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1 COVPOSI TI ON AND ELE UTI LI ZI NG SAVE TECHNI CAL‘,ﬁ ER& TZDB
invention relates to a hisghis®pti cal contrast and Wf|l uoresc ZI on

~such as may be used in dielectric layers of printed circuit boards sai d

)

boards in turn form n el ectroni c package. BACKGROUND OF THE
I NVENTION I n the ma l@ @B@]ﬂmﬂ ﬁelectronic devi ces, such as conputers,
printed circuit boa y used to support discrete electronic

conponents and to provi f%%¥e el ectrical circuitry between the conponents.

Commerci al el ectronic conmputers have becone much nore pomerful since the
i ntroduction thereof, éﬁet t hese have been rleduced in F]ag)m cal di nensions

from room si ze to not FHGHKOBTICAL GONIRASTRESINICAMBESFERNed and t he nunber
of interconnections dudNRERBEERONIEFAGKAGHE UTTHLINGSAMEBsed, the printed
circuit boards used therein have becone denser and nore conplex. Today's
printed circuit boards can be extrenely dense, with very snmall geonetries
and with many | ayers. Typically, printed circuit boards have at |east one
central core, typically a dielectric layer, such as a conposite of fiber
glass and a thernosetting resin sIEBCHNCALFRIAAY resin, which core has
applied on at |east one surface thereof a |layer of conductive material such
as copper. The layer or layers of conductive material are etched or

ot her wi s eThily iGea%ise teldtes b o Mightpticdl contrdstandUDAGsHedchig BolpdsilaPSRh bt MaY be
conflguratlon (ieveral such coresu@? then be |anm nated to forma

mul ti | ay dsedindielentyc jayers ‘éfm"é‘ﬂ 2545, saidbpgrds)in Qum formingnag of ap elegirenic
sandw chggclhgtween dielectric |ayers. ~15 M AY 2002

BACKGROUND OF THE INVENTION

In the manufacture of electronic devices, such as computers, printed circuit boards are widely
used to support discrete electronic components and to provide the electrical circuitry between the
components. Commercial electronic computers have become much more powerful since the
introduction thereof, yet these have been reduced in physical dimensions from room size to
notebook size. As this size has decreased and the number of interconnections due to more
powerful logic has increased, the printed circuit boards used therein have become denser and
more complex. Today’s printed circuit boards can be extremely dense, with very small

geometries and with many layers.

Typically, printed circuit boards have at least one central core, typically a dielectric layer, such as
a composite of fiber glass and a thermosetting resin such as an epoxy resin, which core has
applied on at least one surface thereof a layer of conductive material such as copper. The layer or
layers of conductive material are etched or otherwise processed to provide circuits of
predetermined geometrical configuration. Several such cores may then be laminated to form a
multilayered structure (a printed circuit board) having metal circuitry sandwiched between

dielectric layers.



2 The dielectric material w dely used today contains a conposition of epoxy
.resins inpregnated onto glass or fiber-glass reinforcing material. The
dielectric layers within these circuit boards exhibit the colo g{ t h
‘epoxy) typically white or yellow. Printed circuit boards wt |1 Ei A\étfﬂBZ
surfaces and |l ayers having a white or yellow color afford | ow optical
contrast when conpared with the circuitry and nake autonated opti cal
assenbly pick and pl ace operations (where conponents are positioned on and
eventually coupled to the circuitry) very difficult. Additionally, in the
i kely event that the printed circuit poards made fromthese dielectric

| ayer s £ equjre inspecti -l pw.optical“ contrast hetween,the dielectric
ma%/eri Falim gﬁ#@%‘%‘f‘ﬁ‘@@“ﬁﬁ@”ﬂﬁ@@%ﬁ CHPPPSON A PRy deshS EReERafdar d al so
makes ionwpet oofibettgfatd relnfdrciag chateriell FTheidRNctriciaersi@ithese cirbuitbdatdsy def ects
adj acent .@ﬁh&edl fol e&érl c materi al Qqn a printed circuit board with |ow

opt i cal®Xy £R%or gf tae epoxy, tepirally whits r ivellow. \Printed cireyit bagrds with dielestricsr ocess of
i ns pecrsiumwamﬁmvﬁ@aw&%?elﬁm&iaﬁaﬂd 168 ©Ptidaliethtradt WhetfdoRfparedUch

circuit defects are also not effective because high electrical conductivity

met al s vdihdheiryitryand make pytpmatad opsiclassambly pigkipad nlengoperatiane (wherd ng a change
in curr A @Y ' i ' ' aving a snal |l
def ect c?@bc\)/ery d%éb;s?ﬁgu t@@?%ﬁ@%%ﬁ@eﬁ‘? ﬁc%aeiﬁ/cmlsaophi sticated
techni ques. To sol ve these foregoing and rel ated probl ens, an inproved

conposigj . ks j el ri.c layer.has be devel d. . It is

bel i evé’Eadd?R’a”%”’@ ﬂ%@%?&?ﬁéﬁgﬁe‘g@%ﬁl iyt boiids pade from é&%"%&i““’?"d&’é’ﬁ%ge, will
consti &eqxﬁeanspb%inh,ﬂ?wapﬁcaacbn&aﬁebwgbnthadte]!uew&rmaw@dxmﬁ&i&f)d&l SHP\MN;Y OF THE
‘I NVENTI . ON ordingly,.it is the ohject, of this invenption_to provide a new
and unilﬁﬁégﬁ%ﬁﬁﬂg#?@‘b@ﬂ?reﬁkp FRakes “Tdbé'{]‘ﬁ’lb%ﬂilm%fﬂc‘ﬁmdf‘é"l Plec | ayer of
an el eQircaifty defRAS KdiSRnt the AieldBiric AiuteRial oPd priftédcitchi¢ 884rd Hith Iow épticill OVi de a

met hod of nmking such a_conposition. i ~ MAY 2002 3 Yet another object of
this i rfeawst &g ditficylto optically inspert andumekedhs proprse REIBWertngIVaRitiNg a diel ectric

| ayer qg‘oﬁg lidorcing material, a resin, a colouring agent and a fl uorescing
agent, the dielectric |ayer having enhanced ultraviolet (UV) |ight

fl uorescence characteristics and enhanced optical contrast which all ows

bot h (oY o cll . n used
n o priigedier iehiiles RS AEER Bhful ARARARL A olrifit BBhee Lt Sl

el ect r coonduatisitk mgalsaoenmed i dgpuitizilg phietet ciranit togwds. Detebting a change in current

flow through a highly conductive metal circuit having a small defect is very difficult, if not

impossible, without very sophisticated techniques.
To solve these foregoing and related problems, an improved composition for making a dielectric

layer has been developed. It is believed that such a composition and the resultant electronic

package, will constitute a significant advancement in the art.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is the object of this invention to provide a new and unique composition which in

turn may form part of a dielectric layer of an electronic package.

Another object of this invention is to provide a method of making such a composition.



| east one conductive |layer positioned on or within said dielectric |ayer,
‘said dielectric layer including a conposition of reinforcing material, a
resin material, a colouring agent, and a fluorescing agent wﬁ?ﬂﬁ¢®(

resin material is an epoxy resin and conprises an epoxy polyner resin
conpri si ng epoxi des derived from nononucl ear and pol ynucl ear di hydric
phenols. The invention al so provides an %l ectroni c package conprising a
dielectric layer and at |east one conductive |ayer positioned on or within
sai d di el ect rYet anete@robjeshifcthigimvestiohrid to previder ari eledtiodic rpgcl@gemmdmg tai diglectric
reinforci ng material, a resin materjal, a col ourj n(i; gg?

f1 uoresci ﬁber&é@*ﬂforﬂﬂgeﬂ@feﬁalsélr%"‘r asoluiingagentzand;asfiug s¢ as@t,rt%ﬂ'ﬁlegtmjlayer
conpri ses t he
Formul a - afateRT Rl G HERChuBh ShoTRRE R AR B ent AP KA

t he cyanawmcrgaltmwpsboilhenmg efficiamteantd taocumate mspewm of the rayerp£.gs avhen asezhiata minted
organic grouP agre i nvention further provides an el ectroni c package
conpr|5|n regitbpagd. ect ri ¢ | ayer and at | east one conductive |ayer positioned
on or within §&bﬁ’imﬁffyeﬂh§%éhtﬁn lpRNBésI ar?@lb&roﬁi'c?%ék%?é b&m%r@hﬁ fa du{\é‘c‘trl&qé Pait at
conposition of rernforcing material, a resi eria ouring agent
and a fl uleastens mdw@mlayamﬁpesmnad ermordvithinssiaid diedeictricilayer, said dleiedrlgfrauermciwmgla

malemderemnse ﬁ) r’r? Eg % B]EeaaISt’ﬂ“ of 1 | t
1, 4- di el GMRCHEO,Y rz”@ éc'"glmée” aje gl daPet9 ﬁ%eﬂ‘hﬁngnaei Wescing Agent 3
or 1, 4di nph&dimiseig redit k&N eboﬁ{ reSih a%d‘boﬁlbﬁs(eﬁﬁdneéd@kﬁﬁolymer resin comprising

nmet hyI ene) cycl ohexane, 4,4'-di mal ei m de

bi s( 4- mal enoNiderganuer forhmeneaneear andsqdvnnwaéﬁugvdl@ph@wisl ) et her)

bi 5 4- i of mi S bAoA s L ERCISHE b Ehe Sl MBS AR S one
phenyl ) ”Eédndurmve ?ayBr ‘p@SItﬁ)ﬁéd Rl @i withire sa@tedidivdtiehaper] said afielevtric layer including a
2,2 -bis(4-mal ei m de- - di br onmophenyl) Pro pane

bi s(4mal e¢qmp@gmquepMmﬁ*@flﬂagée3|n material, a colouring agent, and a fluorescing agent

3, 4- di mal I

1 b o TSR B il 5 U Ref Rk B AR pohiunctonal cvanate ster mopomer |
adapt abl eortppepotymer, mambmé fopmula an-ozém altere al £ 245rpd K anwRInidty oryatic g@dpices
the cost of manufacturing such products, ~ 5 MAY, 2002 3a Best Mbde for
Carryi ng Baeyanate gravpepindhenged taé‘&é'ioﬂ@'ﬂfb@g\ﬂif gaid @rﬁ'@attcmwrg@@pof this

i nventi on, r NEVLISAER f re
of a circui tlg{eﬁ Geﬁb@tfﬁme‘?ﬁ%(ﬁe ) | pri n?E%&khﬁlcoLnfb[”S@% %C&@@mgaa?%%ge{r)
usabl e asormamdndlm‘hveatayal m)sitmmwlan qrramthmgmld tislectrie lagerp oaid rdmtac fric tldnies including a
conposi tion cq terial col ouri.n nt, and a .

¥ uor esci SRgIAR o s BaBidlap et aiateal, A0 HRIEn 0. e A sioig pop
uti 1i sed yRerdif SR AR B @5o|ﬁurﬂf¢dar RAgleRide fﬁééﬁrf- sehmadrom the @@aylcéﬁasnﬁy &
printed circuit board dielectric | ayer havin % absorb |n%

fl uoresci hg endrbdimeleimids denzepes &3r @5 ul4-bisima IHN@Q aﬂlﬂ hytenelbarrese.ofl 3par t B4-ns

char act or PEPERISE SiblsaREr Eor Shf Py hihir B yRneorBiGRs afdrdmreiiec ca
when the biphemylﬁd Ci rpd- tnalémﬁdeéhérﬁjl)méthml at ed Mé(4 maléwdiepgéﬁyl)etme appl biggét i on
of this invention is manifest y conparing ght fluorescence

pattern g@aBimideabenyhyfions. def e@ﬁ(%ﬁl@mldéﬁr'ﬁetwhﬁw me&mn%l pri ntigdmalepds-¢-

board t ht
o oee A et DECSRIRRL Sl U 2 i
printed cmebbylphenyi)nmpéne,l so man @f2akis(dmeatbinidée-B8, 5idibeontapherypropame, of t hi sbis(4

oi ok ng_ APECRIGEREMBRRES. o AvarFEaR e garae iRy nvﬁ%aqrﬁﬁe,.w’élaa t

contrast gyefidepRenyP pﬁérfyhﬁth%ﬁ'é aRPibiERlideequi pent functl onality. It has
been discovered that printed circuit boards or chip carriers manufactured

wi th the conpBi investiorois adaptable tevaassipmdugtionyimpeoves pyenaliriedsiciuality God cagucesnd

hi gh opti es whi ch inprove the assenbly apparatus pick
and pIace&gﬁﬁggﬂﬁ%W§mmﬁﬁ%&¥@Bmwj terlal of this invention is selected from
a group including epoxy, cyanate or bismal eimde resins or conbinations

t hereof. Exanpl es of epoxy resins used in this invention 15 MAY 2002 4

i ncl ude epoxy pol yner resins such as epoxidi zed novol ac pol yners and

pol yepoxi des from hal oepoxy al kane pol yners derived from nononucl ear and
pol ynucl ear di hydric and hal ogenat ed di hydric phenols. M xtures of epoxides
can al so be used. Further exanples of suitable epoxides containing an
oxirane ring that can be enployed are |aiown and are described in EW
Fl'ick) "Epoxy Resin, Gyring Agents, Conpounds) and Nbdifiers Noyes
Publlcatlons Park Rldge N.J. (1987); |n Lee and NEV|IIe Epoxy Re5|ns

AR A 7~ A NS\ 1 N O — P~ 2 a2 NN N AA - o o



~ 5 MAY 2002 5 Various chloro-substituted phenols which can be used in the
‘preparation of phenol -al dehyde resins suitable for the preparation of the
epoxy novol acs include o- and p-chl orophenol s, 2,5-dichl orophen¢I5 MAY 2002
2, 3-di chl orophenol , 3, 4-di chl orophenol, 2- chloro 3- net hyl phenol ,

2- chl or o- 5- nethylphenol) 3-chl oro- 2- nethylphenol 5-chl om 2- nethylphenol)
3-chl or o- 4- net hyl phenol , 4-chl oro- 3- neth@lphenol) 4- chl or o- 3- et hyl phenol
4-ch|oro-3-isopropy|phenol 3-chl or o- 4- phenyl phenol ,

3-chl or o- 4- chl or ophenyl pheIBnbt M&dﬁodcmim&fhmvmﬂqnhenol :

3, 5-di chl or o- 2- net hyl phenol , 2, 3-di chl or o- 5- net hyl phenol ,

2, 5- di chl or o-18-acesrdaptepnithribé teachings lobitvisdnventidhntberayd prbdded! g new composition for use

oo 8 R kS e BB AR o s s o
2, 3, 5- tri ghdnokledifaRie Package 4 Iﬁ dné'é?ﬁﬂo@?nféﬁh‘i‘ﬁl@'comﬂbéﬂbﬁ%m@%@c’d %sﬁ@m‘éﬂén@aﬁe

nore than two positions ort 0 or para to a phenolic hydroxy group avai | abl e
for al dehspiperingngeetnenstd fiinreseing agentc i, habpee@dmwreldéhatwaeuhwem@@rt@e isgiilisedn,

1 sopr o e TERGELE of AT wil PoRa ren e B b it Moo e o
m any| ph@vmgm absnrmng fulorgsbiag chaactenstiuanyAs » resni0! the meeiio rconduelo) patterest dhyihe
resor ci nol ethéb resor.cinol. As condensing agents, any al dehyde or

ket one rralymt@é qrswtibeard dwhich de neb hatens\dV \iuersaingeC quét@ﬁ)apaqoh@ﬁwe tieadily
d, | | | d
et | o o SEBLARY KSR ORAR o RIORERNE PO Yo' ey de
benﬁaLdleEiappmatmn?f tta? lnyénltugm lssnanifeamicb)famlnmaﬂmgeth?/ Ula!shghtsmor’eswacet pvdctltamogeaérdebyd fe
napnt ha r r e xXa acro el or, G oundas e o0
engender | TRt & BEHYAES mﬁ%ﬁaﬁﬁ S DB B oA B TR gD ES
tet h
bS the comehiih tz”ﬁ*y /AR eP30sHoB Dol o8 e pred ol Packett TR pircll Bt o/ brinl©
f or mal dehgirdét beardmisoemamfachuoddy willt Ithea conaiasijiolr iof thihénveintionar i additice, hssembly t he
f | ~ 5 ~Ay 20 Al .
by omat e ORESSRS LA D ronlied et ki, M ERTas S comnebenty 51 & sheuipoafaBilie ana
Al can benigthepticat BEntrast sdtféc%@fo@@ﬁlCléﬂ’t@Etﬁ:bl‘éthpfnéﬂ'f@r%héhaht?rﬂfnﬁé Badn\iscoveteddhalg
from1l to 4 carbon atons, hal ogen a i.e.) fluorine, chlorine, brom ne,
and i odi riéinted cireyitiwnids on ehie aargers maeﬂfecr:twbd it &igi aogipesitiom of thisinkenen povdes ons:
d t
e nunbaeing A EEBuT AN i Shuge el o, flas At BN b B BRIt b ©
repl aced dnd mb%pabtiwmﬁ\eaémh Rateﬂala)f bﬁmdvdn&dn/\ieeseleetdd ot growp' |bchﬂd|@t@my as

i n di hydroxydi phenyl or is a dival ent ical Lncluding, for exa

-0, -S-)Cyageg or @éﬂe'm'dsnfﬁsm%osmmb@aaw& gﬁf%} eﬁ’EaWJL)jeérQS&&P’ﬁ’oWS'PMg%a!“sth'ssuch
as alkquﬁﬁmn@Jkylldene cycloaliphatic, e.g., cycloal kyl ene and

cycl oal kyl'1 dene, hal ogenat ed, al koxy or aryl oxy substituted al kyl ene,

al kyl i dene and cycl oal i phatic radicals, as well as al karyl ene and aromatic
radi cal s i ncl udi ng hal ogenat ed, al kyl, al koxy, or aryl oxy substituted
aromatic radicals and a ring fused to an Ar group or R can al so be

pol yal koxy, or polysiloxy, or two or nore al kylidene radicals separated by
an aromatic ring, a tertiary amno group) an ether |inkage, a carbonyl
group or a sulfur containing group such as sul foxide, and the Like.



Exanpl es of specific dihydric polynuclear phenols include, anong others,
‘t he bi s(hydroxyphenyl ) al kanes such as 2, 2'-bi s(4-hydroxyphenyl) propane,
2, 4' -di hydr oxydi phenyl nmet hane, bi s(2-hydroxy) phenyl net hane,

bi s(4- hydr oxyphenyl ) net hane, 1 5 MAY 2002
bi s(4- hydr oxy- 2, 6-di net hyl - 3- net hoxyphenyl ) net hane,
1,1"-bis(4-hydroxyphenyl) et hane, ~ 5 MAY 2002 -

1, 2' - bi s(4- hydroxyphenyl)et hane, 1)

1' - bi s(4- hydroxy-2-chl orophenyl ) et hane, 1)

1" - bi s(3- net hyl - 4- hydr oxyphenyl ) et hane}

1, 3" - bi (3 =4 Y, . . .

22 i o ARty PN AU R dac potymers and polyepoxides from

2, 2' - bi sadepexyalkans polymiessdenvedfitvermonopuaanme poBnirlear dihydric and halogenated

=bi s(2-1i -4- oxyphen ent ane , e =i s(4- hydro henyl.

hept ane)Cﬁ%des"((gﬁ.}}S hx%/oﬁsr. g%‘ é%%‘gf?ﬁ‘ie%%“ tbﬁ &ﬁ’é‘ gmhet e)&mp Pe\é of sinible epc}/xncles
bihs(4|- ?y@nmmwqu' i i tliﬂ)xglthﬂ»yibemlqﬂds;edd 5 arbkﬁovﬂbanﬂ’(' ﬁrbdwdibedhLuE.‘l)V.Flick,

phenyl )-21.2'-Qis en propane a =hi s 4- I OX e ~| .

phenyl - ph?ﬁﬁ%g"s"&%ﬂéﬂg% PO @g’%@@ﬁ ﬁgye}é?)ugﬁ%gmsry“kk‘dge’ N.J.

bi s( 4- hydp®Ryinliesyhd Nevill§ Bpoxy Resiid M eGraw4iil, €1 967y andyid UK @aht 196! f one, and
5'-chloro-4.,4' di hydroxydi phenyl sul fone; di hydroxyphenyl ethers such as
bi s( 4- hy‘gﬁféﬂ&’ﬁhenynet her) the 4,2 -, 2,2'-) 2,3 - dihydroxydi phenyl
ethers, 4,4'-di hydroxy 2, 6-di net hyl di phenyl ether, bis(4-hydnxy

3-isobutyl phenyl ) et her, bis(4-hydroxy 3-isopnpyl phenyl) et her,

bi s( 4- hyEpoxigigednoyelpepalpners e rommprsially availgble snd¢amlxe preparedhykopwrny | ) et her ,

bi s(4- hy - FQBRQ '

bi s(4- hy%?@%s@tg% or ong’gﬁ %‘ﬁ#%ﬁgr ééh (,Ieipf g hﬁﬁég@@%%%ﬁf)ﬂn{éﬁb&%i phenyl
et her, apittndl cdh belr imodomcieaorpolynedidas ghetolpBramples of tnenonudlar phemlsiiave the
dihydric(ﬁﬁ%%nuclear phenol s are represented by the fornmula: (Ahc (At)y HO
~ R ~ CPF e A and A are as previously defined, x and y have val ues from
Oto 4 inclusive and Ris a divalent saturated aliphatic hydrocarbon

radi cal, parti E%arly al kyl ene and al kyli dene radicals having from1l to 3
carbon atons, cycl oal kyl ene radicals having up to and including 10

car bon at ons. e nost preferred dihydric phenol is:bisphenol A i.e.

2,2 -bis(p-h phenyl ) propane. The hal ogenat ed epoxy pol ynmers are known
and commer ci vai | abl e. Such can be obtai ned by reacting a brom nated

bi sphenel Xuch ¥t rabrom nat ed bi sphenol A with a hal oepoxy ~ 5 MAY
2002

wherein X, Y, and R are independently selected from the group hydrogen or hydrogen alkyl
containing 1 to 9 carbon atoms, aryl containing 6 to 14 carbon atoms, and halogen. Hydrocarbon
substituted phenols having two available positions ortho (o) or para (p) to a phenolic hydroxy
group for aldehyde condensation to provide polymers suitable for the preparation of epoxy
novolacs include o- and p-cresols, o- and p-isopropy! phenols, o- and p-tert-butyl phenols, o- and
p- sec-butyl phenols, 0-and p-amyl phenols, 0-and p-octyl phenols, o- and p-nonyl phenols,
2,5-xylenol, 3,4-phenol, 2,5-diethyl phenol, 3,4-diethyl phenol, 2,5-diisopropyl phenol, o- and
p-benzyl phenol, o- and p-phenylphenols, o- and p-tolyl phenols, o- and p-xylyl phenols, o- and
p-cyclohexyl phenols, and o- and p-cyclopentyl phenols.



8 al kane. The hal oepoxy al kane can be representedby the formula: RRR

P X - R O wherein X is a halogen atom (e.g., chlorine) bromne, and the
like), pis an integer from1-8, each Rindividually is hydrgggn or al kyl
group of up to 7 carbon atons and wherein the nunber of carbdn aMA?ﬁdng?ny
epoxy allcyl group totals no nore than 10 carbon atons. The preferre

hal oepoxy al kane is epichlorohydrin. O course, m xtures of any of the
above pol yepoxi des can be enployed, if desired. Wile glycidyl ethers, such
as derived from epichl orohydrin, are particularly preferred in the practice
of this invention, the epoxy polyners?containing epoxyal koxy groups of a
greater. nunber of carbon _atons are al so suitable. These are prepared by
subst i tYArioHcllero-substitttedmhenglewhish sanche usedin thsprepamtioreof pbenabsldehvtieng

chl ori 4qegndhi '

1ol orgy BB R S brberdih O L R B E i ctlorophenols,

2- chl ork5-gichlogqphsnyah 2 adichlorbphdnob B d-dichierophghol 2-chlerpdxmethyiphenel)

1-b _ _ le 4 2- t ane,

1 br ong-Goio R RRIBRk A3 chior DR, s chioto SHRBNAREERS ot ane,
4- chl oriellomet-inythyphéok deahiope s natieylphtndl fi-ehlaro-3;chyiphency, 0Ct ane,

< poscr et To R YRRy b rorkmee ek g o g ClesPbiNBERob  car bon al o

t han i 3j5-arhReo-apasiptehdl] 5 dRhBANEhitiHyiphetR], 2VEHGES-héhylphdns), t hose havi ng
a total of npre_than 10 carbon atons. i cal, commercjally avail able

epoxi di %éﬂlchmﬁwﬁy&hfﬁﬂr%clﬁwmemﬁwb 4rohlopgrd, Sslimeshiphenol, 5 say 2002
9 i nvenjj &t S Norbd R dinke , ~ : ilable from
Ci ba O?r-gé)l?rgfgi'on; Ep%%%?%fﬂ_l, E%gzr’l SU- C@‘lpé%g’g 5SU— B;E'anLcl] é%@ﬁﬂ% 10 from Shel |
Cheni ca?.3.Sdrigideraphenal, 3 4fctricioroptnol. DEN 438 and DEN 485 from Dow

Cor poration. Typical comercially available diglycidyl ether polyepoxides

suitable for use in the present invention are: Araldite GY 6008 and

Ar al di t Eypdxl 6chols which Hasibineref thamtwaipositieds opho dfpara 132 fhenbliokhyds@®, grégpmn 830

:ﬂg [E)E%Q\@g%i? ﬁ)\é %d:ﬁ%e %8‘5%8‘%&?‘? %IHII whic| t g}r go%luol%raﬁ)&ﬁ)?atel chglciens[a)tlizioRn,%gg' hlscg)@cR 332,
used are: phenol, m-cresol, 3,5-xylenol, m-ethyl, and m-isopropyl phenols, m,m’-diethyl and
diisopropyl phenols, m-butyl phenols, m-am)'{l phenols, m-octyl phenols, m-nonyl phenols,

resorcinol, S-methyl resorcinol, 5-ethyl resorcinol.

As condensing agents, any aldehyde or ketone may be used which will condense with the
particular phenol being used, including formaldehyde, acetaldehyde, propionaldehyde,

' butyraldehyde, heptaldehyde, cyclohexanone, methyl cyclohexanone, cyclopentanone,
benzaldehyde, and alkyl substituted benzaldehydes, such as toluic aldehyde, naphthaldehyde,
furfuraldehyde, glyoxal, acrolein, or compounds capable of engendering aldehydes such as
para-formaldehyde and hexamethylene tetramine. The aldehydes can also be used in the form of
a solution, such as the commercially available formalin. The preferred aldehyde is formaldehyde.

Examples of polynuclear dihydric phenols are those having the formula:



Typi cal commercially avail able bmm nated epoxy resins suitable for use in
the present invention include Araldite LZ 9302, Araldite LZ 8001, Araldite
LT 8049, and Araldite AER 8018, available from G ba Corporation and Epon
1163 aad Epon 1183 avail able from Shell Chem cal Corporation. |In addition,
t he pol yepoxi des of hal oepoxy al kane of the type di scussed abd\@z MM?OUZ
pol ynucl ear di hydric phenol of the type above can be enpl oyed. The
preferred pol yepoxides of this class are the pol yepoxi des of

epi chl or ohydri n and bi sphenol A such as 2, 2'-bi s(p-hydroxyphenyl) propane.
Exanpl es of cyanate resins used in this invention include polyfunctional
.cyanate ester nononers having the formula R {0-C--N)m where m= 2-5 and R
is an aromatic organic group, the cyanate groups being bonded to an
aromatic ring of the aromatic organig group. A nore detailed description of
the various cyanate esters which can be utilized in the conposition of this
invention is described herein. The cyanate esters can be nononeric or

preferably y i ncluding oligomers and can be represented by those
mat eri al s %EEiln the fol | owi ng group: ~ 5 MAY 2002 10 Rn Rn NCOO A O
CN wherdﬂa Fhdependently a single bond) -S-) -S S, -SO, -SOZ-,

caz-, -0, C(CH )2-; divalent alkylene radicals substituted with
heteroatons uch as nd N dlvale | kyl ene radicals |nterrupted by
het er 05’(119%‘1 “taH@IO&W&Pﬁ rhélﬁ'ge ‘gﬁff‘?ﬁ YpbeYlasefiaad | kyl ene

gr oups. A Faialbe fthe samle Bl giRAAEHE hmyﬁem@aé Brf Wh&lh&n?ﬁ@m 184 cAdsdh ateRs,al kyl

containing | to 9 carbon atons, aryl containin carbon at ons,

al kar y/halogen etpwms,ig- uounegehlorine, browins, andredingap recticefs, pre %ﬁ%ﬂp@mm ly is

an int ggal ! Fnagﬁfgmp | oyed in the
pr esent |nvg%?g%%ﬁg#gn§vgﬁpggﬁe %ﬁgﬁno Oﬁﬁg ude t1§g§gglscussed in
U.S. PmWs@gwmemmpfmmmmmmammww)mhcanuw 629; and

4,546, ence.
Some. et SntpreR DS gfbsRfiefi MR ER s okl etheBl fudoli3h0) AOGE O b Breh bRGR

2, 2' - di @ysandivalentrindicn) including, fobexdmplet r anet hyl - 4, 4' - di cyanat odi phenyl ,

3,3 ,55 -tetrachl oro-4, 4' -di cyanat odi phenyl ,

5,5'-tetrachl oro-2, 2' -di cyanat odi phenyl

S, 8- .t)et.sqcsoqr.@eﬁ,,aﬁd =gliscyanat odi phenyl ,

blﬁ[(3 cyanat o) phenoxy] di phenyl, 4,4 b|s[(4-cyanato)phenoxy]diphenyl;
-digyanato-1, 1 blnaphthyl 4,4 - dicyanatodiphenyl et her,

5,

, 5 -tetramet hyl - dlcyanatodiphenyl ether
S,5 -tetrachl oro- 4 dlcyanatodlpheau\éyl et he
- 1

i @{@@}@hﬂ@%@?ﬁ’@){ﬂl@ﬁlﬁg Puchyes alkylees: idene, cycloahphatxc e.g.

;
ig%%)cyanatoﬁﬁgnoxy gE;gR%E%EQQMQﬁyb %&ﬁ%&gﬁgﬁg?%smgﬁgi ) phenyl

3
2'
4"
, 2"
3
3

4' - bi

4' - pi

4' -b
ul honel}cmqyneanﬂ cyeltOhlmhatwﬂradtcalaa agyvehas d&arplheqmdgm paslicals including

5,

t

bi

- bi

" g%ﬂéegé%@w 35& o g&%&%ﬁﬁh%&d&?&@ﬁk ?&Hl&ﬂ%@ a nﬁg fusedto an Ar
i glofip oc&aaragls;pﬂ:rep@}a)kogg,mr(ppyqumne\mg/br rgojp pYilidene radicals separated by

b: gl{; % m%gg mﬁ rﬁg ng)rzrpq B enX FthgrqlnR _ne aé ¢arbonyl group or a sulfur contaiming

-Ccyan
group such as sulfox1de and the llke

Examples of specific dihydric polynuclear phenols include, among others, the
bis(hydroxyphenyl)alkanes such as 2,2’-bis(4-hydroxyphenyl)propane,
2,4’-dihydroxydiphenylmethane, bis(2-hydroxy)phenylmethane, bis(4-hydroxyphenyl)methane,
bis(4-hydroxy-2,6-dimethyl-3-methoxyphenyl)methane, 1,1°-bis(4-hydroxyphenyl)ethane,



~ 5 SAY 202 11 4, 4' -bi s[4-(4-cyanat ophenyl i sopropyl ) pheaoxy] di phenyl
<sul phone, 4, 4'-bi s[(4-cyanat ophenyl sul phone)phenoxyJdi phenyl sul phone)
4, 4" - bi s[ 4- (4- cyanat 0) di phenoxy] di phenyl sul phone, 4, 4' -di cygnat odi phenyl
sul fi de, 4,4'-dicyanatodi phenyl nethane) 4,4'-bis(p-cyanat oatSr&dA\ﬁimyl
met hane) 2, 2' -bi s(p-cyanat ophenyl) propane)
2,2'-bis(3,5-dinethyl -4-cyanat ophenyl ) propane,
2,2 -bis(3,5-dichloro-4-cyanat ophenyl) propane,
1, 1' - bi s(p-cyanat ophenyl ) cycl ohexane, bi s(2-cyanato-1-naphthyl) nmet hane,
1, 2- bi s(p-cyanat ophenyl )-1,1",2, 2" -t®tranet hyl et hane,
4, 4'—- diQy.an Bély)eighe, 1,1°-bis(4-hydroxy-2-chlorophenyl)ethane, X -
4, 4" - bi 534; ?;gﬁg?%ig%gox benzoph(engpe,x)i, 4- bi sp[ ( py-)cyanat opheny) |l i sopropyl]b
enzene bixbis(3-methyl Y‘F’ﬂ’é‘)ﬁ‘éﬂt‘ﬂ)ﬁ@ﬁ%Mypls@tﬂ‘%ﬁef})’dmxyphmylbmpam,
2, 2" - bhat.Bi : i i s of
b -BrsC(S%@ﬁﬁ@h@ﬂb@x}%&ﬁﬁ?ﬂ&%ﬁ@,@f%@zso@?ﬁ%%%ﬂ)@ﬁ &

novol acs’ﬁ)irseag:ti on products of phenol or alk - or stituted

phenol & 2-iseprepyldehydmxyphenylpentane| 2,4’ bist-hydsoxynbenyD daptane, 0 5 OCN gr oups.

Prefer ' E&IH%I ' le:ywﬁg as the cyanate

ester s.%&kk%h}é%)%}%ﬁm %y!stgl ta 1‘2 4-%9%?%%@9(2?/%% & @ster cont a?/ni ng

cycl oallixbis(4-bydsoxydplienyl)-di, 2 ehis(bheny®propane andat i ¢ rings i s avail abl e from Dow

Chemi cal,, an pder .t desi gnat | Dow XU- 71787 . 00L. cyanate. The

pref er ?ézd'%gsg?'ﬂ" it %&ﬂ@fgﬁ%@p@&c@ﬁ@%m li%'%%féeﬁﬁ'fc Kﬁydi cyanat e

(¥ om O Gt po et o ok ol Lo obL Saonel A d Svanat 6 cormararatly Y

rom a .Cor poy at j on af.| uor.obi spheno | cyapat e, cofmer ci a

avail a d‘éf’é‘y&P *@;’i %ﬁ%@‘%ﬁ%’ﬂ?@'@&n Brough %r‘i’,‘s(éwﬁ’fy@ﬁ??é( ) e“n/fbﬁi%ijl’anat e

conmmer g ,ts’ﬁmﬂdk&@h@h&?léﬁ@[s%&diéﬁkﬁﬂm enflietighenol A di cyanate
B- 10, B-30, B-40S an

under the designations AroCy [ 3 B50 all from G ba
Cor por i§érhydrpxy-3rigebutylphenylather bis¢dhydroxy3dsopropylphenidletien can be bl ended

W th on [ i {_ i . The polymers can be
myww9wo&#g§ngp%m%g%+§§s O?orgfgﬂeﬂﬁﬁ‘&ﬁe?

t her nopl astic or ther ting ganic nodifiers are epoxies,

al | ry| éig(éhydroxg-abyorophenylethien bistehydesxiynaphthgrl)etherf unct i onal mal ei nmi de

pol yet IR APRS S oBinallinlyher 4 MR PEERR Ry BB R e g0, 1 g
pol yi.m4esdihytpdxyed; §-dicthoxpdipheaglregiieat es, pol ysul f ones, pol yet her sul f ones,

pol ycarjonat es pl yest er car bonat es and ac oni tril e-butadi ene-styrene
pol ymer’@?e 3“%‘1 SHE ipﬁfy&g&?aégﬁ%ﬁﬁgeer&pﬁ?n{eﬁ:bgg?cﬁ@%@%on are conprised of
pol yfunctional mal eim de resins. ~ 5 MAy 2002 12 Sone exanpl es of these
resins are 1,3- or 1,4-dinaleimde benzene, 1,3-or 1;4-bis(maleimde

net hyl ene) benz&M&, 1, 3- or(Ay4- di mal ei ni de cycl ohexane, 1, 3-or

1, 4- bi s(mal ei prs net hyl gngey cycl ohexane, 4, 4' -di mal ei m de bi phenyl ,

bi s( 4- malge+(q g : e —dxys(4- mal ei m dephenyl) et her,

bi s(4-mal ei m Yephenyl) bi s(4- mal ei m de- 3- net hyl phenyl ) net hane,

bi s(4- mal ei m de- 3- chl or ophenyl ) met hane)

bi s(4-mal ei m de- 3, 5-di net hy| phenyl ) net hane, ) ) )

2, 2" - bi Where ﬁﬁq@i%a@asquqymm ¥ ambbzgﬁérglues from 0 to 4 inclusive and R is a

2, 2" - bi §(4: {08 ' | ) ; ;

bl S(4- %ﬁéﬁﬁﬁh@i%ﬂd&%ﬁ?ﬁ%ﬁﬁt EﬁPﬂanaﬁé‘@M, DRERRAYGIkylene and alkylidene radicals

3, 4- di nkdvéngnfrete plied phrban atomb.andicviéqsiietgne matidalsrheying up to and including 10

1,1 -bi - i, I =9 yhLnet d;. ral ei m de derived from
el ami non SO T Rt o B L8 L T ne 1 - whi ch ¢ he
benzene22i-hig®-lnfdréxyphauy)propaneani | i nes bond t hrough a net hyl ene group.

Exanpl es of representative naleimdes are coonmercially avail able and can be
represented by the following structural formula: OO -R O wherein Ris a
di f unct Th&ikdlogenkigd epuxyrpaiiineed ars kigdwnasid-coffaeiially aedidbier Sach dinbalobninedr yl ene

groups F);rj ?ere]lct?nsg ac%rgm?rra'tbérd‘bis(p:{'nenol such as tetrabrominated bisphenol A with a haloepoxy




~ 5 MAY 20D 2 13 Most preferably the bismaleimde resin enployed in this
invention is nmethylene dizniline bismaleinmde represented by the formula: O
O~ OHZ OO- Wen a maleinmde resin is enployed, it is desirable to enploy
a heat-sensitive free radical initiator in order to facilitategt f' i Ng.
Suitable &ee radical initiators include peroxides such as di 5 R@A é di
peroxi de and tert-butyl perbenzoic peroxide and azobi si sobutymitrile. en
enpl oyed, the &ee radical initiator is present in amobunts up to about 0.5
percent by wei ght and preferably about 0.005 percent to about 0.2 percent
by wei ght based upon the ampbunt of n&leinide resin in the conposition.
Commrcalmnebrrﬁsumwhk@%h@meﬁeseme&w{h%ﬁﬁﬁ known as” BT resins, and are
avai l able from M tsubi shi Gas Chem cal Co. Inc., Japan. One such BT resin
is marketed by M tsubishi under the product nane M3C 2060B. The conposition
of this invention requires resin material content to be about 78 percent to
about 98 percent by weight of the conposition. Further, it has been found
that various m xtures of resins including conbinations of epoxy-cyanate,
epoxy-bisnaléinﬁUeR cyanat e- bi smal ei m de, and epoxy-cyanat e- bi smal ei m de
can be usegli Digactice of this invention. The preferred conposition of
this invent;gk Qﬁprlses a resin mxture of about 30 percent to about 70
percent by ht” of epoxy resin, about 30 percent to about 70 percent by
wei ght of cyanate resin, and about 2 percent to about 20 percent by wei ght
of bismal ei mde resin. The coloring agent of the conposition can be

selected, fro any unber of a nts such as ani c,dyes, organic pignents
"and i noWHSfFi ‘P%am"f‘h%ge rRonBefnd F%§%§@}%E§taédn r fomyg, ngegrade

the per R%maeﬁlya@ﬂbﬂ&eﬁ of mkﬁsgr&b of Bto? cafbbn asam.t. at&w&aéﬁ the/ulibel b€

conposittion 202 14 "I ncorporation of a col orlggpagent In the
conposi earben atpms magypmnﬂwbaoumm&r@ m@an)mmnarmsp pachrrqdnd shoul d
have m phiggloc oSt | ! P BoBCARRIG Y aay B hBlo pdiiNBLRRs A OF
eIectrlca ro ertie urt ernore) the co orl g agent
thernalbaqdmohﬂhﬂhbmm@tablI|ty toward various processes used is the
fabrication of lamnates and printed circuit boards. A discussion of
coloring agents selected fromorgani c dyes and organi c and i norganic

pi grent Whikiglyeiivl ethers, such BSeletiecd ffom epidhivrahydri, arefpalucﬁlla.ﬂy piefgtediimthe

Encycl o ed|a f .Chem cal , Technol o Four.th Ed ion) J oschwitz and M
oo Cr BEHg AL Sy SPEcyS TR BT PRt ok expigs St @R o of ' an

avai | ab h&neémaa&oxdmems rle@lsh BEitaBIEETHesd &e prapaat bubstinfting Forepichluraliydein under
t he product nanme Orasol Black RLI. O her exanples of organlc dye col oring

agent's ISHRAITERFESeRRIES cavirRanring chtgrides & bremidesofmapebydrpryeperalianeas R,

avai | abliehidr8913B3%2fbutsRie POEHRS b BM4-epbRGuRKE DRARMA3 4RpSiybiXansigent s used in the
conposi tion of this invention are the above three. The conposition of this
i nvent i drFblesedrnehyli2i-crosyRiPPHg labfame-23ePpRPsMe: i n t he range of about 0. Ol
per cent ztm&mahynlpzega;&emmby.bwogmmm mepoa?,smeabt ion. The conposition
requires ht" absor bi n | uorescin in the range of about 0.01
per cent lt‘@rombdmth}iz %mmmtaby %@lw-ﬂmhﬁh ePPRYREAS: conposi tion. Types of
fl uoresai e.Ar nvention
are selg'c{hg‘D ?g%?t%g cﬁﬁggﬂhﬁl?ﬁwﬁﬁegggﬁm&§§%§(gﬁdﬁ%%ggghggm%ﬁ%%ﬁ%ing
conpounds such as benzoxazol es, pyrazolines, stilbenes, and am nocounari ns.
A tetrafunc X LN W n r tics has
e AT RSt LSRR ol SHPRARAL OO A et 3,

i nventi andxc&d:érboae ttisdre Bfgamedll yaraddvantag h usiag ithose savirgradetabolf tbtyreﬂmei 10 Chemi cal
Cor por at | a under the trademark name Epon 1031. Tetrafunctional epoxy resin
is also & by G ba Corporation under the product name MI 0163. The
conpositions as defined above are preferably used to forma dielectric

mat eri al_which may then be conbined with SU|tabIe re|nf0r0|ng naterlal (see
bel ow) tOYHGt Fﬁ“’t“ﬁerc’él%P\é’r’é‘{a‘P‘FEPWﬁd@ﬁV%ﬁ‘c PRlyaspshitabletos irerin RERIESA i n a
printed circuit board. Such a substrate nay include several |ayers of such
material, in addition to correspondi ng conductive | ayers which may serve as
signal, power and/or ground | ayers.



~ 5 ~~Y 2002 15 Therefore, in accordance with the teachings of this
‘invention, there is also provided an el ectroni c package which includes a
dielectric layer formed fromthe above conposition and at | east one
‘conductive | ayer positioned on or within the dielectric |ayeH.gT,
conductive layers of the package, preferably electrically coqéidgﬁaézﬂﬂZE
conpri sed of copper and are circuitized (e.g., by photolithographic
processes known in the art). Luther, it should be understood that this
package coul d include additional |ayer9 of dielectric material such as

t hose described herein, or layers such as those of a photoi nageabl e

di el ecmvientionmreEClalllsz,\HG}mﬂSt BCNab3yiafSEON 1apesvailaibls ﬁehtdihba fi |led with

o ot B bb L oPRbE Bonf S8l g PR bl " kage coul o

i ncl udeotgoraicg)end DS 431, DEN 438l sl ®ENA85Tionl Bew\Gokporatigact rical Iy conductive
material so as to electrically connect internal |ayers of electrically

conductive material or circuitry with external |ayers of electrically

conduc fryyRalendlerddlly a%i?ab[e%ﬁli'&aﬂ lefi@r PN epbidds stitabldHor uf! if ole g?&b&t package

can be Selected fromthe grou organi ¢ woven fibers) organic non-woven

f i ber s inviepéangpagiiAraldise X G008 an Amldxte 6Q1A; availde ﬁ)@méhb& Cowpt Epanr 826,

conbi ngd. | l be
ised. | RpoRBEs, HGH O and R el 5 St el CHlitfacd BERIBLDER e o
fibers 33hend DER 334 frdm PowiGogmiration. ar e Egl ass (el ectrical grade gl ass),
S-glass (high strength glass), quartz (quartz fabrics are woven fromyarn
»produced from high purity crystalline Si02), low dielectric fabrics such as
- D- gl asSypicalwoineretally dvailable trbmitiated epoiy kesind saitablbfof tielin € p&ehtdiiveation Nomex,

éﬁ?é“prﬁ@ﬁ@ﬁ&tﬁﬁmﬁr%@u i losl el s o BiROIE.

pol yet hokifblRardseRA Tortrilivh ehd BPGH M@S bfid onnqhysﬁmatwwlmﬂeﬁﬁw and the
|'i ke. Most preferably ‘the fiber used is E-glass. The reinforcing material

i s pref@m@tipnpresent in the range of about 22 percent to about 65 percent
by weight of the dielectric |layer. As stated, the portion of the dielectric
| ayer of this invention that contains the af or edefi ned resin mat eri al ,

g o:c ori gg addjion, thepolyepixides oS batogpoxmnalianie af the type dispussebaboué andwpalyvglsst t iho n
ot al B Bhifol fdRE Ry et B EkroR ol 38 bickdd yBS B RE S fHiAdSs e, ' "

r ei nf orthe prgydpmmdcs aflepiokliorohyydrin andtbispheaol paudh as2,2t-bis(pehyelk@yphényl)pmpare. | n
such a layer, the resin material preferably conprises from about 27 percent
to about 78 percent ~ 5 MAY 200 16 by weight of the dielectric |ayer.

"l e Eaaiples of exgasts rdsins usddrin digipvéntios inslndeipolyifidionerayette ester alrmoefs

per cent, b ht o ielectric. la and the quoreSC|
conpri %@Mﬂn‘% '(bgfsct‘gm’t“’l?%e D5oAT? %‘F L5 A0Rmals QRgAnif g g%rfé(gﬁq%l ectric
layer. %r ROeRE Bai1ed to\hd dtovetic ﬂgcﬁflﬂﬁar&mi@@tgﬁﬁi&tgr@fp tAin%rd deielli on, a

nmet hod naqu% the conposition defined above |Is hereby rOV|ded The
£

met hod %W‘P@@% Neriys ewéla@restﬁlfsdmlﬂﬁ q4f byutflized in ta'aa?fflmsngfo MSin material,
addi ng heenkiBR i R&rdedBeGhi @l a second quantity of fluorescing agent, addlng
to the resin material a third quantity of coloring agent, and blending the
resin material. Providing a first quantity of resin material includes

addi ng e""é@“* #ﬁl\{‘f@ﬁa &lifl EErohRed dAdRhn b
conblna??o S i%¥§g%n?gngmgﬁg?ﬁl SO v89§“§tiﬁﬁgslﬁ%t%§l et hyl ie%one
( MEK) awgresdm&qdéabyhmg@tﬂrtalsmgntammgnb&sﬁohowmg giopsol vent. A WIight absorbing

fluorescing agent, such as one fromthe group previously described, is then
added to the m xture and is al so di ssol ved.




Separately, a coloring agent such as an organic dye, an organic pignent, or
an inorgani c pignent or conbinations thereof is added at roomtenperature
to a stirring solvent, such as MEK, and the coloring agent is dissolved. A
catal yst, present to pronote crosslinlong, is also added to the1 lNﬁWWO?OU?
forma preconcentrate. The preconcentrate is then added to the resin
material and blended (i.e., stirred) to forma solubilized conposition. The
preferred catalysts utilized in this invention are netal carboxyl ates and
netal chel ates, such as cobalt, iron, zinc and copper acetyl acetonate,
octoat es, or naphthenates. Upon curing and baking to drive off the solvent,
the conposition of this invention is cHhplete. The invention is illustrated
by the foll owi ng exanpl es which are not intended to be linmiting: ~ 5 MAY
2002 17 EXAVPLE Ry A conmp@gition of the follow ngs materials: Spectrasol

ol ex Yellow 6G (0.33g), Bayer Macrolex Blue RR
(0.929) C 0 were added to a 4 liter (L) glass jar
cont ai ni 156%42

m xt ure of Shel pon 10

oT9eN. This solution was added to a sti rnng
75.0 g of an 80% solution in Mrsl~, G ba
Aral dit : I Qe i RgVEKH andy MAsubishi MEC
20608 (8@%‘%&?@8&@%@%@8éjsfnﬁf@n“@%%"rﬁgsf;ggl\J{lE thf rt;beéic%é’s’o ltion had a
sol i ds cOfERy); divaletd elcyleniradivola subhstitutedy with beteroatbmasuchas Of S ahd Nt divadat % based

on resin.solids. The colored yarni sh sol ut.ion was free. of di ssol ved resin

and dye.aug?mieé%dé 1l§teﬁ*‘%ﬁ{l§§n%??a&mst‘8§?“ B Eches §n,é' "t“ﬁé‘e %&&VF‘B‘H quelc

cat al yzetkynegraupal vi ng 0. 04 phr zinc octanoate (0.62 g of an 18% sol ution

in mneral oil) with vigorous stirring. 2116 style E-glass cloth supplied

by C ark-Schwebel with a proprietary silane finish (CS-767) was inpregnated

on a | abmicRRGE Mld&ﬁ@ﬂ&xﬂ&%ﬁ@ét&{jﬁ?ﬁhiﬂ& gkdglsgfey%&dgeﬂﬂkwo%ﬁm' 0@dafhdnTPr €gnat ed
or 3.5-

gl ass fiber cloths weré bake mnutes at |50 | sius to renove
MVEK sol \As9Tas, aFyd consaining 6 50,14 caghon atoms, glkasylsontgining S cathoa afomsi #ndihalngsgnat ed
gl ass fi ' | merized but not gelled cure and is
herein a tgrn r%?gk}df%tgﬁ?%ﬁlggég%{%@%é Resin pick up was about 47%to about
52% Test specinens for determning the glass transition (Tg), coefficient
of ther (.0 t her stability. c er. _pe strengt h,
interl am@ﬁggé%g%élese?trc&ng a0 e "§rlr°af°%ma %Q)r?sﬁbtl ‘8%““2‘%‘3“8 Fg?gélteraf‘% E%‘%‘ﬁ%t ant
wer e pr epdrisdudeythese dissussedin UBS.IFat No2.0@,163,1325 3 J68L12%2; 3(140,584;)4, 615,218} t i pl e
prepreg Wi 14 in.. copper.foil .on both sides. The resulting
o nat GG B o) B AetomE BB S o OO T o el AR ang
flhuolr es_caamp’fbeafénﬁmdgydfneﬁ e%zﬁh:elﬂli\ff, -cﬂidiy&hftodip_ﬁ&]yl,aﬁzh-diéy@.ﬁdioclﬁﬂi&n%] operlti es of
the lamn , prepar Jyomthe fornulation of this exanple. The values in
TABLE 1 30 FascIPERBoteyiz 1R A eRTIch i FEPELOet A BReHPE b mul at | on
exhi bit g00sl5typhdhidroRDYRicgatdaBdil, 2.2°, 5,5 1R trMore B2 di ; 1,

1- Pr operlg’yRe,suI t Test . Nbt hochff %CZflll.l’DCf-'TM 850 °(r2. 4._2?3 ?Wﬁnéu r))
C326Ther fgbishé? -Reanpiodpiseexyldichemd, 4.4 Bjsldxayanatolphspaxnyidiphenih 650 (2. 4. 41) CTE
(z-axis) iZQH@ﬁaBCr,TMi%@m@%&%’-%%a%ggﬁén jGh&sonstant @1 GHz4. 03Spectrum

Anal yzer D ssi Eatl on Factor . 41 PC-TM 650 (2.5.5.2)Pressure Vessel
Test, 1 PPas&s*teramgtiylebd-dicyagatadiphenylethsr 8,30 dktearhipget4 rlicsBetodipheny. 1) 24

s ne. 40 Bk B0 T AT PR AT B BB PR BRI L. 4 ao)

*Pass- medts 4di-bishrivanaséphendxyitenzsee 44e-dis(dndtdyanieorhPExTIvhe80 (2. 6. 16) and

| PC-TM 6 P 2 \WPLE. al yst pre-concentrate was

pr epar ed‘?'fcalfj)t(oc%gﬁgﬁlﬁl ISE@E@ @cigoaf(ﬂé%%@{gsqﬁﬁ%{e(l .41 kg), Bayer Macrol ex

Yel | ow 6&3(,6,51-&tdampthyBayedicidaatodibieayBhlpleonBR (0. 39 kg), zinc octanoate (0.23
kg of an_18%sol ution in mneral . oi nd MEK (92.1 kg) in a 55 gal steel
drum equi%pé%i'\ﬁjr? ioé%’%’lﬂ"éﬁqagf’gwhmy P%er. The pre-concentrate sol ution
was cont ipubisypcyaaxpedl)ipbpylidiptendRUMEBON -tifie-Hatab)phéndligeagies s
except during its, t_r% sfer to the resin mx tank. Cba Araldite LZ 9302 (
144. 8 kgPulPRmesthi-WAlC-Rrsnaopbee <y 1dpnanyA s@epengngd Shel | Epon 1031 ( 15.8 kg)
were sequentially punped into a | arge capacity mx tank with a mechanically
dnven inpeller. The dye and catal yst pre-concentrate solution (28.6 kg) was
punped into the m x tank and the varnish was transferred to a hol di ng tank.
This sequential process of resin and pre-concentrate addition to the

hol di ng tank was repeated two nore tines until the total quantity of

varni sh in the hol ding tank was 837 kg. The varni sh was sanpl ed and a gel
time of 220 seconds was determ ned by the stroke cure nethod. The varnish
was punped to a large capacity pan with




15 MAY 2002 19 circulators. The specific gravity of the varnish in the mx
‘pan was nai ntai ned by addition of MEK as necessary. A web of 2116 style
E-glass cloth with a proprietary silane finish (CS-767) supplied by

Cl ar k- Schwebel was passed through a gap from 0.010-0.012 i nch b
speed of 8 to 12 neters per mnute and zone tenperatures of aggzﬁvzgﬁeﬁﬂub
about 165 C. The B-staged prepreg had a resin pick-up of about 49%to about
51% Test specinmens for determning the glass transition (T~, coefficient
of thermal expansion (CTE), thermal stability, copper peel strength,"

I nterlam nar bond strength, noisture absorption and dielectric constant

; QM ' b | I tipl
B N b A ES L R el i e
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fl uoreﬁﬁ%ciﬂ%&dﬁﬁé@gh@ﬁ@@%% é%lo'dﬁﬂ%nyl ml-tﬁ?:lce 2 lists the properties of
prepar mila

t he | ani nat rnththe for Fon of this exanple. The values in

Tabl e 4,4I-bis(pstyavetepheiyd)diphenyl nzethane 2¢2'-bia@becyhuatophedyl)prdpaneyul ation in a | arge
scal e aratus _exhi bit goad typical sj.cal,. results. TABLE.2 Propert
3o A BB s P an B e, TANRIS BB L e Goniny
ot e R R, ot 11 g D0’ Copper

i sture upt ake, rt, .1, ressure vessge , boilin er
bond, 147 'Fm"éPPB?ﬁYHa‘rf»BénG?ﬂﬁﬁ#ﬁFFgw&sﬂf dioyaugio gROREQ] PC. T 650
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. formaldehyde in acid solution) having from 3 to 5§ OCN groups. Preferably, prepolymers

including oligomers are employed as the cyanate esters. An example of a suitable polyaromatic
cyanate ester containing cycloaliphatic bridging group between aromatic rings is available from
Dow Chemical Company under the designation Dow XU-71787.00L cyanate. The preferred
polyfunctional cyanate esters are: bisphenol AD dicyanate (4,4"-ethylidene bisphenol dicyanate)
commercially available as AroCy-L10 from Ciba Corporation, hexafluorobisphenol A dicyanate
commercially available as AroCy-F40S from Ciba Corporation, and bisphenol M dicyanate
commercially available as RTX-366, REX-378, REX-379, bisphenol A dicyanate under the

designations AroCy B-10, B-30, B-40S and B50 all from Ciba Corporation.

In addition, the cyanate esters used herein can be blended with organic monomers or polymers
including oligomers. The polymers can be thermoplastic or thermosetting. Examples of organic
modifiers are epoxies, alkylesters, acetylene terminated resins, multifunctional maleimide resins,
monofunctional or multifunctional phenols, polyols, polyetherimides, polyimides,
polyimidesiloxanes, fluorine containing polyimides, polyesters, polyacrylates, polysulfones,
polyethersulfones, polycarbonates, polyestercarbonates and acrylonitrile-butadiene-styrene

polymers.

The bismaleimide resins used in this invention are comprised of polyfunctional maleimide resins.



enbodi nents of the invention, it will be obvious to those skilled in the

‘art that various changes ~ 5 MAY zooz 20 and nodifications nay be made
therein without departing fromthe scope of the invention as defined by the
appended cl ai ns. ~ 5 SAY 2002 21 CLAIMS 1, An electronic pag ge
conprising a dielectric layer and at | east one conductive |ay g

on or within said dielectric |layer, said dielectric layer including Z?ﬁﬁf
conposition of reinforcing naterial, a resin material, a colouring agent,
and a fluorescing agent wherein said resin material is an epoxy resin and
conpri ses an epoxy polyner resin conprigsi ng epoxi des derived from
m)nonu§$xﬁ@5xa?r3ﬁes%?'t%@é‘féknﬁ@£req'ShXij 4 QiRGRRYe Denne, A3-&! 1B£bIs@RIGnRAS Kage.
conprising a dielectric and 'at | east one conductive layer positioned
on or wiethylene)benzaney |lé|-@dt4=-d1malm§lxép cyciehiexkng le3-erch,4-bis(thal¢imidd ncl udi ng a
conpos r mg Rk& f ouring agent,
and a Heuthgr e@fc?’%(giegég%h%“ erel ndggip enS'é bﬁﬁf g@r‘ﬁg F%ys)ngeﬂ%%.’nate resin and
conpr i bis@t-malpimigéphemytl) il bm@Mmcbpheayl)snﬁommr or prepol ynmer) having the
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at | east one caonductjive, layer paositioned on or within said dielectric

| ayer , 28abia(4omaeigide-3.¢-dibrgrmpphendinienapg Ms(eamisiuidenhsayliphepdmatanei ng
mat er i §ly)gidaleRBitepheRfIP Indlleimflepitn gﬂ{ etafle 29ent, and a fl uorescing agent

wherein said resin materital 1s a l'yfuncti onal mal emide resin sel ect ed
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b| s(4 baﬂxdathmugbpmmyllmdupne bi s(4- mal ei m dephenyl ) et her,

bi s(4- mal ei m dephenyl ) sul fone, bi s(4-mal ei m de- 3net hyl phenyl ) et hane,

bi s(4- mal ei m de- 3- chl or ophenyl ) net hane) bi s(4-mal ei m de- 3, 5-di net hyl

pheny| Bxeipienef represtntaiive frdlelmides dre chanrderoieilyhavhaitibéeunid)ca bprepeesented by the

2,2"-bis(4-mal eim di br onophenyl ) pr opane,
bi s( 4- i meﬂwﬂ*&ﬂ?wﬂﬁi%nw met hane,

3, 4-di mal ei m dephenyl - 4" mal ei m dephenyl met hane, ,

1,1 - bi s(4hal el mQ ephenyl ) - 1- phenynet hane, and mal ei m de. 4. The
electronl package any one of clains 1-3, wherein said conductive | ayer
conpri sdfs ag.ekeafricilly conductive material,

Q)

wherein R is a difunctional alkylene radical such as - (CH,-), and/or as divalent arylene groups

such as

2 O O
d&—m—%}
0 o)



5, The el ectronic package of claim4, wherein said electrically conductive
‘material is copper, 6. The el ectronic package of claim5, wherein said
copper layer is in the formof a circuitized pattern. 7. The e tronic
package of any one of clainms 1-6, wherein said reinforcing mat Wsz
selected fromthe group consisting of organic woven fibres, organic 002
non-woven fibres, inorganic woven fibres, and inorganic non-woven fibres.
8, The el ectronic package of claim 7, wherein said reinforcing material is
about 22 percent to about 65 percent by weight of said dielectric |ayer.

~ 5 ~'"~Y 2402 22 9. The electronic pagkage of any one of clainms 1-8,

wher ei mowr&efasﬁjltﬂe Dt Slkindde I‘EQLHBHp Ry mmh"e,% E [¢RE Biknififle abOUL 78
per cent I ght of said dielectri ayer. 10 ectronlc package of
any on@smemmmreiemdw&mubau d col ouri ng agent |s sel ected fromthe
group consisting of organic dyes, organic pigments, and inorganic pignents.
11. The el ectronic package of claim 10, wherein said col ouring agent
conprises(3r0n1about . 003 percenpp to about 8 percent by weight of said

dielectrig |ayer. 12 ~The electro\lc package of any one of clains 1-11,
wher ei 5 DRy ses a UV absor bing conpound with
enhancéld f 13. The el ectronic package of claim
12, whe \ yound i s selected fromthe group

consi sting of tetrafunctional ep ’y resi ns, benzoxazol es, pyrazolines,

sti | benes,Yand am nocoumarins. 14 The el ectronic package of claim 13,

wherein said UV absorbing conpound conprises from about .003 percent to
about 9 percent by weight of said dielectric layer. .A5. A@ A. AU. A&

When a maleimide resin is employed, it is desirable to employ a heat-sensitive free radical
initiator in order to facilitate the curing. Suitable free radical initiators include peroxides such as
dicumyl peroxide and tert-butyl perbenzoic peroxide and azobisisobutyronitrile. When employed,
the free radical initiator is present in amounts up to about 0.5 percent by weight and preferably
about 0.005 percent to about 0.2 percent by weight based upon the amount of n;aleimide resin in
the composition. Commercial biscyanate/bismaleimide mixtures are known as BT resins, and are
available from Mitsubishi Gas Chemical Co. Inc., Japan. One such BT resin is marketed by
Mitsubishi under the product name MGC 2060B.

The composition of this invention requires resin material content to be about 78 percent to about
98 percent by weight of the composition. Further, it has been found that various mixtures of
resins including combinations of epoxy-cyanate, epoxy-bismaleimide, cyanate-bismaleimide, and
epoxy-cyanate-bismaleimide can be used in the practice of this invention. The preferred
composition of this invention comprises a resin mixture of about 30 percent to about 70 percent
by weight of epoxy resin, about 30 percent to about 70 percent by weight of cyanate resin, and

about 2 percent to about 20 percent by weight of bismaleimide resin.

The coloring agent of the composition can be selected from any number of agents such as organic
dyes, organic pigments and inorganic pigments. The coloring agent is selected so as not to

degrade the performance and properties of the articles fabricated from the composition.
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above three. The composition of this invention requires the coloring agent be présent in the

range of about 0.01 percent to about 10 percent by weight of the composition.

The composition requires a UV light absorbing fluorescing agént in the range of about 0.01
percent to about 12 percent by weight of the invented composition. Types of fluorescing agents
which can also be used in the practice of this invention are selected from the class of fluorescent
dyes and pigments including compounds such as benzoxazoles, pyrazolines, stilbenes, and
aminocoumarins. A tetrafunctional epoxy resin with enhanced fluorescing characteristics has
been shown to be particularly useful and preferred in the practice of this invention. Such a
tetrafunctional epoxy resin is marketed by Shell Chemical Corporation under the trademark name
Epon 1031. Tetrafunctional epoxy resin is also marketed by Ciba Corporation under the product
name MT 0163. The compositions as defined above are preferably used to form a dielectric
material which may then be combined with suitable reinforcing material (see below) to form the
dielectric portion of a substrate such as used in a printed circuit board. Such a substrate may
include several layers of such material, in addition to corresponding conductive layers which may

serve as signal, power and/or ground layers.
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Therefore, in accordance with the teachings of this invention, there is also provided an electronic
package which includes a dielectric layer formed from the above composition and at least one

conductive layer positioned on or within the dielectric layer. The conductive layers of the

package, preferably electrically conductive, are comprised of copper and are circuitized (e.g., by
photolithographic processes known in the art). Further, it should be understood that this package
could include additional layers of dielectric material such as those described herein, or layers
such as those of a photoimageable dielectric material having internal vias or apertures either
filled with electrically conductive material or plated and connected to the electrically conductive
layers. It is also possible that this packagé could include through holes either plated or filled with
_ electrically conductive material so as to electrically connect internal layers of electrically
conductive material or circuitry with external layers of electrically conductive material.

The reinforcing material of this electronic package can be selected from the group of organic
woven fibers, organic non-woven fibers, inorganic woven fibers or inorganic non-woven fibers
or combinations thereof. Organic films such as polyimide film can also be used. An organic
film is defined as a thin supporting material. Examples of fibers operable in this invention are E-
glass (electrical grade glass), S-glass (high strength glass), quartz (quartz fabrics are woven from
yarn produced from high purity crystalline Si0,), low dielectric fabrics such as D-glass (low
dielectric constant glass), aramids such as Kevlar and Nomex, (both registered trademarks of E.I.
DuPont de Nemours and Co.), poly-p-phenylene benzobisthiazole, p-phenylene benzobisoxazole,
polyetheretherketone, aromatic polyesters, polytetrafluoroethylene, and the like. Most preferably
the fiber used is E-glass. The reinforcing material is preferably present in the range of about 22

percent to about 65 percent by weight of the dielectric layer.

As stated, the portion of the dielectric layer of this invention that contains the aforedefined resin
material, coloring agent, and fluorescent material is comprised of the composition defined in
detail above, although the quantities as a percentage of the total weight of the dielectric will
differ as a direct result of the reinforcing material being an integral part of the dielectric layer. In

such a layer, the resin material preferably comprises from about 27 percent to about 78 percent



10 1003" 10%& ()-89% | =wW7 > *| " 10%@& () -

CPI#10%8h3& ()-1f1#10%& ()-11 #1090\ O\ & ()-! (| #10%00& ()-!1#10% 1 & ()- _==>>>>
| >#>b> @10% & ()-1710% & ()-#310% & ()- 10@ 10@ 10@S

L0%@ () - 3G' L0 () - b>r >t >>>@aB @ 10% & ()-10% & ()-4"10% § £)

Z"10% & ()-!0Y10% /& ()-Y10% & () - CCDD MAY 2 2002

DDDDj DoC@10%&: () - @ 10%: () - #310% ()- 10t 10t 10t& 2 10% & ()- & 2

10% P& () - j DDF3FFBGOGIEDC 10%&: () - f! 109%& () - S" 10%& () - 2S910%' () - @

F" 109 ()- @O0%& ()-zOGHTH, I 11 YJMELC. ! 109%&’ () - +m
0%&' ()- (109%& () -zy% 10%& ()-zy" Z" 109%& () - f ni' 109%& () -2zYJJIIIIIIIKbCN' 10% & (

] 10% & ( ﬁ; 310% & ()-OF9A.0% & ()- 1B 10 10s0 10%&- () - KLQOQQQQ@XbCF
#10% &by yeiehbpighg diclectsiq trypre, Thy coloting agent in turn comprises about .003 percent to

about 8 percent by weight of the dielectric layer, and the fluorescing agent comprises about .003
percent to about 9 percent by weight of the dielectric layer.

In accordance with yet another embodiment of this invention, a method for making the
composition defined above is hereby provided. The method comprises the steps of providing a
first quantity of resin material, adding to the resin material a second quantity of fluorescing agent,
adding to the resin material a third quantity of coloring agent, and blending the resin material.
Providing a first quantity of resin material includes adding a quantity of an epoxy, cyanate, or
bismaleimide resin or combinations thereof to a stirring solvent such as methyl ethyl ketone
(MEK) and thereby dissolving the resin in the solvent. A UV light absorbing fluorescing agent,

such as one from the group previously described, is then added to the mixture and is also
dissolved.

Separately, a coloring agent such as an organic dye, an organic pigment, or an inorganic pigment
or combinations thereof is added at room temperature to a stirring solvent, such as MEK, and the
coloring agent is dissolved. A catalyst, present to promote crosslinking, is also added to the
solution to form a preconcentrate. The preconcentrate is then added to the resin material and
blended (i.e., stirred) to form a solubilized composition. The preferred catalysts utilized in this
invention are metal carboxylates and metal chelates, such as cobalt, iron, zinc and copper

acetylacetonate, octoates, or naphthenates.
Upon curing and baking to drive off the solvent, the composition of this invention is complete.

The invention is illustrated by the following examples which are not intended to be limiting:
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EXAMPLE 1.

A composiﬁon of the followings materials: Spectrasol Black RL (3.33g), Bayer Macrolex Yellow
6G (0.33g), Bayer Macrolex Blue RR (0.92g) and Ciba AER 8018 (300g), were added to a 4 liter
(L) glass jar containing 642 g MEK and dissolved. This solution was added to a stirring mixture
of Shell Epon 1031 (75.0 g of an 80% solution in MEK), Ciba Araldite LZ 9302 (839 gof a
71.5% solution in MEK) and Mitsubishi MGC 2060B (857 g of a 70% solution in MEK). The
resultant resin solution had a solids content of about 57.5% and a dye concentration of about

0.30 % based on resin solids. The colored vamnish solution was free of undissolved resin and dye.
At least 15 minutes prior to impregnation, the solution was catalyzed by dissolving 0.04 phr zinc
octanoate (0.62 g of an 18% solution in mineral oil) with vigorous stirring. 2116 style E-glass
cloth supplied by Clark-Schwebel with a proprietary silane finish (CS-767) was impregnated on a
laboratory scale treater with the resin varnish. The resin impregnated glass fiber cloths were
baked for 3.5-4 minutes at 150° Celsius to remove MEK solvent and to B-stage cure the resin.
B-stage cure resin impregnated glass fiber cloth is partially polymerized but not gelled cure and
is herein after referred to as prepreg. Resin pick-up was about 47% to about 52%. Test
specimens for determining the glass transition (T}), coefficient of thermal expansion (CTE),
thermal stability, copper peel strength, interlaminar bond strength, moisture absorption and
dielectric constant were prepared by press lamination (200° C/1.5 hours/300 psi) of multiple
p-repteg layers with 0.0014 in. copper foil on both sides. The resulting laminates were uniformly
black in color, had good optical contrast, and fluoresced when irradiated with UV light. Table 1
lists the properties of the laminates prepared from the formulation of this example. The values in

TABLE 1 illustrate that the resulting laminates made from this formulation exhibit good typical
physical results.
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- TABLE 1
Property Result Test Method
Te°C 211 IPC-TM-650 (2.4.25C)
T, (inair),° C 326 Thermogravimetric
Analysis

CTE (x,y-axis), ppm 16 IPC-TM-650 (2.4.41)
CTE (z-axis), ppm 56 IPC-TM-650 (2.4.41)
Dielectric constant @ 1 GHz 4.03 Spectrum Analyzer
Dissipation Factor @ 1 MHz 0.0064 IPC-TM-650 (2.5.5.2)
Pressure Vessel Test, 1 h Pass* IPC-TM-650 (2.6.16)
Moisture uptake, % IPC-TM-650 (2.6.2.1)

24h, 1t 0.19

1 h, pressure vessel 0.31

16 h, boiling H,O 0.64
Copper bond, Ib/in 8.40 IPC-TM-650 (2.4.9)
Interlaminar bond, 1b/in 2.97 IPC-TM-650 (2.4.40)

*Pass- meets criteria of referenced test methods IPC-TM-650 (2.6.16) and IPC-TM 650 (2.6.2.1)

EXAMPLE 2

A dye and catalyst pre-concentrate was prepared by combining Ciba Orasol Black RLI (1.41 kg),
Bayer Macrolex Yellow 6G (0.18 kg), Bayer Macrolex Blue RR (0.39 kg), zinc octanoate (0.23
kg of an 18% solution in mineral oil) and MEK (92.1 kg) in a 55 gal steel drum equipped with an
air-driven drum mixer. The pre-concentrate solution was continuously mixed at all times
throughout the batch mixing process except during its transfer to the resin mix tank. Ciba
Araldite LZ 9302 (144.8 kg), Mitsubishi MGC 2060B (118.4 kg) and Shell Epon 1031 (15.8 kg)
were sequentially pumped into a large capacity mix tank with a mechanically driven impeller.
The dye and catalyst pre-concentrate solution (28.6 kg) was pumped into the mix tank and the
varnish was transferred to a holding tank. This sequential process of resin and pre-concentrate
addition to the holding tank was repeated two more times until the total quantity of varnish in the
holding tank was 837 kg. The varnish was sampled and a gel time of 220 seconds was

determined by the stroke cure method. The varnish was pumped to a large capacity pan with
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prepreg had a resin pick-up of about 49% to about 51%. Test specimens for determining the glass
transition (T ), coefficient of thermal expansion (CTE), thermal stability, copper peel strength,’
interlaminar bond strength, moisture absorption and dielectric constant were prepared by press
lamination (200° C/1.5 hours/300 psi) of multiple prepreg layers with 0.0014 in. copper foil on
both sides. The resulting laminates were uniformly black in color, had good optical contrast, and
fluoresced when irradiated with UV light . Table 2 lists the properties of the laminate prepared
from the formulation of this example, The values in Table 2 illustrate that the laminate made
from this formulation in a large scale apparatus exhibit good typical physical results.

TABLE 2

Property Result
T, °C 213
T4 (in air),° C 330
CTE (x,y-axis), ppm 15
CTE (z-axis), ppm 47
Dielectric constant @ 1 GHz 3.79
Dissipation Factor @ 1 MHz 0.0080
Pressure Vessel Test, 7.5 h Pass
Moisture uptake, %

24 h, rt 0.2

1 h, pressure vessel 0.33

16 h, boiling H,0O 0.71
Copper bond, 1b/in 8.55
Interlaminar bond, 1b/in 2.70

Test Method

IPC-TM-650 (2.4.25C)
Thermogravimetric
Analysis

IPC-TM-650 (2.4.41)
IPC-TM-650 (2.4.41)
Spectrum Analyzer
IPC-TM-650 (2.5.5.2)
IPC-TM-650 (2.6.16)
IPC-TM-650(2.6.2.1)

IPC-TM-650 (2.4.9)
IPC-TM-650 (2.4.40)

While there have been shown and described what are at present considered the preferred

embodiments of the invention, it will be obvious to those skilled in the art that various changes
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and modifications may be made therein without departing from the scope of the invention as

defined by the appended claims.
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CLAIMS

1. An electronic package comprising a dielectric layer and at least one conductive layer
positioned on or within said dielectric layer, said dielectric layer including a composition of reinforcing
material, a resin material, a colouring agent, and a fluorescing agent wherein said resin material is an
epoxy resin and comprises an epoxy polymer resin comprising epoxides derived from mononuclear
and polynuclear dihydric phenols.

2. An electronic package comprising a dielectric layer and at least one conductive layer
positioned on or within said dielectric layer, said dielectric layer including a composition of reinforcing
material, a resin material, a colouring agent, and a fluorescing agent wherein said resin material is a
cyanate resin and comprises a polyfunctional cyanate ester monomer or prepolymer, having the
formula R-(-O-C=N)m, where m = 2-5 and R is an aromatic organic group, the cyanate groups being
bonded to an aromatic ring of said aromatic organic group.

3. An electronic package comprising a dielectric layer and at least one conductive layer
positioned on or within said dielectric layer, said dielectric layer including a composition of reinforcing
material, a resin material, a colouring agent, and a fluorescing agent wherein said resin material is a
polyfunctional malemide resin selected from the group consisting of 1,3- or 1,4-dimaleimide benzene,
1,3- or 1,4-bis(maleimide methylene)benzene, 1,3- or 1,4-dimaleimide cyclohexane, 1,3- or 14-
bis(maleimide methylene)cyclohexane, 4,4'-dimaleimide biphenyl, bis(4-maleimidephenyl)methane,
bis(4-maleimidephenyl)ether, bis(4-maleimidephenyl)sulfone, bis(4-maleimide-3-
methylphenyl)methane,  bis(4-maleimide-3-chlorophenyl)methane,  bis(4-maleimide-3,5-dimethyl
phenyl)methane, 2,2'-bis(4-maleimide-3-methylphenyl)propane, 2,2'-bis(4-maleimide-3,5-
dibromophenyl)propane, bis(4-maleimidephenyl)phenylmethane, 3,4-dimaleimidephenyl-4'-
maleimidephenylmethane, 1,1-bis(4-maleimidephenyl)-1-phenymethane, and maleimide.

4,  The electronic package of any one of claims 1-3, wherein said conductive layer
comprises an electrically conductive material.

5. The electronic package of claim 4, wherein said electrically conductive material is
copper.

6.  The electronic package of claim 5, wherein said copper layer is in the form of a
circuitized pattern.

7. The electronic package of any one of claims 1-6, wherein said reinforcing material is
selected from the group consisting of organic woven fibres, organic non-woven fibres, inorganic
woven fibres, and inorganic non-woven fibres.

8. The electronic package of claim 7, wherein said reinforcing material is about 22 percent
to about 65 percent by weight of said dielectric layer.
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selected from the group consisting of organic dyes, organic pigments, and inorganic pigments.

11.  The electronic package of claim 10, wherein said colouring agent comprises from about
.003 percent to about 8 percent by weight of said dielectric layer.

12. The electronic package of any one of claims 1-11, wherein said fluorescing agent
comprises a UV absorbing compound with enhanced fluorescent characteristics.

13.  The electronic package of claim 12, wherein said UV absorbing compound is selected
from the group consisting of tetrafunctional epoxy resins, benzoxazoles, pyrazolines, stilbenes, and
aminocoumarins.

14.  The electronic package of claim 13, wherein said UV absorbing compound comprises
from about .003 percent to about 9 percent by weight of said dielectric layer.



