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6, 2003 and is a continuation-in-part of U S. Uility Application Serial

No. 09/982,705 filed Cctober 18, 2001, the entire disclosures of which are
i ncorporated herein by reference. 15 BACKGROUND OF THE | NVENTI ON The
present invention relates to an illumnation device for sinulating neon
l'ighting using high-intensity, |lowvoltage |ight sources, an illum nation
device ideally adapted for lighting, signage and advertising uses. 20 Neon
lighting, which is produced by the electrical stinmulation of the el ectrons
in the |ow pressure neon gas-filled glass tube, has been a-nmain stay in
advertising and for outlining channel letters and building structures for
many years. A characteristic of neon lighting is that the tubing
enconpassi ng the gas has an even glow over its entire length irrespective
of the viewing angle.. This characteristic nmakes neon |ighting adaptabl e
for many advertisi.ng applications, including 25 script witing and designs,

because the QH%UWAMWDEJEI@EWG)RGSMM’DING NEONTAGHWRNNG 1 5 DEC

2006 WD 031104712 PCTT#%@{I@ Rm‘m gng script witing
and intricate designs evenQﬁ?ow 0 neon 'l g |ng&q%e|ng typically

devoi d of hot spots allows for advert|5|ng wi t hout visual and unsightly
distractions. Thus, any illum nation device that is devel oped to duplicate
the effects of neon

10 CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priority to U.S. Provisional Application Serial No.
60/387,076 filed June 6, 2003 and is a continuation-in-part of U.S. Utility Application Serial No.
09/982,705 filed October 18, 2001, the entire disclosures of which are incorporated herein by
reference.

15
BACKGROUND OF THE INVENTION

The present invention relates to an illumination device for simulating neon lighting using
high-intensity, low-voltage light sources, an illumination device ideally adapted for lighting,
signage and advertising uses.

20 Neon lighting, which is produced by the electrical stimulation of the electrons in the low-
pressure neon gas-filled glass tube, has been a main stay in advertising and for outlining channel
letters and building structures for many years. A characteristic of neon lighting is that the tubing
encompassing the gas has an even glow over its entire length irrespective of the viewing angle.
This characteristic makes neon li éhting adaptable for many advertising applications, including

25  script writing and designs, because the glass tubing can be fabricated into curved and twisted



lighting nust al so have even light distribution over its |ength and aSgﬁg 2006
its circunference. 5 Equally inportant, such lighting devices nust have"
brightness that is at |east conparable to neon lighting. Further, since
neon |ightiwgossodsaiael | - est abl i shed i ndustry, a conpetiti vect/usistnTsg

devi ce nust be |ightweight and have superior "handl eability"
characteristics in order to nmake inroads into the neon |ighting market.
Neon lighting is recognized as being fragile in nature. Because of the.
fragility and heavy weight, primarily due to its supporting infrastructure,
neon 10 lighting is expensive to package and ship. Mreover, it is

ext remel y canfieneatians simitlating satiptyvrhing anddniricate designg. | Thereeroglow ofhesp dightingy

| i ghting device that can ‘provide those previously enunerated positive

char act er ibsing &picelly devoid af hefrepota gllowstipn adverisingwigiontyvisuabandjupeightlyei ght , and
handl eability shortcomngs, will provide for a significant advance in the
| i ghti ng tdistagtions glhus, Bng ill%ém@ﬁ?n device thatiistdevsipped to duplinatedhepffects pfinggneak age
resistant point light sources, as 15 exenplified by high-intensity

| i ght - em tlighting mepisbelesshave BYoS lightisigiebusipm oyer Hy lsrgth W dts cigeunfererce. | nt er est ed
in illumnation devices that may sinulate neon lighting and have stinul at ed
much  &f f dquallyimpertant, gugbdightinglevicpnmansthave g hachingsnthaitis atilesst comparpblatoon
lighting, uniformty and brightness, have proven to be difficult obstacles
t 0 over comeordlighting Huathere pipteqcenlighting is avelliestablishedipdusty, arvquapetitive Hgfding been
stym ed by the tradeoffs between light distribution to pronote the

uni f or m t Wedermm b lighttieigle aad have supgrier “heaqdisability” glpsrctesistios dmerdesfto migke
shortcomi ngs of neon, co-pending and conmonly assigned U S. Patent

Appl i cat i dHoxds jritethe meon lightinpmarkels Negplighting is secpenizediap bangGraile &vnatwe.j t s
entirety herein by reference, describes an illum nation device conprising a
profil ed MBsepustofzhafiapiity susiwavyrsighty praperiy duptorits seprprting isfiastpgteengn havi ng
wavegui de properties that preferentially scatters |ight entering one

| at er a0 slightigds expensivgHie packassiand ip- Yemeanes ihis edremslyiawkyyardite inifially hgpdle, ght
intensity pattern emtted by another lateral surface of the rod

("1 i ght - ednstall; 3ng/os taptage eAny Rghting davips thebcanperyie those pravigesly @rmergtsdr od. A

l'i ght

positive characteristics of neon lighting, while minimizing its size, weight, and handleability
shortcomings, will provide for a significant advance in the lighting technology.
The recent introduction of lightweight and breakage‘resistant point light sources, as
15 exemplified by high-intensity light-emitting diodes (LEDs), have shown great promise to those
interested in illumination devices that may simulate neon lighting and have stimulated much
effort in that direction. However, the twin attributes of neon lighting, uniformity and brightness,
have proven to be difficult obstacles to overcome as such attempts to simulate neon lighting have
largely been stymied by the tradeoffs between light distribution to promote the uniformity and
20  brightness.
In an attempt to address some of the shortcomings of neon, co-pending and commonly
assigned U.S. Patent Application Serial No. 09/982,705, which has been incorporated in its

entirety herein by reference, describes an illumination device comprising a profiled rod of



source extends along and is positioned adjacent the |ight-receiving ‘Slﬁrﬁﬁcﬁﬂﬁ
and spaced fromthe 5 light-emtting surface a distance sufficient to
create an elongated light intensity pattern with a major axis along the

| engt h of tHEOPHW4ERd a minor axis that has a width that coRE¥ES03/17765
substantially the entire circunferential wdth of the light-emtting
surface. In a preferred arrangenent, the light source is a string of point
| i ght sources spaced a distance apart sufficient to permit the nmapping of
the light emtted by each point light source into the rod so as to create
el ongated and 10 overlapping light intensity patterns along the

| i ght - em t miaiegaldayingwavegiide propariigsfthat ermrfq‘r@mli; satsra light entering ohelateral eurfapmat  t he
collective light intensity pattern is perceived as being uniformover the
entire |i ghligiractvinggudanct)ase dhat the eesulting light indensift nagipm femitiod by gnesher aieral

il lum nation device described and clainmed in U S. Patent Application
Serial No.sulrogherod(‘lighttamitting puyréeen) iselongaied alangthg lengtlvef theeod] Adight e t t ed
by 15 the illum nation device., Wile it is inportant that the

di sadvant agpuscegkterfisglong prghis peritianed adjesertdlee lighbiecaivingpiiace andispared e the

fragility), an illumnation device would have little comrercial or
practi cdl lgtgmitiing supfacesrdigimce suffigient torqreats amelapgaterdilight intsnsit gattem (it anot  be
obtained. This objective is achieved primarily through the use of a

“1 eaky" wemraigtidtalongdhe lapgth efiths rod gad ewinorexis that hag 3 widih thaf| coyeshibetantialy
functions both as an optjical wavequide and |ight scattering nenber. As a 20
wavegui de, the Pnttreﬁersmﬁqserﬁabw@ﬂleﬁﬁheﬂlgwer@mé\erch?-gIﬁta pesferead; avgngemsniniig egui de,
including the light entering a |ateral surface thereof, along .the axial

di rection bght soveceind,BaRg f@ot t souzes gparedphistange apaptspificlyntiappait he ¢ ur ges
the Iight out of an opposite |ateral surface of the waveguide, As a 3 5
DEC 2006 wwof@wmgt qouitted ryPagiprmy dght seyre intofeod pasas fp sxgate ielpngatsdagd ved i s
an el on&ated | ight pattern being emtted along the Ii(ﬂeht- emtti nag | at er al
sur f ac&¥ of OeH@PPIRg/igh LN gRsity RatrErs Apne deedighte g surfac and rircpmfersoiaily Battdevi ces
usi ng | eaky wavegui des and LEDs, as described and clajned, in U S. Patent
Appl i cat i ofe SEfrato thi thergllestiye hght mtensity patiern ixperesiysd pshising uniform over the

entire light-emitting surface.
One of the essential features of the illumination device described and claimed in U.S.
Patent Application Serial No. 09/982,705 is the uniformity and intensity of the light emitted by
15  the illumination device. While it is important that the disadvantages of neon lighting be avoided
(for example, weight and fragility), an illumination device would have little commercial or
practical value if the proper light uniformity and intensity could not be obtained. This obj ecﬁvq
is achieved primarily through the use of a “leaky” waveguide rod. A “leaky” waveguide is
structural member that functions both as an optical waveguide and light scattering ﬁember. Asa
20  wavegnide, it tends to preferentially direct light entering the waveguide, including the light
entering a lateral surface thereof, along the axial direction of the waveguide, while as a light

scattering member, it urges the light out of an opposite lateral surface of the waveguide. Asa



5 visible color spectrumis limted by the finite availability of LEEB C 2008
colors. It is therefore the paranount object of the present invention PE

provide an illumnation device that allows for em ssion of light in colors
t hat cannotWOndi@#arz |y be achi eved by use of LEDs al one W&HbBB/17765
significant increase in cost or conplexity of the illum nation device. This
and ot her objects and advantages of the present invention wll becone

readily 10 apparent and addressed through a reading of the discussion
bel ow and appended draw ngs. SUVMARY OF THE PRESENT | NVENTI ON The present
invention is an illumnation device for sinmulating neon |ighting through
use of f|igeMtewhas i vigplbgperegived isdn clangtied Yiebt paipindsing emifted|ajogi theilightc o| or s

that cannot ordinarily be 15 achieved by use of LEDs al one without

si gni f i canemifting fatga suitage obthe waveBisiepl exity of the illumination device A
preferred illum nati on device Ls_ﬂenerall conprised of a rod-1ike nmenber,
a housi ng, and&exerihelgss: a problemevith ifupirationdayiess ugige lealoonrveavides ¢ EEPH@Es | i ke

menber is a wavegui de that has an external curved |ateral surface serving
as a | i ghtdegqribed indglaimed iadbS digtenbirnlisttion Serial Nat QYH2.795.18 theldhowyailably serves
as a light-receiving surface, such that |ight entering the wavegui de from
the Ii ggt visjle eder spepdium ip Hmétedey Bafipifravail !%‘fl?fé@awqw surface is scattered
within the wavequi de so as to exit with diffused distribution out of the
curved. | at er al Tidtithprgfee the prappymt objed of thepprsnhigvention topre iy iivrigaionhe
housi ng preferably conprises a pair of side walls that define an open-ended
channel  tde¥ice Mft”iﬁ%f%ﬁ%sﬁlaﬁpf ﬁghrgwl%s thad fpnpt QadingrHy backisyed yuse the
housi ng generally functjons to house the light source and associ ated

el ect ri cal LERsas yritheu signifiqang incgeags ia pest avcﬂoyapgélfx/%féhet iJupyptigedevisad  ref | ect
light. 5 Although it is contenplated that variqus types of |ight sources
coul d be incorp &’t‘%ﬁh‘?rr?PlS’CtSF{r‘an"P‘F%ﬁ?? b RypseRfdRyeREOTHY Tk hopoms rEadiliy

invention, a string or strings of_co?ti uousjg nount ed .
10 apparent and addressed through a reading of the discussion below and appended drawings.

SUMMARY OF THE PRESENT INVENTION

The present inven’;ion is an illumination device for simulating neon lighting through use

of fluorescent dyes, thus allowing for emission of light in colors that cannot ordinarily be
15  achieved by use of LEDs alone without significant increase in cost or complexity of the
illumination device.

A preferred illumination device is generally comprised of a ‘rod-like member, a housing,
and a light source. In one preferred embodiment, the rod-like member is a waveguide that has an
external curved lateral surface serving as a light-emitting surface and an interior lateral surface

20 that serves as a light-receiving surface, such that light entering the waveguide from the light
source positioned below the light-receiving surface is scattered within the waveguide so as to

exit with diffused distribution out of the curved lateral surface.



high-intensity light-emtting diodes (LEDs) is a preferred |ight Sourg%EEZWB
However, since the available visible color spectrumof an illum nation
device incorporating LEDs as the light source is limted by the finite

avai |l abi | i t W@P31%8D2col ors, the illunination device of the ROTASSHBIT765
invention 10 is constructed so as to provide for emssion of light with a
perceived color that is different than that of the LED itself.

Specifically, this is acconplished through the incorporation of a Iight

col or conversion systeminto the illum nation device, specifically an
intermediate light- transmtting medi um extendi ng al ong and positioned
adj acent the | i Histhousngrreferablycomprigeas paicnfside walls Gpfdefineymopen-ended chepeilum i s

preferably conposed of a substantially translucent pol yurethane or 15

simlar nathetexamds sugsterdially the lengod erereaiided The hensinageesmalbtfunptiansde hotse e

fluorescent dyes. Because of the position of the internediate

| i ght - t r anwilight sagcendiasseciated gloefreal peasspricgrand alsp pregerably sees toegeilet anfl f r om

the light source is directed into the internediate light-transmtting

nmedi um anéfiesitightact s with the fluorescent dyes contained therein. This

light is partially-absorbed by each of the f|uorescent dyes of the

i nt er medi at e | i 4yHiough ihiscaptermplated thativariags teneg oblighd spurces pruldBe ingogppratedsintdy ¢ hen

emtted fromeach of the fluorescent dyes and into the |ight-receiving

surface of thepduminglion gewiere! thepresentinyewiogp Sy siriges offcontipypishrmeynied

conbi nati ons, of dyes and_varying the density of the dyes within the

i nt er medi abighfigignstty hghisaitting i)(lﬁ‘bes ReRs)isa PgSered dight soutsen Hoeen singite to 5 5

DEC 2006 WD _03/104712 PCT/US03/ 17765 produce various colors_across the

vi si bl e sp@@lplnyisiblgicalog snepizim o4 illyrpipation dexicedpromaratine 4EDR gs the Heht source

light-emtting surface of the wayegui de. DESCRI PTI ON OF THE DRAW NGS 5
au?w@¥ LgD ﬁ‘ﬂ%‘F’é]P“r‘i

Figure 1 i §UEsAPEhedpiteerp _ be Hgmmapemdeise POfe BRYEBVIEeR i n
ST TV Wt W AR TR ML TN T
Interior O];ha’ct o %mi LlElDuirtge{}?tS{)eC::?ﬁcg }\ll,it}ﬁs? i;s accomplished through the incorporation of a light
color conversion system into the illumination device, specifically an intermediate light-
transmitting medium extending along and positioned adjacent the light source. This intermediate
light-transmitting medium is preferably composed of a substantially translucent polyurethane or
15  similar material tinted with a predetermined combination of one or more fluorescent dyes.
Because of the position of the intermediate light-transmitting medium adjacent the light source,
light emitted from the light source is directed into the intermediate light-transmitting medium
and interacts with the fluorescent dyes contained therein. This light is partially absorbed by each
of the fluorescent dyes of the intermediate li ght-transmitting medium, and a lower-energy light is
20  then emitted from each of the flnorescent dyes and into the light-receiving surface of the

waveguide. Thus, through selection of appropriate combinations of dyes and varying the density

of the dyes within the intermediate light-transmitting medium, applicants have been able to



Figure 3 is a cross-sectional view of the illumnation device of Fi ggﬁEc’Lmﬁ
10 Figure 3Ais a cross-sectional viewsimlar to that of Figure 3, ‘

wherein the intermediate light-transmtting nmediumis conprised of
nul tiple di YO8 Ayers; Figure 4 is a cross-sectional vi BGI/EBL3AA765

alternate preferred enbodinment of an illum nation device nade in
accordance with the present invention; Figure 5 is a cross-sectional view
of another alternate preferred enbodi nent of an 15 illum nation device
made in accordance with the present invention; Figure 6 is a Mercator-liKke,
to rojectjon of the illum nation device of Fi IIu rat| t he
ovngaplplﬂb‘luc‘?Yf’dPW a‘fr?sélthe"&ﬁl % $PeHT- 8?110’65?*’{8‘ E’maﬁ] longt gtrat es
the visible spectru conti nuum of colors from viol et ( 400 nm to
red (- 708BRhRILUNGS %O‘F‘FT@W&CE?@% |lustrates the visible spectrumin a
circular chart; and Figure 8 is an illustration of the CIE Chromaticity

Diagram 6 5 DEC 2006 WO 03/104712 PCT/ 1JS03/ 17765 DETAI LED DESCRI PTI ON OF
THE PRESENT NVENTbIO\JF Sﬁftﬁw invention is an illum nation device for
simul ati n%E HONHF of fluorescent dyes, thus allow ng

for enjssion ight in colors t t ordi ar|I e ac |eved by use
of LEDs al one e’nlo‘ﬁf‘ pg‘?‘b“ﬁ?‘fq"&%?p %éﬁ A2tog ‘};%‘gﬁ‘bf“@? i he 5
illum nat on device. A preferred ill um nation device 10 nade in accordance

with the PHESERIYREI®Ntion is illustrated in Figures 1-3. The illunination
device 10 is ?enerall

f a.rod-like 2, .a_housing 14,
and an el onga ’@Hrel%‘@ﬂ%/rs‘%%%‘ é’ée“i%mq‘irﬁ° Ehﬁ'i"gF I ]eP‘r‘té’HH‘earPSBtban}Pé‘ﬂ‘Fn g‘f"%‘?’etg
rodl i ke nb S .de, t hat has an external curved | ateral
sur f ace %mggﬂﬂﬁtﬁbmgfﬁ‘ﬁel%”?%ﬂgwéﬁttl ng surface and an interior |lateral

surface 20 thg,llgursé%r es as vi ng..suy face

isa cross-segtlonal%lew oﬁﬁ Jllurmn tion device of Figure 1;
10 Figure 3A is a cross-sectional view similar to that of Figure 3, but wherein the
intermediate light-transmitting medium is comprised of multiple discrete layers;
Figure 4 is a cross-sectional view of an alternate preferred embodiment of an illumination
device made in accordance with the present invention; |
Figure 5 is a cross-sectional view of another alternate preferred embodiment of an
15 illumination device made in accordance with the present invention;
Figure 6 is a Mercator-like, top proj éction of the illumination device of Figure 1,
illustrating the overlapping, individual light distribution patterns;
Figure 7A illustrates the visible spectrum as a continuum of colors from violet (~ 400
nm) to red (~ 700 nm); and
20 Figure 7B illustrates the visible spectrum in a circular chart; and

Figure 8 is an illustration of the CIE Chromaticity Diagram.



The characteristics of this waveguide 12 will be further described bel %2006
but in general, light entering the waveguide 12 fromthe |ight sourc
positioned below the light-receiving surface 20 is scattered within the
wavegui de 1%0dd/1¢8812 o exit with di ffused distribution out BETUKS/1OWSVed

| ateral surface 18. 15 As best shown in Figure 3, the housing 14 preferably
conprises a pair of side walls 30, 32 that define an open-ended channel 34
t hat extends substantially the |Iength of waveguide 12. The housing 14
general ly functions to house the |ight source 16 and associ ated el ectri cal
accessories (e. circuit board and al so preferably serves to coll ect
and ref | JMETAY DE&@N%TIQMPFWE BESENEd TAN 20 Although it is
contenpl ated that vari ous types of I|ight sources could be incorporated into
the il uni nat TnPratsy ipeengien isse iljyminedp devics dorsimgtiating ppen lightea thrpagluse

determ ned that the best available |ight source for the purposes of this

i nvent i orPfiﬂ§°f85°§11ttdWFgﬁlB$ al?t"’#’i&f@"s“@?“%"cf%ﬂlg'&d’bﬁfé‘l’r?tha‘rﬁ?-ﬂ?ﬁt @ﬂf S ntensity

| i ght- emttln di odes Ds), as illustrated in Figures 1-3. However, as 7

' 5 DEC Zouevedppuse of LE 4101;6 yithoupgignificsybingreasg in Wétrﬂrucem@@ﬂamf\ﬂ@ t he

avail abl e visible color spectrumof an illum nation device 10 incorporating
LEDs a&s tilmipstipdedefirce 16 is linited by the finite availability of LED
colors. Furthernore, _certain LED colors are significantly nore expensive
than others afdrdpryijaminaton deyem) madsn agcerdance gith fhegasentynshéanier t han
others. Thus, the_illum nation device 10 of the present invention is 5

const r uctibtsirated wFiggesdrdy Thedllrginationidedpe}) lﬁ)genFliaH}ﬁWWrtsti %faﬁ@‘il -4k ved col or
that is different than that of the LED itself. This_ is_acconplished
t hrough (fEbFHEoR BRHSHE; 18#‘“813“ 51°P$"&I‘hh bewee & rivé}lgwraﬁr@%@aﬂm% &€ t he
il lum nati devi ce, 10, e |cag an inter gtﬁ?atell -transmtting
medi um 22°‘g£’f°éﬂ?l’iﬁi’?§ls apagf i ?s[y%n&ﬁ@wﬂlar&fvgg ISHEF I BFAVEB A L e 16 i t h
alight-re ewmg ?Wfacefor celv%%g éB ht em t edfrom5|dllght
Sour o0 1 dEEHRPLE Fifiee YA TP IR TLRER e OP kAT R VOGRS RE SUTRE
The characteristics of this waveguide 12 will be further described below, but in general, light
entering the waveguide 12 from the light source 16 positioned below the light-receiving surface
20 is scattered within the waveguide 12 so as to exit with diffused distribution out of the curved
lateral surface 18.
15 As best shown in Figure 3, the housing 14 preferably comprises a pair of side walls 30,
32 that define an open-ended channel 34 that extends substantially the length of waveguide 12,
The housing 14 generally functions to house the light source 16 and associated electrical
accessories (e.g., a circuit board), and also preferably serves to collect and reflect light, as is
further described below.
20 Although it is contemplated that various types of light sources could be incorporated into
the illumination device of the present invention, applicants have determined that the best

available light source for the purposes of this invention is a string or strings of contignously

mounted high-intensity light-emitting diodes (LEDs), as illustrated in Figures 1-3. However, as



wavegui de 12. This internediate light-transmtting nmedium 22 is pr ef,eg%lgtm%

conposed of a matrix of a substantially translucent polyurethane or "~

simlar material tinted with a predeterm ned conbination of one or nore

fl uorescent WEN@3047R preferred pol yurethane for this appli cBET/EB03/13764

pol yur et hane manufactured and distributed by I PN Industries, Inc. of

Haverhill, Massachusetts 15 under trade nane EGA-202. However, as will be

further described belowwith reference to Figure 3A the internedi ate

light-transmtting nedium 22 need not be a unitary nenber, but may also be

conprised of a plurality of discrete |layers, In order to better understand

t he constmentipnedebenedthe graileble wisible colos spertrumphradilumingionidesice) 1Y ineprpor#idg pr esent

invention, it is useful to discuss the concept of fluorescence.

FI uor escdrdes gs ghetlight sopge s dizitsd by the fizite ayiilabaity ef LA aelers: Ferthemenrat i on

(i.e., light) froma body that results fromthe incidence of

el ect r omegr§ReEn LEDcglgrs:arq Benifigsnll nmeressprpsive hamethas aninrdave life snapythet 28ner gy i s

directed into a fluorescent body, that body absorbs sone of the energy and

then eni tsignificgptly shortes thap gthess. Fhus, thedlupgragion Ygwicg 3P pHibe presetivemionis1 7765

energy; for exanple, blue light that is directed onto a fl uorescent body

may erl t CANSHGied seasde By vide fos xissipw pk lishtaith 3 pareryed solonibat is fiffsieptdbandbet devi ce

10 of the present invention, the internediate light- transmtting nmedi um 22

and the fafthsldRissk. dyes contained therein serve as the fluorescent body.

5 Specificall >f . because of its position adjacent the Iight source 16, |ight

em tted from FhesFepmplished taaughdhs weerpration afia fight soloreonyeisien PsemAbte

light-transpmitting medium 22 and interacts with the, fluorescent dyes

cont ai nedhq Wematon deiies 14, sppsificplly andptermediols lighttrosmiiting mediumy 23 ¢xtendp

fluorescent dyes,of the internediate |light-transmtting medium 22, and a

| ower - enéiQR$ and ppsitioned adjgeent Big;lightsqures } o wittealight-greeiving suifdrg frdeeeiiinedyes and
ht-recei vin f the.wavegui de 12, }0 Thus, through

D e e YL BEin 2520, By LNt o IR, 10, Thes, e o
the dyes atioln the ot erediate LNt AR LR AR M2 e goo! | cant s
matrix of a substantially translucent polyurethane or similar material tinted with a predetermined
combination of one or more fluorescent dyes. A preferred polyurethane for this application is a
polyurethane manufactured and distributed by IPN Industries, Inc. of Haverhill, Massachusetts
15  under trade name EGA-202. However, as will be further described below with reference to
Figure 3A, the intermediate light-transmitting medium 22 need not be a unitary member, but may
also be comprised of a plurality of discrete layers.
In order to better understand the construction and function of the illumination device 10
of the present invention, it is useful to discuss the concept of fluorescence. Fluorescence is the
20 . emission of certain electromagnetic radiation (i.e., light) from a body that results from the

incidence of electromagnetic radiation on that body. In other words, if light energy is directed

into a fluorescent body, that body absorbs some of the energy and then emits light of a lesser



various colors across the visible spectrum colors that are ultimatel ?ﬁ DEC 2008
observed along the light- emtting surface 18 of the waveguide 12. For™
exanple, blue LEDs are significantly | ess expensive than white LEDs, but

last 15 si g4 ?y 1 onger than white LEDs. Furthernore, PEEHSUIYETE ue
light is a higher-energy light, applying the principles of fluorescence in
accordance with the present invention, blue LEDs can be used to generate

colors across the visible spectrum fromblue-green to red, as illustrated
in Figures 7A and 7B. Therefore, blue LEDs are a preferred LED col or for
the illum natign device 10 of the present _invention. 20 Thus, in an

i || umi nat iSBFS & iexanple biug dight gt ay duseiedomie flyarescent Bodygrat souka lewerrgrerey
accordance with the present invention, various conbinations of fluorescent
dyes, inclBfRRgt but not limted to, red, yellow, and/or green dyes, can
be incorporated into the jnternmediate |jght- transmtting nmedium 22 to

achi eve di f f er 2§{ymipg fofpe itlupinatign devicg 48 piihe presentipusntion; thedntermegipiedighsnt o
5DEC2006 WD,.0Q3/ 104(%}[{23 PCT/MS%/ 17765 dye i,sﬁa %)’i _gment nanuf act ur ed and

di st ri but S80SBYHIERYe 2&arihe EBPTRSFH Ay FouHnRY tRFeif Sere as tepdlupreseenpbadyiuct  No.
ZQ 13 ("Rocket Reds"); a.preferred yell ow fluorescent dye_ is a pjgnment
manuf act urB® ﬁl&"g?? ﬁei°55$%‘t§1t’r9§}a%éﬁf¥ DlghhoyFeedty! F%‘f"iﬁﬁif’?}ff‘ﬂ@hébtel and,
Chi o as Product  Nq. Q1 "Satyrn. Yellow'). angd. a preferred green

T uor aecoRmre )l f Gregtef i tntsPmEtIH S Ug P tigs B o B 2, B PR MBD® of o

Col or Corporation of Cl.evel and, i.0, as Prqduct Q-1 " Si gnal

G een"). %B?ffﬁc'é“t ées?(?P’i‘tB‘Pﬁgtlhf)’&}nt iTgélhél?t “tﬁfét‘a@éﬂ ﬁ?ﬁoﬂ’éNg?’}S ﬁ%%‘Pg?‘e bP‘HB%E‘an
desired cql or it is. jigportant.to recogniz he nature of visihle |ight
and col or SRpTRuedae B AR, R gemer ey B YRR ved by
t he human_eye. Visihle |i spans range of. wavel t.hs bet we 10

ot oxi o Eet s e tomaet et PE i e B Reeming R oY ver B2

spect r.ynt and the erceived.color.of light is based.on its rticul ar
nivel MG e Bk eiocBSH S SOt oRitiBhons piies pia ViEE 8 ekt Por Y dyes

- within the intermediate light-transmitting medium 22, applicants have been able to produce

various colors across the visible spectrum, colors that are ultimately observed along the light-
emitting surface 18 of the waveguide 12.
For example, blue LEDs are significantly less expensive than white LEDs, but last

15  significantly longer than white LEDs. Furthermore, because blue light is a higher-energy light,
applying the principles of fluorescence in accordance with the present invention, blue LEDs can
be used to generate colors across the visible spectrum, from blue-green to red, as illustrated in
Figures 7A and 7B. Therefore, blue LEDs are a preferred LED color for the illumination device
10 of the present invention.

20 Thus, in an illumination device 10 incorporating blue LEDs and constructed in
accordance with the present invention, various combinations of fluorescent dyes, including, but
not limited to, red, yellow, and/or green dyes, can be incorporated into the intermediate light-

transmitting medium 22 to achieve different colors. In this regard, a preferred red fluorescent



Figures 7A and 7B, the visible spectrumcan be represented as a continuum
or "rainbow' of colors fromviolet (- 400 nn) to red (- 700 run), or 3O0EC 2006
alternatively, the visible spectrumcan be represented in a circular

chart. Wthwespmeshzto Figures 7A and 7B, it is inportant tgeiRe9osLe 15
that many common colors are not represented in visible spectrum For
exanpl e, the color nagenta is not represented by a single wavel engt h;

rat her, when the human eye perceives magenta, it is actually perceiving a
conmbi nation of wavelengths in the red and violet ranges of the visible
spectrum and thus it is represented in the m xed region of the circular
chart of Fkiygisla@igment meiufadnaed 3hd distribufed biyPay-Gie1ColbOCorperaii of €ldvBlahd, t he col or
commonly referred to as white is not 20 represented in Figures 7A or 7B.
Wien t he oHi®ss PeydactIds. Z8)-YRERobkiet Red 1Y); 4 grefanédipliby fperescent\dya & a plgment

conbi nati on of wavel engt hs across the visible spectrum the inportance of
whi ch W | Imdnefactarep bid disteibited BpDaylOloColdr Cozfdbfion VIT10GAah0ATHIZ 1P FddidENG/ 17765
Thus, nobst perceived "colors" are not representative of light of a single
wavel engt lZQ-bugSatimateiiowSbEnd a plrifeaet gran Hiorsvasne Hpigh pigmehtindnbiasmreggar d,

the dom nant color. in light conprised of sonme conbination of wavel engths

I S genexr alahy disteibated BEDAPGRECIoICorpanatioh d£Clevedandl OMb d€Praduci®eZQISM t 0
represent and identify -all possible perceived colors, the Conmm ssion

| nt er nat i qr8igmal Grebn™ey.ai rage (CIE) constructed the CIE Chromaticity

Di agram which is based on three ideal primary light colors of red, blue,
and green. TheBé&dbie defutibingtpeticilyr dye agptitdimatioss far pveddcirigrdesired colon it fsor
identifying colors and is well understood by one of ordinary skill in the
art. Speciifip@@ahi ty recogtize thé negtre af dgble fightiagdicador8 At tHe@utset amisible dighttidlight char t
represents the anount of ideal red that would be m xed with ideal blue,
and t he y-ilsxicsn igfpetdeived b the humapeyes ¥isitde lighespanoamabgeaff wadelalgthybeisreat hat 10
woul d be m xed with ideal blue. Thus, using the CIE Chromaticity Diagram a
desi reld cepmoximately 406-700 emtoivetessinm)(r¢feratgo af the t@sikle spedtrym’Doamddhienat es. It is
al so inportant to recognize that the chromaticity curve, which is

r epr esent aticsivedxblor hflightt &siblabed os fite partiemtar wiaselagthmoitiy thisurpregei Ap dBisirated in

Figures 7A and 7B, the visible spectrum can be represented as a continuum or “rainbow’” of
colors from violet (~ 400 nm) to red (~ 700 nm), or alternatively, the visible spectrum can be
represented in a circular chart. With respect to Figures 7A and 7B, it is important to recognize ‘

15  that many common colors are not represented in visible spectrum. For example, the color
magenta is not represented by a single wavelength; ratﬁer, when the human eye perceives
magenta, it is actually perceiving a combination of wavelengths in the red and violet ranges of
the visible spectrum, and thus it is represented in the mixed region of the circular chart of Figure
7B. Similarly, it is important to recognize that the color commonly referred to as white is not

20 represented in Figures 7A or 7B. When the human eye perceives white, it is actually perceiving
a combination of wavelengths across the visible spectrum, the importance of which will be

explained below.

10



over the chart such that wavel engths within the visible spectrumare
represented along this curve. The CIE Chromaticity Diagramis al so hel éfoép 2006
i n understanding m xtures of primary light 15 colors. Specifically, if a
strai ght |indvQ&/WAHAN bet ween two points on the chromati ci tacTousy/€s76§ OF
exanple fromgreen with a wavel ength of 510 run to red with a wavel ength of
700 nm that straight line illustrates the range of colors that could be
created and perceived by the human eye, depending on the relative anmounts
of primary light colors in the mxture, including various vyellow sh-green
colors and oranges. 20 It is also inportant to recognize that the central
regi on of the CIkisChospeteivid golDisaepean representetiveas dphtat 2 viegle fwavdkéngth, bwt

conbi nation of the three ideal primary light colors. If any straight 1Iine
bet ween t woathelsomes cambination ofwoekengtiss. tIy this regesd, theesdoesnanteodarghlight conmed r al
region, those two colors can be mxed to create a perceived white col or.
11 5 DEC 2@démaombdBati@viofvayeaphssoghaalncsietgdions huhrinegler baireddeiaon of
appropri ate conbi nati ons of dyes and varying the density of the dyes

Wi t hi n t he machaismetd represedtiaghidentify pl postible pereenvedi aotor2 the Copphissianintsmhtionelebeen
able to produce various colors across the visible spectrum color that are
observed alldulgiragedCIE) ghnstrueted the CHyClhrombtinity Diggraph, whivh inkasedjon ttiwe id2al Vari ous
exanpl es are described below 5 EXAMPLE 1 In this first exanple, an

i |1 um nat i pnimadenligbecolds ofyed bhvst andgresnl Thet CIE L£hrameticity Diagiam inp pelbihovat el y
4.75 inches and has a cross-section as shown in Figure 3. The |ight source
16 is a sted figidshtifiingsolovrand ifcligingerstoadityeae ofgrdinatyskidlis theprt| Bpvsificgbeed at
approxi mately 0.50-inch 10 intervals. Furthernore and nore inportantly, the
LEDs in t hes Biusrapiddn Bigarels, the x-axisiof thisrhart regresentsthe smquntefidsabied that would be
approximately 470 nm and having col or coordinates of x = 0.111 and y 0.058
on the Cl Engkadoritikifieal biye,pnéd e yraxis of this chart represents the amount of ideal green that

10  would be mixed with ideal blue. Thus, using the CIE Chromaticity Diagram, a desired color can
be identified in terms of its x and y coordinates. It is also important to recognize that the
chromaticity curve, which is representative of the visible spectrum, is commonly superimposed
over the chart such that wavelengths within the visible spectrum are represented along this curve.

The CIE Chromaticity Diagram is also helpful in understanding mixtures of primary light

15  colors. Specifically, if a straight line is drawn between two points on the chromaticity curve, for
example from green with a wavelength of 510 nm to red with a wavelength of 700 nm, that
straight line illustrates the range of colors that could be created and perceived by the human eye,
depending on the relative amounts of primary light colors in the mixture, including various
yellowish-green colors and oranges.

20 It is also important to recognize that the central region of the CIE Chromaticity Diagram
is representative of white, a combination of the three ideal pri'mary light colors. If any straight
line between two colors on the chromaticity curve passes through this central region, those two

colors can be mixed to create a perceived white color.

11



The LEDs are operated at approximately 20 mA. In order to sinplify theSUEC 2006
manuf acturing and assenbly process, it is preferred that the LEDs be :
operated at a substantially constant current 15 and power. However, by
varying the B@PAMTI2 { he resultant perceived col or may be aPEBUSETI6S
Finally, referring again to Figure 3, the internediate light-transmtting
medium 22 in this exanple has a height H of approximtely 0.625 inches, a

wi dth Wof approximtely 0.375 inches, and a |l ength essentially identical

to that of the illum nation device, 4.75 inches. More inportantly, the

internediate |ight-t m thg medi um 22 | S €O ed of a_ supstantially 20
transl ucent pol 8%?"é'tt ] eﬁqog@fﬁpgqpné{gﬁgqnhlg?qogggﬁyeq Wd’l"’é’é’tgetﬁ‘? ée&@‘ s"?
preferably an eclflcall e red, yel d reen ufactured
and distrifif @“’Eﬁ’é Eﬁ&‘%}y@aﬁ ‘@B‘rt&mfe%‘f‘ﬁ Pl p egicast gﬁg‘aﬁe}ﬂ 0,

the foll ow roportipns 0 03/104 12 PCT/ U 7765 TABLE
1 Mass Polpffgif‘%t‘ﬁ e 9 e*%sf“ﬁéavg}% %‘8‘5@7}%/\?‘5} tgrep 8|4°89\,15Wﬁ fescent
Dye 0.17 Geen S .0.02 W.th res ect {’ﬁi 1 (and the

anal ogous F&*HP%%S“E% @“&gﬁ’ %‘E‘%els gﬁ’éﬂ’ﬁle&? S CSC"EB‘? %t hane and

fl uor esgent dyes are m xed |nto a substantially honbgenous conpound. Once
so m xed, the conpound is used to create an internediate light-transmtting

medi um 22 2{ agE_piopri ate dinmensions. Therefore, the total mass of the
pol yur et ha e | uor escent dyes is not inportant, only the relative

ti f th t h .
L umi nat | o el BB Sftbien Al PR RaT e s b ohided Wil %%egtéﬁ]o& ed from
10 the |ight t he bl ue LEDs .
i nter ?re d: gta%prgfuétm%grﬁg?gré%ei ﬂdﬁ) ae.'\ cross-sectlon as gh mdi:lr ecge%e ﬁ'gh? source 16isa

string of nine contiguously mounted, high-intensity LEDs spaced at approximately 0.50-inch

10  intervals. Furthermore and more importantly, the LEDs in the example are blue, emitting light
with a wavelength of approximately 470 nm and having color coordinates of x = 0.111 and y =
0.058 on the CIE Chromaticity Diagram. .

The LEDs are operated at approximately 20 mA. In order to simplify the manufacturing
and assembly process, it is preferred that the LEDs be operated at a substantially constant current

15 and power. However, by varying the current, the resultant perceived color may be affected.

Finally, referring again to Figure 3, the intermediate light-transmitting medium 22 in this
example has a height H of approximately 0.625 inches, a width W of approximately 0.375
inches, and a length essentially identical to that of the illumination device, 4.75 inches. More
importantly, the intermediate light-transmitting medium 22 is composed of a substantially
20 translucent polyurethane tinted with combination of fluorescent dyes, preferably and specifically
the red, yellow, and green dyes manufactured and distributed by the Day-Glo Color Corporation

of Cleveland. Ohio, in the following proportions:

12



medi um 22 and interacts with the red, yellow, and green fluorescent dyes
contained therein. This |ight is partially absorbed by each of the 5DEC 2006
fluorescent dyes of the internediate light-transmtting nedium 22, and a
| ower - ener gyMOUghv47i3 t hen emtted from each of the fl uoreseemusoyrsssand
into the light-receiving surface 20 of the waveguide 12. Thus, a
conbi nation of lights of various 15 wavel engths from each of the
fluorescent dyes and the LEDs thenselves is directed into the
i ght-receiving surface 20 of the waveguide 12 and ultinmately observed
along the light-emtting surface 18 of the waveguide 12. Specifically, it
has been determ ned that the illum natliA@LElkvi ce 10 described in this
exanple results in light with color coordinates of x = 0.266 and y = 0. 237,
within the white 20 region_defined by the CIE ¥assdght | city di agram as
illustrated in Figure 8. Thslyulsthase | i ght emlt t e#6f0r om) t he LEDs 16
ultimately results in a whi|tRed Flughsscebeldyry obsler veédlal opg the |ight-
emtting surface 18 of the |WallegFlwdeesddt Dye3 § DEG12006[f WO 03/ 104712
PCT/ US03117765 EXAMPLE 2 |1 GréanFlexeaogk Bye an |i | | aoRnat| on device 10 is
constructed with a.length L of approximately 4.625 inches and al so has a
cross-section simlar to that showmn in Figure 3. The 5 light source 16 is
a string of ni nWithaedped tONsble/1 (Bdiihe athlodougtiblesdortaihied i dikeDaxBpaa); theat
approximately 0.50-inch intervals and operated at approxi mately 20 mA.
Fur t her rfor @plyutethahddid fluoiesdehedyexaeplixedaite a Substatially HemogeabistcbmfoundgOhcei t h a
wavel ength of approximately 470 nm and having color coordinates of x a
0. 111 and o mixed, b Sompouhdiiz uéddHo Clette mmintetrédyatd X ghtjtramsmifias eedin@2@fai n t o
Figure 3, the internediate light-transmtting nedium22 in this 10 exanple
has a hei ghpprbpriste dippiisions.Mheed fyreDthS #fal inassio the palywiettiatie AW dfuopentalyvesiaha| y
0.1875 inches, and a length essentially identical to that of the
i 11um nat i dmnpatewt, osly the.rél2five ratids @ theskhvempometite imtbelcamtpmsitipght - t ransmi t ti ng
medi um 22 i s conposed of a substantially transl ucent

When a preferred illumination device 10 is constructed in this manner, light emitted from

10  the light source 16 (i.e., the blue LEDs) is directed into the intermediate light-transmitting
medium 22 and interacts with the red, yellow, and green fluorescent dyes contained therein. This
light is partially absorbed by each of the fluorescent dyes of the intermediate light-transmitting
medium 22, and a lower-energy light is then emitted from each of the fluorescent dyes and into
the light-receiving surface 20 of the waveguide 12. Thus, a combination of lights of various

15 wavelengths from each of the fluorescent dyes and the LEDs themselves is directed into the
light-receiving surface 20 of the waveguide 12 and ultimately observed along the light-emitting
surface 18 of the waveguide 12.

| Specifically, it has been determined that the illumination device 10 described in this
example results in light with color coordinates of x = 0.266 and y = 0.237, within the white

20 region defined by the CIE Chromaticity diagram as illustrated in Figure 8. Thus, blue light
emitted from the LEDs 16 ultimately results in a white light being observed along the light-

emitting surface 18 of the waveguide 12.

13



pol yuret hane tinted with a conbination of fluorescent dyes in the follgmﬁn%
proportions: TABLE 2 15 Mass Polyurethane 245.0 Red Fluorescent Dye dE§ 2006
Yel | ow Fl uorescent Dye 0.17 G een Fluorescent Dye 0.02 Wen a preferred
i |lum nati olWE&¥1W&1210 i s constructed in this manner, bl ue PéTbsvsamsst ed
fromthe LEDs 16 ultimately results in |ight having col or coordinates of X
e 0.255 and y = 0.211. 20 Thus, the observed light falls near the upper
boundary of the bluish purple and purple regions of the CIE Chromaticity
Diagram as illustrated in Figure 8. 14 5 DEC 2006 WD 03/104712
PCT/ US03/ 17765 EXAMPLE 3 In this exanple, an illum nation device 10 is
constructed with a length L of approximtely 3.00 inches and al so has a
cross-section simlar to that showm in Figure 3. The |ight source 16 is a
string of EXa&MPEER i guously nounted, high-intensity LEDs spaced at 5
approxi mately 0.50-inch intervals and operated at approxi nately 20 mA
Furt hernore, t Heﬂliﬁg@mplenamﬁ@n@ﬁme@caf@s eeyaireetas with a lepgth Liofig [ i ght with a
wavel ength of approximately 470 ran and having_color coordinates of x s \
0.111 and gpproximyey 4685 ingbes@nd-alehiras guroseieejonsiraidar mthatrbewenr i Figiradaths t o
Figure 3, the intermediate |light-transmtting medium22 in this exanple
has a héi glightspusse l8pp2 Bsinefininecoptiznowly meunted, high-iftensity 34I3¢ spagsdebxi mat el y
0.1875 10 inches, and a length essentially identical to that of the
i 11 um nat i apprefémately 0-58-inxdh intarvpls gnd operated gt approsimaiale2Q mdh Furthesmersi the [ElYs
medi um 22 i s conposed of a substantially translucent .

in the example are again blue, emitting light with a wavelength of approximately 470 nm and

having color coordinates of x = 0.111 and y = 0.058 on the CIE Chromaticity Diagram.
Referring again to Figure 3, the intermediate light-transmitting medium 22 in this
10  example has a height H of approximately 0.375 inches, a width W of approximately 0.1875
inches, and a Iengfh essentially identical to that of the illumination device, 4.625 inches. The
intermediate light-transmitting medium 22 is composed of a substantially translucent

polyurethane tinted with a combination of fluorescent dyes in the following proportions:

TABLE 2
15
Mass (g)
Polyurethane 245.0
Red Fluorescent Dye 0.12
Yellow Fluorescent Dye 0.17
Green Fluorescent Dye 0.02

When a preferred illumination device 10 is constructed in this manner, blue light emitted
from the LEDs 16 ultimately results in light having color coordinates of x = 0.255 and y = 0.211.
20  Thus, the observed light falls near the upper boundary of the bluish purple and purple regions of

the CIE Chromaticity Diagram, as illustrated in Figure 8.

14 .



pol yuret hane tinted with a conbination of fluorescent dyes in the follggf?%
proportions: TABLE 3 Mass Pol yurethane 260.0 Red Fluorescent Dye O. EL™2006
Yel | ow Fl uorescent Dye 0.15 Green Fluorescent Dye 0.005 15 When a

preferred i | WA 10N device 10 is constructed in this manREFUSEES| i ght
emtted fromthe LEDs 16 ultimately results in |ight having color
coordinates of x = 0.327 and y = 0.247. Thus, the observed light falls

near the upper boundary of the reddish purple and purplish pink regions of
the CIE Chromaticity Diagram as illustrated in Figure 8. 20 As nentioned
above, light emitted fromthe fluorescent dyes contained in the

i nt er nedi at -transmtting nedium 22 is transmtted through the

intermediate light- transmtting.mediu 2 to the light-receiving surface
20 of the rod-| }%QE‘S 2%311 l.mnfn%“?lh‘gegm%g% C%@ﬁﬁbﬁlﬂgmiﬁn@gﬁimng

PCT/ US03/ 17765 .r egar .as with, the illum nati.on devi ce descrjbedq i

Do bonds ne elming R Aol g sy 1es derostaion Hlaci thel ol Sekiarae. e

O O O 0 TSPk Sy Bl SR8 BBl Pl o 201,
OBLicaL 5 VR L e SRS B8 TEIRS i R BT
R T AL TR RIS S
O e SRR R0 o A St e

portion of the |length of the waveguide 12 . . ) Lo
Referfing again to Figure 3, the intermediate light-transmitting medium 22 in this

example has a height H of approximately 0.400 inches, a width W of approximately 0.1875
10  inches, and a length essentially identical to that of the illumination device, 3.00 inches. The

intermediate light-transmitting medium 22 is composed of a substantially translucent

polyurethane tinted with a combination of fluorescent dyes in the following proportions: -

TABLE 3

Mass (g)
Polyurethane 260.0
Red Fluorescent Dye 0.13
Yellow Fluorescent Dye 0.15
Green Fluorescerit Dye 0.005

15
When a preferred illumination device 10 is constructed in this manner, blue light emitted

from the LEDs 16 ultimately results in light having color coordinates of x = 0.327 and y = 0.247.
Thus, the observed light falls near the upper boundary of the reddish purple and purplish pink
regions of the CIE Chromaticity Diagram, as illustrated in Figure 8.

20 As mentioned above, light emitted from the fluorescent dyes contained in the
intermediate light-transmitting medium 22 is transmitted through the intermediate light-

transmitting medium 22 to the light-receiving surface 20 of the rod-like member 12. In this

15



before being emtted fromthe light-emtting surface 18 of the waveguigﬁ 2006
12. As a result, what is 10 visually perceived is a substantially unif %
and elongated |ight pattern being emtted along the Ilight-emtting surface
18 of the wVRE¥IVBE212, thus making the illum nation devi cePCIOUSHBI17765
effective sinmulator of neon lighting. As described in co-pending and
commonly assigned U S. Patent Application Serial No. 09/982, 705,

applicants have found that acrylic material appropriately treated to

scatter light to be 15 one preferred naterial for the wavegui de 12.

Mor eover, such acr_)(ll ic material is easielgdvu nol dﬁg or, extruded  into rods

havi ng t hee8d¢; 3 &dfhheifummationfeyise deseriped fn qorneptipsand; commeply sssigief U i s
PR R e R T e
Pennsyl vanPETAGG 1GkACHiSaHDLI. BROCUBEITE BFMEE B GGE bl &S UEbr | ot 1 oo
pol ycar bon MR s B e R TP &F SporFeLl O Sy R e BB Gt | or
pr esent §1 nUSREGIRE AeveBRErRTE s et SRt b 1
ST e o L S L1 5 B gt
br of or abl y LY RSP TR 2D ohibe A EeeD B At e sk RIGBAE B2 oot o

o P ARl ORISR A TR SR 7, o
0%, AR o0l O S50 BT b0

i . . . E
(1 550, S0 7R5a5 PhAREh s Ryl ST b BB TR,

material | lmg-grgﬁt?&g%grf%etllg o h% rwcs)ivegv.lide 12, thus making the illumination device 10 an

effective simulator of neon lighting.
As described in co-pending and commonly assigned U.S. Patent Application Serial No.
09/982,705, applicants have found that acrylic material appropriately treated to scatter light to be
15  one preferred material for the waveguide 12. Moreover, such acrylic material is easily molded or
extruded into rods having the desired shape for a particular illumination application, is extremely
light in weight, and withstands rough shipping and handling. While acrylic material having the
desired characteristics is commonly available, it can be obtained, for example, from AtoHaas of
Philadelphia, Permsylvania under order number DR66080 with added frosted characteristics.
20  Alternatively, other materials, such as such as bead-blasted acrylic or polycarbonate, or painted
acrylic or polycarbonate, may also be used for the waveguide 12 without departing from the

spirit and scope of the present invention.
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bal | oons, the voids within the respective mcro balloons act as a ”egﬁ‘tuiﬁf‘?uus
focusing lens, 10 deflecting the light. Thus, once inpregnated with -
appropriate mcro-balloons, a pol yurethane conmpound will also have the

| i ght scatt®de3go4yidperti es necessary for it to serve as treTiusedayrrss
wavegui de 12 for the illumnation device 10 of the present invention.
Regardl ess of the specific material chosen for construction of the

wavegui de 12, as illustrated in Figure 6, the waveguide 12 preferentially
scatters light along its length but 15 ultimately allows light to exit
through its light-emtting surface 18. Such a waveguide 12 provides a

vi si bl e, el ongdsedaliamagiyeapplicress havgaiso getermined tiapfilles aap be EPorppraled fntest  at
the center and dimnishing continuously out fromthe center along the

maj or and elwothaag metendl to e i gherdesired light scattgrnrs mepertits andziow o swye asian

di stance apart and each LED an appropriate distance fromthe |ight-

em tting sipropdae egkyoravesuiday Ferferady, tpllow prhieres, galled micse ballognsd| ase wsedut i on
patterns on the light 20 emtting surface 18 of the waveguide 12 are caused
t o over | ap peompirssattering xThempiciofbgloqnp bave gpproximptgiydhg same diamster escayhwmany e
evened out This causes the collective light pattern on the light- emtting
surface 18asfare yaid indtheininferier, amd hage aghsl senstipgtedorom glpssog otbpramaterfag hayingfant he
wavegui de 12. 17 5 DEC 2006 WD 03/104712 PCT/US03/ 17765 Wth respect to

t he scat t epden@f rfragtiogsimilaptoghat obpl wisethane Becgusgisandicasof fedastionlcesgafiallye

| ength of the waveguide 12, it is noteworthy that the dyes of the

i nt er medi dBaich, prpgthamigiodiaileqns g piased inthe polyussthane. thefaespe) 1essesabthe ingarfagssi ng of
the light emtted fromthe |ight source 16, Thus, the incorporation of the
i nt er nedi AEMinHHt M\eahsfﬁmﬁsvsg opgttheipalyrethine materigl ippransibViligpicihe desired
5 emssion of light of a perceived color _different than that of the |ight
source 16,bajlgons,thevaids yathin the pespecivepicoieliopngict ps pagatisdoqusing lessi sts in
ensuring that the collective | ight pattern on the light- emtting surface
18 of ihe drEsreineha dishto Thysy enee dmpfs il ARPTRRITRS TRiGR DA BoRS e PARECHBEIS| ng 14
general ly functions to house the light soyurce 16 apnd_ . associ ated el ectrical
accessor | ¢é8mpeing vall glgo barve#@ﬁ@%ﬁ Sgatgeég%fgpwses?eﬁwfg{ I fpervieat hefaky ed
directly waveguide 12 for the illumination device 10 of the present invention.

Regardless of the specific material chosen for construction of the waveguide 12, as

illustrated in Figure 6, the waveguide 12 preferentially scatters light along its length but

15  ultimately allows light to exit through its light-emitting surface 18. Such a waveguide 12
provides a visible, elongated or oval-like light pattern for each LED, brightest at the center and
diminishing continuously out from the center along the major and minor axes of the pattern. By
spacing the LEDs a certain distance apart and each LED an appropriate distance from the light-
emitting surface 18 of the waveguide 12, the light intensity distribution patterns on the light-

20  emitting surface 18 of the waveguide 12 are caused to overlap to such an extent that the
variations in the patterns are evened out. This causes the collective light pattern on the light-

emitting surface 18 of the waveguide 12 to appear uniform along the length of the waveguide 12.
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10 into the light-receiving surface of the internedi ate Iight-transm’tt5i,»[51[:q:2m]6
medi um 22, re-directing such light it to the internedi ate :
light-transmitting medium 22, as is further described below Specifically,

t he housi ng ‘1’9‘53/&8‘?7%565 the light collection efficiency byPEBUBEHIIeg t he

i ght incident upon the internal surfaces of the housing 14 into the
internmediate light-transmtting mnmedium?22. In this regard, as best shown

in Figure 3, the illum nation device 10 is preferably 15 provided with one

or nore collection surfaces 40, 42, 44 for collecting and reflecting |ight

not emtted directly into the internediate light-transmtting nedi um 22.

The col | ection Yihreseecstofhe scatigring aitlightsn 35 therupt RLBPHE PRI &JoBs thsdmath

metal or anqgther light-reflecting materjal, prefer wgite iin color. It

.ef |y, )

i s pref er r Q§the Mavesuide A2, 1§ Retewerthydhat thedyes pf fhy dpiermeg ?teﬁlg,ht ASPRtNERRAWRd on
the internal surfaces of the chanpel 34, npanely,. the side walls 30, 32 and
porti Ions of2 ?H%%JCPTI BSrussFCRIRENSY @Q@ﬁh@“ﬁ%&’gﬁ’ey@htﬁ?ﬁf Ii% Ny ef er r ed
that the external, surfaces of the side.walls 30, 32 be rovided with a

| i ght - abs ofPRE™ %ﬂedpte%%d%?;h&m@g pejiwn 2aetoply R5pvides Garyias degiendy ng,

referably black imn,color. Thus, the external surfaces of the housing 14
gr o vi sdal [ETISHQR ot et %\tjr? Peisgived palir differsst aafa%%f ﬂl&rl Eoproe |1@ak6§ﬁ>e°a3§9¥ ? he
light emtted fromthe.light source 16. 18 .5 C.. 2006, WO 03/ 1047

PO Usoa/ 1 ePeschiging oFlight g icteimspiuring faat e ol e Nebipaters A Jelite. 3, a
portion of the vol of. .t he oPeH-ended channel 34 is filled with a
transl ucentemﬁ%?&ﬁ“ﬁgc%‘éér?&@ﬁﬁv&v@‘@ CAPRASLUND | EDs 16 are partially
encapsul ated in,the potfin onpound 52. | uch an, enbqdinent, t l.i ght
O o +t ed FURH AT FETbrat et o aF be B Shiyot fgamt 9

| i ght-receivin rface of the 5.inter jate | -transm ttjng. medi um 22.
Whon suen aspated ti R s formirien 25 6% ReBRBl Akt e Sl et g

devi ce ;10 constr.ucted. in accordance w t.h t. resent inventjon, the pottin
Compoutl s R e e e e fertistipe BT AhERERE selEM bl DL’ "
i ndex of refracti.on.of.. the.li sour.ce 16.to.m ni m ze Eresn | osses at
!the ;(nt erf S%cé%g’{l—‘h&f’ ﬁlgr%?tfgla}e{l%ﬁéﬁ?gﬁf é?%?%ﬂ%‘bzépﬁ%{ts?? & ‘EGS%’%S‘%‘%G‘%‘S'npound 52

coul d conp ESécﬁchXu}‘f, !thle Ihothlsri]neg 14 increases the light collection efficiency by reflecting the light

incident upon the internal surfaces of the housing 14 into the intermediate light-transmitting
~ medium 22. In this regard, as best shown in Figure 3, the illumination device 10 is preferably
15  provided with one or more collection surfaces 40, 42, 44 for collecting and reflecting light not
emitted directly into the intermediate light-transmitting medium 22. The collection surfaces 40,
42, 44 could be formed using tape, paint, metal or another light-reflecting material, preferably
white in color. Tt is preferred that such light collection surfaces 40, 42, 44 be provided on the
internal surfaces of the channel 34, namely, the side walls 30, 32 and portions of the floor of the
20 channel 34. It is additionally preferred that the external surfaces of the side walls 30, 32 be
provided with a light-absorbing material 50, for example, tape, paint, or another coating,
preferably black in color. Thus, the gxtemal surfaces of the housing 14 are visually dark to an

observer or otherwise prevent “leakage” of the light emitted from the light source 16.
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10 channel 34 defined by the side walls 30, 32 in order to provide the
illumnation device 10 with greater rigidity and to maintain the prop§MEL 2006
positioning of the LEDs 16 within the channel 34. Figure 3Ais a
Cross-secti oMaI3W4&w simlar to that of Figure 3, but in whechusdarres
intermediate light-transmtting nedium22 is conprised of nultiple discrete
| ayers. Specifically, the enbodinent illustrated in Figure 3A is identical
tothat illustrated in Figure 3, with the 15 exception that the
internediate light-transmtting nmedium 22 is conprised of three discrete

| ayers 22a, 22b, 22c. Each of the individual |ayers 22a, 22b, 22c could be
tinted with a shyejisheragfinementeand ap illugimtqd iy Bigure 3pa partignafitesyalument e, and a
green |l ayer 22c), but once stacked, the |ayers 22a, 22b, 22c work together
t o achi eveopsesnérdchanagl 34ds filled witherirapsiogsat prtting cgppowd 53 sisdythatthedERsdbor
different than that of the_ light source 16. In this regard, although the

i nt er medi af% PRitiglht enoapsylptgd dyihe potting seE@pUdo22 sk gyehe iy thelight ipr ef er abl y
conposed of a substantially translucent polyurethane, other materials

coul d be u¥ensmitied Hueneh oRatnecgmPe B2 h@f%ﬁpém@g the Hehiwessivingfsurypce of the esent
invention. For exanple, it . is contenplated that the internediate

| i ght - t f an@tgpedisglishirdansmitting mediymd?2p AVhep sishippaiing Forgppund 52 igdrcarreEedr s of a
light-transmitting fluorescent paint or 19 5 DEC 2006, WO 03/ 104712

PCT/ US03/ 1 ifupaipationdeyipetf opstrusted i a5perdange withy the gresent fuyertiopghe pottinge
wavegui de 12 to achieve the desired f]uorescence. For another exanple,
subst ant i aftEpPopRdyisherid htvesadndey poiclertion ssentialsmatrhias te indgx plefraghpr ofed t o
the light-receiving surface, 2Q of the wayeguide 12 for the desired

f I uor escents lightisepireelo4o Pgmﬁu@iFd@n%Ié?,sﬁséhéF inferfate- of an alternate preferred

embodi rent of an jllumpation 5 devige 110 nmade i n _accqrdance wi.th the
present i nvent iFgHRemPPIEEit i fonismplated ﬁ“@ﬁ&’e BYERE Wﬂundasg&?@d\ﬁﬁ"flﬂleﬁeg’gﬂgg? to

L M b A B0 RS e 5 PRS0 el OB BB
U e RS o kDRl THE L Sl S PRIPED. |2y Ativoqui e 12 (ha
|Tght-em tting purfACe A0 Qb Hewmil2toThd of gt 36 Fnhich e SCTVes as a
intermediate light-transmitting medium 22 is comprised of multiple discrete layers. Specifically,
the embodiment iltustrated in Figure 3A is identical to that illustrated in Figure 3, with the
15 exception that the intermediate light-transmitting medium 22 is comprised of three discrete
layers 22a, 22b, 22c. Each of the individual layers 22a, 22b, 22¢ could be tinted with a single
dye (i.e., ared layer 22a, a yellow layer 22b, and a green layer 22c), but once stacked, the layers
22a, 22b, 22¢ work together to achieve the desired result — emission of light of a perceived color
different than that of the light source 16. In this regard, although the intermediate light-
20 transmitting medium 22 described above was preferably composed of a substantially translucent
polyurethane, other materials could be used without departing from the spirit and scope of the

present invention. For example, it is contemplated that the intermediate light-transmitting

medium 22 could be comprised of one or more layers of a light-transmitting fluorescent paint or
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10 light-receiving surface. The rod-1ike menber 112 has opti cal mavegg%gﬁ:m%
and |ight scattering properties, such that |ight entering the wavegui

112 positio the light-receiving surface 120 is s ithin
the wavegui e e e ek i Pt uoad dratr but | onPEuSER L
curved lateral surface 118. The illum nation device 110 further includes a

| i ght col or conversion system specifically 15 an internedi ate
light-transmitting medium 122 tinted with a predeterm ned conbi nati on of

one or nore fluorescent dyes. However, unlike the enbodi nent descri bed

above Wi t akeSPRBES toltRe 1idht-pHeEiSing surkdg20-Glese mgﬁaaznehc@wem@&hi&ae nt to the
u

internmediate light-transmtting nmedium 122, t actually extend into the

i nter medi afi@rekdeHid Fhbf A8 rlakip, S SthriiNy ahislubiht WidtdBlctdaH1RAD Qb BRI be
descri bed above with respect to Figure 3, the housing 114 20 preferably

conpri ses @,RAid thelighlbRiviRY duffadedV of hd Falddaide 42 dr BR RErBIRBres3ARd channel
134 that extends substantially the | ength of waveguide 112. The housi ng

114 general |y figheliionsaé QctibHaticw bhs At @it pRRHes Bmdddmaidr ASiHRGAInAtRd
el ectrical accessories, and also preferably serves to collect and reflect

light . sSpegiibé Cidlrhade irf dt6oraates iwitdl thblesérd GH/aRRAS LikB thel chbBlinfeRl deSibbd N
efficiency by 20 5DEC 2006 WD 03/104712 PCT/ US03/ 17765 refl ecting the

light i ncia@&retwiﬂmﬁs?e&&eﬁiigme@[ ﬂ‘l@ﬁllnﬁﬁ'ﬁaﬁ@&@&iceflléiB%eﬂ%icﬂﬂpﬁéE&ofﬂﬁoQ-lﬂc@e
I ght -

internediate i transmtting nmedium 122. In this regard, the

i1 um nat ifdmbdeMizCEehckidig it 84, REEH Bt BdurceN O £l@Mntigbhisly MB@nt&N higPmRn&Q! | ection
surfaces 140, 142, 144 ?or collecting and reflecting light not emtted

directly inMm).the reditieymBaber st wivgiitide! 112881 Rrbfedably haP&H dxborda? 2urvddilateril
additionally preferred that the 5 external surfaces of the side walls

130, 132 beuice 11 SiReling dsh 1ihl-égikingange idg inrede dtethl skffibe 120 thabseweersant ,
because of the position of the internmediate light-transmtting nmedi um 122

adj acert tliaBt-redeiiig HiefdeC Thi 16 likeinitibeITR hhsshtibdl vavédaRielah@hight s@uérgg 116 i s
directed into the internediate light-transmtting nmedium 122 and interacts

Wi th the fodparies swhithal)ight eaeithpihe @dveghide! i2ipasitidied delowdhd lighSreeéivihg al | y
absorbed by each of the fluorescent dyes of the internediate |ight
surface 120 is scattered within the waveguide 112 so as to exit with diffused distribution out of
the curved lateral surface 118.
The illumination device 110 further includes a light color conversion system, specifically
15 anintermediate light-transmitting medium 122 tinted with a predetermined combination of one
or more fluorescent dyes. However, unlike the embodiment described above with respect to
Figure 3, the LEDs 116 are not only adjacent to the intermediate light-transmitting medium 122,
but actually extend into the intermediate light-transmitting medium 122.
As with the embodiment described above with respect to Figure 3, the housing 114
20 preferably comprises a pair of side walls 130, 132 that define an open-ended channel 134 that
extends substantially the length of wavegunide 112. The housing 114 generally functions to

house the light source 116 and associated electrical accessories, and also preferably serves to

collect and reflect light. -Specifically, the housing 114 increases the light collection efficiency by
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10 transmtting nedium 122, and a |lower-energy light is then emtted from
each of the fluorescent dyes and into the |ight-receiving surface 12 C 2006
t he waveguide 112. Thus, through selection of appropriate conbinations of
dyes and vaVQi%¥3%4 e density of the dyes within the inter nBET/&SE17T65
light-transmtting nedium 122, various colors can be created and observed
along the light- emtting surface 118 of the waveguide 112. 15 Figure 5 is

a side sectional view of another alternate preferred enbodi nent of an

illum nation devi ce 210 nmade in accordance with the present invention. Like

o B BT i
(28 \?va{/egw dﬁ 212 t)r?ag{% fg%%hlﬁrﬁaézaée te]r%%?dwmel fj) ?GZF‘%:{%E' sur f ceSZiB
serving ad§ 7F a,w?reérﬂﬁcﬁ%ﬁu #%j IZ‘: agg tﬁﬁcq“ﬁw]g apg refleging e 2 220
opti cal @v&@%’%&hﬁﬁ@ S e S S
bl ow the S ERHEEE FUIR SIS AFAL0 lg%eﬁr'g‘r"l R TR N, begut de
surface 218, MRy Frh A S et R B Pl b TR 20l o
322%%?3@3*?%%@ s 15 et crled ForR Ry Yot Libs ok vsgv%amggzggd;ﬂ?
Like the SaReRhE RSBt P ol i aciiihe AR Gob HOLEREERY, £V 20,
parti al |y sengansul aed ool 2 RabLI MA.SOTROAG, 29 25 | R PRELRREH fgh cent

the light-receivin er ne ransm medi um

i ant 1 gt lﬁ%&h&ﬁ‘a‘ﬁ??nta'é@% i S s s PR B forement g e
10" COULGE o Aud o TR oY B0l o B . 985S HhEH sgPL Nt

appropriate combinations of dyes and varying the density of the dyes within the intermediate

light-transmitting medium 122, various colors can be created and observed along the light-
emitting surface 118 of the waveguide 112.

15 Figure 5 is a side sectional view of another alternate preferred embodiment of an
illumination device 210 made in accordance with the present invention. Like the embodiments
described above with respect to Figures 3 and 4, the illumination device 210 is generally
comprised of a rod-like member 212 that defines an internal channel, a housing 214, and a light
source 216 (e.g., contiguously mounted high-intensity LEDs). The rod-like member is a

20  waveguide 212 that preferably has an external curved lateral surface 218 serving as a light-
emitting surface and an interior lateral surface 220 that serves as a light-receiving surface. The

rod-like member 212 has optical waveguide and light scattering properties, such that light
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Finally, as with the enbodi nents descri bed above with respect to Figures 3
and 4, the housing 214 preferably conprises a pair of side walls 23 DEBAG
t hat define an open-ended channel 234 that extends substantially the

| ength of WERBYWHHE 212. The housing 214 general ly functirmusbeitieuse t he
| i ght source 216 and associated el ectrical accessories, and al so preferably
15 serves to collect and reflect |ight. Specifically, the housing 214
increases the light collection efficiency by reflecting the light incident
upon the internal surfaces of the housing 214 into the internediate
light-transmtting medium222. In this regard, the illum nation device 210
is pref engpngthpavasdida 244 pasitioned bslovniihe behéwicrizipgisnface 329 igseatfered withind 2, 244
for collecting and reflecting light not emtted directly into the

i nt er neditht wavegwdn 212 sa Asteickit wih m%gmdtﬂﬁtrﬂwz@n oyt of the pyrvediigieral ewmtard 318pr ef er r ed
that the external surfaces of the side walls 230, 232 be provided with a

| i ght - absor bi hie iHammatien deyice 21q fyrthegjnchides s lighbealer seuversion systegpedificghy of t he
intermediate light-transmitting medium 222 adjacent the |ight source 216,
light e mapﬂrémaatmhgbféramr@mngwmaw@@wewgd ithelatem! shangsl defmedby BIdDEC 2006
WD 03/ 104712 PCT/-US03/ 17765 internediate |ight-transmtting nmedi um 222 and
i nt er @ct yvaxpguiieZhdand wdé&mre@mm%mmgw ofyope pepre fippfescentdyps: | s
partially absorbed by each of the fluorescent dyes of the internediate

i ght - t fldkrhe emtoRtmeRedRemhed Zith resmest @ FeSHEH Seridin? 16 rmerioly encampuleiod ¢ ed
fromeach of the fluorescent dyes and intg the |ight-receiving surface 220
of the wa%epgfiiggsompoundpzd and pasitigngstpdiceqmb the light-regeivingiHpsnfiet e conmbi nat i ons
of dyes and varying the density of the dyes wi.thin the jnternedi ate

| i ght - t r dRferet éﬁggtﬁ@aﬁmm@mdl%ﬂzo tRoWe R thicpartiqyler embodimentdbrd obser ved
along the light- emtting surface 218 of the wayeguide _212. Finally, as
part of tHemediak ekt trRasmitinepediugn 232 has s ubstantizlly § faﬁﬁtr hepfilg @ddkter ed t hat
ultraviolet Ijght commpnly emtted fromLEDs 16 nay adversely affect the
per f o¥mataueeyide 2ihais mugh {hignst hap wrihe Y dessrbadabedimisntiedi at e

T ght-transm Igi%éllglgasnv%ghl ot enzﬂgo'dix;ll-eql(%‘sr dee];c%rbgd above. wﬁl?rlelsfgelcptg FEgct)Jres 3 and 4, the

housing 214 preferably comprises a pair of side walls 230, 232 that define an open-ended
channel 234 that extends substantially the length of waveguide 212. The housing 214 generally
functions to house the light source 216 and associated electrical accessories, and also preferably
15  serves to collect and reflect light. Specifically, the housing 214 increases the light collection
efficiency by reflecting the light incident upon the internal surfaces §f the housing 214 into the
intermediate light-transmitting medium 222. In this regard, the illumination device 210 is
preférably provided with one or more collection surfaces 240, 242, 244 for collecting and
reflecting light not emitted directly into the intermediate light-transmitting medium 222. Itis
20  additionally preferred that the external surfaces of the side walls 230, 232 be provided with a
light-absorbing material 250.
In any event, because of the position of the intermediate light-transmitting medium 222

adjacent the light source 216, light emitted from the light source 216 is directed into the
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this problemis to use ultraviolet inhibitors in the polyurethane conpound
that conprises the internediate light-transnitting nedium 22 and/or % BEC 2006
potting conmpound 52. Alternatively, it is also contenplated that an
acrylic shM %/ ¥81Ed be positioned between the LEDs 16 andCris03/17765
internediate light-transmtting nmedium 22 to absorb any ultraviol et

radi ation and prevent it from1l5 entering the internedi ate
light-transmitting nmedium22. It will be obvious to those skilled in the
art that further nodifications may be nade to the enbodi ments descri bed
herein wi t hout departing fromthe spirit and scope of the present

i nvent i ornterrgdigte fight-tgeygitingrredium, 2R3t and inteacks withdhe Buorgscenhdygs|cpipinedat i on
device, conprising. a Ii,glht source emtting light of a predeternmned first
hue; a sthsEtmnthisiighyispargally absorhedyssachefthedporpsgsnbdies afthe mtsamedisiglightand
positioned adjacent said |ight source, said nenber being conposed of a
mat er i al CEREHTIRG MediBNR2%3nd 2 lwefaResgighbis £15R emitish fromesaeh 9fdhq fHgraseeaber t i es
so as to preferentially scatter | ight along the length of said rod-like
mermber ; 4¥E sadintthe Hehbarost e faniase 22Qef g weyn%?&ﬁogg » Brough selectipy ofyf
light-transmtting material and one or nore |light-f]uorescing dyes, said
i nt er fred RRRIEPTIRESABPInEtROS gbdyegand varvind the deasitnafithy dyes Vithie the dptermediatei vi ng
light emtted fromsaid |ight source and a light-emtting surface for

em t t i ngligftgrpsmifing mediug 2230@!*9?%@1%8? 9re%§€wd0bseg‘§rialorls gkt uor esci ng
dyes em tting | i_tght of @ predet erm ned wavel ength follow ng absorption of
|ight fr &m0 Yripsedihe oktBevareeuidpdlein a collective light ultimately enitted

from said rod-1jke nmenber, is qof a secondg hue with a substantially uniform
intensity al oﬁi@al{wé Pﬁ%ggﬁﬁr 5¥P°§’3F%-a“9“oﬁpﬁ?aﬂ‘é%ﬁ@rfr§%ff?f digsoversdthaf | ur nat | on
device as_recjted in claim], erein_the predeterm ned hue of said |ight
sour ce i Sltayiglet hgg‘.t °°F?T%°q?3f TW%&Q‘PE’%}%é%/f“é%g‘{é'grs?lééff?"é:‘]‘eip PRGOS theyher ei n

sai d _secgnd hue iis bstantial |y white, . . .
18 ?luorescent dyes o 'ffle?ntennedlg'te l%/ght-transnuttmg medium 22. Therefore, one solution to

this problem is to use ultraviolet inhibitors in the polyurethane compound that comprises the
intermediate light-transmitting medium 22 and/or the potting compound 52. Altematively, it is
also conternplated that an acrylic shield could be positioned between the LEDs 16 and the
intermediate light-transmitting medium 22 to absorb any ultraviolet radiation and prevent it from
15  entering the intermediate light-transmitting medium 22.
It will be obvious to those skilled in the art that further modifications may be made to the
embodiments described herein without departing from the spirit and scope of the present

invention.
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4. The illum nation device as recited in claim1l, wherein said second hue
is substantially white. 5. The illumnation device as recited in cl &ildl2006
wherein said |ight source is a plurality of light- emtting diodes. 6. The
i |l um nat maginfl@nibs elaimsedrieci ted in claim 1, and further conprising a housing
extending substantially the predeterm ned |length of said rod-Iike nenber
and housing said |ight source and associated electrical accessories. 7.
The iIIunﬂnatiamiMBMhﬂEnasﬁme&hmﬁﬁm@n clain16 wherei n sai d housing

enerally conpr Si de define an open-ended
ghannel ysalgp P’ Som-ﬁ?%émﬁ BT R Bt celve 5“%0Used in said open-ended
channel. 8. The suHstlanmalllyadsd h:ln: mkenhecbavag arpeeﬂeteenhnedﬂemgthianﬂ ;%sltlanmll aﬂjapetnln sid
conprisin ne or lection | 0585 Aces
of "oai ' <THESGiar shTEmE® e §f borRer BB B Re e B8 oPftal. PhREIE pd Heh

r ef | ecti ngrattériplgtprapaities sedsdo pn&feeantmlw mmzr hghﬂabng tlﬁzlen'gtlﬁE@‘ala @@Ehkegnenibhe and
illum nation devi rnal. .surf gf

said side wall §n]£]? ‘f%%i“&m éer\ﬁ\e?eﬁalfé cf’mﬁ?ﬁs‘te d Oﬁg/gor f‘ﬁfgle ansm"itmgTﬁerl
i |1 um nat bigeror teve l@t-ﬁsoresemgtdgek said mteamedifhe memnber finchudivera lcghrrpcelsmgnglrfmefoor

nore |ight ctio ur f ac rovide i nter nal

nousi ng. - EsrioE [ G emaBe e P ealie i 08 o BB FRGrrador R RBe Pl
into sai drddrike higmterataeh oesuirklight-fldoresting d'yésleumtmghglmnf dmede:tmmdmwlmgdl in
claim1l, ere ht -trans

Cohyur ot niiawggbsonof o fian s Hieb B S Bk sele Bt Rlipafety gritga trom

l'i ght - em tdid fogd-litle pe@BerdsTd ftat secvmd hirghith obubstamtiatislehiforni inenbity iafoap the ddngth;of saidl  a
| i ght coIo %pnv§%5|on system including a light-receiving surface

posi ti onefdd t said light-enmitting diodes, a light-enitting surface,
and

2. The illumination device as recited in claim 1, wherein the predetermined hue of said light

source is blue.

3. The illumination device as recited in claim 2, wherein said second hue is substantially white.
4, The illumination device as recited in claim 1, wherein said second hue is substantially white.
5. The illumination device as recited in claim 1, wherein said light source is a plurality of light-

emitting diodes.

6. The illumination device as recited in claim 1, and further comprising a housing extending
substantially the predetermined length of said rod-like member and housing said light source and

associated electrical accessories.

7. The illumination device as recited in claim 6, wherein said housing generally comprises a pair
of side walls that define an open-ended channel, said light source being received and housed in said

open-ended channel.
8. The illumination device as recited in claim 7, and further comprising one or more collection
surfaces provided on internal surfaces of said side walls, said light collection surfaces collecting and

reflecting light into said intermediate member.
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one or nore fluorescent dyes, each of said dyes emtting |light of one or
nmore predetermned wavel engths foll owi ng absorption of |ight from sdi 8EC 2006
light-emtting diodes and fromother of said fluorescent dyes, wherein
l'i ght observed along the light-emtting surface of said |ight color
conversi o SySygifsh ‘ﬁBr?ﬁév}’c%%_s ?eﬁittmwcmgna,va%}e% eﬂeéﬁ{lgﬁlﬁms hai stdBSvalls are

of I'ig

predeterm ned first col or emtted by sai ight-emtting diodes;

and a substoxited with ¢ lighichbparkiag metebiar  havi ng a predetermned length with a
light-receiving surface and a light-emtting surface, the |ight-receiving
surface of said rod-1ike nmenber being positioned adjacent the _

| i ght - eni t10i ng TheiHugdnation deyigegs rchwtme@%ﬁ 286 i besiogprising prsqr mose light e

|| umi nat o5y el Bro ek b e GlrbaDof Soid KEIRIE! id ke AR SEcBed (17 st
color is blue. 14. The illumnation device as recited in claim13, wherein
| i ght obseeNeetingnd meflepting lightyintosaidrintermedigtesugmbste of said |ight col or
conversion systemis perceived as white |ight by an observer. 15. The
illum nation device as recited in claim13, wherein |ight observed al ong

t he i ght dleni {The lyminatipméevicsfas regitedl ip clgim 1.oderin e matrpeqf hightsipasaittingas - col or

coor di nat s W i:0] Dgahite region defined by the CIE Chromaticity
di agram %%fm%Hgb?Y*hn?ﬁgtion device as recited in claim12, wherein |ight

observed along the light- emtting surface of said |ight color conversion

systen1isJ@ercg&gﬁgmﬁéﬂmn%gﬁag&?ﬂkhgy_an observer. 25 5 DEC 2006 17. The

illumnation device as recited in claim12, wherein |ight observed al ong
the |ight enit eiphgplisuefligbeemiftingaliadeq ¢ngjiing dightof a predeterminesfirshieslosnthas col or

coor di nat es mj%h%ﬂfFQ?uﬁnE&SnE%ﬂ%ﬁﬂmhﬂﬁ@ined by the CIE Chromaticity
|

diagram 18. The um nation device as recited in claim12, wherein said
substanti al | y rbightiredeévingesutfese positioned ahiaesatisaist light-pmitidng digdes,.nat  has bot h
optical wavegui g L Qhb.SGRjtering properties, resulting in an

el ongat ed and gﬁ%@?ﬂﬁ?+%ﬁpim§nﬁaorn1light intensity pattern on the

| i ght - emi tti ngosaprimeefledresseritdygsohch pf seid dyesmaitting lightpf 9ed of nrepredasermingd d

L ength.  19uy it HiMUAALIARARY i 1 fRighBehnitihe Gl dabdAnbFronfdifer o Ldid "
conpri sing a héusing extendi ng
fluorescent dyes, wherein light observed along the light-emitting surface of said light color
conversion system is perceived as having a color different than the predetermined first color of light
emitted by said light-emitting diodes; and
a substantially rod-like member having a predetermined length with a light-receiving surface
and a light-emitting surface, the light-receiving surface of said rod-like member being positioned

adjacent the light-emitting surface of said light color conversion system.
13. The illumination device as recited in claim 12, wherein the predetermined first color is blue.

14. The illumination device as recited in claim 13, wherein light observed along the light-

emitting surface of said light color conversion system is perceived as white light by an observer.
15. The illumination device as recited in claim 13, wherein light observed along the light-
emitting surface of said light color conversion system has color coordinates within the white region

defined by the CIE Chromaticity diagram.

16. The illumination device as recited in claim 12, wherein light observed along the light-

emitting surface of said light color conversion system is perceived as white light by an observer.
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substantially the predeterm ned | ength of said rod-Iike nenber and hog%%eqmﬁ
said plurality of light- emtting diodes and associ ated el ectrical =
accessories. 20. The illum nation device as recited in claim19, wherein
sai d housing generally conprises a pair of side walls that define an

open- endeéhc hanig lluunﬁﬁuﬁgn Bémeaals lrécxeec% cialng I3, v%}etiﬁ nghgo@yea@ﬁloggﬂh@ggmr ecei ved
and housed 1 n said open-ended channel : I'Um_nati on_devi ce as,
recited i rsmitting surface ofspid hgtsrromerwlwﬁwﬁ@tqqgha@ﬁ@lomoorﬁalraéeswhwé% Wik region

surfaces RERYIYSheREICHGhdiRly diBghaces of said side walls, said |ight
collection surfaces collecting and reflecting light into said |Iight color

conversion system 22. The illum nation device as recited in claim 20,
wher ei n exger ngl, %lHﬁﬁcn"i’anﬁﬁ d&flcesag 'réélt@d #1180 2, SvheRlrEsaR QUdtalRE M JdNik8 member is
| i ght -absorbing material. 23 | l'um nation device as recited in claim

19, and f epmprsed efsripaterial fhyt leﬁﬁévot@ropml wayegyie anddight wattarigg Prapeitiss esulpsiised

on inter n%longﬂ&fc ﬁgg%s%tlﬁﬁ/' it B ShtenSiB) d&ttleﬂng)mthquh{ Sty uFite o Gbrod-
collectin flecting’light into sai'd |ight color conversion system

24. The |?ﬁ ﬁﬁﬁbﬂ@bﬂgé@@P@éﬂﬂﬁnm@dﬂﬁﬁﬁ in claim12, wherein the light color
conversi on systemis substantially conmposed of polyurethane 25. The
ilTum nation device as recited in claim12, wherein the |ight color
conver si ori9systTarilluninationdevicsad resitedsin slaim A%.iang fusthen doguprisipg ahaing extprging

f I uor escenfygl, ﬁb{ﬁfg%he I%@deﬁergﬁgd %Qg@ of zdf;‘»d rofhiké lnkfibarRAl hARind ¥l pRiralfPEMEhS| NO:

a light source; an intermediate light-transmtting nedi um extending along
and posi t ieoiftieR digjea gedassesinted qlchmﬂ aceassriee, said i ntermedi ate
light-transmitting mediumbeing tinted with a predeterm ned conbi nati on of
one or nore fluorescent dyes; and a substantially rod-1ike nenber having a
pr edet er nmi2hed ITbﬁdl“hllmTled%quelag Feeitedein 6laim hYy vdigrefnaaisl honsielg genpraliyeoneniisesta ng

surface, 4 g SRR dRCide 4P BRASE A Uharthe TBEED ity FRghATnAR 1o dQWelng 2!

received and housed in said open-ended channel.

21. The illumination device as recited in claim 20, and further comprising one or more collection
surfaces provided on internal surfaces of said side walls, said light collection surfaces collecting and

reflecting light into said light color conversion system.

22. The illumination device as recited in claim 20, wherein external surfaces of said side walls

are provided with a light-absorbing material.
23. The illumination device as recited in claim 19, and further comprising one or more light
collection surfaces provided on internal surfaces of said housing, said light collection surfaces

collecting and reflecting light into said light color conversion system.

24. The illumination device as recited in claim 12, wherein the light color conversion system is

substantially composed of polyurethane.

25. The illumination device as recited in claim 12, wherein the light color conversion system is

comprised of a plurality of light-transmitting fluorescent layers.
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wavegui de and |ight scattering properties, and the |ight-receiving surface
of said rod-like nmember being positioned adjacent said internediate 5 DEC 2006
light-transmitting medium wherein light emtted fromsaid |ight source and
having a first perceived color is partially absorbed by the predeterm ned
combi nat i oy of A} HRKEHEENEVIESOD Lmﬁ?l d intermediate light-transmtting

medi um such that |ight transmitted fhrough said internediate

li ght-transnittdbights¥ieum to the |ight- receiving surface of said rod-1like

nmenber has a sesQpemRAlEAiMEakRltBAe heHuh bxbglify Mhgang pdsitmbd ¥Bacehtisgialighf
mul ti pl e wavel engt hs; and wherein t%e optical and |ight scatterin

proper t i essoBice.said dnteragdiptelightgappaittinggaqdiym ng&ﬁltedewlﬂ?ﬂglé’?@é?rﬂ”@ﬁfoq?wﬁaé‘ﬁg Pty

pattern onygelRembieditoresddnt dyefiangur f ace of said rod-1ike nenber along said
predeterm ned | ength. 27. The illumination device as recited in clai m.26,

wherein said |i&® St%ﬂpﬁb@drlé‘ealembﬁfr@l”i“g9P{9fietF‘P§‘l‘ﬁd length Vith # lehtrsaining sergace The

i I'lum natigg aqli%HtLéhﬁttﬁg surffel,ls8id nichbed &iﬂglcaéposw@mmaeﬁm hat hafs%thﬂ%ﬁ&ﬁ' ved
color is blue. ) illum nation device as recited in claim28, wherein

the s econdwayég%q %&g@dpﬁﬁermgm\ﬂmﬁl@ and i lightreecsiying pyrfpse plowiddedikemeraber

recited i nefle@ofMididd aMYQ@e'h?daﬂl i EnSRRO! t-ﬁﬁ{sﬁl@th @lecﬁ@;hor has col or
coor di nat es vmthlnth white regi on defined he CIEChromat|C|ty

di agram 31. ThHeherqin light gatitied fromespiddightsguice é‘idt}@éimg A fiest apraeives! colgn ésrnsTtiglly he
second perfpedNQithyGrd ﬁ?éde'te?miﬂ@él £ Snbinadién oﬁﬂl%réséénﬂ@e?@it §af21rlntg§ﬂ@dfb?e 1Bt 1 N

claim 26, wherein the second perceived color has color coordinates within
t he whi t e mekinysudiehat hight tapsmitied thromalosaidintermediate light-frgpsaitting mediumgtethe dight-

33. The i | Limifiadubfade HMI FRI-IAS meafbbl RS a k& ofd AirdBiv2A colBNdsiitifd fAsh a EQARBYVeS| NY
a housi ng extendin Iﬁ substantially the predeterm ned Iength of said rod-1like
)¢

menber, sdight ¢foutimeyweyslangdsiigda pair of side walls that define an
open-ended chanpgkein ﬁ@bﬂuéai aﬂtllgﬁ@ast&ﬁngsﬂop&lés%%ﬂﬁm BRGdAs R iR agai d

open- ended channel . 34. i I'Tum nation device as recited in claim 33,
and furt hexlonggpaglight iqﬁqjls@h@tt@q«n airghealight-gmitting surface of said rod-like member along said
predetermined length.
27. The illumination device as recited in claim 26, wherein said light source is a plurality of light-

emitting diodes.

28. The illumination device as recited in claim 26, wherein the first perceived color is blue.
29. The illumination device as recited in claim 28, wherein the second perceived color is white.
30. The illumination device as recited in claim 28, wherein the second perceived color has color

coordinates within the white region defined by the CIE Chromaticity diagram.
31. The illumination device as recited in claim 26, wherein the second perceived color is white.
32. The illumination device as recited in claim 26, wherein the second perceived color has color

coordinates within the white region defined by the CIE Chromaticity diagram.
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col l ection surfaces provided on internal surfaces of said housing, sagﬂ
| ight collection surfaces <collecting and reflecting light into said EC 2006
internediate light-transmtting medium 35. The illum nation device as
recited in claim33, wherein external surfaces of said housing are

provi ded wsth agplii@inABs Qé\merbg rd0REEhicBim 28 8nd ﬂ-ﬂﬁeﬂ dobpftiRgh hQRing @¥ieAdinAS
recited inclaim26, wherein the internediate |ight- transmtting nediumis

conpri sed selpstagtighly thepredejerpmed iegat!l of saihioflike mﬁ@bﬂm 19t howsiag tHCIUané pair gfsiderp g

i |l um nat iyafs feNdeife ASogeShde@@hinielClati KBhBSuUrddbEng kdde@arhdlhoGRl irf dafitpdit t i ng
fluorescent layer is tinted wwth a separate and predeterm ned conbi nation

of one or epsA&hdnek he f| uorescent dyes. 38. An illunination device,
conprising: a light source; an internedi ate Iight transmtting nedi um
ext endi ng alonqéand posj tioned adj acent . said |lig source, said

[

i nt er medi dfe | ilgatllyinatiendeviqeng resited i slaprihgnd f%@l@&ompflﬁn&m&r%&@feem ned

conbi nat i @piefion s‘ﬁﬂﬁce@?ro@‘%@oﬁ Ineh 2 SERBLs YRS hodG, Aidipasieticalshiaceed- | i ke
nmenber having a predeternmined length with a Ii ght-recei ving surface and a

|'i ght - eni tcvlﬂqqtjnwflﬂ%t@eﬂngslsahalnweﬁ%mew&dﬁ& leﬁah%@@ﬂ%&mah%t erial that has
both optical waveguide and |ight scattering properties, and the
Ilght-rece|V|n%bsurface of said nenber being positioned adjacent said

|

i nter medi dfe | iThnillmingtemdviderg rasied i laimpd Mdeisin oxiral sirfagessf said beystreaed

wavel engt by dviie®With b fighf dbeibinghfdietibight source and is partially absorbed by
t he predeterm ned conbination of dyes of said internediate

light-transmtting medium and causes each of said dyes to emt light of a

parti cul apgWavehefifinhatish'@dvideRateclid R tlalet 88) Whklelfle intddhH&D 1igRitAnsmitting
intermediate light-transmtting nediumto the |'i ght-receiving surface of

sai d rod- Imefiam inpoppsised of aplurality eEkighi-ranpsmitting Broresgent lgyees. wavel engt hs; and
wherein the optical and |ight scattering properties of said rod- Ilke menber
result in an elongated light intensity pattern on the light-emtting
surface of7sai dhe Byminatien devigs @p resiteship cais 36, Whersiener lightransmatiigg fAuorgegent

layer is tinted with a separate and predetermined combination of one or more of the fluorescent dyes.

38. An illumination device, comprising:

a light source;

an intermediate light-transmitting medium extending along and positioned adjacent said light
source, said intermediate light-transmitting medium being tinted with a predetermined combination of
one or more fluorescent dyes; and

a substantially rod-like member having a predetermined length with a light-receiving surface
and a light-emitting surface, said member being composed of a material that has both optical
waveguide and light scattering properties, and the light-receiving surface of said member being
positioned adjacent said intermediate light-transmitting medium;

wherein light of a predetermined wavelength is emitted from said light source and is partially
absorbed by the predetermined combination of dyes of said intermediate light-transmitting medium
and causes each of said dyes to emit light of a particular wavelength, such that light transmitted
through said intermediate light-transmitting medium to the light-receiving surface of said rod-like
member is a collective light of multiple wavelengths; and

wherein the optical and light scattering properties of said rod-like member result in an
elongated light intensity pattern on the light-emitting surface of said rod-like member along said

predetermined length.
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5 DEC 2006 39. The illum nation device as recited in claim 38, mheregBEEzmﬁ
said light source is a plurality of light emtting diodes. 40. The

illum nation device as recited in claim38, wherein the collective |ight of
mul tiple wavelengths is perceived as white light by an observer. 41. The

L1 1um nat hgn deyl ﬁﬁnﬁﬁtl&’?&évﬁc%% fe'elt&ll 1§-Elmn3§8 waBdinfs 'Elth@ﬁtrsoﬁl@mra'p'ﬁhﬂgy 8¢ light-
housi ng extendlng substantially the predeferm ned | éngth of said rod-1ike
menber, samétingpliedeng i ncluding a pair of side walls that define an

open- ended channel, said |ight source being received and housed in said
open- ended channel 42. The illum nation device as recited in claimA41l,

and furthdf. corbe ilmingtiomdevise apgnetied in glaim 3% aybpisit theepllsetive dighiof gréfipled on

internal UaGES iHerdRela\PhiRI 138 bySRidlsdrieght col | ection surfaces
col l ecting and reflectlng | ight Tnto said internmediate light-transmtting

nmedium 43. The illum nation deV|ce as recited in claim42, wherein
external gyrfagqgsRhisabfdvRidst RIS iR clalf 9/ 'aﬁt?fﬁrtﬂértcbmﬁrlélhgehﬁdlﬁigg extBldng
material. 44. A method of constructing an illum nation device for

si nul at i nguhs@om\allwmrm@g:rm@%bngtb Pheid md-likemeperoprid hongng wrudinga prigpfside
source; PQSii thW ek A dpk@bidel ERMRLT dald 128t d¥RAL Hél’h%fycél@é%l%d $8ihs8d |n sdfatopsRur Ce,

said light-transmtting medium being tinted one or nore fluorescent
dyes, suckndeghanptlen |ight of a predeternined wavelength is enitted from
said light source and is partially absorbed by the dyes of said |ight-
transm tting nedium each of said es emt ht of a particular

wavel engt 2. sudhe tllvminatipmrvice g teF@fd?/n Pllﬂtmﬁ”sail rthesiepmprisingserictor maty lightli um i s

a coll ect LR koffectid ldngsmfa&z gﬁvid&am ﬁtemvﬁirﬁ&gtoméd msa%ﬁl% sgfalnggt &u@d«eﬂaﬁmmsal ly

rod-1ik havi n redeterm ned | ht- receiving
surface an@lleatlﬂ& agﬁteibﬁﬁftgtllgh@ﬂ@t}ﬂlﬂa@@’ﬂﬁdia‘@d'éhftﬁ@émdﬂng Wuntl ransmitting

medi um such that when the collective light of nultiple wavel engths is
transmtted through said |light-transmtting mediumto the Iight-receiving
surface off3.sai dhe dyminajien devrebes recitad ieFlomydd adieraingxterabsuaiaedsof bard havising pin

l'i ght provided with a light-absorbing material.

44. A method of constructing an illumination device for simulating neon lighting, comprising the
steps of:

providing a light source;

positioning a light-transmitting medium adjacent said light source, said light-transmitting
medium being tinted with one or more fluorescent dyes, such that when light of a predetermined
wavelength is emitted from said light source and is partially absorbed by the dyes of said light-
transmitting medium, each of said dyes emit light of a particular wavelength, such that light emitted
from said light-transmitting medium is a collective light of multiple wavelengths;

positioning a substantially rod-like member having a predetermined length with a light-
receiving surface and a light-emitting surface adjacent said light-transmitting medium, such that when
the collective light of multiple wavelengths is transmitted through said light-transmitting medium to
the light-receiving surface of said rod-like member, an elongated and substantially uniform light
intensity pattern is perceived on the light-emitting surface of said rod-like member along said

predetermined length.

45. The method as recited in claim 44, wherein said substantially rod-like member is composed

of a material that has both optical waveguide and light scattering properties.
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intensity pattern is perceived on the light-emtting surface of said
rod-like menber along said predeternined | ength. 45. The nethod as reBEE &Hi
in claim44, wherein said substantially rod-like nenber is conposed of a
material that has both optical waveguide and |ight scattering properties.

29 5 DEC 2Q06 MGiluf¥hafidd d0icfbinpikiglevi ce, conprising: a plurality of
light-emtting diodes emtting Iight of a predetermned first color; and a

li ght col or corwBralityaf lﬁh&?‘é’fﬁm& dr&?ﬂeﬁu %FPW&gdlgE‘Lﬂ%tpéeﬁlﬁea?‘P?ﬂ figirolari@@d penber

having a pr edetaq;gmdaﬁgci,@@glogsygtgnh ikelldifght - recei ving surface and a
light-emtting surface, the lig receivi n(?tsurface of said rod-|ike npenber
9

bei ng positi onéd" Sé?&}l%llb’éﬁ{‘ llgﬁmaanr@h‘tmwrﬁ sigpingd gl withadisht-repgiyiae surface
fl uorescentd QM?ﬁ-eﬁlﬂfiﬁg’v‘du?ﬁ& i 18Rl rdcehRSIuaade Ak rddOtke nidrfbe MBS ositieR@N OF

said dyes enmi |ng ht of one or nore predet erm ned wavel engt hs
f ol | owi ng 24BEBH 199 ]éﬂli‘t'ﬁy‘?lml“lggih? ebromsaid |ight-enitting diodes and from

other of said fohaigr ﬁ&@ﬁﬁ&reéi)éﬁ%yes%ﬁ{aﬁb@ﬂ shﬁ@ﬁbs@hlaﬁﬁ[y\/r@@-hﬁé fh&ﬁbér*’@cﬂ bfgsbfﬂ-
emtting surface of said rod-I1ke nenbe per cei ved havi ngya col

di f f er ent dyessmitinglight afenesy momeéefqr@tne%ﬁﬁﬂensﬁls q“@mngéhiomt@a o glgérpev said

l'i ght - em qght%lﬁhgdﬁaes aftd froﬂihﬁlek bfstamm@;és&ﬂt @@w»@ﬁreaﬁhghesws%ﬁ@d hBngth@igAt46,
wherei n said substanti al rod-1i ke nmemnber conposed of a materi al that

has both smttl@ﬂaﬂurfmfé@ﬂﬂ&él likgdnembghis pgre%wqdeals hﬁ‘gnem epdiffeaent thagdhel t i ng in an
el ongat ed paRgetiRARRCHRE bmlgamlﬁlqm}l dafiNighi-Ghiansidiosepat tern on the

l'i ght - enlttlng surface of said rod- 1ike nmenber al ong said predeterm ned
| ength. 30
47. The illumination device as recited in claim 46, wherein said substantially rod-like member is

composed of a material that has both optical waveguide and light scattering properties, resulting in an
elongated and substantially uniform light intensity pattern on the light-emitting surface of said rod-

like member along said predetermined length.
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