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nol di ng conpositions. BACKGROUND Epoxy resin is a w dely used nol di ng
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flane retardants. A c EfR—EMHﬂHﬂQLBEs@@@WEPGSEDm$1at i on of
rom ne containing flane retardants and anti nony oxi de flame retardant

synergi sts. However, these conpo , ants of the environnent.
$PRC PR ™
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(i,e., antinony trioxide is a suspect carcinogén sed nei nly on ani mal
studies). 15 - fact that integrated circuit manufacturers currently discard

up to one .half of the total anount L coi npositions used as waste
product in landfills. Phosphorus-c?o’%é%@#ﬂ%npounds have been proposed
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retardant nol ding conpositions that are subs (BT 8 WP Haloten,
phosphor (Fmagyada ateipeblntantsiof tzddiviroomento Suans brgm@oebrtd@RE flamet-as fiaRg
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7 . ,A_ltﬁbﬁigh Ehéy,gre'less .Efé_lzardous_., moliding compositions containing these compounds

h genetally possess undesirable properties such as high moisture absorption rate. Thus, there
20 exists a need to develop new flame retardant molding compositions that do not contain
brominated flame retardants, phosphorus-containing compounds, or antimony oxide flame

retardant synergists.

_ SUMMARY
In general, the invention relates to flame returdant molding compositioné that are
25 substantially free of halogen, phosphorus, and antimony. In addition to haviny good hame
retarding properties, these compositions form good cull cure in short time periods and absorb
_ low amount of moisture, and can be used to coat electronic or electrical devices such as
semiconductors, diodes, and integrated circuits. Such coated devices demonstrate 'good

electrical reliability at high temperature.



substantially free of hal ogen, phosphorus, and antinony, including an epoxy
resin, a phenol noval ac hardener containing a biphenyl or naphthyl PeEﬂm
and a transition nmetal oxide of a Goup VIA elenent. In another asngg[’lt,

the invenrt tures a flanme-retardant nol di ng conpositi L 10
W BrrdseR PET/OSF0ab 1)
i i ncl'uding an epoxy

substantiall'y Tree of hal ogen, phosphorus, and antinony, in
resin cont aini A ona afephdwyihventiondpiitiey b firnicekiardamt pleddial copedineh thay dener

and a transtiaon t al ide of a. Goup, VIA elenent. The invention al so
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conposi t i tran{idoymetal akidgtodalihg o abeHionZIAC b VAROLEMLIHSC to about 195C).
The nol di ng conposition cures in about 1 mnute to about 2 m nutes, and

cont & ns an epdX§netheaspecs the myentietafssiutdsonflame teadrdent deldbgrivaipoitgn a
refractor t al nd econd, transitign nmetal oxjde containing an
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of coating an electrical or "electrdonic devi'ce such ~as an integra
circuit. eum¥iAettmant| udes heating a nol ding conposition to a . .

t enperature su}_‘gi cient to cure the ngl di ng conposition (e.g., about 150C to
about 200C or hiRRIRerAgRsEl iy WXERHonIg%eEs afiametstardet nedfips sPEpositiorhiiet is
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G oup VIA elenent. The invention also features coated devices prepared by
this met h5&PaA¥lA8meRkrein, a conposition that is "substantially free" of
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herein, a refractory netal is a netal having a nelting point of around
2, 006C or? EWYBg cuppesiindp eaperiue pficigot Brauretheanclding compesitibuta.g.,
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t hereof, ~and fromthe clainms. DETAI LED DESCRI PTI ON
The invention also features a method of coating an electrical or electronic device such

as an integrated circuit. The method includes heating a molding composition to a
temperature sufficient to cure the molding compbsition (e.g., about 150°C to about 200°C, or
about 165°C to about 195°C). The polymer composition thus formed coats the surface of the
25 device. The molding composition contains an epoxy resin, a first transition metal oxide
~ containing a refractory metal, and a second transition metal oxide containing an oxyanion of
2 Group VIA element. The invention also features coated devices prepared by this method.
As used herein, a composition that is “substantially free™ of a material means that the

amount of the material is negligible in the composition, i.¢., less than about 0.001 wt% of the

30 total weight of the composition.



A preferred nol ding conposition contains an epoxy resin, a hardener, and
two 15 transition netal oxides, and optionally a third transition NEE%EP i
oxide. There is no restriction. on the type of epoxy resin that can sgg]u
in the my@lhepgsconpositions so long as it contains tw, or nore reactive
oxi rane groups. Sone sujtable epoxy resins are epoxy cr esbt /HeVAPEE resin,
bi phenyl ~epoxy## assdhierpipds oxftactooy enctgd dxy mrees having Rheaighi 90i’ﬂ9¥@!r%d€poxy
resin, agﬁio%dd bene epgx resin, Epoxy cresol novalac resinis
preferred” The HPdihg BéﬁﬁSWPgeéﬁéaéﬁfFﬂCF%Iﬂmﬂ@l a®eigcannan, molgumpoxy resin,
for exanphglvbae | j - Of resol naoval ac resin and bi phenyl
epoxy resi n.%h%%ﬁ%@%‘%%ﬁ”&ﬁﬁ %%Lélﬁ’céﬂ&alLb?&f‘ﬂ%“%@i@“%éflﬂha@l@nges from
4. Wt % t cchatroum, FRenittn%endnddere preferably, from about 5.5 w % to about
8.5 w % based on the total weight of the nolding conmposition. The
har d@ner pr onot-e4sedhssan, anaxygnion it A polysiodiingnicarpasidih©sx @nfeog m a pol ymer
25 corrpo%&'gg&a-te%) sui Eabl e hardeners that can be incl uded ‘in the nol di ng
conpositions are p%eﬁgllaenoval ac hardener, cresol noval ac hardener,
di cycl opent adi &ngephe ; N e t ype har.dener._  Phenol
noval ac har dener isrhpir%g[:‘z’grre : %?Fﬁ?%rgr ’tdgb{ﬁﬁ%‘g %&6%@%?%”?‘ BrfdeRetian nore
t han one G8fp@irof00mEddveaterca@st@ i ncl uded in the nolding conpositions. The
preferred wei %t E{gkcent of the hardener ranges from1l w %to about 10 wt
% and nore UsEphotsiy aggy e e roswpsinaTiUsod 6984 1t formet eoabiw, cutd @@, about
1. 5qgM O/%&Qng,-aﬁi?}%r@ -\pﬁc)% based on the total weight of the nolding
conposition.” As to tnhe two transition netal oxides, the first transition
met al oxi de céhbaifestuses an&hﬂ%&@e&oﬂﬁfeaﬂwenﬁoﬁ-will%larag LU rdTR bnebdennm,  and
tungsten, .and %fe second transition netal 5 oxide ntai ns an oxyani on of
a Goup ©f Redrelperd embogimentpihergat endifidm hngiimse. Wile there i s no
particular restriction"on the cation of the second transition netal oxide,
it is preferred to be a Goup IIB netal cation, e.g., zinc. Both the.first
and second transition netal OETSELEDOPSEREPTEON 0 be wat er-insol uble. A
particularly refterrgd first and .second transition-netal. oxides are
tungsten tri oXiFIBCHAA TRIAES (RIMpRHPR coRtRigp ap £PO®Y esinThdandesarsarliton 10 net al
oxiy@es afrghspicef ; i Lb o f Qr. i.e...they are not
associ at ed w@ﬁ%%?%ﬁ%’ Eﬁ\d ts)@é%ﬁgg ast{ulﬁggn%{)gé 516&&&\0 K oxi des are al so
preferred to Deertiswd sesatictibded thetyge of Hixy8sia thaicaBL Gfedqh nalaLy; @ 1 umto
about 10, D, m,. preferably, abgut 0.5 p.mto about 5 rim or nore .~
pr ef er abi%} POIBGE S [ Asiiocomaing o efmoreHeacsivie dutranagronps. ofimas suible
CONMMTET Ci gyl i oxide .and zi nc ol ybdate are available
from Al dﬁog%fﬁiﬂéﬁf%gﬁjé rrpgé’ﬁ@"‘;l#“?%%‘ﬂm%‘ﬁﬁ%%ﬁ W3y Eﬁ‘%‘ g)‘n OGHEPRG ROV ISitans
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inééude, f%r Ex,ggrple .about 0.25 w %to about Yo prefera
0. 8wt REETELod e moldinggomaesiteiscapintledenpe tbnate Epoiy redin, Mo ofxatripée, £ r St
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conposi ti ons [/t GkHEBabiddUbR1hERDE e, duggaclzorggcgsﬂ%notg form a polymer
25 composition. Some suitable hardeners that can be included in the molding compositions are
phenol novalac hardener, cresol novalac hardener, dicyclopentadiene phen§[ hardener, and
limonene type hardener. Phenol novalac hardener is preferred. Similar to the epoxy resin
component, more than one type of hardener-can be included in the molding compositions.

The preferred weight percent of the hardener ranges from 1 wt % to about 10 wt %, and more



G oup VIA elenment. An exanple of such a netal oxide is nolybdenumtrjoxide.

The wei ght percent of the third transition netal oxide in the mol di gl SEP 2004

conpositions can range fromabout 25 0.1 w %to about t Wt % and

pr ef er abl 0.5wm %to about 1 W % and nore preferably about 0.75
N o s
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oxi de of &°@PBHPCMVI A el ement. Preferably, the phenol noval ac hardener is
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conposi t iMBANgRemRpsTtpacap irdlede; & expnplengb s AESSVI% omatmuin ® ait 96, mefeapoxy

resin co J a Nely) | __ar_naphthyi ie a epol _noval ac
har dener rﬁ%glﬁ@g%rgﬁ%%é{%ﬁ ‘%g%/’a?n o??ragr%élgyaélyn%%t%,?éllw,&%Pgﬁ‘ﬁﬁ‘ﬁt UBASFIER abl v,
the epoxynetelsénidd Saseb@nand tots WERR8PtheQhollile TRIRLRGN, BQMPRsiskipa t hat
contains a bj phenyl or napht hél‘ noi ety. The epoxXy resin containing a

i

bi pheny| 'GRSIHAP R oxids, sieymelgingremuesisionedn indudrefoc eadhpie, abogt (.75 mofs to

Ni ppon K glﬁuﬁ wa.Japan. I . NC-3Q00P). The 25 preparation
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reacti ng phenol with bisnethoxy- net hyl enebi phenyl, foll owed by treatnent

with a gl yci dylhequaisoahdcddion compediyariscph indsdd atherdtanfidommiete odidsiof ed
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percent of the third transition metal oxide in the molding compositions can range from about
25 0.1 wt % to about 1 wt %, and preferably about 0.5 wt % to about | wt %, and more
preferably about 0.75 wt % based on the total weight of the molding composition.
Another preferred molding composition contains an epoxy resin, a phenol novalac
hardeqer containing a bipheny! or naphthyl moiety, and a transition metal oxide o'f' a Group
VIA element. Preferably, the phenol novalac hardener is the only component of the molding:
30 composition that contains a biphenyl or naphthyl moiety. More preferably, the composition

is substantially free of epoxy resins other than the cresol novalac type.
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30 nore preferably, fromabout 5.5 W %to about 8.5 w % based on the
total weight of the nolding conposition. 5 2 3 SEP 2004 WO 01/ 70867 E 2004
CT/ US01/ 09311 The preferred wei ght percent of the phenol noval ac har& r$g?
ranges fr?@[]]m\% 7/0t0 about 10 wt % and nore preferably, from about | w
%to abo % based on the total weight of the nol di RGTESHEESIY on.
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0.3-1 wt #emase pfprblygiragetot | ot Satoadbyst 8 st1e4) based on the total weight of the

1, 8-diaz 0) undecene-7- trip henyl phosphone and 2-~
met hyi m zoIIﬁg ?FI%@SBIDET erred nol di ng conposition can contain 0.1-10 wt %

more (Pr e eraidmplsuia ihnihieh rib ARFLIGroRR V1A el PR SR Such as

magnesi um al um num car bonat e hydrate, whi c lally

frofh Kyofrognum mﬂyudnmusxaryd tEngstem déth thiGtdn tBBRIB AR tRHTe Afted (othg
preferreeilhngDTIwcllclhg 59@ asition can contain 0.1-2 w% nore preferably, 0.5-2
€

W % of an Ton Bfpn capiaciude.fphgasnp bl Q)h%“'t%(mtotmboqﬁr?ewa%ed by any
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2004 WO 01/ 70@6 / US01/ 09311
er preferred molding composition contains an epoxy resin containing a

20 .biphenyl or naphthyl moiety, a phenol novalac hardener, and a transition metat oxide cf a
Group VIA element. Preferably, the epoxy resin is the only component of the molding
composition that contains a bipheny! or naphthyl moiety.

The epoxy resin containing a biphenyl or naphthyl moiety can be obtained
commercially, e.g., from Nippon Kayaku Co., Ltd., Japan (catalog no. NC-3000P). The

25 preparation of this type of epoxy resin is also described in EP 915 118 Al. For example, an
€poxy resin containing a biphenyl moiety can be prepared by reacting phenol mth
bismethoxy-methylenebiphenyl, followed by treatment with a glycidyl compound such as
glycidy! tosylate to form the desired EPOXY rESin. The preferred weight percent of the epoxy
resin containing 2 biphenyl or naphthyl motety ranges from 4 wt % to about 12 wt %, and

30 more preferably, from about 5.5 wt % to about 8.5 wt %, based on the total weight of the

molding composition.



mll, followed by granulation. Al so described in the patent are rrei@ggﬁ ﬁ]f
preparing a nolding conposition on a |aboratory or a pilot plant e.2 k
Al ternatively, one can m x the conponents of a nolding conposition in a

stepw se_fashi on to enhance honbgeneous m xing. Specifically, the first
step of tHeOHEBADA i nvol ves mixing and heating the epoxy SPEEEPH8HA t he

hardener until T dinegre@GRtE QUYL B nd i clila? 21!3} {Bﬁg%s rér@'wﬁéﬁg 's

€
then added to the resin and’}ﬁgr ener lt]o orma m xtur

[ended wi tdhout ifi wets, andintord plefeanisiygiby abbuteltwl §0 BEQUNSH 40 bRIAYLES] 1o:Ne
m xture is_allowed to cool .until hardened before grounding to a fine
powder. THE dhe meldingpeprappsdtbt 0 the rest of the conponents of the

I ding i 4 bl.ended before.nilling. F le, a 10 |
Tooror mi1 - (oviisedE e i Tn i et anaCiive el meBonadeanonidan
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powder after cooling. ‘The noldi ng conposi tions can no 8%i ous

articles B9masgtiennarcntivdedbor exegiohbort @25 Woys tisitagt 20k %,rwefeﬁgﬁrﬁou§o_§ uch
as a transjt?\gf)res§ie yipped with a multi- cavity nold for coating
el ect roni & dai & i P e0eRs IPER RGO ARaHE §-dh avtishef tredraasitisn metz npiteat ur e

of about g@g@ohqh@%g%q\éggg#%%éﬁ%b!% Qgg‘l& 175C to about 1 95C) and a

pressure of about .~ The preferred nol di ng

conposi tions cUhe nigldiabauinpBsiBord dthis iden@bR i HclHdBBIRS addilPEHRNGRE[2D! Y,
about | mnute tg about 2 m nutes. To determine the tinme for curing (l .e.,
mi ni Yum t FHeulAsd dasedrasythe intaliwrjglt ofdbumelding campdsiticgre nol di ng conposi ti on

is placed,i d_press..at, 190C and i s inspected after a pre-set
peri od ofat@rerlrzs&(: Iéq‘gsme% Cﬁllpcﬁ‘ﬂf‘égﬁc?ter o 8&58?@’? %?”%'E'F‘ngngand not
brittle) tempoitircantddgagXXEDS KRA, nicte prRREAIS 0 i d&*&%ﬂte‘?f; period of

press tinme until the mninumtine period is determne e preferred
mol di ng c®AYEETE fushss garbon Slacktcelogart (tepedfedred sotditg coompdsitidn @4 Vodtain OTDs €

preferably, & Ho?ﬂér]%?ér%%%y%iﬁtﬁﬁg/?ﬁgg BHIE%;MV- 0. The ratings are determ ned

by 25 measuri hg Ot < 1/ 8" bar according to the UL 94
f I amgabi | 4 tpld @tdase AeddftMichQs@BGadb Ok h G SN Q urn time
se chGs@pcha y\,%afﬁ{i% %xéﬂ%&ﬁﬁe@%\gﬁ ﬁé@er&

for a single bar to be |ess than or equal pectively.
Pr ef er abl JOnesratacAnd snasnllio stepratasd theippeferred adolding despositidrhennromhtim@ 1 -

conposi ti d net .in se,fhe ra f noi sture absorption, which is
qe'['ne)r ni ne%aﬁo’f’ %(8?3 rﬁge_&abg’rcg'f'ir%o%)m. g%ﬁf%%ﬁ@@? Briefl yl,o the procedure
i nvol ves @h&elsnﬁa%uw&s&t&&iﬁ{tﬂ@rﬂ%ﬁf@hﬁﬁi% cﬁégo%fiace 1egon§ﬂ[q9%/é§%t%r$8§0|02

a rack in an upright position. The rack is™t on a
WO 01/ 7088%ierbly, OSB3 Mo%3afla fupiedtsiloman i n an 85C, 85% rel ative hum dity.

h f pre-determned ti iod, and the disk is weighed
ot & oo BB IR GHEF iard Tyl i ey (e prrre eI lge e

(wei ght  diahfcenemc® 1 f withanbanrefBe pandywadt kR t he chamber /
Lnitial weight of the Bans opriss 02 At Rkl ability of the

coat ed de\Gatdystisuchaasnod-sliazebivydlotifmiuridscetet Brrigheagphdyphphamid®y. t he coat ed
devi ces, Serlo; 4, nt gﬁgéat edfci rcuilts, With no bias in an autoclave at 121Cl1
15 psi, and LOu%e4PE S RGeS EY'S camPaFition coupams#in Ol - How%; MO coat ed
devi ces grefeshblyed.5-2 wi% of a catalyst); and :
25 - ion scavengers such as magnesium aluminum carbonate Hydrate, which can be obtained
- commercially from Kyowa Chemical Industry Co. under the trade name “DHT-4A™ (the
preferred molding composition can contain 0.1-2 wt%, more preferably, 0.5-2 wt% of an ion
scavenger). .
" The molding composipions can be prepared by any conventional method. For

30 example, U.S. Patent No. 5,476,716 teaches a method of finely grounding, dry blending, and

then densifying all of the components of a molding composition on a hot differential roll
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and tested with an electrical tester, The nunmber of coated devices show ng
a failure in any one of several electrical paraneters is counted. These
paranmeters, set by the manufacturer of 10 the device, include, for Zéxﬁﬁpau@t,
the, net yg e offset current for zero device output, the —current from
devi ce negative input with zero output, the current from t RETEIEE

posi ti ve  Pipdallcveriiyngphaiddn. 26150 dosibel in bGaAYELAGE R L Nie, Luo previ ous

par anmet er s lgc-ui ng%ut offset voltage for zero‘device output; et “Jhe %
Jlding e

failure i FOHPEEBY Omal lebqrkiingr ¢ hidotqulat isent. A(BHEBOEly Ofnefd@h LY e
devi ces / Crog;pghedwgpggmg- tested.devi ces) by 100% The preferred nol di'ng 15
conposi tions-have good el et PTRAT PRI LBERY 6§ fashioa tereilsance huinogemeewt , i . €. ,

| ess t han nbQg. fSpktiBealatlEfirsist (%Eﬁ‘ r. conditions as described
above. The high tenper aytaur e Igt%rgggghﬁgﬁ‘?%h %BBV'S? B’é{‘m%ég%i%@glséh%%ﬁowca|

reliabil i f5F1®ind the hardeatrentitimeltirasodcarsd a@d €HYEO i o, .
hum di ty) tlfeﬂd gtcg@theri C pressure. | nqt he I—FI'SLG)"[ eqsm'?,ruagglrngﬁg%ertzl[[%x%dﬁﬁ ts in
vol t age o potd TR \PeRe resi ndrisianeF dformmndnixhae cobitin e ter bhage@ditRE enistor ed

at 200C. Thel ¥ | eve refl ect .increased resistance across.the
bal | - bonds of &lt"%%ggé‘%i&:‘gg& ?ﬁ%ﬁi@ﬂ@??@é- drigire srgltesvaditenoldetiby or

el i m nat ehaddendddielare gralining!to alfHeHBRIRE. ?ﬂéé%@dér?%kﬁ%lg}ta?ggc} %L{ég utsdgvel s of
, e Yolal r

coated devices. Similar to the autoclave te e ies bl ul at ed
by nul ti pFYPPRyCER! dironplging ¢ampseronaindfday bieddetbyifasmilibot Pl exayphey of

tested demi&Es). -3% T referred nplding conpositions have gobd 25,
electrical Teli a}épﬁ}@ °P%IOEF%“1%§F%etH\?LMrﬂ%ﬁt and; the other eeeled With tEOYakdickube

after 1, 50@dhoprdutigeformCPRsts i BRE A5 | above. The fol|ow ng
exanpl es of flane retardant nol di ngacoﬁpgrgg{b{h%l%ﬁ&;m Ofvedeef)? %faCP8ﬁ“%y dry

bl endi ng al | of "¢ Reldsegsommnsitions icambe avédedsihty ‘andus 8818 by2n3 cSRRIZQNS WO
|

01/ 70867 /09311 E le | Six nmolding conpositions, .e 18A-23 A,
L e T e 9,com

wer e prepar ed ‘actordi N 10 WitiicBias 2 densfaeipieas eqhipped Pabth @muitbel ow.

Each nol diangy enidfsicbittiz SeMRidedi@s. ' .i.on_of...epox resol noval ac
resin and bi phenyl resin. Wth theleicggtﬁ?dg%h% mgg %E?fﬁ‘&ﬁ“éﬁg%, each

conposi ti'ORAPEBNReirbeut Wi Crianbont 200°Eeprferably desut 1THeC Wehitht 1%“(’,‘5"‘59@[ a
e nol di ng

i ndi cat e I alcul ate ed on the total weight of th
CONMposi t?’é%s_hf@?%% e“t%oégﬁﬂpt%‘%%b& 18@@%«21&% 23Al Silica Filler33 09

(W% . 82. 8952 THRBIARko BB ctp e FEBODR 5 Mo 345,345,345, 34 15

minutes,

more preferably, about 1 minute to'ab_out 2 minutes. To determine the time. for curing (l.e.,

‘minimum time needed for forming a good cull cure), the molding composition is placed in
20 the' mold press at 190°C and {s inspected after a pre-set period of time (e.g., 3 minutes). Ifa
good cure (i.e., strong and not brittle) is formed, the expeﬁment is repeated with a shorter
period of press time until the minimum time period is determined.

The preferred molding compositions demonstrate a flammability rating of UL 94V-1,
morf? preferably, a flammability rating of UL 94V-0. The ratings are determined by
25 measuring the total burn time of a 1/8” bar according to the UL 94 flammability test. A Y1V-
Oand a 9{\/—1 rating require the total bum time for a single bar to be less than or equal to 10s
and 30s, respectively.

Preferably, the inclusion of transition metal oxides in the molding compositions does
not increase the rate of moisture absorption, which is detenmined by a method similar to
30 ASTM D570-95. Briefly, the procedure involves placing a weighed a molded disk'of 3™

diarmeter and 1/8" thick in a rack in an upright position. The rack is then placed on a
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34 (%9 1 . Epoxy Cresol00 .1.001.001.001 1 0000 Novalac Resin 0 (W%

il 00 40 030
40.. Funed Silica (% . Car bon Bl ack0. 40 0. 400. 400. 4 ]
0. 300. 300_300. 300 30 Colorant (w% Li nronene Type 1 . .1 45]? 4@& l@%‘ 1

- 0 aI aC 2 47 .
1. 4545 Hau,gq,wgﬁ%efrom Yuka Shell) -(wt% . Phenol Nov PCT/US01/09311
2.472.472. 47

platform in an 85°C, §5% relative humidity chamber for a pre-detemined time petiod, and
the disk is weighed afterwards. The % weight gain is determined by multiplying the quotient
. (weight difference of the bar before and after placmg in the chamber / initial weight of the
bar) by 100%.
5 The electrical reliability of the coated devices‘ In 2 moist environment is determined
by placing the coated devices, e. g. mteomted circuits, with no bias i in an autoclave at 121°C,
15 psi, and 100% relatwe humidity. After a number of hours, the coated devices are dried
and tested with an electncal tester. The number of coated devices showing a failure in any
one of several electrical parameters is counted. These pararneters, set by the manufacturer of
10 the device, include, for example, the net DC input offset current for zero device output, the
current from device negative input with zero output, lthe current from the device positive
input terminal with zero output, the a;/erage of the two previous parameters, DC input offset
voltage for zero device output, etc. The % failure is 'caI.culated by multiplying the quotient
(number of failed devices / total number of tested devices)‘by 100%. The preferred molding
15 compositions have good electrical reliability in a moist environment, i.e., less than 50%
. fatlure after 1,000 hours under conditions as described above.
The high temperature stora'ge life (HTSL) test assesses electrical teliability of the
coated devices in a dry environment (i.e., room humidity) and atmospheric pressure. In the
HTSL test, parametric shifts in voltage output levels are monitored, and the coated devices
20 are stored at 200°C. The voltage output levels reflect increased resistance across the ball-
bonds of the devices. The preferfed molding compbsitions delay or eliminate the failure due
to parameter shifts in voltage output levels of coated devices. Similar to the autoclave test,
the % failure is calculated by multiplying the quotient (number of failed aevices / total
number of tested devices) by 100%. The preferred molding compositions have good
25 electrical reliability in a dry environment, i.e., less than 50% failure after 1,500 hours under
conditions as described above.
The following examples of flame retardant molding compositions were prepared by

dry blending all of the components simultaneously and tested.




0. 230230. 23- 0. 233%.9@[]%5
' i W/ ") 1 05 . 053

w'/q) O 74 0.740.7840.740.74 0.74 Silanes (
\{\aéei 85 El g)stomers (W% 1 1.50 1.501.501.501.50 1.50 . WO (W% O 75 .

10. 701. SOSP&O 9 9 ;0 ton
750. 75 0.75 ZuMO (W% 0 10 4 Yoo
gcavenge?vq&/%szé 1.53 1.581.581 1.58.1.58 (wt%

2.4747 Hardener (% Catalysts (wt% | 0 . 23 .

Example 1

Six molding compositions, i.e., 18A-23A, were prepared according to the
fom?ul.ations as indicated in Table 1 below. Each molding compesition contained a
5 combination of epoxy cresol novalac resin and biphenyl resin. With the exception of
composition 23A, each composition contained two transition metal oxides. The weight %

(Wt%) indicated below, were calculated based oq the total weight of the molding composition.

Table 1
Sample 13A 194 20 214 224 23
Silica Filler 83.09 82.89 82.49 81.69 20.19 83.19
(wt%)
Biphenyl Resin 5.34 3.54 5.34 5.54 334 5.34
{wtib)
Epoxy Cresol 1.00 . 1.0 1.00 1.00 1.00 .00
Novalac Resin ' |
(wi%e)
Fumed Silica 0.40 " 040 0.40 0.40 0.40 0.40
{wt¥h)

[Carbon Black 030 030 030 030 0,30 0.30
Colorant {wt%)
Limonene Type 1.45 1.43 - 1.45 1.45 1.43 t.43
Hardener (from '
Yuka Shell)
{wi%)
Phenol Novolac 2.47 2.47 247 247 2.47 2.47
Hardener (wi%)
Catalysts {wi%) 0.23 0.23 0.23 023 023 0.23
Waxes (widh) 0.74 0.74 0.74 0.74 0.74 0.74
Silanes {wt¥%) 1.0S 1.05 1.03 1.03 1.03 1.03
Elastomers {wt%) 1.50 .30 1.50 .50 [.50 1.50 -
WO, (wi%) 0.75 0.75 0.73 0.75 0.75 0.73
ZnMo0, (wi) 0.10 0.30 0.70 1.50 3.00 0
lon Scavenger 1.58 . (.58 .58 15§ 138 1.38
{wi%) .




9 23 SEP 2004 WO 01/70367 PCT/ US01/ 09311 Sone properties of the cured
conpositions | SA-23A, i.e., rate of npisture absorption, fl amm.bijiﬁgy,z[]m.

and electrical reliability, were determ ned and sumrari zed bel ow i h Tabl e
2. The rdtfyy I sture absorption was neasured using a I E/i 3" in
di aneter and ({iogﬁoi n 5 thickness at 85C and 85% rel ative E%r‘rﬂﬁ%o lJ%@:ordi ng
to the nmethod descri bed above. The flammability properties of the cured

conposi ti ons we ' y, : i of 1/8". nol ded bar
according to thﬁ%ﬁ%ﬁkﬂ eégfé ql tl%hr:el}r%hg%u ogltbogx? glk%'eid’f%f’rlﬁrrf%%f@l%&f? akserption,
rel i abi | i themmsbistyene ckhoivai filalinSpess ddealihss add%u%%r%% ‘B‘e‘i'o@aYaﬁg‘aSFetv

forty ALS245 die on . nickel/palladiumleadframe SO C packages W no bi as
wer e’ coat ed Rt mRPiEFyabRoRE GRS measwsd 1SiAg 23uo lddhdisk 8% In MaseRPRMUTEeG, at
121 10 | % ] g, and 15 . psi pressure for 2250 hours
acco%ﬂi ngqf{%hﬁ%?gta{rr% rg%rafé)s&?é?lﬁtébed]%gég agGPI¢iRg t9-fheimathert dest dhadyabovesCadi e
on ni ckel /flalthasdii beadky ted with di

1t_:ygpr gafEs 8MBe @93@09@%%@9@&5 »‘&&E%e%@&fzﬁ'% ports Wm%qgm af g

conpositions_ 1 SA-23A. The test was conducted at
at nospher i2d/8 prekiedrbar aaordiB @ the (Lils 94 tsbr Thengsiile dbbndietda dws eRei.Red

above. 15 X anpl e18A19A20A21A22A23A - Fl ammabi ity test (UL 94). Tot al
Burn- Ti neé%g%i@é%%ﬁgg@ VR e’&agﬁe%ﬁﬂswh@@memammfed)«ﬁmzwdarcm | ed
Mbi st ur e Alkerpiliaan: 0900, 092- .0, 0850. Q90 24

nour s0. 5 1 a0, poirgh MsaB el SUIE hrgR: MRt & Bouda MR holding

hour ¥0. 1680PRISIBOSEVA-26A0 The36st 1744 cOfiduaaidras 19121 3002 1201 2d H0n %5 0yl 60 223

- F68 0. 2300, 2550.%59%832580. 2680, 269 ‘hours Autoclave Test (% failure
After 2250°HOUTES 8p2HtP birsacronting tpihe meshqdrdpscripglabdestin the HTSL test, forty

LS00 die on nickeV/palladium leadframe SOIC packages were coated with molding
compositions 18A-23A. The test was conducted at 200°C, room humidity, and atmospheric

pressure for 1500 hours according to the method described above.

15 Table 2
Sample 183A 194 20A 21A PEEY 234 ]
Flammability test
{UL 94)
Total Bumn Time 60 >139 23 29 v >97
{5 bars) (s)
Status _ failed failed V-1 TV Y-0 fatled
Moisure
Absorption (%)
16 hours 0.094 0.094 £.090 0.092 - D.08% 0.090
24 hours 0.114 0.117 0.113 0.115 0.107 - 0.116
438 hours 0.168 0.171 0.166 0.169 0.163 0.171
96 hours 0.213 0217 0.210 0.215 0.216 0.223
168 hours 0.250 0.255 0.250 0.238 0.268 0.269
Auroclave Test
(% failure)
After 2250 hours 3 - 0.0 0.0 23 14.0 0.0
of testing . ‘ ' .
HTSL Test
{% failure) )
Alfter 1500 hours 0.0 0.0 0.0 00 0.0 0.0
of testing ‘ -




(% failure) After 1500 hours0. 00.00. 00. 00A0.0 of testing -10 2 3 SEP 2904
WO 01/ 70867 Exanple 2 PCT/US01/09311 Six nolding conmpositions of 2HhSEP 2004
i nvention were prepared according to the fornulations as indicated in
Tabl e 3 beboewrodgach conposition contained epoxy cresol noparagei@sif .as
the only Egoxig esin. Wth the exception of sanple 34A, each conposition 5

cont ai ne ition netal oxide containi ng a refractory netal, and a
transition net ion of a VI A el ement. The
wei ght 56 (ut 59 e S e R BB U Pl Bhee el e S e nt

of the rmfodmngitmnmmldtd eid.in Table g b21cvanBh
Filler81. 2081 1080. 908035071% 7078. 20 (WO@%S%QA%ZM%Q%Q éﬂe&ﬁ

Resi n0. 0070/6!250¢90 apthemniengy Epmixy Withetho k8:5p88n 088110383088 RB%oR3odlayal ac
Resip (W% d.Silicap.600.600. 600. 600. 600. 60 (wt% Carbon
Bl acko. 30#“%’6 013:?)%9&%56%0%@5& BUESFRARTY( 8%5‘“%’ TRefAke ARd 4 trarsition metal oxide

TypeO. 0 i88s P ACRTAL
4ygg4 58%0%%419%%%9 gggarg%ﬂf@Hg érj r\ﬁ?l"?l%ﬁeﬁq eit'l'le)wég\ﬁt /(o \ﬁvg 4 pmr&?cateléﬂve?ow were

0. 170. 17C:alcndatdd/Pased on the M&Xa&lgm\bﬂh%rﬁbl&{ﬂa@ cz&@oiﬂ@ﬂlO 740.74- Si | anes
(wt % 1. (:\_159,1Eg ogl 051. 051.051. 03 El astonmers (w % 1.001.501.501.501.501. 30
)

W3 “(wt 750. 750..750. 750. 75 an\/bO4 (Wt % 0. 000. 100. 300. 701. 503 0 [{on

ScavengeisimpR 1 551 §3T-§4 58t SATCW it 7R WA B
Silica Filler 81.20 sL.10 80.90 80.50 79.70 78.20
(wi'h)
Biphenyl Resin 0.6 c.0 0.0 0.0 0.0 0.0
{wrt%s)
Epoxy Cresol 3.03 3.03 8.03 3.03 S.03 8.03
Novalac Resin
(with)
Fumed Silica : 0.60 0.60 .60 0.60 ; 0.60 0.60
(wi%) .
Carbon Black 030 030 | 030 0.30 0.30 030
Colorant (wi%) -
‘Lmonene Type 0.0 0.0 0.0 00 0.0 0.0

'| Hardener (Yuka . |
Shedl) {wt¥) s
Phenol Novolac 438 738 358 338 458 T
- Hardener {wt%)

Catalysts {wt'%) 0.17 0.17 0.17 0.17 o017 0.17
Waxes (wi) 0.74 0.74 0.74 0.74 074 0.74
Silanes (wi%) 1.05 1.05 1.03 1.05 1.05 105
Elastomers (wtl) 1.00 1.50 £.50 1.50 1.50 1.50
WO, (wt¥) - 0.75 0.73 0.75 0.73 0.75 0.75
ZnMoQ, (wt%)‘ 0.00 0.10 . 0.30 0.70 [.30 3.0
lon Scavenger 1.58 [.58 1.58 .58 1.58 1.58

{wthe)

-il-



2 3 SEP 2004 5 WD 01/ 70867 PCT/ US01/ 09311 Some properties of the cured

conposi tions 34A-39A, i.e., rate of noisture absorption, flamuabi |2'3t9EP Z@md
el.ectrical reliability, were determ ned and sumari zed bel ow i n Table

These prapeni/h®gs wer e nmeasured according to nmethods descri g\g@l %,(Eéﬁrrpl e I
above. Table 4 Flammabiljty test (UL 94) Sanple 34A.35A 3 ? Tot al
Bum Ti me >138 >7PM@propsriicg gl H@rfélIEd(@)ﬂF@ﬁ&nous:#Afmﬁl éd., fratk @ eholéture aVsorll\t.on

Mo OO88IOO860087|009224h
00155071 AERRE G R thor ) R 4 BB B R s o el ook 526
0. 228 0. 23Bele pApertkOHehOMER AL Dcdinodidnl 2R M 23R AL ool v Tesﬂy (%

failure) 4 After 2000 hours 0.0 J ‘"000 fest )
failure) Af3¥41700 hours of testl ng 0.0 0.0 1- 0.00.0581 39A 9
Sample f 34A 354 [ 36A 37A 384 394
Flammability test
(UL 94)
Total Burn Time >138 >72 4] 4
2 ] :

(5 bars) {s) . ) - ’
Status ] failed failed V-1 V-l V-1 V-0
Moisture
Absorption (44)
16 hours 0.088 0.086 0.087 0.092 0.086 0.090
24 hours 0.122 0.119 0.119 0.124 0.113 0.113
48 hours 0.168 0.163 0.163 0.167 0.137 0.162

-1 96 hours - 0.226 0.228 0.233 0.234 0.225 0.227
168 hours 0257 0.357 0.243 0.233 0.337 0.338
Autoclave Test - ‘
{% failurz) '
After 2000 hours 0.0 0.0 0.0 0.0 2.6 0.0
of testing B .
TTSL Test
{% failure)
After 1700 hours 0.0 0.0 - 0.0 - 0.0 0.0 0.0
of testing - 7 .

5
Example 3
Seven comparative molding compositions were prepared according to the
formulations as indicated in Table 5 below. With the exception of sample 40A, each
composition contained one transition metal oxide. The remaining six molding compositions
10 contained only one transition metal oxide. Specifically, each of sampies 33A, 4! A, and 42A

contained a transition metal oxide containing an oxyanton of a Group VIA element, i.e.,
ZnMoQq, and each of samples 43A, 44A, and 45A contained a transition metal oxide
containing a refractory metal, i.e., WO;. The weight % (wt%) indicated below were
calculated based on the total weight of the molding com;;osition.

15 .



0.086 0.115 0.157 0.225 0.237 2.6 0.0 Exanple 3 Seven conparative nol di ng
formul ati ons as i ndi THGEN 2ilh-

Table 5 below. Wth the exception of sanple 40A, each 0.090 0.118 0.162
0.227 0VYQ81/MBE7 0. 0 conposition contained one transition pepabyayide. The
10 contained only one transition netal

renai ni ng i | di ng" conposi tions
E'C'F'Eijgg| ly, each of sanples 33A, 41 A and 42A contained a

conpositions were prepared according to the

oxi de. Sp
transiti osamptal OXl dggLoNtanpinoTanexyanrt-ep-of a Goup VIA el enent, i.e.,
ZnMb4, and each off sanpl s 43A, h4A, andg 45RAC02Faiﬁ§H aj trahsjtiionspeta
oxi de copbaraiig a [r gGPacyorg wetat gz e —¥Wae—Hheuweight 9% (w9
i ndi cat ed{*b¥) ow were cal#ulated based orn tﬁ%u{otaIEVéPght of2-4he
conposition. 15 . {12 2 3{SEP 2004 5 WO (1/70867 | Tabl e 5 PCTI US|/ 09311
Sanple40A§@ﬁmﬂFﬁgmL1Aﬁﬁl4AAggﬁ;~ ocg;Eii“er—b§83.948?h}0?7ﬁﬂ_9483 1952
4480. 94 [Wt¥) Bi phenyl Resin J H-341 5. 34 f .34 ( ¥4345. 345345 341%M¢%©
Epoxy Cr EOl 1.0.0{1.00 ‘ .
poxy Cresol [.00 1.00
Novalac Resin 100 1.00 1.00 1.00 1.00
(wi%)
Fumed Silica 0.40 .
(w1%) 0.4 0.40 040 0.40 0.40 0.40
Carbon Black 030 3 3 — - :
Colorant 0 030 0.30 0.30 030 030 030
(wit%h) )
Limonene 1.45 1.45 3 T =
Type Hardener b3 145 145 T43 T35
(Yuka Shell)
{wt%)
Phenol 2. 347
ol 47 1.47 2.47 247 247 247 2.47
Hardener
(wt%)
C tal ". 3 - 3
(;mfg 0-23 0.23 0.23 0.23 0.23 0.23 033
Waxes {wt) 074 0.74 0.74 0.74 074 094 07
Stlanes (wi%) 1.05 1.05 1,05 105 1.03 105 103
Elast 5 T :
(Wt%c;mers 1.50 1.530 1.50 1.50 1.50 150 ! .5.{)
f WO, (wi%) 0 0.75 1.50 3.00 0 0 M
ZnMo0 :
{W#KE 5 0 ¢ 0 0 0.73 1.50 3.00
lon 8 a 3 3 i
(‘ovr;%t):aven_,cr [.58 1.58 1.58 1.58 L.58 1.58 £.538
The flammability properties of the cured compositions 33A and 40A-45A were
determined as described in Example 1 above and summarized in Table § below.
5
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Noval ac Resin 1.00 1.001.001.001.00 (W% Funed Silica O 40 O 40 .

0. 30
0.40 0.400.400.400.40 ( wt% Carbon Black 0 30 J 0 30 . .
0. 300. 300. 300.30 Colorant (w% Linmoriene 1 1 4501 4 45 . . 1-.13SEP 200
1. 451. 45w &% 1/Fyge Hardener 5 1.45 (Yuka Shel[) (w9 PCT/US01/09311
Table 6
[Sample . d0A 353A [ 414 424 434 dda 454 ‘r
Flammability
test (UL 94) .
Totzl Bum 51 >100 >138 >133 >i52 >166 >113
Time (5 bars) _ i J
(s)
Status failed failed failed failed failed fatled failed
Example 4

Two molding compositions were prepared according to the formuiations as mdmated
5 in Table 7 below. Each of compositions 17A and 18B contained three transition metal
oxides, i.e., W03, ZnMoOy, and MoOQs. The weight % (wt%) indicated below were

calculated based on the total weight of the molding composition.

Table 7
Snmpvle ' 17A - 18B
Silica Filler (wi%) 79.8) 80.17
Biphenyl Resin (wt%) 0.0 3.54
Epoxy Cresol Novalac Resin [wi%) 6.10 0.0
Fumed Silica {(wt3%) 0.80 0.60
Carbon Black Colorant {wt%) 0:30 - p.30
Phenol Novolac Hardener (w1%) 4.86 . 4.68
Catalysts {wi¥) 0.24 0.22
Waxes (wide) . 0.74 0.74
J Silanes (wiva) : 1.05 105
Elastorners (wt%) 0.50 0.50
WO, (wt¥h) 0.75 0.75
ZnMoO, (with) a 3.00 3.00
MoO; (wtte) 075" 0.75
lon Scavenger (with) 150 1.50




Phenol

10

15

2 47 2 A7 . . 2.47 2.472.472.472.47 Novolac Hardener (wt% O

%W 74 097dp
Catal ysts 0.23 0.2323 0 0 23 (W 9% . .230.20.23 . \axes (W% B 7004
0.74 %. 740.740.740.74 . Silanes (W% 1 05 1 05 . 1.05 1.051. 051.2035% otk

El ast oner gyglpyafdst . PCT/US01/09311

The flammability properties of the cured compositiens 174 and 188, as well as the
time required to form a good cull cure, were determined and summarized in Table 8 below.
Table 8

Sample l 174 18B ]
Flammability test
(UL 94) .
Total bum tme (5 bars) (s) , l 4

Status V0 Vo

Miniraum time to fo:m a good cull cure . 1.0 i.0

{min)

Example 5

Four molding compositions, i.e., 10B, 79A, 81A, and 10B, were prepared according
to formulations as indicated in ;I'able 5 below. Each of compositions 79A and 81 A contained
2 phenol novalac hardener containing a biphenyl or naphthyl moiety (available from Meiwa -
Plastic Industries., Ltd., catalog no. MEH 7851 SS) and a transition metal oxide of a'Group
VIA element, i.e., WO;. Composxtlon 10B contained an epoxy resin contamm° a bipheny! or
naphthyl motety (available from Nippon Kayaku Co., Ltd. » catalog no. NC-3000P) and a
transition metal oxide, i.e., WO,. Composition sample 80A, on the other hand, only
contained a transition metal oxide, i.e., WO;, The weight % (wt%) indicated below were

calculated based on the total weight of the molding composition.

-Table ©
Sample 80A 10B 70A 81A
Silica Filler {wit%) 80.78 80.78 80.78 33.45
Biphenyl Resin 0.0 0.0 00 564
{wit) '
Epoxy Cresol 8.85 0.0 7.23 0.0
MNovalac Resin '
(wi¥s)
NC-3000P (wi%%) 00 EEE 0.0 00
Fumed Silica 0.40 0.40 0.40 : 0.60
Carbon Black - 030 0.30 0.30 0.30
Colorant (wt¥%) :

S




1.50 3.000 ZnMoO47
(Wy,). 1.58 1.531.55 1.581, 58 .
The flammuability properties of the cured conpositions 33A and 40A-Ub 3 Rnilile

det er m neg 3]8/ cribed in Exanple | above and sunmarized in Table 6 bel ow.
P708 Table 6 Sanple Flammability test (UL 9ZFT/CR8¥8331Burn

50 . . 1.50 1.501.50 1.501.50 (W% W3 (% O 75 .
.503.00 5 1 lon Scavenger 1 53 1 58 .

- 13 W 0l

Time (5 habspiNesjc 40R 51 SME&LUS T a1 Ted BBA >ST0p 4145 [T a—
ner (wt) '
MEH 7851 [wi%) 0.0 0.0 5.05 297
Catalysts (wivh) 016 0.16 0.16 0.16 7
Waes (wi%) . 0.74 0.74 0.74 0.86
Silanes (wt%) 1.03 1.05 1.03 1.05
Elastumers.(th“/E) 0.50 ' 0.50 0.50 1.00
WO, (%) 075 073 R NE
(Ia’r;,z;:avenger [.58 1.38 1 1.58 ‘ 1.38

The flammability properties of the cured compositions 10B and 79A-81 A were
determined and summarized below in Table 10.

Table 10

Sample 80A ' 08— TIA ~F1A
Flammability test .
(UL 94)

Total bum time (3 bars) >I'l4d -2 . 8 14
(s}

Status Failed V-0 V-0 V-0

Other embodiments are within the claims.

- 16-



42A | - >138 >13 failed failed failed 2 3 SEP 2004 PCT/US01/09311 43A | 44A
>152 >166 failed failed 45A >113 failed Exanple 4 Two nol di ng conposl §kPo il
were prepared according to the fornmulations as indicated 5 in Table 7
bel ow. Each of conpositions 17A and 18B contained three transition netal

oxi des, i.eWHXDES ChAREED 3td MoCG3. The wei ght % (wt % i ndi cated bel ow
were cal cul ated based on the total weight of the nolding conposition_
Table 7 SarTEI el7A1SB Silica Filler (W./,)79.8180.17 Bi phenyl Resin (w%
0. 05..34 Epoky AdiemeretagentimeldRg spmposition substobally fremefthaBidencphosphorus, and
(w"/0)0.800.60. Car bon_Bl.ack GCol or ant. (V\%:/% 0: 300. 30 Phenol Navo | ac

Har denér (wt of " 22884 CBEPEIPE R SREY (Tt 1892 HrSo Fanfihagruetak oxdoconianing agefraotey
(wm 9% 13051. 05 I W+ : ¢ Wt O . 150, 7 Vb

(Wt % 3. 003. 00 Egtb%’;sén(gﬂrko%/g&od.( rihioR e 0395%3@%%3%?’1;%6’{{ 5O A; - oep
2006 WO 01/ 7088mefACT/ USOS/ 09311 The flanmability properties of the cured
conpositions 17A and 18B, as well as the tine required to forma good cull
cure, were determ ned and summarized in Table 8 below. Table 8

1 2. The molding composition of claim 1, wherein the first transition metal oxide is water-
2 insoluble.

1 3. The molding composition of claim 1, wherein the refractory metal is selected from the
2 group consisting of zirconium, niobium, molybdenum, ruthenium, iridium, hafhium,

3 tantalum, tungsten, osmium, vanadium, chromium, rhenium, and rhodium.

1 4. The molding composition of claim 3, whetein the refractory metal is chromium,

2 molybdenum, or tungsten.

1 5. The molding composition of claim 4, wherein the first transition metal oxide is tungsten
2 trioxide.

1 6. The molding composition of claim !, wherein the second transition metal oxide is water-
2 ~ insoluble. |

1 7. The molding composition of claim |, wherein the oxyanion is molybdate.

1 8. The molding composition of claim 1, wherein the second transition metal oxide Further
2 contains a Group IIB element.

1 9. The molding composition of claim §, wherein the Group IIB element is zinc.

1 L0. The molding composition of claim 9, wherein the oxyanion is molybdate.

-17-



Sanpl e Flammability test (UL 94) Tot al

5 Exanpl e 5 Four nol di ng conpositions, i.e.,
prepargd a
conpositio
bi phenyl
Ltd., catal og no.

or

VI A el enent,

a bi phenyl
cat al oy

no.l

burn tinme (5 bars) (s) Status
Mnimumtinme to forma good cull cure (mn) I 17A 1 V-0 1.0 f 13B 42\4%312“@4
PRalal

: 10B, 79A, 81A, and 10B," wer
fo formylations as indicated in Table 9 bel ow. Each of

ﬁgog-gli\r&%r%}n% fompeghemphelaim K0, prhsreon thediral tanshRndBaer 0@t Rinhi D9 2

R |

noi ety (avail abl e From Mei wa Pl astic | ndustries:,

MEH 7851 SS) and a transition metal oxide of a Goup 10

i.e., W3. Conposition 10B contai ned an epoxy resin containing
napht hyl noiety (available from N ppon Kayaku Co., Ltd:,

r
2\ EpomObing compasitid alai lofurtiet obmiiies s ool L o

hand, only' contained a transition

sanpl e, BOA, t he e
i.e., E‘?\/\l) %Gg%quﬁwg/gew% i ndi cat ed bel ow were. cal cul ated based on the

2

3. The
total weight of the nolding conposition.

W © Bi phenyl ‘Resin W 9
( /()1 p13.1%1e o

14.

3.

16.

17.

- 18.

19.

15 Table 9 Sanple Silica Filler
30A 80.78 0.0 10B 80.78 0.0 79A 81A 80.79 0.0

mqlding composition of claim 1, wherein the amount of the first transition metal
oxide ranges from about 0.25 wt % to about 2 wt %, and the amount of the second
transition metal oxide ranges from about 0.70 wt % to about 6 wt % based Aon. the fotal

weight of the molding composition.

The molding composition of claim 13, wherein the amount of the first transition metal
oxide ranges from abogt 0.5 wt % to about 1 wt %, and the amount of the sécond
transition metal oxide ranges from about 1 wt % to about 4 wt % based on the total

weight of the molding composition.

The molding composition of claim [4, wherein the amount of the first transition metal
oxide is about 0.75 wt %, and the amount of the second transition metal oxide is about 3

wt % based on the total weight of the molding composition.
The molding composition of claim 1, further comprising a phenol novolac hardener.

The molding composition of claim 16, wherein the amount of the phenol novelac
hardener ranges from about {.5 wt % to about 6 wt %, based on the total weight of the

molding composition.

The molding composition of claim |, wherein the molding composition contains an

€poxy cresol novalac resin.

The molding composition of claim 18, wherein the molding composition further contains

a bipheny! epoxy resin.

- 18-



83.45 5. 64 Epoxy Cresol 3. 850.07.250.0 Novalac Resin (Wel") 0.09.750.00.0

NC- 3000P (wt % Fumed Silica0.400.400.400 60 (w% 0300. 300. 30. C?Eb%p z[m
Bl ack0. 30 Colorant (wt%- 1S 2 3 SEP 2004 WO 01/ 74367PCT/ USCL1/ 093 heno

Novol ac 4. 89--3,991. 44f 1. 64 Hardener (wt"% MEH 7851(Wt %) 0.0J0.05.053.97
Catalysts (wt"/0)0 O 161 .. 0.160.16 6 Waxes (Wt%O 7474 ..0.740.86
Silanes (wt t 505..0501000
W3 (wt %g o%%he%g%ld%éqﬁp&ﬁgm%’cﬁhﬁﬁ \Q(Hglrem tq'xe am unt of the epoxy resin ranges from

2 about 4 wt % to about 12 wt % based on the total weight of the molding compasition,

1 21. The moldmcr composition of claim 20, wherein the amount of the epoxy resin ranges

2 from about 5 -5 wt % to about 8.5 wt % based on the total weight of the molding

3 composition.

1 22. The molding composition of claim 21, further comprising a phenol novolac hardener in

2 the amount ranging from about 1.5 wt % to about 6 wt % based on the total weight of the
3 molding composition. ‘
1 .23. The molding composition of claim 22, wherein the first transition metal oxide is tungsten
2 trioxide and the second transition metal oxide is zinc molybdate.

1 24. The molding composttion of claim 23, wherein the amount of the first transition metal

2 oxide ranges from about 0.5 wt % to about 1 wt %, and the amount of the second

3 transition metal oxide ranges from about 1 wt % to about 4 wt % based on the totaI

4 'welvht of the molding composition.

1 25. The molding composition of claim 24, wherein the amount of the first transition metal

2 oxide is about 0.75 wt %, and the amount of the second transition metal oxide is about 3

3 ~ wt % based on the total weight of the molding composition.

1 26. The molding composition of claim 25, fucther comprising a third transition metal oxide of
2. a Group VIA element.

1 27. The molding comiposition of claim 26, wherein the third transition metal oxide is

2 molybdenum trioxide.

- [0



| on Scavenger 1.581.581.581.58 (W% The flanmmability properties of the
cured conpositions | OB and 79A-8 | A were determ ned and summar i 3(% gzbrﬁw
in Tabl e 10. Table 10 Sanpl eB0A10BI 79A1 81.E Flammability rest é E -
Total burn time (5 bars)>114514 (s) Fail edv-0v-0V-0 Stat us 5 O her

embodi ment s 28.TheirkdltihgiddgpesiftbiBs claiml 97, %V}éﬁéfﬁ'htzﬁ%g‘ﬁ S CLAIMED 1S 1

|. Aflanme retardant nol di ng conposition su 18(5}'“54 tfﬁ}i}t@geneta[
ph_ospho?us an@x@eapngerdrom atwatfil iveti%dp 2boue Py, beRH R the | 't{l%e%ﬁt%?%wt i on
nmet al i de cont Efl ni ng a refractory 3 netal, and a seconé’ ra nmet al
oxi de c ntain GREPRAFEN-0f a Group VIA 4 elenent. 1 2. The nol di ng
conposi tion of cI aiml, wherein the first transition netal oxide is water-
i nsol ubl e. 12@;3 The nol di ng conposition of claim1, wherein the refractory
metal it selXcThenfol t8positfontfRUHImMmSRN ni ahi um

mol ybdenum rut heni udr?]ﬁgl i i um haf ni ﬁﬁ] ﬁg%%%?&ﬁﬁﬁ@%@ﬂ th%‘HPWﬁetal
vanadi ufn  chr ofiders sbeah® @it dnbesedonltherrotall wéighT Rt el clding C@ﬁﬁ&gﬁ:{'{ i on of
claim3, wherein the refractory netal is chromum 2 nolybdehum

tungsten. 1 5. The nol ding conposition of claim4, wherein the first

transi ti on 08! Alm&kedef bee Bt QX | 1 6. .The | di ng

conposi tion of claim 1, b wher & %\Htgrﬁ%r%agg%dr@éM&HS?PWPBWI%’P’E%%%E’E’eof@l‘vﬁﬂer -

2 insolabl e. mhmmlamﬂ ALY roanTyp carhpriimg Déatﬁgalnﬁﬂlamo\ele@lr S&lﬂoﬁ i%’ i's
con

m)lybdte mld'l{fq%@lo osition of claimil, reln
transi t i on rret &%c‘f‘rﬁrl pldirg compositins. the maddipg mer@:tmcnemtludfthm e‘p’hﬁ}r

nol di ng conposkdih Qﬁﬁﬁ.‘f tréhsi o BetaMIELS oﬂta‘inﬂﬁ’a ﬁq&%‘%ﬁl;ﬁ% g%eﬁn@n%kwémon 17

The nol di ng corrp05|t|on of claim?9. ere I'n®
23 SEPS2004  metal oxide conlaining an oxyanion of a Group VIA element.

1 31. The method of claim 30, wherein the first transition metal oxide is tungsten trioxidé, and
2 the second transition metal oxide is zinc molybdate.
1 32. The method of elaim 31, wherein the amount of the first transition metal oxide is about
2 0.75 wt %, and the amount of the second transition metal oxide is about 3 wt % based on -
3 the total weight of the molding composiiion.
1 33. The method of claim 32, wherein the molding composition further includes a phenol
2 " novolac hardener in the amount ranging from about 1.5 wt % to about 6 wt %o based on
3 ~ the total weight of the molding composition.
1 34. The method of claim 33. wherein the amount of the epoxy resin ranges from about 4 wt
2 s to about 12 wt % based on the total weight of the molding composition.
1. 35. The method of claim 34, wherein the molding composition further includes a third
2

transition metal oxide of a Group VIA element in the amount ranging from about 0.1 wt

(4]

% to about [ wt % based on the total weight of the molding composition.

-20-



1 11. The nol ding conposition of claim210, wherein the first transition
metal oxide is tungsten 2 trioxide. 1 12. The nol di ng conpositi onzssﬂplzmt-m
1, further conprising a third transition nmetal oxide of 2 a G oup

element. 1 13. The nol ding conposition of claim1l, wherein the anmount of

“the fifst t36adhe wetmdicdlim2sonheeid sRaRR ELARMANAUL fidP M oIt oAbt 2

W % and the, anount of the second 3 transition re E?HB

about 8. 70" MStBOBdeRuBIrigridzdpd dte dmonnt s abttCay's wriomRkaNEn Bk Wiheydrelding
conposition. &é Tlge ol di n% conposi tion of claim 13, wherein the affount of
the fitst transity oHnSTErRCsti8%yi de ranges from about 0:5 wt %to about |
w % and the anount of the second 3 transition netal oxide ranges from
about 1 vvtﬁojm:;n? about 4 wt % based on the total 4 weight of the nolding
conposl t i 037. Themethodhé chirh G0NghaeiRRBS feki i : LA, t he anmount
of the first tS{gnsi tion netal 2 oxide. i??ﬁ%ﬁf%’%ﬁ#%@ﬁm ¢ﬁ°ea unt
of the?second!%r &nsition netal oxide is about 3 3 wt % based on the total
wei ght, of the nol di ng conposition. 1 16. The nol di ng conposition of claim
1, further conprising a phenol novol ac hardener. 17. The nol ding
.conposi ti 0B8.04 pbRimerk ' e..hhenol neyol ac 2 hardener
ranges from abgutghlm. 5%%%%%@8%%1%%2%%5@ porﬁsel}?éu%éﬁ‘%ﬁnt%‘?rgh orgredt he
3 nol R ng corff@dieppxyresingcormprisingd Aish gagsitigromital @ﬂd@&orﬁhiﬂid@ajrefrﬂﬁ@rgﬂhéll t he
nol di ng corrpoaiidt&i on contains an. 2. epox%,c;resol noval ac resin..1 19. ﬁé
mol di ng conpdar 5o rAuFiop Rl ofide copRiningamersning ofarfposp MlAreldmarther
contains 2 a biphenyl epoxy resin. -18 23 SEP 2004 1 20. The, nvolding
conposition of claiml1l, wherein the anmount of the epoxy resin ranges from
2 about 4 - Trepelhahersomposition 0f Haiseds, vhetdie theofied traitWAlmah] ddite 198l kkg
conposji tion. t% 21. The nol di ng conposition of claim 20, wherein the anount
of the epoxy PR ranges 2 fromabout 5.5 wt %to about 8.5 w % based on
the total weight of the nolding 3 conmposition. 1 22. The nol di ng
conposition of claim?21, further conprising a phenol novol ac hardener in 2
t he arfount4® Zhgipalymiereompbsmition of daimt 39 owhereid thetseCondt tralx {Bias ki AR xidees bigk al
wei ght2 of thed WI di ng conposition. 1 ,23. The nolding conposition of

cl ai m22, vvhg}é}’ %e that transition nmetal oxide is tungsten 2 trioxide
and the second transition nmetal oxide is zinc nolybdate. 1 24. The nol di ng
conposition of claim23, wherein the anount of the first transition netal

2 oxi de r ahlgdbe polymenborposittonsaficlaifodpwhberiti the ambun6f tBe Bt RensiiguRkpf t he

second 3 trapsition netal  oxi ranges. fromabout | w %to about 4 wt %
basedgon the°’?‘8?5§“gegﬁﬁﬂiaéﬁt“ (g$ v Pt about hyt @orepé she areornt of the secpnd nol di ng
conposi ti on @hnsiticH MedhoxiMbANSE Frdh EbATRUIL o fiAd SlpatiAnsitign metal 2
oxide is about 0.75 wt %1 and t he anount o A?Eggggéo%%%tbrﬂgﬁugﬁﬁh‘ghoqﬂtat al

oxi de%i s aboweight of the molding composition. ' .

1 42. The polymer composition of claim 41, wherein the amount of the first transition metal

2 oxide is about 0.75 wt %, and the amount of the second transition metal oxide is about 3

3 wt % based on the total weight of the molding composition.

1

1 43. The polymer composition of claim 38, further comprising a third transition metal oxide of
2 a Group VIA element in the amount ranging from about 0.1 wt % to about 1 wt % based

3 on the total weight of the molding composition. |

-2t -



3 w %based on the total weight of the nolding conposition. 1 26. The

nol di ng conposition 'of claim?25, further conprising a third transi tlﬁp
net al oxi de of 2 a Goup VIA elenent.. 1 27. The nol di ng conposi t1 dhtfoflls
cl ai m 26, inthe third transiti on metal oxide is 2 nolybdenum
trioxide. - 9 12‘3‘33@@@9]@@ 43 28herginghentiidl trapsitionpesiltox@it d¥fa i ?"L@ .
wherei n, t he anf?'ﬂ?:tl ent u thl rd transitian nmetal 2 oxide rangés from T80t
0.1 wt %to abdut TOWE 3‘?88&‘6 L1} pmOpR)ispb W Dglitwidh binsed & thetoth! neight of
conposizion. kh@fholdiRecHm ng iieh. conposi tion of claim28, wherein the anmount
of the third transition taI 2 oxide is about 0.75 W % based on the
total weight of t he nol di ng conposition. 1 30. A nethod of preparing a
flanme ret ar g u{éﬂ}qyner conposition which is free of hal ogen, 2

phosphdr us, d%ﬁ9ﬂ*%ﬁ¢@m@ Dnehﬂrcwgc deviod ebinfyg 1@:@1&@%}1& b 91@,[419% a

t enper gt ure conposi tion, the nol
cogp};os?t |uon i ncﬁlgé%héﬁ gonné teeg}? ?/altlurg SFg’gci“?rH? t%CLFrg Flketgglﬂmsaompomtmam foomiade
contai Ai ng a pefyneebarye kfat ofme@eatcﬁQﬁ@ﬁﬁl&lﬁ@?&@é&sﬁﬁ{%%ﬁﬁhg%{%@gﬁ& m

contai ni ng an _oxyani on.of a Goup VIA el ement

30, whérein t ieeef hapgan; ahesphoms, Mﬁtaaﬂtlnwnyﬂ@nltzﬁmhglﬁﬂéﬁ@gr resih %ﬁﬂﬁr%rég

t he segond trwal%mgcnet al.  oxi #@ zin bdat e The met

claim 31, wherein SHBtRE BFctes WW& Q“Fizi‘r%FfiflddfﬁnﬁrénOaIm&mhodelelcentabmgt 2
0.75 w6 % anen bRantsidiH GRUp MIA gegeRd-transition metal oxide is about 3
w % based on 3 the total WEI ght of t he nol di ng conposition. 1 33. The

nmet hod of claim 32, wherein the nolding conposition further includes a

phenol , 2 ngyo e anging fromabout 1.5 w %to
about & wt /016 srenﬁﬁ’t?ﬂ of Iafnﬁgs g%fF“\/\FEFéFR”@W@%WI oxidg isctongstsi ttioxide, ahd 34.
The ez h0d of helsaimt FnsitE Rk okl (5L Mo ll1e_epoxy Tesin ranges from
about 4 wt 2 %to about 12 'wt A)base total wei ght of the nolding
conposi tion. . 35. The method of claim 34, wherein the nol ding

conposj ti onf |.ude hird 2 transition netal oxide of a -G oup
VI A eI{erren? Jflﬂ’tt ‘ﬂg{hﬁ ﬁlt“?g?rg‘?’ ‘FrtBW'aBWPf@qﬂWWSM@qﬁwtdens gltout/d

based on the 0.05 ah YWehakHe | i SE 0
36. The nethod of claim 35435%112?25’% s'?%dehqttﬁl rggﬁrn{ae'rtlagl 1d5rﬁs ?‘Pé’f‘&? W(S)% é@e%f’“
Group M A el lBfigel weig htsifﬁhﬂ!;lbum@mmpqsmqnde and its amount is about 0.75
w % based on the total weight of 3 the nolding conposition. 1 37. The

nmet hod of claim 30, wherein the tenperature rangi ng fromabout 165C to

about 1 2 18950 helmdthddof AaiRPh RO Ial free. of n,
phosphorus, and anti nony, &?o‘?@erﬁﬁ an&lenggiéﬂ:%g Igor%%?"?gﬁ“ % u{?h& |
transiki on meRdp 2t dd wolithased CPrgthatmtel‘waxghbufﬁthermb&Img ccﬁn%ﬁdlg@\ second

transition netal oxide containing an oxyanion of a G oup.VIA el enent.
1 49. The method of claim 48, wherein the molding composition further contains a phenol
2 novolac hardener in the amount ranging from about 1.5 wt % to about 6 wt % based on
3 the total weight of the molding composition.

k.

50. The method of claim 45, wherein the molding composition further contains a third
2 transition metal of a Group VIA element in the amount ranging from about 0.1 wt % to
3

about 1 wt % based on the total weight of the molding composition.

ah



t 39. The polymer conposition of claim 38, wherein the first transition
nmetal oxide is tungsten 2 trioxide. 1 40. The pol yner- conpositi ﬁtﬁ 0
claim 39, wherein the second transition netal oxide is zinc 2 m)ﬁ;}o t@. 1

41. The pol er&g conposi tion of claim40, wherein the amount of the first
transiti on Jtet 8F methog,of glaimai{gederainibe el karsit®nuetahafd Groop V1A eltmd isand

h f d [t ] I Ld f b I %
Lo abont 4w "OLeSRRAE Biotet SRR Slhe G 025 Sk Eat an i eshmpetotshe ¢

42. The pol ynee|deneaghdsitgh. of claim 41, wherein the amount of the first
transition metal 2 oxide is about 0.75 w % and the anmpbunt of the second
transition netal oxide is about 3 3 w % based on the total weight of the
nol di ng co ition. 1 43. _The pol ymer conposition of claim38, further
conprisi ng a-ofl?ﬁ mathed g slaim 44 yrhesin th femperiture zanging fhom about 165 rterebon t he
amount, r angi n@5ﬁFpm about 0.1 wt %to about 1 wt % based 3 on the total

wei ght of the nolding conposition. -21 2 3 SEP 2004 1 44. The net hod of
claim43, wherein the .third transition nmetal oxide of a Goup VIA el enent
2 is nmolybdenumtrioxide and its anount is about 0.75 wt % based on the

t ot al “wei gﬁf- Dre methpdohelrian A¢ the dpades bairgia semidendusionst thaistok, cdiedd, Dgamn

el ectr,cal or, troni ¢ device conprising heating a nolding 2 conposition
to a tzenperatlflj{rg%ﬁgeﬁjf?ﬁcgﬁ'ent to cure the nol ding conposition and forma 3
pol ymer on the surface of the device, the nolding conposition, which is
substantially .4 free of hal ogen, phosphorus, and antinony, containing an
epoxy 'r esi f3- AN tlpetsicalior glestronio degicereoaitd with d @otynmdr abmpositian wiith &cfoatat of
netal ., and a _second transition netal oxide.containi. 6 an oxyani on of a
Group™VI A el ERERPSY Tt RRDSE RERPOTORN BT s Saqileter atialogr st

t ransiati on hadphexisdghd sntimdigshede {sthel ¥=TqTe A . ition
met al oxi den?s Zpl nc nol ybdate. 1 4°%ﬁdfﬁi§gnﬁs%§§gg%oacr%§iﬁn§3%%q a‘er{l%i’p% t he
amount of t hé&effactay matalnand 2 ssombiratsitinni etal sxidbmmtaiding a Sxyunid of arGrotihie -
anount, of th%geqﬁrg ttransiti on netal oxide is about 3 wt % based on 3 the
total "weight o THE ol di ng conposition. 4 48. The nethod of claimA47,
wherein the anmobunt of the epoxy resin ranges fromabout 55w 2 %to

about 8.5 wt % based on the total weight of the nolding conposition. 1 49.
The mit hod® b heHayige q%qlmm]é‘i&érhpmnéhw&sﬁh- rangitoompeasaicxidens fmgsthetrioxalet aidns a

phenol, 2 nov ner_in_the. nt r ing fromabout 1.5 wt %to
aboutEG wt %ﬂkgsgcé%?d(')tn%ngtnhnemt%docﬁcé?e%}naﬁ?ﬁg%laf%e nol di ng conposition. | 1

50. The nethod of claim45, wherein the nolding conposition further
cont ai ns aq#ﬂnhi rd 2 transition nmetal of a Group VIA elenent in the anount
rangi hg f rémlapaeacooiicigin 53, vgeren hsamrount of thefisy srensioen mbial exidais zhedtght * of

the npl ding 99’3%5‘)6} Jn(a'}he Emount of the second transitioﬁ metal oxide is about 3 wt % based on

3 the total weight of the molding composition.

1 57. The device of claim 55, wherein the molding composition further contains a third

2 transition metal of a Group VIA element in the amount ranging from about 0.1 wt % to
3 about | wt % based on the total weight of the molding composition.

1 58, The device of claim 57, wherein the third transition metal of a Group VIA element is

2 molybdenum trioxide and its amount is about 0.75 wt % based on the total weight of the -
3 molding composition. |
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22 23 SEP 2004 1 51. The method of claim50, wherein the third tzigfﬁ5m?n
nmetal of a Goup VIA elenent is 2 nol ybdenumtrioxide and its anou S
about 0.75 wt % based on the total weight of the 3 nolding conposition. 1
52. The nethod of claim45, wherein the tenperature ranging from about 165C
to about 259.98e deyicsf clihe SHpthhddvioé beihga BerdRond lteordL Vi ESstBEL RSB R or 4

sem conductor,. a transistor, a diode, or an 21 integrated ci'rcuit” %54,
“An el eétrical BFERSEGIEH ¢ device coated with a pol ymer composition which
is formed of 2 an epoxy resin, said polyner conposition being
substantially free of hal ogen, 3 phosphorus,. and antinony, and conpri sing
a first transition netal oxide containing a 4 refractory netal, and a
second transition netal oxide containing an oxyanion of a Goup 5 VIA
element. 1 55. The device of claimb54, wherein the fast transition netal
oxide is tungsten trioxide, and 2 the second transition netal oxide is
zinc nolybdate. 1 56. The device of claimb55, wherein the anount of the
first transition netal oxide is about 2 0.75 wt % and the amount of the
second transition netal oxide is about 3 wt % based on 3 the total weight
of the nolding conposition. 1 57. The device of claimb55, wherein the
nol di ng conposition further contains a third 2 transition netal of a Goup
VIA elenment in the amount ranging fromabout 0.1 W %to 3 about 1 w %
based on the total weight of the nolding conposition. 1 58. The device of
claim57, wherein the third transition netal of a Goup VIA elenent is 2
nol ybdenum trioxide and its anmount is about 0.75 wt % based on the total

wei ght of the 3 nolding conposition. -23 2 3 SEP 2004 1 59. The device of
claim54, the device being a sem conductor, a transistor, a diode, or an 2
integrated circuit.
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