WD 02/ 098981 PCT/ US02/ 17794 EPOXY MOLDI NG COVPOUNDS CONTAI NI NG PHOSPHOR
AND PROCESS FOR PREPARI NG SUCH COVPOSI TI ONS BACKGROUND OF THE | NVENTI ON
Field O wbe2bgseenti on [0001] The present invention rel at @€ETIUSOZPORY

nmol di ng conpositions. More particularly, the present invention relates to
epoxy nol di ng conpositions which are particularly useful as optoel ectronic
encapsul ants for light emtting devices. Brief Description O Related
Technol ogy [0002] Epoxy resin conpositions are widely used for electronic

packaging materials in i in particular, as
encapsul ants for sem ‘\%‘i‘%g o d%ﬁ%gpin circuits.
Accordi ngly, epoxy res P03 pé)#\ M wi del y used in the

formati on of nol di ng cBFek AMEQSIALTONS ¢ packagi ng
materials. Transparent epoxy nDIdlng conp05|t|ons are well known for use
as encapsul ants in connegj evi ces, such as
light-emtting di odes (LEBS . C pplications in the

el ectronics industry. [0003] LEDs have tradltlonally been nul til ayer

epi taxi al structures based mainly on Al GaAs and I nGAl P as basic

mat er i al sFietdh©@f Tirrknvantion ypical |y encapsul ated in a transparent epoxy

conposi ti i ch t rovided, i Q hape f.or eff|C|ent
transm ssion )g/n Ilgﬁﬁlefﬁggﬁ]ﬁfhggrﬂ%ﬁ%?%ﬁgtﬁ ébé%&g%bn oy Olsghoélsuse%)uel in

encapsul aparfigulafly otleateanimeitvn fffes BUPOxFSMEIED t@YpdIshioak wehith gt d type
conpositions, which can be filled or poured about an LED and cured.

Addi ti onapwcu%ﬁ]ﬁ%ﬁl 3 Qnm%@tr@pwyce@ﬁbeel for bty eﬁﬁg;m;gélevmg%ed for

encapsul ating LEDs, in which an epoxy conposition is partially cured or "B-
staged” to forma "pellet", whi ch can then be transfer nolded with the

el ectroni Brletﬂmimepumdelfmeaédiachmﬂ@gsure to encapsul ate the LED. [0005]
More recentl % %%al liumnitride)- based m co %Bgt or devi ces have been
used in UKYY Le | as EPOX K AEPILOPEPOBLOIDET WD U6 e SHINEBESARHIRh ar o
capable o i:ng r t . {d M or e nge, or
"0 021 GSB08T PLTToeSS oG, RN e U JA0E e anged ar E e

el ect r omaspreichndspectlemants Cmdvepetamric (cfrcmts Acoordmgly, epoxy resin based

compositions have been widely used in the formation of molding compositions for use
as electronic packaging materials. Transparent epoxy molding compositions are well
known for use as encapsulants in connection with optoelectronic devices, such as
light-emitting diodes (LEDs), for use for lighting apphcat1ons in the electronics
industry.

{0003] LEDs have traditionally been multilayer epitaxial structures based
mainly on AlGaAs and InGaAlIP as basic materials. Such LEDs are typically
encapsulated in a transparent epoxy composition, which is typically provided in a
dome shape for efficient transmission of light from the LED.

[0004] Epoxy compositions useful in encapsulating optoelectronic devices
such as LEDs may involve liquid type compositions, which can be filled or poured
* about an LED and cured. Additionally, partially cured ei)oxy compositions may be
used for encapsulating LEDs, in which an epoxy composition is partially cured or “B-
staged” to form a “pellet”, which can then be transfer molded with the electronic

device under heat and pressure to encapsulate the LED.
[0005] More recently, GaN (gallium nitride)-based semiconductor devices
have been used in UV/blue lasers and UV/blue LEDs. UV/blue LEDs are LEDs

which are capable of emitting in the ultraviolet (UV) range, or in the blue range, or in



W/ blue light froman LED to visible white |light can be acconplished using
phosphors, which are typically applied to the surface of the LED and then
encapsul awed2mgB1 an epoxy encapsul ant. [0006] U.S. PatentCHaiSo%1886, 401 to
Liu discloses an LED structure including a transparent epoxy conpound for

encapsul atiofg thheTVERAd 8nd tanehd difnde 21RRO8RBAIC kAd@Rnt 0at&feRibnt Be outer
surface of the epoxy conpound. Such an arrangenment” requires additional

manuf act ur@Wéphea dight fieom pnoWEd) g ikibles ehie abight| earebs arfcompbished ansing

phosphor, ich results in additiaonal time,and cost for nppufac i ng.
o007 U SHBaitat: Mk st sl OBfiactRog) Suf) of dheCPRbL8d thed
scintil | at@eapsapSAitl aBhSE dnospsupi@s a body of optically-transparent epoxy
and an anmount of phosphor particles enbedded within the body adjacent one

surface. TABOGhosphdd.S. Bateni Hpe%886,40nioddt dasclasen an RED stousitete apdudingvhen i n
an uncured ate and settle to.the botiom sur e of.a | d i ich the
au - epcib b BelioakS chrbolh i rperghloRrs WY AR afh afiiiBag « Pt afos phor
particl es layeg ertiesh @ omer Stfices taedRel . conRRBll. hkh DabemgaMent
5,813,753 to Vriens et al. discloses an LED for-use in_ |lighting

appl i cat i GRGUiTGS 2@ tiopd|mrnadaciung Hensdor EpVidaesthe gepaaty lapepy efsppanawst a cup,
with the - [ 4 ith..a ] L1l ¢l oal i phati c epoxy
encapsul aﬁ%%gsﬁﬁ%k’%%%géﬁﬁgsr Wp%'g:a%t?oc ietgg%ﬂﬁéc%%;r}’zgadtr%ﬂnﬁtg%cg‘yrgﬁr’?&apsuI ant or
adhered tqoodm surfags. ohtehh®o. LEDD 9BUehMuBthm@l iepARtdiiRpoX ¥cigtitapsul ant s
are well known for use as_liquid epox conpositions in encapsul ating

el ect r oni cgsemily vhicly gacdudes 3 Bady ﬁﬁ&p%{ealbmparéﬁtnﬁwﬁ ishan agewel et |

cannot be B- hek I 4 j i Ml :
because. oft I EEHE, aoddfh bl B HCRhes b AonPBG ckihde, THODREMEE: 1 ¢ our
of the | ipgtickscoepased withindiie iliggidogpokyngrhet e e bycyed viath agl sattiedothni f or m

di stribution of hosphor _t hroughout .t he cured encapsul ant. [00Q9
Accor di ngﬂvjﬂmwﬁm af) w%@vmﬁ&@éﬁ%qwg eapwsofémaalﬁ%ﬂ- dV AP C‘Bﬁlﬁﬁﬁéi %ion
useful as i I r i vi des for

R8s 9(?33? %ﬁe&?@%ﬁcﬁ%ﬁ?ﬁ% g?é‘éoaﬁé?i %}(ﬁgssum&?{he&roﬁ

substantial 'y uni phosphors and which is easy to
manuf act ur[@0@8ld. udéSaBatant¥b.dh, B3, ¢ BnipodTi¢rsort.al. SAAKRY aDE ETHEST ubd/ENTI ON

0010] The. pr. t. i tion.i i t | dj ' d .whi ch x
[ nci udes. SPLRB 5P B OOy BRBPATEs ad Y teEE P dEE RO b BHRSERSF iibepoxy
conponent g theadhpabHRy, E%llﬁg Vﬁ%ﬂ@%ﬁf‘fréﬂsﬁﬂﬁh@ MeidaBbRatld Ef¥xyembigshmst

phosphor material, wth
with phosphor particles dispersed in the encapsulant or adhered to the surface of the

LED. Such cycloaliphatic epoxy encapsulants are well known for use as liquid epoxy
compositions in encapsulating electronics.  Such liquid cycloaliphatic epoxy
compositions, however, cannot be B-staged due to their inherent high reactivity.
Moreover, because of their low viscosity, the phosphor particles typically settle out of
the liquid composition during curing, thereby providing a non-uniform distribution of
phosphor throughout the cured encapsulant.

[0009] Accordingly, it would be advantageous to provide a molding
composition useful as an optoelectronic encapsulant for LEDs which provides for
éubstantially uniform distribution of phosphors and which is easy to manufacture and

use as a molding composition.

SUMMARY OF THE INVENTION

foo1o] - The present invention is directed to a molding compound which

includes an epoxy composition including the reaction product of an epoxy component

and an anhydride component; and a visible light-emitting phosphor material, with the



WO 02/ 098981 PCT/ US02/ 17794 phosphor material substantially uniformy

di stributed throughout the nolding conpound. [0011] In a further

enbodi menwo oi0e89pr esent invention is directed to an encapsaitsar/11med eri al
for an el ectronic conponent, such as an LED, which includes a nolding

conpound Whoephdrs néutdrRdCéubean4lBduatifoshiy dafibhel | mrewdiedt epexihotapposi tion
havi ng a phosphor mat eri al substantially uniformy distributed

t her et hr of§HPOPEE  nol di ng conpound has an average m)l ecul ar wei ght of

about 5, OIO[ﬁ ig abouty,20, 0., g%%h{n%ltythe hFesgnql /0 10(51r n%)%é%gts%styprepar ed

by B-stag parti‘all'y cure onbgeneous A xt Ur e

conposi ti mcmlamhmawms phan eﬂfaih@hloaéorﬂytvn@ﬂt besh asdEENED! SidistMdsLd] ect ed
to partial curing to increase the viscosity of the epoxy conposition and

suspend t HBOYHSsREOUAAvERshds am%ﬁmm%%qf&%%wd ‘?RWF}’@QmiPﬂ@ﬁOEn x. ng
of the horfﬁgf‘r% 2400 éfé} %ﬁena[losﬁﬂiélan@fw{lﬁl@oq{nl g’H?sgﬁbxﬂﬁcﬁ“th ALt s hprgﬁe

invention Is to a net prepari moldifg - co whi ch

i ncl udes pnoidirg sugnpnné haxyn hvosgrosblebwlar weipdt offabigt amoen@wo@cmm@nd and
m xi ng a visi bIe light-em tting phosphor materiial wth the e

conposi t i GACSHIZLR cﬁ)? d@O]él%ﬁB%H%%sls MPIRPRS meﬁtagwg ﬁh@%lﬁlHBY cuied eri al
suspended ﬁ&ﬁdgeﬂe&u@gm&ﬁg{aeff ER1BoS %s% il € 555)401%&69 1 YRR ggNeous

m xture i s increase osp mat'erial suspénded
within théweegmwyommwpm@bmb®moQEnﬁmnmnagpbanmea@ﬂéﬂ-wmﬁﬁﬁyﬁﬂnaéepaﬁhls can
be acconpl i shed. b artia ng the osition tg an initia

vi scosity C@ﬁ’é’&ﬁ’it@x&fl ﬁ‘éﬁpﬁlﬁéﬁf%ﬂ%ﬁ kﬂ%énaﬁﬁbﬁ ﬁ%n ﬁﬁ%"?‘&lco@ﬁgﬁg%gﬂmﬁﬁ thin
the epoxy GMMOSH the BfnoddiGol Bixdgact ed internediate is then B-staged to
partially cure the epoxy conposition, thereby form ng the nolding
conpound. [pOR]I3] A fAiftrtter cevwbdidiant of thefpredeat mvestent isidineetetliton meihal ves a

nmet hod of pre ng_a | di ng ¢ und. whi.ch incl.udes rOV|d|n an epoxy
conp05|t|c§’rf F??E‘I“ﬁ kgl?og ﬁB&V“@%ﬂW&‘ BSBWVEJr\ﬁ%IG?l &XY §HPHIYThg a

vi si bl e | ijghhai@gi aht AOind"R::8h @'wé@bl@h1ghh@m?c9€%}5h5é%ﬂ&0§ﬂa$ehgﬁ at a
t enperature of abo C o about 11 C to provide a honogeneous m xture,

with the phgs ;i‘rﬁocfspomtcempasmos tie peordéel aviontrigenechie reipoxy, wihpbs phesphor The
XU SRR RSN, SRt 2RO SR e BiSee B ol 1
of the m xhitge ii$idchRBed While asttainthabeUhoéPiortiRateRBIUusp&ied vathid thd Me :
pert Od of eggg}llj tcon]igosrl]aor}luttoeﬁsm;[l% p%g-rg'ac?elélt 1?1’§er£[n(e)d1g‘caeu S"J?hl? Qar{ l?é: ggc%?n?)lllsgedtb@e
partially curing the epoxy composition to an initial viscosity capable of mamtammg
the phosphor material suspended within the epoxy composition. The pre-reacted
intermediate is then B-staged to partially cure the epoxy composition, thereby forming
the molding compound.
[0013] A further embodiment of the present invention involves a method of
preparing a molding compound which includes providing an epoxy composition
including an epoxy compound and an anhydride, and mixing a visible light-emitting
phosphor material with the epoxy composition at a temperature of about 105°C to
about 110°C to provide a homogeneous mixture, with the phosphor material
suspended within‘ the epoxy composition. The mixture is cooled to a temperature of
about 60°C to about 65°C, and a polyol is added to the mixture for reaction with the
anhydride. The temperature of the mixture is then increased to about 70°C to about
80°C for a time period of about 10 minutes to 30 minutes to cause an increase in the

viscosity of the mixture while maintaining the phosphor material suspended within

the epoxy composition to form a pre-reacted intermediate. The pre-reacted



viscosity of the m xture while maintaining the phosphor material suspended
within the epoxy conposition to forma pre-reacted internediate. The
pre-reactwo 02898981 02/ 098981 PCT/ US02/ 17794 i nt er nedi at e PSTIUSeN1BISt aged
at a tenperature of about 65C, thereby formng the nolding conpound with

t he phosphgermstfe ii@khdamBis@iad ¥t di t§1trxbéﬁﬁirg%fta@%teéf"'r']@gﬂiflgby FQOEAL vt i1

further; the present invention is directed to a netho encapsul ati ng an
opt oel ect meddingdewipownd whh e fhosphed smtenad unifomgy aistdptietthentimonglc  devi ce

and a nol di conpo i.ch includes, a |light-emi.ti hosphor nateri al
hormgeneogi(ﬁg] m xed %‘ﬁt ﬁpwwé’ ) tl?raffeW lgﬁ?rgt?neb% re&%ﬁp%ﬁ n%l,mﬁthad of
encapsul a%ﬁcfh?sulbﬁ@g QARIDARLEHABI deviRY WhchMrchhded 8rdtRAidl B8 SROPRAIC
followed by fully curing the epoxy conpound. [0015] In yet a further.
enbodi rrenﬂ,eVlﬁﬁén%rae@@H@ngj evepaung il lindedesanligltpnaigingcphosphar metericke

i ncludin n LED and an _encapsul ant .surrounding the LED, ~with the
encapsul g%&“f’%epteﬁgsqy &%e(gfw @B} 85’@8@&3{ cdwlr%cg%qug?o O@BEE@%MSLB@H%Q tion

having a phospbeectraieabdte ﬁ/ﬁh&h@ﬁdl@ibkk&‘{%&@d,%h@é&135/ifﬁlﬁ' Rfring the _
t her et hrough. BRI EF DESCRI PTION OF THE DRAW NG [0016] Fig. 1 is a schematic

di agr am ofP&Y GPRSENdct roni c device in accordance wth the present

i nvention AILEDIEE? P NVENTI ON [ 0017] ..The. sent
invention“yg%girecte gp%.%%ﬁ%%g¥#%gﬁh%¥’E%gﬁg?$£gﬁ%Y 1 Bg Felttar, to a
mol di ng coppelebidorsialevias ifichididg eni DEPNGaPs leatdpsglagl @6tduaning theackages

whi ch i ncl yde_ an -optoel ectroni c conponent such as an LED. The nol di ng
conpound ¥tthithe cpsapselant in e frrmost 3 FrepterRBToLUFRT 4 BHTPY cReEePTERASKioN
conpositi : i 0S: - 81 al: i ] i i but ed t hr oughout
he: epoxy SAmp ALk byer RARSRIRk- Rk AL Bl RBih AR, |t Re
partially cured epoxy conposition, the phosphor material can be suspended
wi thin and substantial] i form v distributed throughout the epoxy
conposi tion, thereby prevehilnis: DI DEABdNk0r  material during
curing thgjoagl In ! 0% qneARSHIALL AR EESR oplbOiHnfReviol fideodligydiol di ng
conpound of the preséent invention includes an @ epoxy conposition. The
epoxy conpoabithe presérs imvestidast anti al |y transparent epoxy conposition capable

of transmtting light emtted froman LED, as is known in the art. I n
desirabl e applications, the epoxy conposition used in the nolding conpound
of the - DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention is directed to a composition of matter, and, in

particular, to a molding compound such as for use in encapsulating electronic '
packages which include an optoelectronic component such as an LED. The molding
compound of the present invention includes a partially cured epoxy composition
having a phosphor material uniformly distributed throughout the epoxy composition.
By providing the phosphor material within the partially cured epoxy composition, the
phosphor material can be suspended within and substantially uniformly distributed
throughout the epoxy composition, thereby preventing settliﬁg of the phosphor
material during curing thereof in the encapsulation process.

[0018] As noted, the molding compound of the present invention includes an -
epoxy composition. The epoxy composition is a substantially transparent epoxy
composition capable of transmitting light emitted from an LED, as is known in the art.
In desirable applications, the epoxy composition used in the molding compound of the
present invention is a reaction product of an anhydride of a cyclic dibasic acid and an

epoxy-containing compound.



present invention is a reaction product of an anhydride of a cyclic dibasic
acid and an epoxy-containing conpound. 4 WO 02/098981 PCT/ US02/ 17794

[ 0019] Thwoagodd981 anhydri de component used in the present PCRXESOYLTOM i S
desirably a cycloaliphatic anhydri de, such as hexahydrophthalic anhydride

(HHPA) . Soedd] quantTHe escliRf astiydete ranajoaentanfsddii 48 présdh idention is
ttrahydropht hal i c anhydride and_ phthalic anhydride, nmy be present with

t he hexahygsisphy Aycloakiphafigrangs sgHbey Bexahgdropbthalbe enhysaie ZBHRA). t he
total cycld i.d.: i t T o R 59 r.. best. .results.

[ 00201 *he SPGB xR gri s e 25 R ionl Rbc PSRGE Y Lo
which is eapalitenbydhil fgybesiragadwitashavhttahberogh®als sed dide ot ehsigd ai |
herein. Particularly desirable are solid epoxy resins, and in particular,
tri- or miet pemase thamnal™ of flsiptalearha acifignhydnde sanieréxagpPde 2500, Usef ul
epoxy res‘ist%E rgsgl?(]sude solid. epoxy resins derived from bisphenol A or F,
tetranmet hyl and/ or bi phenyl, and epichl orohydrin, noval acs, and the |ike.
Tri gl yci dy0020§ocyanukathe epdsy Eympenenpainlitherystiingd@pbxailst mAp bexaepl e of a
particularly useful product is tris(2,3-gpoxy- propyl) isocyanurate, sold
under t he el éhsaRabIEpPf Gane Bystageds 2 Wille b chigcussefgigsmore sletatlt ereinp021] 1 n

e ont PR Sy GRELNO O LotiBolY fochfe AR ARG AT AR PO

conmponent, t e ring e opene arrous agents can
i ncor por atpeky mdsinst h&Noagoxiting oexpompidsi e udedulassixst rekins tihtlsd¢ isbigd @peny ng
acc i shed, for exanple, by active

reaction. Such _rin eni can b

hydr ogens TS efff1v \%g{“ér nglb‘?nobyxhﬁir Sy [teranggthygy aédﬁ’évm'bgﬂﬁaﬁle. and,
desi r abl e 8RRl GRIIHRN Snova1aRs)! ' fcacor 8¢ i e :

conposi ti g?liat grassi gf srimn %aﬁg %?élgﬂhgpleﬂril?ng @g@gﬂaﬁ%gﬁu %e gfr%bcr}r ésfmt e

curing of patisukrpy descaripodint sxempleThiea pattipalarly sisefill grodectas [tos@)3-gloikphat i ¢

polyol of 3 ta 6 carbon ato and t hydr g o pPreferably of. 3
hydr oxyl SpIOpgﬁt AT AT esc?‘ﬁgls é‘&g%rs%i‘ﬁ ?f@éeﬁ%‘f)oﬁé@ns St fl\ﬁﬁargréébgpyal,s may
be bl endeghduliriespr@yvi ding that they do not adversely affect the nolding

conpound properties. The highly preferred polyols enployed are gl ycerol
and tri me{0fidl pr opanzdet TVPpmod wsaetionof thecydligtanhpdridetdespopeaityroti sheof t he

9 0uP SRR o By Yl R Rl R SRBALL S0 eRBLE e 10, Lo

glycol , dibior&se ifgth ¥eDépoxi9TcaRpbsifien 8 ¥kedt i tds AhPop@hERRction. Such
ring opening can be accomplished, for example, by active hydrogens present as water,
or by hydroxyls, or by a Lewis base. In desirable applications, a polyol is .
incorporated into the epoxy composition to assist in the ring opeI;ing of the anhydride
and promote curing of the epoxy composition. The polyol should be a lower aliphatic
polyol of 3 to 6 carbon atoms and 2 to 4 hydroxyls, preferably of 3 hydroxyls,
although in some cases minor proportions of other poiyols may be blended in,
providing that they do not adversely affect the molding compound properties. The
highly preferred polyols employed are glycerol and trimethylol propane (TMP), alone
or in mixture. Other polyols of the group described may be utilized in minor
proportions, generally being less than 25%, e.g., 5 to 25%, ‘of the polyol content.
Among these are ethylene glycol, diethylene glycol, propylene glycol and dipropylene
glycol. A suitable substitute material for these or for part of them is ijropoxylated
pentaerythritol, a tetrol having a molecular weight of about 400, sold under the name
PeP-450. This propoxylated pentaerythritol may be used in small quantities,
generally being limited to 5 to 25% of the polyol content, preferably on a hydroxyl

content basis. In the selection of the "supplementing" polyols, it will often be most



glycol. A suitable substitute material for these or for part of themis
propoxyl ated pentaerythritol, a tetrol having a nol ecul ar wei ght of about
400, sol dwondesssshe nane PeP-450. This propoxyl ated pent @emsiishr/it’ed may be
used in small quantities, generally being limted to 5 to 25% of the

pol yol coriesirible iy efploabihyseowhichhy@ripyd at £t eftpdi@atsor Wthtiatisehect i on
of the "suppl enenting" polyols, it _ will often be nost 5 WD 02/098981
PCT/ US02/ Eomrparatiyely; lpghieanesatares! ofoveissecormpastiivaly highyoielfing matssigls,

ormer 2t Ui, Skl 09 AP PR ARy L R ATREL RS Sl e

conparativ mat er .- pent aery

enpl oyed, cpmpbdbmsnabl y as a smal |l proportion of polyol conponent. [0022] The
various reactants will be essentially pure, over 95% pure, referably over
99% pur e, (%] nost phsr graensy restapts illobg, psprdiallyr PEtSur QT &%ypu@houl d be
cl ean and e ' ayv o [ ough the
reactionsﬁﬁ?¢%$é??%ggg%§%%hém€gﬁ%ﬁﬁ%§%£%%ggggﬁbgggggﬁFTyB?ég%ﬁgghgﬁenlnay
be eff ect ebbuM bbolshn and adlatlystand swatetcontest isitmbonddded. 0 speed the reaction
t he presen y be useful. It has been found that a

f t.al yst
rel ativel i&féﬁgl I ag?%\}%“)\é}zhc “alTiGenfratte rPalics, ¢ | Rolbaps cERPTUEE yanti ds of
8 10 18 caiefuendlyABRurhem! iy gtetﬁﬁta&&a Gﬁﬁ%ﬁﬁ Eat‘ﬂtytstbg&heﬁrﬁg 25 bt the

clarity, colorless nature, a er desirable properties nol di ng
conpound apatdttheréakiion, she dresemced{araathlicst mafyd@askiulx behasttean found that

anhydri de d epoxy-cont aini reactants, alon with.the polyol for ring
openi ng aﬁ‘%‘[&bV Y Btﬂglll BEPURI ‘ffﬁ’a%%%t}ctlinﬂte’é‘%&pmbéqaafs ggfaﬁﬁaﬁé&s&fg@ ecaﬂb‘?rf | ar ge
propor ti oRgnRf edrhEatdBti8 bEBHSvikHbut Ep SR Mhe CRIRG oldrRs Bbtut8ndDihgi NY
conpound i s avoided, sO as to assure maintenance of the clarity and other
propert i edesimabletprepatiesef tho maiding cipamdmndpbe finished afredpjoduetnt s whi ch have

specific i,y abl e fects are .acc abl e., For exanple, nold. release

Sbent s magtBd] ampt of SRS A® SeRCaRuRa: S atbe R nEE PR AR of 12
to 20 car hem tAé PHBol RF nhgwpenﬁg@ﬁ@@bﬁ&rﬂa11wiﬁl the @ink8ky 84tOIRY) RTr&kAcd her eof
preferably saturated, and nost pref erablti{1 stearic acid ofr nethyl stearate,

are utili 2édprbe qaeretionrepf sitker\mpigriels fincihip vapokn compiosijion edfethsi mglditge
product, LAY R T3 ek 2] Bl SRR D S AR . S5 MR
i ncl ude aopthesquibal psinet.i dliney pivbyrtiods 8t hdjRudres whivey Riverspe@ic ddsigbRrhosphor
material is capable of converting |ight which
effects are acceptable. For example, mold release agents may be employed. Among
the mold releases, higher fatty acids of 12 to 20 carbon atoms, or lower alcohol (1 to 3
carbon atoms) esters thereof, preferably saturated, and most preferably stearic acid or
methyl stearate, are utilized because they are very effective in easily releasing the
product from the mold. |
[0025] As noted above, in addition to the epoxy composition, the molding
compounds of the present invention further include a phosphor material evenly
distributed therethrough. The phosphor material is capable of converting light which
is emitted from an LED into visible white light. The phosphor material can be a
phosphor which is capable of converting and emitting one color (broadband, narrow
band or multi-line, e.g., red, green, blue, yellow, or white), or a mixture of phosphors
which are capable of converting and emitting different colors to get a good color
rendering. In particularly desirable applications, the molding compound of the
present invention is provided for use with an LED capable of transmitting UV and/or

blue light, and the phosphor material is capable of converting such UV and/or blue

light into visible white light, in particular, light having a wavelength in the known
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is emtted froman LED into visible white [ight. The phosphor material can
be a phosphor which is capable of converting and emtting one color

(br oadbarp mmasg9ew band or nulti-line, e.g., red, green, PolToEse2/yEb4 ow, or
white), or a m xture of phosphors which are capabl e of converting and
enmitting didiberiite Elt@ufrel Sudiels aBoBOMD t6 @bt 800eRHErThBGhobghoP&atdriaul ar |y
desirabl e applications, the nolding conpound of the present invention is
provi ded fidrdesizablyniprovided UELhe Syabpepaticles Misgmisi mgidhveanbe drterniked | i ght ,
and the ph hor rial i f.convertin uch UV and/ or bl ue :
i ght int o‘%?/klH I%?rbel eg'%tx i°? %‘p P§1§ﬂ1§?&9%ﬁh§g% Sicglg %}n, Pfeg%et%alﬁ% Flﬁlg a wavel ength in
the known [0626/0 02/ 09898fkdPEH PSP Fbrial insdyobe seldicteg frbihiny’ Rigen such
as about 400 to about 800 Mh. The phosphor material _is desirably provided
in the forihogrhopayhirl|isscogigationngith gy ¥ rercine BER, nvak pioduer thi desired t he

epoxy co LEian, a i ihed J r ef.ai ] 1 As
not ed, tm&% %ﬁsl%%lgp' ?ﬁ)&%a{mﬁ g’ngggg%éd‘@eﬁet%?%g’%eﬁg% %}%’ﬁp 02375\@1 Q%]‘H(%gp or

whi ch, in capibiused toprodintdhwhitéMeblr A eeanhfiB of wipattiqul atudsirtble pdesphoed

|ight em ssion. For exanple, as is known in the art, yellow phosphor with a
bl ue LED RIHrEe Adwninusl Fraehc e Al eellorgphospher, sbaghphas %peag EpET Ul ar | y
desirabl e IS L 1 ! : phor ,

whi ch has ogqggg%mnﬂsmsisoﬁﬁﬁ aol#l Wsa@)oggg Q%Lﬁrgn{w%u%tﬁl %’%gﬁ%)ds%ﬁ{% alwg%par 9%1(:”' arly
useful f orlight mconibigationsiith &GN biee LIEDg thi¢inhaserisiak @tnigivrivit s hmGaN bl ue
LED, whi CBH‘E?%E a pe em ssi.on af 465 Mh. [00271 The proportions of the
various c ents offtTHEPIRIPET RlgihE SRCHAPEIPOBRRIF G &tp 1aPKIng cFnRaynds
produce t i i : idyl iety
A A R e P
t he anhydrglyedypahyiety pééwt irglycidy! isonyeswatel reatthwithrtbsentd peaptreodsyg it i s

ossi bl e hat, a l.Lecul e o ol yol react with both.carhoxyl s. ich ma
Do ons! ddiah e e el Rttt LA BT the e BRAenh s B £ o

di fferent {palyablcbBbTBbBR] niBN /AN RAE batBbks WIEIE ALY BXWbasidesbdrtd arl y,
nore than one glycidyl "noiety of the triglycidyl iIsocyanurate may react

wi t h anhydweieleoma rfitnox yhesardnydridé, rorqohw! baswsylssiowh differast papel melpciies

ef fected before, the an ri de react i th pol yol. Howeve i .o

ot ances. BPHECP IR MBI a55 BorurUBred ot Bet pHESD Ly Pitted 21 e

descri bed,tripwéidyPiso®@hiRke @y T8 with MRRAESdcedarxdly A, acidhaoydchae and a
glycidyl norety of triglycidyl isocyanurate reacting with a free

car boxyl i geaggpes ey b Eé%ﬁ"@ﬁé@é@e By anhpdriderieo¢ts wethredyali SteweSas i p@skt i ons

may be CO%J‘L%%ES% qhé ?ea%ﬁogsf ﬁl%?tb%dco\ﬁ@ﬁgre& Qg bter}flgs% as initially described, with a

polyol fofming a monoester with an acid anhydride and a glycidyl moiety of

triglycidyl isocyanurate reacting with a free carboxylic acid group generated by the
previous reaction. Such reactions may be considered to be effected when the three
reactants are simultaneously reacted. ,

[0028] Desirably, the molding compound includes from about 20 weight
percent to about 75 weight percent of the epoxy-containing compound based on the
total weight of the molding compound, more desirably from about 30 weight i)ercent
to about 40 weight percent of the epoxy-containing compound based on the total
weight of the molding compound; from about 20 weight percent to about 75 weight
percent of the acid anhydride based on the total weight of the molding compoilnd,
more desirably from about 45 weight percent to about 55 weight percent of the acid
anhydride based on the total weight of the molding compound; from about 5 weight
percent to about 20 weight perceht of the polyol based on the total weight of the

molding compound, more desirably from about 5 weight percent to about 10 weight



reactants are sinultaneously reacted. [00281 Desirably, the nolding
conpound i ncludes from about 20 weight percent to about 75 wei ght percent
of the epwoy200898RI ni ng conpound based on the total wei gCTafSo2/bE9fol di ng
conpound, nore desirably from about 30 wei ght percent to about 40 wei ght

percent ofpebdeat SPHXYtRNbALLH Y HEOPROWabHD A% ek ﬁl@ld}ﬂgcé g@dmd aM®inght of the
nol di ng conpound; from about 20 wei ght percent to about 75 weight percent

of the aciatouinthg draigh mmatmabquhéotvmlght needeghof dfe phvspis Idatngaldmmﬁ)und

The acta Sy iR RRCHmE R Thd buBGEdbleb S ROH ot Por g Bfstna.

f rom aboutto 5bml 12h¥eighEp et of thedpidbho? Gniveri ANias®e 68 S tofdl \i'eh%ht I%@'tli/@' based
on the total weight of the nolding conpound, nore desirabl rom about 5

wei ght peredfmgtcomposnd. Imadgiightwhen mo@txqb%gzagem@srm@matw oo thyer cent

about 0 5 HargRCps R Fy i B Ih Bl Cp RO SRR RbeEaBR” O

materi al lhasad.] erighigetehto ¥jugtwebht frecdi® beidddor et teigie st kbl y from
about 5 wei ght Fercent to about 12 wei ght percent of the phosphor materi al

based on tHEWPBEAE wei ght of the nolding conpound. In addition, when a

ol d rel eqggagent ig LCONROLALSol ALALNR oA ﬁélﬁgaggwgis@%g% a ol d

rel ease i i rabl y provi I'nTan anou rom

per cent tcnhmbguiut Zheven@bing pengenhdbaSetl oamtfben taitabutiei ghttheophdshror
conposi tion. $ 029] As noted, the phosphor material is substantially
uni for m y TeAtEt |1%1§¥MtanE Wr%ﬁb@%é?tﬂtqgé)fﬁ]@ﬁ Bhgsghor mateHal dnesyERe o1 Ehﬁ form

di stributigg, QﬁlaﬁMth%%ﬁ%%ﬁecu%ﬁfc%oh%Fnérﬁ \!vmeﬂrcaﬁ%s £t %0 9&8}{5&%@&%& d ing of

t he phosphor rrat eria uring curing encapsu Fant over
opt oel ect I‘O(ﬁﬂ]llght aoited tixotigh titv altagsatant. eBrdviding thmpimpha*trﬁﬂbnhlmnﬁoﬁnlyof | i ght

emtted t encapsul t . Providi t he phosph erial unifornly
di stri but ’%ﬁﬁﬁf{]g‘ﬁ?ﬁ& O‘é‘P 0 lﬂ%c H?}B@nggwﬁme?ﬁ& © @géf“@e‘& it S5 due to
settling ‘PfthEl‘&oQBR@rp%'EerfE@t i@ cahicety %ﬁngCﬁﬂa @ﬁ&re' 89 tﬁé Nablakiyr e of

the nol ding conpound, or, in the case of pre-forned noldi ng conpounds,
duri ng B- stamgeursiyor,ng 'tho fasehe proffatineg m@dmgmwhpoSudsh deeitig IB-stged surlygl | eved

(2,0, 002 g B RRERL, S Sl BRSRARSE A B BT BESBET
use in a vty NGscRArBO WAth sdcB0Fkpidr mMesalbeanwailsEomensed Jifiosphrtahe
present invenfion that the phosphor

_typical epoxy composition for use in a molding compound.

- [0030] It has been discovered through the present invention that the phosphor
material can be substantially uniformly distributed throughout the epoxy composition,
and maintained with such a uniform distribution, by increasing the viscosity of the
epoxy composition while maintaining the phosphor material uniformly distributed
throughout the epoxy composition, such as through continued mixing, thus
suspending the phosphor material within the epoxy composition to. form a pre-reacted
intermediate. As such, the molding compound is provided as a reaction product of
such a pre-reacted intermediate.

[0031] More particularly, preparation of the molding compound of the present |
invention involves a pre-mixing of the epoxy composition with the phosphor material
to provide a homogeneous mixture, wherein the phosphor material is substantially
evenly distributed within the epoxy composition. This may be accomplished by

combining and mixing the epoxy compound, the anhydride component, and the

phosphor material. Desirably, such mixing occurs at a temperature of from about



material can be substantially uniformy distributed throughout the epoxy
conposition, and nmaintained with such a uniformdistribution, by

i ncreasi ngotohwe9svBsCcosity of the epoxy conposition while mairnisa/mi7ng t he
phosphor material uniformy distributed throughout the epoxy conposition,

such as t 80003 ab@NI40EEUnbieXicdBabli Hitsn 25318 NORUT RYaBdie 1nhasSPoek peRbEr i al
wi thin the epoxy conposition to, forma pre-reacted i nt er medi ate As such,

the nol di Y abeHpOmmEUtes. Dosignikernaseagtioneerstiisohiripedbia cnixure stepuch a
pre-r eact 90.4, ter mdlt}%ttEUS fger gaefl«;.ll m'ygtu?e B%ot eﬁ"fl art%sxéggzg egPéa?ﬁ"gqﬁ 8;% he

nmol ding ¢ npound of FRVEnt 181 i Vo t he

epoxy conesititdseq, msﬁﬂabtyim) phesdaat 657, ewrh@bolybpmpthe;ylad@edatohmmme@us
m xture, wherein t he hosphor material is substantially evenly distributed

wi t hi n t hdhusgssaarebis SPRimied Irping, fefyexpaples Buepel kage bf}armmiguhﬁad@g and
h , d th
m xi ng t %@g@ﬁ%@%ﬁgﬂ is bR AR AR AR £ OURRES Wi AL I0G-aDNRSRROT

mat eri al . m X1 ng oCccurs enper a UI’

WD 02/ ogsqamuﬁg:ilﬂdﬁoazﬁd/m%steﬁomé cengfepatirelcf0fe niRfiee GeFickaabdd/tof 4m about
105C to ahout 110C, cpr a perio of about 20 m nutes. No significant
reaction docuiesakeut BAE ?Yﬁf§ Pr?iﬂi?ii g 2aqué B 0 tg BO ZiRutTH &vViftheantisredmiang af xt ur e

| s cool ed ﬂaé;%&n%og{égﬁr ablififfe Ais WY e ol P cotBOMiorP BEind 75 LhADIMa A 10

about 65C. fien a ure us prepar e% Wt h
conti nued vmmsmgqf themiretsngibely ihbireasegh Subieammr@fsem Miskosiiy dueas@artialAddi ti on
of the pol believed to .initiate a reﬁctlon with the anhydrlde

thereby f ?ﬁ Hgthﬁ PRKY campayifian puspsnds the ésﬁh@ﬁﬁ@%ﬁ% rathin thepariallt ure i s
I ncr easedvc\/l 1;?:%3%)‘35!% ég%sftﬁnab ]péotﬁh OMBa1 Poaedll QfirQf tﬂ@%ﬁ%g bP 130

m nut es, m xing o e conponents. ring t time, the
epoxy corrpompom‘mn isegctrn&eddno ghoug 30@d9Atheentipoise (ops) 3t TOPCt e suctapre- sl owl y

I Nncreases n i eas SCOSi partial,, curing of the
epoxy cor‘rﬁ%fjelﬁll %nga %n‘?fgg‘quiésﬁj byﬁﬁ#’z)htg} Wetlﬁeﬁlaf%émﬂé 142513 y
cured epowe@@avéﬁgetmerbcu@%@gtgbfr&nlaebﬁﬂ@bt@%&mq' oguring, the viscosity

of the corrp05|t| on is increased to about to 900 centipoise (cps) at
75C. As sl@3la prelt nsevatetdethan ﬂlte'nmsit}aoiéthprpmdmtadsnfenm@dte 1Dé.ge¢tkybl Y,

this, internme roduc a__weight average nol ecul f from
about 300 TACAIoUE “heute! Abosa e s B e ek st Py HETR e
pre-r eact gide| b esFREE el dfr@etyhvspHoe | Aktedalt OFbhexaRPKNtG Hk-rRhasphor
material incorporated therein, as well as the particle size and surface

t r eat ment Bernediatg pesivhlo raccmti@gﬁalthe Prsserdavgitien, mcprdeng ebwitdd weight
percent of phosphor matenal based on the total weight of the composition, may
achieve a viscosity of about 600 to 800 cps when heated at 75°C for a period of 20
minutes. A similar epoxy composition without any phosphor material incorporated
therein achieves a viscosity of about 400 cps under similar conditions of 75°C heating
for a period of 20 minutes. Accordingly, including the phoéphor material results in
achieving an increased viscosity in the composition in a shorter time period.

[0034] To form the molding compound, this intermediate product is further
partially cured. Desirably, the intermediate product is transferred to cavities or molds
for B-staging of the composition. B-staging of the composition helps to speed
molding times during subsequent molding encapsulation procedures by polymerizing
the epoxy composition at a comparatively low temperature, making it possible to
produce a stable molding compound (stable for several months at room temperature)
which will be satisfactorily moldable in a subsequent molding encapsulation
procedure, with a short curing period. B-staging is effected at a temperature in the

range of 50°C to 100°C, more desirably 60°C to 80'°C, most desirably at about 65°C,



i nternedi ate product, according to the present invention, including about
12 wei ght percent of phosphor material based on the total weight of the
conposi t iwn,02/088981 achi eve a viscosity of about 600 to 800Pcpasanerdheat ed
at 75C for a period of 20 mnutes. A simlar epoxy conposition w thout any

phosphor @t arpedlodi FC3 Rghateedo JhBE8E Nprafdhd H?%/%n@ M&qg%&uys ofhabpyt 400
cps under sinilar conditions of 75C heating or a period 20 m nut es.

Accor di nglopfalyshisiuged. nWlﬂmta(bYﬂb,stbh@meﬁmﬂe’rhedTom éé4Lﬂ0t2é3 Dflthoa@mtedn ng an

i ncreased ositydn._the.c osition i hor.t er t| 34] To
formthe r%?%ﬁng colpSaREE 1§ ﬁ%g aiﬁtcgpmllgﬂé?lgfw%l 1""1%’?‘% h@go a%’éf?t ially
cured. Desjorigétey is idﬁﬁev'eﬁltﬁiﬂ?@btﬁi@r@é&ﬂk@twélﬁkﬁdvﬂﬂﬁlftﬁé raﬁd Sugh Baéth%mgas or

nol ds -for B-staging of t he composi tion. B-staging of the 00”8005' i on hel ps

to speed raBiligin rmatré@ of @rmﬁlghr@mmw@ﬁthamgdmg)mnmbsw & PO ofrtbeedur es

kg1t BOSL e, SP 3 shRRP Rl Heif R Bomen s o

several nmpbpsudd id @@mcie@ﬂquoawéﬁy)ed Y€ Ro Wel turbe wadiilpfiacd QutskyudiP! dabl e
in a subsequent nol ding encapsul ati on procedure, wth a short curing

peri od. BIBeldEEneparions fdtared-staging, tibapesiataie biensizheeducadge DFUBHE t o

100C, nor t i at 5
02/ 09898 1%%@%% %J{.’“ﬁg’ggg K ?6&0&%% ﬁté‘h ﬂ‘gc %Bl?ﬁxrn uf*el%p‘%agwip A> OC&PE", B
pref er abl wtdged o 4 pteofolf) shapy B, a wWieblyngzedaabidl g} afts ejagidn Mk lfheCn’:lbld' yst,

the tines may be from 1/4 to_2/3 of those nqoted. [0035 B—sta%lggs
typically r&%ynlﬁ SRy Srdirgetly %%r%mafmwhsﬁnca%atcoww ABAIIHES PRehes i s

hi d, I t
R T e e A R o S

of the epnzapsuiiiet presewsf the epoxy conpound being react ed As such, the
nol di'ng und is _suffjciently poJynerized so as to ured qU|ckIy in
a subsequﬁﬁ&% mol di Hgeopeldis 6pmpayidepasa SYHENG Tigfe & rrwg% eoki ze
reduced t Qpaurstibdorl! £ pm@@'cﬁa stbzeﬁe ARPCourReBrithd %trﬂgcts ioh! 4ad nch
diameter. Alternati veloy,, it car? Bf) stagurfglgto a pé& for ﬁape l?n a

sui tably §udedthnmndldmg:l compbvend erppmsanﬂm af retanmctrh@rcprbicd of timy ibenediptoyed

directly. In, thi h d d t.he sh f th
ol 6. pr odtil SR 4 kel B creepalh G (R o BeYitE ok BAGRPRG dur g
an encapsiiiéal Qﬁnﬂ%ﬁﬁgﬂﬁfstnﬂlﬁ&f’@ﬂlergthﬁ)u@ﬁl M RRAPOHAL (haB-ga¥RE ORhs aver age

nol ecul ar wei ght of about 5,000 to about 20,000, due to the partial curing
of the ep@@d@tﬁﬁlpwghtth@ rpre-mcted intermediate product havmg the phosphor material

uniformly suspended therein, the final molding composition includes the phosphor
material substantially uniformly distributed throughout the molding composition.
[0037] As discussed, the molding compound of the present invention is
provided in a substantially solid form, such as a pellet. Molding compositions
provided in such pellet form for use, for example, in transfer press molding
applications, are known in the art, and typically involve an epoxy-containing
compound in which the epoxy composition has been partially reacted to form a
partially cured reaction product. By incorporating the phosphor material into the
molding compound within the partially reacted structure thereof, the phosphor
material can be maintained evenly throughout the structure of the molding compound.
Accordingly, dﬁring final curing of the molding compound during encapsulation, the
phosphor material can be maintained in a substantially uniform distribution
throughout the molding compound, thereby resulting in an encapsulated electronic
component in which the fully cured encapsulant includes a phosphor material evenly

and homogeneously distributed throughout the structure thereof.
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such, the nol ding conmpound represents a reaction product of the
internmediate product, which is itself a partially cured epoxy conposition
havi ng a wbazpeesr material uniformy distributed therethPelgiso2/Mipeover,
since the B-staging was conducted with the pre-reacted internedi ate
product haposg t he pheskbitadBbe %reséiﬁ'rﬁcﬂﬂfﬁ%%o%%ﬂﬁ@éj?sda&ﬁg‘fe@' i thk he
final ol ding conposition includes the phosphor terital substantially
uni formy zthllsfvrﬁObBtSé&getﬂhpomg}dmg commpovmlsdi Figu:c(ﬁiqhosgh |cgc&oa[11ﬂﬂ36]epéxy

di scussed,_t.he nol di oIpo of the E,Ese i nvent.i.on i.s row ed in a
subst ant i a°tY® &5 Feé’upgrtﬁ] sﬂ% & Sn“ﬁlBF‘ﬁ%IE s tE}BY & Q%‘Sﬁﬁaéﬁafug gr ovi ded
in such pedial HathMHmA, US%n%rf Rfiti8X Rli6n BeBydendfef %ﬁhﬁfr?c&s JWPydj' RHd

applications, are known in the art, and, typically involve
epoxy- cont@&iclertiphaticoiepis uweuliinfowhi & lirashainkesb pellat (W&pols iwdudd noaglobeehen

partially ted, ta f.0 ially.cured reactlon

i ncor por at}feﬁgat %éd BiRedy %8?6%%3 : LDSIHSF%E g° ?%Old%lct?ﬂ?é’s H’ptgﬁ&}}f Bgéfw n the
partial ly ineagiogd structure thereof, the phosphor. material can be

mai nt ai ned evenly t hr oughout t he structure of the nol di ng conpound.

Accor di ngl993%ur i ng Therpreseatimvegtion femther peovidese vetheduiod ed@apswgtmg an
encapsul at r e maj_nt ai ned ub t ntially
uni form dids??(% c&x{&?ﬁgnﬁm%%%ﬁ”g%cﬁ %%Oﬁ% i n%m Our]‘f@ourlird uf eargb O ¢ | ng in

an encaps Wpadetsbtrehizader 8] SuchCRMAOED isiplowiliéd; faldnlgewﬂtwbhﬂolﬁihﬁg%n%ﬁ@d)su' ant
i ncludes a phosphor material evenly _and honogeneously distributed

throughoutwl%lﬁléI@Wé@mhésnmér%malwlfvwlazdﬂ@ wied ap@:hpmsgzuewsrlgmxgcbosea] An
advant age i |ty to
ot age: Rat pRESRE Hurd HO00 GABBAHRLS 1k EED| B BleapBindl il L Xl s
are reput edoltimghempseifid)land sheespoap suinpbsition isffeuyauhedl i qui ds and cannot be B-
staged w th HHPA A[M initial reaction between the anhydrl de, polyol, and
cycloal i pHE94Y resi MSuPHUFBIaRY a TROIETE. ProfsssEs penget heBrepAciomoMiRDt | ow
when heatggyoand d..L ]Fgg fm?)l't" I 0 ition
for the pres r?t fﬁr%g:aﬂr?t |Co$r}ﬁf) &0%% T eﬁlgwggg%tybﬁl’ﬁ\ﬁ/g%ﬂggn‘gffhggttlc&ier %r ovi des a
met hod f orfoems apd utraitsiferg medding poo ebaptassinh cmdklmg; e whsieiyg thequblﬁ’naﬂ)ﬁsji ng

conpound. Jn suc t ho t oel ectronic deV| ce, ch as isS
pr gei ded, © ‘Trg’r?ée{&i)?ﬁ? Striy Fn&“&%‘ﬁﬁ&u 8 PreRAv RO ‘i?ﬂ%%o ff)ﬁ‘&?slBFPé‘ terl al
uni formy g Mﬁ&%&&@%ﬁ@%ﬁﬁgeﬁemshea }Sﬁﬁucﬂsteﬁﬁcfbdafr&ﬁrthé Aoy aiir ed

epoxy conposition. LED i s enCapsul ated w t h
such removal may often be effected immediately, W1thout the need for any cooling.

The polymer is normally employed to cover, strengthen, rigidify and/or insulate an
enclosed  material and such is present in the mold during the curing operation.
Molding can be accomplished in short time periods, as low as 45 seconds, and
normally within the range of one to five minutes, at a temperature of about 130°C to
175°C, preferably from 140°C to 160°C. Molding pressures (transfer molding) may
be Vari‘cd widely but will normally be in the range of 300 to 2,000 Ibs/sq. in.

[0041] Although the most important application of the present molding
compounds relates to light emitting electronic devices, covered, stabiliged, and
protected by the cured compositions in operations in which preformed or particulate
Amblding compounds are utilized, the polymers and molding compounds are not
limited to such applications but can find more general uses as structural materials,
printed circuit substrates, potting compounds, encapsulants, insulators, etc.

[0042] In a further aspect, the present invention alse pr.ovides. an
optoelectronic device in the form of a light-emitting diode having an encapsulant

surrounding the light-emitting diode. The encapsulant is a reaction product of a cured
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nol di ng conmpound, and the epoxy conposition is fully cured. [0040] More
particul arly, nolding processes using the prepared nolding conpound nmay be
acconpl i swed2/lyssany known net hod, including utilization offCpresozivess and
transfer nol ding or conpression nolding, wherein the polynmer is thernoset

to final sdgolgtddiosiBbn MkideYa phBSpHRE a8ABt Al NRbshkISOMReMRIS BHAbihis ended
for transfer nolding. After curing, .the finished product is ejected from

t he nol d atherethseigh, re doscaibeddypraindbone.b Sush fancendeelestromdi deeby js deftittedit t he
need for any ¢ oLig ., The polyner is normally enpl oyed to cover,
strengtheﬁ% Fﬁg?&?'%'gnd/or insulate an enclosed material and such is

present inoo4dje ol deigur idBSictsh@ StbdBarRREEA 01D whidp! dERgeSANTED 20
acconplished in short tinme periods, as |low as 45 seconds, and normally

wi t hi n t heeneansylatasi byosreencgpsulans 5§ M2 80 may ke anenipdP as i3 knwwn abetart130C t o

ray b6 vk e PRGN T PRI R Lo PR RV PR G BT B60 PI0S 000,

| bs/ sq. i nwith @@ 4dder ShtchOb@iadt had AUSHet iRictaRtacRRPld 6RWOR 18f afthe HIy esent
nmol di ng conpounds relates to light emtting electronic devices, covered,

st abi | i zed20 iargsitippest wethisdreBgctonheur 30,evhisl ipsduies kgaBedtivespefeer 3Brssch n whi ch
pref ormed Qr i C | i hg. C ds_are.utilized,. the palyners and
nol di ng coa(r%paoﬁln éﬂ. agéﬁéncg r %i ?nd ?321 @g&g g@hcoglﬁ%ﬂl%% OPovFllgh %et {10(‘:’V aeE Y nore
general uswataasodtEDIQOuUral materials, printed circuit substrates, potting
conpounds, encapsul ants, insulataqors, etc. [0042] In a further aspect, the

present i Y@HHi on alQRioppRAedeYse 1 Frher alydshileaddugect? prd the Legd m of a
| 1ght e thi0d) ds A0S e oA RACARIUAR e IUEOURMINGANE d OB &1 LLI ng

di ode. The encapsulant is a reaction pro a cure 8981
PCT/ US02/ 1itadh refrexyr apni®sintilead are 44 isainpélespbar comaheticatlonswhktthnt i al |y

uniformy distributed therethrough, as described herei nabove. Such an
opt oel ect r@ﬁ?rcowsice%ta?@@&@d? 20.dg" e&&fé?%r?ggwngwreﬁ@ [0043] Fig. 1

depi cts anpgpgjoel eCt@ﬁQélEctg(ﬁ;ﬂé ﬁgviébxglﬁ"‘fﬁl@ﬁkriiﬂ&ﬁ&@?ﬁ OuiaﬁPS@%urr@fﬁ‘fcﬁﬂ?“' at ed

by an encapsul'ant 50." LED may be any LED as 1| wn 1nthe art.” . For
exanpl e, 28D e20apsalatidediHABly BeapsulifED Ostnalbklehaveangon mrodudt off ayered

oLt oot L SRHRP S AT 0, CON 2L, and ) oven ML ConLCly P
includes an&efhl@ehi %95 acHBER I TotaiP HGBinaBsved BRcigsAlant ReklRGias &m0 is in
el ectrical conmmunication with the | ower ohmc ‘ :

and is formed in the shape of a dome, with relatively large dimensions as compared to

LED 20. Eﬁcapsulant 50 may be formed about LED 20 through a transfer molding

process, as is known in the art. '

[0046] Activation of LED 20 through electrical current supplied by lead wires

42 and 44 causes emission of light, such as UV and/or blue light from LED 20. Such

light is converted to visible light by the phosphor material within encapsulant 50.

Since encapsulant 50 includes the phosphor material substantially uniformly

~ distributed throughout the epoxy composition, the light is converted and distributed

substantially uniformly through encapsulant 50, thereby providing for uniform

emission of visible light from the optoelectronic device. _

[0047] The present invention will be further exemplified through the

following examples, which demonstrate the preparation of molding compositions of

the present invention, as well as comparisons of such molding compositioﬁs with

prior art compositions. Unless otherwise indicated in the examples and elsewhere in

the specification and claims, all parts and percentages are by weight, temperatures are

in degrees centigrade, and pressures are at or near atmospheric pressure.
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contact of LED 20. [0044] Optoel ectronic device 10 further includes |ead
wires 42 and 44. Lead wre 42 is in electrical conmmunication with the

| ower ohrwo ccosgoact of LED 20 through reflector cup 30, &aa/Usezti79ire 44
is in electrical communication with the upper ohm c contact of LED 20, for
exanpl e through bond wire 46. [0045] Optoel ectronic device 10 further

i ncl udes encapsul ant 50 surroundin and encapsul ating LED 20. Encapsul ant
50 includes a reaction product of %&M@&E&poxy conposi tion having a
phosphor material substantially uniformly distributed therethrough, as is
described in detail hereinabove. Encapsulant 50 surrounds LED 20 and is
formed in the shape of a dome, w thggghpldvel y |arge di mensions as conpared
to LED 20. Encapsul ant 50 may be fornmed about LED 20 through a transfer

nol di ng pPB¢¥ss, ashi sn¥ldimen domposiioar twas] o@asiredchaviagi che offoliErng0

t hr ough elc?%fproh @L current supplied by lead wires 42 and 44 causes

em ssion o ,, such as UV and/or blue light fromLED 20. Such |ight is
converted to visible light by the phosphor material w thin encapsul ant 50.
Si nce encapsul ant 50 includes the phosphor material "substantially uniformy
di stributed throughout the epoxy confﬁégiﬁ.tli on, the light is converted and

di stributed subsfamtTak] rF Ty—through tanmt—59, thereby

provi ding for uniform dgg}@g ?}{}Pﬁo visihle | i%@t he qpt oel ectronic
devi ce. [0047] TheHppasent invention wil[l be fuughar exenplli fi ed through
the follow ng exanpl s, which denonstrate the preparation of nol ding
conposi tions of t'ﬁ@cﬁ)resent i nvention, jas wel | 34$5conpari sons of such

nol di ng conposi ti pgs Wit prior—art—conpostt+ons—Yntess—oat herw se
indicated in the e%%%ci ‘é%ldand‘ el sewherejin the ']s%%ci ficatijon and cl ai ns,
all parts and percenysgigs are by wei ght,[ tenperapgpoes are |in degrees i
centigrade, and pressures are at or near atnnspheric pressyre. 12 WO

02/ 098981 PCT/ USORBlyeqdt EXAMPLES Exanpl e 1 [0048] A nol dijng conposition

£ 1 COMNK

was prepared having—the—fot G*,fw;g? conpgnents: T(r)%béoe +—COMPONENT WVEI GHT %

1 hexahydrophthalic anhydride
2 triglycidyl isocyanurate

[0049] The above components were mixed and the mixture was poured into a
| molding tray for B-staging. B-staging was accomplished by heating the mixture to a
temperature of 65°C for a time period of about 17 hours, until a spiral flow of 30 to 50
inches was achieved, using a standard test procedure as is known in the art. After B-
staging, the molded compound thus formed was analyzed for phosphor content at the
top, middle, and bottom portions of the compound relative to the positioning in the
mold. Analysis of the molded compound determined the phosphor content to be
11.3% at the top portion, 11.4% at the middle portion, and 11.6% at the bottom

portion.

Example 2
[0050] - A molding composition having the same prépo‘rtion of components as
set forth in Example 1 was prepared. In the composition of Example 2, however, the
triglycidyl isocyanurate, hexahydrophthalic anhydride and stearic acid components
were mixed with the phosphor in a liquid reaction vessel at a temperature of 105° to

110°C while stirring. The mixture was allowed to cool to about 60°C to 65°C, and

13



HHPA' 45.24 TA C 34.55 Stearic Acid 1.00 Phosphor 12.00 dycerin 7.21
Total 100.00 1 hexahydrophthalic anhydride 2 triglycidyl isocyanurate

[ 0049] Thwoahoys®sronponents were m xed and the m xture waPCpAOBWMNt 0 a
nol ding tray for B-staging. B-staging was acconplished by heating the »
mi Xt ure tQhay te atwsead%d.6€fﬁeftaﬁp&aﬁ¢§@fmerrﬁisaﬁnefwael%ﬂ&&a%z tQ94hE. . unti|

a spiral flowof 30 to 50 inches was achieved, using a standard test
pr ocedur e &sCi gvek rmodh niimite periad,t withfaostimBus sbixdgnggf theheompdmbets wshrgpeund

t hus forned. was, anal yzed,for. phosphor content at the. tq 1 ddl e, and
bot ¢ om porEiBTRb B AESEah Bimas tht Srreeio had pherup g Hi s dol d.
Anal ysi s ofsethe nol ded conpound determ ned the phosphor content to be

11.3% at the top portion, 11.4%at the mddle portion, and 11.6%at the
bott om pdP8FHdn. Exahsimeixurp 068 thenAransfatied gntoarmpaldintg toay foaB-stgginpeBsane

proportion,of conponents,.as, .set forth in Example 1 was _prepared. |n the
conposi t i SHEote g%gnaﬁfj%mlélf&ﬁgv@v%rq}mf]?‘Fgmap??rg?% %?Iamivgzeo&yé’ﬁfﬁg?ggg thé .
hexahydr ophixkiat it6 aaehyshiuee ofBSFCEGA tifedsthidd GIHBORET SouMehRil™ ¥R W th

t he phosphor in a liquid reaction vessel ‘at a tenperature of 105to 110C

whi | e sti il 3FHe Skiireher avaseashigvpdwedier B-stagihgt heaholded 608powmndHBE; and
13 WO 02/ 17794 . then.t lyceri.n . was ded. The
t enper at u 3@&%@5@%&{%@% e ér é/éfs&p hor Souien g gt @8){% 513}? dicy %‘%ﬁ‘a‘g?}g?m 't O’gt?nﬁioifl ute

period, Wwithd conpbiunlieelstive i Mg Pbsitibeing ORPABERADEL. U%M}és%s ofi tké Neolakade.
After 20 m nutes, the conposition had a viscosi % of about 750 cps at 75C.
[0051] Th&omPRERd detfrminedhéhe phosplgresonisat thbe 12 SHprtiresy afr thy tommdist agi ng.

B- stagin ished in a. simlar nmanner as in Exanple 1, by
heat i ng t%g&%%ﬁ%&;agwing a tenperature of 65C for a tinme period of about 17

hours, untf00523 spir &\ cofmpansoal oBthet resils bhERewpwasl ashiled@donsAbicerthe

B-staging ’un}fglem ré?sltr?l?u%og%ﬁl?eugfos}:aﬂgrsmaterial in the sample which was pre-reacted to
suspend the phosphor within the époxy compound prior to B-staging, as compared
with a sample which did not involve such a pre-reaction. | A
[0053] The foregoing examples are intended to illustrate, without limitation,
the molding compc;sitions and methods of the present invention. The invéntion being
thus described, it will be evident-to those skilled in the art that the same may be varied
in many ways. Such variations are not to be regarded as a departure frém the spirit

and scope of the invention and all such modifications are intended to be included

within the scope of the claims.
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formed was anal yzed for phosphor content at the top, mddle, and bottom
portions of the conpound relative to the positioning in the nold. Analysis
of the nowoedosssenpound det erm ned the phosphor content t®CPaSa¥19% at each
of the top, mddle, and bottom portions. [0052] A conparison of the o
resul ts ofwExenmy es Anvarsli¥ denonstrates the wuniformdistribution of the
phosphor material in the sanple which was pre-reacted to suspend the
phosphor within the epoxy conpound prior to B-staging, as conpared wth a
sanpl e whi ch dif not , i nvol VF su]fh @Ipre-rea%ti on. [0053] The foregoing
exanpl es are intended PHPPRHER PHHAES QPSS | initation, the nol di ng
conposi tions and netdjods a@ﬂ‘epb_ba?c@[hggﬁﬁ&neaﬁmﬁﬂl@eé&ﬁoﬁ Y&Rkt om being
thus described, it wi'll be évident to those skilled in the art that the
sane may be varied in nEhy wedpsepospcbmpamdnatandns are not to be regarded as
a departure fromthe spir. and of the J ntion and all such

N C nv
nodi fications are int endelg to aﬁlear'?lﬁgllqﬁ%%odnp%e{lﬁﬂ%gt he scope of the clains.

14 WD 02/ 098981 PCT/3yS02/al AiG8le WA ehittitk AbMsbhdrSmateridl GaPYhbbiren of
matter conprising: a). an epoxy osition conprising the reaction product

. ) . conp . :
of : i) armépodyubgapintzmnifonnly distjibuad Srpyghoubiweid nepempernd. b) a
visible light-emtting phosphor naterial, said phosphor material
substantially uniformy distributed throughout said nolding conpound. 2. A
conposition as i.n clAiconposiesLinrtlgial 1 vaResy s€arPONEEImERRT ¢GRS ises
triglycidyl jsocyanurate.. 3. A conposition as in claim1l, wherein said
anhydri de 8 ﬁﬁ?cyaé%‘fﬁﬁ'-i ses hexahydrophthal i ¢ anhydride. 4. A
conposition as in claim1, wherein said epoxy conposition further
conprises a . polyol for pronoting reaction of said epoxy conponent and
said anhydri d&.conpananiposionAac dmpdant i1Qrwlaseih nsatd anhydrideMiemponensai d
polyol is selected fromthe . group.consisting of glycerol, trinethylol
pr opane, éPWF‘éﬁsehe@‘Pé ?l?htmlé?tar‘i‘gb’g‘ﬁ‘ge-gl ycol , propyl ene glycol, dipropylene
gl ycol, and m xtures thereof.

4. A composition as in claim 1, wherein said epoxy composition further
comprises a.polyol for promoting reaction of said epoxy component and said

anhydride component.

5. A c‘omposition as in claim 4, wherein said polyol is selected from the
group consisting of glycerol, trimethylol propane, ethylene glycol, diethylene glycol,
propylene glycol, dipropylene glycol, and mixtures thereof.

6. A composition as in claim 1, wherein said phosphor material is capable

of converting ultraviolet and blue light into visible white light.

7. A composition as in claim 1, wherein said epoxy component comprises
from about 20 weight percent to about 75 weight percent of said composition based

on the total weight of the composition.
8. A composition as in claim 1, wherein said anhydride component

comprises from about 20 weight percent to about 75 weight percent of said

composition based on the total weight of the composition.
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6. A conposition as in claim1l, wherein said phosphor material is capable
of converting ultraviolet and blue light into visible white light. 7. A
conposi tiwo 0a®98981 cl ai m 1, wherein said epoxy conponent Cc®CErise®s7794rom
about 20 wei ght percent to about 75 weight percent of said conposition
based. —on the 4 otal ywehgi¥si@fn tRe L OIRAS {1 Qheredy i PHIRSAI Qb1 N
claim1, wherein said anhydride 'conponent ~ conprises from about 20 wei ght
percent t coalpuises Homeibght Operveeght péresati tb abomtpd8i weight hesedt e $did t ot al

wei ght of the conposit.io V\D.%ﬁ/ 8981 PCI/ US02/ 17794 9. A conposition
as in cl aiwos\%ﬁng?’é?eﬁo gb%lg"%ﬂ%% #%%ﬁoﬁﬁogi{mﬁlorrpri ses from about 0.5

wei ght percent to about 20 wei ght percent of said conposition based on the
total weight of the conposition. 10. A conposition as in claim9, wherein

sai d phosphor ni er il comprspiidrses i oHaiabdit wWhewsi ghid peosentr matadabut 12

i ght t. of said i.tion b t tal, wei ght, of. th
Composi £ GRTPHESE bl HERG L ONpbt AR P STIR: £ e REHOBPRFEN 678 ai m 1.
12. An encRpgekitioh baRden tBé totQiwRbR G i ddmfosfeanent s conprising a nol di ng

conpound having a weight average nol ecul ar wei ght of about 5,000 to about
20, 000, sai.d nol di ng conpound conprising a reaction product of a partially

cured epoxy c osi tion.-having a phosphor terial.substantjally uniformy
di stributed tﬁlgpet H%gf?é%mg f%rflg%‘}ldgcr?ggjg‘lssmgéﬁ?c%f’%s 7o acéalflhi'cl aim 12,
wherein said partially cured epoxy conposition has a wei ght average

nmol ecul ar wei ght of about’ 400 to about . 1,000. 14. An encapsul ant materi al
as in claim12,12aherdn rensaisylagh|metegal EgmsGReiE sCURRIASRIS COMPBSIBE atji ng a
partially i 3 {.d: Lid i S -

mat eri al \%@gﬁ%ﬁ%{% %gécﬁh%;ﬁréé?gfgﬁ%ggi%‘ﬁeﬁgggﬁ%%&%%ﬁﬂgﬁ%gp ?ng o(al{ ncrease
t he vi scosi010000kaid aheld@igosompanp eshiprieingad deastiop erudiusofla paitsiyharedrat eri al
Wi thin said epoxy canposition during mxi n? of said mxture. 15. An
encapsul afPoRacempasition haying| ;phesphor wassraal Fubtnniiady ouylormbndisdilyterh

conpri ses tl%é}‘éﬂ&cﬁ%‘ﬁ“ on product of an epoxy conpound and an anhydride. 16.
A met hod of preparing a nol di ng conpound conpri si ng:

13.  An encapsulant material as in claim 12, wherein said partially cured
epoxy composition has a weight average molecular weight of about 400 to about
1,000.

14.  An encapsulant material as in claim 12, wherein said molding
compound is prepared by B-staging a partially cured mixture of said epoxy
composition and said phosphor. material which has been previously subjected to
partial curing to increase the viscosity of said epoxy composition and suspend said

phosphor material within said epoxy composition during mixing of said mixture.

15.  An encapsulant material as in claim 12, wherein said epoxy

composition comprises the reaction product of an epoxy compound and an anhydride.
16. A method of preparing a molding compound comprising:

a) providing an epoiy composition comprising an epoxy

component,

16



a) providing an epoxy conposition conprising an epoxy conponent; 16 WO
02/ 098981 PCT/US02/ 17794 b) mxing a visible light-emtting phosphor

mat eri al wDtob/0gs98d epoxy conposition to provide a honogenecxaset/xt7et e wit h
sai d phosphor material suspended within said epoxy conposition; c)

[ noreasing the viscagity 1gksahdiORIDASAONR ShRoNBhS aIMRLA! AT g

sai d phosphor materi al suspended wthin said epoxy conposition to form a
pre-r eact egointempediiat &, pantied) hpaogemohy noxturanyithsac pposphocomtzosi ti on of
said pre-r eactgd iﬂitper.ra(edi ate, thereby formng said nolding conpound. 17.
A net hod £4SReRded WihnFaid SRALY EPTHPR:T ner easi ng of viscosity of step c)

conprises partiallyguri ri‘&réﬁhﬂ; BIRO¥YcSERYPESEid %@n{ogeﬁébuh r}HﬁéuﬁJe Yhigcosi ty
capabl e of nmaintaining sald phosphor naterial suspénded throughout said
epoxy conpoantringrg sail8phodpnetrhatdrialssuspendbdimvhiysaidvmrei congmsidionrc feasi ng of
vi scosity of ste% c% coppri ses heating said honbgeneous m xture to a

t enper at uPP BTG te%’é‘?iil%%’ out 90C for a period of about 10 nminutes to

about 30 minutes togffe Bﬁﬁﬁ&t&ﬁinc%%z{iﬂr@o% coP@oditiBROXY ssanpeskhidien. 19. A
nmet hod as in claiml1l6, erein sai re-reacted internedi ate has a

vi scosi t y ilattrmadsisate, tBgeby ramseidoolcenedmppiwd. 20. A method as in claim
16, wherein said partially curing step d) conprises partially curing from
about 40%to about 60% of said epoxy conponent. 21. A nmethod as in claim

16, wherein saiid. parg inathod a§ i £18En 36 SPhéhdin seldTRErk Sedtdo’fly saktep c)
pre-reacted internedi ate to a tenperature_of about 50C to about 100C for a

aﬁri od of c_mgl@d@esmlwu@@gp widbpury cumpesiffan, toge infistetisesitasanablaephi m 16,
anhyar | de WUNRBTEHE" B8 P B B e PR R BT TR RO B B8R g ot ep

b) conprises: mxing said epoxy conposition and said phosphor material at
a tenperature of about 80C to apout 140C whjile stirring; 17 WO 02/098981
PCT/ US02/ 17794 18. A method as in claim 17, wherein said increasing of viscosity of step ¢)
comprises heating said homogeneous mixture to a temperature of about 50°C to about
90°C for a period of about 10 minutes to about 30 minutes to affect partial curing of

said epoxy composition.

19. A method as in claim 16, wherein said pre-reacted intermediate has a

viscosity of about 300 to about 900 centipoise.

20. A method as in claim 16, wherein said partially curing step d)

comprises partially curing from about 40% to about 60% of said epoxy cémponent.

21. A method as in claim 16, wherein said partially curing step d)
.éomprise’s heating said pre-reacted intermediate to a temperature of about 50°C to

about 100°C for a period of about 30 minutes to about 24 hours.

22. A method as in claim 16, wherein said epoxy composition comprises

an epoxy component and an anhydride component.‘

23. A method as in claim 22, wherein said mixing step b) comprises:
mixing said epoxy composition and said phosphor material at a

temperature of about 80°C to about 140°C while stirring;

17.



cooling said mxture to about 45 C to about 85 C, and adding a polyol to
said mxture. 24. A nethod of preparing a nol ding conpound conprising: a)
provi di ngwvan2epesy conposition conprising an ' epoxy CcOmMPCRAISD2/&ITH an
anhydri de conponent; b) mixing a visible light-emtting phosphor materi al
with said epoxy CO%QﬁﬁJéa%rn%EmﬁtB%W@tol@‘% Hbupdeyt. 4@5C to about 110C
to provide a honmpbgeneous m xture with said phosphor mat eri al suspended
within said epoxy cddpgsipolym o sdid ousfuisag said mixture to a tenperature of
about 60C to about 65C;, d) 'adding a polyol to said mxture for reaction
wi th said anhydride conponent; e) increasing the tenperature of said

m xture to abouyy 70G hRthcaReYkepdRfig hPMoldinklBRPBEId QfnRisigbout 10 mnutes to
30 minutes to cause an increasé 1in the vi scosMy of "sai " mi xture while

mai nt ai ni ng said ph@éphorprcrmdmgl an sapopyndenhposifioni porspiisingpery epoxyosi ti on

to forma pre-react | di ate nd f) B-staging said epoxy conposition
at a terrpcgglélpﬂlf“?érﬁl & Bliq}y%nge ?féeer“gby forning said nmol di ng conpound with

sai d phosphor nat er il U@ﬂlﬁ(ﬁl“?”hYVlSlgleS‘hEhtbéﬁx%g Bﬁ&%&r Méhaﬂ@nhﬁsamat hod of
encapsul ati ng an optoelectronlc device conprising:  a) providing an

opt oel ect repmc composeon b a froperdivng of abouﬂlﬁﬁcc tmpbﬁmﬁdl 188@ptoi piomigleaa

i ght-em hos er| eneo N a partially
cured epo %%%g P trﬁ%ﬁ“ V&# @aB@Eﬁngg cfu%e{@%‘? evg'%}}l ni2d 8% %e with
sai d nol dicbshposieigound, and d) fully curl ng sai d epoxy conposition. 26. A
method as in cI aim 25, wherein said optoelectronic device is a light-
emtting di ode. 18 WD 02,0U8gEBRIPCTKUSO) 2 A7gRerazre ofaheutHE Cale ah@utl ai m
26, vvherel (?al d light-enmitting diode is capable of emtting ultraviolet
and/ or bl ue T ght and said phosphor material is capable of

d)  “adding a polyol to said mixture for reaction with said anhydride

component;

e)-  increasing the temperature of said mixture to about 70°C to
about 80°C for a time penod of about 10 minutes to 30 minutes to cause an increase
in the viscosity of said mixture while mamtammg said phosphor material suspended
within said epoxy composition to form a pre-reacted intermediate; and

) B-staging said epoxy composition at a temperature of about
65°C, thereby forming said molding compound with said phosphor material uniformly
distributed therethrough.

25. A method of encapsulating an optoelectronic device comprising:

a) providing an optoelectronic device;
b) providing a molding compound comprising a light-emitting

phosphor material homogeneously mixed within a partially cured epoxy composition;
c) encapsulating said optoelectronic device with said molding
compound, and ‘

d) fully curing said epoxy composition.

26. A method as in claim 25, wherein said optoelectronic device is a light-

emitting diode.
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converting said ultraviolet and/or blue light into visible light. 28. An
opt oel ectroni c device conprising a light-emtting di ode having an
encapsul awD 49898undi ng said light-emtting di ode, said e®Capsol/arTh4
conprising a reaction product of a cured epoxy conposition having a

phosphor mat erigl  subshaiatdsahl oeitid, Qi Aol bl PdaL RESRUDIAEN 29 An
opt oel ectroni c device as i n claim28, erein said epoxy conposition
conpr i ses oérendftmgy uliamodst exntl/ca ndua i ghh layd rsade plosphanmateriab nd ce@bte ophosphor

material is substantially uniforpy . distribu .t.hroughout the epoxy
conpositiGﬂ?wﬁ@PgﬁHéB e ‘%@P@gﬁgbﬁ@ﬁbf€@°&@hﬁghgﬁain128, wherein said
encapsul ant conprises a fully cured reaction product of a B-staged epoxy

conposi tion, said epoxy conposition prepared by B-staging a partially

cured m xture @B.saish epoglpctranadesct canpasidg sdight-phdsippaiodediaingbn whi ch
has been previously subjected.to. partial .cyring.to increase the viscosity
of sai d ofBSaPUaRpSEFR e Y SEERRIOR; GO0h i RBPRTHIEET CAFPHAER b sai d
epoxy conpastibh OfrodlEt RE AN Xirld aLGmPbaititd Chavindl - pelatdPNi C

devi ce as inlcla?%128, mhe(efn s§%5§lighp§eéittfﬁg% éiggg%ﬂ%s capagle of

em tting sWhstantially emnifamely distduied thergthronghl sai d phosphor material is

capabl e of converting said ultraviolet and/or blue light into visible white"
light. .32. An optoel-ectronic device as in claim28, in which the upper

surface of said. encapsipiciMctionicdPicehaped. cldm 28, wherein said epoxy
composition comprises an epoxy component and an anhydride component, and said -
phosphor material is substantially uniformly distributed throughout the epoxy

composition.

30. An optoelectronic deviée as in claim 28, wherein said encapsulant
comprises a fully cured reaction product of a B;staged epoxy composition, said epoxy
composition prepared by B-staging a partially cured mixture of said epoxy
composition and said phosphor material which has been previously subjected to
partial curing to increase the viscosity of said epoxy compositidn and suspend said

phosphor material within said epoxy composition during mixing of said mixture. .
31.  An optoelectronic device as in claim 28, wherein said light-emitting
diode is capable of emitting ultraviolet and/or blue light and said phosphor material is

capable of converting said ultraviolet and/or blue light into visible white light.

32.  An optoelectronic device as in claim 28, in which the upper surface of

said encapsulant is dome-shaped.
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