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“priority from Provisional Application 60/265,522 filed 10 January 31, 2001
entitled Sinmulated Neon Lighting for Illum nation of Objects. The present
‘invention relates to illum nation devices using optical waveguide and, nore

particularly, to lighting dgyi ? i neon |ighting using
opti cal wavegui des_and hi hfprkgwgyﬁlgwpgy{l%sources and ideally
2dapted 15 for Si MUIATION OF NEON IhGHI TNGiuced by the
"electrical 5stimulation of the electrons in the |ow pressure neon gas filled
gl ass tube, has been a main stay in advertising and for outlining channel

_letters and building structures for many years. A characteristic of ~-a
jrz”"r 20 neon lighting is that the tubing enconpassing the gas has an even

"glow over its | j j of the viewing angle. This
characteristi g%é?‘#é@ﬂ%?&ﬁﬁs%§ﬁéﬁabl e for many adverti sing
~applications including script witing and designs because the glass tubing
. .can be fabricated into curved and tw sted configurations sinulating script
“witing and intricate designs. The even gl ow of neon |ighti ng bei ng 25
4 ypical |y devoid ofhisapplisaensclaimsprerityofror Fravisions AQPWﬂ%H@éQ/ ] lledind
nsightly distractions. Thus, any illum nation device that is devel oped to
upl i cat el@ heJamufryStl 52001 entitled Simulated Neon Lighting for Illumination of Objects. .

The present invention relates to illumination devices using optical waveguide
and, more particularly, to lightipg devices for the simulation of neon lighting using
optical waveguides and high intensity low voltage light sources and ideally adapted

15  for signage and adveﬂisiilg uses. |

Neon lighting, 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

20 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 lighting
adaptable for many advertising applications includiﬁg script writing and designs
because the glass tubing can be fabricated into curved and twisted configurations
simulating script writing and intricate designs. The eveﬁ glow of neon lighting being

25  typically devoid of hot spots allows for advertising without visual and unsightly

distractions. Thus, any illumination device that is developed to duplicate the effects



WO 02/ 061328 0 JUN 2005 PCT/LSO1l1 476-29 of neon lighting rru[éﬂt 03 SN eve
axially eve¥P %\ i st r| nover, its ')Illy'fﬁéQen
“about its ciFéG ‘Fkg %3[73 fﬁﬁ}gﬁ"gﬂb ggtq%ﬁgﬁgllﬂfc’@hcfveﬁg nmust have

a brightness that s at | east co abl e eqQn htin si nce
neon |ightirt (},}E’?t%“tﬁ IXgren 2houb s fig e‘ieﬂ‘ffhs{:'ﬂ‘if’ yé@ﬁﬁ%ﬁtﬁufgé‘gﬁ Vic'ﬁf,; devi ce
must be 5 light in weight and have superior "handl eabili tFy characteristics
in order to mskBave nhregidRess Hiebistahearicomprialette neomiighitiae. FNeber, singting is
recogni zed as being fragile in nature. Because of the fragility and heavy
~ wei ght pri neeon lightig is @ wellsestabpghed indugtry,i adfongstinveclighting deeioa musglie | ng i s
expensive to package and ship. Mreover, it is extrenely awkward to

initially hajpdt @ wdigistaal lhavesghensr 'mMImnyom&aﬁﬁstanﬁrdm& Hiags. 10 Any
l'ighting device that can provide those previously enunmerated positive

char act eri Sti63agahto e edd 1HinBGnatkts! Rclh REMtiE!if fochliizet EbeiniH Al in AN

handl eabi |l ity shortcom ng provi signTficant a ce In the

|l ighting techpo 4,891 6. 1 ssu n, Januar.y 9, 1990 to
Boren and a?gf‘]‘%g‘g&% o?ghetﬁ%gxgb'l Ngﬁgé/‘@'%?}ﬁﬁrﬂn%ﬁ%‘é%? O 1S Sugp grpl e of many
attenpts to duplicate neon ighting. Like this atte , host prior art neon
si mul at i onslm@?%ﬂﬁ@dlgmngﬂ%ﬂ@?%&w Pé?l?aEFé&qﬁ P-oMozEavepdtiis and
providing a little in the way of weight and handling benefits. The Boren
pat ent exenpkirémely awkivardop ipitielly bandde, snstellasnd/or rpplaed neontlightisg stntcitwrkd.y bas-
relief lettering. The material conprising the lettering is transparent and
coat ed y@t h Amydi3htingasticechat canprevidethoseljtevisusly entmtbritgd podieivd al i s opaque.

"",V\hen t he panel is back lit the lettering tends to glow with a neon-Iike

intensity. aﬁsgic{, §E£8Yh ligRkihOduAE hf?l'ﬁ!ﬂ?%mé o 5ke W‘%htmﬁ%&w&{s, gﬁt

resi st ant p0|nt sour Ces as exenplified by hi intensity
emtting di Og(%?cox(mnl‘gE% lprovae forgg}@nﬁcant advance in the lighting technology.

U.S. Patent No 4,891, 896 issued on January 9, 1990 to Boren and assigned to
15 thel Gulf Development Company is an example of many attempts to duplicate neon
lighting. Like this attempt, most prior art neon simulations have resulted in structures
difficult to fabricate and providing a little in the way of weight and handling benefits.
The Boren patent exemplifies this by prc;viding a pla.ftic panel with essentially bas-
relief lettering. The material comprising the lretterin‘g is transparent and coated with a
20  translucent material. The surrounding material is opaque. When the panel is back lit .

the lettering tends to glow with a neon-like intensity.

The more recent introduction of light weight and breakage resistant point light
sources as exemplified by high intensity light emitting diodes ("LEDs") have shown

25  great promise to those interested in illumination devices that may simulate neon
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simulate n Uﬁ‘)ﬁ@%f? UN 200 2/061328 PCT/LUS01{.47629. [PCarusimegeznd have
“stimul at edé@%l g %rr;?vei Sng}uiaéﬁdw%&e%f%r%‘ﬂ%%%vgﬁ }(‘vafw tg'éﬂ tributes of
neon lighting,. uniformty and brjghtness,.have proven to be difficult

obst acl es tc?%ﬁmlﬁ? EP%%"“SIEIE&’H“%H“P 1y %"tﬁisbs‘fﬁg‘mes& aegivenitg ke dH§CHave | argely
been stym ed by the tradeoffs between |ight distribution to pronote the

uni form ty abetagegpiolytidlsas suchpgempiderpimulateneon lighting havedargslydeen 057 i ssued
Decenber 11, 1990 to Bianchi describes a device that includes a transparent
or transl ucetymibdby the tpddasffs ketweendight dishibohion ® promateghe imfgrontyapdsi ti on to a
sheet of material having light transmtting areas that are co-extensive to

the tubi Bg brikh@esh @i ekamplaah.S| PiteddWNJ. UONE 05 BulicdaSecer®lr HS 10980 Whi ch
trace the configuration of the tubing. The tubing can be 10 nmade into any

shape i ncl u%iﬂﬁpl ?ésh??ésrhgdev}e@itﬂa‘?ir}c et BB AR oankluberd? Yo &fp{?s rangenent,

the light transter efficiencies wth suc n arrangenment Is ely to result

in a "glowng" tube,having insufficient intensity to jmtch.that of neon

| anti g Tatping ¥BRBAS Kol BB eh G e ER AT bk B ERIARNAVSL e ntense
light that rival, or exceed neon |ighting, but when arranged in arrays |ack
the uni f or mRYSTHEEEAT 3R ALE GonEXSensiisde Beyubipgy i1he shaet @rabﬁ gtwlﬁ“and | ow

intensity regions in the illumnated surfaces. Attenpts to snooth out the
| i ght has r eswtesestich as LEDawihing tracetheiraafigurattzancaphatybingl dike irbizghesntbe | evel s.
It is therefore a paranount object of the present invention to provide for

an 20 en@r gynadé trit6 aeybhapeincludig lptterigt bkiddthe halingmaabe liebyt sucheon i ghti ng.
- A further inportant object of the present invention is to provide for a

. lighting arrangement, the light transfer efficiencies with such an arrangement is likely to result

in a "glowing" tube having insufficient intensity to match that of neon lighting. The
‘use of point light sources such as LEDs may provide intense light that rival or exceed
neon lighting, but when arranged in arrays lack the uniformity needed and

15  unfortunately provide altemnate high and low intensity regions in the’illuminlated
surfaces. Attempts to smooth out the light has resulted in lighting that has

unacceptably low intensity levels.

It is therefore a paramount object of the present invention to provide for an

20  energy efficient, virtually unbreakable altemnative to neon lighting.

A further important object of the present invention is to provide for a lighting
device that is safe to transport and economical to operate while providing all of the
application virtues of neon lighting including uniformity and brightness.

25



device that is safe to transport and econom cal to operate whil e (g giN g

|1 of the WaIpPe ' ' f 11 ght i LNGLudL ng. REITIIEH0 frit16 d
B lghincas. 26 3 85 BbeobHGH BLpRET kA Mabihit YRR, °"

obj ect of the pr _egge,nt invention isto provide fof aii' alternative to neon
li ghting thabedqndigaHs fehvesmvaPngrentaibamiengly, Feayinng 1agiens sAeaRd singeny
running on significantly less electricity that its neon equivalent. 5 Still

anot her i npotigaificandby]lessteldcriaity thatgisingen e@tivalerteon equi val ent that is easy to
install w thout conplex high voltage electrical installations. Yet a further
object is to provide for- a lighting device that can be placed in hostile
environments such as in a freezer case w thout need for protective guards

10 agai ngt acci desﬂmhn&mti@?bnm objést @& povidEBE £ nediteqaivatht Bl Behsy @f the
invention will becone readily apparent and addressed through a readi ng of

t he di scussii%}aﬁ%@lwu%gn\fgﬁgﬁ%ﬂggyl e?éi‘éc'&gc%i ir&éﬁl?ﬁe RY OF THE PRESENT

| NVENTI ON The present | Izes a pro ‘rod of material having
wavegui de characteristics that preferentially scatters |light entering one

| ateral surface ("light receiving surface") so that the resulting |light
intensity pattern emtted by another 20 |ateral surface of the rod ("light
em tting surface"Yetiafughesabachis tqpardde for 3 laghiing dsyice Higt cane placediight sour ce
extends along and is positioned adjacent the |ight receiving surface and
spaced fr omhostlelenginonmeerits suchgs sma fraczer aasdivathamt pesdUfbf proteetive gumrdy eat e an

el ongated light intensity pattern with a major axis along the I ength of the
rod and18 against accidental contact by customers. ‘ '

These and other objects of the invention will become readily apparent and

addressed through a reading of the discussion below and appended drawings.
15 SUMMARY OF THE PRESENT INVENTION

The present invention utilizes a profiled rod of material having waveguide

characteristics that preferentially scatters light entering one lateral surface ("iight

receiving surface") so that the resulting light intensity pattern emitted by another

20 lateral surface of the rod ("light emitting surface") is elongated along the length of the -

rod. A light source extends along and is positioned adjacent the light receiving

surface and spaced from the light emitting surface a distance sufficient to create an
elongated light intensity pattern with a major axis along the length of the rod and a

| minor axis that has a width that covers substantially the entire circumferential width

of the light emitting surface. In a preferred arrangement, the light source is a string

o
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PCT/ US01/ 476 rces s e ance a art i ci eAt

t bpdrmi tt he' ﬁ%tt (g?#gbyeac 8““%#‘ ngr‘r@??@edro °§a£ rﬁ‘thr‘? tﬁ% ciour ce into
the rod so as to cre el ongated an over.l appi.ng |i intensity patterns
al ong the ||@‘f?fa%9w?ﬂﬁbmt§aw%a%teat~m°f@% ﬁltteﬁrém“igé}‘ ca t the surface so
that the collective |IP intensity pattern is 5 percei ved as being uniform
over subst antifcamfrentidlyeabopt the surgtee serhat then golipgtivaightiniensityiattad i§i ewed from
a normal head-on and side perspectives. DESCRI PTI ON OF THE DRAW NGS 10
Figure | 5 s pencetved\vastbethgpmifope oy ensmbstamvallgfthaentire light enaittirgn swhéaee eeheof t he
present invention; Figure 2 is perspective simlar to that of Figure 1 with
a portion brwlawﬁommhm ¢rn§;ﬂrsudyper%,§ctﬁieg,ure 3 is an expanded side
view of the illum nation device as shown in iore 1; Figure 3Ais an

enl arged wall segnment of the illum nation device shown in 20 Figure 3;

. Figure 3B is an enlarged wall segnment |like that shown in Figure 3Awith a

ﬂ variation i nyitsesbrYONOFTHE DRAWINGS

10 Figure 1 is an elevated perspective view of an illumination device of the

present invention;

Figure 2 is perspective similar to that of Figure 1 with a portion broken away

to show the interior;

15
Figure 3 is an expanded side view of the illumination device as shown in |
Figure 1;
Figure 3A is an enlarged wall segment of the illumination device shown in
20  Figure 3; . o

Figure 3B is an enlarged wall segment like that shown in Figure 3A with a

variation in its structure;



0 3 JUN 200@0\%0@92/ 061328 PCT/ USO /17629 Figures 4, 5, and 6 areldedeldii ve
front, side : g eyat i.on views o -di odes _connect RCTESOHNT629.
* electrical board ; @rﬁglé’dgi aﬁ’dtoﬁﬂ eﬁ?sgg%th‘{e ff%r)ll\fes_l’léjel’ Sﬁdefﬂptﬁge 194, Viss o %%so

showi ng the configuration of the light emtti di odes and el ectrical board
within the ‘ﬁ%ﬂ‘ﬁsé nnegted;t gp SEC@Aalal?ﬂi”‘%Es%“ﬁ W&%d’éeﬁ?%%efﬁpnﬂ Ig9iee
configurations of the diodes and electrical board as positioned in-the
present i nvedo HAWVing the cefignrationef v Lghywmittiag giades ged glectzicylrhoprd within
illustrating the light era 10 distribution characteristics of a single

poi nt |ight tBodewe;and a schematic of the device used to neasure the sang;
Figures 7C and 7D show, respectively, a graph illustrating the |ight

di stribusion characteristics of a single point [ight source nmounted within a
device 15 constructed in accordance with the present invention and a

schemati c of the i - show,
I\p/gg}éw% ald Eﬁ shOw ERESHESs 6Mteﬁ?a5@3%orlﬁsglgiydtﬁﬁs SsEnaaphads ;

respectively, a ator-li1ke top projection an e schematic of the

illumnated | ateral surface of.the. eqguide_w t:h_overl appi ng 20 i ndi vi dual
“light distridf teFe RCpl %%‘f%ssifmimﬁf"gh% i?gel grﬂn%%rrr’tgpf"zed pattern of the |ight
“distribution using an elliptically shaped LED assisting in creating the

el ongated light intensity pattern ; 6 WO O 2106 1 3 2 8 Oa JUN 20s

Figures 7A and 7B show, respectively, a graph illustrating the light
10  distribution characteristics of a single point light source and a schematic of the device

used to measure the same;

Figures 7C and 7D show, respectively, a graph illustrating the light
distribution characteristics of a single point light source mounted within a device
15  constructed in accordance with the present invention and a schematic of the device

used to measure the same;

Figures 7E and 7F show, reSpectiver; a Mercator-like top projection and a
side schematic of the illuminated lateral surface of the waveguide with overlapping

20  individual light distribution patterns; c

Figure 8 is normalized pattern of the light distribution using an elliptically

shaped LED assisting in creating the 'elongated light intensity pattern ;
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Figures 9A, 9B, and 9C show several different internally positions o tﬂﬁ
LED wi thin {/b&2keuss ng of the illum nation device in accord i t HEN 280s
i dn Bhousi ng
configurations in accordance with the present invention; Figure 11
i1l ustrates viftgn kHd HousiAglof et ilamiionldelibeirPiReRAakcd Wile el f28keni NCOr por ati ng
a plurality of lines of LEDs; 10 Figure 12 shows one techni que of supporting
an illum natjongdgvi ce nmade in accordance with present invention; Figure 13
shows a technique of connecting individual |ighting devices made in 15
accordance with the present invention; Figure 14 shows a variation in the

" preferred enbodi ment in which the diodes are inclined within the housing;

20 Figure 15 sho sti an rovariation | ich the digdes.are inverted
Gthi o Sthe hovdiages 4 e 08 S e B AR RoUs e T B SIRD | <
positioned wthin a channel defined in the body of the waveguide itself; 25
7 WO 02/ 0613eeprdmics Untithe preseitguiyaation; i | | ustrates still anot her enbodi ment
in wuctt the tight source ids a 7629 |ight source that itself is elongated
and extends in a parallel relationship to the axis of the wavegui de; and

Figure 11 illustrates the illumination device of the present invention
incorporating a plurality of lines of LEDs;

10

Figure 12 shows one technique of sﬁpporting an illumination device made in

accordance with present invention,;

Figure 13 shows a technique of connecting individual lighting devices made in

15 accordance with the present invention;

Figure 14 shows a variation in the preferred embodiment in which the diodes

are inclined within the housing;

20 Figure 15 shows still another variation in which the diodes are inverted within

the housing;

Figure 16 shows an embodiment in which the LED is positioned within a

channel defined in the body of the waveguide itself;
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i |1 unination devi Ge eJoff7gl§l %Ee%%sfsg@g%p &?ﬁséﬁﬁrg% mQﬁgH?%% IM&E%% BESCRI PTI ON
OF THE | NVENTI ON To.prqvide the desired result, i.e., an..llumnatiqn device
Chat T an DR aRvee ut B alobe e Snd fetds g e asgie etaeBhetip it Bartisiotar ¢ he
proper materials be selected for the conponent parts and those parts

appr opri at elh§ “a¥eBHeS B ri cal |y positioned so that 15 the resul ting

illum nation device has an essentially uniformlight intensity distribution
pattern over the entire surface wi th the maxi nrum obt ai nabl e bri ghtness. To
acconplish this, it is necessary to use a high intensity but dinensionally
smal | 1i5ght souFigeretl@gepresanting ahclamaticefrelettrichbdircadttysinbotpbrating AEDpt i cal
wavegui de and light scattering nmenber, but permts light to exit laterally
out of its RHpfRfdEng AghtlfRakiuciledMUEHL BiEIsed With tAE AkiMGlatifieddvidhis tROUr Ce
contiguous such a Ieaﬁy waveguide in a specific manner so as to cause the
wavegui de t i glow over its lateral surface while maxim zing the
anount of ﬁﬁ#@%’%ﬂ&r‘@ the surface, applicants are able to obtain an
illum nation device that rivals or surpasses the uniform glow of neon
tubing. There are many |ight sources which have the necessary |ight
intensity output 25 that is required but nost are dinmensionally too big to
be practical, are fragile, or 8 0 3 JUN 2005 WD 02/.061328 PCT/ U501/ 476- 29.
consune too nuch energy. It has been further observed that the best |ight
source 10 DETAILED DESCRIPTION OF THE INVENTION .

To provide the desired result, i.e., an illumination device that is an effective
simulator of neon lighting, it is important that the proper materials be selected for the
component parts and those parts appropriately and geometrically positioned so that

15  theresulting illumination device has an essentially uniform light intensity distribution
pattern over the entire surface with the maximum obtainable brightness. To
accomplish this, it is necessary to use a high intensity but dimensionally small light
source together with an element that acts both as an optical waveguide and light
scattering member, but permits light to exit laterally out of its surface (a "leaky
20  waveguide"). By placing the light source contiguous such a leaky waveguide in a ©
specific manner so as to cause the waveguide to uniformly glow over its lateral
surface while maximizing the afnount of light exiting the surface, applicants are able
to obtain an illumination device that rivals or surpasses the uniform glow of neon
tubing. There are many light sources which have the necessary light intensity output

25  thatis required but most are dimensionally too big to be practical, are fragile, or



woul d likely be one with a small diameter that provided a unifor@J Jghtlls
_out put over YhOBYaE8ded | engt h. Hlboaé ver, such |ight sources Ptaviesonote2y et
been devel opéﬂnﬁugletﬁ%’m‘c‘@cqﬁ‘%fﬁyodf qu%xpﬁer STVES Higt Rt ER SPU S needed.
Thus, applicants have determined 5 that the best available |ight source for
t he purpose Merudd likrlyheere With g small diggnetar that proyigked srunifommilighboutPyt eisunt ed,
essentially point light sources such as spaced apart high intensity LEDs. |
The ul ti mat e aniskignddd/lengsh. Howevdr] sueh hight sonrcdehdveamobyettblaen geesdened to theent i on
is to 10 sinmulate an illum nated neon tube that glows with the proper
intensity antechnolbgical state pvaling the idtengy heedébuThusappplicantst lsavealeermhédedr m ned
that it is inportant that the | eaky waveguide (used to sinmulate the neon
tube) be gomp{d 8Rtbesf availIOfikntRBurto tbrMe PRHRE hete infRANSINE aSidg & Bihgs
diffusivity that collectively with the other conponents of the invention
visual ly elingp: r ' i ndivi d | i ' i [ i ght 15
pattern that g%?%%ﬁ% ! "P?’E‘%@’ES%Z@%@C%‘?@%“@E o?esggﬁ%aars%?ég dtﬁggu}? e. As
stated above, the filed wavegui de preferentially scatters |ight along
. its length btﬂte’}fWiLmely allows light to exit through its lateral
. surfaces. Such a wavegui de provides a visible elongated or oval-like |ight
@ pattern for each LED, brightest at the center and dim nishing continuously
“ out fromthe center along the nmajor and minor axis of the 20 pattern. By
5 spacing the LEDs Zheultimmtholjectivant thealpemnataoniiericetofitiEprasentppreniten istte
& distance fromthe exposed and |ateral far side of the |eaky wavegui de, the
-3 light 110 ensintuatel s ilunfititedneopatbethitglons whe tieuyrdper éntefisifyaindsiniformity t he
“ | eaky wavegui de are caused to overlap to such an extent that the variations
- i'n the pattepns iRfiéngdY eNER, Aplicantd Rhve SR SRd R (G0 ih&kdny hat tEhbagat tern on
the lateral surface to appear to an observer 25 to have an uniform’intensity

along the | e&g‘t/&u%e (Tupe% t&@f‘ﬁ%ﬂ&lk fh%’negi %re) geoém% 3f & £roﬁ1ed rod of material

having sufficient diffusivity that collectively with the other components of the

invention visually eliminates any recognizable individual light distribution light

15  pattern that originates from a respective LED or other light source. As stated above,

the profiled waveguide preferentially scatters light along its length but ultimately
allows light to exit through its lateral surfaces. Such a waveguide 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 axis of the
20 pattern. By spacing the LEDs a certain distance apart and each LED an appropriate "
distance from the exposed and lateral far side of the leaky waveguide, the light
intensity distribution patterns on the surface of far side of the leaky waveguide 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 lateral surface to appear to an observer

25  to have an uniform intensity along the length of the waveguide. Other components of



9 0 3 JUN %%?b?am\gg,gz/ 061325 PCT/ USOI /47629 the il uninati on. devilde Bt 0fhe
present inv iuﬁﬁu}iaﬂ_shuaieaof&ebr&éﬁm&hohfﬁﬁ:xﬁm@%pémp@%%%é‘&%ur ces

may assist in establishing the required brightness and uniformty.

n 5 i gur e s IR SR e PR TR b RO 0211 02 1o

may be considered as having two nmj or body conponents. The first conponent
is a waveguide 12 having an exposed curved | ateral surface 13 serving as
the light emtting surface and a hidden |ateral surface.l5 (best seen in
Figure 3) that sefyguraly.t FHéer}?’ifﬁjn‘?mli’%@?%%&%UF??E@VC%%’Q&’PWYE s the
af orenentioned | eaky wavegui de 10 and surface 13 serves as the counterpart
to the ntonFigukss.1-Ghed shosvn garerally ghcharagter rumeyal IdatTheidsyice 18 mankegui de from
a light source juxtaposed to the surface 15 is preferentially scattered so
as to exit wvérdshiesedmsdadingltengadj@dddy ghtnpomd¢rgsisThe/fit cdmpdmehiisn pattern out
of surface 13. Visually, the waveguide 12, when not illumnated internally,

has a m | kywapiealeanatviligtant&pbitd sivéPrateraGaithes 1 N@rdhg agitedight | i ght t hat
15 enters the waveguide and that ultimately exits the lateral surface

th f. We { | i: Ak i t ted
ereof. Ap |lg @%%c?%‘(cﬁg@ﬁ?éa#}ﬁl suffatd ngb@g%llﬁbl&BgﬁfﬁaﬂS%wf)és reate

to scatter nmpact sistant td be the preferred

material fop use in.form t hg, waveguj de ., conponent s he present

Mvent fon. R dRTisE e ke nYASRERRY LA e SRaRER bR leak e e desi ¢ ed
| eaky wavegui de characteristjcs. Mreover, such material is$ 20 easily nol ded
or ext rifedandupfape i saryssiasdhe FruntreRat todhe Regadube r That &% Sredight faterally nat i on

7 application may be desired, is extrenmely light in weight, and w thstands
- rough shi ppénteringtte waneguidryfroms light seired justapeseditp dhe susfarayd tshe desired

preferentially scattered so as to exit with a broad elongated light intensity distribution
pattern out of surface 13. Visually, the waveguide 12, when not illuminated
internally, has a milky appearance due to the uniform scattering of ambient light that
15 enters the waveguide and that ultimately exits the lateral surface thereof. Applicants
i have found that acrylic material appropriately treated to scatter light and to have high
! impact resistant to be the preferred material fof use in forming the waveguide
components of the present invention. When shaped into the profiled rods, the rods
take on the desired leaky waveguide characteristics. Moreover, such material is
20  easily molded or extruded into rods having the desired shape for whatever .
illumination application may be desired, 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,
Philadeliphia, Pennsylvania under order number DR66080 with added frosted

25  characteristics. When shaped into a rod, such acrylic material is observed to have the

10



characteristics is coomonly available, it can be obtained, for ex8dpi,20fr om

. At oHaas, F‘F‘f‘: l{@%iu nsylvanj a under. order number DREBOBMSH/¢182dded
frosted 25 char a%?e geicggﬂac%éthcss &ﬁe@% §Eﬁe(r)m§ '8 ,Su%%sgggra?%a “Yfaterial is
observed to have the. 10 03 JUN 2005 WD 02/ 061328 PCI/ USO /47629 .| eaky
wavegui de ¢ h&f‘%{‘é‘% &y lig ‘?rcps?%éféél?qnéﬁ: °U%@F8W B¢ prapodycaghopatepr %Y}ST‘FQ%&’L Baded
bl asted acrylic or polycarbonate, or painted acrylic or polycarbonate
provi ded wi tdestredpreduentiablishfrseattaragtcharacterigfics maydetused srgvelhiarathicsr i stics may
be used as well for other applications. 5 The second conponent of the
present i nveapplications. a housi ng 14 positioned adjacent the surface 15 of the
wavegui de 12. Housing 14 conprises a pair of side walls 20, 22 abutting and
downwar dlsy extending fromthe surface 14 and defining an open ended channel
18 that extends substantially the |ength-of waveguide 12. The tf 10 housing

14 generally fU”CEEQB&oh@c&QH&%nE BEthk pEREnt $RKAESH ﬁ@%o@kiﬁ%tlaip%ﬁhoﬁ&?essor! es
and to collect light not emtted directly into surface I5 and redirect it

to the wavegy I I, . Si : : jjacrease the
ght col | oatiiafe sRRIETS WPIRS ol TS Hkib 1A D R R O
. upon the inter rfaces of . the haqusi into fhe waveguide, 12. and assi st
& PR The Scat ey, B TGRS st dommrai AR Som hd Spp R et B
desirabl e that the visual appearance of the housing 14 not .be _ obtrusive
with respectored endrd hrengl A that extgads substaptiallydhejsneth of yaveguidg RusThet s
preferred that the outside surface of the housing be |ight absorbing and

= thus vid0al Ihpusidgrk generally filnstéonsdgo howggahaliglittsourse pndedlestrieal ac¢rasorienenéhousi ng
- al so be nade from an _

o to collect light not emitted directly into surface 15 and redirect it to the waveguide In

F
%
=

‘ other words, the housing further serves to increase the light collection efficiency by
directing by reflection the light incident upon the internal surfaces of the housing into
the waveguide 12 and assist in the scattering of the light. From a viewer's

15  perspective, it is desirable that the visual appearance of the housing 14 not be
obtrusive with respect to the glowing surface 13 of the waveguide 12; thus, it is
preferred that the outside surface of the housing be light absorbing and thus visually
dark to an observer. Again, it is preferred that the housiné also be made from an
impact resistant acrylic material with the outer walls 20 and 22 having an outer

20 regions formed from a dark pigmented, thus light absorbing, acrylic while the inner
regions are made from ‘a white pigmented, thus light reflecting, acrylic. The two
regions are best viewed in Figure 3A show an enlarged segment of wall 20 in which
the outer region 20a is the dark acrylic and the inner region 20b is the white acrylic.
Such acrylic materials preferably are the same as used for the waveguide. While the

25  waveguide 12 and housing 14 may be separately formed and then appropriately

11
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acrylic, The two _regions are best viewed in Figure 3A show an
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acrylic and the inner region 20b is the white acrylic. Such acrylic
materials preferably are the sane as used for the wavegui de. Wile the 25
wavegui de 12 and housing 14 nmay be separately fornmed and then appropriately
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Figure 3B in which the wall 20" has 5 three conponents, an outer dark region
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rrng acry wavegui de. The
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pai nt ed on WEBF 20 RIEAY FLaTPone Beie 2ol Spiad et i oo™ ' 7o°

acrylic materjal or scattering acrylic.. The light reflect]j
- of a col or 1YhifRERHISPAHed %ﬁwrwaél?zq Wéucg

coati ngs can be

tIn
giself may beicpmygris Qf%cft?&ﬁp%f above

% discussion sets forth a preferred construction of the housing, it should be
= under st ood tasaylicimatetator seatterivaadrplics ThelightfreBenting goztings cabboein ¢ader

5 characteristics nmay be provided by light reflecting and absorption paint or
15 t ape.10AddnttchingtHeycolostodtiee LERifdesised.i tt| e concern about the visibility of
: the housing, it may not be necessary to provide the light reflecting and/or

15

20

25

= absorption characteristics

Although the above discussion sets forth a preferred construction of the
housing, it should be understood that in some applications the reflecting and
absorption characteristics may be provided by‘light reflecting and absorption paint or
tape. Additionally, wher-e there is little concern about the visibility of the Housing, it
may not be necessary to provide the light reflecting and/or absorption characteristics

to the outer surface of the side walls.

One the most beneficial attributes of the present invention is the ease that the
illumination device 10 can be bent to form designs or lettering. The channel 18 .
permits the device 10 can easily be deformed and bent into the desired shape. Once
the device 10 has been shaped, the LEDs 24 and the electrical connection board 26
are then inserted into the channel 18 and then the channel 18 be filled with a filler
compound. Thereafter the filler or potting compound is permitted to harden, thus

maintaining the positioning of the LEDs and circuit board 26. There are various



to the outer surface of the side walls. One the nost beneficial 4t diblll%es

-of ‘the presehbnfitiitl 8fuled K92 LAREodRRLo bllmalfe b LIRINIEATRY 10 can

be bent to form S|gns or etiering. perm Ice 10

can easily be_defo d bent into th deS| ed shape. evice 10
has been sha§t§ Exgy EEEE efﬁn s aéff |13 fg“(‘iﬁ%?ﬁdi% bAb%rFEmfg are
then inserted ipto the nel 18 and then t he channel 18 be Ellled wth a
filler conpdf q*H’é‘r‘% WiHB Higye g CWS%BEWFHWEMBWf permitted to
harden, thus 25 mai nt ai nj ng the positioning of the LEDs and circuit board
26. There ar @mgegemsnt Intls @rangroNRiDS WP TR IOYIPE, ROBSESELePrEagtion
configurations of the LEDs 24 and board 20 that may be posittoned within the
charnmer 38. oEstarjceis bodrd 26 evithiméhapnelalt8i sortkat direcbahbdhextendSiaipngdle ISAgthnd 5B.
A preferred configuration is that shown in Figure 5 because of the conpact

nature of thefclanhéalitg tithte befdihfli SThalfleRibileenthe cirtuit BodrdR6 WithHitacksanever
to observe the orientation 5 of the circuit board 26 within channel 18 so

that the boag: f | te
“ bendi ng. The ?Pém i?)f/{ﬁ% #E%l%b%g%@?gggar cg%ﬁ}\%ﬁ‘? Lvét%‘?%l%ﬂﬁk&%%m 24

‘s permt this t n th t of the
’ LED 24 essen?’%g %‘e %‘%PPY g%lﬁ 81Ie 19\%%1' Ssutflrg ea@éﬁ%?’g{/#ﬁﬁg\%ésu}@&%%{e%‘

2 illustrated in Fig ortant t i ng .cqompound 30
% used to fillF tﬂ%ﬁﬁ?ellrtissﬁ%m‘rmﬂ&fﬁét tgéegflfu E&C?mwggbéﬁg ofgl ﬁﬂaﬂg i3

# characteristics and be effective in maintaining the posjtioning of both the
. LEDs andl@ hehaxsaheidesimé liplttransgittngrplaserieristies ansybesedfeqiéve ingnaigipinmgribiee air

: gaps between the LEDs and the waveguide. It is preferable that the potting
" conpound har gesitionitgoftth thpdBDs asli th¢ borrd. mithe potiing lkampogndafartherderves to

eliminate air gaps between the LEDs and the waveguide. It is preferable that the
potting compound harden into an impact resistant material having‘an index of
refraction essentially matching that of the housing 24a of the LEDs 24 to minimize
15  Fresnel losses at the interface there between. The potting compound further adds
strength to the structure by filling in the channel 18 and assists in reducing hot spots
from forming on the lateral surface 13. Such potting compounds may be selgcted

from commonly available clear varieties such as, for example, that obtainable from

the Loctite Corporation, Rocky Hill, Connecticut under the brand name Durabond E-
20 00CL. Asis also seen in Figure 3, the bottom surface of the device 10 may be
covered with a light reflecting surface 32 which may be , for example, a white potting
compound or paint and this optionally covered with a light absorbing material 34. In
those instances where the selected LEDs 24 have a certain color the light reflecting

surface may also be selected to have a matching or substantially the same color. To

13
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Cor poration, Rocky Hill, Connecticut under the brand name Durabond E 20
OOCL. As is also seen in Figure 3, the bottom surface of the device 10 may
be covered w t h &htimghtsity ef theqioimtdightisduaee p&fenablyatsedrby bie predeor exanpl e, a
white potting conpound or paint and this optionally covered with a |ight

absor bi ngs maiRehtddn éé-tyﬂiéhufvtslameﬂtIftsp@nm@&hmqmité BAginftseClieBeddDs 24 have a
certain color the light reflecting surface nmay al so be selected to have a
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PCT/ 1JS0O1/ 49 antage o t certain dyes my be added
to the acrylic teri so.. that the devic . exhibits  sonme.readily
i st ngur shabreRb ot e SKiak el d ot e haflP s TR | /g
= sources preferably used by the present invention are typically sufficient
2: to provide t%“?eédﬂakﬁ‘?basﬁligﬁ‘rﬁ%%.m pre %{F'éﬁyFéE?é‘QFﬁE ﬁ‘@“g Hi ighp miting

% quintessentially feature of the present invention, however, is the careful
spreadi ng or sufase pid farmom aiflonger avabllike kight lintensgtytpapemn: &Equallypimportantisi nt
light sources such that the light patterns are preferentially expanded

al ong the) | i ghat themiihdd axgs ofthe bealdikenighf mtamsiay patbdno axgpends sabsthntiallikehd | ght
intensity pattern. Equally inportant is 10 that the m nor axis of the

oval -li ke |'i ghire ERé RN aPRIdICH Nthe ¥R Bd BgBthsittanisupthte THRSreRRhEiAIE

~circunferential width of the curved light "'emtting surface. The preferenti al

spreading of each of the light intensity patterns along the waveguide also permits an
% the overlapping of the individual light patterns. This in turn enables the present
!
| invention to provide an observed uniform collective light pattern along and over the

! 15  entire light emitting surface.

There are various parameters that have an impact on both the brightness and
uniformity of the light intensity pattern emitted by the surface 13 of the waveguide
12. Among the most important are the scattering characteristics of the waveguide
20  material, the spacing "1" between LEDs 24 as shown in Figure 2, the lensing effect of = -
the LED housing and internal optics where the light emitting portion of the LED
resides, the shape and structure of the housing, and the distance "d" (shown in Figure
3) from the apex of the LED housing 24a to the apex point 12a on the lateral surface
13. To promote uniformity of the light intensity distribution pattern on the surface of

25  the waveguide is that the line of LEDs 24 must be positioned a predetermined

14
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unlformtyi 1heI| i nte terne d the surf.ace 13 of the
wavegui de”  1FARRRE f’hg‘e %c?g ‘E’a‘éﬁg}é‘ %ﬂt“ﬂﬁye acteristics
of the waveguj de 20 materi al_, the spacing "1" between LEDs 24 as shown in

Figure 2, tHNaifp@ngiong Bleemgtin go fatfsemts $roh%a il cleaely apd srdesiralblit i cs where
t he Iight emtting portion of the LED resides, the shape and structure of.
t he housb ng dimmgshttheodhiralt hghtentensity(estapamng ﬁtom'ittggmevegel)deﬂ?.@ndmwmex of the
LED housing 24a to the apex point 12a on the lateral surface 13. To pronote
uniformty efeveltahé mifdr aiistofnisd dblorh crtelliprishi-like gagttinefkoim extehdiag sueftace of 25
the waveguide is that the line of LEDs 24 nust be positioned a predeterm ned
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12a of the waveguide. Positioning the CEDs 24 too close to the surface wll

cause a’ hot Hgt&%m d thafw Ber?thfe%ghggsﬁffac@hgpﬂadlt é%kuha&?ﬂété uf ’3"/16' ocal l'y

appear on t sur ace 1 wavegul de an of the

f I f f 12 | | el
ndesi rabl y (BoEt AT6En Prdaire R o d S RELAS  oetAac! Y P@mnehe
wavegw de 12 and mmy al so prevent the minor axis of the oblong or
el lipti &l - w%w&ht wr Af fbevh Xk mEhAndghe LEPs bae 2 eandleqervsr eﬁthoalt 288 dt h of

* the light emtting surface. As an exanple only, it has been determned that
"/ when the cumeddnd arcfspecedrapart abowid2men, othe distapes it shodld Sbebeut3/7 16 to

| 17.80 mm. It should be understood, however, that while the above describes a
1 preferred waveguide structure that resembles neon tubing dimensionally, other and
! different shapes of waveguides may be used yet still providing the desired uniform

15 glow.

To better understand the principal under which the present invention operates,
reference is now made to Figures 7A-7F as examples of the changes of the light
intensity and spread of the light pattern comparing light intensity and spread of a

20 typical diode to that of an illuminating device constructeé in accordance with the
present invention. A single LED or point light source provides a nalrew light
intensity pattern 54 as graphically portrayed by Figure 7A. Such a graph can be
generated by using a photocell type of device 50 portrayed in Figure 7B and
progtessively measuring the light intensity at various angles from the center line 51.

25  This light pattern 54 should be contrasted to the one in Figure 7C in which the pattern

15



(about 4.76 mm, the device 10 (shown in Figure3) has a height "0 Ji¥ 08bout
31 mm 10 an#O2@soe$) "w' of about 9.5 mm and the LEDs have mcwesadhsszpowner
of "about 28070 H@nsiderablydbrayise witharencomianiredushan 1 e 1RFRI AL shoul d
be about 17.75 to 17.80 mm- It should be understood, however, that while
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tubi ng di nensionally, other and different shapes of wavegui des nmay be used
yet still
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a0 % ode. conpari ng Inte ! o
E/uyItOLC?he(yi 9 bOsidhdhathe &%llllkk%ﬁgagelﬁi%fﬁ%18&9&155#&%1290%% Ggoradance
| Tght i ntensit L1 54 hi t d by .Fi 7A.

Such & gr aptPROER R PR dcteRs i PR e TEahe By peRi TSttt
t din_Fi 7B and ivel [ the |ight int it t
Vari ous angl BUFr SniaREateally SFPIFIaRE Saluraiey ¥hEEDF 2dRroviding & Aresdenstloul d be
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under which the present invention operates, reference is now nade

present 1 nventl on. D or poi nt t soufce provides

"2 contrasted to the one in Figure 7C in which the pattern is 03 JUN 2005 WO
.+ 02/ 061328 POWetgming ghipcaldkeilightimtensie pattarys b omthsriataral purface ddobHict ant

= reduction in the intensity along the center line 51. Figure 7C represents
" the broad pawiegnidernt2t Feghrd¥E iweplvidve usihg a b éraater-likSprofectibe ofthe dighi de 12

constructed in accordance with the present invention. As stated above, it

i s i mporqtantpibat artieainshane&al' Shirf288d 3t MeelsERoS RASLkhamant infbhsityance 5 " 1"
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20

be such that the oval-like intensity patterns of the individual 'LEDs overl ap
.- as

patterns 31 are represented by dashed lines 33. As stated above, for any given
dimension of the waveguide and spacing of the point light sources; it is important that
the distance "d" be appropriately set so distance so that the minor axis of the light
intensity distribution pattern extends substantially the entire circumferential width of
the curved lateral light emitting surface 13. For purposes of this disclosure the light
intensity distribution pattern can be defined as the visible area of the light pattern
extending out from the center region of the area that is visible discernible by an

observer.

To further assist in the preferential diffusion and scattering of the light T -
intensity pattern, applicant has further .determined that the use of oval shaped LED;
as shown in Figure 6 are helpful. The best effect is obtained when the oval shaped
LEDs are positioned so that the major axis of the elliptically shaped light patterns
" seen In top elevation view is directed along the long axis of the waveguide 12. The

characteristic light pattern of an oval LED is shown in Figure 8 depicting graphically

16



portrayed in the schematic representation of Figure 7E and the prj ¢ k@p
depi cted i Ryo @458 7C schematically represents a plurality, /U&ﬁo%m 4

- provi di ng amonmelatdniztit intansity afng nige whjor pid malor kkise Alsicahbe kdehgthslovyt pat t er ns
31 on the lateral surface 13 of the waveguide 12. Figure 7E is top view
using a Mer qa[®enlds kedipkeOligatdiony ief mhjdeatis Oiktrded BRtdupvesgeas 24 on the

| ateral surface. 13. The mnor axis of the light intensity patterns 31 are
represented by dashed |ines 33. As stated above, for any given dinension of
t he wavegui de and spacing of the point |ight sources; it is inportant that
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20 To further assist in the preferential diffusion and scattering of the
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oval shaped LEDs as shown in Figure 6 are hel pful. The best effect is
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| 5 light along its major ?xis illustrated by the curve 36.
/ 1

inserted in complimentary openings in the respective ends. Other fastening
techniques may be employéd including gluing of the various lengths together at the
ends thereof. In some instances where the lengths when appropriately supported, the
ends of the lengths may merely be placed in a juxtaposed touching position. Thus, as

15 can easily be understood, illumination devices 10 of an indeterminate length can

easily be installed and supported.

Figures 9A, 9B, and 9C represent in schematic form but a few of the alternate
constructions in which the LEDs 24 are .appropriately spaced from the apex point of
20  the waveguide. Figure 9A depicts a light scattering spacer member 48 between the
waveguide 12 and the LED 24. Such spacer 48 could be fabricated from the same
. material as the waveguide 12, e.g., a high impact resistant acrylic material. .Figure
9B represents a construction in which the channel 18 is dimensioned so that the LED
abuts an inner face of the channel and defines a space 50 between the apex of the

25 LED housing and the waveguide 12. Figure 3 shows the use of a transparent potting

17



The I'ight weight and ruggedness of the illum nation device 10 ofggh@Ngmﬁsent
5 inventionwlcemasimgsel f to ready nounting to al nost any suptaasesm@Py a
variety of KPTURPIHhetdU}fihe tRase Detyeer igrdtid 24 3ad WRYSggtdeaile o NEFOMPEURE 12,
an extended |l ength of the device 10 could be nmounted in curtain rod fashion
to a wall boaodd4asityrhedngoduckéinte e cbhnrel BB afikrdhe hBBIR Uhdanimduit heard@ér 42.
Mor eover, successive |lengths of the device 10 can be easily juxtaposed such
as, for exanpleplackdphetiad in Figure 13 where dowels 10 46 of matching
refractive indices with the material of the waveguides 12, 12' are inserted
in conplinmentary openings in the respective ends. O her fastening
~ techni ques nay be enpl oyed including gluing of the various |engths together
at the  ends {ner ffured 10ASHAR OBLARAEHa BE Bnh fieadl A UASHINRGRLBRPT OPTT ALEl Y
supported, the en of e lengths may nerely e 61ace In a | uxtaposed
t ouchi ng posi,ti.on,  Th 15 can, easily be und tgod, jllum nati.Qn
devi ces 10 ofeuirt 19 meiaing e Favaedin R onoting s Be ianbedn SiFimed by
supported. Figures 9A, 9B, and 9C represent in schematjic_formbut a few of
 the al ter nat Bic 3pphcationéq vhics theilinmirationkevicemay g agplisda pFieBis: 104 dapjets paced
.= fromthe apex point of 20 the waveguide. Figure 9A depicts a |ight
"~ scattering spaeksl sidervimdls 20820 tbatwmengetinte shapbyliveiging 2idarveelis 28, 2¥0i thd. Such
spacer 48 could be fabricated fromthe sane naterial as the waveguide 12,
e. 9., a hi ghwavapadde 12e8hitd Figire d OB)illustratel s3rstratturefh guhich thOBatlepo,e2ent s a
construction in which the channel 18 is dinensioned so that the LED abuts

an i nnery§ acgivefget HedeMeANEbleAd thtd &fd A1f& oz SRRGFIRD 0SS YOBB wahegadere of the
25 LED housi ng and t he wavegui de 12. Figtre 3 shows the use of a transparent

potting 17 @ 8Nl dad83AA8 Tt Rioft 486% 10 where multiple

strings of LEDs may be used in place of the single one discussed above. The various

other elements including the reflective and absorption layers are not shown to
maintain clarity.

15

Although it is preferred that the LEDs 24 be oriented in an upright position as

depicted in Figure 3 in order to provide the most efficient light intensity along the
light pattern, other positioning arrangements may be used. One example is shown in
Figure 14 where the positioning of the LEDs is tilted so that central axis 50' of the

20 LEDs is placed at some predetermined angle X to the normal orientation 50 of the -
central LED axis to the longitudinal axis‘ 52. Figure 15 shows the LED 24
positioned with the apex positioned downwardly (vertically positioned or tilted) with
respect to the axial length of the wéveguide. The light collection of the various
reflective surfaces direct the light from the LED 24 to the waveguide for the scattering

25  in the same manner as described above.

18



conpound that fill s t he space between the LED 24 and wavegui de 1205 JUN 4005
compound cORG%6228 1y be introduced into the channel 18 af PET/USAE4ISED 24

“and circuit board 26 are placedtherein 5 Figures 10A and | OBillustrate
that the configur tlon f. the i e 10 |n | ud
wavegui de and/ or %d%ﬁﬂsamh) ‘H“‘§§V é?@PﬁPH%’EIg #tﬁngg] }3%at i on

to which the |IIum natlon devi ce may be applied. Fiqure 10A depicts parallel
si de wal | s 20T paipt kgl souree gsenmm@a@ﬁérrsqt@ la|threbqgimgt@i\ta@vwdps}0@3mh25 of the
~=a waveguide 12 while Figure | OB illustrated as structure in which the
wal |'s 20, 22reflsctive atidabsertign dayemsinoyshoma th maidaingiagity.he di vergi ng side walls
- 23, 25 of the waveguide 12. Figure 11 depicts further variations to the
“illum nat§jon device 10 where nultiple strings of LEDs nay be used in place
of the single one discussed above. The various other elenents including the

reflective and ab?@&r&blogy i ﬁéﬁﬁ‘% ac@[c%ea%ex%QQMt EQurcdBhpb@rbrichd id Y- 15
Al though it is preferred that The L 24 be oriented 1T n an upright position

as depi ct edefofg?g{%cﬂ&!rﬁ?gﬁc{rﬂl B6f1%hor b0 Viigs bPSINRSuSIHELERERE oG

. intensity alon ern, ér positioning arrange may be

27 used. One ex e S 1 e th 05|t| n| n LEDs
5 1201 ted sotpres shEiRerafient Penghls] ﬁfﬁ@%f B Biegidh hflagopte

= predetermned angle X to the normal orientation 50 of the  central LED axis
. to the | ongi stiagsRiiLERS. Figore IFjijustuates shal pisher oRETCHpn ohan Ylasipdtided with the
Z apex positioned downwardly (vertically positioned or tilted) with respect

4 to the aM al dévasegidl sbdwingeanvwdonggted dight stuecelli7glektending et paunllelfrelatienshir i ous

" reflective surfaces direct the light fromthe LED 24 to the wavegui de for

7 the scatteriwgh the longitudinal axis of the waveguide 150 within the housing 160.

The thin and flexible circuit board 26 can be obtained from various sources
such, as, for example, Flexible Circuit Technologies, Saint Paul Minnesota. The |

15  nature of the electrical connection and the circuitry on the board 26 depend upon the

illumination sequence desired. While the circuitry is not part of the invention, it
should be observed that the considerable sequence variety is permitted by the nature
of the structure of the present invention. That is, the light weight, resistance to the
rigors of packaging, handling, shipping, and installation, and the minimal heating
20  aspects of the illumination device-permit essentially endless possibilities for lighting t
and color sequences. The circuit board, may for example, be provided with various
electrical components that permit flashing or fading of the light sources in timed
sequences and give the effect of movement. Various light source colors can be used
and flashed/faded in almost any combination. Ifthe LEDs are interlaced with

25  different colors, then a striping effect can be obtained. Figure 18 illustrates

19



25 in the same manner as described above. 18 0 3 JUN 2005 WO 02/ 0&ugNd005
PCTI USOL 4 MGk g ot E6R xRy d deca INRLAE predbd et 6n AT IS SRS 19

110 of the L or pol nt source I's I hcorpora rectty 1’n the
body of the i.de 100 with reflect.ive and absorption ers, not shown
to maintain oﬁg‘%?fg%e%@@%c&ngﬁve(;gmﬁgﬁg’ adrg{ﬂgl?%%(@”é‘g\fﬁ'érfégy F?‘f;'ﬁ’ta sour ce
may be fabri ed i.n ongated or rope formfrom for exanple, sheets of

el ectro-| um%igéﬁ"ﬁf?tﬂrgﬂﬁdﬂg?mﬁ connggted {8 p‘é‘lﬁf?rp’é‘?‘élﬁ@‘l‘t?‘&wg?ﬁt Eh%”apsto be

j uxt aposed to a | eaky waveguide in place of the striggs of LEDs. Figure 17
i || ustrat es 28R s2ydecH the warsolaicriibroler swupings andesied-of sacond sgesdi EEDE40

showi ng an elongated light source 170 extending in a parallel relationship
wi t h the5| 02¢0 (andiadditioaxl stsaff [tH12s) wamidaylyi cbanddGed teithhpowtrnseutte UZI2NYPIG0. The
thin and flexible circuit board 26 can be obtained from vari ous sources
such, as, feangdxanE andtentidle£23d mayibt sdedtelyl Belipea or SadrhitedPaith IMD1esot a.
The 15 nature of the electrical connection and the circuitry .on the board 26
depend upon28H§s ddshled MUSRE R fo R EREHing OBk LEftroldhD s 6 51h§b€?o%% f¥di s not
part of the invenfion, it% shoul d %g g%gervgd F%at th% cons?derable sequence
variety is perm by. t he nat ure ctur.e esent

i nventi on. %}%atus% {sh?q’faﬁésﬁtofsgtﬁt el Ogrr?tff’)fﬂ}%rskl% gisl;é%thg tfr%t g ??‘L" én?ftagr? s of

packagi ng, handl jng, shipping, and installation, and the mnimal heating 20
aspects of PHEST PG iFoRBE PbrEdb i @ﬂﬁep%rrfﬁﬁstu Py Hflmqt_l.gzneﬁawégga Poilities
for lighting and color sequences. The circuit board, nay’fpr exanpl e, be
provi detl0 wi grpupsimopnisd ip deties fam awapenteef svordsaforsaample, fdrimkivolal, e f adi ng

of the light sources in tinmed
words could be flashed in sequence. If the LEDs of various groups were alternated in

position, the resulting grouping could form a multi-color striping pattern.

From the discussion above, it may now be appreciated that the illumination

15  device of the present invention is rugged and resists breakage that normally would be
expected for neon lighting counterparts in shipping and handling. The illumination
sources, preferably solid state lighting devices such as LEDs, uses far less electrical
energy and remains relative cool to the touch. This allows the illumination device of
the present invention to be used in places where the heat generated by neon lighting

20  precludes its use. Moreover, the light weight of the illumination device facilitates -
mounting on support structures that could not support the relative heavy weight of
neon lighting, anci its requiréd accessories including the high voltage infrastructure .
Finally, the illumination device is flexible in its use, allowing a tremendous variety of
lighting techniques very difficult to obtain in neon lighting without substantial

25  expense. Other advantages and uses of the present invention will be clearly obvious

20
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. be used a

sequences andlilve the effect of movement. Various light source coldrRINGEN

interlaced wt %Q@@&{ ? er eﬁ{tqgﬁ} g?eZard tr(Pegcms)étl(gr.kl’?d‘éﬁ15%;"&”“1”2‘1‘1 %ta{}% SmCleJI(%{)oit;’t ai ned.

Figure 18 illustra 19 0 2005 2 061328 PCT/USOI/4 76" 9

schemat i cal | °8V66F4®(ﬁhte W%ﬁtﬁ%yaﬁﬁs ﬁ%g‘gﬁ\% Wt he present invention, r+

mui upncny of LEDs 230 are shown connected in series to a renote power
source 232 and to a NPN transistor 234 in turned connected to a
programuabl e controller 236. The LEDs 230 may be of the same color or in
col or groupings as desired. A second set of LEDs 5 240 (and additional sets
of LEDs) simlarly connected to the power source 232, NPN transistor 242,
and control.ler 236 may be separately grouped or alternated with LEDs 230 as
desired. Using the former grouping, the controller 236 could be programred
to cause the transistors to go on or off, thus causing the first group and
then succeedi ng groups of LEDs to pulse or flash, simulating notion. Should
each of the 10 groups nounted in a device forma sequence of words, for
exanple, "drink cola”, the words could be flashed in sequence. If the LEDs
of various groups were alternated in position, the resulting grouping could
forma multi-color striping pattern. Fromthe discussion above, it may now

be appreciated that the illumnation 15 device of the present invention is
rugged and resists breakage that normally woul d be - expected for neon
| i ghting counterparts in shipping and handling. The illum nation sources,

preferably solid state |lighting devices such as LEDs, uses far |ess
el ectrical energy and renains relative cool to the touch. This allows the

(i1lum nation device of the present invention to be used in places where the

heat generated by neon |ighting
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20 precludes its use. Mreover, the |ight weight of the |Ilun1natn%n#ﬂfmmfe

.facillitates nmounting on support structures that could not support 't

rel ati ve heavy weight of neon lighting, and its required accessories
including the high voltage infrastructure . Finally, the illumnation
device is flexible inits use, allowmng a trenendous variety of I|ighting

t echni gUBAIMBry difficult to obtain in neon lighting w thout substantial 25
expense. Ot her advantages and uses of the present invention will be clearly
obvious 20 0 3 JUN 2005 WD 02/061328 PCT/USO /17629 to those skilled in
the art upon a reading of the disclosure herein and are nmlenaea to be

covered by the Soﬁ%llﬁﬁnﬁalﬁ%ng'eﬁb%fﬁﬁrm i@frﬁ@h@ﬁkﬁ&’eho% atdd gﬂM}Jul?&Qéa CLAI M5

1. The illumnnation device of claim34 in sai | ongated |ight source
is a S | n e

ext en d:"ﬁn{ldltngg% S\T%ft a d]poﬁ)rﬁq%glt ?o% &g alrfng%ﬁi 1§rgilgg|%\§/ﬁeﬁﬁgm§ gl? antlallg1 o?ggald
illum nation devi ce of claim 1 in which said point light sources are |ight
emtti 1SeWL8 Hrfa9%e | | uni nati on device of claim?2 in which said |ight
emtting diodes have an oval shape with a major axis extending in a
direction along said line. 4. The illum nation device of claim34 in which

said housing conprises a flexible material, and said electrical connecting

menber is suf.ficiEillymidagishldeeics of élaint Dirb@hicheaid point ¢ighf yurae aredlipht
non-1inear shape fornmed by said housing.

emitting diodes.

3. The illumination device of claim 2 in which said light emitting diodes have an

oval shape with a major axis extending in a direction along said line.

4. The illumination device of claim 34 in which said housing comprises a
flexible material, and said electrical connecting member is sufficiently flexible so as to be

bent to conform to any non-linear shape formed by said housing.

5. The illumination device of claim 4 in which said electric connecting member

is a flexible ribbon.

6. The illumination device of claim 34 including a light transmitting material
filling an interior space of said housing to maintain positioning of said light source and

electric connecting member within said housing.

7. The illumination device of claim 6 in which said light transmitting material is
transparent.
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5. The illum nation device of claim4 in which said electric connecting

member is a flexible ribbon. 6. The illumnation device of claim 3& jun100
“i'ncluding a light transmtting material filling an interior space of "sald

housing to maintain positioning of said |ight source and electric

connecting nmenber within said housing. 7. The illum nation device of claim®6

in which said light transmtting material is transparent. 22 G3 JUN 2005

8. The illum nation device of claim6 in which said light transmtting

material has,lig scattering characteristigcs, 9. .The illum nation. device of
Claim 6 i n Vi ch B e SeTPERrARRLE b it st B B RbA R g
emtt] nq'kgg}i odes, and said light transmtting nmaterial has an index of

r ef r aB3Si18Ht HekeHg Aarartemstiehi ng t he i ndex of refraction of said Iight
emtting diodes. 10. The illum nation device of claim6 in which said |ight
transmtting material fornms a bottomwall extending along the |ength of

sai d housing, said bottomwall having a |ight reflecting bottomsurface for

reflecting |9.ght Thcilldeiativh@eeiogof ¢lhieh 6 &i Whichdaidilieht soRirdEeis corhpriseine a
illumnation device of claim6 in which said light transmtting material is
a heat aoRAUCIAlsht dittidd\Golibd, 4R Ad 1 YhfinPhafehid] Mshn'iflédufi ng a 1ight
transn‘ilﬁti ng&;spgger ! rlre%bgr posi t | or% d t%g‘t weené)sgﬁglal I Sht 15063?(3 and said
light r

cara | RE oSSR o s B RER S Mea PR b s AR L aTen Caly

rod-1i ke nmenber and said housing are integral and conprised of an inpact
resistant material.

10.  The illumination device of claim 6 in which said light transmitting material
forms a bottom wall extending along the length of said housing, said bottom wall having a

light reflecting bottom surface for reflecting light incident thereon into said rod-like member.

11.  The illumination device of claim 6 in which said light transmitting material is

a heat conductor.

12.  The illumination device of claim 1 including a light transmitting spacer
member positioned between said light source and said light receiving surface and in a

substantially abutting relationship with said light source.

13. The illumination device of claim 34 in which said rod-like member and said

housing are integral and comprised of an impact resistant material.

14.  The illumination device of claim 2 wherein the light emitting diodes have
housings aligned in an essentially upright position with an apex of each housing juxtaposed to
said light receiving surface of said rod-like member.
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14. The illum nation device of claim2 wherein the light emtting diodes
.have "housings aligned in an essentially upright position wth an BpdiN &)
each housing juxtaposed to said light receiving surface of said rod-Iike
menber. 23 03 JUN 2005 15. The illum nation device of claim2 wherein the
light emtting diodes have housings tilted with respect to the I ength of the
rod-1like nmenber. 16. The illum nation device of claim2 wherein the |ight
emtting di odes have housings arranged in inverted positions with respect

to said |ightsrecehyilghifiationale®ice bf clath wHerdithrAidhe BmiteMi aRded haileal m 35 in
which the interior of said surfaces of said side walls are covered with a

|1 9Nt bl RelAGRbaIk el BO K RUODATIELAGRR ar  covered i th a | ight

absor bi ng terial. I m nation device of claim35 including a
spacer nmenber nade of transparent material positioned and filling a portion
of the volunme between said point |light sources and said nenber. 19. The
illum nation device of claim 18 including a spacer nenber nade of

transparent Mt er 18 gunationdeyics of clim 2iwhgrein Hisrlight gmgting diodgyhayse bet ween

said point light sources and said nenber. 20. The illum nation device of
cl ai m 3bousmgshirehgedan thysdied podifigistwistorespass tossaid lighEBeceiviig suFfeee.i | | uni nati on
device of claim20 in which said electrical nenber is connected to a
processor progranmed to cause said LEDs to flash independently. 24 03 JUN
2005
17.  The illumination device of claim 35 in which the interior of said surfaces of
said side walls are covered with a light reflecting material and exterior surfaces are covered

with a light absorbing material.

18.  The illumination device of claim 35 including a spacer member made of
transparent material positioned and filling a pdrtibn of the volume between said point light

sources and said member.

19.  The illumination device of claim 18 including a spacer member made of
transparent material positioned and filling a portion of the volume between said point light

sources and said member.

20.  The illumination device of claim 35 in which said point light sources are

LEDs.

21. The illumination device of claim 20 in which said electrical member is

connected to a processor programmed to cause said LEDs to flash independently.
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22. The illum nation device of claim?2l in which the LEDs flash iq)j ggNimgd
-sequence. 23. The illum nation device of claim?21 in which said E are
flashed in successive groups along the length of a first string thereby

si mul ati ng novenent. 24. The illum nation device of claim23 including a

mul tiplicity of LEDs nounted in a second string positioned within said

vol ume and e3& endltisgllnminatien deyiee of dpinb?! 81 whigh thedElRs flaghdn@ therssi ng, sai d
second string connected with said electrical nenber so as to be

i ndepenstqmdricy. energi zed. 25. The illum nation device of claim23 in which
said LEDs of said first string are alternatively positioned along the

| ength of said housing with said LEDs of said second string. 26. The

illum nation device of claim24 in which said LEDs of said first string emt

a different gol OthEbfmhin%h&igBhBWcé Bk 51 %{wﬁi@ﬁg?iﬁi%‘ﬂdaréhﬁiﬂé in 27. A met hod

of making an il lum nation device capa St mul ati ng neon i ghting,

conprising the steps aof:. form.n n _essenti al.l olid rod with a
or cetEFFIE &R g oRE heenetyr A Tt Srjng (G5TEhy ST IR Phat or  al havi ng
optical waveguide and |ight scattering properties such that |light entering
a first of said lateral surfaces is caused to forman essentially
elliptically shaped light intensity pattern that has a nmgjor axis in a
di recti on sul¥st anfheallbmipdioaldeeke dHelsiai 23 inphdiet emnitipiidity ehHEDRs ndhinted
JUN2005 placing a housing having a pair of spaced walls defining a vol une
in comneetel steh@posansilel Rvitdin baid *blindel ahd lexleAdiaf i theWifea§dh o6 baien sfi d rod
and said housing Into a desired shape;

said housing, said second string connected with said electrical member so as to be independently

energized.

25.  The illumination device of claim 23 in which said LEDs of said first string are

alternatively positioned along the length of said housing with said LEDs of said second string.

26.  The illumination device of claim 24 in which said LEDs of said first string

emit a different color of light from the LEDs of said second string.

27. A method of making an illumination device capable of simulating neon
lighting, comprising the steps of:
forming an essentially solid rod with a predetermined length and a pair of
lateral surfaces from material having optical waveguide and light scattering properties such
that light entering a first of said lateral surfaces is caused to form an essentially elliptically
shaped light intensity pattern that has a major axis in a direction substantially parallel to said

predetermined length;
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positioning a plurality of spaced point |ight sources connected to a
.flexible electrical connecting nmenber within said volunme between (SaijlN fii’de
wal I's; and essentially filling said volune with a potting nmateri al
transmtting light. 28. The nethod of claim 27 wherein said rod and housi ng
are formed as an integral unit. 29. The nethod of claim 27 wherein said
side wal | s have iplhengahossing hawesg & hait ofispaced walhst dafefdgecvolngre 80. The net hod
of claim27 in which said point |ight sources are LEDs. 31. The nethod of

cl ai m 3¢brinactedictdionshig wifRidarelatdradnafadegnt housings and said potting
compound has an index of refraction essentially matching an index of

refraction of sapghdidARRPRUGAE sél@%%hﬁ%intq?_ﬁdesﬂ%@s hod of claim30 in

whi ch said LEDs have t1 nted housi ngs. e method of claim 27 wherein
said side walls have.exterior .surfaces that.are |ight absarbing.,34. An
T nat i on devi BETIGIE] pllFaiRy Rt SRES IR e ablp e s Tl
2005 a substantially rod-1lik _rregjger havi ng a predetermned length with a

| at er al Clp¢tHFRl cPBRESHDE AgIDSE W&ggl Rigvolumg pefvgen sid 5idg Wallsrandeni t t i ng surface
having a predetermned circunferential w dth, said nmenber being conprised
of a material thatssérigllydillingyid velimewathegpatieg matérial garsmitiagighi. ng
properties that preferentially scatters light entering said light receiving
surface into an elongated light intensity pattern on said |ight emtting
surface with a nmjor axis extending along said predeterm ned | ength; an

elongated |igft SPH FRiHEY 'ofBAIMY7 AN RGN 838 rRLHIHASRE aRoRRENLs sA1 d |1 ght

integral unit.

29. The method of claim 27 wherein said side walls have interior surfaces that are

light reflecting.

30.  The method of claim 27 in which said point light sources are LEDs.

31.  The method of claim 30 in which said LEDs have transparent housings and
said potting compound has an index of refraction essentially matching an index of refraction
of said transparent housings.

32.  The method of claim 30 in which said LEDs have tinted housings.

33. The method of claim 27 wherein said side walls have exterior surfaces that are

light absorbing.

34,  Anillumination device for simulating neon lighting, comprising:
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receiving surface and spaced fromsaid light emtting surface a % fupient
.distance to allow said light intensity pattern on said emitting surfaceto
have a m nor axis extending substantially the entire circunferential w dth
of said light emtting surface; a housing in which said |light source is

posi tioned, said housing extending along said |ight receivinﬁ surface and
having a pair of asubstap@allystoddikemmemhen haying apeadetsrmined hength withedateraly surf ace
and an exterior |ight absorbing surface; and an el ectric connecting nenber
posi t i ol reveiviigsusfacelabaiiterg cancddghpereittingsurfaonhadhg s predefetrginted sour ce to
a renote power source. 35. An illum nation device for simulating neon

l'i ght i ngycufiFémhtial width, shid hihibet bARS Bdrhbrided ofE A& thaf hi RARDEHIH ned | engt h
having a substantially curved front surface and a light receiving |ateral

surfac ' ' i ' . . opti cal
vavequ 33 Bhfe TRERER RO S BrotGrep b lch i U el AP C
light enterin aid |light receivi surface into, el ongated |ight

|t ons: Eyo paE S ireano Dlonepiegenbiniring e paoud Refie e Srtacin o

ext endi ng al ong sai d predeterm ned I_engt h; a housing having spaced side

wal | s albajor ixigextanding plgng said pesdetengineddengll, surface and defining a vol une
extendi ng along said predetermned |length of said light transmtting 27 0 3

JUN 2005 nenber , arsdomkasiddeshweduree dxastidivg dloggdndrpeisitiontd adjacent eaid tiphtsur f aces
and |ight absorbing exterior surfaces; and a nmultiplicity of spaced point

l'i ght S@b@i@iﬁg sHPARRA WhAdRH FroRéAld St ERitAB Qurffosl LAMAN I @M IGblow
predeterm ned | ength, said spaced point |ight sources positioned a distance

o ot SR S5 Bk i hler BT GBRo) BM d lnd PTG1LY P

i ntensit atterns sp that fhe |
su¥)s antt1a ly tﬂ Dt

e entire circum erentlaf \glrc]itth of said light emitting surface;

a housing in which said light source is positioned, said housing extending
along said light receiving surface and having a pair of side walls, each with an interior light
reflecting surface and an exterior light absorbing surface; and

an electric connecting member positioned within said housing and adapted to

connect said light source to a remote power source.

35.  Anillumination device for simulating neon lighting, comprising:
a light transmitting member of a predetermined length having a substantially
curved front surface and a light receiving lateral surface, said member being comprised of a
material that has both optical waveguide and light scattering properties that preferentially
scatters light entering said light receiving surface into an elongated light intensity pattern on
said light emitting surface with a major axis extending along said predetermined length;
a housing having spaced side walls abutting said light receiving lateral surface

and defining a volume extending along said predetermined length of said light transmitting
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intensity pattern collectively emtted fromsaid front surface appegy$ jyy 2005

.uni fform 36. An illumination device for simulating neon |ighting,
conprising: an essentially solid, |eaky wavegui de rod having a predeternined
length with a lateral light receiving surface and a lateral light emtting

surface; an elongated |ight source extending substantially along said

pr edet emeimber) saidenigtwallsthazimg lighticflectmedindatjonsenfidces end hglt absarhingreategiovi ng
surface for emtting a portion of light emtted by said |ight source

di rect | yurf4ebs afid@i d | i ght receiving surface; and a housi ng positioned
externally and adjacent to said waveguide rod and defining a volune that

enconpasses sai d_ehanaalad drisslab SO et sORELORNAPhANUS Aok Y UTES o1 de

wal I s having inter ght ectihg surfaces and serves to collect and
direct light emtted by said Light source into i.dlateral.light receiving
aur § aceciiting fiTpe piarteERhfen s, S F el POBL AR o B Riionsdbet er mi ned

| ength of the_ | eaky wavegui de rod, exiting said light emtting surface in
an el ongistagee frogsaid; wnéadgfrw syrdacespHicighto Hlow & lightjiplensity patten Ar@Rdrdy al ong
the Il ength of said waveguide rod. 37. The illum nation device of claim 36,
and f ur ofssid point light seureesdn openapmeighboang sight ifiehs$itypattatsisedlst the lpghtt i on of
sai d .volune and abutting said light receiving surface and said 28 0 3 JON

2005  elmegiy pattdrh gbllectioely emittcifren shid Tap@s@ fice ERperd @lifdtayvi ng an i ndex of
refraction that reduces Fresnel |osses between said |ight source and said
wavegui de. 38. The illum nation device of claim37, in which said el ongated
light source is a multiplicity of point Iight sources. 39. The illum nation

device of clgim 38, it M0lich S8l Sr POl Nlar dUllbn BHESE SR Rtbb O €M tti g

an essentially solid, leaky waveguide rod having a predetermined length with a
lateral light receiving surface and a lateral light emitting surface;

an elongated light source extending substantially along said predetermined
length of and positioned adjacent to said light receiving surface for emitting a portion of light
emitted by said light source directly into said light receiving surface; and

a housing positioned externally and adjacent to said waveguide rod and
defining a volume that encompasses said elongated light source, whereby said housing
includes side walls having internally light reflecting surfaces and serves to collect and direct
light emitted by said light source into said lateral light receiving surface such that light is
preferentially directed along the predetenninéa 1éngth of the leaky waveguide rod, exiting
said light emitting surface in an elongated light intensity pattern that has a major axis

extending along the length of said waveguide rod.

37.  The illumination device of claim 36, and further including transparent material

filling at least a portion of said volume and abutting said light receiving surface and said
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40. The illum nation device of claim39, in which the index of refraction of
.said transparent material is essentially the same as that of sai d SvdUkdigE de
rod and housings of said light emtting diodes. 41. The illum nation device
of claim39, in which said light emtting diodes are positioned a distance
fromsaid light emtting surface sufficient to allowa light intensity

pat t er reléngateddigbhsavfrces said trpns$patent ingteriablayingsm indexoefaefragionghagtrbduceng | i ght
intensity patterns so that the light intensity pattern collectively emtted
f rom sairgsnel Whdes ®ivideh Bgd Sight Sueceapaeaidsvavegiil@r m 42. The |ight

illum nation device of claim36, in which said waveguide rod is conprised
of an acrylic with Iight scattering characteristics. 43. The illum nation
device of claim36, in which said side walls have externally |[|ight

absorbing s US’rSf aCChe iﬁtglmination device of claim 37, in which said elongated light source is a

multiplicity of point light sources.

39.  The illumination device of claim 38, in which said point light sources are light

emitting diodes.

40. The illumination device of claim 39, in which the index of refraction of said
transparent material is essentially the same as that of said waveguide rod and housings of said

light emitting diodes.

41.  The illumination device of claim 39, in which said light emitting diodes are
positioned a distance from said light emitting surface sufficient to allow a light intensity
pattern from each of said point light sources to overlap neighboring light intensity patterns so
that the light intensity pattern collectively emitted from said light emitting surface appears

uniform.

42.  The light illumination device of claim 36, in which said waveguide rod is

comprised of an acrylic with light scattering characteristics.

43,  The illumination device of claim 36, in which said side walls have externally

light absorbing surfaces.
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