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EPOXY RESINS CONSISTING OF FLEXIBLE CHAINS
TERMINATED WITH GLYCIDYLOXYPHENYL GROUPS
FOR USE IN MI_CROELECTRONI_CS ADHESIVES

This invention is directed to ﬂexi_ble epoxy compounds for use in microelectronics

 adhesives that can be rapidly r_;u'r'_ed'and that have low or no ionic contamination, and to

15

processes for their syntheses.

One step in the rmanufacture of semiconductor integrated circuits is the bonding

~of a silicon chip or die with an adhesive to a copper frame from which extend metal

conductor leads, The bohded die and lead frame assembly is encapsciated within a

polymeric sealant and connected to external circuitry by way of the metal conductor leads

that extend through the encapsulation.

Epoxy cbmpounds are preferred as the die attach or encapsuiating adhesive due
to their su_éerior adh.esive strength., The epoxies conventionally used are the aromatic

epoxies, due to their strength, but these are inherently rigid and brittle. During the

. manufacturing process the adhesives and substrates are subjected tc repeated thermal

25

‘cycling. If the adhesives and substrates have widely ‘disparate coefficients of thermal

expansion, the stress of thermal cyc'ling can lead to adhesiva fallure, substrate warpage,
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polynerlc 'séal ant “and connected to external circuitry by way of the netal
conductor | eads that extend through the encapsul ati on. Epoxy conpounds are
preferred as the die attach or encapsul ati ng adhesi ve due to their superior
adhesi ve strength. The epoxies conventionally used are the aromatic
epoxies, due to their strength, but these are inherently rigid and brittle.

During the manu ﬁtu}g I°P%eﬁr§8?e?§‘{thea%gg'e§ nem gq,grug Satdrt%év sﬁg ecﬁﬂqdjeect ed

to repeated ther cycli he 8si v

di sparate coef |&r8é(§dyo§|c9fusg he 'EH?&?L n%xéi:%ﬂé aﬂﬁ' ’ﬂe;( E\S 5 taﬁfo?é v st oFBanmiic! 1 NY

can |l ead to adhesive failure, strate
cycling.

A seccnd crucial criterion is that the adhesives be capable of rapidly curing to
5  meet the speeds of assembly line processing. The fast cure times required, typically 30-
60 seconds at about 1750-200eC, are known as snap-cure. This combination of ¢riteria,
adresive Strength, flexibility, and abl.lity t¢c be snap-cured. is difficult to attain in one
/adheswe |
It is also crucial that the epoxy formulations be free of icnic contamination,
io particularly sodiurm and ¢hioride icns, and free of bonded chlorine, These contaminants
can cause corrosion of thg metal leads in semiconductor devices and the ultimate failure
of the Ceviceﬁ.
~ To add “lexibility, epoxies can be co-reacted with an aliphatic flexibilizer, this,
nowever, reduces adhesive strength because the level of aromatic moielies Is lowerad.
15 The addition of a flexibilizer also reduces the abifity of the adhesive to be snap-cured
because the flexibilizer has a high n'ialecular weight per 'epoxy. Moreover, when the
“aliphatic and aromatic epoxies are cured, they may not co-react due to a difference in
reactivity @tes; low molecular weight commﬁnds may volatilize out before cure, and high
malecular weight compounds may not completely cure. This combination of factors,
20 sometimes even a problem for siow cure formulstions, is fatal for achieving snap-cure.
As a possible soiution to some of these problems, t is known to comblne.
aromatic moieties with aliphatic moiaties in the backbone cf the same polymer, but the
currently' avaliable polyr.ners of this type have a high ratio of aromatié to aliphatic
moieties, which resu!ts in 2 loss of flexibiity. Additianally, the'method of préparation of
25 these materizls results in high chierine contamiratian, which is deleterious in microelec-
tronics applications. The polymers also have high visco#ities, which requires the addition

of a solvent as a diluent. During snap-cure, the curing is sometimes faster than complete
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2" or fracture of the die. Thus, a crucial requi renment for an adhesive
destined for mcroelectronics use is that it be strong and flexible to
absorb the stress of thermal cycling. A second crucial criterion is that
the adhesives be capable of rapidly curing to 5 neet the speeds of
assenbly line processing. The fast cure tinmes required, typically 30- 60

seconds at abQuivedtaktaliizafdre WhitAWhda %o SitAn ¥ Rired HahSsiveO BRI Potériantaiire of
criteria, adhesive strength, flexibility, and ability to be snap-cured, is

difficult to ahd micnodleztromies alibesdavice. Thus, low viscosity materials, which eliminate the

| need for solvent, are preferred.

| it is also imperative in the construction of electronic devic_eé t6 nave minimal

5 weight loss (_no outgassing) of the adhesive that bonds the die to the lead frame. This

_ is important both during cura of the die fo the lead frame, and post cure during wiré-

honding processeé (4-200°_C) or When the circuit is encapsulated or molded. Weight loss

,édring cure or pest cura shouid be minimized so that any volatiles esc¢aping from the

adhesive do not redeposit on the die surface. Any redeposit can lead to die top

_10 '  delamination during or after the molding operation. Further, .outgassing after the molging

~cparation, ‘but duting solder reflow can result in a pressure build-up that can lead to

péckage cracks. _

The problems associated with providing strength to flexible compounds, and with

snap-cure and thermai siability (low weight loss af elevated temperature), are ampilified

15 as the micrcelectronics industry movas toward larger and larger die sizes. This creates

a continuing need for improved flexible epoxies, which have strength, and that can' be

formulated into snap-cured die attach adhesives.

20 Figure 1 is a DSC graph cf inventive epoxy D showing the‘ changé in exbtherm
| as the epoxy is cured. There is a liqear relationship betwaen the area over the curve
and percant dure. Similar DSC curves for other of the inventive epoxies were used o
generate the data plotted in Figure 2.
' Figure 2 is a graph of the percent cure of inventive samplé epoxy resins versus

25 cure time.
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I't is also cru0|al that the epoxy fornulations be free of ionic

contam nation, 10 particularly sodium and chloride ions, and free of
honded chl ori ne. These contam nants can cause corrosion of the netal |
in sem conductor devices and the ultimate failure of the devices. To add
flexibility,

thi's,

noi eties i s Iomered 15

however ,

epoxi es can be co-reacted wth an aliphatic flexibilizer;
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hi gh nol ecul ar wei ght per epoxy. Moreover,

when the aliphatic and aromatic

epoxi es are cmmeldﬁ@mmwr&ﬁtmim: eact due to a difference in reactivity'
| ow nol ecul ar wei ght conpounds may vol atilize out before cure,

rates;
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Figure 4 is a graph of the thermograv.metric analysis of the inventive sample
epoxy resins in the presence of curing catalyst (2-ethy_|-4-methyl imiqazole) heated from
300-2C0oC at 10oC per minute. This graph shows weight loss during the cure process

and demonstrates that comparative spoxies C and E lcse substantial weight in the 200c-

2500C range, which is the temperature range for wire bonding and solder reflow in the

~manufacture of eiectronics devices.

This ihvention relates ¢ _ﬂexl'blg epoxy resins that can be used to formulate shap-
curable die attach adhesives, encapsulants, and coatings. The epoxies are prepared by
a synthetic route that uses epichiorohydrin eary in the synthesis at a point when

“eertaminants can be easily remcved, resulting in low levels of ionic contaminants, less

than about 0.1% by weight, compared to prior art compositions, which contain impurities

and

at higher levels. This is a significant difference for industrial applications. Morgover, the

synthetic routes parmit the preparation of disc_rete_ chemical structures, rather than mixes
of varlous resins. |
The epoxy resins are liquid£ at room temperature, have Tg values when cured
of lass than or equal to 100sC. | |
In another embodiment, this invention pertains to achesives made with these
epoxies, for use in microelectronics app|i§aticns. 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 apoxies

demonstrate a hign radius of curvature, greater than or equal to 300 mm. (The highe}r

" the radius of curvature, the less chip warpage, which in turn implies a flexible adhesive.)
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mol ecul ar wei ght corrpounds may not conpletely cure. This conbination of
factors, 20 sometimes even a problemfor slow cure fornulations, is fatal
kor achi 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 of the sanme polyner, but the currently available polynmers of this
type have a hi gh ratThe cofedaipekied aiso temansirate Jobe adrzsies iseengthvinicabured asibes in
a loss of flexibility. Additionally, the nethod of preparation of 25
~ these materi al shearstreogin.i Biehshgr is lal rovaisvre of dhet fame meguireshic reimpveha bended chip
~deleterious-in mcroelec- tronics applications. The polynmers al so have high
viscosities, whootthe egta pustrathentieidior these eompgursis|is/grmaterdbanoricualdni0 MBar | ng

shap- cur e, the curi ng i s sometines faster_than conplete
when cured under snap-cure conditions. The epoxies can be formulated into adhesives

5 that snag-cure and exhibit no loss of flexibility or strength. Preferably the formulation will
comprise 20-10G parts by weight of the flaxible epcxy and 80-0 parts of an aromatic O-
glycidyl ether (to a total of 100 parts), a curing agent, a conductive filler, and optionally

.~ 20-50 paris of a phenclic hardener per hundred parts of epoxy resin (pphr).

10

The structural composition of the epoxy resins comprises an'oligo\meric Eackbone
of alkylene or alkyleneoxy repeat units, of moderate length to provide flexibility, but stil
maintain sufﬁéient crosslink density to yield useful adhesive praperties. The flexible
backbone is terminated on one or both ends with an aromatic meiety bearing one or

15 ~ more epoxy functionalities. Thus, the compounds have no more than two aromatic
moieties, which exist only at the terminl.' Restricting the number and the location of
aromatic maieties in the polymer backbone maintains the strength imparted to the cured
material by the aromatic rnoieties and maximizes the flexibility imparted to the cured
rnaterial. by the aliphatic moieties. A discussion of the synthetic routes to these

20 compounds, and a discussion of'previdus!y known routas, will further elucidate the
structures cof the compounds of this invention. '

Routes to flexible epoxy resins are known, énd include the uge of the giycidyl
ester of dimerized_ fatty acid and g_lycsdyl-tern'_sinated polyurethanes (or g!ycfdyl _
carbamates). These materials are inferior fdr the preseni application as it has been

25 found that the oxiranylmeihoxy moléty attach.eﬁ directly to a carbonyl group {as it is for
bath of the above) catastrophically lose welght at eleva';ed temperature (temperatures

near 200°C) when cured under the snap-cure conditions required for current slectronic

/”I/I//WI//IY/Wed '
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3 sol vent volatlllzatlon which | eads to voids in the cured adhesive, and
potential failure of the mcroelectronics chip or device. Thus, |ow '
¥j scosity materials, which elimnate the need for solvent, are preferred.
It is also inperative in the construction of electronic devices to have
-m ni mal wei ght |oss (no outgassing) of the adhesive that bonds the die to

; ?’gngeag 1 ¥ Meyeyidlrindsct AP this N4 mARE Bisdlihiage QsHEeesr%[)-cE g nduetel Rar ead
post cure during wre- I Nng processes when t he
circuit is encpaiad eb GbreddR! fiih adBbiyl isl R8Bcted to temperatures of 200-250°C
during'the wire bonding process and after molding during the solder refiow operation.
.Another problem in the manufacture of electronic devices is that severe outgassing
5 (release of voiaties) must be minimxzed hroughout the entire device manufacture
process. The éompounds of this invention have snap-cure property and greatly improved
thermal stability to temperatures of 300°C.
s Other routes to flexible epoxy resing are knowr in which the resing are prepared
from egichlorohydrin and a diphencl compeund bearing a flexible backbone. These
10 compounds pps_sess high chiorine contamination (usually »0.2%). 1t is imperative for
microelectronic application to minimize ail sources of corrosive ions (including organrc
bound chlorine).

To accomplish the required features of snap cure, low stress. low volatiity, and
_high purity the foliowing sequence has been followed in this invention. The epoxy .

15 functionaiity is buiit oato an aromatic ring by an egpichlorohydrin reacti.on. Effecting this '
trangformation on a small molecule allows for easy.purlﬁcation by post-treating with
caustic as is known in the art, and by distillation or (re)cry#tallizatlon. The aromatic ring
may have more than one eboxy group and also contains another functionality that allows
it to be attached tc the ends of a flexible chain. This functionality .can be a carboxlic acid

20 (so is derived from a benzoic acid) or a hydroxymethyl (so is derived from a benzyl
alcohol). The éromatic: ring can optionally bear other nen-interfering groups.

The sttachment to the flexible chain can be carried out as with the benzoic acid
derivatives by a dehydrative process (using @ carbodiimide / hydroxybenzotriazole
system) where the flexible chain bears amine groups at the termini. Thus. a benzémide_ '

25 functionality is generated during this coupling process. The attachment to the flaxible

" chain can be carried out as with the benzyl aicohol derivatives in one of two ways. The

first Is again a dehydrative process (using a carbodiimide / dimethylaminopyridine

B
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duri ng cure or post cure should be mnimzed so that any vol atil es escapi ng
fromthe adhesive do not redeposit on the die surface. Any redeposit can
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l.ead to die top delamination during or after the nol ding operation.

Furt her, outgassing after the nolding operation,

can result

quplingoRreeess.o wENed s¢cand) enethadd

llarger die sizes. This creates a contan|n9 need for inproved flexible

epoxi es, whi cHMeke® cadensing e bengy algehe! dgav?

di e attach adhesi ves.
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groups at the termini. Thus, an O-benzyl carbamate fuactionality is generated during this
coupling process,
It is known to condense 'glycid_yl ether benzy! alcohols v&ith is_ocyanates. but the

known methads generate a mixture of materials by co-reacting diisccyanates with mono-

»~and di- alcoho! functionalized phenyl giycidyl ethers. This results in a mixture of

components with epoxy functionaiity at the termini as well as along the urethane

hackbone. In contrase, the compouhds of this invention bear the epoxy functionality only

at the temini, and the only urethane groups are presant at the termini by virtde of the

condensation and not in the backbone of the resin polymer, The flexible chains comprise
only alkylene or alkyleneoxy units. |

Further, known compounds only describes room temperature cure with an
aliphatic diamine. it could not be anticipated that the compounds cf this invention would
function as snap-cure epoxy resins with high thermal stability, especially with resgect to
our ﬁn:;.iing of poor thermal stability with the O-glycicyl carbamate as shown in 2
comparative example. | |

A brief description of the preferred synthetic routes .‘ollom.
Svnthetic Routes |

The preferred synthetic route cdfnprises attachiﬁg an alkylena of alkylenéoxy
chain to an aromatic compound, which is an aromatic nuclaus substituied with one or
more glycidyl ether 'groups and with 2 functional group that will react with a funct_ior\al

graup on the alkylene or alkyleneoxy chain. Typically, the aromatic cofnpomd is a

" benzene ring substituted with @ glycidy! ether group ana the functional group, which

preferably is acid or hydroxy.

—_— ' T
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Flgure 1 |s a DSC graph of inventive epoxy D showi ng the change in exotherm
as the epoxy is cured. There is a linear relationship between the area over
t:he curve and percent cure. Simlar DSC curves for other of the inventive
epoxi es were used to generate the data plotted in Figure 2. Figure 2 is a
graph of the percent cure of inventive sanple epoxy resins versus cure

time. 4 The aromatic ring may also be substituted with a G, alkyl, C, 4 aikoxy or aryl or
alkylaryl, C.; perfluoroalky!, er C,s acyl. As used here, alkyl refers to a hydrocarbon
group derived from an alkane and have the generic farmuld C Hg,.,. alkoxy refers to an
alkyl group also containing' oxygen; aryl refers to a group having the ring structure
5 characteristic of benzene; 'alkylaryl refers (0 @ group containing both alkyt and aryl
structures; perfluoroalkyl refers tﬁ an alkyl group in whicn one or more cf the hydrogens
are substituted with fluoring, and acyl! refers t¢ an organic acid group in which the OH
/éf the carboxy! group s replaced by some other su_bsiituent. fn this case, the phenyl rfng
to which it is attached.

10 The alkylene or aikylenaoxy chain may have 10-50 carbon atoms, but is typically
prepared from dimer acid, a 36 carbon chain. which is the p.rqdhct resulting from the
dimorization procece of ungaturatod fatty acide, or the ahain may bo proparad from tho
corrasponding dimer diémine or dimer dlisocyanate, all of which are commercially
available.

15 ' Amine-terminated alkylene or alkyleneoxy chains may be reacted with 3 benzoic
acid, s.ubstituted witﬁ an .epoxy group in a dehydrative coupling process. - The reaction
takes place in the presence of a déhydration system, which provides an amide Iinkége
between the alkylene or alkyleneoxy chain and the substituted .benzoi'c acid derivative.
Such dehyration systems are known in the art. A prefarrad system uses carbodiimides,

20 for example, dicyclohexy! carbodiimide {as used Iatér herein, OCC) with a hydroxy-
benzotriszole catalyst in @ suitable solvent, |

Preferred substituted benzoic acids include glycidyksubstituted benzoic acﬁs. or
glycidyloxy-substituted benzoié acids. A preferred compound is 3-glycidyloxy benzoic
acid. |

25 B | Altarnatively, the alkyléne br alkyleneoxy chains may be tarminated in a
carboxylic acid and reacted with a glycidyl- or glycidyioxy-substituted benzy! alcohol uéing

a dehydratwe carbodiimide and pyridine catalyst couphng reaction,
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Figure 3 is a graph of the thernogravinmetric analysis of inventive sanple
epoxy resins and shows their thermal stability when heated from[err] at
err] per minute and held at [err] for 30 minutes. Figure 4 i's a graph of
the thernogravinetric analysis of the inventive sanple epoxy resins in the
presence of curing catalyst (2-ethyl-4-nmethyl im dazole) heated from[err]

at’[err] per ninutenchal Smath@PRompRES Hei @hlens@Ba SUEA RébcldMRteC WriirRtedCess
and denonstrates that conparative epoxies C and E | ose substantial wei ght

in the [err] [afyrche baBBRendok) Ehair Fith B@eizgnEmesmal substitited gth kithier s gheidgoardi ng
and solder reflowin the manufacture of electronics devices. This invention
rel ates to fl eiychllestbgragupr esi ns that can be used to formulate snap-

Preferred comgounds made from these synthetic routes are represented by the
5 following structural formulas in which C-34 and C-36 are the residual hydrozarbon chains

of dimer acids {as described above) reactea accerding to the above described synthetic

b\/o\Oj-\ﬂ— C-36 ——”—40 : o \/<l°

3end

<7

routes.
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curabl e die attach adhesives, encapsulants, and coatings. The epoxies are
prepared by a synthetic route that uses epichlorohydrin early in the-
synthesis at a poi nt when contaninants can be easily renoved, resulting in
| ow | evel s of ionic contam nants, dess than bout 0. 1% by melght conpar ed
to=prior art conpositions, which ¢ r|t|es at higher levels. This
is a significant difference f g du trlal atigns. Moreover, the
synthetic routes pernit the epar ation of dlscret em cal structures,
rat her than m xes of vari esins. The epoxy res re liquids at room
t enperature, have Tg val ue en cured of less than or gqual to [err]. In
anot her enbodi nent, ;;;ﬁ—bnvention pertains to adhesives g Wth these
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epoxies, for use in mcroelectronics applications. The flexibility of these
conpounds is retained when the epoxies are fornulated wth conductive
material, such as silver flakes, and used to bond silicon chips to a netal

| ead frame substrate. The cured epoxies denonstrate a high radi us of
curvature, greater than or equal to 300 nm (The higher the radius of
curvature, the less chip warpage, which in turn inplies a flexible

adhesi ve.) REPLACEMENT SHEET 5
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Formulation of Snap-Cure Adhesives

The flexible epoxy compositions of fhis invention exhibit good achesive strength
and ‘lexibility. and can be formulated into achesives that have the ability to be snap-
cured. The preferred snap-cure furrnulations will contain 20-100 parts by weight of the

§ flexible spoxy and 80-0 parts by weight of an aromatnc O-glycldyx ether resin (to total 100
parts), a cunng catalyst, and aptionally a phenglic hardener or one or more ﬁlle_rs. in
genera: the cﬁring catalyst is an imidazole catalyst, present in an amount of about S-10
parts per hundred parts resin, and the filler is thermally or electrically concductive, such
as silver flakes, although other electrically or thermally conductive fillers, aswall as silica,

10  may be used. The fliler Is preferably present in an amount of about 25% by Qolume of
the adhesive formulaton.

The.aromatic O-glycidyl ether (aromatic epoxy) will be substituted with one or
more aromatic rings, and optionally with one or more C,-C, groups. The aromatic
epoxies will have an epoxy equivalent weight (WPE, welight per epoxy) of 200 or less,

15  and will be derived form fhe corresponding pnenclic hardeners. Exemplary aromatic
epoxies are bisphenal-Fdiglycidyl ether, bisphenot-A diglycidyl ether. resorcinol diglycidyl
ather, and the epoxy phenol novolaks.

The adhesive formulatlon may further contain 20-50 parts per hundred parts of |

resin of a phenclic hardener havmg one or more hydroxyl groups per aromatic ring (from

<10 -
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The cured epoxi es al so denponstrate good adhesi ve strength, neasured as die
shear strength. D e shear is a measure of the force required to renove a
bohded chip fromthe netal substrate, which for these conpounds is greater
than or equal to 10 MPa when cured under snap-cure conditions. The epoxies
can be fornul ated into adhesives that snap-cure and exhibit no | oss of

flexibility Orygd $89bdted E}reea‘r&ﬁ&ie'eﬁo}:@@esfc%MOa&é,oaxémdaéry BRSRBAd ifded@rs1 00
parts by weight of the flexible epoxy and 80-0 parts of an aromatic O-

gl ycidyl etherartige orh@bianobvdi@ile RiMetd )novaiaiC rHsingd bidGRAGKF, SbispRetbuat ane
filler, and optionally 20-50 parts of a phenolic hardener per hundred parts

of epoxy resi regegihel) .Thé editidnr ofche pradnolicorpio Setveo to iohrovéa dheopibrsion etsangth

conprises an oligoneric backbone of al kyl ene or al kyl eneoxy repeat units,
of ‘noder at e | exiftetfernigbon aftat@xpdsase; thmoistupe an therga) $hock at 2500C, and o prevent
5 bleeding of the flexible e:po'xy out of the formulation,

In general any effective curing catalyst in an effective catalytic amount. can be

used. The preferred cruing catalyst is an ‘midazole catalyst, and typically is present in

/at.i amount of about 5 parts per hundred paris resin. Preferable imidazole catalysts are.

imidazole, 2-ethylimidazole, 2-ethyl-4-methyiimidazole, 2-phenylimididazole, 2-phenyl-4-

10  methylimidazole, and 2-undecylimidazole.

The filler may be any of the thermally or electrically conductive materials, or

silica, known to be suitable for microelectronics applications, used in any effective

amount. For many applications, the preferred filler is silver flakes, aithough other

electrically or thermally conductive fillers may be used, and is preferably present in an

15 amount of about 25% by volume of the adhesive formulation.

Examples
The following exampies illustrate the pfaparation of representative epoxy resins.
The evaluation test methods are given and the performance results tabulated. |
The examples also disclose snap-curasle die attach adhegive fcrmulations that
20 | contain the fiexible epoﬁieé and the O-glycidyl ether aromatic epoxies, anc formulations

containing the phenalic resin hardeners.

Test Methods,
The amount of hydrolyzable chlorine was determined by the foliowing method:
Weigh accurately 1-5 g (to the nearest 0.1 mg) of resin into a clean, 125 mi Erdenmeyer

25 flask with a Teflon® coated magnetic stir bar. Add 40 mi of 0.1N KOH dissclved in

—_—
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mai ntain sufficient crosslink density to yield useful adhesive properties.
The fl exi bl e backbone is term nated on one or both ends with an aromatic
roi'ety bearing one or nore epoxy functionalities. Thus, the conpounds have
no nore than two aronati ¢ noieties, which exist only at the term ni

"~ Restricting the . nunber and the |ocation of aromatic noieties in the polyner
backbone mai nt@étAgnol. NPIsth HEIkIktBd WP RNk EbNEEnsbN RtdCA W AtEr HEB! fakadl byliagnBR:
aromatic noieties and maxim zes the flexibility inparted to the cured
material by t hgirrad i HobAbleGnOREMUK &5 stirdd S0IGHM I6d eRBCtP 1 5 ity Dieh edrhvenrait es
to these conpounds, and a discussion of previously known routes, wll
further el uci digsle andaliow itue tad ésrcofm teimperaton oTnadsferothe tiduids intonay eladn 850 mRout es
to flexible epoxy resins are known, and include the use of the glycidyl

beaker. Rinse the sample flask three times with 50 mi portions of methanal, transferring
5 tha liquid into the beaker. Add 10 mi cf giacial acetic acid and titrate the chioride ion
actentiomelricaly to the ‘end point with 0.005N AgNO, solution. Calculate the -

hydrolyzabie chloride content in ppm as follows:

v (mi titrant) (N AGNO.) {3.55 x 10%)

Chioride (ppm) = " weight sample g
10 The amount of total chidrine was determined by the fallowing method:

Accurately weign 1-5 g (to the nearest 0.1 mg) of resin into a clean Erlenmeyer flask with

a magnetic stir bar. Add 30 mi of gioxane and 15 ml of éN KOM solution in athanol.

Place flask fitted with a reflux ccndensqr into a 100 °C water bath heated on a stirrar /

' hot plate unit. Allow sample sciution to refiux for 30 minutes. Remove flask and allow

‘15 it to cool to room temperature. Transfer the liquid int_o a clean 400 m| beaker. Rinse the
sample flask three times with 50 ml portions of methanol, transferring the liquid into the
beaker. Add 100 mi ¢f glacial acetic at.:id. Titrate potentiometrically with 0.005N AgNO,

. solution to thé e_nd ;Soint using a silver electrode with a KNO, salt bridge. Calculate the

¢chioride content in ppm as described above.

20 : EXAMPLE L
In this example, 3-9!ycldyl§xybenzoic acid {aromatic nucleus substituted with a
glycicyl group and aﬁ acid group) is reacted with an alkylene chain terminated with arﬁine
groups to fdrm a.arbis(3-giyéidyloxybeﬁzamide. The alkylene is 3 36 carbon diamiﬁe,
sold under the trademark Vel;samine 552 by Henkel. |
25 ' The preparation of 3-glycl’dylbxybenzoic acid was conducted by first epoxidiiing

the ethyi ester of 3-hydroxybenzoate with epichicrohydrin, and then hydrolyzing the ester

- ——— a -12-
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ester of d| merized fatty acid and gl yci dyI -term nat ed pol yuret hanes (or
glycidyl carbamates).” These materials are inferior for the present
application as it has been found that the oxiranyl methoxy noiety attached
directly to a carbonyl group (as it is for both of the above)
catastrophically | ose weight at el evated tenperature (tenperatures near

[err]) when cuiRflondiffeto theCachNaphé We& of Girdepittiiishylaflat ki ehly stagd e e
el ectronic 6 device nmanufacture. This is a major disadvantage since
snap- curi ng i synthesisiasech maasw malecular weight molecule makes purification and remavat of

the ionic and hound chiorine contaminants relatively easy.

Preparation of a,w-bis{3-glycidyloxybenzamide
5 of Versamine 552 diamine (EPOXY A).

o 0 |
- ?>\/°D/\‘ N—C-36 —ﬂ‘LCr"\/d

Preparation of the ethyi ester epoxide: Into a 3 liter flask, fitted with mecnanical stirrer,
nitragen purge and condenser, were charged ethyl 3-hydroxybenzoate (200 g, 1.2048
mol), epichlorohydrin (334.6 g}, potassium carbonate (261.16 g; ~321 mesh powder,
pra-dried at 120°C in vacuum oven for several hours), and mathy! ethyl ketone (1 L).
| 10 This mixiure wes heated with a heating mant!v..= to gentle reflux (~85°C) overnight.
Analysis by GC (10 m glass capillary, 10C to 250°C at 10° / min) indicated incomplete
reaction. A further 10 mL epichioronydrin was added and reflux continued for 3 hours
at wﬁich point the reaction was judged complste by gas chrorﬁotography (GC) trace.
The contents were cooled and the salts ramoved by suction ﬁltratfc_m. The solvent was
15 ramoved on a roto-vap to 35°C. The residue was taken up in methyl isobutyl ketone and
washed with 5% NaOM (2 x 400 mL), The organic phase was dried over MgSO,. The
soivent was removed on he rdto-vap to 60°C. The yellow oil was distilled on a Kugalrohr
apparatus at 100°C /0.1 mmHg to provide a clear colorless ofl (176.56 g, 66% yield). H-

NMR and IR spectra were consistent with exbected structure. _

20  Hydrolysis of the ethyl ester: Into a one liter single neck flask immarsed in a cool water

bath with magnetic stir bar was charged ethyl 3-glycidyloxybenzoate (60 g), _O._BGN KOH

-13-
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[err] and the die/lead frame assenbly is subjected to tenperatures of
200- 2500C during the wire bonding process and after nolding during the
sol der refl ow operation. Another problemin the manufacture of electronic
devices is that severe outgassing 5 (rel ease of volatiles) nust be

m nim zed throughout the entire device manufacture process. The conpounds
of this i nvent(ﬁg%“ﬁh\?éd siesgnecap@empt o%mvtum@aﬂewf te stinfpr b dours wbwiieh
stability to tenperatures of Qther routes to flexihle epoxy resins

are known in WATEH VAR YeY ﬁ@l’fg?r‘é]t}?rtﬁ?)éﬁﬂéﬁ disspReasarice nof stastiRgd MRgralng the
R e RN Je e T R o M A M T R
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5  volume on a rolo-vap at 30°C for 30 min. The residue was washad with shtyl ether (to

remove any unhydro!yzed' meterial). The aguecus layer was ther acidified with 50%

H,SO, to a pH~2. Armmonium sulfate was added tc neariy saturate the aqueous layer

~at which point he product began to oil out. The product was extracted into ethy! acetate

(EtOAC) (2 x ~ 500 mL). The solvent was removed oh a roto-vap and then the

10  Kugeirohr was used to remove traca solvent and water. The 'H-NMR was consistent

“with the desired producf swucture. | |

' n of o.w-bis(3-glycidyloxybenzamide) of Versamine 552: To a ona L 3-neck

flask fitted with mechaniéai stirrar, 250 mlL siow-add funnal, condanser, and N, purge

was charged Versamine 552 (47.22 g). To this was added 250 mL. CH,Cl,; followed by

.15 3-glycidyloxybenzoic acid (35.04 g} and HOEt (1-hydroxybenzotriazole. 2.4388 g) with

additicnal CH,Cl, rinsing. This mixture was stirred for 15 minutes, and then a solution

* of 40.80 g dicyclohexyl carbodiimide (DCC) in 200 reb CH,Cl, was added in a dropwise

faghion to the reaction .ﬂask. Within 18 min;ﬁtes of the start of the DCC addition, the

precipitation of by-pro_dud dicyclohexy! ures (DCU) wés observed. The reaction progress

20  was monitored by IR spectrescopy _and no obseryable change was detected hetween 4

and 5 hours of reaction time. The excess DCC was then quencl':ed by the addition of

50% aqueous acetic acid (5 mlL) and stirring was continued until the DCC absorbance

in the IR frace had disappeared (~1.5 hr). The solution was cooled and the DCU was

removed by suction filtration then the solQe’nt was rameved on a roto-vap to 30°C. The

25  residue was taken up in EtOAc and was washad with 6% NaHCO, {3 x 400 mL) and the

organi¢ layer was rafrigerated évernight. The product solution was washed again with

5% NaHCO, (1 x 420 mL), then 2% triethylamine (1 x 200 mL), and finally water (1 x 400

. . ) 14 )
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bound chlorlne) To acconplish the required features of snap cure, |ow
stress, low volatility, and high purity the foll ow ng sequence has been
followed in this invention. The epoxy 15 functionality is built onto an
aromatic ring by an epichlorohydrin reaction. Effecting this transformation
on a small nolecule allows for easy purlflcatlon by post-treating with
caustic as is pPWhelofyahid9ayF tvas ReMbdMthdgHO | ditddeki OdhdQRen(stiRde 6968 Aatbbiyaat i on.
The aromatic ring may have nore than one epoxy group and al so contains
anot her functi emani éx¢hdrgat resih |(BWorint & e0dbeiLiptor achied The febie veasdemofedaby
flexible chain. This functionality can be a carboxlic acid 20 -(so is
derived from afihationoamd thei pduct driac loyel MaSOg fitepdd alzdosqlxewusrriovwon therrote-
benzyl al cohol). The aromatic ring can optionally. bear oth

non-interferi neany Regideal solvent was ‘urther removed dy a Kugelrohr apparatus (80"01 0.26 mmHg

PN Sy e . L3 - LS TRl o) JURIOLIU0 [EAA P T T = A
P L S lll'l\:l_nlf‘!l“! o( I\LIII— [ B e WSS IN Wi 1] Iwr‘h_._ [ -t LS e

§ /20 min.). The viscous amber oil (74.1 §. 91% yield) was charagterized by IR, 'H and
6 .NMR 2nd found to be consistent with the expécted structure. The epoxy coatent
was measured as WPE = 481 (theoretical WPE = 443).
L
EXAMPLE L.

. Preparation of a,w-bis(3-glycidyloxybenzamide of
10 : 4,7 10-trioxa-1,13-tridecane dlamine (EPOXY F)

o o . _ o
o o
L>\/°\©)'L4‘Mo/\/ V\OMH ![ 0\/</

The preparation of this compound was conducted sirhilariy to that.in Example (.

The 3-glycidyloxybenzooic acid was prepared as described in Example . To a250mL
multi-neck ﬂésk equipped with magnetic stir bar, thermamaeter, slow addition funnel and

N, purge was charged the 3-glycidyloxybenzoic acid (18.8 g, 0.101 mole) in 50 mL

15 methylene chioride. To this was added the diamine (11.01 g, 0.05.mole) anc 25 mL

methylene chloride. A slight exctherm was observed. The reaction mixture was chilled

| in an ice bath ‘o 0-5°C, when 1-hydroxybenzotriazole (1.35 g, 0.01 mole) was added
followed by the addition of a solution of 1,3<licyelohexylcarbodimide DCC (22.9 g,
0.1111 mole) in 25 mL methylene chioride err 5 minutes. The addition funnel was

20  rinsed with anather 25 mL methylene chloride. The reaction temperature was heid at

-18.
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The ‘attachnment to the flexible chain can be carried out as with the ben20| o
acid derivatives by a dehydrative process (using a carbodiimde /

hydr oxybenzotri azol e systen) where the flexible chain bears am ne groups at
the termni. Thus, a benzamde 25 functionality is generated during this
coupling process. The attachnent to the flexible chain can be carried out

as withthe bepsyc Arpiohd &iew@aéc\éeadicgc(;@@g%qa‘aeatyvooﬁﬂagmemstrhés .

agai n a dehydra

7

Ve process (using a car am nopyr i di ne
reaction was manitored by IR and after three hours of reaction time the mixture was

filtered and the solvent removed under vacuum on a rot_ary evaporatof to 30°C. The
product was dissolved in 200 mi ethy! acetate and fo this was added a solution of 12 mL

5 H,Q /3 mlL acetic acid in three portions over 2 hours with mixihg ta effect quenching of
excess DCC which was cstermined by IR (2112 cm’ ).' The crganic layer was then
washed with saturated NaHCO, (4110.0 mL), and saturated Na,SO, (1x 100 mL). The
“organic layer was dried 0v§r M@SQ, and filtered over Celite. Tre solvent was removed
under vacuum on a rotary evaporator to 80°C, Complete solvent removal was

10  accomplished by plaéing the material on a Kugelrohr apparatus to 80°C/0.2§ mmHg.
The product was isclated .as a vigcous yellow oil (25.65 g, 90% vyield). The epoxy
content was measured a8 WPE = 314 (thaaretical WPE = 266). The product was

characterized by IR and 'H-NMR spectroscopy.

EXAMPLE (Il
15 In this example, glycidyloxybenzyl elcohols were reacted with dimer acid, sold
under the trademark Empol 1024 by Henkel to form the bis{glycidyloxybenzy!) esters of
dimer acid. o

Preparation of bis(3-glycidyloxybenzyl) ester
of dimer acid (EFOXY B-1)

0 o
O)—-c-:m —-Lo
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systen) in which the flexible chain bears carboxylic groups at the termni.
Thus, a benzyl ester functionality is generated during this coupling

pr ocess. The second net hod invol ves condensing the benzyl al cohol
derivative with a flexible chain bearing isocyanate groups at the ternini
Thus, an O benzyl carbanate functionality is generated during this 5

coupling proceg iy gilh)é%#:g:}/éangﬁ'a e&:‘?é‘ﬂl-. c?rlc!&&h s

with isocyanat & . [ gener a amxueo erlasby
co-reacting di |gmsﬂgamp,gsde\g¢,fbgd lgppg,@—mpfgnpi di - al cohol functionalized phenyl
glycidyl ethers. This results in a mxture of conponents w th epoxy
functionality at th@ot£nwedn masi-neel [Fasic fitd0Agh trheharicl Naingr, kndenbéCldpgne.
In contrase, the conmpounds of this invention bear the ‘epoxy functionality
only thermometer was charged epichlorohydrir (277 mL, 3.842 mol) and 250 mL methy! ethyl.

5  ketone. The 3-hycroxybenzyl alechol (200 g, 1.61 mol) was added as a solid ringing with
500 mL methyl ethyi ketone (MEK). Then the gotassium carbonate (320 g, 2.31 mol,
pre-aried to 120°C in vac. over/3 hr.) was added as a powder. The mixture was heated

fwith an oil bat.h to a mild reflux (~B80°C). After six hours at reflux the reaction was

determired to be complete by the absence of starting benzyl alcohol in the GC trace (5

10 m glass capillary. 150 to 200°C at 10° / min). The mixture was cooled to room

ternperature and fiitered rinsing with MEK. _The solvent was removed on the roto—vap..

and the residue was redissolved in methyl isotuty! ketone (350 mL), The organic layef

was washed with 5% NaOH (1 x 200 mL} and a severe emuision resulted. The system

was allowed to settle énd fha bulk df the aqueous layer was removed. The organic layer

15  was then washed with 10% Na2804 (5 x 200 mL) until the pH was ~7. The organic

layer was dried over MgSQ04, filterad and the solvent removed on the roto-vap to 80°C.

-The product. was collected as a distilate on the Kugelrohr apparatus at 120 to 140°C /

2.0 mmHg (earlier attempt distillation at 110°C /0.1 mmHg). The clear aimost coloriess

- oil (190.6 g, 86% yield) was characterized by IR, M, and “¥C -NMR and wgs found te

20 .co_rroborate assigned structuré. The @poxy content was measi;Jred as WPE = 180
(theoretical WPE = 180). '

- Preparation of the bis(3-aveidvioxybanzyl) ester of dimer acid (EPOXY B:1y: Toa ane

L multi-neck flask with mechanical stirrar, thermometer, siow add funnei, and N, purge

was charged 3-glycidyloxybenzyl alcohol (1.62 g, 0.509 moi), and Empol 1024 dimer

25  acid (143.71 g). To this was added 250 mL CH,CL, and DMAP (dimemylaminopyridiﬁe:

0.61 g, 1 mol percent hased on COOH), and the mixture immediataly. cooled in an ice

_ bath to maintain temperature at 4 to 10°C throughout the reaction. DCC solution (DCC:

-17-
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a_t ‘the temni, and the only urethane groups are present at the termni by
virtue of the condensation and not in the backbone of the resin polymer.
The flexible chains conprise only al kyl ene or al kyl eneoxy units. Further,
known conpounds only describes roomtenperature cure with an 15 al i phatic
diamne. It could not be anticipated that the conpounds of this invention
woul d functi on1Gsss §aR.50% il @PSXX LI IS ICHE was lideai erhpwiske tHimlgh sd slbw | adtition
especially with respect to our finding of poor thernal stability with the
O gl yci dyl car fvanaitozerag osd boun perioch Atdfawahroatsi after éhecaopintetionAobihe slowdasidcthé pt i on
of the preferred synthetic routes follows. 20 Synt hetic Routes
ester absorbance was maximized and the DCC absorbance was minimized in the 'R
trace. The reaction mixture was then fiitered and rinsed with CHyCl;. The filtrate was
§  stirred aver 30 mL Amberlyst 15 ion exchange resin (H™ form) for 30 minutes and ﬁltéred.
To this filtrate was added 50% aqueous acetic acid (§ mL) and this was stirred until the |
DCC disappearad in the (R race (30 min). To this was added solid NaHCO, with stirring
until the pH was ~7. This was filtered i ramove salts and the filtrate was stored in the
freezer overnight. The organic layer was dried with MgSO, and filtered rinsing with
10  CH,Cl,. The solvent was removed first on a roto-vap, then on a Kugeirohr apparatus to
110°C / 0.25 mm#g. The final product was a brown il (217.8, 98% yield), and was
characterized by IR, 'H. and C -NMR spectroscopy which corroborated the assigned
structure. The apoxy content was measured as WPE = 448 (theoreticat WPE = 453).

Preparation of bis(2-glycidyloxybsnzyl) ester
15 of dimer acid (EPOXY B-2)

Pr arat n of 2-gly¢idyi nzy| aleohal This compound was preparad as described
above except thaf the s'tarting. phenal was 2-hydroxybenzyl alcohol. The product was
isolated Iand purified by distillation (36% yield). Characterizatio_n was accomplished by IR
and 'H-NMR spéctroscopy. The epoxy content was measured as WPE = 130.

20  Preparation of the bis{2-glvcidvloxybenzvl) ester of dimer 'agid: This material was

prepared exactly as described above éxeept that 2-glycidvioxybenzyl aleohs! was used.

-18-

This Sheet Has Been Replaced

o AR




e g . e .o “ A 4 NS s $ " »72e 2RO TR o= R - ceae R Rmem r 00
LR e L] -t PO Rl . s I T ¥ K N e b P T TN DM e (PRI

The preferred synthetic route conprises attaching an al kyl ene or

al kyl eneoxy chain to an aromati c conpound, which i's an aronmatic nucl eus
substituted with one or nore glycidyl ether groups and with a functi onal
group that will react with a functional group on the al kyl ene or

al kyl eneoxy chain. Typically, the aromatic conpound is a 25 benzene ring
substituted wi¥he eroguo) ovagyisciatetidr 9g¥oyigdamd were chammerzehdly 18 awp H-WMRch

preferably is acid or hydroxy. 8
spectroscopy TI"e epoxy equivalent weight was measured as WPE 496 (theoretical

WPE = 459).

: Preparation of bis{4-giycidyloxybenzyl) ester
5 of dimer acid (EPOXY B-3)

e v

Q

ion of 4-glycidyioxynenzy! aslcohol This compound was prepared as described
above excerpt that the staring phenol was.4- hydroxybenzyl aiconol. The groduct was
isclated and purified by distillation at which point the material formed a white crystalline
solid {45% yield). Charactenzahon was a».comphshed by IR and ‘H-NMR spectroscopy
19 The epoxy centent was n-easured as WPE = 179,
Preperation of the bis(4-glycidvioxvbenzyvi) ester of dimer acigs This material was
| prepared exactly és described above except that 4-glycidyloxybenzyl alcohol was used.. |
The product was isolated in 91% vyield and was characterized by IR and 'H-NMR
spectroscopy. The epoxy equivalent weight wés measured as WF__’E = 445 (theoretical

15 WPE = 450).

EXAMPLE (V
in this example, the dilsocyanate from dimer acid (sald under the tradename DDi-
1410 by Henkel) and 1,12-dilsocyanatododecane were reactad with 3-glycidyioxxbenzyl

alcohol to form the corresponding carbamates.

-19 -
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The aromatic ring may al so be substituted with a [err] al kyl
per fl uoroal kyl ,
refers to a hydrocarbon group derlved from an al kane and have the
| al koxy refers to an al kyl
refers to a group having the ring structure 5

al kylaryl rgpf s.sc.sn m&rn@%ﬁeﬂamkweasymmnaw and aryl
r ef f direP dilébcghdats
t he hydrogens are substituted with fluori ne;

acid group in which the OH of the carboxyl

or_ aryl
aIkyI
generic formula [err];
oxygen; aryl
of benzene;
structures;

or al kyl aryl,

substituent, in this

per fl uor oal ky

I ViYL S I

LS - ia
VIR I X T i 1 e Cr e e L

[err]

case, the phenyl

or

(EWOXND
and acy

ring to which it

TraledO0LZ 4

[err] acyl.

n which one or

IRIH & N
bl ? ey

[err] al koxy
As used here,

group al so cont ai ni ng

characteristic

nor e -of
refers to an organic

group is replaced by sone other.

is attached. 10

TLLLN - o

The aIkerne or al kyl eneoxy chain may have 10- 50 carbon atons, but

typlcally

10

15

is

Q
) E—

0

°\,,411

e

Dimer diisocyanate (DDI-1410, 1456.52 g, 0.4898 moi NCO) was weighed directly
i'nto' a 500 mL multi-n'eck flask equipped with machanical stirrer, thermometer, and N,
purge. Then, 3.glycidyoxitenzyl zicohol (30 g, 0.4996 mol) was added along with 150
mL toluene. To this non-homogene&us mixture was added ona drop of dibuty! tin

dilaurate (DBTDL) from a plastic disposabie pippette. _The mixture became compigtaly

clear and homogeneous 20 minutes after the addition of the DBTDL. A mild exotherm

to 28°C was observed while the flask was immersed in a coal water hath. The
temperature was not allowed to pass 30°C. After 7 hours of reaction time (disappear-
ance of NCO in the IR trace), the reaction mixture was passed over a silica column

prepared in a one L slow -add funnel by first slurrying ~250 mL o% 30-80 mesh silica in

EtOAc then layering on top of this ~150 mL of 70-230 mesh silica. .The product was

elut_ed with ~1.5 L. EtOAc. The salvent was removed on a roto-vap, then on a Kugelirohr

apparatus to 128°C / 0.1 mmHg. The product was a pale yellow viscous ail (231.5 g,

98.6% Yield) that solidified upan storage in a freezer and that was structurally confirmed

by IR, 1H, and “C-NMR spectroscopy. The epoxy content was measured as WPE = 475

(theoretical WPE = 479).
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prepared from d| mer aci d, a 36 carbon chal n, which is the product resulting
fromthe dinerization process of unsaturated fatty acids, or the chain my
be prepared fromthe correspondi ng di mer diam ne or diner diisocyanate, all
of which are comercially available. 15 Am ne-term nated al kyl ene
or, al kyl eneoxy chains may be reacted with a benzoic acid, substituted with

an epoxy group in a delPrepaitioncotisisHO-{3rglyqidydaxybenzyfbwbarmstet iobn t akes pl ace
in the presence of a dehydr atfii@nliisyciaeatodedecane (EBOXYdG an ami de |inkage

bet ween the al kyl ene or al kyl eneoxy chain and the substituted benzoic acid
derivative. Such dehyration systems are known in the art. A preferred )
system uses car bodii m des;, for exanple, digycl ohexyl carbodii m de (as

used | ater herein, DCC) W|tha [[
g__ —Ec12H2%N

°\/<l K‘/o

(o]

into a 100 mL flask equipped with a thermometer, and magnetic stir bar, and
sealed to the envirgnment with rubber septa was weighed 1, 12-dilsocyanatododecane
5 (14.58 g, 0.0577 hole). 3-glycidyloxybenzy! alcohot (21.86 g, 0.121 mole) and 32.5 mL
tbluene. The cloudy mixture was stirred at 10-20°C in a.cooi water bath when dibuty! tin
: dilaurateIWas introduced by dipping the end of a 8 inch glass pipette into the tin catalyst
and then mixing the end of the pipette into the reactionAmixture. After mixing for 5 hours
the mixture became a solid white mass. The solid was broken up with a spatula and 50
10 mL toluene was introduced to faciiitate stirring. After a total of 7 hours reactien time, an
IR trace indicated *hat essentially all isocyanate functionality had reacted. Tcluene
(80mL) and methylene chloride (160 mL) were used to transfer the milky mixture to a
single nack R B flask. Soivent was remcved on a rotary évaporator o 80°C,
Subsequent remeval of solvent and unreacted aleohol was carried out on a Kugslrohr
15  apparatus to 120°C/0.1 mmHg. The product was isolated as a white salid iﬁ 99% vyield
and characterized by IR and 1H-r\-lMl-'{ spectroscopy. The epoxy equivalent weight was

measured as WPE = 319 (theoretical WPE = 308.31).

EXAMPLE V
i this example, glycidyloxybenzyl alcohols were reacted with various flexible

20  diacids.
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benzotrlazole catalyst in a suitable solvent. Preferred substituted benzoic
aci ds include glycidyl-substituted benzoic acids, or

gl'yci dyl oxy-substituted benzoic acids. A preferred conmpound i s

3-gl yci dyl oxy benzoic acid. 25 Alternatively, the al kyl ene or

al kyl eneoxy chains may be termnated in a carboxylic acid and reacted with

a glycidyl- or glycipdadapaiensaiant injgid-gyciapoiytenz)ir @8ak o' §inligtufe 8ehydrati ve
carbodiimde and pxaéhedioicdioM, dodesdddicidgcldSand sébacic acid (EPOXY G).

° 0

Cf G

(o}

The mixture of undecanedioic acid, dodecanedicic acid, and sehacir: acid is

available under the tradensme CCRFREE M1 from Aldrich Chemical Co. and is a

5 DuPont _prodUct. The bis(3-glycidyloxybenzy!) ester was prepared as described ahove
except that the CORFREE M1 was used in place of the dimer acid. Tne product was
isolated in 98% yield and characterized oy IR and 'H-NMR spectroscopy. The epoxy

equivalent weight was measured as WPE = 259.4 (theoretical WPE = 265.5).

Preparation of the bis(3-glycidyloxybenzyl) ester of
10 3,8,9-trioxaundecanediocic acid (EPOXY H)

01_/°\/\°/\/°\_//°\°_0
) ' OLDOI
v/-_The'3.6.9—trioxaundecane&ioic ‘acid. is an experimental rnaterial available from
Hoechst Celanese and was used in place of the dimer acid. The trio_xaundecanedioic
" acid (3C g) and 3-glycidyloxybenzyl alcohal (44.54 g) were mixed and treated with
dicyclohexylcarbodimide (50.88 g)and catalytic 4-dimethylaminopyridine (DMAP)(0.2998
1§  g)in methylene ¢hioride as described above. The product was isolated in 839 % yleld and
[

-22.
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9 Anot her nethod conpri ses the condensati on of an |socyanate term nat ed

al kyl ene or al kyl eneoxy chain with a benzyl alcohol substituted with either
a- glycidyl or glycidyl ether group. Preferred conpounds nmade fromthese
synthetic routes are represented by the 5 foll owi ng structural fornulas
in.which C34 and C-36 are the residual hydrocarbon chains of diner acids

(as descri bed glparizéLagstiRGRCHNURGpebiRoskdly. 2Ry @pdlgSsduharmt FRENRES C

routes. [err]
measured as WPE = 285.1 (theoretical WPE = 286.3).

Preparation of the (3-glycidyloxybenzyl) ester
of octanoic acid (EPOXY 1)

\/\/;\/-—Zo
. d ) 6ompoundl _\Q
5

5 This produci_.‘ was prepared simflarly to Epoxy G and H and is useful as a reactive
diluent. Qctanoic acid (30 g} and gly;idyloxybenzyl élcohol (38.24 g) were treated under
the dicyciohexylcarbodiimide (43.74 g) dehydrative conditions with catalytic DMAP
{0.2572 g} in methylene chloride. The product was isolated as described above in 98%
yield and characterized by IR and ‘H-NMR spectroscopy. The epoxy equivalent weight

10 = was measured as WPE = 306.2 (theoretical WPE = 306.4).

Preparation of the (3-glycidyloxybenzyl) ester derived from
poly(tetrahydrofuran} trimer (EPOXY J)

g e,

~23-
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conpositions of this invention exhibit good adhesive strength

-

10

15

20

To a 260mL flask with mechanical stirrer, thermemeter, condenser, and N, purge

LV I B
PO S B 2o 4

Formul ati on of Snap-Cure Adhesives The flexible epoxy

was added poly(tetrahydrofuran) trimer {available from BASF, poly‘i’HF-ZSO . OH# =

479.2; 25 g. 0.213 mole hydroxy functionality), succinic anhydride (21.5 g, 0.2156 mole),
and toluene (20 mL).. Heat was applied 1o maintain a mild reflux. After 3.5 hours of
reaction time, the anhydride absorbarce had disappeared from the IR ‘race. The mixture

was cooled. and to this was added an additional 70 mL of tolusne, 3-glycidyloxybenzyl

alcohol (39.32 g), and DMAP (0.2648 g). This mixture was further cooied to 0-5°C at

“which point the addition of 3 DCC solution (44.80 g DCC dissolved in 50 mL toluene_)

wasg initiated. The addition was completed after 35 minutes, and the mixture was stirred
for a further 4 hours, The IR trace showed no change in DCC or ester ahscrbance from

the previous scan, and so the reacticn was filtered to remove dicyciohexyl urea by-

product. Amberlyst 15 (H” form, 14 mL) was added, stirred for 30 minutes. and'ﬁltered.

Acetic acid (2 mL of & 50% aquéous solution) was added and stirred until the residual

DCC peak was absent from the IR trace. Sohd sodium bicarbonate and then sodium

carbonate were a_dded uniil a pH of 7 was achieved. The mixture was filterad, dried over

MgSO0,, refiliered, and the solvent was removed on a rotary evaporator. Residual solvent
and unreacted benzyl aiconol were further removed on a Kugelrohr apparatus to
122°C/0.1 mmHg. The p‘roducf was isclated in 96% yield, and characterized by 'H-NMR,
IR spectroscopy, and fcgnd to have an epoxy equNalant weight as WPE = 394

(theoretical WPE = 380).

EXAMPLE VI
COMPARATIVE

This example gives the preparation of comparative samples of epoxy resins that

do not contain the lerminal phenyl groups,

e

-24-
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and flexibility,
cured. The preferred snap-cure fornul ations wll
parts by weight of -the 5 - flexible epoxy and 80-0 parts by wei ght of

to.be snap-

FIMEY | W Y s T ot 2 vl ecoicaededd L — [0 IFRL IR 2

aromatic O-glycidyl ether resin (to total 100 parts), a curing catalys

and optionally a phenolic hardener or one or nore fillers. In general
curing catalyst is an im dﬁﬁbﬂ'@'%t’h‘%'s OdslysigMbearkamaste :afount of abou

5-10 parts per hundred parts redlimerd

cysnates (BROXY €k thermal ly or

t,
t he
t

ATRYY e -2 * t CIRY B S AL
- &-I. [ D T H Y Q% Tl e 1 M5 i DO WML L - b PP

and can be fornulated i nto adhesives that have the ability
contain 20-100
an

el ectrically conductive, such as silver flakes, although other electrically
or thermally conductive fillers,.as well as S|I|ca¢3 10 may be used.
filler is preferably present ingn anount of abouZ 25% by volunme of th

aronat i c epoxy) w

substituted with one o

adhesi ve fornul at on. 'l}gr’g\ g+-ye|-

5

10

a8

Compound C.

Dimer diisocyanate (DDi-1410, 200 g, 0.6686 mal NCQ) was weighed directly

“into & 500 mL mulineck R B flask which was equipped with mechanical stirrer,
thermometer, and N, purge. Then, glycidal (68 mL, 1.003 moal) was added along with

100 mL toluene, To Ihis non-homagenecus mixture was added one drep of dibutyl tin

dilaurate (DBTL) from a plastic disposable pipeite. The mixture became compietely clear

| and homogeneous SQ minutés afta_r the addition of the DSTDL. An exotherm to 30°C
was observed while the flask was immersed i a cool water bath to which was aaded

some dr_y ice o keep the temperatur_e'below 30°C. Aﬁer 7.5 hours of reaction time

{disappearance of NCQ in the IR frace), the reaction mixture was passed over 2 silica

calumn prepared ina 1. L slow add funnei by first slurrying ~25Q mL of 30-60 mesh silica

in EtOAe then layering on tdp of this ~150 mL of 70-230 mesh silica. The product was

The
e
[

eluted with ~ 1.5 L £t0Ac. The solvent was‘l removed on the roto-vap, then an the

Kugelrohr apparatus to 80°C/2.0 mmHg. The product was 2 pale yellow viscous qil

(245.6 g, 99 8% vyield) and was structuraily confirmad by IR, 'W, and *C-NMR

spectroscopy. The epoxy contant was measured as WPE = 405 (theoratical WPE =

368). | |
Preparation of dimer acid diglycidyl ester (EPOXY E)

P g

o

N
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nore aromatic rings, and optionally with one or nore [err] groups. The
aromatic epoxies will have an epoxy equival ent wei ght (WPE, weight per
epoxy) of 200 or less, 15 and will be derived formthe correspondi ng

phénol i ¢ hardeners. Exenplary aromatic epoxi es are bi sphenol -Fdi gl yci dyl
et her, bi sphenol -A diglycidyl ether, resorcinol diglycidyl ether, and the
novol akshis s i@idaesd w@cﬁaeémvdmhereauymﬁou 471 GForr SRl ThBmRA- 50

epoxy phenol

parts per
hydr oxyl

hundred parts of resin of a phenolic hardener. having one or nore

PR TR B N 2T b=, R L] —, Joedis VIOt — St P fae
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gr oupsCoper peaperedtin @ iow rijorrier aumaminated version as described beiow. In either

[¢.]

10

15

20

case the materizl behaves similarly with respect to cure rate and therral stability.

1 1024) with low chiorine:

A multi-necked round bottom flask ecuipped with mechanical stirrer, thermameter, N,
purge and slow-addition funne! was charged with 50.00 ¢ (0.0868 rﬁoles) of Empol 1024
“dimer acid, 19.29 g (0.2604moles) glycidol, 200 ml of toiuena and a catalytic arhcunt
(0.212 g, 0.0017moles) of &dimetnylam.inopyﬁdine. The reaction was cogled to 0-5°C
and to this was added a solution of 36,48g (0.1771 moles) 1,3-dicyclohexylcarbodiimide
in 100 ml of toluane over a period of 1 hour. After the slow-add was complete 'the
reaction was held at 0-5°C for 15 minutes. The reaction scs_luti'on was then held at 10 -
158'C for two hours. The reaction was determined to be complete by IR (presence of
ester at 1735 cm"_) and the disappearance of the 1,3-dicyciohexylcarpodiimide (2120 cm’
% The product solution was then coolad to 0-5°C , held for 15 minutes then filtered to
remeve the 1.3-dicyclohexylurea byproduct. The product solution is then chilled to 10-
18'C with stirring and to this was added a solution of 20 ﬁl of 80:80 water | methanaol
and 34ml of Amberlyst 15 {H" form). The reaction was then filtéred and the soh}ent was
removed using a rotory evaporator undef reduced pressure. The product Was then

dissolved in 30 ml toluene and stored overnight in a freezer. The following day the

solution was filtered cold, then the solvent was remaoved using a rotory evaporator under

reduced pressure. Residual solvent and any remaining glycidol were subsequently
ramoved using & kugelrohr apparatus (80°C/0,1-0.2 mmig vacuum ), The product was
isolated as an oil (46.485, 78% yield) and was characterized as follows: IR spectrum;

ester at 173% cm™. Epoxy equivalent weight: WPE = 359 (theoretical= 344).

il il
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whi ch are derived the aromatic epoxi e described above). Exenplary phenolic
hardeners are the commercially avail abl e phenol novol ak resins, -

bi sphenol - F, bi sphenol -A and resorcinol. The addition of the phenolic resin
serves to inprove the adhesion strength of the fornulation after exposure
tq moi sture and thermal shock at [err] and to prevent 5 bl eedi ng of the
fl exible epoxy out of the formulati ongxhmp@eneral any effective curing
catalyst in an effective catalytic anobunt can be used. The preferred cruing
catal yst is an imidazol e catal ystaiofngl Contenht al Ssmpies present in an anount of
about 5 parts per hundred parts resin. Preferable im dazole catal ysts are

i m dazol e, 2-ethyl i gévad ahmple obdpioy redinsmiete tiested tba kil ghlorine and hydrciyzable

2- phenyl i m di dazol e, 2-phenyl-4- 10 met hyl i m dazole, and

2-undecyl i mi daghtdrige contant according to the test methods described in this specification, and the

5 results are tabulated here.

CHLORINE CONTENT OF EPOXY RESINS

7EPOXY Total Hydrolyzable Bound
: Chiorine (ppm) Chiorine (ppm) Chiorine
(ppm) :
10 A : : 283 26 257
B ' 319 39 280
3-glycidyloxy- - .
benzyl alcohol 805 R 82 723
c 282 185 -7
15 D _. 674 . 382 az2

In the above table, the va'!ues'.for the 3—glycidyloxybénzyl alcohol and for
EPOXY B from which it is derived indicate that the bulk of' chlorine contamination.
comes from the stading alcohol. The chlorine cantant of EPOXY B is nearly identical
to the calculated dilution factor accounting for the incréased weight when the atcohol
20 is ccnverted. to this ester. For example, 805 ppm x'(aswsos)_ = 320 ppm. There-
fore, any'purlﬁcation manipulaticn -tﬁat can be carried out to reduce the chlorine
content ¢of the 3~gly¢idyloxybenzyl alcoho! wili result in lower chlorine contamination in
the final flexitle epoxide product.
Pyrification of 3-gly gigxlg;. ybenzyl élcohg!: In arcther prepacation of the 3-glycidyl-
25  oxybenzyl 'alcohol as described above, the product was characterized by 'H-NMR and

found to have a WPE = 178 and total chlarine = 317 ppm and hydrolyzable chlorine =

- | -27.
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may be any of the thermally or electrically conductive
or silica, known to be suitable for m croel ectronics
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applications, used in any effective anount. For many applications, the
preferred filler is silver flakes, although other electrically or thermally
conductive fillers may be used, and is preferably present in an 15

of about 25% hyg )S?Jn.u PRisProdvBE(SB YN 48 WedeOkitFLh&thy! Mabutx@EE S0 MnpafdiNowi ng

exanples illustra

anount

e the preparation of representative epoxy resins. The

eval uation t exoHBbhAG20 arzeo eilvieRk aquipded evithendohanizan ctirer and lthamomabtet. at ed.
The exanpl es al so di scl ose snap-curable die attach adhesive fornul ations

contraé mitttre wdsestired welbprokhaacedatodiOt-#&°©fag[4yhoursy | Thetflask wag onat i ¢
and- formul ati ons '

that 2
epoxi e

0
S,

5

16

20

25

cocled and the contents transferred to a separatory funnel. The plhases were
separated and tné srganic layer was washed with 10% NaSQ, (3 x 100 mL} until the

pH = 7, The argaric layer was dried over Mg3Q,, filtered, and the solvent removed

on a rotary evaporatar. The purified product was distilled on 2 Kugelrohr apparatus at

#110°C/0.25 mmHg. The purlfied material was found to have a WPE = 177 and total

chioring = 129 ppm and hydrolyzable chiorine = ncne detected. IF this purified epoxy
aleohol product was used to generata EPOXY B, then EPOXY B wauld have a total

chiorine = 51 pprr. Calculated as follows: 128 ppm X (360 / 908) = §1 ppm.

EXAMPLE VilI
" Flexibility, Strendth a'nd Snap-Cure of Epoxies

The suitability of these epoxy resins for uge in microelectronics applications
was tested by measuring their flexibility and strength after they are formuiated with
silver flakes and used to bond silicen chips to @ metal lead frame substrate.

Adhesive Formulations. The sample epoxies were formulated intc a die
attach adheé.ive comprising in parts by weight: 70 paris. epoxy resin, 30 parts Bis-
phenoi A diglycidyi sether (Bls-A) {sold under the tradename E'PO{)J §28, a product of
Sheil Corporation), 5 paris 2-ethyl-4-methyl imidazole (2E4MZ); this formulétion was
admixed with 80% by weight silver flakes until the silver was fully wetted out. The

mixture was degassed under vacuum at room temperature for 15-20 minutes, and

. ten allowed to sit at room temperature with frequent stirring for 60 minutes.

Méasurements of flexibility and strength were taken on the cured epoxies.

" Flexibility was datermined by measuring the radius of curvature, which was greater

This Sheet Has Been Re'placed
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contai ning the phenolic resin hardeners. Test Met hods The anount of
hydrol yzabl e chl orine was determ ned by the follow ng nethod: Wigh
accurately 1-5 g (to the nearest 0.1 ng) of resin into a clean, 125 ni

Er I enmeyer 25 fl ask W|th a [err] coated magnetic stir bar. Add 40 ml of
0. IN KCH di ssol ved_in anol . Place flask fitted with ref] ux
condenser into B2 Mqoef”"ba‘t-rﬁe H@B?réae FRiuSeR] ftvature, the less chip warpage. which in

turn ampl»es a flexible adhesive.) An indication of the flexibility was aiso srovided by

the glass transition temperatures (Tg). which were iow for the cured epoxies.

Strength was measured as die shear, which is the for_ce required te remova a Sonded
5 chip from the metal substrate; for these spoxies, the die shear was grester than or

equal to 10 MPa when snap-cured and greater than or equal t¢ 25 MPa when oven- -

cured. As determined by the time needed tc 100% cure, thase spoxies cauld be

Shap-cured.

Die Shear. Siticon chips (80 x 80 mil®) were coated on one side with the
10  adhesive formulation and placed on a copper iead frame (D/L) and cured in a 175°C
oven for one hour. The éamples were tested after cure for die shear strength at room
ter.nperature (RT). Die shear strength was measured using a Hybrid Machine
Products Cerp. die shear lester (Model 1750)/ Chatillon DF! 50 dlgftas force gauge.
Tre force raguired to remove the bonded die was read in kg units, and. converted to a
1§ die shear Streng-tn in MFa averaged cver ten samples. Preferrad die shear values
are those of 5 MPa or greater. Snap-cured samples were orepared similarly, except

that the specimens were curéd on 2 pre-warmed hot-plate at 1800C.

Radiys of Gurvalure, Each epoxy fo be tested was prepared, degassed, and
aged for one hour és described above. Silicon chigs (200 x 600 .milz) were coated
20  with adhésive on one side and placad on a lead frame and cured in @ 175¢C oven for
one hour. The redius of curvature for the curad samples was measured using a
Tokyo Seimitsu SURFCOM surface texture measuring instrument and reported in
millimater (mm) units, avera_g'ed over three samples. Preferred radius of curvature

values ara those of 300 mm or greater.
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stirrer/hot plate unit. Reflux the stirred solution for exactly 15 m nutes,
then renove the flask, and allow it to cool to roomtenperature. Transfer
the liquid into a clean 250 mM beaker. Rinse the sanple flask three tines
with 50 m portions of nethanol, transferring.5 the liquid into the.
beaker. Add 10 ml of glacial acetic acid and.titrate the chloride ion

potentionetricall’y Glass Teaneifich Derhswratuiel HGI@ssOTaRbitioA]NEeMpérafuras nwere @adac ul ate
t he hydrol yzabl e chloride content in ppmas follows: [err] 10 The

amount of t ot asurgchlging aferisElcet BBGI ne thelnase lobndab rdsimad thg samplhodis Accur at el y
weigh 1-5 g (to the nearest 0.1 ng) of resin into a clean Erlenneyer flask.
with a magnet i &elgatad 190°C 496 then quenehf cogledan®@ Gndt web then bfateatieamtesef] ut i on
i n ethanol . - ' '
20°C per minute untit the Tg was resched. To measure the Tg of the cured resins,
5 samples were formulated with Spph 2-ethyl-d-methyl imidazole and then heated to
200°C to ensure fufl cure. After quench cooﬁng to -40°C, the samples were heated at
a rate of 20°C per minute until the Tg was reached.
'l -'

The die shear strangth, time o snap-cure. radius of curvature and Tg for

several of the sampies are set out in the following Tabie 1.

10 3 Table 1
DIE SHEAR (psi) Time ROC (mm) Tq °C
Oven @ Snap @ s,ﬁ;octm  Neat ch:d_]
- 175° 180° - |
A chip failure - 383 1.¢ min 316 -10.73 51.93
B 38.2 154 | 2.0 404 -51.10 | -8i46
c 16.3 57 1.0 490 -40.03 -17.63
15 D - 32,0 11.3 1.5 323 -28.97 16.82
e | 13 4.7 2.0 344 -39.97 2531
G l 425 174 1.25 334
G’ 288 11.8 1.75 498
H 323 13.6 1.5 428

20 neat - not as blend w/ bis A epdxy

EXAMPLE X
Thermal Properties |
DSC Analysis. Several of the sample epoxy resing formulated into adhesives
were tasted for thei.r ahility to ba snap-cured by DSC analysis using a Perkin-élmer

25 Differentisi Scanning Calocimeter. DSC measures the onset and end of exotherm,
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PI ace flask fitted with a reflux condensor into a 100 [err] water bath
heated on a stirrer hot plate unit. Allow sanple solution to reflux for 30
m nut es. Renove flask and allow'15 it to cool to roomtenperature.
Transfer the liquid into a clean 400 m beaker. Rinse the sanple flask
three tines with 50 ml portions of nethanol, transferring the liquid into

t he beaker. Adwhitd(s edmmaénsyiatecivith cure.elihe fiamitdtiondi 4 deaseribedtie ExaroptetMiil, cal | y
wi th 0. 005N AgNGB solution to the end point using a silver-electrode with a
KNO3 salt bri dy&re esedin the PSPtf@"cSﬁl%'PquéateGhﬂ@?Q pra prepariaed d@sca PBEd above.
20 .. In this exanp

3-gl yci dyl oxybgﬁ%'f’%s wen Ol 9 dstRgring "fﬂ.l%’?t%']ﬁ§f ?ﬂﬁ?ﬁ Ve i§ W'??P‘aéedgfr%ﬂ?ﬁ/l

group and an agiy .9|r s reacted with an alkylene chain termnated with
ani ne dudl exotherm:

5 ' A Hose = A Horoon X 100% = % cure
At |
I
'Curing times that occur in a span of 500C ér less ingicate that those formulations can
be spap-cured, The onset and end of exotherm for the samples is given in Table 2
and show that several of the epoxies, when uséd in an imidazole-cataiyzed formula-
10  tion have the capability of being snap-cured .
Data from the DSC curves were plotted as percent cure versus time in Figure
1 and again show that the curing rate for the inventive compounds meet the raquire-
ment for snap-cure. As wm e understoad. the steeper the siope of the curves, the

faster the cure. For the tested samples, the order of curing was C~A>D>B>E,

5 o Table 2
| EPOXY ONSET END OF PEAK - aH
OF EXO EXO OF EXO kJimol
E 79°¢ | 1e8°C ¢ 130,0°C 1399
| A 100. 148.5 1310 836
l B 97.0 198.0 148.7 76.2
20 L : c 92.4 148.4 . 124.2 - 87.2
B D 100.7 148.4 1297 84.6
G 108.7 157.8 141.0 820 -
H 1254 - 169.8 1472 84.9
_—
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groups to formJ[err] The alkylene is a 36 carbon diam ne, sold under the
trademark Versam ne 552 by Henkel. 25 The preparation of
3- gl yci dyl oxybenzoi c acid was conducted by first epoxidizing the ethyl
est’er of 3-hydroxybenzoate wi th epichl orohydrin, and then hydrolyzing the
ester 13 functionality to the acid. The use of the epichlorohydrin at
this early stage in TG& AnuRkieSTmemadthvitietid)iasan SR TER) (a4 baforied R tseviphiecul e
makes purification and renoval of

of the samples using a Perkiin Elmer TGA unit. TGA is a measure of the loss of '

estrad ¢ LIKEY & SAPTRK D 330
-t @ St -y

weight when a sample is subjectéd to a heating 'cycle. The formulations described in
Exampie V!l were subjected 10 analysis under a heating ramp of 30¢ to 200eC for 50
5 rminutes at an increase In temperature of 102 per minute, and a 30 minute hold at
200:C. The resuits are given in Table 3 and are graphed in Figures 3 and 4 and
show that he samples e)thibit far superior thefmal stability either as neat materials or

. “aven more notably in the presence of an imidazole curing catalyst,

Table 3

10 TGA TGA
' % wt loss % wt loss % wt loss

to 200°C . @ 200°C to 200°C
10°/min 30 min hold with 2E4MZ

15

'\
.42 .
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t he |on| C and bound chl ori ne contam nants reI atlvel y easy. Preparation of .
[err] 5 of Versam ne 552 di am ne (-EPOXY-A—Ttferr]

Preparation of the ethyl ester epoxide: Into a 3 liter fl '
mechani cal stirrer, nitrogen purge and condenser, were chgﬂﬂwﬂmmﬂ“mnml
3- hydr oxybenzoat e .(200 g, 1.2048 nol), epichlorohydrin (33%276¢Q). aSSkum
car bonat e (261Wetslgim:- 321 nesh povvder pr e- dri ed at [err] in vacuum oven
for several hours), and nethyl eth ket one ( 10 This m xture was
heated with a heatflexglernassy @WR&‘“@%%?‘("&S Wést"l:BE“’F'e MUy er ni ght . Anal ysis by

GC (10 mglass capillary, 100 to [err] at [err]/ mn) |nd|cated/<nco l ete

33 oo )

AAnwhich g

where * indicates the point of attach to the flexible ¢hain; and

the flexible chain is a C, alkylene or alkylereoxy group; and

n is an integer 1-3.

2. A flexible epoxy compound according to ¢laim 1 having the structural forrmula:

- | o
T>\/°\d-ﬂ— C-36 — o <

-33-
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reaction. A further 10 niL epi chl or ohydri n was added and rew

for 3 hours at which point the reaction was judged conpl ete S

chromat ography (GC) trace. The contents were cool ed and the Wﬁﬂm
by suction filtration. The solvent was 15 renpved on a roto- h "
The residue was taken up in nmethyl isobutyl ketone and washed with 5% N&

(2 x 400 nL). Tha fleriplardpexyptorsppumn acadrdimgdiocsiaim 1] kewing thelTstaclicd: vent  was
renoved on the roto-vap to [err]. The yellow oil was distilled on a

Kugel rohr apparatus at [err] /0.ql nmHg to @rovide a clear colorless oil
(176.56 g, 66%yield). H NWR an B.se a were consistent with expected.
structure. 20 Hydrol ysi s gf~=pPhe et hyl estér: a one liter single neck

flask i Mmersed in a cool /& er bath with rragneti i r bar was charged
et hyl 3-gl yci dyl oxybenz(60 g), 0.66N KCH

5. A flexible epoxy compound according to ¢laim 1 having the structure:

—

| -34 —”\
\W" |
8. A flexible epoxy compound according to claim 1 having the structure:

3oL

(o]

\
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14 (400 m.), and dioxane (450 nL). This m xture was all owe

hours at which point it was judged conplete by the vi rtua
starting material in the reversed phase TLC (Watnan MKC m’gmﬂ'@ % !i
phase pl ates, eluent 25nL tetrahydro- furan/25nL [err] with

[e4r]). The m xture was reduced to m nimum 5 vol une on a roto-vap at

[err] for 30 mzn. ATegible apbtnmiREnd \BhRihgWotching A thkbing tlaegtruttum: r enove any
unhydr ol yzed rraterl al ). The aqueous |ayer was then acidified with 50%

B I n
H

o

8. A flexible apoxy cbmpound accordiné to claim 1 having _the structure:
LOWONOJ |
0 o
a - : '

9. A flexible epoxy compound according to claim 1 having the structure:

FASMANEN

5 10, A flexible epoxy compound according to ciaim 1 having the structure:

(s}
. Q\'_,{l ol
- . 0 | {
«35-
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[err] to a pH-2. Ammoni um sulfate was added to nearly saturate the aqueous

| ayer at which point he product began to oil out. The pv\m ed
i.nto ethyl acetate (EtOAc) (2 x ~ 500 nlL). The sol vent ﬂmmmﬁmmu
roto-vap and then the .10 Kugel rohr was used to renove tfaceé sl wvents an
water. The 'H NVR was consistent with the desired product structure.

Prepar ati on of11] eArflexible egexy caripoends 8zording & diaie iLhaSing dekstiucmsk fitted with .
mechani cal stirrer, 250 nL sl ow add funnel, condenser, and N2 purge was

charged Versam ne 552 (47.22 g). To this wa's added 250 m. [err], followed

by 15  3-gl yci dyl oxybenzoi c aci 35.0 and HOBt
(1- hydroxybenzotri azol e, 2.438 weta itional [err] rinsing. This
m xture was stirred for 15 ndt es,* and hher? a ion
n=g,9,10 L
7 \\V°
o
4

*1. An adhesive for use in microelectrbnics applications coataihing a flexible epoxy

according to claim 1.

-3
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of 40. 80 g di cycl ohexyl carbodiimde (DCC) in 200 nL [err] was added in a
dropw se fashion to the reaction flask. Wthin 15 m nutes of the start of
the DCC addition, the precipitation of by-product dicyclohexyl urea (DCU)
was observed. The reaction progress 20 was nonitored by IR spectroscopy
and no observabl e change was detected between 4 and 5 hours of reaction
time. The excess DCC was then quenched by the addition of 50% aqueous
acetic acid (5 nmL) and stirring was continued until the DCC absorbance in
the | R trace had di sappeared @(8BTRAGT)OF THE IRVENTIOBN was cool ed and the
DCU was renoved by suction filtration then the solvent was renoved on a
roto-vap to [err]. Thisein&mtion refsasciodiexibie epakyemrsingp thah hdveGAstrugtuchl \wasposhs hed
with 5% NaHCO3 (3 x 400 nL) and the organic |layer was refrigerated

over ni ght . Thdiopcotprisingsas! eligproeriokaskbene hef dikaiges or slkyieneoxy repeat units, -

terminated with an aromatic maiety bearing one or more epoxy functionatities.

//_.
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5% [err] (1 x 400 nL), then 2% triethylamne (1 x 200 nL), and finally
water (1 x 400 15 nm). The organic |layer was treated with [err],
filtered, and then stirred over Amberlyst 15 ion exchange resin [err] form
~ 100 mL for 1.5 hr. The resin was renoved by filtration, and the product
drJj ed over [err] filtered and sol vent renoved on the roto- vap. Residual
sol vent was further renoved by a Kugel rohr apparatus [err] /0.25 mHg 5 J
20 mn.). The viscous anber oil (74.1 g, 91%yield) was characterized by
IR, [err] and :
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13C NNR and found to be consistent with the expected structure. The epoxy
content was neasured as WPE = 481 (theoretical WPE = 443). EXAMPLE I
Preparation of [err] of 10 4,7,10-trioxa-1,13-tridecane

di amne (EPOXY F) [err] The preparation of this conpound was conduct ed
Siwilarly to that in Exanple |. The 3-glycidyl oxybenzooi ¢ aci d was prepared
as described in Exanple 1. To a 250niL nulti-neck flask equipped with
magnetic stir bar, thernoneter, slow addition funnel
charged the 3-glycidyl oxybenzoic acid (19.6 g,

Ukl:.v\r & MNATLEK o
e ey

and N2 purge was
0.101 nole) in 50 nL

=,

5T

H

T
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Cure Time (min)
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15 met hyl ene chloride. To this was added the diam ne (11.01 g, 0.05 nole)
and 25 nL nethyl ene chloride. A slight exotherm was observed. The reaction
m xture was chilled in an ice bath to [err], when 1-hydroxybenzotriazole
(1.35 g, 0.01 nole) was added foll owed by the addition of a solution of

1, 3-di cycl ohexyl carbodiimde DCC (22.9 g, 0.1111 nole) in 25 nL nethyl ene
chloride over 5 mnutes. The addition funnel was 20 . rinsed wi th another
25 nL et hyl ene chloride. The reaction tenperature was held at 16

=
g
|_©
3
®
- 8
a2
=
B
™ E
) e 2
?., 8 r
L\ .
=
E
[~
L, e T T d
g % 8 5 £ 5 3 8 § 7.8
____~_____‘___\__~‘_- .
(X "IM) 3Jubiam

. This Sheet Has B

I f"l



Las sl ¢ T sl T WX .
-

Ferr}. After 15 m nutes evidence of dicycl ohexyl urea by-product was
observed. The reaction was nonitored by IR and after three hours of
reaction time the mxture was filtered and the sol vent
-on a rotary evaporator to [err]. The product was dissolved in 200 nL et hyl
acktate and to this was added a solution of 12 nL 5 [err] / 3 nmL acetic
acid in three portions over 2 hours with mxing to effect quenchi ng of
excess DCC which was determned by IR (2112 [err]).

t hen washed with saturated NaHCO3 (4x100 nlL) and saturated [err] (1x 100
[err] and filtered over Celite.

mL). The organic |ayer was dried over
sol vent was renoved under vacuum on a rotary evaporator to [err].
Conmpl ete sol vent renoval was 10 acconpl i shed by placing the material on a
Kugel rohr apparatus to [err] mrHg. :
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The product was isolated as a viscous yellow oil

(25. 65 g )
epoxy content was neasured as WPE.= 314 (theoreti cal BE@@%@“@H@ SHE‘ETE

product was characterized by IR and [err] spectrOscopy EXAWE IFER. \%P“J C”m
In this exanple, glycidyloxybenzyl alcohols were reacted with diner acid,

sol d under the trademark Enpol 1024 by_Henkel to formthe

bi s(gl yci dyl oxybenzyl) esters of di mer Laci d.

[Berlg] Preparation of bis(3-glycidyloxybenzyl) ester of dinmer acid (EPOXY

ETS
;‘r?‘\ft TWTE SHE ,
RE?L‘-* ion ¢ parerd \.to pagec(i1
7.4 I()i;;cr;a B ..‘.'-!?. 10 ;:aged =
o ey - wry TRTOEL oete
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EPOXY RESINS CONSISTING OF FLEXIBLE CHAINS
TERMINATED WITH GLYCIDYLOXYPHENYL GROUPS
FOR USE IN MICROELECTRONICS ADHESIVES

This invention is directed to flexible epoxy 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 meial
conductor leads. The bonded dle 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 the encapsulation.

Epoxy compounds are preferred as the die attach or encapsulating adhesive due
to their superior adhesive strength. Tne epoxies conventionally used are the aromatic
epoxies, due to their strength, but these are inherently rigid and brittle. Dufing the
manufacturing process the adhesives and substrates are subjected to repeated thermal
cycling.

If the adhesives and substrates have widely disparate coefficients of thermal

expansion, the stress of thermal cycling can lead to adhesive failure, substrate warpage



17 Preparation of 3-glycidyl oxybenzyl al cohol: The epoxi daREPIAGEMENT GHEET

was conducted simlarly to that described in Exanple |I. To a_t :
multi-neck flask fitted with nechanical stirrer, condenser, mmrﬁwmater

was charged epichlorohydrin (277 nL, 3.542 nol) and 250 nL nethyl ethyl 5
ket one. The 3-hydroxybenzyl al cohol (200 g, 1.61 nol) was added as a solid
rinsing wwth 500 nL net hyl ethyl ket ong (MEK). Then the potassium carbonate
(320 g, 2.31 nol, pre-dried-to [err] in vac. oven/3 hr.) was added as a

powder. The m &t HaGundR s peagied Thus, a crucial requirement for an adhesive destined for

microelectronics use is that it be strong and flexible to absorb the stress of thermal
cycling.
A second crucial critgrion is that the adhesives be capable of rapidly curing to
5 meet the speeds of assembly line processing. The fast cure times required, typically .30-
60 seconds at'about 1750-2000C, are known as snap-cure. This combination of criteria,
adhesive strength, flexibility, and ability to be snap-cured, is difficult to attain in one
-adhesive.
It is also crucial that the epoxy formulations be free of ionic contamination,
10 particularly sodium and chloride ions, and free of bonded chiorine. These contaminants
can cause corrosion of the metal leads in semiconductor devices and the ultiméte failure
of the devices. |
To add ﬂe?cipili'ty, epoxies can be co-reacted with an aliphz::tic fiexibilizer; this,
however, reduces adhesive strength because the level of aromatic moieties is lowered.
15  The addition of a flexibilizer alsb reduces the ability of the adhesive to be snap-cured
because the flexibilizer has a high molecular weight per epoxy. Moreover, when 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 combinatidn of factors..
20 sometimes even a problem. for slow cure formulations, is fatal for _achieving snap-cure.
As a possible solution to some of these problems, it ié known to 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 aliphatic
moieties, which results in a loss of flexibility. Additionally, the method of preparation of
25 these materials results in high chlorine contamination, which is.deleterious in microelec-
tronics applications. The polymers also have high viscosities, which requires the addition

of a solvent as a diluent. During snap-cure, the curing is sometimes faster than complete



with an oil bath to a mild reflux [err]. After six hours BEPLA@EMENW‘SH ‘ET '
reaction was determned to be conplete by the absence of sta:d' n Q '1:'

al cohol in the GCtrace (5 10 m gl ass capillary, 150 to [e $ EE F@ﬁ?] /
mn). The m xture was cooled to roomtenperature and filtered rinsing with
MEK. The sol vent was renoved on the roto-vap, and the residue was

redi ssolved in nethyl isobutyl ketone (350 nmL). The organic |ayer was
washed with 5% NaOH (1 x 200 nlL) and a severe emul sion resulted. The system
was allowed to settle and the bul k of the aqueous |ayer was renmpoved. The
organic layer 15 was then washed with 10% Na2SO4 (5 x 200 nL) until the
pH was -7. The sohgahvaatlizajion, which leads dolvaidsein tieyS@H adhesives madi petaxtiat failure @f vent
renoved on the roto-vap to [err]. The product was collected as a distillate
on the Kugel r ohthe spigragleatigaicy chip 20 devicel ethup, low viscosity materials, which eliminate the

need for solvent, are preferred.

It is also imperative in the construction of electronic devices to have mijnimal
weight loss (ﬁo outgassing) of the adhesive that bonds the die to the lead frame. This
is important both during cure of the die to the lead frame, and post cure during wire-
bonding processes (~200°C) or when the circuit is encapsulated or molded. Weight loss
&Gring cure or post cure should be minimized so that any volatiles escaping from the
adhesive do not redeposit on the die surface. Any redeposit can lead to die top
delamination d'uring or after the molding operation. Further, outgassing after the molding
operation, but during solder reflow can result in a pressure build-up that can lead to
‘package cracks. |

The problém.s .associated with providing strength to flexible c.:ompounds, and with
snap-cure and thermal stability (Iow'weight loss at elevated temperature), 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 that can be

formulated into snap-cured die attach adhesives.

Figure 1 is a DSC graph of inventive epoxy D showing the change in exotherm
as the epoxy is cured. There is a lfnear relationship between thé area over the curve
and percent cure. Similar DSC curves for other of the inventive epoxies were used to
generate the data plotted in Figure 2.

| Figure 2 is a graph of the percent cure of inventive sample epoxy resins versus

cure time.



mrHg (earlier attenpt distillation at [err] ?F?gﬁPbéeEMENF ?ET

al nost colorless oil (190.6 g, 66%yield) was characte
and [err] -NWR and was found to 20 corroborate assigned st ;g thB
epoxy content was neasured as WPE = 180 (theoretical WPE = 1
Preparation of the bis(3-g|ycidy|oxybeEsz) ester of dinmer acid (EPOXY
B-1): To a one L multi-neck flask with nmechanical stirrer, thernoneter,
sl ow add ‘funnel, and N2 purge was charged 3-gl ycidyl oxybenzyl al cohol
(91.62 g, 0.509 nol), and Enpol 1024 diner 25 acid (143.71 g). To this
was added 250 nL [err] and DVAP (di net hyl am nopyridine; 0.61 g, 1 nol
percent based on COCFYure Srigla giaeh of ke thegmdanavirakta ehalysisolirventive samplecpolyat h
to maintain tenperature at 4 to [err] throughout the reaction. DCC sol ution
( DCC: resins and shows their thermal stability when heated from 300-2000C at 10oC per minute
and held at 2000C for 30 minutes.
Figure 4 is a graph of the thermogravimetric analysis of the inventive sample
epoxy resins in the presence of curing catalyst (2-ethyl-4-methy!. imidazole) heated from
300-20000. at 10oC per minute. This graph shows weight loss during the cure process
and demonstrates that comparative epoxies C and E lose substantial weight in the 2000-
2500C range, which is the temperature range for wire bonding and solder reflow in the

manufacture of electronics devices.

This invention relates to flexible epoxy resins that can be used to formulaté shap-
curable die attach-acih.esives, encapsulants, and coaﬁngs. The epo>'<ies are prepared by
a synthetic route that uses epichlorohydrin early in the synthesis at a point when
contaminants can be easily removed, resuiting in I-ow levels of ionic contaminants, less
than about 0;1% by weight, compared to prior art compositions, which contain impurities
at higher levels. This is a significant difference for industrial applications. Moreover, the
synthetic routes permit the preparation of discrete chef'nical structures, rather than mixes‘

- of various resins.

The epoxy resins are quuidg at robm temperature, have Tg values when cured
of less than or equal to 1000C.

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 si_lver flakes,
and used to bond silicon chips {0 a metal lead .frame substrate. The cured epoxies

demonstrate a high radius of curvature, greater than or equal to 300 mm. (The higher

the radius of curvature, the less chip warpage, which in turn implies a flexible adhesive.)



18 104:85 g, 0.509 nol in 60 nL [err was added dropw se_ thr

addition funnel over a one hour LeriLZﬂ. At four hour-g afﬂmmﬁgﬁlon
of the slow add the ester absorbance was nmaxim zed and the DCC ndince
was minimzed in the JR trace. The reaction nixture was thenQ® %%t ed and
rinsed with [err]. The filtrate was 5 _ stirred over 30 nL Anberlyst 15 ion
exchange resin [err] form for 30 mnuwtes and filtered. To this filtrate
was added 50% aqueous acetic acid (5 nmL) and this was stirred until the

The cured epbxies 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 fhe metal substrate, which for these compounds is greater than or equal to 10 MPa
when cured under snap-ture cdnditions. The epoxies can be formulated into adh_esives.
that snap-cure and exhibit no loss of flexibility or strength. Preferably the formulation will
comprise 20-100 parts 'by weight of the flexible epoxy and 80-0 parts of an aromatic O-
glycidyl ether (to a total of 100 parts), a curing agent, a conductive filler, and optionally

- 20-50 parts of a phenolic hardener per hundred parts of epoxy resin (pphr).

The structural composition of the epoxy resins comprises an oligomeric backbone
of alkylene or alkyleneoxy repeat units, of moderate lengﬂ’i to provide flexibility, but stil.l
maintain sufficient crosslink density to yield useful adhesive properties. The flexible
backbone is terminated oﬁ one or both ends with an aromatic moiéty bearing one or
more epoxy functionalities. Thus, the compounds have no more than -two aromatic
moieties, whic;h exist only at the termini. Restricting the nﬁmber and the location of
aromatic moieties in the polymer backbone maintains the strength imparted to the cured
material by the éromatic moieties and maximizes the flexibility imparted to the cured
material by the aliphatic moieties. A discussion of the synthetic routes to these
compounds, and a discussion of previously known routes, wiII_' further elucidate the
structures of the compounds of this invention. !

Routes tb flexible epoxy resins are known, and include the use of the glycidyl
ester of dimerized fatty acid and glycidyl-terminated polyurethanes (or glycidyl
carbamates). These materials are inferior for the present application as it has been
found that the oxiranylmethoxy moiety attached directly to a carbony! group (as it is for
both of the above) catastrophically lose weight at elevated temperature (temperatures

' near 200°C) when cured under the snap-cure conditions required for current electronic



DCC di sappeared in the JRtrace (30 mn). To this was add |

with stirring until the pH was (7 Thi s)was filtered to rgg‘gcgé%@ﬂthl_%]-
t-he filtrate was stored in the freezer overnight. The organi a Bms}
dried with [err] and filtered rinsing with 10 [err]. The S(C”b Eﬁ was
removed first on a roto-vap, then on a _Kugelrohr apparatus to [err] / 0.25
nHg. The final product was a brown oi P (217.8, 96%yield), and was
characterized by [err] spectroscopy which corroborated the assigned
structure. The epoxy content was nmeasured as WPE = 448 (theoretical WPE =

gf5 BZjlmg egglr 3t (d%geégya%ﬂfs uzrgb(L)Télé is m%%%’glg%aél&t% §|L € sr%? curin hlse ﬁ% ducted near
2-hydr OXybe“Zy'zoBJc? %ﬂé’ Ithe Iigﬁeagrmbc Esmw is subjected to temperatures of 200-250°C_
' during the wire bonding process and afte.r molding during the solder reflow operation.
Another problem in the manufacture of electronic devices is that severe outgassing
5 (release of volatiles) must be minimized throughout' the entire device manufacture
process. The compounds of this invention have snap-cure property and greatly improved

 thermal stability to temperatures of 300°C.

Other routes to flexible epoxy resins are known in which the resins are prepared
from epichllorohydrin and a diphenol compound bearing a flexible backbone. These

10 compounds possess high chiorine contamination (usually >0.2%). It is imperative for
microelectronic application to minimize all sources of corrosive ions (including organic
bound chlorine).

To accompliéh' the required features of snap cure, low stress, low volatility, and
high purity the following sequénce has been followed in this invention. The epoxy

15  functionality is built onto an aromatic ring by an epichlorohydrin reaction. Effecting this
transformation on a small mol'eculé allows for éasy purification by post-treating with
caustic as is known in the art, and by distillation or (re)crystallization. The aromatic ring
may have more than one epoxy group and also contains another functionality that allows
it to be attached to the ends of a flexible chain. This functionality can be a carboxlic acid

20 (so is derived from a beﬁzoic acid) or a hydroxymethyl (so is derived from a benzyl
alcohol). The aromatic ring can optionally bear other non-interferi.ng groups.

Tﬁe attachment to the flexible chain can be carried out as with the benzoic acid
derivatives by a dehydrative process (using a carbodiimide / hydroxybenzotriazole
system) where the flexible chain bears amine groups at the termini. Thus, a benzamide

25 - functionality is generated during __this coupling process. The attachment to the flexible
chain can be carried out as with the benzyl alcohol derivatives in one of two ways. The

first is again a dehydrative process (using a carbodiimide / dimethylaminopyridine



I solated and purified by distillation (36%vyield). Char
acconpl i shed by IR and ' H NMR spectroscopy. The epoxy c ‘ﬁﬁx
as WPE = 180. 20 Preparation of the bis(2-glycidyl oxyben )FEB;t

dimer acid: This material was prepared exactly as descrlbe bove except
t hat " 2-glyci dyl oxybenzyl al cohol was used. 19 The product was isol ated

in 90%vyield and was characterized by 'R and [err] spectroscopy. The epoxy
equi val ent wei ght was nmeasured as WPE = 456 (theoretical

system) in which the flexible chain bears carboxylic groups at the termini. Thus, a benzy!
ester functionality is generated during this coupling process. The second method
involves condensing the benzy! alcohol derivative with a flexible chain bearing isocyanate
groups at the termini. Thus, an O-benzyl carbamate functionality is generated during this
5 coupling process.
It is known to condense glycidyl ether benzyl alcohols with isocyanates, but the
known methods generate a mixture of materials by co-reacting diisocyanates with mono-
.-éﬁd di- alcohol functionélized phenyl glycidyl ethers. This results in é mixture of
components with epoxy functionality at the termini as well as along the urethane
10 backbone. In contrase, the compounds of this invention bear the epoxy functionality only
at the temini, and the only urethane groups are present at the termini by virtue of the
condensation and not in the backbone of the resin polyme'r.. The flexible chain's_ comprise
only alkylene or alkyleneoxy units.
Further, known compounds only describes room temperature cure with an
15  aliphatic diamine. It could not be anticipated that the compounds of this invention would
function as snap-cure epoxy resins with high thermal stability, especially with respect to
'o_ur finding of poor thermal stability with the O-glycidyl carbamate as shown in a
comparative example.
A brief description .of the preferred synthetic routes follows.
26- Synthetic Routes |
The preferred synthetic route comprises attaching an alkylene or alkyleneoxy
chain to an aromatic compound, which is an aromatic nucleus subst_ituted with one or
more glycidyl ether groups and with a functional group that will react with a functional
group on the alkylene or alkylerieoxy chain. Typically, the aromatic compound is a
25 benzene ring substituted with a glycidyl ether group and the functional group, which

preferably is acid or hydroxy.



WPE = 450). Preparation of bis(4-glycidyl oxybenzyl) es =@t i on
of 4-glycidyl oxvbenzvl al cohol: This co%pou%d mag Lrep§ﬁ§&kggw%®g£$ﬁggg
above except that the starting phenol was 4- hydroxybenzyl alﬁaﬁ?mﬁﬂThe
product was isolated and purified by distillation at mhichﬂﬁbi the
material fornmed a white crystalline soljd (45%vyield). Characterization was
acconplished by IR and [err] spectroscgpy. 10 The epoxy content was
measured as WPE = 179. Preparation of the bis(4-glycidyloxvbenzvl) ester of
dinmer acid: This material was prepared exactly as descri bed above except

that 4-glycidyl OXy'be%Q/ Lro%laﬁg rrllr%l mwa Rsé'BE gﬂbstituted with a C, 4 alkyl, C,; alkoxy or aryl or

alkylaryl, C1_5 perfluoroalkyl, or C,s acyl. As used here, alky! refers to a hydrocarbon
group derived from an alkane and have the generic formula C H,,.,; alkoxy refers to an
alkyl group also containing oxygen; aryl refers to a group having the ring structure
5 characteristic of benzene; alkylaryl refers to a group containing both alkyl and aryl
structures; perfluoroalkyl refers to an alkyl group in which one or more of the hydrogens
are substituted with fluorine; aﬁd acyl refers to an organic acid group in which the OH
: «:.Jf"the carboxyl group is replaced by some other substituent, in this case, the phenyl ring

to which it is attached.

10 ' The alkylene or alkyleneoxy chain may have 10-50 carbon atoms, but is typically
prepared from dimer acid, a 36 carbon chain, which is the product resulting from .the
dimerization process of unsaturated fat_ty acids, or the chain may be prepared from the
corrésponding dimér'_diamine or dimer diisocyanate, all of which are commercially
available.

15 Amine—terminated alkylene or alkyleﬁeoxy chains may be reacted with a benzoic.
acid, substituted vﬁth an epoxy group in a dehydrative coﬁpling process. The reaction

~ takes place in the presence of a dehydration system, which provides an amide linkagé
between the alkylene or alkyleneoxy chain and the substituted benzoic acid derivative.
Such dehyration systems are known in the art. A preferred system uses carbodiimides,

20  for example, dicyclohexyi carbodiimide (as used later herein, DCC) with a hydroxy-

benzotriazole catalyst in a suitable solvent. |

Preferred substituted benzoic acids include glycidyl-substituted benzoic acids, or
glycidyloxy-substituted benzoic acids. A preferred compound is 3-glycidyloxy benzoic
acid.

25 . Alternatively, the alkylene or alkyleneoxy chains may be terminated .in a
carboxylic acid and reacted with a glycidy!- or glycidyloxy-substituted benzyl alcohol using

a dehydrative carbodiimide and pyridine catalyst coupling reaction.



The product was isolated in 91%yield and was characterized by IR and [err]
spectroscopy. The epoxy equival ent wei ght was neasured asR GEMET SHEET
(t heoretical 15 WPE = 450). EXAMPLE IV In this exanple, to‘lp ggﬁsmyanate '
fromdinmer acid (sold under the tradenane DDl - 1410 by HenKerl) da

1, 12-di i socyanat ododecane were reacted with 3-glycidyl oxxbenzyl alcohol to
formthe correspondi ng carbanates.

Another method comprises the condensation of an isocyanate terminated
alkylene or alkyleneoxy chain with a benzyl alcohol substituted with either a glycidyl or
glycidy! ether group.

Preferred compounds made from these synthetic routes are represented by the

5  following structural formulas in which C-34 and C-36 are the residual hydrocarbon chains

of dimer acids (as described above) reacted according to the above described synthetic

. | o .
l>\/°\©)\-ﬁ—- C-36 —-”~(©/o \/<l°

o- | o
J EE

routes.



REPLACEMENT SHEET 20 Preparation of bis-O (3-glycidyloxybenzyl)carbamate of
dirner diisocyanate (EPOXY D) [err] Dinmer diisocyanat eREPEACEMERT JMEEDZ 9,
074898 mol NCO) was weighed directly into a 500 nL mul ti-neck A Geken:

equi pped wi th mechanical stirrer, thernoneter, and N2 5 B B ¥ n,

3-gl yci dyoxl benzyl al cohol (90 g, 0.499 rml) was added along with 150 niL
toluene. To this non-honbgeneous m xturé@was added one drop of dibutyl tin
dilaurate (DBTDL) froma plastic dlﬁposabl e pPppette. The m xture becane
conpl etely C-34

RSN
5o

N——C 36—N—-”\

Rt

e

0

‘o%_o m~3 _ : \\vo



cI ear and honogeneous 20 minutes after the addition of _the DBTDL

gxo'ﬁlhe_r”r?to [err] was observed while the flask was |mTBEB|eQﬁEMEMT03HﬁETwater
at e 10 tenperature was not allowed to pass [err s of
reaction time (di sappear- ance of NCO in the IpRtra[ce),]th ﬁggﬁlw

m xture was passed over a silica colu prepared in a one L slow add funnel
by first slurrying ~250 nm. of 30-60 HE?] silica in EtOQAc then layering on
top of this ~150 nL of 70-230 nesh silica. The product was eluted with ~1.5
L EtOAc. The solvent was renoved on a roto-vap, then on a Kugel rohr 15
apparatus to [err] / 0.1 mmHg. The product was a pale yellow viscous oil
(231.5 g, 98.6%vyield) that solidified upon storage in a freezer and that
was structurally confirmed by IR 1H and [err] spectroscopy. The epoxy
content was neasured as WPE = 475 §

C
ey

Formulation of Snap-Cure Adhesives
| The flexible epoxy compositions of this invention exhibit good adhesive strength
and flexibility, and can be formulated. into adhesives that have the ability to be snap-
cured. The preferred snap-cure formulations will contain 2b-1 00 parts by weight of the
5 ﬂéxible epoxy and 80-0 'parts_ by weight of an aromatic O-glycidyl ether resin (to total 100
parts), a curing catalyst, and optionally a phenolic hardener or one or more fillers. In
general the curing catalyst is an imidazole catalyst, present in an amount of about 5-10
parts per hundred parts resin, and the filler is thermally or electrically conductive, such
as silver flakes, although other electrically or thermally conductive fillers, as well as silica,
10 may be used. The filler is preferably present in an amount of about 25% by volume of

the adhesive formulaton. .

The aromatic O-{;lycidyl ether (aromatic epoxy) will be substituted with one or
more aromatic rings, and optionally with one or more C,-C, gr;:ups. The aromatic
epoxies will have an epoxy equivalent weight (WPE, weight per epoxy) of 200 or less,

15 and will be derived form the corresponding phenolic hardeners. Exemplary aromatic
epoxies are bisphenol-Fdiglycidyl ether, bisphenol-A diglycidyl ether, resorciﬁol 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 hydroxyl groups per aromatic ring (from



(theoretical WPE = 479). 21 Preparation of .

bi s- O (3- gl yci dyl oxybenzyl ) carbamate of 1, 12-dii socyanaRBPIAGEMENT SHEBTY K)
[[err] Into a 100 nL flask equi pped with a thernoneter, and g éiﬁ-?tir
bar, and sealed to the environnent with rubber septa was vved%hgg 1,-9'

12-di i socyanat ododecane 1

which are derived the aromatic epoxie described above). Exemplary phenolic hardeners

are the commercially available phenol novolak resins, bisphenol-F,l 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 2500C, and to preVent
5 | bleeding of the flexible epoxy out of the formulation.

In general aﬁy effective curing catalyst in an effective catalytic amount can be
used. The preferred cruing catalyst is an imidazole catalyst, and typically is present in
an amount of about 5 parts per hundred parts resin. Preferable imidazole catalysts are
imidazole, 2-ethylimidazole, 2-ethyl-4-methylimidazole, 2-phenylimididazole, 2-phenyl-4-

10 methylimidazole, and 2-undecylimidazole.

The filler may be any of the therm'ally or electrically conductive materials, or
silica, known to be suitable for microelectronics applicafi.cans, used in any effective
amount. For many applications, the preferred filler is silver flakes, although other
electrically or thermally conductive fillers may be used, and is preferably present in an

15 amount of about 25% by volume of the adhesive formulation.

Examples
The following examples illustrate the preparation of representative epoxy resins.
The evaluation test methods are éiven and the performance resuits tabulatéd.
The examples also disclose snap-curable die attach adhe§ive formulations that
20 contain the flexible epoxies and the O-glycidyl ether aromatic epoxies, and formulations

containing the phenolic resin hardeners.

Test Methods
The amount of hydrolyzable 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

25 flask with a Teflon® coated magnetic stir bar. Add 40 mil of 0.1N KOH dissolved in



5 (14.58 g, 0.0577 nole), 3-glycidyloxybenzyl al cohol RERLAGEME HER
nol e) and 32.5 nL toluene. The cloudy m xture was stirred at [erw']r%? aT
t he

cool water bath when dibutyl tin dilaurate was introduced uydeﬁB
end of a 9 inch glass pipette into the tin catalyst and then m xing the end
of the pipette into the reaction mxture. After mxing for 5 hours the
m xture becane a solid white mass. The “solid was broken up with a spatula
and 50 10 m. toluene was introduced to facilitate stirring. After a total
of 7.hours reaction tine, an IR trace indicated that essentially all
i socyanat e funchb®awl.i PracBagsk mes Witk refilotonaemsof Hid-\vateishtiRédied Wiaadghatior i de
(160 nm.) were used to transfer the mlky mxture to a single neck R B
flask. Sol vent stives/ ot pateamit.ORefluxIticd stifrgd svlatibarfot exactly O 5[neiutds, Hieh serqoventhe
renoval of solvent and unreacted al cohol was carried out on a Kugel rohr

' flask, and allow it to cool to room temperature. Transfer the liquid into a clean 250 ml

beaker. Rinse the sample flask three times with 50 mi portions ‘of methanol, transferring

5  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, solution. Calculate the
hydrolyzable chloride content in ppm as follows:

(mi titrant) (N AgNQ,) (3.55 x 10%)
Chloride (ppm) = weight sample g

10 The amounf of total chlorine was determined by the followin_g 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 ml of dioxane and 15 ml of éN KOH solution in ethanol.
Plac_e flask fitted with a réﬂux condensor into a 100 °C water bath heated on a stirrer /
hot plafe unit. Allow sample solution to reflux for 30 minutes. Remove flask and allow

15 it to cool to room temperature. Transfer the liquid into a clean 400 ml beaker. Rinse the
sample flask three times with 50 ml portions of methanol, transferring the fiquid into the
beaker. Add 100 ml of glacial acetic acid. Titrate potentiometrically with 0.005N AgNQO,
solution to the end point using a silver electrode with a KNO, salt bridge. Calculate the

chloride content in ppm as described above.

20 | : .EXAMPLE 1.

In this example, 3-glycidyloxybenzoic acid (aromatic nucleus substituted with a
glycidyl group and an acid group) is reacted with an alkylene chain terminated with amine
groups to form a,w-bis(3-glycidyloxybenzamide. The alkylene is a 36 carbon diamine,
sold under the trademark Versamine 552 by Henkel.

25 ' The preparation of 3-glycidyloxybenzoic acid was conduc_:ted by first epoxidizing

the ethy! ester of 3-hydroxybenzoate with epichlorohydrin, and then hydrolyzing the ester



15 apparatus to [err] mmHg. The product was isolated as Eﬁ?MNGFMENW SﬂEET

99% yield and characterized by IR and [erfr] spectroscopy.

e Epoxy

equi val ent wei ght was nmeasured as WPE = 319 (theoretical WPE m
EXAMPLE V In this exanple, glycidyloxybenzyl alcohols were rg;it mnth

various flexible 20 di aci ds. 22

10

15

20

13

functionality to the acid. The use of the epichlorohydrin at this.early stage in the
synthesis and on this low molecular weight molecule makes puriﬁcatibn and removal of

the ionic and bound chlorine contaminants relatively easy.

Preparation of a,w-bis{3-glycidyloxybenzamide
of Versamine 552 diamine (EPOXY A).

T;>\v/o\t:::r§L—H——c-3s——ﬂ—JLT:::I,o\V/‘<?

Preparation of the ethyl ester epoxide:- lﬁto a 3 liter flask, fitted with ‘mechanical stirrer,
nitrogen purge and condenser were charged ethyl 3—hydroxybenzoate (200 g, 1.2048
mol), epichiorohydrin (334.6 g). potassium carbonate (261.16 g; ~321 mesh powder,
pre-dried at 120°C in vacuum oven for several hours), and methyl ethyl ketone (1 L).
This mixture was heated with a heating mantle to gentle reflux (~85°C) overnight.
Analysis by GC (10 m Qlass capillary, 100 to 250°C at 10° / min) indicated incomplete
reaction. A further 10 mL epichlorohydrin was added and reflux continued for 3 hours
at which point the reaction was judged complete by gas chromotography (GC) trace.
The contents were cooled and the salts removed by suction filtration. The solvent was

removed on a roto-vap to 35°C. The residue was taken up in methyl isobutyl ketone and

washed with 5% NaOH (2 x 400 mL)'.' The organic phase was dried over MgSO,. The

solvent was removed on the roto-vap to 60°C. The yellow oil was distilled on a Kugelrohr
apparatus at 100°C /0.1 mmHg to provide a clear coloriess oil (176.56 g, 66% yield). H-
NMR and IR spectra were consistent with expected structure.

Hydrolysis of the ethyl ester: Into a one liter single neck flask immersed in a cool water

_bath with magnetic stir bar was charged ethyl 3-glycidyloxybenzoate (60 g), 0.66N KOH



undecanedi oi ¢ aci d, dodecanedi oic acid, and sebacic acid

[-err] The m xture of undecanedi oi ¢ aC|d dodecanedi oi ¢ aC|d nE aci
acid is avail able under the tradename CORFREE ML fronlAIdrl Chenlcal

and is a 5 DuPont product. The bi s(3: 9IyC|donxybenzyI) ester was
prepared as descri bed above except t hat the CORFREE ML was used in place of
the di mer acid. The product was isolated in 98%yield and characterized by
IR and [err] spectroscopy. The epoxy equival ent wei ght was neasured as WPE
= 269. 4 (theor gapcrl), WREdiexaHeF45) mL). This mixture was allowed to stir for 1.5 hours at which

Preparati on of the bis(3-glycidyloxybenzyl) ester of a n1 ﬁﬁﬁiir EET

point it was judged complete by the vil;tual disappearance of starting material in the

reversed phase TLC (Whétman MKC 4F reverse phase plates, eluent 25mL tetrahydro-

furan/25mL H,O with 10 drops conc. H,PQO,). The mixture was reduced to minimum

5 volume on a roto-vap at 30°C for 30 rﬁin. The residue was washed with ehtyl ether (to

remove any unhydrolyzed material). The aqueous layer was then acidified with 50%

H,SO, to a pH~2. Amﬁonium sulfate was added to nearly saturate the aqueous layer

éf wh.ich point he product began to oil out. The product was extracted into etHyl acetate

(EtOAc) (2 x ~ 500 mL). The solvent was removed on a roto-vap and then the

10 Kugelrohr was used .to remove trace solvent and water. The 'H-NMR was consistent
with the desired product structure.

Preparation of a,w-bis(3-glycidvioxybenzamide) of Versamine 552: To a one L 3-neck

flask fitted with mechanical stirrer, 250 mL slow-add funnel, condenser, and N, purge

was charged Versamine 552 (47.22 g). To this was added 250 mL CH,Cl,, followed by

15  3-glycidyloxybenzoic acid (35.04-9) and HOBt (1-hydro$<ybenzotriazole, 2.4388 g) with

additional C.HZCI2 rinsing. This mixture was stirred for 15 minutes, and then a solution

of 40.80 g dicyclohexyl carbodiimide (DCC) in 200 mL CH,CI, was added in a dropwise

fashion to the reaction flask. Within 156 minutes of the staﬁ of the DCC addition, the

precipitation of by-product dicyclohexyl urea (DCU) was observed. The reaction progress

20 was monitored by IR spectroscopy and no observable change was detected between 4

and 5 hours of reaction time. The excess DCC was then quencl;ed by the addition 6f

50% aqueous acetic acid (5 mL) and stirring was continued until the DCC absorbance

in the IR trace had disappeared (~1.5 hr). The solution was cooled and the DCU was

removed by suction filtration theh the solvent was removed on a roto-vap to 30°C. The

25 residue was taken up in EtOAc and was washed with 5% NaHCO, (3 x 400 mL) and the

organic layer was refrigerated overnight. The product solution was washed again with

5% NaHCO, (1 x 400 mL), then 2% triethylamine (1 x 200 mL), and finally water (1 x 400



I5repar ation of the bis(3-glycidyl oxybenzyl) ester of 10 - :
3,6, 9-trioxaundecanedi oic acid (EPOXY H) [err] The REFLACEMENT SHEET

3,6,9-trioxaundecanedioic acid is an experinental material av id aéﬁgam'lom
Hoechst Cel anese and was used in place of the dinmer acid. The '

tri oxaundecanedi oic acid (30 g) and 3- %yci dyl oxybenzyl al cohol (44.54 g)
were mxed and treated with dicycl ohexg car bodii m de (50.88 g) and

catal ytic 4-di net hyl am nopyri di ne (DVAP) (0.2998 15 g) in nmethylene
chloride as descri bed above. The product was isolated in 89 %yield and

mL). The organic layer was treated with MgSO , filtered, and then stirred over Amberlyst
15 ion exchange resin (H" form, ~ 100 mL) for 1.5 hr. The resin. was removed by
filtration, and the broduct dried over MgSQ,, filtered and solvent removed on the roto-
vap. Residual solvent was further removed by a Kugelrohr apparatu§ (80°C/0.25 mmHg
5 /20 min.). The viscous amber oil (74.1 g, 91% yield) was characterized by IR, 'H and
BC -NMR and found to be consistent with the expected structure. The epoxy content

was measured as WPE = 481 (theoretical WPE = 443).

EXAMPLE Il

Preparation of a,w-bis(3-glycidyloxybenzamide of
10 4,7,10-trioxa-1,13-tridecane diamine (EPOXY F)

D\/OO)ﬁMoN°wOMHJ : o _<f

The preparation of this compound was conducted gfmilarly to that in Example I.

The 3-glycidyloxybenzooic- acid was prepared as described in Example |. To a 250mL
multi-neck flask equipped with magnetic_ stir bar, thermometer, slow addition funnel and

N, pﬁrge was charged the 3-glycidyloxybenzoic acid (19.6 g, 0.101 mole) in 50 mL

15 methylene chloride. To this was added the diamine (11.01 g, 0.05 mole) and 25 mL
methylene chloride. A slight ‘exotherm was observed. The reaction mixture was chilled

in an ice bath to 0-5°C, when 1-hydroxybenzotriazole (1.35 g, 0.01 mole) was added
followed by the addition of a solution of 1,3-dicyclohexylcarbodiimide DCC (22.9 g,
0.1111 mole) in 25 mL methyleng: chloride over 5 minutes. The addition funnel was

20 rinsed with another 25 mL methylene chloride. The reaction temperature was held at



23 characterized by IR and [err] spectroscopy. The epox { '

was neasured as WPE = 285.1 (theoretical WPE = 286. 3I)O. %r%ﬁwgﬁ%
(-3- gl yci dyl oxybenzyl) ester of octanoic acid (EPOXY |) [err] 5

Thi's product was prepared simlarly to Epoxy G and H and is useful as a
reactive diluent. Cctanoic acid (30 g) ;gnd gl ycidyl oxybenzyl al cohol (38.24
g) were treated under the dicycl ohexyl carbodiim de (43.74 g) dehydrative
conditions with catal yti c DVAP

5-20°C. After 15 minutes evidence of dicyclohexyl urea by-product was observed. The
reaction was monitored by IR and after three hours of reaction time the mixture was
filtered and the solvent removed under vacuum on é rotary evaporator to 30°C. The
product was dissolved in 200 mL ethyl acetate and to this was added a solution of 12 mL
5 HO/3mL acetic acid in three portions over 2 hours with mixing to effect quenching of
excess DCC which was determined by IR (2112 cm”). The organic layer was then
washed with saturated NaHCO, (4x100 mL), and saturated Na,SO, (1x 100 mL). The
organic layer was dried over MgSO, and filtered over Celite. The solvent was removed
under vacuum on a rotary evaporator to 80°C. Complete solvent removal was
10  accomplished by placing the material on a Kugelrohr apparatus to 90°C/0.25 mmHg.
The product was isolated as a viscous yellow oil (25.65 g, 90% yield). The epoxy
content was measured as WPE = 314 (theoretical WPE = 286) The product was

characterized by IR and 'H-NMR spectroscopy.

EXAMPLE Il
16 In this example, glycidyloxybenzyl alcohols were reacted with dimer acid, sold
under the trademark Empol 1024 by Henkel to form the bis(glycidyloxybenzyl) esters of
dimer acid. |

Preparation of bis(3-glycidyloxybenzyl) ester
of dimer acid (EPOXY B-1)

o- (o]
o)\—c-34—-Lo



(0.2572 g) in nmethylene chloride. The product was isol ated as descri bed

above in 98% yield and characterized by IR and [err]

epoxy equivalent weight 10 was measured as WPE = 306. 2 (the
306.4). Preparation of the (3-glycidyloxybenzyl) ester derivel qerom
pol y(tetrahydrofuran) trinmer (EPOXY J)l_; rtt] REPLACEMENT SHEET

10

15

20

25

Preparation of 3-glycidyloxybenzyl alcohol: The epoxidation procedure was conducted
similarly to that described in Example |. | -

To a two L multi-neck flask fitted with mechanical stirrer, condenser, and
thermometer was charged epichlorohydrin (277 rpL, 3.542 mol) and 250 mL methyl ethyl
ketone. The 3-hydroxybenzy! alcohol (200 g, 1.61 mol) was added as a solid rinsing with
500 mL methyl ethyl ketone (MEK). Then the potassium carbonate (320 g, 2.31 mol,
pre-dried to 120°C in vac. oven/3 hr.) was added as a powder. The mixture was heated
with aﬁ oil bath to a mild reflux (~80°C). After six hours at reflux the reaction was
determined to be complete by the absence of starting benzyl alcohol in the GC trace (5
m glass capillary, 150 to 200°C at 10° / min). The mixture was cooled to room
temperature and filtered rinsing with MEK. The solvent was removed on the roto-vap,
and the residue was redissolved in methyl isobutyl ketone.('350 mL). - The organic layer
was washed with 5%-NaOH (1 x 200 mL) and a severe emulsion résulted. The system
was allowed to settle and the bulk of the aqueous layer was removed. The organic layer
was then washed with 10% Na2S04 (5 x 200 mL) until the pH was ~7. The organic
layer was dried over MgSO4, filtered and the solvent removed on the roto-vap to 80°C.

The product was collected as a distillate on the Kugelrohr apparatus at 120 to 140°C /

2.0 mmHg (earlier attempt distillation at 110°C /0.1 mmHg). The clear almost colorless .

oil (190.6 g, 66% yield) was characterized by IR, 'H, and *C -NMR and was found to
corroborate assigned structuré. The epoxy content was m'easgred as WPE = 180
(theoretical WPE = 180).

Preparation of the bis(3:glycidyloxyberizyl) ester of dimer acid (EPOXY B-1): To a one

L multi-neck flask with. mechanical stirrer, thermometer, slow add funnel, and N, purge
was charged 3-glycidyloxybenzyl alcohol (81.62 g, 0.509 mol), and Empol 1024 dimer
acid (143.71 g). To this was added 250 mL CH,Cl, and DMAP (dimethylaminopyridine;
0.61 g, 1 mol percént based on COOH), and the mixture immediately cooled in an ice

bath to maintain temperéture at 4 to 10°C throughout the reactioh. DCC solution (DCC:

SpeClHE%AGEMENThSH ET



24 To a 250nL flask with nmechanical stirrer, thernonmeter, condenser, ﬁéﬂ'm
purge was added pol y(tetrahydrofuran) trinmer (avail able REQUA@MENT S

pol yTHF-250 ; OH# = 479.2; 25 g, 0.213 nole hydroxy functionali h&
succini ¢ anhydride (21.5 g, 0.2156 nole), and toluene (20 mMQ§ %s
applied to maintain a mld reflux. Aft 3.5 hours of 5 reaction tine,

t he anhydri de absorbance had di sappearzé fromthe IR trace. The m xture was
cooled, and to6 this was added an additional 70 nmL of tol uene,

3-gl yci dyl oxybenzyl al cohol (39.32 g), and DVAP (0.2648 g). This m xture
was further coohegss g, b&og Imodin 8hmLhCHGL,Nivaé Badeddatopwiss tihdugh DEIGw Sealditibim on

(44.80 g DCC dissolved in 50 nL toluene) was initiated. The addition was
conpl et ed aft er fudbelniveus @se haurchetitit At fourumoarsaafter $hel gomplktion of the slow add the
ester absorbance was maximized and the DCC absorbance was minimized in the IR
trace. The reaction mixture was then filtered and rinsed with CH,Cl,. The filtrate was
5  stirred over 30 mL Amberlyst 15 ion exchange resin (H* form) for 30 minutes and filtered.
To this filtrate was added 50% aqueous acetic acid (5 mL) and this was stirred until the
DCC disappeared in the' IR trace (30 min). To this was added solid NaHCO, with stirring
’Llhtil the pH was ~7. This was filtered to remove salts and the filtrate was stored in the
freezer overnight. The organic layer was dried with MgSO, and filtered rinsing with
10 CH,Cl,. The solvent was removed first on a roto-vap, then on a Kugelrohr apparatus to
110°C / 0.25 mmHg. The final product was a brown 'oil (217.8, 96% yield), and was
characterized by IR, 'H, and *C -NMR spectroscopy which corroborated the assigned
structure. The epoxy content was méasured as WPE = 448 (theoretical WPE = 453).

Preparation of bis(2-glycidyloxybenzyl) ester
15 of dimer acid (EPOXY B-2)

Preparation of 2-glycidyloxybenzyl alcohol: This compound was prepared as described

above except that the starting phenol was 2-hydroxybenzyl alcohol. The product was
isolated and purified by distillation (36% yield). Characterization was accomplished by IR
and 'H-NMR spectroscopy. The epoxy content was measured as WPE = 180.

20 Preparation of the bis(2-giycidyloxybenzyl) ester of dimer acid: This material was

prepared exactly as described above except that 2-glycidyloxybenzyl alcohol was used.




10 for a further 4 hours. The | R trace showed no change in er
absorbance fromthe previous scan, and so the reaction RBRL g Dﬁ‘ﬁ@ﬁ%
r-enove di cycl ohexyl urea by- product. Anber | yst- 15 [err] fo 'l was
added, stirred for 30 mnutes, and filtered. Acetic acid (26;§_F§ba 50%
aqueous sol ution) was added and stirred until the residual DCC peak was
absent fromthe IR trace. Solid sodi umtBi carbonat e and then sodi um 15
carbonate were added until a pH of 7 was achi eved. The m xture was
filtered, dried over [err], refiltered, and the solvent was renoved on a

rotary evaporat sl G b0 RM et UnB A2 fharn%%.xéqr%gqgrm@ YERAR

further renove P3 uge apparatus to [err uct was

i sol ated in 96(%&&%&: anRde %Béfy%‘hﬁélbﬁteﬂerm waE“nNXE{lred Bs QECL L6 @dYeticand

found to have a epoxy equrvalent wei ght as
WPE = 450).

Preparation of bis(4-glycidyloxybenzyl) ester
5 : of dimer acid (EPOXY B-3)
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Preparation of 4-glycidyloxybenzyl alcohol: This compound was prepared as described

above except that the starting phenol was 4- hydroxybenzyl alcohol. The product was
isolated and purified by distillation at which point the material formed a white crystalline
solid (45% yield). Characterization was accomplished by IR and '"H-NMR spectroscopy.

10  The epoxy content was measured as WPE = 179.

Preparation of the bis(4-giycidvioxybenzyl) ester of dimer acid: This material was
prepared exactly as described above except that 4-glycidyloxybenzyl alcohol was used.
Th.e product was isolated in 91% vyield and was characterized by IR and H-NMR
. spectroscopy. The epoxy equivalent weight was measured as Wl?E = 445 (theoretical

15  WPE = 450).

EXAMPLE IV
In this example, the diisocyanate from dimer acid (sold under the tradename DDI-
1410 by Henkel) and 1,12-diisocyanatododecane were reacted with 3-glycidyloxxbenzyl

alcohol to form the corresponding carbamates.



20

(theoretical WPE = 380). EXAMPLE VI COVPARATI VE Thi s exa

e gives the
E)r epar a]t i OE of I conpar ati ve ;grr}gl es of epoxyf reﬁi ns thatREPda.ABEm)EMnEHEETt he
-erm nal phenyl groups. 5 Preparation of the bis O (glycid fbamat e
of _ 1} fft%(\gﬂ)

20

Preparation of bis-O-(3-glycidyloxybenzyl)carbamate
of dimer diisocyanate (EPOXY D)

Q 0
>L+N—-c-3&—w—42
of H H o

Dimer diisocyanate (DDI-141-O. 146.52 g, 0.4898 mol NCO) was weighed directly

" into a 500 mL multi-neck flask equipped with mechanical stirrer, thermometer, and N,

5 purge. Then, 3-glycidyoxlbenzyl alcohol (80 g, 0.4996 mol) was added along with 150

mL toluene. To this non-homogeneous mixture was added one drop of dibutyl tin

dilaurate (DBTDL) from a plastic disposable pippette. The mixture became completely

clear and homogeneous 20 minutes after the addition of the DBTDL. A mild exotherm

to 28°C was observed while the flask was immersed in a cool water bath.

The

10  temperature was not allowed to pass 30°C. After 7 hours of reaction time (disappear-

ance of NCO in the IR trace), the reaction mixture was passed over a silica column

prepared in a one L slow add funnel by first slurrying ~250 mL oé 30-60 mesh silica in

EtOAc then layering on top of this ~150 mL of 70-230 mesh silica. The product was

eluted with ~1.5 L EtOAc. The solvent was removed on a roto-vap, then on a Kugelrohr

15  apparatus to 128°C / 0.1 mmHg. The product was a pale yellow viscous oil (231.5 g,

98.6% vield) that solidified upon storage in a freezer and that was structurally confirmed

by IR, 1H, and **C-NMR spectroscopy. The epoxy content was measured as WPE = 475

(theoretical WPE = 479).



di mer dii te (EPOXY C Di ner di i .
i mer diisocyanate (EP ) [err] Diner diisocyanate (Fﬁ%pmrﬁ)%kgﬂ

0. 6686 nol NCO was weighed directly into a 500 nL nult

whi ch was equi pped with nechanical stirrer, 5 t her nonet er % g bnw
purge. Then, glycidol (68 nL, 1.003 nol) was added al ong vvltﬂ1 1 (&

tol uene. To this non-honpgeneous nixture was added one drop of dibutyl tin
dilaurate (DBTL) froma plastic di spos%&l e pipette. The m xture becane
conpl etely clear and honobgeneous 80 minutes after the addition of the
DBTDL. An exothermto [err] was observed while the flask was i mersed in a
cool water bath to whi chPruparatidsl @ bist0-(3-glytiydkybengy)casbalraed 6fhe

t enper at ure bel ow. [err] Af t er 1,72-Biidocyarmatafodecmet (ERDXYKE
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Into a 100 mL flask equipped with a thermometer, and magnetic stir bar, énd '
sealed to the environment with rubber septa was weighed 1, 12-diisocyanatoaodecane '
5 (14.58 g, 0.0577 mole), 3-glycidyloxybenzyl alcohol (21.86 g, 0.121 mole) and 32.5 mL
toluene. The cloudy mlxture was stirred at 10-20°C in a cool water bath when dibuty! tin
- dilaurate was mtroduced by dipping the end of a 9 inch glass pipette into the tin catalyst
and then mixing the end of the pipette into the reaction mixture. After mixing for 5 hours
the mixture became é solid white mass. The solid was broken up with a spatula and 50
10 mL toluene was introduced to facilitate stirring. After a totall of 7 hours reaction time, an
I'R trace indicated that essentially all isocyanate functionality héd reacted. Toluene
(80mL) and met_hyléne chloride (160 mL) were used to transfer the milky mixture to a
single neck R B flask. _'Solvent was removed on a rotary evaporator to 80°C.
Subsequent removal of solvent and unreacted alcohol was carried out on a Kugelrohr
15  apparatus to 120°C/0.1 mmHg. The product was isolated as a white solid in 99% yield
and characterized by IR and 'H-NMR spectroscopy. The epoxy equivalent weight was

measured as WPE = 319 (theoretical WPE = 306.31).

EXAMPLE V
In this example, glycidyloxybenzyl alcohols were reacted with various flexible

20 diacids. _ -



(di sappearance of NCOin the IR trace), the reaction m xture was passed
over a silica’- colum prepared in a 1L slow add funnel REP[.ACEMEN‘T FEDO
-250 nL of 30-60 nesh silica in EtOAc then |ayering on top qf t @ 0 m
of 70-230 mesh silica. The product was eluted - with - 1.5 L &®AE"" The

sol vent was renoved on the roto-vap, then on the 15 Kugel rohr appar at us
to [err] mHg. The product was a pale szl | ow viscous oil (245.6 g, 99 8%
yield) and was structurally confirmed by IR [err] and [err] spectroscopy.
The epoxy content was neasured as WPE = 405 (theoretical WPE = 368).

Preparation of diner acid digl ¥ci dg/,l ester (EPOXY E) [err] B
Preparation of the bis(3-glycidyloxybenzyl) ester of a mixture of

undecanedioic acid, dodecanedioic acid, and sebacic acid.(EPOXY G).

o 0
O/L( CH, }—(o
" L
n=s;9;1o Q ‘
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The mixture of undecanedioic acid, dodecanedioic acid, and sebacic acid is

available under the tradename CORFREE M1 from Aldrich Chemical Co. and is a
5  DuPont product. The bis(3-g|ycidyloxybenzyl.) ester was ;:m;epared as described above
| except that the CO.R?REE M1 was used in place of the dime“r aéid. The product was
isolated in 98% yield and characterized by IR and 1l.-l-NMR spectroscopy. The epoxy

equivalent weight was measured as WPE = 269.4 (theoretical WPE = 265.5).

Preparation of the bis(3-glycidyloxybenzyl) ester of
10 3,6,9-trioxaundecanedicic acid (EPOXY H)

3—*/0\/\0/\/0\—”0\

o o
ey
o \\vo
_‘07'/_The 3,6,9-trioxaundecanedioic acid is an experimental material _available from
Hoechst Celanese and was used in place of the dimer acid. The trioxaundecanedioic
acid (3_0 g) and 3-glycidyloxybenzyl alcohol (44.54 g) were mixed and treated with

dicyclohexylcarbodiimide (50.88 g) and catalytic 4-dimethylaminopyridine (DMAP) (0.2998

15  g) in methylene chloride as described above. The product was isolated in 89 % yield and



26 Thi i i
his material can be purchased commercially as EPO\'M%@@HEET

Chemi cal Co. or prepared in a |ow chlorine contam nate

described below. In either case the maé rial behaves siml arl M respect
to cure rate and thermal stability. Pr Saratlon of the dlﬁlﬁ( | ester of
di mer acid (Enpol 1024) wth*l ow chl ori ne: A mul ti-necked round bottom

flask equi pped with nechanical stirrer, therrmrreter N2 purge and
sl ow addi ti on funnel was charged with 50. 00 g (0. 0868 rml es) of Enpol 1024

characterized by IR and 'H-NMR. spectroscopy. The epoxy equivalent weight was
measured as WPE = 285.1 (theoretical WPE = 286.3).

Preparation of the (3-glycidyloxybenzyl) ester
of octanoic acid (EPOXY I)

Compound | o
v

5 This product was prepared similarly to Epoxy G and H and i; useful- as a reactive
diluent. Octanoic acid (30 g) and glycidyloxybenzy! alcohol (38.24 g) were treated under '
the dicyclohexylcarbodiimide (43.74 'g) dehydrative conditions with catalytic DMAP
(0.2572 g) in methylene chloride. The product was isolated as described above in 98%
yield aﬁd characterized by IR and 'H-NMR spectroscopy. The epoxy equivalent weight

| 10 was measured as WPE = 306.2 (theoretical WPE = 306.4).

Preparation of the (3-glycidyloxybenzyl) ester derived from
poly{tetrahydrofuran) trimer (EPOXY J)

&g,

m=3



di mer acid, 19.29 g (0.2604nol es) glycidol, 200 m of toluene and a
catal ytic anount (0.212 g , 0.0017nol es) of 4-dinethyl aﬁg?‘mg ?NTFGSHEEE

reaction was cooled to 0-5 C and to this was added a solution o

(0.1771 nol es) 1, 3-dicycl ohexyl carbodiimde 10 in 100 m - of I&é‘u ver a
period of 1 hour. After the slow add conplete the reaction was held at
0-5 Cfor 15 mnutes. The reaction sol ion was then held at 10 - 15C for

two hours. The reaction was determned to be conplete by IR (presence of
ester at 1735 [err]) and the disappearance of the _
1, 3-di cycl ohexyl car bk 250mil agiditnediahical istirrekteriondies, tcofidtnbdr] oy NEirdehen
cooled to 0-5 C, held for 15 mnutes then filtered to 15 .renpve the
1, 3- di cycl ohexyhasr aigeld yoly(ietratydrofitas) prireru@vailslie LftomDBASE fdydHFSD| | @8#t=0 10-
[err] with stirring and to.this was added a solution of 20 m of 50:50
wat er : et hanol479.2; 26 ] 0.213 mole hydroxy functionality), succinic anhydride (21.5 g, 0.2156 mole),
and toluene (20 mL). Heat was applied to maintain a mild reflux. After 3.5 hours of
5 reaction time, the anhydride absorbance had disappeared from the IR trace. The mixture
was cooled, and to this was added an additional 70 mL of toluene, 3-glycidyloxybenzyl
alcohol (39.32 g), and DMAP (0.2648 g). This mixture was further cooled to 0-5°C at
- which point the addition of a DCC solution (44.80 g DCC dissolved in 50 mL toluene)
was initiated. The addition was completed after 35 minutes, and the mixture was stirred
10  for a further 4 hours. The IR trace showed no change in DCC or ester absorbance from
the previous scan, and so the reaction was ﬁltered to remove dicyclohexyl urea by-
product. Amberlyst 15 (H* form, 14 mL) was added, stirred for 30 minutes, and filtered.
Acetic acid (2 mL of a 50% aqueous solution) was added and stirred until the residual
DCC peak was absent from the IR trace. Solid sodium bicarbonate and then sodium
15  carbonate were added until a pH of 7 was achieved. The mixture was filtered, dried over
MgSOQ,, refiltered, and the solvent was removed on a rotary evaporator. Residual soivent
and unreacted benzyl alcohol were further removed on a Kugelrohr apparatus to
122°C/0.1 mmHg. The product was isolated in 96% yield, and characterized by 'H-NMR,

IR spectroscopy, and found to have an epoxy equivalent weight as WPE = 394

20 (theoretical WPE = 380).

EXAMPLE VI
~ COMPARATIVE

This example gives the preparation of comparative samples of epoxy resins that

do not contain the terminal phenyl groups.



and 34m of Anberlyst 15 ([err] form. The reaction was then filtered and
the solvent was renoved using a rotory evaporator under R%&W@QM q.
The product was then dissolved in 30 mM toluene and store L@ge‘:w a
freezer. The followng day the 20 solution was filtered d; “Then the
sol vent was renoved using a rotory eva%grator under reduced pressure.

Resi dual sol vent and any renai ning gl y¢i'dol were subsequently renoved using

a kugel rohr apparatus ([err] mmHg vacuum ). The product was isolated as an
oi |l (46.48g, 78%yield) and was characterized as follows: |R spectrum

ester at 1735 [err]. Epoxypé‘?ﬂiﬁ"glf:nezjtgi'izvgf n‘ggygg%)g’g%te(.%eoret i cal = 344).

0 | 0
?>/\o)\— N° 36_!'3—40—\</°
: Compound C | _

Dimer diisocyanate (DDI-1410, 200 g, 0.6686 mol NCO) was weighed directly

into a 500 mL muitineck R B flask which was equipped with mechanical stirrer,

5 thermometer, and N, purge. ‘Then, glycidol (68 mL, 1.003 mol) was added along with
100 mL toluene. To this non-homogeneous mixture was added one drop of dibutyl tin
dilaurate (DBTL) from a plastic disposable pipette. The mixture bécame completely clear

and homogeneous 80 minutes after the addition of the DBTDL. An exotherm to 30°C

was observed while.ﬂ;:e flask was immersed in a cool water bath to which was added

10  some dry ice to keep the temperature below 30°C. After 7.5 hours of reaction time
(disappearance of NCO in the IR trace), the reaction mixture was passed over a silica -

column prepared in a 1 L slow add fuhnel by first slurrying ~250 mL of 30-60 mesh silica

in EtOAc then layering on top of this ~150 mL of 70-230 mesh silica. The produci was
eluted with ~ 1.5 L EtOAc. The solvent was removed on the roto-vap, then on the

15 Kugelrohr apparatus to 80°C/2.0 mmHg. The product was a pale yellow viscous oil

(2456 g, 99 8% | yield). and was structurally confirmed by IR, 'H, and *C-NMR
spectroscopy. The epoxy content was measured as WPE = 405 (theoretical WPE =

368).

Preparation of dimer acid diglycidyl ester (EPOXY E)

S

\ . 0



27 Exanple VII Chlorine Content of Sanples Several sa

were tested for total chlorine and hydrol yzabl e chl or%ﬁ&é&@ﬁﬁﬁéﬁgﬁ

t-o the test nethods described in this-specification, and t ults
are tabul ated here. CHLORI NE CONTENT OF EPOXY RESI NS EPOX\ﬁ% ¢EB NSQ

Tot al
(ppm

I ns
I ng -

Hydr ol yzabl e oBound Chl orine (ppm Chl orine -

Chl ori ne

10

15

20

This material can be purchased commercially as EPON 871 from Shell Chemical
Co. or prepared in a low chlorine contaminated version as described below. In either

case the material behaves similarly with respect to cure rate and thermal stability.

Preparation of t_he diglycidy! ester of dimer acid (Empol 1024) with low chiorine:

A multi-necked round bottom flask equipped with mechanical stirrer, thermometer, N,

purge and slow-addition funnel was charged with 50.00 g (0.0868 moles) of Empol 1024
aimer acid, 19.29 g (0.2604moles) glycidol,' 200 ml of toluene and a catalytic amount
(0.212 g, 0.0017mol_es) of 4-dimethylaminopyridine. The reaction was cooled to 0-5°C
and to this was added a solution of 36.48g (0.1771 moles) 1,3-dicyclohexylcarbodiimide

in 100 ml of toluene over a period of 1 hour.. After the slow-add was corﬁplete the
reaction was held at 0—5‘(} for 15 minutes. The reaction s.t;lution was then held at 10 -
15°C for two hours. The reaction was determined to be complete by IR (presence of
ester at 1735 cm™) and the disappearance of the 1,3-dicyclohexyicarbodiimide (2120 cm’
" The product solution was then cooled to 0-5°C , held for 15 minutes then filtered to

remove the 1,3-dicyclohexylurea byproduct. The product solution is then chilled to 10-

15°C with stirring and to this was added a solution of 20 ml of 50:50 water : methanol .

and 34ml of Amberlyst 15 (H* form). The reaction was then filtered and the solvent was

removed using a rotory evaporator under reduced pressure. The product was then

dissolved in 30 ml toluene and stored overnight in a freezer. 1;he following day the
solution was filtered cold, then the solvent was removed using a rotory evaporator under
reduced pressure. Residual solvent and any remaining glycidol were subsequently
removed using a kﬁgelrohr apparatus (80‘C/0.1-0.2 mmHg vacuum ). The product was
isolated as an oil (46.48g, 78% vyield) and was characterized as follows: IR spectrum:

ester at 1735 cm”. Epoxy equivalent weight: WPE = 359 (theoretical= 344).



(ppm 10 A 283 26 257
B 319 39 REFSACEMENT SHEET
3:-gl yci dyl oxy- benzyl al cohol 805 82 QE ng 1997
723 C 282 : 185 7 D
674 352 . 322 In the above table, the val ues

for the 3-glycidyl oxybenzyl al cohol an@7f,or EPOXY B fromwhich it is
derived indicate that the bul k of chlorine contam nation cones fromthe
starting al cohol. The chlorine content of EPOXY B is nearly identical
Example VII
Chiorine Content of Samples
Several samples of epoxy resins were tested for total chlorine and hydrolyzable

chlorine content according to the test methods described in this specification, and the

5 results are ta'bulated here.

CHLORINE CONTENT OF EPOXY RESINS

EPOXY Total Hydrolyzable Bound
Chiorine (ppm) Chlorine (ppm) Chiorine .

(ppm)

10 A : 283 | 26 257
B : | 319 ' 39 280
3-glycidyloxy-
benzyl alcohol - - - 805 82 . 723
c 282 185 ' 97

1§ D 674 352 322

In the above table, the values for the 3-glycidyloxybenzyl alcohol and for
EPOXY B from which it is derived indicate that the bulk of chlorine contamination
comes from the starting alcohol. The chiorine content of EPOXY B is nearly identical
to the calculated dilution factor accounting for the increased weigpt when the alcohol
20  is converted to this ester. For example, 805 ppm x (360/906) = 320 ppm. There-
fore, any purification manipulation that can be carried out to reduce the chlorine
content of the 3-glycidyloxybenzyl alcohol will result in lower chlorine contamination .in
the final flexible epoxide product.
Purification of 3-glycidyloxybenzyl alcohol: In another preparatioﬁ of the 3-glycidyl-
25  oxybenzyl alcohol as described above, the product was characterized by 'H-NMR and

found to have a WPE = 178 and total chlorine = 317 ppm and hydrolyzable chlorine =



to the calculated dilution factor accounting for the increase%gml\ﬁptsﬁgﬁn
t he al cohol 20 Is converted to this ester. For exanpl e, RER) 3\

(360/906) = 320 ppm There- fore, any purification nmanipul ati b%@l\%g'{an be
carried out to reduce the chlorine content of the 3-glycidyl w y

al cohol will result in |ower ‘chlorine contamnation in the final flexible
epoxi de product. Purification of 3-gl ycﬁsdyl oxybenzyl al cohol: I n another
preparation of the 3-glycidyl- 25 oxybenzyl al cohol as descri bed above,

t he product was characterized by [err] and found to have a WPE = 178 and

total chlorine 130 3prh. PIHE FBdlichisdIg) wee abled Wit A&thfSsobutyl ketone (50 mL) and 1N
KOH (50 mL) to a 250 rﬁL flask equipped with mechanical stirrer and.thermometef.
The mixture was stirred well and heated to 40 - 45°¢ for 4 hours. The flask was
cooled and tﬁe contents transferred to a separatory funnel. The phases were
5 separated and the organic layer was washed with 10% NaSO, (3 x 100 mL) until the
pH = 7. The organic layer was dried over MgSOQ,, filtered, and the solvent removed
on a rotary evaporator. The purified product was distilled ona Kugelrohr apparatus at
110°C/0.25 mmHg. The purified material was found to have a WPE = 177 and total
chiorine = 129 ppm and hydrolyzable chiorine = none detected. If this purified epoxy
10  alcohol product was used to generate EPOXY B, then EPOXY B would have a total

‘chlorine = 51 ppm. Calculated as follows: 129 ppm X (360 / 906) = 51 ppm.

| EXAMPLE Vil
Flexibility, Strength and Snap-Cure of Epoxies
The suitability of these epoxy resins for use in microelectrc'mi;:s applications
15  was tested by measuring their flexibility and strength after they are formulatéd with
silver flakes and used to bond silicon chips to a metal lead frame substrate.
Adhesive Formulations. The sample epoxies were formulated into a die
attach adhesive comprising in parts by weight: 70 parts epoxy resin, 30 parts Bis-
phenol A diglycidyl ether (Bis-A) (soild under the tradename EPO!}I 828, a product of
20 Shell Corporation), 5 parts 2-ethyl-4-methyl imidazble (2E4MZ); this formulation was
admixed with 80% by weight silver flakes until the silver was fully wetted out. The
mixture was degassed under vacuu-m at room temperature for 15-20 minutes, and

then aliowed to sit at room temperature with frequent stirring for 60 minuteé_.

Measurements of flexibility and strength were taken on the cured epoxies.

25 Flexibility was determined by measuring the radius of curvature, which was -greater'



28 120 ppm This product (50 g) was added with nethyl isobutyl ketone (50
m.) and IN KOH (50 nL) to a 250 nL flask equi pped w th nmecRERFLAGEMENT SHEET
and thernoneter. The mixture was stirred well and heated to 40 - [err! f or
‘4 hours. The flask was cool ed and the contents transferred to assﬂﬁ ry
funnel . The phases were 5 separated and the organic |ayer vvg washed with
10% NaSO4 - (3 x 100 mL) until the pH = 7?2 The organi ¢ | ayer was dried over
[err], filtered, and the solvent renoved on a rotary evaporator. The
purified product was distilled on a Kugel rohr apparatus at [err] mrHg. The
purified materi &an@@9 rirouiThet highen the radiviPeT curvbilire, 2l leso thip warpage, which in

turn implies a flexible adhesive.) An indication of the flexibility was also provided by
the glass transition temperatures (Tg), which were low for the cured epoxies.
Strength was measured as die shear, which is the force required to remove a bonded
5 chip from the metal substrate; for these epoxies, the die shear was greater than or
equal to 10 MPa when snap-cured and greater than or equal to 25 MPa when oven-
cured. As determined by the time.needed to 100% cure, these epoxies could be |

snap-cured.

Die_Shear. Silicbn chips (80 x 80 mil?) wére coéted on one side with. the
10  adhesive formulation and placed on a copper lead frame (D/L) 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 I(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
15 die shear strength in MPa averaged over ten samples. Preferred die shear values
are those of 5 MPa or greafer. Snap-cured samples were prepared similarly, except

that the specimens were cured on a pre-warmed hot-plate at 1800C.

Radius of Curvature. Each epoxy to be tested was prepared, degassed, and.
aged for one hour as described above. Silicon chips (200 x 600 !milz) were coated
20 With adhesive on one side and placed on a lead frame and cured in a 1750C 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 300 mm or greater.



chlorine = 129 ppm and hydrol yzabl e chlorine = none detected. If this
purified epoxy 10 al cohol product was used to generat GHEF@QEMENT I%iEET
EPOXY B woul d have a total chlorine = 51 ppm Cal cul ated as foll ows 129
ppm X (360 / 906) = 51 ppm EXAVPLE VI Il Flexibility, Strerggh

Snap- Cure of Epoxies The sui t abi I|ty of, .t hese epoxy resins use |n

m cr oel ectronics applications 15 3[oest ed by neasuring their
flexibility and strength after they are formulated with silver flakes and
used to bond silicon chips to a netal |ead frame substrate. Adhesive

Fornul ati ons. The sanpl e epoxies were formulated into a die attach adhesive
conprising in parts by weight: 70 parts epoxy resin, 30 parts Bis-

Glass Transition Temperature. Glass Transition (Tg) temperatures were mea-
sured using a Perkin Eimer DSC. In the case of neat resins, the sa;nple was
preheéted to 50°C and then quench cooled to -70°C. 1t was then heated at a rate of
20°C per minute until the Tg was reached. To measure the Tg of the cured resins,

5 samples were formulated with Spph 2-ethy_|-4-_methyl imidazole and ther_u heated to
200°C to ensure full cure. After duench coaling to -40°C, the samples were heated at

a rate of 20°C per minute until the Tg was reached.

The die shear strength, time to snap-cure, radius of curvature and Tg for

several of the samples are set out in the following Table 1.

10 . o Table 1
EPOXY " DIE SHEAR (psi) Time ROC (mm) Tg °C
" Oven @ Snap @ . Sna;:OCure Neat Cured
175° 180° l
A l chip failuré 38.3 1.0 min 316 -10.73 51.93
B " 35.2 15.4 . 2.0 404 -51.10 -9/46
c || 16.3 5.7 1.0 490 -40.03 -17.63
15 D “ 32,0 1.3 - 1.5 323 -28.97 16.82
E " 17.3 4.7 2.0 344 -39.97 -25.31
G " 425 17.4 1.25 334
G* " 286 11.8 175 498
‘H 323 13.6 1.5 428
20 *neat - not as blend w/ bis A epoxy
E)&AMPLE X

Thermal Properties
DSC Analysis. Several of the sample epoxy resins formulated into adhesives
were tested for their ability to be snap-cured by DSC analysis using a Perkin-Elmer

25 Differential écanning Calorimeter. . DSC measures the onset and end of exotherm,



phenol A diglycidyl ether (Bis-A) (sold under the tradename EPON
product of 20 Shel | Corporation), 5 parts 2-ethyl-4- rﬁFH.)AC Nﬁégﬁﬁ
(2E4MZ) ; this formul ati on was adm xed with 80% by wei ght SI| réﬂ]ﬁ
until the silver was fully wetted out. The m xture was dega cf er
vacuum at room tenperature for 15-20 mputes, and then allowed to sit at
roomtenperature with frequent stirri na for 60 m nutes. Measurenents of

flexibility and syhigngtdhmiRiuftelvk Bife. Offe touiabdat, &d @pBY BExample vii, Fl exi bility
was determ ned by neasuring the radius of curvature, which was great er

were cured in the DSC pan on a hop plate at 180°C fora prescnbed time, a DSC
trace was then run to determine the extent of reaction, which is extrapolated from the

residual exotherm;

5 AP - AHwswe X 100% = %cure
A He, '
. 4 "
Curing times that occur in a span of 50°C or less indicate thét those formulations can
be snap-cured. The onset and end of exotherm for the samples is given in_ Table 2
and show that several of the epoxies, when used in an imidazole-catalyzed formula-
10 tion have the capability of being snap-cured. B

Data from the DSC curves were plotted as percent cure versus time in Figure
1, and again show that the curing rate for the inventive compounds meet the require-
ment for snap-cure. As will be understood, the steeper the slope of the curves, the

faster the cure. For the tested samples, the order of curing was C~A>D>B>E.

16 ) Table 2

END OF PEAK aH

EXO OF EXO kJimol

198°C i 130.0°C 139.9

1485 131.0 83.6

_ 199.0 146.7 76.2
20 148.4 124.2° 87.2
' 148.4 1207 84.6
157.8 141.0 82.0

169.8 14722 84.9




REPLACEMENT SHEET 29 than 300 mm (The higher the radiu
| ess chip warpage, which in turn inplies a flexible adhé§€9¥ﬁﬁwgmﬁ'5HE

i Adi cation of the flexibility was al so provided by the glass tran tlon
tenperatures (Tg), which were low for the cured epoxies. % geRERn
nmeasured as die shear, which is the for required to renmove a bonded 5
chip fromthe netal substrate; for thes®g epoxies, the die shear was greater
than or equal to 10 MPa when snap-cured and greater than or equal to 25 MPa
when oven- cured. As determined by the tinme needed to 100% cure, these

epOXi es could be S‘f@ﬂpAfaﬁgiQd'Themogravimetric analysis (TGA) was performed on several
' .of the samples using' a Perkiin Elmer TGA unit. TGA is a measure 6f the loss of

weight when a sample is subjected to a heating cycle. The formulations described in

Example VI were subjected to analysis under a heating ramp of 300 to 2000C for 50
5 minutes at an increase in temperature of 100 per rﬁinute. and a 30 minute hold at
260°C. The results are given. in Table 3 #nd are graphed in Figures 3 and 4 and

show that the sampies exhibit far superior thermal stability either' as neat materials or

even more notably in the presence of an-imidazole curing catalyst.

Table 3
10 EPOXY TGA TGA TGA TGA
: % wt loss % wt loss % wt loss % wt loss
to 175°C to 200°C @ 200°C to 200°C
10°min 10%min 30 min hold with 2E4MZ
E
A
B
[ o4
15 D




D e Shear. Silicon chips (80 x 80 [err]) were coated on oneREPU@CﬁMENTtSHEET
adhestve—+fornuati-en—and pl aced on a copper |ead frane (ﬁ%)r qgg‘}lred
or

m a 1750 ur. The sanples were tested after
shear str mﬁﬂ ﬂlﬁ)wlu erature (RT). Die shear strength was neasured
using a ducts Corp. die shear tester (Mdel 1750)/

Chatillon DFI 50 digital force gauge. e force required to renove the
bonded die was read in kg units, and converted to a 15 di e shear strength
in MPa averaged over ten sanples. Preferred die shear values are those of 5
MPa or greater. Snap-cured sanples were prepared simlarly, except that the
speci nens were Warddimpn a pre-warned hot-plate at [err]. Radius of

Curvature. Each eRoxy to be tested was prepared, degassed, .and
1 flexible epoxy compound having the structural formula:

i}@—q —(Fzg,ug chaiin }- Q—@( g

"in which o

¢

o
No—t—Nit *

o

"
No—c — *, 7]

O

o
] 4
N
where * indicates the point of attach to the flexible chain; and

the flexible chain is a C,, 5, alkylene or alkyleneoxy group; and

n is an integer 1-3.

2. A flexible epoxy compound according to claim 1 having the structural formula:

[>\/ \©)-N—C -36 —Nb/ \/<]

| THIS SHEET HAS BEEN °
REPLACED.

This Sheet Has Been Rerlaced




aged for one hour as described above. Silicon chips (20 rt Joh e
coat ed ZOWO% side and pl aced on a I%%Pmmt : ed
ih a[err] oven for one = The radius of curvature for theﬁ@rfe&ﬁs}gﬁpl es
was maasuremmm!m ei mtsu SURFCOM surface texture neasuring

i nstrument ' & ’mwn ”m il limeter (Jy)m units, averaged over three

sanmpl es. Prefefrel rfhdisus*0f . curvat ure Xfal ues are those of 300 nm or
greater. 30

3. A fiexible epoxy corjpound according to claim 1 having the str.ucture:
03; C-34 —io
- ,0
J
4 A flexible epoxy compaund according to claim 1 having the structure:

pe

Ty

o

O
) S
0\__<Io

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

oj'— C-34 ——Zo

(o]

6. A flexible epoxy compound according to claim 1 having the structure:

> __.._L
— - N

o\/q | JO

. ) r—
_ - - LTHIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLACED

AR




Glass Tr anstti-o6n rature. Glass Transition (Tg) tenperatures were

pr eheat ed t
rate of [er

a_
sured using @I’kl n El mer . I n the case of neat resi PM@E SHEGAS

ﬂm’m ITHE e 7o vas reached. To moasuPBthe: o of the

cured resins, nbl €s were fornul aéﬁd wi th 5pph 2-ethyl -4-net hyl

I m dazol e and then heated to {err] to

sure full cure. After quench

cooling to [err], the sanples were heated at a rate of [err] per mnute

unti |

the Tg way. r agefisig .epdiyccohipundngasrding e Bigih1 hdvingethé etrioh@@- cur e, radi us

of curvature and Tg for several of the sanples are set out .in the follow ng
Table 1. 10 Table 1

]

: - : o] o
T>\/°\©5§n/\/\o/\/°\/\o/\/\“_k©/o_\/<’

8. A flexible epoxy compound according to ¢laim 1 having the etmcture:_

o)o\._/°\/\o/\/°JO_
. O,
Rl %

o -

9. A flexible epoxy compound according to claim 1 having the structure:

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

0 | 0
o>_ ﬂ'{ C12Hz4)‘§—LO

is Sheet Has Been Reg‘laced

TR



EPOXY W ) Ti me
[err] LE | X Thermal Properties DSC Anal yS| S. R:gg\}'ﬁcg
éanple mmﬁi | ated i nto adhesives were tested f |I|ty
to be snap- anal ysis using a Perkin-Elnmer 25 D|fferent|al

Scanni ng Cal ori rreter bsC measur es the3gnset and end of exotherm

11. A _ﬂexible epoxy compound according to claim 1 having the structure:
0 0
o CH, o
o
n=8,89,10 2 ’
7 v

(o]

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

according to claim 1.

\
ThlS Sheet Has Been R

I Hll I



31 which is commensurate with cure. The':'f'o'r'n'ul ations; .a g $HEET
Example VIIl1. were cured in the DSC pan;on a hop plate E@gﬁg¢$véﬁ
prescribed tinme, a DSC trace was then run to ‘determine the m
reaction, which is extrapolated fromthe residual exother m“ﬁerr] Curing
tinmes that occur in a span of [err] or less indicate that those

fornul ati ons can be snap-cured. The on¥et and end of exotherm for the
sanples is given in Table 2 and show that several ‘of the epoxies, when used

in an i mdazol e- cata %zed f%snul a-IsngNthFogLﬁ&%EEt; | pabi | i ty of bei ng

snap- cur ed. TERMINATED WITH GLYCIDYILOXYPHENYL GROUPS
FOR USE IN MICROELECTRONICS ADHESIVES

ABSTRACT OF THE INVENTION

This invention relates to flexible epoxy resins that have a structural composi-
tion comprising an oligomeric backbone of alkylene or alkyleneoxy repeat units, -

terminated with an aromatic moiety bearing one or more epoxy functionalities.

. This Sheet Has Been Repl
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Data fromthe DSC curves were plotted as percent cure versu j Mggﬁ'l QHEET
1, and again show that the curing rate;for- the inventive coﬁ%%%ﬁgg eL. the
Fequi re- ment for snap-cure. As wi‘l'l be understood, the steepﬁ&?{?@pe
of the curves, the faster the cure. For the tested sanples, t rder of
curing was C A>D>B>E. [err] - 33 - Y‘é claim '

I I |
160.0 170.0 180.0

150.0

|
140.0
Temperature (°C)
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|
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56.5 -
56.0 -
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55.0
54,5
54.0 -
53.5 -
53.0 -
52.5 -
52.0

515
51.0 -
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1. A flexible epoxy conpound having the structural fornuhE@LAGEth'prS}aEEr‘]ri

[err] the flexible chain is a [err] al kylene or al kyleneoXy group; an S
ah integer 1-3. [err] 2. A flexible epoxy conpound according | 997
having the structural formula: 0O 0 h% (FEB _
_ 2
$T
< ® U A @m o=
b § . .I ] —z
yob Lo -
? ¥ 9 ¥ * @9
ooy ;i
~
o
o yu{
S
~—
=
< v
=~
v
e
&
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- 34 - 3. Aflexible epoxy compound according to claim1 having_t
structure: [err] 4. A flexible epoxy conpound according tBEELA@EMEﬁEME%T

tAe structure: [err] 5. A flexible epoxy conpound accor di ngdﬁ ?E iw
having the structure: [err] 6. A flexible epoxy conpound ac d % 0 claim

1 having the structure: O 3

[ ]
(=)
<
o
=
m
-
m
. i)
&)
- |
| -
oped
N =
& Lo £
(o]
X ~
o
=
-y
o
(=]

94.0

100.0 -
99,0 4
98.0 o
97.0 -
96.0 4
95.0
93.0 4
92.0 1
91.0 4
90.0

(X "IN Nﬁ_Taﬂ
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lerr] =35 - 7. A flexible epoxy conpound according t laim 1 _having the
structure: [err] 8. A flexible epoxy conpound accordi n@%.PiAéEMENTlgHEE ng

tthe structure: [err] 9. A flexible epoxy conpound according, [
-having the structure: _ d@ th lgg‘}

4

o
300.0 350.0

|
250.0

Temperature (°C)

FlG. 4
|
200.0

" 150.0

100.0

I X
50.0

100.0
99.0 A
98.0 -
97.0 -
96.0 -
95.0 -
94.0 4
93.0
92.0 ~
91.0 1
90.0 A
89.0
88.0 -

(X "3M) JuBtam



[err] - 11. A flexible epoxy conpound according to claim1 having ﬂbﬁ%of""'o’
structure: [err] 12. An adhesive for' use ‘i i*'i;croel ectroni cs appl i ca‘f’?so‘rfgf’ja
contaimning a flexible epoxy according to claim 1. REPLACEMENT SHEET 2 2 JAN

1999

37

. EPOXY RESINS CONSISTING OF FLEXIBLE CHAINS
TERMINATED WITH GLYCIDYLOXYPHENYL GROUPS
FOR USE IN MICROELECTRONICS ADHESIVES

ABSTRACT OF THE INVENTION

This invention relates to flexible epoxy resins that have a structural composi-
tion comprising an oligomeric backbone of alkylene or alkyleneoxy repeat units, -

terminated with an aromatic moiety bearing one or more epoxy functionalities.

No suitable figure is suggested.

S——
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36 11.i A flexible epoxy compound according to claim 1 having the st n%f)
[err] 11. An adhesive for use in ni croel ectroni cs applications conﬂér E

fl'exi b e“mmm“fmﬂ)nﬂsl “1||*||t 0. cI aim1. | ¢pos‘s “’f”’)°

-33 -

We claim:

1. A flexible epaxy compound having the structural formula:

| . O\
i}@—q {Flmublz cf.u?«}— Q‘@ég

inwhich o

- I
o 5 Qis /C\NH_ ¥,

(o}
No—t~ N *

o
n )
/\O—C«'—* A

o o)
i {
N\~ \/\CJ—-—'_*E

where * indicates the point of attach to the flexible chain; and

the flexible chain is a C,q4, alkylene or alkyleneoxy group; and

nis an integer 1-3.

2. A flexible epoxy compound according to claim 1 having the structural formuia:

R . . i,
b\/o\C(\wﬂ— C-36 -—ﬂ«”\©/o\/<?
_ ' REPLACEMENT SHEET

22 JAN 1999
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-34 -
3. A flexible epoxy compound according to claim 1 having the structure:
o 0
)\— -34 —l
o] ¢ o]

4: A flexible epoxy compaund according to claim.1 having the structure:

_ »—w—fa
Cﬁ\_ﬂ 4)

o

[31]

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

3wl

gf o

6. A flexible epoxy compound according to claim 1 having the structure:

O

o _ o
—c-3s—n—LL
>—§ C-36—N o

o\/<|

(o)
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7. A flexible epoxy compound according to claim 1 having the structure:

g

. 5 '

Q

olx/o o N/\/\o/\/o\/\o/\/\ﬂdkgc\ﬂ
~ :: ) H .

8. A flexible epoxy compound according to claim 1 having the structure:

G

-

j_/°\/\o/\/°\__z

0

9. A flexible epoxy compound according to claim 1 having the structure:
0 o]
(o] o
ol 20 g O
7 |

(+]

Q

.

5 10. A flexible epoxy compo_und according to claim 1 having the structure:

Q 0
o>",':‘,‘< C12H24§‘H"LO
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11. " A flexible epoxy compound according to claim 1 having the structure:

U
ey

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

according to claim 1.
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