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

.This. invention is diracted to ﬂexi_ble epqu compounds for use in microelectroﬁics
 adhesives that can be rapidly r_;u'r'_ec.i'and that have low or no ionic contamination, and to

processes for their syntheses.

Onre step i.n the ranufacture of lsemiconductor_ 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 epcans»-lafed within a

polymeric sealant and connected to exterﬁal 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, Th_e epoxies conventionatly used are the aromatic
epoxies, due to their strength, bu_t these a.re inherently rigid and brittie. During the

. manufacturing process the. adhesives and substrates are subjected tc repeated thérmal
‘eycling. If the adhasives and substrates{ have wid'elyédjsparate c‘oefﬁ'ciehts. of thermal
expansion, the stress of thermal cyc'ling can !éad to adhesive fallure, substrate warpage, |
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or fracture 01; the die. Thus, a crucial raquirement for an adhesive destined for
microelectronics use is that it be str;ng and flexiole lo absorb the stress of thermal
cycling.
A seccnd crucial criterion is that the adhesives be capable of rapidly curing to
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,
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.
The addition of a flexibilizer also reduces the abity 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,
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
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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solvent volatilization, which leads to vcids in the cured adhésiva, and potential failure of
the microelectronics chip or device. Thus, low viscosity materials, which eliminate the
need for solvent, are preferred.

it is also imperative in the construction of electronic dewces te have minimal
5 weight loss (_no outgassing) of the adhesive _I:hat 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., h
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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Figure 3 is a grapn cf the thermogravimetric analysis of inventive sample epoxy
resins and shaws their thermal stability when heated from 30%-20Q0<C at 10eC per minute
and held at 2000C for 3¢ minutes. |

Figure 4 is a graph of the thermograv.metric analysis of the fnvenﬁve samble

5 epoxy resins in the presence of curing catalyst (2-.ethy|'-4-me'thyl- imigazole) heated from
300-2C00C at 15oC per minute. This graph shows weight loss d.uring the cure process
and. demonstrates that comparative apoxies C and E icse substantial wéight in the 200c-

2500C range, which is the temperature range for wire bonding and solder reflow in the
~manufacture of eiectronics devices.

10

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

15 ¢ortaminants can be easily remcved, resulting in low levels of ionic contamhﬁnts, less
than about 0.1% by weight, compared to prior art compositions, which contain impurities
at higher !eve_ls. This isasigniﬁcant difference for industrial applications. Moreover, the .
synthetic routes parmit the preparation of disc_rete_ chemical structures, rather than mixes
of various resins.

20 | 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 conductve méterial. such as silver flakes.

25 "~ and used to bond silicon chips to a metal lead frame substrate. The cured epoxies
demonstrate a hign radius of curvature, greater than or equal to 300 mm. (The highgr

" the radius of curvature, the less chip warpage, which in turn implies a flexible adhesive.)
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The cured epoxies aiso lde.monstrate good adhesive strength, measured as die
shear strength. Die shear is a Meaﬁure of the force required tc remove a bonded chip
from the metal substrate, which for these compounds is greater than or equal to 10 MPa
when cured grider snap-cure conditions. The epoxies can be formulated into adhesives
that sné_p—cure and exhibit no loss of flexibility or strength. Preferably the formulation will
comprise 20-10G parts by weighf 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 phenolic hardener per hundred parts of epoxy resin (pphr).

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
more epoxy functionalites. 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
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
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
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device manufacture. Tﬁis is @ major disadvantage since snap-curing Iis conducted near
200°C ana the die/lead frame assembly is subjacted 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
(release of volatiles) must be minimized throughout the entire device manufacture
process. The éompounds of this invention have snap-cure property and greatly improved

thermal stability to temperatures of 300°C.

” 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
compounds possess high chiorine contamination (usually »0.2%). 1t is imperative for
microe!ectronfc application to minimize afl scurces of corrosive ions (including organic
bound chlorine).

To accomplish the required features of snap cure, low stress. low volatiity, and

\IHK

high purity the following sequence has been followed in this invention. The epoxy .

functionaiity is buiit onto an aromatic ring by an egichlorohydrin reaction. Effecting this '

transformation on 3 small molecula allows for easy purlficatian 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
(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_ '

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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- system) in which the flexible chain bears carooxylic groups at the termini. Thus, a benzyl

aster functionaiity Is generated during this coupling pfocess' The second method
involves condensing the benzyl alc ohol derivative with a flaxible chain oeanng |soc~/anate
groups at the termini. Thus, an O-benzyl carbarnate functionality 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

WA TRER . #

R e i §

condensation and not in the backbone of Lhe resin polymer, The flexible chains camprise

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 alk'ylene ot 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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The aromatic ring may also be subatituted with a G, 4 alkyl, C, 5 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 fluorina, 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,
/, -8-
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Ancther method comprisas the condensation of an isocysnate terminated
alkylene or alkyleneoxy chain with a benzy! alcohol substituted with either a glycidyl or
glycidyl ether group. |

Pfeferred compounds made from these synthetic routes are represénted by the

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

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

b\/o\Oj-\ﬂ— C-36 ——”—40 : o \/<l°

5 S §

g “Q

routes.
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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 formulstion may further contain 20-50 parts per hundred parts of |

resin of a phenclic hardener having one or more hydroxyl groups per aroratic ring (from

<10 -
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which are derived the aromatic epoxie descrived above). Exempiary phenolic ﬁardéners

are the commercially available phenol novolak resing, bisphenclF, bisphenol-A and

resorcinoi. The aéditioh of the phenolic resin. serves to improve the adhesion strength

of the formulation after exposure to moisture ard thermal shock at 2500C, and ‘o prevent
5 bleeding of the flexible e:po'xy out of the formulation,

In general a;wy 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 Eunc‘red parts 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
sillca, known to be suitable for microelectronics applica'ti-ons, used in any effective
_amoqnt. 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 epoxieé 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

-
-11-
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me.thanol. Place flask fitted with reflux condensor into a Water bath neated by magnetic
stirrer / hot plate unit, Reflux the stirred solution for exactly 15 minuteé. then reméve the
flask, and allow it to ¢cool to room temperature. Transfer the fiquid into a clean 250 ml
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
potentiomelrically to the 'end point with 0.005N AgNO, solutibn. 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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functionaiity to the acid. The use of the epichl'orohydrin at this early stage in the
synthesis and on this low malecuiar weight melecule makes puriﬁcat:'bn and removat 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
react:on A further 10 mL epichiorohydrin was added and reflux continued for 3 hours
at whtch point the reaction was judged complste by gas "hromotography (GC) trace.
The contents were cooled and the salts ramoved by suction ﬁltratlc_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 immersed in a cool water '

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

-13-
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(400 mL), and dioxane {450 mL). This mixture was allowed ta stir for 1.5 hours at which
point it was judged comgplete by the virtual disappearance of starting material in the
reversed phase TLC (Whatman M'KC.,F reverse phase plates, e'vent 25mL ietrahydro-
furan/26ml H,O with 10 drops conc. H,PQ,). The mixture was reduced to minimum
volume. on a roto-vap at 30°C for 30 min. Tﬁe residue was washed with antyl ether (lo
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 sclvent was removed on a roto-vap and then the
Kugeirohr was used to remove traca solvent and water. The 'H-NMR was consistent
“with the desired producf swucture. | _ |

g' reparation of o.w-bis(3-glvcidvloxybenzarmide) of Versamine 552: To a one 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
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 15 minutes of the start of the DCC addition, the
precipitation of by-pro_dud dicyclohexy! ures (DCU) wés observed. The reaction progress
was monitored by IR spectrescopy _and ne obseryable change was detected hetween 4
and 5 hours of reaction time. The excess DCC was then quencﬁed 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 ramoved on a roto-vap o 30°C. The
residue was taken up in EtOAG and was washed with 6% NakHCOQ, (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

\ ' -18-
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mL). The organic layer was treated with MgSO,, filtered. and then stirred over Amberyst
16 ion exchange resin (H* form. -~ 100 mi) for 1.5 hr. The resin was removed by
fitration, and the product dried over MgSO,, filtered and solvent removed on the roto-
vap. Residual solvent was ‘urther removed by.a Kugelrohr apparatus (80°C/0.25 mmHg
5 / 20 min.). The viscous amber oil (74.1 9. 91% yield} was characterized by IR, 'H and
"¢ -NMR and found to be consistant with the expécted structure. The epoxy coatent

was measured as WPE = 481 (theoretical WPE = 443).
s |
EXAMPLE il

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

o Q ) ' 0 |
o

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-hydroxybenzotrizzole {1.35 g, 0.01 mole) was added
followed by the addition of a solution of 1,3-dicyclohexylcarpodiimide DCC (22.8 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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5.20°C. After 15 minutes evidence of dicyclohexyl urea by-product was observed. The
reaction was manitored by IR and after {hree hburs' of réaction time the mixture was
filtered and the solvent rémoved 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)—-G-.’M —-Lo
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Prepsratior: of 3-glycidvloxybenzyl alcohol; The epoxidation procedure was conductad

similarly to that described in Example |.
To a two L multi-neck flask fitted with mechanical stirrer, cbnden'se_r. and
thermometer was charged epichlprohydrin (277 mL, 3.542 mol) and 250 mL methyl 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 sliowed to seltle 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, 66% 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-qlycidyloxybanzyl) gster of dimer acid (EPOXY B-1): To a cne
L multi-neck flask with mechanical stifrar. thermometer, siow add funnel, 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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104.85 g, 0.509 mol in 60 mL CH,Cl;) was added dropwise through a slow addition
funnet over a one hour period. At four hours after the completion of the slow add the
ester abgorbance was maximized and the DCC absorbance was minimized in the 1R
trace. The reaction mixture was then filtered and rinsed with CHyCl;. The filtrate was

§  stired aver 30 mL Amberlyst 15 ion exchange resin (H" form) for 30 minutes and fiitered.

. To this filtrate was added’. 50% aqueous acetic acid (5 mL)} and this was stirred until thé |

DCC disappearad in the (R race (30 min). To this was added solid NaHCO, with stirring

' /uf'\til the pH was ~7. This was filtered {¢ ramove salls 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
{16°C 1 0.25 mmHg, The final product was @ brown oil (217.3, 98% yiekl), and was
characterized by IR, 'H. and C -NMR spectroscopy which corroborated the assigned
structure. The apoxy content was measured as WPE = 448 (thearsticat 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 alc.ohbl was used.

-18-
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The product was isolated in 90% yield and was characierized by IR and 'H-NMR
spectroscopy. The epoxy equivalent weight was measured as WPE = 456 (theoretical

WPE = 4593).

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

e e

Q

ian of 4-glycidyloxvnenzy! alcohol; This compound was prepared as described
above except that the starting phenol was 4- hydroxybenzyl ziconol. The product 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

SATTLK - #20

[

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% yield and was characterized by IR and 'H-NMR
spectroscopy. The epoxy equivalent weight wés measured as WF__’E = 445 (theoretical
15  WPE = 450) |
EXAMPLE IV
in this example, the dilsocyanate from dimer acid (sald under the tradename DDi-
1410 by Henkel) and 5,1 2-dilsocyanatododecane were reacted with 3-glycidyloxxbenzyl
alcohol to form the cﬁrrasponding carbamatas. | |
-19-
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Preparation of bis-O-(3-glycidyloxybenzyl)carbamate
of dimer diisocyanate (EPOXY D)

Q o]
o)—u——c - 36-—”—1\0
| O <1 | | °
~ ° | W//
- : W

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,
5 purge. Then, 3-glycidvoxicenzyl aiéohol (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 (DBTOL) from a pl#stic 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 cool water bath. The
10  temperature was not allowed to pass 30°C. After 7 hours 6\' reaction time (diséppear-
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'salQént was removed on a roto-vap, then on a Kugeirohr |
_ .15 apparatus to 128°C / 0.1 mmHg. The product was a pale yellow viscous ail (231.5 g,
l98,6% yieid) that so!idiﬁed 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).

This Sheet Has Been Replaced | *20-
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Preparation of his-O-{3-glycidyloxybenzylcarbamate of
' 1,12-dilsocyanatodedecane (EPOXY K) '

D L

(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
toluene. 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 miiky ‘mixture to a
single nack R B flask. Solvent was remcved on a rotary evaporator to 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 charaf:terized 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.

- -2 -
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Preparation of the bis{3-glycidyloxybenzyl) ester of a mixture of
undecanedioic acid, dodecanedioic acid, and sebacic acid (EPOXY G).

Q 0

o)—( Csz—Lo |
n

n=8,9, 10 Q

s | \\v;

(o)

The mixture of undecanedioic acid, dodecanedicic acid, and sehacfc acid is

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

5 DuPont _prodUct. The bis(3-glycidyloxybenzy!) ester was p;epared as described ahove
ex_'ce_pt that the CORFREE M1 was usad in place of the dimer aci¢d. Tnhe 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 rﬁaterial 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.
ect Has Been Re laced

HIl\l\\ LR



(\L\ L)l ul\ L TR Y R 8 L B LT Les - T:J [S1E S 9T W8 N T Ty URLY & ALK L
JUII - o ® bt LI g \\- (SR Tag IR (BN u: i e 8 l|r‘1 "N!'“_l_ b lmt” P

- charactei‘ized by IR and ‘H-NMR spécfrosccpy. The epcxy equivalent weight was
measured as WPE = 285.1 (theoretical WPE = 286.3).

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

\/\/;\/-—Zo
d ) 6ompound! _\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,
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To a250mL ﬂésk with mechanical sﬁrrér, thermemeter, condenser, and N, purge
Was added poly(tetrahydrofufan) iimer (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
5 reaction time, the anhﬁdﬂde absorbanrice 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 8 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
10 fora 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 fitered. |
Acetic acid (2 mL of & 50% aquégous solution) was added and stirred until the residual
DCC peak was absent from the IR trace, Sohd sodium bicarbonate and then sodium
15 carbonate were adder until a pH of 7 was achieved. The mixture was filtered, dried cver
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 specfroscopy, and fcgnd to have an epoxy equNalant 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 lerminal phenyl groups,

-

e
-24-
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Preparation of the bis O-{glycidyl)carbamate of
dimer diisocyanate (EPOXY C)

Q o)
T}"‘\o)_ N 36~ﬂ—(o\</o
' 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,
5 thermometer, and N, purge. Then, glycidol (68 mL, 1.008 mal) 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
10  some dr_y ice to keap 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 funnel by ﬁrsf 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
eluted with ~ 1.5 L EtOAc. The solvent was removed on the roto-vap, then an the
15  Kugelrohr apparatus to 80°C/2.0 mmHg. The product was 5 pala 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)

N R

o 0

.25
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This rmaterial ¢can be purchased commarcially as EPON 871 from Shell Chemical
Co. or prepared in a fow shiorine contammated version as descnbed beiow. In either

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 4—dimethylam.inopyridine. The reaction was cogled to 0-5°C

and to this was added a solution of 36,48g (0.1771 moles) 1,3-dicyclohexylcarbodiimide

10 in 100 ml of toluane over a period of 1 hour, After the siow-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 (sresence 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

15 remove the 1.3-dgicyclohexylurea bypreduct. The product solution is then chilled to 10-
18°'C with stiring and to this was added & solution of 20 ﬁl of 50:50 water : methanal

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
20  solution was filtersd cold, then the solvent was remaoved using a rotory evaporator under
reduced pressure. Residual solvent and any remaining glycidol were subsequently
ramoved u;ing a kugelrohr apparatus (80°C/0.1-0.2 mmbig vacuum ), The product was
isolated as an oil (46.48g. 78% yield) ard 'was characterized as follows: IR-.épec_irum:

ester at 173% cm™. Epoxy equivalent weight: WPE = 359 (theoretical= 344).
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Example Vii
Chiorine Content of Samples
Several samples of epexy resins were tested for total chicrine and hydrciyzable
chlorine contant according to the t_ast 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.

;4;|ﬁgggzgn of 3-qiyci ggxg;xgnzyl alcohg In arcther prepacation of the 3-glycidyl-
25  oxybenzyl alcohol as dascribed 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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120 pom. This product (50 g) was added with methy! isobuty!l ketone (50 mL) and 1N
KOH (50 mL) to @ 250 mL fiask equipped with mechanical stirrer and thermomneter.
The mixture was stirred well and heated to 40 - 45°C for 4 hours. The flask was
coeled.and the contents transferred to a separatory funnel, The plhases were
S  separated and tné srganic layer was washed with 10% NaSQ, (3 x 100 mL} until the
pH = 7, The argaric layer was dried over MgSQ,, filtereq, and the salvent removed
on a rotary evaporator. The purified product was distilled on 3 Kugelruhr apparatus at
#110°C/0.25 mmHg. The purifled métedal was found to have a WPE.= 177 and total
chlorine = 129 opm and hydrolyiable chiorine = ncne detected. If this purilied epoxy
10 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
15  was tested by maasuring 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 parts. epoxy.resin. 30 parts Bis-
phenoi A diglycidyi sether (Bls-A) {sold under the tradename E'PO{)J §28, a product of
20 Shell Corporation), 5 paris 2-ethyl-4-methyl imidazote (2E4MZ); this formulétion was
admixed with 80% by weight silver flakes until the silver was fully wetted out. The
mixture was degassed under vacuurﬁ 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.

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

_ -28 -
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than 300 mm. (The higher the radius of curvature, the less chip warpage. which in
turn implies' a flexible adhesive.) An indication of the Rexibility was also prcvicied by
the glass transition temperatures (Tg). which were iow for the cured epoxies.

Strength was measured as die shear, which is the for_ce requirad to remove a bonded
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
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 DFI 50 digita; force gauge.

Tre force reguired to remove the bonded die was read in kg units, and converted to a

die shear_ sirengtn in MPa averaged cver tan samples. Preferrad die shear valuas
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.

Bﬂﬂyﬁ__gf_g_uﬂ_ajy_tg, Each epoxy fo be tested was prepared, degassed, and
aged for one hour és described above. Silicon chigs (200 x 600 .milz) were coated
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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Glass Transition Temperature, Glass Transition (Tg) temperatures were mea-
sured using a Perkin Elmer DSC. In the case of neat resins, the sample was
preheated to 50°C and then quench cooled to -70°C. It was then heated at a rate of
20°C per minute uhtit_ the Tg was reached. 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.
/ .'
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 Table 1 ' .
e i B —
DIE SHEAR (psi) i RQC (mm) Tg °C
_ : to
Qven @ Snap @ Snap Cure Neat Cured
: 175° 180° ' _
A chip failure 38.3 51.93
B 38.2 15.4 2.0 404 -51.10 -3/46
c 16.3 57 1.0 490 -40.03 -17.63
16 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 l 425 17.4 1.25 334
G’ 288 11.8 1.75 498
H 323 136 1.5 428
20 neat - not as blend wi bis A epoxy
EXAMPLE IX

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 Perkip-Elmer
25  Ditferential Scanning Calorimeter.

R
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DSC measures the onget and end of exotherm,
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‘Curing times that occur in a span of 50eC ér less indicate 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'curveé were plotted as percent cure versus time in Figure
;I, and again show that the curing rat_e for the inventive compound# meet the raquire-
ment for snap-cure. As wiil be understoad. the steeper the siope of the curves, the
faster the cure. For the tested samplés. .the order of curing was C~A>D>B>E.
15 . Table 2
| EPOXY ONSET END OF PEAK - aH
OF EXO EXO OF EXO kdimol
E 79°¢ | 1se°C ¢ 130.0°C 139.9
| A 100.0 148 5 131.0 836
l B 97.0 198.0 146.7 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 125.4 ' 169.8 T 1472 B4.9
e -31-

LI Ll [ b~ =Y Il-.!II ’J EAT Iy W |r1n_ llf"l L Lan iy S AR an i o 4

which is commensurate with cure, The foermulations, as described in Example Vi,
were cured in the DSC pan on a hop plate at 180<C for a prascribed time, a DSC
trace was then run to determine the extant of reaction, which is extrapolated from the

residual exotherm:
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TGA Anatysis. Thermogravirnetn'c analysis (TGA) was: performed on several
of the samples using a Perkiin Elmer TGA unit. TGA is a measure of the loss of
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 ctalyét._
Table 3
0 | | ' TGA

% wt loss % wt loss
to 175°C . @ 200°C

TGA
% wt loss
to 200°C

10"1 min 30 min with 2E4MZ

15
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We claim:

1. A flexible epoxy compound having the structural formula:
[ ; i)
-(_( Flanible C‘N\-lﬂj— Q'—
n

AAnwhich g

. i
5 Qis /C’..\NH * ,

n -
9 i
{ {
_/\O/ V\O—"*

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

o o
SN y—© -3 —} o <]
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3. A flexible epoxy compound according to claim 1 having the structure:

Q Q
-y

oﬁ\v | l <°,/°.

74. A flaxible epoxy compcund according to claim 1 having the structure:

)-—c 34—-L

Keoury ;@

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

—

P
0,
Cf Bt

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

0 ' o
)—.N-c - SB—N’JL
H H Q
o
_ ) ' o

- -
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7. Aflexible epoxy compound accarding to claim 1 having the structure:

N AR e

o

8. A flexible apoxy cbmpound accordiné to claim 4 having the structure:
LOWONOJ -
0 o
a - : '

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

o N%\AMKOR

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

Sl

. _ 0
- ]
-~ ‘\'-’<$ ) ‘f
/// .35
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11. A ﬂexfblé epoxy compound accarding to ¢laim 1 having the structure:

Seni
| -n-a;s;wn n" '
A T,

(-]
s

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

according to claim 1.
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