- Power LED device with a reflector nade of aromatic pol yester and/or

whol |y aromatic pol yester CROSS REFERENCE TO RELATED APPLI CATI ONS The
present appl20aipsm clains the priority benefit to U S pprmreaivossio
application No. 61/106,177 filed on Cctober 30, 2008, and to U S.
provi si onal application No. 61/140, 647 filed on Decenber 24, 2008, the
whol e content of 5these applications being herein |ncorporated by reference

for all purposes. BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON A
reflector for a Power LED (PLED) devi ce rrade from a corrp05| tion conprising
i awithal rief) ] : i 10LED

devi ce |ncIud|ng a Power LED fonﬂﬁﬁhﬁﬂMﬁawumHﬁyaﬂdlor radi ation and a
reflector made from a conposition conprising an aromati c pol yester and/or a
whol |y aromatic polyester. Articles containing the Power LED device

i ncluding lighting devices and optoel ectronic devices are also included in
the invention. A Power LED device for operating at high junction

t enperatures or nade USInO 15hi gh refIOM/te eratures DESCRI PTI ON OF THE
RELATED ART CROA R QR AHED APE] dONSD) is a nicroel ectronic
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necessary for posi ni ng ing the LED in
an end-use deBﬁd&G3RQ@EﬂaKHVTHEENVH@WU£&§ i ncl ude a frane an LED, | eads

connected to ke bER TARANAENPRBSENDI Y package The LED device
conventional ly includes a heat sink which is in thermal contact with the

LED. The heat si nR 68sseisfor 8 PapsolEDAREER) deyipamede Eam yeraostt®d duri ng
operation of b&ﬁpﬂ@% gheMiogfatic H@@'testéﬂ aiﬁ%rtaselebnyrarbﬁalapcﬂ tsg@t Aamsvek ake a

variety of, fo erl O0good
t her mal c%%dui?iﬁ%waﬁdncB%%ES&%V@ LEEU@FG tgégfg 866HH@? gwg n some 2
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top of the heat s on1o or W esive
mat eri al . TheligtDerdoyidgse a@b@pte@leetrmmwevs@@ rad?eaisq iscluded inethe inyieptorvA any

ot her ConponePBw@JLEDck&%k@ﬁ%hﬁﬁmﬁgap €h erBﬁ%: | k{1818 Bt madbeghye or
encapsulatlng rg@lals Refl ectors nmay be included in LED devices to
/

focus, color 8 OW SIPRFHEES| i ght enmitted by the LED. LED reflectors are
typically nDI@@@(QUP@HENKHHFHEMMEEMTEBIQMbsequentIy connected to an LED in

the formof a chi T | ect or ma inte raI e he t sink, for

exanpl e the refl eg‘t%ﬁﬂtel’r{&%ﬁ losdiergke nﬁ%ﬁ“ﬁ@ l"?]am F?‘leé?c OH”(?I %‘—é’ﬁm art. Power

LED (PLED) devomngeiss anetaey whed dohigs lightivhenmdohergweltlectraaianetgy, of.,lai ght t han

conventional & AGKHERiHARER ORI FUbRA hS! Kldtlidh SRl Egs. Power
r st ts o e i gh

LED devices ¢ ate su I{ greater anou at and 1 t than

convent i offal ~ inEhe derwasddireptigna LED dayices jisoseambliss o epmpensatserhish fasgi

a device for emitting radiation such as light. LED devices contain one or more

LEDs in addition to other components necessary for driving the LED,

positioning the LED, and mounting the LED in an end-use device. Typically,

LED devices include a frame, an LED, leads connected to the LED, and an
25  assembly package.

The LED device conventionally includes a heat sink which is in thermal
contact with the LED. The heat sink serves to absorb and dissipate heat
generated during operation of the LED device. Heat sinks used in LED
applications take a variety of forms and are typically made from materials having

30  good thermal conduction and, optionally, poor electrical conduction. In some



in conparison to conventional LED devices. Power LEDs are typically driven
at from 150 mA to over 1,000 mA whereas conventional LEDs are driven at

| ess t harw@2010m04953possi bly down to 1 mA or | ess. The sulpstrarrooalocdsner ease
in stress encountered during Power LED operation results in accelerated and
nore 20pronounced degradation effects s_n%h as discol oration and physi cal
deterioration of reflectors and or assenbly housings. The material s
used to nmake the conponents of conventional LED devices often include

t hernopl astic polymers. Thernoplastic materials are, in general,
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l'ight. 311 ght eﬁhaédr@gag@smm L@D?éﬂe@’to%s wadesiea omg@bmla fBdrAESS gnd/ olr
exposure to ense radigtion suffer i sc n but also
Fromthe | ose MrtgaaTisiiichts ot Grn pER ke bt lashil defrdlaf and « hus
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Pn(l heat and radi ve stress éﬁgf}ag eration
and during At @PEV%HF VHTHRIREEALe é%Faé‘Pgﬁ)S/%Ileé@r 611‘10@%8 MG high
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that cont® nspRnbeRicdd8eABARRREQueh hediSedldai®h ki ﬁH})@i&aldeMﬁﬂaﬁdh a chip
t hat provides nction.to the device. The chip is a sem conductor

LED f
devi ce that c8h‘§%ﬁ%@§a§ I9F GBETRR 1RUSH§Sdi ode. Conventional LEDs are bonded
to the lead franeTht hiateetatsdmed tovmalespuhxyompomntsedf cadhesiond IR deviadss. The
conductive ep [ t t f up to
20about 180C ? é%{n gl%méig?he Ppé%& Ef}”ﬁg% flge%%le ?t% mgtﬁ%gm%?e %g Elrrag Power
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whi ch agai n sybjects the. e tot ture t hat reater
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Encapsul on her mopl asti c
conposi t?éodn atC Béﬁéne é@ﬁ?&r&‘é@%ﬁ@mﬁ{é”r&a hé‘?&e} Qﬁfﬁ?ﬁi@g Pgn& perl od from
0.5 to 6 hour tadigionsemaitavityl. Emrt@atséélg@law tl@hémppléstlc materi @rd_lamerp@ age is
subj ected to gnResiBRY (Q%atthe%IYe%hﬁnt%%llb@v dofor PRAAERHsRAS thPmBY IHAG @Ffe&c'tl'ié?u' t
board. The LED pac ag gr be affixed to the printed circuit board by

t echni ques sufMonet €8pdes 1#Y- during which portions of the LED package 35are
contacted with a Whtrheplasat ﬁﬁferﬁtsr’aiﬁsﬂgbiﬂgr’therma‘ﬂstress and/ot &xpadgtcttd on to the

above ne one rocess st her,.dr t S). M e carried out.
e G 2R AR DB PO Bl SRS B b e Y by any

conponent of titsrabEDhgavalgpeomiutidsngch aselavwiy and thus madrbecomge baitlebeéOrcarri ed
out, for exanple, under infra-red reflow conditions which include




S5heating to tenperatures as high as 260C for a period of m nutes. As a
consequence of the production process any material fromwhich the LED

devi ce i swondw/m¥e3s1be subject to a tenperature that is eabspramwioed4by hi gher
than the operating tenperature of the LED device. Thus even before being
set into service a conponent froman LED;device such as an LED reflector
made 10 froma thernoplastic material may have a significant heat history.
Especially for thernoplastic materials this heat history nay lead to
degradation and coloring of, e.g., the reflector. U S 2004/0165390,

i ncor porated BgiRinR tbyllghq{e@f e dnrbxbéﬁlr@ﬂ)tﬂaﬂﬁhb{n s&BhSa@ s @e 1gsht, gy d

crystalline pol yest reflect n |iquid crystal
Tt sl ay | devpubEehfekbPs R Brmonisls cult ety it ottt getents. The
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aromati ¢ nono i h 0 i x of 32 or
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LCP to naKe aadlsioonent of a Power LED device. 20JP 2004- 277539,
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U.S. 7,138, 66F; hlua@tomm@exvedés bRt 16all5ymaﬁife¢tafwen b Prddess tﬁﬁttmélaaes,ﬁxﬁlﬂ scl oses
a conventi onal D devi %P % Ifgl?f]lb]?sé \;%nded tto @%5“ SI nk whi ch

al so 25serves™® 3%01&?% ?’ieé)il ﬁtHEngtq Piseic PR 4 “an el ectrical
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contact with f crys ne pol I'sS used as
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the LED and fygt Beermﬂe%mfecgrsataghﬁl ﬂh@%ﬁs§9§ﬁs@t‘iﬂ°n &arRaRe mpRtatlR@ rukD devi ce.
The patent does n‘%L di scl ose the use of whol |y aromatic LCP to nmake a
conponent of H4B8Rer LED devi ce. V\D 2006/ 064032, incorporated herein
by refererice in i The entitihgpyst tiit Schtoines ﬁdﬂaeuﬁ(ﬁd@dorﬁeau@idrfrm ¥nens such as
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conduction away fromthe IS used par te t he cat
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the LED packaf®? ETERYSHLR- ERePsat o PieYisi on of a
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of a Powslt LED Ry A0E e RO PRy BT B F U0 e BB s omPonent

i ncor porat ed h@ql@gmmb@evit@f erence inits entirety, discloses a surface nount

pover |ight em ttepe DY RGKAR it W& torhﬁ@ﬂlelsh&lﬁc cT@@s i ORbuRM bt MRy be
a devi ce such as an.  LED.” The surface nount %g\l\?flé&egtp emttier includes a

thermal |y conBtipef vEcwtbrard akhe L gackage may cRIdeC LUt a

metal lic, el ebberrticbgltwmﬁpe@lmhlay@olttaftileg diringsMigibh pertidhsiot the MEDY pRpEer, a
25di el ectﬁ C Iaey glefP ﬁent et ween he substrate and the LED. The
substrat eal t & CQP@F%@Q POt ¥ eirgfﬂmpg,?fbg?ature pl astic such as an LCP
filled with a thermally efficient material. The inclusion of a wholly
aromatic LCP as a conmponent of the substrate and/or heat sink is not

di scl osed nor is the use of a wholly aromatic LCP to forma reflector
conponent of the surface nount power 30light emtter described.



U.S. 2007/0291503, incorporated herein by reference inits entirety,

di scl oses LEDs forned on flexible circuit boards. The circuit board may
contai n Iaperw/@s3a fl exi ble thernoplastic material sucrCagrPaooobitest er .
Direct contact between the LED and the flexible circuit board all ows
thermal and/or electrical 35conduction tp occur. In addition, thernoplastic
materi al s such as pol yester may be used in other layers of the flexible
circuit board not in direct contact with the 6 - LED but still serving to
di ssi pate heat. The use of a wholly aromatic LCP to forma reflector

conponent is not ﬁia&famﬁﬁd theUab%ve%e%aamgcﬁﬁocdsgl@t@w@ﬁﬁtﬂﬁﬂd@ﬁ{gest %
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Preferred subsbgoaicd b‘yeutngrcbaipSnetm@ftlré&Emtia\hse Wm@ltdmmfsmmt Br;tmgl |y

2' gher ther rral11 39/%@%1%(1" Bt 3{forI e?x% %ﬁ{ierr el éDd”r%HE% 8@&@1&' whl‘%ﬁ rfc'lud gLon.
ransparent polynmers

protective | ail@qﬁne\t@tenuﬁmufﬁhes hﬂgé a@f26%f’G/\fo>®|alp§trlad ofmmuteSLCP to form a Power

LED device is not Ag'a%%h&aﬁglcejo@@le%roguc%gg ﬁ%léss drf ?b(iﬁzft&%@fio%gwlﬂfdhefh@ by

reference in its enti rety di scl oses an D asse that 1 ncludes Power
LEDs. The usel&P ¢vigeds mp %Fnambaﬁ}ﬂ;ae%rt%ﬁé%meera@}reyfég&léﬁuhsglnrlélrlhhla% her nmal
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associ ated wi i terq.al [ i | @sed to
suffer from yﬁi%rﬁl&ﬁa“ﬁ% AL Q81TRO ARG pOBEL BBalllfh Al ToflRE D
publication dﬁgelthﬁs@ c¢that the brightness of the LED device may fall about
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convent i onal tic materials, in particular tonventional polyesters
such as al i ph& @aBOWP%PE?BOWGTLEDFi@ﬂC@ctors for Power LEDs require an

especi al 130 derrandumgommseatman?@ffate@mélh@ PhefeRh&d mélﬂ;ckn't QR sphysi cal
properties suc heat, distortion t er at tion,

h. as hi
and/ or hi gh rrélhﬂu\‘}l%PgQ lﬁ,polwﬁwﬁ%ﬂ?éqmmcﬁw @At F“st%%‘gﬁ?fé}b% P provi de
each of thesenatlt fiohidrematindil smdna;bmanea1clrbok@1ﬁaeac3c5gmnemej njits. t he use of
conventi onal ther | i t in.P s,.diisf avor ed due
to thermal and ra at7?1\sljt(§ (%7;% ad& %ted efrelfl(r%l)m@?%rence efn%%e ’7d1'gd$rs§?%ri al
whi ch causes c@mg@@ladhEﬂmvwllmwlmh anlglﬁlblqamrrﬂed\v@dh@aésmévefmhale@ fromthe

Pover LEDgdeviGees as an c)d2BNBN cddrleHEVESE SerBO 1 8¢ Eitﬁlranferl (%1'1 eftrcdiBortion

and/ or poor emssion efficiency after exposure to th e erature and
hi gh intensit #E Pdaua&pueéﬁetﬂoaﬂhé@@eﬁteémweé;ﬁrécaaﬁmlr@ﬁ Y er.mﬁaﬁsamc to the
de}glr ad?t i o nt ?Es ﬁraﬁ@rwmblslchmmk 4 SuriRk of GRMEDAHT s c@ﬁta%thﬁtlf’%h%@e{ﬁlt%\tﬂl@ esd; hat
re ec em . I S ylncu | SCQl oratl on n or
physi cal dete ql F‘Bﬁta Pegaﬁﬁ%ﬁaﬂ??)éw s ety aﬁtf%fr@a &Y ASFREDY si nks
SUWARY OF THE1at ﬁMEﬁﬂ'ﬂsGblhﬂ:ﬁfﬁheheat\smktandsf,hdeE adi $ethwe f@dotrhiap atlbeel use of
aromatic I I ly liquid
P y%ﬁfn% ?m@i}ﬁ’!(nL 8&&%&‘1}%13 d@%{%ﬁ(ﬁe n%a{BéHt %18?&&& %11sf_:f = heLuE%Bf‘L y 'iq

crystalline p yes as na erial's 1n Power devi ces
provi des PowewhpEDawavitic d€ gy as¢agrionietarital Roveu p&D deviesni ssi on

stability, color W%b@é/@Mzam@o ea%rh&&%plr@fewna@fﬂ ifBentidGyhe aromatic
pol yester of the invention (usually, %CP or the who l
discloses the use of certain po yrners such as‘semi-crystalline polymers (SCP) in

combination with metal oxides and/or nitrides to form portions of an emission
35  apparatus. The semi-crystalline polymer/metal oxide composition may be used

to form housing components of the emission apparatus and/or heat sinks used in



aromati c polyester of the invention (also usually, an LCP), or conpositions
conprising the aromatic pol yester and/or the wholly aromatic pol yester of

t he i nverwOani0/0ap381be used to nake conponents of Power PEDE®esooestoGuch as
heat sinks, connective material, and reflectors. The aromatic pol yester
and/or the 20wholly aromatic polyester of the invention, alone or in
conbination with other materials, nmay also be used as a matrix material for
conmponent s such as housi ngs and assenbly tenpl at es. The Power LED
devices of the invention provide substantially greater and nore stable

l'i ght out put Hﬁ%ﬂm@sﬁ&ﬁé PREMEY %Qs@@f’h%@ll AREndnewRTP loERuideVidigsondmof the
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lifetime, al tﬂgﬁg Brp%';@tdlﬁﬁlﬁeéﬁ \eols"i’dgant |y higher tenperatures and power

enm ssion | evel s t g 7cBM3yEL 1n0¢5n@brdt&ﬂmd@mb§7esference in iHemtiestyt dvecriliee sent

vent L on Conger R ekmR SRBY by OB Ihag) ERIER, af prper | ectors

30wherein the re nprises % at | east
one aromatd c d@&hg@srn@’rbdwlavumtgdan alﬂéalbﬂe Bdyme %Giffatawhltrdatls rmeddeer units or

(ii) at |east th%@rl{?)ﬂ)(stwgis prergfmc"l’t}dlﬁffﬁﬁﬁes@é}%m& YPRL QTR ECarPAby est er.

The Power LED device eferably a lTunmen depreciation val ue L99 of at
| east 1, 000 hBEFIESSHh iuihr vshokt Whslly siamats GOKE ARELP IR 9fs al so
preferably cagaldlED@bviegn tting at Ieast 50 Iunens of light for 50,000 hours

when driven at 15 . . ona |c est r whol |y
aromatic pol yest e%%n%’lr@(g BF%@BF ‘?ﬁf@f’m&? P’é ’Een lgsf "?lﬁ%y’f%ﬁl%iﬁf ng
structural0 unat 8ED daviaechatriadludesiatteat( dink dheafqtlvéudntﬂafdjtmahwﬁ[mqmmﬁne (r)y 5

structural un%tﬁac(t Ible‘#/ei%ﬁ Iscllle @glafahg '?ﬁezlhe%t §1 g{&%ﬂf& for %i}girtlléb(fﬁ]ﬂf &Jéldpallc}ns (rin)

derived fromtere rrve rom
p- hydr oxybenzawey &efdghe @EDllAlleB)IS umddo S@Rﬁﬁt@ﬁm anhOidﬁ ag@enadeon, structural

units (1V) deEéﬂﬂﬁ&lersttheSEEbtﬂa@lkd Pedfdrtics sucl?as therrnal c&@fu@tlﬂ[}ezirﬁir ably, the
aromatic pol yester and pol yest er ris

t he mat i c
st ruct ur al unPkegtﬂeiﬂ)msv(l%tmty p@rrmt)th @P G‘WTOV@S&HV%WE% Fraal gbt ai ned

not ably wis h adsmﬁaﬁmg:thp@ho'wrﬁrcﬁtmad cwﬁpcbﬂeyitsarf@ﬁmLED packagesTae pateaiTpr i si ng
s deriv

| d
Per sont hat 1 o ool B Shre Hanel tiGiahs? Fyo AR 604 Eorffd flion

comprising an LCP as a way to separate anode and cathode components or as a
material useful for making components of a Power LED device such as a
reflector.

20 U.S. 2006/0292747, incorporated herein by reference in its entirety,
discloses a surface mount power light emitter having an integral heat sink. The
light emitter may be a device such as an LED. The surface mount power light
emitter includes a thermally conductive substrate. When the substrate is made
out of a metallic, electrically conductive material such as aluminum or copper, a

25  dielectric layer may be present between the substrate and the LED. The substrate
alternately made from a high temperature plastic such as an LCP filled with a
thermally efficient material. The inclusion of a wholly aromatic LCP as a
component of the substrate and/or heat sink is not disclosed nor is the use of a
wholly aromatic LCP to form a reflector component of the surface mount power

30 light emitter described.

U.S. 2007/0291503, incorporated herein by reference in its entirety,
discloses LEDs formed on flexible circuit boards. The circuit board may contain
layers of a flexible thermoplastic material such as a polyester. Direct contact
between the LED and the flexible circuit board allows thermal and/or electrical

35  conduction to occur. In addition, thermoplastic materials such as polyester may

be used in other layers of the flexible circuit board not in direct contact with the



optionally isophthalic acid, wherein the structural units derived from
phydr oxybenzoi c acid are present in an anount of 40-80 nole% the

st ruct ur avouniova9sser i ved from terepht hali c and i sopht halPCa/ERedod/oe4460 pr esent
in an anount of 10-30 nole% and the structural units derived from

hydr oqui none and 4, 4' - 10bi phenol are prgsent in an anmount of 10-30 nol e%
wherein nole %is based on the total nunber of noles of polynerized nononer
units derived from phydroxybenzoic acid, terephthalic acid, hydroquinone,
4, 4' - bi phenol and isophthalic acid. In said aromatic polyesters and whol |y

aromatic pol YEED%Lﬁ»stlHB&Vﬁ%'t@ﬁlsﬁ%bie%e@tf THe1s8 bf B MBI RkrdafitlcS fefol ved from
hydr oqui none §L/O t he .structural unj rived from4,4'-bi phenol is

de
advant ageous| PR HHRIGCPT poynponsnt is not 1F‘?Jr°§§"1preferred enmbodi nent, the
reflector conpri s¥&sS.tENHEE! ingopoouad heteipdlyyefsteares iraitmlemlnay,vdim |y aromatic
pol yester | > QRLALRS o B AERSS ARG/ Bo LGSR o Bkl e mgononer
m xture conprising or more aromatl c°diols and one or ar onat i

car boxyli @ ac &d:sstraMelrve$ s & thermalside  Ryeferpd sahsiratgrinaterials lnzbltdheneaérls)nat | c

diols is substapii @l ¥ulshRis Righs: thiendl USRI Pty FRh 8RcRlcaCRbpOXY 1 ¢ acid
groups of the aromatic carboxylic acids (V\her el n “substantially”

corresponds _t fsicasilipono Teansprens nofymaiesuehiapdharmperss Bay BRgFHGOrPBRT about

0.95 to 1.05, ct@tut @Btk rQEB9 THe Wi wholkt hromatieACtR ddoihe 1 niti al

nonomer m Xt u ololglgégt %]1 ({1orrat| c polyester. 25In this preferred

enbodi nent , BWBrr VlF%r‘SI??é Sﬁést e whol |y aromatic polyester further

conpri sest0 m xi ngUthe,202 305ainconpoonet haneix by mefewintéinains artiyéta,tdistgowgent to

forman acyl a ti omr ting the
b Eﬁﬂ‘as%%r!h?l a;’é’ftf‘cﬁt‘?rgpeg PhiE iﬁpﬁ ;rﬁgu& S dv }Q@@g

acylation mxture to erature of m an ac omer

m xture; and h@matlﬁ@otmetea@yfpan@dh%ﬁbﬁekomeﬂwpeottbe& @Wmlﬁéﬁber ature
to carry out gglipGgstate pol ycondensation of the acyl ated nononmer m xture.
The refl ector may_consi of at | east, one e aromati c po er and the
35whol |y aronat i CJ%§5Q/7£@18 lﬂtqr@PWéﬁd.h?al@% %retl%éﬂnét:“t%‘fﬂr%ﬁy BNt st of
pol yner cmposndbwe@fdmﬁﬁﬂﬁnglhggt bt ihelagés aQHEEIDf ThBQEEdHdelﬁchdﬂsy&‘St er and
the wholly - 1 aromatic and at. st . one dltlve

bref of red enbbalHoheeT Py Pasy BEbGH meBhEnBhial Rk BIRGREM bl posi ti on
conpri si ng at ptobéesis aypercigéd wite tia oeatfitlerpop stst mateaald v&thhxél axhdistlpsal omat i ¢
pol vester, - and el G35ty ABF iPLKR Lot PR usP TREHERVhe piBcTRY, ur L her

COI'TpI’I se a heat sin cont act ector e case bei ng,

the heat sink eelﬁfﬁmtb@éhq)breglén%p§/thatLE1%ée\tlc%m% fﬁl eyl opbibedEdh t he

total weight @év1&é1&)nfﬂ;ﬁﬁ§a§dﬂ@5to@fsorﬁ§@1eﬁf rnH@é folfa dehig uﬁﬂ&@@fn ek est er and
the whol ly ar%ga ter. Alternativ tar|I .. the

refl ect or qrst@glaywatatlg.myegtﬁt@g%t e E s e of ¢ he
10reflector. EIHaeloEvaer LED device may further conprise a heat sink in

thermal contact W!Hg EO(S#%O(ﬁﬁger Icooti)ofsaltjed h%?eﬁn% réf}e] eenéeelfnl i asnen Het}{i scmge of at

| east one netal . ahd wal | s
that form a rehighdtcoverd&R p@ckagmlepledmgtaﬁeoum@m%iepfomamtmeldtl@gt the interior

surface ofs t hﬁtak@ﬁ?s&it aE BE if é@éct o‘ﬁ%ée%érldlgﬁsqﬁttf\f@ ilhShlaGk gﬁly%tﬂetﬁ‘lms and

wherein the Power devi c rises a cured transparent resin
covering the EEDbﬁrﬁ’Hesﬁlﬂt m@agttonﬁaftheawl%/pwqagt ng the cavity of the

reflector. The LERsH@yilla indedtdodCorsomticaal LBDIdvIchesease tifsct he reflector.
The Power LED devic further, cogprise an an ode .l ead and cat hode | ead
connect ed o PREIPTEE DRKg Y R TRTIR GRPPREN DRBRYT RGN hows a

hi gh | evel di &grmoplasftlcanﬂemzds ih hrtdeMi cenvehtidrfaé polyveers isoch asREPpRIticED

DESCRI PTI{N LREFERRED EMBCDI MENTS Addi tional aspects and other

features of t e present invention will be set forth in part in the
description that Refl¢chors fermRpwar LFddstrequirg anesponel hagqmeand g qognbination

of excellent color and improved physical properties such as high heat distortion

temperature, high elongation, and/or high melt viscosity. Conventional

polyesters are unable to provide each of these attributes in a single resin. More
35  generally, the use of conventional thermoplastic materials in Power LED devices

is disfavored due to thermal and radiative degradation of the thermoplastic



25t hose having ordinary skill in the art upon exam nation of the follow ng
or may be learned fromthe practice of the present invention. The

advant agesoabiwdiesspr esent i nventi on nay be realized andPobtER200060646480
particularly pointed out in the appended clainms. As will be realized, the
present invention is capable of other and different enbodinents, and its
several details are capable of nodifications in 30vari ous obvi ous respects,
all without departing fromthe present invention. The description is to be
regarded as illustrative in nature, and not as restrictive. Aromati c

pol yest er s anehaydal lwic caaRt cRandel Mt 8615r dUISHApbdtcEeds) béRiteh M her ei n
| / physical stability and light reflection

to provide exgel] ent erm
per f or mance mﬁ@r#%é&%g)sdecvﬂ)‘?f‘ponents for Power LED devices. The invention
35i ncl udes Power P&RedieND cesictwasanrngffenfpomvgtt dis@hioreandésipoor gnspent i es and

t hat include . OF e e - romati e PE.(usually, an
LCP) or adnmgﬁ%e%%ﬁﬂ;%ﬁ egﬁﬁg%’gﬂl @%ﬁ@ﬁ%ﬁpﬁ?ﬁfﬁﬁ%ﬁé@%ﬁgﬁ%l%t%%- ;

conposi ti cohtsgiperigmanrcl gt lcasian pdrt thige watian PEnAeRls hwdupol |y
aromatic PE. make o&MBoRIRSFhOPT EDRIRYEME QAcLReliHdESoROWRfs LED devi ces
that contain one or nore conponents conprising an aronatic PE and/or a

whol |y ar omat Aegrpgation paaysipslyde dispndgration ardipropfivicat degsriorpfionsfwer LED devi ce
of the invent b@fﬁp(;lfen@_l"gw@agﬂ@ﬂ_@ct_bfsgiﬂdlt@fgial glhlagram as Figure 1. The LED of_
posi 11 oned 1 nSF AL A SRRV B TIERL Power LED devi ce. Vhi I e the Powst
LED devi c shown The Fivgutoes Have dobendes hasthn gbeofldE®naticpayésears embodi ment s of
t he i nvention i tional sent | - i fferent
orientation. gi]grpﬁgg}eoﬁ?lt‘é%? %OI}Jrergtglss i (%gg)ag_%”@g? ﬁﬁ@e?’a@ﬁ@&@? %%%r? gf&f@);sand heat
sink (4) feat matisx wetepaly ieBatknkEPekviset povidsy Pavier Heldtdesicenhavng f eat ur es
as a single couREREeMy superior érﬂisﬁﬁ??%biﬁ%ﬂ%&oﬁtoﬂs’ib@eﬂg?)éﬁ@ldn%@r weegpig, for

exanpl e, the h_.—.D junction tenperature and the LED driving anperage are

rat her | ow, cof nt (2) may 15consist of a reflector without a base of
greater ness thanThéeroiasis pofycttbeofitat ireehtion (ulinglyl &d LEPY of thewmad®llyS

cal cul at ed based on the anmpount .of nmaterial t endi upwards. .fromthe both
of the rof | ectgmtsohErSrUHE: aRiadPH ol BEFRE ARG UARS han the
t hi ckest part cofiptisieg thefar@oater palgestorsd/dethe ovitodlyaeorsaticyerymter sf the. 201 n
certain parti aikioTROUTRA & Blicd DnloRUGI b o ENEED GLEG! fEn TBKcpe absent
or may be nade of a material that does neither contain the aromatic

pol yest er nor sitke capsictiye matsral iapd pdlegiost ebhe appraptic pelyessdr|aadopthcof t he

Power LED@eviyhgfy @fontdtie poRpésiet bOme afventi®fl aldnk @MissbihbiRat it dher at | east
one ot her conﬁgneni, referably. the heat sin e conprise the
a

. Must b
aromatic PE afW/SkIspBiKasRibs U %W?i@ﬁ@l%ﬁégh%ﬂmmneﬁté@é 3Spref erably the
Power LED r ef hewdiys anll atdembiyneempldten is a part of the Power LED device of
t he invention. he r ect or f Fiqure. . [ . 10 ntrate and
irect 1ot genet i BATEYPRIELRE Ldhe Al idhpy dn TG e RERT AN |
beam | i ke or frooostable kight et chansathgr Romemlhed@iseer TheEdvtild2 devi¢aght  may
be emtt fr i i ] t S
i ncl udi nggbat Qﬁhtﬁgﬁv ehg%bg%ﬁlg%&gyn]gﬁgﬁg - e%rsslzégﬁl.%s#ﬁg&r%g%&l %@t%ﬁg%er mts the
li ght out put ffiMe: Ahquehoperaljag aloyigribeadly higse Emnertegs apbiPOverdi rect ed i n

a preferred oem@gloatiéxan thieorven@snal EBDARYiee may have a display or
em ssi on orl entat hgn of. an

f. t i i d i . t itted vi
and/ or an obli que P%Fheég%/%‘?gﬁ:@%ﬁﬁﬁgﬁgh‘fee\%m %Pg{f?rg[uglé%\évv?%ew%g’?gg& ore h\e/1!5 Y

rai sed wal | s amdEDoamim @fldgpr,essi on and/ or cavity. The depression and walls

ony = bade’ agdeisil fherpileugs comoris SRR, SIS PG 10k bR o T2 i e
ext endi ng f r oAtontéic palyestcnhayingdtileast 8¢ ol of pipmedtickeoneaisn @nitswi (i) 8h open
top. The vall &,8@309p8y @v@%ﬁlt 8f atiBdst Sne Whe 1) SBMaMBpbFest@ar abol i c in shape,
Cinoymmet 11 cal - andFBR PavEoRbP 3 F ol GEsibt e Sprerapabre lonel £ED | s
posi tioned i nidakel,@EMiduys @herfi@iveassilohnof. the reflector so that no portion

of the L i s higher tha upper nost _portion the.wal | s. of the
refl ectolr%.% The LE%E? EOBPrglf]EéﬁﬁﬁYggbsoaggotIi’%%&ﬁ%f)aptaﬁ%toﬂefmﬁ{\@gél lei¥ast one and
preferably at 50 &astnsfoif Vight feD50,00¢ hos's bekovrivéreatuppenAl i nit of the walls of

the reflector. An LED 10height is the vertical height of the LED as it is
lies flat in a horizontally plane on the bottomof the reflector.




Component (3) represents a reflector which may be integral wth a heat sink
(4). The heat sink serves to conduct and transfer heat energy away fromthe
LED of t wWORowar9i3ED devi ce. Heat resulting fromthe opecatErownbisohe LED
15e.g., heat generated by the junction tenperature of the Power LED device,
is preferably quickly wthdrawn fromthegLED assembly and dissipated. The
heat sink serves the purpose of capturing heat fromthe LED (i.e., heat
froma PN junction of the LED and/or heat fromthe wire connections to the
LED junctions) and transferring the heat energy away fromthe LED so that

it is released aanh@%hﬁ&b@@Iy@ﬁie@éﬁd&hé’@vhbh?a@nﬁﬂ:@@[}le@teﬁ%}ﬁ%ei n which the
LED i s positioned odi ments of the invention the

refl ector of Pﬁ3m?@%éggﬂﬁﬂn88§ﬂ@ébW§NWﬁﬁH?QEEEP%@;separately fromthe other
conmponent s, for =exampdteal {mitsi(h)j deeivedromtydioyginohbus the reflector (e.g.,
the LED refl ector described below) 25 nmay be added to one or nore
conponents such as a Power LED housing to forma Power LED device. The

refl ector can be separately pptinbed in direct thermal contact, indirect

t hermal contact, or theratty atted- from t he ot her conponents of the
Power LED devices of the inve pn. Li ke the reflector, the heat sink (4)
preferably consists of the wholly 30aromati ¢ PE and/or the aronatlg
(usually, LCPs). In one enbodinment of the invention the refl ector and heat

si nk are made by i njecti dr nt a single injection nolded
part. The heat <i nﬁr‘r‘ﬁﬁva l‘if?f(Hg ‘éﬁ%g‘cém? Iﬁ“@ lo the PLED. Larger heat

si nks capabl e of capturing and conducting a greater anount of heat away
fromthe PLED are preferred. The absence of a heat sink may |ead 35to

over heating and poor heat/€o
enbodi ments of the-Pr&EBD
has a - 13 - nmass of at

~away fromthe PLED device. In
Aert i on the heat sink preferably
the mass of the LED. Even nore

preferably the heat sink has a nass of at |east 20, 30, 40, 50, 68H570, 80,

90, and 100 tines or nore than mass of the LED. The heat sink (4) y be
contacted with one or nore addltlonal t hermal | y 5conducti ng conponents that
serve to transfer MewtURyHistHY drened @Pﬁ%fﬁﬁh%ﬁbcé?@a of the Power LED
assenbly or |ighting device such that the heat escapes the Power LED
assenbly. For exanple, a substrate in direct or thermal contact with the
bottom surface of the heat gnkymy function to transfer heat away fromthe
Power LED device. The sSibstiat e y~|nclude a printed circuit board or a
10metal l'ic and/or therngpl ast+t or fhernoset material that is thernally
conducting and at | east partlally electrlcally i nsul ati ng. ﬁ rably,
the LED (1) is in direct and continuous contact with the heat si fh (4)
and/or the bottom portion of the reflector (3). Continuous and direct

hori zont al cont act stoettuvekbmitsH¥ ) dEvainfdm ppiyanarybsuroicoead,of the refl ector
and/or 15 the heat sink is preferred. In other enbodinments, a dielectric

| ayer or connecting |layer (10) is present between the LED (1) and the base
portion of the reflector (3) may al so be a portion of the heat sink
(4). Instead of a using—at¢con! rg-tl-ayer to hold the LED (1) in place on
conponent (2) on the base of khex ef lllect or (3), the LED may alternately be
fitted 20jgpnto the refl ector and/or tfie heat sink by a friction coppection.
For exanple, the LED nay be pressed into a depression enbossed, engraved or
nol ded into the base, of r.ef | ect or the to f th eat s nk..such t hat
The bot t o sur f dooatt prer pAFRRE grikut Saly DS Uit 518 noRbPAEE Sf ¢ ne
reflector and/or thedheat sink that is nade fromat |east one of the
aromatic PE (usually, an LCP) and the wholly 25aromatic PE (usually, an
LCP) and is held in place by tional forces occurring through contact
between the vertical surface {he LED (e.g., the side surfaces of the
LED) and vertical surfaces pxesesat in the depression into which the LED is
nmount ed. | n another enbodi nents™ ~thD is in direct and continuous contact
with the base of the reflector (3) for the top surface of a heat sink (4) by
fitting the 30LED in a depression l'ocated therein and further by heri ng
the LED to the reflector and/or heat sink by applying an adhesiv terial
to the vertical walls of the LED and the vertical walls of any depression
made in the base of the reflector and/or top surface of the heat sink such
that no layer interrupts the direct and conti nuous contact between the

hori zontal surfaces of the LED and the 35refl ector and/or heat sink.




- 14 - In other enbodinents, a dielectric or connecting layer (10) is
present between the LED (1) and the reflector and/or heat sink. The

di el ectriwoQaO)yo4sbmyer may function as a neans of connecPCHEEPRIVE/OLED (1) to
the reflector (3) and/or heat sink (4). Alternately, the dielectric |ayer
(10) may serve to electrically 5insulategthe LED fromthe reflector and/or
t he heat sink. The LED (1) is connected to a power source through

cat hode and anode connections. The cathode (5) and anode (6) connections
may be formed by wires that are bonded to anode and/ or cat hode connecti ons
on the LED (1) anfid:@pReEGhbly e kfdmdiR polyRitce ¥Rk &vhoBly hRAshtlcrRlRser) - It i's

not necessary that the anode 1Qand/ ho connections are forned from
wires. In ot hﬁ‘?m@iﬁ?&g? Isrtélfﬁt‘éra]olfm‘ing’ 8%&%%&&%e anode and/or cat hode

connections may bEobdisglitahrewbtdinddhetabdf Wwith hoymaiedodyesteheandeatiollsi nk. For
exanpl e, the ref t n%g [ ' I Nj [ in a manner
such that w r%lgo pgﬁlgaf C%glrp 21?%% Z)glglkyer%?éétle%ﬁctm@hg@%i({r%ﬁvﬁgglglgjnnecti ng

wi res (5) Sandhy@pxyhepzeir reidt teyepbthatiaetids yslroqindneand difé-bitsoek end sur f ace

which is in dbﬁt%ﬁbll?%ﬁﬁﬂﬁfié DYQUShGORYRCS it ril BRY dBfivdd¥oR@L t om surface of
the reflector and/qf an internediate connectin 10). "I n this manner,

ayer

the wire bondNFgouREEz9ieaCi R EPIcEsE gl HNQYTg RE g%ﬁpt%ﬁ%ﬂhsﬁrﬂ%raieo. Ot her
Con?onentz lrm)inimcri]e@fve_é €&t fefephhaliPan®isoptitbhlderi e iestian iaﬂuﬁlgtlhm. A cl eﬁr
or roste e at 4,S_COLOr] ess I .colored.na e present ,coverlngt e
CED and opt 1 ondPy el ek by e A b PURFE S A% rover ng
at | east B pobiphemlare pregenent dr@ndup of l0-Bacwldh, whecionele 'L Bbadeloce. The
o, unot] on i Ph ORGSR Bl O LR LIPILR, @BtAghphty ! cous, ool or
formed from ahydroypenadic apidnispahthatic peid diidsoquinpicudit nhipgered gndind

ther mopl asti cgpkiai@sSactPas k¥l lafomAR! poP)BctNUrl wikdilyl £ORELH ARG Qfers, the
pol ycar bonat e terial ernate ott e% in a

Al t |y, the LE y'be p

t her noset ti ng reRtinp! thp sugtur W}l@éﬂe@&ﬂf 10D RBEERE & U gegrEdsi on and
Par degsbtl:ﬁ ﬁouﬂtsf deivhd filben T,lEDo'@hﬁhoaﬁs ddrastag@aklyi @dmxol.lfﬂolll.:aht he cavity

or ne y the reflector . Jhernpsetii materials as oxi es,
Si11cones and acr Y § RETHEEHOHBUNBoBE G Rar T RaTEaS Aoty #REPET or et he
LED 30devi ce palyestr, hid thegiotly atdmeatpriedyenstoe isafbtandtelat a progkssradprismgm at

| east one of . n , ) HRVE tic PE
(al so usuall y?&glr% %Ftiaqnfolﬁoﬁlﬁg%tp%sco?@)&% Otn%ggﬁao? %ct o&ltﬁé@g%{?coat ed
with one or nBRROTEPICEERIMLC Grabeyligagids:prferein Abgomenbar o€ hygioky udis efhe

refl ect orpgmay tRersaaiedoWil SutdtalBiIf) th GardS FRhE MuAbeS&CH0 RS oAt 4P U The

pur pose of such . netalizing is to inprave the amount of light that is usably
o tted from %A ERUEBOGUFHERNAtS HERODTIG AEifRGY IR oSSR HEEY s nay be
achi eved by t ceatspogdstthpicuisyl fos rafio bhthesefoeinaserd ranginhdronnalysit 0BSrto exanpl e,

the wal | s of reflect bmparted with roughness or other surface
finish to redE‘rcbg’oeﬁ ne%?%%é?&g)?{%??% algﬁgt/%{r)ﬁt’o color the light emtted from

the PLED devi ectingithotitigiel reomymalirmeintuse tchiarmwld Wholdyf arometic gblyegtor are
covered w4 h a 5cg| @i'isfiﬁleg tEeﬁqbgéﬁ%nertheolhflal?é’s?tfﬁqth%ﬁg{ﬂeﬁizhonyl‘?orﬁ&kcor ed

covering may be a coatin at 1s integral wt efl ector or a separate
part such as BAYPYi&duttherePeistsr ed material may be used to change the

col or or col omighgtachiial floh6SeOmixtie Wittt acotiting @berdt t® Mriche KhfaHoflevi ce.
The aforenenti onted‘corrponents of the PLED device may be nmounted in a
10housi ng and™®FY&ssenbl y package (9) which functions to hold any

conbi nati on oWhtiea thefrtaethgropBisesheat sink (4), and LED (1) for nounting
as, for np . evij 9 [}Rge froma
t her nopl ?sb?i chﬁ%n rﬂ?%{gy?%%{lq%ﬁgﬂ%%fe% %gl%gtegl}gﬁﬁ@%%gorqﬁlép %%Fl?%i Iﬁgl%erl al used
for meking theixtetdeed or (3) and/or the heat sink (4). Intimate contact

bet ween the packagithdadyPted 28Rt RixEER 0 85ddbhd tdferARY/18CatPBut Bili€Ct O

(3) further inproves héat di s% ﬁatl?n %romthe LED. I n sone enbodi nents of
the inventi onSt@Wé’OE‘é?BRgiﬂS?f@m’( ) 3%y A PG MOPPRENDINUower t her nal

conduEti Vi tyhi n C@Hf)ﬁiﬂ'e&@ﬂnia? coigistldEat leadt disc @fldl_/eétforﬁzﬂfd Iﬁﬁ%ze@fer @i thePr gvi di ng
a packagi avi ower at. ¢ uctivity provides a sur e nount device
thoh o £8nnobple e o Rt A the PR oy e peln

composition comprising at least one of the aromatic polyester and the wholly



20board (PCB) in a manner such that mnimal amounts of heat are transferred
directly to the substrate. In the sane PLED device the reflector (3)
and t he hwatosvmaks3i4) may conprise different or the sampCraEPeINOAbEI00
including the aromatic PE and/or the wholly aromatic PE (usually LCPs). The
use of different materials in the 25reflgctor and heat sink pernmits the

sel ection of desirable properties for different conponents of the PLED

devi ce. For exanple, high heat resistance is desirable in the reflector.

H gh heat resistance reduces thermal degradation and discol oration of the

reflector andaﬁo'ﬂ%c@@[y@ht%ﬁ afd bORGE bnd ERHivd. h pmervrrdtelmwuﬁ@h@rth&egr adati on
or color shift. This sf( ﬁgﬁqm al I% rrgortant ower 30devi ces.

The PLED devi EZIS61OT £RRS! %19/%}?9 ST §8F¥p51é18g8§/ eflﬁémBB requi rements
of the LED. Iarop?(aaltlblpolyleabr armnhemthjDarmmm@blyegteatanduﬂembse optigt eat er than
150 mA are in@hglg[ in the invention. Operating current and voltage are
specified by Haker of the LED and neasured accor di ng to IES 35LM 79-08
and | ES LM 80- 08. The Pager LED maphgrtRevgemprisda deatisok ipfdircétecointagewith the may be
described by HiRcARONRealophl i ke RS h&@gprabﬁbgrmeatsm%@ytl al |ight

output after operation at a drive anpera Power LED devi ce of

the inventi onVsiedt Bisspoy tlree%ﬁl W@l@@% e hegfrsankodT qne ot imare phihe prgpticout put
after 50, 000 b@ryéﬁexorndrfmeh@m al@ﬁlatla_b&yleﬁérs Aotfenﬁhwgbtor@@rhpléhlehenrseasured at

the drive anp ecrf 0 for exanple
at 150 m LI JRe oG | e TS 8L e 6 5% T8 g 79- 08
When det ek niraflgclor.ghite RawtgputED MCmaﬂﬁpﬁleccc&npm a tehesislametheromdi t | ons ar e
used when nea j Jnktial ol t Ol n ot her
embodi mont 5. - PPk et pferiol Ao Ut BhoRiotbeahPBiadt b IR bREB1sF 620, 7006
75% 80% 85% 90¥he odlwior ma9dnus a bess, amendndpp prdyivellviheplgrmiarreflepigins af t er

50, 000 hours @ziv ShalkiOhe LED rslp%kmbh@;mn AR ior s%rffa&eoﬂﬁ@%re ocrfthé umens
emtted fromt ower FD eV|ceater a burn-in perlo %% hour s.

Preferably, t eprog Hsidspp Rilesior eRaty PtV heren taev?wer kD tdﬁélc fion is
15spectrall y thapsage coredithssarem radid bdvering fihd SED fand un@ast pasiddll, fipérecept i on

Ut put of ¢ 0 g FgRoRE ek T haeiios R Renrr Ry T e Bt Bhcss and
coI or of |i ghteflormduldeddwer tL® d&ire mayabotedeorgprise a¥.angdnigacdmatl &. Ohno,

"New practica of hi gh-power LEDs. Proc.," CE
Expert Synpos!:ﬁ%g%%g%d é@%ﬁ%@%ﬁ@? i

otonetry and Colorinmetry, CE
x033: 2008, ppBRIBE DESE RIPHHEAN OF hESy mherei n by reference inits
entirety.o(Preferapiqy,i :ﬂﬁ@vs|aE§§ﬂebMdZe9gra1§%$a3%&fe?Q@@ ARReresk Met hod for the
El ectrical and Photonetric Measurenents of Solid-State Lighting Products,
i ncor por at ed HEFBYby reference inits entirety, is used for testing t he
Power LED devDEIAIDED DESCRYVENON OF THE Z'R[E]F@IRIREWEMBOD[MEN‘[Q ener gy
efficiency (lunen t i Ci ht der C i in the
Power LED devi cesirdgl‘%lrorfel\25{31@l égc aa{%cogir?e il rteg H\{)l é’ée mll g\p lﬁtct))vg Met hod
for Measuri ngfq_rﬂnmrpafbe@ﬂ@dieaWMWIldhath W égIdImSQIlrvuéé)ecomm@lmammm ed herein

by reference i Ea?vﬁ%&ld'hﬁ%?’sklﬁhﬁtlp%w&pok%;?aﬂﬁl\éhﬁﬁof@% &4 ?cri bed by
time required to reac speci f I"ght. out put unen ecr ation

val ues ref | ecbe {ogencdiiorythe pé@rﬂrcepﬁﬁﬁ@éessm IBVEBiREr T@E@W&%@E pEthei fe. As

Power LED s apesépetiwhasn n{agl%lel’redhu@@ﬁh@éﬁt&ﬁ&d Qtﬁﬁd’rﬁ@ﬂ Wb ihidd buf. th&.umen
depreciation IS tg%dfcalm)unt erate befo

T eurar e brshdGs AT A Sl bR R rer B B R oA SF 816 Lven
depreci ati on wad di¢feoint 8@¥odimeets, aldi®s) sceant dspbruds cipablchd niddiféicadibnemded t o
operate t P i t d vol t age
o ore t il ool oRHE it huioifhofPRGl RO R B LG ENEREIL 1Y YDt 20
17 - PLED devidessripfion isdo bavegardedras Hisstraiive 9 Ratuat, wed@f)t gstrestaetsee. 1, 000 hour s

at a drive anper aggfrichaflydfors bit OhOTabhbfiehs) ggkt@rg‘glggmyneﬁs);dgte ;980?

150 mA is of at least. 1,50 ours
hours, at |ea§rovsrrl @%enﬁe@rogmpeaﬁxcrlkééf een%ywa@r%abﬂgr ap%érgﬁt reﬁmsen at
| east 7,000 hpetfsrmadte Waestiscd,a000mpéicntsds PoweOL D Getioty. STIR inddntgast

10, 000 h referred enbo n t he PLED deyi of the
nventi o snzrﬁid%Borrsrc’%ﬁ% o A PTG 1RGE p Rty R praer s S 8P ae o
200 M, 250 mAachBio@nmar n®sOcamipond i nmadle Edd amkronGOio P uswadlg, andl.CBD& mA, 900
mA, 1,000 mA, 1,500 mA, 2,000 mA or 5,000 mA. In still other preferred
enmbodi nrents, the PLED device of the invention has an L99



10val ue of at least 1,000 hours at a drive anperage of at |east 150 mA, at
| east 200 mA, at | east 300 mA, at |east 400 mA, at | east 500 mA or at | east
1, 000 mA wornoro4pssef erabl y, the PLED devi ce of the i nvemrCirar200a96400 L99

val ue of at least 2,000 hours at a drive anperage of at |east 150 mA, at

| east 200 mA, at | east 300 mA, at |east 400 mA, at |east 500 mA or at |east
1,000 mA ; still nmore 15 preferably, the PLED device of the invention has
an L99 val ue of at |east 5,000 hours at a drive anperage of at |east 150
mA, at |east 200 mA, at least 300 mA, at |east 400 mA, at |east 500 mA or
at least 1, OOvaan? aidaﬁaatm a%&fs@mbhﬁLcu)beanale@@fo@eyb@ﬁpﬁudﬂﬂe i nvention

has an L99 val ue o | east 10, 000 iLve a e of at | east
150 oA ot | osdTeBms S b TOTOCGRE A1 et Ao R PBO ot |east 200
mA or at |east 1, 0G6asphct dfiths inviehticot ineludesodsrieid de\oéesttha& conta@ndricon t he
Power LED dev] pa é’or%%gnt%%gl]—%ﬁ%ﬁgg%%longat% P?eind?orca 11{03 r&%gt% f’EEd by t he

maker of the E rive currents of
150 mA, 200 n{ﬂuSuQIESOhﬁRS) mmdlmsm afphe El@@errﬂEDamthhawenmn 800 mA, 800

m\, 900 mA, 14000, A hl%h %QIQI dTQ%{al% qu@gl[fg‘lorrhé 13990 e Pb@e?tEbl deQIcE%r 25

enbodi nents of the i nvention Power LED device may have L98, L97, L96,
L955 L94, Lo3idepghed bonefgenqegympsalds Hhe B (His pesitopsddpsidg peci fi ed by t he

maker of the l;&@p@{enacz beﬁ&tpo%&@%medl@aavhﬂe B8R Povat LESR&dvicd, B0 at | east

3,000, at | east 000, ast 7,000, at
Ceaot 8000, Mt Pkl et Shis atbas ot bpogRdtimenRer tethaBRt | 1 00 o
currents Wf atddiserst LE%ma%zbeapreéeaaﬁttha@ﬂnéSGr adiffeadnt beagdti’?b0 nmA, at | east

2t east 700" e EEupRbish RRR bottWpilhe R SRR kel ) tiREH O ™
The Power LEDobmay gembingaefidot (Shanddiegiosinle(Qifentirag s & biaglefopamposndi nary LED

devices fromthe hhérﬁﬂfd’tﬁﬁént@%f HBQH‘i;e%Elbﬁg&Ih@fe foﬂ'&%‘(aﬁlﬁlecﬁl@iﬁ) ﬁlfncﬁorf’ower LED
35reflector is greater thi ckness of a conventl onal fI ector. The

t hi ckness of aemrﬁf%f@taaﬁ tliles %%é*gm%ﬁr%&e%eﬁﬁ?w qrrlﬁf@oﬁogtp@rlwi BV t he

| ocati on Mmher eorsie of a Idflectok KRGt Pbdse op @htcl aaetharl iR makbédieor thi ckness
tic material

i ncl udes only_the, thi of the aro

from whi ch t hETFEP: eiﬁ%?e?fgtoﬁ‘g}aﬁsela Cglrcufrque d%}lvﬁ%ﬁgﬂgé% El_tgr)]laér S or any

t hi ckness conpgneding np\pardsénmtrhgbt)thepﬂtb@d:ﬂfectarrassemblyomhaﬂynﬂihmkec&sr| c layer
made of rmater *pf"!hetbgﬁzt %rkételdﬂhglfl ﬁ{e%@#claés‘f ﬁg?t hhﬁle?g@éc%r i@bors! 'b%q the
reflector is ftorne not 1nc e measurenent o |'ect or

t hi ckness. Théerdglsédtor thi ckness may have more than one conponent For

exanpl e aq ef | ect pf cd@aw pgti rl&nwdidlemyﬁth@m&hﬁ&szﬂﬁrreﬂ@kdrrhéy skness. The
wal | thickness can be neasured. at where it joins the

ottom of, the wal
reflector bot POYIGY M3V phmadopf aoma&eﬁal tﬁgﬂ Cfoeaflelfh%C%@lﬁitﬁ%ﬂam{lﬁe refl ector
10cavity. polReeteioaltheywhdley drefinhee polycdias Whdntihe keEﬂ?sSBJrOf tHerRowed to 50 nm

25 oy 11 1o SHOMRES of el ' Bt buch 4 Bt L bt 8ol 0P °
t hi ckness i s neapencst ptrfrfd@bbfrtu@htatymbf nmﬁé)etdompklﬁ@é@ ammmeE]e@d/om nk
whet her inf egﬂf%'wl’{mfy*hré—[ﬁatlitePE %&éu@ff} ‘LVCI% H%i%?a% th@%@ze?ﬁﬁ@r Rh&tGosponent

fastened to the reflector. ure 1, and as expl ai ned
above, PLED déiiiewtioyis zpatt 9f ﬁhﬁgpwa@LEDrd@MCé e Ingtigny ecti ng i ght
emtted froma LE1Dh¢ fbf@ct@e@)roe@lgifré eREREd @onddirafeeindeGicer light SO serves to

gt can b BABERFOPY IRQHED Ag VLIS ALs Ak cin Pk eet ﬁéo%ﬁe om

refl ector sur fabeniasvagfffoac thedolwer LIE® doticer [oghttney Isurhigtee from thhiLED t he

e, the (1 offiEdepst BT GRS flun@ppfrf IR P IHP TIRDCARNAC L
Convent i onal Elé@)enéssm@ctﬁxegeﬁfrcéorrmﬁ@w therhghheuwtnwpies theeL e b¢ al s t hat

degrade on expoRita E&c@ﬁt%e(h%t/oﬂlreﬁﬁg'lﬁﬁ b%?errém%ta{tljﬂﬁ HhgPelest r ess
condi tions 25encoquﬁﬂ ered in a Power LED device such materials may undergo

greater degr alt&D GVIGIMBHVEerdishar snysioneiientaiogo{day Phbh tPafiCHi  ect t he
col or charact elﬁestew;atﬁhsﬁl{n@dlw@han@@mm(ﬁdlqbyviehe Power LED devi ce.
Preferably. the Po ED de rovj des ihte li with_.a spectral
output hati g a ol SrEasidasCEENSTT oF srfestueS el el an oRlier er abi v,

t he 30Power LEEprhs®nandareavityeiflerdeprasgonhindbelis m3y 2OOnKskapd. Imwpmbe used as
a replacenment for conventional incandescent |ighting devices such as |ight
bul bs. Col or tenperature may be varied or custom zed by, for exanple,
changing the color of the reflector of the Power LED device. In other
enbodi ments the col or tenperature of the Power LED device is 2000, 2010,

2020, 2050, 2080, 2200, 352600, 2800, 3000, 3500, 4000, 4500, 5000, 5500,
6000 K with a!l ranges and subranges bet ween the stated val ues expressly

NN PN PN NN A PN PN PN PN PN PN NN PN NN AN NN N NN PSP



Chromaticity values of the PLEDs of the invention are preferably within the
correl ated col or tenperature categories defined in ANSI NEMA ANSLA

Cr8. 377- 28020(0/gessiican National Standard for el ectric | EPEP2009/064400
Specifications 5for the Chromaticity of Solid State Lighting Products),

incorporated herein by reference in its @ntirety. The whiteness of
| i ght produced by the Power LED device of the invention nmay be neasured
according to CIE standard illum nant D65. Rel ative neasurenents of the

l'i ght produced by the Power LED device with CIE standard 1Owhite |ight
permts an ev @ﬁlua&lh@ﬁtsczhe fe@lle@tbr Bhendasd @@s%iﬂy h Bkcl a@dﬁlba;vd?@wefel;ﬁﬁ& gevi ce
over tinme and/ un certain eratin f_? dllltlons q rr?e]l 53%3' ment s
t he differencEE a?ﬁ’éc i enging tt %IH]C%W@HP ETPY%er LED
devi ce in contke n&ﬁﬁbr\lwﬁlharﬁblﬁnsmaﬂdﬁrv@hlis |rﬂ1ayrhelmlgt11aD6zﬁll@$trSilghtl\WalilS‘l t he L*,

a* and b* val th % f % 35%
1530% 20% ﬁ%ﬁbggc”}n%ﬁ%b% %ﬁ/ﬁq %haggb@ﬁé%% m%ﬂ%eg%%ﬁ@sﬁﬁ?h ai)geol nve(?]tl on
exhi bit gdod emmctrstahbnfmmryetrltrﬁemd/@e agbmbaation af gesimatmess Pseferabls thehe

aromatic PE ap@pMyablitoIdiid v FOQH @Asdﬁofltﬁ?l%}le&%ﬁéd @nesh fistigh n al 1 ows

t he devices to_show greater resjstance towards thernal and/or radi ation
degradation. BEWS tsrhaehes thanithg gpn%@asttp@rtwmi th¢waleef the fdlestopoof t he

FLED devi Cﬁs iray € E9oie ¢rdertably b@tsﬁf@héd éoyht,haﬁlh% awefalste(ﬁie%a Baslx@f blﬁrfherl@EEtB om

i kewi se sho co tabi] it e C of t

reflectors of ﬁ?ﬁ@%‘%ﬁéﬁﬁ% E’ﬂ %’éh Wé’ Fn?ei he fthﬁ{:qﬁ eé‘i"r‘?rofmt change in
the AE* of0 t hhelghtflb dotertias haghtuofahd bEDcn‘s it is rhres ﬂaldh(arhohlamtalﬂgapﬂgae om t he
refl ectance o e r a function of tinme. For 25 exanple, in
preferable e h ﬁoﬁgﬁtﬁ%&lﬁ §of the reflector changes by no nore than 1%
based on the |n| tCampAE@nt@) represanés 4 wilegpr witisd may b iafegrgtwithe haae AE* f or
the reflector sﬂﬁg«s‘ﬂurﬁfé REf QRiescdbsle&EBbnduct ARE BddsRE hen eh&%y%%zfa&%hpfheand/ or

before the PLED ce is erate measur e irectly on the
surface of théEPeqf t %?%Weraltgpﬁé@%n]é[e?tdé%ﬁﬂ‘&ﬁ% ﬂempqr@fqné&%e@%@ obt ai n
the initied asg. algacgeﬁ&ﬁteamgah@ﬁmcudmteﬁfpefaarréedﬂerﬂ@%r BN gevidagisi i ti aI AE*

does not chan re th 1% after. opgration at (i.
Che-speci {1 e ToLs aHsBPagihBinE freRbledaehoiphomeaiFado Tk’ of
operation. | nsmkla@wesaﬁlb@di’pmmﬁcaphﬁiﬁgdieaﬁ mmME*LEBe(se nitat (ﬁhlmgBNrmre t han
2% 3% 4% Sy 63 oi e 1 & I%,O/Br ngo/%oﬂﬁ% Wi?rg%%nr%g’%nscm 1RO Bl ﬁrgftloﬁsgooo .
hours of oper tion. fier e I ments or ement | ol nges in
initial AE* dén%@m&r@ng tl@rheétrenzrg)wa@m@he EDopg that it ipgeleased @b, 6, 000,
7,000, 8,400, dR:i398d obisidtADACRAMY Gevide 199@1’1@%@'113!)"@%651’&16@6@&”(“ tions
specified by the ker of the PLED for operating the PLED devi ce. As
descri bed aboP®'"fe col or and/or Ii ght stability of the PLED reflectors of
t he i nventi on canlhib@nteasbrddc@s oﬁthfellmhomtl&freﬂémﬁfalmbowér ItEiB initial
5refl ectance f chan Cce IS m ned by
measuri ng thealvrhé ﬁ aehu fr&% Ser?ar ?el % Hgt Fe Por%é ef%rg deV| ce
has been operat]@monmdmgf Tous ﬁlmreﬂqcsort(hgnthﬁdal%larr@fbbcafrtdeascrtbhébﬁpm devi ce
has been pper gl,66f a@&eo?tol%é 'o??ho?é cf&ﬁﬂ?ren@%&&lﬁ@staﬁﬁ&&er'% lﬂﬁlﬁe?ig@%%ﬁﬂ at one

or nore partlcu?ar wavel eng t hs of e change in re ance rel ative
to the initiaP PW%LEQ&%E%eTlilesre@%rtem%ht@cﬁea@fatﬁ W&P%efiﬁl pectideradt ance can

be measured byontsdithigdiré@theemanineact,dr BNmEay BREktGT @ thapfiksre | nstrument
over a wavel en th ragsgoié%w400 t 700 nmwith a 20-nminterval . Reflectance

i s neasured f8 B‘\’/ﬁe ‘Eﬁ?ﬁ“ deY RS Pt BY e Rerein by reference in its
entirety) using dLilkeuberdflettornitiabdaosink DoF)refarudlBcabsarofabd whol(yd/ 8) with
Specul ar np I C C referred
that the %as gllr&gr%:talrcl }J%‘::alsnldé’oggl;lel egma{lgpﬁc@ﬁﬁgg%ﬁ% dﬁ érg %Th%?dr?é%lélrgrdefﬁr%egt and
i1lumnation aweatson the spftastarvad icat smkevemade by indectigneeoldiag and seprésentreasur ed

at particular, gﬁ:tlh @ﬁorpﬂloldéé rRf Tec Lot sm'kr}nzW @J@Fa&?@m‘%@@l@ﬁb%r{h@ the
initial |ight | ected fromthe PLED reflectors o he i nvention does not

change by morE EPar%ai%r\}oﬁ@rﬁlrﬂféégm obgapbiing #nA SPAHENS B SHRHMIERUEthe PLED
i s operat ed abfhéaeaday ﬁﬁnﬁﬁ@PLEQEarsp%fdzrfddedHﬁ)abbé@e a8k @eatfstik raaypead od of

1,000 h f the i it t d {
change move. t HEPTSRaRE 1Y RIS RIS oty oS g FRRIEAc A €055 1O

embodiments of the PLED devices of the invention the heat sink preferably has a



(i.e., the specified drive anperage of the PLED device) after 1,000 hours
of operation. In other enbodinents the initial reflectance does not change
nore 25t si0 28060439 4% 5% 6% 7% 8% 9% 10% 15% 20¢a/EP24ip/0644080%
after 1,000 hours of operation. In further enbodi nents the aforenentioned
changes in initial reflectance do not og%ur after 2,000, 3,000, 4,000,

5, 000, 6,000, 7,000, 8,000, 9,000, or 10,000 hours of operation under t he
conditions specified by the maker of the PLED for operating the PLED
device, e.g., 150, 200, 250, 300, 350, 30400, 450, 500, 550, 600, 650, 700,

75?h 80?h 85?mta9§)@fatl%i@s mntﬁmés @@%dgz?of\alhtemm | Eval &, prét@fa@g&hagilgats?br ang]f:s
within the sta val ues c el reflectors o
the PLED devi SBK 185 6 MHRar e Sy hafiet ot 7ot 80 4100008 Sh9HG, ¢ ho
aromat i ¢ PE atldhaast b€thetiddlDdy aromatic PE (usually LCPs). In certain
preferred enbodi e PE and/ or
the wholly ar orra?? gé Eﬁf %@gdﬁﬁyﬁﬁlﬁ&tﬁﬁwgg%éor%ﬁ addﬁ%%ngtﬁxgﬁﬁaqm s of the
i nventi on X hecomsfuceg mmp@lemslt derfve emiransfdrene rashd feeat siph to anyoarprosi ti on
wherein the OBf‘bﬁet}"&%feFEEﬁ‘ésEérﬁbly‘a!r}igﬁtﬁng EvidiQuétt ng?‘ﬂlb%eﬁ%s@%gé @ the wholly

aromati c PE (usual II\il 05| tion ot herw se contai n any
amount of inoPg¥Rik P@lsse@rb BnkTOTaEP e AL DSty 18@#8‘?”&“@1‘@@ eutasEBEli ment s

of the invent tRmottbm duefabeet @e hba& sikGRayf fudbich ©AFARORT hé®Awag @RI thsi Ng one

th wh h % b ht of
Che whol |y ar BT CE PGB yrosiiereas)nehils & SEpER spail (oag of Raot 40%
50% 60% 1070%mec8084 arﬁﬂ%th&ﬁﬂzﬁ;ﬂa@ﬁ@@r Dofraabtt mhteriahtbht iy ther malhy CCﬁldB&lI@S ed on
the total wei gmatqgg[ B&la'ﬁ 51%&519513(515 QMéer enmbodi nents of the invention

the reflector is It1on onprising one or nore
t her mopl asti ¢ 10cBm&mlelmt@em&ﬂ)wﬂm@g@@d@pml@a@m ceugsthyithdic dhet of the

aromatic PE (kﬁ%lé@h)l asﬁd/cﬁ”ﬂhé-&l?éomﬁ&ﬁ@nefﬁlf&é@&kd& (3. ¢@Iﬁ§ﬁlo@soa'f9d Blect €aSt 70%
at | east 80% %ﬂst 90% ast 959% pﬂ ‘1% g% hleast 99% of the
aromatic PE ba%ré@ C?WéCttbﬁf"é?en ¢ kP 9 anianar syifase b fhe reREetal BHATT ¢ and
whol |y ar@mt tie @ESSlﬁlU&qﬂéfbbte(LClﬂsdthé’téb‘ﬁﬁ)odﬁﬁé’mediléﬂ&ﬁﬁ& myerpasmwﬁédtm in

(Dol ta B andWeuED) parrouhage S ot 0 es® hedelt RRBhOF sl fetifdaha —
aromat i ¢ and whalhlryayaalembe @ poigs of éhecheaf sime(4d)y ground whol |y aronatic LCPs,
using a O E scal ey [ 8F Gy bich AR 13@“&1{0@&{1@ 15191} B phs fknown o

those skilled in t e art eS|n tive
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i nvention hav | ess .t han nDre erably | ess , 23, 22,
21, or 20 or i@ﬁ 8@11? resseg intpg! defEPSSI?L%em? Ssefhengwgcierw ééﬁ‘c. ally
preferred t habagehﬂﬂ&rmﬂ&ttomrﬂlisto@rtﬁf thdleeankiak blychathﬁmhé bcttd?Esurfade qﬁahet | cul ar
the wholly ar i th nve A 0
Preferably, Eg%t ar gl}r(lftl ﬁ%ad 2 tvh\,ﬁ S]IH% 0? gﬁeartelﬁgCt%Ea % Us the F?a% SIQLE s) of t he
i nvention havc; raaC!peﬂ(bm\ﬂhbeS Olnndéﬁle@fromﬁmsl’li hsnalps an@ﬁ’f)@-ndathwh@bfs t han 24,
oref orr ed & hat e iy, BELCEPand R bpidn plee b} Ric@alrecsop g iog) 1Y
have a yel | owiEugh Goueagt b@w&@etmﬁwawrfaﬁﬁr@ the BER(8181-yh! emdezwrﬁws val ue

30and L Yﬁl ;Jﬁoﬂth@ DED)Ued veRicai s(}@%c&ypre@@smrt?@ Berreds®tingdl \elgleh ﬁfSeTmm%)Z/gst er
resin w e use ,o or .differe er ,.ac 0
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i nstrune Wi Ve \Y I of 3520 nm
no bandpgis cio“rjt%rl')ve\@1 I(%EP@%&ESgo?c\'%%ﬂlt@%eé%giitgﬁg@)%gﬁ%%ﬁ% tlig%gbstgppﬁ enentary

st andar d obseraflsetor amber haat sink Raeppitingriet :@Dcsivn malgridlgorte vertieel walteasur enent

and il um nat ppfhcaTEREnd the SBRILI WaRlYof aﬁ?%e}%és%n Ahdd Bred6RcloPind he di sks
conpared to white reference tile is calcu 3 using the Cl EL B AE* (Delta

E) equation. ctpk peor epspeicefithe keat 5 gt %ffru%tgﬂ%ﬁs ., a* and b*
val ues were 98ir&6 and cHktinuols d&tao@b&%e&ﬂ&e%&&oﬁa&brfaé@sdmﬁd LEB|ay1d tielThe

BYK- Gar d ﬁ{fgt Sﬁ instrunment is used to nmeasure percent reflectance
of the ditks BUer'f A& %@%‘f% th range of 400 to 700 nmwith a 20- nm
interval. Reflectance was neasured foll ow ng ASTM E308-06 usi ng di ffuse
illum nation (D65) and 8 observation (d/8) wi th Specul ar Conponent

I ncl uded, with no bandpass correction and with 30 nm and 36 nmm neasur enent
and



10i I um nati on areas, respectively. The light output in lunmens of the
Power LED device is variable and, in one enbodi nent, depends on drive
anper age.wbi2ghvaossni ve anperage may result in higher |i got/Epoao9064400
Preferably, the Power LED is suitable for being operated at a drive
anperage of at least 150 mA. Power LEDs guitable for being operated at
15dri ve anperages of at |east 300 mA, at |east 500 mA, at |east 1,000 mA,
at least 1,500 mA or at least 2,000 mA are included in the invention. As
herein used, the terns suitable for”™ inply typically that the specified

drive anperages cg{étﬁ&p@ﬁ%da@eﬂtm cﬁ@l@&tﬂ@-br @&ﬁﬁbﬁﬂgo%;e@nomwd@eﬁthe Power LED

hand, & Power CODERDIEIAD WA eGRentr Buordva Biel e eris et ©

sufficient i gfaty fnmmputas 8 hasahdof cn)ngecnmrgahe bBD (hetecthasifitetor @3 )amdarsui t abl e
one. as L e el il e BTREL2HR 40U B3USG ) i FTRY: RbL.FRITR, damge Lo

t he Power LED an shor &rat ing i ght out put
| oss or deﬁpremsaltateotheb\li@rfr@mrthereﬁhetopmrthﬂmétﬂ@mkce of the invention

preferably em ts gyef pboq Es%ﬂécté’&‘t%ra&%%&isc\lﬁeeﬁﬁodgh%%o%anﬂ%dleomf
per f or mance of the Power al so 'be expressed 1n ternms of wattage

where an out pe@M§etionsywdihe cathods &4 pad alil%iep(ébmn?@wns mayrhe foumgsiiRY WERS be
further vari e¢habyreadhdat ﬂoﬂﬁo&dﬂ@ld?’dﬂ daehoddpeirRgeoBfontthe LEBD IWahdc@heat er

d al J h d
an § nor case. 1 e HgRES U U e AT JEMTH Vuings! PPl B dS0ni gher
drive anpkr agencﬁmdcalthoglh@onmamcms an férengdroat wires. bf otRoveenboldikberdevf thes i n
conpari son to; Iﬁ%ﬂt‘{cﬁ{‘&% IRGe Jn'c:t!%é%?ﬂ’lb&eeéo&%& élg He%f%%}aYSJaté {Hore heat.

Preferably, eat sink Is enove ener a ring operation

of the LED demflﬁéwégm{@i Ak hgatwindn Fop examplactherefleciph apdiachqad pink arydicat ur es
or high oper atj; éwloﬁmﬁa&gﬁarh&&pmh%a%mmm nelcudicny, seRedi ment s

vvherea35Power LED device is driv el at Iow npera (e.g., from
150 to 500mA) ﬂ%?Fﬁ:]n Eﬁ? %0%%14&1%%(53@41@ ngy| haﬁ%tt%?b %ﬂ;&mﬁe t he
Power - B3 - bbdon deficeavidth fstie dlra\tanﬁ Ic@ﬂitlnubuﬁcontﬁ:tRﬁMﬁh lOEDl@dfﬁ)VﬂOﬁﬁ

t he east t he

contai nin one L n .

o omat i e oe( Suhee Db (R RRRENNCS PR talsRing BB Phrathisc s 1y, an
LCP), provi desaheat th@cymhﬂnrmdmg defch neti ietecipreamdh helitenniged bartbe LEDoperti es
that permt the ugg,nf B %Eﬁ&gre%n‘%ng ep%\‘i}%rﬂﬁDO&ev%re%%&ﬁer ) with a
separate heat si nk. vice of the 1 nvention my operate

ef fectively tHlVSPtG}HUCfé CL@m @refrw%l@n%ﬂthaﬁlmcol@rlamroa@é@d BaY Pe BFASAB0 to 1, 000

MA and higher cowhid JtWEED%ﬂdb@H&@ﬂll@tséﬁlﬂ% tRé cisﬁt@rﬁbﬂfﬁ&% e 2806tR1or hi gher,
preferably from 13 180C. or aRout

Le {T‘? tlcEEE%d/orthe
whol |y ar omat FRVSBIEE @ A% RPTHQEH)t ?ﬁ‘&tfrﬁé‘&ﬁsqr 98 W@ BSREF V§&vi ces of

t he i nvent i onThe ek ifintetibos troqmwet theaEDbﬁ/omhlwa&hem@aﬁhmﬁuocfacussucdioﬁ, hat heat
i s dissipated nvi n nder | upstrate
and/ or heat sféllgmfape anl%/ rdlr%EL SSI telnblne&i#ﬁﬁle[ﬁ LE engg}'\ay)r/bgnq’él\}% (ﬁeat from
the LED devi cé&ow anydupe efitkrispareitandtorial mpeding glaby aghitthqumpnlatsyc suchgel or .

15Anot herzsasps gh@f of qfeﬂnne/%nfcbf;@aﬁ&o 1%%@&&&'&&&%%&&&@ g used for
Power LED appl1 at| o] | ector of the invention Is-at |east

partially mad&EDy®ay P%BOTéﬁddﬁﬁtth%nPEetﬁ%WFef@h@amdlllJP‘;ﬁe%F%‘?rﬁlelr@ o1 ysual |y
ILDEESE)) g The LEE@}fresfsicﬁlCan@ﬂlaﬁfenﬁ flﬁcdv@t/&ﬁthltﬁk{)LEDBén@Qt lhe pﬁﬁfall?(ﬂll@ﬁhe]g 3) of the

evi ce shown n ur e an arti rate rom any
PLED devi ve. - SOmS: inncd RLOE el talo g R et S SRR aD St ant of
the aromati c HEcénesuad hyrylieoft€@Rhotvgmedthermilvendwttiah. Whegkire,ahe LRO

wnol Ty arSat (e 1geney i fqddit B (TR 06y oy P Hlact P ML AR ofthe | 0

refl ector, or aiporahic eISILa@M areE CBransk theaihodp aroanaticdiE ([aésag{sua:lm/@n at | east
50% at IeastL@q)g@ at Ieast 70% at | east 80% at 25| east 90% at | east
95% at | east 96% t 97% _at |east 98% | east 99% _or at | east
99. 5% by wei ght of ?Wé- wa%%§|0rf§hearf~‘%ﬁ=‘é?ﬂeaxp@ %Qfé%iaw@oneawwx‘:)re #4¥ed on the
total weight ﬁfatdrfaﬁs rfe,fr leeahysie, thd h@llb&ﬁh&@éﬂl@ﬁdr@ﬁay%}/co@ieﬂ@wﬁﬁa’lhﬁtaﬂhoat | east
60% at lgast 7 Ieat .80% f;@t | east §00/ at | east ,95% at | east 96%
2t | east B7o, mhperioh e 'S Fhimio a36 puGH5; b ptialER s 4 BB ST gne of
the aromatic PHoG@(addight thyt is asablyCeitted ded therPIiHI2 dedtal Other Gighttingf t he
reflector. The LED reflector nmay contain a conbination of the wholly
aromatic PE and of the aromatic PE in any of the above specified anmounts
for these two polyners, as long as their cumul ated anount does not exceed
100%



In other enbodi nents the LED reflector preferably consists of, or consists
35essentially of, the aromatic PE and/or the wholly aromatic PE (usually
LCPs). -w©4010/049531 | n ot her enbodi nents the LED refl ecPom/EP2009mae06 r om a
conposition conprising the aromati c PE and/or the wholly aromatic PE
(usually LCPs) and one or nore additiongl: materials. The additional
materials preferably function to (1) reduce the electrical conductivity of
the reflector, (2) inprove thermal 5conductivity of the reflector, (3)
color the material, and/or (4) stabilize the material against changes in

col or and/or pfry&i ﬁ@& b@ra@m@sretdltgz&reaﬁﬁgEﬁéawalgwf@lweﬂwbymrmh{er%yg mpepved by
rs. of 1norganic terial articul ate

including fillers e

norgant o i1 PSR saNee BErditior sor mesaC L ke oy RO conduct i ng
but serve to turémsfinishiteatducheieghof gercwindlor yo eslomtat ilightpshiytoe frodOtha@t ri X.

The conpositi oNpFi.Sin E t|c PE is
descri bed fur Egrb Cgcgffcgvén qq%érgﬁbb%gﬁn%%% &mP a@gtﬁ’{ﬁg(}&qﬂ?ec'{o %?r%{iﬁvg% wal | s of
the reflector C(Pﬂa;ﬁdb’elﬂt@)é.Y@cbI\/ﬁlgIhelﬁﬁémterlﬂbrTée celorasloroverngreegbr al s.  For
exanpl e, the waldng «Rft il fﬁ?e At 1%9Eeﬂ%r%?a§%}ﬁgﬁm LithaisRt&lcld ghdat eri al

such as al um num ~“The purpose 150f such netalizing is to inpprove the anount
of light that cpleredgmsryel emvicated tothapaethpicalor gegolebchartataisties ¢fHbe ng

effects may bg mlay@ﬁoblyth& PeED ®gidche wall's of the reflector in other
ways. For exarrple

th f o} ted
Faughness, ool or 8P OPRERLGpRbemRrRaRT fis Tdade s PEDE TBRIARe The
PLED ref | Bct oheusmtayaﬂalmrasﬁehély patkage®) Whutmhncteﬁse«):hohd anfy commbinRtiéiDoflevi ce

20descri bed h i f devi ce nm
affect the i n%%??cmr %ih-k%&esl 2%% fwﬁh?&w%yaéu%gg% %nyﬁ %, % LED of thg
devi ce. Wi | eswEpRs wanhé‘tVIqu agleaged 9)3@9)23@6 ﬁ@é@ froﬂh%thétf@m gitical j unctions

form ng the LERQ@ndiar 1sttﬂ@sa%eeé%ttﬁé ﬁ@hnwwclr@a@mﬁ%meﬁr Bykhendi ng the LED
energy may rel ease substantj al

to one or m)re our eCtI’I
amount s of heéﬂ Eﬁe)taﬁg 0{%}9 heat Sénﬂé@'sr REEN3ts Cofptpcf dgtween the nacgaging Efsi ty,
col or charsact efid gicihest sakd(4pand)bit the sfleafor ( Mefutthghimppsved uea&dhgs;paa@n LED may be

i nfl uenced by_.the,t ture of rat el ectrical
| inct one. i n” G REERES B HhogiRred iy i se PELEC B e Bserm <si on
properties of sighdicamtielover thgrm@Dondineivatipiih cemparpon) tn mlclhszatamdc gidfarci ent | y

direct heat a ]9%@ L em ssi on
properties of 0{0 E%] ®f%ﬁmﬁgaﬁj\% %%&%g]efﬁ@dﬂ: éé%d%lgtrl%lg’e %ijo 'Vﬁlﬁg aheat si nk
of the Power EE@C@@W@& efaecvhis eﬁcmn@qt I to a substrate ¥y ave] NT{NtDLHBYEL | ng

mat eri al suchoad (PEBR InSa fabiker GEEHNHBORiANRYd B 13Baade LER R be used to
form sonme of the o one ts of a PLED device. Metallic materials are able
to effici entlglr?fﬁg' §trar%rmve heat froman LED - 25 - and thus nay
help to stabili zehtﬂhe sdlmgBLEBrﬂ@meome rifloper (3)eﬁdfﬁe Heb&sﬂﬂE@) mldye use of
metallic rraterl ta he fact
that metals are B%%ehd}#%e%%rqﬁe >4 ema nﬁt’tﬁ% bl con n(l’lsﬁgna? 1;atthuse

met al | i ¢ mat emihally a@maélch@a(ﬂlsu«be’ I&Rﬁdu&"hﬁ: n@df erﬁntdmtbmlhllaﬁh@de and

cat hode szsnctk to§a hé glﬁptpbﬁnft 5@@1&&&%‘ofta%ga%ﬁﬁr\sgé&@gﬁ)rldﬁ?&age may
occur across t tallic materia Furt her ta mat eri al.s_such as

copper are exﬁ@ﬁmnﬁ@ts dh%%IyEIH&@VIB@ Eomgyammpls. &1k heat eaiseases dessabls e

S‘;ESL. rat ets a}gﬂg{h%&ﬂdﬁtgg@ﬂ Mefbsisthn@@fﬁd?ﬁés thérhdal @%rﬁ@dtlﬂn@fﬁger:c als. 1Bnt ]
enbodi ments o in S made, from e
ot o PE afiF TS ORI Y e TeEnts dabees L PBAGiTE ATl ot o abl o
that the enti celohéadradutink ot solansl&ﬂlenmglbd chmiciatigimpottmtot Rewerelhibiodi nent s
t he heat 3% nk %‘ﬁ égade froma conposition that conprises the aromatic PE
and/ or the wholly aromatic PE (usually LCPs) and one or nore additional
materials. The compoBLEDPdlevissed thegnveikientniy tredescréiedibybe power of the Power

LED device of réqﬁlﬁeé@h@\’)?ﬂ{e'mfb rIﬁ)f)ahféﬁ a‘r'%\xf& 'E@'I)s’@%@aﬁhghﬁmﬁ%%s Jireferably
(1) reduce the electrical conductiv sin % rove

t her mal condutRter tipndplmye aFidae ué?‘iﬂ@t%\?]HVVS?“%)OE@F%FB}%‘iui@n ‘”H’éi heat sink
agai nst ther rrabltecgeg.r@qﬁbif@ﬂ byTﬂikeﬂhaﬁér o GRAVED iavdl tcasmyd Beotding @vVies$ by

i ncl udi ng, inorganic material, particul ate

i norgani c 5; ?‘g)i §9§§ 8?ﬁ%ﬁ“%p%lgr als that are electri cal ly non-
20conducting but serve to transmt heat through the PE nmatrix. Preferably,
the PLED reflector, the heat sink of the PLED device or both



the reflector and the heat sink of the PLED device are made fromonly the
aromatic PE and/or the wholly aromatic PE (usually LCPs) without fillers or
i nor gani cwoabmva4edzs. | n such an enbodi nent, the PLED r ePC&®Peo09/ 064360 heat
sink of 25the PLED device or both the reflector and the heat sink of the
PLED device (or other conponent of the RKED device) consist of the aromatic
PE and/or the wholly aromatic PE (usually LCPs). In other enbodi nents, the
PLED refl ector, the heat sink of the PLED device, or both the reflector and
the heat sink of the PLED device are made from 30conpositions that contain

the aromatic tPE angé PBW_&IhEEEQll@{Ii'cé’oﬂﬂl‘é%&nﬁpfﬁlaél%%ld@&dﬁﬁbe&@?%e_ d’tld_gr@dai ti ?n_ to
one or nore O er eri n sone e | T enNnts suc CO osI 1 on contal n
O beot ornoi 1 ibgh BB RSkRLED il BT T A Bt B SR AP ARSI e s it o 1o
further inhibdtiveleagpadat. iThn Pofvet hEDateoitatof theREvammdh prcftiablywbaidsys0& omat i ¢

PE (usually L of her,. i , .Lion contain
any heat stabﬁflzg?gqgﬁgyﬁghﬁgQﬁ%PFE%%ﬁgﬁkﬁgﬁéggﬂgﬁ%%P?B$?gﬁ?gﬁgg. - 26 -

Certain stabi lighteyupus ircineassrdd at ther dstvcaminseage ispéritiet bbihk imekeso{ tHALB) may be

present in the,gompesi for @Ramfiekht SRRl €idRSuPlt LG is hiGsgeup of
hi nder ed ami nes sel ected from consisting

the group Ta of o
bi s(2, 2, 6, 6- t 83G0KHHBE FMESpWeH-%-rwﬁclycit)te@éﬁlagéltght, output loss or depreciation,
bis(1,2,2,6, 6tReamerehdivbr € Lk whdr vddsusied ac@d] ¢ight output and final light
5di (1, 2, 2, 6, G-Eent anet hyl pi peridin-4-y1) (3,5-di-tert-butyl-4-
hydr oxybenzyl § tBPtyI mal onat e, 4-benzoyl-2, 2, 6, 6-tetranet hyl pi peridi ne, 4-
st earyl ox\0 2, 2, 6, B dthtr comtetdivyéngs,phe Palwerd ED device of the invention maintains
3-n-octyl-7, 7.8, 9-tet 8- gk ' . 5 - -di one,
Tl o2, 5.6, b fatt Gy [ L0l s, bd, 357 oD P e AR ADFY it
1, 2-bis(2, 2, 611@@@@&%%& h@padopricpaioaz ilmtial yght evtpuhie theonmmber of
10t et r anet hy 11,45 @X 3m3ttctOfr6th EAP SkeraAs USALE Sftdra butn-tlpod NG GGusane,
pol ycondensat i or% p@gd Cé&}?f 2, 4- (‘;l chl oro- 6-t§rt,- OCtI él am no-s-triazine and
4,4" - hexanet R{ATEAR i@‘? hyutput el gheghaverry PIPDPIIBY Iyiehiagn 18
pol yconderssat kguatrpllpthéGhmelr the same within limits of human visual perception after

1- (2- hydr oxye :2.2,6,6-tetranet hyl - 4- hydr oxypi peri di.ne and succinic

2ci . pol yoondbHRdpFus obpesiE SR e R PO Bl L iR g S

152, 2, 6, 6- t et vagimRomer piER Qngimeodefindasarig tredmgbtrieanend cobtrodkigsy 2, 2, 6, 6-

E g% lr’ :EF;?{' g' gf;oréihg%(fkyllthx beb i%’agcol%d%ﬁlétt@@e%hﬁ %&Yb@ﬁﬂ&,a‘ﬁ\ﬁi}v practical

pen'éI an}[et Q%II gl S@EOSL]TK @ﬁ"‘}%‘ieﬁ}@,t 8fﬁ%b@%§_@?ﬁaﬁ@?56§£@ﬁﬂ§ﬂ PanRRsHifensat i on
roduc , z _

IElexamet hyIOeneE)j;%g;m dﬁ%%?&%&g@?&dggﬁy@%&gg?% e) 5 N I\IloiiﬁgZ%A

20t et r aki s| (4 €VBI-SRBERYCY Norcin ey ITERfCAREE RYHTR: JaF B SIESNA o no- s.-

triazin-2-yl] LM-T79-@7%31 2008, Aptbezbidetad dor tite Eéttrical and Photometric

[2,2,6,6-tetr hyl pi L N4 1 3. 13 - hyl- -(2,4,8,10-
tetraoxaspir oF%S%jr-Xrﬁlglgg?gﬁe %lSteat%l%{g%ﬁ&g gljo uats ﬁﬁf%rhglia{eeg g%%:eé%{%%%yﬁ?rgpcee, m xed
[1, 2,2, 6, 6- pentignettinstly, is used for testing the Power LED devices of the invention for

pi peri di -y ' ' A - aspiro[5.5] -
Dstndecans ol AP Sime)s), Shekt AFEICIN (man G e 10 PR LARCREr
bis(2,2,6,6- iahtdprsesigtioningks Pewer UER depisssyis aicayured according to EM-80,

4,4" - et hyl enebiESNA Apbrdied MthETRE NYdaRiReY Bidthér Bep@€ihtion of LED Light
N2,2,6,6-tet ganret hy!| -gl Berﬁl‘éﬂ!? n-_i4_b§|r§q%90ceec .Itsu clnim de,

N-1, 2, 2, 6, 6- peRtftet HPPHIH dF'R-"4 IR decyf'ucci ni mi de,

N 1- acetyl- 2, 2, 6, Bht BoweanieE D yepicp nayiathorbedicydribed 3§ dimttereybisedctoirsachade,

e azaspi iy 4 islfenPophE  LATE WEciigol Siuss refey the oyepall nerformanss,

pi peri di n- 4- ygg§ a Beyaicklkll :over its life. As Power LED’S are operat’ed,’ their lumen output

di - (1- cycl ohexydrea¥s %itR S Lhfbh AeprRbitd s RRS Ao H1 ¥k 2SRk D3 Lis

1-octyl oxy-2, 2, 6, 6- %eftramet hy1- 4- hydrof)iy- pi peri di ne, . pol ﬁ

{[6-tert - oct yPBGHHSE betors ¢ partipular degies ot lpmen derrgeiptipiizyeashed 30b 6, 6-t -

35et r aret hyl pepaiplel tudrel ldkpriatiatoh exacet 9ok ene; L4y folresysrlde hemltiony - 2, 2, 6, 6-

t2_ 4, -6- ,[2 r7i 3;[ ﬁi El%@_r{igé 2(%/ (le)lgegsipgg ﬁ%%v%e%}@ Igg\]figeoelt’itsasggciﬁed operating current and

t et r anet hyl pi peltagdibefote stt)demicb ldsgh & afols-isitinl light ionput. Preferablypsite pref err ed
hi ndered am ne conpound is bis(2,2,6,6- tetranethyl piperidin-4-yl)sebacate,
bis(1, 2, 2,6, 6-pentanethyl 5piperidin-4-yl)sebacate,

di(1, 2, 2,6, 6-pent anet hyl pi peridin-4-yl1l) (3,5-di-tert-

but y1- 4- hydr oxybenzyl ) but yl mal onat e, the pol ycondensati on product of 1-(2-
hydr oxyet hyl ) -2, 2, 6, 6-t et ranet hyl - 4- hydr oxypi peri di ne and succinic acid,

t he pol ycondensati on product of 2,4-dichloro-6-tert-octylam no-s-triazine

T - - P Y. T



152,2,6,6-t-
et ranet hyl pi peri di n-4-yl )i m no- hexanet hyl ene-[ 4- (1- cycl ohexyl oxy-

2, 2, 6, 6-twoeabregnesshy| pi peri din-4-yl)imno], or PCT/EP2009/064400
2,4,6-tris[N-(1-cycl ohexyl oxy2, 2, 6, 6-tetranet hyl pi peridi n-4-y1)-n-butylamn
0] -s-triazine. The conposition can gdditionally contain one or nore

ot her UV absorbers selected fromthe group consisting of s-triazines,
oxani | i des, 20hydroxybenzophenones, benzoates and a-cyanoacryl ates.
Thermal stabilizers may be included in the conposition. The therma
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2- (2- hydr oxy- S ARRYA BHRRERIE C1oh-SphHeAndrun P  RRBIA D hnghe S+ -
2- [ 2- hydr oxy- af 430 tey @0 oy wahg0yima iytpive Redrgypisd nynepsuacblobpwm, 4- di met hyl p
?(29”%121 1,3, 2 %A'SW ENGS- Og {ngofﬁﬂl"[&?(ﬁ/e'ré}hb reference in its entlrety) usin (g diffuse

ydr oxy- [ OX y-praopylo

di met hyl pheny ﬂfunim@,msl é% e{vatl?la@ééc\wﬂbgwwl%r&’@8&;1089%} hécauded
t15 hydr oxyys opexii)nodahytstise sympdveion 1k isdprbfebis (hat thednelistmiyit Rhemicd)oud, 3, 5-
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2- [ 2- hydr oxy- 220 R0y S SR SR B LS SO BHERGERS ASBB 2, 4-
di met hyl pheny Howty&, Bflerianed qap,also(IR-rthgednied yat garhendyt loxatigphenyhe #fléetdi. pheny 1)
- 1,3,5-triazine,
2-( 2 hydr oxy- 4- r’re% efeB eny]t_)odlineél_ts the hmtlal fl tre gtefj Iflgg} trlllg PLED
2,4, 6-tri s[ 2- WleERy0i4he Bvpiiaskgacs np g@;/ YReFOkgY phevha) measgraslatr i azi ne-

,h2 ﬁ0§ &mydﬂW%ﬂ%BW@Pﬁr@ﬂeﬂrﬁ%mmﬁ }térﬂa)edﬁn Iﬂﬂﬂﬁwﬁ -atpdrape ts é@ﬁédﬂﬁ aI
phosphite or 0S ite ri phen 0S i pheny
phosphoni te af’l}égt %ﬁ%ﬁ{/?@ﬁ%‘%‘g%ﬁﬁw r%IIRW&eIir?qy%rﬂlgorﬂﬂnglﬁé gsphonl te,
l}lau[1 yl Eh?sphmﬂebfancet do;m?ad% dt:mpkmtﬁlpﬂnO?ﬂ dfeer oﬂetﬁﬁ@tﬁﬁty]JSOgj:Atoa?feﬁtdﬂrl t ol
phosphi te:  bid Sheutetien G0t BpHLuBBERY L ERSRNLLEY of 50066y
pentaerythrit e I pHtos Iite g%]fg ert-b N enyl)

pent aeryt hri toperelmcphdﬂspﬂhm @anﬂlméﬂtS ﬁledmttaéretﬂebhangﬁldats nnmhaygmerm )

pent aer ytdy i tﬁlaﬁ'z%'%s/ﬁ)m% e5% byos; 7‘%%‘3%*%09’% )%'tlas%yéda/f'ztg% o‘P'BG Oe?ﬁ%'f” te,

bi s(2, 4-di-tert-but’yl-'6-¢€t pentaerythrito

bis(2,4,6-trii &QP@%WPD@@%@}H BHEhoM 0%@1@9@&%@?%@@%@ @g%ltle

tetraki S( 2, 4- ifdiialtréfdctdadt Wb labtecmc&ﬂ #tc4 2;000P D0V, 20080 OB 6,060, 7,000,
6- |sooctyloxy

30but yl - 12H dﬁ@gﬁ Ef’g&()g]or i{) Qggh@frggggpﬁggt&%%dﬁghe conditions specified by the

6-f I uor o- 2, 4, &ake-dfebe ALEBIfor ojiudti:- thePIEDRevicel] ©ienz al 26D- 250, 300, 350

3, 2-di ox 0s isne t t
phosphi tZS(U.| &89‘ ? 5Ozi)bg%ter’t 6(? Téehet hgs%ﬁgﬁy{%d B{IEW }ng%sp | O
t hese, tris( 2vaalu@ﬁ, ranges altsiﬁu;brqmewltmnb%ﬁmeﬂefalugs pine¢sshyriagludah qr@lal

bri ghteners incl ugge @%%Wﬁ@?hﬁ@ deRicss Ql%tpYéf.‘éllab Ri h&b R 2 _
35phenyl coumarins (in particul tggalf triazj ne henyl ﬁ%;jm” ns, benzo}n azol e-

pheny! coumar i ARMBRRIIATGRINEING O@aﬁlﬁé)ﬁyar aRepatic PE (usually
triazine- stl | pemes In éertaiBfreferd@atbod anges, de @Iﬁipo@ﬁionl@bhgm eNgkes 1S

conmer ci aval Ia h i nopal. G ha- Gej Basl e

Switzerla d) Qﬁid(nldforlcg? %@r ?rgﬁiajflé E%r(mgy L %g;rs gégé?%%Pfe{feéTeaS- 1
(Eastman). | nembedhmentsd)felm)mdtmientthe cfflettheispnadehfrommvtbeniapigstic he
conposition contains at |east one optical brightener. 5In preferred

enbodi nents the conposition does not contain any hindered am ne |ight
stabilizer, does not contain any thermal stabilizer, or does not contain
any of a hindered amne light stabilizer and a thermal stabilizer. In
ot her enbodi nents the PLED device includes one or nore conponents that are
made from corrp05| t| ons t hat cont ai n the aromat i c PE and/ or the whol |y
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at least 40% at |east 50% at |east 60% at |east 70% at |east 80% at

| east 90% at |east 95% at |east 96% at |east 97% at |east 98% at |east
99% or avolewsuIBd. 5% by wei ght of said PEs based on tireTiERR@D/00DGHt Of
the part that is at least partially made fromsaid PEs. In other

enbodi nents one or nore conponents of 20the Power LED devi ce consi st
essentially of the aromatic PE and/or the wholly aromatic PE (usually

LCPs) . The aromatic PE and/or the wholly aromatic PE (usually LCPs)
conposition used to make any conmponent of the PLED device, preferably the

reflector, mayoGAEYitdnwREEinQhe BM&QhJﬂnbbﬁétld’fpdl%bﬁﬂs%e aBMafit PE@R&/0ean be in

theform250f na cal e or Cro-s ibers, filaments, fl akes,
oot whieeard Gpmal PE ey bR e o Rna iR My B G s

di spersi on. Suoﬁtablaayfaniohetr& inmgaiie fislot ardl/@rpifraédtoly, otbergréfoeedide, for
oAty cul ates ERSUELS oR inSnkio R e BP L e T afPilp P L o oM ©°

m cr ospherdes, cemprisingond iemeoye tmmbs‘tl%ememnentﬂovﬁlth eATNpIIRGS wem&ﬁ%es of
et al (or met § w%ﬁéh%) thBQMQ)‘ﬁ %rdrﬂ&tict{f@ 1Rh§1[9“aﬁ' LC@") 3RASre ﬂ?éf@f% at%’a@@' t,

copper, inconel 1Ton st ai nl ess steel t| tani um
al um num tuné@t/"eﬁ()%b@{?i 7(?//1911%0/2:39(:/‘” 9%@@8%’ gryo Qfé%‘é(h@]béam%&cﬂ)ﬁn Fillers

are preferabl yaglheathd t@@dl I\Xbélghm Sﬂ{h%trbﬂ'&tdrnﬁf@ﬁéﬂ e@ntfmtrﬁéﬂt@bﬁths ubRnasn et al
oxi des and salits oxi des anpd sal.ts. include

o he oxt de, 1 Mreailinatias bfh £ e Corl T Meastdr Sraler Ragias um
oxi de, zi }(boncmmpmelncke)yhl‘chmgapms at feastis0tq bywerghmﬁihe avoinchéic PEUNgst en .
car bi de, “”‘9 s‘ﬁE&l ék?&@%%%&%&g Ly %[‘?Iéas% 66’%,“& 1§é§l 704 tléals{‘goé’?”itf ate, zinc

car bonat e, I um-s onat e, um car bona cal ci um
met asi | i cat e qwg%%slaulﬁa&ta%%r@éi@ést vl aélqaﬁt&gf/e@fthmmqtmﬂﬁ brgedeanpl es of

car bonaceous Hﬁ%@ﬁl@x&%hi@ﬁhb‘?&le@fo@ph' te and carbon bl ack. Exanples of other
o oce 11 ber s, ~ar aHSRTBUF S1E ELT R IR LS E SRR ROIeR o o i
the fillersi 5caaep1@peﬂﬁes th @mpagikdiast@nvéionhlal CPs. flmpﬁﬂ'bdﬂﬁa)ldt Propéreies zi nc
nesost |1 cat be didS AL TAUR EREALFF ATl QR BN B

i nosi | i cat es. filidlg grounderomstiqanetfivelnalyl aropaesRhs, cign ﬁanllsagtoumd wbbllp% by wei ght
or more 1Obasﬁ1‘i{m¥hﬁctﬂ@5t i a&?EQéhtle %felteﬁge filks gﬁ’{?ﬁ %ﬁ(ﬁl@ ogijég)/&’“aher

enbodi nents t l'er is esent I i anounts o preferably

2 to 5wt % 3 keowpiothossyskiladgn thg . AWS’@th@émg@rﬂﬁlﬂﬁWﬁlﬁﬁ@‘gefo@@Eor more filler

are presery i thddatio 8f indfFOWH wRitendfs. PR é’@ﬁ?}(%@ﬁrohﬁﬁc PEs ﬁ@d@féswﬁdu
preferably up to 40wt % 35wt°/ 30w % %2@? 151 n

15wt % . or
an especi al | y2SFefie dln@ﬁﬁt?& %‘?ﬁW’P%V %rmnﬁ Eg?ﬁ S DL lfléerft}théwe 8
titani um di OXbﬂEsDﬁhaﬁ ab,anore prefé‘ﬂ’ﬂublyﬂEssCthﬂp%lQB; oh 2d poit 20 dS‘[SlQ,IEESI,a]WI ¥6,a

pol yester .(USE 14y 1 C'fi otrr]% tlssersﬁecpa?l %)?ec}nrqg({]%%%ghg cﬁcqﬁ%s a% tﬁlt | east
one aromatic diicarb id oun E} one aromatic
di ol nononer &vdmﬂ}z)ammatllchFa lprp@ftmumlﬂee @@@liwb@rdmﬁmLCﬂ’h,e)faln@m@mmnPE and/ or
the whol 1y ar Qa@f AL oFlest Hﬁ;ﬂ@b' Pr gk&ﬁﬁ} R0 Ao i g%ﬁ@%@ﬂ?%ﬁbrﬁﬂﬂct}ﬁaso“ at

| east one hydroxycarbox |c aci d nononer conpoun | east one aronatic

di car boxyl i ¢ Gsvdbndidireef e ipsanen bie aaﬁteﬂpé’&?t“%‘if‘éoiﬁqucz di ol nmonomner
Cﬁrmgggd In %aﬁfﬁ?@@&ﬁ@%z@fzﬂ be Jonvents, on 1@3n¢5 o, mre, %p,rmqogamgs of

t he ower evi e rom an. rTB.tI C est er t e a
Teura orves iR Rfsf:effg&%%heﬁ%f&a PR Ry GbulBY contai ns
at | east 80 mbCPs)pliavamgridowoesybmdesef lashitas.20Tinereaprofeedbly 1 @ADy &dtvelucmay

contain po ycgﬂgﬁggﬁgl\% ?J‘Hh?ﬁ%fbt %q%{@%%asﬁﬁ g%? 1%Ué3§'fa31§01$5 forildpyct ural

units describ arona eralythe
aromati c pol yesthdhe Wc,qf@tcamghféqrem@amtemcm%to STMd319285 nol % at | east

90 mol % at |east @Ry @Eoﬁl Sndb&aStn ¥ AR oﬁ‘hloll@eﬂﬁflsk%% Ol nREcrat | east

99.5 nol % of p(Lejcon,g nsed aromatlc monqner its. In the context of the
i nvention the &P REV” ‘?rdH’rgitPé*STaM@3'O§tq6l}’é’c%raaﬁw5ng%r§nerr%‘? 8 to the

chem cal wuni tsplmreggfmmleﬂtf Wh@w@bﬁﬁﬂgmkarﬁgbroﬁ%@lfﬁmnrhhﬂd ﬁﬁéryﬁ&‘dfe\r,\; : In their
respectivg polyconde orns. . .The.,aronmatic y S not olly
PO L T s S TR S i oo LT o
aromatic str usdppdahe%yts@ndadcohsaserpdb@écﬂiudm%ed ant 30 snmpfind 36 mm



- 36 - adipic acid, sebacic acid, ethylene glycol and butyl ene glycol
nmononers, provided the anobunt of such non aronmatic structural units does
not exceewl02010mab% The aromati c pol yester may al so i nclPCHEPFONBL4DT
structural units interrupting the wholly aromatic characteristics of the
aromatic polyester, as 5above explained,, for exanple, the aromatic

pol yester may further include aromatic group-containing structural units
that contain nore than one aronmatic group connected by an aliphatic group,
in particular polynerized units of the diol nononer conpound bis-phenol A

The aromatic R%a@ﬂgnémanmmmma@d@msl fesﬁé%n@é@zumhle)cole%ﬁfermz feome ai n,
10i ndependent h ot.her Jrore of t he

Ly, from ea onde d units of
follow ng ar ofjré]ﬁ' CorgRed 19oNifS r(‘?feé%}cﬁ t‘i%ﬁ(?ﬁg}lﬁaﬁﬁﬁil‘{sglg %Fé%‘ﬂgﬁ E'c acid,
ijsophll:) hal : c acdia R, @umﬁphtm\rmtedneﬁaémw& (81’Ne&7()d07)37,aﬁxemﬁpmh"?ﬁf la@d
i carboxylic ggi, - C di i alic
dlcarboxgllc §C|§NC%W%?Q%§%%€ﬁgFiépl cargééépﬁgﬁ% K%Réﬁygg ht hal i c
di car boxyld ¢ aci dThgBY K—%Bhiﬁt@ﬂb@@bﬁph@hlylmenamdw@d Wneasalreyperceat koxy,

aryl oxy or haMQ%ﬁn@él&Sthé ke Send %Q&éléﬁ%?h Eaﬁgé §€400 to 700 nhlwaHgi2oL on to

pol ycondensed units of aromatic di carbox nononer conmpounds, the
aromatic PE aR® nfsevahnBETISetaics v imcappred l%ﬂmg/Aﬁ@b@;%%% 4518 ddBHe ai n,

Independentlyﬂhfngﬁatﬁﬁlqhbwmem" mbﬁo@md@m@)edltwspécma@fcmn@ﬂt 1RQu@se of the
ui hone res%rm noI

foll owi ng diol units r

523! i phenol B bepp R cctigh 3nd BB and 44 S NS ngh i

di hydroxy}(hphilhmﬂueatmn a2¢ak; cispuedvdyynapht hal ene, 1,6 di hydroxynapht haI ene,
1, 4- di hydr oxynaph r r. 185N
substituted deri vg i@v er eo@%&%ﬁméﬂﬁgﬁe iﬁﬁ(%eglc%r%% %Ig an the
whol |y ar omat F@bediment ldaquyls persye pmpereght digher dingeypenraegetingy fepdhiteach

ot her, pol ycopg@apsgsht %ipruﬁ PRéferABRy, fe me@ L‘EfD fs@ﬁltm& k&weﬁ% FeRRL 4t G

D bt ey S ko Lo By b mci o,
hydr oxypheny ldﬁvé)aﬁp@*agesaﬁﬂadleaﬁ 3{)by1d4; Q% YbeF0IlmA; at3043en 00 @nAB,CHt thastd"

v oxy hapht ndio8 s P 8% T ngs R AHERIN B i s oSl AalBi a1
acid, and 2, Stdmpdi‘extphkght’ haiply:ty@matly thauh thealpkgificd diiyd gmpdrikgesy, aryl oxy or
hal ogen subst by ﬁn@ﬁé&é’?&ﬁﬁﬁ?g@ﬂ%&g F{E‘ﬁ tﬁé éx‘]ﬁ’Elﬁ’gs %d%ga& &‘%FV‘“O' ly

aromati ¢ PE (usua can tionally |nc y from
each ot her, of@m@en r@ﬂnqd t@L Blinag @cttv@étmﬁne%hﬁr gnd, a_Pogver -

"N, Hi-:20 -, LED'thef would have to-be “oerpowered” to provide sufficient light.oukput
should in general not be considered as a suitable one, as the higher drive
amperage would cause irremediably some damage to the Power LED and/or
shorten its lifetime by accelerating its light output loss or depreciation over time.
The Power LED device of the invention preferably emits over 100 lumens when

25  driven at 1,000 mA. The power performance of the Power LED may also be
expressed in terms of wattage where an output of 1 Watt or greater is preferred.
Light output can be further varied by adjusting the drive amperage of the LED
with greater drive amperage generally corresponding to higher junction
temperatures and an increase in light output measured in lumens. The relatively

30 higher drive amperage and higher junction temperatures of Power LED devices
in comparison to conventional LED devices generates relatively more heat.

Preferably, a heat sink is used to remove heat generated during operation of

the LED device especially when operating at high junction temperatures or high
operating amperage. In some embodiments, including embodiments where a

35  Power LED device is driven at relatively low amperage (e.g., from 150 to

500mA) and emits low lumens or has a low junction temperature, the Power
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a preferable enbodi nent of the invention the aromatic PE and the wholly
aromatic PE (usually LCPs) of the inventjon conprise at |east one of the

follow ng structural units: structural Units (1) derived from

hydr oqui none,

10

15

20

25

30

35

5(1) structural units (l11) derived from 4, 4'-bi phenol,

LED device of the invention, i.c., a Power LED device containing one or more
components made from the at least one of the aromatic PE (usually, an LCP) and
the wholly aromatic PE (also usually, an LCP), provides heat conduction
efficiency and heat resistance properties that permit the use of high amperage
(e.g., 150 mA or greater) with a separate heat sink. The Power LED device of
the invention may operate effectively to produce white light at drive amperages
of from 150 to 1,000 mA and higher, and junction temperatures of from 100°C to
200°C or higher, preferably from 130°C to 180°C or about 150°C.

The aromatic PE and/or the wholly aromatic PE (usually LCPs) included in
the Power LED devices of the invention function to remove heat by thermal
conduction such that heat is dissipated to the environment or conducted to an
underlying substrate and/or heat sink for later dissipation. The heat sink can
remove heat from the LED device without substantially impacting light quality
or color.

Another aspect of the invention is an LED reflector that can be used for
Power LED applications. The LED reflector of the invention is at least partially
made from the aromatic PE and/or the wholly aromatic PE (usually LCPs). The
LED reflector of the invention may be the reflector (3) of the PLED device
shown in Figure 1 or it may be an article separate from any PLED device.

Either the LED reflector contains at least 50% by weight of the aromatic
PE (usually, an LCP) based on the total weight of the reflector, or the LED
reflector contains at least 30% by weight of the wholly aromatic PE (usually, an
LCP) based on the total weight of the reflector, or both. The LED reflector may
contain at least 40%, at least 50%, at least 60%, at least 70%, at lcast 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
at least 99.5% by weight of the wholly aromatic PE (usually, an LCP), based on
the total weight of the reflector. The LED reflector may also contain at least
60%, at least 70%, at least 80%, at lecast 90%, at lcast 95%, at lecast 96%, at least
97%, at least 98%, at least 99%, or at least 99.5% by weight of the aromatic PE
(usually, an LCP), based on the total weight of the reflector. The LED reflector
may contain a combination of the wholly aromatic PE and of the aromatic PE in
any of the above specified amounts for these two polymers, as long as their
cumulated amount does not exceed 100%.

In other embodiments the LED reflector preferably consists of, or consists

essentially of, the aromatic PE and/or the wholly aromatic PE (usually LCPs).

In



structural units (I11) derived fromterephthalic acid, - 39 - (V)

and, optionally in addition, structural units (IV) derived fromisophthalic
acid ; (WoRoblaaossther enbodi nents of the invention, theCarmraebiocs4pol yester
and wholly aromatic polyester (usually LCPs) contain only one of the
structural units (1), (I1), (111) and _(})., preferably at |east two of the
structural units (1)-(V), nore preferably at least three of the structural
units (1)-(V), even nore preferably at |east four of the structural units
(1)-(V). In still other enbodinents of the 10i nvention the aromatic PE and

t het Wn?ll I) y( 3/; onat Lotk e(nl}'c%éif gilnéms IHeRSHD e&r&a#r mst %Mé’frémtc@inﬂogﬁoﬁt r u?} ;Jr ?lv)
units nor. e re era e s ur its

oven mor e pr ebaRBENYE BROTBin Popnd e piia e e ER LD &

aromati ¢ PE apnk bﬂlﬁowwkiity)nalrmmtahale R dddiioakl mathﬁiﬂsbrerfﬂybl@lfamctibﬁmrrpri se,
i ndependent | sponding to
str U(F:)t ur al uﬁl )rg{{}f?’%@ efl%qua(l Ic?ﬁ%cg?ﬁwgt%gdgff%%@(g) ﬁﬁ%}o ﬁ%%émang am)ugt S:
5-40 nol e M otomduriivityuefehofeflegor.dgucalonée Maferahdnd/oa (4)stadileredhe (11); 5-40

mol e % of a mﬂf%&éi'fa? Oéa@?stt cﬁéﬁ%@§ fnsc%%r aﬁﬂ/%PEE r'k‘fi’éa'l Eftfés('h"hér}na‘?-nd i sophthal i c
acid (1V); and 4 % dr oxy en20| . Mle %is based

on 20t he tot aporrﬂylﬁwﬁymﬂ%r@grom ingHdmetalie ﬁmﬁérﬁ almqfén%%%sponm ng
to structural mafirtag patticula¥d mafgaﬁﬁrﬁlldr@aﬂdhﬁhé?Eﬁatenals thaParefe@arc&tﬂaM hbe

t PE | | I d
monomer uni t scetef GubBarls % B R Eb P eelne Yrolty Set PR ) (T “ana
(V) in the fohlaow. rTgeanmpmlson dmRsimpthe afbnodfticaP Erand/airtbe wholl}'z')bmthacmqw none
(I) and 4,4 - qupg (81?&%&1#1%3@1@& nole % of a mxture that conprises

terephthalic acid i sophthalic acid (I1V); and 40-80 nol e % of
p- hydr oxybenzoi c Bbﬁ?fdb((dwlentﬁ/ﬁfﬁle%h@ pakceer e wals of theaaetlpginb@apy b¢ nol es of

- 40 - pol ymeghA&HwTRBRSBF mBRY Ireﬁeé%ﬁfrerrﬁa‘:t@f‘i)dlg' G Qmple! Hfét\%ﬂll@lofﬁfé' ts (1)-(V)
present in the PEs. In anot nt the arorratlc PE and the whol |y
aromatic PE ( t&fgaiorwayép@afeﬁwﬁ& Bela iy HF T S B MBI s RBPIEspondi ng
to struct Lﬁr al oﬁsu@htnsetz(liz)ng i |td> )mpt()bd: ’th)e,an(du‘dﬁ oflitht (N} isusablpenfitéd Hydang
ol e % of & miTNE 87 b BCHABIE TRy Sy b e iep R RE AR s Refs 5575
mol e % pref etlabbﬂecl@-lﬁbthmlmy% Foroxemplee fherveddlsyof 118-128cctol magbof a m xture
that conpri Seﬁnﬁﬂeﬂ%tmlu-gﬁnegﬁicglor or other surface finish to reduce effects of glare.
The PLED reflectors may have the features of the reflector of the PLED device
20  described herein.
The conduction of heat away from a PLED device may affect the intensity
and brightness of the light produced by the LED of the device. While LEDs do
not themselves produce heat, the electrical junctions forming the LED and/or the
electrical junctions formed by bonding the LED to one or more sources of
25  celectrical energy may release substantial amounts of heat when the LED is
electrically driven.
The intensity, color characteristics and brightness of the light produced by
an LED may be influenced by the temperature of the LED. Heat generated by
the electrical junctions in an LED device may significantly affect the light
30  emission properties of the underlying LED. The ability to quickly and efficiently
direct heat away from a LED provides a way to stabilize the light emission
properties of the LED. The heat sink may have the features of the heat sink of the
Power LED device described herein.
Thermally conducting materials such as metals that draw heat away from
35  an LED may be used to form some of the components of a PLED device.

Metallic materials are able to efficiently and quickly remove heat from an LED



(1'11) and isophthalic acid (1V); and 43-74 nole % preferably 45-70 nole %
10nmore preferably 50-60 nole % of p-hydroxybenzoic acid (V). Mle %is
based on wbeotoaugddtnunmber of noles of pol yneri zed nonomeCTERPR2A09/064400
corresponding to structural units (l1)-(V) present in the PEs. In the
aromatic PE and the wholly aromatic PE ggs_ually LCPs) the nole ratio of the
nunber of noles of nononmer units derived fromisophthalic acid to 15 the
nunber of noles of nononmer units derived fromterephthalic acid may be from
O to less than or equal 0.1. The aromatic PE and the wholly aromatic PE

(usual l'y LCPS)tndTﬂMs Srlh@ﬁbatlo'stﬁb[lﬁ@'th@l@glﬁfeﬁhlﬁidﬁr b &bd &F tReLEme drifer@n

i sophthalic ac ro E and t (usual l'y
Lr0) the rar phielBonieh aBLED sk v @§u€$a%ﬁméﬂ dret fertiaba 1 rom
hydr oqui none hetdlhec bothx@ernedllyrmt ekcofcaltp nomdactingi Tise wherof wexthlfic om

4, 4" - bi phenol r 0 I .o of the
nunber gf nol 3%%?%% r?org@ng 0% (ﬁn%uétlé% hea?lﬁ? Lle%%ﬁ al)cflor&gmglfi %tlrl%gaef @%%%Onsnunber of
mol es of rfononfe LG ltssmn@cmﬂébeﬁanwdtage 1€I@k@tﬁ@ern@)§l' o¢our herosm the metadlicl. 25, 0. 4
to 1.00, 0.6 Gl PQl'irthQr ﬁlettaghpmgterl%@-gﬂ@h Qpéd%ielr &t 'ef?;%é?iglvétaﬁ&' gn%{ units

derived from nonomers hydroqui.ngne_and 4, enol to units rived from
terepht hal i ¢ BHEOPRYI w&hﬁeﬂ% iflgxible ybstraiesa BN mey spsredagsh %Ibmlcoe@ct The
nol e rati o of wotkybamagydtetitngts to the sum of terephthalic and isophthalic
units may be within the.range.qf about to about 8:1
Socompoar t 1 one. colitamAiGERES BleghB SR Wik sdrBL S Pondts B ¢ v
respect tid sutheairompativyRif and/benhzmlmlly(araine&rmd?ﬁ Otsadllydi.OPy, amchrEferabier def i ned
by isophthali 0% t . %\ of the
ﬁgﬁ?‘ﬁfe%n 3‘6?1{1&11119 L rﬁ%‘fc Porfl s & a p@ﬁle{é’r%lmﬂl Iatl{ef %1988&1[}6&55[%“

rmls of isoph I'c and tere I C acl ural units”
"pol yneri zed hemiomkrs maile ﬁbm peRMIBB tipnribarepmprisesshel aomagie PErapdfor itk er t o

the chem cal bl aR@SRME %Quéll@q@k?'ah&éhe &&H&ta'dﬁﬁloﬁﬁl rhel,?[@rleﬁﬁ OI‘Iﬁt' ¢ PE and
t he whol ly aromath PE in t L} pectl nsed forms.

é [Pp ycaon s‘?
Formul as (1) - EUTPHEREssh ekt rispestion Akthe Pryet HERLiccofthee unit s.
The term ISranﬂEﬁtlcﬁDﬂﬂiﬁjbﬁdederoeﬁe@mtéerliﬂh@t ];Fi‘dfeﬁab&i}l‘ ane¢duce dictlectiteadmat i ¢

di b I d box i

bef or o under oo IR EYOBRETS A or SR Ataf oo e g eR R e ink 1 X1 <1
aromati c PE anutl/oh@) sthiolizythahoaresinkcageis( thstradlidggladigin. rheroplt i onal I y

i ncl ude, i ndepgpgentlym §B@hﬁ§r€?ec% DRI ud AR M‘%s%@ﬁ gﬂ]gé’ﬁ?&' zed

aromati ¢ nononer unit’s deriyve one OF nore conpoun r than
p- hydr oxybenz Blaerabipdrticulsfeypatdaaici i leacang otheyopends hé‘t geickeetrigHy 8pequi none

fdeﬁ 4" -1y p?@&ﬁilgctm but's@tlvat@ﬁﬁﬁs?ﬁlﬁﬁéa?ﬂg FRAIhE PR matkiRe aromatic PtE atnﬂ the

olly aromatic i ncl ude v4 oner its tha

contain one or m) I%IPEEB%?S‘@C 0?:511? léé/%&ﬁélf@ hFﬁ)gg}{Eﬁa?/V“qui? one or

nore of 3- hydtl&nyﬂébtomﬂhh&beaﬁ siak ioflthe@ 1B deviye &emapbtfifvon onlgchd,

2- _hydr oxynaph%hoﬁl]? %E‘;’an(akrjfl? ﬁgﬂ bé)r)é}ﬁ J[lg ]i%gugfiu!all tLr%Pn?QJh[ gl?['ﬂl elrsdélrcar boxyl i c
thal I I'd, f

acid, 3,6-napr Car boxy icarpoxylic acid,
2, 5- napht hal i moajgaﬁmlm@b@ylhlschamcn anznmodnnﬁpmthaPLEDdleﬂ@m@omlhe@t smkdf

1, 4- naphthal i g,.41985 Bexyd 6rcbd’ilﬁﬂf$’re§ec@or &uhﬂéiﬁéa&ﬁﬁemﬂ%%w device (or
2, 7- di hydr oxynapht hal ene, di_hydr ox

apnt
1, 4- di hydr oxyﬂﬁlﬁh@%@%ﬁ@oahﬁ%wwvwa %nsthf(t@WfOWW&(%ﬁd&f thal ogen
203ubst| t ut edwﬁgn u@tmavlespg@lglﬁgg@mcps) Preferably, the wholly aromatic PE

(usually an LCP) ai n 0 nj t iived.fro roxybenzoi c
acid, terephthal i & Yfifm 096‘8%@%3[‘]? PELpit hecﬁ?fdﬁ@&'ﬁf‘%&%"fghgpﬂ% ~bi phenol ,
or onl y nonongevianiot bottiehd xedldctbr amd the hyadrsakydfehe BLEDalevide atcemadenfirdral i c

aci d, hydj’(P qug&@ﬁgﬁﬁ?&q tﬁat%o?tagﬁﬁﬁg{b%%c P ntd/ r \?ﬁolﬁp{]%gé ic E the

i nvention, é sual es pol ycondensed
reaction prod(stsllykdBs)ipefdiiontoenerae rmrepﬁwm@wnimwn@@n@dm@mépht hal i ¢

aci d, isopht hgldhGodfpo gltloﬂé’égn‘?&lﬂhml@ﬁestﬁﬁl@zeﬂaﬁh/or SiRbeRYheentP@lchfayah her
i ncl udes ot her aroglpl ¢ and non-ar.Qq conpounds present as

unavoi dabl e oPtegaidhpsriats e fﬂlﬁ]?f‘ﬁr“iﬂtlgaéegrﬁdattﬁéngﬂtﬁ?é?%tlc PE and/or the

wholly aromatic PE (usually LCPs). In other embodiments, the compositions do

35  not contain any heat stabilizers and/or do not contain any optical brightener.



30 nonomer conpounds. In preferred enbodi nents the aromati ¢ PE and the
whol |y aromatic PE (usually LCPs) conprise polynerized nononer units (i.e
pol ymer i 280 28twadei3ur al units) in the foll ow ng anount s: PEDAEPGM0DEE060 Of

p- hydroxybenzoic acid; 15 to 25 nole %of a mxture that conprises
terephthalic acid and 35i sophthalic acidy and 15-25 nole %of a m xture of
hydr oqui none and 4, 4' - bi phenol. Al values and subranges between the
stated values are expressly - 42 - included herein as if witten out, for
exanpl e, p-hydroxybenzoic acid may be present in a range of 45-75, 55-65,

and about 60 nol ec%’malh@@bmz&s%@h Qg‘hlh@ér@dpb\&lhﬁlugﬁt aa@thk&@pmnsbhﬁ aei d may
be present in_anmount % and

the mixture oPfK§HiH |°H8W8515H’& F@rﬁxarﬁPlﬁﬁgﬂBf m@%?ﬂB%gwggﬁﬁ{nggWﬁamunt s of
12.5-27.5, 27amiiRR s&ect@ﬂhﬁroﬁhhelgroi‘l@ condistirhh of Alid(2 b etianbetyleen t he st at ed

alues are e ty €. al ues

\tget \l/Jveen an eig %ﬁglrn - P’g%%%%g @gﬁ? ’6% H&M%&H}@eﬁln§I4u¥l§S%)§,Cat}2(’4, u25, 26,
and 27 nol%e% di(/b,IZLQ @@psmbm@éﬂlmpﬁrtdme%}dl @ 5-dutetserutgf4-nol es of pol yneri zed
monomer  uni tSh%%B&?o%ﬂ%ﬁ%lﬂﬁn{a%rﬁ{er H!%Hiagr‘rl z%gsetfélﬂa@{bl emﬁ@mt in 10t he

PEs. In preferred embodi ments. the omat'i c whol | y aromatic
PE (usual |y L@F%W %nzp:% péeteﬁétp?ﬁﬁlrpﬂpf@él%%‘@r%ﬁylﬂn? 919 t(s'iraréethylpbﬁagr‘rerl zed
structural unidas)-spito[ulsed@ampapisdibhatrigaricss-setahetbydli @mmng fiprul as: 45% V

75% 1 | +H+H +1.V. + 5 0.08(,3 III I,
X |( ?v( and V! F%‘;?F%a\sé)g*r# ?*?rlblﬁd% Zé? gﬁ%ﬁ%‘?ﬁt%ylogro’i%pe? i datsthen ﬁg}gre
descri bedl(hbot/aerarﬂethyﬂ-arwdaéir2(pdmteﬂt@domspmr[6ﬂelrlt2§h¢ﬂwoaamnat| ¢ PE and t he

whol |y, 20ar oy oo (3l BdatebaPRL dkbaechal wimrhasd g hughal units in

the follow ng a roxybenzoic acid o 23 nole
% of ter epht hh¢iamcapilencbp(anyng- %6é-t%methxlpmﬁnﬁ@ﬁ] polieputlensativont o 14 nole %

of _hydr oqui nopgsquanst 1Zotieyddxyamle. 90 ole- éuﬂmemyphql@ra%oxyb?&ﬁdlﬁé gherabl e still

are enbodi nents in V\/mch t he "pol'y rrerl%Z{ tura S are present in
the 25f ol | owi MFCHRDAE.POEENENSHTEPT wftofs) JAsbE-GRINg 18 to 21
mol e % of1% er epRhs, hadtiacmatdiyfhipcPidine andl1,0- dmiomo%haﬁe itaeqrhid(hale,6& aci d; 3. 2 to

0

AT M T R SRR e tftﬁ%%l\%% fhenol,

expressly i nchodadetaglpiffervm-4-ydn,2044-butanctetrecactasglatd, ppbopitdnsdtion aci d

e A O

0.8, 0.9, a][ld haxamethyllenchisgraningi2,2 éé'tatﬁ%m@bﬂp}?ﬁrld@ﬁb%N NeNNeoe/ n 1. P and 5

B2 B S e L Bl

aromatic PE (&G4t ]L%i'fgfha%%f‘l AECHRS T DS g 1213 raHWFB[y 1?? ‘gn

pol ynmeri zed syt ﬁl-tethambﬂl)yl B19-©hes dometriosadpivafs. Sairdstancydie f ol | ow ng

forml as: 45(y%h\3/11ﬁ ,Ozo,/g,ﬁ")bu{alneflétraca-ll:bouy atél- mlxedl- M) 2 5 % 6- pentarnetE}q( 5)
piperidin-4-yl/B,8,8',B'-tetramethyl-3,9-(2,4,8,10-tetraoxaspiro[5.5]-

25 undecane)diethyl]1,2,3,4-butanetetr- acarboxylate, octamethylene bis(2,2,6,6-
tetramethyl-piperidin-4-carboxylate), 4,4'-ethylenebis(2,2,6,6-
tetramethylpiperazin-3-one), N-2,2,6,6-tetramethyl-piperidin-4-yl-n-
dodecylsuccinimide, N-1,2,2,6,6-pentamethyl-piperidin-4-yl-n-
dodecylsuccinimide, N-1-acetyl-2,2,6,6-tetramethylpiperidin-4-yln-

30 dodecylsuccinimide, 1-acetyl3-dodecyl-7,7,9,9-tetramethyl-1,3,8-
triazaspiro[4.5]decane-2,4-di-one, di-(1-octyloxy-2,2,6,6-tetramethyl
piperidin-4-yl) sebacate, di-(1-cyclohexyloxy-2,2,6,6-tetra-methylpiperidin-4-yl)
succinate, 1-octyloxy-2,2,6,6-tetramethyl-4-hydroxy-piperidine, poly-{[6-tert-
octylamino-s-triazin-2,4-diyl][2-(1-cyclohexyloxy-2,2,6,6-t-

35  etramethylpiperidin-4-yl)imino-hexamethylene-[4-(1-cyclohexyloxy-2,2,6,6-t-



1 0 -1V 0.056 Il (6) In a preferred enbodi nent the aromatic PE and
the wholly aromatic PE (usually LCPs) include at |east 95 nole %

pr ef er ablw02610/8753198 or 99 nole % of structural units @®eTiEPR@INGLN0

p- hydr oxybenzoi c acid, terephthalic acid, 10isophthalic acid, hydroqui none
and 4, 4" -biphenol, with no nore than 5,_+A, 3, 2, 1 nole %of structural
units derived from unavoi dabl e or adventitious inpurities present in the
aromati ¢ nononer conpounds. In an especially preferred enbodi ment the

whol |y aromatic PE (usually an LCP) includes only structural units derived
f rom p- hydr oxypanaelieiRedtkh-4-5BiRRBT, Rak DA @aisPN-(1 <9PBhH3I6:6-Bei6h-

15hydr oqui none andﬁ%’l%f'%- b'.g%gir?ol ) : . i:gr oﬁér&gnbo%@ne)ﬁts the aromatic
PE and the wh&ICHp, ‘frf(ld e -pduLIYine epEyaZinG | ude at | east 50 nole %
preferably 60, 70A @6st pesfed&l hnd@cdaminesionpotnd &lbis(R2t6g6-deri ved from

- hydr oxybenzogij id,. .eph | G, agi g, A hal i.c.;aci d, hydroqui none
gndy4, 4'X¥bi pf}géﬁrgp,%ﬁ{%ﬂ%lg&f(ﬁlgﬂE?gﬂg#hcétebﬁsgt’zr’%’%&Sé%ltﬁﬁéd@ﬁli tls rep%/es eg'tj : ng
ot her ar orfat i pipetidiortey|)ebagredd .2,2.6,6-pentamctindpiaeridiatd-el) BES-dnteri-n t he
whol |'y ar omat jg Eﬁ-t@gﬁi?géﬁ]&?ggﬁﬁhaléﬁh@e,m ﬁlggapensaﬁo%ggdﬂwmmﬁzof mol es of

nononer units_dériv pht hal i c "aci d he nu . .of noles of

nmonomer uni t s NBEPKXEW 12 3. 06 eBIthAT Ry dss i inesidinseng seeciria Beigl e om 0. 01 to
:cess than 0. é—pgl@@(ﬁrﬁie}@iaﬁbﬁ edtuyt &fmziibhﬁ)ro%—tal_’ci:déltycl%m%%stﬁ_am&@ﬁld alove,
ractions an eci a nt.s ar ress i ncl.ude hf.witten out,
oot The T anbEee R gREN it dece B Sh ot gs, RN 05, 6 o6 0. o7,
0.08, 0.09) Otch@kis[(45;bifbstyl-&hd, 20, & pamtdmathylpipcaicin-dy- Ddmiioyattriezhere and
subrange betwsem t hg b v N4t he At E and in the wholly
aromatic PE \(Agi{l}]a}lg dﬁa@%ﬁ?,?ﬁ%?%%mﬁl&. nga?c?%BgEtzﬁ%gnurrber of nol es of
nmononer uni t s taepcthadpipersintyxd isoeasatvo die( 1t ey cldbexrloxbér2.@b- nol es of nononer
uni ts deri vedidyhatfifpediiRaenRlicdisatd £6QYRRY-2 06 8-tdiralothyTRf-Rydtbef-er abl y
0.3-1.1, 0.4-1.0. o@é&e.rgl AR R 13 df‘s Ett At ed %‘fﬁéﬁ%, B oo
and deci mal aRBSHEECHRA &My amierusanas 1y 112-A£yelofeideen out, e.g.,
the rangel90. 220.616-1 SetianekiydEperdlin-yll)ikdno-0e:drethy0he-[3-3%y0loBbxylaad any

fraction, deci al.ue and .subr.a bet wee .S ed | ues. The
el 41 ng ot nt & SR PR RS A PSR R B R e

(usual |y LCPs?.2d,6-tdtenicthyemperainer @)-prletdambioy-sitesmgnd. han 400C and greater 5
t han 300C, nore p -l e : pecial ly
preferably about Z%%&ﬁ%%ndv%%g ahgﬁgﬂggpl&g@%gggé @%a&nﬂ%m%?ﬁb&§

t enper at ur e negiesied fromytho group conmyingiod sdrigaiers. xmpidcat ure. Therefore, a

t enper at ure ohydraR@Ehzo %ﬁ&és,”ﬁénﬂ&’ﬁésérﬂ@%‘ja@bwrgﬁte@.f 365, 366, 367, 368,
369, 370, 371, 37% 373, €IL4 375, 37q, 377, 378, 379, %E%f 38]1, 382, 383,
384, and 385C. | nlBermshptabilizers ayhsdg s inthcomranitione TSRl he whol 1y
aromati ¢ PE ( stabifikéry ma@Re)onefor ivee balatestt from, foa¢earap lophbnopheds aichalks,
370-380C or 360-3 .. The, arq i ¢, PE t-h | |- r iic PE
Cusually Lepairsroppe 2ot 3o BraRahuphdon 0 bra i Side BYPRGlc

t enper at ur e of.6edi-tedutyl-A801tyIphanet. & @bi-tertautylestbupdPi€nohdgt-digesf er abl y at

| east 30 an gt i BT ither 8 at stress |evel 264
05 abolh gnustiopid 20 iplggther pASTIERID,

PSI or 1SO 75, at stress el ) at distortion

t enper at ur e i ethydgyelohpyd)-610-dmetyipheppla £.0r dnefadacyl-dorathylphenol. 4héss and

I gss tSag at h%tﬂﬁ'cloﬂls%t@l 1461%%g,6-cﬁft@mttlgyim&n@th%;@uﬁéthﬁbwm1,\@36-thoﬁyle4- ' uat ed
advant ageous for ed..par. ications and process can, he eval uate
Sth o verse (et TieneEalrbneB Rt B0 EualE- SRDRRaR - chE e GL,

exanpl e, tensnlcthydhopreglatyldirybphaes 2ahdinsithydita( 1&mddryd-akdanid-ylpeonodt r ess and
strain atyjre : - tl 1l romati c and whol |y
aromatic 3p(gl ygﬁq %E)&ruleég ?Legéoafmg{ﬁ%gﬁﬁg%ﬂ%@% f%riéé;%%@ Feéé 4oI yester and the
whol | y ar omat docpdihipseatier-6-eihiylohenohe 4-dips i thevngthpd wamithylndeegl, pref er abl y

have a fl ex sbuaiihctdithi 1-8letiliphBat b.6ldiad fAhdndchfX 4 |- 25br eak
of at |east 1{(1)’, adolgdgst ilgg§§§r SieﬁlghggiZ%STﬁl%gc{%&gt lgt reaHi%In ?%Elgﬁjg{e@)’. 05"/ min

or accordi ng tyrPangnngialistats flginonssy ter gxample, 2,0-di-tert-butyl-4-
methoxyphenol, 2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone,

35  2,6-diphenyl-4-octadecyloxyphenol, 2,6-di-tert-butyl-hydroquinone, 2,5-di-tert-
butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-




The aromatic pol yester and wholly aromatic PEs (usually LCPs) of the
invention preferably have a nelt viscosity at 380C of from 500 to 2500
poi se at wbearo/maize 100 sec-1 according to capillary rhecreEpgoomesor enent s
known to 30those skilled in the art, that is, a nolecular weight sufficient
for fiber form ng. The Power LED Q%%LCGS of the invention may be used
as a conponent of other devices. Wile the Power LED devices preferably
emt light, the em ssion of other radiation is also possible. The Power LED
devices may be used in applications such as keyless entry systens of an
autonobi I e, | hgdtbkyithehyl steadné, &bl bBE388-01 tertl buddl Ah dri Sl n Flh 2R Ry,
appar at uses, autonobile fronﬁgpanel Iightiﬂ? E%Paratus S, desﬁ | anps,

headl i ght's, hEUBERBE ee1aEy FEAxamBls PARPIFTRGiNcReereToL T-HsoPhatalyYout door
di spl ay appar aicuplesols mahmaguices dfctdod; Isidgms/latapthieligehykitices, davixample,

conprising at,lye - 1.1.GO by Py Le iance ,applications
such as, for (23%éﬁf%ﬁbég@%%ﬁ%%%%h@%ﬂgﬁ?ﬁ&@,&g%'#Paz;%%](:é‘i'ogcﬁ{i&éng!}t %’ffﬁti ve day
light runri ngthiplgs(ogertugs-medlyphsnol bt 4t drabin(§-terhbutgdinathylghenobower LED
devi ce such a§,4@&15(1;-'bﬂ;'(”'},B-'ElﬁlsécQMﬁﬁ?h&Rﬂ), 1t fsl (0% Afeaiarior lighting
TFe e of a PEEryIED KW BB Gedo dERL DB TR B SSEREC Hfent i on, for
t he use of a Ky : ’ 5 ifwention, for
exalrrpl et as a hietq{y!lén@gis@@téﬂtcm;lloﬁr-nieﬂ;yeﬁﬂe%aﬁ1),01,2'&?&tﬁy1b@ébid(§géﬁigﬂgl-4- LED devi
appl i cati ons. S i rticular.dire o _the use of .a Po evi ce
That may  eat GParEHl A B RbisP L P BYisY SBhS PRI 2.2
char act eriGst i aetifydancbhiel-Rothyi-64(EDnabyloyde eyyiphendie? prmstbptencis(ént i on, for
exanple as a |jahtj r f041 i ' _exter] i i g
appl | cat | one. "I EH-BALTBAES). o8 et LRI RE-SXERSINATD ¢ i ect e
to the use of cyPdwebis(EDdutovti-twylpbensll, si2rgthatidinebisto-srebyserd- conpri si ng
exarpl e as a [y on o St o qar e oo e oy e e ™+ "
appl i cat i ons. mep ié%qbysj?é{ﬁ%Héﬁ@ﬁ@y%%ﬁl'éﬁppﬂﬁée 4#§me31ygigﬁgebbgﬁ2,?he
ItOL es e?t irb}[/entﬂ-&[’t-lgitﬁlp?ﬁﬁagj, bﬁe?iemyniﬁgt&%sqf-t&hbu@bmg@tﬁﬁp&hbDgB,.l-blig(lsi s
erefore to be 0 a [ e scope e._appe cl ai s,
the inventi onpeﬁtébjj&ﬁlgﬂ%?gr@ﬁ" é@etg%é?Wq%bélrt]atnﬁa%g%és(g'ﬁeé’%p?t?'ggﬂl{ggﬁ%é cribed
herEi 3 20 EXbApibEDcBxyleHimethylpherel o bdurig§-tert-butyGdHlgrdrady-2-esi n powder s
packed in a 4 vetit S, I ur STM E 308- 06
using a M| toﬁ%@%ﬁgﬁ%ﬂt%’ g’rl @?%ﬁ%@ galﬁ%lrm?&ﬁé ﬂ%g%%egyﬁl%l %Am nati on,
Cl ELAB col or dedacelmeserpeetpancostiigealypolps{chbis(ygart-dutydar d observer),
oround o 2?2%&8%?ehﬁ%%gﬁa‘iﬁ‘bé%?z&n%ﬁ?éﬁﬂf%@“" o et ol & 81 ze.of
850 ni crons. Wg‘y& 68}?1) F¥°fq§?e WEDFSEPIS[{ZF@ "‘reétéel?wl'@%%g?“%%ﬁpar ed to white
Whi Lo refer encg frle LS N ADDI202002) el ues. Lo L apne T Mg
i I Y/ * * * val ues
were’ 100 o1 g agoSphy Moy 27 RRE s PGB Pl RiEny AR8ehe. YT o
strain at breaR-kis@-tettrbugd-dahydoeoak nveeindphrenzb u-edodeybtmneicmgobwaneet hod ASTM

D790 5" " ; ,
at G0 /1Maé}%-ﬁ%faéﬁgéilﬂblﬁpg4-%zél}rogﬁ-%rggtg?r?ﬁ%ﬁglgg&t%t oRNNL gpper at ur e

HDT, is reported’i was’ mea co ASTM D648, at stress

| evel 264 PSI S-tearyicemppwidssfosissampley 3.6 Bgetrsterplutpl-44- - condi ti oni ng
accordi 39 to &ﬁ%%o?yﬁ%ﬁ?lether, 0‘&@1_decyl4-hy;ifBBl?BDSSiHirﬁétl@gﬂﬁéﬂz%rpﬁfércaﬁf&@é’!'\%e,T f szgr e
measur ed usi ng. st,ru S,. erenti canni n net e e

or 01000, "o " YU IR Driier- b b Ton SR Bl by T ot

heati ng ranp #dlydowgtertzyl)amincsbisf@eterrebutyleéahydrgxy-256-one m nute, a cool i ng
ranp and se LRG: L e: e, [v he t Wb fromroom
t enper at u3;be t gﬂfgﬁ%ﬂg&&ﬁgg@@ﬁmﬂi@% %E@nﬂehl tgﬁ}"@?yl%@cﬁlgx uteg%aﬁl%%iet he

sanpl e was codPedy&tS-deertriutyltohBiicxeheazylan¢reentearctate; 200/ nin to 400C or
Cycl e. | Paak Mol L 2 R e i med
fromthe sec oH%Ttthé%niZ}‘u‘gﬁP%{ .Cyh@%ﬁoé"@o%izttys(Q\ésdi%%%?&ﬁyé'é'@d@@%@@i]dhg a
Kayeng;g Gal a&%de;quﬂﬁe@_aptbethymmd ¢, zgpgg(s;%@)-tm-mgym 9 kN, 20001b, nelt
tinme C. ri round a ve sh.screen to give a
mexi num part i Ey(grogﬁgzg?m%%teﬁ]f@ﬁ@g]s? ngﬁaﬁpeggyl&gﬁygp&%pgl& “t 150C for 15 min

prior to testhpdroxybenzyl aromatic compound, for example, 1,3, 5-tris(3, 5-di-tert-butyl-4-



ASTM fl ex bars were nolded fromunfilled resin sanples using an 11-Ton
15M ni - Jector WAsp Model 55. Barrel tenperatures ranged from 355C to 385C
and nol d wergpavabisies ranged from 175C to 190C. Exanpl e®CI/EPR009MOGHI0E :
Synt hesi s of polyesters suitable for use in the manufacture of a reflector
of a Power LED device 20Table 1 Designatjjons for Mnomers and Structural
Units Mononer Designation Structural Unit p-hydroxybenzoic acid AV
terephthalic acid B 11l isophthalic acid C IV hydroqui none D |

4, 4" - bi phenol E 11 In addition to the nonomers, acylating reagents

and cat al yst Shﬁdl‘@)t\j?behﬁyﬁ bpﬁ@trﬁhéthmgnjeﬁetlh@b@r(g SV&ft@d%U’@ll-q}’Ed in the
synt hesi s of

elnven The, nmoponers in the
amounts 505. 9 rﬂxﬁf%ﬁ?{%&% t@raéneéh enggnedf g‘ngﬁlséiédi §ut§{1 and cat al yst
wer e charged hydmxﬁaeazﬂrl)limnolg emtmrcon@samds ﬁnmkmppld Mtﬂmwtylmhmaptbi cal
heating mantl g, (33 A E%ﬂg”‘i%ﬁ?éx%%m% rsesr t’rlaZl%f 2y ctg%ge‘%%%e& St opcock

adapter and di nitrogen and
t hen acetix ahh@diﬂd@mhlgylaﬁdmdfoxmlmﬂ)ﬂtllﬁérlwalse, émxlmﬁtdayws‘t prred and

30heated to abfsﬁm)%'[ UGy 04- h}d’r%%ﬁd&ﬂoﬂ?' 3, %H%né %fzihds”ﬁmf (95-d@ferddi ti onal

hour. - 47 - distillatioh of acet t react i on was begun

whi | e the ext Brtyhf-hyeippephangre)- e ﬁrn%ém@als%é-taﬁﬁéh@ tetetde-0. 5/ min to
280C. Then thg%di@ beﬂgy1§1§6®amate§l,egp@@(4t@rtoou CZHydtoi 2310C to forma

DT oo Tomov Bty B GRSkl a6 %fﬁ?%%f PSS S B S R L e

'? ];];rpgpgt lrJ}e(brr,DvﬂBeﬁ -priaginpol ,§1Fetris(@as- dlmmbetdl anﬂdgxxgphuﬂlytpmolaomﬁ)t icle size of
about 1-2 mm hépalhglﬁlroﬁ,g,%griazine, 1,3,5-tris(3,5-dicyclohexyl-4-
hydroxybenzyl)isocyanurate; benzylphosphonates, for example, 2,5-di-tert-butyl-
4-hydroxybenzyldimethylphosphonate, 3,5-di-tert-butyl-4-
hydroxybenzyldiethylphosphonate, 3,5-di-tert-butyl-4-

15  hydroxybenzyldioctadecylphosphonate, 3,5-di-tert-butyl-4-hydroxy-3-
methylbenzyldioctadecylphosphonate, calcium salt of 3,5-di-tert-butyl-4-
hydroxybenzylmonoethylphosphonate; acylaminophenols, for example, lauric 4-
hydroxyanilide, stearic 4-hydroxyanilide, octylN-(3,5-di-tert-butyl-4-
hydroxyphenyl)-carbamate; esters of the following mono or polyvalent alcohols

20 with B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, examples of the alcohol
include: methanol, ethanol, n-octanol, isooctanol, octadecanol, 1,6-hexanediol,
1,9-nonanediol, ethyleneglycol, 1,2-propanediol, neopentylglycol,
thiodiethyleneglycol, diethyleneglycol, triethyleneglycol, pentaerythritol,
tris(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)succinic diamide, 3-

25  thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylol propane, 4-
hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2,2,2]octane; an ester of the
following mono or polyvalent alcohol with B-(5-tert-butyl-4-hydroxy-3-
methylphenyl)propionate, examples of the alcohol include: methanol, ethanol, n-
octanol, isooctanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethyleneglycol,

30  1,2-propanediol, neopentylglycol, thiodiethyleneglycol, dicthyleneglycol,
tricthyleneglycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-
bis(hydroxyethyl)succinic diamide, 3-thiaundecanol, 3-thiapentadecanol,
trimethylhexanediol, trimethylol propane, 4-hydroxymethyl-1-phospha-2,6,7-
trioxabicyclo[2,2,2]octane; esters of the following mono or polyvalent alcohols

35  with B-(3,5-dicyclohexyl-4-hydroxyphenyl)propionate, examples of the alcohol

include: methanol, ethanol, n-octanol, isooctanol, octadecanol, 1,6-hexanediol,



pol ymeri zati on was carried out on the pre-polynmer product by raising the
tenperature fromroomtenperature to 310C over 12 hours and then

mai nt ai niwQ 208Ees3at ure at 310C under continuous nitr og®aTHPRW06H40B. 75
hrs. 10Differential scanning calorinetery (DSC) nmeasurenents for this

pol yester exanple indicated a tenperaturg of crystallization, T, of 329C
and a nelt tenperature, Tmof 370C. The viscosity at 380C with a shear rate
of 100 sec-1 was 890 poise. Exanple 2 15This exanple followed the sane
procedure as Exanple 1. The ingredient anbunts for Exanple 2 were the
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for Exanple 4 ) 35568. 3 g,
terephthalic aC| J% {&&%th%%ﬁ@?%@@lamuﬁef Exﬁ]a{gﬁ%@gl %h%gé&ﬁ%r oqui none
(HQ 30.2g, 4tmnetbylbh>emi1©dlo Bm)netiwh)l Beppane, ﬁshydroxymet d-glsisplap-3ioat-e

advanci ng was yfhbiceo@t, 2 fobfand,: (R(IM-Ai-Rkt-RAACG-hdi8xHHen Rhi gave
t enper at ure of a%ﬂ? OFM };0 0 (Tc 1—33 A gm— 36853‘01%lJO e melt

viscosity at 8 rteﬁa@ﬂléaN aﬁlwﬂ%fdll% é‘E’ 1 was 600 poise. Example 5
5Thi s exarpl ehjdokgpiedylphpiEambepintdiedtiediasinex Nnigs(3,5- dﬁherubngnadi ent
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This examy e fﬂé’tﬂ @hé@lﬁwﬁ[&ﬁﬁ@w -8R ExRIBARp t]yl -ghe relative
i ngredi ent ano f 8 were the foll O\gl}ﬁg? @?Nh\g/ benzoic acid
15(prBA) 60 mBhEMROPRmEh R FRede toé gf N UGBRTAN ¢ aci d

(1A 0.8 nol ep%nyiltmddlaﬂnnd”lbmé lﬁlls(@lplﬂyﬁ-pn@ﬂeﬁy%le(ﬂarﬂmebNFlb@’tqbyl(I‘BP) 12.5 nol e
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with a stepw , s_tartlngfrom24C
and endi ng wi phenylmcdiasting, N@emh‘tblulrh@p@i)-lﬁ1161(311}’%@11@8@1@:1@1:151@, -gave

emeL st bRy gt gy TEyend T So7C The !

toluenesulphamoyl)diphenylamine, N,N'-dimethyl-N,N' dl-sec butyl-p-
phenylenediamine, diphenylamine, N-allyldiphenylamine, 4-
isopropoxydiphenylamine, N-phenyl-1-naphtylamine, N-(4-tert-octylphenyl)-1-
naphtylamine, N-phenyl-2-naphtylamine, octylated diphenylamine, for example,

30  p,p'-di-tertiary-butyloctyl diphenylamine, 4-n-butylaminophenol, 4-
butylylaminophenol, 4-nonanoyl aminophenol, 4-dodecanoylaminophenol, 4-
octadodecanoylaminophenol, bis(4-methoxyphenyl)amine, 2,6-d-tertiarybutyl-4-
dimethylaminomethylphenol, 2,4'-diaminodiphenylmethane, 4,4'-
diaminodiphenylmethane, N,N,N',N'-tetramethyl-4,4'-diaminodiphenylmethane,

35 1,2-bis[(2-methylphenyl)aminoethane, 1,2-bis(phenylamino)propane, (o-
tolyl)biguanide, bis[4-(1',3'-dimethylbutyl)phenyl]amine, tertiary-octylated N-



Exanple 7 After the tenperature reached 280C, heating was carried out at a

rate of 2.0C/ m n.

foll
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4, 4

oW ng :

6 g, isophthalic acid (1A 17.8 g, hydroquinone (HQ 117.7 g,

- bi phenol

Al so | ower excess of acetic anhydride was used when
conpar ed \abt201084033pl € 1. The i ngredi ent anmounts for
p- hydroxybenzoic acid (pHBA) 541.2 g, terephthalic acid (TA)

Examrpir&rZ000m64400 he

(BP) 112.8g. The solid state advancing was carried out for

23

m nutes at 310C. The 30DSC anal ysis gave tenperature of crystallization of

Tc =338C and Tm = 387C. The nelt viscosity at 380C and the shear rate of
100 sec-1 was &Q@@lﬂﬁ?&gbnﬁﬁ@mnh&uﬁeofanuﬁéaﬁﬂi&aﬁ;bﬂh&@%ﬂﬂnﬂ@&tsanﬁ
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nol
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20
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35

i zati on o

Taélyphenshiatie] Z@sxtikefaehdHol ¥ed datkdytgedfrtrononer units

4yl)hexamethylenediamine, bis(2,2,6,6-tetramethylpyperido-4yl)sebacate,
2,2,6,6-tetramethyl-pyperidine-4-ol; 2-(2'-hydroxyphenyl)benzotriazole, for
example, 2-(2'-hydroxy-5'-methylphenyl)benzotriazole, 2-(3',5'-di-tert-butyl-2'-
hydroxyphenyl)benzotriazole, 2-(5'-tert-butyl-2'-hydroxyphenyl)benzotriazole,
2-(2"-hydroxy-5'-(1,1,3,3-tetramethylbutyl)phenyl)benzotriazole, 2-(3',5'-di-tert-
butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-
methyl-phenyl)-5-chloro-benzotriazole, 2-(3'-sec-butyl-5'-tert-butyl-2'-
hydroxyphenyl)benzotriazole, 2-(2'-hydroxy-4'-octyloxyphenyl)benzotriazole, 2-
(3',5'-di-tert-amyl-2'-hydroxyphenyl)benzotriazole, 2-(3',5'-bis(.alpha.,.alpha.-
dimethylbenzyl)-2'-hydroxyphenyl)benzotriazo- le, 2-(3'-tert-butyl-2'-hydroxy-
5'-(2-octylcarbonylethyl)phenyl)-5-chloro-- benzotriazole, and a mixture thereof,
2-(3'-tert-butyl-5'-[2-(2-ethylhexyloxy)carbonylethyl]-2'-hydroxyphenyl)-5-
chloro-benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-
methoxycarbonylethyl)phenyl)-5-chloro-b- enzotriazole, 2-(3'-tert-butyl-2'-
hydroxy-5'-(2-methoxycarbonylethyl)phenyl) benzotriazole, 2-(3'-tert-butyl-2'-
hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-2'-
hydroxy-5'-[2-(2-ethylhexyloxy)-carbonylethyl]-2'-hydroxyphenyl)benzotriazole,
2-(3'-dodecyl-2'-hydroxy-5'-methylphenyl)benzotriazole, and 2-(3'-tert-butyl-2'-
hydroxy-5'-(2-isooctyloxycarbonylethyl)phenyl)benzotriazole, and 2,2'-
methylene-bis[4-(1,1,3,3-tetramethylbutyl)-6-benzotriazole-2-yl-phen- ol]; an
esterification product of 2-[3'-tert-butyl-5'-(2-methoxycarbonylethyl)-2'-
hydroxyphenyl]-2H-benzotr- iazole with polyethyleneglycol 300; [R--CH,CHj.-
COO(CH»)3]: (in the formula, R=3"-tert-butyl-4'-hydroxy-5'-2H-benzotriazole-2-
yl-phenyl); 2-hydroxybenzophenone, for example, 4-hydroxy-, 4-methoxy-, 4-
octyloxy-, 4-decyloxy-, 4-dodecyloxy-, 4-benzyloxy-, 4,2,4-trihydroxy-, and 2'-

hydroxy-4,4'-dimethoxy-derivatives; a substituted and nonsubstituted ester of

C and the nelt btenperature of Tm
ladipgjapryixgyre sﬁwoaﬂdartdrféa%ﬁ@gﬁd t?%tbétyé{feﬁloo sec-1 was 1800



| PA mol %111, TPA exanple 1 52.4%0.87 0.021 11.1 % 12.7%0.5 % 23.3 %
exanple 2 65.0 % 0.99 0.055 8.7 %8.8 %0.9 % 16.6 % exanple 3 60.0 % 0. 25
0. 000 4. OWe208/@9940. 0 % 20. 0 % exanmple 4 60.0 % 0. 25 0POA(EPZ000/064406. 0 %
0.8 %
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benzoic acid, for example, 4-tert-butylphenyl salicylate, phenyl salicylate,
octylphenyl salicylate, dibenzoyl resorcinol, bis(4-tert-butylbenzoyl) resorcinol,
benzoyl resorcinol, 3,5-di-tert-butyl-4-hydroxy benzoicacid 2,4-di-tert-
butylphenyl, 3,5-di-tert-butyl-4-hydroxy benzoic acid hexadecyl, 3,5-di-tert-

5  butyl-4-hydroxy benzoic acid 2-methyl-4,6-di-tert-butylphenyl; a hindered
amine-, for example, bis(2,2,6,6-tetramethyl-4-pyperidyl)sebacate, bis(2,2,6,6-
tetramethyl-4-pyperidyl)succinate, bis(1,2,2,6,6-pentamethyl-4-
pyperidyl)sebacate, n-butyl-3,5-di-tert-butyl-4-hydroxybenzyl
maloatebis(1,2,2,6,6-pentamethyl-4-pyperidyl), a condensation product of 1-(2-

10 hydroxyethyl)-2,2,6,6-tetramethyl-4-hydroxypyperidine with succinic acid, a
condensation product of 1-N,N'-bis(2,2,6,6-tetramethyl-4-
pyperidyl)hexamethylenediamine with 4-tert-octyl-amino-2,6-dichloro-1,3,5-
triazine, nitrylotriacetictris(2,2,6,6-tetramethyl-4-pyperidyl), 1,2,3,4-
butanetetracarboxylic acid tetrakis(2,2,6,6-tetramethyl-4-pyperidyl), 1,1'-(1,2-

15  ethanedyl)-bis(3,3,5,5-tetramethylpyperadinone)4-benzoyl-2,2,6,- 6-
tetramethylpyperidine, 4-stearyloxy-2,2,6,6-tetramethylpyperidine, 2-n-butyl-2-
(2-hydroxy-3,5-di-tert-butylbenzyl)malonic acid bis(1,2,2,6,6-
pentamethylpyperidyl), 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-
triazaspyro[4,5]decane-2,4-dion, bis(1-octyoxy-2,2,6,6-

20  tetramethylpyperidyl)sebacate, bis(1-octyoxy-2,2,6,6-
tetramethylpyperidyl)succinate, a condensation product of N,N'-bis (2,2,6,6-
tetramethyl-4-pyperidyl) hexamethylenediamine with 4-morpholino-2,6-
dichloro-1,3,5-triazine, a condensation product of 2-chloro-4,6-bis(4-n-
butylamino-2,2,6,6-tetramethyl-4-pyperidyl)-1,3,5-triazine with 1,2-bis(3-

25  aminopropylamino)ethane, a condensation product of 2-chloro-4,6-bis(4-n-
butylamino-1,2,2,6,6-pentmethyl-4-pyperidyl)-1,3,5-triazine with 1,2-bis(3-
aminopropylamino) ethane, 8-acetyl-3-dodecyl-7,7,9,9-tetramethyl-1,3,8-
triazaspyro[4,5]decane-2,4-d- ion, 3-dodecyl-1-(2,2,6,6-tetramethyl-4-
pyperidyl)pyrodine-2,5-dion, 3-dodecyl-1-(1,2,2,6,6-pentamethyl-4-

30  pyperidyl)pyrodine-2,5-dion, a mixture of 4-hexadecyloxy- and 4-stearyloxy-
2,2,6,6-tetramethylpyperidines, a condensation product of N,N'-bis(2,2,6,6-
tetramethyl-4-pyperidyl) hexamethylenediamine with 4-cyclohexylamino-2,6-di-
chloro-1,3,5-triazine, a condensation product of 1,2-bis(3-
aminopropylamino)ethane with 2,4,6-trichloro-1,3,5-triazine, and 4-butylamino-

35  2,2,6,6-tetramethyl-4-pyperidine (CAS Reg. No. [136504-96-6]); N-(2,2,6,6-
tetramethyl-4-pyperidyl)-n-dodecyl succinimide, N-(1,2,2,6,6-pentmethyl-4-



19.2 % exanple 5 55.0%0.99 0.028 11.1 % 11.5 % 0. 6% 21. 9% exanple 6 60.0 %
0.60 0.042 7.5 %12.5 % 0.8 % 19.2 %exanple 7 55.0% 1.76 0.071 15.0%8.5 %
1.5 % 21.Wwonerwaapise 8 60.0 %0 0.333 0.0 % 20.0 % 5. 0 YPCH/FEP2649/064400
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pyperidyl)-n-dodecyl succinimide, 2-undecyl-7,7,9,9-tetramethyl-1-oxa-3,8-
diaza-4-oxo-spyro[4,5]decane, a reaction product of 7,7,9,9-tetramethyl-2-
cycloundecyl-1-oxa-3,8-diaza-4-oxo-spyro[4,5]decane with epichlorohydrin; 2-
(2-hydroxyphenyl)-1,3,5-triazine, for example, 2,4,6-tris(2-hydroxy-4-

5  octyloxyphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-
dimethylphenyl)-1,3,5-triazine, 2-(2,4-dihydroxyphenyl)-4,6-bis(2,4-
dimethylphenyl)-1,3,5-triazine, 2,4-bis(2-hydroxy-4-propyloxyphenyl)-6-(2,4-
dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-
methylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-

10 dimethylphenyl)-1,3,5-triazi- ne, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-
dimethylphenyl)-1,3,5-tr- iazine, 2-[2-hydroxy-4-(2-hydroxy-3-butyloxy-
propyloxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2 [2-hydroxy-4-
(2-hydroxy-4-(2-hydroxy-3-octloxy-propyloxy)phenyl]-4,6-bis(- 2,4-
dimethylphenyl)-1,3,5-triazine, 2-[4-(dodecyloxy/tridecyloxy-2-

15  hydroxypropoxy)-2-hydroxyphenyl]-4,6-bis(2- ,4-dimethylphenyl)-1,3,5-
triazine, 2-[2-hydroxy-4-(2-hydroxy-3-dodecyloxypropoxy)phenyl]-4,6-bis(2,4-
dimethylphenyl)-1,3,5-triazine,2-(2-hydroxy-4-hexyloxy)phenyl-4,6-diphenyl)-
1,3,5-triazine, 2-(2-hydroxy-4-methoxyphenyl)-4,6-diphenyl-1,3,5-triazine,
2,4,6-tris[2-hydroxy-4-(3-butoxy-2-hydroxy-propoxy)phenyl]-1,3,5-triazine- , 2-

20  (2-hydroxyphenyl)-4-(4-methoxyphenyl)-6-phenyl-1,3,5-triazine; a phosphite or
a phosphonite, for example, triphenyl phosphonite, diphenyl phosphonite alkyl,
phenylphosphonite dialkyl, trisnonylphenyl phosphonite, lauryl phosphonite,
trioctadecyl phosphonite, distearyl pentaerythritol diphosphite, tris(2,4-di-tert-
butyl-phenyl) phosphonite, diisodecyl pentaerythritol diphosphite, bis(2,4-di-

25  tert-butyl-4-methylphenyl) pentaerythritol diphosphite, bis(2,6-di-tert-butyl-4-
methylphenyl) pentaerythritoldiphosphite, bis-isodecyl pentaerythritol
diphosphite, bis(2,4-di-tert-butyl-6-ethylphenyl) pentaerythritol diphosphite,
bis(2,4,6-tri-tert-butyl-6-methylphenyl) pentaerythritol diphosphite, tetrakis(2,4-
di-tert-butylphenyl)4,4'-biphenylenephosphite, 6-isooctyloxy-2,4,8,10-tetra-tert-

30  butyl-12H-dibenz[d,g]-1,3,2-dioxaphosphocine, 6-fluoro-2,4,8,10-tetra-tert-
butyl-12-methyl-dibenz[d,g]-1, 3,2-dioxaphosphocine, bis(2,4-di-tert-butyl-6-
methylphenyl)methyl phosphite, and bis(2,4-di-tert-butyl-6-methylphenyl) ethyl
phosphite. Of these, tris(2,4-di-tert-butylphenyl)phosphite is preferred.

Optical brighteners include bisbenzoxazoles, bis-(styryl)biphenyls,

35  phenylcoumarins (in particular, triazine-phenylcoumarins, benzotriazole-

phenylcoumarins and naphthotriazole-phenylcoumarins) and triazine-stilbenes. A



10The melting tenperature (Tm and the crystallization tenperatures (T,)
for the resins fornmed in the exanples are shown in Table 3. Table 3 Melting
Poi nt anowQ@r9sx@bisiizati on Poi nt of Pol yester Resins Exampir&PIono@sdio) C
exanple 1 370 329 exanple 2 382 338 exanple 3 372 335 exanple 4 368 330
exanpl e 5 367 333 exanple 6 367 337 exanple 7 387 338 exanple 8 361 310
Physi cal and col or properties are sunmarized in Table 4. - 50 -

broad range of optical brighteners is commercially available, such as Tinopal®
(Ciba-Geigy, Basle, Switzerland), Hostalux® KS (Clariant, Germany), or
Eastobrite® OB-1 (Eastman). In preferred embodiments of the present invention,
the composition contains at least one optical brightener.

5 In preferred embodiments the composition does not contain any hindered
amine light stabilizer, does not contain any thermal stabilizer, or does not contain
any of a hindered amine light stabilizer and a thermal stabilizer.

In other embodiments the PLED device includes one or more components
that are made from compositions that contain the aromatic PE and/or the wholly

10 aromatic PE (usually LCPs) and one or more other materials. Preferably, any
component of the PLED device that is at least partially made from the aromatic
PE and/or the wholly aromatic PE (usually LCPs) contains at least 30% by
weight of the aromatic LCP or the wholly aromatic LCP based on the total
weight of the component. In other embodiments a part that is partially made

15  from the aromatic PE and/or the wholly aromatic PE (usually LCPs) may contain
at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least
99.5% by weight of said PEs based on the total weight of the part that is at least
partially made from said PEs. In other embodiments one or more components of

20  the Power LED device consist essentially of the aromatic PE and/or the wholly
aromatic PE (usually LCPs).

The aromatic PE and/or the wholly aromatic PE (usually LCPs)
composition used to make any component of the PLED device, preferably the
reflector, may contain one or more filler materials. The fillers can be in the form

25 of nano-scale or micro-scale powders, fibers, filaments, flakes, platelets,
whiskers, wires, tubes, or particulates for homogenous dispersion. Suitable fillers
may be solid or hollow, and include, for example, metal (or metal alloy) powder,
metal oxide and salts, ceramics, particulates, carbonaceous materials, polymeric
materials, glass microspheres, and the like or blends thereof. Non-limiting

30  examples of metal (or metal alloy) powders include bismuth, brass, bronze,
cobalt, copper, inconel, iron, molybdenum, nickel, stainless steel, titanium,
aluminum, tungsten, beryllium, zinc, magnesium, manganese, and tin. Fillers are
preferably electrically insulative inorganic materials such as metal oxides and
salts. Non-limiting examples of metal oxides and salts include zinc oxide, iron

35 oxide, aluminum oxide, titanium dioxide, magnesium oxide, zirconium oxide,

tungsten trioxide, zirconium oxide, tungsten carbide, tungsten oxide, tin oxide,



Tabl e 4 Physical Properties, Test Bars Ml ded from Neat Pol yester Resins
Exanpl e Resin Powder, ClELAB AE* ASTM Flex strain at break ASTM fl ex
stress atwbnesk4933i Heat Defl ecti on Tenperat ure, C examplCa&/EP2®0/0844560 21300
315 exanmple 2 19 2.0% 15600 315 exanple 3 22 3.3% 18800 310 exanple 4 21
3.8% 21900 323 exanple 5 20 235

zinc sulfide, zinc sulfate, zinc carbonate, barium sulfate, barium carbonate,
calcium carbonate, calcium metasilicate, magnesium carbonate, and silicates.
Non-limiting examples of carbonaceous materials include graphite and carbon
black. Examples of other useful fillers include precipitated hydrated silica,

5 boron, clay, talc, glass fibers, aramid fibers, mica, and diatomaceous earth.

Preferably the filler is one or more of wollastonite, talc, titanium dioxide,
zinc oxide, a crystalline silicate selected from the group consisting of
nesosilicates, sorosilicates, cyclosilicates, tectosilicates, and inosilicates.

The filler is preferably present in an amount of 5% by weight or more

10 based on the total weight of the PE composition. In other embodiments the filler
is present in amounts of from 1 to Swt%, preferably 2 to Swt%, 3 to Swt%, or 4
to Swt%. In other embodiments one or more filler are present in a total amount of
up to 50wt% of the PE composition, preferably up to 40wt%, 35wt%, 30wt%,
25wt%, 20wt%, 15wt%, or 10wt%.

15 In an especially preferred embodiment the filler is a white filler such as
titanium dioxide or talc.

The PE composition contains usually a polyester (usually a LCP) that is a
polycondensation product of at least one aromatic dicarboxylic acid monomer
compound and at least one aromatic diol monomer compound. In a preferable

20  embodiment the aromatic PE and/or the wholly aromatic PE (usually LCPs)
contain polycondensed units of at least one hydroxycarboxylic acid monomer
compound, at least one aromatic dicarboxylic acid monomer compound and at
least one aromatic diol monomer compound.

In some embodiments of the invention one or more components of the

25  Power LED device is made from an aromatic polyester that may be a liquid
crystalline polyester. As used herein an aromatic polyester contains at least 80
mol% of aromatic monomer units. The aromatic polyester may contain
polycondensed units of aromatic monomers such as the structural units described
below for the wholly aromatic polyester. Preferably the aromatic polyester

30 contains at least 80 mol%, at least 85 mol%, at least 90 mol%, at least 95 mol%,
at least 97 mol%, at least 99 mol% or at least 99.5 mol% of polycondensed
aromatic monomer units. In the context of the invention the terms “monomer
units” and “structural units” refer to the chemical units present in the chemical
structure of the polyesters in their respective polycondensed forms. The aromatic

35  polyester is not wholly aromatic. For example, the aromatic polyester may

further include non aromatic structural units, such as polycondensed units of
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gl ass-fi lweaopal4ysst er conpounds suitable for use in thecrEredaosune of a
reflector of a Power LED device 5Sanpl es of the polyester of the invention
are conpounded with reinforcing filler (fiberglass) and rutile Ti Q2

pi gnent. Conpositions of conpounded resins are shown in Table 5. Table 5
G ass-filled Conmpounds Ex. 9 Ex. 10 Ex. 11 Ex. 12 Ex. 13

adipic acid, sebacic acid, ethylene glycol and butylene glycol monomers,
provided the amount of such non aromatic structural units does not exceed 20
mol%. The aromatic polyester may also include aromatic structural units
interrupting the wholly aromatic characteristics of the aromatic polyester, as

5  above explained ; for example, the aromatic polyester may further include
aromatic group-containing structural units that contain more than one aromatic
group connected by an aliphatic group, in particular polymerized units of the diol
monomer compound bis-phenol A.

The aromatic PE and the wholly aromatic PE (usually LCPs) may contain,

10 independently from each other, polycondensed units of one or more of the
following aromatic dicarboxylic acid monomer units: terephthalic acid,
isophthalic acid, 2,6-naphthalic dicarboxylic acid, 3,6-naphthalic dicarboxylic
acid, 1,5-naphthalic dicarboxylic acid, 2,5-naphthalic dicarboxylic acid, 2,7-
naphthalic dicarboxylic acid, 1,4-naphthalic dicarboxylic acid, 4,4’-

15  dicarboxybiphenyl, and alkyl, aryl, alkoxy, aryloxy or halogen substituted
derivatives thereof.

In addition to polycondensed units of aromatic dicarboxylic acid monomer
compounds, the aromatic PE and the wholly aromatic PE (usually LCPs) may
also contain, independently from each other, polycondensed units of one or

20  more of the following diol monomer units: 4,4'-biphenol, hydroquinone,
resorcinol, 3,3"-biphenol, 2,4'-biphenol, 2,3"-biphenol, and 3,4'-biphenol, 2,6
dihydroxynaphthalene, 2,7-dihydroxynaphthalene, 1,6 dihydroxynaphthalene,
1,4-dihydroxynaphthalene, and alkyl, aryl, alkoxy, aryloxy or halogen
substituted derivatives thereof.

25 Optionally, the aromatic PE and the wholly aromatic PE (usually LCPs)
may contain, independently from each other, polycondensed units of one or more
of the following aromatic hydroxycarboxylic acid monomer units: p-
hydroxybenzoic acid, 5-hydroxyisophthalic acid, m-hydroxybenzoic acid, o-
hydroxybenzoic acid, 4’ hydroxyphenyl-4-benzoic acid, 3’-hydroxyphenyl-4-

30  benzoic acid, 4 hydroxyphenyl-3-benzoic acid, 2,6-hydroxynaphthalic acid, 3,6-
hydroxynaphthalic acid, 3,2-hydroxynaphthalic acid, 1,6-hydroxynaphthalic
acid, and 2,5-hydroxynaphthalic acid, and alkyl, aryl, alkoxy, aryloxy or halogen
substituted derivatives thereof.

The aromatic PE and the wholly aromatic PE (usually LCPs) can

35  optionally include, independently from each other, one or more of the following

structural units;
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In a preferable embodiment of the invention the aromatic PE and the

wholly aromatic PE (usually LCPs) of the invention comprise at least one of the

following structural units:

structural units (I) derived from hydroquinone,

AN ™~

oA

structural units (I1) derived from 4,4’-biphenol,

structural units (I1I) derived from terephthalic acid,

N
“Is_{\w‘*

O i’;

structural units (V) derived from p-hydroxybenzoic acid,

)

(1)

(111

500
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V)

* and, optionally in addition, structural units (IV) derived from isophthalic

acid ;

Iv)

5 In other embodiments of the invention, the aromatic polyester and wholly
aromatic polyester (usually LCPs) contain only one of the structural units (I),
(II), (IIT) and (V), preferably at least two of the structural units (I)-(V), more
preferably at least three of the structural units (I)-(V), even more preferably at
least four of the structural units (I)-(V). In still other embodiments of the
10 invention the aromatic PE and the wholly aromatic PE (usually LCPs) contain
only two of the structural units (I)-(V), more preferably only three of the
structural units (I)-(V), even more preferably only four of the structural units (I)-
(V).
The aromatic PE and the wholly aromatic PE (usually LCPs) may also
15  comprise, independently from each other, polymerized monomer units
corresponding to structural units (1), (I1), (II), (IV) and (V) in the following
amounts: 5-40 mole % of a mixture of hydroquinone (I) and 4,4’-biphenol (II);
5-40 mole % of a mixture that comprises terephthalic acid (III) and isophthalic
acid (IV); and 40-90 mole % of p-hydroxybenzoic acid (V). Mole % is based on
20 the total number of moles of polymerized monomer units corresponding to
structural units (I)-(V) present in the PEs.
Preferably the aromatic PE and the wholly aromatic PE (usually LCPs)
comprise polymerized monomer units corresponding to structural units (I), (II),
(IIT), (IV) and (V) in the following amounts: 10-30 mole % of a mixture of
25  hydroquinone (I) and 4,4’-biphenol (IT); 10-30 mole % of a mixture that
comprises terephthalic acid (IIT) and isophthalic acid (IV); and 40-80 mole % of
p-hydroxybenzoic acid (V). Mole % is based on the total number of moles of
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In the aromatic PE and the wholly aromatic PE (usually LCPs) the ratio of
20  the number of moles of monomer units derived from hydroquinone to the
number of moles of monomer units derived from 4,4’-biphenol may be from 0.1
to 1.50. Preferably the molar ratio of the number of moles of monomer units
derived from hydroquinone to the number of moles of monomer units derived
from 4,4’-biphenol is from 0.2 to 1.25, 0.4 to 1.00, 0.6 to 0.8, or 0.5 t0 0.7.
25 The molar ratio of structural units derived from monomers hydroquinone
and 4,4’-biphenol to units derived from terephthalic and isophthalic acid is
preferably from 0.95 to 1.05.
The mole ratio of oxybenzoyl units to the sum of terephthalic and
isophthalic units may be within the range of from about 1.33:1 to about 8:1, i.e.,
30  compositions containing 60 to 85 mol% of p-hydroxybenzoic acid with respect
to sum of p-hydroxybenzoic acid and total diols and further defined by
isophthalic acid content of 0% to 0.09 mol% with respect to sum of the mols of
isophthalic and terephthalic acid.

EE TS

The terms “structural units”, “polymerized monomer units”, and
35  “monomer units derived from” refer to the chemical units present in the chemical

structure of the aromatic PE and the wholly aromatic PE in their respective



EASTOBRI TE(r) OB-3 optical brightener, commercially avail able from EASTVAN
Chem cal s, which is thought to include

2,2 -(1, 2wvetzhmaeidy| di 4, 1- phenyl ene) - bi s- benzoxazol e ; PHDEP2M0MG44p0 KCB
optical brightener, commercially available from 35CLARI ANT, which is
thought to include 2,2'-(1,4- naphthal engdi y1) bi sbenzoxazole ; - 52 -
HOSTALUX(r) KSB optical brightener, commercially available from CLARI ANT,
whi ch is thought to include one or nore benzoxazol e derivatives ;
HOSTALUX(r) KSN optical brightener, comrercially avail able from 5CLARI ANT,

which is thOU?HEc&rQiehM'fHﬂﬁs qm%ﬁnﬂ[as@t(&/)ﬁb@&%é%ﬁé@ka&ﬁés d,fhﬁ@e derivatives
,  LEUKCOPUR(r conmer ci al I | abl e from SANDQZ,

é cal bri gt ener,

whi oh 1 5. ¢ hOUSHEECEES PHEFY. (DRAEHRHBET S0ty Tetss0 i o

phenyl counar i aromatid didPHERMbIEicrbx AGEid coaromatc by drgxpagioxalie emﬁ rom MOBAY
Che.m Ca! Cor p%rﬁ%&u% as%éx?sh Besforte u%ldg%&ngran al olhgggmg B%lggé {)a%togyr azol i ne

deri vati ves. ions 0 oun - 53 -
L .xlI %-rm Lei‘aegonOl? 0000000000.0 92.x| %im L6. 69

The aromatic PE and the wholly aromatic PE (usually LCPs) may
optionally include, independently from each other, one or more other
polymerized aromatic monomer units derived from one or more compounds
other than p-hydroxybenzoic acid, terephthalic acid, isophthalic acid,

10 hydroquinone and 4,4’-biphenol.

In a preferable embodiment, the aromatic PE and the wholly aromatic PE
(usually LCPs) include polymerized monomer units that contain one or more
naphthyl groups. For example, they may include one or more of 3-hydroxy-2-
naphthoic acid, 6-hydroxy-2-naphthoic acid, 2-hydroxynaphthalene-3,6-

15  dicarboxylic acid, 2,6-naphthalic dicarboxylic acid, 3,6-naphthalic dicarboxylic
acid, 1,5-naphthalic dicarboxylic acid, 2,5-naphthalic dicarboxylic acid, 2,7-
naphthalic dicarboxylic acid, 1,4-naphthalic dicarboxylic acid, 2,6-
dihydroxynaphthalene, 2,7-dihydroxynaphthalene, 1,6-dihydroxynaphthalene,
1,4-dihydroxynaphthalene, and alkyl, aryl, alkoxy, aryloxy or halogen

20 substituted derivatives thereof .

Preferably, the wholly aromatic PE (usually an LCP) contains only
monomer units derived from p-hydroxybenzoic acid, terephthalic acid,
isophthalic acid, hydroquinone and 4,4’-biphenol, or only monomer units
derived from p-hydroxybenzoic acid, terephthalic acid, hydroquinone and 4,4’-

25  biphenol. Within the context of the invention, the wholly aromatic PE (usually an
LCP) includes polycondensed reaction products made from a mixture of p-
hydroxybenzoic acid, terephthalic acid, isophthalic acid, hydroquinone and 4,4’-
biphenol, that further includes other aromatic and non-aromatic monomer
compounds present as unavoidable or adventitious impurities in the aromatic

30 monomer compounds.

In preferred embodiments the aromatic PE and the wholly aromatic PE
(usually LCPs) comprise polymerized monomer units (i.e., polymerized
structural units) in the following amounts: 50-70 mole % of p-hydroxybenzoic
acid; 15 to 25 mole % of a mixture that comprises terephthalic acid and

35  isophthalic acid; and 15-25 mole % of a mixture of hydroquinone and 4,4’-

biphenol. All values and subranges between the stated values are expressly
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included herein as if written out, for example, p-hydroxybenzoic acid may be
present in a range of 45-75, 55-65, and about 60 mole %, the mixture of
terephthalic and isophthalic acid may be present in amounts of 12.5-27.5, 22.5-
27.5, and about 20 mole %; and the mixture of hydroquinone and 4,4 -biphenol
5  may be present in amounts of 12.5-27.5, 27.5-22.5, and about 20 mole %. All
numbers between the stated values are expressly included herein as if written
out, ¢.g., values between an exemplary range of 22.5 to 27.5 mole % include 23,
24, 25, 26, and 27 mole%. Mole % is based on the total number of moles of
polymerized monomer units corresponding to structural units (1)-(V) present in
10 the PEs.

In preferred embodiments the aromatic PE and the wholly aromatic PE

(usually LCPs) comprise polymerized monomer units (i.e., polymerized

structural units) in the amounts that satisfy the following formulas:

45% < r <75% (1)
(U++HI+1V+Y)
15 O.ISLSI.SO (2)
Vi
OSZSO.OS 3)
i

where I, 11, 111, IV and V represent the molar amounts of the respective
monomers described above.
In further preferred embodiments the aromatic PE and the wholly

20  aromatic PE (usually LCPs) include polymerized structural units in the following
amounts: 55-65 mole % of p-hydroxybenzoic acid; 16 to 23 mole % of
terephthalic acid; 0 to 2 mole % of isophthalic acid; 1.5 to 14 mole % of
hydroquinone; and 7 to 21 mole % of 4,4’-biphenol. More preferable still are
embodiments in which the polymerized structural units are present in the

25  following amounts: 58-62 mole % of p-hydroxybenzoic acid; 18 to 21 mole % of
terephthalic acid; 0.1 to 1.0 mole % of isophthalic acid; 3.2 to 12.6 mole % of
hydroquinone; and 7.5 to 17.5 mole % of 4,4’-biphenol. As stated above, all
numbers and subranges between the stated values are expressly included as if
written out. In the case of isophthalic acid decimal amounts of the monomer

30  compound are expressly included, for example the range 0.1-5 mole % includes
0.1,0.2,0.3,0.4,0.5,0.6,0.7, 0.8, 0.9, and 1.0 mole % as well as any decimal
amount between 1.0 and 5 mole %. Preferably the amount of isophthalic acid is 2

mole % or less.
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In further preferred embodiments the aromatic PE and the wholly
aromatic PE (usually LCPs) comprise polymerized monomer units (i.c.,

polymerized structural units) in the amounts that satisfy the following formulas:
45% < r <70% (4)
I+0++1V+TV)

0.1<L <150 (5)
Jii

0<2 <0.056
i
(6)

In a preferred embodiment the aromatic PE and the wholly aromatic PE
(usually LCPs) include at least 95 mole %, preferably 96, 97, 98 or 99 mole % of
structural units derived from p-hydroxybenzoic acid, terephthalic acid,
isophthalic acid, hydroquinone and 4,4’-biphenol, with no more than 5, 4, 3, 2, 1
mole % of structural units derived from unavoidable or adventitious impurities
present in the aromatic monomer compounds. In an especially preferred
embodiment the wholly aromatic PE (usually an LCP) includes only structural
units derived from p-hydroxybenzoic acid, terephthalic acid, isophthalic acid,
hydroquinone and 4,4’-biphenol.

In other embodiments the aromatic PE and the wholly aromatic PE
(usually LCPs) include at least 50 mole %, preferably 60, 70, 80, or 90 mole %
of structural units derived from p-hydroxybenzoic acid, terephthalic acid,
isophthalic acid, hydroquinone and 4,4’-biphenol, with the balance of structural
units representing other aromatic monomer compounds.

In the aromatic PE and in the wholly aromatic PE (usually LCPs), the
mole ratio of the number of moles of monomer units derived from isophthalic
acid to the number of moles of monomer units derived from terephthalic acid
may be preferably from 0.01 to less than 0.1, more preferably 0.02-0.5, 0.03-0.4.
As stated above, fractions and decimal amounts are expressly included as if
written out, e.g., the range 0.01-0.5 includes 0.01, 0.02, 0.03, 0.04, 0.05, 0.06,
0.07, 0.08, 0.09, 0.10, 0.2, 0.3, and 0.4 and any fraction, decimal value and
subrange between the stated values.

In the aromatic PE and in the wholly aromatic PE (usually LCPs), the
mole ratio of the number of moles of monomer units derived from hydroquinone
to the number of moles of monomer units derived from 4,4’-biphenol is
preferably 0.2-1.20, more preferably 0.3-1.1, 0.4-1.0, 0.5-0.9, 0.6-0.8, 0.65-0.75.

As stated above, fractions and decimal amounts are expressly included as if

%4-m L6.6g 017 000O0O0O0.0 O0O0OO0O0ZZ "Xl

o%d- m
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written out, e.g., the range 0.2-0.1.15 includes 0.21-1.14, 0.23-1.07, 0.37-0.85,
and any fraction, decimal value and subrange between the stated values.

The melting points (Tr,) of the aromatic PE and of the wholly aromatic
PE (usually LCPs) of the invention are preferably less than 400°C and greater

5  than 300°C, more preferably less than 390°C and greater than 325°C, especially
preferably about 375°C. The word “about” is used to mean that the temperature
may vary by +20°C around the stated temperature. Therefore, a temperature of
“about” 375°C includes temperatures of 365, 366, 367, 368, 369, 370, 371, 372,
373,374,375, 376,377, 378, 379, 380, 381, 382, 383, 384, and 385°C. Ina

10 preferred embodiment the aromatic PE and the wholly aromatic PE (usually
LCPs) of the invention have a melting point of 370-380°C or 360-385°C.

The aromatic PE and the wholly aromatic PE (usually LCPs) of the
invention preferably have a heat distortion temperature of at least 280°C,
preferably at least 290°C, most preferably at least 300°C and higher according to

15 cither ASTM D648, at stress level 264 PSI or ISO 73, at stress level 1.82 MPa. A
higher heat distortion temperature is indicative of a resin that tends to exhibit
stiffness and less sag at high temperatures.

Properties of ductility, which are advantageous for molded part
applications and processing, can be evaluated with diverse test procedures

20  known to those skilled in the art. For example, tensile elongation stress and strain
at break and flex stress and strain at break are useful measures of ductility for
aromatic and wholly aromatic polyester resins and compounds. The aromatic
polyester and the wholly aromatic polyester resins of the invention (usually
LCPs) preferably have a flex strain at break of at least 1.0% and a flex stress at

25  break of at least 10,000 psi according to ASTM D790 at strain rate of 0.05”/min
or according to ISO 178 at strain rate 2mm/min.

The aromatic polyester and wholly aromatic PEs (usually LCPs) of the
invention preferably have a melt viscosity at 380°C of from 500 to 2500 poise at
shear rate 100 sec” according to capillary rheology measurements known to

30  those skilled in the art, that is, a molecular weight sufficient for fiber forming.

The Power LED devices of the invention may be used as a component of
other devices. While the Power LED devices preferably emit light, the emission
of other radiation is also possible. The Power LED devices may be used in
applications such as keyless entry systems of an automobile, lighting in a
35  refrigerator, liquid crystal display apparatuses, automobile front panel lighting

apparatuses, desk lamps, headlights, household electrical appliance indicators
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and outdoor display apparatuses such as traffic signs, optoelectronic devices
comprising at least one semi-conductor chip, mobile appliance applications such
as, for example, cell phones and PDAs, flashlights, automotive day light running
lights, signs and TVs. Preferably the device is a Power LED device such as a
5  lighting source for interior or exterior lighting applications.
Another aspect of the present invention is related to the use of a Power

LED device according to the present invention, for example as a lighting source
for interior or exterior lighting applications. It is in particular directed to the use
of a Power LED device that may feature some and preferably all the above

10 described characteristics for the Power LED according to the present invention,
for example as a lighting source for interior or exterior lighting applications. In a
preferred embodiment, the present invention is directed to the use of a Power
LED device comprising at least one part comprising the above described
aromatic polyester or wholly aromatic polyester, for example as a lighting source

15  for interior or exterior lighting applications.

Obviously, numerous modifications and variations of the present
invention are possible in light of the above teachings. It is therefore to be
understood that within the scope of the appended claims, the invention may be
practiced otherwise than as specifically described herein.

20  EXAMPLES
Experimental Procedures
Color of resin powders packed in a 4 x 5 x 1 cm cuvette was measured
according to ASTM E 308-06 using a Milton Roy Diano Color Products Scan 11
with D6500 illumination, CIELAB color scale, observation angle 2°
25  (CIE 1931 standard observer), wavelength range 380 to 700 nm, 10-nm
measurement interval. Polymer was ground and sieved by a 20 mesh screen to
give a maximum particle size of 850 microns. The color difference for the resin
powder compared to white reference tile was calculated using the CIELAB AE*
(Delta E) equation. The white reference tile (S/N 4DD1202002) values for L*,
30  a*and b* values were 100.01 +0.03, -0.04 + 0.08 and 0.03 £0.06, respectively.
Flexural strain at break and stress at break were measured according to
method ASTM D790 at 0.05"/MIN, 2" span and 23°C.
Heat deflection temperature, HDT, is reported in°C and was measured
according to ASTM D648, at stress level 264 PSI, sample dimensions 5.0” by
35 0.5 by0.25”; conditioning according to ASTM D-5183.



0000O0OO0OO0O Pol yester of ex. 2 Rutile titanium di oxi de BLANKOPHOR(r)
BBH LZlI-SED X-SED EASTOBRITE(r) OB-1 EASTOBRITE(r) OB-3 HOSTALUX(r)
KCB HOSTWOUX(oro4936$B HOSTALUX(r) KSN LEUKOPUR(r) EGMV PRHERRI0PME44D0 K- 20Q2

- 54 - 8

10

15

20

25

30

- 46 -

Thermal transitions, Ty, and T., were measured using TA Instruments
Differential Scanning Calorimeter Model Q20 or Q1000, or similar instrument.
Each sample was evaluated by a first heating ramp followed by an isothermal
heating for one minute, a cooling ramp and a second heating ramp. The sample
was heated at 20°C/min from room temperature to either 400°C or 420°C and
held for one minute ; then the sample was cooled at 20°C/min to 30°C and
re-heated at 20°C/min to 400°C or 420°C. Peak crystallization temperature, T,
is determined from the cooling cycle. Peak melting temperature, Ty, (also
designated Tpn), is determined from the second heating ramp.

Viscosity was measured at 380°C using a Kayeness Galaxy V Rheometer
(Model 8052 DM ) with LC 9 kN, 20001b, melt time 250 sec. Polymer is ground
and sieved by a 20 mesh screen to give a maximum particle size of 850 microns.
Samples were dried at 150°C for 15 min prior to testing.

ASTM flex bars were molded from unfilled resin samples using an 11-Ton
Mini-Jector Wasp Model 55. Barrel temperatures ranged from 355°C to 385°C
and mold temperatures ranged from 175°C to 190°C.

Examples 1 through 8 : Synthesis of polyesters suitable for use in the
manufacture of a reflector of a Power LED device

Table 1 Designations for Monomers and Structural Units

Monomer Designation Structural Unit
p-hydroxybenzoic acid A \Y
terephthalic acid B 111
isophthalic acid C |\
hydroquinone D I
4,4’-biphenol E 11

In addition to the monomers, acylating reagents and catalysts known to
those skilled in the art were employed in the synthesis of the resins of the
invention.

Example 1

The monomers in the amounts 505.9 g A, 270.6 gB, 5.8 g C, 854 ¢, D
and 165.3 g E and catalyst were charged into a 2-liter reactor vessel equipped
with an electrical heating mantle, overhead mechanical stirrer, reflux condenser,
stopcock adapter and distillate receiver. The reactor was purged with nitrogen
and then acetic anhydride was added. The mixture was constantly stirred and

heated to a temperature of 145°C and held under reflux for an additional hour.
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The distillation of acetic acid from the reaction was begun while the external
temperature was increased at the rate of 0.5°C/min to 280°C. Then the heating
rate was stepped to 0.75°C/min to 310°C to form a pre-polymer. When the
reaction reached 310°C the heating mantle was turned off and removed for faster
5  cooling. After the reactor cooled to ambient temperature, the pre-polymer was
removed and ground to a particle size of about 1-2 mm. Solid state
polymerization was carried out on the pre-polymer product by raising the
temperature from room temperature to 310°C over 12 hours and then
maintaining temperature at 310°C under continuous nitrogen flow for 3.75 hrs.
10 Differential scanning calorimetery (DSC) measurements for this polyester
example indicated a temperature of crystallization, T. of 329°C and a melt
temperature, Tp, of 370°C. The viscosity at 380°C with a shear rate of 100 sec™
was 890 poise.
Example 2
15 This example followed the same procedure as Example 1. The ingredient
amounts for Example 2 were the following : p-hydroxybenzoic acid (pHBA)
642.1 g, terephthalic acid (TA) 197.2 g, isophthalic acid (IA) 10.9 g,
hydroquinone (HQ) 68.5 g, 4,4’-biphenol (BP) 117.2 g. The solid state
polymerization was carried out for 13 minutes at 310°C. The DSC analysis gave
20  temperature of crystallization of T, =338°C and the melt temperature
Tw=382°C. The melt viscosity at 380°C and shear rate of 100 sec™
was 1551 poise.
Example 3
This example followed the same procedure as Example 1. The ingredient
25  amounts for Example 3 were the following : p-hydroxybenzoic acid (pHBA)
568.3 g, terephthalic acid (TA) 227.8 g, hydroquinone (HQ) 30.2 g,
4,4’-biphenol (BP) 204.3 g.
The solid state advancing was carried out for 4.5 hrs at 310°C. The DSC
analysis gave temperature of crystallization of T, =335°C and the melt
30  temperature of T, = 372°C. The melt viscosity at 380°C with shear rate
of 100 sec™ was 690 poise.
Example 4
This example followed the same procedure as Example 1. The ingredient
amounts for Example 4 were the following : p-hydroxybenzoic acid (pHBA)
35  568.3 g, terephthalic acid (TA) 218.7g, isophthalic acid (IA) 9.1g,
hydroquinone (HQ) 30.2g, 4,4’-biphenol (BP) 204.3g.
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The solid state advancing was carried out for 4.5 hrs at 310°C. The DSC
analysis gave temperature of crystallization of Tc =330°C and Tm = 368°C. The
melt viscosity at 380°C with shear rate of 100 sec” was 600 poise.

Example 5

5 This example followed the same procedure as Example 1. The ingredient
amounts for Example 5 were the following : p-hydroxybenzoic acid (pHBA)
535.1 g, terephthalic acid (TA) 256.2 g, isophthalic acid (IA) 7.1 g,
hydroquinone (HQ) 86.1 g, 4,4 -biphenol (BP) 149.5 g.

The solid state advancing was carried out for 2.75 hrs at 310°C. The DSC
10 analysis gave temperature of crystallization of T, =333°C and T,,, = 367°C. The

melt viscosity at 380°C with shear rate of 100 sec” was 1200 poise.
Example 6

This example followed the same procedure as Example 1. The relative
ingredient amounts for Example 6 were the following : p-hydroxybenzoic acid

15  (pHBA) 60 mole %, terephthalic acid (TA) 19.2 mole %, isophthalic acid (IA)
0.8 mole %, hydroquinone (HQ) 7.5 mole %, 4,4’-biphenol (BP) 12.5 mole %.

The solid state advancing was carried out for a total of 14.5 hours with a
stepwise heating profile under a nitrogen blanket, starting from 24°C and ending
with the last three hours at 310°C. The DSC analysis gave temperature of

20 crystallization of T, =337°C and Ty, = 367°C. The melt viscosity at 380°C with
shear rate of 100 sec™ was 1100 poise.
Example 7

After the temperature reached 280°C, heating was carried out at a rate

0f 2.0°C/min. Also lower excess of acetic anhydride was used when compared
25  to Example 1. The ingredient amounts for Example 7 were the following : p-

hydroxybenzoic acid (pHBA) 541.2 g, terephthalic acid (TA) 248.6 g,

isophthalic acid (IA) 17.8 g, hydroquinone (HQ) 117.7 g, 4,4’-biphenol (BP)

112.8 g.

The solid state advancing was carried out for 23 minutes at 310°C. The

30  DSC analysis gave temperature of crystallization of T, =338°C and Ty, = 387°C.

The melt viscosity at 380°C and the shear rate of 100 sec” was 1900 poise.

Example 8§

Example 8 followed the same procedure as Example 7 but a temperature
rate of 0.5°C/min was maintained until the end of the synthesis. Also the excess

35  ofacetic anhydride doubled and the amounts of catalysts were reduced. The

ingredient amounts for Example 8 were the following : p-hydroxybenzoic acid
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(pHBA) 555.5 g, terephthalic acid (TA) 167 g, isophthalic acid (IA) 55.7 g, no
hydroquinone (HQ) used, 4,4’-biphenol (BP) 249.6 ¢.

The solid state advancing was carried out for 30 minutes at 310°C. The
DSC analysis gave temperature of crystallization of T, =310°C and the melt

5  temperature of T, = 361°C. The melt viscosity at 370°C and the shear rate of

100 sec” was 1800 poise.

Table 2 summarizes the relative ratios of monomer units introduced into
the acylation vessel for Examples 1 through §.
Table 2 Composition of Polyester Resins, Molar Content of Structural Units

Example m(\)]l Y I/, IV/III, m(;’ v, mol % II, | mol % IV, | mol % III,
pH]é A HQ/BP T HQ BP IPA TPA

example 1 52.4% 0.87 0.021 11.1 % 12.7% 0.5% 233 %
example2 | 65.0% 0.99 0.055 8.7 % 8.8 % 0.9 % 16.6 %
example 3 60.0 % 0.25 0.000 4.0 % 16.0 % 0.0 % 20.0 %
example 4 | 60.0 % 0.25 0.040 4.0 % 16.0 % 0.8 % 19.2 %
example 5 55.0% 0.99 0.028 11.1 % 11.5% 0.6 % 21.9%
example 6 | 60.0 % 0.60 0.042 7.5 % 12.5% 0.8 % 19.2 %
example 7 55.0% 1.76 0.071 15.0 % 8.5% 1.5% 21.0%
example 8 60.0 % 0 0.333 0.0 % 20.0 % 5.0% 15.0 %

10 The melting temperature (Tr,) and the crystallization temperatures (T.) for

the resins formed in the examples are shown in Table 3.

Table 3 Melting Point and Crystallization Point of Polyester Resins

Example Tw,°C T.,°C
example 1 370 329
example 2 382 338
example 3 372 335
example 4 368 330
example 5 367 333
example 6 367 337
example 7 387 338
example 8 361 310

Physical and color properties are summarized in Table 4.
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Table 4 Physical Properties, Test Bars Molded from Neat Polyester Resins
ASTM,
E 1 Resin Powder, ASTM, Flex flex stress Heat Deflection
xampie CIELAB AE* | strain at break at break, Temperature,°C
psi
example 1 20 3.7% 21300 315
example 2 19 2.0 % 15600 315
example 3 22 33% 18800 310
example 4 21 3.8% 21900 323
example 5 20 3.7% 18700 306
example 6 20 4.7 % 20800 320
example 7 18 2.0% 8160 276
example 8 24 3.8% 19300 249
Examples 9 through 16 : Preparation of glass-filled polyester compounds
suitable for use in the manufacture of a reflector of a Power LED device
5 Samples of the polyester of the invention are compounded with reinforcing
filler (fiberglass) and rutile TiO2 pigment. Compositions of compounded resins
are shown in Table 5.
Table S Glass-filled Compounds
Ex. Ex. Ex. Ex. Ex. Ex. Ex. Ex.
9 10 11 12 13 14 15 16
wt% | wt% | wt% | wt% | wt% | wt% | wt% | wt%
Polyester of ex. 1 54 0 0 0 0 0 0 0
Polyester of ex. 2 0 54 0 0 0 0 0 0
Polyester of ex. 3 0 0 54 0 0 0 0 0
Polyester of ex. 4 0 0 0 54 0 0 0 0
Polyester of ex. 5 0 0 0 0 54 0 0 0
Polyester of ex. 6 0 0 0 0 0 54 0 0
Polyester of ex. 7 0 0 0 0 0 0 54 0
Polyester of ex. 8 0 0 0 0 0 0 0 54
Rutile titanium 24 24 24 24 24 24 24 24
dioxide
Antioxidant / heat 1 1 1 1 1 1 1 1
stabilizer
fiberglass 21 21 21 21 21 21 21 21
10

Compounding of neat polyesters synthesized according to examples 1
through 8 is accomplished as follows : the polyester resin, a rutile titanium
dioxide commercially available from DuPont and a chopped fiberglass

reinforcement commercially available from PPG are delivered via individual loss

017
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in weight feeders, in the weight ratios specified in above Table 5, to a Coperion
ZSK-26 twin screw extruder comprising 12 barrels. The polyester and TiO, are
delivered to barrel 1 whereupon the mixture is melted and dispersed before barrel
7. Anti-oxidants and heat stabilizers are similarly delivered at barrel 1. A side
5  stuffer introduces fiberglass at barrel 7.

The fiberglass is distributed throughout the melted mixture in barrels 8 and
9 of the extruder. The new mixture is degassed via vacuum in barrel 10 of the
extruder. That new mixture is compressed and cooled in barrels 11 and 12.

The thermal profile of the extruder is : no heat in barrel 1/360°C in barrels

10 2to 5/350°C in barrels 6&7 /330°C in barrel 8 /320°C in barrel 9 /310°C in

barrels 10 and 11 and 300°C in barrel 12. The screw rate is 350 rpm.
The extrudate from barrel 12 is cooled and pelletized with conventional
equipment.
Examples 17 through 49 : Preparation of unfilled polyester compounds
15  suitable for use in the manufacture of a reflector of a Power LED device
Samples of the polyester of the invention are compounded with rutile TiO;
pigment, and optionally in addition with various optical brighteners, as detailed
below :
BLANKOPHOR® BBH optical brightener, commercially available from

20 BAYER, which is thought to include disodium 4,4'-bis {(4-anilino-6-
morpholino-1,3,5-triazin-2-yl)amino } stilbene-2,2'-disulfonate ;

CBS-127 optical brightener, commercially available from Jinan Subang
Chemical Co. Ltd., which is thought to include 4,4’-bis[2-(2-
methoxyphenyl)ethenyl] 1,1°-biphenyl ;

25 = CBS-X optical brightener, commercially available from Jinan Subang
Chemical Co. Ltd., which is thought to include 4.4’-bis(2-disulfonic acid
styryl) 1,1’-biphenyl ;

EASTOBRITE® OB-1 optical brightener, commercially available from
EASTMAN Chemicals, which is thought to include 2,2'-(2,5-

30 thiophenediyl)bis(5-(1,1-dimethylethyl)-benzoxazole ;
EASTOBRITE® OB-3 optical brightener, commercially available from
EASTMAN Chemicals, which is thought to include 2,2°~(1,2-ethenediyldi-
4,1-phenylene)-bis-benzoxazole ;
HOSTALUX® KCB optical brightener, commercially available from

35 CLARIANT, which is thought to include 2,2’-(1,4-

naphthalenediyl)bisbenzoxazole ;
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HOSTALUX® KSB optical brightener, commercially available from
CLARIANT, which is thought to include one or more benzoxazole
derivatives ;

HOSTALUX® KSN optical brightener, commercially available from
CLARIANT, which is thought to include one or more bisbenzoxazolylstilbene
derivatives ;

LEUKOPUR® EGM optical brightener, commercially available from
SANDOZ, which is thought to include 7-(2H-naphtho[1,2-d]triazol-2-yl)-3-
phenylcoumarin ;

PHORWITE® K-20G2, commercially available from MOBAY Chemical
Corporation, which is thought to include one or more pyrazoline derivatives.

Compositions of compounds are shown in Tables 6 to 8.
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Compounding of neat polyesters synthesized according to examples 2, 4
and 6 is accomplished as follows : the polyester resin, a rutile titanium dioxide
commercially available from DuPont, and optionally in addition an optical
brightener, are delivered via individual loss in weight feeders, in the weight

5  ratios specified in above Tables 6, 7 and &, to a Coperion ZSK-40 co-rotating
intermeshing twin screw 40 mm extruder with 12 barrel sections, giving an L/D
ratio of 48. The polyester and, when present, the optical brightener, are delivered
to barrel 1, while the rutile titanium dioxide is delivered at barrel 2. The mixture
is degassed via vacuum in barrel 10 of the extruder. It is compressed and cooled

10 inbarrels 11 and 12.

The thermal profile of the extruder is : 150°C in barrel 1/360°C in barrels 2
to 5/350°C in barrels 6/340°C in barrel 7/330°C in barrel 8 /320°C in barrel
9/310°C in barrel 10/300°C in barrels 11 and 12. The screw rate is 300 rpm.

The extrudate from barrel 12 is cooled and pelletized with conventional

15  equipment.
Examples 1b through 49b : Manufacture of Power LED devices having a
reflector made of neat polyester, glass-filled polyester compound or unfilled
polyester compound

Power LED devices of examples 1b to 49b are manufactured in a process

20  that includes molding a reflector onto a frame, wherein the reflector is molded
from one of the 49 corresponding above exemplified polyester materials (having
the same number), which are either neat polyesters, or glass-filled polyester
compounds or unfilled polyester compounds ; thus, the power LED device of
example 1b includes thus a reflector molded from the polyester material of

25  example 1, the power LED device of example 2b includes a reflector molded
from the polyester material of example 2, ... and the power LED device (PLED)
of example 49b includes a reflector molded from the polyester material (PEM) of
example 49. Thus the following 49 Power LED devices (PLED) are
manufactured [the polyester material (PEM) of which the reflector consists is

30  into brackets] : PLED 1b (PEM 1), PLED 2b (PEM 2), PLED 3b (PEM 3),
PLED 4b (PEM 4), PLED 5b (PEM 5), PLED 6b (PEM 6), PLED 7b (PEM 7),
PLED 8b (PEM 8), PLED 9b (PEM 9), PLED 10b (PEM 10), PLED 11b (PEM
11), PLED 12b (PEM 12), PLED 13b (PEM 13), PLED 14b (PEM 14), PLED
15b (PEM 15), PLED 16b (PEM 16), PLED 17b (PEM 17), PLED 18b (PEM

35  18), PLED 19b (PEM 19), PLED 20b (PEM 20), PLED 21b (PEM 21), PLED
22b (PEM 22), PLED 23b (PEM 23), PLED 24b (PEM 24), PLED 25b (PEM
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25), PLED 26b (PEM 26), PLED 27b (PEM 27), PLED 28b (PEM 28), PLED
29b (PEM 29), PLED 30b (PEM 30), PLED 31b (PEM 31), PLED 32b (PEM
32), PLED 33b (PEM 33), PLED 34b (PEM 34), PLED 35b (PEM 35), PLED
36b (PEM 36), PLED 37b (PEM 37), PLED 38b (PEM 38), PLED 39b (PEM
39), PLED 40b (PEM 40), PLED 41b (PEM 41), PLED 42b (PEM 42), PLED
43b (PEM 43), PLED 44b (PEM 44), PLED 45b (PEM 45), PLED 46b (PEM
46), PLED 47b (PEM 47), PLED 48 (PEM 48) and PLED 49b (PEM 49).

The molding is carried out by conventional molding techniques such as
injection molding or compression molding. During this molding the polyester
material is subjected to high temperature, i.e. a temperature greater than the
melting temperature of the polyester.

The resulting part that contains the reflector molded onto a lead frame is
then bonded to a chip that provides the LED function to the device. The Power
LED is bonded to the lead frame by soldering. The soldering process includes
subjecting a least a portion of the lead frame and chip to temperatures of over
300°C as the lead frame is contacted with a molten solder composition. The chip
is wirebonded to the lead frame after the chip has been connected to the lead
frame. Wire bonding includes soldering which again subjects the Power LED
device to temperatures that are greater than 300°C.

The wire-bonded device is then encapsulated with a synthetic material such
as a thermosetting or thermoplastic composition. Encapsulation typically
involves curing the synthetic material at an elevated temperature (e.g., 60-180°C)
for a period from 0.5 to 6 hours to form the Power LED device.

The Power LED device is further subjected to another heat cycle as it is
mounted onto a printed circuit board. The Power LED device is affixed to the
printed circuit board by soldering during which portions of the Power LED
device are contacted with a molten solder composition.

In addition to the above mentioned process steps a further drying step is
carried out. The drying functions to remove water which may have been
absorbed by any component of the Power LED device during its manufacture.
Drying is carried out under infra-red reflow conditions which include heating to
temperatures as high as 260°C for a period of minutes.

The Power LED devices are subject to high heat and radiative stress during
operation and during manufacture which involves several cycles of exposure to
high heat. The Power LED devices in accordance with examples 1b to 49b suffer

from less light distortion and retain substantially higher emission efficiency after



20&x2 - 56 - Compoundi ng of neat polyesters synthesized according to
exanples 2, 4 and 6 is acconplished as follows : the polyester resin, a
rutile tiwaroiuwm4elidoxi de commerci al ly avail abl e from DuPeaT/EPacd/0e@vé onal |y
in addition an optical brightener, are delivered via individual loss in

wei ght feeders, in the weight 5ratios spegcified in above Tables 6, 7 and 8,
to a Coperion ZSK-40 co-rotating interneshing twin screw 40 nm ext ruder
with 12 barrel sections, giving an L/D ratio of 48. The pol yester and, when
present, the optical brightener, are delivered to barrel 1, while the

rutile titani gpodinexbde m %ﬁpeve@ﬁl@dmathlgmhfeﬁ&nﬁradlﬁh@n rfhaﬁlwi&drts degassed
via vacuumin barrf#ﬂlo o t he extrud I.S.COo h@ d and cooled 10i n

barrels 11 anfO¥s" LERECYGEs sRMP 4 © T RS BRP A oRe S TSGR bar ol
1/ 360C i n bar egl fo dliph&tc3aldestan-basadreatsrids.340C in barrel 7/330C in barrel
8 /320C in barrel 9/310C in barrel 10/300C in barrels 11 and 12. The screw
rate is 300 rpm The extrudate frombarrel 12 is cooled and pelletized with
conventional 15equi prent. Exanples |b through 49b : Manufacture of Power
LED devi ces having a reflector nade of neat polyester, glass-filled

pol yester conpound or unfilled polyester conpound Power LED devices of
exanples Ib to 49b are manufactured in a process 20that includes nolding a
reflector onto a frame, wherein the reflector is nolded fromone of the 49
correspondi ng above exenplified polyester materials (having the sane
nunber), which are either neat polyesters, or glass-filled polyester
conpounds or unfilled pol yester conpounds ; thus, the power LED device of
exanple I b includes thus a reflector nolded fromthe polyester material of
25exampl e 1, the power LED device of exanple 2b includes a reflector nol ded
fromthe polyester material of exanple 2, ... and the power LED device
(PLED) of exanple 49b includes a reflector nolded fromthe pol yester
material (PEM of exanple 49. Thus the follow ng 49 Power LED devices
(PLED) are manufactured [the polyester material (PEM of which the
reflector consists is 30into brackets] : PLED I b (PEM 1), PLED 2b (PEM 2),
PLED 3b (PEM 3), PLED 4b (PEM 4), PLED 5b (PEM 5), PLED 6b (PEM 6), PLED 7b
(PEM 7), PLED 8b (PEM 8), PLED 9b (PEM 9), PLED 10b (PEM 10), PLED ||l b (PEM
11), PLED 12b (PEM 12), PLED 13b (PEM 13), PLED 14b (PEM 14), PLED 15b (PEM
15), PLED 16b (PEM 16), PLED 17b (PEM 17), PLED 18b (PEM 3518), PLED 19b
(PEM 19), PLED 20b (PEM 20), PLED 21b (PEM 21), PLED 22b (PEM 22), PLED 23b
(PEM 23), PLED 24b (PEM 24), PLED 25b (PEM - 57 - 25), PLED 26b (PEM 26),
PLED 27b (PEM 27), PLED 28b (PEM 28), PLED 29b (PEM 29), PLED 30b (PEM 30),
PLED 31b (PEM 31), PLED 32b (PEM 32), PLED 33b (PEM 33), PLED 34b (PEM 34),
PLED 35b (PEM 35), PLED 36b (PEM 36), PLED 37b (PEM 37), PLED 38b (PEM 38),
PLED 39b (PEM 5 39), PLED 40b (PEM 40), PLED 41b (PEM 41), PLED 42b (PEM
42), PLED 43b (PEM 43), PLED 44b (PEM 44), PLED 45b (PEM 45), PLED 46b (PEM
46), PLED 47b (PEM 47), PLED 48 (PEM 48) and PLED 49b (PEM 49). The
nol ding is carried out by conventional nolding techniques such as injection
nol di ng or conpression nolding. During this nolding the pol yester
10material is subjected to high tenperature, i.e. a tenperature greater
than the nelting tenperature of the polyester. The resulting part that
contains the reflector nolded onto a lead frane is then bonded to a chip
that provides the LED function to the device. The Power LED is bonded to
the | ead frame by sol dering. The sol dering process includes 15subjecting a
| east a portion of the lead frane and chip to tenperatures of over 300C as
the lead frame is contacted wwth a nolten sol der conposition. The chip is
wi rebonded to the lead frane after the chip has been connected to the | ead
frame. Wre bondi ng includes sol dering which again subjects the Power LED
device to tenperatures that are greater than 300C. 20The w re-bonded device
is then encapsulated with a synthetic material such



as a thernosetting or thernoplastic conposition. Encapsul ation typically

i nvol ves curing the synthetic material at an el evated tenperature (e.g.,
60- 180C) wonow/@esstod from 0.5 to 6 hours to formthe PeegrEPRED0696 ce. The
Power LED device is further subjected to another heat cycle as it is
25nmounted onto a printed circuit board. Bhe Power LED device is affixed to
the printed circuit board by sol dering 'éur'i ng whi ch portions of the Power
LED device are contacted with a nolten sol der conposition. In addition
to the above nentioned process steps a further drying step is carried out.
The drying functions to renove water whiiciA s have been 30absorbed by any
conponent of the Power LED device during its manufacture. Drying is carried
out under infra-red reflow conditions which include heating to tenperatures
as high as 260C for a period of m nutes. The Power LED devices are

subj ect to high héatoveard.HIadéeatd, vemptisiegs:s duri ng operation and during

manuf act ure whi ch invol ves several cycles of exposure to 35high heat. The
Power LED devigegp fhdaCeatdgnce with exanples Ib to 49b suffer fromless
light distortion and retain Substantially higher emission efficiency after

- 58 - exposure to the high tenperature and high intensity radiation, than
prior art SPO\AyrhelLeEvhaéeﬂe@gog ceBRHPGSIDrG loast 3 B psihiabe ledsbmot her

(p:EIA?IE/Eter msgL @fdg@ki&po@egea havanp &lléashag hl@l%@fﬁﬁﬁﬁaﬁfémm%rlﬁﬁitfiﬁﬂcﬂ%ﬁ- - 59 -
. r evi , ~C rrsing:.,an an reriector;
Swherei n the FU BaHIE BsErEar filTBLpS; BER Somety PORFIHE “of “at | east one

aromati c pol yester having at |east 80 nol % of aromatic nononer units and/or
(ii) at |east 30% bRowwildgi? doficcatccdrlang tomtrmwh sthish lssentamice dpptgiatsarer .

2. Power LED dgyi¢e ¢ in ¢l ah ivoihi: G50 hps a | umen depreci ation
val ue L99 of gt ﬁ%e%gscﬁ%l%%o ﬁooq}%s}l %I\ﬁe%l r\(even g(t) 150 mA. 103. Power LED

device according to claiml or 2, which is capable of emtting at |east 50
| umens of 10 i ght ~f 3rPoEerddd’ Aeussacapiaingdtocldm laer 2 sdughais capable of  power LED

devi ce accor demgtih®a@leyst 90 euridnstdTeight B€ 80I00Q hehrawWhen dfivérd RersoGrAPri sing a

heat sink in direct contact with the reflector. 5. Power LED device
according to Caimg i,n.the heat sink 15c ri ses. at.l.ea 0% by

el oht "ased on FrinalET uRiRcREe 8'S he PR Praf s s f ST ETor Y he
aromati ¢ pol yesnpnsiaga he¢dteinkhodirgctaootaat with gelryBster . 6. Power LED

device according to any one of clainms 1 to 3, further conprising a heat

sink integral wth PJ%rQﬁfd&ficé&%ofdﬁ{Q ©%t194m 4, wherein thheaPGWRT LED device
according to any one of clainms 1 to 3, further 20conprising a heat sink in

thermal clont ageMpiiEcH 2t kastSYeby weighty Predeondhe fosd weaght o thsrheahsinknede of at

| east one met ghe or more ¥ thdPRoBktié Fblye@y g tRE®AS 10 Ngndatic poycane of the
preceding clainms, wherein the reflector has a base, an open top and walls

that forma reflector cavity;: .25wherein the LED.is. posjtjoned on the
interior surface quvheé%ﬁadséévd?e%cﬁgrdﬁlégfﬁoeag?'c?mloﬁ%]laﬁlgs ﬂ?eé’?‘é Dctor cavity,
and is in direanpuomng abtatwinkhntcpel babahobast étheatiletdror; wherein t he Power
LED device further conprises a cured transparent resin covering the LED and

at least partially piddring Hmcé:&\fbfﬂngotfo atnp%né 6F LISEAOT io RREhther

20  comprising a heat sink in thermal contact with the exterior surface of the

reflector and made of at least one metal.

8. Power LED device according to any one of the preceding claims,
wherein the reflector has a base, an open top and walls that form a reflector

cavity;

25  wherein the LED is positioned on the interior surface of the base of the reflector

inside the reflector cavity, and is in direct contact with the base of the reflector;

wherein the Power LED device further comprises a cured transparent resin
covering the LED and at least partially filling the cavity of the reflector; and



- 60 - wherein the Power LED device further conprises an anode | ead and a
cat hode | ead connected to the LED. 9. Power LED device according to
any one ovothw/p@eseedi ng clains, wherein the aromati c peCy&EPe@/oe4dot he
whol |y aromati c pol yester conprise 5polynerized structural units derived
from p- hydroxybenzoi ¢ acid, terephthali G aci d, hydroqui none, and

4, 4" - bi phenol ; and optionally isophthali (Q'aci d. 10. Power LED device
according to Claim9, wherein the structural units derived from

p- hydr oxybenzoi c acid are present in an anount of 40-80 nole% the

structural Un%@re@ﬁﬂﬂe\}?dlff LEmdeelfc@gﬁlttmgbﬁl ARt dnS@Bh l@ladihﬁq a@atgo&e@arg f
present I n an angount o - e% and the structural units erive rom
g fhsrorS

hydr oqui none gnnpcteditpy are present in an anount of 10-30 nol e%
wherein nmole %is based on the total nunber of noles of polynerized nononer
units derived frofhRovwyrdiidXxgbeczaicordaty td,any enephthkpirdcedmgicthimbydr oqui none,
and 4, 4' - bi ph : i i hd. !71@[3 I.Ge. accordi ng
to Caim9 or wg%enb\ﬁgglédlrﬁﬁﬁn}eo%ieg?ﬁfgﬁgi%%oﬁ% Ja{(ﬁg&st ro‘lct UF gﬁﬁhﬁl&t s derived

f rom hydr dqui nelyewctised faicsirplumite detivadniarms pdsidrere@cnzogmacdd. 4crephthlenol i s

fromO0.1 to 1a8d, hydroquinontZandPP¥eliphdeal;d@M iopBoRtISAssHhRaIE @ciany one of the
precedi ng clains, wherein the aromatic polyester "and the wholly aromatic

pol yester are |iqujd, 20c talline | yest er.s. .13. Power LED device
Do di g to- any- SheheBrTED GrtsBe g BT ureioasih o B St
conprises at Heasid By dveiygtizoaf acidherewhskhtyin an ameuntcofpol yest er .

14. Power LED i cgardi 0 Q t r | i B,
25wherein t he4§]'eplng0§i %f‘ ﬁlgosﬁg{;tg{ai ug]?i‘éé nvgggg)& tgﬂe%h%ﬁ?%@ci‘ {alrg%%ﬁccacb%l yester
and the wHbl | gregreneat inanpolopesefel0-30 mole?4.5md Powwsruch FD) wéty ideevesldeamdi ng to
any one of thg &}Bgﬁﬁgﬁé’&d%@"-ﬁgh%ﬁ a&ﬁyres‘éﬁ@ih‘%h%n{oﬂﬁt sefd-eBlcogonpri ses at
| east one of t%e aronmat | ¢ pol yester and the wholly aromatic polyester, and
at | east one W@@qeghmo&%gﬁggﬁ pn the total number of moles of polymerized moriomer

units derived from p-hydroxybenzoic acid, terephthalic acid, hydroquinone, and

4,4’-biphenol; and isophthalic acid.

15 11. Power LED device according to Claim 9 or 10, wherein the molar ratio
of the structural units derived from hydroquinone to the structural units derived
from 4,4 -biphenol is from 0.1 to 1.5.

12. Power LED device according to any one of the preceding claims,
wherein the aromatic polyester and the wholly aromatic polyester are liquid

20  crystalline polyesters.

13. Power LED device according to any one of the preceding claims,
wherein the reflector comprises at least 50% by weight of the wholly aromatic

polyester.

14. Power LED device according to any one of the preceding claims,
25  wherein the reflector consists of at least one of the aromatic polyester and the

wholly aromatic polyester.

15. Power LED device according to any one of the preceding claims but
14, wherein the reflector comprises at least one of the aromatic polyester and the

wholly aromatic polyester, and at least one optical brightener.



