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o INBEE Y@ CYPRTENVE EfHEREN MY LENE OR ALKYLEOXY cHalRE™
FOR USE I N M CRCELECTRONI CS ADHESI VES - This invention is
drrected to flexible epoxy conpounds for use in mcroelectroni

adhesives that can be rapidly cured and that have | ow or no ioﬁFacs’ &Py
contanbnation, and to processes for their syntheses.

One step in the. manuf acture of sem conductor integrated circuits 6'(’5 otaﬁé'z
bondi ng of a silicon chip or die.with an adhesive to a copper

frame fromwhich xR PeLyBitie ENYL ETHE 086 gkl eNeS BRRLIYDEORP iAtNg!i € and
ead f,pame assenbly I's N McRbEDESTRONICS ADHERR/EgEr i C seal ant and

connecfed to external CI rcw try by way. of the netal conductor | ead§/
that extend through the encapsul ati on.

Thi§ invention is directed to flexible epoxy compounds for use in microslectronics

15 adhesives that can be rapidly cured and that have low or no ionic contamination, and to
processes _fé'r'the'ir syntheses.

One step in the manufacture of semiconductor integrated circuits is the bonding
of a silicon chip or die with an adhesive to a copper frame from which extend metal
conductar leads. The bonded die and [ead frame assembly is encapsulated within a

20 polymeric sealant and connected to extémal clreuitry by way of the metél conductor leads
that extend through the encapsulation. -

Epoxy comboun'ds are prefem_ad as the die attach or encapsulating adhesive due
to their superlor adhesive stréngth. The epoiies conventionally used are the aromatic
epoxies, due to their strength, but these are inherently rigid and britle. During the

25 - rnanufactunng pracess the adhesives and substrates are subjected to repeated tharmal
cycling. if the adhesives and substrates have widely dlsparate coefﬁcignts of thermal
expansion, the stress af thermal cycling can lead to adhesive failure, éubstfate warpage,
or fracture of the die. Thus, a crucial requirement for an adhesive destined for
microelectronics use is that it be ﬁrong and flexible to absorb the stress of thermar

30 eyeling, |

A second crucla_l critarion is that the adhesives be capable of rapidly curing to
meet the speeds of assembly line processing. The fast cure times required, typicaily 30-
60 seconds at about ZDOGC..are known as snap-cure. This com;;ainatidn of criteria.
adhesive strength, flexibility, and abiiity to be snap-cured. is difficult to attain in one

. 3§ adhesive. .
| it is also crucial that the epoxy formutations be free of ionic contamination, .

particularty sodium and chloride ions, and free of bonded chlorine. These contaminants
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Epoxy - confodsr B'p ef Wﬂﬁ“a%"?‘f'rep%f% BE:h or encapsul ating adh&sf7@

due to their superior adhesive strength. The epoxies
conventionally used are the aromatic epoxi es, due to their
strength, but these are inherently rigid and brittle. During the

manuf act uri ng pr ocaassuselrerreribh e fhe ewtabipaiis Sdsicoaductsr davisesand] tirultinthte filure
repeated thernal cycling. If the adhesives and substrates have

wi del y disparate %’d‘éﬁ??"&?ﬁnts of thermal expansi on, the stress of

thermal cycling can | e‘Pd*{g e.SI \éxes urc%re n@ﬁ«%ﬁ" 0 aln%ﬁpgﬁ%ﬂlzm this.

or fracture of the di _C|a reqwre for an a
destined for nowever The86a8 |aaﬁ%&fﬁléerﬁ§% l%@&uéeslhé R4 of broRRRicHhdidDia Tared.

flexible to absorb the stress o cycling.

A secomsd crucial vHd idaribobf 4 Sexdbligdr dldbeeduodsene wtily BEthe agrabile toode smpc:m‘éq
curing to nmeet the speeds of assenbly |line processing. The fast
cure tinmes requirestsuseytpe GeNitliiger3@s a high moleculaES@'E'Q@d@ndmxm Matsovar. QW[‘E‘F r}C
are known as snap-cure. This conbination of criter

strength, flexibi F'i"f‘i}"" agf] @5 pROseY grepured gy, ’E?]’r'é’ﬁlwfe?acﬁ“? 9 %gﬁfre'fc(? Dt t ai n
in one ' Q&%‘(t%’l%tes low molecu][ar weiﬂht comﬂoLnds%na@ lvglgtuhg ok B&Jare Emtan& nﬁh epoxy

formul ati ons be free
molecular weight compounds may not complete[y cure, This combination of factors,

_ 10 | sometimes even a problem for slow cure formulations, Is fatal for achieving snap-cure.
As 2 possible solution to some of these problems, it is known ta combine
'aromatic moieties with aliphatic moieties in the backbone of the same polymer, but the
currently available polymers of this type have a high ratio of aromatic to 'aliphah'c'
moieties, which results in a loss of flexibility. Additionally, the method of preparation of
15 these _rhateridls results in high chiorine contamination, which is deleterious In
microelectronics applications. The polymers also have high viscosities, which_. requires
the addition of 2 solvent as a diluent.“ During snap-cure, the curing is sometimes faster
than complete solvent -volatillzatlon. which leads to voids in the cured adhesive, and
potehtial fallure of the miicroelectronics chip or device. Thus, low viscosity materials,
20 - which eliminate the need for solvent, are preferred. _
The problems assoclated with providing strength to flexible compounds, and with
snap-cure, ars amplified as the microelectronics Industty moves toward larger and 1arger
die sizes. This creaté; a continuing need far improved flexible epoxie;. whi;h have
strangth and purity, and that cen be formulsted Into snap-cured die attach adhesives.
25 . This Invention relates to flexible epoxy resins that can be used to férmulate snap-
curable die attach adhesives, encapsulants, and coatings. The epoxies are prepared by

a synthetic route that avoids the use of epichlorohydrin resuiting in low leveis of ionic

I
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particul aP? YW o8f ufi?'#Rd CAFENATHR KEdn EATENFMAELEE of bonded chlorine. ThB&®E

contam nants 2 can
cause corrosion of the netal |eads in sem conductor devices and the
ultimate failure of the devices. To add flexibility, epoxies can

be co-reacted w centaminaied prveces (ndiudiom isbdiyri 81 ghloritie fop, anth orgenie bqund eblorre);
adhesi ve strength because the |evel of aromatic moieties is |owered. The

addi tion of a fI 8% &an;shayt %Té(?yr"@t'ﬂ%é’gmi’%%" Bnprior ag "B‘F‘PQSWE"Sad'f'i‘E‘@lc@@alf‘o be
snap- cur ed becah\?%nﬁelgeat J'IPJVLI:L; Z?J eé]ﬁl tgg'compo (lensaé V\rlﬂ gf\ﬂ epoxy.
e FPE P

Mor eover, when t c ARd A |c epOX| es not
co-react due to guifidehi FdrREsmEn h@thoaseﬁatdigﬁiﬁéaﬁty %é‘c% y.éugw NdRddR el krfarsymﬁétﬂht

conmpounds may volatilize out before cure,
5 routes permit the preparation of discreat chem1ca| structures rather than mixes of various
resins,

The epoxy resins are liquids at room temperature, have Tg values when cured
of less than or equal to 1500C, and have nesat resin viscosities of 25.000 cps or less at
250C. Thus, no solvent is required for formulating these epoxies inta highly filled

10 adhesives (for example, with thermal or conductive fillers).
| The modulus of elasticity, percent strain and glass transition temperature (T)
values for these epoxies indicate high ﬂexibiiity._ The m0d.|.l.lu$ typically is less than or
equal to 2.0MPa. The percent strain typically is greatér than or equal to 5%. The cured
T, values for these epoxies will be 1505C or less, and for some compounds will be
15 100eC or less. |

In enother embodiment, this inventioﬁ_ pertains to adhesives made with these
epoxies, for use in microelectronics applications. The flaxibility of these compounds is
retained when the epoxies are formulated with conductive materizl, such as siiver ﬂakes.
and used td b.ond silicon chips to a metal lead frame substrate. The cured epoxies

20 demonstrate a high radius of curvature, greater than or equal to 350 mm. (The highe-
the radius of curvature, the less chip warage, which in turn Implies a flexible adhesive.)

Tha cured &poxies alsa demonsﬁate goad adhesive strength, measured as die
shear strength. Die shear.is a measure of the force required to remove a bonded ¢hip
from the matal substrate, which for these compounds s greater than or equal to 13 MPa.

25 | Moreover, the adhesives exhibit no loss of flexibility or stréngth. Preferably the
formulation will camprise 20-80 parts by weight of the ﬂe:?ible epoxy.and 80-20 parts of

an aramatic 0-glycidy|' ether (to @ total of 100 parts), a curing agent, a conduclive filler,

This Sheet Has Been RTlaced
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nol ecul arBMh?G 5?15 un'éﬁsq’ﬂ"\']I %‘15%""(:8‘?‘?:5* ﬁ'f ure. This conbinati on S0
factors, sonetinmes even a problemfor slow cure fornmulations, is fatal for
&hi eving snap-cure. As a possible solution to sone of these
problens, it is known to conbine aromatic noieties with aliphatic noieties
in the backbone aid bptienain20-60 iatsret 3 phanblict esdeneruper dotdrgd parsi dfahby Relhyner s
of this type have a high ratio of aromatic to aliphatic npieties, which
results in a l osﬁPpBﬂ flexibility. Additionally, the nmethod of preparation
of these materials rgsults in hpogh chlorine contam nation, which is

del eterious in mcro eGSRl cRTPORoN 77 the/epoi LESing mASERs ARQPdomaTiG RckRolR. hi gh
viscosities, whi Sg'hl{xﬁﬂé'bf Ien%a@lﬁéé}gﬂ'u‘hitsoﬁf rﬂ{ I%teSIQJ(u)nggFS gr%e%rﬂrknlt*’%'ﬂ{ sty DUr i ng

snap-cure, the curing 1s s ast ér an C te so

vol-atigization, whn&h semeat EossiRi difisity o yiBR usbueshnadResrbpeRtiesaMile fRARIENt i Al
failure of the mcroelectronics chip or device. Thus, |ow viscosity
materi al s, whi chackbdngiis tarmpinatérb om emedorfboth engs witinan ammthomeﬁwrheerms one ar

The probl enms associated with providing strength to flexible conpounds, and
with snap-cure, maﬁeeep&ﬂbflﬁ“?‘!%ﬂ“&s e tie cPBRAuEds: PRYRi O™ dRASL IV SFRSANS

| mpr oved 1 exi bl 1oafiey Fhen Sl o s, SR nR Rk O SRR o Cn e
formulated into gRRABNCHESRS H ife ﬂﬁﬁp&c@ﬂgﬁaﬁ%s the strength imparted to the cured
10 material by the aromatic moieties and maximizes the flexibility imparted to the cured
material by the aliphatic moieties. | _
fhe compounds have no fnore than two hydroxyl grodps per meolecule; restﬁcﬁng

the number of hydroxyl groups to two or less promotes low viscosity.

The epoxies have one of the following general structural formulas:

15 .
- | T‘ oH - _T;\
| D_ o/\/\ o~ flexible c!mp o-{l
(v/), S
. . q .
o n ' n
where flexible chain is CHZCH2ZCH2CHZO whengq = [-6
20 . or where flexible chain is CH2CH20 when g =3-10
n o
o oM |
Dy
25 OH p
o p=6-16 \ © / n
13
-4 -
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This i nveBiBHN 96| LBERE t SFEFEN B| 'EHe FHIENTHMEETE t hat can be used to S-7737
formul ate snap- curable die attach adhesives, encapsul ants, and coatings.
The epoxies are prepared by a synthetic route that avoids the use of

epi chl orohydrin resulting in low levels of ionic

3 cont am nat ed sour ces (i nclugi ng sgdi umi gn,

bound chlorine), less than abo 0. 19 A L.
r%"lljr o sﬁéfl\é\ﬁhf‘g e

conposi tions, which contain i
t he conpositions are not Aubj to \ stringent purfi
reover, ‘M he sydtmeti

significantly reduce yielld
preparation of discreet chelc I structures, rather

resins.

hl oride ion, and organic
cynpared to prior art
2 .

el s\ especially when
ication nethods that
utes permt the
han g xes of various

5 where flexible chain is CH2CH2CH2CH20 when r=1.10
or where flexible chain is CH2CHZO whea r=3-10
or where flexible chain is CH2 when ¢ = 10-20

in which R’is H, G, alkyl, C, alkoxy or aryl or alkylaryl, C,; perfluorealkyl, or C, 5 acyl;
n is an integer 1-3; the flexible chain is a.s described for each strucfure; and p, q, andr
10 are Integers. as described for each structure.

As used here, alkkyl refers to a hydrocarbon graup derived from an alkane and
have the generic formﬁla CoHapeq: @lKOXy refars to an alkyl group also containing oxygen;
atyl refers to a grouh having the ting structure characteristic of benzene; alkylaryl refers
to a group containing both alkyl and aryl structures; perfiucroalkyl refers to an alkyl group

15 in which one or more of the hydrogens are substituted wlfh fluorine; and acyl refers to
an organic acid group in which the OH of the carboxy! group is repiaced by some other
substituent, in this case, the phenyl ring to which’it is attached.

The flexibilized epoxy resing may be prepared by any suitable.syntheﬁc method
that leaves the product free of ionic contamination. The preferred synthetic routes are

20 those that aveid the use of epichlorohydrin, and comprise the steps of (a) preparir}g an
olefinic precursor by attéching an alkylane or alkylenaoxy chain to @ phenoxy compound
bearing olefinic groups, and (b) oxidizing the olefinic groups to the correspdnding
epoxides. |

In step (a), the fiexible alkylene or alkylenecxy chain is end terminated with a

25 | ~ functional group that is activated toward nucleophilic substitution. Preferably the
functional group is an epoxy, chiore, sulfonate, or toluenesutfonate. The flexible chain

" i$ derivatized by nucleophilic addition of a phenolate compound displacing the chloride,

R
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The epoxy?? &8 ndE aPE P qHIFEHEE & FEOnT P ERRY T e, have Tg val ues wherd-B(Fed

of less than or equal to 150[err]C, and have neat resin viscosities of
25,000 cps or less at 25[err]C. Thus, no solvent is required for
formul ating these epoxies into highly filled adhesives (for exanple, with
thermal or conductitfonetef iot &licaxith .(from epoxy ring bpeningp tlinktidRal QGfroup! el dhidotate RET CENt
strain and glass transition tenperature (T[err]) values for these epoxies
i ndi cat e hi gh f| x3rared;fom themecten @ Fagiunt hygraxide [oy other dlial sretah byvraxide vetjeal t 0
- 2.0MPa. The per cent §trai n %E@l cally ism?qreat er than or equal to 5% The
cured T[err] val®U&¥ FEPPYRFREYIng 9y oR% YRR opRup Whighossyres that the aucleophili 1 o
sorte. compounds  Viskbesfifon WIPAE iy Sice oiF Sncrotp cromica stlaBiBOHIA! (EIPGLIEN

this invention pertains to adhesi'ves nmade W ese  epoxi es,

m croebectroni cs migret eBprbdids). THahérorPedmipolriat i alé sitRRSEd MRANBOURR S mbiey,
retai ned when the epoxies are fornulated with conductive material, such as

silver flakes, dmieraran alipl gowpdvhichlis inestto altiepshilk Gubstittdng bnd s2ads bs R Eite
substrate. The cured epoxies denonstrate a high radius of curvature,
greater than or &Y faberexede prRduck 1in step (by g olefinine thepliena group isnonverted t9, t he

I ess chip.war PagGe m&h(eio&idte)l.” ninplies a flexible adhesive.)

Preparation_of the Olefinic Precurgors

10 | The olefinic pr‘ecursors ta the epoxy compound praferably may be prepared by.
one of the following generally described methods. More specific detail for each method
is provided in the examples.

L _ Adiglycidyl compound ofan alkylene or alkyleneoxy chain, of appropr_iaté
Iéngth to conform in the final'product to ane of the above described general structures,

15 ' may be reacted with a phenolic campound baaﬁng one or mare olefinic groups in the
presance of a catalyst effective for catalyzing condensation reactions between phenolic
compounds and oxiranes. P . |

- Prefarred diglycidyl compounds are 1,4-butanediol diglycidyl ether; 1,12-
dodecanediol diglycidyl ether; polyethyiene glycol digylcidyl ether, poly(tetra-methylene

20 glycol) digty<idyl ether, and polypropylene glycol diglycidyl ether, in which the polyalycol
p;:rtion of the moieculé has a molecular weight less than or equal to 2000 daitons-;‘
1,2,9,10-diepoxydecane, 1,2,13,14-diepoxytatradecana, and similar compounds; and the
diglycidyl ether of poly(caprolactone)diol. |

Preferred oleﬁnl mhctiona_llzed phenolic compounds are 2-allylphenol; 2,6-

25 diallylphenol; 2,4-diellylphenal; 4-allyl-2-methoxyphenol; and cther similar phenolic

compounds. The phenclic compound ¢an be used in excass to effact a high degree of

reaction with the diglycidyl compound and the excess ¢an be removed from the produc:

-6-
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The cured%eptiti’'@8 PS8 dEABHEN &€y GBI EANESbe strength, neasured d%°@'e

shear strength. Die shear is a neasure of the force required to renove a
bonded chip fromthe nmetal substrate, which for these conmpounds is greater
than or equal to 13 MPa. Mor eover, the adhesives exhibit no | oss
of flexibility or bptissagnh 'thpm‘nem:aubwomamyseé Bal bubstitGted WitH Jroup@ iRt 16 Aot20- 80
parts by weight of the flexible epoxy and 80-20 parts of an aromatic

fO lg: yci dyl ether (rtestere withx aihercf the(ngo plaps Inyolvad, incthe fompetiay efthe peedesdnduct i ve
iller, nally .
20-50 part$ of a phenoneée"ﬁéFﬂ@}‘?ésra’ﬁﬂﬁ'at?‘iﬁ%?’@'W%ﬁ? P’s°“8’r"“%fb‘{5’?<§"’r‘8g‘r%?"8° Y

(PR e o R GRS BRI . e B! S5, SRpAL >
nmoder atg | ength t gnfbANd. dorb b«%?éha:\ ddtdipéts a'?é’the Glatekrdary ammonium salts with lower alky!
constituents, particularly tetramathyl ammonium chloride.

I An alkylene or alkyleneoxy chain, of appropriate length to conform -in the
final product to one. of the above described g'eneral structures, and bearing a leaving
group, such as, chloride, bromide, iodide, or tosylate, at the termini of the chain, may be

10 reacted with an alkali or alkafine earth metal salt of a phenoxide compound bearing
olefinic groups. |

The alkylene_ br alkyleneoxy compound bearing the leaving group generally is
derived from the cor_responding alcohol by convarsion of the hydroxyl group into a leaving
‘group using known reactions. Far example, an alkylene or alkyleneoxy chloride can be

i5 ' generated from the aleohol by reaction with SOCI,. .The tosylate can be generated fram
the slcohol by reactlon with tosyl chloride in the presence of base. Examples of suitable
alcohot termlnated alkylene or alkyleneoxy chalns include 1.4-butanediol; 1 12-
dodecanediol; polycap.rolac!one' diol; polyethylene glycol; and 1,10-decanediol.

The olefin Mncuonallzéd phenoxide compound is generated from thé correspond-

20 ing phenolic compound by the action of an alkali or alkaling earth metal hydroxide .In thf.
presence of an azeotroping solvent. These reactions are well known in the art. Suitable

azeotroping sclvents include toluene, xylene, p-cymens, and similar solvents.

of lefini S
25 After the precursers a‘re'formed. the olefin in oxidized by any methed cffective
to provide the comesponding epoxy. Various methods are describad in the literature for

el'fecﬁvely carrying out the oxidation process, and include the use as an oxidant of

'\
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mai ntai n €PN PR EF os SPFERRNIY & EH: TRTENTMBELdE usef ul  adhesi ve proper¥-t®S7
The flexible backbone is term nated on one or both ends with an aromatic
noi ety bearing one or nore epoxy functionalities. Thus, the conpounds
have no nore than two aromatic noieties, which exist only at the termni.
Restricting the rrgapierpesaskis.t sveh Bdaeracetiv agd or tiflyropesmcetic Ad: epPBAMIAR ackE

pol ynmer backbone pmjntains the strength inparted to t‘ﬁg cur-ed materi al by
the aromatic noi SR SARPILRTS e é'@gtgﬁﬂ‘ﬁl‘@"’ﬂeej?ﬁgﬁ'ﬂ? PSRGHRuFY %scfe'f"ﬁyt'frﬁg&(’?ur ed
material by the gl] ' LSk M oy SHLM GGy BRYEG: darxide) €
than two hydroxyI%'yli'_:}?'*c?)%t|f)1'l§§%'pigergr?él’$r%%)‘%I g}%& 3';su‘r=e?sstnﬁ‘@tri?°r§grﬂ t he ngnbgr ‘%f xhydroxyl
groups to two Or ghff QIR EBut-RYNrope®%ieS | dnd manganese-salen TdBREDMIEtoizave one

of the follow ng general structural fornulas: [err] :

5 The preferred epoxidation methods use Inorganic peracids, peracetic acid, and
peroxyimidic acids as the primary oxidant, Moré specific detail for eai:h method is
provided in the examples.

The pr'efen;red inorganic peracids are based on tungstic acid, phosphotungstic
ac_ld.'and similar compounds. using hydrogen peroxide as the secondary oxidant. The
1d oxidation process is enhanced by employing & two phase system and a quaternary
ammonium or phosphanium sait as the phasé transfer catalyst |
Peracetic acid in acetic acid may also he used sﬁccessfully as the oxidant.
Althougjh many solvé’nts are suitable for this oxidation, the rate is faster In chiorinated
solvents, such as, dichloroethane. In this process, as the reacllon_ ls pushed to complete_
18 conversion, the accumulating acetic acid'begins. to attack the oxirane. The result is a
product with a lower oxirane content (higher WPE). and higher viscosity than if the
oxldizing agent is an inorganic peracid in the presence of a quaternary onium sait.
The use of peroxyimidic acid as the oxidant provides the advantage that the
byproduct is acetamide, which is innocuous to the oxirane, A preferred peroxyimidic acid
20 is derived from acetonitriie and hydrogen peroxide. The- optimum conditions for the
péroxyimidic acid oxidation include the use of KHCO,, reaction temperature near 409G,

and optionally, the use of 2n aqueous sponge'. such as, 2,2-diméthoxypropane.

Formulation of Snap-Cure Adhesives

25 Tha flexible epoxy compositions of this invention are useful as oven cured
adhesives; however, their utility ¢can be expanded i the snap-cure property is available.

The epoxies can be formulated into adhesives that exhibit good adhesive strengtr,

-
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where-fl efP e CRaPi*3®s HESIRIEH SFTRERHEELE- 6 or where fl exi bt-d"3*
chain is CH2CH20 when g = 3-10

REPLACEMENT SHEET 5111. [err]
where flexible chain is CH2CH2CH2CH20 when r = 1-10 or where
flexi ble chain i sﬂelﬂim-ﬂ'@ aktityrto jbe snap-cugd. The preferred formulatigne wdll dontein 3-89 chai n
Is CH2 when r = al koxly or

aryl or al kyl ar ylpaﬂtf%‘f'?'?m ﬂ%‘%@%‘%&'?&?&fﬂ‘?a%g 'ea["‘tr#”f ?‘l’ié%l)‘?f?“%‘?"gat"l’ O-glycidy
ether resin (to total 100 parts), a curing catalyst, and optionally ane or more fillers. In
general the curing catalyst is an imidazole catalyst, present in an amount of about 5-10
5 parts per hundred paﬁs resin, and the filler is thermally or electrically conductive, such
as silver flakes, aithough other etectrically or thermally conductive fillers or silica may be
used. The filler is preferabfy. present in an amount of about 25% by volume of the
adhesive formulaton,

The aromatic O-glycidyl ether (aromatic epoxy) will be substituted with one or |

10 more aromatic rings, and optionally with one or more C;-C, groups. The aromatic
epoxies will have an epoxy equivalent Qeigﬁt (WPE, weight per epoxy) of 200 or less,
and will be derived form the correépanding phanolic hardenars. Examplary aromatic
epoxies are bisphenol-F diglycidyl ether, bisphenol-A diglycidy! ether, resorcinol diglycidyl
ether, and the epoxy phenol novolaks.

15 The adhesive formulation may further contain 20-5Q parts per hundred parts of

| resin of a phenglic hardenar haviﬁg one or more hydroxyl groups per aromatic fing (from
which are derived the aromatic epoxies described above), Exemplary phenolic hardeners
are the commercially available phenol novolak résins, bisphenol-F, bisphenol-A and
resorcinol. The addition of the phenolic resin serves to improve the adhesion strength

20 of the formuiation after axposure to maisture and thermal shock 2t 250¢C, and to preverlt_
bleeding of the fiexible epoxy out of the_formulation.

In general any effective curing catalyst in an effective catalyllc amount can be
usaed. The preferred curing catalyst is' an imidazole catalyst, and typimlly is present in
an amount of about 5 parts per hunﬁre_cl parts resin. Preferable imidazole catalysts are

25 : imidazole, 2-ethylimidazole, 2-ethyl-4-methylimidazole, 2-phenylimididazole, 2-phenyl-4-

- methylimidazole, and 2-undecylimidazole.

————
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nis an i@ ddbroea .- 83:2p heHAEERNGY KERWBRTRNTRAMEL TRlescri bed for each str@cl%’?—é
and p, g, and r are integers as described for each structure.

used here, alkyl refers to a hydrocarbon group derived from an al kane and
have the generic fornmula CJerr]H err]; alkoxy refers to an al kyl group al so
contai ni ng oxygen; arThe flleaffrwsoetam'QItrgprtnnmpallnawblagri@nyecmﬂwg/esmterumwn
characteristic of benzene; alkylaryl refers to a group containi ng bot h

‘alkyl and aryl st¥®@esuiebleformisrpeiagioniss) aeglicatiops. dised 't‘@" |"R91“°‘§'|t-ouﬁ5maf‘¥1

whi ch one or nore_o JL U ed . w acyl
refers to an org%ﬁ?IcfEl%{’c?i B¥ %%’ﬁg%r!lerv\ﬁ@%blfhé Sygh ot ecegtﬁ%m&%ﬁhe iy
repl aced by sone QinB&kive ﬁuh%h.ﬁa%ﬂy '.>e'u9edt BaSs ﬁr@ﬁ?ablytppéQarﬁhﬁi}VémJuhm aE&uth ch
it is attached. l'exi bi'l'ized epoxy resins may be prepared by
any suig abl e synt #ss% by:vmﬁéﬂadheédmaswel fomwationt he product free of ionic
contanination. The preferred synthetic routes are those that avoid the use
of epichlorohydrin, and conprise the stefsamnes a) preparl ng an olefinic
precursor by att achi ngTan al k’{vsl ene or

f

conpound  beari ng oI e hei follayp uﬁ%‘?‘pﬁﬁdﬁ“{’gte d%eﬁf ?’ﬁtfj’"t ﬁfe'QB'Ie%‘?"PaﬂY%%ﬁ@ﬁps to
the correspondi ng,, BBUCTS) by the two bibreRtbS Bnin@le bt afd il bldkidatRh 'sYheNe O
r?aqyecf wth a

al kyl eneoxy chai e end erm
olefins by the three preferred epoxidation methods to give the corresponding epoxy

10 ~ compounds (EPOXIES). The evaluation test methods are given and the performance
results tabulated,

The examples also disclose snap-curable die attach adhesive formulations that
contain the flexible epoxies and the O-glycidyl ether aromatic epoxies, and formulations '
conté_inihg the phenolic resin.hardeners.

16 Test Methods

The following test methods were used to evaluate the sample epoxy resins.

The epoxy equivalent weight (WPE, weight per epoxy) for each of the aboxy
products Was detehnlned by dissolving the compound In giacial acetic acld followed by
litration with standardized HBr/acelic #cld (~ 6.1 Nj to the violet/green transition of crystal

20 ~ violet indicator. | - _

The viscosity of each of the samples was determined using a Brookfield cone-n-
plafe viscometer at multiple spindle speeds at 250C and Is reported as an average of
three réadings.

The amount of hydrolyzable chiorine was determined by the following method:

25 Weigh accurately 1-5 g (to the nearest 0.1 mg) of resin inta a clean, 125 ml Erlenmeyer
flask with a Teflon® coated magnatic stir bar. Add 40 ml of 0.1N KOH dissolved in

methandl. Place fla.sk fitted with reflux condensor Inta a water bath heated by Enagneﬁc

-10 - _
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f unct i onaf® d'r% Betﬂ%tfzgl s "RRETAN % K BRI ST %ophl lic substitution. S. 13737

Preferably the functional group is an epoxy, chloro, sulfonate, or
tol uenesul fonate. The flexible chain is derivatized by nucl eophilic
addi ti on of a phenol ate conpound di spl aci the chl oride,

sul fonate, or al kii')’d‘P"dé“"( Rl Hhite fEflux the site PGy EXRTHH 16 Minkige. t@qnd'ﬁtaove-lth%
QPEQF! ate 15 h%? dfﬁh\'m %hogoreact 't%p anttﬁ 34 uéper'})(éjﬁ%sla ir% Oclie'_aiggg(ﬂnl

net al p'ht%n roxyl

group, which assuggg th?hfs s I FHPé 'tinﬁ RS pokib H
once and di screte cheerm ca T st?ﬁ‘l’c’%urgs reesusr (thatdofﬁé mngtﬁﬁaﬁgﬁugrfee@wo?

products). The phheGhuic PegBe BehkerS Al I0 i wbgihdidl ubed avil lahd ttrateothe fchloridenibret v,
preferably an allyl group, which is inert to nucleophilic substitution, and
serves 5as t he sitgotentiometidally ftb ribg eap avinti avith r GRAGNt AgNGy  salutign.( b$alculaie tb? efin

on the phenol group i s converted to
hydrolyzable chloride content in ppm as follows:

{mi_titrant) (N AQNOQ.,) (3.55 x 109
Chloride {ppm) = weight sample g

10 : '
The amount of total chlorine was determined by the following method:

~ Accurately welgh 1-5 g (to the nearest 0.1 mg) of resin into a clean Erlenmeyer flask With

2 magnetic stic bar. Add 30 mi of dioxane and 15 ml of 3N KOH solution in ethanol.

Placa flask fitted with a reflux condensor into a 100 °C water bath heated on a stirrar /

15 hot piate unit. Allow sample solqtion to reﬂux for 30 minutes. Remove flask and allow
it to cool to roomn termperature. Transfer the liquid into a clean 400 mi beaker. Rinse the

sample ﬂ_ask three times with 50 m! portions of methanol. tranaferrin.g' the Jiquig into the

beaker. Add 100 ml of glacial acetic acid. Titrate potentiometrically with 0.005N AgNd,

solution to the end péint using a sliver electrode with a KNQ, sait bridge. Caldulate the

20 chioride content in ppm as described above.

EXAMPL {: Syntheses the Qlefinic Precursors

ADDUCT A

| N e e Ao
25 ' .

The raactlon apparatus was a 500m1 round bottom flask equipped with a
mechanical stirrer, thermometer. and condenser. Tha raagents, 2-allyl phenol (189 gms,

1,19 moles), 1,4-butanedicl diglycidy! ether (120 gms, 0.58 moles), and 1% tetramethyl-

-11- :
This Sheet Has Been R

Hllllll T



¥ [ RECEIVED @6/85 16:39 1996 QT 5330694 PAGE 14 (PRINTED PAGE 14%) ]
the oxirafe {HpERi #2)2° HAGEMANN & KEHL PATENTANWRELTE pronaration of the O ®ffAc

Precursors _ The ol efinic precursors to the epoxy conpound preferably
may be prepared by one of the follow ng generally described nethods. l\/bre
specific detail for each nethod is provided in the exanples.

A di gl yci dyl - conpSUTRINGT chindde FaRIsERS wms). anereAddactls ng reastianappastus sk yfsed at e

| ength to conform,i e final oduct one of the ab d

general 'structure¥, &'ode Jr.‘rg?/ ?5’8"’?“5'5@ e &?Uf Qrge SRR v@ﬁr{%%l)%ntﬂe%g Irﬁ"ﬁgh%ne or
more-ol efinic gr q’é&[%nfs”stll;r&ﬁat tﬂétqm%ré’ffor%n%&f;i’):{n}llsl]iouﬁfﬂte%%é Yompbddfure was

catal yzi ng condensati on reactions between phenolic conpounds and oxiranes.

Preferred di gl yciriged Raapaund heaéagents Heldstiimd Rparbtufd vHily plogists & tiHeQesctidn 12-
dodecanedi ol diglycidyl ether, polyethylene glycol digylcidyl ether,

pol y(t &tra- net hylwasenoniéred bt Jaschyginplogrepy (GSY)-hEempietinnl wes Hetermined itaesrsurcdfiec ol
di gl yci dyl ether,_in whi col portion of the nolecul e has a

mol ecul ar wei ght W‘g@”?h%&%p%@g%y’g%%"?mﬁ)wﬂw {88, the work-up initiated.
1, 2,9, 10- di epoxydecaneme by gidh3 mbfr PRSI RIPERNE ned W bil hilded on a

conpounds and the
kugelrohr apparatus (1200C/0.1mmHg) to strip off any residual starting materials

{particularly, 2-aliyl phenol).
10 The adduct was traﬁsferred to & 1000 m! separatory funnel and disscived in 300
mi of toluena. This organic phase was washed with 5% sodium carbonate (3 X 200 mL).
10% sodium sulfate (3 X 200 mL), and then passed-throﬁgh 2 neutral alumina pad
{~200 mL) rinsed with totuene.
" The toluene was stripped off by rotory evaporator at 600C/25mm Hg vacuum,
15 and then placed on a kugelrohr at 700C/0.1 mm Hg to remove any residual solvent,
The adduct was obtained in 80% yield, and was characterized by IR and 'H NMR

spactroscopy. It had a viscosity ranging from 650 to 870 cps at 25°C.

ADDUCT B: '
20 oM™ :
: o’T\of\/\,o\/k,o -
: H

Adduct B was prepared in a manner similar to that used for Adduct A, except that
25 2,6-diallyl phencl (310 gms, 1.78 moles) was reacted with 1,4-butanediol diglycidy! ether
(180 gms, 0.88 moles) in the presence of 4.5 gm tetfémethylammonium chioride. The

temperature ofthe reaction mixture was gradually raised to 1800C and held there for one

-12.
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di gl yei dyP> étfer of Pi5B1 y (& &EInET T Preferred ol ef i rf-15/37
functional i zed phenolic conpounds are 2-al I yI phenol ; 2,6- diallylphenol;
Z 4-di al | yl phenol; 4-allyl-2-nmethoxyphenol; and other simlar phenolic
conpounds. The phenolic conpound can be used in excess to effect a high
degree of react iAyr whtl feaction wWisgtopwpletly ks ipdicgtasumdGan dve peodest oz SsalAdt Be
renmoved fromthe product REPLACEMENT SHET

7 by di sti | #eETosH f°"rﬁ@°‘“ﬁhén'ﬁl‘?"c?‘ Y5idpendn asrsarentesigedy by IBbandi HNMRY wi t h
groups that do no% re, W ﬁyhofedasheraé?g he two steps involved in -

the formation of egtmﬁ‘r:" &uct a Viacos ed catalysts are

quat ernary ammoni um or phosphonium salts of chloride, brom de, hydrogen -
sul fate, acetate, and other known catalysts, such as, triphenyl-
phosphisne. More paeid@cT ed catal ysts are the quaternary ammoniumsalts with

I'ower al kyl
' OH )
8.0’\(\/\/\/\/\/1\/0%

10 Adduct C.was prepared in a manner similar to that used for Adduct A, except that
_2-allylphencl (8.44 gm, 0.063 mioles) was reacted with'1.2.13.14-dlepox_v tetradecane
(6.48 gm, 0.0286 moles; prepared by the oxidation of 1.13-tetrédecadiene) in the
presence of 0.1 gm tetramethylammonium chloride. The reaction mixture was heated
t_o' 1850C and held at that temperature for 3.3 hour until reaction was compiste as
15 indic_ated _by GC. The produst wés isolated as described for Adduct A in 81% yield'and

was characterized by IR and 'HNMR spectroscopy.

ADDUCT D: o _
. | ' \ .
20 ' - |
: o ~ N N i . —

The reaction apparatus was a one liter multi-neck flask equibped with mechanical

slirrer, tharmometer, Dean-Stark trap, and condenser. Solid sodium hydroxide pellets

25 {19.95 gm, 0.5 rhcles) and 83 mL xyiene under a gentle nitrogen purge were added to
the apparatus and heated with a heating mantle to 70eC, At that temperature 2-allyl

phenol (66.9 gm, 0.5 moles) dissolved in 200 mL xylene was introduced through @ slow-

-13 -
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const i t uefit dN p t PGP ar TREEVREN & HEW FATEIAMSH-TFm chl ori de. S.{§q737
An al kyl ene or al kyl eneoxy chain, of appropriate length to conformin the
kinal product to one of the above described general structures, and bearing
a | eaving group, such as, chloride, bromde, iodide, or tosyl ate, at
the termini of t rediienafunnel, nWelﬂ’G systemrwascreugniiotrbfiuan Tae kuater fapmedabk albyne

earth netal salt of, a phenoxid ound bear.i ol efi nic groups
The al kyl ene or AEYFNRS YL ﬂuﬁ?ngc’"ﬁﬁ"érdfsﬂ'ﬁt"?‘n% tf‘%ﬁ\??’?‘lﬁf'@rmp%ﬁ%’ﬁér%ﬂ ly is

derived from the (fsgﬁa'ilgé BP %ﬂgl%l @t}(_’%r%h&h5 F}X &Poragl?rtréoré;n%ftark F'ra pcy rgaan anyg roup

into a | eaving reac & M I"ene or
al kyl eneoxy chl ort,\ag&dq,me-be generated fromthe al cohol by react | on with
SOCl [err]. The tosyl ate can be generated from t he al cohol by reaction

with tesyl chloride i mheh&smes-eymnene s mladmethfibsaramicas amf 0.5 fintkh k@ added
al cohol term nated al kyl ene or al %I eneoxy chains include 1, 4-butanedi ol;

'1,12- dodecar?@ﬂﬂ@le““rﬁé‘l’wm}% or18ers. d'h%)‘lilﬂmqﬂé? y@vh%t@mr@!ryﬂﬁﬁe (4fnd
1, 10- decanedi ol .

d d
i s generated frofRE7 S 8?5%'5‘3“ e a°t|°H§PtBﬁt el %ELéEW' {'}Wnom q‘l"?f&%g@augn
~of an alkali or glalid BARiSR fdh Hkéﬁborﬁ.m&é&%@'ﬁ. o't }g'-gymene was introduced into

the fiask through a slow-addition funnel. The. reaction temperature was raised to 1500C
10 and held for 24 hours. Upon cooling, the bys-product salts (sodium chloride) were
removed by filtration, and the filtrate was washed with 5% sodium hydroxide (2x1 50 mL),
and then 10% sodium sulfate (150. mL each) until the pH became neutral (pH = 7 on test
strip). The solvent was removed first on a rotory' evaperator, then on a Kugelrohr
apparatus (1309C/0.2 mm Hg). The product was collected in 95% yield and was

15 analyzed by IR and 'HNMR spectroscopy.

ADDUCT &:

éONOwONOwt_g
20 o . *a

The reaction apparatus was a five liter multi-neck flask equipped with mechanical

atirrer, thermometer, Dsan-Stark trap, and c§ndenser. Solid sodium hydroxide pellats

(79.2 gm, 1.98 males) and one liter xylare were added to the reaction apparatus under

25 _ a gerﬁle ﬁltrogen purge, and heated with a heating mantle to 1360C (reflux). At that
‘temperature 2-allyl phenol (267 gm, 1.98 moles) was introduced through a slow-addition

funnal, while the system was maintained at reflux. The water formed as 2 by-product

-4 -
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presence 8P Y "85 ec8Pi8pi HECEMOMN, & EHL PREEDEANWEELJEI ons are wel | known i rs.tmws?

art. Suitable ‘azeot ropi ng sol vents include toluene, xylene, p-cynene,
and simlar solvents. Epoxi dati on of the _
A efinic End G oups After the precursors are forned, the olefin
i n oxidi zed by anyeagiveodff «h Bzastropiedistillation to the Deanditark brap, donsweryy @itiabgh SPOXY .
Var i ous met hods argqrggscri bed in the literature for effectivgl y
carrying out the d pddBignab xyenedarough the PeantSiark trap o ramevecany Ampredivatant  of

8 or gani ¢ peracids, racetic acid or Lrifluroperacetic acid;

per oxyi mi.di ¢ aci ds; drﬁ%@gﬁée'ﬁ%ﬁ%ﬁﬂag loWeR t%ﬁ%ét?ﬂ’ﬂﬁé @gldm‘,fm‘i“ﬁ'ﬂ'f’ﬁam c

peracids, such as aﬁﬂeﬂ%&ﬁﬂéﬂ@%@é& Qitos§ikts {(£08Fgm, T8 lrick@! HpafeathySHS L&HR or £UCH

as net hyltri oxorheni um and hydrogen” peroxide,

' 5 toluenesulfonyl chloride on tetraethylene glycol in the. presence of pyridine) dissalved in
300 mL xylene were introduced into the flask through a slow-addition funnel. The

reaction temperature was raised to 1200C and held there for two hours. The reaction

1ime enwlne mad Blae hiy o ot et f ” ] 1008 Y em e

was caooled and the by-plioc;i.;ct salts (sodium tosylate) were removed by filtration. %e
filtrate was washed with 5% sodium hydroxide (2 X 00 mL), then washed with 10%
10 sodium sulfate (3 X 300mL) until the pH became neutral (pH = 7 on test strip).
The solvent was removad firat on a rotory evaporator, then on a Kugelronr
apparatus (800C/0.2 mm Hg). The product was collected in 95% yield and analyzed by

IR and "HNMR spectroscopy.

- Y18 EXAMPLE II: Syntheses of the Epoxy Compoun

EPOXY A: OH

20
- Adduct A was oxldized to give Epoxy A by two methods: with peracetic acid land
with peroxyimidic acid.
1. Oxidation with Peracetic Acid:
The reaction apparatus was a 500 ml flask equipped with mechanical stirrer,
25 thermometer and slow-add funnel. Adduct A (75 gms, 0.16 moles, 0.32 moles of olefinic

functionality), 1,2-dichloroethane (150 mL) and sodium acstate (4,7gms) was added to

the reaction apparatus and brought to 23¢C using.a water bath. Introduction of peracetic

-i5.-
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¥ [ RECEIVED 086/85 16:%1 1996 AT S338634 PAGE 1B (PRINTED PAGE 1B) ] 8,37
titani-um B2 y2Rd2® But VW@WB&%W@T“‘H%Tﬁanganese sal en cat al yzed

oxi dati ons. The preferred epoxidati on nethods use inorganic
peraci ds, peracetic acid, and peroxyimdic acids as the prinmary oxidant.
More specific detail for each nmethod is .provided in the exanples.

The preferred i noa(94.2 apel B6% dsacgticadish wesibagun, taumgutreapﬁaroe'xdmermed to 28¢C.
phosphotungstic acid, and simlar conpounds, usi n% dro en peI’OXI de as

the secondary oxi Q%A AdEqfe was, £9raRlatad, e, Water Bith was W5 BFMy a
two phase system t?ﬂ?er?ttuﬂzur%e% "48dc/ Igft@m?rﬁ hitdd RE gﬂ«'&?&&.ﬁb"@b@@a Zol‘ﬂ:li cHnd Waf

phase transfer ca eracetl c acl n ace may al So be

used successful | yhe?eﬁst&ﬁt@ Q&BC@?& 5 hoﬁﬂst hﬁHG@ac{mﬂMassﬂbMt@ﬂBSfo@éoﬁwp&%ri %MF@ for
thi.s oxidation, the rate is faster-in chlorinated solvents, such

as, - di ghl or oet hans‘pscﬂ‘dsadphlfm' thier digapSedraness oft iaimizetiont of thie 1635 pus bmlrpmn conwl et e
conversion, the accumul ating acetic acid begins to attack the oxirane. The
result is a prodeswielipt FO& Mlafdptiiek Waighwascesded i the Fagies mixE:) Th%lh'&PSFﬁ gher

ty th f th d
br asonce. of a. qualHF AR ST e ese Seinad et 3 B4R hrRRRLc o
as the oxi.dant proy;eeSndaRiin 38y ﬁDBP@Es&JﬂﬁE su‘iﬁlfbesoluﬂé/rprﬁ%&é gsbé m@?ﬁésadéhéte

whi ch is innocuous to the oxirane preterred peroxy acl d
to break the emulsion. The organic layer was then washed wuth 200 mL of 10% SOdlUm

10 sulfate, and 200 mi of distilled water.
| The organic was separated off, dried over magnesium sulfate and suction ﬂltered.
The solvent was stripped off first on the rotdry avaporétor (56°Cl20 mmHg) and then on
a Kugelrohr agparatué (600C/0.1 mmHMg). The finai product was isolated as an oil, and
' characterizéd by a viscosity of 7280 cps at 25oC, an epoxy equivalent weight = 269
15 (thecretical value =_25'i). and by IR and 'H NMR spectrdscopy. Total chlorine = 717
ppm. In a second preparation of this material the EEW = 274. viscosity = 6560 cps,

hydrolyzable chlorine = 518 ppm, and total chiorine = 719 ppm.

20 _ The reaction _appara.tus was a 260 -ml round bottom flask equipped thh_
mechaﬁical stivrer, thérmometer. and slow-add funnel, Adduct A (30.0 gm, 0.0638 moles,

.0.128 moles olefin functionality), methanol (74 mL), acetonitrile (11.54 gm, 0.2815

moles), and KHCQ, (7.12 gm. 0.7111 mole} were added to the apparatus and heated to

" 400C, Atthat temperature 30% H,Q, (10.0 gm, 0,0882 mole) was added drquise. The

25 reaction mixture was maintained at 40oC for seven hours, at which point, adaitional 30%
H,0, (13.8 gm, 0.1218 mole) was added dropwise. The reaction was maintained at

400C for a further 20 hours.
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i s deri ved® I'Sm ¥ ABA t rERNG KU BYBTAMELE de. The opti mum condi Bi1Gns
for the peroxyimdic acid oxidation include the use of KHCO err], reaction
tenperature near 40[err]C, and optionally, the use of an aqueous sponge,
such as, 2, 2-di nmet hoxypropane. Formul ati on of
Snap- Cur e Adhesives ' Then 22-dimgthexyblopdaelH@gre Boi6g molenqr o0 Sieturaaient bedsed bn 1S,C
invention are useful as oven cured adhesives; however, their utility can

be expanded if t FE3E8R{E 0% hysireqse Pexidel %éﬂdeﬁﬂr‘_@‘ﬂ"s‘?-Tﬁ@ 1@RRYRN was bestedpe
0" ™ Text bi 11 1y 4SO epGiaC 0k Rub, SRERNN B b b PR 857 21 ons
wi Il contain 20- %%gction sample indicated minimal 1637 om" absorbance. The peroxide .was
5 neutralized by the addition of 10% Na,SO, as determined by Kl-starch indicator test strip.
The methanol and acetonitrile were remaved in vacuo on the rotory evaporator (400C/28
mm HG). The residue was taken up in 150 mL toluene and washed with distiled water
(150 mL). Emulsification was alleviated by the addition of 10% Na,SO,. The erganic
layer was separated and the solvent removed first on 2 rotory evaporator (800C/25
10 ' mmMg), then on a Kugeiro_hr apparatus (602C/0.1 mmHg).
| The product was isalated at 74% yield (23.7 gm), characterized by an epoxy
equivalent Weight = 315 (theoretical value = 251), viscosity = 6270 cps at 25¢C,IR, anc

'H NMR spectroscopy. Hydrolyzable chierine = 455, and total chiorine = 564 ppm.

15 . EPOXY B: . o -
D/Y\OI\NQ \)\/c .
' ' ON .
: (-]
20 Adduct B was oxidized to give Epoxy B by two methods: with peracstic acid and

_ ] T
with peroxyimidic acid.

1. Oxidation with Peraggﬁg Acid: .
Adduct B was oxidized using 35% peracetic acid as described for the synthesis
of Epoxy A. Adduct B (110 gm, 0.2 mole) was treated with peracetic acid (210 mL of
25 38% solution, 1.08 moles) n 220mL 1,2-lichloroethane at 35¢C. The product was

isolated in 85% yield and chamcterizéd by an epoxy equivalent weight = 176 (thecretical

_._/”‘
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- parts-by Wi YNt Br THE 1 IETEME 2tk PHAIBEELDS parts by weight of anS-2237
aromatic O glycidyl ether resin (to total 100 parts), a curing catalyst,

and optionally one or -nore fillers. In general the curing catalyst is an

i m dazole catal yst, present in an anount of about 5-10 parts per hundred

parts resin, and Yalve = 194).ofiscosiy FHdr3IcPy ato25+@ | andttyilB @hd JH dMRdspettiosenpysuch

as silver flakes I h other |l ectrically or thermally conductive

fillers or silica %ﬁ@’z@g@qcﬂ 4FE@°‘F1 T"dé?'a' ‘%“"H}ee‘f @?"a‘tﬁ’f“y present in an

amount of about 25% b)éhv&j, ) r. :

aromatic O glycidyl et on

more aromatic rings, mu&BthQ&@dﬂeU umg&eemﬁneo;ndnwr@geﬁb@rsme ﬂdeéanLeogropups

The aromatic epoxies will have an epoxy equival ent wei ght (WPE, weight per

epoxy) Sof 200 or thesmhesiantEpoky A Tre adetwdivizchng oydmghh@emﬂddmaﬂﬁdlfmgtuﬂﬂi@nm ic-

har deners. Exenplary aromatic epoxies are bisphenol-F diglycidyl ether,

bi sphenol - A di gl yRe[Bfyimidict geid A"F'@EBK@PW U H g‘P‘? wreateemepcemﬁrde {Heamspoxy

henol | ak The adh h
D080, parts por HOFUD ptbeeR BraeBmh onth DA | BPEcAT i 2 one
or nore hydroxyl ﬂﬁ&h&?pr@ﬁﬁe @éﬁrsvgw).can& Haa.aéai & LY\’hI“th% éL@E:&M&doJ: e

aromati ¢ epoxi es descri bed above) Exerrp ary p
400C until the IR absorption at 163cm™ no longer ¢changed S|gn|f|cantly. The product was

10 isolated in 74% yield, and was characterized by an epoxy equivalent weight = 229
{theoretical value = 154), viscosity = 20,000 cps at 25¢C, and by IR and 'H NMR

spectroscopy. Hydrolyzable chiorine = 624 ppm, and total ¢chiorine = 839 ppm. _

EPOXY C:
15

Adduct C was oxidized to give Epoxy C using peroxy.tungsiate catalysis.

20 Oxidation_with Pero_xy;ggg.stag; A&ducl C (17 g, 0.035 mole) was dissolve_t_l-
in 60 mL dichloroethane to which was added 3.8 gm tetrabutylé%mbnlum hydrogen
suifate, and this was stirred vigorously at room temperature. To this rapidly stirred
solution was added an aqueous mixture cornp'rising so_dium tung#tate dihydrata (6.3 gm)
in 10mL distilled water with a sufficient amount of 85% phospheric acid to adjust the pH

25 ) to .6.5. Then 30% hydrogen peroxide (157 gm, 0.138 male) was added at room

| temperature and the combined contents were stirred for 96 hours. Atthat point, the 1637

em™ absorption in the IR spactrum was minimizec.
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are the cBiEl cPal Py Ry alPEbie! BriEHo FATRNVAHER TFesi ns, bi sphenol - S.21/37

'bi sphénol -A and resorcinol. The addition of the phenol Ic resin serves to
knprove the adhesion strength of the formulation after exposure to

noi sture and thermal shock at 250[err]C, and to prevent bleeding of the
flexi bl e epoxy out of THeeProdyetwasAeqiasesl by separating the nhagwemhwaaa'mg thg prgani¢ ve

Dref orred cuting BUE A S fogupul Sk 3 2 e e s EAymSl poEphse.
‘present in an agﬁ% ot W az%&%g&gfﬁ@ tsq ngo%mevesétngmﬂqg&%ab'e

i m dazol e cataly are 1m 1M daz ol

2-ethyl - 4- met hyl i §g0ea#@ kif resioud iBdiHeld M @hoﬂ@wb@e PR gk was washed with
met hyl i m dazol e, and 2-undecyl i m dazol e.

10 5 The f 180mbrS%rsadivmecaghopate fwith watet (29¢ 1L then with 88% sdlm $uffate (2
conductive materials known
X 150mL). The toluene was remaved from the organic layer first on a rotory evaporator,
then on a Kugelrohr apparatus under high vacuurn (800C/0.1mm Hg). The product was
an oil isolated at 93% yield, and was characterized by an epoxy equivaleﬁt weight = 289
(theoretical value = 263), viscosity = 9100 ¢ps at 25¢C, and by IR and 'H NMR
10 spectroscopy. Hydrolyzable chlorine = 883 ppm, and total chlorine = 958 ppm.

d . Q
< ;' o)
o'\/\,. Nomog

EPOXY D:

15
" Adduct D was oxidized to Epoxy D by two methéds: with pecacetic acld and with
peroxytungstate catalys:s.
1. Oxidation with Pecacetic Acig:
20 Adduct D (50 gm, 0.107 mole) was oxidized as described In the synthesis of

Epoxy A using 35% oeracetic acid at 35¢C 'in 1.2-dichloroethane? The product was
isolated as an oil at 80% yield, and was characterized by an epoxy equivalent weight =
274 (theoretical value = 248), viscosily = 417 ¢ps at 25¢C, and by IR and 'H NMR
 spactroscopy. Hydrolyzéble chlorine = 35 ppm, and tatal chiorine = 103 ppm.
25 2, Oxidation with Peroxvtungstate catalysis: |
Adduct D (67.8 gm, 0.14 mole) was oxidized as described in the synthesis of

Epoxy C using sodium tungstata dihydrate and hydrogen peroxide. The product was

-18- - _
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to be.sui BAFHR Pbr BRiBr o HPEMRMHAIKED- RRTFINTRIMEELRs, used in any effectiXe&e/37
anmount. For many applications, the preferred filler is silver flakes,

al t hough other electrically or thermally conductive fillers or silica may
be used, and is preferably present in an anount of -about 25% by vol une of
t he ‘adhesi ve f or misblated @s an ofl in 83% yield, and was characterized by an epoxy squivalent vigightre| e

The foll ow ng exarrgl es illustrate the preparation of representative

ol efinic precursoisQARABERTEY 5y24Ph S1SEAY 5ridf 6Pt BB Gnendels R’ FUHIMR and
the epoxi dation ofsptc °?1°3 qjadmsz,mé 5"%"4859?@ F%‘egﬂeoﬂ& |on nmet hods -

to give the correspon oun ‘evalati on test
net hods are given and the performance results tabul ated. The
exanpl es al so disclose snap-curable die attach adhesive formul ations that
contairs the fl exi BPexemoxi es and the O glycidyl ether aromatic epoxies, and
formul ati ons containing the phenolic resin.hardeners. - Test Methods

The followi ng test nethods were usé&g to eval uate the&xanpl e epoxy resins.

Q"_\-O\/\o‘\.-o../\

10 Adduct E was axidized to Epox? E by two methods: with peracetic acid and with
peroxytungstate &etalysis. :
1. Ogidation with Peracetic Acid: |
Adduct E (30 gm, 0.07 mole) was oxidized as described in the synthesis of
Epoxy A using 35% peracetic _acig* #t 35¢C ,in 1,2-dichloroathane. The produbt was
15 isolated as an oii in 81% yield and was characterized by an epoxy equivalent weight =
. 258 (theoretical value = 229), viscosity = 397 cps at 25°C, and by IR and 'H NMR
‘spectroscopy. In a second preparation of this material the EEW = 259, visoosity =354
o cps, hydmiyzable chlorine = belové detection limits, and total chiorine = 785 ppm.
2. Oxidation with Peroxytungstate catalysis:

20 Adduct E (24 gm; 0.056 mole) was oxidized as described in the synthesis ‘lf.
Epoxy C using sodium tungstate' di'hydrate and hydrogen peroxide., The product was
isolated as an oil in 84% yield, and was chag‘acteﬁied by an epoxy equivalent weight = |
241 (thearetical value = 229), viscosity = 347 cps at 2§0C, and by IR and 'H NMR
spactrascopy. Hy&rolyzable chlorine = 58 ppm, and tofal chlorine = 578 ppm.

25
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The epoxy @®qltMyE6ef®: Fki gREEMPRPE, KEfki IPRENTHFETS0xy) for each of the epd&RE?
products was determ ned by dissolving the conpound in glacial acetic acid
followed by titration with standardi zed HBr/acetic acid (-0.1N) tothe
violet/green transition of crystal violet indicator. The :
viscosity of eachERRXY ReConaperatiess exgenpledet er i ned. usi ng a Brookfield cone-n--
plate visconeter at nmultiple spindle speeds at 25[err]C and is reported as
an average of threg,readings. The anount of hydrol yzabl hl ori ne
was det erm ned by. ﬁ foIIovm met hod: ~ Wi gh accuratel py 1 5 g (t the

e

nearest 0.1 ng) of sin ean, 125 m Erlen er g I W t
Teflon[err] coated SHAEHTCHD & ed in
net hanol . Pl ace flasé_@d_%wl ?‘3‘3 condensor bat h heat ed

by magmetic _ Cﬂ}ll

As a comparison to the inventive examples, Epoxy F was prapared according to
the methods describad in US patent 3,522,210, issued to Sellers, exampias 1A and 15.
Preparation of bisphenol compound (example 1): To a one liter flask with
10 mechanical stirrer, therhometer. slow addition funnel, condenser, and ﬁitrogén blanket
was charged bisphenol A (228.29 g, 1.0 mole), 150 g dimethyl sulfoxide (DMSO).l and
150 g toluena. Afer the solid dissolved a solution of 50“/.e-aqueous NaOH (80 g, 1.0
mole) was added over 20.minutes. The temperature rose to about 50°C and heat was
applied to raise the temperature to 100-110°C. Reflux was achleved at 101°C at which
15 | point 2-chlorgathyl ether (71.5g, 58.6 mL, 0.5 male) was added through the slow addition '
funnel over 18 minutes. The reaction temperature was held at reflux for 36.75 hours et
which point the pH still did not reach 7-8 but GC analysis indicated the reaction had
stalled with respect to consumption of bispheno! A. Toluene (150 r'nL') was added and
azeotropic distillation was initiated to drive off ~ 60 mL H,0 and another 40 mL of toluene
20 was driven off additional to ensure dryness. The organie sdlution was ﬁlterec!:.
neutralized to pH = 6 with conc. HCI, and refilteced. The solution was placed in a slng!er-
neck round bottom flask and stripped on a rotary evaporator to 60°C / 11 mmHg,
collecting 300 mL dlstlilate. Further distillation was carried out at atmospheric pressure
{~760 mmHg) and 170°C pot temperature, then establishing vacuum to ~ 30 mmHg and
25 raising the pot temperagure to 219°C (vapor temperature to 1224C). The flask was

cocled to room temperature.

=21 .
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stirrer / MotMNpi%kt #2if ¢ FAREPINR i POTENTAREEISTE| uti on for exactly 15 S.24/37

m nutes, then renove the flask, and allowit to cool to roomtenperature.
Transfer the tiquid into a clean 250 n beaker. Rinse the sanple flask
three tines with 50 ml portions of nethanol, transferring the liquid into
the beaker. Add 10 ni Ryepagitiqe ptighecisul Ether sith BlexibielLikage (eixamildn 5)c Mheomateial | on

potentionetrically to the _endoﬁ*oi nt with 0.005N AgNJ err] solution..
Cal cul ate the  hURhGIs§yedin 4904 steanplpad 36°rm'eFR'°hI°FPhwg'm iy arder 49 Frapgfer to a 2 liter

m o ti . 0 . chl gr.i m, =
(I VL) O AR S b PO oy s S E0 r
the follow ng met {iedddition BFS0H RAGH M.ZWoil?:-«ﬂern-ﬁ uﬁs@&&u&t&?a%ﬁ%@ (QrAnﬁta ‘rﬁ

resin into a clean Erlenneyer flask w't a magnetic stir

of di oxsane and 1528vminqf~ BNmK@kkrsDinint, i~a6 milnovei BRI, .and ~PinBoeerf 15aGik.).f iThé ed
with a reflux condenser into a..100 [err]C water bath heated on a stirrer /
hot plate unit. AfRERN SHAYE &as Yanseres to @ 2ritef Eipgle nepk faek pridrathang!, wRerBoe
2 ol ean 400 i be BN ot Rl SR Pabesior B Tmohgy he Aoy
portions of met haggl gisdoh@d $ &0" hi PhelniiCsdolifiketbnk Hh 8bSFhL water, transterred to a
| separatory funnel and the phases separated. The organic layer was washed with 20_0
10 mL water, which resulted in an emulsion that was alleviatéd by the addition of 100 mL
saturated sodium suifate. The pH of the aqueous wash was ~7 (neutral). Thé organic
solution was placed on the rotary evaporator to remove soIQént to 95°C/11 mmMHg. The
material was further stripped on a Kugelrohr apparatus to 133°C/1.5 mmHg. The
product, a dark amber material with a stringy taffy-like consistency, was isolated in 89%
15 yiéld, and was characterized as having an epoxy equivalent weight as WPE = 367.5,
hydrolyzable chlorine = 435 ppm, bound chiorine = 2103 ppm, and total ¢hlorine = 2538

ppm.
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beaker.. A3 VORI @134y dEFEHPLELEH: PREFIAMRELTEAt e pot enti onmetri cal | yS#P4IT
0. OO5N AgNC3 solution to the end point using a silver electrode with a
KNOJ err] salt bridge. Calculate the chl oride content in ppmas described

above. EXAMPLE |: Syntheses of the Oefinic Precursors  ADDUCT A
[err] SUNIMATION OF iCHhOBIMEDATIAUS Was a 500m round bottom fl ask
equi pped with a mechani cal stirrer, thernoneter, and condenser. The ,
reagents, 2-aIIyIE ol 1.19 Ies 1, 4- but anedi ol di gl yci dyl
ether (120 gns, O I es) Ei‘?fﬂa 4t et rafﬂﬁ ﬁs’)P e Bound Chiorine
s Chlorine (pp (PP”‘)
At 519 | 200
A-2 455 564 109
10 B-1 467 620 153
B-2 624 839 : 215
C 883 : 959 76
1§ ' :
D-1 35 _ 103 68
D-2 53 .. 100 47
20 E~1 none 785 785
- : detected
E2 . 58 578 520
25 . F-Comparative 435 ' 2538 2103
In comparing the inventive epoxy cbmpounds with prior art compound F, it will be noted
that the hydrolyzable chlorine content is similar, and it is further noted that there are
30 methods described in the literature for treatment of the epoxide containing molscule to
reduce this value. (See, for example; US patent 4,785,081, which discusses at column
2 hydrolyzah'le chlorine, bound chiorine, and total chiorine.) Ne;ertheless, the total
chlorine value Is criticat when considering the prevention of corrosion of sensitive
microcircuitry conductive lines, anq reported methods lower but do not effectively_ remove
35 ., this chiorine contaminant from an epichlorohydrin based synthetic route.
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12 ammofP ' cPoPPifé c SFSHPEY & (KHS PFRANGETE added to the reacti orS.26/37
apparatus and stirred at 50[err]C for approximtely an hour. The
tenperature was raised to 70[err]C and the reagents stirred at that
tenperature for an addltlonal _hour then the ‘tenperature was raised to
120[err] C and - t heExagple Elepplity Lar: SAKEsSat ure whil e progress of the
reaction was nonit ed b C to AC)..  Conpl eti on was
deternined to occurqé?t’% s Sﬁr“ﬂﬁ‘ﬁg‘)m"%{' V\%ﬁ%ﬁ %tfaf?e"ﬂﬁé"'r%’a@!%# $as
cool ed and the wWogksdRy &% t

il ﬂ@%iﬁ nd die sh ar JJ@mE&%& éf%w?dﬁ(ésﬁg %&r&% At US

transferred to a single neck and aced ona kKu

(120[ err] T 0. 1mHg) The nbhilisDis chflefﬂdlﬁm Efeeﬁdsﬂ&t?'r é:&‘s@rft’hﬁ R rﬂiﬂ@‘rstrﬂssto strain
(particularly, 2-allyl phenol). The adduct was transferred to a
1000 mS separ at or 38 4 galeddl indrfortied slew ahamic 10 These epbxidscdemrdnrated i Isw Or gani c
phase was washed with 5% sodi um carbonate (3 X 200 nlL), 10% sodium sulfate

(3 X 200 ni), and™Pitbth PAGEEY e A0 edrshio s GMia. Jhe Retaent stain is(q rmeasyrRcR) i)

rinsed with tol UCHE resistance to deformation, and thesa compounds have a parcent strain of

'elongatlon. greater than or equal to 5%, and notably in certain cases the test
spacimen yielded.
10 When formulated with silver flakes and used to bond silicon chips to a metal lead
frame substrafe. the cured epoxies demonstrated a high radius of curvature, greater
than or equat to 350 mm, and -good die shear strength, greater. than or equal to 13
MPa at room temperature.
The cured T, valdes for these epoxies will be 150¢C or less, and for some
15 compounds will be 1000C or less.
Modulus, The following equipment was ﬁ'sed to prepare epoxy plaques for the
modulus and percent strain flexural testing: 2 pyrex plates 10 x 10 3/16" from F.J.
Gray Co.; copper wire (23" per test); silcon tubing 1D = 3/32", OD » 5/32", wall = 1132"
(~23"per test): aluminum spacers (2" x 3/. "X 1/8"); binder clips size medium (S/8");
20 . Release ALL #50 from Airtech International, Inc. -
To prepare the form for the pléques. two glass fPYREX) plates were cleaned with
toluene, then acetone. A thin coat of Release A_LL #50 was applied to one side of
each plate with a ¢clean rag and aliowed to dry for 10 minutes at roem temperature. A
second coai of Release ALL #50 was applied over the first coat. The plates were
25 ~ dried in a aven at 1260C for 30 minutas. A 23" length of copper wire was inserted
into 2 23" length of silicone tubing, and the wireftube bent into a “U* shape form to fit

between the two glass plates @s a reservoir for the liquid epoxy formulation before
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The tol uern® W&S % r¥Hped HCE"HY & KEbr RRTENEERItr at 60[ err] ¢/ 25mm HgS-27/37
vacuum and then placed on a kugelrohr at 7Jerr]C 0.1 mmHg to renove any
resi dual sol vent. The adduct was obtained in 90%yield, and was
characterized by IR and [err]H NVR spectroscopy. It had a viscosity

rangi ng from 650 izoreSAlundmsn spiacetd wererpoStioned around the edges of the coated side of one
REPLACEMENT SHEET ADDUCT B:. [err] - Adduct B was prepared in a

manner simlar t o $leRuplelgs dhe tise/tupg) forme vas\thee jakicgst the prated sile®f the gfasy plalghenol
(310 gns, .1.78 noles) was reacted with 1,4-butanedi,ol y et her
(180 gns. 0. 89 rm|"a%'§°f F5ie FPcrt.c Qutarey ogs ot et Seac o it

chioride. The t CURGRAL UaF1llovblFe AR Bk Totia i M\@ﬁub%fmaénmp&%}sed to

5 were_sandwwhed between the two plates. The two plates of glass were ¢lamped
together using the binder clips.

A-sample of 90.25 g of epoxy resin was poured into a 250 ml single neck flask.
The sample was degassed on a Kugeifohr at 70-750C and O.me'Hg for ~20
minutes, and cooled to 50¢C. Based on 100 pafls by weight of the epbxy. (4.75 gm)

10 5 parts by weight of 2-ethyl-4-methylimidézole was add_ed with mixing to the sample,
The sample was degassed on a Kugelrohr at 500C and 2mmHg for ~20 minutes.

The epdxy sample was poured into the cavity formed bi' the "U" shaped wire/tube
and glass plate mold with care taken to avoid forming air pbckets. The poured epoxy
samplé was cured in a programmable oven !n .an.upr!ght position according to the

15 following program; S0oC for.30 minutes; 50°C to 1250C @ 1oC/min; hold at 12§0C
for 1 hour; 125¢C to 175¢C @ 10oC/min; hold at 1750C for 1 hour: cool to 60oC over
90 min.

The resulting epoxy plagues, after release from the mold, were cut into 3 x 0.8"

pieces with a water-cooled diamond blade saw, The 0.5 cut was cut with a slight
20 excess so that the plaquas could then be milled to exactly 0.5".

Flexural .testfng-was carried out on the plaques using an Insteon 4507 at room
temperature in the three point bend mode following ASTM method D790-84a. Data
from these experimeht_s is reported in the following Table as Young's Modulus in MPa
units, % strain, and T, (peaK in Tan deita) in oC units.

26 'Die Shear. Each epoxy (to which was added § parts 2-ethyl-4-methyl imidazole
as curing catalyst to 100 parts by weight epoxy) was mixed with silver flake at 26%

volume until the silver was fuily wetted out. The mixture was degassed unaer

.25 «

heet Has Been Replaced

T



* [ RECEIVED @6/@5 16:45 1996 AT 5330654 PABE 28 (PRINTED PAGE 2B) ]

13 - h&UNEPI PPERCt MBS & BHp PBTRTAYMELTE| cated by GC. The prod®@8/3?

was i sol ated as described for Adduct A in 81% yield and was .
characterized by IR and [err] HNMR spectroscopy. It had a viscosity of
983 cps at 25[err]C ADDUCT C. [err] Adduct C

was prepared in aeeummnatitosn mimperatuteckol 16210 im@ek, Ad thasldigkd £ sittr GRRf t hat
2-al |l yl phenol (8.44 gm 0.063 noles) was reacted with 1,2,13, 14-di epoxy

t et radecane  (YREBtYRWID frequset sftne fr 6pminptesed by the oxidation of
1, 13-tetr adecgdl eneélilc'orq ci'ligse (80 x 80 mif') were coated on one side with the adhesive formulation

and placed on & copper lead frame (D/L) and cured in a 1750C oven for one hour.
5 The samples wera tested_after cure for die shear strength at room temperature (RT).
| Die shear strength was measured using a Hybrid Maéhine Products Corp. die shear
tester (Mod'el 1780)/ Chatlilon DFI_50 digital force gauge. The force required to
-remave the bonded die was read in kg units, and _bonverted to a die shear strength in
MPa averaged over ten samples.
10 Preferred die shear values are those of 13 MPa or greater,
Radius of Cyrvature, Each epoxy to be tes{ed was prepared. degassed, and
aged for one hour as described above in the die shear tast.method. Silicon chips
(200 x 600 mil®) were coated with adhesive on ane side and placed on a lead frame
a_nd cured in a 175¢C oven for ane hour. The radivs of curvature for the cured
15 samples was measured using a Tokyo Seimitsu SURFCOM surface texture
measuring instrument and reported in millimeter (mm) units, averaged over three

samples. Preferred radiﬁs of curvature values are those- of 350 mm or greater.

Coantrol Epoxies. The control epoxy resins were the following:
20 Bisphenol F diglycidyl ether, soid under the tradaname EPICL(‘?N 8308, a product

of Dai Nippon. having the structure:

CHy

[>/\°. N o/\<l

25
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presence dP 8M EmPéte arECHIT FniFiL-UMATEHPHELE  The reacti on mi xt ur eSvERs3?

heat ed to 185[err]C and held at that tenperature for 3.3 hour until
reaction was conplete as i ndi cated by GC. The product was isolated as
described for Adduct A in 81%yield and was characterized by IR and

[ err] HNVR spect r oscBisphenal A diglyolhaDhther, $did yn@érrthe tradename EPON 828, a prodliBtcof
reaction apparatus was a one liter multi-neck flask equi ppe_-d W th

mechani cal stShell Eprponatiney hetingtthe struBkiign- St ark trap, and condenser. Solid
sodi um hydroxi de pellets (19.95 gm 0.5 noles) and 83 nL xyl ene under a
gentle nitrogen purge were added to nd he capparatus and heated with a
heating mantle to 70[err]C. At that terrpe gture 2-allyl phenol (66.9
gm 0.5 nol es) dissolved in 200 m XyTe ; My oduced through a sl ow

s [>/\
(o]
o/\<]
© o
A dimer acid diglycidy! ester, sold under the tradename EPON 871, a preduct of
Shell Corparation, having the structure: o
_ o]
10 n VRN
(CH),— C—Q ~CH,—~ CH —CH,
0 Q
il : v
- (CHy)y =~ €~ Q'+ CH, =~ CH —~CH,
CHy = CH = CH — (CH,),— CH,
(CIHIJ:
cHy
15 A polyglycol ‘diepoxide, sold under the tradename DER 732, a product of Dow
Corporation having the structure; |
H,c cu CH,- 0 E« - CH, - ;}cu - CH = cr-r,
20 _
t -
W Epoxies A-E were tested according to the test methods
_described above and compared to the control aromatic epoxy resins and epoxy resins
containing flexibilizers. The results of the flexibility and strength performance tests,
25 and comparisens to the control epoxies, are presented in the following table. The -

" inventive flexible eboxles demonstrated a low modulus and high percent strain '

-27 -
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14 addi ot FindP: i TPERNY KR SRR Eght to reflux. The wat 8:38/37
formed as a by- product was driven off via azeotropic distillation to the
Dean-Stark trap, followed by distillation of additional xylene (225 i)
through the Dean-Stark trap to renove any trapped water. Then 125
m. p-cynene, 25 ﬁ?;mllﬁ’??e!"ﬁ% FoBirgin niefably. arfelv of the Gaxiblél epaxiescyiasbdesinngmg t he
entire contents ¢ 0, 100 .C. The dichl oride of

pol y(t et rahydr of u&%%feswom(cﬂ?}asbtﬁlthsoc"ﬂlt?"?'rﬂl' éfw"&?"'éﬁa?pé'él by the action of

hi onyl chlorid f Laple f
BASE Gor pr) di el v . 55 R okl il ool debied HBH%E PN | acic

1500 err] ¢ “and held Tor 34 hatrs I*‘Eep%‘ﬁaﬁ%éaff‘%*‘gfmﬁ5‘3%;*5%?3’3‘33[%??” ’
( sodi Un chl ori de¥poxe resin and DER 732 epoxy resin controls, whlch are based on reactive
flexibilizers, do present high radius of curvature values, but suifer from low die shear
strangths,
The control blend of EPON 871 epoxy resin (a reactive flexibilizer) and the

aromatic Bisphenol F epoxide shows good die shear strength, but this is achieved at

10 | the expense of a loss of flexibility as indicated by the radius of curvature value.
Epoxy Cure Modulus | % Strain | Tg oC Die ROC
Compounds Agent (GPa) (Tan 4) Shear {mm)
' (MPa)
Epoxy A a 172 8.5 67 21.8 348
{+/-0.28) ylelded _ _
15 Epoxy B o a 307 6.4 110 298 268
{+/-0.10) o .
Epoxy C ' a 0.37 8.3 54 22.5 377
. yielded )
Epoxy D b - - 19.7 68
Epoxy E b - R - 19.9 493
20 _ Controls 5 ‘ L -
Bisphenol F diglycidyl a 3.10 5.4 " 151 26.8 213
ather (+/-0.07)
. Bisphenol A diglycidyt | a . 269 3.8 174 31.8 324
ether - (+/-0.01) 1
25 EPON 871/Bisphenol F ] . 17.3 288
diglycidyl ether.
70:30 _
EPON 871 _ 8.2 1354
- DER 732 1.4 1682
30 . . :
-28 - ——
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renoved byBSfIUNt 196t 1B9AF7 arHGEMMEN 2 KEH. SRASENTEIARIIEN oF W t A 5% sodi um hyds@trare

(2x150 nm.), and then 10% sodium sul fate (150 nL each) until the pH becane
neutral (pH = 7 on test strip). The solvent was renoved first on a rotory
evaporator, then on a Kugelrohr apparatus (130[err]C/ 0.2 mmHg). The
product was col | eciredatepstd5% yi el d and was anal yzed by IR and [err] HNMR
spect roscopy. AD@E@letlyl-4{methyl] imidazole, 4-6 pphr (parts Jef BURIRRACAa ResP RAFeAt US WAS
a five liter nulti-heabedd awilae (o168 fromtSetienectdynCheaical),s1d ohesnd

t her moret er, Dean- St ar R-ethybfpmethyh dmidezaldedselr. Sol i d sodi um hydroxi de pellets
(79.2 g?rn 1.98 ol es) and one liter xylene were added to the reaction
apparatus under a gentle nitrogen purge, and heated with a heating mantle

to 135[err] C (ref EMPI Eﬁ‘l; Eﬂﬁc_ured Adhesive Formulations, Inventive epoxies C, D, and E,

‘and a proprietary flexible epoxy, designated EPOXY X, were formulated into die
10 attach adhesives c_omprislng by weighl.ao parts of flexible epoxy and 20 parts
aromatic O-glycidy! ether, and 20 or 40 parts per hundred parts of epoxy resin (pphr)
of a phanolic hardener. The curing atht was § pphr of 2-ethyl-4-methyl imidazole.
EPOXY X is a proprietary flexible diepoxy synthesized from dimer acid and hav'ing
adb carboﬁ chain between two epoxy end groups.
15 The aromatic epoxies were:
A bisphenal-F epoxy resin, sold under the tradenarhe EPON B62, a product of

Shell Chemical Company, having the structure:

- A /A
CHCH.CH; O-CH,-CH-CH,
20 é—‘cﬂa——é | |

A proprietary epoxy resin, designated EPOXY Y, having the structure:

26

The phenoclic hardener was a phenblic novolak resin sold undar the tradename

HRJ-1166 from Schenectady Chemical having the structure:

30
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t enper at ur® 3Maf 6| EHEenoiRIFEY YL IPOBNTRWESTE was i ntroduced t hr ough.38/37
slowaddition funnel, while the system vvas mai ntai ned at reflux. The water
formed as a by-product ' 15 was

driven off via azeotropic distillation to the Dean-Stark trap, followed by
di stillation of lomrtpaﬁﬁdm bfibelairmu{gtbmﬂastdsrfdlogkt thie phésemhdrdenedrebifi das t O
renove any trapped, wat The internal tenperature was |owered to
90[err] C, and 100d'ﬁ‘f_°"’6f’ r?éf‘?ﬂ??ﬂ’bﬁhﬁﬁ?ﬁ'bdi’eep"é)hd“? iniqagele |sotalyst vag idigenived il thesy| at e

c(:ﬁlogr ?g]e gn7tggt Pget 1’9%&9& 5%&%? tﬁ‘tp’?‘ﬁ%c‘%‘%'gg'é?%s agf “‘E&'ﬁ?‘g%l Efﬁgg%lhyed in

300 nL xyl ene wer glivid siREURRE, | nto the flask through a sl ow addition
funnel. The reaction tenperature was raised to 120[err]C and held there

for twes hours. The rines fommlatiwRs af® bathlaiaabresiflar i Pedecdommrlclafly (S0di um
tosylate) were renoved by filtration. The
available, were used to bond 80 X 80mil* and 200 X 600 mil? silicon dies to copoer
lead frames. These assemblies were snhap-cured on a hot plate at 2250C fer one
minute, and were fuily cured s determined by DSC analysis.
“The adhesive formulations wera testéd for die shear strength and radius of
10 . curvature as described in Example {lf. The die shear tests were run on the 80 X 80
 miP die after cure (i) &t ro.o_m tem"perature (RT), (il) at 250oC ofter heating at 26Q00C
for one minute (2500C/1 rﬁin) {to simulate the wire bonding .operaﬁon during manufac-
~ ture), and (jii) after boiling in water for two hours, and then at 250eC after heating at
2500C far one minute (100°C H,0; 2500C/1 min) (intended to test resist'anoe‘to
15 ' moisture and the phendmenon known as "pop-corn,” @ mechanical failure of fuly
encapsulated packages aftar moisture axbosura during solder reflow process, 2200-
2600C). | | |
Résults are presented in the following table and show that the sn_ap-curad
formulations containing the inventive flexible epoxies maintain their_ flexibility and good
20 _ die shear strength at room temperature and after béing thermally 'shocked. The die _

shear strength after exposure to moisture and thermal shock are within a range

accaptable for use as die attach adhesives.

-30-

This Sheet Has Been Re epla

T




“ [ RECEIVED B6/85 16:%7 1996 AT 5330654 PABE_ 33 (PRINTED PAGE 33)

filtrate MEsTNastie Pt h HESE S iBURHa ATENTFKWELTE X 600 m_) t hen washed.3&3h
10% seodium sulfate (3 X 300m.) until the pH became neutral (pH = 7 on test

strip). The sol vent was renoved first on a rotory evaporator, then
on a Kugel rohr apparatus (80[err]C/ 0.2 nmHg). The product was collected
in 95%vyield and anal yzed by I R and [ err] HNVR spectroscopy. EXANPLE Il
Synt heses of the [Pt ' = 0 L o = B ey
was oxidized to g hodsPIB#HEAR BIFatet i C aCRADEISTOF wi |} h
peroxyi m di ¢ aci dii . WMOLATION jtion with Peracetic Acu@RVATURE _|[The
reaction apparat ug &\gﬁpogitggo Pofxy K D e
5 : parts by - perties min H0, 2 min
waeight ) hr
2500C, 1
min
EPOXY C Tg = 80sC 237 14 1.1 420 350 mm
8 WPE = 289 | cohesive | cohésive | cohesive | mm
EPON 862 V= 8100 failure
10 - : 20 cps failure failure
Noveolak -
-20
EPOXY D Tg=52C | 143 1.4 1.2 480 | 420 mm
80 WPE = 282 | cohesive | cohesive | cohesive | mm
15 o EPON 862 V =410 cps | failure '
20 failure failure
Novolak . .
40
EPOXY E Tg = B0oC 237 1.5 1.2 .} 400 380 mm
20 80 ' WPE = 241 | cohesive | cohesive | cohesive | mm ‘
' EPON 882 V = 347 cps | failure fallure failure ‘
20
Navolak :
40 :
25 FLEX EPOXY | Tg = 28<C 17.7 1.2 0.8 550 470 mm
X 80 WPE = 376 | cohesive | cohesive | cohesive | mm
EPON 882 V = 361 cps | failure failure | failure
20 _
Novolak :
30 : 40 lh
FLEX EPOXY | Tg = 28¢C 14.3 2.0 320 320 mm
X 80 WPE = 376 | cohesive | cohesive [ . | mm
AROM V = 361 cps | fallure failure ¥ -
EPOXY Y 20
35 Novolak
: I 40 _
Control 237 2.1 0.2 230 220 mm
. . mm
. : otes: (a & epoxy equivaie_nf weignt IWFE. weight per epoxy) Tor each o?_ the
40 epoxy products was determined by dissolving the compound in glacial acetic acid

followed by titration with standardized HBr/acetic acid (~0.1N) to the violet/green
transition of crystal violet indicator.

(b) The viscosity of each of the samples was determined using a

'45. Brookfield cone-n-plate viscometer at muitiple spindle speeds at 25¢C and Is reported
as an average of three readings.

-31-
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t her nonet &P BNd"98| FREFid HAEIRIN & KM FOTENAARWAEL-T§s, 0. 16 nol es, 0. 32 n®i¥€7
of olefinic functionality), 1,2-dichloroet haneﬁ%@‘ﬁt)"“ﬂ"s’oﬁum acetate

(4. 7gns) was added to the reaction appar at us ﬂerr]c usi ng
a water bath. Introduction of peracetic aﬂ ‘ “ﬁ'ﬁ “Hm‘“

16 acid (94.7 gns)- (35%in acetic acid) was begung andnthé reaction

exot hernmed to 29[ Whal B.claivhed &: addi ti on was conpl eted, the water bath was
warmed to 30[err]C. The internal tenperature rose to 38/ err]C. After 10
m nutes the tenpefafdlesblaeapycameund syarpsipized Hthdidsas Aty coipangfpnignt of
35[err]C for 5 hoyrs § reactl non red for conpletion by IR
spect roscopy for "ﬁ?gag“p@'a"f% aﬁ?gﬁ#fﬁf%f‘faﬂ% ‘of the 1635 cnferr]
absor ptd on. A corrpl.etlon 300 nL of distilled water was added to the
reaction mxture. The phases were separated, and the organi ¢ phase washed

wi th 300nmL 5% sodi um bi car honat e =|=
(%_ /ﬂexxblecham @
v .,

10 “in whicn:
R’ is H, G, 2lkyl, C,; alkoxy or aryl or alkylaryl, C, ¢ perfluoroakyl, or C, acyl;
and
n is an integer 1-3; and
the flexible chaln Is CH,CH,CH,CH,0 when q is an integer 1-6; or

15' " the flexible chain is CH,CH,0 when q is an integer 3-10.

2. A flexible apoxy compound, characterized in that it has a total chlarine content o*

less than 0.1% 'by weight, having the structural formula:

. " ]
: | OH =)=
“ Q‘V\r—(mz}—bo 3
_ OH P

p=6-16
o . d /.
in which:
25 . R Is H, Cy,4 alkyl, C, alkoxy or aryl or alkylaryl, C, perfluoroalkyl, or C,s acyl;
and '

n is an integer 1-3; and

p is an integer 6-16.
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sol uti.on, BB HEN "Rt B9850 HECEYANNG8oKEd PETANSRMAELTE sol ution. Tol uene ( 30D3wM3Y
was added to break the emnmul sion. The organic |ayer was then washed with
200 nL of 10% sodium sulfate, and 200 mL of distilled water. The
organi ¢ was separated off, dried over nmagnesium sul fate and suction
filtered. The sobvgiflexitieepsd cbRftRAd, Charadtérzéd inQfatlitihRs bedta IcloméadRRte Rt 6T
(50[err] ¢/ 20 mHg) and then on a Kugel rohr apparatus (60[err]C/ 0.1 mrHg).

- The final product lessathan 94bchyorbight havingothe strugtichl farhelaract eri zed by a vi scosi ty
of 7280 cps at 25[err]C, an epoxy equival ent weight = 269 (theoretical
value = 251), and by IR and [err]H NWR spectroscopy. Total chlorine = 717
ppm In a second preparation of tjis erial Xhe = 274, viscosity =
6550 cps, hydrolyzable chlorin Péxite ¢ chlorine = 719 ppm

2. Xidation with Acetonitfrile ogeh Per oxi XV|\m dic acid):

The reaction apparatus wa O m roynd bottgpgmfl gs l}u pped with
nmechani cal stirrer, ther , and sl ow add funnel cht A (30.0 gm
0.0638 noles, 0.128 noles o pn functionality), nethan (74 m),
acetonitrile (11.54 gm 0.2815 -

in which: .
R'isH, C.a élkyl. C,s alkoxy or aryl or alkylaryl, C,¢ perfluoroalkyl, or C,g acyk
10 and
n is an integer 1-3; and '_
the flexible chain is CH,CH,GH,CH,0 when r Is an integer 1-10; or
the flexible chain ié. CH,CH,0 when r is an integer 3-10; or
the flexible ¢hain is CH, when r Is an integer 10-20.

15

4. A fexible epoxy compound according to claim 1 having the structure:

20
Q

5. A flaxible epoxy compound according to claim 1 having the structure:

Q

25 | | -
%’Y\ \Lo
_-33-.
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nol es), ar®® RMCHeer@3 37 7. HABEMANMN B0KEHL 1FRTERTIASWAELEET adcfed to the appar asu= 37

and heated to 40[err]C. At that tenperature 30% Herr](Qerr] (10.0 gm
0= 0882 nol e) . was added dropwi se. The reaction mxture was nai ntai ned at
40[err] C for seven hours, at- which point, additional 30% Herr](ferr]

(13.8 gm 0.1218 anuajexmaapadchedpdmﬁwm.g td BirT £ AdirgQRe VRSARI Nt ai ned at
40[err] C for a further 20 hours. -

17 o Then 2, 2-di net hoxypropane (48 gm 0. 462
equival ent based on Herr]O charged from 30% hy gen per
dropwi se. The reaction heated at 40[err]C f an ad m&t
“hours, corresponding to the point at which the I race read‘tlén
sanpl e i ndi cated m ni nal &Mf\a«bsahbz% perOX| de
5

7. A flexible epoxy compound according to elaim 3 having the structure:

o o7
1
. le} 0 No ~n0

8. A flexible epoxy compound according to clain 3 having the structure:

¢’

15 a ' A
80 '\,O .’/'\-04\‘0 ) Q_g
<

20 . 9. An adhesive for use in microelectronics applications containing a fiexible epoxy
according to claim 1. -
10. An adhesive for use in microslectronics appllcationé containing a flaxible epoxy
according ta claim 2. '

25

1. An adhesive for use in microelectronics applications containing a flaxible epoxy

according to claim 3,

_—
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neut ral i z&®l JBY "Bhe2Ad8| t HAFEMIN & BEHUNBPTEENEELBRt er ni ned by Kl - st ar ch S-3¢/37

indicator test strip. The nmethanol and acetonitrile were renoved in vacuo
en the rotory evaporator (40[err]C/25 mmHG. The residue was taken-up in
150 nL toluene and washed with distilled water (150 nL). Enulsification

was al l eviated by the addition ofg (v 3 NFigdgni ¢ | ayer was _ |
separated and the sol vent renove Irst on a rotory evaporator (80[err]C 25
mrHg), then on a KuJuis invéntiom pylatesctd fexiteBEjory repifi¥ Chatactixtidd) by a low ionic  The '

product was isolated at 74%yield (23.7 gm, characterized by an epoxy
equi val ent wei ghtcontamingtion; fiad cllering £pntgnd lege than 93%),  TheiepexyTpeins are BRIS Aps at

25[err]C IR and err]H NMR spectroscopy. drol yzabl-e chlorine = 455, and

total chlorine = rg%nt%atumgg&yalgs "{"@g F]”w of iess than or equal to 1R BVE was

oxi di ng to give r!égpfégin Mﬁﬁ&% %E&Q&Sor lé% tabzeﬂer Qn%%llec a @&dc%raqr&gmposiﬂon
comprising an oligomaric backbone of alkylene or alkyleneoxy repeat units, tarminated

with an aromatic moiely bearing one or more epoxy functionalities.

"l
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wi th pe omybeics poChitbed ... aged 1% QKi dati o

Adduct I z e#adetic ac

synt hesi sgeg} és$' eﬁage G110 jgm 0.2

per acet il cza&}, gﬁg‘g a@gi “:359 [Utijon, 1.

1, 2- di cljl oroet hane ‘8 He' gr oduct

char act ¢ri zed b an e oxy qual ent jwei ght '

18 val P_ BE&r .....24 30g cps at}j25[err]C. and by yR and [err]H
NVR spectroscopy. Hydrolyzable chlorine = 467 ppm_and total chlorine =
620 ppm Oxidation with Acetonitrile/ dro en Per oxi de

( Per oxyi mi di c aCPQJ.YGLYDICYLPHENYL ETHERS OF ALKYLEN LKYLEOXY CHAINS

FOR USE IN MICROELECTRONICS ADHESIVES

This invention is directed to_ flexible époxy compounds for use in microelectronics
adhesives that can be rapidly cured and that have low or no ionic contamination, and to
processes for their syntheses.

One step in the manufacture of semiconductor integrated circuits is the bonding
of a silicon chip or die with an adhesive to a copper frame from which extend metal
coﬁductor leads. 'l"hé bonded die and lead frame assembly is encapsulated within a
polymeric sealant and connected to external circuitry by way of the metal conductor leads
that extend through tﬁe encapsulation.

Epoxy compounds are preferred as the die attach or encapsulating adhesive due
to their superior adhesive stréngth. The epo;ies conventionally used are the aromatic
epoxies, due to their strength, but these are inherently rigid and brittle. During the
manufacturing process the adhesives and substrgtes are subjected to repeated thermal
cycling. If the adhesives and substrates have widely dis‘parate coefficients of thermal
expansioh, the stress of thermal cycling can lead to adhesive failure, substrate warpage,
or fracture of the die. Thus, a crucial requirement for an adhesive destined for
microelectronics use is that it be strong and flexible to ;bsorb tl"@e stress of thermar
cycling.

A second crucial criterion is that the adhesives be capable of rapidly curing to
meet the speeds of assembly line processing. Thé fast cure times required, typically 30-
60 seconds at about 2000C, are known as snap-cure. This com-bination of criteria, .-~
adhesive streﬁgth. flexibility, and ability to be snap-cured, is difficult to aft_ain in one
adhesive.'

It is also crucial that the epoxy formulations be free of ionic contamination,

particularly sodium and chioride ions, and free of bonded chiorine. These contaminants



-

Adduct B was oxi
for the synthe
generated in sitlu
treated with acef ohi

per oxi
(375 ).
absorption at 163cnierr
i solated in 74% yt

hydr ogen
nmet hanol

CEN

e

R

he acetonitrile and hydrogen peroxide

er

pero‘géﬁmdl c acid. Adduct B (150 gm 0.27 nole) was

itrile and hydrogen peRERIAGEMENTSHEEThed

30%

6 FEDB : pot assi um bi carbonate (60.5 gm,
200 ) 2 di met hoxypr opane (812.5 gn), and
carried out at 40[err]C until the IR

changed significantly. The product was
, and was characterized by an epoxy equival ent wei ght’

= 229 (theoreti-cal value = 154), viscosity = 20,900 cps at 25[err]C, and

by IR and [err]én%e &%Qéﬁ&?@ﬂ&dl

total chlorine = 839 ppm

oxi di zed to ngﬁtﬁp&%&EQ u3|ng peroxytungstate catal ysi s.

To add flexibility, epoxies can be co-reacted wfth an aliphatic flexibilizer; this,
however, reduces adhesive strength because the level of arorﬁatic moieties is lowered.
The addition of a flexibilizer also reduces the ability of the adhesive to be snap-cured
because the flexibilizer has a high molecular weight per epoxy. Moreover, whén the
aliphatic and aromatic epoxies are cured, they may not co-react due to a difference in
reactivity rates; low molecular weight compounds may volatilize out before cure, and high
molecular weight compounds may not completely cure. This combination of factors,
sometimes even a problem for siow cure .formulations. is fatal for achieVing shap-cure.

.As a possible solution to some of these problems, it is known to combine
aromatic moieties with aliphatic moieties in the backbone o.f' the same poiymer, but the
currently available polymers of this type have a high ratio of aromatic to aliphatic
moieties, which results in a loss of flexibility. Additionally, the method of preparation of
these materials results in high chlorine contamination, which is deleterious in
microelectronics applications. The polymers ailso have high viscosities, which requires
the addition of a solvent as a diluent. During snap-cure, the curing is sometimes faster
than complete solvent volatilization, which leads to voids in the cured adhesive, and
potential failure of the microelectronics chip or device. Thus, low viscosity materials,
which eliminate the need for solvent, are preferred.

| The problems associated with providing strength to flexible compounds, and with
snap-cure, are amplified as the microelectronics industry moves toward larger and larger
die sizes. This creates a continuing need for improved flexible epoxies, which have
strength and purity, and that can be. formulated into snap-cured die attach adhesives.
| This invention relates to flexible epoxy resins that can be used to formulate snap-
curable die attach adhesives, encapsulants, and coatings. The epoxies are prepared by

a synthetic route that avoids the use of epichlorohydrin resulting in low levels of ionic

é‘é&?éﬂfﬁﬁ&%&t& me%ésna%d%r/&egﬁﬁg;tw @us\%gd



Oxi dat i on wi th dduct C (17 gm 0.035 nBEBMQ\EMENTM
in 60 nL dichlo was added 3.8 gmtetrabutyl amoni um
hydrogen sulfafe s tirred vigorously at roomtenperature. To
this rapidly st e@ 6 ESBUPP%B s ‘added an aqueous mi xture conprising
sodiumtungstatg fihydrate (6 m in 10nL distilled water with a
sufficient anbufpt of 85% phosphorfc acid3o adjust the pH to 6.5. Then 30%
hydr ogen per oxi nol e) was added at room tenperature and
t he conbi ned contents vvere stirred for 96 hours. At that point, the 1637
cn{err] absorption in the IR spectrumwas m nim zed.

Thé=°p'i85m§€ﬁd spelrses Judiudingdsadipmsiep shigtidenign.t dng qudemizeimuad dhiovinehi ng
the organic layer with 5% sodiumsulfite (2 X 100nmL) until the peroxide
was conpl etely Igﬁetﬁelp,@aout 0.1% by weight, compared to prior art compositions, which contain

impurities at higher levels, especially when the compositions are not subjected to
stringent purification methods that significantly reduce yields. Moreover, the synthetic
routes permit the preparation of discreet chemical structures, rather than mixes of various
resins.

The epoxy resins are liquids at room temperature, have Tg values when cured
of less than or equal to 1500C, and have neat resin viscosities of 25,000 cps or less at
250C. Thus, no solvént is required for formulating these epoxies into highly filled
adhesives (for example, with thermal or conductive fillers).

The modulus of elasticity, percent strain and glass transition temperature (T,)
values for these epoxies indicate high flexibility. The modulus typically is less than or
equal to 2.0MPa. The percent strain typically is greater than or equal to 5%. The cured
T, values for these epoxies .will be 150°C or less, and for some compounds will be
1000C or less.

In another embodiment, this invention pertains to adhesives made with these
epoxies, for use in microelectronics applications.” The flexibility of these compounds is
retained when the epoxies are formulated with conductive material, such as silver flakes,
and used to bond silicon chips to a metal lead frame substrate. The cured epoxies
demonstrate a high radius of curvature, greater than or equal to 350 mm. (The higher
tﬁe radius of curvature, the less chip warpage, which in turn implies a ﬂéxible adhesive;)

The cured epoxies also demonstrate good adhesive strength, measured as die
shear strength. Die shear is a measure of the force required to remove a bonded chip
from the metal substrate, which for these compounds is greater than or equal to 13 MPa.

Moreover, the adhesives exhibit no loss of flexibility or strength. Preferably the
formulation will comprise 20-80 parts by weight of the flexible epoxy and 80-20 parts of

an aromatic O-glycidy! ether (to a total of 100 parts), a curing agent, a conductive filler,



The sol vent was renoved on a rotory evaporator at a terrperalRElPéAchgNtTh%HEET
or equal to 40[err]C and the residué dissolved in 100nL toluene. The

t ol uene | ayer was washed with 150nL 5% sodi um carbonate, with water (2 X
150m.), then with 10% sodium sulfate (2 X 150nL). The tol uene was renoved
fromthe organic layer first on a rotory-evaporator, then on a Kugelrohr
appar at us under hi gh vacuum (80[err] /0. 14ym Hg). The product was an oil

i solated at 93% yield, and was characterized by an epoxy equival ent wei ght

= 289 (theoretical value = 263), viscosity = 9100 cps at 25[err]C, and by

7 and Lor ) NHE R 436k LN S b hRag B8 Aol 0L

chlorine = 959 ppm
t o Epoxy D by t(pphriTEL hods: with peracetic acid and with

The structural composition of the epoxy resins comprises an oligomeric backbone
of alkylene or alkyleneoxy repeat units, of moderate length to provide flexibility, but still
maihtain sufficient crosslink density to yield useful adhesive properties. The flexible
backbone is terminated on one or both ends with an aromatic moiety bearing one or
more epoxy functionalities. Thus, the compounds have no more than two aromatic
moieties, whiﬁh exist only at the termini. Restricting the number and the location of
aromatic moieties in the polymer backbone maintains the strength imparted to the cured
material by the aromatic moieties and maximizes the flexibility impartéd to the cured
material by the aliphatic moieties.

The compounds have no more than two hydroxyl groups per molecule; restricting
the number of hydfox.yl' groups .to two or less promotes low viécosity.

The epoxies have one of the following general structural formuias:

| i oH f
_[=\
A |\ o~ |Bexible chain 4 o4 A

REPLACEMENT SHEET) /» :
- where flexible chain is CH2CH2CH2CH20 whenq = 1-6
0 6 FEB 1997 or where flexible chain is CH2CH20 iwhen q=3-10

/1) SN e

p=6-16




per oxytungstate catal ysi s. 1. Oxidation with PeracetREPLABEMENT SHEET
Adduct D (50 gm 0.107 nole) was oxidized as described in the synthesis of
Epoxy A using 35% peracetic acid at 35[err]Cin 1,2-dichloroethane: The
product was isolated as an oil at 60%yield, and was charact eri zed by an
epoxy equi val ent wei ght 274 (theoreti cal val ue = 249) SabecodLe 117,

chlorine = 35 ppm and total chlorine = 103 ppm

Per oxytungstate catal ysi s: Adduct D (67.8 gm O. 14
oxi di zed as desqribed in the s ynt hesi s of ERoxy
di hydrate and hydrogen per oxi dei The fpr oduct

20 flexible chain

where flexible chain is CH2CH2CH2CH20 whenr = 1-10
or where flexible chain is CH2CH20 when r =3-10
or where flexible chain is CH2 when r=10-20

in which R’is H, C,,; alkyl, C, s alkoxy or aryl or alkylaryl, C, ; perfluoroalkyl, or C, ; acyl;
nis an integer 1-3; the flexible chain is as described for each structure; and p, q, and r
are integers as described for each structure. |

As used here, alkyl refers to a hydl_'ocarbon group derived from an alkane and
have the generic formula C_H.,,.,; alkoxy refers to an alkyl gr.o.up also containing oxygen;
aryl refers to a group having the ring structure characteristic of benzene; alkylaryl refers
to a group containing both alkyl and aryl structures; perﬂuofoalkyl refers to an alky! group
in which one or more of the hy_drogens are substituted with fluorine; and acyl refers to
an organic acid group in 'which the OH of the carboxyl group is replaced by some other
substituent, in this case, the pheny! ring to-_which" it is attached.

The flexibilized epoxy resins may Be prepared by any sz._litable synthetic method
that leaves the product free of ionic contamination. The preferred synthetic routes are
those that avoid thé use of epichlorohydrin, and comprise the steps of (a) preparir}g an
olefinic precursor by attaching an alkylene or alkyleneoxy chain to a phenoxy compound
bearing olefinic groups, and (b) oxidizing the olefinic groups to the corresponding
epoxides. |

In étep (a), the flexible alkylene or alkyleneoxy chain is end terhinated with a
functional group that is activated toward nucleophilic substitution. Preferably the
functional group is an epoxy, chloro, sulfonate, or toluenesulfonate. The flexible chain

is derivatized by nucleophilic addition of a phenolate compound displacing the chloride,



and was characteri z-e.d tRERLACEMBNT SHEET

tical value = 249), viscosity = 410 cps at

.
a sl

equi val ent weig

25[err]C, and py] IR and [err]H NVR spectroscopy. Hydrolyzable chlorine =
53 ppm and to 0% PEB"R9F JO({ ppm EPOXY E: [err]

Adduct E was okildi zed to Epoxy| E by two nethods: with peracetic acid and
with peroxytuhg 'S 61l. Oxidation with Peracetic Acid:

Adduct E (30 gm_0.07 mole) was loxidized as described in the synthesis of
Epoxy A using 35% peracetic acid at 35[err]C in 1,2-dichl oroethane. The

product was isolated as an oil in 91%vyield and was characterized by an
epoxy equi val eftifaRaiegAt alkoxidsfom; epayy 5‘?3/8%3""\9&“%“"—”322@)‘?- Vine qhenqiate Is 397

cps at 25[err] %fepg%g fr%¥n éheR rgarcl.gon[ gfrsroliiﬂmNWroxide or other alkali metal hydroxide with a

phenol compound having only one hydroxyl group, which assures that the nucleophilic
substitution can occur only once and discrete chemical structures result (that |s not
mixtures of products). The phenol compound is also substituted with an olefin moiety,
preferably an allyl group, which is inert to nucleophilic substitution, and serves as the site
for the final epoxide product. In step (b), the olefin on the phenol group is converted to |
the oxirane (epoxide).

Preparation of the Olefinic Precursors

The olefinic precursors to the epoxy compound preferably may be prepared by
one of the following generally described methods. More specific detail for each method
is provided in the examples.

L A&igiy;:idyl compound of an alkylene or alkylenéoxy chain, of appropriate
length to conform in the final prodyct to one of the above described general structures,
may be reacted with a phenolic compound bearing one or more olefinic groups in the
.presence of a catalyst effective for catalyzing condensation reactions between phenolic
compounds and oxiranes.

Preferred diglycidyl compounds are 1,4-butanediol digiycidyl ether, 1,12-
dodecanediol diglycidyl ether; polyethylene glycol digylcidyl ether, poly(tetra-'methylene :
glycol) diglycidyl ether, and polypropylene glycol diglycidy! ‘ether, in which the polyglycol
p.ortion of the molecule has a molecular weight less than or equal to 2000 da.ltons;
1,2,9,10-diepoxydecane, 1 ,2,13,14-diepoxyte;radecane, and similar éompounds; and the
diglycidyl ether of poly(caprolactone)dipl.

Preferred olefin functionalized phenolic compounds are 2-allylph_enol; 2,6-
diallylphenol; 2,4-diallylphenol; .4-a||yi-2-methoxyphenol; and other similar phenolic
compoungis. The phenolic compound can be used in excess to effect a high degree of

reaction with the diglycidyl compound and the excess can be removed from the product
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spectroscopy. In a second

aration of this materi al tHEPEMEMENWSHEET

Vi scosity = [{JEE?E ble chlorine = below detection limts, and
total chloril NS 2. xidation with Peroxytungstate

catal ysi s: Adduct _E {20 gm 0.056 nole) was oxidi zed as descri bed
I n the synthgsils Q)bF@)M Q uki ng sodium tungstate di hydrate and hydrogen
peroxi de. Th Lfolated as arroil in 94%yield, and was

characterize al ent weight 241 (theoretical value = 229),
Vi scosity = , and by IR and [err] H NVR spectroscopy.
Hydrol yzabl e chlorine = 58 ppm and total chlorine = 578 ppm

21 EPOXY F, ngTﬁlgwlapqnd eTr'@)pag@gh@ compgunfi may aiso be substituted with groups that do not

by an epoxy equi

interfere with either of the t_wo steps involved in the formation of the product.

Preferred catalysts are quaternary ammonium or phosphon-ium salts of chloride,
bromide, hydrogen sulfate, acetate, and other known catalysts, such as, triphenyl-
phosphine. More preferred catalysts are the quaternary ammonium salts with lower alky!
constituents, particularly tetramethyl ammonium chloride.

| 1. An alkylene or alkyleneoxy chain, of appropriate length to conform in the
final product to one of the above described general structures, and bearing a leaving
group, such as, chloride, bromide, iodide, or tosylate, at the termini of the chain, may be
reacted with an alkali or alkaline earth metal salt of a phenoxide compound bearing
olefinic groups.

The alkylene or alkyleneoxy compound bearing th.e' leaving group generally is
dérived from the corresponding alcohol by conversion of th_e hydroxyl group into a leaving
group using known reactions. For example, an alkylene or alkyleneoxy chloride c.an be
generated from the alcohol by reaction with SOCI,. The tosylate can be generated from
the alcohol by reaction with tosyl chloride in the presence of base. Examples of suitable
alcohol terminated alkylene or alkylenepky Ehains include 1,4-butanediol; 1,12-
dodecanediol; polycaprolactone diol; polyethylene glycol; and 1,10-decanediol.

The olefin functionalized phenoxide compound is generated from the correspond-
ing phenolic compound by the action of an alkali or alkaliné earth metal hydroxide in the
;.;nresence of an azeotroping solvent. These reactions are well known in the art. Suitable

azeotroping solvents include toluene, xylene, p-cymene, and similar solvents.

Epoxidation of the Olefinic End Groups

After the precursors are formed, the olefin in oxidized by any method effective
to provide the corresponding epoxy. Various methods are described in the literature for

effectively carrying out the oxidation process, and include the use as an oxidant of



As a conpari L {e exanpl es, Epoxy F was £Hg
to therrpmeth Eﬂ*m TE; patent 3,522,210, issued to EgﬂﬁgﬁsﬁgEf |
exanpl es 1A 15. Br¢parati on of bi sphenol conpound (exanple 1):
To a one litef fl| @&FEBtWYI7 ngchani cal stirrer, thernoneter, slow addition
funnel , condepsger, and nitroden bl anket was charged bi sphenol A (228.29 g,
1.0 nole), 15 armet hyl sul fdxi de (DVS®), and 150 g toluene. After the
solid dissolved a _solutian.af H0% agqueous NaOH (80 g, 1.0 nole) was added
over 20 mnutes. The tenperature rose to about 50[err] C and heat was

appl i ed to rai swgantit@etacidy esual s petacetitOdbidl dOfriburofetacefRe fakidX pevagyireidihi axidsd at
101 [err]C at which point 2-chloroethyl ether (71.5g, 58.6 nL, 0.5 nole)
was added t hr odigkirapé compapngsditel dimethylidiokitamaeinorgenic pdracids, suphes perdkidungetatst i on
tenperature was held at reflux for 36.75 hours at which point the pH still
did not reach YystEmsume@saigigry sysiems avahassrethyliioxpigrivm @Rd Rydfogen peroxide,

titanium catalyzed t-butyl-hydroperoxide, and manganese-salen catalyzed oxidations.

L

The preferred epoxidation methods use inorganic peracids, peracetic acid, and
peroxyimidic acids as the primary oxidant. More specific detail for each method is
provided in the examples.

The preferred inorganic peracids are based on tungstic acid, phosphotungstic
acid, and similar compounds, using hydrogen peroxide as the secondary oxidant. The
oxidation process is enhanced by employing a two phase system and a quaternary
ammonium or phosphonium salt as the phase transfer catalyst.

Peracetic acid in acetic acid may also be used édccessfully as the oxidant.
Although many solvenfs are suitable for this oxidation, the rate is faster in chlorinated .
solvents, such as,-dichloroethane. In this process, as the reaction is pushed to complete
conversion, the accumulating acetic acid begins to attack the oxirane. The result is a
product with a lower oxirane content (higher WF'E), and higher viscosity than if the
oxidizing agent iS an inofganic peracid in the presence of a quaternary onium salt.

The use of peroxyimidic acid as the oxidant provides the advantage that the
byproduct is acetamide, which is innocuous to the oxirane., A preferred peroxyimidic acid
is derived from acetonitrile and hydrogen peroxide. The- optimum conditions for the
péroxyimidic acid oxidation include the use of KHCO,, reaction temperature near 40°C.

and optionally, the use of an aqueous sponge, such as, 2,2-dimethoxypropane.

Formulation of Snap-Cure Adhesives

The flexible epoxy compositions of this invention are useful as oven cured
‘adhesives; however, their utility can be expandéd if the snap-cure property is available.

The epoxies can be formulated into adhesives that exhibit good adhesive strength,



stalled with respect to consunption of bisphenol A Tol uelRERLAGEMENT SHEET
added and azeotropic distillation was initiated to drive off [err] 60 niL
H'err] O and another 40 nL of toluene was driven off additional to ensure
dryness. The organic solution was filtered, neutralized to pH= 6 wth
conc. HCl, and refiltered. The solution was placed in a single- neck round
bottom fl ask and stripped on a rotary evdorator to 60[err]C / 11 mmHg,
collecting 300 nL distillate. Further distillation was carried out at

at nospheric pressure ([err]760 mMHg) and 170[err] C pot tenperature, then
establishing v rai_sing .the g?ot tenperature to

219[err]C (vapg‘ggﬁgﬁgg"}dﬁ%&ewtﬂ!;gi'gg'cfigﬁep'] € pigierred) torpuiatioas willeantalr 2858 oom
Pr epar at i on of PSPy EPRYCT BE RO R ALERER BT ARRD! plARAe St
mat eri al ether resin (to total 100 parts), a curing catalyst, and optionally one or more fillers. In
general the curing catalyst is an imidazole catalyst, present in_an émount of about 5-10
parts per hundred parts resin, and the filler is thermally or electrically conductive, such
as silver fiakes, although other electrically or thermally conductive fillers or silica may be
used. The filler is preferably present in an amount of about 25% by volume of the
adhesive formulaton.

‘The aromatic O-glycidyl ether (aromatic epoxy) will be substituted with one or
more aromatic rings, and optiohally with one or more C,-C, groups. The aromatic
epoxies will have an epoxy equivalent weight (WPE, weight per epoxy) of 200 or less,
and will be derived form the corresponding phenolic hardéners. Exemplary aromatic
epoxies are bispheﬁol.-F' diglycidyl ether, bisphenol-A diglycidyl e;ther, reso.rcinol diglycidyl
ether, and the epoxy phenol novolaks.

The adhesive formulation may further contain 20-50 parts per hundred parts of
resin of a phenolic hardener having one or more hydroxy! groups per aromatic ring (from
which are derived the aromatic epoxies described above). Exemplary phenolic hardeners
are the commercially available phenol novolak resins, bisphenol-F, bisphenol-A and
resorcinol. The addition of the phenolic resin serves to improve the adhesion strength
of the formulation after exposure to moisture and thermal shock at 250C, and to prevent
Sleeding of the flexible epoxy out of the formulation.

In general any effective curing catalyst in an effective catalytic amount can be
used. The preferred curing cataly_st is'an imidazole catalyst, and. typically is present in
an amount of abouf 5 parts per hundred parts resin. Preferable imidazole catalysts are
imidazole, 2-efhylimida'zole. 2-ethyl-4-methylimidazole, 2-phenylimididazole, 2-phenyl-4-

methylimiqazole, and 2-undecylimidazole.

REPLACEMENT SHEET
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was di ssol ve
transfer to
sol uti on was
(1.25 nol e)
[err] 10 niL

and 240 ni epichl orohydrin REPMOEMENPSHEET

ck flask for the second reaction. This

at which point the addition of 50% NaCH
cted as prescribed ( -7nL over =" 25 mn.,
over 35 mn., and [err]7nL over 15 mn.).
The reactio ferred tol® 2-liter single neck flask and

et hanol ; wat ydrin were renoved on a rotary evaporator to
96[err] C 11 - was di ssolved in 600 nL nethyl isobutyl

ketone and 800 niL -wa_trerfmertrﬁéyb%fa%ro?ﬁhetmér@_auyso?@@Eﬁ&ﬂhﬁdﬁ@ﬁﬁ' matBfhid kpwphases
separated. The organic | ayer was washed with 200 wat er, which resulted

in an enul sion tbbakuiwdk fad thiersbiadtRflicd applidations dised M arg fefidddle Bhourt kst mdrgd
sodi um sul fate. The pH of the aqueous wash was -7 (neutral). The organic
sol ution was plappidtians, tHecprefeiréd et ogioéroiiaRés, aRhdugh@iter 8REMEMY dr ¢hermally
95[err]C/ 11 mHg. The nmaterial was further stripped on a Kugel rohr

appar at us to 13®peuctiyeCfillersbormsititdgmay be usear entiis prefeatdla prlesentrinean ameduat ofadbouti t h a
stringy taffy-like consistency, was isolated in 89% vyield, and was
characterized @%by iolgneinf bpashesivedorvwlation. wei ght as WPE = 357. 5,

hydrol yzabl e chl orine = 435 ppm bound chlorine = 2103 ppm and total

chl orine = 2538 Examples

The following' | examples illustrate the preparation of representative olefinic
precursors (ADDUCTS) by the two preferred synthetic routes, and the epoxidation of the
olefins by the three preferred epoxidation methods to give the corresponding epoxy
compounds (EPOXIES). The evaluation test methods are given and the berformance
results tabulated.

The examples also disclose snap-curable die attacﬁ.adhesive formulations that
contain the ﬂéxiblé epoxies and the O-glycidy! ether aromatic epoxies, and formulations
containing the phenolic resin.hardeners. ‘

Test Methods

The following test methods were used to evaluate the sample epoxy resins.

The epbxy equivalent weight (WPE, weight per epoxy) for each of the epoxy
products was determined by dissolving the compound in glacial acetic acid followed by
titration with standardized HBr/acetic acid (~0.1N) t6 the violet/green transition of crystal
violet indicatqr. .

. The viscosity of each of tﬁe $amples was determined using a Brookfield co.ne-n-
plate viscometer at multiple spindle speeds at 250C and is reported as an average of
three readings.

The amount of hydfolyzable chlorine was determined by the following method:
Weigh accurately 1-5 g (to the nearest 0.1 mg) of resin into a clean, 125 ml Erlenmeyer
flask with a Teflon® coated magnetic stir bar. Add 40 ml of 0.1N KOH dissolved in

methanol. Place flask fitted with reflux condensor into a water bath heated by magnetic



ppm | 23 SUMVREPCACEMENTLSHERE

DATA: EPOXY Hydr ol yzabl e Total Chlorine Bound
Chl ori ne Chlorine. (ppm (ppm (ppm
A-1 519 719 200 A-2

455 564 109 B-1 467

620 153 B-2 624 839

215 C 883 959 76 D1
35 103 68

stirrer / hot plate unit. Refiux the stirred solution for exactly 15 minutes, then remove the
flask, and allow it to cool to room temperature. Transfer the liquid into a clean 250 mi
beaker. Rinse the sample flask three times with 50 mi portions of methanol, transferring
the liquid into the beaker. Add 10 ml of glacial acetic acid and titrate 'the chloride ion
potentiometrically to the end point with 0.005N AgNO, soiution. Calculate the
hydrolyzable _chloride content in ppm as follows:

{ml titrant) (N AgNO,) (3.55 x 10%)
Chloride {ppm) = "~ weight sample g

The amount of total chlorine was determined by the following method:
Accurately weigh 1-5 g (to the nearest 0.1 mg) of resin into a clean Erlenmeyer flask with
a magnetic stir bar. Add 30 m! of dioxane and 15 mi of 3N KOH solution in ethanol.
Place flask fitted with a reflux condensor into a 100 °C water bath heated on a stirrer /
hot plate unit. Allow éample solution to reflux for 30 minutes. Remove flask and allow
it to cool to room temperature. Traﬁsfer the liquid into a clean 400 mi beaker. Rinse the’
sample flask three times with 50 mi portions of methanol, transferring the liquid into the
beaker. Add 100 ml of glacial acetic acid. Titrate potentiometrically with 0.005N AgNO,
solution to the end point using a silver electrode with a KNO, salt bridge. Calculate the

chioride content in ppm as described above.

EXAMPLE I: SvntheSes of the Olefinic Precursors REP LACEMENT SHEET |

ADDUCT A: 06 FEB '1§97 :
/\,/\ \/K/

Lot SR

The reaction apparatus was a 500ml! round bottom flask equipped with a
mechanical stirrer, thermometer, and condenser. The reagents, 2-allyl phenol (159 gms,

1.19 moles), 1,4-butanediol diglycidyl ether (120 gms, 0.59 moles), and 1% tetramethyl-
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58 578 520 F-Conparative 435

2538 _ 2103 In conparing the inventive epoxy conpounds
with prior art conpound F, it will be noted that the hydrolyzable chlorine
content is simlar, and it is further not¥d that there are nethods

- described in the literature for treatnent of the epoxide containing

nol ecule to reduce this value. (See, for exanple, US patent 4,785,061,

whi ch di scuss e%)n‘ﬁ‘ﬁ nfufH Jﬁgﬂgifie %atglyg rﬁ%’k ?ﬁ‘?’g}”@' C%F%Ir f;orfﬁe regcﬁllég nga%tQJ %rghestilrrggﬂen

tota! ch! ori ne. verthel ess, ( ec I'ne value TI's critica
consi deri ng { NGt BO&Y 4 dpfilatchO'ah 4By TRE (SHkelirk ias FIdEH A6 7058  dnfiVine

conductive |lines, and reported nethods | ower o not erfectively renove
this chlorine ceigensishngd af theMemper@idie” r @h RAYiEdrial hOARS fidn W fehBbraturd Wak €-
raised to 1200C and the reagents held at that temperature while progress of the reaction
was monitored by gas chromotograpy (GC). Completion was determined to occur after
four hours, at which time the reaction was cooled and the work-up initiated.
The reaction mixture was transferred to a single neck flask and placed on a
kugelrohr apparatus (1200C/0.1mmHg) to strip off any residual starting materials
(particutarly, 2-allyl phenol).
The adduct was transferred to a 1000 ml separatory funnel and dissolved in 300
mi of toluene. This organic phase was washed with 5% sodium carbonate (3 X 200 mL),
10% sodium sulfate (3 X 200 mL), and then passed throilgh a.neutral alumina pad
{(~200 ml) rinsed Wit'h.toluene.
The toluene w'és stripped off by rotory evaporator at 60oC/25mm Hg-vacuum.
and then placed on a kugelrohr at 700C/0.1 mm Hg to remove any residual solvent.

The adduct was obtained in 90% yield, and was characterized by IR and *H NMR

spectroscopy. It had a viscosity ranging from 650 to 870 cps at 250C.

REPLACEMENT SHEET|

- - 06 FEB 197
O/Y\O/\/\/O\/k/o

OH

ADDUCT B:

Adduct B was prepared in a manner similar to that used for Adduct A, except that
2,6-diallyl phenol (310 gms, 1.78 moles) was reacted with 1,4-butanediol diglycidy! ether
(180 gms, 0.89 moles) in the presence of 4.5 gm tetramethylammonium chlioride. The

temperature of the reaction mixture was gradually raised to 180oC and held there for one
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tested for nodulus, percent strain, radius of curvature as a neasure of
their flexibility and die shear as a neasure of their adhesive strength.
The nodulus is a coefficient of elasticity representing the ratio of stress
to strain as a material is defornmed under dynam c | oad. These epoxies
denonstrated a |l ow nodulus, preferably jf®ss than or equal to 2. 0MPa. The
percent strain is a neasure of the resistance to defornmation, and these
conpounds have a percent strain of elongation, greater than or equal to

5% and not abl ypdup W@ feddtion WRERImbRR L€ RhicatsP G AN THE SrHBE was |solaééaed?>
formulated with silver flakes and used to bond silicon chips to a netal

lead frane subgdsemtied. for NRidGat" &dn eIOKiyRE dRAMWAE! ErdkREbrided ) iBg IR 8Ad UBNRIR
curvature, greater than or equal to 350 mm and good di e shear strength,

greater than orspeguescopy0 1{Bad a viscosity of 983 cps at 25¢C.

Srpentl

Adduct C was prepared in 2 manner similar to that used for Adduct A, except that

ADDUCT C:

2-allyiphenol (8.44 gm, 0.063 moles) was reacted with 1,2,13,14-diepoxy tétradecane
{6.48 gm, 0.0286 moles, prepared by the oxidation of 1',13-tetradecadiene) in the
presence of 0.1 gm tetramethylammonium chloride. The reaction mixture was heated
to 1850C and held at that temperature for 3.3 hour until reaction was complete as
indicated by GC. The product was isolated as described for Adduct A in 81% yield and

was characterized by IR and 'HNMR spectroscopy.

REPLACEMENT SHEET
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~ ADDUCT D:
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The reaction apparatus was a one liter multi-neck flask equipped with mechanicat
stirrer, thermometer, Dean-Stark trap, and condenser. Solid sodium hydroxide pellets
(19.95 gm, 0.5 moles) and 83 mL xylene under a gentle nitrogen purge were added to
the apparatus and heated with a heating mantle to 700C. At that témperature 2-allyl

phenol (t_56.g gm, 0.5 moles) dissolved in 200 mL xylene was introduced through a slow-



MPa at room tenperat ure. The cured T[err] values for |

w il be 150[erﬂ)C or less, and for sone conpounds w || behegm%ﬁﬁﬂ
| éss. Modul us. The fol | owi ng equi pment was used to prepare epoxy

pl aques for the nodulus and percent strain flexural testing: 2 pyrex
plates 10 x 10 3/16" fromF.J. Gay Co.; copper wire (23" per test);
silcon tubing ID = 3/32", OD = 5/32", wall4 = 1/32" (-23"per test);

al um num spacers (2" x 3/4" x 1/8"); binder clips size medium (5/8");

Rel ease ALL #50 from Airtech International, Inc. To prepare the form

for the plagues addith @haSwiilBXRES)stdth e DroVBRCioCLRAN SFheivkibr foh‘%&??g’bgt hen
e o each -

acetone. A thin coat of Release ALL #50 was applied to one si

plate with a cl emdustagasadiVerlotf e skeofod MisfiRtionl & He EaASEK 'tFaBPfBu%wed by
tenperature. A second coat of Release ALL #50 was applied over the first

coat. The pl at egistilatien otiadditidnal rxyrne\235 @) thfufiettid SedrPstarkOrdp RUeRdve An?3"
| ength of copper wire was inserted into a 23" length of silicone tubing,

and the wire/tulrepdsdrwatérnto a "U' shape formto fit between the two gl ass
plates as a reservoir for the liquid epoxy fornulation before
Then 125 mL p-cymene, 25 mL dimethylformamide, and 0.1 gm Ki were added
and the entire contents cooled to 1000C. The dichloride of poly(tetrahydrofuran)-250 (45
gm, 0.17 mole; prepared by the action of thionyl chloride on poly(tetrahydrofuran)-250,
which is available from BASF Corp.) dissolved in 50 mL p-cymene was introduced into
the flask through a slow-addition funnel. The reaction temperature was raised to 1500C
and. held for 24 hours. Upon cooling, the by-product salts (sodium chloridej were
removed by filtration, and the filtrate was washed with 5% sodium hydroxide (2x150 mL),
and then 10% sodium sulfate (150 mL each) until the pH becéme neutral (pH = 7 on test
strip). The solvent was removed first on a rotory evaporator, then on a Kugelrohr

apparatus (1300C/0.2 mm Hg). The product was collected in 95% yield and was

analyzed by IR and 'HNMR spectroscopy.
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The reaction apparatus was a five liter multi-neck flask equipped with mechanical

stirrer, thermometer, Dean-Stark trap, and condenser. Solid sodium hydroxide peliets
(79.2 gm, 1.98 moles) and one liter xylene were added to the reaction apparatus under
a gentle nitrogen purge, and heated with a heating mantle to 1350C (reflux). At that
temperature 2-allyl phenol (267 gm, 1.98 moles) was introduced through a slow-addition

funnel, while the system was maintained at reflux. The water formed as a by-product



25 -'cure. Al um num spacers were positioned around the edﬁgﬁ of the coated
side of one glass plate. The wirée/tube formwas then | ai PAC "t@.rgg*
si‘de of the glass plate, interior to the spacers. The second gl ass plat'e,

coated side to the wire/tube and spacers, was laid over the first glass
plate so that the wire/tubing formand spacers were sandw ched between the
two plates. The two plates of glass were 4 anped together using the binder
clips. A sanpl e of 90.25 g of epoxy resin was poured into a 250 niL
single neck flask. The sanple was degassed on a Kugelrohr at 70-75[err]C
and 0.2nm Hg f orwas2Biventoffivis ezeotrapic distiiefiancto tie: BeineStark Gap,Banaed @p dbHRtigHsL S
by wei ght of the epoxy, (4.75 gm 5 parts by weight of _
2- et hyl - 4- net hy| 109 zadditienahagenecitiodginiel DezansSitarly trap td teenoseamy Bapped water.
The internal temperature was lowered to 900C, and 100 mL dimethylformamide
and tetraethylene glycol ditosylate (400 gm, 0.795 moles; prepared by the action.of p-
toluenesulfonyl chloride on tetraethylene glycol in the presence of pyridine) dissolved in
300 mL xylene were introduced into the flask through a slow-addition funnel. The
reaction temperature was raised to 120oC and held there for two hours. The reaction
was cooled and the by-product salts (sodium tosylate) were removed by filtration. The
filtrate was washed with 5% sodium hydroxide (2 X 600 mL), then washed with 10%
sodium sulfate (3 X 300mL) until the pH became neutral (pH = 7 on test strip).
The solvent was removed first on a rotory evaporator, then on a Kugelrohr

apparatus (800C/0.2 mm Hg). The product was collected in .95% yield and analyzed by

IR and 'HNMR spettroscopy.
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Adduct A was oxidized to give Epoxy A by two methods: with peracetic acid and
with peroxyimidic acid.

1. Oxidation with Peracetic Acid:

The reaction apparatus Was a 500 ml flask equipped with mechanical stirrer,
thermometer and slow-add funnel. Adduct A (75 gms, 0.16 moles, 0.32 moles of olefinic
functionality), 1,2-dichloroethane (150 mL) and sodium acetate (4.7gms) was added to

the react.ion apparatus and brought to 23¢C using a water bath. Introduction of peracetic




T:he sanpl e was S TSS | rohr at 50[er]rC and 2m1Hg &M&Nheé‘f‘%@ﬁ
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m nut es. The~&d s poured into the cavi RE

shaped wire/tub and glass pldtqg nold with care taken to av0|d form ng air
pockets. The pourfedO<pBER 992! § was cured in a programnmabl e oven in an
upright positign jaccording to g§h foll ow ng program 50[err]C for 30

m nutes; 50[errf] Cto 1Z25Terrr€ @ l[err]i® mn; hold at 125[err]C for 1
hour; 125[err] ol/oferr}C @1p[err]Cmin; hold at 175[err]C for 1 hour;
cool to 60[err]C over 90 mn. The resulting epoxy plaques, after

rel ease from t bed (eal Tgms)yga52% tkcetidhdi) Iasbefund and fhe @€Gon \bsiothematpioegoc 00! ed
di anond bl ade saw The 0.5 cut was cut with a slight excess so that the

pl aques -coul d Atenadditioni wasecbntpietel abé Iwated.tath was warrhddexdB@IC. t ahé iimgmmas
carried out on the plaques using an Instron 4507 at room tenperature in
the three poi ntemperatirenoase té 334Coviifieg 1NSTiesthentotip &V &dppedDaBEeC &ndowad hese
experiments is reported in the follow ng Table as Young's Mdulus in Ma
units, % strai held §iradELRPC {opSdicutsn Thenregetiop ayasi morjitored] for gernpietion by IR Di e
Shear. Each epoxy (to which was added 5 parts 2-ethyl-4-nethyl im dazole
as curing cat aPRESHroscapy 0 thedisapras(ange iof Rtininisalieg Jof iies163F ee] akparptios; | vek

flake at 25% - . .
completion, 300 mL of distilled water was added to the reaction mixture. The phases

were separated, and the organic phase washed with 300mL 5% sodium bicarbonate
solution, then with 200 mL of §% sodium sulfite solution. Toluene (300 mL) was added
to break the emulsion. The organic layer was then washed with 200 mL of 10% sodium
sulfate, and 200 mL of distilled water.

The orgénic was separated off, dried over magnesium sulfate and suction filtered. .
The solvent was stripped off first on the rotory evaporator (5600120 mmHg) and then on
a Kugelrohr apparatus (600C/0.1 mmHg). The final product was isolated as an oil, and
characterized by a viscosity of 7280 cps at 250C, an epoxy equivalent weight = 269
(theoretical value = 251), and by IR and 'H NMR spectroscopy. Total chlorine = 717
ppm. In a second preparation of this material the EEW = 274, viscosity = 6550 cps,

hydrolyzable chiorine = 519 ppm, and total chlorine = 719 ppm.

2. Oxidation with Acetonitrile/Hydrogen Peroxide (Peroxyimidic acid):

The .reaction apparatus was a 250 ml round bottom flask equipped with
rﬁechanical stirrer, thermometer, and slow-add funnel. Adduct A (30.0 gm, 0.0638 moles,
0.128 moles éleﬁn functionality), methanol (74 mL), acetonitrile (11.54 gm, 0.2815
moles), and KHCO, (7.12 gm, 0.7111 mole) were added to the apparatus and heated to
400C. At that temperature 30% H,O, (10.0 gm, 0.0882 mole) was added dropwise. The
reaction mixture was maintained at 400C for seven hours, at which point, additional 30%
H,0, (13.8 gm, 0.1218 mole) was added dropwise-. The reaction was maintained at

400C for a further 20 hours.



\Jggg;re until the silver was fully wetted out. The r2n'6xt u\r/:cﬁgmgégﬁé@ﬁ]ds%ﬂ

ténperature for 15-20 minutes, and then allowed to sit at room tenperature
with frequent stirring for 60 m nutes. Silicon chips (80 x 80
ml[err]) were coated on one side wth the adhesive fornmulation and placed
on a copper lead frame (D/L) and cured pp a 175[err] C oven for one hour.
The sanples were tested after cure for die shear strength at room
tenperature (RT). D e shear strength was neasured using a Hybrid Machine
Products Corp. die shear tester (Mdel 1750)/ Chatillon DFI 50 digital
force gauge. The forlden 2adimstazypropane dadom. G462 rinim @ell5 diuivaleat based dn HiO kg
units, and converted to a die shear strength in MPa averaged over ten
sanpl es. charged from 30% hydrogen peroxide) was added dropwise. The reaction was heated

at 40oC for an additional 24.5 hours, corresponding to the point at which the IR trace of

a reaction sample indicated minimal 1637 cm™ absorbance. The peroxide .was

neutralized by the addition of 10% Na, SO, as determined by Ki-starch indicator test strip.

The methanol and acetonitrile were removed in vacuo on the rotory evaporator (400C/25 |

mm HG). The residue was taken up in 150 mL toluene and washed with distilled water

(150 mL). Emuisification was alleviated by the addition of 10% Na,SO,. The organic

layer was separated and the solvent removed first on a rotory evaporator (800C/25

mmHg), then on a Kugeirohr apparatus (80°C/0.1 mmHg).

The product was isolated at 74% yield (23.7 gm), characterized by &h epoxy
equivalent weight = 315 (theoretical value = 251), viscosity = 6270 cps at 25¢C,IR, and

'H NMR spectroscopy. Hydrolyzable chiorine = 455, and total chlorine = 564 ppm.

. .
\)oi/
AP °e
o

Adduct B was oxidized to give Epoxy B by two methods; with peracetic acid and
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EPOXY B:

with peroxyimidic acid.
1. Oxidation with Peracetic Acid:
. Adduct B was oxidized using 35% peracetic acid as described for thé synthesis
of Epoxy A. Adduct B (110 gm, 0.2 mole) was treated with peracetic acid (210 mL of
35% solution, 1.09 moles) in 220mL 1,2-dichloroethane at 35¢C. The product was

isolated in_85% yield and characterized by an epoxy equivalent weight = 176 (theoretical



‘Preferred di e shear values are those of 13 MPa or great
Curvature Each epoxy to be tested was prepared, degass

HHEPLAREMER. SREBT

one hour as described above in the die shear test nethod. Silicon chips

(200 x 600 mlI[err]) were coated with adhesive on one s
| ead frame and cured in a 175[err] C oven for one hour.

i de and pl aced on a
The radi us of

curvature for the cured sanples was neagured using a Tokyo Seimtsu

SURFCOM surface texture neasuring instrunment and repor

ted in mllineter

(mm units, averaged over three sanples. Preferred radius of curvature

val ues are thosealod =3150), viscasity Gr 24800r cps at 250C, GndthydR dnpgdKi NMIR Epectsedpy Ol
epoxy resins were the foll ow ng: Bi sphenol F diglycidyl ether, sold
under the tr adehigdrolyZERIeCLIBNNE 30457 pprpanditatal chlofineBab20Npgpon, havi ng t he

structure:

[err]

2. Oxidation with Acetonitrile/Hydrogen Peroxide (Peroxyimidic acid):

‘Adduct B was oxidized using acetonitrile and hy_drogen peroxide as described for
the synthesis of Epoxy A. The acetonitrile and hydrogen peroxide generated in situ the
peroxyimidic acid. Adduct B (150 gm, 0.27 mole) was treated with acetonitrile (97 gm),
potassium bicarbonate (60.5 gm), 30% hydrogen peroxidé (200 gm), 2,2-
dimethoxypropane (812.5 gm), and methanol (375 mL). The reaction was carried out at
400C until the IR absorption at 163cm™ no longer changed significantly. The product was
isolated in 74% yiéld, and was characterized by an epoxy equivalent weight = 229
(theoretical value = 154), viséosity = 20,900 cps at 25¢C, and by IR and 'H NMR

spectroscopy. Hydrolyzable chlorine = 624 ppm, and total chlorine = 838 ppm.
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Adduct C was oxidized to give Epoxy C using peroxytungstate catalysis.

Oxidation with Peroxytungstate: Adduct C (17 gm, 0.035 mole) was dissolved

iﬁ 60 mL dichloroethane to which was added 3.8 gm tetrabutylammonium hydrogen
sulfate, and this was stirred vigorously at room temperature. To this rapidly stirred
solution was added an aqueous mixture comprising sodium t‘ungsta.te dihydrate (6.3 gm)
in 10mL distilled water with a sufficient amount of 85% phosphoric acid to adjust the pH
to 6.5. Then 30% hydrogen peroxide (15.7 gm, 0.138 mole) was added at room
temperature and the combined contents were stiri'ed for 96 hours. At that point, the 1637

cm™ absorption in the IR spectrum was minimized.
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Bi sphenol A diglycidyl ether, sold under the t :
EPON 828, a product of ' Shel | Cor porati on, havREBLAGEMéﬂ?m:

[err] A diner acid diglycidyl ester, sold under the
tradenane EPON 871, a product of Shel | Corporation, having the
structure: [err]

19 .

The prodﬁct was isolated by separating the phases and washing the organic
léyer with 5% sodium sulfite (2 X 100mL) until the peroxide was completely quenched.
Thé solvent was removed on a rotory evaporator at a temperature less than or equal to
400C and the residue diSsoIved in 100mL toluene. The toluene layer was washed with
150mL 5% sodium carbonafe, with water (2 X 150mL), then with 10% sodium sulfate (2
X 150mL). The toluene was removed from the organic layer first on a rotory evaporétbr,
then on a Kugelrohr apparatus under high vacuum (800C/0.1mm Hg). The product was
an oil isolated at 93% yield, and was characterized by an epoxy equivalent weight = 289
(thgoreticél value = 263), viscosity = 9100 cps at 250C, and by IR and 'H NMR

spectroscopy. Hydrolyzable chlorine = 883 ppm, and total chlorine = 959 ppm.
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EPOXY D: o

(o]
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| Adduct D was oxidized to Epoxy D by two methods: with peracetic aéid and with
peroxytungstate catalysis.

1. Oxidation with Peracetic_Acid:

Adduct D (50 gm, 0.107 mole) was oxidized as described in the synthesis of
époxy A using 35% peracetic acid at 35°C in 1,2-dichl§roethane.' The product was
isolated as an oil at 60% yiéld, and was characterized by an epoxy equivalent weight =
274 (theoretical value = 249), viscosity = 417 cps at 25¢C, and by IR gnd 'H NMR
spectroscopy. Hydrolyzable chiorine = 35 pprn, and total chiorine = 103 ppm.

2. Oxidation with Peroxvtungstate catalysis:

Adduct D (67.8 gm, 0.14 mole) was oxidized as described in the synthesis of

Epoxy C using sodium tungstate dihydrate and hydrogen peroxide. The product was



A pol ygl ycol di epoxi de, sold under the tradename DER 73ﬁEPEhdﬁwﬁ$ﬁ“sHEEfJ“N

Corporation, having the structure: [err]
Performance Results Epoxies A-E were tested according to the test nethods
descri bed above and conpared to the control aromatic epoxy resins and epoxy

resins containing flexibilizers. The results of the flexibility
and strength performance tests, 20 and conparisons to the contro
epoxies, are presented in the follow ng table. The i nventive

fl exi bl e epoxi es denonstrated a | ow nodul us and hi gh percent strain
isolated as an oil in 83% yield, and was characterized by an epoxy equivalent weight =

252 (theoretical value = 249), viscosity = 410 cps at 25°C, and by IR and 'H NMR

spectroscopy. Hydrolyzable chiorine = 53 ppm, and total chiorine = 100 ppm.

EPOXY E: | REPLACEMENT SHEET|
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Adduct E was oxidized to Epoxy E by two methods: with peracetic acid and with

peroxytungstate catalysis.

1. Oxidation with Peracetic Acid:

Adduct E (30 gm, 0.07 mole) was oxidized as described in the synthesis of
Epoxy A using 35% peracetic acid at 350C ,in 1,2-dichloroethane. The product was
isolated as an oil in 91% yield' and was characterized by an epoxy equiva!eni weight =
258 (theoretical value = 229), viscosity = 397 cps at 250C, and by IR and 'H NMR
spectroscopy. In a second preparation of this material the EEW = 259, viscosity = 354
cps, hydrolyzable chlorine = below detection limits, and total chlorine = 785 ppm.

2. Oxidation with Peroxvtunastate catalysis:

Adduct E (24 gm, 0.056 mole) was oxidized as described in the synthesis of
Epoxy C using sodium tungstate dfhydrate and hydrogen peroxide. The product was
isolated as an oil in 94% yield, and was characterized by an epoxy equivalent weight =
241 (theoretical value = 229), viscosity = 347 cps at 25oC, and by IR and 'H NMR

spectroscopy. Hydrolyzable chlorine = 58 ppm, and total chlorine = 5§78 ppm.



28 conpared to the controls. Notably, a few of the flexible epoxies

yi el ded (r:IrEri ng the strain testing, in contrast to the BEHU\GEMEﬁEISHEET

whi ch snapped. Al of the inventive epoxies and the aromatic control
epoxi es showed a high adhesive strength, and in sone cases very high

radi us of curvature. The EPON 871 epoxy resin and DER 732 epoxy resin
controls, which are based on reactive giexibilizers, do present high
~radius of curvature values, but suffer fromlow die shear strengths.

The control blend of EPON 871 epoxy resin (a reactive flexibilizer) and the

aromati ¢ Bi sphegrdX¥FePsniphative Rexkpigood di e shear strength, but this is
achieved at the expense of a loss of flexibility as indicated by the

radi us of curvature val ue.

cH

o._©-£ ©~OCH20H OCH 2cn—go@-{—{)}- ﬂ

- As a comparison to the inventive examples, Epoxy F was prepared according to

the methods described in US patent 3,522,210, issued to Sellers, examples 1A and 15.
Preparation of bisphenol compound (example 1). To a one liter flask with
mechanical stirrer, thermometer, slow addition funnel, condenser, and nitrogen blanket
was charged bisphenol A (228.29 g, 1.0 mole), 150 g dimethyl sulfoxide (DMSO), and
150 g toluene. After the solid dissolved a solution of 50%'aqueous NaOH (80 g, 1.0
mole) was added over 20 minutes. The temperature rose to about 50°C and heat was
applied to raise the temperature to 100-110°C. Reflux was achieved at 101°C at which
point 2-chloroethyl ether (71.5g, 58.6 mL, 0.5 mole) was added through the slow addition
funnel over 18 minutes. The reaction temperature was held at reflux for 36.75 hours at
which point the pH still did not reach 7-8 but GC analysis indicated the reaction had
stalled with respect to consumption of bisphenol A. Toluene (150 mL) was added and
azeotropi¢ distillation was initiated to drive off ~ 60 mL H,O and another 40 rﬁL of toluene
was driven off additional to ensure dryness. The organic solution was filtered,
ﬁeutralized to pH = 6 with conc. HCI, and refiltered. The solution was placed in a single-l
neck round bottom flask and stripped on a rotary evaporator to 60°C / 11 mmHg,
collecting 300 mL distillate. Further distillation was carried out at atmospheric pressure
(~760 mmHg) and 170°C pot temﬁerature, then establishing vacuum to ~ 30 mmHg and

raising the pot temperature to 219°C (vapor temperature to 122°C). The flask was

cooled to room temperature.
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E;;oxy Cure Modul us % Strain Tg [err] CREPDAGEMENT SHEE]:

Conmpounds Agent (GPa) (Tan [err]) Shear
(rmm

(MPa) Epoxy A a 1.72 5.5 67
21.6 348 (+/-0.28) yi el ded
Epoxy B a - 3.07 22 6.4 110 29.8

266 (+/10.10) Epoxy C . a
0. 37 8.3 54 22.5 377

yi el ded Epox Prdparation of Diglycidyl Bther with Flexible Linkage (example 15). The materiat
19.7 698 Epoxy E b

- 19.9 was diggved in 400 g ethan@camd r260 gL epBhisohyiniolin Erdeln tg Itrynsfe)‘yb a 2 lieer
3.10 5.4 151 26. 8 213 et her
(+/-0.07) Bi s pwéimsrk flasiifeg |tl3ecsieggn|d reacion. This solutiorpwg®heated to 60°C & which point 74
31.8 324 et he (+/-0.01) EPON
871/ Bi sphenol |:the addltlorhof 50% NaOH (1.25 mole) ~70mL was conducted as prescribed ( ~7miL7over
288 di gl yci gi 70: 30 EPON 871

5 2 1354 25 ‘min., ~|j|g|:§nl73\2er 5 min., ~46 mL over 35 min., and ~7mL over 15 min.). The
1.4 1682

reaction mixture was transferred to a 2-liter single neck flask and ethanol, water, and
epichlorohydrin were removed on a rotary evaporator to 96°C/11 mmHg. The residue
was dissolved in 600 mL methyl isobutyl ketone and 800 mlL water, transferred to a
separatory funnel and the phases separated. The orgahic layer was washed with 200
mL water, which resulted in an emulsion that was alleviated by the addition of 100 mL
saturated sodium sulfate. The pH of the aqueous wash was ~7 (neutral). The organic
solution was placed on the rotary evaporator to remove sol\}ént to 95°C/11 mmHg. The
“material was further stripped on a Kugelrohr apparatus to 133°C/1.5 mmHg. The
product, a dark amber material with-a stringy taffy-like consistency, was isolated in 89%
yield, and was characterized as having an epoxy equivalent weight as WPE = 357.5,
hydrolyzable chiorine = 435 ppm, bound chlorine = 2103 ppm, and total chlorine = 2538

ppm.

REPLACEMENT SHEET
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29 Cure catalyst: a = 2-ethyl-4-nmethyl inidazole, 4-6 pg CEMENT ISHEET
hundred parts, resin); cure b = phenol novol ac (HRJ-1166 rom Schenect ady
Chem cal ), 10 pphr and 2-ethyl -4-nmethyl imdazole, 4 pphr EXAMPLE
| V: Snap-cured Adhesive Formul ations. Inventive epoxies C, D, and E, and a
proprietary flexible epoxy, designated EPOXY X, were fornmulated into die
attach adhesi ves conprising by weight 883parts of flexible epoxy and 20
parts aromatic O glycidyl ether, and 20 or 40 parts per hundred parts of
epoxy resin (pphr) of a phenolic hardener. The curing agent was 5 pphr of
2- et hyl - 4- met hySUMMATEON 108 CHLORIRIPORYAX is a proprietary flexible di epoxy
synthesi zed fromdimer acid and having a 36 carbon chain between two epoxy

end groups. The aromati c epoxi es wer e: A bi sphenol - F epoxy resin,
sol d under the ¥P@8€nane Eystreyzable a pr ofri@iChisrine Shel | BuadiGdringonpany,
having the structure: [erfflorine. oy © 7" “(ppm) | Cppm)

A-1 519 719 200

C A2 . 455 564 109

B-1 467 620 183

B-2 624 839 215

C 883 959 76

D-1 35 103_ 68

D-2 53 | 100 47

E-1 none 785 785

detected
E-2 58 578 520
F-Comparative 435 2538 | 2103

In comparing the inventive epoxy compounds with prior art compound F, it will be noted
that the hydrolyzable chiorine content is similar, and it is further noted that there are
methods described in the literature for treatment of the epoxide containing molecule to
reduce this value. (See, for example, US patent 4,785,061, which discusses at column
_2 hydrolyzable chlorme bound chiorine, and total chlorme) Nevertheless, the total
chlorine value is critical when considering the preventlon of corrosion of sensitive
microcircuitry conductive lines, and reported methods lower but do not effectively remove

this chlorine contaminant from an epichlorohydrin based synthetic route.
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A proprietary epoxy resin, designated EPOXY Y, having th
The phenolic hardener was a phenolic novol ak resi
HRJ-1 166 from Schenectady Chem cal having the st

AT e

2N A W,
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Example 1ll._Flexibility and Strength of Epoxies

e .

The epoxies were tested for modulus, percent strain, radius of curvature as a
measure of their flexibility and die shear as a measure of their adhesive strength.

The modulus is a coefficient of elasticity representing the ratio of stress to strain
as a material is deformed under dynamic load. These epoxies demonstrated a low
modulus, preferably less than or equal to 2.0MPa. The percent strain is a measure of
the resistance to deformation, and these compounds have a percent strain of
elongation, greater than or equal to 5%, and notably in certain cases the test
specimen yielded.

When formulated with silver flakes and used to bond silicon chips to a metal lead
frame substrate, the cured epoxies demonstrated a high radius of cuwéture, greater
than or equal to 350 mm, and good die shear strength, greéter than or equal to 13
MPa at room temperature.

The cured T9 values for these epoxies will be 150C or less, and.for some
compounds will be 1000C or less.

Modulus. The following equipment was used to prepare epoxy plaques for the
modulus and percent strain flexural testing: 2 pyrex plates 10 x 10 3/16" from F.J.
Gray Co.; copper wire (23" per te;t); silcon tubing 1D = 3/32", OD = 5/32", wall = 1/32"
(~23"per test); aluminum spacers (2 X 3/4" x 1/8"), binder clips size medium (5/8");
Release ALL #50 from Airtech International, Inc.

To prepére the form for the plaques, two glass (PYREX) plates were cleaned. with
toluene, then acetone. A thin coat of Release ALL #50 was applied to one side of
each plate with a clean rag and allowed to dry for 10 minutes at room temperature. A
second coat of Release ALL #50 was applied over the first coat. The plates were
driéd in a oven at 1250C for 30 minutes. A 23" length of copper wire was inserted
into a 23" length of silicone tubing, and the wire/tube bent into a "U" shape form to fit

between the two glass plates as a reservoir for the liquic epoxy formulation before



30 . Preparation of the fornmulations was as foll ows: %EWTCSHEET
epoxy; th

har dener resin we ' arrpgo[ err] C in the flexibl

| M dazol e catal ys “AW\S i the aromatic epoxy; these two m xtures
wer e bl ended and |tHe bl end m xedjwfth 25% by vol une silver fl akes.

These formul atiors,}] 20é EEBA99% o e attach simlar to those commercially
avai l able, were ysqd to bond 80 K BOm | [25rr] and 200 X 600 ml[err] silicon

dies to copper llead frames. These|assenblies were snap-cured on a hot
pl ate at 225[ errsecfor—one i and were fully cured as determ ned by

DSC anal ysis.  cyre. NifhiRM1SSdc¥R feré Phdiidhb® Qﬁ)umﬂh% eégést &ctnd Pﬁga]téﬂ %%égfedcﬁ'\%

strength and radius of curvature as descri bed anpl e

shear tests wer glagdiplateN ThB&irBRULE &h wid theR idid ordih@ cehtb® EldE of @\e%'@s? Blatd, 0OM
tenperature (RT), (ii) at 250[err]C after heating at 250[err or one

m.nut e (250[ err jnferitr to th spdcerss i The|saéshdtdness \pates chaedising td)tlﬁérmiﬁ’elt@é &hdr i ng
manufac- ture), and (iii) after boiling in water for two hours, and then
at -250[ err] C abpasershwas laiugovat the Zitsh [giaes piGtef sorthainite wite/tabihg fdri0sNdasphders
Herr]O 250[err]C1 mn) (intended to test resistance to

were sandwiched between the two plates. The two plates of glass were clamped

together using the binder clips.

A sample of 90.25 g of epoxy resin was poured into a 250 mL single neck flask.
The sample was degassed on a. Kugelrohr at 70-750C and 0.2mm Hg for ~20
minutes, and cooled to 500C. Based on 100 parts by weight of the epbxy. (4.75 gm)
5 parts by weight of 2—ethyl—4-methylimid§zole was added with mixing to the sample.

- The sample was degassed on a Kugelrohr at 50¢C and 2mmHg for ~20 minutes.

The epoxy sample was poured into the cavity forhed bf/ the "U" shaped wire/tube

| and glass plate mold with care taken to avoid forming air pockets. The poured epoxy
sample was cured in a programmable oven in an upright position according to the
following program: 500C for 30 rﬁinﬁtes; 50oC to 125¢C @ 1oC/min; hold at 1250C
for 1 hour; 1250C to 1750C @ 100C/min; hold at 17SOC for 1 hour; cool to 60oC over
90 min. .

The resulting epoxy plaques, after release from the mold, were cut into 3" x 0.5"
pieces with a water-cooled diamond blade saw. The 0.5 cut was cut with a slight
excess so that the plaques could then be milled to exactly 0.5".

Flexural testing was carried out on the plaques using an Instron 4507 at room
temperature in the three point bend mode following ASTM method D790-84a. Data
from these experiments is reported in the following Table as Young's Modulus in MPa
units, % strain, and T, (peak in Tan delta) in oC units. o

Die Shear. Each epoxy (to which was added 5 parts 2-ethyl-4-methyl imidazole
as curing catalyst to 100 parts by weight epoxy) was mixed with silver flake at 25%

volume until the silver was fully wetted out. The mixture was degassed under



moi sture and the phenonenon known as "pop-corn,” a nmechanRERLAGEMENT eSHEET
fully encapsul ated packages after mpisture exposure during solder reflow
process, 220[err]- 260[err]C). Results are presented in the follow ng
tabl e and show that the snap-cured fornulations containing the inventive
flexi ble epoxies maintain their flexibility and good die shear strength at
roomtenperature and after being thermal2ey shocked. The die shear strength
after exposure to noisture and thermal shock are within a range acceptable
for use as die attach adhesi ves. 31

vacuum at room temperature for 15-20 minutes, and then allowed to sit at room
temperature with frequent stirring for 60 minutes.

Silicon chips (80 x 80 mil*) were coated on one side with the adhesive formulation
and placed on a copper lead frame (D.IL) and cured in a 175°C oven for one hour.
The samples were tested after cure for die shear strength at room temperature (RT).
Die shear strength was measured using a Hybrid Machine Products Corp. die shear
tester (Model 1750)/ Chatillon DFI 50 digital force gauge. The force required to
remove the bonded die was read in kg units, and converted to a die shear strength in
MPa averaged over ten samples.

Preferred die shear values are those of 13 MPa or greater.

Radius of _Curvature. Each epoxy to be tested was prepared, degassed, and
aged for one hour as described above in thé die shear tes.t.method. Silicon chips
(200 x 600 mil?) wéré .éoated with adhesive on one side and ;;Iaced on a lead frame
and cured in a 175°C oven for one hour. The radius of curvature for the cured
samples was measured using a Tokyo Seimitsu SURFCOM surface texture
measuring instrument and reported in millimeter (mm) units, averaged over three

samples. Preferred radius of curvature values are those. of 350 mm or greater.

Control Epoxies. The control epoxy resins were the following:
Bisphenol F diglycidyl ether, sold under the tradename EPICLON 830S, a product

of Dai Nippon, having the structure:

P/\OO O°/\<‘;
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SNAP CURE DI E SHEAR ( MPa) | RADI US OF

FORMULATI ON | REPLACEMENUREHEET
Conposi tion Epoxy Pro- RT  250[err]C 1 100[err]C RT
250[err]C/1 parts by - perties mn Herr]O 2
mn weight - hr

250[err]C 1 27 mn EPOXY
C Tg = 60[err]C 23. 7 1.4 1.1 420 350 nm 80
WPE = 289 cohesive cohesive cohesi ve mm EPON 862 V =
9100 ~ Bisphérdl AWighcidfiOether, sold under tHeRfadename EPON 828, a product of
failure  failure Novolak 2 EPOXY D Tg = 52[err]C 14. 3

1.4 1. 2 shell Corpofdidn, havihg Qhé1Sttucture30 WPE = 252 cohesive
cohesi ve cohesi ve mm EPON 862 V = 410 cps failure 20
failure failure Novolak 40 EPOXY E cH Tg = 60ferr]C 23.7

1.5 1.2 400 380 mMm 8he ? WPE = 241 cohesi ve
cohesi ve cohesi ve nm EPON 86 47 cps failure  failure
failure 20 Novolak 40 FLEX EP({p ]C 17.7 1.2

cohesi ve cohesive

0.8 550 470 X _ 80 |
cohesi ve mm Tm>/\o /\(,

(o)

A dimer acid diglycidyl ester, sold under the tradename EPON 871, a product of

Shell Corporation, having the structure:
: o o
I VRN
(CH,);— C—0 — CH,— CH — CH,
o o
I \
(CH,), = C— O+ CH,— cH - ~CH,

CH, = CH = CH — (CH,),— CH,
(CIHz)s
CH,

A polyglycol diepoxide, sold under the tradename DER 732, a product of Dow

Coiporation, having the structure:

REPLACEMENT SHEET| o o T e

RN | VRN
H,C— CH — CH,— 0 + CH — CH, = O T CH, ~ CH— CH,

9
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Performance Resuits. Epoxies_A-E were tested according to the test methods
described above and compared to the control aromatic epoxy resins and epoxy resins
containing flexibilizers. The r'esulté of the flexibility and strength performance tests,
and comparisons to the control epoxies, are presented in the following table. The

inventive flexible epoxies demonstrated a low modulus and high percent strain



E‘PO\I 862 V = 361 cps failure failure failt 40
FLEX EPOXY Tg = 28[err]C 14. 3 2.0 %@PW@% mm

X 80 WPE = 376 - cohesi ve cohesive mm AROM
V = 361 cps failure failure EPOXY Y 20 Novolak 40 Cont r ol
23.7 2.1. 0.2 230 220 mm

nmm Notes: (a) The epoxy equival ent v ght (WPE, weight per epoxy) for
each of the epoxy products was determ ned by dissolving the conmpound in

gl acial acetic acid followed by titration with standardi zed HBr/acetic acid
(-0.1N) to the violet/green transition of crystal violet indicator.

(b) The Vi scoghhpsreafio Bi@ethtral. NAEbHE BB Bthé\RRibid @h&éed1yRRIGy Hitinhthed Br ookfi el d
cone-n-plate visconeter at nmultiple spindle speeds at 25[err]C and is

reported as astrarvestagdn edntrishlodie copBials. ral) of which snapped.

32 All of the inventive epoxies and the aromatic control epoxies showed a high
adhesive strength, and in some cases very high radius of curvature. The EPON 871
epoxy resin and DER 732 epoxy resin controls, which are based on reactive
flexibilizers, -do present high radius of curvature values, but suffer from low die shear
strengths.

The control blend of EPON 871 epoxy resin (a reactive flexibilizer) and the

aromatic Bisphenol F-epoxide shows good die shear strength, but this is achieved at

the expense of a loss of flexibility as indicated by the radius of curvature value.

Epoxy Cure Modulus | % Strain Tg oC Die ROC
Compounds Agent (GPa) (Tan &) | -Shear {mm)
{MPa)
Epoxy A - a 1.72 5.5 67 216 348
(+-0.28) | yielded
Epoxy B a 3.07 6.4 110 298 266
: {(+/-0.10) .
Epoxy C a 0.37 8.3 54 22.5 377
: : yielded

Epoxy D b - — - 18.7 698
Epoxy E b - - - 19.9 493

Controis .
Bisphenol F diglycidyl a 3.10 5.4 151 26.8 213

ether . {+/-0.07)
Bisphenol A diglycidy! a 2.69 3.9 174 31.8 "324
ether ‘ (+/-0.01)
EPON 871/Bisphenol F a 17.3 288
diglycidyl ether
70:30

EPON 871 1 5.2 1354
DER 732 ' 1.4 1682
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What is claimed is: 1. A flexible epoxy conpound, charact REPLACEMENT SHEET
has a total chlorine content of |ess than 0.1% by wei ght, having the

general structure: [err] i n which: R is H derr] alkyl,
Cerr] alkoxy or aryl or alkylaryl, C[err] perfluoroal kyl, or CJerr] acyl;
and nis an integer 1-3; and the flexible chainis _
CHerr]CH err]CHerr]CH err] O-when g i £9an integer 1-6; or the flexible

chain is CHerr]CH err]O when q is an integer 3-10.

Cure- catalyst:
a = 2-gthyl-4-methyl imidazole, 4-6 pphr (parts per hundred parts resin); cure
b = phenol novolac (HRJ-1166 from Schenectady Chemical), 10 pphr and
2-ethyl4-methyl imidazole, 4 pphr

EXAMPLE 1V: Snap-cured Adhesive Formulations. Inventive epoxies C, D, and 'E.

and a proprietary flexible epoxy, designated EPOXY X, were formulated into die
attach adhesives“ comprising by weight 80 parts of flexible epoxy and 20 parts
aromatic O-glycidyl ether, and 20 or 40 parts per hundred parts of epoxy resin (pphr)
of a phenolic hardener. The curing agent was 5 pphr of 2-ethyl-4-methyl imidazole.

EPOXY X is a proprietary flexible diepoxy synthesized from dimer acid and having
a 36 carbon chain between two epoxy end groups.

The aromatic epoxies were:

A bisphenol-F epoxy resin, sold under the tradename EPON 862, a product of |

Shell Chemical Company, having the structure:

REPLACEMENT SHEET|
/A

/\
-CH,-CH-CH, O-CH,-CH-CH, 06 FEB 1997
S

A proprietary epoxy resin, designated EPOXY Y, having the structure:

A0

The phenolic hardener was a phenolic novolak resin sold under the tradename

HRJ-1166 from Schenectady Chemical having the structure:

OH OH | OH
| EE}CH H _
] nzi1-5



2.h A fl exi bl e epoxy conpound, characterized in that it has WGFMEN
| ess than 0. 1% by wei ght, having the structural Tornula: [er
R is H (err] alkyl, Cerr] alkoxy or aryl or alkylaryl

cont ent of
in which:

Clerr] perfluoroalkyl, or Clerr] acyl; and nis an integer 1-3;
pis an integer 6-16.

30

Preparation of the formulations was as follows: the phenolic hardener resin was
dissolved at 130oC in the flexible epoxy; the imidazole catalyst was dissolved in the
aromatic epoxy; thése two mixtures were blended and the blend mixed with 25% by
volume silver flakes.

These formulations, and a control die attach similar to those commercially

available, were used to bond 80 X 80mil* and 200 X 600 mil® silicon dies to copper

lead frames. These assemblies were snap-cured on a hot plate at 2250C for one
minute, and were fully cured as determined by DSC analysis.

The adhesive formulations were tested for die shear strength and radius of

-curvature as described in Example IIl. ' The die shear tests were run on the 80 X 80

mil? die aftér cure (i) at room temperature (RT), (i) at 2500C after heating at 2500C
for one minute (2500C/1 min) (to simulate the wire bondiné 'operation during manufac-
ture), and (iii) after boifing in water for two hours, and then at 2500C after heating at
2500C for one- minute (100eC H,0; 2500C/1 min) (intended to test resistance to
moisture and the phenomenon known as "pop-corn," a mechanical failure of fully
encapsulated packages after moisture exposure during solder reflow process, 220¢-
2600C).

Results are presented in the following table and show that the snap-cured
formulations containing the inventive fiexible epoxies maintain their flexibility and good
die shear strength at room temperature and after being thermally shocked. The die
sﬁear strength after exposure to moisture and thermal shock are within a range

acceptable for use as die attach adhesives.

frog

il

and
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33. 3. A f|6XIb|eJe'OX."m,m._ ' :characterized in that iégéﬁFQEMENWESHEET

chl ori ne cont egiEe—vye ; 9rxY by wei ght, having the ural
formula: [err] BRE ' DL R is H (err] alkyl, (ferr] al koxy
or aryl or al k¥l Per t# uoroal kyl, or Cferr] acyl; and n
Is an integer % 3; f gexi bl e chaln S

r is3hn integer 1-10; or t he

fl exi ble chain} frmhen r is an integer 3-10; or
SNAP CURE DIE SHEAR (MPa) 1 RADIUS OF
FORMULATION CURVATURE
Composition Epoxy Pro- RT 2500C, 1 1000C RT 250oC/1
parts by - perties min H,0, 2 min
weight hr
2500C, 1
min
EPOXY C Tg = 60C 23.7 1.4 1.1 420 350 mm
80 ‘WPE =289 | cohesive | cohésive | cohesive | mm
EPON 862 V = 9100 failure '
20 cps faflure faflure
Novolak
20
EPOXY D Tg = 520C 14.3 1.4 1.2 480 420 mm
80 WPE = 252 cohesive | cohesive | cohesive | mm
EPON 862 V = 410 cps | failure
20 failure failure
Novolak
40
EPOXY E ‘| Tg = 600C 23.7 1.5 1.2 400 | 380 mm
80 WPE = 241 cohesive | cohesive | cohesive | mm
EPON 862 V = 347 cps | failure failure failure
20
Novolak
40
FLEX EPOXY | Tg = 28¢C 17.7 1.2 0.8 550 470 mm
X 80 WPE = 376 cohesive | cohesive | cohesive | mm
EPON 862 V = 361 cps | failure failure | failure
20
Novolak
40
FLEX EPOXY | Tg = 28¢C 14.3 2.0 320 320 mm
X 80 WPE = 378 cohesive | cohesive | mm
- AROM V = 361 cps | failure failure
EPOXY Y 20
Novolak
40
Control 237 |24 0.2 230 | 220 mm
mm

Notes: (a) The epoxy equivalent weight (WPE, weight per epoxy) for each of the
epoxy products was determined by dissolving the compound in glacial acetic acid
followed by titration with standardized HBr/acetic acid (~0.1N) to the violet/green
transition of crystal violet indicator.

(b) The viscosity of each of the samples was determined using a
Brookfield cone-n-plate viscometer at multiple spindle speeds at 250C and is reported
as an average of three readings.



the flexible chain is CH when r is an int eger 10-20. REPLACEMENITOBREET
epoxy conpound according to claim1l having the structure: [err]
5: A flexible epoxy compound according to claim1 having the structure:

‘lerr] :
S

S L

What is claimed is:

1. A flexible epoxy compound, ‘characterized in that it has a total chlorine content of

less than 0.1% by weight, having the general structure:;

; o
A | \ o~ |flexible chain o—<\:> '
Dot A |

in which:
R'is H, C,,s alkyl, C, alkoxy or aryl or alkylaryl, C, s perfluoroatkyi, or C, acyl;
and '
nis an integel_' 1_-3; and
the flexible chain is CH,CH,CH,CH,O when q is an integer 1-6; or

the flexible chain is CH,CH,0 when q is an integer 3-10.

2. A flexible epoxy compound, characterized in that it has a total chlorine content of

less than 0.1% by weight, having the structural formula:

Q*H—@

0 p=6-16

in which:
R'is H, C,, alkyl, C,s alkoxy or aryl or alkylaryl, C, s perfluoroalkyi, or C,; acyl;
and

nis an intgger 1-3; and REPL ACEMENT SHEET

p is dén integer 6-16.
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34 6. Aflexible epoxy conpound according to claim 2 AGEMENS SHEET .

structure: [err] 7. A flexible epoxy conpound according to claim
3* having the structure: ' 8. A flexibl e epoxy ctompound—accordi ng
o e faving fhe strutres terd R O O

33 * € L M S5 x

3. Aflexible epoxy compound, characterized in that it has a total chiorine content of

iess than 0.1% by weight, having the structural formula:

Rl

in which:
R'is H, C, 4 alkyl, C, 5 alkoxy or aryl or alkylaryl, C, perfluoroalkyl, or C, acyl;
and
n is an integer 1-3; and
the flexible chain is CH,CH,CH,CH,O when ris an intééer 1-10; or
the flexible chain’is CH,CH,0 when r is an integer 3-10; or

the flexible chain is CH, when r is an integer 10-20.

4. A flexible epoxy compound according to claim 1 hévi'n_g the structure:

on REPLACEMENT SHEET

| %O/\K\O/\/\/°\/‘\/°
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5. A flexible epoxy compound according to claim 1 having the structure:

[s]

. [o]
T
o/\/\/o o
._ e
. ) . ' o}
N o]



9 An adhesive for use in mcroelectronics applications c | g
_ _ | NS CORMATEMENT SHEET

fl exi bl e epoxy according to claiml. 10. An adhesive
m croel ectronics applications containing a fl ex’i_blg_gpgxga__a.ccor-di—ng to
claim 2. ‘11. An adhesive for use in mcroel ectronics ﬁrl i C t“

containing a flexible epoxy according to claim ﬂ“‘“”“l“l “‘“ “

34 *

6. A-flexible epoxy compound according to claim 2 having the structure:

0,
: OH
. o
Q
OH

7. A flexible epoxy compound according to claim 3 having the structure:

04\/\,0 NO'\A,O

8. A flexible epoxy compound according to claim 3 having the structure:

REPLACEMENT SHEET
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8. An adhesive for use in microelectronics applications containing a flexible epoxy

according to claim 1.

10. An adhesive for use in microelectronics applications containing a flexible epoxy

according to claim 2.

11. An adhesive for use in microelectronics applications containing a flexible epoxy

' according to claim 3.
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POLYGLYDICYLPHENYL, ETHERS OF ALKYLENE OR ALKYLEOXY CHAINS
FOR USE IN MICROELECTRONICS ADHESIVES

ABSTRACT OF THE INVENTION
This invention relates to flexibie epoxy resins characterized by a Tow ionic
contaminatiqn. total chlorine content less than 0.1%. The epoxy resins are liqs;nids at
room temperatur, have Tg values when cured of less than or equal to 1500C, have
neat resin viscosities of 25,000 cps or less at 250C, and have a structural composition
comprising an oligomeric backbone of alkylene or alkyleneoxy repeat units, terminated

with an aromatic moiety bearing one or more epoxy functionalities.
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