; NOe3eGDI 6LT15 CURABLE COMPCSI TI ON CONTAI NI NG THI QAZOLE FUNCTI ONALI TY
FI'ELD. OF THE | NVENTI ON [ 0001] This invention relates to curable
conpositions containing a conmpound having a thi Azole functionality and a

aoserbly of & sefi conductof package 10,4 pri nted wire ool INNMGGH at eq

circuit chip is attached to a netal |lead frame wth adhesi ve «gg@swW re

bondi ng, and the whol e assenbly then encapsulated in a nolding resin. After
encapsul ation, the outer leads of the lead frane are attached to a printed

circuit board. Any exposed copper surFaces on the |lead franes or boards are
subject to oxidation with exposure to air and routinely ar ted wth an

antioxi dant. BEnzotri azol e i sCHRABYE C@MBREI KNS 03| on i nhi bW@m I ” er

and copper alloys in mn?%@l"w&ﬁﬁm@wﬁ&\w&@@“ LiXe prese lmp

benzotri Azol e is suspected of interfering with the bondi ng prdétess during
the die attach, w re bonding, encapsul ation, and final sol dering operations
in the manufacture of the SGH}:FEQB@#Cﬁ.@NgQQkIW and its attachnment to a
printed circuit board. Thus, there is a need for materials that wll

performas a cpoogsi on i mhi BidrBen @Rtk s0ideddaRbsHioys Bergdmiica adhesi on.
SUMMARY OF THE | NVENTI ON [ 0003] This invention is a curable conposition

conprising a compuwnd hgvingraghiazfet fancticriatity Bhd agayneericaiigpfoostid)aliyont ai ni ng t wo
chem stry segnents: (1) a segnent containing at |east one thiazole
functionality 2 (including benzothiazole functionality), and (2) a

segnent containing at | eas% F i E&[ ctionality, such as, an
el ectron donor functionali QBRgﬁBQ éi&qﬁ E'E—! ﬁglr functionality, or an
epoxy functi Onfblo iy DETA|nLtEﬁasQ§ﬁWE P@emo%ct—gl—%ckg\é\{%\% g%g 0004] The
t hi azol e functlonallty on 1 8z01 6 conpound w1 | ve the follow ng
structure: Rl Nré BoatdharCiftel¥ated Biebuf2hip RAGRGRE &Y hdtaldd=a flh@fwitA | | near or
branched al kyl or

adhesive and wire bonding, and the whole assembly then encapsulated in a

molding resin. After encapsulation, the outer leads of the lead frame are

attached to a printed circuit board. Any exposed copper surfaces on the lead

frames or boards are subject to oxidation with exposure to air and routinely

are coated with an antioxidant. Benzotriazole is an efficient corrosion

inhibitor for copper and copper alioys in many environments. However, the

presence of benzotriazole is suspected of interfering with the bonding

process during the die attach, wire bonding, encapsulation, and final

soldering operations in the manufacture of the semiconductor package and

its attachment to a printed circuit board. Thus, there is a need for materials

that will perform as a corrosion inhibitor and simultaneously promote

adhesion.

SUMMARY OF THE INVENTION
[0003] This invention is a curable composition comprising a
compound (hereinafter the thiazole compound) containing two chemistry

segments: (1) a segment containing at least one thiazole functionality



al kyl ene group, or a substituted or unsubstituted cyclic al kyl or alkyl ene
group, or a substituted or unsubstituted aromatic group; or R and R2
‘together forma substituted or unsubstituted cyclic al kyl or al kyl ene
group; or R and R2 together forma substituted or unsubstituted aromatic
or heteroaromatic ring or fused ring hfving 3 to 10 carbon atonms within the
ring structure, in which the heteroatons may be N, O or S; in which the
substituents on any ring are -OR3, -5R3, -N(R3)(R'), or an al kyl or

al kyl ene group having 1 to 12 carbon atons, in which R3 and R4

i ndependent | y @ioRidig bahdoyHiazole fuklionbigy) eang (D) et Bohtdinibatlehscar bon at ons,
preferably 1 to 4 carbon atons; and Z is any organic noiety that contains a
pol yneri zabl e énevolymerizabiet fynctipr@di 5iuctzass amelbarop obyarbmetiopalty, eyoneri c) or
nmononeric, (for exanple, alkyl, cycloalkyl, aryl alkyl, alkenyl,
cycl oal kenyl , @SHon gpgegteyfunctigpality: BragtePexy feisloellY exanpl e pol y(but adi ene) ,
pol yet her, pol yester, polyurethane, polyacrylic, polystyrene,

pol ycar bonat e, pol ysul fone). 3 [0006] The polynerizable functionality on

Zwll react with a congt BﬁgcﬁﬁﬁﬁﬁidﬁﬁﬁEWE?éNgﬂﬁﬁity on any adhesi ve,

coating, encapsulant, or other conposition used 1 n sem conductor

manuf act uri ng ppejat i oNsThOhiarBPRhdtib7Aty o enel thibATdcpaiid var avent it from
interfering with those manufacturing operations that are conducted

proxi mate to nie&diosing stacese: [ 0007] Exanpl es of pol yneri zabl e
functionalities include el ectron donor groups, electron acceptor groups,
and epoxy groupR! Ex | ary el ectron donor groups are vinyl ethers, vinyl
si | anes, conpounjflgéggz;?ing carbon to carbon doubl e bonds attached to an
aromatic ring and pugated with the unsaturation in the aromatic ring,
such as conpoupds” de™ v romcinnanyl and styrenic starting conpounds.
Exenpl ary el ectron accept gPolijs8 are acryl ates, fumarates, mal eates, and

| ei m des. [0008] The thi | ds, d th i t
of curabl & conposi ¢ F oS M HERHAR DA DL IEFo o RaPHEa T80 i g agent and &
filler. j0009] ﬂ@lén%é;%&,‘ & st - DiAR QR Fe QRS Po?aﬂ{}e&eh' S I nvention my

be added to adhesiv oating, encapsulant, oOr other curable conpositions

that come i nt ogré@ybas tubsiittiied er unkhtitu@E aroirREidigrogs! to bond to netal. surfaces.
As additives to retard oxidation and pronote adhesion in curable

conmposi tions, they @iR'lanth&’ tegettleriformarsubstitutet drwesubstituted cycls gitvonot e adhesi on.
In general, an effective anount will range from 0.005 to 2D. 0 percent by
wei ght of the YMEENY&OURoati ng, or encapsul ant fornulation. [0010] In

addi tion, such for rrgrl t in 5 0wi t!:J\Irfc'(w)qnatsa' 0.8 oorlu I rtimﬁa Ire rtlecSir.n’ optional ly
a curing initiator,“dhd @EtlSﬁ 714 @%%ch |ven§? fionconauct i ve filler.
heteroaromatic ring or fused ring having 3 to 10 carbon atoms within the ring
structure, in which the heteroatoms may be N, O, or S;
in which the substituents on any ring are ~OR® -SR®, -N(R*}(R%), or
an alkyl or atkylene group having 1 to 12 carbon atoms, in which R®and R*
independently are an alkyl or alkylene group having 1 to 12 carbon atoms,
preferably 1 to 4 carbon atoms;
and Z is any organic moiety that contains a polymerizable
functionality.
[0005] Z can be polymeric, oligomeric, or monomeric, (for example,
alkyl, cycloalkyi, aryl alkyl, alkenyl, cycloalkenyl, aryl alkenyl, or aromatic, and
for example poly(butadiene), polyether, polyester, polyurethane, polyacrylic,

polystyrene, polycarbonate, polysulffone).



[0011] Suitable polynerizable resins that may be used in the adhesive,
cvbating, encapsul ant or sealant fornulations are known to practitioners in
these arts. Exanples of such resins include epoxies, electron 4 donor
resins, for exanple, vinyl ethers, vinyl silanes, and resins that contain
carbon to carbon doubl e bonds attacheqsto an aromatic ring and conj ugated
with the unsaturation in the aromatic Ting, such as conpounds derived from
ci nnanyl and styrenic starting conmpounds; and el ectron acceptor resins, for
exanpl e, fumarates, nal eaies, acrylates, maleimdes, and thiol-enes (a
conmpound resul 10P¢Rj f r om Theerolyemdtableriunofionality ¢ Hwillagedt withconpound contai ning a
carbon to carbon doubl e bond). [0012] Suitable curing agents are thernal
initiators and°9FHEMENEN EeRIYe WngieBalilyian aphadiRsive. £FRANG PBCARAENGt to cure the
adhesi ve, coatin encap ul ant . or sea qnt foh l.ation., Ijogeneral, t hose
amounts wi || rHifE" PGPS BOBLESE B SSBP IR BT %1}"”'19))8&9&?“%’&?0 by wei ght of the

total organic ; N . I 1 udi I; nic fillers) in the
formul ati on. .'%ﬁ‘?@%@f’%ﬁ?@%ﬂé@p?ﬁ%ﬁw ?%ﬁ%t\"}gﬁg{ogﬁcl ude peroxides, such
as butyl per ocigmlfturiag BocitioHMbt REERARICER proXshicid et BIREES, such as

2, 2" azobi s(2-net hyl - propanenitrile) and

2, 2' -azobi s(2-eadyl - but BExaeples bf paymeriZebjerfi@fctonalitids felutedearon phot oi niti ators
is one sold under the trademark Irgacure by Ci ba Specialty Chemicals. In
sone fornul at i éaner grbenshelediren aedeptordreypatane apexi dropbrotixemblelyat i on may be
desirable: the curi ng process can be started either by irradiation,

fol | owed by helgctropAonosgropes &g Ypyl gfersyVinyksipness MPayRda coyaintg adi at i on.

00141 10 9enetlen i Bod-loTbb AR o ikl Y o o at Ure range of

70C to 250C, and curin wthin a“range en seconds to
three hours. Thigh BELARlurtbs B R 8bhbiR g, lshen\RBIYmPhunbs ddifeLyPONent s and can
be determ ned wi thout undue experinentation by the practitioner. [0015] The
fornmul ati ons newyhaalysand Gyngpici ss2tinglcedpsundalBxgmplary ieleetraredctgptaonduct i ve fill ers
or nonconductive fillers. Suitable conductive fillers are carbon bl ack,
graphi te, gol dgrogisiajeacrylatesy paterates, mpleslesvpndaplpiaiiesm ni ckel , al umi num
silicon carbi demsgor on nitride, dianond, and alun na Suitable nonconductive

fillers are paPP9%| es of IMedPiARAE foMPRINdHERLE W55 PSBESAN e, cal cium 5

carbonate, titagni I . S| i i ljca, barium

sul fate, and h%mﬁg'é%@?@g'aé’@ ﬁ?ﬁg%sgfog%ﬁg'ﬁ@fv@If&@ﬁ%{?%ﬁ&t%‘lﬁ”g | uor oet hyl ene,
trifluoroethyl gprgsandiayérd dene fluoride, vinyl fluoride, vinylidene
chloride, and vinyl chloride. If present, fillers generally will be in
anmounts of 20%00@®] 90% byAltesiatidy, Uk thidzele campauhdd of diis infedOdGhay N anot her
enbodi nent, the thiazol e conpounds may be used to coat on exposed netal
surfaces, suchPeasddenio adbesiyercosling grcarsulspt, o R BNRIERIRIEINSYi ce or pri nt ed

circuit board., The nmetal surface first be rease cl eaned, polished
ot butfed 1 PRGBSO HET IS4 SO G E B TRSEF %1 s used at
concentration ofi 9 ' ' i6n | pesentative

sui tabl e sol veér:s{d'st@%srstg/(}é\}\é/a}? égg/gdﬁgta@dr%%'ﬁ%{%%ﬁ%ﬁglgnsl,ﬁglrjfé?%?mg?ﬁyI "ket one, net hyl

i sobutyl ket onfiey wiff 8% 08¥8)in aPérReiiR lafourllo/BehotebdheEisn. 1RGbANE,anand tol uene.
[0017] The netal substrate is inmmersed in the solution for a period of tine
sufficient to eepiveismoan wilfrbmetfrome0. @06 dd 200Yperdemhipreaightoftitheres typically will

range fromone second to one hour, nore typically one mnute to 15 m nutes,
al t hough shor t3hegye, petpR Fr ncae!laRE)MRIYY f ect i ve dependi ng on t he

ti | t hi | i trenath, | ut i t t .
part1 Ul ar UL BERe ComRunthe R AL BH Py SR AHA T e,
15C to 100C. [ 0018hdlhes Ahi ikl ahd\oublth2 eh@uggagound i n solution can be

sprayed or painted onto t surface e coated. The solution is
typically air-gnhce@uéivemer he surface, and then cured at an el evated
tenperature suitable for renoving any renai ning solvent and for effecting
curing. SYNTHH006G) PROCEDLIRESe pOPREalhresihohbtondyhg upedie@dur es were used to
prepare the thiazol e conpounds used in the EXAMPLES. 6 [0021] PROCEDURE
1: Reacti on ofachk#yd, corting, ¢ecapsulant ai sselpdiiform@atongstedneyuioval ent of al cohol
an excess anount of 50% NaOH, a catal ytic anmount of tetrabutr¥l anmmoni um
hydr ogen sul f &R&I5E B HESe@tse Eééfﬂ?'%‘%éﬁ‘ﬂ“ NS RPE SRATSSSLETRY t ol uene are
stirred for five hours at 53C, then five hours at 75C. The reaction is
allowed to cool to roomtenperature and the organic | ayer extracted and
washed with brine three tines. The isolated organic layer is then dried
over MyS04, filtered, and the solvent renoved in vacuo to give the product.
[ 0022] PROCEDURE 2: Reaction of alcohol with acid chloride. One nole

equi val ent each of alcohol and triethylamne are mxed in dry nethyl ene
chloride at 0C. One nole equivalent acid chloride dissolved in dry

o, r



[0023] EXAMPLE 1: CH3 N 'g ON H 1 3-Isopropenyl -a, a-di net hyl benzyl

i socyanate (mTM, 21.1 g, 0.105 nole) was solvated in 50 nL toluene in a
100 nL three-necked flask equi pped with a nechanical stirrer, addition
funnel and nitrogen inlet/outlet. The reaction was placed under nitrogen,
and 0.01 equiv. dibutyltin dilaurate (gatalyst) was added with stirring as
the solution heated to 80C. The addition funnel was charged with

5- (2- hydroxyet hyl ) -4-net hylt hiazole (15.0 g, 0.105 nole) dissolved in 50 nL
tol uene. [0024J This solution was then added to the isocyanate sol ution
over ten mi nut 8er %ﬁtﬂsvtfﬁfee"?'@é'@ll"ﬁy‘rﬂjh% Xinysidanpe #ndeesng thabaenigidi t i onal f our

h t 80C. Af dt t t t t
roure ot D00, Sl Gk SR R U B LG9 | S e

I I t d
S e i e ol AR S

2. O NYS~O-N Heihnadnyl 5&&%9@@&5;@@%%& %h@@%ﬁlac&%%mm@tf@r (mTM, 19.05
g, 0.095 nole) was solvated in nL toluene in a m_ three-necked flask

equi pped w t h exametd)auniatads, Shictiee racryatid ral@midks ane lthicrdesiit r ogen
inlet/outlet. The reaction was placed under nitrogen, and 0.01 equiyv.

di butyl tin di| eemreued (eseting fipst the (gagtion dtietiolwndrd comppyndiggntaising Re sol ut i on
heated to 80C. The addition funnel was charged with.

2- (2- benzothlai%P?]@ﬁ?@?%WﬁQﬁ@Pm@ZO 0 g, 0.095 nDIe) di ssolved in 50 niL

t ol uene. [_0026egoml s sol tgp aae%s aregheémﬂénq{a °ds? socyanate sol ution

over ten m nut and th an additional four

hours at 80C _AdSHde ofesah 'aqré;%x@% %&&m@umhecmgs.kocmegntermerature

the m xture was wash distilled water three tines. The isol ated
organi c |ayer mpgmf\oweale@lf@melandvgﬁ%neﬁal, kHoed &ountvdll tahge sol vent renoved

in vacuo to give the product as a thick liquid (viscosity = 4,000 cPs at

50C) in 95% vyi &b 0.5% tg 3pBORFerabXAKRD B0OB. byN\ve@HBofMhedote-organis
material (that is, excluding any inorganic fillers) in the formulation. -
[0013] Preferred thermal initiators include peroxides, such as butyl
peroctoates and dicumyl peroxide, and azo compounds, such as 2,2'-
azobis(2-methyl-propanenitrile) and 2,2'-azobis(2-methyl-butanenitrile). A
preferred series of photoinitiators is one sold under the trademark Irgacure by
Ciba Specialty Chemicals. In some formulations, both thermal initiation and
photoinitiation may be desirable; the curing process can be started either by
irradiation, followed by heat, or can be started by heat, followed by irradiation.
[0014] In general, the formulations will cure within a temperature
range of 70°C to 250°C, and curing will be effected within a range of ten
seconds to three hours. The actual cure profile will vary with the components
and can be determined without undue experimentation by the practitioner.
[0015] The formulations may also comprise electrically or thermally
conductive fillers or nonconductive fillers. Suitable conductive fillers are
carbon black, graphite, gold, silver, copper, platinum, palladium, nickel,
aluminum, silicon carbide, boron nitride, diamond, and alumina Suitable

nonconductive fillers are particles of vermiculite, mica, wollastonite, calcium



O A solution of one nole equivalent of malefic anhydride in acetonitrile is
added to a one nol e equi val ent of 6-am nocaprioc acid in acetic acid. The
m xture is allowed to react for three hours at roomtenperature. The forned
white crystals are filtered off) washed.with cold acetonitrile and dried to
produce the amc acid adduct. Amc acigd is mxed with triethylamne in
toluene. The m xture is heated to 130C for two hours and water is collected
in Dean-Stark trap. The organic solvent is evaporated and the 2M HCL added
to reach pH 2. Extraction with ethyl acetate and dryi ng over MyS04 fol | owed
by evaporati n@afbﬁ@a%d'ﬁe\?@n%anﬁaﬂ)@sdk’ﬁ?ﬁls\@?arﬁ%éékﬂ?%?’@”ﬁhﬁ“gat(’ M) . [ 0028]

6- Mal ei m docapr

5- ( 2hydr oxyet O?e" ?er?leet%ﬁnfm"ér%rfew('%tﬁfﬁ?%bompgo %. nol e) and 250 nlL tol uene
ver e adted o 3,500, s BENARERS HhAREAE A IERhed e, 308 | 0 an of | et

until dissolve cat al yst ed and heat was

increased to 140CnioNbd. af prééenh(ﬂﬂérrssgeﬂérahﬂﬁﬁ b1 ambMROERb%GaboMat er (3.9 ni)
was dropped al ong with of toluene from Dean- Stark apparatus. Tol uene,

25 nmL, was rep:lya@cgdtcbfm’ieo‘omh.@t;éd.ask and the reaction was continued. This was
done three additional tinmes. Triethyl anmore (10.80 nL) was added and the
m xture was allf@fkd to doprotiesembatimant ihe thipzolersmppwngpeesnbere. NaCl (20%
was added to the m xture and the m xture was transferredg}oai)l a separatory

funnel . The or§EhPEORAPENPIRES MPRLIUHRES SHAPHNT ERPPEFETARE foI | oned by

ti t 0029
BaneLe 400 SRR ocReS) Hfiidd Mo RE8 nd BaBtihate Ml it g L720) o) 6
equi val ent), %egémzaééﬁbangl.%ka Sk&t hefelenefifeMhetnrayk val ent) and
tol uene are added to a three-necked flask and heated to 80C in an oil bath

until di ssol vedducbtybictllyiiCusat bth @atetrstivh of ©.6%ad 30% b aayeuiably i s added and
heat is increased to 140C. After 11 hours of heating, theoretical water is
dropped al ong spiveh. Reprasantatife piteBesohve®s arekvatgspetoaesisuch®sl uene i s repl aced
in the flask and the reaction continued. This is done three additional

ti rres Tr| et h;ﬂ‘e“yh?tmﬂ kptene, ety isaRyksioncriacetoned alohals BGRIGMES: stir for one
hour roomtg{gpe glru NaCl (20% is added to the m xture and the
mxture is transterre 0 a separatory funnel. The organic layer is

i sol ated and dgdigfd over 7MgRMbI sfeldtONREmEYeLN BRRBRINME 4 fefodO0l vent to give
the product. [0030] EXAMPLE 5. CH3 p This thiazole conmpound is prepared

accordi ng t o RROoERNREeN toligpdditan emc\lelcoatmgf Immersion times typically
5- (2-hydroxyet hyl ) -4-met hyl t hi azol e and ci nnanyl chloride. [0031] EXAMPLE
6. / S This tHhil r@@@aefr%mﬁ@dut@oq@rf@prame@ tm@&x@ierﬁ@nl{t@)topﬁocEDURE 1 by the
reaction of 2- 2 ben ot Iy h| o et hanol a}p nnagrx chl ori de. io
[0032] EXAMPL % qr longer |mes may be e ectlve depen g on the

partlcular thiazole compound, solution strength, and solution temperature. In

general, the solution bath will be at a temperature within the range of 15°C to

100°C.

[0018] Alternatively, the thiazole compound in solution can be

sprayed or painted onto the metal surface to be coated. The solution is

typically air-dried from the surface, and then cured at an elevated

temperature suitable for removing any remaining solvent and for effecting

curing.

SYNTHETIC PROCEDURES

[0020] The following procedures were used to prepare the thiazole

compounds used in the EXAMPLES.



This thiazole conmpound is prepared according to PROCEDURE 1 by the reaction
of 5-(2-hydroxyethyl)-4-nmethylthiazole and 2-chl oroet hyl vinyl ether.

[ 0033] EXAMPLE 8. CH3 O g O This thiazole conpound is prepared according to
PROCEDURE 2 by the reaction of 5-(2-hydroxyethyl)-4-methylthiazole and
acryl oyl chloride. [0034] EXAMPLE 9. The thiazole conpound from EXAMPLE 1
was formul ated i nto an adhesive conposition and used to attach a 500 X 500
ml| silicon sem conductor die to a copper |leadframe with a 650 X 650 mil
di e pad. The adhesive COWBOSItIOﬂ contained a bismaleimde resin, a

ci nnanyl resi n00%r adi caP @ﬁ?@?%ﬁé{Re%@@y@@ﬁMé@WEﬁ@Taﬁﬁ@”s@mWer filler, and

was di spensed onto the | eadfrane. X s placed onto the
adhesi ve, and TRE gy /&isRag: @&X@%SSWO%*H&%’N%@@ acafih cure") at 200C

oo T Nt e g oA I e RS ARNE Y 5o ARG ©, P epared.

The cured asse?‘r’B e Were’ ' sub 505 PET At |ty for 48
hours, after I frame at 90
degrees W th a nalhgﬁ] gbﬁn&\%sﬁgﬁgogﬁ% ng'tgreé‘[rgég8 tg‘grp%g h%gggverage di e shear
strength of thes beﬁh@eaaaams'amémﬁcg@m@om Rhfra Al BGRERLaR, © di e shear

strength for this application wthin the industry i's 10 To 15 Kg force

i ndi cating thagydrRerdeicaapnwgsrel witheridelthraz®the. TRETROKIRE ofganit taﬁeradheSI ve
conposition gives adhesive strength on netal substrates within the

accept abl e i ndiagiteniddéd ovanigeSO,, filfeled @ik sdRXAVEhE&vel (h vatlretolgiveazol e conpound
from EXAMPLE 2 was nade into a solution in toluene at a concentration of 9
%- 2 %Dby wei Gaerodg@n copper | eadframes were dipped into the sol ution,

were air-dried d cure 30_m nutes ZOC The df rames (di e pad,
650 X 650 mil )r e used'g%éc‘ﬁl}’n‘éR':sabQ?ﬁcs?@ PB chwith T‘i'dc%'}? e 500 X 500 mi|.

An adhesive fopfulglie BJIY ?guta Fhi08 Panl?g% 1aﬁm'in'é‘afe Ti}&?h'& a cinnamyl resin,

a radical initrator, |ene ver s di spensed on
each | eadf ram?meﬁyl&rﬁe‘ dhfo%b slioec POACRGe RliidnhEiPGiRgd ¥ssonadp t he adhesive
cured in an oven at 175C for 30 m nutes. The cured assenblies were then

subj ected to 8&LhiZbiferetridridy @ dateriigbdded e MiSturasiaipwediotredct ishi ch t hey were
tested for peel strength. [0045] The sanme procedure was perforned

substi tuting blenzwursi Jhesaventis eyaperated@pdthiicauge beduct seudfeddibl | es coat ed
wi th benzotriazole exhibited an average peel strength of 0.05N, conpared
with the assenflyrescheRmatsgrapiviusng @ 9a9ient A hemaae / hyl err'as Rigdiet ed a peel
strength of 1. tggyroductd' cating that coating a netal substrate with the

t hi azol conpound”inpfroves adhesi ve strength over the comonly used
benzotriazol e gERgsi ON PERAMSLY +: 12 WHAT | S CLAI MED: A conpound
containing a th| azole functionality and a pol ymerizable functionality
havi ng the structure: CH3 N 1 @H~38 Q' Ni H2. A conpound containing a
thi azole functionality angy ol yneri zgbl e functionality having the

structure: O S~p~N WsY ~Qi \ /u\

)
H

3-Isopropenyl-a,a-dimethylbenzy! isocyanate (m-TMI, 21.1 g, 0.105 mole)
was solvated in 50 mL toluene in a 100 mL three-necked flask equipped with
a mechanical stirrer, addition funnel and nitrogen inlet/outlet. The reaction
was placed under nitrogen, and 0.01 equiv. dibutyltin dilaurate (catalyst) was

added with stirring as the solution heated to 80°C. The addition funnel was



H W3. A cornpound containing a thiazole functionality and a pol yneri zabl e
functionality having the structure’ OO NYSS-ON S O 4. A curable
conposition conprising: 13 (a) a thiazole conpound containing a thiazole
functionality and a polynerizable functionality, the polynerizable
functionality selected fromthe group-consisting of electron donor,

el ectron acceptor, or epoxy functionalities; (b) a polynerizable resin; (c)
optionally, a curing agent; and (d) optionally, a filler. 5. The curable
conposition according to claim4 in which the thiazole conmpound is sel ected
from t he grouphegasvith S-(PghydfoxyetiGhi3-raetydthiezak (.0 g 0.105 mole)

dissolved in 50 mL toluene.
[0024) This solution was then added to the isocyanate solution over
ten minutes, and the resulting mixture heated for an additional four hours at
80°C. After the reaction was allowed to cool to room temperature, the
mixture was washed with distilled water three times. The isolated organic
layer was then dried over MgSQ,, filtered, and the solvent removed in vacuo
to give the product as a white solid in 97% vyield.
[0025] EXAMPLE 2.

0

@[N\YS\/\O/U\,},

3-Isopropenyl-a,o-dimethylbenzyl isocyanate (m-TMI, 19.05 g, 0.095 mole)
was solvated in 50 mL toluene in a 100 mL three-necked flask equipped with
a mechanical stirrer, addition funnel and nitrogen inlet/outlet. The reaction
was placed under nitrogen, and 0.01 equiv. dibutyltin dilaurate (catalyst) was
added with stirring as the solution heated to 80°C. The addition funnel was
charged with. 2-(2-benzothiazolylthio)ethanol (20.0 g, 0.095 mole) dissolved
in 50 mL toluene.

[0026] This solution was then added to the isocyanate solution over
ten minutes, and the resulting mixture heated for an additional four hours at
B0°C. After the reaction was allowed to cool to room temperature, the
mixture was washed with distilled water three times. The isclated organic
layer was then dried over MgSQ,, filtered, and the solvent removed in vacuo
to give the product as a thick liquid (viscosity = 4,000 cPs at 50°C) in 95%

yield.
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A solution of one mole equivalent of maleic anhydride in acetonitrile is added
to a one mole equivalent of 8-aminocaprioc acid in acetic acid. The mixture
is allowed to react for three hours at room temperature. The formed white
crystals are filtered off, washed with cold acetonitrile and dried to produce the
amic acid adduct. Amic acid is mixed with triethylamine in toluene. The
mixture is heated to 130°C for two hours and water is collected in Dean-Stark
trap. The organic solvent is evaporated and the 2M HCL added to reach pH
2. Extraction with ethyl acetate and drying over MgSQ, followed by
evaporating the solvent gave 6-maleimidocaproic acid (MCA).

[0028] B-Maleimidocaproic acid (MCA, 45.13 g, 0.214 mole), 5-(2-
hydroxyethyl)-4-methylthiazole (30.41 g, 0.214 mole) and 250 mL toluene
were added to a 500 mL three-necked flask and heated to 80°C in an oil bath
until dissolved. Sulfuric acid catalyst (0.384 g) was added and heat was
Increased to 140°C. After 11 hours of heating, theoretical water (3.9 mL) was
dropped along with 25 mL of toluene from Dean-Stark apparatus. Toluene,
25 mL, was replaced into the flask and the reaction was continued. This was
done three additional times. Triethyl amine (10.80 mL) was added and the
mixture was allowed to stir for one hour at room temperature. NaCl (20%)
was added to the mixture and the mixture was transferred to a separatory
funnel. The organic layer was isolated and dried over MgSQO,, followed by

evaporating the solvent to give the product in 62% yield.
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6-Maleimidocaproic acid (MCA, 45.13 g, one male equivalent), 2-(2-

benzothiazolylthio)ethanol (one mole equivalent) and toluene are added to a
three-necked flask and heated to 80°C in an oil bath until dissolved. Sulfuric
acid catalyst (catalytic amount) is added and heat is increased to 140°C.
After 11 hours of heating, theoretical water is dropped along with toluene
from Dean-Stark apparatus. Toluene is replaced in the flask and the reaction
continued. This is done three additional times. Triethyl amine is added and
the mixture is allowed to stir for one hour at room temperature. NaCl (20%)
is added to the mixture and the mixture is transferred to a separatory funnel.
The organic layer is isolated and dried over MgSQ,, followed by evaporating
the solvent to give the product.

[0030] EXAMPLE 5.

This thiazole compound is prepared according to PROCEDURE 1 by the
reaction of 5-(2-hydroxyethyl)-4-methylthiazole and cinnamyl chloride.

[0031] EXAMPLE 6.
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This thiazole compound is prepared according to PROCEDURE 1 by the

reaction of 2-(2-benzothiazolylthio)ethanol and cinnamyl chloride.
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This thiazole compound is prepared according to PROCEDURE 1 by the
reaction of 5-(2-hydroxyethyl)-4-methylthiazole and 2-chloroethyl vinyl ether.
{0033] EXAMPLE 8.
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This thiazole compound is prepared according to PROCEDURE 2 by the
reaction of 5-(2-hydroxyethyl)-4-methylithiazole and acryloy! chloride.

[0034] EXAMPLE 9. The thiazole compound from EXAMPLE 1
was formulated into an adhesive composition and used to attach a 500 X 500
mil silicon semiconductor die to a copper leadframe with a 650 X 650 mil die
pad. The adhesive composition contained a bismaleimide 'resin, a cinnamyl
resin, a radical initiator, poly(butadiene) and silver filler, and was dispensed
onto the leadframe. A silicon die was placed onto the adhesive, and the
adhesive was cured on a hot plate (“shap cure”) at 200°C for one minute.
Ten assemblies for each adhesive composition were prepared. The cured
assemblies were subjected to 85°C/85% relative humidity for 48 hours, after
which the die was sheared from the copper leadframe at 90 degrees with a
Dage 2400-PC Die Shear Tester at 260°C. The average die shear strength
of the ten assemblies was 38 Kg force. An acceptable die shear strength for
this application within the industry is 10 to 15 Kg force indicating that the
presence of the thiazole compound in the adhesive composition gives

adhesive strength on metal substrates within the acceptable industnal range.
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[0044) EXAMPLE 10. The thiazole compound from EXAMPLE 2
was made into a solution in toluene at a concentration of 1% — 2% by weight.
Ten copper leadframes were dipped into the solution, were air-dried, and
cured for 30 minutes at 120°C. The leadframes (die pad, 650 X 650 mil)
were used as the substrate for a silicon die, 500 X 500 mil. An adhesive
formulation, comprising a bismaleimide resin, a cinnamyl resin, a radical
initiator, poly(butadiene) and silver filler, was dispensed on each leadframe, a
silicon die placed onto the adhesive, and the adhesive cured in an oven at
175°C for 30 minutes. The cured assemblies were then subjected to
85°C/85% relative humidity for 48 hours, after which they were tested for peel
strength.
[0045] The same procedure was performed substituting
benzotriazole for the benzothiazole. The assemblies coated with
benzotriazole exhibited an average peel strength of 0.05N, compared with
the assemblies coated with benzothiazole, which exhibited a peel strength of
1.05N, indicating that coating a metal substrate with the thiazol compound

improves adhesive strength over the commonly used benzotriazole adhesion

promoter.
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WHAT IS CLAIMED:

1. A compound containing a thiazole functionality and a polymerizable

functionality having the structure:
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2. A compound containing a thiazole functionality and a polymerizable

functionality having the structure:
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3. A compound containing a thiazole functionalty and a polymerizable

functionality having the structure-
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4, A curable composition comprising:
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(b) a polymerizable resin;
(c) optionally, a curing agent; and

(d) optionally, a filler.

5. The curable composition according to claim 4 in which the thiazole

compound is selected from the group consisting of
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