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(57) ABSTRACT 

An electronic circuit device comprises a resin composition 
including 90 to 100 Weight percent of a curable epoxy 
modi?ed aromatic vinyl-conjugated diene block copolymer, 
optionally up to 10 Weight percent of an epoxy resin, and an 
effective amount of an epoxy curative, the Weight percent of 
the copolymer and epoxy resin being based on the Weight of 
the epoxy bearing material exclusive of curative. The resin 
composition can be used as an electronic adhesive, cover 
coat, or encapsulant. 

The electronic circuit device exhibits superior heat and 
moisture insensitivity, including the absence of voiding and 
delamination of the cured resin compostion from its sub 
strate under conditions of 85° C. and 85% relative humidity 
for 168 hours followed by a temperature of 220° C. for 10 
to 40 seconds. 



Patent Application Publication Jan. 3, 2002 US 2002/0001720 A1 

1O"50l"‘100"l'1l50' 2'06" 250 
Temperature (C) 

Fig. 1 



US 2002/0001720 A1 

ELECTRONIC CIRCUIT DEVICE COMPRISING 
AN EPOXY-MODIFIED AROMATIC 
VINYL-CONJUGATED DIENE BLOCK 

COPOLYMER 

FIELD OF THE INVENTION 

[0001] This invention relates to an electronic circuit 
device comprising an epoxy-modi?ed aromatic vinyl-con 
jugated diene block copolymer. The copolymer can be 
included in a resin composition that can be used as, for 
example, an adhesive, a protective covercoat, or an encap 
sulant. 

BACKGROUND OF THE INVENTION 

[0002] A major trend in the electronics industry is to make 
products smaller, lighter and faster While maintaining or 
improving their functionality. One of the key technologies 
that is enabling the creation of more and more compact 
products is electronic packaging and assembly technology. 
Electronic packaging and assembly constitutes the materials 
and processes required to interconnect a semiconductor chip 
(IC chip) to other electronic or electrical components. 
Besides the semiconductor chip, various materials can be 
incorporated into an electronic package, such as ?exible 
circuitry (metal circuitry on polyimide or other polymer 
?lms), metal stiffeners, electrically conductive layers, elec 
trically insulating layers, and heat sinks. Often adhesives are 
used to adhere these various substrates together and to 
adhere together multiple layers of circuitry on substrates to 
form multilayered electronic structures having increased 
Wiring density such as may be required for mulitchip mod 
ules. Covercoats and encapsulants are needed to protect the 
circuitry from harsh environments that may be seen in the 
products’ application. Electrical connection of these pack 
ages to printed circuit boards or other electronic components 
requires that the package undergoes solder re?oW, Which can 
expose the package to temperatures of 220° C. for tens of 
seconds to minutes. This process has proved to be quite 
demanding on adhesives and cover coats, causing product 
failures such as voiding and/or delaminating from the vari 
ous substrates. “Popcorning” is the generic term coined for 
these failures. The presence of moisture in the package 
folloWed by rapid heating to solder re?oW temperatures 
promotes “popcorning”. Moisture is sorbed by many organic 
substrates such as polyimide ?lms and organic adhesives, 
and it can sorb to metals and inorganic components. 

[0003] Joint Industry Standard, “Moisture/Re?oW Sensi 
tivity Classi?cation for Plastic Integrated Circuit Surface 
Mount Devices”, October 1996, J-STD-020, developed by 
the Electronic Industries Association’s Joint Electron 
Device Engineering Council (JEDEC) and the Institute of 
Interconnecting and Packaging Electronic Circuits, is the 
electronics industry standard for testing the solder resistance 
of packages after exposure to humidity. This standard grades 
materials by levels and JEDEC level 1 (85° C./85% RH. for 
168 hours folloWed by solder re?oW at a peak temperature 
of 220° C. for 10 to 40 seconds) is the most demanding test. 
Packages that pass JEDEC level 1 have the highest degree 
of solder resistance, and need not be packaged so as to 
protect them from ambient moisture. Failure at level 1, but 
passage at less-demanding levels, requires protective pack 
aging. 
[0004] The current state of the art in adhesive develop 
ment alloWs the achievement of JEDEC level 3 (30° C./60% 
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RH. for 192 hours folloWed by solder re?oW at a peak 
temperature of 220° C.) and a very limited number of 
adhesives claim successful performance of JEDEC level 2 
(85° C./60% RH. for 168 hours folloWed by solder re?oW 
at a peak temperature of 220° C.). Speci?c polyimides can 
pass JEDEC level 1, but these materials require extremely 
high lamination temperatures of approximately 350° C. 
Such lamination temperatures prohibit polyimide use in 
packages that contain materials that Will decompose or be 
altered at these high temperatures, such as organic cover 
coats, solder masks, solder, etc. In cases Where all materials 
present in the package at the time of lamination can With 
stand the high laminating temperatures, polyimides can be 
employed. HoWever, these high temperatures make for a 
dif?cult and expensive process. 

[0005] EpoxidiZed styrene-diene block copolymers, such 
as epoxidiZed styrene-butadiene or epoxidiZed styrene-iso 
prene block copolymers, have been described in US. Pat. 
No. 5,478,885. In some applications, the epoxidiZed block 
copolymers have been used as rubber toughening agents for 
commonly-used epoxy resins. Typically, the toughening 
agent constitutes a small percentage of the total composi 
tion. 

[0006] Cured compositions comprising epoxy resins and 
epoxy-modi?ed aromatic vinyl-conjugated diene block 
copolymers have been described in EP658603. The compo 
sitions can contain from 5 to 95 parts by Weight of an epoxy 
resin, preferably from 20 to 80 parts by Weight. When the 
composition contains less than 5 parts by Weight of either 
component, a loss of mechanical properties is reported. Use 
of these materials in electronic packaging applications is not 
suggested. 
[0007] Crosslinking epoxidiZed styrene—diene block 
copolymers through the backbone epoxy groups has been 
shoWn to produce adhesive compositions for use in, for 
example, pressure-sensitive adhesive tapes, labels, sealants, 
and coatings as disclosed in US. Pat. Nos. 5,229,464 and 
WO 97/30101. The adhesives can be formulated to include 
reactive diluents, including epoxy resins, in the amount of 
from 1 to 50% by Weight of the total composition. Use of 
these materials in electronic packaging applications is not 
suggested. 

[0008] Compositions comprising cured epoxidiZed sty 
rene—diene block copolymers useful as multilayered mold 
ing materials have been described in WO 98/22531. The 
compositions can be cured by a Wide variety of knoWn 
epoxy curing agents. Compositions further comprising 
added polyfunctional co-reactants, in amounts ranging from 
0.01 to 25 parts by Weight, are also described. Epoxy resins 
are not disclosed as co-reactants. Use of these materials in 
electronic packaging applications is not suggested. 

[0009] Adhesives useful in electronic packaging compris 
ing liquid epoxy resins and an added functionaliZed resin 
have been described in EP 387066 (see also US. Pat. No. 
5,843,251). In order to extend the shelf life of the adhesives, 
a micro-capsule type curing agent is required in the formu 
lation. FunctionaliZed styrene—diene block copolymers are 
among the functionaliZed resins named and not exempli?ed, 
Wherein the functional group can be an epoxy group. The 
added functionaliZed resin can be present in the amount of 
from 20 to 80% by Weight. The adhesives can be processed 
into adhesive tapes that can be used to electrically connect 
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circuits on chips and Wiring substrates. Performance of the 
adhesives under conditions of JEDEC Level 1 is not 
described. 

[0010] Amine crosslinkable hot-melt adhesives useful in 
electronics applications, comprising a polyole?n having an 
epoxy group in its molecule, have been described, for 
example, in WO 96/33248, Wherein an aromatic amine 
curative is required and the composition optionally com 
prises an epoxy resin. Polyole?ns mentioned are copolymers 
of ethylene and a glycidyl (meth)acrylate group-containing 
monomer, so that the epoxy groups are pendant from the 
polymer backbone. Epoxy-modi?ed aromatic vinyl-conju 
gated diene block copolymers are not suggested. When 
present, the amount of added epoxy resin is from about 5 to 
about 200 parts by Weight per 100 parts of the polyole?n 
copolymer. The adhesives Were used for electronic systems, 
but their use under conditions of JEDEC Level 1 is not 
suggested. 

SUMMARY OF THE INVENTION 

[0011] Brie?y, this invention provides an electronic circuit 
device comprising a resin composition including curable 
epoxy-modi?ed aromatic vinyl-conjugated diene block 
copolymer present in the range of 90 to 100 Weight percent 
of the Weight of the epoxy bearing material exclusive of 
curative, optionally up to 10 Weight percent of an epoxy 
resin based on the Weight of epoxy-bearing material, and an 
effective amount of an epoxy curative. 

[0012] Upon curing With one or both of heat (i.e., tem 
perature up to about 250° C.) and UV radiation, the copoly 
mer resin composition and adjacent substrate(s) exhibit 
superior solder or heat resistance and moisture insensitivity. 
In particular, the cured resin composition is stable (i.e., does 
not void or delaminate from the substrate(s)) after exposure 
to conditions of 85° C. and 85% relative humidity for 
168 hours folloWed by rapid heating to a temperature of 220° 
C. for 10 to 40 seconds. 

[0013] In another aspect, this invention provides a method 
of using a curable resin composition in an article comprising 
the steps of: 

[0014] providing a curable resin composition on at least 
one surface of a substrate, said resin composition including 
in the range of 90 to 100 Weight percent of an epoxy 
modi?ed aromatic vinyl-conjugated diene block copolymer, 
optionally up to 10 Weight percent of an epoxy resin, the 
Weight of both components based on the Weight of epoxy 
bearing materials, and an effective amount of an epoxy 
curative, and 

[0015] incorporating said resin composition as an adhe 
sive, covercoat, or encapsulant in an article, Which prefer 
ably can be an electronic circuit device. 

[0016] The resin composition can be a layer or it can be in 
bulk form. 

[0017] Upon curing the copolymer With one or both of 
heat and UV radiation the cured copolymer resin composi 
tion exhibits superior solder resistance and moisture insen 
sitivity, as de?ned above. 

[0018] The cured copolymer resin composition can be an 
adhesive, an encapsulant, or it can be a protective covercoat 
for an electronic circuit device. Examples of the use of the 
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adhesive in electronic circuit devices include: adherence of 
a layer of ?exible circuitry to another layer of ?exible 
circuitry or to a metal stiffener or to a semiconductor chip; 
adherence of copper or other metallic foil to a polymer 
substrate; and adherence of an electronic component such as 
a semiconductor chip to a circuit on a substrate. The 
adhesive may be insulating or it can be made electrocon 
ductive by the addition of electroconductive particles. 

[0019] 
[0020] “electronic circuit” means the path of an elec 

tric current or electrons and can include such ele 
ments as electric conductors, e.g., metallic Wires or 
metallic traces, and electronic components such as 
semiconductor chips, transistors, diodes, capacitors, 
resistors, inductors, etc.; 

[0021] “electronic circuit device” means a device 
comprising an electronic circuit or electronic com 
ponent, such as (1) an electronic package such as a 
ball grid array (BGA), a laminated microintercon 
nect (LMI), multi-chip module, or a chip scale 
package (CSP), (2) simple ?exible circuitry Wherein 
copper foil is adhered to a polymer substrate With an 
adhesive, or (3) an electronic component such as a 
semiconductor chip connected to a circuit on a 

substrate; 
[0022] “epoxy-bearing material” means an epoxy 
modi?ed aromatic vinyl-conjugated diene plus 
epoxy resin, if present; 

[0023] “solder resistance” means resistance to heat at 
the temperature of solder re?oW; 

[0024] “resin composition” means an epoxy-bearing 
material plus a curative or catalyst; and 

[0025] “epoxy-modi?ed aromatic vinyl-conjugated 
diene block copolymer” includes such copolymers 
that are partially hydrogenated prior to or subsequent 
to epoxy-modi?cation. 

In this application: 

[0026] The present invention is advantageous because the 
copolymer resin composition provides superior solder resis 
tance and moisture insensitivity and uses lamination tem 
peratures (for example, 220° C.) much loWer than those 
needed for conventional polyimide-based materials (for 
example, 350 ° C.). Furthermore, the copolymer resin com 
position has excellent peel strength (50 to 325 NeWtons/dm) 
to KaptonTM polyimide ?lm (DuPont), and provides over 
1000 hours of performance at 85° C./85 R.H. With a 5 volt 
bias on an interdigitated copper test circuit that has been 
laminated With the copolymer. The copolymer resin com 
position has also shoWn no ink-jet ink sorption by visual 
observation after immersion for 11 days at room tempera 
ture. The copolymer resin composition also has excellent 
resistance to corrosive, aqueous acidic and/or alkaline envi 
ronments. Additionally, conventional adhesives and cover 
coats in electronic packages are knoWn to exhibit moisture 
induced failure under solder re?oW conditions. The present 
invention copolymer resin composition does not exhibit 
moisture-induced failure under solder re?oW conditions. 

BRIEF DESCRIPTION OF THE DRAWING 

[0027] FIG. 1 shoWs a plot of shear modulus vs. tempera 
ture for a preferred composition of the invention. 



US 2002/0001720 A1 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] The adhesive, encapsulant or covercoat copolymer 
resin composition of the electronic circuit device of the 
present invention comprises in the range of 90 to 100 Weight 
percent epoxy-modi?ed aromatic vinyl-conjugated diene 
block copolymer, Wherein the block copolymer also may be 
hydrogenated, in the range of 10 to 0 Weight percent epoxy 
resin based on the Weight of epoXy-bearing material in the 
resin composition, and an epoxy catalyst or curative in an 
amount in the range of 0.01 to 5.00 Weight percent, based on 
the total Weight of the epoxy-bearing material. 

[0029] The epoxy-modi?ed aromatic vinyl-conjugated 
diene block copolymer preferably has an epoXy equivalent 
Weight in the range of 100 to 2500, more preferably 100 to 
2000, and most preferably 200 to 1000. 

[0030] The epoxy-modi?ed aromatic vinyl-conjugated 
diene block copolymer, Which preferably is an epoXidiZed 
styrene-diene block copolymer, comprises a polymer 
block derived from polymeriZation of an aromatic vinyl 
moiety and (ii) a polymer block derived from polymeriZa 
tion of at least one monomer having conjugated double 
bonds, Wherein the polymer backbone double bonds are at 
least partially epoXidiZed, as essential moieties of the chemi 
cal structure. The block copolymer preferably is free of 
pendent epoxy groups. 

[0031] In the epoxy-modi?ed aromatic vinyl-conjugated 
diene block copolymer, the aromatic vinyl polymer block 
can be derived from polymeriZation of compounds such as, 
for eXample, styrene, alpha-methylstyrene, vinyl toluene, 
p-tert-butylstyrene, divinylbenZene, p-methylstyrene, 4-n 
propylstyrene, 2,4-dimethylstyrene, 3,5-diethylstyrene, 1,1 
diphenyl-styrene, 2,4,6-trimethyl styrene, 4-cycloheXylsty 
rene, 3-methyl-5-n-heXyl styrene, and the like. 

[0032] Although one or more of aromatic vinyl com 
pounds may be used, styrene is frequently and preferably 
used. 

[0033] In the epoXy modi?ed aromatic vinyl-conjugated 
diene block copolymer, the double bonds in the backbone 
can be derived from polymeriZation of compounds having 
conjugated double bonds such as, for eXample, butadiene, 
isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, pip 
erylene, 3-butyl-1,3-octadiene, 1-phenyl-1,3-butadiene, 1,3 
octadiene, 4-ethyl-1,3-heXadiene, and the like. 

[0034] Although one or more compounds having a con 
jugated double bond may be used, butadiene, isoprene, 
piperylene and miXtures thereof are frequently and prefer 
ably used. 

[0035] The block copolymer in the present invention 
essentially includes a polymer block A derived from one or 
more aromatic vinyl compounds and a polymer block B 
derived from one or more compounds having a conjugated 
double bond. 

[0036] The copolymeriZation Weight ratio of the aromatic 
vinyl compound With respect to the compound having a 
conjugated double bond is generally 5/95 to 70/30, prefer 
ably 10/90 to 60/40. 

[0037] The number average molecular Weight of the block 
copolymer useful in the present invention is generally from 
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5,000 to 600,000, preferably 10,000 to 500,000, and the 
molecular Weight distribution (the ratio (MW/Mn) of a Weight 
average molecular Weight (MW) to a number average 
molecular Weight (Mn)) is less than 10. 

[0038] The molecular structure of the block copolymer 
useful in the present invention may be any of linear, 
branched and radial types and any combination thereof. 

[0039] The epoXidiZed styrene-diene block copolymer can 
be represented by general con?gurations, for eXample, of 
(A-B)XA, (B-A)X and (A-B)4Si, and the like, Wherein A and 
B are as de?ned above and X is the number of A-B groups 
in the polymer. 

[0040] Of them, the (A-B)XA type copolymer is generally 
employed. 
[0041] Unsaturated bonds remaining in the block copoly 
mer may be partially or fully hydrogenated. Alternatively, 
partial hydrogenation can precede epoXidation. 

[0042] Preferred epoXidiZed copolymers include epoXi 
diZed nonhydrogenated styrene-butadiene block copolymer 
(e.g., EpofriendTM A1020, A1010, and A1005, Daicel 
Chemical Industries LTD, Osaka, Japan). It is anticipated 
that epoXidiZed hydrogenated styrene-butadiene block 
copolymer Will be useful in the present invention because of 
enhanced oXidative stability. 

[0043] Another preferred epoXidiZed styrene -diene 
copolymer that can be used in the adhesive, covercoat, or 
encapsulant of the invention includes epoXidiZed styrene 
isoprene block copolymer. 

[0044] EpoXy resins that can be blended and subsequently 
reacted With the epoxy-modi?ed aromatic vinyl-conjugated 
diene block copolymer include up to 10 Weight percent, 
preferably 0 to 5 Weight percent, more preferably 0 to 3 
Weight percent, of an aliphatic or aromatic epoXy resin based 
on the total Weight of the epoXy-bearing materials. 

[0045] EpoXy resins useful in the adhesive, encapsulant or 
covercoat resin compositions of the invention preferably 
comprise compounds Which contain one or more 1,2-, 1,3 
and 1,4-cyclic ethers, Which also may be knoWn as 1,2-, 1,3 
and 1,4-epoXides. The 1,2-cyclic ethers are preferred. Such 
compounds can be saturated or unsaturated aliphatic, alicy 
clic, aromatic or heterocyclic, or can comprise combinations 
thereof. Compounds that contain more than one epoXy group 
(i.e., polyepoXides) are preferred. 

[0046] Aromatic polyepoXides (i.e., compounds contain 
ing at least one aromatic ring structure, e.g., a benZene ring, 
and more than one epoXy group) that can be used in the 
present invention include the polyglycidyl ethers of poly 
hydric phenols, such as Bisphenol A-type resins and their 
derivatives, epoXy cresol-novolac resins, Bisphenol-F resins 
and their derivatives, and epoXy phenol-novolac resins; and 
glycidyl esters of aromatic carboXylic acids, e.g., phthalic 
acid diglycidyl ester, isophthalic acid diglycidyl ester, trim 
ellitic anhydride trigylcidyl ester, and pyromellitic acid 
tetraglycidyl ester, and miXtures thereof Preferred aromatic 
polyepoXides are the polyglycidyl ethers of polyhydric phe 
nols, such as the EPONTM series of diglycidyl ethers of 
Bisphenol-A, including EPON 828 and EPON 1001F, avail 
able commercially from Shell Chemicals, Inc., Houston, 
TeX. Also preferred are aromatic polyepoXides having loWer 
levels of hydrolyZable chloride, such as EPON 828 LS, 
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EPON 1462 (Shell Chemicals, Inc.) and DERTM 332 (DoW 
Chemical Co., Midland, Mich). 

[0047] Representative aliphatic cyclic polyepoxides (i.e., 
cyclic compounds containing one or more saturated car 
bocyclic rings and more than one epoxy group, also knoWn 
as alicyclic compounds) useful in the present invention 
include the ERLTM series of alicyclic epoxides commercially 
available from Union Carbide Corp., Danbury, Conn., such 
as vinyl cyclohexene dioxide (ERL-4206), 3,4-epoxycyclo 
hexylmethyl-3,4-epoxycyclohexane carboxylate (ERL 
4221), 3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6 
methylcyclohexane carboxylate (ERL-4201), bis(3,4 
epoxy-6-methylcycylohexylmethyl)adipate (ERL-4289), 
dipentene dioxide (ERL-4269), as Well as 2-(3,4-epoxycy 
clohexyl)-5,1“-spiro-3“,4“-epoxycyclohexane-1,3-dioxane, 
4-(1,2-epoxyethyl)-1,2-epoxycyclohexane and 2,2-bis(3,4 
epoxycyclohexyl)propane. Preferred alicyclic polyepoxides 
are the ERLTM series. 

[0048] Representative aliphatic polyepoxides (i.e., com 
pounds containing no carbocyclic rings and more than one 
epoxy group) include 1,4-bis(2,3-epoxypropoxy)butane, 
polyglycidyl ethers of aliphatic polyols such as glycerol, 
polypropylene glycol, 1,4-butanediol, and the like, and the 
diglycidyl ester of linoleic dimer acid. Also useful are 
epoxidiZed vegetable oils such as epoxidiZed linseed and 
soybean oils available as and Viko?exTM resins, monoep 
oxides such as epoxidiZed alpha-ole?ns available as 
VikoloxTM resins, both of Which are available from Elf 
Atochem North America, Inc., Philadelphia, Pa., and epoxi 
diZed KratonTM liquid polymers, such as L-2O7TM available 
from Shell Chemical Co., Houston, Tex. 

[0049] Additional polyepoxides useful in the present 
invention include liquid, epoxidiZed conjugated dienes, such 
as Poly bdTM 600 and Poly bd 605, commercially available 
from Elf Atochem North America, Inc. 

[0050] A Wide variety of commercial epoxy resins are 
available and are listed or described in, e.g., the Handbook 
of Epoxy Resins, by Lee and Neville, McGraW-Hill Book 
Co., NeW York (1967), Epoxy Resins, Chemistry and Tech 
nology, Second Edition, C. May, ed., Marcell Decker, Inc., 
NeW York (1988), and Epoxy Resin Technology, P. F. Bruins, 
ed., Interscience Publishers, NeW York, (1968). Any of the 
epoxy resins described therein may be useful in preparation 
of the materials of the present invention. 

[0051] Suitable curatives or catalysts desirably tolerate 
melt or solution processing steps according to the present 
invention Without substantially curing the epoxy component, 
While retaining the ability to cure the epoxy component at a 
later time under the in?uence of heat or light. For example, 
the epoxy should remain substantially uncured during and 
after exposure to the temperature present in a melt process 
ing step. Other factors that in?uence catalyst selection 
include the thickness of the ?lm to be cured, transparency of 
the ?lm to curing radiation, and the ?lm’s end use. Subject 
to these limitations, suitable curatives may be selected from 
any knoWn epoxy curatives or catalysts. 

[0052] Curatives of the present invention can be photo 
catalysts, thermal catalysts, or thermal curing agents. 

[0053] KnoWn photocatalysts include tWo general types: 
onium salts and cationic organometallic salts, Which are both 
useful in the invention. 
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[0054] Onium salt photocatalysts for cationic polymeriZa 
tions of the invention include iodonium and sulfonium 
complex salts. Useful aromatic iodonium complex salts are 
of the general formula: 

Ar1 

(Z)Q I I X 
Ar2 

[0055] 
[0056] Ar1 and Ar2 can be the same or different and 

are aromatic groups having from 4 to about 20 
carbon atoms, and are selected from the group con 
sisting of phenyl, thienyl, furanyl, and pyraZolyl 
groups; 

Wherein 

[0057] Z is selected from the group consisting of 
oxygen, sulfur, a carbon-carbon bond, 

[0058] Wherein R can be aryl (having from 6 to about 20 
carbon atoms, such as phenyl) or acyl (having from 2 to 
about 20 carbon atoms, such as acetyl, or benZoyl), and 

[0059] Wherein R1 and R2 are selected from the group 
consisting of hydrogen, alkyl radicals having from 1 to about 
4 carbon atoms, and alkenyl radicals having from 2 to about 
4 carbon atoms; 

[0060] m is Zero or 1; and 

[0061] X may have the formula DQn, Wherein D is a 
metal from Groups IB to VIII or a metalloid from 
Groups IIIA to VA of the Periodic Chart of the 
Elements (Chemical Abstracts version), Q is a halo 
gen atom, and n is an integer having a value of from 
1 to 6. Preferably, the metals are copper, Zinc, 
titanium, vanadium, chromium, magnesium, manga 
nese, iron, cobalt, or nickel and the metalloids pref 
erably are boron, aluminum, antimony, tin, arsenic 
and phosphorous. Preferably, the halogen, Q, is 
chlorine or ?uorine. Illustrative of suitable anions are 

BF4_, B(C6F5)4_, PEG‘, SbF6_, FeCl4_, SnCl5_, 
AsF6_, SbF5OH_, SbCl6_, SbF5_2, AlF5_2, GaCl4_, 
InF4', TiF6_2, ZrF6 _, CF3SO3_, and the like. Pref 
erably, the anions are B134‘, B(C6F5)4_, PEG‘, SbF6_, 
AsF6_, SbF5OH_, and SbCl6_. More preferably, the 
anions are B(C6F5)4_, SbF6_, AsF6_, PF6_and 
SbF5OH_. 
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[0062] Additional anions useful as the anionic portion of 
the catalysts and initiators of the present invention have been 
described in Us. Pat. No. 5,554,664, Which is incorporated 
herein by reference. The anions may be generally classi?ed 
as ?uorinated (including highly ?uorinated and per?uori 
nated) tris alkyl- or arylsulfonyl methides and corresponding 
bis alkyl- or arylsulfonyl imides, as represented by Formulas 
I and II, respectively, and hereinafter referred to as 
“methide” and “imide” anions, respectively, for brevity, 

(RISOZMT (I) 

(RfSOQZN (II) 

[0063] Wherein each Rf is independently selected from the 
group consisting of highly ?uorinated or per?uorinated alkyl 
or ?uorinated aryl radicals. The methides and imides may 
also be cyclic, When a combination of any tWo Rf groups are 
linked to form a bridge. 

[0064] The Rf alkyl chains may contain from 1-20 carbon 
atoms, With 1-12 carbon atoms preferred. The Rf alkyl 
chains may be straight, branched, or cyclic and preferably 
are straight. Heteroatoms or radicals such as divalent oxy 

gen, trivalent nitrogen or hexavalent sulfur may interrupt the 
skeletal chain, as is Well recogniZed in the art. When Rf is or 
contains a cyclic structure, such structure preferably has 5 or 
6 ring members, 1 or 2 of Which can be heteroatoms. The 
alkyl radical Rf is also free of ethylenic or other carbon 
carbon unsaturation: e.g., it is a saturated aliphatic, 
cycloaliphatic or heterocyclic radical. By “highly ?uori 
nated” is meant that the degree of ?uorination on the chain 
is sufficient to provide the chain With properties similar to 
those of a per?uorinated chain. More particularly, a highly 
?uorinated alkyl group Will have more than half the total 
number of hydrogen atoms on the chain replaced With 
?uorine atoms. Although hydrogen atoms may remain on the 
chain, it is preferred that all hydrogen atoms be replaced 
With ?uorine to form a per?uoroalkyl group, and that any 
remaining hydrogen atoms beyond the at least half replaced 
With ?uorine be replaced With bromine and or chlorine. It is 
more preferred that at least tWo out of three hydrogens on the 
alkyl group be replaced With ?uorine, still more preferred 
that at least three of four hydrogen atoms be replaced With 
?uorine and most preferred that all hydrogen atoms be 
replaced With ?uorine to form a per?uorinated alkyl group. 

[0065] The ?uorinated aryl radicals of Formulas I and II 
may contain from 6 to 22 ring carbon atoms, preferably 6 
ring carbon atoms, Where at least one, and preferably at least 
tWo, ring carbon atoms of each aryl radical is substituted 
With a ?uorine atom or a highly ?uorinated or per?uorinated 

alkyl radical as de?ned above, e.g., CF3. 

[0066] Examples of anions useful in the practice of the 
present invention include: 
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K 

[0068] and the like. More preferred anions are those 
described by Formula I Wherein Rf is a per?uoroalkyl radical 
having 1-4 carbon atoms. 

[0069] The Ar1 and Ar2 aromatic groups may optionally 
comprise one or more fused benZo rings (e.g., naphthyl, 
benZothienyl, dibenZothienyl, benZofuranyl, dibenZofura 
nyl, etc.). The aromatic groups may also be substituted, if 
desired, by one or more non-basic groups if they are 
essentially non-reactive With epoxide and hydroxyl func 
tionalities. 

[0070] Useful aromatic iodonium complex salts are 
described more fully in US. Pat. No. 4,256,828, Which is 
incorporated herein by reference. 

[0071] The aromatic iodonium complex salts useful in the 
invention are photosensitive only in the ultraviolet region of 
the spectrum. HoWever, they can be sensitiZed to the near 
ultraviolet and the visible range of the spectrum by sensi 
tiZers for knoWn photolyZable organic halogen compounds. 
Illustrative sensitiZers include aromatic amines and colored 
aromatic polycyclic hydrocarbons, as described in Us. Pat. 
No. 4,250,053, incorporated herein by reference. 

[0072] Aromatic sulfonium complex salt catalysts suitable 
for use in the invention are of the general formula 

[0073] Wherein 

[0074] R3, R4 and R5 can be the same or different, 
provided that at least one of the groups is aromatic. 
These groups can be selected from the group con 
sisting of aromatic moieties having from 4 to about 
20 carbon atoms (e.g., substituted and unsubstituted 
phenyl, thienyl, and furanyl) and alkyl radicals hav 
ing from 1 to about 20 carbon atoms. The term 
“alkyl” includes substituted alkyl radicals (e.g., sub 
stituents such as halogen, hydroxy, alkoxy, and aryl). 
Preferably, R3, R4 and R5 are each aromatic; and 

[0075] Z, m and X are all as de?ned above With 
regard to the iodonium complex salts. 
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[0076] If R3, R4 or R5 is an aromatic group, it may 
optionally have one or more fused benZo rings (e.g., naph 
thyl, benZothienyl, dibenZothienyl, benZofuranyl, dibenZo 
furanyl, etc.). The aromatic groups may also be substituted, 
if desired, by one or more non-basic groups if they are 
essentially non-reactive With epoxide and hydroxyl func 
tionalities. 

[0077] Triaryl-substituted salts such as triphenylsulfonium 
hexa?uoroantimonate and p-(phenyl(thiophenyl))diphenyl 
sulfonium hexa?uoroantimonate are preferred sulfonium 
salts as described in US. Pat. No. 4,256,828, Example 37, 
Which is incorporated herein by reference. Triphenylsulfo 
nium hexa?uoroantimonate (Ph3SSbF6) is a most preferred 
catalyst. Useful sulfonium salts are described more fully in 
US. Pat. No. 5,256,828, Which is incorporated herein by 
reference. 

[0078] Aromatic sulfonium complex salts useful in the 
invention are photosensitive only in the ultraviolet region of 
the spectrum. HoWever, they can be sensitiZed to the near 
ultraviolet and the visible range of the spectrum by a select 
group of sensitiZers such as described in US. Pat. Nos. 

4,256,828 and 4,250,053. 

[0079] Suitable photoactivatable or thermally activatable 
organometallic complex salts useful in the invention include 
those described in US. Pat. Nos. 5,059,701, 5,191,101, and 
5,252,694, each of Which is incorporated herein by refer 
ence. Such salts of organometallic cations have the general 
formula: 

[0080] Wherein M represents a metal atom selected from 
elements of periodic groups IVB, VB, VIB, VIIB and VIII, 
preferably Cr, Mo, W, Mn, Re, Fe, and Co; L1 represents 
none, one, or tWo ligands contributing J's-electrons that can 
be the same or different ligand selected from the group 
consisting of substituted and unsubstituted acyclic and 
cyclic unsaturated compounds and groups and substituted 
and unsubstituted carbocyclic aromatic and heterocyclic 
aromatic compounds, each capable of contributing tWo to 
tWelve J's-electrons to the valence shell of the metal atom M. 
Preferably, L1 is selected from the group consisting of 
substituted and unsubstituted n3-allyl, 725-cyclopentadi 
enyl, n7-cycloheptatrienyl compounds, and n?-aromatic 
compounds selected from the group consisting of n?-ben 
Zene and substituted n?-benzene compounds (e.g., xylenes) 
and compounds having 2 to 4 fused rings, each capable of 
contributing 3 to 8 nelectrons to the valence shell of M; L2 
represents none or 1 to 3 ligands contributing an even 
number of o-electrons that can be the same or different 
ligand selected from the group consisting of carbon mon 
oxide, nitrosonium, triphenyl phosphine, triphenyl stibine 
and derivatives of phosphorous, arsenic and antimony, With 
the proviso that the total electronic charge contributed to M 
by L1 and L2 results in a net residual positive charge of e to 
the complex; and e is an integer having a value of 1 or 2, the 
residual charge of the complex cation; q is an integer having 
a value of 1 or 2, the number of complex anions X required 
to neutraliZe the charge e on the complex cation; X is a 
halogen-containing complex anion, as described above. 

[0081] Certain thermally-activated curing agents for 
epoxy resins (e.g., compounds that effect curing and 
crosslinking of the epoxide by entering into a chemical 
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reaction thereWith) can be useful in the present invention. 
Preferably, such curing agents are thermally stable at tem 
peratures at Which mixing of the components takes place. 

[0082] Suitable thermal curing agents include aliphatic 
and aromatic primary and secondary amines, e.g., di(4 
aminophenyl)sulfone, di(4-aminophenyl)ether, and ?uorene 
diamines, such as those described in US. Pat. No. 4,684, 
678, incorporated herein by reference, and 2,2-bis-(4-ami 
nophenyl)propane; aliphatic and aromatic tertiary amines, 
e.g., dimethylaminopropylamine; imidaZoles, such as meth 
ylimidiaZole, and pyridine; quaternary ammonium salts, 
particularly pyridinium salts such as N-methyl-4-picolinium 
hexa?uorophosphate; sulfoninum salts; boron tri?uoride 
complexes such as BF3.Et2O and BF3.H2NC2H5OH; hydra 
Zines, such as adipohydraZine; and guanidines, such as 
tetramethylguanidine and dicyandiamide (cyanoguanimide, 
commonly knoWn as DiCy); compounds containing tWo or 
more carboxylic acid groups or compounds containing one 
or more carboxylic acid anhydride groups, and combinations 
of these latter compounds With accelerators such as imida 
Zoles, as described in US. Pat. No. 5,229,464. 

[0083] Additional thermal epoxy catalysts that can be 
useful in the present invention include simple pyridinium, 
quinolinium, indolinium, alkyl, aryl and alkylaryl ammo 
nium, and phosphonium salts. Useful ammonium and phos 
phonium salts are described in PCT application WO 
98/08906. 

[0084] Preferred curatives useful in the invention include 
UV photocatalysts such as sulfonium and iodonium salts. 
Resin compositions containing such photocatalysts can be 
rapidly partially cured by UV radiation. The partially cured 
compositions shoW improved dimensional stability in sub 
sequent thermal lamination steps Where heat and pressure 
are applied to laminate the adhesive to a substrate and 
further cure the adhesive. 

[0085] Catalysts useful in the invention can be present in 
an amount in the range of 0.01 to 5 Weight percent, based on 
total Weight of epoxy bearing material, preferably 0.01 to 4 
Weight percent, and most preferably 0.01 to 3 Weight per 
cent. Solid or liquid catalysts may be dissolved or dispersed 
in the chosen epoxy resin. Heating may be required, but the 
heating should not be sufficient to cure the epoxy resin. No 
solvent is necessary for this procedure. The epoxy resin (as 
de?ned above)/catalyst mixture may then be pumped into an 
extruder for a melt processing step. Alternatively, the cata 
lyst could be added directly into the thermoplastic/epoxy 
mixture during melt blending. In the case of solvent pro 
cessing, the catalyst can be dissolved With the epoxy-bearing 
material in an appropriate solvent, or the catalyst can be 
predissolved in the epoxy resin and then added to the 
solvent. Useful solvents include methyl ethyl ketone, tolu 
ene, ethyl acetate, butyl acetate, and cyclohexane. 

[0086] In addition, resin compositions of the present 
invention can include from 0 to up to 80 parts by Weight of 
polyphenylene ether resins (PPE) per 100 parts by Weight of 
the epoxy-modi?ed aromatic vinyl-conjugated diene block 
copolymer, Wherein the total Weight of the epoxy-modi?ed 
aromatic vinyl-conjugated diene block copolymer plus PPE 
comprises 90 to 100 Weight percent of the total composition 
less the curative. The polyphenylene ethers comprise a 
plurality of structural units having the formula 
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Q2 Q1 

[0087] Each Q1 is independently halogen, primary or sec 
ondary loWer alkyl (i.e., alkyl containing up to 7 carbon 
atoms), phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or 
halohydrocarbonoxy Wherein at least tWo carbon atoms 
separate the halogen and oxygen atoms; and each Q2 is 
independently hydrogen or Q1 as de?ned above. Examples 
of suitable primary loWer alkyl groups are methyl, ethyl, 
n-propyl, n-butyl, isobutyl, n-amyl, isoamyl, 2-methylbutyl, 
n-hexyl, 2,3-dimethylbutyl, 2-,3- or 4-methylpentyl and the 
corresponding heptyl groups. Examples of secondary loWer 
alkyl groups are isopropyl, sec-butyl and 3-pentyl. Prefer 
ably, any alkyl radicals are straight chain rather than 
branched. Most often, each Q1 is alkyl or phenyl, and 
especially alkyl having 1 to 4 carbon atoms, and each Q2 is 
hydrogen. 
[0088] Both homopolymer and copolymer polyphenylene 
ethers are useful additives in the process of the present 
invention. Suitable homopolymers are those containing, for 
example, 2,6-dimethyl-1,4-phenylene ether units. Suitable 
copolymers include random copolymers containing such 
units in combination With, for example, 2,3,6-trimethyl-1, 
4-phenylene ether units. Many suitable random copolymers, 
as Well as homopolymers, are disclosed in the patent litera 
ture. Reference is made to US. Pat. Nos. 4,054,553, 4,092, 
294, 4,477,649, 4,477,651 and 4,517,341, the disclosures of 
Which are incorporated herein by reference. 

[0089] A preferred PPE, poly(2,6-dimethylphenylene 
oxide), is available under the trade name BlendexTM HPP820 
from General Electric Co., Pits?eld, Mass. 

[0090] Optionally, resin compositions of the present 
invention may comprise a tacki?er. Any suitable tacki?er 
may be employed in the present invention. The tacki?er can 
be present as 0.1 -150 parts by Weight of tacki?er per 100 
parts of the resin composition. Useful tacki?ers can include 
rosin esters, aliphatic and aromatic hydrocarbon resins and 
mixtures thereof, and terpene resins. Useful rosin esters can 
include the Herco?exTM, HercolynTM, and ForalTM families 
of rosin and hydrogenated rosin tacki?ers, commercially 
available from Hercules Chemical Specialties Co., Wilm 
ington, Del. Useful aliphatic and aromatic hydrocarbon 
resins can include the WingtackTM and Wingtack PlusTM 
families of aliphatic and mixed aliphatic/aromatic resins, 
commercially available from Goodyear Tire and Rubber 
Co., Chemical Div., Akron, Ohio; the EscoreZTM family of 
aliphatic, aromatic and mixed aliphatic/aromatic resins, 
commercially available from Exxon Chemical Co., Houston, 
Tex.; and the PiccotacTM and RegalreZTM families of ali 
phatic and aromatic resins, commercially available from 
Hercules. Useful terpene resin tack?ers can include the 
ZonareZTM family of terpenes, commercially available from 
AriZona Chemical Div., International Paper Co., Panama 
City, Fla., and the PiccolyteTM and PiccofynTM families of 
terpenes, commercially available from Hercules. Preferably, 
tacki?ers useful in the invention include EscoreZTM mixed 
aliphatic/aromatic hydrocarbon tack?ers. 
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[0091] In addition, the resin composition may also com 
prise a polyol. The polyol is preferably reactive With epoxy 
groups under curing conditions. The polyol preferably modi 
?es cure speed and ?nal adhesive performance, and can be 
useful as a chain extender in epoxy resin formulations. The 
polyol may be included in a Weight ratio, relative to the 
epoxy resin, of betWeen 0.1/99.9 to 40/60. 

[0092] Examples of such polyols include ethylene glycol, 
1,2- and 1,3-propane diol, 1,2- ,1,3-, 1,4- and 2,3-butane 
diol, 1,5-pentane diol, 1,6-hexane diol, 1,8-octane diol, 
neopentyl glycol, 1,4-bishydroxymethyl cyclohexane (1,4 
cyclohexane dimethanol), 2-methyl-1,3-propane diol, dibro 
mobutene diol, glycerol, trimethylolpropane, 1,2,6-hexan 
etriol, 2,2-dimethyl-1,3-propane diol, 1,6- and 2,5-hexane 
diol, 1,12-dodecane diol, 1,12- and 1,18-octadecane diol, 
2,2,4- and 2,4,4-trimethyl-1,6-hexane diol, cyclohexane-1, 
4-diol, 2,2-bis-(4-hydroxycyclohexyl)-propane, bis-(4-hy 
droxyphenyl)-methane, bis-(4-hydroxyphenyl)-sulphone, 
1,4-bis-(hydroxymethyl)-benZene, 1,4-dihydroxy-benZene, 
2,2-bis-(4-hydroxyphenyl)-propane, 1,4-bis-(uu-hydroxy 
ethoxy)-benZene, 1,3-bis-hydroxyalkyl hydantoins, tris-hy 
droxyalkyl isocyanurates and tris-hydroxyalkyl-triaZol 
idane-3,5-diones, trimethylolethane, pentaerythritol, 
quinitol, mannitol, sorbitol, diethylene glycol, triethylene 
glycol, tetraethylene glycol, dipropylene glycol, higher 
polypropylene glycols, higher polyethylene glycols, higher 
polybutylene glycols, 4,4‘-dihydroxy diphenylpropane, 
dihydroxymethyl hydroquinone, and combinations thereof. 

[0093] Higher molecular Weight polyols include the poly 
ethylene and polypropylene oxide polymers in the molecular 
Weight range of from about 200 to about 20,000, such as the 
CarboWaxTM series of poly(ethylene oxide) compounds 
(available from Union Carbide Corp., Danbury, Conn.), 
caprolactone polyols in the molecular Weight range of from 
about 200 to about 5000, such as the ToneTM series of 
polyols (available from Union Carbide), poly(tetramethyl 
ene ether) glycols in the molecular Weight range of from 
about 200 to about 4000, such as the TerethaneTM 1000 and 
2000 series of polyols (available from DuPont Co., Wilm 
ington, Del.), hydroxy-terminated polybutadiene materials, 
such as the Poly bdTM series of polyols (available from Elf 
Atochem, Philadelphia, Pa.), polycarbonate diols, such as 
the KMTM series, including KM-10-1667TM and KM-10 
1733TM (available from Stahl USA, (Peabody, Mass.), 
poyurethane diols, such as K-?exTM materials, including 
K-?ex UD-320-100TM (available from King Industries, Nor 
Walk, Conn.), aromatic polyether polyols, such as SynfacTM 
materials, including Synfac 8024TM (available from Milliken 
Chemical, Spartanburg, SC), and random copolymers of 
poly(tetramethylene oxide)/polycarbonate, such as the Poly 
THETM CD series of polyols (available from BASF Corpo 
ration, Mount Olive, N.J.). Preferred polyester polyols 
include the DesmophenTM family, available from Bayer, 
Elkart, Ind. A preferred acrylic polyol is JoncrylTM 587, 
commercially available from S. C. Johnson & Son, Inc., 
Racine, Wis. 

[0094] Another group of preferred polyols includes 
hydroxyalkylated bisphenol derivatives. Preferred polyols in 
this group have the folloWing general formula: 

[0095] Wherein R6 is either a straight or branched or cyclic 
alkylene (e.g., methylene, ethylene, butylene, decylene) 
group consisting of 1 to 10 carbon atoms, or an aralkylene 
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group consisting of 7 to 14 carbon atoms (e.g., benZylidene, 
1,2-diphenylethylene, phenethylene); R7 and R8 indepen 
dently may be an alkyl group, aralkyl group, cycloalkyl 
group, alkaryl group, or an aryl group of from 1 to about 30 
carbon atoms (preferably methyl, ethyl, and tri?uoromethyl) 
and none or from 1 to about 10 heteroatoms, and R7 and R8 
together can comprise an alkylene, cycloalkylene, arylene, 
alkarylene or aralkylene group containing from 2 to about 
660 carbon atoms and none or from 1 to about 10 heteroa 

toms; 

[0096] A can be a substituted or unsubstituted arylene 
group, preferably having from 6 to about 12 carbon atoms, 
most preferably p-phenylene, o-phenylene or dimethylnaph 
thalene. 

[0097] Speci?c preferred hydroxyalkylated bisphenols 
include 9,9-bis-4-(2-hydroxyethoxyphenyl)?uorene (i.e., 
hydroxyethylated bisphenol of ?uorenone), 2,2-bis-4-(2 
hydroxyethoxyphenyl)butane (i.e., hydroxyethylated 
bisphenol of 2-butanone), 2,2-bis-4-(2-hydroxyethyoxphe 
nyl)hexa?uoropropane (i.e., hydroxyethylated bisphenol F), 
1,2-bis-4-(2-hydroxyethyoxphenyl)propane, 2,2-bis-4-(2 
hydroxyethoxyphenyl)norbornane, 2,2-bis-4-(2-hydroxy 
ethoxyphenyl)-5,6-cyclopentanonorbornane, and 1,1-bis-4 
(2-hydroxyethoxyphenyl)cyclohexane. 
[0098] Other polyols suitable for use in the production of 
epoxy resins useful in the invention include the hydroxy 
alkyl ethers obtained by the addition of optionally substi 
tuted alkylene oxides, such as ethylene oxide, propylene 
oxide, butylene oxide and styrene oxide, onto the above 
mentioned polyols. 

[0099] Optional components of the present invention are 
stabiliZers that inhibit or retard heat degradation, oxidation, 
skin formation and color formation. Stabilizers are typically 
added to formulations of the invention in order to protect the 
polymers against heat degradation and oxidation during 
preparation, use and high temperature storage of the com 
positions. Additional stabiliZers knoWn in the art may also be 
incorporated into the composition to protect against, for 
example, oxygen, oZone, and ultraviolet radiation. HoWever, 
these additional stabiliZers should be compatible With the 
primary stabiliZers noted above. 

[0100] In addition, the resin composition may comprise 
from 0 up to 99 parts by Weight of an aromatic vinyl 
conjugated diene block copolymer per 100 parts by Weight 
of epoxy-modi?ed aromatic vinyl-conjugated diene block 
copolymer. Styrene-butadiene and styrene-isoprene block 
copolymers, Wherein the diene block may be hydrogenated, 
are preferred members of this group. 

[0101] Various adjuvants can also be added to the com 
positions of the invention to alter the physical characteristics 
of the ?nal material. Included among useful adjuvants are 
thixotropic agents such as fumed silica; pigments to enhance 
color tones such as ferric oxide, carbon black and titanium 
dioxide; ?llers such as mica, silica, acicular Wollastonite, 
calcium carbonate, magnesium sulfate and calcium sulfate; 
electrically and/or thermally conductive ?llers, including 
metal particles, graphite, and metal-coated microspheres; 
chopped ?bers and Whiskers, including glass and carbon; 
clays such as bentonite; glass beads and bubbles; reinforcing 
materials such as unidirectional Woven and nonWoven Webs 

of organic and inorganic ?bers such as polyester, polyimide, 
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glass ?bers, polyamides such as poly(p-phenylene tereph 
thalamide), carbon ?bers, and ceramic ?bers. Amounts up to 
about 200 parts of adjuvant per 100 parts of resin compo 
sition can be used. 

[0102] Epoxy-modi?ed aromatic vinyl-conjugated diene 
block copolymer can be prepared by at least partial epoxi 
dation of unsaturated bonds in the polymer block derived 
from polymeriZation of a compound having a conjugated 
double bond as is knoWn in the art and described, for 
example, in EP 0658603A2. 

[0103] The materials of the present invention can be 
prepared by batch or continuous processing. Either can 
involve melt or solution processing. 

[0104] Batch melt processing can be accomplished by 
adding thermoplastic epoxy-modi?ed aromatic-vinyl conju 
gated diene block-copolymer, typically in pellet form, to a 
preheated mixer, such as a Brabender mixer (C. W. Bra 
bender Instruments, Inc., South Hackensack, N.J equipped 
With, e.g., cam or sigma blades. After stirring for about 5 
minutes, the thermoplastic is melted and a mixture of epoxy 
resin and curative for the epoxy is added With continued 
stirring. The resultant mixture is stirred to ensure complete 
mixing, at a duration and temperature beloW that Which 
Would substantially cure the epoxy component, and removed 
from the mixer. The mixture can then be coated, molded, 
formed, shaped or pressed into a desired ?nal con?guration. 
The shaped object may then be irradiated and/or heated to 
cure the epoxy resin component. In particular, When a thin 
sheet or ?lm is desired, the molten mass can be pressed in 

a heated ?at-plate press, such as a Carver laboratory press Carver, Inc., Wabash, Ind.). 

[0105] Continuous melt processing can be accomplished 
using an extruder, e.g., a tWin-screW extruder, equipped With 
a doWnstream port, mixing elements and an appropriate 
output ori?ce (?lm die, sheet die, ?ber die, pro?le die, etc.) 
and a take-up or casting roll and Wind-up roll(s), as appro 
priate. The casting roll may be cooled or maintained at a set 
temperature by thermostatic means. Solid thermoplastic is 
added to the input end of the extruder and processed using 
a temperature pro?le that is appropriate for the thermoplastic 
and Which Will not substantially cure the epoxy compo 
nent(s), taking into account the duration of residence of the 
material in the extruder during processing. Solid epoxy 
resins and curatives may be added With the thermoplastic to 
the input end of the extruder or at other points along the 
extruder prior to the mixing Zones. Liquid epoxy resins and 
curatives Which may be dissolved or dispersed in the epoxy 
resins may be injected via gear or syringe pump through the 
doWnstream port into the extruder prior to the mixing 
elements. Take-up line speed is adjusted as appropriate for 
the output (sheet, ?ber, etc.), typically from about 0.5 m/min 
to about 200 m/min. 

[0106] In the cases Where thermal curing of the epoxy 
component(s) is desirable immediately after extrusion, i.e., 
before the thermoplastic polymer cools and solidi?es, fur 
ther heating of the extrudate can take place directly at the die 
ori?ce or at a casting Wheel. When it is desired that epoxy 
cure take place after the thermoplastic polymer cools and 
solidi?es, the heat source(s) can be located just prior to the 
take-up roll. Finally, When it is desirable that no epoxy 
curing take place after extrusion such heating devices are 
absent. 
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[0107] In the case Where photocuring of the epoxy com 
ponent(s) is desirable immediately after extrusion, i.e., 
before the thermoplastic polymer cools and solidi?es, UV 
irradiation of the heated extrudate can take place directly at 
the die ori?ce. Irradiation can be accomplished by any 
number of commercially-available UV sources, such as one 
or more Fusion Systems “D” or “H” bulbs (available from 
Fusion UV Curing Systems, Rockville, Md.) or Sylvania BL 
350 bulbs. When it is desired that epoxy cure take place after 
the thermoplastic polymer cools and solidi?es, the light 
source(s) can be located just prior to the take-up roll. Finally, 
Where it is desirable that no immediate epoxy curing take 
place after extrusion, the irradiation devices are absent and 
precautions may be taken to prevent UV exposure. 

[0108] It is Within the scope of the invention that a blended 
?lm, obtained from a sheet die, may be draWn either 
uniaxially or biaxially as it emerges from the die. Cure, as 
above, may take place before, during or after such draWing. 

[0109] Solution processing can be accomplished by mix 
ing the epoxy-modi?ed aromatic vinyl conjugated diene 
block copolymer, epoxy resin, and curative in a solvent. The 
process can take place in a tank equipped With a mixer and, 
optionally, a heater. The components can be substantially 
dissolved in the solvent, giving a clear or slightly haZy or 
opalescent solution or mixture. The solution can be con 
veyed to a coater Where the solution can be coated onto a 
substrate that is to be used in the assembly of an electronic 
circuit device. Alternatively, the solution can be coated onto 
a carrier or release liner. The coating method can include 
knife coating, nip coating, kiss coating, curtain coating, 
gravure coating, as Well as other coating methods knoWn in 
the art. The coated substrate or carrier can then be dried to 
remove solvent. Epoxy curing can take place in the drying 
step or thereafter, using methods as described previously for 
melt processed resins. 

[0110] Where a ?lm is used as an adhesive or coating, the 
material in an uncured state may be applied as a sheet to its 
?nal substrate and cured in situ by application of heat, 
pressure, UV light, or combinations thereof in any order. 
Alternatively, uncured ?lms may be applied to a substrate, 
then partially cured using UV radiation or heat, folloWed by 
application of a second substrate to the partially-cured 
adhesive, after Which the construction is fully cured using 
UV radiation, heat and/or pressure. In addition, uncured 
?lms may also be partially cured using UV radiation or heat 
prior to application to a substrate, then applied to a substrate 
and further cure using heat and/or pressure. Adhesive ?lms 
can be of a thickness in the range of 0.0025 mm to 6.35 mm. 

[0111] When heat curing is used, the method of heat 
generation is not restricted. Common methods include com 
bustion of fuels and the conversion of electrical energy into 
heat. The latter can include resistance heating (including 
infrared heating), induction heating, electric arc (plasma) 
heating, and dielectric heating (including microWave heat 
ing). 
[0112] This invention is useful in the production of high 
performance adhesives and coatings, especially Where 
improved heat resistance and moisture insensitivity is 
required. For example, this invention is useful in laminating 
?lms for electronic applications. The present invention is 
useful as any of an adhesive, as an encapsulant, as a 
protective covercoat, or combinations thereof. 
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[0113] Substrates for the copolymer resin composition can 
be those knoWn in the art including polyimides, metal 
stiffeners, semiconductor chips, printed circuit boards, glass, 
ceramics, and metal (preferably copper) foil. 

[0114] The electronic circuit device comprising the resin 
composition of the invention is useful in ball grid arrays 
(BGA), laminated microinterconnects (LMI), chip scale 
packaging (CSP), chip on board, chip on glass, and ?exible 
circuits Where the devices are subject to solder re?oW even 
in the presence of high humidity. 

[0115] Objects and advantages of this invention are further 
illustrated by the folloWing examples, but the particular 
materials and amounts thereof recited in these examples, as 
Well as other conditions and details, should not be construed 
to unduly limit this invention. 

EXAMPLES 

[0116] Several styrene-butadiene (SB) block copolymers 
Were melt-blended With epoxy resins and triarylsulfonium 
hex?uoroantimonate (Ar3SSbF6) in a Brabender mixer. The 
Ar3SSbF6 Was predissolved in the liquid epoxy resin or, in 
cases Where no epoxy resin Was added, the Ar3SSbF6 Was 
dissolved in methyl ethyl ketone and added to the Brabender. 
The methyl ethyl ketone evaporated off during the mixing 
process. Conventional, epoxidiZed, and maleated SB block 
copolymers Were evaluated. A summary of the SB-based 
thermoplastics is presented in Table I, beloW. 

TABLE I 

SB Block Copolymer Properties 

Epoxy 
Wt. % Butadiene Equiv. Anhydride 

Tradename Styrene Hydrogenated Wt. Equiv. Wt. 

Epofriend A1020 40 No 500 — 
Epofriend A1010 40 No 1000 — 

Epofriend A1005 40 No 2000 — 
Kraton D1101 31 No — — 

Kraton FG1901X 30 Yes — 5866 

Kraton FG1924X 13 Yes — 9806 

[0117] Epofriend materials are SB block copolymers in 
Which a certain amount of the unsaturation of the butadiene 
block has been epoxidiZed. These materials are sold by 
Daicel Chemical Industries, Ltd. Kraton FG1901X and 
FG1924X are SEBS (hydrogenated butadiene block) mate 
rials that have anhydride grafted to them. Kraton D1101 is 
a styrene-butadiene bock copolymer. These Kraton materials 
are sold by Shell Chemical Company. 

[0118] Films (0.037 mm thick) Were melt-pressed from the 

blends in a platen press having electrically-heated platens Carver, Inc., Wabash, Ind.). The ?lms Were used to make 180 

deg. T-peel samples, Tape Ball Grid Array (TBGA) samples 
and LMI samples for heat and moisture sensitivity evalua 
tion. Thicker ?lms (1.25-2.00 mm thick) Were also pressed 
from the blends for Dynamic Mechanical Analysis (DMA). 

[0119] Peel Strength to Kapton E 

[0120] Peel specimens Were prepared by placing the adhe 
sive ?lm onto 0.05 mm thick Kapton E polyimide ?lm 
substrate, UV-irradiating the adhesive ?lm at 2.2 milliWatt/ 
cm2 for 3 min. using a Sylvania 350BL bulb, placing another 
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Kapton E substrate on top, and laminating at 210 -220° C. 
and 690 kPa for 50 min. The resultant laminate Was cut into 
0.64 mm Wide strips and evaluated for 180° T-peel at room 

temperature using an Instron instrument (Instron, Inc., Park 
Ridge, Ill.). The peel strengths are given in Tables II, III, and 
IV. Peel strengths for blends of the various SB block 
copolymers With Epon 828 (Shell Chemical) containing 2 
Wt. % Ar3SSbF6 based on the Weight of Epon 828 are 
presented in Table II. Blends containing the epoxidiZed or 
maleated SB block copolymers had higher peel strengths 
than the conventional or non-functionaliZed SB (Kraton 
D1101). In the case of epoxidiZed SB, the material With the 
highest level of epoxidation, Epofriend A1020, afforded the 
greatest peel strengths. The peel strength Was maximiZed at 
5 Wt. % Epon 828. 

TABLE II 

180 deg. T-peel Strengths of SB/Epon 828 Blends With 2 Wt. % Ar3SSbF6 
on Kapton E NeWtons/decimeter 

Wt. % Epon 828 based on Total Wt. 

Thermoplastic SB 0 2.5 5.0 10 20 30 35 

Epofriend A1020 68.3 105 222 80.5 28.0 21.0 12.3 
Epofriend A1010 75.3 45.5 5.3 5.3 
Epofriend A1005 66.5 5.3 
Kraton D1101 49.0 36.8 24.5 
92.5 Kraton 17.0 

D1101/2.5 
Epofriend A1020 
Kraton FG1901X 135 
Kraton FG1924X 201 

[0121] Peel strengths for blends of Epofriend A1020 With 
ERL 4221 (Union Carbide) containing 2 Wt. % Ar3SSbF6 
based on the Weight of ERL 4221 Were also determined, and 
the results presented in Table III. The peel results Were 
similar to those obtained With Epon 828. 

TABLE III 

180 deg. T-peel Strengths of Epofriend A1020/ERL 4221 With 2 
Wt. % Ar SSbF? Blends on Kapton B N/dm 

Wt. % ERL 4221 based on Total Wt. 

Thermoplastic SB 0 5 10 20 35 

Epofriend A1020 68.3 221 24.5 12.3 8.8 

[0122] In the blends Whose peel strengths are presented in 
Tables II and III, the concentration of epoxy catalyst, 
Ar3SSbF6, Was a constant percent of the amount of epoxy 
resin. Thus, the concentration of Ar3SSbF6 based on the total 
amount of SB block copolymer plus epoxy resin actually 
decreased as the level of epoxy resin decreased. For 
example, the blend With 0 Wt. % epoxy resin contained no 
Ar3SSbF6 and the blend With 2.5 Wt. % epoxy resin con 
tained half that of the blend With 5.0 Wt. % epoxy resin. 
Several blends Were made that contained 0.1 Wt. % 

Ar3SSbF6 based on the total Weight of SB block copolymer 
and epoxy resin (Epon 828). Their peel strengths to Kapton 
E are presented in Table IV. 
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TABLE IV 

180 deg. T-peel Strengths of SB/Epon 828 Blends that contained 
0.1 Wt. % Ar3SSbF6 (based on total Wt. of SB + Epon 828) on 

Kapton E N/dm 

Wt. % Epon 828 based on Total Wt. 

Thermoplastic SB 0 2.5 5.0 

Epofriend A1020 208 299 222 
Epofriend A1010 215 144 45.5 
Epofriend A1005 54.3 64.8 66.5 
Kraton D1101 77.0 

[0123] In general, blends containing 100 to 95 Wt. % of the 
epoxidiZed SB block copolymer and 0 to 5 Wt. % epoxy resin 
provided the highest peel strengths. SB block copolymers 
With epoxy equivalent Weights of 500 and 1000 (Epofriend 
A1020 and A1010) afforded the greater peel strengths. These 
peel strengths to Kapton E Were excellent. For comparison, 
the peel strengths of Pyralux LF and Kapton KJ (commer 
cially available elections adhesives from DuPont) to Kapton 
E Were both approximately 70.0 N/dm. 

[0124] A 95 Wt. % Epofriend A1020/5 Wt. % Epon 828 
With 2 Wt. % Ar3SSbF6 (based on Epon 828) ?lm Was 
UV-irradiated at 2.1 milliWatt/cm2 for 10 min., and then used 
to make T-peel samples immediately, 1 Week later, and 1 
month later. The peel strengths to Kapton E Were 194.3, 
171.5, and 221 N/dm, respectively. This data indicates that 
the SB block copolymer/epoxy ?lm can be UV irradiated at 
the time of its manufacture rather than just prior to its use in 
a lamination. 

[0125] Shear Modulus 

[0126] DMA Was carried out on 1.25-2.0 mm thick adhe 
sive ?lms that Were non-irradiated and UV-irradiated at 2.1 
milliWatt/cm2 for 10 min. just prior to DMA. The samples 
Were heated from room temperature to 210° C. at 2° C./min 
and then held at 210° C. for 30 min to simulate thermal cure. 
After this hold, they Were cooled rapidly back to 25° C. at 
20° C./min, alloWed to equilibrate for 5 min, and then heated 
to 250° C. at 2° C./min. In general, the ?lms that Were 
UV-irradiated provided higher shear modulus, G‘, at 220° C. 
(solder re?oW temperature). The shear modulus vs. tempera 
ture plot of 95 Wt. % Epofriend A1020/5 Wt. % Epon 828 
With 0.1 Wt. % Ar3SSbF6 based on the total Weight of 
Epofriend A1020+Epon 828 is shoWn in FIG. 1. The FIG 
URE shoWs the shear modulus of irradiated ?lms Was higher 
than that of non-irradiated ?lms. In the FIGURE, trace A 
represents data from a ?lm that Was UV-irradiated, and trace 
B represents data from a ?lm that Was not UV-irradiated. In 
the case of the UV-irradiated sample, G‘ decreased With 
increasing temperature until 139° C., the onset temperature, 
at Which point G‘ started to increase due to reaction of the 
epoxy groups. G‘ continued to increase throughout the 30 
min. hold at 210° C. The difference in G‘ after the 30 min. 
hold compared to its value at the onset temperature is 
referred to as dG‘ in Table V. After the 30 min. hold, the 
sample temperature Was dropped to 25° C., and then raised 
to 250° C. The increase in G‘ that developed on the ?rst 
heating and hold Was maintained in the second heating out 
to 250° C. Table V summariZes the DMA data for the 
UV-irradiated blends. The nomenclature for the composi 
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tions follows the format: Wt. % SB thermoplastic/Wt. % 
Epoxy resin (Wt. % Ar3SSbF6). All Wt. %’s Were based on 
the total Weight of SB thermoplastic+epoxy resin. 

TABLE V 
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Paul, Minn.), an aromatic diamine curative, respectively, 
Were blended in a Brabender mixer. Films of 0037mm 
thickness Were melt-pressed from the blend at 180 ° C. Also, 

DMA Results for UV-Lrradiated SB Thermoplastic/Epoxy Blends 

Onset G’, Onset G’ after 210° C. G’ 
Temp. Temp. Cure dG' 220° C. 

FORMULATION (° C.) 105 Pa 105 Pa 105 Pa 105 Pa 

95 Kraton D1101/5 Epon 210 0.78 0.91 0.13 0.96 
828 (0.1) 
95 Kraton FG1924X/5 210 1.36 1.30 —0.06 1.37 
Epon 828 (0.1) 
100 Epofriend A1005 (0.1) 210 1.14 1.14 0.00 1.20 
95 Epofriend A1005/5 210 1.10 1.11 0.01 1.15 
Epon 828 (0.1) 
100 Epofriend A1010 (0.1) 176 3.50 3.60 0.10 3.69 
97.5 Epofriend A1010/2.5 152 1.02 1.09 0.07 1.10 
Epon 828 (0.05) 
97.5 Epofriend A1010/2.5 149 2.18 2.35 0.17 2.43 
Epon 828 (0.1) 
95 Epofriend A1010/5.0 156 1.84 2.06 0.22 2.22 
Epon 828 (0.1) 
100 Epofriend A1020 (0) 210 1.07 1.17 0.10 1.25 
100 Epofriend A1020 (0.1) 137 1.97 3.51 1.54 3.67 
97.5 Epofriend A1020/2.5 146 1.16 1.79 0.63 1.92 
Epon 828 (0.05) 
97.5 Epofriend A1020/2.5 128 5.39 7.94 2.55 8.16 
Epon 828 (0.1) 
95 Epofriend A1020/5 139 1.41 2.83 1.42 3.06 
Epon 828 (0.1) 
90 Epofriend A1020/10 123 3.77 7.94 4.17 7.86 
Epon 828 (0.2) 
80 Epofriend A1020/20 102 3.04 7.08 4.04 6.30 
Epon 828 (0.4) 
95 Epofriend A1020/5 ERL 143 2.72 5.93 3.21 6.21 
4221 (0.1) 
90 Epofriend A1020/10 119 9.68 21.6 11.9 21.4 
ERL 4221 (0.2) 

[0127] For compositions of 100 -95 Wt. % SB block 
copolymer and 0 -5 Wt. % Epon 828, those containing 
non-functionaliZed SB (Kraton D1101) or lightly function 
aliZed SB (Kraton FG1924X and Epofriend A1005) shoWed 
very little increase in shear modulus upon cure, dG‘. Com 
positions containing Epofriend A1010, Which is more highly 
functionaliZed, shoWed a slightly greater increase in shear 
modulus upon cure, and those containing Epofriend A1020, 
the most functionaliZed material, exhibited a much more 
pronounced increase in shear modulus. This is in accord 
With the fact that the more highly functionaliZed material 
provided the greater degree of crosslinking. Increasing the 
concentration of Epon 828 to 10% and greater increased the 
shear modulus to a point; hoWever, the peel strength began 
to decline. 

[0128] Heat and Moisture Sensitivity Evaluation 

[0129] Heat and moisture sensitivity Was evaluated by 
folloWing procedures similar to those of Joint Industry 
Standard, “Moisture/Re?oW Sensitivity Classi?cation for 
Plastic Integrated Circuit Surface Mount Devices”, October 
1996, J-STD-020, for JEDEC level 1 performance. Typical 
resin compositions to be evaluated comprised epoxidiZed 
styrene-butadiene block copolymer, optionally an epoxy 
resin, and Ar3SSbF6 curative. In addition, compositions 
comprising Epofriend A1020 and 0.25 or 11.1 Wt. % 9,9‘ 
bis(3-methyl-4-aminophenyl)?uorene (OTBAF, 3M, St. 

a blend of 60 Wt % Epofriend A1020, 30 Wt % polyphe 
nylene oxide (PPO) HPP 820 (General Electric Plastics, 
Pitts?eld, Mass.), and 10 Wt % EPON 828, based on the total 
Weight percent of all three components Was prepared in 
toluene to form a 14 Wt % solids, turbid solution. The 
solution further contained 0.075 Wt % Ar3SSbF6, based on 
the total Weight of the components thereof. The solution Was 
knife coated onto poly(ethylene terephthalate) release liner, 
then air-dried for 24 hours, folloWed by further drying in an 
oven for 2 hours at 150° C. A 0.017 mm thick ?lm Was 
produced. 

[0130] The lamination procedure folloWed for all the 
constructions (2-layer ?ex circuitry, TBGA, and LMI) Was 
similar to that used for the T-peel samples, above, except in 
the case of the sample in Which OTBAF Was the curative. In 
that case, only thermal curing, at 231° C. for 30 minutes, Was 
used (i.e., no UV-irradiation Was used). 

[0131] Heat and moisture sensitivity evaluations Were 
conducted by drying the cured constructions at 125° C. for 
24 hours, and then placing them in a humidity chamber at 
85° C./85% RH. for 168 hours. Within 15 minutes of 
removal from the humidity chamber, the constructions Were 
passed through a Model GF-12 Infrared (IR) re?oW oven 
(Automated Production Systems, Inc., Huntingdon Valley, 
Pa.) that heated the constructions from room temperature to 
145° C. in approximately 70 seconds, held the constructions 
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at 145° C. for approximately 90 seconds, then heated the 
constructions to a peak temperature of 220° C. Heating from 
145° C. to 183° C. took 20 to 25 seconds. The constructions 
Were exposed to temperatures above 183° C. for approxi 
mately 160 seconds, including 10 to 40 seconds at a peak 
temperature of 220° C. The constructions Were visually 
observed as they passed through the re?oW oven. Any 
blisters or voids that Were observed constituted a failure. 
After the constructions passed out of the re?oW oven, they 
Were observed under an optical microscope for any voids, 
blisters, or other defects. If the construction Was defect-free, 
it Was sent through the re?oW oven again. A construction 
Was deemed to “pass” if no defects Were observed after tWo 
cycles through the IR re?oW oven. 

[0132] TWo-Layer Flex Circuitry 

[0133] Heat and moisture sensitivity evaluation Was per 
formed on constructions having tWo layers of ?ex circuitry 
laminated together by means of a 0.037 mm thick ?lm of the 
adhesive of the invention using Ar3SSbF6 curative. The ?ex 
circuitry Was copper circuitry on a 0.025 mm thick Kapton 
E substrate. The construction Was formed in such a Way that 
the adhesive layer Was in contact With the copper-trace side 
of one piece of ?ex circuitry and in contact With the 
polyimide (i.e., non-copper trace) side of the other piece of 
?ex circuitry. The construction measured 5.0 cm><5.0 cm. 
Results are presented in Table VI. 

TABLE VI 

Heat and Moisture Sensitivity Results for 2 Layers of Flex Circuitry 

FORMULATION RESULT 

95 Epofriend A1005/5 Epon 828 (0.1) PASS 
95 Epofriend A1010/5 Epon 828 (0.1) PASS 
95 Epofriend A1020/5 Epon 828 (0.1) PASS 

[0134] TBGA Constructions 

[0135] Heat and moisture sensitivity evaluation Was per 
formed on TBGA-like constructions composed of a layer of 
Kapton E ?lm (0.05 mm thick) laminated With the SB 
thermoplastic/Epoxy Blend (0.037 mm thick ?lm) to a metal 
(nickel-plated copper) stiffener. The construction Was 
approximately 4.3 cm><4.3 cm square. The lamination pro 
cedure folloWed Was similar to that used for the T-peel 
samples, except that the lamination pressure Was 1749 KPa. 
Except as noted, the temperature pro?le of the TBGA 
constructions as they passed through the IR re?oW oven Was 
similar to that shoWn for the 2-layer ?ex circuitry construc 
tions. Results are presented in Table VII: 

TABLE VII 

Heat and Moisture Sensitivity Results for TBGA 

FORMULATION" RESULT 

100 Epofriend A1020 (0.1) PASS 
100 Epofriend A1020 0.25 OTBAF) PASS 
100 Epofriend A1020 (11.1 OTBAF) FAIL 
97.5 Kraton D1101/2.5 Epon 828 (0.05) FAIL 
97.5 Kraton D1101/2.5 Epon 828 (0.1) FALL 
97.5 Epofriend A1010/2.5 Epon 828 (0.1) FAIL 
97.5 Epofriend A1020/ 2.5 Epon 828 (0.05) PASS 
97.5 Epofriend A1020/ 2.5 Epon 828 (0.1) PASS 
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TABLE VII-continued 

Heat and Moisture Sensitivity Results for TBGA 

FORMULATION" RESULT 

95 Kraton D1101/5 Epon 828 (0.1) FAIL 
95 Kraton FG1924X/5 Epon 828 (0.1) FAIL 
95 Epofriend A1010/5 Epon 828 (0.1) FAIL 
95 Epofriend A1020/5 Epon 828 (0.1) PASS 
95 Epofriend A1020/5 Epon 1001F (0.1) PASS 
90 Epofriend A1020/10 Epon 828 (0.2) FAIL 
83.3 Epofriend A1020/16.7 ERL-4221 (0.33) FML 
s0 Epofriend A1020/20 Epon 828 (0.4) FAIL 
70 Epofriend A1020/3O Epon 828 (0.6) FAIL 
65 Epofriend A1020/35 Epon 828 (0.7) 
60 Epofriend A1020/30 HPP 820/10 Epon 828 (0.075) PASS 

*Ar3 SSbF6 curative unless otherwise noted 

[0136] The data of Table VII shoW that blends comprising 
100 -95 Wt. % Epofriend A1020 and 0 -5 Wt. % epoxy resin 
provided constructions having superior heat and moisture 
insensitivity similar to that required to pass JEDEC level 1. 
All formulations noted in Table VII that failed Were 
observed to fail in the ?rst cycle through the IR re?oW oven. 
All formulations that passed the ?rst cycle also passed the 
second cycle. 

[0137] A TBGA construction With an adhesive ?lm of 95 
Epofriend A1020/5 Epon 828 (0.1) underWent an identical 
evaluation to that described above, except the peak tempera 
ture of the construction on passage through the IR re?oW 
oven Was increased to 240° C. This is a more demanding 
heating pro?le than that required for JEDEC level 1 perfor 
mance. The construction passed this evaluation. 

[0138] In addition to the results obained on Kapton E 
alone (substrate for ?ex circuitry), performance of adhesive 
formulations of the invention Was observed on 0.025 mm 
thick Kapton E ?lm on Which copper circuitry Was depos 
ited. The siZe of the TBGA construction and metal stiffener 
Were the same as used previously. A TBGA construction 
With an adhesive ?lm of 97.5 Epofriend A1020/2.5 ERL 
4221 (0.05) underWent an identical evaluation to that 
described for the constructions in Table VII (peak tempera 
ture of 220 ° C.), except this construction Was cycled 
through the IR re?oW oven a total of three times. The 
construction passed this evaluation. Another TBGA con 
struction With a 0.062 mm thick adhesive ?lm of 97.5 
Epofriend A1020/2.5 Epon 828 (0.1) underWent an identical 
evaluation, except the peak temperature of the construction 
on cycling through the IR re?oW oven Was increased to 240 
° C. This construction Was cycled through the IR re?oW 
oven three times. The construction passed this evaluation. 
The adhesive ?lm in this latter case Was melt-blended in a 
25 mm Berstorff tWin-screW extruder (Berstorff Corp., Char 
lotte, N.C.) rather than a Brabender mixer. 

[0139] More TBGA constructions Were evaluated in 
Which performance of adhesive formulations of the inven 
tion Was observed on 0.025 mm thick Kapton E ?lm on 
Which gold-plated copper circuitry Was deposited. The metal 
stiffener Was nickel-plated copper, 0.5 mm thick and 29 
mm><29 mm square With a 13 mm><13 mm square hole 
punched through the center. Films of 95 Epofriend A1020/5 
Epon 828 (0.1) Were UV-radiated at 2 mW/cm2 for 3 minutes 
and then laminated betWeen the ?ex circuitry and metal 



US 2002/0001720 A1 

stiffener for 50 minutes at 215° C. and 690 KPa. The 
laminated packages Were baked for 24 hours minimum at 
125° C. and then placed in an 85° C./85% RH oven for 168 
hours. 

[0140] After removal from the oven, the packages sat at 
room temperature for at least 15 minutes and no longer than 
4 hours. TWo methods Were used to check moisture sensi 
tivity: (1) hot plate and (2) convection oven: 

[0141] The hot plate Was heated to 220° C. The package 
Was placed stiffener side doWn for 1 minute and Was 
immediately heated to 220° C. The sample Was observed 
through a magnifying camera for delamination or cracking. 
Any samples that did not delaminate or crack Were later 
double-checked in a microscope to con?rm that less than 
10% voiding occurred. If it had not, the package “passed”. 
It is to be noted that the hot plate method had a more severe 
ramp rate than J EDEC Test MethodA 112-A, Which required 
a temperature ramp of 6° C./second maximum and 220° C. 
for 10-40 seconds. Thus, heating With a hot plate Was a more 
severe test than that required by the JEDEC standard. For 
samples of the present invention, 5 out 5 packages passed 
this hot plate protocol. 

[0142] The convection oven Was a Unitherm SMR 400 
(Vitronics Corp., NeWmarket, NH). A thermocouple placed 
on the package indicated that heat Was increased at a rate of 
about 3° C./second, reaching a maximum of 220° C. and 
staying at 220° C. and above for about 40 seconds. The 
samples Were observed in a microscope to con?rm less than 
10% voiding. For samples of the present invention, 4 out 4 
packages passed this convection oven protocol. 

[0143] LMI Constructions 

[0144] LMI constructions also underWent heat and mois 
ture sensitivity evaluations. The LMI construction consisted 
of 5 layers of ?ex circuitry (copper traces on Kapton E ?lm) 
that Were laminated together With 4 layers of adhesive; 
alternating layers of ?ex circuitry and adhesive. The cir 
cuitry on each layer of ?ex Was arranged into nine 3.2 
cm><3.2 cm square regions that Were laid out in a 3x3 grid. 
Upon lamination, nine coupons 3.2 cm><3.2 cm, Which 
contained 5 layers of ?ex and 4 layers of adhesive, Were 
formed. Laminations conditions Were the same as those 
described for the T-peel samples, above. The temperature 
pro?le of the LMI constructions as they-passed through the 
IR re?oW oven Was similar to that of the 2-layer ?ex 
circuitry construction described above. The LMI construc 
tion Was deemed to “pass” if no defects Were observed after 
tWo cycles through the IR re?oW oven. Results of the 
evaluation are shoWn in Table VIII beloW: 

TABLE VIII 

Heat and Moisture Sensitivity Results for LMI 

FORMULATION RESULT 

95 Kraton D1101/5 Epon 828 (0.1) 
95 Epofriend A1020/5 Epon 828 (0.1) 

0 out of 9 coupons PASS 
7 out of 9 coupons PASS 

[0145] Temperature Humidity Bias (THB) Evaluation 

[0146] Kapton E ?lm (0.005 cm thick) Was laminated to a 
Kapton E ?lm having ?ex circuitry that Was an interdigitated 
copper test circuit by the use of 95 Epofriend A1020/5 Epon 
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828 (0.1) adhesive ?lm. The adhesive ?lled the space 
betWeen the interdigitated copper traces. The copper traces 
Were approximately 70 micrometers Wide With 80 microme 
ter spaces betWeen them. The test circuit Was placed in 85° 
C./85% RH. and a 5 volt bias Was placed on the test circuit. 
The leakage current Was monitored in order to determine 
any deterioration in performance. TWo such test circuits 
Were evaluated, and both logged over 1000 hours Without 
any deterioration in their performance and exhibited very 
loW leakage current. 

[0147] Various modi?cations and alterations of this inven 
tion Will become apparent to those skilled in the art Without 
departing from the scope and intent of this invention, and it 
should be understood that this invention is not to be unduly 
limited to the illustrative embodiments set forth herein. 

We claim: 
1. An electronic circuit device comprising a resin com 

position including 90 to 100 Weight percent of a curable 
epoxy-modi?ed aromatic vinyl-conjugated diene block 
copolymer, Zero and up to 10 Weight percent of an epoxy 
resin, and an effective amount of an epoxy curative, the 
Weight percent of the copolymer and epoxy resin being 
based on the Weight of the epoxy bearing material exclusive 
of curative. 

2. The electronic circuit device according to claim 1 
Wherein said resin composition is an adhesive. 

3. The electronic circuit device according to claim 1 
Wherein said resin composition is a covercoating. 

4. The electronic circuit device according to claim 1 
Wherein said resin composition is an encapsulant. 

5. The electronic circuit device according to claim 1 
Which comprises an electronic package. 

6. The electronic circuit device according to claim 1 
Wherein said resin composition is adhered to a substrate. 

7. The electronic circuit device according to claim 6 
Wherein said substrate is a polyimide ?lm. 

8. The electronic circuit device according to claim 7 
Wherein said substrate further comprises electronic circuitry. 

9. The electronic circuit device according to claim 6 
Wherein said substrate comprises ?exible circuitry. 

10. The electronic circuit device according to claim 1 
Wherein said epoxy resin comprises an aliphatic or alicyclic 
epoxy. 

11. The electronic circuit device according to claim 1 
Wherein said epoxy resin comprises an aromatic epoxy. 

12. The electronic circuit device according to claim 10 
Wherein said alicyclic epoxy is selected from the group 
consisting of cyclohexene dioxide, 3,4-epoxycyclohexylm 
ethyl-3,4-epoxycyclohexane carboxylate, 3,4-epoxy-6-me 
thylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexane car 
boxylate, bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate, 
dipentene dioxide, 2-(3,4-epoxycyclohexyl)-5,1“-spiro-3“, 
4“-epoxycyclohexane-1,3-dioxane, 4-(1,2-epoxyethyl)-1,2 
epoxycyclohexane, and 2,2-bis(3,4-epoxycyclohexyl)pro 
pane. 

13. The electronic circuit device according to claim 11 
Wherein said aromatic epoxy is selected from the group 
consisting of polyglycidyl ethers of polyhydric phenols and 
their derivatives, epoxy cresol-novolac resins, epoxy phe 
nol-novolac resins; and glycidyl esters of aromatic carboxy 
lic acids, and mixtures thereof. 

14. The electronic circuit device according to claim 1 
Wherein said epoxy-modi?ed aromatic vinyl-conjugated 
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diene block copolyrner is selected from the group consisting 
of epoXidiZed styrene-butadiene block copolyrners and 
epoXidiZed, partially hydrogenated styrene-butadiene block 
copolyrners. 

15. The electronic circuit device according to claim 1 
Wherein said epoXy-rnodi?ed arornatic vinyl-conjugated 
diene block copolyrner is selected from the group consisting 
of epoXidiZed styrene-isoprene block copolyrners and epoXi 
diZed, partially hydrogenated styrene-isoprene block 
copolyrners. 

16. The electronic circuit device according to claim 1 
Wherein said curative is selected from UV photocatalysts 
and thermal curing agents. 

17. The electronic circuit device according to claim 1 
Wherein said curative is a triaryl sulfoniurn salt. 

18. The electronic circuit device according to claim 1 
Wherein said curative is present in an amount in the range of 
0.01 to 5.00 Weight percent based on the total Weight of the 
epoxy-bearing material. 

19. The electronic circuit device according to claim 1 
Wherein said epoXy-rnodi?ed arornatic vinyl-conjugated 
diene block copolyrner has an epoXy equivalent Weight in 
the range of 100 to 1000. 

20. The electronic circuit device according to claim 1 
Wherein said 90 to 100 Weight percent of a curable epoXy 
rnodi?ed arornatic vinyl-conjugated diene block copolyrner 
includes a polyphenylene ether resin in an amount of up to 
80 parts of said polyphenylene ether per 100 parts of said 
curable epoXy-rnodi?ed arornatic vinyl-conjugated diene 
block copolyrner. 

21. The electronic circuit device according to claim 1 
Wherein said resin composition further comprises additives 
selected from the group consisting of thiXotropic agents, 
pigments, ?llers, reinforcing materials. 

22. The electronic circuit device according to claim 1 
Wherein said resin composition further comprises a tacki?er. 

23. The electronic circuit device according to claim 1 
Wherein said resin composition further comprises a chain 
eXtender. 

24. The electronic circuit device according to claim 21 
Wherein said ?ller is selected from the group consisting of 
conductive ?llers, ?bers, furned silica, clays, and glass beads 
and bubbles. 
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25. The electronic circuit device according to claim 1 
Wherein the resin composition comprising epoXy-rnodi?ed 
arornatic vinyl-conjugated diene block copolyrner and 
optional epoXy resin has been cured by one or both of UV 
radiation and heat. 

26. The electronic circuit device according to claim 7 
Wherein the resin composition comprising epoXy-rnodi?ed 
arornatic vinyl-conjugated diene block copolyrner and 
optional epoXy resin is cured by one or both of UV radiation 
and heat. 

27. The electronic circuit device according to claim 25 
Wherein said device exhibits stability toWards conditions of 
85° C. and 85% relative humidity for 168 hours folloWed by 
a temperature of 220° C. for 10 to 40 seconds. 

28. The electronic circuit device according to claim 26 
Wherein said device exhibits stability toWards conditions of 
85° C. and 85% relative humidity for 168 hours folloWed by 
a temperature of 220° C. for 10 to 40 seconds. 

29. A method of using an electronic adhesive, covercoat, 
or encapsulant comprising the steps of: 

providing a curable resin composition including 90 to 100 
Weight percent of an epoXy-rnodi?ed arornatic vinyl 
conjugated diene block copolyrner, optionally an epoXy 
resin, and an epoXy curative, the Weight percent of the 
copolyrner and epoXy resin being based on the Weight 
of epoxy-bearing rnaterial eXclusive of curative, and 

incorporating said resin composition as an adhesive, 
covercoat, or encapsulant into an article. 

30. The method according to claim 29 further comprising 
the step of subjecting said curable resin composition to one 
or both of thermal and UV radiating curing. 

31. The method according to claim 29 Wherein said article 
is an electronic circuit device. 

32. The method according to claim 30 Wherein said article 
eXhibits stability toWards conditions of 85° C. and 85% 
relative humidity for 168 hours folloWed by a temperature of 
220° C. for 10 to 40 seconds. 


