tested by NIST and

Lamp current: 0.1158 Amperes ’( A) resulted in the Following performance:

LED Lamp Input Electrical Power: 5.802 Watts (W)

Total Luminous Flux: 658.7 lumens (Im) The optical performance of the system was measured inter-

Wall plug efficiency: 113.5 Im/W nally at LED Lighting Fixtures, Inc. (Morrisville, N.C.) as

CIE 1931 chromaticity coordinates: x 0.4511, y 0.402 abouta4.5% loss in that about 95.5% of the light generated by

Correlated Color Temperature: 2760K the light sources was extracted from the Jamp. The power

CRI: 912 supply efficiency was measured internally at LED Lighting
Py e Fixtures, Inc. as about 93.5% in that 93.5% of the power

Ambient temperature: 26° C. supplied to the lamp was supplied to the load.

JX-0001.0020 at 21:64-22:14 RDX-0002.022




Conventional RGB and PC LED Approaches

Conventional LED Warm White

Blue dice with Phosphor conversion

— Adding Red Phosphor and Green
Phosphor

+ Low EﬁicaC{U 5 LPW to 35LPW) at the
component Level due to phosphor
guantum efficiency and stokes loss

+ Good CRIRa 80 - 95

« RGB

— Tunable CCT with “warm

white”

»  ~40 LPW primarily due to low efficiency
of Green LEDs

*+ LowCRI

|
Conventional methods - Low efficacy or poor CRI

SUBJECT TO PROTECTIVE ORDER

RX-0090.0003

RX-0090.003 RDX-0002.023




A Different Approach — “BSY+R”

Phosphor Yellow LED L A dlfferent approaCh

— & s arsa I oo epass 1O1E 199 fed Combine phosphor yellow LEDs and red LEDs — “BSY+R”
chart)

-an “unconventional color”
using “conventional phosphor
conversion”

“BSY+R” Technology

—Yellow phosphor Lamps in conjunction with
conventional, saturated red LEDs
Using BSY lamps of various colors and “pulling”

to the Black body locus with RED gives superior
efficacy and color

BSY Phosphor yellow + red -
High Efficacy
High Color Quality warm white

BSY+R - High efficacy and high CRI

"RX-0090.000% ‘

RX-0090.004

RDX-0002.024




Conventional vs. “BSY+R” Approaches

Prior Art — RGB BSY+R

) Prior Art — PC LED ;
[Mixture of red, green and [All white dots] [Combined red dots and
blue dots] greenish-yellowish dots]

JX-0002.0010 (annotated) RDX-0002.025




At Least One LED or Solid State Light Emitter
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1. A lighting device comprising at least one solid state light
emuitter, said lighting device, when supplied with electricity of
a first wattage, emitting output light having a wall plug effi-
ciency of at least 85 lumens per watt of said electricity.

1. A lighting device comprising at least one light emitting
diode,
said lighting device, when supplied with electricity of a
first wattage, emitting output light with a wall plug effi-
ciency of at least 60 lumens per watt of said electricity.

JX-0002.0010 (annotated)

RDX-0002.026
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The past-four-decade evolution of total luminous efficacy
of various monochromatic solid-state lighting sources 1s
llustrated 1 Figure 2. Progress has been nothing short of
spectacular. Recently, Lumil.eds and Philips announced a
610 nm (orange/red) LED with a luminous efficacy of
100lm/W; and LumilLeds has reported green InGaN-based
LEDs having luminous efficacies in the range 50 Im/W.

RAB0180863
RX-0726.0008

RX-0726 at Pg. 5
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DOE Roadmap/Craford Article
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Timeline — January 2006 CSA Test

Test Data Collected

Total Lamp Operation Time = 20 minutes
Input Voltage = 117.01 V, 60Hz

Input Current = 323 mA

Input Power = _15.9 W

Ambient Temperature Inside Sphere = 25.4 °C
Luminous Flux = 753 Lumens

Radiant Flux = 2579 mW

Correlated Color Temperature = 5887 K
CRI=84.46 .

ool Badbal ol ol e

11. Y =0.3409
12. Efficacy (calculated) = 47.36 lumen/watt

Test Data Collected

Total Lamp Operation Time = 35 minutes
Input Voltage = 117.01 V, 60Hz

Input Current = 342 mA

Input Power = 16.7 W

Ambient Temperature Inside Sphere = 25.7 °C
Luminous Flux = 552.2 Lumens

Radiant Flux = 1837 mW /
Correlated Color Temperature =3557K
CRI=94.28

10. X =10.4079

11. Y =0.4055

12. Efficacy (calculated) = 33.07 lumen/watt

O o0 NgEth RN =

RX-0737.0016, 22
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Timeline — January 2006 Press Release

JX-0016

Cree LED Lighting Solutions : Press Release Pagelofl

| CREE® mollimesounoks 0

ThaCreeOffeisrcew dchutius Provei = Resowcvaw  hosioBi e oo

IntheNews | ED Lighting Fixtures Creates 750 Lumen Recessed

P LED Lighting Fixtures Creates 750 Lumen Recessed
st Light and Uses Only 16 Watts of Power

Fixture Delivers as Much Light as a 60 Watt Incandescent Bulb
DURHAM, NC - January 26, 2006

LED Lighting Fixtures inc, (LLF) today announced the development of its first
prototype LED (light emitting diode) based fixture that provides as much lightas a
60 watt incandescent bulb while only consuming 16 watts or 27 percent of the
power, The fixture, a recessed can light, was measured by an independent testing
service as providing 753 lumens of white light with an AC power input of only 15.9
watts, representing true wall-plug performance. This output equalad 47 jumens per
svams watt of light.

IGHTING-RAB_00047965
JX-0016.0001

JX-0016 RDX-0002.032




Timeline — February 2006 CSA Test

oy Test Data Collected

General Input and Ouiput Measurementy
No Standand

Test Method Applicd

ting sphere in the larp base up orientatio-
wad the }

Total Lamp Operation Time = 15 minutes
Input Voltage = 117.05 V., 60Hz

Input Current = 271.9 mA

Input Power = 13.089 W

Input Power Factor=0.411

Ambicnt Temperature Inside Sphere = 25.1 °C
Luminous Flux = 700.3 Lumens

Radiant Flux = 2135 mW

9. Correlated Color Temperature = 2904 K
10. CRI=92.81

11. X=0.4425

12. Y =0.4038

13. Efficacy (calculated) = 53.50 lumen/watt

O ORI N L R WN =

RX-0738 RDX-0002.033




Timeline — February 2006 Press Release

Cree LED Lighting Solutions : Press Release Page 10f 1

LED Lighting Fixtures, Inc. Announces Record
" Performance
Warm White Fixture Emits 700 Lumens using 13 Watts of

Household Power
DURHAM, N.C., Feb. 16 /PRNewswire/

LED Lighting Fixtures, Inc. (LLF) today announced performance resuits from its
most recent recessed can fixture, The fixture was tested by an independent lab as
providing 700 lumens of white light at a color temperature of 2800 Kelvin, with a
color rendering index (CRI) of 93, Tofal power supplied to the fixture from a
residential voltage, AC power source was 13 watts. The fixture efficiency equaled
approximately 54 lumens per watt of warm white light.

aspx D=7 9/12/2008

CREE LIGHTING-RAB_00047069
RX-0050.0002

RX-0050.0002 RDX-0002.034




Timeline — April 2006 CSA Tests

Test Data Coliected At 110V, 680Hz Input Test Data Collected At 115V, 60Hz Input
1. Total Lamp Operation Tine = 35 minutes 14. Total Lamp Operation Time = } 12 minuies
2. Isput Voltage = 110,03 V, 60Hx 15, Input Voltage = 115,02 V, 608z
3. Isput Conont= 1694 mA 16, Input Cwrent = 2132 mA
4. InputPower = 7445 W 17, Toput Power = 9737 W
3. Input Pawer Factor =04 13. Input Power Factor = {.399
6. Ambient Temperature Inside Sphere = 24 8 °C 19, Ambient Temperature &uside Sphere = 25,5 °C
7. Luminous Flux = 394.1 Lumens 36, Luminous Flux = 707.9 Luens
8. Radiant Flux = 864.8 mW 21. Radiant Flox = 1030 mW
9. Corrclated Color Temperature = 3124 K 22. Correlated Color Temperatuze = 3189 K
19, CRI=02.24 23, CRI=91.68
11, X =0.4227 24, X =04184
12. Y = 0.3888 25, Y =0,3866
13, Efficecy {calowdated) = 79,78 lumen/wal; 26. Efficacy {calcalated) = 72.70 hoven/watt

JX-0014.0009 RDX-0002.035




Timeline — April 2006 Press Release

for April 2006 CSA Test Results (115V)

14

5.
16.
i,
138.
19,
6.
2l
22,
23.
24,
23,
26.

Test Data Collected At 115V, 60Hz Input

Total Lamp Operation Time = {12 minules
Input Voltage = 115.02 V, 60Hz

Input Current = 213.2 mA

toput Power = 9737 W

¥oput Power Factor =10.299

Ambient Temperature Inside Sphere = 25,5 °C
Luminous Flux = _707.2 Lumens

Radiant Flox = 103¢ mW

Correlated Color Temperatuze = 3189 K
CRI= 9168

Y = 0,3868

Efficacy {calcalated) = 72.70 lumen/watt

JX-0014.0099, JX-0017

Latest prototype fixture operates using 15 percent of the power of
standard 65-watt incandescent bulbs

Morrisville, N.C., April 24, 2006

LED Lighting Fixfures, Inc. (LLF) announced today that independent third-party
testing has confirmed that the company’s recessed luminaire has an efficacy of 73
lumens per watt, a staggering gain In efficacy of 35 parcent over test resuits of its
predecessor just two short months ago. This advance paves the way for wider
acceptance of light-emitting diode (LED) technology in the U.S. lighting market,
estimated at $12 bililon.

in recent testing conducted at CSA International's Lighting Laboratory in Atlanta,
LLF's fixtures continuously produced more than 700 lumens using less than 10
watts from a wall-plug AC source. This result was significantly higher than the
company's 54 lumens per watt achieved in February. Color temperature was
measured at 3200 Kelvin, with a color rendering index of 92. LLF's proprietary
white light technology allows for a wide range of desired color temperatures. The
company used LEDs supplied by Cree, Inc.

RDX-0002.036




Timeline — May 2006 Press Release

for April 2006 CSA Test Results (110V)

Test Data Coliected At 110V, 60Hz Input
1. Total Lamp Dyﬂahon:hfne = 33 minutes LED Lighting Fixtures, Inc. Sets World Record at 8¢ Lumens per Watt for Warm White
2. Input Voltage = 110,03 V, 60Hz Fixture
3. InpuiComent= 1694 mA
4. II&p\KP(!W@).‘”—" TAdL W Company to Demonstrate Initial Products to Target Customers During Lighting
Conference
5. Input Power Factor =04
6. Ambient Temperature Inside Sphere = 24 8 °C LAS VEGAS, May 30 /PRNewswire/ -- LED Lighting Fixtures Inc. (LLF)
7. Luminous Flux = 594.1 1. umens today announced anothgr record in solid state fixtu;e perfml:mance at 80
2 TrmAl Phyw = R4 W lumens per watt from its most recent recessed downlight. This product was
8. Radiant Flux = uu-sg-l‘l-» tested by an independent lab as providing 600 lumens of warm white light at
8. Correlated Color Tc-mpamhxre&‘}l,?,dl{ a color temperature of 3100 Kelvin, with a color rendering index (CRI) of
19, ORI =9224 2. Total power supplied to the fixture from a residential voltage AC power
Tk T e, source was 7.5 watts. The company used LEDs supplied by Cree, Inc. (Nasdaq:
11, X =0,4227 CREE) . These results reflect a ten percent increase in efficiency from the
i2. ¥ =3RRI company's previous record of 73 lumens per watt announced on April 24,
e ; 2006.
13, Efficacy {calowdated) = 79.79 lumen/wats

JX-0014.0099, RX-0051.002 RDX-0002.037




Timeline - May 5, 2006 Project List

[Project Name Description Purpose Str CCT Lumens Watts L/W CRI CSA Location |
T1 - cool white Nichia lamps + Cotco RED First press release 5500 753 16 47 yes USA office
T1 - warm white Nichia lamps (dipped) + Cotco RED 2800 yes  USA office
T2 XT+ cotco red Second press release 4 2800 700 13 54 93 vyes USA office
L1 SRiBmar SR reiraien 3400 USA office
in small volumetric fixture
Light engine for 2" x 4'
1 fixtures for Lightfair i e
D1 18 x Xlamp CW ring type McPET Photo used in earlyl 5500 500 30 Tony's
reflector hat company presentations house
D2 18 x S8 WW, ring type cone reflector Not completed 1 2800 USA office
3 strings, 117 x XT31, 55 x EPI e
=23 A 5 ™ ; . . , '
D3-1 600mcd 616nm AllnGaP Third press release 3 3200 700 10 73 92 yes col:::ar:-lnce
D3-2 Per D3-.1.- denser packing, improved —— 3 3400 200 20
color mixing
D3-3 Per D3-1- improved housing Lightfair demos 3 3400 700 70
D4 4 string, XT33 + Osram 616 reds Lightfair press release 4 3400 700 90
Company Confidential
© Copyright 2006 LED Lighting Fixtures Inc 5/5/2006

RX-0750

RDX-0002.038



Timeline — May 22, 2006 Email

From: Gerald Negley [mailto:gerry_negley@ledlightingfixtures.com]

RX-0743C

subject: No LPW record at this time

)

1@l edlightingfixtures.com]
unter [hn313@zol.com]; tonyveu@edlightingfixtures com

The 80 LPW number is real and a bench mark -- but does use a lower currrent density (standard industry
trick) to acheive. I must also tell you that we were trying to use this same "trick" to get to 90
PV = 5 2 52 5 s w1 i but the samples just fell short..... way short.

Let’s see the opinions of others ‘

Knowing that each succesive gain that we will release is getting dramatically tougher.................

I think we should consider showing this result as we are approaching the onset of Zeno's dichotomy
paradox!

LB INE € Lo bt LA e Rt o b o e T
cindy_nerrelaledlightingfi xtures .cor; tonyvdvaledlighti ngTi xtures . com
Subject: Ko LPw record at this time

working on the numbers -- but it looks like we will fall way short of the 90 LPW performance
goal...... or even my predicted minimum of 85 LPW.

Our best mesured number to date is 79.73 LPw (BOG lunens) as mezsured by CsA about a month ago. So
far, this attenpt is at 640 Tunens (77 LPW).

our best mesured number to date is 79.79 LPwW (600 lumens) as measured by CSA about a month agoe. So
far, this attempt is at 640 lumens (77 LPW).

RX-0743C.0001 ‘

RX-0743 RDX-0002.039



Timeline — September 2007 CALIPER Tests

R ——— DOE SSL CALIPER Report
B Product Test Reference: CALIPER 07-31 Downlight Lamp
Date of Test(s}
CALIPER 07-31-018 geﬁiemger ; ggg;
CALIPER 07-31-028 eplember 7,
CALIPER 07-31-01C September 10, 2007
GCALIPER 07-31-02C Seplember 10, 2007

DOE $SL CALIPER Report
Product Test Reference: CALIPER 07-47 Downlight Lamp

DOE SSL CALIPER Report
Product Test Reference: CALIPER 07-47 Downlight Lamp
i
Date of Test(s}
CALIPER 07-47-01 September 7, 2007
CALIPER 07-47-02 September 10, 2007
Acquisition Noles Purchased from a Distributor 8/2007

LED Lamp/Package References (Product literature; 7/2007; www lifinc.com)

JX-0014.0021-22 RDX-0002.040




Timeline — September 2007 CALIPER Test Data

“Wall Plug Efficiency”

CALIPER 07-31-01B 59.9 LPW
CALIPER 07-31-01C 62.4 LPW
CALIPER 07-31-02B 60.1 LPW
CALIPER 07-31-02C 62.4 LPW
CALIPER 07-47-01 61.3 LPW
CALIPER 07-47-02 62.4 LPW

RDX-0002.041




Timeline — November 2007 NIST Test and Press Release

The device of FIGS. 1 and 2 was tested by NIST and
resulted in the Following performance:

Input voltage: 120 Volts (V) AC, 60 Hz

Lamp current: 0.1158 Amperes (A)

LED Lamp Input Electrical Power: 5.802 Watts (W)
Total Luminous Flux: 658.7 lumens (Im)

Wall plug efficiency: 113.5 Im/W

CIE 1931 chromaticity coordinates: x 0.4511, y 0.402:
Correlated Color Temperature: 2760K

CRI: 91.2

Ambient temperature: 26° C.

JX-0001.0020 at 21:64-22:7, RX-0658.0002

New Lamp from LED Lighting Fixtures Shatters World
Record for Energy Efficiency

LLF's High CRI Warm-white Lamp Consumes Less Than 6 Watts and Could
Replace the Conventional 65 Walt Lightbulb

Marrisville, NC, November 28, 2007 - LED Lighting Fixtures, Inc. (LLF), which
developed and markets the only viable indoor light fixture for general illumination
from LED light sources, announced today the results from its prototype PAR 38
self-ballasted lamp. LLF's LRP-38 lamp set a new standard for energy efficient
lighting by producing 659 lumens at a mere 5.8 watts of wall-plug power, resulting
in 113.6 delivered lumens per watt. The LLF lamp would use less than 9% and
30% of the energy consumed by incandescent and fluorescent sources,
respectively. Using LLF's proprietary technology platform, the lamp emitted a warm
incandescent-like color of 2760 Kelvin with a superb color rendering index of 91.2
and does not contain any toxic mercury. Steady state testing was conducted by the
National Institute of Standards and Technology (NIST) in Washington, DC.

RDX-0002.042




Timeline — LLF Test Results

November 27, 2007
May 30, 2007 ’435/’439 Provisionals

819 Patent
120 NIST
May 31, 2006 113.5 LPW
’618 Provisional

> 100
=
- SOCEI?W C5A
= 80 77 LPW
g— 3ILPW
L CALiPer
%D CSA 59.9-62.4 LPW
= CSA 54 LPW
— 47 LPW
(0
; 40

20

0
January 2006 February 2006 April 2006 May 2006 September 2007 November 2007
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Enablement
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Wands Factors

n The breadth of the claims

|

n The nature of the invention
|

B The state of the prior art
|

Q The level of one of ordinary skill

E The level of predictability in the art

Q The amount of direction provided by the inventor

Q The existence of working examples

B The quantity of experimentation needed to make or use the invention
j based on the content of the disclosure

RDX-0002.045




April 2006 CSA Prototype Is Not First Embodiment

[Project Name Description Purpose Str  CCT Lumens Watts L/W CRI CSA Location |
3, : USA
3 strings, 117 x XT31, 55 x EPI S : : & e
D3-1 600mcd 616nm AllnGaP Third press release 3 3200 700 10 73 92 yes cn:?;:annce

Referring to FIG. 7, each of the greenish-yellowish emit-
ters 165 includes a blue light emitting diode chip 31 (namely,
a Cree XT LED (C460XT290) die with a peak wavelength
range of from about 450 nm to about 465 nm, and optical
power greater than 24 mW), a lead frame 15 having a reflec-
tive surface 32, a copper wire 33, an encapsulant region 34,
and a broad spectrum emitting lumiphor 35.

|
Tl L ing tl h the first string of LED emitt XThIn® LEDS
he current passing through the first string of LED emitters
1s regulated lo%e abogut 20 flilliamps. * CXXXXT 29 0 — Sxxoo = A

‘The current passing through the second string of LED
emitters is regulated to be about 20 milliamps.

‘The current passing through the third string of LED emit- Y ATM .
ters is regulated to be about 20 milliamps. XT-24 24.0 mW min.

JX-0002.0010, 21 RDX-0002.046




C460XT290

A

JX-0159

CX-0159

T. Coleman CH'.EEG
LED Light
Exhibit 5

XThine LEDs e
CxxxXT290-Sxx00-A

Cree’s XThin LEDs are the next generation of solid-state LED emitters that combine highly efficient InGal materials
with Cree's proprietary GeSICd substrate to deliver superior price/performance for high-intensity LEDs. These LED
chips have a geometrically enhanced Epi-cown design to maximize light extraction efficiency and require only a
single wire bond connection. These vertically structured LED chips are approximately 115 microns in height and
require a low forward voltage. Cree’s XT™ chips are tested for conformity to optical and electrical specifications and

the ability to withstand 1000V ESD. Applications for XThin LEDs include next-generation mabile appliances for use

in their LCD backiights and digital camera flash where brightness, tion, and low power

are required.

FEATURES

«~ XThin LED Performance
+ 3608470 nm
XT-12™ - 12.0 mW mi
XT-16™ = 16.0 mW min.
XT-18" - 18.0 mW min.
XT-21™ - 21.0 mW min.
XT-24™ - 24.0 MW min.

CxxxXT290-Sxx00-A Chip Diagram

Top View Bottom View

GeSiC LED Chip
300 x 300 ym

Gold Bond Pad
<1 105 um Diameter

{— Backside
Metalization
Cathode (-)

SIC Substrate
t=115m —

Ancde (+)

CX-0159.0001

XThine LEDs
CxxxXT290-Sxx00-A

XThin LED Performance

¢ 460 & 470 nm
XT-12™
XT-16™

12.0 mW mi
16.0 mW mi
18.0 mMW mi
21.0 mW mi

XT-18™
XT-21™
XT-24™

RDX-0002.047




Components Used in April 2006 Prototype

[Project Name Description Purpose Str  CCT Lumens Watts L/W CRI CSA Location |
3 strings, 117 x XT31, 55 x EPI USA
: 2 s 2y I A = s - , : - - '
D3-1 600mcd 616nm AlinGaP Third press release 3 3200 700 10 73 92 yes cn?zfnnce

Test Data Collected Af 115V, 60Hz Input
14,
1§,
16.
i,
18.
19,
24,
5
22,
23,
24,
25,
26.

Total Lamp Operation Time = {12 minules
Input Voltage = 115,02 V, 60Hz

Input Current = 213.2 mA

taput Power = 2,737 W

faput Power Factor =0.399

e )

Luaminous Fluox = _707.9 Lamens
Radiant Flox = 1030 mW

Correlated Color Temperature = 3189 K
CRI=91.66

X=04184

Y = 0.3806

Efficacy {calcalated) = 72.70 humen/watt

RX-0750, JX-0014.0099, JX-0017

Latest prototype fixture operates using 15 percent of the power of
standard 65-watt incandescent bulbs

Morrisville, N.C., April 24, 2006

LED Lighting Fixtures, Inc. (LLF) announced today that independent third-party
testing has confirmed that the company’s recessed luminaire has an efficacy of 73
lumens per watlt, a staggering gain in efficacy of 35 parcent over test rasults of ils
predecessor just two short months ago. This advance paves the way for wider
acceptance of light-emitting diode (LED) technology in the U.S. lighting market,
estimated at $12 billion.

In recent testing conducted at CSA International's Lighting Laboratory in Atlanta,
LLF's fixiures continuously produced more than 700 lumens using less than 10
watts from a wall-plug AC source. This result was significantly higher than the
company's 54 lumens per watt achieved in February. Color temperature was
measured at 3200 Kelvin, with a color rendering index of 92. LLF's proprietary
white light technology allows for a wide range of desired color temperatures. The
company used LEDs supplied by Cree, Inc.

RDX-0002.048




February 2006 CSA Test

Model LLF-T3
Report 1765845
1765845-

Project Number 1

Date Issued 2/16/2006

Efficacy 53.50
SF time chip phos % dispence X y rows col qty L tot L vftot vf Amps watts L/W cct/dom CRI
3-2 XT24 465 7.5% dome 0.2931 0.3182 1 5 18.944 1 3.789 1500 3 0.02 0.300 63.1 7842 76
1-7  10:00 XT24 465 10.0% dome 0.3575 0.4309 1 5 20.797 4.159 15.05 3.01 0.01999 = 0.301 69.1 4863 66
1-2 8:00 XT24 465 10.0% dome 0.3763  0.4675 1 5 20.465 4.093 15.00 3 0.02 0.300 68.2 4556 62
1-4 XT24 465 12.0% dome 0.4159  0.5260 1 5 19.781 1 3.956 15.15 3.03 0.02 0.303 65.3 4074 53
3-3 XT24 465 7.5% flat 0.2181  0.1977 1 5 14.168 1 2.834 15.00 3 0.02 0.300 47.2 20000 0
1-3 XT24 465 10.0% flat 0.3251 0.3775 1 5 19.060 ' 3.812 15.00 3 0.02 0.300 63.5 5769 71
1-5 XT24 465 12.0% flat 0.3319  0.3904 1 5 19.447 1 3.889 15.15 3.03 0.02 0.303 64.2 5528 70
1-1 8:00 XT27 455 10% dome 0.3956  0.4793 1 8 35.24 4404 2576 3.22 0.0200 0.516 68.3 4225 61
1-3 9:10 XT27 455 10% flat 0.3552  0.4018 2 18 156.3 4.341 57.70 3.21 0.04072 2.350 66.5 4836 67
1-4 9:30 XT27 455 10% dome 0.3896  0.4602 2 18 161.6 4.489 57.63 3.20 0.04023 2.318 69.7 4257 64
1-5 945 XT27 455 10% dome 0.3857 0.4535 2 18 165.6 4599 57.84 3.21 0.04032 2.332 71.0 4308 64
1-6  10:00 R8Y12W6 0.4427  0.4087 2 22 96.744 2199 37.45 | 1.70 0.04016  1.504 64.3 2941 92
1-7  10:15 R8Y12W6 0.4443  0.4099 2 22 94.698 2152 37.10 1.69 0.04056 @ 1.505 62.9 2924 92
1-8  10:22 R6Y12W6 0.4288 0.4139 2 20 90.336 2.258 34.88 1.74 0.04009 @ 1.398 64.6 3217 88
1-9  10:35 R10Y12W6 0.4552  0.4044 2 24 9846 2051 39.19 163 0.04014 1.573 62.6 2716 93
1-10 12:45 R10Y12W6 0.4543  0.4021 2 24 100.282 2.089 39.13 1.63 0.04109 = 1.608 62.4 2711 93
3-1 5 8.714 ' 1.743 10.63 2.126 0.02 0.213 Y| 613 0
1-1 5 6.955 [ 1.391 10.41 2.082 0.02 0.208 33 620 0

RPX-0001 RDX-0002.049




Prior Art Invalidity
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The Fini/Nakamura Technical Report

YAG:Ce coated Micro-lens diffuser (efficiency: 93%)
secondary optics ;

High reflectance paint
(>97%)

LED fixture using SPE packages

AR — Multiple SPE LEDs were packaged into a fixture and its performance was measured. The
[HmeysRa5%) goal was to create an efficient and reliable white light source package using the SPE concept. Six
3 W blue LEDs were fitted with YAG:Ce-coated secondary optics and mounted inside a fixture
Aluminum heat sink + electronicdriver | housing with an aluminum heat sink and electronic driver (Fig. 64). The fixture array consisted
of a machined retlector with 94% etticiency and a micro-lens diffuser with 93% efficiency. The
reflector and micro-lens diffuser combined increase mix uniformity and direct light output in the
desired direction. The interior mounting space for the SPE LEDs (i.e., the reflector) was painted
with a high-reflectance paint (>97%).

Fig. 64. Fixture incorporating six SPE LED packages. The micro-lens diffuser is not shown in the picture
for clarity.

JX-0150.0064, 65 RDX-0002.051




The Fini/Nakamura Technical Report

o e Efficacy: 36 Im/W (at 700 mA) to 78 Im/W (at 50 mA)
o wwval @ Luminous flux: 66 Im (at 50 mA) to 541 Im (at 700 mA)
‘4. .| © CCT: ~6500 K
| e CRL > 70
e CIEx,y: x: 0.3084, y: 0.3414 without diffuser and
x: 0.3139, y: 0.3513 with diffuser (at 700 mA in both cases)

JX-0150.0065 RDX-0002.052




The Fini/Nakamura Technical Report

YAG:Ce coated Micro-lens diffuser (efficiency: 93%)
ry optics

High reflectance paint

SPE Fixture Performance CIE - 1931

Machined reflector array 600 90 ! ! ! ! ! ! ! !
gl
Aluminum heat sink + electronic drive — 500 N \t\ xr, 75 e
3 - S
: LA
400 § 60
Q 1"5\\ = E
E = /i( S
N 3 300 2 o 45 >
— ) B
- < d & =
A N 52000/ 30 ¢
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Fig. 65. Measured efficacy and flux for the SPE Fig. 66. Chromaticity coordinates of the SPE fixture

& fixture. with and without the micro-lens diffuser.
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Machined reflector array
(efficiency: 54%)

Aluminum heat sink + electronic driver

-

s

Fig. 64. Fixturc incorporating six SPE LED packages. The micro-lens diffuser is not shown in the picture
for clarity.

following:
* Efficacy: 36 Im/W (at 700 mA) to 78 Im/W (at 50 mA)
*  Luminous flux: 66 Im (at 50 mA) to 541 Im (at 700 mA)
s CCT: ~6500 K
¢ CRI =170
*« CIExy: x:0.3084, y: 0.3414 without diffuser and

x: 0.3139, y: 0.3513 with diffuser (at 700 mA in both cases)

59. A method as recited in claim 52, wherein said lighting
device emits output light having a wall plug efficiency in the
range of from about 80 to about 85 lumens per watt of said

electricity.

The cfficacy, luminous flux, chromaticity coordinates (x,y), corrclated color temperature
(CCT), and color rendering index (CRI) of the SPE fixture were measured with an integrating
sphere. Figures 65 and 66 illustrate the performance results. The fixture demonstrated the

JX-0150.0065-66, JX-0002.0025 at 22:1-8

SPE Fixture Performance
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Current (mA)
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Fig. 65. Measured efficacy and flux for the SPE

fixture.
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Micro-lens diffuser (efficiency: 93%)

24. A lighting device as recited in claim 1, wherein said
output light is perceived as warm white.

YAG:Ce coated
secondary optics

High reflectance paint

Machined reflector array

B Term Construction

“perceived as warm “perceived as light having a color
temperature between

“ RUHES approximately 2700K and 3500K”

Fig. 64. Fixture incorporating six SPE LED packages. The micro-lens diffuser is not shown in the picture

acy, luminous flux, chromaticity coordinates (x,p), corrclated color temperature
olo dering index (CRI) of the SPE fixture were measured with an integrating

I ren g
es 65 and 66 illustrate the performance results. The fixture demenstrated the

sphei
W
* FEfficacy: 36 Im/W (at 700 mA) to 78 Im/W (at 50 mA)
*  Luminous flux: 66 Im (at 50 mA) to 541 Im (at 700 mA)
s CCT: ~6500 K
¢ CRI =170
e CIExy: x:0.3084, y: 0.3414 without diffuser and

x: 0.3139, y: 0.3513 with diffuser (at 700 mA in both cases)
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Scattered Photon Extraction
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as a function of
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encriy in a whitc LED can be writien as
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commercil white LED, 3 significant portion of this re-
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sulting in low 0 valucs. This is onc reason for its
fow luminous cfficacy

The next siep was o design a method 1o extract most
of the light reflected off the phosphor. Figure 4 illustrates.
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Figure 4 Schematic of the SPE white LED package. (Not drawn
to scale.)
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SPE Press Release

RX-0039

Breakthrough Technology Accelerates Solid-
State Lighting

11 April 2005

A research group, led by Dr. Narendran, developed
a method to extract the backscattered photons by
moving the phosphor away from the semiconductor
and shaping the LED lens geometry. When
combined, these changes allow the photons that
would typically be absorbed inside the LED to
escape as visible light. The new technology is
patent pending.

“Demonstration of this new ‘remote phosphor’
concept by Rensselaer’s Lighting Research Center
is an exciting development for solid-state lighting,”

RX-0039 RDX-0002.060
e aaaaaaaasaasaSass
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Ibbetson Report

DE-FCZ6-03NT41943 Fnuar Repory Crez SanTa BaRBARA TEGHMOLOGY CEUTER

therefore slightly more cfficicnr, package but it isn’t suitable for practical use as it cannot
effectively dissipate the heat generated by the LED.) The Car- radiation patiern of a typical
TO-3% header lamp is shown in figure 14. OF panticular no the near perfect lambertian
emission pattemn, a result of the micro-lens [.ED design, is considered particularly
desirable for optical design purposes.

0 a metal core printed ci
ation.  As far as possible, the

ear have
3! ated proven reliability under high flux operating conditions. The modules’ total
emilling area was kept within a 4" diameter circle, ie. the same foolprint as a PAR 38
incandescent light source.

w Figure 15: Experimental high flux Fig.ure 12.A protoltype; 1900 lumens
el lamp module consisting of an array of solid-state lamp indicative of the
semnpe state-of-the-art at the start of the

individual emitters on a metal core

circuit board. project.

Figure 15 shows a picture of the finished module. The array of
emitters was mounted to a metal core printed circuit board attached to a finned metal heat sink
oL S for efficient heat dissipation. As far as possible, the modules utilized materials (e.g. solder,
Ll phosphor, clear encapsulant) developed for Cree’s XLamp products since they have

demonstrated proven reliability under high flux operating conditions. The modules’ total
emitting area was kept within a 47 diameter circle, i.e. the same footprint as a PAR 38
incandescent light source.

JX-0151.0017 RDX-0002.062
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Metric Array Results
Diode Current
Density (A/cm?) = 75 100
Array Input (W) 12.0 21.5 29.6
Light Output 1040 1600 1960
(lumens)
Efficacy (Im/W) 87 74 66
CCT (K) 5850 5900 5950

Table 2: High flux lamp module performance at the
target diode current density of 52 A/cm’. Array #2
has higher efficacy but lower total luminous output.

Flux [im]

2500

2000

1500

500

0

Figure 16: High flux lamp module (a) output and (b) efficacy as a function of current density.
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RX-0493.0001

RX-0493

LED light fixtures according to some embodiments of the
present invention, such as the LED light fixtures 100a and/or
105, may provide a number of features and/or benefits. For
example, LED light fixtures including multiple multi-chip
lamps according to some embodiments of the present inven-
tion may provide a relatively high luminous efficacy (as
expressed in lumens per watt) for a given CRI. More particu-
larly, conventional light fixtures may offer 10-20 lumens per
watt for a CRI of 90, while LED hght fixtures according to
some embodiments of the present invention may offer 60-85
lumens per watt for the same CRI. In addition. LED hght

101 v 100b

Light Fixture 100b

105

FIG. 1B

RX-0493.0001, 9:35-45, Fig. 1B (annotated)
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Lys Driver Efficiency

Applicants have recognized and appreciated that for some
power supply applications and some types of loads, commer-
cially available conventional switching power supplies based
on DC-DC converters may not be best configured to facilitate
a flexible and/or efficient provision of power to a load. For
example, although the power conversion efficiency of many
conventional switching supplies is on the order of approxi-
mately 80% (from A.C. line voltage to a regulated DC voltage
output), particular configurations and/or control require-
ments of different loads may significantly reduce the overall
power conversion efficiency of a system that includes a DC-
DC converter and a load. wherein the load itself may include
. various control circuitry.

RX-0024.0061

RX-0024.0060, 61 RDX-0002.066




Supertex Driver Efficiency

RX-0054

Supertex inc. HV9910DB1

Off-Line High Brightness LED Driver Demo Board

Introduction i i
The Supertex HVE910DB1 demo board is a ﬁﬁ?clﬁca'lo“s

S p i f- t i
complete high curent, high brightness (HB) LED
power driver to supply a string of LEDs using the
HV9910 IC. The dema board can be used o test the  L039 Current NN cows ko
performance of the HV9910 as a constant current U S )
driver to sower a string.or muliple sirings of LEDs: —

LED String Voitage 40V maximum

QOVAC - 135VAC

HV99100B1 can Supply @ Maximum output current

of 1.5A to drve LED stiings that are 80V o less from Swiiching Frequency SokHz
a 120V, 60HZ input. It has an efficiency of about Efficioncy 90% (typ.)
90% at full load and oserates typically at 85% input

power factor.

Load Current 1500mA maximum
(adjustable down to 350mA)

The power conversion stage of HVES10DB1
consisls of a passive power factor cormector Gifcuil
followsd by & curent-contiolled buck converer
operzting at a switching frequency of 80kHz. The
nominal output current of the demo board can be
adjusted to any value between 350mA and 15A
using the on-board trimming polentiometer. PWM
dimming can be achieved by applying a pulse-widih-
modyiated square wave Signal between he PWMD
and GND pins.

Ackuai Size: 100 5men x 57

Board Layout and Connections

LED String Voltage 40V maximum

= e Switching Frequency 50kHz

Efficiency 90% (typ.)

BUPErtex, INC. + 1235 Bordesus Drive Surryrse. CA 94083 » Tak. (608) AX

RAB0162542
RX-0054.0001

RX-0054.0001 RDX-0002.067




McClear Letter

JX-0157

EXHIBIT
|
Cree, Inc. Mollers 3
4600 Silicon Drive
Durham, NC 27703
Dcar Richard:
One point of fecdback on the subject docunent from an LED supplict's perspoctive:
For the most part, the document s a fine effort. and it appears that the targets for the indoor fixtures are

Rough calculation for 6500K CCT:

Best LED commercially available: 8SLPW @350mA

Derating for thermal losses: 10% (90% of 25 degree C rating)
Derating for driver/electrical losses: 15% (85% efficient)
Optical losses in fixture: Varies greatly from 10% to more than 30%

JX-0157.0060-61 RDX-0002.068




Negley Presentation on Light Fixture Efficiency

RX-0745.0011

Beyond the LED
High Efficacy Fixtures Require a Systems Solution

—_—

o Systems Solution for High Efficacy and Long-Life
requires optimization in
— Optical

+ Optimization of overall optical system... photons can only be lost or
wasted (typical optical efficiency ~80%)
— Electrical
» Efficacy is from the wall-plug. (typical power supply efficiency ~
80%)
— Thermal

¢ Adequate thermal design is the key to “long life product” (well
designed system has a thermal roll-off of ~7%)

System Efficacy = Optical efficiency x Power Supply Efficiency x LED Thermal roll of
{ ~ 60% of LED component Efficacy)

S S Sw—— o
Copyright © 2008, Cree, Inc. pg. 11 L“hh &

RDX-0002.069




Known and Conventional Claim Limitations
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US 8,403,531 B2

23 24
deseribod above, what is conospually equivent. und ko 12 ATl feicw e e i i, e mil
whirlincorporutes the essentisl idea of ofa firstwatt-

it Vi, S gt gkt having m ) phag bty i o
Any w0 or more struetural pars of the Tghting deviees  range of from about 100 1 shout 113.5 Jumens per witl of
described herein can be integrated. Any structural part of the 5 said cloctricity.

lighting devices described herein can be provided in twoor 13, A lightlng device as recited in chim 1, whereln s4id
sman pats (ki beldtogethe, f i), Sy, eletsity B AC clctisity.

any twe 14 i 1, wherein e lighling
o i s BeconAuRe 18 St O e dten gt s sl e st

“The invention elaimed i w A lighting device a8 recited in claim 1, wherein the

1. Alighting deviee comprisingt sst ene solid sace light ghnng device furtier minteins a junclion tempsreure of
emnitter, said lighting device, when supplicd with clectricityol  the solid stete light emitier at or below a manufierures rated
a first wattage, emitting owiput light having a wall phiz ol junction temperature for 25,000 hour lifotime in 2 25 ° C.
Giency of at least B3 fntens per wetl of seid electricity.

2. ahing devios 10 rcited in <l 1, wherelnsad 15 as resiled in claim 1, wherein the
antput gt of  rghwess f  oas 300 o lighting device comprises

ring device ¥ eclcd in laim 1, whereln eald. et o S of Hat enitng diodes

output ugu b pemsyed st apower supply for driving the one of more strings of light
evice od in claim 1, wherein s

n s ¢m1mn dindes from an AC power sowse;
ot lghi bass CRI Rnofat et 90. a aheat mnunication with the light emit-
5. A lighting device s recited inclaim 1 wwherein said solid i ok configrod o eaafes bt Feon the gt

state Tight crmitter is « irst light cmitting dinde. cmitling diodes (0 an ambient environment of the light-
e o oo n e
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US 8,596,819 B2

US 8,596,819 B2

seross any other components wlong suid power line, i
14

57 A it opcitdin i 53, e il bl

between 141020
46. A method as resilcd in claim 43, wherein suid first

9w ofid gt et dides compies s phsliy of
s

said light emitting diodes.
s i 29, b, soid lighting
e furiher comprises at least one lumiphar:

48. A method a5 recited in claim 29, wherin said lighting

device sunits output light having a wall plug elliciency in the
F from about 60 o about 70 fumens per walt of said
slectriciy.

49 A method as recited in elsim 29, wherein said hgh!mg
device emits outpnt light having a wl plug eliciency in the
range of from about 70 to about 50 lumens per waft of sxid
electrieity.

50.A method as recited in clsim 20, wherein said lighting
device emits output light having a wall phig effieiency in the
rune of from sbout 80 to about 85 humens per wail of seid
kot

A method as recited in cleim 29, wherein said eleciric-
uy i AC electricity.

Ky

ey

ISR

104

15

rnge of fom ahevt 80 0 sbou 70 ubcas per wal oF s i
electricity.
8. A method as recited in claiim 52, whervin ssid lighting

angs of e a0 bt 80 v pas ol of said
clectri
K ettt e 52, wherein said lighting
15 Qutput ight having a wall inthe
g of rom about B0 tosbout 3 amsas per wal o seid
elest
S0 todor lighting comprising supplying s lighting
ovis wilh AD cleciichy of a fist woriegn, il alting
device comprising at Teast u i Jight cmiltin
lighting device. ertiting ouput gt haing a wll g -
ciensy of atloast 60 humens per warc of said elesiricity, said
output light being a quantity of lght exiting ffom the ighting
detee sl oty gt et percefved s wtis i
Alighiing device as recited in elaim 60, wherein said

2
inciuding i ir hghl cmning hode:

62. A lighting device as recited in claimn 60, wherin said
i il il 200 L

1. A lighting device comprising at least one solid state light
emitter, said lighting device, when supplied with electricity of
a first wattage, emitting output light having a wall plug effi-
ciency of at least 85 lumens per watt of said electricity.

T i T T T

poiat to a furth point, said fourth line segment comecting 24, A meihod of lighting, comprising:

said fourth point lo a Gf1h point, and said fifth fine sewment  providing a Fybting device thal uses power of  first watt-
said ifth point to said fist point, said first point s

baving x, v courdinutes of 0.32, 0.40, said secand point hev- roviding al. kst oo 50Tl st light cmiter; and

ingx, y coordinates of 036, 0.48, said third point hevingx,y 5 cmitling light (ol has a wall plug efficiency of at least §5

conrdinates of 0.43, 0.45. s2id fonrth point having x, ¥ cooe- Iumens por watt of power.

dinates of 042, 0.42, and said fitth point having x, y coordi- 25. 4 lighting device as recited in claim 1, wherein said

nates of 0.36, 0.38. Tighting device, whn supplied with electricity of a first wats-

9. 4 Tighling dovice as recited i claim 1, whercin ssid  age, crmits output Tight baving o wall phug oficiency in the

ol it prceed i, range of [rom sbout 85 10 sbout 100 humens per watt of said
A lighiing device as recited in claim 1, whencin said  cleciricily.

I hng device, when supplied with eleciricily ol a first wai- 26. A lighting device as recited in claim 1, wherein said

= et utput it aving vl plug ulmmcy in the i lectrisity of a fir
oursS toabot 113.5 aitolseid e, eils ouipul ight having a wall phg efficiency in the

Bk @ rom about 85 to about 110 lamens per watt f said

range

11 A lighting device as recited in claim 1, whervin suid  cleciricity.
lighting device, when supplied with electricity of a first watt-
axge, s outputght having a wall plug efficiency of ot least

110 lumens per watt of said electricity. sk e e
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52. A lighting device comprising at least a first light emit-
ting diode,

said lighting device, when supplied with AC electricity of

a first wattage, emitting output light having a wall plug

efficiency of at least 60 lumens per watt of said electric-

said output light being a quantity of light exiting

from the lighting device, said output light being per-

ceived as white light.
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