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1

I.KD IIACICI.IOHT SYSTKM FOR I,C'

DISPLAYS

FIELD OF THE INVENTION

1hc itive&'1&1&1&1 1'elates gc1'ic&afly iii llqlllil c&yscul displays
and, more specifically. u! liquid cry tal di.plays havinv
COI&unced IiJtnng unifonmty.

HA(iK(IROI!ND OI "I'I II IN'1 I&N I ION Ill

Traditional display panelm such as cathode mv tube (CRT)
displays arc heing rcplaccdl by morc advancoI altcuuuiimg
such as liquid cn:stal displays (I,( Ds) and plasnia displays.
11&csc neivcr display tcchnok&g&es olhr ianous a lvimn&gus

over traditional CRT tecluiology. uicludmg i&zinced weight;
thinner profile, superior color, con&mat and bnghtnms iu the
resnltuig display: and re&hiced piiwer consumptu!n

L( Ds O,pically include au an iy ol'pixels arranged in fiunt
of a lipid source, IIH&ting puncl. Or r fl ciur. E;s:li pixel zii

includes a layer of liquid crystal matcnal, and twn lilters, with
mie filter serving to polarize light horizontafly and the otlier
tilter serving inpolanze light ve&t&cally A reflective I (D luis

a reflective layer (such as a iuutor) belaud the pixels aud is lit
bycitherafrontli hiorhyambicnt fight.A tran missivcl ('D
is h& by a backlight. iuan arrangement where thc pixels are
arrmiged in front of a light source and fijt fmiu the light
source is transnutted &luough the pixels &o the front oi the
LCD or thc vivcwiiig area, resultin in a "lit" pixel. Light
snurccs li!r buckhghliiqi iiuiy include elcutroluimncscciit iii

panels 'foils TI ii s i, cold cathode fluorescent lamps (( ('I'Ls),
hot cathode tluorescent lamps THCI'Ls) Exterual Electtode
Fluorescent Lamps CEEFLS). traditional incandescent light
bulbs, or li &ht mmtting diodes II FDS!. Hip&& intensity dis-
char e la&i&ps(1111)s) niay alsii be used in certain backlightin
applications

When I.FDS ure u&ilwcJ as light sources I'or ir;insrinssive
LCD backlighting, they may be traditional or side view
LEDs. Side iiew LEDs are ulsu kuoiin as "side eiuitt&ng
LEDS" or "side looker LEDs."A side view LED is a packaged &o

I,FD thai emimv light parallel to the plane of thesurface to
u huh lhe p:&ck:igc is mnunied ('nmpurml in irmliuonul I I&I)

packages, side viev'ED pacl ages are thinner and typically
less expensive to iuanufactuie. 4 typical side view LED pacl-
agc luis dimensions ol about I & nun by about 0.5-0 1 nun. but &1

such dimensiolls n&ai'a&y. Owing at least in pau to their
small mrc, m&l» view I FD packages have hnnie&l currcni
handling capabilities, thus limiting their emissions. A a

result. a suiglc side vieiv LED packago typically has less
output capabihty than a traduional I.I. D package Whether sii

accidentally or deliberately, practitioners o flen "overcurrent"
side vimi I FDS Io uchiei c greaicr output. ivhich can lend &o

overheating and I'ailiuc of a device inco&porafiug such LEDS.
('urrcni 1.1.'I) lighluig techniques li!r tr mann sii c I.('Ds

include either direct backlighting or backlighting by edge ss
illumination. yyqtile a bucldight ivifi ligrtt the pixels from the
backside, that light nuiy come lrom directly behind ihc ccntcr
ot'the pixels fdirect bacidighttu ) or front behind the sides of
Ihc pixels (biicklishung by e lgc illurruuaiion) While boih
tecliniques are r&cognizcd as backlighiing, dtrec& backlight- sv

in, refers to illumination chrectcd axially Ice&umfly) tluou h
the backsidcofpixcls Incontmst, cdgcifluminaiionrcfcrsto
au arran ement where the light source is located along au
edge of u L(T) vs&em uud HH&us ihc pixels Iran the side.

Ildge illumination may occur along the side edges of the &»

I I D, the top edge. or the bottom edge. Hacklightuig of trans-
missivc LCDs may utilize u ivavcguidc to spread thc light to

an entire I ('I) pincl. with such wuvcguidc huving u single

entry for lip)u and trans nutting the fitflti by intema I rcficciion
tr be spread over a desired area.

A tra&litionally LED bacldit LCD niay include a laycrcd
system that includes an array of red, green and blue LEDs
positioned im u punel nr &rrav ol'iles. The pm&el or tiles
include a retlective surface or layer arranged so &her light is
reflected in the desired direction toward a dilfusion layer tliat
difhises rhe liyght provided trom ihe LED backlight and
rcficv&s some of the litdt& back &ou ard thc reflccti'VV s&illdcc0&'uycr,thercl 1 lunctiomng io mix Ihe Ii hi an&i miprove ihe
ligitt uniformity I"recyclinv elfect'). A brightness enl&ance-

ment lilm and!'or coll&matuig layer ovei the reflectivc layet or
sui'lace illld &lie rllltils\on Iaiyml prov& lcs Ilgdlt to tile L(. D

panel layers in a more optimal fashion and also acts ivith the
reflective layer or surface tuid the d&flus&on layer to eidmince

the recycling effect Depending on rhe embodiiuent. addi-
&i&mal or less layers can bc uiilizod as is understood by one of
slofl in &hc ari. Such a backlight svsiem may also mclu&ie

thermal layers beloiv the LL&Ds for thermal managenient. As
such. Os &s understnnd hy one of skifl m the art, the T,FD

backlight system provides &miform wlii&e light to the LCD
panels, v liich typicafly include a slnutcr layor ami icd, green
nnd blue color lilteis

The above-described traditionally lit screeus hai e sei eml
mheicnt limitations.intliecontcxtnfdirectbackliglitui witli
a I 1!D. a traditional I ED p ackugo emits I igh& directly at (I e ..

througli) a I,( D screen. In oiler to light the entire screen, the
LED must opemte at lugh pow er and be very thick d utilized
without a ivaveguide. Accordingly. the tlfl ckuess of the result-
nlg I (!D syv&c&n ficlci'isioil, iilil&11&ilr, c&m) iv llwi iilcrcascd.
Modern consumers, hoivever, desire thinner pmfile )stems
tv ith thicknesses as small as a feiv inches. Ac abidingly, thick
LCD systems are not cnnuncrcially desirable Additioually,
usc ol'igh pc&vcr&xi uaditioual LLD package ivithout s

ivaveguide may create n "headh ht effect'* also knoivn m n

"hot spot" on the panel. causing a detrimental lack of light

uniformity.
1Vlfll rcgald to cilc ilhlrlilmlil&1&1, ill ivlnch a wuveguide is

used to spread tlm ligh& emission ofa siJc view I FD package
disposed on an ed e of the I,( D, the resulting screen i!cia
liniitcd As indicat d previously, livgh& emission charnct ris-
&ica of sido vioiv LED packages arc r&xiuccxI in coiupari son to
rn&ditionnl LI &D pacluiges. isirh such limitntion due to &heir

size and ciurent handling capabilities. As a result of the loiver
li htemissiiin,andthesingleentryforli hti ~ tliewaveguide,
otic ol lllorc pot&iona fi c.. typically &lie ccittcl') ofl side viciv
LFD-lighted I,CD screen may noi be lit if the seneca is rela-
uvely large m size. I ('I ) screens illurnnriicil ivuh xi&le view
LL&D packages and having acceptably unitbrm illumination
cbaructenstics urc currentlv liinitcd to screens of shout I to
14 ic.ches (diagonal) ui size.

Accordingly. a need exists iu the au for backl it I.CD dis-

pl iys;in&I &lisp l &y sy,

turns

ihai:irc light m weight, have ii ihm

pro file, &hat enable use of large screens. and that are uniformly
lit over the entire display with supeiior color and contrast.
Those and other nixds arc ad&hcsscd ivith dcmccs and sys-
tenms according to embodiments of the present invention.

Sf INI'M 4RY Oli TI.II& INVI(N I ION

the prevent invention proitdcs unproved liquid cnstul
display systems and inethods of using the sam-

lll &ll&C iwpecl, flio 1&lie&ill&ill pr&)V&(ICS &I llqllld cfvsi&il dis-

play CI.CD) system co&uprising a I,C:D panel, at least one
ivavegcnide element comprismg a plurality of light entry
regions, a first licvhr-emitting source positioned to emit light
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inin ihe ui leuvl one w n evuide ale&net&i,i(,i fin'i lich& vn&D

region of the plurality of light entry regions, arid at lees( a

second liglit eniitung scurce posiuoned to emit l&gu iuto the
at feast onc u avcguidc clcmmit Bt least u second ligvht entry
region of tlie plumlity of light entry regions

In unoiher uipect. d bqunl crystul diipluy &I.(1)f i) i&em

comprise a I CD panel v ith a vieival.le surface having a

diagonal ines surement of at least about 12 inches, at least one
wav guide element comprising B plurality of light entry
regions. a first light-imittin source prwviiioncd to cmii light iv

mio ihe ai lea i ime wine inde element ui u first fi bt miir)
region of the plurality of light entry regions, aud at least a

second liglit-eniittutg source positionod to emit fig& mto tho
ai feast nno v avcguidc cletncnt at least a second light entry
region of the plurality of light entry regions: wherein each of i

the first light-enntting source and the dt least second fig&-
emitting source comprises a plurality ot'LEDs arranged in at
feast onc strip.

ln another aspect. the mien&ion provtdes a liqmd crystal
display (LCD) system comprisiug a LCD panel. at least one zii

waveguide ele&nent coinpnmn nt least one light entry rex&on,

a first light-emitting source posiiioiicd to enut light into the at
feast onc waveguide olmnent at a light ontry region, and ai
least a second bght-emit&md sonrce posirxmed to en&it dn act
backliglit onto the LCD panel

In still another aspc. t, if&a inventinn pmvides a metlxxl

utilizing n I CD pmieh at least one w diuguide c lcmcni having
a liist and at least a second light mitry region; a fiist li lit-

emitting source: and at least a second hvd&t emitting simrce
positioned to emit light mto the at least one ivaveguide ele- iii

m nt. and composes inultiple i&cps iix:li&dmg: (I I opiicdll)
coupling the lir t light-emitting source to the at least one
waveguide element at the first light entry region, (2 i optically
coupling thc at least o second light-cnutting soumc rn thc st
feast onc wavcgui dc clement at ibc Bi Ii'as& B sec olid ligilt cllirv !5

regain:

and 

(1 i pc situ& mng the at least onevvavegu&de eleinent
to backlight the LCD panel

In another aspect, the invention provides a waveguide aye-
&Bin comprising a fir. i wavegui de elamen i cnmpn sing a& lmi s i

onc light entih region: a lira& light-emitting source positioned x!

to eimt liglit into the first v ave uide element at the first light
curryrcgion: atlcastasccondwavcguidcclcmcntcomprising
at lmtst ouc hJt& ontry rcgioii: and a& least a sivond lng&-
emitimg source positioned to emii light mto the at least a
s&xond waveguide element at the first light entry region. d

Fmf!odimentv ot'he micntion nlvn provicle 1.(Y) vysteins
utilizing wavcguid- systcrus as dcscribcd hcrcin.

In a further aspect, dny of tbe foregoing aspects may be
cornbmeJ liir iukhiioisil;xlvantuge

These aspects and other aspects aud advantages of the sii

inveo urn! v& ill be appurw&i tonne skilled in the dit upi!n r i i ex
ot thc ensuing disclosure and accompanying draivings

BRILI'ESCRIPTION OF TI IE DRAWINGS

FIG IA is a schcmaric front iicvv illustraiion of at icasi a

ponion of an exemplary LCD system including a &vave uide
olcl&lcllt v iili ixl cilium&!Bi&ion frum iwo side ed rB, uiilizin
a plurahty ol I EDV arranged in strip. as light sources accord-
Ilig u! Olli'l&lb&id&lite!'ll &11 il'Ic II&vci'i&&i&I&. St

FIG. IB is a schematic perspective view: iflustration of the
exemplary I ('D i)ii in ol I'l(i. I A

FIG. IC is a schematic pempectii e view of the nmlti-LL!D

strip light suurcc &if I'IGS 1A rind 1B. dispose I udjaccul lo u

waveguide. I'1(i. ID is a perspective view of a television iu i»
coinputer iuonitor mcluding a I,(1) system accordmg to PIC&.

1B.

Fl(i 2 is d scil&!Iilililc pt".c. pei'iivc view &llilviruui 11 i I ai

least a portion of an exemplary LCD system including a

&vavegoude element with angled extens&olls to receive EVJ&t

from n plurality ofLEDs umngcd in srrips, accorduig to onc
embodiment of the mvention.

FR&. 9 &i a scbemuiu: view illnviruiu!n nl ui lmisi i& pori«m
of an exmnple 9 LCD system including a ivaveguide element
&vith multiple extensions curved toivard a pruicipal plane of
rhe wavego ide elemeur according ro one embodiment ot'he
invention,

I'l(i. 4 iv u scheim!im perspective vicv illusir &turn o& an
exemplary LCD system uicluding a vvaveguide element sub-

)ect to both lmcklightu&g by a plurality of LEDs a&tungi»i in
strips bclund thc L('D screen. Bnd side backhgbt&ng by a

plurality of 111)c arranived in strips along at least one side
edgeof the system according to o its emboduuent of tlie uiven-
&1 Oii

FICi 5 is a schcnmiic illusiraiion of a plurality ol'I.FDs
ummgedma &trip liiruseina liglu-emitungsimrceinaL('I)
system according to one mubodiuient of the invention.

Fl(i 64 iv n vcbeinntic front view if luvtratum nf a lit I,( D

scree&i. lighted by a waveguide system containing tivo
waveguidcs, according io oni oml»!dimm&i of thc invmtiion,

I'l(i 6&& ic a cro s-sectional vievv illn tnsrxm nf the I,('D
screen of FIG. 6A and at least a portion of an associated
wuvcguidt'. s)'stet&1 af&angi»I to figf&t the I ('D scree~ .

I'IG 7A is a scheniaiic front view illustration &if a lii LCD
screen, lighted by a waveguide system cmitaining three
&V&&V&'gn&dfeS, a&CCofdlllg fo Olli't&&boll&lie&It Ot ills'1&Veil&loll

I'IG. 7B is a cross-sectional vievv illustration of the LCD
scrccll ilf FI(i. 7A dlld at Icdi& ii pili&!Of& itf all assoc&a(CJ

&vaveguide systen& arranged to light the I,( D screen accord-
iug to one embodiment of the invention.

FICi SA is a schcnmtic ibont view illustmtion of B lit LCD
scrccn. lighted by a wavicguidc system containing I'our

ivaveguides, accordmg to one embodiment of the invennm&.

FIGS SB and SC are cross-sectional view illustrations of
LCD screen of FIG. SA and at least a portion of an associated
wnvcpnde system nrmnged to i&jr&& the LCD vcr mi. acciml-
ing to onc en&bodiment of the invention,

FICi 9 i is a icbeinatic front vieiv &&&nitration of a lit I ( I)
scrccn, lighted by a vvav guide system containing Ibur
wavcguidcs, according to onc cmboduiiont of ihc invontion.

I'ICV 9B is a cross-sectional vieiv illustruion ot the I.CD
screen of I'IG. 9A and at least a portion of an associated
&vavegu&de systein arranged to light the 1.( 1) screen accord-
ing to onc mnbodimcnt ot'hc invention.

DL'TAIL L&D DL'SC RIPTIOK OI'I IL& INVENTION

The present inventinn relates in various aspects to
miproveJ I ( D system!. In nne eriibixlimeni. u 1,(1) system

comprises a LCD panel or screin, a& feast one vr aveguide witli
multiple entry regions for light, and at least two hgbt-imining
snurccs pomtioncd to omit light into tbc at least onc
waveguide. When the light eniitted by the light-en&i&ting

sources iv opiicdflv coupf&»I into ihc wuveguide, ihe
waveguide trans&nits light suflicieni to hghi the entire I.CD
pm&el or screen of the system. Alternatively, multiple
wavcguidcs niay bc cmploycd, cack wirh at least onc entry
rig!on for light and at least one associated hght-eniitting
slllllci: poilili!Ilml ill el&lit hght &I&&i) if&i''Bvi" ii»lci. &9&&11

multiple ivaveguides, each ivdveguide may be position&xi to
li Jtt a portiou of the LCD panel.

A conventional I,('D system generally includes a I.CD
pm&el and a hgbt soume such as a LED optionally coupled to
a single v avcguidc clen&cut having a stnvjc 1 igbr entry point
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gale Iten I EB puckugec are desirable liir uc m I (T) syc-
&enis. due to &heir low curren& usage imd small size. Due to
ccncerns of overheatine, howevei, the current that can be
supplied to side view LED packagcc is limircd, thus limiting
theu a&nisei one. Consequently. the amount of light that can bc
erm«ed I'rom u smgle wde vie&& I I'IB packuge m&o u wmven-
tional v aveguide is also limiteJ. Therefore, 'ide view LED
packages coupled to single-input wavegui les are not well-
suited t'nr usc ui bncklighting L(:D pauels hm ing vie&cable

diagonal mcasurmnen(s larger dum approxiniatcly 12-14 iv

mchec
Embodiments ofrhe present invention are not so limited. as

the) pi'ovide for unifoim backlightiu of panels ofany desir-
able size incluilitig panels having vi wnbl iliagonal mca-
curementc larger than about I inches, ivithoutpmblemc vuch i

as overheating and creation of "hot spumy LCD systems
embodied in ihe present ini cation may include but are not
liniitcd &o telcvisions md coinputcr monitois,

Embodimen&s Iif the pre&en& inven&iiin mclude smgie
waveguides bavin multiple light entry remen& fiir receiving zii

light from locations other tlmn, and iir in addition to, a mngle
edge of thc waveguidc. The provision ofliglit into at least onc
wavcguidc from multiple entry rcgious permit~ loii current
sideview i,lil) packages, whetherslnneorwiihothertypesof
liglit sources. to uniformly light a LCD panel or screen, even 'I
if the I,('B panel or &creen has a viev;able surface with a

diagonal mmisurmncnt greater &han approximately 12-14
inches.

Embodiments ol the present uivennon alen include
waveguide systems comprising multiple ivaveguides each iii

wav guice h n, mg at least a ~ ingl liglit eiury regna&. Sucli a

waveguide system may be utilized in a LCD sycteni, where
each wmeguide hac a transmissive curtace that lights a por-
tion of tlie L( D panel. Tlie provision of light to nniltiplc
v avcguidcs permits use of lov; currcn& siCk vi&v LED pack- is
agee v bather alone or with other t)pec of light s&iurcec, to
uniformly light the LCD panel.

A LCD system according to the present invention mav
include any sunable &ype of conventional LCD panel or
screen Cienemlly, a I,(.Bpanel includec I. ( B pixels auanged co

m front iif I ho ht cource or retlecuve surface to i I lmuinate the
pixels I'urrhcnnorn thc LC() may include an LCL) slnittcr
pm&el and'or color liltcrs. such as RCiB color filters, as aro
knov n to those ol skill in the art

Iu one embodiment, a LCD system according to rhe present c

invention uicludes a tiansmismve I (T). such that the li ht is
provided to thc LCD panel er scrccn from behind via at least
one wave guide element. PrefanMy the at least one way em& ide
elemen& ihcpercec ilia hght m;m even imd complete ni:mner,
such that the entire panel is lit consistently aud at a consistent sii

intei&si&y. A smile Ivaveguide element may be utilized, or
niultiplc ivavcguidc clcmcnts may bc utilimd u ith a smglc
LCD panel. A v aveguide elan&eat i& a device utilizud to

betide

op&scil u:ives from ii lig)«entry regna& In a ir:in&missive

surface or exit remon of the wavemiide element. A ivaveg aide ss

elemen& may comp&ice a hollow I&rue&me with a reflec&ive

m&crtial surface, aitcrnativcly, a wee cguidc may bc substan-
tially solid in nature. Crises, quartz. plexiglass. and other
op&icallv Iran&missive rmi&eruils miiy be employ&&hie m ilm

fabrtcation ol'ransmissive portions of wave),nidus. with sv

reflective nuitertals such as metals furiher muployed to fabri-
cate rcflcctivc portionc Other materials such as glass and
plastic may be employed to fabiicate additional poitions of
&li ivi&VIrilidic TU rliiiiiiiiize loss ill h&rdrt II'iliii &li& wii'cavil&de

element from an area otlmr titan fl&e transmissive surface iu I I

exit region, the waveguide el eiuent may also be surrounded in
whole or in part by a niatcrial such as plastic to rcflccr any

hght back iri&o ilic ale&rien&. In on embodiiuen«, lie

wac eguidc include c a p riant. At less& a portion ofa wai eguide
may be sub s mat icily pl auar or tubular in slmipe. or of any other
confignrmion kuown tn those of kill iu the art Total uitinml
reflection is desimble, such that all of thc light supplied to the
ivaveguiJe elemen& from ussiimuied lighi c»um (cl ic &run&-

mitted out of the waveguide elmnent via the tmncmicsive
surface. Internal reflection guides the optical v aves to a trans-
mis. ive surface of the waveguide element, winch is optically

coupled &o provide light to the LCD screen or panel. I uch the&

ihe I,(:I) p inel or screen nmy be lii by ibe Irimcmi«ml li hn A

wayel a& ide is generally uri1 ized in an arrangement where the
LCD panel oi screen is located between the waveguide elc-
iiie&it i& it I ii vie&ver.

&Vhmi a single v;aveguide element is uced, the waveguide
preferably has muluple light eutry reasons. Addinonally, the
transmissive urface of the waveguide element and the view-
«blc surface of &lie LCD panel or screen arc preferably of
substantially &he I mie save Bptuinally, ihe waveguide rmiy
contain gapa or holes to allov; light froiu a direct backlight to
the I ('I) pnnel or screen

tyaveguides utilized in LCD systems accordiag to the
iuvcntion may bc utilized in combiua&ion, and w lien multiple
wavegtndes cre employed m a ivcveguide cyciem, each may
have one or more light entry &regions. Light enters the one or
I&&ore lip li& el&try regin&is of ii ivavegiiide a&id is tmiisiiiitted to
&hc transmissive surface ihcrcof. A &ransmissivc surl'ace is
preferably substantially flat to conform to a I CD panel. 'Ibis
transmissive snrtace provides backhght to the LCL) panel,
and is capable ot'ighting the viewable surface of the LCD
panel iir ccreen. In a I,( B system of tli &in ention, on or
more waveguides niay be utilized inlightinv the I.( Dpanel or
screen.

)Vhcn multiple wnveguide clemcnrs are used, each
wavcguide preferably has a& Icasi onc figh& entry region. Thc
combined transnnccive snrface area of the v ave aide ele-
mentc is preferably substantially the same as that of the view-
able surface area oftire LCD panel or screen. Eachwaveguide
of &he group may hght a d&i(erat& portion of the L('D panel, or
ihc combined &ransmic cion may light substantially all of the
I,('B panel In another embodiment, when mnltiple
wavcguidcs ar-urilizcd. rh ivaicguidcs may bc spaced suf-

ficiently io alloiv light from a direct backlight io thc LCD
screen or panel or any ot the indnidual waieguidec ol the

gmup may contain gapa or holes to alloiv light fiom a direct
backlight to the I,('B panel or screen. V'ben multiple
wavcguidcs arc cmploycd. they may abut onc nnothcr later-

ally, or at least portions &hereof may be disposed in a fiont-
io-back or I iy ared relationship il desirccl. In one embo&hmenb
multiple upstremn waveguides may be optically coupled to a
dirl'vlwctfeslll v avi'.gill&le. &ii pn)i&i&i&a easy'ab&'icaiiuii aiidroi'nhanc"

un& Ibnnity ol'gh& dis&ribuuon
A lip&& entry region of a ivaveguide element accordin to

ihe inventam may be iidapied &o receive lighi lrom one or
more light sources. Light entry regions may be arranged
along any convement portion of a wave uide element. Il'

lront portion of a i& ci cguidc ic optically coupled to transniit
flg&t to a LCD panel or screen, then list entry regions may be
disposed along uny ol'a lop edge, a lirsi side wipe, ii s&xond

side edge. a bottom edge. and a back . ide ol'he waveguide
element.

A w avcguidc clement ot'tlic invention maybe also adapted
for use with a direct backlight source. As described above. a

in«li&ioiudlv backlii L( D s) sieni incluiles;i hiyerwl sys&erri

which may include a duec& backligh& and, optionally, thertnal
layers undm tire hg&t source, retlective layer(s), diffusion
layer(s) brightncss cnlmnccnmut film(s) and'or collbuating
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I I)'el'(i). Iil i)iii 'iuhudlilii(rlt iil &lii( iiivcniinn &ho wuveguiJe.

clement of the invention is adapted for use with a direct
backlight source, such that the wave@@de element is uicludad
within nr in addition to rhc layered backlight system (91&crc

direct backlighting is provtded tn thc LCD system of thc
iiivcilho(1„(riclinialri arid fl&1critatinn ol'uch layeru Iilrns und
elements. including one or more ii aveguide elements, is pro-
vided to optimize the direct backhght trans&nit ted to the LCD
panel or screen ln one emboduneut n w ayegnirle element is
provided bcuvcen &hc direct backlight source and ice diflb- ic
si(m fryer In (mother emb(xbmen&, Ihe wavegmde element
sew es as a difibcion layer.

Multiple &vaveguides niay foun a lvaivoguide system"
such &bat m on'nibodiment. hghr tmnsnut&ed from each nf
the v;aveguides is coupled to provide light to the I.( D panel
or screen uf a L('D system. A ivaveginde systent in another
embodiment may include two or more (vaveg&udm arranged
in a layered configuration, whore each waveguidc provides

light Io a dtlferent pnriion ol a I ( 'I ) panel, such Iha & the entire
panel is substmitially illuminated by the ivavegnide system. Sri

Fsch mdividual wnveguide within the wave aide system
includes one nr more hgit entry regions, to which onc or morc
light sources aro optically coupled Fach wavcguide also
mclndes a tmnsnussive nr(ace nran exir region, where ligltt
exits the wavemude. A tmnsmissive surface niay con&prise 'i
glass, quarir., m nther nptically transrnis ive matenals, a(xi

may bc refer(cd &o as a "prismatic" seciion of the wavcguidc.
Portions of the ivaveguide not comprising a transmissii e sur-
tace may compose mateuals without prismatic or trans&ms

siva properties. The waveguide may also comprise a material iri

or bc surface &reared such tliat a hght ~Inned directly «t the
waveguide will enrer the waveguide or pass through the
waveguide. Optiouafiy, layered waveguides may be alter-
narcd with lnycms nf ditfi(sera imd'nr "ltvgtt slwpmg" compn-
ncnts 13

In an exemplary IiCD system accnrdmg to nne ernbndi-
meut of the invention, a v aveguide system including rwo
layered wuveguides is used, where the first ivai egutde may.

lighr a cenrnd or mtenor region ol'he LCD screen anrl the
second waveguide nuiy light a peripheral or outer region of (o

the I,&.'D screen. Ivl&i. 6A illustrates a I,& D screen 42 lit by a

nvo layer u avcguidc s jsrciii Iccofdliig to otic cmbodimait nf
iliv iiti muion, On tho lighicdl semen 42. a firs& ivavcguidc (not
shown) is iu ranged to pmvide bghting to a cenrr al portion 45
of the L(..D screen 42 and a second waveguide (not shown) is i
arranged to pmv (de lighting to n pen pheral iir outer section 46
ot'ltc LCD scrccn 42. Each v avcguiidc of thc ivavcgniidc

system preferably receives light fiom at least one different
ligb& so(ace (no& ihnivri) IHG 6H piovidci a CTI1ss-iec&N1(isl

view of an exentplary waveguide system 41 used to light a sri

1,(.D scr cn 42 such us tfiustrat(SI in Fl(i. 6av taken ulong
scctionlutcsB-BofFIG 6A AscanbcsccninFIG.6B,intlm
exemplary tivo waveguide systent 41. the ivaveguide layers
44A, 44H nmy he ol wnnlar sane io one mioiher. 'Ihe
waveguides 44A. 44B are positioned in a layered config&tm- ss

tion, suclt that one wuieguide 44A is posuioncd between the
a(zond waioguidc 44B and thc I.CD scrccn 42. Each
waveguidc 44 k, 44B lies a tf'iiisiiilssivc or pili&1&1'tic poltiott
49A, 49H on u nrajor surlime fiuu emits hgh& inward &bc L('1)
screen 42 Tach waveguide 44A, 44B lights upon&on ol'the sc
LC:D screen 42, such that tlte L&.D screen 42 is iubsmotially
lir Awincguidcsystcmmayoprionnllybcbackcdbyamirrnr
or &&bite Iifitt diff&acr 40, a«d(or nmy contain additional
diITuiers or light sh'Iptltg i'oliipotlcli&s (illl& slaiv'li) b '&wc((i

the v. aveguide layers 44A, 4413. si
In one embodrment according to the present invention, a

wavcguidc systmn includcc tltrm laycrcd &vavcguidcs. with a

firil (vuv grutde fighiing a central nr in &i nor region o I'lhc I (.D
screen. a second wai ega&de lighting a first portion of a periph-
eral or exterior region if the LCD screen, and a tltird
wavcg&udc lighting a second (c g . rcmaituug) portion of thc
penpheral or extenor region of the LCD screen. I'IG. 7A
tlluqm&ei im exemplary It& I &'I) screen 52 uitlwm ~ u three
layer waveguide ib stem 51. On the lighted (creen 52. a first
ivaveguide (not shou n) is ananged to provide lighting to a

first pnrtion 55 along the cemer of the L('L) screen 52. a

seem(ad wavcguide (mit shown) is an angcd to pro'vide lighting
&o;i sec nnd portion 56 ulnng lbe ex&ennr n I lhe I ('I ) (creen 52
and a third waveguide (nor shown) is arranged to provide
i(Sitting to a thiid ponion 57 aloug, a remaining exterio& por-
uon of the L('D screen 52 Fsch wnvcgunlc 54A-54('t thc
ivaveguide system preferably receives light fmm at least one
different hght source (not shoivn). FIG. 713 provides a crosi-
sectional view of an exemplary v m eguide system 51 used to
lip»t LCD screen 52 as illustrated in FICr 7vw taken along
sec tain hnei H-H ol FI(i. 7A. As can he seen nt FIG. 713, each
waveguide layer 54A-54('f the exemplary three waveguide
system 51 may be nf similar size The v,aveguides 54A 54(
are positioned in a layered cordiguration, such that one
waveguidc 54A is positioned ckises& io &hc I CD icrccn 52
nnd the thirrl ivaverpnde 54( 's pnsmnned hirrheit from the
LCD screen 52. with the second wayeguide 54B positioned
beiiieen the first a(xi third viiiuguide. 54A, 54& . Fuel&

wnvcguidc 54A-54( has a &ransmissivc or priima&ic portion
59A-59C on a major surface &hereof that mnits light toward
rhe L('D screen 52 Each wavegni de 54A-54C hgbts n portinn
of tire LCD screen 52, such that the entire LCD screen 52 ts
substanttafiy hu Tlic am eguidc system 51 may i p&io nally be
backed by a mirror or ivhite light diffuser 50, and'or ruay
contain additional diffus era or light shaping components (not
shown) benvccn the ivavcgutdc layers 54A-54C.

ln miotltcr crnbodimcni according to thc pn:sent iuvcntiou,
fiiur layered wavegmrlei nre provided. In inch an mrange-
ment, the wai eguides may each provide liglit to a different
portion (e,g., quadrants) of a LCD screen.

FICi SA illa sin(tea such an exempli((7 LCD screen 621u by
a f(mr layer ivavcguide system On &be exemplary lit screen
62. a fir(t ivaveguide (not hmvn) ii arranged to provide
lid&ting to a first portion 65 corresponding to an upper lcl't

quadrant of thc LCD scrccn 62, a second wavoguinc (not
shoivn) ts arranged &o pmvide lightutg ro a second portuin 66
corresponding to a lower left quadrant of the L('D screen 62.
a third v ave uide (not shnv n) is arranged tn provide lighting
to a third portion 67 corresponding to an upper right quadmnt
of th- I C'D scnmn 62. and a founh way eguid( (not shown) is
amm ed In prov( le bgbiing In:( fourth portion 68 corre-
sponding to a la&ver right quadraut of the LCD screen 62.
Fact& waveyuidenfihewaveguiuc system pre('erubly re eivev

hf3 it Iroiti &it Ice s& onc di I'Ibrcnt light source (not shov ni. Fl Cr.

8B provides a first cross-sectional view of a waveguide sys-
iem 61 uiciible lu lighi ihe I.('D 1(veen 62 of Irfil SA, I((ken

along section lines B-B of I'IG. SA. I'IG. SC provides an
alternative em(as-sectional view of a fir(& waveguide systmn
uscnblc to light thc I (.'D screen 62 nl FIG SA, takmi ahmg
section lines C-C. As can be seen iu I'ICig. Sl3 and SC, in tbe
exemplary four waveguirle systini 61. Hie ((ave uide lavers
64A-64D are of sinnlar size to one anotlier Tlm w»veguides
64A-64D are posituined in a layered configuration, such that
a first wavcgnidc 64A is pnsirioncdl close(i to thc I CD scrccn
61 and a fourth ivavegutde 64D is positioned furthest from the
Lt D seri'i'll 61, ivl&li ii scen(lid 'ivilvcv aide 64B arid a &lilt'4

waveguide 64C positioned bet&scen the ftrat and fourth
&vaveeguides 64A, 641&. L'ach waveynde 64A-64D has a trans-
missivc or prismatic portion 69A-69D on its surface that
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kin&«bgh( (& word &ho I ('B ivn en 62. Fuch wavcguide 64A-
64D lights a portion of the I CD screen 62, sue]i t liat the entire
LCI) screen 62 is substantially lit. The wavegu&de cyitein 61

i oprionally backed by a mirror or u hite light difl'user (not
shown) and may contain additional diffu sera or light shapir g
component& (rto& ihoivn) between the iiuvegu«l« l&iyem 64A-
64D

PICi, 9A illustrates an exetuplaty LCD screen '72 ]it by
auorlier four lnyer woveguide systetu On the exemplary lit
scram& 72. a first wa&egunle lights a Birst portion 75 of the io
I,('I) icreen 72, a iec&md iiaieguide kgb&i « sec&md porti&m

76 of the LCD screen 72, a &bird waveguide ligvhts a rhird
portion 77 of thc LCD screen 72, aud a fourth &vave uido
lights a fourth portion 7g of the L('D acre n 72 boch
waveguide 74A-74B of the &vaveguide system preferably i

receives hght from at least one ihfferent hJtt source (not
shown). FIG. 9B provides a cross-sectional v&eiv of a

wavcguidk iyi&em 71 uswablo to hgltt Ihe I,CD screen 72 of
FIC] 9A, ioken along section]utes IS-IS of pl(r 9A As can be
seen in I&IG. 9B, in the exemplary four waveguide system 71, zo

the ivavegu&de layers 744-74B are ot'urn]sr mze to one
another The ivavegiudes 74A-74D arc posit]unco]in a layered
cknliguration, such &hat a lirst i&ave mido 74A ts positioned
closest to the I ('I ) screen 72 and o fimrth &vavegtnde 74B is
positioned furthest from the LCD screen 72. with a second '&

wavegu&de 74B and a third ivavegu&de 74( &iris«au&or

bctvxcn the lirst and fourth waveguides 74A, '74D. ]iach
waveguide 74A-74B has a transmissive or prismatic portion
79A-79D on its suriace rhat emits light toward the L('L)

screen 72. Loch waveguide 74A-74D lights a portion of the io

1,(.B icrecn 72. such tliat ihe cn&trc I,('B screen 72 ii sub-
stantially lit The waveguide iystent 71 is optionally backed
by a musor or wlrite light difhiser (not showu) and may
ckara in additional ditfuscrs or I ighr shaping components (not
sliov n) bctwccn &hc wavcboridc layers 74A-74D. is

It ts to be underwood that the exemplar. v;iieg&ude sys-
tems described above are not limited to the particular tmns-
mission conligurat&ons provided herein. Auy number of
v;iveguides rmiy be ourtinged in ony conli unition such tlxii

the transmissiik sections of the ivaveguidcw illuminate &ari- &o

olli sect&i&&is iif a I,( B scree&1. T&'i&is&11& iiii&1 I'lv tile
wavcguidcs in any particular configuration docroiot have to
bc cvcnl) distrtbuuxl mix~kg individual wavoguidco Tho
exemplary v.avegui&k systems set torth aboie &nclude

waveguides of approximately similar size; however, the i
wavegui dei ofa ivnveguide systein nmy be ofany i i re. ai lo &i

as &lie resulting rransmissivc sections of those v avcg&tidcs

illuminate substantially all of tire LC.D sciven
As deimrtbe&l hereinabove one iir mine h.lu sourcei «re

optically coupled to a w avemnde element in various eiubodi- so

m nti &I'th uiieotion. Any number of kg]it source& may b

cmp]oy d to achwvc untlorti) lighting ol a LCD panel )Rulc
the light sources are optically coupled to emit light into the
bgh& entry reghuts i I the waveguide elemen&, the number ilf
light entry regions does not limit the number oflight so&aces. ss

In one embodiment, at lcm&it ooe waveguide elemmtt is u&i-

li zcd, inc lurkng a I irat light-c&mt&ing source positioned to emit
li Jit iuto a first entry region of the at least one &vave uide
k]el&le&1«llld o ii'coud li Jit-emi«in source poiihonml to emi&

light into a i&cond e&uiy region of &he at least one v'aveguide so

clement. Add&tioual light-emitting sources and hgbt mttry
regions may bc mnplovud.

A l&J)t-emitting source nmy be positioued anywhere
w«]tin a L('L) system &ha& ull &iii up«ciil ckupluig uf &he ligh&

emitted into a light en&B region. Accordingly, light-emitting &i

sources mav be located in or along a side region, a top region,
a bottom region ond/or a roar region of thc LCD system

I iglu-krnining imircci may hr ipacmd apur& fmrn c&irr spend-
ing, liglu entry regioni, may be adjacent to corresponding
I]Jtt entry regions, and/or may be physically coupled to the
corresponding light entry rcgmoni. Iu onc cmbodimcnt, thc
hght-enutting sources include side v&eiv LCD packages. the
b b&-en&tamp iources ure arrun ed &o rxi& simultaneously unJ
solely emit licJ&t into a top edge and a bottom edge of the
&vaveguide. In such mt embodiment. light soiuves niay be
ormnged tn locations other than both the top mid bottoin edges
o f the v'sveguidm or light sources arra&lgcd ah oig both tbc top
and bo«om e&lge ol &i &vavegu& Je are supplemen&ml with:«
least one additions] light source arranged to emit light into the
ivaveguide from at ]&mist one other location.

Optic'll coop]trig bc&wee&1 u Ilgdlt s&111&k 'l&ld &v &vcgi&ide

element may include any of: directing light to one or more
recesses defined a vnweguide element. embedding a ]tv@&(

source in a waveg or i de element, and directing light to at least
one cdgc or sur fuck of a wavceguidk clcmcni. Thc waimguide
elemmi& does not use&i t&i be unifortn ui sluipe oml, optoinally.
may coutain one or uiore extension& oriented in any suitable
drrectain, such that the light source ma& be optically coupled
to thc ivaveguide element v&a thc one or more extensions

Ai t]t]nncr profile I.C'D ay&demi niay bc dcsirablc, where
wovegtttde extensions are ntibzed, they nmy be opnonally
oriented in a nmnner such that they are angled. bent. or c tumed
tin ward a pnmary plane of the wav&.'guide &.'lament itself and,
cortcipondin ly. &oward ihe I.CD panel, to acliievc a &hinner
profile system.

ln ooe embodnuent. a LCD system nmy turthercomprise a

light source that is not optically coupled to erutt light into the
waveguidc An exen&plary iystcm iix;ludhi a hg&ht miurc &]rat

directly backlights a L( B panel. supplemented by
&vaveguide-directed light. Light emitted by such a bee]dight
moy pas through or arountl o waveguidc or wavcguide sys-
mm disposed bet&veen thc back]if]n and thc LCD panel, in
order to trans&nit hgbt from the back]i ht to tire],( 'I) panel. In

such an emb odin&cut, the backlight pmi ides light to the LCD
panel or screen, wh]ch light is supplemented in one or a&ore

locntions by light trtmsm&tted by tbe wave &uidc or wevegui&ie
ovate&)I

In another embod&inent. a I ('B system may further com-
prise a direct backlight so&ac that is optically coup] d into
&he wavoguidc as under&&cod by ouc of skill in thc art. An
exemplary system includes a ligh& source &bat provxtes hght
optically coupled into the &vaveguide, v here the light source
is pomtxnaxl diiectly behind the I ('B panel Such direct
backlighting may bc coup]cd into thc ivavcgutdc by miy

mern&a la&own to thos- cf skill in the art. In one embodinient
the ].I.B is provided a«he end ol:& ivavegui le ex&enisin.
Such a iiaveguide extensiou may be oriented in any manner
ai inork fully described ah& ive. Pr li rib ly such mt extension &i

short and &hc bacl'light is llush &vith thc extension. In another
embodiment the waveguide comprises such a material or is
surlace-&reined such tlri& a &brec& bocl ligh& s]oned on &be

&vaveguide wil] enter the waveguide tluough the sin face md
will be optically coupled to light provided to the waveguide
rhniugh additional lid»t mitry sourcco ln a still lurthcr
embodiment. the wavemide contains a hght eutB'oiu'ce &ll

ihe finn ol u notch. or groove or o&hor indentation in &be

surface ol'he waveguidh, allowing I'or placement of a direct
backlight directly agvauist the wavcTuide. Light enutted from
thc direct backlight can thcrcforc bc optically coup]cd
directly into the ivaveguide.

LivJ&& sources uiel'ul in hg»ting;& L('1) panel cuii mclude
any of a &old iathode fluorescent lamp (CCI&1.), shot cathode
fluorescent lamp (II(.']L), an. electrolununescent panel
(ELP'I, on ]ucand&uccnt hght bulb, a light cniittutg diode
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(TFD), un iirgunic lighi emiiiing tliode (Cff FDi, u hi oh in(en-

sity discfucrge I IIID) lamp, mid miy combination of the toiv.-

going sources arranged to provide light in additive or spa(ially
&It I:I't.'&L ui'I'ullgetni:lii

%tera LEDs are utdizod as light sources in embodiiuents
of the present mvernion, such LEDs ure pr fenibly emboili &1

in LED packages. Such packages nmy include packaged tra-
ditional LEI')s that einit light from a side upposite the elec-
trode from tvhicli they rccciv- current. Snd/or may bc pack-
s'd side viow I ED I (also known as "side cmi(ting I FDs" or i ll

"ci Ieloolkerj,bl)c") ihii mnit lighi cubcianiiully panillel in;i
plaue ot the surface on which the peel age is mounted. A
"LED package," as used herein, preferablv include~ a sub-

strate. an clectrodc, u LED chip mo&unkxl on or over thc
substrate and an cncapsulant disposed on or over thc I.FD I

chip A I I D p:Icloige m;Iy also uiclude any oit u thilnser, a

reflector, a lens, an electrostatic discharge diode, and!or ther-
mal conduction clan&eats.

A litJtii source in a LCD system of the invention may
includo a LED that emits any of w laic liglit, blue liJtt, rod

light, btikvn hght. Or light ofnny desirable wavelength. In one
embodiment, a light source includec one or more clusters of
red-green-bine (R(iB) I I!I)s Such clusters may be indepen-
dently controlled. In another embodiment, a light source,,
includes a blue LED coat&xi or other&vise covered with plxic-
phors io upconvert blue 0 Jvi& io while h Jot&,

Exemplan combniauons of light sot&tet:t of tllc Iin:Lilt&oil

may inclutle: (I j direct 0 mltlightin uulwnig one or more
side view I.T'I3&, supplemented witli edge backlighting utiliz- it,
ing one or iuore side view LEDs, (Zj direct backliJtting
utilizing onc or morc tratlitional LEDs, supplcmcntcd v ith
edge backligh&ing util(/ing one in more side vikew I,FDs; (3)
direct burl Ii hung uulimng oue or more si&le view I.l;Dc,
supplenieuted v ith edge backlighting utilizing one or more I c

iradiiioual LEDs. (4) Jiikvt bacl lighiiu uulizing onc or
morc iratbtionnl LEDs. supp lcmcnicd tviih cJgc backlighting
utilizing one or more traditional I,l!Ds; aud (5) ed e back-
hghtm I'rt)m m(ire &Nm (me eJ L. II&10/1&tgtillC tii'Ili(1&C Side

view LEDs or traditional LEDs, or any combinations tliereof.
Such combinations may include, bui wc no i 1imitod to, siuglo
light sources includmg both traditional and sit&a v)c&v l,l&Ds
'11&a foregoing combinations represent mere examples ofpos-
sible ctmligurautms: other mmli}uiriuums muy be employed
v i&Itin the scope of the present invention

A cingle light source itin)'tilllpl'Ice a plurality of T,FT)s.
Th- LED s of such a plurality ofLEDs may bc arranv cd in any
suit~hie ci.nfiguration, &vhcther to en~hie conveniwit manu-
giciure, io miimrni/e li bi emit&ail miii the hgh& enir) regmns
ot'he at least one waveguide element, or both. L'xemplary sti

urrrlligCII&k f1(c IIICII&klk Illlllilple I.FD paL'ka} Lc alrallgktl ill a

strip. or a cingle LFD package contauiuig multiple LEDs
ananged in a strip. Such a strip may contain tv,o or more
I I'l)c or I I'D packs es In&In itlual I I'l)c or Llcl) pack t ea

within a single strip may be characteristically the same as. or ss

dilperent from, other LED.'i I.ED packages Ill illc sall&c

strip I I.',Ds orl ED packages m a single stop may bc adapted
to emit subctantially the came ivavelength, or may be adapted
io eirui tliilereni wuvol&:ngihs Atltliiiuruilly, multiple strips
niay be connecied &o one another in any . uitable onenta&ioii, so

sucli as in an end-to-end oneniation, or ui a side-to-mde
orientation, in order to)geld u single compo itc litJ/tt source to
emit light into the &vai eguide element. )yhere multiple strips
ur uiilizk I, each &&rip inuv be u&I,'Iptkcj io einii light of sub-

stantially the same wavelength as other strip&, or may be rc
adapted to emit light ofwai elengthe different fi om liJtt other
Stf&PS

A light coume inchsling a cirip ol'I FDc or I FD packugcs
may include a circuit board or other common stnic&ural sup-
poit, sucli tlmct the LIIDs nlay be electrically connected to one
another Tlm LEDs uiay bc further electrically connect& d to
components adapted to pmvide uniform perfommnce of the

plural»y ol'I,EDs. Such component& m iy mclude one ormtire
common control circuits (e g, inta mted cir cuits or prticm-
sors) to regulate. for exaiuple, pov er to the LEDs. uiteusity of
rhe emirted light. wevel cue th of the euiit ted 1 ivttt, and/or other
parmnetcrs. Additionally. a strip of I.T!Ds may include or be
connie&Cd io one or mise common elecinwiiiiw discharge
(FSD) diodes, providing protection from voltave spil es to
nndtiple LEDs ivithin tile snip. IvILllpovci, illultlplc strips
may b» subject to i ointnil from a suigle nm ster control circmt
or( Pl

I'ICL 5 illustrates ofan exemplary light source for use ma
LCD sysuem, including a plurality of LED packages errmiged
iua strip 100. In a piefcrred miibodimcni, &lie strip 100 has
dimensions of 20 mmx 2. 5 mm and conunn s five or more

LEI )
packages IUIA-IUILL &cinch may be disposed in series.
Optionally. cnch a ctop 100 composes a circuit bonrtl 105

mcluding a 2
"

aul thickness FR4 subsmite and I oz, copper,
clociro lest Nickel Inunkrsion Gold plaiing, and docs not con-
tain coldemiscl on the hack surface. 'I he stnp I UU mclnrlec a

c onunon ESD diode 102 in electrical communication with the
I FD 101A-IUIF, ('&intact 103, 104 &nay bt. provided to
serve as common Llkwirical inputs for ihe strip 100.

It is understood tlhat tvhen a single liJit cource comprises a

plumliiy of LED packages, any desirable number of LED
packages may be provided. I'actors affecting the makeup of a

siiltilt: I&Flit sillll'ci: I&lay I I tc filtlLL iltc sl/I: I! fille pall& I I'Lit &Lt lli,
rhe dmired viecving angle, the entry angle of the livJII inro the
li/It entry region ofthe weveguide element. the spacing of the
individual LED packavcs. the brightncss nf the indi& idual
L L'D packages. Snd thk s irk of ihc LL'D packages. In combi-
nation. plural light sources conp I ed to at le act one waveg ui de
utilized in a ay&tent as described herein are adapted to uni-
fomily light a LCD panel of any desired size.

FICi IA is a cheimitic front view illustnuion ol at lmici a

portion of an cxemplaD I.C'D system I including a I.CD
panel 2 mitl multiple light sources 3A, 3B 11(i. IB ic a

sclmmatic side view illustration of th- syswm of FICr IA.
dh1&icting thc LCD pankl 2. Ii Jit soumcs 3A, 3B and
witveytide element 4 FIG IC is a scbemauc side vmiv illus-
tration ofan exemplary liglit source 313. compricing a plural-
ity of side vieiv I,Ff) package&, (ik 6F, arran ed as a strip im

bine 7 and mnitting light 8, parallel to the plane ofhaec 7. mto
waveguide 4. FICI. ID is a perspective vien& of a television or
computer momtor 100 mcludm a I,('D &ye&em acmir&lmg io

I IG. IB, &c ith the LCD panel 2 arranged in the foreground.
FR& 2 ic a schemutic per. pective vice& illus&rut&on iif ai

least a portion of an cxcmplary LCD system 11 according io
an enibodimeut of the present inventiou, including a L(.'D

panel 12, tv,i&ego& le elemeni 14. Iirsi hghi source 11, an&I

additional liuht soiuces 15A-15D. each coupled to the
waveguide elemein 14 at the end of w aveguide extensions
16A-16D, rkspcitivcly In FICI 2, tlic tirsr hgbt source 13

provides liJtt to a light eutry region located along a lateral
etl e of Ihe a:neguitle alon&en& 14 anil iitttli&ioruil stripsol'IID

packages 15A-15D are optically coupled to the
waveguide element 14 along liglit entry rkm iona on exteo stone

16A-16D of thc ivm cguidc clciucnt 14
I'IG. 3 is a scheniatic perspective view illustration of at

le&is& u pt)r&ikm ol'au exemplary L('D system 21 isvordiug io

one embodiment of the invention. &he system including a
I,('D panel ZZ, ivaveguide elmnent 24, and light sources Z3.

25.6, 25B couplcdl to rhc wavcguidc cicmcnt 24 along an cdgc
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Z7 of d pnmary wuievuide Burl«Be dnd;B the ends uf
waveguidc extensions 26A, 26EL respectively, Additi&inal

lijtt source& (not shown) are contemplated to be coupled to
thc ivavcguidc clcmcnt 24 at thc cnd of&i avcgtudc extensions
26C and 26D, and aking L«ige 28. Yyaveguide extensions
Z6A-26D ure curved uiwurdu pnmury plane o I'the wuved inde
element 24. such that the side profile of die resulting system
21 is thinner titan it would othenvise be if the extensions
26A-26D ware stnviglu

I'1(il 4 is a schcnuitic pcrspci tive i ieiv illusu ation vicv, of tv

an exemplary I,('I ) system 31 uccnr&hng to one emho&lmient

ot the invention The system 31 includes a L( D panel 32, a

waveguide eleinont 34. a fust light sou&ca 33 optically
coupled to an edge 37 of th'va&mgtddc clement 34, and
additional light sources 34A-341 optically coupledto the bacl
side 35 uf the w a& eguide element 34.

Variou embodiments of the inventiou also provide meth-
ods of lighting, a Lf D panel utiliaing li ht sources as
descnbed above. A 1,1.'I ) panel may be lu hy anv c&xnbinut ion
ot light sources that provides complete and uniibnn illunu- s&i

nat«m of the panel. I.tght may be proioded to the panel fmm
light sources located along edge or back regions of thc
wdvcguidc element. by diivct backlipting, or usc ol'ny
co mimic 0 on of light source& a mmged to en« t hgit direcrly to
a LED panel and&or to emit hgt into one or more interposing '&

w dv '8 Il«ca e lc 111c& ILB

Although the ~nvention hus been dcscribel with refcrencc
to the above embodiments. it iv ill be understood that modili-
cations and vanations are encompassed withm the spint «nd

scope ot'the invmitiou, Accordingly, the invention is linuted 1&i

only by tlie followmg claims

What is clmiued is.

1. A liqmd crystal display (LCD) system comprisiu;
a) a I,( D panel;
h) at leastonewaveguideelementcomprising aplumlityof

light cntn rcgionn
c)a tirsrlight emittmv sourcecompnsingalirstphiraliryof

LEDs arranged in a first strip and positioned to emit light
mtn the at least one wneguide eleinem at a first light m
entry region ot thc plurahtv of hght entry regions:

d) B sewn«i light-emitun sourcocornprimn d seen&xi

plurality of I,I &Ds ananged in d second strip and posi-
tioned to emit figvtt into the at least one wavegnide ele-
mem at a second light entry revion of rhe plurality of di
light entry regions, and

c) a common control circuit in clcctncal coruminucation
with at least one of the lirst plurality of LEDs and the
secolld pl&&fait)'f I,f f)s.

2. The LCD system ofclaim 1. wherein the LCD panel has «i
a view&ibis surliicc, Ilm;it lmtst one &vuvcg&1«lc clement Ims;i
transmissive surface, and the transmissive surface is approxi-
mateiy the same sire as the vicv:able surface,

3. The LCD system of claim 2, ivherein the vieivable sur-

tace has u Ji &goo«I measurement iif dt least uhoi&t 12 mchc&

4. The LCD systeni of claim I, wherein each of the first
light emry reg«i~ und th ssn«u&d light e~ ny region is d&sp &sed

at a di IY&.'rent location on the at least one v, aveguide element
selected from. a top edge of the at least one &vave~mide ele-
mcur, a bottom cdgc of thc at least onc ivai qtuidc clcmcnt. a sv

first side edge of tlm at least one ivai ebnfide element, a second
side L«lge o I &IIL'l least one w&lvLI I&ale eh I&le&It, all8 I& buc k

side of the at least one wavemtide element
5. Tli& L(1) svst '&ll ol cldlnl 1, &vh 'Ivui d&1)'l ihc lirst

light-emitring source and tire second light-emitting soume r»

coinprises a plurality of I IIDs adapted to emit miy of v lute
IICJ&t Bnd single color light

6. Th I ('D system ot'lmm 5, wherein mn of tfic lira&

Iitdtt-enuning source and the sec&iud light-cmiuing source
compnses a plural&tv of direct LEDs.

7. The I.CD system of claitn 5. wherein auy of thc first
hptt-emitting source and the second light-enuttuig source
compn cs a pluml&ty otsidc view I EDs

8. The LCD sysiem ol cluim I, whcreiii each of &lie first

plurality of 1 8 Ds mid the second plurality oflEDs comprises
LEDs adapted to emit diffcrcitt wavelengths.

9. Thc LCD system &if claim I, &vhercin each I.I&D ol'the
first plurality of LLDs and secoud pluraliD of I L'l)s is
adapted to output substmit&ally the saute wavelength

10. 'I he [ (,'I) system ofclaim I, wherein tbe first plurality
of LI'D& is adapted to emit a lirsr wavclmtgth and thc second
plurality of LEDs is adapted to emit a second wavelength.

11. Thc I,('I& system of claim 1. further comprising a

common continl circuit in electrical conuuunication vvith

euch LED ol ai leust uuv ol tliv lirsi plurality ofLLDs und tbe
ac&mind plurality of LIIDs.

12 'lite LCL) sysrem ofclem& 1, ivherein Bt least one of the
first strip and the second ~trip comprises a conunon electro-
stdnc Jisvluirgo dxxlo m elcctncdl commumcdtion with (lie

plurality of I.El&s arranged in the respective strip
13. 1 lie L(1) a)stern ol cl iim 1. whcrcm msb LED ul ut

8 est otic o

fiche

first plurality of I EDs and the second plurality
of LL'Ds ts i&&early arranged.

14. lite LCD system of claim I, v:herem thc &.olllllloll

control circuit is in electncal conununication with each &if tire

first plurality of LEDs aud the second plurality of LEDs.
15. The I&CD svstcm ol claim I, I'urtlmr comprisiilg dll

electrostatic discharge diode in electrical conununication
ivith each of the tirst phimlity of LL'D& and the second plu-
mlity et'EDs

16. 'lite LCD system of claun 1. v;hereui each of the first
plumlity ofLEDs and the second plumlity of LL'L')s is linearly
arranged.

17 Thc I,CD 1) tcm ot'claim 1. &vhcrcin am ol thc first
li dtt-enutting source and tbe a second light-etuit ting sotuce is

optically coupled to fit&. Ilt le&la& olla wavcL&tlidc clenicnt.
18. The LCD system of claim 1, ivherein any of the first

light-cnut ting source and the second fivttt-c&nining source is
optically coupled to cxtcrnions of thc at least one wavcguidc
element &liat ale oon-cop IBBBI'vltb a prl&lclpa I p la&le of the at
least onc wavcguidc clcmmit

19. The I.(.D system ofcl mn 18, wherein Ih» extensions
are angled toward a principal plane of the ar least oue
tvavego ide element.

20. The LC'D system of claim 1, ivherein auy of tbe first
0 ht-eimtt&ng source encl)he second li bt-em&ttm ource IQ

mnbcddc&l wirhin a suribcc of thc at least onc wavcguidc
CICIIICIIL

21. Thc ICD sy tcm of claim 1. &vhcrcin am of thc first
li dtt-emitting soutce and the second lipt-emining source is
opucully coupled tu it least one recess &leliued inn ninfise ol
the at least one ivaveguide eleuient.

22. Thc LCD ystcm of claim 1. v:hcrcin any of tbc first
lip»t-emitting source and the second li«JI&-einitting so un:e Is

op&1cullv co«pit«l It) d bi&ok pol'(loll ol'he &u lcm& one
ivaveguide element

23. Thc ICD sy tcm of claim 1. &vhcrcin am of thc first
li dtt-emitting soutce aud the second lipt-emining source is
opucully u«ipled to in c&lge ul ibe ai least oue « iveguiile
element.

24. The I.CD system of claim 1. wherein the at least one
tvaveeguide eleinent comp n sea a first ii avegu &de el emmit and
a second ivai cgttidc clcmcnt
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li
25. The I (T) system of cluiin 24, ah rein ili« lira( liglti

omit&in« snurcc iv opucally coupled u& ihe first wuvevuide
element and the second light-emitting source is optically
coupled to thc second &vavcguidc clement.

2(&. 'Ilia I.('I) sysiein of clunn 25, wherem ihe limi lighi-
emitting source comprises a hrst plurality of LL'Ds and the
second liglu-emitting source comprises a second plurality of
Lk.'Ds,

27. Thc I,CTJ svstcm ol'clean 1. wherein any of the first iv
light emitting source and the second light-enutting source is
d»posed alon an edge regna& ol ih« I.('D syviem. anil posi-
tioned to einit lip&t into m edgo of the at least one ivave uido
element.

2g Ihe I.('I) system of claim I wherem any of the tiist 'ightcmiuing source aiui the second light-«mining source is

disposed along a center region of the LCD system behind the
I,('D panel,;md iv positinned to emit light mto a bacl vide of
tile aIt 1«as'I otic was eguide element.

16
29. Tfic I ('D &yvieui ol'claiin I, wh rein uny ol'fi« lira&

Iig&&t emitting source and the second lig&ht-emitting source is
disposed at a lr cation selected fmm. (a I aloug an edge region
of thc L CL) system. pns itioncd to mnit light into an cdgc of thc
at least one &&ave uidc element. and (b) along a center region
ol'ihe I ('I) vysi &m behmd ilm I ( T) punel, pos&(ion«alii& ermi
light into a bacl; side of the at least one &vavemiide element.

3U. The LCD system of claim 1. ivherein the at least one
&vnveg&ude elemem comprises a prism.

31. The I CD system ofclaim l. Iurthcr comprising ai least
a ihiril Ii hi-emiiimg ource, posiiionedui emii ilireci hucl-
lig)it onto the L('D panel.

32. The LCD system of claim 1, embodied in a telvwision.
33. 11&c L(1) system of claun 1, embodicvl in a coiupm r

11&cn&Ioli

34. The I ( 'D systein of claim I, further conipnnng a tlurd
ligJ&t-emitting source positioned to enut light imo the at least
otic wavcguide «loll&«lib
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