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Overview

* Challenged Patent
* Prior Art
* Brief Discussion of the References
* Motivation to Combine
* Disputed Claims
* Original Claims
e Substitute Claims
e Secondary Considerations Not Argued
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Contested Issues
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Overview — Contested Issues

Contested Issues

e “On”

e BEFs use structured refractive prisms to recycle light

* Claims 4 and 8, and using multiple diffusers was obvious
* Heat sinks are common in these systems

e Substitute Claims are Invalid
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Challenged Patent

az United States Patent (10) Patent No.:  US 9,605,835 B2
N Roberts (45) Date of Patent: *Mar. 28, 2017
' o (54) SOLID-STATE LUMINAIRES FOR GENERAL  (56) References Cited
ILLUMINATION

U.S. PATENT DOCUMENTS

(71) Applicant; Cree, Inc., Durham, NC (US)
3,805,937 A 4/1974 Hatanaka et al.

(72) Inventor: John K. Roberts, Grand Rapids, MI 3.927,290 A 12/1975  Denley

(US) (Continued)
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(*) Notice: Subject. (o any disclaimer,. the term of this H; ]] (ﬁ: ggé 2388}

patent is extended or adjusted under 35 Continued

U.S.C. 154(b) by 0 days. (Continued)

This patent is subject to a terminal dis- OTHER PUBLICATIONS

claimer,
U.S. Appl. No. 11/613.,692, filed Dec. 20, 2006, Negley.
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(22) Filed:  Feb. 2, 2015

Primary Examiner — Francis M Legasse, Jr.

e — — E e i L P ——
m A—
Ex. 1001

PETITIONER’'S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
B



Patent Disclosure

(57) ABSTRACT
40 A lighting panel includes a tile having a first side parallel to
/- a principal plane of the lighting panel, a plurality of solid

state lighting devices arranged on the first side of the tile and

_f_ /0 configured to emit light, a reflector sheet on the first side of

the tile. and a brightness enhancement film on the reflector

12 L~ 60 sheet, The reflector sheet may be arranged between the tile

/_ and the brightness enhancement film and the brightness

L— 50 enhancement film may be configured to increase the on-axis

10 intensity of emitted light. A luminaire adapted for general

N - illumination includes a lighting panel as described above, a
current supply circuit configured to supply an on-state drive

— 80 current to a string of lighting devices in response to a control

signal, a photosensor arranged to receive light from one of

the solid state lighting devices, and a control svstem con-
82 figured to receive an output signal from the photosensor and
to adjust the control signal responsive to the output signal of
the photosensor.

FIGURE 7 T —— P——
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’835 Patent — Claims 1-5 and 7-14

1. A lighting panel, comprising:

at least one substrate having a first side parallel to a
principal plane of the lighting panel;

a plurality of solid state lighting devices arranged on the
(irst side of the at least one substrate and configured o
emit light;

a rcflector on the first side of the at lecast onc substrate;

a brightness enhancement film on the reflector, wherein
the reflector is arranged between the at least one
substrate and the brightness enhancement film and the
brightness enhancement film 1s configured to preferen-
tially emit light having a first oricntation from the
lighting panel and to preferentially reflect light having
a second orientation, dillerent from the [irst orientation,
back into the lighting panel, and

a generally planar diffuser sheet hetween the reflector and
the brightness enhancement film, wherein the light
having the second orientation that is rellected back into
the lighting panel is recycled within at least the diffuser
sheet.

2. The lighting pancl of claim 1, whercin the reflector
comprises a coating on the substrate that is configured to
reflect and scatter light incident thereon.

3. 'Lhe lighting panel of claim 1, wherein the reflector
compriscs a reflector sheet that 1s configured to reflect and
scatter light incident thereon.

4. The lighting panel of claim 1, [urther comprising at
least ane additional layer on the brightness enhancement
film configured to diffuse, polarize, collimate and/or reflect
light.

5. The lighting panel of claim 3, wherein the reflector
sheet includes a plurality ol apertures therethrough, wherein
respective ones of the plurality of apertures aligned with
corresponding ones of the plurality of solid state lighting
devices.

. """ Ex. 1001, Col

MWWWW

. 22:33-67

7. The lighting panel of claim 3. wherein the reflector
sheet comprises a plastic toam.

8. The lighting pancl of claim 1, further comprising a
dilTuser sheet between the reflector sheet and the brightness
enhancement film.

9. The lighting panel of claim 1, wherein the brightness
enhancement film comprises a plurality of three dimensional
light extraction features configured to bend at least some
light rays passing through the brightness enhancement [ilm
toward the direction normal to the principal planc of the
lighting panel.

10. 'The lighting panel of claim 9, wherein the light
extraction Teatures are random features.

11. The lighting panel of claim 9, wherein the brightness
enhancement film is configured to limit direct emission from
the lighting panel of light emitted by the plurality of solid
statc light cmitting devices to thereby encourage light recy-
cling/diffusion in the lighting panel.

12. The lighting panel of claim 9, wherein the light
extraction features comprise tresnel-type lenses.

13. The lighting pancl of claim 9, wherein the brightness
enhancement film is configured to substantially collimate
light emitted by the lighting panel.

14. The lighting panel of claim 1, further comprising a
heatsink panel on a second side of the at least one substrate
opposite to the first side and configured to draw heat away
from the at least one substrate in a direction opposite to a
direction ol light emission [rom the al least one substrale,

Ex. 1001, Col. 23:5-31
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Grounds

Ground 35 U.S.C. Claims References

1 103 1-5 and 7-14 Mok, Holman, and Lamb
in view of the Knowledge
of a POSITA

2 103 1-5 and 7-14 Epstein, Holman, and
Lamb 1n view of the
Knowledge of a POSITA
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US 20060227545A1

a9y United States
a2y Patent Application Publication () Pub. No.: US 2006/0227545 A1

Siew Kim Tan, Loveland, CO (US);
Shin Wen Ng, Loveland, CO (US)

Correspondence Address:

AVAGO TECHNOLOGIES, LTD.
P.0. BOX 1920

DENVER, CO 80201-1920 (US)

Mok et al. (43) Pub. Date: Oct. 12, 2006
(54) LIGHT EMITTING PANEL Publication Classification
(51) Tnt. CL
(76) Inventors: Thye Linn Mok, Lovcland, CO (US);

B6OQ 1726 (2006.01)
(52) US. Cl e 3020227

(57) ABSTRACT

In one embodiment. a light emitting panel includes a base
panel and a plurality of light emitting elements mounted to
the base panel. Each of the light emitting elements produces
an illumination pattern having a region of substantially
uniform intensity that extends over a radiation angle of at

(21) Appl. No.: 11/103,172 least about 60°. One or more light conditioners are posi-
tioned adjacent the base panel to receive and condition light
(22) Tiled: Apr. 11, 2005 produced by the light emitting elements.
20 29 24
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(57) ABSTRACT

In one embodiment. a light emitting panel includes a base
panel and a plurality ol light emitting elements mounted to
the base panel. Bach ot the light emitting elements produces
an illumination pattcrn having a rcgion of substantially
uniform intensity that extends over a radiation angle of at
least about 60°. One or more light conditioners are posi-
tioned adjacent the base panel to recerve and condition light
produced by the light emitting elements.

W
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[0015] An exemplary light emitling panel 10 1s shown in
FIGS. 1 and 2 and may comprise a base panel 12 having a
plurality of light emitting clements 14 thercon. As will be
described in greater detail below, each of the light emitting
elements 14 produces an illumination patlern 46 that com-
prises a region 28 of substantially uniform intensity that
extends aover a large radiation angle (e.g., at least about 60°,
and typically at lcast about 100°). Sce FIG. 4. Onc or morc
light conditioners 16. 18 are positioned adjacent the base
panel to receive and condition light produced by the various
light emitting clements 14. The light conditioners may
comprisc a diffuser 16 that 1s positioned adjacent the basc
panel 12 so that the diffuser 16 receives and diffuses light
produced by the various light emitling elements 14 provided
on the base panel 12, and a brightness enhancer 18 that is
positioned adjacent the diffuser 16. The brightness enhancer
18 collccts diffusced light from the diffuscer 16 and dirccts it
out of a front surface 52 of the brightness enhancer 18 to
maximize the on-axis brightness ol the light emitting panel
10. In one application, the light emitting panel 10 may be
positioned adjacent a display device 20, such as a lhiquid
crystal display panel 22, to form a backlit display system 24.

W A e
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[0023] The diffuser 16 may be mounted in front of the base [0024] The brightness enhancer 18 is positioned adjacent
panel 12 and separated therefrom by a spaced-distance 48. the diffuser 16 and receives diffused light therefrom. The
Generally speaking, larger spaced-distances 48 will improve brightness enhancer 18 comprises a plurality of optical
the uniformity of the light produced by the panel, but at the elements, such as prisms 55 defined by the front surface 52
expense of panel thickness and some loss of efficiency. By of the brightness enhancer 18. that collect light from the
way of example, in one embodiment. the difluser 16 is diffuser 16 and direct it out the front surface 52 of the
separated from the base panel 12 by a distance 48 of about brightness enhancer 18. The brightness enhancer 18 thereby
30 millimeters (mm) or less. maximizes the on-axis brightness of the panel 10. By way of
example, in the embodiment shown and described herein,

R . the brightness enhancer 18 comprises a brightness enhance

film (BEF) available from 3M and sold under the registered
trademark Vikuiti®. Alternatively, other types of brightness
enhancers could be used.

[0025] The brightness enhancer 18 may be mounted in
front of the diffuser 16 and may be separated therefrom by
a spaced-distance 54. However, the brightness enhancer 18
is preterably stacked directly on (or applied to) the diftuser
16, thereby minimizing or eliminating the distance 54.

Ex. 1005
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portion 30 during fabrication thereof. Alternatively, the
reflector cup 32 may be mechanically formed after fabrica-
tion of the base portion 30, such as, for example, by drilling.
It is generally preferred that the reflector cup 32 be provided
with a reflective coating 58 thereon to improve efliciency.
By way of example, in one embodiment, the reflector cup 32
is initially plated with copper, then with a subsequent layer

of gold or silver to maximize reflectivity.

o

[0028] The reflector cup 32 may be formed in the base

—— —— ———
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a9 United States

a2 Patent Application Publication () Pub. No.: US 2005/0265029 A1
Epstein et al. (43) Pub. Date: Dec. 1, 2005

(54) LED ARRAY SYSTEMS (52) US.CL . 362/339; 362/231; 362/241;

362/246; 362/19

(75) Inventors: Kenneth A. Epstein, Saint Paul, MN
(US); Hung T. Tran, Woodbury, MN

(US); John C. Schultz, Afton, MN 57 ABSTRACT
(US); Robert M. Emmons, Saint Paul,
MN (US)
A light emitting diode (LED) array comprises an array of
Correspondence Address: LEDs mounted to a substrate. The LEDs emit light in a
;12/)[ :;lz)l\;(os\;’ﬁg‘iVE PROPERTIES COMPANY direction generally perpendicular to the substrate. An optical
ST. PAUL, MN 55133-3427 (US) sheet is disposed over the LEDs. At least a portion of light
entering one side of the optical sheet from the LEDs is
(73) Assignee: 3M Innovative Properties Company guided within the optical sheet in a direction generally
parallel to the substrate. Light extraction features direct light
(21)  Appl. No.: 10/858,539 from the optical sheet in a generally forward direction. Such
. an array is uscful for several applications, including space
(22)  Filed: Jun. 1, 2004 Jightmg direct information diP;I;lay and backhgh?in{lg, of
Publication Classification liquid crystal displays. The light spreading effect of the
optical sheet reduces the amount of black space between
(51) Int.C17 F21V 5/00 LED pixels.

410

422
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[0067] In FIG. 6, an LED 620 is disposed on a substrate
608 and is surrounded by an intermediate layer 622, which
may be a reflecting film. A guiding layer 610 lies over the
LED 620. Light from the LED 620 passes into the guiding
632 626 layer 610. The side of the guiding layer 610 facing away

626 611 from the LED 1s provided with a light extraction feature 624.

624 In this particular embodiment, the light extraction feature

/\ /\\ / /( 624 includes prismatic structures 626 disposed about the
630 610 LED 620. The prismatic structures 626 may be formed as a
634 Fresnel lens with the LED 620 at its center. Light 630 from

1612 the LED 620 passes into the guiding layer 610. Some of the

light 632 may be emitted directly via the prismatic structure
— 622 626. Other portions of the light 634 may be reflected within
Vd the guiding layer 610, for example by reflection off the upper
/ ~— 608 surface 611 of the guiding layer 610. The light 634 may also

[ reflect off the lower surface 612 of the guiding layer 610 or
620 off the intermediate layer 622. The light 634 is directed in a

] 6 forwards direction towards the viewer by the prismatic
* structures 626.

W g —
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[0072] In the embodiment schematically shown in FIG.
10A, the light exiraction feature 624 comprises a laver of
optical coupling material 650 and a plurality of prism-type
structures 652 whose apexes penetrate into the optical

coupling material 650. The prism-type structure 652 may be
attached to a base layer 654. For example, the prism-type

656 structures 652 may be molded with the base layer 654 or
\/ may be bonded to the base layer 654. The optical coupling
654 material 650 may be, for example, a thin layer of adhesive

E with a thickness in the range 1-20 um. In this particular

651 ___E__S:S 0 embodiment, the light 630 may pass out of the guiding laver
\/ ~ 6§12 610 1o be totally internally reflected at the upper surface 651
—————610 of the coupling material 650. The light 630 is directed to the

- — (22 intermediate layer 622 which reflects the light back

<l upwards. Some of the light incident on the upper surface 612
,’f — 608 of the guiding layer 612 is coupled into the prism-type
20 structures 652, which reflect the light upwards in the general
j:'fg .1 Oﬂ direction of the viewer. The base layer 654 may be provided

with a surface or volume diffuser to diffuse the light 656
emitted from the base layer 654. The prism-type structures
652 may be shaped in a pattern centered around the LED
620, or may be provided in some other pattern. For example,
the prism-type structures may be linear.

. e Ex. 1 538

Paper 1, p. 40
PETITIONER’'S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Ex. 1003 at {1180, 81, 148
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[0074] One or more light management films may be used
above the guiding layer for directing or redirecting the light.
For example, one or more brightness enhancing films,
available from 3M Company, St. Paul, Minn., under the
trade name BEF™, may be used to direct the light more in
a direction perpendicular to the substrate 608. Brightness

664 enhancing films typically comprise a plurality of prismatic
refractive elements which, when illuminated from the base
667 side of the prismatic elements, refract the transmitted light

r\/\/\/\ in a direction more parallel to the axis. In the example

illustrated in FIG. 11, a light emitting element that uses a

636 ~ Z — 662 diffractive light extraction clement 636 emits light from the
=1 guiding layer 610 in a first direction relative to the axis 660.

630 610 The light 667 is refracted upon exiting the first brightness-

enhancing layer 662 in a second direction that is closer to the

axis 666 than the first direction. In some embodiments, only

— 622 one layer of brightness enhancing film 662 is used. Typi-

cally, the prisms of the first brightness enhancing film are

608 ribbed, and so a single layer of brightness enhancing film

L . . . . . -

666 — 620 redirects the light in only one dimension. A second addi

i tional layer of brightness enhancing film 664 may optionally
be used, where the ribbed prisms of the second layer of
fjg_ 11 brightness enhancing film 664 are oriented perpendicular to
those of the first layer 662: the combination of the two layers
662 and 664 of brightness enhancing film redirects the light
towards the axis 666 in two dimensions.

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

(19) World Intellectual Property Organization
International Burcau

(12) INTERNATIONAL APFLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
A L T ) NS0 AR AT () nimmoenel| Fon ffezion [ (10) International Publication Number
143} Internationn! Publication Date B (19) International Publication Number 10 JUIy 2003 (10.07'2003) PCT WO 03/056876 Az
10 July 2003 (10.07.2003) PCT ‘WO 03/056876 A2
{51} Intermational Patest Classification’: HOSB  (81) Desigiated Staes (mationall: AE AG, AL, AM, AT, AL,
(8 e pplsion oo PCTRTARSS G DR DK DD an (51) International Patent Classification”: HOSB  (81) Designated States (national): AE, AG, AL, AM, AT, AU,
R e AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
159 il Eempues st (21) International Application Number: PCT/US02/40026 CZ, DL, DK, DM, DZ, EC, EL, LS, I'l, GB, GD, G, GH,
o — T e S S GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
e (22) International Filing Date: LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
B g e 13 December 2002 (13.12.2002) MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SLi, SG,
= E%&EJ ?émgmn_ s MEE“J;F?W&“"”‘"WWWMM SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, YU,
IV (25) Filing Language: English ZA, ZM, ZW.
R
sk ing of each regular drsue afthe PCT Ganeite:
B e T Ao s (26) Publication Language: English g4y Designated States (regional): ARIPO patent (GH, GM,
L KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
(30) Priority Data: _ Furasian patent (AM, AZ, BY, KG, KZ, MD, RU, TI, TM),
60/340.453 14 December 2001 (14.12.2001)  US Huropean patent (AT, BE, BG, CH, CY, CZ. DE, DK, EE,
= . ES, FL, FR, GB, GR, IE, I'l, LU, MC, NL, PT, SE, SI, SK,
= (71) Applicant: DIGITAL OPTICS INTE'RNATIONAL TR), OAPI patent (BE, B, CE, CG, CIL, CM, GA, GN, GQ,
P CORPORATION [US/US]; 1820 Ridge Avenue, GW, ML, MR, NE, SN, TD, TG).
© Evanston, IL 60201 (US).
2
L T D == (72) luventors: HOLMAN, Robert, L.; 1820 Ridge Avenue, Fublished: _ .
O T T e e e e — Evanston, IL 60201 (US). COX, Arthur; 1116 South Al- without mfernatlonal search report and to be republished
LD of DMD vidko as well as general I nd LCD busklighting. E dine A\’CI]UB, Park R]dgc, 1L 60068 (US) upon receipt thhaf report
== (74) Agents: BROWN, Marshall, J. et al.; Foley & Lardner, For two-letter codes and other abbreviations, refer to the "Guid-
— 330 North Wabash Avenue, Suite 3300, Chicago, IL 60611  ance Notes on Codes and Abbreviations" appearing at the begin-
E (US). ning of each regular issue of the PCT Gazelle.
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Ex. 1006, p. 1

FIG. 7

The present invention is concerned generally with a thin and compact multi-
layered optical system and method for generating well-organized output
illumination from a spatially discontinuous one or two-dimensional array of
discrete emitters, the output light emanating from one (or opposing sides) of
the multi-layered system, uniformly over the system'’s aperture. The field of

Ex. 1006, p. 1

layers and output screens. The related layer or layers, in configurations that
need them, can be conventional light spreading materials such as
holographic diffusers, lenticular diffusers, lens arrays, bulk or surface
scattering diffusers, opal glass, or ground glass. The related layer or layers
can also be a reflective polarizer that holds light of one polarization state
within the light source structure until it converts to light of the orthogonal
polarization. A base-diffusing layer, positioned just above the light source’s
emitting plane is added in some applications to introduce additional
randomization,

<

Ex. 1006
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a9y United States
a2 Patent Application Publication o) Pub. No.: US 2005/0135115 Al

Lamb et al. (43) Pub. Date: Jun. 23, 2005
(54) MULTIPLE LIGHTGUIDE BACKLIGHT (52) US. Cl .. 362/613; 362/19
(76) Inventors: David J. Lamb, Oakdale, MN (US);

Keith M. Kotchick, Saint Paul, MN 57 ABSTRACT

(US); Mark B. O’Neill, Stillwater, MN
(US); Patrick H. Marushin, Saint Paul,
MN (US); Mark E. Gardiner, Santa
Rosa, CA (US); Kenneth A. Epstein,
Saint Paul, MN (US); Philip E.
Watson, Saint Paul, MN (US)

Correspondence Address:
3M INNOVATIVE PROPERTIES COMPANY
PO BOX 33427

The present disclosure is directed to backlighting systems,
which include first and second lightguides, at least one light
source optically connected to an edge of the first lightguide
and at least one light source optically connected to an edge
of the second lightguide for supplying light into their
respective interiors. In the appropriate exemplary embodi-
ments, the backlighting systems of the present disclosure
include an extractor disposed at a surface of the second

ST. PAUL, MN 55133-3427 (US) lightguide for diffuse extraction of light from the interior of
the second lightguide. In such exemplary embodiments, at
(21) Appl. No.: 10/744,569 least a portion of the light supplied into the interior of the
second lightguide and then diffusely extracted therefrom
(22) Filed: Dec. 23, 2003 enters the interior of the first lightguide through a substan-
tially optically clear surface. In some exemplary embodi-
Publication Classification ments, the backlighting systems of the present disclosure
include recycling enhancement structures, which may be
(51) Int. CL7 .covooeeccvccseeee. F21V 8/00; F21V 9714 attached to the first lightguide.

100
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[0035] The traditional backlight 10 further includes a thin
diffuser sheet 16 and a layer of enhancement film 14 having
prismatic surface structures, such as Vikuini™ Brightness
Enhancement Film BEF, available from 3M Company. The 10
enhancement film 14 refracts Light within a certain angle /—

toward the viewer. Light outside that angle is “recycled,”

L&, reflected back mto the backlight 10, where it travels

within the system until reaching the proper angle for exiting | Q“'ﬁ, 14

the system. In addition, the traditional backlight 10 includes

a layer of reflective polarizer 12 placed over the enhance- I T~ 16
ment film 14. The reflective polarizer 12 is usually a
muliilayer reflective polarizer, such as Vikmt™ Dual +~18

Brightness Enhancement Film (DBEL), also available from 15
3M Company. The reflective polanzer 12 transmuts hight O O OJ

with a predetermined polanzation, while reflecting hight MQA—AQAMZA% 17
with a different polarization into the backlight 10 where the
polarization state is altered and the light is fed back to the PIG. 1

reflective polarizer 12, This process is also referred to as
“recycling.”

Ex. 1007
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e
Independent claim 1 disclosed by Mok

Core of Independent claim 1 disclosed by Mok
* Including, lighting panel (preamble), substrate (1A), solid state
lighting device (1B), reflector (1C), BEF (1D), reflector between
substrate and diffuser (1E), and recycling light (1F-G)

20 25 24
° - T il

18 55~ 523
= " 54
— y ¢ 1=
1076’;=I:=I:=E£E=D=L[?—14F - ﬁ:ﬂ@a:ﬁzfda
12" |

Ex. 1005, Fig. 1
Paper 1, at 15-24 FIG- 1
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Claim Construction — “on”

Hisense’s Construction Brightplus’s Proposed
Construction

directly on the other element or directly on, or on with intervening
intervening elements may be elements present
present

e “air gap” is intervening element

[t will be understood that when an element such as a laver,
region or substrate 1s referred to as being “on” or extending

Ex. 1001, 6:66-67

* Invalid under either understanding
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BEF “on” a reflector

If “air gap” is an intervening element

e Ground I: Mok discloses

e Mok discloses BEF is “preferably stacked” on diffuser Ex. 1005, [0025]
e Mok then discloses that reflector distance can be “50 or less” Ex. 1005, [0032]

20~ - 24
Y
| ' T |
18 55y 52~
-~ ) 54
— y \ 1=
10— %7 ,_{(—‘-‘4 e ——— S0 o 48
12/
Ex. 1005, Fig. 1
FIG 1 Paper 20, at 2-3
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BEF “on” a reflector

If “air gap” is not an

intervening element

e Both Grounds | and Ii
e Holman discloses direct
stacking

FI1G. 7

Prism sheets 58 and 60 are on the
reflector (i.e., “reflecting layer 76”)
via intervening elements that
include “confining structure 72”
(see Ex. 1006 at 37-38), “diffusely
scattering layer 68” (id. at 44),
“compartmentalized spacer layer

84" | Ex. 1006, Fig. 7
Paper 20, at 6-8

19

PETITIONER’S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




-
BEF “on” a reflector

If “air gap” is not an intervening element (Ground | and Il)

* Holman teaches coupling layers:
60 28

221 ¢

238

FIG. 15 shows one possible set of fully integrated two-dimensional light

source panels combining the high-density LED back plane of FIG. 13 with

the multi-layer illuminator arrangement of FIG. 7. The same type of

integration applies to the arrangements of FIG. 14 and FIG. 7, and also to the

light sources of either FIG. 13 or FIG. 14 and the system of FIG. 8. Ex. 1006, Fig. 15, page 40
Paper 20, at 6-8
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BEF “on” a reflector

If “air gap” is not an intervening element (Ground | and Il)

The four illustrative cross-sections 248, 221, 223, and 225 of FIG. 15 all use
elevated prism sheets 58 and 60, separated from the plane of emitting
apertures by spacer layer 84 (or 217) of thickness G1’ or G17, Gl and G1”
being the appropriate physical thickness for the degree of virtual image
separation required, the spacing medium being air (G1°) or transparent -
dielectric (G1””). Boundary 57 between lower prism sheet 58 and dielectric
spacer layer 217 1s either a thin air gap formed by mechanically resting one
discrete layer 58 on another 217, or a purposeful optical coupling wherein
layers 58 and 217 are bonded together, for example, by means of optical
adhesive or epoxy. In many cases, the existence of an air boundary between
the lower prism sheet and the emitters beneath is preferable, in that it
imposes a limit on the range of angles input to the lower prism sheet’s
substrate layer. While this limitation in turn may limit the percentage of
power transferred from layer 217 to layer 58, it leads to a more narrowly
confined output beam 219. Making all media boundaries between the LED
chips 70 and lower prism sheet layer 58 optically coupled increases the
amount of output light 219 emitted in higher angles, generally widening the
beam’s angular extent. Ex. 1008, p. 40
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-
BEFs Were Well Known, Well Characterized

POSITAs knew about BEFs, including 3M’s BEFs

explicitly described as recycling. Lamb, Ex. 1007, [0035]

- One of the “most common” films. Holman, Ex. 1006 at 118

- “hallmark” is recycling light. Holman, Ex. 1006 at 125

- collect light and maximizes on-axis brightness. Mok, Ex. 1005, [0015]

- Shown as limiting direct emission and recycling light. Epstein, Ex. 1008, FIG. 10B, [0074].
- Include prismatic structures to bend light “on axis” (aka collimate), thereby limiting direct

emission. Epstein, Ex. 1008, [0074], [0110]; Lamb, Ex. 1007, [0052], Mok, Ex. 1005, [0021]
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-
BEFs Were Well Known, Well Characterized

POSITAs knew about BEFs, including 3M’s BEFs
 What does a POSITA Know about BEFs?
* A POSITA knows that the BEFs described in Mok, Lamb, Epstein, and

Holman, all function similarly. Ex. 1003, 99 71, 75, 98, and 115.
 These are all the same 3M BEFs identified

* That they bend light “on-axis”, i.e. collimate, and limit direct emission

using prismatic structures that end up recycling light. Ex. 1003, 919 71-
75, 86-89, and 96.
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... ... ...
Claims 4 and 8

Claim 4 and 8 are obvious

* Claim 4: “one additional layer” on BEF
e Claim 8: further comprising a diffuser sheet between reflector and BEF

Ground II: Not Contested

— Claim 4: Epstein discloses contrast/projection filter 668 (Epstein, [0074-0075])

— Claim 8: guiding layer with diffuser integrated on far side between reflector and BEF
[Epstein [0084], Figs. 19A, 11.
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... ... ...
Claims 4 and 8

Claim 4 and 8 are obvious

* Claim 4: “one additional layer” on BEF
e Claim 8: further comprising a diffuser sheet between reflector and BEF

Ground I:

— Mok discloses using “one or more light conditioners”. Ex. 1005, [0015]
— Mok and Lamb disclose that diffusers can improve light uniformity and brightness, a
goal of both. Ex. 1005, [0006]-[0007]; Ex. 1007, [0058].

Dr. Pattison confirms that use of “multiple diffusers” was common, and
diffusers were well understood off the-shelf components. Ex. 1003, 9134
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... ... ...
Heat Sinks Are Disclosed in Prior Art

Claim 14 recites:

“a heatsink panel on a second side of the at least one substrate opposite
to the first side and configured to draw heat away from the at least one
substrate”

Ground |I: Mok

* Recognizes heat needs to be managed and discloses a PCB, which a

POSITA knows would function as a heat sink. Mok, [0004], [0006], [0019];
Ex. 1003, 9124-25

 Holman’s base layer 220 disclosed as part of a heat sink. Holman at 40.
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... ... ...
Heat Sinks Are Disclosed in Prior Art

Claim 14 recites:

“a heatsink panel on a second side of the at least one substrate opposite
to the first side and configured to draw heat away from the at least one
substrate”

* Ground ll: Epstein

[0054] The substrate 408 may be provided with a metallic
layer on its lower surface (not shown) for extracting heat
generated by the LEDs 420. In addition, the conductors 421
may be provided with large area pads 421 a to aid in
spreading the heat generated by the LEDs 420. Generally,

- — < Ex. 1008, [0054]
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Motivations to Combine

Mok + Holman + Lamb

Mok, Holman, and Lamb all relate to LED-based lighting devices to
provide backlighting for display elements with similar components
(LEDs, reflectors, diffusers, BEFs)

Mok, Holman, and Lamb all seek to increase efficiency, create more
uniform light, and a thinner display system
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Motivations to Combine

Mok + Holman + Lamb

e PO Attacks Mok — Holman Combination based on Mok’s distance
disclosure (50 mm or less)

— Mok teaches trade-off between uniformity vs. efficiency and thickness

— Holman’s teachings including intervening elements with larger spaces

PETITIONER’'S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Motivations to Combine

e Mok + Holman + Lamb

“The fact that the motivating benefit comes at the expense of
another benefit, however, should not nullify its use as a basis to
modify the disclosure of one reference with the teachings of
another.” Winner Int’l Royalty Corp. v. Wang, 202 F.3d 1340,
1349 n.8 (Fed. Cir. 2000)
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e DO



Motivations to Combine

Mok + Holman + Lamb

e PO Attacks Mok — Lamb Combination based on Lamb’s Use of CCFL

— PO misconstrues purpose of Lamb

— Lamb makes explicit what everyone knows — BEFs recycle light

PETITIONER’'S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Motivations to Combine

e Mok + Holman + Lamb

“['T]he test for obviousness is not whether the features of a
secondary reference may be bodily incorporated into the
structure of the primary reference .... Rather, the test is what the
combined teachings of the references would have suggested to
those of ordinary skill in the art.” MCM Portfolio v. Hewleft-
Packard Co., 812 F.3d 1284, 1294 (Fed. Cir. 2015).
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Ground Il

Epstein + Holman + Lamb
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Independent claim 1 disclosed by Epstein

Core of Independent claim 1 disclosed by Epstein
* Including, lighting panel (preamble), substrate (1A), solid state
lighting device (1B), reflector (1C), BEF (1D), reflector between
substrate and diffuser (1E), and recycling light (1F-G)

664
A A 667
i 636~ 1/ 662
! 630>/'\/ —— 610
.
| —— 622
| —— 608
! \
666 — 1 620
Ex. 1008, Fig. 11 FI1G. 11

Paper 1, at 37-44

PETITIONER’S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




BEF “on” a reflector

If “air gap” is an intervening
element

Ground Il: Epstein discloses

Epstein’s BEF 662 is “on” the
reflector 622 with intervening
element 610

See also, Fig. 4, 10A, 12

Ex. 1008, Fig. 11
Paper 1, at 40
Paper 20, at 15-16

AANNINNNNNINN

| 636~ |
: i

Y,

\
666 R 620

FIG. 11
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Ground Il “on” and recycling

To the extent Epstein does not explicitly disclose

* Holman discloses “on” * Lamb discloses recycling

FI1G. 7

“[3M’s BEF] refracts light within a certain

angle toward the viewer. Light outside that
angle is ‘recycled,’ i.e., reflected back into the
backlight 10, where it travels within the System
until reaching the proper angle for exiting the

NI S L system.”

Ex. 1003, 91/72-75.

Ex. 1006, Fig. 6
Paper 20, at 6-8
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Motivations to Combine

Epstein + Holman + Lamb

* PO Attacks Epstein — Holman Combination based on alleged loss of
uniformity

— Expert’s opinion is conclusionary and parrots attorney argument

— Holman’s teachings including compact designs with uniformity
e See Ex. 1006, e.g., 8 and 16
* See also, Pattison (Ex. 1003) at 91146
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Motivations to Combine

Epstein + Holman + Lamb

* Epstein, Holman, and Lamb all relate to LED-based lighting devices to
provide backlighting for display elements with similar components
(LEDs, reflectors, diffusers, BEFs)

* Epstein, Holman, and Lamb are all aimed at creating thinner, more
efficient lighting systems with brighter, more uniform lighting
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Mr. Bohannon’s Testimony is Not Credible

Compare and Contrast
 PO’s sur-reply (Paper 24) identifies 4 examples

— 2 examples are completely different
— 1 example only a short section is the same
— last example, again only short section

 PQO’s declaration is replete with verbatim copying on a scale that is
guantifiably and qualitatively different
— “recognizing this fallacy” even copies argumentative language

— last forty-six paragraphs of the declaration are nearly an identical copy of pages
24-48 of the Response.

* Compare Response at 24-48 with Ex 2006, 9953-99.
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D T



Revised Substitute Claims




... ... ...
The Substitute Claims

| 21. (proposed substitute for Claim 1) A lighting panel, comprising: '

at least one substrate comprising a metal core printed circuit board having traces formed thereon mounted on a lighting tile and having
a first side parallel to a principal plane of the lighting panel;

a plurality of strings of packaged solid state lighting devices arranged on the first side of the at least one substrate and configured to
emit light;

wherein the plurality of strings of packaged solid state lighting devices is mounted on the lighting tile:

wherein a lens 1s mounted over each one of the packaged solid state lighting devices:

a controller configured to control the plurality of strings of packaged solid state lighting devices:

wherein the controller is operable to deliver a control signal to a plurality of current supply circuits that are operable to control
the pulse width of the current supplied to each one of the plurality of strings of packaged solid state lighting devices using
information transmitted to the controller over a communication link;

a reflector mounted to the lighting tile and on the first side of the at least one substrate, the reflector being outside of the packaged
solid state lighting devices;

wherein the reflector extends to cover the lighting tile and includes a plurality of sidewalls outside of the packaged solid state
lighting devices that are angled with respect to the principal plane of the lighting panel:

a brightness enhancement film on the reflector, wherein the reflector is arranged between the at least one substrate and the brightness
enhancement film and the brightness enhancement film is configured to preferentially emit light having a first orientation from the
lighting panel and to preferentially reflect light having a second orientation, different from the first orientation, back into the lighting
panel, and

a generally planar diffuser sheet between the reflector and the brightness enhancement film, wherein the generally planar diffuser
contacts the reflector, and wherein the light having the second orientation that is reflected back into the lighting panel is recycled
within at least the diffuser sheet.

PETITIONER'S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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The Substitute Claims

22. (proposed substitute for Claim 2) The lighting panel of claim } 21, whereinthereflectorcomprisesa-coatingon-the-substrate-that

is-contigured-toreflectand seatter lightineident thereon wherein the lens surrounds each of the packaged solid state lighting devices

23. (proposed substitute for Claim 3) The lighting panel of claim + 21, whereinthereflectorcomprisesareflectorsheet thatis
configured-toreflect-and seatter ightinetdentthereon wherein the generally planar diffuser contacts the sidewalls of the reflector with

no 1nterven1ng clements.

24 (proposed substitute for Claim 4) The hghtrng panel of claim } 23, %ﬁh%%mprrsmg—&t—le&%e&e&dd&ﬁe&al—kayer—eﬂ—the

ht-wherein the generally planar diffuser is

offset from the packaged solid state hghtrng devices.

25 (proposed substitute for Claim 5) The hghtrng panel of claim 1 21, wherern—respeeﬁaee&es—e#ﬂ&e&pert\ﬁes—meh&d%aﬁgled

wherern the controller transmits control srgnals to a plurahtv of current supplv c1rcu1ts.

26. (proposed substitute for Claim 7) The lighting panel of claim 3 25, wherein-thereflector sheet comprises-aplastie foam-wherein at

least one of the current supply circuits transmit pulse width modulated signals to one or more of the plurality of strings of packaged
solid state lighting devices.

27. (proposed substrtute for Clarm 9) The hghtrng panel of claim 1 26, whereﬁkthebﬂghtnessenhaﬂeement—ﬁhﬂ—eempmesﬂa—pmra}w

A3 9 al pla : ane whereln the current supply circuits are operable to
individually control the current to each of the strings of packaged sohd state lighting devices.

28. (proposed substitute for Claim 10) The lighting panel of claim 9 27,-wherein-the licht extractionfeaturesare random-features

wherein the pulse width modulation of the current delivered to each of the strings of packaged solid state lighting devices is based on
one or more of: user input, ambient light information or other input.

29. (proposed substitute for Claim 13) The lighting panel of claim 9 21, wherein-the-brightness-enhancementfilmisconfigured-to
substantialy-collimate lightemitted-by-the lighting panel wherein the reflector is substantially planar to the surface of the lighting tile

where the reflector is on the at least one substrate.
PETITIONER’S DEMONSTRATIVE EXHIBIT =NOT EVIDENCE




The Substitute Claims Violate § 112

No Written Description Support for “Mounted On A Lighting Tile”

sional array. The tile 10 may include, for example, a printed
circuit board (PCB) on which one or more circuit elements,
such as discrete light emitting components, may be
mounted. In particular. a tile 10 may include a metal core
PCB (MCPCB) including a metal core having thereon a
polymer coating on which patterned metal traces (not
shown) may be formed. MCPCB material. and material

e
—_—

Ex. 1001, 8:27-33

1B~ [ 14 e

/—12'

1 3 carrier substrate 13

60—  \-16C
FIGURE 2

Ex. 1001, Fig. 2
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... ... ...
The Substitute Claims Violate § 112

No Written Description Support for a separate lighting tile
PO Argues: |

base panel 12 "comprise[s] a printed circuit board". Mok fails to disclose that the

base panel 12 comprising a PCB 1s mounted to a separate lighting tile or that the

Paper 32, 6-7

Patent only ever discloses that PCB is part of substrate:

only one tile. A solid state lighting tile 10 may include
therecon a number of solid state lighting elements 12
arranged in a regular and/or irregular one- or two-dimen-
sional array. The tile 10 may include, for example, a printed
circuit board (PCB) on which one or more circuit elements.
such as discrete light emitting components, may be
mounted. In particular, a tile 10 may include a metal core
PCB (MCPCB) including a metal core having thereon a

I L

Ex. 1001, 8:27-33
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The Substitute Claims Violate § 112

No Written Description Support for “Extends To Cover The Lighting Tile
And Includes A Plurality of Sidewalls Outside Of The Packaged Solid State
Lighting Devices.”

* No description of sidewalls outside the device.

/-?EI
/—12 — 60

_— 50

10
N T

Ex. 1001, Fig. 7

Paper 28, at 1-2

L— 80

Ex. 1006, Fig. 14
Paper 28, at 1-2

* PO says Holman does not disclose sidewalls outside the devices.
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Additional Prior Art
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Park — Ex. 1031
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Patent Publication Mo. 10-2005-0012372

(19) Korean Intellectual Property Office (KR)
{12} Laid-Open Patent Publication (A)

{(51). Int. CL." {11) Publication Mo. : 10-2005-0012372
HO1L 3300 {43) Publication Date : February 2, 2005
(21) Application No.: 10-2003-0051315
(22) Filing Date: Juby 25, 2003
(71) Applicant LG Innotek Co., Lid.

T38-1, Yeoksam-dong. Gangnam-gu, Seoul
(T2} Inventor Jun-Seok Park

51863, Gasrim 2-dong. Dong-gu. Gwangju-si
(T4) Attomey Yong-Rok Heo
Request for Examination Submitted

{54) LIGHT EMITTING DIDODE PACKAGE AND MANUFACTURING METHOD THERECF

Abstract

The present invention discloses a light emitting diode package which has a
plurality of high-power light emitting dicdes mounted in a package form, and achieves
excellent heat dissipaton while maintaining high luminance, and a manufacturing
method thereof. The present invention includes: a winng part configured to control
power and signal input and output to a plurality of light emitting diodes; a plurality of
light emitting diodes mounted on the wiring part; a reflection cup part coupled to the
wiring part to reflect light of the light emitting diodes; and a lens part disposed on the
reflection cup part to imadiate light generated in the light emitting diodes to an outside.

Here, a heat =sink is attached to a bottom surface of the wiring part on which the
light emitiing diodes are mounted to discharge heat generated from the light emitting
dicdes to the outside through the wiring part. The lens part is a Fresnel lens having
varnous shapes, and the wiring part is a metal core PCB.

W e 1031
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... ... ...
Park — Ex. 1031

Figure 3
111 Wia iy =2 G 33 . _ _ . .
. | ; "Explanation of Signs for Main Parts in the Drawings®
—H’H’_‘WWW’}W 300: LED package 301a; red LED chip
301b: green LED chip 301c: blue LED chip
100 \ .—l’—ﬁ / \ / I\ _ / 311: reflection cup part 320: wiring part
! 322- sificon resin 330: ens par
w1 n 1 350: heat sink
JLJHHHHUHHHHHHJLHHHHHL R -

Ex. 1031
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[19] China National Intellectual Property [51] Int. €T
Administration COIF 171338
[12] Public Specification of Invention HOLIL 3300
[emiblem] Patent Application GO9F /35

[21] Application No. 2005 10054620.9

[43] Publicafion Date Movember &, 2005 [11] Publhication Mo. CHM 16939624

[12] Application Date 052002005

[21] Application MNo. 2005100346299

[T1] Applicant Shenzhen Fhongdian Miaohao

Solid Light Scurce Co., Ltd

Address BE&D Center Mo. 1 Bac an

Tachuayuan Scence and Technology
Innovation Park, Bac’an Dhstct,
Shenzhen, Guangdong Provinee, 518102

[72] Inventors Mmgynan 11, Yingchun Chen Jun

< 2 - 4
+ino. Hanmine Chen Clazm= 2 pages Specification 7 pages Attached

drawings 5 pages

[54] Title of Invention An I CD Backlight System
Using Three-Primary-Coler (Fi=B)
wunit-packaged LED}

{5T) Abstract

The present disclosure prosaides an LD

(RGE) umi-packaged LFED=, comprismgz a hght

sowrce module, a reflector, and a Lhight diffuser,

characterizad m that the hght socwce module
comprises a pharality of hght sowce devices, with
each light sowrce device being conmposed of RiGEB

LED clups=. The RGE LED: are packaged in a unit

dewice, and the umt device 1s sranged to foom a

lLight soarce The RiGB chips of each LED hight

souree can  be  Independently dyoven  and
confrolled. allowings the RGE hght to be imhally
muxed m the wui-packaged stuchoe to achiewe
the desived color temperasture and brighiness
before being ermiied to the backlight systern The
Light diffuser comypaises a refiacthon-diffraction
bhybnd light smde plate which itself 1= a2 hight
refractive elemsent and has a3 mmero-step array
stuchare on itz swfzce. To achueve further light
umiforrmty,  different  scatbering  lavers  or
brnghtmess enhancement filuys (BEFs) can be wsed.

W £y 1033
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(57) Abstract

The present disclosure provides an LCD
backlight system wusing three-primary-color
(RGB) unit-packaged LEDs. comprising a light
source module. a reflector. and a light diffuser.
217 characterized in that the light source module
comprises a plurality of light source devices. with
each light source device being composed of RGB
LED chips. The RGB LEDs are packaged in a unit
device. and the unit device is arranged to form a

FIG. 1

light source. The RGB chips of each LED light
source can be independently driven and
controlled. allowing the RGB light to be initially
mixed in the unit-packaged structure to achieve
the desired color temperature and brightness
before being emifted to the backlight system. The
light diffuser comprises a refraction-diffraction
hyvbrid light guide plate. which itself 1s a light
refractive element and has a micro-step array
structure on its surface. To achieve further light
unifornuty.  different scattering layers or
brightness enhancement films (BEFs) can be used.

e { s

S e o — -
W-————- —
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(1%

United States

Mueller et al.

on Patent Applifﬂti[}ﬂ Publication m Pub. No.: US 2005/0047134 Al

(43 Pub. Date: Mar. 3, 2005

{50

(753

(73}
(Z1)

(Z2)

(63)

COMTROLLED LIGHTING METHODS AN
APPARATUS

Invemtars: Grenrge Go Mueller, Boston, M (US)g
. Milton, MaA (LS Kevin
T Dowling, Wiesaforcd, MA (LS
Charles H. Cella, Pembroke, MA (LS
Frederick M. Morgan, (hincy, MaA
(U5}

Correspondence Mddress:

LOWR LANDO & ANASTASI
RIVERFRONT OFFICE

ONE MAIN STREET, ELEVENTH FLOOR
CAMDBRIDGE, MA 02142 (US)

Asaignee: Color Kinetics, Bosten, A
Appl. Mo 1954234
Filead: S, 30, 2

Related VS, Appllcation Data

Continwation of application Mo, 100325635, ked on
ke 19, 2002, and which 15 a continmation-in=part of
h|‘||:l|'i|.'.l.lllll1 Mo, DIO9TL 367, filed on Oer. 4, 20000,
oy Pat. Mo, 6, TES011, which =5 a continuation of
application Mo, 09065121, Aled on Scp. 25, 2000,
nov Pat, Mo, & 806,639, which i o continuation of
application Mo, 00425770, filed on Oet, 22, 1999,
noww Pal, Mo, &, 150,774, which is a continuation of
application Moo O8D200 156, Aled on Aug. 26, 1997,
novey Pal. Mo, 6,016,005

Said application Mo, 100325635 = a continmation-in-
part of application Mo, 09215624, filked on Dec. 17,
1998, morw Pal Mo, 6,528,954,

Sancl a.|1-p|in:zli|||1 Mo LIWAZS5 635 = o conbimaaissm-m-
part of application Mo, (5/213,607, fked on Dec. 17,
L9as, movw abandoned, and which 5 a continuaton-
in-prart of application Mo, 097213 581, filed on Dec
L7, 1998, and which = a continuation-in-parnt of
application Moo (67213,540, filed on Dee. 17, 198,
nos Pat, No, 6,7200,745, and which is a conltinuation-

an=pard ol :||1|1|||_'_'.Iiur| Ao 09333, 739, filed on Jhin.
15, 1o00d, and which s a2 conlimeation-in-part of
uEIFI]i.C:I[I.I::-II Mo, 00ELE 418, Gled on Mar 22, 2001,
oo Pat. Mo, 65377080, which is & continuation of
application Mo, 0213548, Aled on Dec. 17, 1998,
e Pal, MNo. 6,166,496,

Sl :|]1|1Iin_'a|:i-::-r| Pegz, LIVEZ3 635 is 2 contimuestion-in-
part of application Mo, A NL1093, filed on May M),
2001, v Pat. Mo, S0 453, and which is a con-
tinuation-in-parn of application Mo, 09,344,650, Aled
on Jun. 25, 1999, and which = a continnation-in-pact
of application Mo, [RVE0E 3468, filed on Mar, 13, 2001
Sad applicanon Mo, V3T 6035 15 2 conlimualion=in-
part of application Mo, 090063, 909, Hked on Sep. 19,
20N, povw Pal, Mo &,548, 907, amd which is a con-
tinuation-in-pan of application Mo, 09716819, Gled
on Moy, 20, 200100,

(List contimwed on next page.)

Publication Classkfication

(313 Int, CL7 - . 21V 9
(52} LS. CL - - . Ma2/231
(57) ABSTRACT

Prosvicled berein are methods and systems for providing
controlled lighting, meluding methods and systems For pro-
viding both white and non-white colored Llighting, including
color wmperature controlled lighting. Such mothods and
systems include optical facilities Tor modifying light from a
lighting wnil, smch as an LED-based Lighting unit, including
variable optical facilities and fixed optical facilities, Also
provided are methods and systers for wsing ool -color
]ig_l:ln'll_u_ umils in @ \'uria.l:\.- of commencial ::|:l|:l|i-\.':|.lil. 5. Alao
provided are methods and systems for lighting control,
including methods 1o assist lighting designers and installers
i improwve the guality ol lighting in envimooments. Al=o
pn-\'l.-:lp:! are inlulliggnl cdimmers, swilches, =sockets and
fizxtore=, az well as facilities for PrOETamming anc wsing
thern, Aldso |'\l||.l'\-'Ldu'l are varkous sensor-feedback ﬂ|:l|:l|.i|.'1.—
ticns of lighting technology, including  sensor-focdback
invedving light sensors and Foreard voltage sensors, Also
provided are lighting methods and sysiems ihat operale on
time-hased parameters
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204 [0156] Asshownin FIG. 1, the lighting umit TO0 also may
200 include a processor 102 that is configured to output one or
\ 2084 f,f-mﬂ more control signals o drive the light sources 1044, 10418,
LIGHTING 120 L0 and 1041 s0 as (o generate varions intensitics of light
UNIT -/ | LUGHTING from the light sources. For example, in one implementation,
CONTROLLER ¢ Processor may be configured to output at least one
202 UNIT th 102 b figured to output at least
control sienal for each hght source so as 0 independently
100 trol signal § h Tighi i lependently
LGHTING 120 contral the intensity of hght generated by each light source.
CEMTRAL /| UGHTING Some examples of control signals that may be generated by
K—) vl - T ouNIT = : B
CONTROLLER CONTROLLER the processor to control the light sources include, but are not
208C f,ﬁ—-—fdﬂ' limited o, pulse modulated signals, pulse widith modulated
LIGHTING 120 signals (PWHM), pulse amplitude modulated signals (PAM),
e UNIT / “ﬁ:\l?,l'ﬂg pulse displacement modulated signals, analog control sig-
CONTROLLER nals {e.g., current conirel signals, voliage conirol signals),
2080—., ~—100 combinations and/or modulations of the foregoing signals,
LIGHTING J/r‘?ﬂ' or other control signals. In one aspect, the processor 102
e UNIT LIGHTING . ot dedicated ciren; e i W
CONTROLLER UNIT may control other dedicated circuitry {not shown in FIG. 1),
' which in turn controls the light sources so as to vary their
respechive mtensities,
PP o .

FIG. 2 | —— N

Ex. 1033
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an United States

w_w—wwwww

a2 Patent Application Publication (o) Pub. No.: US 2007/0046485 Al

Grootes et al.

(431 Pub. Date: Mar. 1, 2007

(54) LEDY LIGHT SOURCE FOR BACKLIGHTING
WITH INTEGRATED ELECTRONICS

{761 Inventors: Pleter Grootes, Best (NL1 Noharu
Kalte, Tilburg (ML} Robert FM.
Hendriks, Crverlangel (ML) Charles A,
schrama, Perang (MY} Emonnel
Stassar, Sprang Capelle (ML) Deands
Clacssens, Eindhoven (ML)

Correspondence Address:
PATENT LAY GROLUP LLEP
2635 MORTH FIRST STREE T
SUITE 123

SAN JOSE, CA 95134 (US)

{211 Appl. Mo, 111212185
{217 Filed: Aug. 26, 2005
Puhlication Clessification

(317 Imt 7L

LT (200601
(321 WS CL i, MIELSAS
(537] ARSTRACT
An LED backlight strocture and technique for setting the

violtages and currents for the LEDs are descrbed, Inoone
embodiment, red LEDs are connected in series between a

Tt veeltigze resulator amd a first contndlable current sourc,
green LEDS are connected in series betwesn o second
voltage regulator amd a0 second contrallable curment source,
and blue LEDs are connecied in senes between a thind
voltage regulator and a third controllable curvent source. The
current smerces may lmear cument regulators, Adter all the
LEDs are mounted on a printed circuit board, each voliage
pegulator s controlled so that there is o minimam vollage
drop across the current souree o minimize enengy dissipa-
ticn by the current sourcs, Also, alier all the LEDs pre
maunitend oo the printed circunt boand, the corment sounces are
confrolled to halonce the three colors o pehieve o tanget light
output of the board using o light detection chamber. In
amoller ernbodment, @ conslint Curmenl sounce 1% commected
o the series string of LEDs. PWM controllers control
transistor switkches connected in parallel acress groups of
LEDs, wh-.'n.*ﬂh:;ilﬂ:.' cycles et Ehyee avermge currenl th r-.:-1|3h
each group of LEDs. The eomtrol values used 10 achieve the
target light characteristics ane then stored in a memony on the
board. With such o techosigque, LEDs do pot need w0 be
binned 10 match their efficiencies, sinee the controllable
voltage andd current sources compensate for the varicty of
LEDY efleencies. Accordingly, all boands will have the same
Larzed Lzl cutput usang the particular valoes stoned on sach
board. [ other embodiments, not all the LEDs of a particular
color are connected in series, The beightness levels of the
LEDs may be further controlled by a FWM controller, The
hacklight may be for an LOD wlevision er other color
display.

e —————————— e —
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Grootes — Ex. 1035

e e e s i i e

[0017] In another embodiment, a PWM controller controls
a transistor in parallel with one or more LEDs in a serial
36 4 37 & 8 . siring mounted on a printed n:il_'::uil_huurd. There may be a
Vee - — N £ S z separate transistor in parallel with different groups of LEDs
sMPs ars T swes _ in the serial string. The transistors are each controlled with
Sourze | Souroe a separate PWM controller on the PCB to substantially
v.'|:[§ B equalize the brightness of each group of LEDs and make the
; overall brightness of the entire string or cluster match a
target value. A separate set of PWM controllers is provided
for each LED color. The control values for each PWM
. h 4 controller are set to cause the board to have a target light
- output (e.g., predetermined brightness and white point).
h 4 =_ f These control values are stored in a memory on the board.
b 0 —{ H 2 When the board is powered up, the control values from the
(e | 4 Ao . i memory are used to set the PWM duty cycles so that the
- rx @ B [ a) - O board meets the target light output characteristics. Tn_ ll_u.t:
it [ r , r way, all boards have the same light output characteristics
st ' ' - ' when sold to the customers. Additionally, the brightness of
each string of LEDs mayv be separately controlled by an
external PWM or amplitude modulation controller (operat-
! ing in conjunction with the aforementioned PWM control-
30 lers) to allow the user to adjust the brightness and white
point to meet the particular specifications of the user.

Semiros

v,
Ve | # 8

Vea

\g
6
-1
gl

i

-
I
fineLs

Fig. 4

l
3
»

Ex. 1035
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a9) United States

2y Patent Application Publication (o) Pub. No.: US 2006/0083023 Al

Ayabe et al,

(43) Pub. Date: Apr. 20, 2006

{(34) LIGHT EMITTING SOURCE AND A LIGHT
EMITTING SOURCE ARRAY

{75)  Inventors: Takahiro Ayahe, Otsu-shi (JP); Akira
Matsui, Joyo-shi (JP); Kenji Homma,
Soraku-gun (JP); Hironobu Kivomoto,
Mara-shi (JP)

Correspondence Address:
OSHA LIANG L.LP
1221 MCKINNEY STREET
SUITE 2800
HOUSTON, TX 77010 (US)
{73)  Assignee: OMRON Corporation, Kyoto (JP)
{21)  Appl. No.: 11/252,518
(22) Filed: Oct. 18, 2005
{30 Foreign Application Priority Data

Dec. 28, 2004 (JP) i 2004-379520
Oct. 19, 2004 (TP e 2004-304975

W

Publication Classification

(51) Int.CL
F2IV 7 (2006.01)
(52) US. Cl s s 362/607

(57} ABSTRACT

On the rear surface of a transparent molded unit is provided
a reflecting member. In a central part of the molded unit are
encapsulated light emitting devices. In the vicinity of the
central part of the reflecting member is formed a reflecting
area that is angularly inclined to the rear surface as it moves
to the outer circumferential direction. A toric channel is
provided on a light irradiation surface of the molded unit,
and a slope tolal reflection area 15 provided in its nner
circumferential side. Light emanating from the light emit-
ting devices is reflected at the slope total reflection area, and
further reflected at the direct output area. Then, after being
further reflected at the reflecting aren of the reflecting
member, the light is guided 1o the outer circumferential end
of the reflecting member, and is outputted forward from the
total reflection area by being reflected at the outer cireum-
terential end of the reflecting member,
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Fig. 1

Fig. 15 —\

64c

Ex. 1017
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Wﬁmﬁm

a9 United States

a2 Patent Application Publication o Pub. No.: US 2007/0188425 A1
Saccomanno (43) Pub. Date: Aug. 16, 2007

(54) SYSTEMS AND METHODS FOR Publication Classification

CONTROLLING LIGHT SOURCES
(51) Tnt.Cl.

GG 332 (2006.01)

(75) Inventor; Robert Saccomanno, Montville, NJ (77T U0 0 R — 345/82
US
U3 (57) ABSTRACT
A system for controlling a set of light sources may include
Correspondence Address: a set of light sources, at least one optical condut arranged
Kurt Luther, Esq. relative to the set of light sourees so as to collect excess light
Honeywell International, Inc. from the set of light sources, and at least one sensor coupled
Law Department AB2 to the optical conduit and configured to sense light collected
P.O. Box 2245 by the optical conduit. The system may also include a
Morristown, NJ 079629806 (US) controller configured to control the emittance of the set of

light sources based on the light sensed by the sensor. A
method for controlling a set of light sources may comprise

(73) Assignee: Honeywell International, Inc. individually varying power supplied to at least some of the
light sources in an imperceptible manner, sensing light
(21) Appl. No.: 11/350,953 emitted by a light source for which the power has been
varied, and controlling the emittance of the set of Lght
(22) Filed: Feb. 10, 2006 sources hased on the sensed light.

- ]
sttt — Ex. 1019
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Grounds
Ground 1 Ground 2
Claim 21[a] |+ Park and/or Li + Park and/or L1
Claim 21|b] | + Park. Li, and/or Grootes + Park. Li, and/or Grootes
Claim 21Jc] | + Park and'or Li + Park and/or L1
Claim 21]d] | + Park and/or Li + Park and/or L1
Claim 21Je] | + Mueller and/or Grootes + Mueller and/or Grootes
Claim 21[f] | + Mueller and/or Grootes + Mueller and/or Grootes
Claim 21Jg] | + Avabe, Park. and/or Li + Avabe, Park, and/or Li
Claim 21[h] | + Saccomanno, Avabe, Park + Saccomanno, Avabe, Park, and/or
and/or L1 Li
Claim 21Ji] |+L: + L1
Claim 22 + Park and'or L1 + Park and/or L1
Claim 23 Ground 1 Ground 2
Claim 24 Ground 1 Ground 2
Claim 25 + Mueller and/or Grootes + Mueller and/or Grootes
Claim 26 + Mueller and/or Grootes + Mueller and/or Grootes
Claim 27 + Mueller and/or Grootes + Mueller and/or Grootes
Claim 28 + Mueller and/or Grootes + Mueller and/or Grootes
Claim 29 Ground 1 Ground 2

PETITIONER’'S DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Motivations to Combine

Ground 2 + Park, Li, Mueller, Grootes, Saccomanno, and/or Ayabe

* Ground 2, Park, Li, Mueller, Grootes, Saccomanno, and Ayabe all relate
to LED based lighting devices to provide backlighting for display
elements

e Utilize similar components such as LEDs, substrates, reflectors, diffusers,
and brightness enhancement films.

 Ground 2+ Park, Li, Mueller, Grootes, Saccomanno, and Ayabe all seek
to increase light output and uniformity, efficiency
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Substitute Claim 21[a], 21[b], and 21[c]

e Mok’s disclosure mirrors ‘835 Patent

Mok: base panel may comprise PCB

[019]  Refernng back now 1o FIG. 1, one embodiment of

. T . a light emitting panel W may comprise a base pane]l 12
835: Tlle may comprise PCB suitable for receiving the various Hght emitting elements 14
in the manner descrbed herein, The base panel 12 may
comprise a generally rectangular shaped, plate-like member

. - . R s T hoving a length 28 and o width 40 that are commensurate

Cl'lll}’ one tile. A solid state llghtlﬂg tile 10 may include wilh the mtended size of the panel 10, The base panel 12
thereon a number of solid state lighting elements 12 provides a convenient mounting location for the various
ed . 1 d{{ . ] d light emitting elemenis 14, allowing them 1o be armanged in
arrang i a regu ar and;or 1rregu ar one- or two-dimen- a two dumensional arcay or pattem over both the length 38
sional array. The tile 10 may include, for example, a printed and widih I'“' of ‘1“*' h=:; Iﬁ:'““}l_ Izi ':L_'”“;‘]L' each of :.1.:"-[ light
. . . . . emitting elements needs to he electrically connected o a
circuit board (PCB) on which one or more circuit E]EII]E!HTS, source of electrical power, it will be convenienl in mosi
such as discrete light emitting components, may be applications for the base panel 12 1o comprise a printed
. . . circinl boand, although this 5 ool required. In an embodi-

lIlDl]lltEd. In partICUIar: d tl]e 10 may IHCIUdB a metal corc ment wherzin the base panel 12 comprises a printed circwit
PCB (MCPCB) iI]C]UdiIlg a metal core having thereon a board, the hight emitting elements 14 may be electncally

e —t-

connected (e.g., by soldering) w pads (nod shown ) provided
Ex. 1001. 8:27-33 on the base panel 12, The pads of the base panel 12 may then

’ be connected 1o derve circoitey (et shown) switable lor
providing the required electric current 1o the light emitting
elements 14.

Ex. 1005, [0019]
" Paper28,at3

‘-ﬂ il -
—
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Substitute Claim 21[a], 21[b], and 21[c]

e Epstein teaches a tile 304 with a number of layers, including a MCPCB

304 06 )
] FA
. . N alelelalals(a]
[0039]  An cmbodiment of the structure of the lighting unit 3C _@)g NEEEE
300 15 further explaned with reference to FIGS. 3A-3B. The o 2 ED = A D
display panel 302 of the lighting unit 30 comprises a > gg gggg.
nurr!hur of llih,::-:u 304, and each tile 304 comprises a rljumhur slolelalelalo
of light emitting elements 306, The lavers of the tle 306 glaalalalole
comprisc a substratc 308, a gwiding layer 310 and an ojojojojoolo
optional contrast/projection filer 312,
3 sse
—— -~ — - — 308 — u
Ex. 1008, [0039] 'H _— s

Paper 28, at 4

FIG. 3B
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Substitute Claim 21[a], 21[b], and 21[c]

e Strings of LEDs were common, well-known. For example:

Mok Grootes

with the wtended size of the panel 10, The base panel 12
provides a convenient mounting location for the various

[0010] An LED light source for backlighting is described

light emitting elements 14, allowing them to be arranged in that can store optimal current settings for strings of LEDs,
a two dimensional array or pattern over both the length 38 such that color and brightness uniformity in the backlight
and width 40 of the base panel 12. Because each of the light application is ensured. Storing the optimal current settings

emiutting elements needs o be electnically connected to a
source of electrneal power, 1t will be convement 1n most
applications for the base panel 12 w0 comprise a printed

for a particular light source board on the board results 1 all
light source boards having uniform light output character-

circuit board, although this is not reguired. In an embodi- i5tics.
Ex. 1005, [0019] Ex. 1035, [0010]
Paper 28, at 4-5 Paper 28, at 5
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Substitute Claim 21[a], 21[b], and 21[c]

* Packaged LEDs were common, well-known. For example:

Holman

A wide variety of LEDs are presently manufactured in two types of
packages: clear plastic elements of a wide variety of sizes and shapes, or 1.5-
3.0 mm square ceramic surface mounts suitable for conventional printed
circuit boards. The physical package size determines how many lumens can
be supplied in a given application area. The package’s optical design
determines the characteristic with which the lumens are emitted. Some
packages have a lens that causes a more directional emission of light. Other
packages emit light in all directions. All present packages are larger than
their emitting apertures, making light strongest from the center of the
package and giving conventionally packaged LEDs a point-like appearance.

Epstein

[0044] The LEDs may be packaged LEDs or non-pack-
aged LEDSs, for example, LED dies, surface-mounted LEDs,
chip-on-board LEDs and LEDs of other configurations. The
term LED also includes LEDs packaged or associated with
a phosphor where the phosphor 15 used to convert light
emitted from the LED to Light at a different wavelength.
Chip-on-board (COB) is a hybnd technology that employs
face-up-bonded chip devices interconnected to a substrate
conventionally, for example wsing wire bonding. Connec-
tons may be made by wire bonding, tape automated bonding
(TAB), or flip-chip bonding. The examples illustrated herein
mostly show LED dies, but this 15 not miended as a
limitatwon, and other types of packaged LEID, as described in

— - = “ — this paragraph, may also be used.
Ex. 1006, 25 T - S .
Paper 28, at 5 Ex. 1008, [0044]

Paper 28, at 5
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Substitute Claim 21[a], 21[b], and 21[c]

Mok and Epstein disclose packaged LED mounted on a tile:

304 iﬁ h
_ =l E:- ol alo
sultable 1or receving e various light emitiing elements 14 3C -@)g |geed
in the manner described herein. The base panel 12 may ﬂ S E i g g-g
comprise a generally rectangular shaped, plate-like member NEOEERAE
having a length 38 and a width 40 that are commensurate REERERAR
with the intended size of the panel 10. The base panel 12 8 o 6laa oD
provides a convenient mounting location for the various Ldlledie Rl
light emitting elements 14, allowing them to be arranged in
a two dimensional array or pattern over both the length 38 o 5889
and width 40 of the base panel 12. Because each of the light 308 — —
hY . Iy
Ex. 1005, [0019] A
Paper 28, at 3-6 _:FIG* 5:‘3

Ex. 1008, Fig. 3B
Paper 28, at 3-6
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Substitute Claim 21[d]

* Prior art, such as Mok and Park disclose a lens mounted over each
packaged LED (see also Holman and Lee)

Figure 3

an 01a g 822 ate 3?:-
| J,-': ...l'l A JI." ./’
'\I ? .": T - I ,'I 4 II
A
A
320 |
-'u
(
50
Park
Ex. 1005, Fig. 3 Ex. 1031, Fig. 3
Paper 28, at 7 Paper 28, at 7
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Substitute Claim 21[e] + 21[f]

 Mueller discloses a PWM controller that sends control signal to current
supply circuits over communications link

[0156] As shown in FIG. 1, the lighting unit 100 also may ‘20(') ' 204 ‘
nelude a processor D02 that 15 confligured 1o oulpul one or \ 208A 100
more contral signals to drive the light sources 104A, TIME, N 120
LC and MM so as o generate various infensihics of light ] L'%’Lﬁ‘le /| LIGHTING
from the hght sources. For example, in one implementation, 202 CONTROLLER UNIT
the processor 102 may be configured to output at least one \ 2088~ 100
control signal for each hght source so as to independently ' LIGHTING 7/20 LIGHTING
. - F . p—— . — . - " CENTRAL e UNIT
q:ﬁmr-.':] the intensity of |.L=‘|'I[ILLI'II..,|:'EI.1.IL.¢'J by each light source. COENTRAL > CONTROLLER UNIT
Some examples of control signals that may be generated by 208C 100
the processor to control the light sources include, but are not 120
limated 1o, pulse modulated signals, pulse widih modulated : P U%}:\IPPG / LiG*wTNG
signals (PWM), pulse amplitude modulated signals {PAM), ' CONTROLLER v
pulse displacement modulated signals, analog control sig- 208D 100
nals {e.g., current control signals, voliage control signals), LIGHTING 7/20‘ LIGHTING
. - oS p Ons - Foreoning sio . e UNIT
combinations and/or modulations of the foregoing signals, CONTROLLER UNIT
or other control signals. In one aspect, the processor 102 \/
may control other dedicated circuitry (not shown in FIG. 1),
which in turn controls the light sources so as to vary their FIG. 2
respective mnlensiiies. Ex. 1034 Fig. 2
W—-——_ s ‘ g Paper 28, at 8-10
Ex. 1034
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Substitute Claim 21[e] + 21[f]

* Grootes discloses a PWM controller that sends control signal to current
supply circuits over communications link

|0041] Each current source 40-42 1s controllahle to control ; |
Lol o

the brightness of 115 associated LEDs to achieve the desired — é_;szil
white point. Each current source may be that shown in FIG, A

1.2, or 3, with control inputs being Vref (or [set) and enable
(EN). In FIG. 4, the Vref or [set terminals are labeled AM a7 ___T 40
famplitude modulation ), and the EN terminals are coupled to . -

a PWM controller. Either the magnitude of AM or the duty
cycle of EN may be wsed to control the brightness of the
respective LEDs, The AM lead 15 used 1o control the “hnear™
conductivity ol the pass transistor 14 when the current
source 15 enabled by the signal EN,

S 30

N _ p . Fig. 4
“-ﬂ_ I

Ex. 1035 Ex. 1035, Fig. 4

Paper 28, at 8-10
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Substitute Claim 21[g] + 21[h]

 PQO’s arguments with respect to “a reflector that is extended and angled with respect to a
surface of a substrate” inapplicable, as limitation not in claim

* Reflector mounted to and covering tile with angled sidewalls outside of packaged LEDs well
known in the art:

Mok
Ex. 1005, Fig. 1
Paper 28, at 11-12 FIG. 5D Ex. 1008, Fig. 5D

Paper 28, at 11-12

 See also, Holman, Ayabe, Saccomanno, Li, Lamb
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... ... ...
Substitute Claim 22

* Requires “the lens surrounds each of the packaged solid state lighting
devices” not a separate lens component that must be outside of the LED
package.

* Either way, prior art discloses substitute claim 22. For example:

Park

Figure 3
301 ] 322 : )
. 304a e 3 e 3I3L

300 \ .—"—T’H’I \ m / \ m:; /

!
’
-
3207 ‘ ‘ ‘ ‘ ‘ ‘ ‘
T

Ex. 1005, Fig. 3 Ex. 1031, Fig. 3

Paper 28, at 17
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... ... ...
Substitute Claim 23

* Sidewalls of reflector in contact with planar diffuser disclosed by the art.
For example:

664
667

ANNNNNNNNNANN NN
| 636~/ — 662

— 1

! ESUW — 610
E — 622
I f — 608

Ex. 1008, Fig. 11 i
X ig FIG. 11 Ex. 1006, Fig. 13

Paper 28, at 17-18
Paper 28, at 17-18

Epstein Holman
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Substitute Claim 24

* Planar diffuser offset from packaged LEDs disclosed by the prior art. For

example:
1800
I ™ 153‘0 } -
/ /
/
//’ /
1822
1820 TIG-
Ex. 1008, Flg 18A A
Paper 28, at 18 Ex. 1006, Fig. 13
. Paper 28, at 18
Epstein Holman
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Substitute Claims 25 - 28

 Mueller discloses a PWM controller that sends PWM control signals for
each light source via current supply circuits.

 Mueller’s PWM control signals vary based ambient light information.

[0156] As shown m FIG. 1, the lighting unit 100 also may

mne A Processo at 15 conhg 110 o ) 3 :
include a processor 102 that is configured 1o output one or the sensor, In embodiments, a closed-loop feedback system
mare conirol signals to drive the light sources 1044, 10415, : . i
i T . P can read spectral properties and adjust color rendering index,
104C and 1041 50 as 1o generate various intensities of hght olor temperature. color. intensity her lichting charac
from the light sources. For example, in one implementation, color lemperature, color, ntensity, or other Lghting charac-
teristics based on wser wputs or feedback based on addi-

the processor 102 may be configured to output at least one : , , ,
control signal for each light source so as o independently tonal ambient lhight sources to correct or change light output.

control the intensity of light generated by each light source.

o - B e
L_—_'_-—_-"'"‘-—-._._
Ex. 1034, [0156] Ex. 1034, [0291]
Paper 28, at 19-12 Paper 28, at 19-12
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Substitute Claims 25 - 28

* Grootes teaches PWM controller that sends signals to control LEDs over PWM
control lines.

* PWM control signals may be adjusted by user.

when sold to the customers. Additionally, the brightness of

" each string of LEDs may be separately controlled by an
[0037] The anode of each string is connected to its own external PWM or amplitude modulation controller (operat-
voltage regulator 36, 37, 38, and the cathode of each string ing in conjunction with the aforementioned PWM control-
is connected to its own current source 40, 41, 42. lers) to allow the user to adjust the brightness and white

point to meet the particular specifications of the user.

Ex. 1035, [0037] Ex. 1035, [0017]
Paper 28, at 19-12 Paper 28, at 19-12
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Substitute Claim 29

* Planar reflector on substrate disclosed by the prior art. For example:

664
29"\‘ 29 24 667
~ ANANAANAANN
| T 1+~ | S VAVAVAN
18 55~ 92~ | 636~ |/ 662
\‘(mwmmw
g y =% | 630 N/
?Dm 60~ HF 50= P43 I W — 610
12" | — 622
| —— 608
FIG. 1 666 —1 620
Mok FIG. 11
Epstein
Ex. 1005, Fig. 1 P Ex. 1008, Fig. 11
Paper 28, at 21 Paper 28, at 21
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Motivations to Combine

e Park, Li, Mueller, Grootes, Ayabe, and Saccomanno all focus on
certain elements of the common lighting systems, such as those
disclosed in Ground 1 and Ground 2 references

 Combining the optimal embodiments of the different components
described in Park, Li, Mueller, Grootes, Ayabe, or Saccomanno with
Ground 1 or Ground 2 lead to better overall lighting system
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Motivations to Combine

Ground 1 + Park, Li, Mueller, Grootes, Saccomanno, and/or Ayabe

* Ground 1, Park, Li, Mueller, Grootes, Saccomanno, and Ayabe all relate
to LED based lighting devices to provide backlighting for display
elements

e Utilize similar components such as LEDs, substrates, reflectors, diffusers,
and brightness enhancement films.

 Ground 1, Park, Li, Mueller, Grootes, Saccomanno, and Ayabe all seek to
increase light output and uniformity, efficiency
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