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k IN THE UNITED STATES DISTRICT COURT
, FOR THE EASTERN PISTRICT OF PENNSYLVANIA

PERTY, LLE, :
TUER NoeTH Apiiuie A-SEEVICES UL,

In accordance with the Civil Justice Expense and Delay Reduction Plan of this court, counsel for
plaintiff shall complete a Case Management Track Designation Form in all civil cases at the time of
filing the complaint and serve a copy on all defendants. (See § 1:03 of the plan set forth on the reverse
side of this form.) In the event that a defendant does not agree with the plaintiff regarding said
designation, that defendant shatll, with its first appearance, submit to the clerk of court and serve on
the plaintiff and all other parties, a Case Management Track Designation Form specifying the track
to which that defendant believes the case should be assigned.

SELECT ONE OF THE FOLLOWING CASE MANAGEMENT TRACKS:
(2) Habeas Corpus — Cases brought under 28 U.S.C. § 2241 through § 2255. ()

(b} Social Security — Cases requesting review of a decision of the Secretary of Health
and Human Services denying plaintiff Social Security Benefits. ()

(c) Arbitration — Cases required to be designated for arbitration under Local Civil Rule 53.2. ( )

(d) Asbestos — Cases involving claims for personal injury or property damage from
exposure to asbestos. . ()

(e) Special Management — Cases that do not fall into tracks (a) through (d) that are
commonly referred to as complex and that need special or intense management by
the court. (See reverse side of this form for a detailed explanation of speciai
management cases.)

(f) Standard Management — Cases th not falf/into any one of the other tracks.

o4 /l /&pf@ pus M. elcfelﬁy;& Teehace | LED hidlockoad Q:@Jzac
Date ' ) Attorney-at-law 4 Attorney for

A18.22Y. 910 A67.388. 3990 lovize ‘efJR/M?ér/ﬂ?nml Lo
Telephone FAX Number E-Mail Address
(Civ. 660} 10702




Case 2:19-cv-01394-MSG Document 1 Filed 04/02/19 Page 3 of 32

UNITED STATES DISTRICT COURT
. FOR THE EASTERN DISTRICT OF PENNSYLVANIA 4 5 dh 4

DESIGNATION FORM A h
{10 be used by counsel or pro se plairiff to indicate the category of the case for the purpose of assignment to the appropriate calendor)

. 251 Little Falis Dr., Wilminton, DE 19808
Address of PlaintifT:
Address of Defendant: 420 Alan Wood Road, Conshohocken, PA 19428

Place of Accident, Incident or Transaction; /f{ T vDikRaL, Disml eT m 7])20‘4 9'}’ a(l_f D SA

RELATED CASE, IFANY:

Case Number; Judge: Date Terminated:

Clvil coses are deemed related when Fes is answered 10 any of the following questions:

1. Is this case related to property ineluded in an erlier numbered suit pending or within one year Yes D
previously terminated action in this court?

2. Does this case involve the same issuc of fact or grow out of the seme transaction as & prior suit Yes l:l
pending or within one year previously terminated action in this court?

3. Does this case involve the validity or infringement of a patent already in suit or any carlier Yes D
nusmbered case pending or within one yeer previously terminated ection of this coun?

4. Isthis case a second er successive habeas corpus, social security appeal, of pro se civil rights Yes D
case filed by the same individual?

1 centify that, to my knowledge, the within case ]
this court except as noted above,

April 1, 2019
ATE:

related todny case now pending or within one year previously terminated action in

PA 21569

Artorncy 1.D. H (i applicable)

Attortep-ai-taw / Pro Se Plaint]

CIVIL: (Plnce a ¥ In one cadegury only)

A Federal Guestion Cases: 8. Diversity Jurisdiction Cases:
Indemnity Contract, Marine Contract, and All Other Contracts . Insurance Contract and Other Coniracts
FELA . Alrplane Personal Injury
Jones Act-Personal Injury . Assault, Defamation
Antitrust Marine Personal Injury

Moetor Vehicle Personal Tnjury
Other Personal Injury (Please specify):

sbor-Management Relations
Products Liability

ivil Rights

Iy

]
I 0 O O
00N —

[ ]8-" Habeas Corpus Products Liability — Asbestos
9, Securities Act(s) Cases . All other Diversily Cases
E 10. Social Security Revicw Cases {Please specifin:
O i1. Al other Federal Question Cases
{Please specify):
ARBITRATION CERTIFICATION

(The effect of this certification is to romove the case from eligibiity for arbitrasion.)

I, Mﬂel J ll b‘"‘? er + cotinsel of record or pro se plaintift, do hereby centify:

!‘ Fursuant to Local Civil Rule 53.2, § 3(c) (2), that 10 the best of ppy knowledge and belief, the damages recoverable in this civil action case
? exceed the sum of $150,000.00 exclusive of interest and cog

lief other than monetary damages is sought,

2
onrs 04 01 2019

Heldelbergea, A a1s5¢4

Attorney-at-Law / Pro Se Plbinsigr Attorney LD, # if applicable)

NOTE: A trial de rovo will be a trial by jury only if there has been compliance with FR.C.P. 38,

Ch. 609 {32018
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N
- ’ "'. | Cj
% L?Kp IN THE UNITED STATES DISTRICT COURT

FOR THE EASTERN DISTRICT OF PENNSYLVANIA
Civil Case No. 1:19-cv-

1

TECANICAL LED INTELLECTUAL

PROPERTY, LLC, it R
a Delaware limited liability company,

Plaintiff, COMPLAINT

FOR
V. ' PATENT INFRINGEMENT

IKEA NORTH AMERICA (U.S. PATENT NO. RE41,685)
SERVICES, LL.C. ks

Defendant. JURY TRIAL DEMANDED

This is an action for patent infringement in which Technical LED
Intellectual Property, LLC (“Technical LED” or “Plaintiff”) makes the following
allegations against Ikea North America Services, LLC. (“Tkea” or “Defendant™).
Headings are interposed for convenience; all allegations are deemed incorporated
into each ground of this complaint as though separately realleged.

PARTIES

1. Plaintiff Technical LED is a Delaware limited liability company, with
its principal place of business located at 251 Little Falls Dr., Wilmington, DE
19808.

2. Defendant Tkea North America Services, LLC. is, on information

and belief, a Virginia limited liability company, that has a principle place of

-1-




Case 2:19-cv-01394-MSG Document 1 Filed 04/02/19 Page 5 of 32

business at 420 Alan Wood Road, Conshohocken, Pennsylvania 19428,

JURISDICATION AND VENUE

3. This action arises under the patent laws of the United States, Title 35
of the United States Code. This Court has subject matter jurisdiction pursuant to 28
U.S.C. §§ 1331 and 1338(a).

4, Venue is proper in this district under 28 U.S.C. §§ 1391(c) and
1400(b). On information and belief, Defendant has transacted business in this
district, and has committed and/or induced acts of patent infringement in this
district.

S. On information and belief, Defendant is subject to this Court’s
specific and general personal jurisdiction pursuant to due process and/or
Pennsylvania’s Long Arm Statue, due at least to its substantial business in this
forum, including: (i) at least a portion of the infringements alleged herein; (ii)
regularly doing or soliciting business, engaging in other persistent courses of
conduct, and/or deriving substantial revenue from goods and services provided to
individuals in Pennsylvania and in this Judicial District; and having a regular and
established place of business in this Judicial District. At the least, Defendant has
subjected itself to this Court’s specific and general personal jurisdiction by holding

itself out as conducting business in this forum.
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COUNTX
Infringement of U.S. Patent No. RE41,685

6. Plaintiff is the owner by assignment of United States Patent No.
RE41,685 (“the *685 Patent™) titled “Light Source with Non-White and Phosphor-
Based White LED Devices and LED Assembly.” The ’685 Patent reissued on
September 14, 2010. A true and correct copy of the *685 Patent is attached as
Exhibit A.

7. Upon information and belief, including by reason of Defendant’s own
statements in Defendant’s own user manuals and on Defendant’s own website, and
by reason of product examination, Defendant directly or through intermediaries has
been and is now infringing the *685 Patent in the State of Pennsylvania, in this
judicial district, and elsewhere in the United States, by making, using, providing,
supplying, distributing, selling, and/or offering for sale products, including its

smart color changing lights and similar type assemblies, comprising a

-3-
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light source that infringes one or more claims of the *685 Patent and particularly,
e.g., claims 10 through 14 of the ’685 Patent. The "685 Patent reads on lkea’s
smart lights as set forth in the exemplary claims chart attached as Exhibit B,
depicting an actual Ikea product compared to claims of the *685 Patent.

8.  Defendant sells and/or authorizes the sale of these infringing products
at least via its website at www.Ikea.com, and via at least one additional online
seller, Amazon.com, that has a physical presence and does business in
Conshohocken, Pennsylvania. Defendant states on its website that it has developed
the infringing smart light system that is ready to go and has color changing lights.

9,  Upon information and belief and in view of the foregoing, Defendant
has been and is continuing to directly infringe, literally infringe, and/or infringe the
685 Patent under the doctrine of equivalents. Defendant is thus liable for
infringement of the 685 Patent pursuant to 35 U.S.C. § 271,

10. As a result of Defendant’s infringement of the 685 Patent, Plaintiff
has suffered monetary damages and is entitled to a money judgment in an amount
adequate to compensate for Defendant’s infringement, but in no event less than a
reasonable royalty for the use made of the invention by Defendant, together with
interest and costs as fixed by the court, and Plaintiff will continue to suffer

damages in the future unless Defendant’s infringing activities are enjoined by this

4-
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Court. Unless a permanent injunction is issued enjoining Defendant and its agents,
servants, employees, representatives, affiliates, and all others acting on in active
concert therewith from infringing the 685 Patent, Plaintiff will be greatly and

irreparably harmed.

DEMAND FOR JURY TRIAL
Technical LED, under Rule 38 of the Federal Rules of Civil Procedure,

requests a trial by jury of all issues so triable by right.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff respectfully requests that this Court enter:

1. A judgment in favor of Plaintiff that Defendant has infringed and is
infringing the *685 Patent;

2, A permanent injunction enjoining Defendant and its officers,
directors, agents servants, affiliates, employees, divisions, branches, subsidiaries,
parents, and all others acting in active concert therewith from infringement,
inducing the infringement of, or contributing to the infringement of *685 Patent, or
such other equitable relief the Court determines is just and proper;

3. A judgment and order requiring Defendant pay to Plaintiff its

damages, attorneys fees, costs, expenses, and prejudgment and post-judgment

-5-
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interest for Defendant’s infringement and willful infringement of the *685 Patent as
provided under 35 U.S.C. § 284, and an accounting of ongoing post-judgment
infringement; and

4. Any and all other relief, at law or equity, to which Plaintiff may show

itself to be entitled.

ZHeidelberger
PA Bar No. 21569

THE LAW OFFICES OF LOUIS M.

HEIDELBERGER, ESQ. LLC.

1229 Laurel Oak Lane

York, Pennsylvania 17403

Tel: (215)-284-8910

Fax: (267)-388-3996

Email: Louis.heidelberger@gmail.com
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Exhibit "A"
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OO

(19) United States

a2 Reissued Patent
Feldman et al.

(10y Patent Number:
45y Date of Reissued Patent:

US RE41,685 E
Sep. 14, 2010

TIGHT SOURCE WITH NON-WHITE AND
PHOSPHOR-BASED WHITE LED DEVICES,
AND LCD ASSEMBLY

(54

(75) Inventors: Alan Stuart Feldman, Phoenix, AZ
(US);, Brian David Cull, Massilion, OH
(US); Dennis Michael Davey, Glendale,

AZ (US)

Honeywell International, Ine.,
Morristown, NT (1JS)

(73) Assignee:

20
(22)

Appl. No.: 11/788,399
Filed:  Apr. 19,2007

Related U.S, Patent Documents
Reissue of;

(64) Patent No.: 6,666,567
Issued; Dec. 23, 2003
Appl. No.: 09/473,301
Filed: Dee. 28,1999
(81) Int.CL
GO9F 13/04 (2006,01}
F21V 9/00 (2006.01)
FZ2I8 400 (2006.01)
(52) US.CL i 362/237;362/97.3; 362/231;
362/236; 362/249.02; 349/69; 349/70
(58) Field of Classification Search ................... 362797,
362/228, 230, 231, 237, 249, 800, 240, 230,
362/249.02, 97.3; 349/69, 70
See application file for complete search history.
{56) References Cited

U.S. PATENT DOCUMENTS

2,850,563 A
3,794,828 A

9/1958 Gretener
201974 Arpino

//9@7

411974
41975
4/1975
* 61987
4/1989
6/1989
8/1990
2/1991
4/1991
8/1992
9/1992

(Coutinued)
FOREIGN PATENT DOCUMENTS

AU 2004200183 Al
EP t 234 140 Bl
Jp 09006260 A
P 2000208815
JF 2002198573
g 2003179259
WO 01/36864 A2

Williams

Kano et al,

Lebailly

McDermott et al. ......... 362/240
VEiens ...ocveerenn 349/71
WHhile v 395/46
Matino et al,

Stinson ....ccoccoeeeeeereenn. 31573182
Palinkas ........ooiiiiiiens 362/231
Schoniger et al. e 3627545
Farrell vovvvererrereeeecnenane 362/29

3,805,065
3,875,456
3,875,473
4,677,533
4,822,144
4,837,565
4,946,250
4,992,704
5,008,788
5,136,483
5,143,433

=

A S
x*

* EF * %

2/2004
8/2005
/1997
7/2000
7/2002
6/2003
5/2001

Primary Examiner—ismael Negron
(74) Attorney, Agent, or Firm—Alston & Bird LLP

(57 ABSTRACT

A light source incorporates phosphor-based white light
emitting diodes {LEDs). The LEDs may be raised off the
floor of the optical cavity (o permit light to be emitted from
the base of the LED. Additionally, a reflective protrusion
may be placed beneath the raised LED to aid in redirecting
light forward. The LEDs may be skewed in relation to adja-
cent LEDs fo reduce interference. Non-white LEDs may be
incorporated into the light source to permit for selective
color tuning. Flnorescent jamps may also be implemented in
combination with the LEDs to form a hybrid light source.
The light source may be used as a backlight for a figuid
crystal display assembiy.

16 Claims, 10 Drawing Shects
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LIGHT SOURCE WITH NON-WHITE AND
PHOSPHOR-BASED WHITE LED DEVICES,
AND LCD ASSEMBLY

Matter enclosed in heavy brackets [ ] appears in the
original patent but foris no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissae.

Notice: Move than one reissue application has been filed
Jor the reissue of U.S. Pat. No. 6,666,567, The reissue appli-
cations arve application Ser. No. 11/788,399 (the present
application), Ser. No. 11/788,398 (filed concurrently
hevewith, and Ser. No. 11/316,597, all of which are divi-
sional reissues of U.S. Pat. No. 6,666,567.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention generally relates to lighting
systems, and more particnlarly, to light sources implement-
ing light enitting diodes (LEDs).

2. Background

Many industries and applications need backlighting to
illuminate an information source. In particular, transimissive
liquid crystal displays (LCDs) have become very popular in
many electronic media. LCDs are useful in applications such
as, but not limited to, displays in avionics, laptop computers,
video cameras, and automatic ieller machine displays.
However, muany [.CDs require backlighting to illuminate the
information being displayed.

Many systems perform the backiighting function in con-
ventional displays. For example, one way to backlight an
information source employs an array of conventional
straight tubular fluorescent lamps. While these conventional
Iamips are inexpensive and do not require complex electronic
conirols, they are sometimes inadequate for particular appli-
cations. For instance, int avionics applications, the poor color
quality of the phesphors and the short famp life of these
conventional lamps, among other shortcomings, limit their
usefiiness,

To avaid the various problems with conventional lamps,
many manufacturers employ customized lamps, such as
tubular serpentine lamps. Unlike conventional fluorescent
lamp arrays, custom-made serpentine Jamps commonly pro-
vide pood color characteristics, light luminance uniformity,
and long famp life. These lamps are typically hand made,
and consequently, are comparatively costly. Moreover, these
lamps. are extremely fragile and difficult to install,
Therefore, while custom-made tubular serpentine lamps
may meet certain standards for the backlighting function, the
high cost and fragility associated with these lamps detract
from the advantages they offer.

A third alternative for backlighting information sources is
fiat fluorescent lamps. An exemplary flat fluorescent lamp,
described in 1.8, Pat. No. 5,243,116, issued Aug. 30, 1954,
to Winsor, comprises a substrate fritted to a transparent
cover lid, forming an enclosure, Diffuse channels are formed
into the substrate in the interior of the enclosure. Standard
phosphors are added to the interior of the enclosure which is
farther flushed with a material for emitting energy, such as
argon or mercury. Energy is emitted in the form of visible
light when an clectric potential is introduced to the lamp by
two clectrodes, with one clectrode placed at cach end of the
diffuse channel. Such lamps potentially offer greater rugged-
ness and lower manufacturing costs than serpentine tbular
famp alternatives, However, these lamps are still costly to
manyfacture and are difficult to repair.
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Yet another alternative for backlighting information
sources implements LEDs. The use of LEDs as light sources
can be advantageous for several reasons. [LEDs have a long
life, which reduces the frequency for replacing non-
functioning diodes. Further, when it is time fo replace an
LED, replacement is easier and more cost effective than
when replacing a fluorescent lipht source. Additionally,
LEDs are mechanically robust, i.e., they can typically with-
stand greater shocks and vibration than conventional fluores-
cent lights, Referring now to FIGS. 1 and 2, a conventional
fight source 100 incorporating I.EDs comprises an aptical
cavity 102, multiple LEDs 184, a power source {(not showny},
and a diffuser 106 (FIG. 2). Optical cavity 102 has a floor
108 in the interior portion of liglt source 100 and an exterior
surface 110,

As shown in FIG. 2, in conventional LED light systems,
the LEDs 104 are attached directly to the floor 108 of the
optical cavity 102, Referring to FIG. 3, LED 104 typically
comprises a swrface mount device constructed by encasing a
diode 300 near the center of a smal} translucent rectangular
block 302. Blectrical comtacts 304 and 306 at the ends of
black 302 connect to the diode via a small lead frame 308,

Conventional LED lighting systems, however, fail to per-
form adequately for many backlighting applications, such as
avionics, tn which strict display performance requiremerts
restrict their use. For example, LEDs typically use power
less efficiently than conventional fluorescent lamps to pro-
duce comparable Hight intensity. Further, a conventicnal
fluorescent lamp relies on phosphors which have narrowly
defined spectral emission peaks that must be carefully con-
trolled to provide repeatable color output. Contral of the
phosphor mixture to produce production-quality lanwps
requires significant investiment of time and effort to maintain
a uniform mixture, produce an acceptable color point, and
ensure color purity based on phosphor chemistry. Moreover,
in conventional white LEDs, the spectral emission is domi-
nated by the blue spectral emission, and thus, the resulting
“white” light is heavily shifted toward the blue spectrum.
This shift limits the usefulness of LED light sources in back-
lighting applications,

SUMMARY OF THE INVENTION

A Hglt source according to various aspects of the present
invention comprises LEDs raised above the floor of the opti-
cal cavity, The raised LEDs may optionally have a protru-
sion under the LED for assisting in redirecting light. In
another embodiment, adjacent LEDs may be skewed relative
to one another to reduce absorptien and reflection among the
LEDs. In a further embodiment, non-white LEDs may be
incorporated into the light source to permit selective color
tuning. In an alternative embodiment, a hybrid light source
may be created when fluorescent lamps are angmented with
LEDs. These LEDs, which may optionafly be mised above
the floor of the optical cavity, may also optionally have a
protrusion beneath, the raised LED.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the invention is particularly pointed
out and distinctly claimed in the concluding portion of the
specification. The invention, however, both as to organiza-
tion and method of opetation, may best be understood by
reference to the following description taken in conjunction
with the claims and (he accompanying drawings, in which
like parts may be referred to by like numerals:

F1G. 1 is plan view of a prior art light source incorporating
LED technology;
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FIG. 2 is a side cross-sectional view of the light source of
FIG. L;

FIG. 3 is a perspective view of a conventional diode;

FIG. 4. is a perspective view of an elevated diode in accor-
dance with an exemplary embodiment of the present inven-
tion;

FIG. 5 is plan view of a light source implementing LEDs
in accordance with an exemplary embodiment of the present
invention;

FIG. 6 is a side cross-sectional view of the light source of
FI1G. §;

FIG. 7 is a side cross-sectional view of the light source of
FIG. 5 having protrusions beneath the rsised LEDs in accor-
dance with a further embodiment of the present invention;

FIG. 8 is a plan view ol s light source configuring LEDs in
an orthogonal arrangement in accordance with an exemplary
embodiment of the present invention;

FIG. 9 is a plan view of a light source configuring LEDs in
an obligue arrangement in accordance with an exemplary
embodiment of the present invention;

FIG. 10 is a plan view of a hybrid light source incorporat-
ing LEDs and tubular [luorescent famps in accordance with
an exemplary embodiment of the present invention;

FIG, 11 is a plan view of a hybrid light source incorporat-
ing LEDs and U-shaped fluorescent lamps in accordance
with an exemplary embodiment of the present invention;

FIG. 12 is a plan view of a hybrid light source incorporat-
ing LEDs and a serpentine fluorescent lamp in accordance
with an exemplary embodiment of the present invention; and

FIGS. 1315 are plan views of forther embodiments of
hybrid light source configurations in accordance with vari-
ous aspects of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The ensuing descriptions are preferred exemplary
embodiments only, and are not intended to limit the scope,
applicability, or configuration of the invention in any way.
Rather, the ensuing descriptions provide a convenient
description for implementing various exemplary embodi-
ments of light sources according to various aspects of the
present invention, it being uaderstood that various changes
may be made in the function and arrangement of elements
desctibed in the preferred embodiments without departing
from the spirit and scope of the invention as set forth in the
appended claims.

Referring now to FIGS. 4-6, a light source 500 in accor-
dance with various aspects of the present invention imple-
ments an LED that is not flush with floor of the optical
cavity. Raising LEDs 504 above the surface tends to capture
rear-emitted kight that is otherwisc absorbed or otherwise
lost, enabling the light source to cmit more light without
additional power. In the present embodiment, the light
source 500 comprises: a housing 501 having a floor 410 and
an exterior walt 503 forming an eptical cavify 502; multiple
LEDs 400; and a power source (not shown). The light source
may {urther include a diffuser 516 (FIG, 6). Housing 501
may be constructed of any suitable material according to the
criteria of the application, such as heat exposure, mechanical
shock resistance, or cost, In the present embodiment, the
housing 581 compriscs alumimumn, stecl, glass, or ceramics,
and defines the optical cavity 502. The optical cavity com-
prises any cavity defined in the housing in which light is to
be dispersed. The floor 410 and or wall 503 may optionally
be coated with a reflective material, for example,

-
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Duraflect™, expanded polytetrafluoroethylene, or any dif-
fuse white paint such as a polyurethane paint. The floor 410
comprises any suitable base or surface for supporting the
LEDs 460 ar other relevant components.

The power source provides appropriate power supply and
control to operate the lamp. The power source may provide
power in any appropriate form, such as AC electrical current,
and may contral the power in any svitable manner, for
example in conjunction with a voltage source with current
limiting resistance, a constant current source, or a pulse
width modulated current sonrce,

LED 400 may be any LED suitable [or the application,
such as a phosphor-based white LED sold by Nichia Corp,
Tokushima, Japan. The color, fype, configuration,
performance, and other characteristics may be selected
according to any appropriate criteria. In the present
embodiment, LED 400 includes a diode 402 encased in a
translucent rectangular package 404, The LED 400 is raised
by a support system 405 such that the base of LED 400 is
elevated above the floor 410 of optical cavity 502. For
example, the support system 405 suitably comprises a pair of
L-brackets 406 and 408 attached to either side of the LED
400 to support the LED 400 above the floor 419. L-brackets
406 and 408 may be affixed to floor 419 according to any
suitable technique, such as by an adhesive, fastener or solder.
Any suppart system 405 that raises the LED 400 above floor
410, for example, by using raised, a support matrix, or the
fike, may be used to support the LED 400.

The support system 405 may further connect the LED 400
to the power source, For example, in the present
embodiment, the L-brackets 406 and 408 may be con-
stiucted of a suitable electrically conductive material that
supports the, LED above the surface of the floor 410, such as
copper or beryllium. A lead frame 412 electrically connects
the diode 402 with L-brackets 406 and 408. L-brackets 406
and 408 are suitably conpected to a printed circuit board
which is connected to the power source, for example through
control electronics,

In configurations where LEDs 400 are raised above Roor
410, as in FIGS. 5 and 6, the Hight output of the light source
may be further accomplished by providing a reflective pro-
trusion beneath the raised LEDs 504, further optimizing the
recapture of emitted light, By placing the protrusions under
the raised LEDs 504, a greater amount of light may be redi-
rected forward, causing a greater light ouiput withoni requiz-
ing a corresponding increase in power. Referring to the
exemplary embodiment of FIG. 7, light source 700 has an
optical cavity 502 above which LEDs 504 are mounted, suit-
ably by L-brackets 512 and 514. Protrusions 518 are located
approximately below LEDs 504, Protrusions 518 may be
prepared in any suitable manner and shape, such as accord-
ing te the desired application. For example, protrusions 518
may be prepared by stamping the floor 410 of the optical
cavity 502 such that protrusions 518 form in the surface of
the floor 410, Alternatively, protrusions 518 may be con-
structed by adding materials onto floor 410, for example, by
placing droplets of an epoxy material onto floor 410 and then
covering the surface of the epoxy with a reflective material.
Protrusions 518 suitably have an approximately parabolic or
scmi-spherical shape that is convex relative to the floor 410
of optical cavity 502. Further, protrusions 518 may alterna-
tively be shaped to direct in a predefermined direction. This
configuration may be usefui in applications having a narrow
range of desired viewing angles for an associated display.
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In accordance with various aspects of the present
invention, the Hght emitted by the light source may be fur-
ther enhanced by arranging the LEDs in an array that
reduces any absorptive or reflective effects of adjacent
LEDs. For example, referring to FIG. 8, in accordance with a
further embediment of the present invention, a light source
800 has an optical cavity 802 with a floor 804. The longitm-
dinal axes of a first set of LEDs are oriented in a first
direction, such as horizontally 806, and those of a second set
of LEDs are oriented in a second direction, such as vertically
808, such that they are perpendicular to one another. This
orthoponal arrangement of adjacent LEDs, due to the rela-
tive placement of neighboring LEDs, tends {o reduce the
absorptive or reflective effect that adjacent LEDs may have
on each other, permitiing a greater light output without
requiring an additional power input. Farther, any or all of the
LEDs may be mounted either directly onto floor 804, or
alternatively, may be mounted above floor 804 as described
above. Additionally, protrusions, as described above in
accordance with F1G. 7, may be added to further enhance the
recapture of rear-emitted light. Therelore, by skewing orien-
tation of the LEDs relative to one another, the intensity of the
light provided by the light scurce tends to increase without
requiring a cotrespending increase in power. Light output
may be further enhianced by raising the LEDs above the
optical cavity floor.

Several variations in the orientation of the LEDs may be
implemented to enharce light output. For example, referring
now to FIG. 9, in accordance with yet another embodiment
of the present invention, light source 900 has an optical cav-
ity 902 with a floor 904, Three sets of LEDs are oriented in
three different directions, such as vertically 908 and at
approximately 45° from the vertical 906, 910. Due (o the
relative placement of neighboring LEDs, this oblique con-
figuration also tends to reduce the absorptive or reflective
effects of adjacent LEDs, vielding improved output without
requiring additional power. Further, in accordance with other
aspects of the present invention, any or all of the LEDs may
be mounted either directly onto floor 904, or aliernatively,
may be mounted above floor 904 as described above,
Additionally, protrosions, as described in accordance with
FIG. 7, may be added fo further enhance the recapture of
rear-emitted light.

A light source according ta various aspects of the inven-
tion may further be configured to exhibit improved spectral
characteristics. In accordance with a further embodiment of
the present invention, non-white LEDs, preferably, red,
green, and blue LEDs, and inore preferably red and green
[.EDs, may be incorpurated info the light source as described
and constructed in FIGS. 4-15 to enable if to have a tunable
color onfput, Non-white LEDs, in particular red, green and
blue LEDs may be any commercially available non-white
LED.

The non-while LEDs may be configured in the light
source in a variety of manners, including, but not limited to,
clustering the different LED types together, and by laying
down each color in separate rows. Further, non-white LEDs
may be randomly dispersed thronghout the light source with
white L.EDs, and may also be used in combination with fluo-
rescent lamps as described below, The non-white LEDs may
be mounted directty on the floor of the optical cavity, or as
described in detail above, or they may be elevated above the
optical cavity floor, and further, they may optionally be
elevated above reflective protrusions as described above.

By incorporating non-white LEDs, multiple-wavelength
LED light sources are introduced into a diffuse optical cavity
to allow color mixing, with the purpose of increasing the

25
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color saturation of an LED-based backlight to increase its
usefuiness in lighting an LCD panel. These emission spectra
allow tuning of the color balance of the backlight by actively
driving the LEDs or selectively enhancing particular colors
to achieve a desired balance. This tunability aows one LED
backlight to be used with a wide variety of LCD pancls
possessing different combinations of color filters. It also
allows active tuning of the color balance of an LED-based
fight source across the color spectrum, limited only by the
saturation of the individual color elements comprising the
backlight.

To exploit the advantages of both LEDs and fluorescent
light sources, a hybrid light source may incorporate
both 1.EDs and fluorescent lights. Referring to FIG. 10,
in accordance with an exemplary embodiment accord-
ing to various aspects of the present invention, a light
source 1000 has an optical cavity 1002 containing alter-
nating rows of tubular fluorescent lamps and LEDs. An
optional reflective cavity 1028 may be added fo the
light source to further enhance light output. In accor-
dance with this exemplary embodiment, six tubular
fluorescent lamps 1004, 1006, 1008, 1016, 1012, and
1014 are arranged in a parallel configuration within the
optical cavity 1002. The fluorescent lamps may be
mounted in any suitable manner, for example, by using
a support to mount the fluorescent lamp in optical cav-
ity 1002. Fluorescent lamps 1004, 1606, 1008, 1010,
1012, and 1014 may be any commercially available
tubuiar fluorescent lamp. These lamps may be either
hot cathode or cold cathode lamps and may have a vari-
ety of shapes, including, but not limited to, straight,
U-shaped (e.g., as elements 1106, 1108, and 1118 are
iltusirated in the exemplary embodiment shown in FIG.
11), and serpentine fluorescent lamps {e.g., as element
1206 is tlustrated in the exemplary embodiment shown
in FIG. 12).

LEDs may be interspersed ameng the fluorescent lamps in

a varicty of configurations in the hybrid light source. As seen
in FIG. 10, rows of LEDs 1018, 1020, 1022, 1024, and 1026
are alternated in between the fluorescent lamps 1004, 1006,
1008, 1010, 1012, and 1014. LEDs may be white LEDs,
non-while LEDs, or may be a mixture of both white and
non-white LEDs as described above. Further, the LEDs may
be mouated directly to the floor 1030 of the optical cavity
1002, or may be mounted above the optical cavity 1002 as
shown in FIG. 4, and may further be mownted over reflective
protrusions as described above. Further, the LEDs may be
mounted in skewed directions relative to adjacent LEDs as
deseribed in FIGS. 8 and 9.

It should be appreciated that the present invention is not
linited to the configurations described above. For example,
referring to FIGS. 13-15, various alternative embodiments
may include an edge-lit configuration, i.c., light floods the
cavity from the sides and is randomly reflected, In the cdge-
lit configurations, the LEDs suitably tace into the cavity, and
not foward the view.

Referring now to FIGS. 13 and 14, these figures itlustrate
light source embodiments having the illumination sources
around the perimeter of the lamp. In FIG. 13, light source
1300 has LED rows 1302 and 1304 on opposite sides 1312
and 1314 of optical cavity 1306. Fluorescent lamps 1308 and
1310 are also lecated on opposite sides 1316 and 1318 of
optical cavity 1308, In FIG. 14, light source 1400 has LEDs
1402 around the perimeter of optical cavity 1444, Fluores-
cent lamps 1406 and 1408 are on opposife side 1418 and
1412 of optical cavity 1404 The LEDs 1302, 1304 and 1402
of FIGS. 13 and 14 may be'in a variety of orientations,
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including skewed relative to one another, raised from the
optical cavity surface, and having a protrusion under the

elevated LED. Further, a variety of LED color combinations -

may be implemented to permit selective color tuning

Referring now to FIGS. 13 and 14, these figures illustrate
light source embodiments having the illumination sources
around the perimeter of the lamp. In FIG. 13, light source
1360 has LED rows 1302 and 1304 on opposite sides 1312
and 1314 of optical cavity 1306. Fluorescent lamps 1308 and
13190 are also located on opposite sides 1316 and 1318 of
optical cavity 1306. In FIG. 14, light source 1400 has LEDs
1402 around the perimeter of optical cavity 1404. Fluores-
cent lamps 1406 and 1408 are on opposite side 1410 and
1412 of aptical cavity 1404, The LEDs 1302, 1304 and 1402
of FIGS. 13 aid 14 may be in a variety of orientations,
including skewed relative to one another, raised from the
optical cavity surface, and having a protrusion under the
elevated LED. Further, a vatiety of LED coler combinations
may be implemented to perimit selective color ning.

1t should be appreciated that in all embodiments of the
present invention any number of LEDs and fluorescent
lamps may be used according to the particular application or
design criteria of the backlight or the display. As such, the
drawing tigures and the present description are only meant to
illustrate exemplary embodiments in accordance with the
present invention and are not intended to limit the invention
fo the configurations illustrated herein.

Thus, a light source incorporating LEDs and Huorescent
lamps according fo various aspects of the present invention
provides several features and advantages, such as light out-
put uniformity. In addition, the above descriptions are pre-
ferred exemplary embodiments only, and are not intended to
be limiting in any way. Various modifications, substitutions,
and other applications of the present embodiments may be
made without departing from the spirit and the scope of the
invention as set forth in the appended claims.

What is claimed is:

1. A light source, comprising:

an oplical cavity having a floor;

at least one light emitting diode (LEIY) having a top and a

bottom coupled to said floor such that said bottom of
said at least one light emitting diode is elevated above
said floor of said optical cavity; and

a reflective protrusion located below said at least one

LED,

2. A light source comprising:

an optical cavity having a floor;

af least one fluorescent lamp coupled to said optical cav-

ity; and

at least two LEDs coupled to said optical cavity, wherein

adjacent said at least two LEDs are skewed at approxi-
mately 45° relative to one another.

3, A light source comprising:

an optical cavity having a floor;

at least one fluorescent lamp coupled to said optical cav-

ity; and

at least two LEDs coupled to said optical cavity, wherein

adjacent said at least two LEDs are perpendicular to
onc another.

4. A light source comprising:

an optical cavity having a floor;

al least one fluorescent lamp coupled 1o said optical cav-

ity; and

at least one LED coupled to said optical cavity, wherein

said at least one LED is coupled with said optical cavity

8

such that said LED is elevated from said floor of said
optical cavity.
5. A light source according to claim 4 turther comprising a
protrusion on said floor positioned beneath said elevated
5 LED.
6. A light source comprising:
an optical cavity having a {loor;
at least two fluorescent lamps coupled to said optical cav-
ity; and
at least one LED coupled to said optical cavity, wherein
two of said fluorescent lamps are located at opposing
sides of said optical cavity, and said LEDs are located at
intervais around substantially the perimeter of said
optical cavity.
7. A method of manufacturing a light source comprising
the steps oft
providing an optical cavity having a floor;
mounting at least one LED having a top and bottom in
said optical cavity such that said bottom of said LED is
elevated above said floor of said optical cavity; and
providing a protrusion below said at least at one LED,
8. A method of manufacturing a light source comprising
the steps oft
providing an optical cavity having a floor;
mounting at least one LED having a top and bottom in
said optical cavity such that said bottom of sakd LED is
elevated ahove said floor of said optical cavity; and
mounting at least one fluorescent lamp in said optical cav-
ity.
9. A light source comprising:
an optical cavity having a floor;

a plurality of fluorescent lamps coupled to said optical
cavity substantially parallel to one other; and

a plurality of LEDs coupled to said optical cavity inter-
spersed among said fluorescent lamps, wherein said
plurality of LEDs are coupled to said optical cavity,
said plurality of LEDs having tops and botfoms and
being coupled to said optical cavity such that said bot-
toms cf said LEDs are elevated above said floor.

10, A light source comprising:

10
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an optical cavity;

a plurality of first light-emitting diodes each of which is a
phosphor light-emitting diode that emils white light,
each first light-emitting diode comprising a diode
encased in a light-transimitting package;

a plurality of second light-emitting diodes each of whick
emits non-white light, each second light-emitting diode
comprising a diode encased in a light-transmitling
package;

50

wherein the first and second light-emitting diodes are
arranged to emit light into the optical cavity stuch that
mixing of spectral ouwiputs from the first and second
light-emitting diodes cccurs in the optical cavity.

11. A light source of claim 10, further comprising at least
one third light-emitting diode having a spectral output dif-
60 ferent from those of the first and second light-emitting

diodes.
12, 4 light source of claim 11, wherein the spectral output
af the second light-emitting diodes is a ved output.
13. 4 light source of claim 11, wherein the spectral output
65 of the third light-emitting diode is a green ontput.
14. A light source of claim 13, further comprising at least
one fourth light-emitting diode having a blue output.

53
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13, A liguid crystal display assembly comprising: wherein the first and second light-emitting diodes are
a backliglht J'rfclufﬁng: arvanged fo emit light into the optical cavity such
an optical cavity; that mixing of the speciral outputs from the first and

a plurality of first light-emitting diodes each of whicl is

. L . , , second light-emitting diodes occurs in the optical
a phosphor light-emitting diode that emits white 5 ¢ & & !

light, each first light-emitting diode comprising a cavily; and
diode encased in a light-transmilting package; a liquid crystal display panel positioned adjacent to the
a plurality of second light-emitting diodes each of backlight so as to be illuminated by the backlight.

which emits non-white light, each second light- L ; ) ,
emitting diode comprising a diode encased in a light- 16. A liquid crystal display assembly of claim 13, further

transmitting package; ¢ comprising at least one filter that is configured to be used
wherein spectral outputs of the first and second light-  with the liquid crystal display panel and the backlight,

emitting diodes are operative to fune a color balance

of the backlight; # % % % %

—
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US Patent US IKEA TRADFR!
RE41,685 LED bulb E26
600 lumen
10. A light source TRADFRI LFp - ok
s001 3 The IKEA
TRADFRI LED
bulb E26 600

lumen is a light
source.

comprising: an

Optical Cavity

optical cavity; The opaque
plastic dome
creates an
optical cavity.
Phosphor
, LED that emits
a plurality of first

light-emitting
diodes each of
which is a
phosphor light-
emitting diode
that emits white
light,

% White light

The bulb has 10
white LEDs,

Each white LED
is a phosphor
LED that emits
white light.
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each first light-
emitting diode

{ Light transmitting

pekage

Each first LED is

comprising a diode encased in a
encased in a fight- light trasmittig
transmitting package.
package;

a plurality of #~ Non-

second light- white LED in a Each bulb has

emitting diodes
each of which emits
non-white light,
each second light-
emitting diode
comprising a diode
encased in a light-
transmitting
package;

N _pckage

transmitting

17 non-white
LEDs.

Each non-white
LED is encased
ina light
transmitting
package.

wherein the first
and second light-
emitting diodes are
arranged to emit
light into the
optical cavity such
that mixing of
spectral outputs
from the first and
second light-
emitting diodes
occurs in the
optical cavity.

The white, red,
green, and blue
LEDs are
arranged to mix
light spectral
outputs within
the optical
cavity,
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11. A light source of
claim 10, further
comptising at legst
one third light-
emitting diode
having a spectral

Blue LED

Each bulb has a
third LED (blue)
thathasa
specteral output
different than

output different the first (white)
from those of the and second
first and second (red) LED’s,
light-emitting
diodes.

Each bulb
12, A light source of second non-
claim 11, wherein white (red) LED
the spectraf output encased in a
of the second light- light
emitting diodes is a transmitting
red output. package.

13. A light source of
claim 11, wherein
the spectral output
65 of the third
light-emitting diode
is a green output.

Green LED

Each bulb has a
third (green)
LED encasedin a
light
transmitting
package.
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14. Alight source of
claim 13, further
comprising at least
one fourth light-
emitting diode
having a biue
output,

Blue LED

Each bulb has a
fourth (blue)
LED encased in a
light
transmitting
package.




