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Field of the Invention

The present invention relates to low profile electronic
circuit package structures and particularly to such packages for
use within light weight, portable devices. )

Background Of The Invention

- Electronic package assemblies which utilize various
organic substrates (e.g., printed circuit boards comprised of epoxy
resin or the like material) having one or more electronic packages
surface mounted thereon are known. These electronic packages
include a relatively flat housing component having therein at least
one semiconductor device (integrated circuit chip). This
semiconductor device is, in turn, glectrically connected to various
conductive leads (e.g., copper) which project therefrom. One first
level package known in the art is a dual in-line package (DIP). The
integrated circuit chips embedded within such integrated circuit
éhip packages provide various functions (é.g., memory, logic,
connectivity) for the overall system. The conductive leads which
projedt from these packages are electrically coupled to respective
conductor pads (e.g., copper) or the like which may form the
circuitry on an upper surface of the organic substrate. Various
solder compositions may be used to provide individual connections

between respective pairs of leads .and conductors.

Recently, there have been developed integrated circuit chip
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onqect|V|ty) for the overall system The conductive |eads which project
friomthese packages are electrically coupled to respective conductor pads
“(e.qg., copper) or the like which may formthe circuitry on an upper surface
of the organic substrate. Various sol der conpositions nay be used to

provi de individual connections between respective pairs of | eads and
conductors. Recently, there have been devel oped integrated circuit chip

2 packages -of relatively low profile which include an insul ative housi ng of
relatively “thin construction. Such packages are referred to in the art
as TSOP's, standing for Thin Small Qutlinz Package. Such devices, being
thin, occupy a m ninmum of height on the respective organic substrate and
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substanti al Sen@aégsmbﬂnégﬁce féﬁetsé%st E% 's respectlve circuitry (e.g.,
conductor pads) using known (e.g., soldering) techniques. These
relatively new packages include memory, logic, and connectivity
integrated circuit chips as the semiconductor devices thereof.
Significantly, these recently developed packages are able to
provide such functioning while assuring a compact, low profile,
thus representing a substantial savings in space for the final
product utilizing same. These surface mounted Thin Smdll Outline
Packages result in a particularly thin total package of substrate
and chips mounted thereon. The resulting packages, exemplified by
PCMCIA cards, are preferred for portable computers, entertainment

systems, and telecommunications handsets.

§ "PCMCIA" stands for the Peréonal Computer Memory Card
International Association. PCMCIA cards are the "“credit caxrd"
peripherals used as memory cards, 1nc1uding DRAM, SRAM, ROM, and
PROM cards, modem-fax cards, mini-hard drive caxds, terminal
emulator cards, and the like. They are built to a PCMCIA standard.
The PCMCIA standard sets the electrical, mechanical, and interface
fequirements for PCMCIA cards.

The small size of PCMCIA cards is intended to meet the form
factor demands of portable computers. These small cards are
approximately the size of a plastic credit card but several times
thicker (Type I PCMCIA cards are 3.3 mm thick, Type II PCMCIA cards
are 5 mm thick). It should be noted that, as used herein, Type I
and Type II refer to the PCMCIA form and fit type standards, and
not to the method of surface mount device attachment. PCMCIA cards
are deSc:ibed in, for example, R.C. Alford, "Under The Hood: The
PCMCIA Redefines Portability", Byte Magazine, December 1992, pp.
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product ut|I|Z|ng sanme. These surface nmounted Thin Small CQutline Packages
.sresult in a particularly thin total package of substrate and chi ps nount ed
“thereon. The resulting packages, exenplified by PCMCI A cards, are preferred
for portable conputers, entertai nment systens, and tel ecomrunications
handsets. "PCMCIA* stands for the Personal Conputer Menory Card

I nternational Association. PCMCI A cards are the "credit card" peripherals
used as .nenory cards, including DRAM SRAM ROM and PROM cards, nodemfax
cards, mini-hard drive cards, termnal enulator cards, and the |like. They
are built to a PCMClI A standard. The PCMClI A3standard sets the electrical,
mechani cal, and interface requirenents for PCMCI'A cards. The small size of
PCMCI A car ds i237i-114;23nd§ct<etro UsBeied heubning frast cidemBRdsvelopor,t ahblkeusit
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Type | and Typg@9%} mref 4F-i% the PCMCIA formand fit type standards, and not
to the method of surface nount device attachnent. PCMCI A cards are

described in, for 'ﬂi@@b , 1 PBccIA I:chg’ltsyﬂgq -Ehg lkpﬁ.qmei-!-g@s F{:%Afrom

Redef i nes Portabl X)e Magazi ne,
top cov r 'to

ottom “cover, w?%h the top coveP and bottom cover
having a total combined thickness of just 0.4 millimeters. This
allows 2.9 millimeters of thickness for a populated, double sided,

printed circuit card.

The height limitations of Type 1 cards, 3.3 mm, requires the
use of low profile technologies, for example, either tape automated
bonding (TAB)} or card-on-board (COB) packaging technologies, both
with specially designed low height IC chips, as TSOP IC chips. The
thin, small outline package (TSOP) IC chip, with a height of 1.2 mm
(0.047 inch), is particularly desirable for double sided Type I
PCMCIA cards. Its low profile allows population of both sides of
the PCMCIA printed circuit card.

In an alternative IC chip technoleogy a paper thin small
outline package (PTSOP) having a height of just 0.5 mm (0.020 inch)
is utilized, allowing two printed circuit cards to be carried in a
single PCMCIA card package. The lead pitch fox TSOP IC chips is 0.5
mm (0.019 inch). Memory printed circuit cards are populated with
0.019 inch to 0.025 inch lead pitch IC chips,; with approximately
‘1000 solder joints per printed circuit card.

It has been found that when TSOP packages, as well as similar
thin packages, are surface mounted on organic substrates (and
particularly those of epoxy resin or perfluorocarbon dielectric
material) of relatively thick configuration (e.g., greater than
about 0.050 inches thick), relatively significant thermal stress is
placed on the solder-lead joints, which thermal stress can in turn

adversely effect such joints, possibly causing separation thereof.



3 23%-242; by Ken Ueltzen "Pushing The Packagi ng Envel ope”, Crcuit
Assenbly, March 1992, pp. 32-35, and R chard Nass, "I C Card Spec Adapts
/O To Menory Card Slot," Electronic Design, January 22, 1992, pp. 45-57.
The Type | PCMCIA card itself is 3.3 mllinmeters thick fromtop cover to
bottom cover, with the top cover and bottom cover having a total conbined

t hi ckness of just 0.4 millineters. This allows 2.9 mllineters of thickness
for a popul ated, double sided, printed circuit card. The height limtations
of Type | cards, 3.3 mm requires the use of |low profile technol ogies, for
exanpl e, either tape automated bondi ng (TAB) or card-on-board (COB)
packagi ng technol ogi es, both with specially designed Iom/height IC chi ps,
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the conductive leads,. solder and package housing). Such

differences are even more pronounced when thicker multi-layer
organic substrates (e.g., those including several conductive layers
therein which function as signal, power or ground blanes) are
utilized. Multilayer substrates are often desired in the computer,
electronics, and telecommunications industries in order to provide
additional functioning within a single package, especially a
package containing a plurality of multi-function integrated circuit
chips.

. A clear need exists for an electronic package assembly which
permits the utilization of electronic packages such as those of the
TSOP variety to be effectively utilized on organic substrates, and
particularly multilayer substrates.
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mm (0.019 inch). Menory printed circuit cards are populated with 0.019 inch
0 0.025 inch lead pitch IC chips, with approxi mately 1000 sol der joints
~per printed circuit card. It has been found that when TSOP packages, as
well as simlar thin packages, are surface nmounted on organi c substrates
(and particularly those of epoxy resin or perfluorocarbon dielectric
material) of relatively thick configuration (e.g., greater than about 0.050
inches thick), relatively significant thernmal stress is placed on the
sol der-lead joints, which thermal stress can in turn adversely effect such
joints, possibly causing separation thereof. 4 Such resulting separation
may cause di sconnection between the | ead gnd sol der, thereby rendering the
total package inoperative. Such thermal stress is caused during operation
of the package as a result of relatively substantial differences in the
coefficients of thermal expansdhg@c£§'@ b thknefgani ¢ substrate and the
coefficients of expansion (CTE) of various other elenents (e.g., the
conductive |eads, solder and package housing) Such differences are
even nore pronouncéd %eﬁh?’fﬁfé’ﬁér arrBF’t’i‘aIIYa‘?‘%?ec(‘ir‘bfaﬁPE RE§ESPE a?t"é’?“%%"’g to
t hose |nclud|r@pnaaverene<aaadtmnnr¢ep¢qhagesassembly art.

It is another object of the invention to provide an electronic
package assembly which obviates the aforementioned thermal stress
problem.

It is yet another object of the invention to provide such a
package which can be produced on a relatively lérge scale, to thus
benefit from the several advantages (e.g., lower cost). associated
therewith.

It is yet a further object of the invention to provide a
photopolymerized resin, formed o0f an epoxy resin or a cyanate
monomer, a phof:oinitiator, and a dispersed phase of p'iarticulate
silica, that is useful to obviate the aforementioned thermal stress
problem in electronic circuit packages. :



t her,ei n which function as signal, power or ground planes) are utilized.
Miltilayer substrates are often deS|red In the conputer, electronics, and
“t el econmmuni cations industries in order to provide additional functioning
wi thin a single package, especially a package containing a plurality of
mul ti-function integrated circuit chips. A clear need exists for an
el ectroni ¢ package assenmbly which pernmits the utilization of electronic
packages such as those of the TSOP variety to be effectively utilized on
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The Invention It is, therefore, a primary object of the R

to enhance the-el ectronic package assenbly art. It is ano eﬁe
i nvention to provide an el ectroni ¢ package assenbly which Fﬁmﬁ:ﬁ ll
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I nvention to provide such a package whi ch can be produced on a relatively

| arge scale, to thus benefit fromthe several advantag .g., lower cost)
associ at ed In accordance with one aspect of the 1 ventlon, there is

provided an electronic package assembly which comprises an organic
substrate including a surface thereon having a plurality of
electrical conductors positioned on the surface, an electronic
package including an insulative integrated circuit chip housing
located on or above the substrate's surface and including sides
which include a plurality of conductive leads projecting therefrom,
individual guantities of solder for substantially covering
respective pairs of one such lead and a respective conductor, and
encapsulant material located on these quantities of ‘solder for
substantially covering the solder so as to substantially prevent
electrical disconnection between the conductive leads and the
solder during operation of the electronic package assembly.

Encapsulant compositions are also disclosed in accordance with
the invention. The encapsulant compositions include an epoxy resin
or a cyanate monomer, a photoinitiator, and a dispersed phase of
particulate silica. Where the polymer is an epoxy resin it is one
having a plurality of reactive 1,2-epoxy groups. The epoxy resin is
chosen from the' group consisting of monomeric, polymeric,
saturated, unsaturated, aliphatic, cycloaliphatic, aromatic, and
heterocyclic epoxides, or a substituted epoxide, wherein the
substituents are chosen from the group consisting of hydroxyl
‘groups, ether radicals, halogen atoms, and combinations thereof, or
an epoxy polyether.

Alternatively the resin is formed from cyanate esters that
have two or more OCN groups and are curable through
cyclotrimerization.

The photoinitiator is a aryldiazonium photoinitiator, such as
onium salt chosen from the group consisting of "onium" salts with
anions BF,”, PF,’, AsF; or SbF( .



“therewith. It is yet a further object of the invention to provide a

phot opol yneri zed resin, formed of an epoxy resin or a cyanate nonomer, a
 photoinitiator, and a di spersed phase of particulate silica, that is useful
to obviate the aforenentioned thernmal stress problemin electronic circuit
packages. 6 Summary of the Invention In accordance with a first aspect
of the invention, there is provided a nethod of encapsul ating a sol dered
joint between an integrated circuit chip and a substrate conprising the
steps of: (a) formng a conposition conprising an epoxy resin or a cyanate
nononer, and effective anount of photoinitiator, and dispersed silica; (b)
provi ding the conposition in contact with the soldered joint; and (c)

phot ocuring the conposition; and wherein the cyanate esters have two or
more OCN groups and are curable through;cy L&dg i m zation. Encapsul ant
conpositions are also disclosed in accordance with the invention. The
encapsul ant conpositions include an epoxy resin or a cyanate nononer,

phot oi ni tj ator, ar®®a lﬂY%’HéP§e'ﬂalbf%?sé‘“8Frﬁ%§’r°ﬁ BYI ZREETEIFT &8 b%ﬁe?‘é‘;‘fﬁf?é
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FIG. 1 is a partial perspecfive view of an electronic package
assembly in accordance with one embodiment of the invention, prior
to having encapsulant material added thereto.

FIG. 2 is a perspective view, similar teo FIG. 1, having
encapsulant material applied to two opposing sides thereof and onto
the electrically conductive leads (not shown) which project from
these sides.

FIG. 3 is a bartial elevational view, in section and on a much
enlarged scale over the views in FIGS. 1 and 2, illustrating one of
the sides of the invention's package having encapsulant located
over the conductive leads projecting therefrom.

FIG. 4 is a perspective view, siﬁilar to the views in FIGS. 1
and 2, showing encapsulant material about the entire periphery
(four sides) of the invention's package housing.



havi,ng a plurality of reactive 1, 2-epoxy groups. The epoxy resin is chosen
from.the group consisting of nonomeric, polyneric, saturated,
unsaturated, aliphatic, cycloaliphatic, aromatic, and heterocyclic
epoxi des, or a substituted epoxide, wherein the substituents are chosen
fromthe group consisting of hydroxyl groups, ether radicals, hal ogen
atons, and conbi nations thereof, or an epoxy polyether. Alternatively the
resin is fornmed fromcyanate esters that have two or nore OCN groups and
are curabl e through cyclotrinerization. Ig a second aspect of the invention
there is provided a photoi nduced pol yneri zabl e cyanate ester conposition,
conprising a cationically polynerizable cyanate nononer, a prepolyner or

m xtures thereof, an effegtimg.amnpait -0t Ul LEL tQHPhance the fracture
properties of the whole, a filler and a catalytic effective anount of an

organonetal I'ic conpl ex salt as polynerization initiator, which upon
photol ysi s i s cap8BFerdingl tePur iAYeRELINe ¥§t PEIIE d€0BR detrRPEBhaRY thaviaad t he
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second aspectdeo‘j. the 1nvention, there is provided a photoi nduced
pol yneri zabl e C)}gﬁgfe ester conposition for use in reinforcing a bond,

conprising a catonically polynerizabl e cyanate ester nonomer, a cyanate
ester prepol yner, Toe nincuueéds dncepeafantanief facctomsanbomt off abehidd ea to
enhance the f&aaldl eprdAReitdxSréinSet G BpiHbtededtiel! fdnomP b2 pEdbSilyyibi-C
effective am)uxpc% o&onan orgacggbn:eta%l.lokc cor J_I ex sfz%ﬂér havgrpog a rretliajta%gt I on,
as polyneriza?l n Lpﬂ?ﬁﬁtor, WHIC upon™p 6ioly5|s i’s capabl®e of 1 Pati ng
at | east one BFO4PHBITET -siRrefenrrf saitHBihiateasi AFS ntiiseydrgbirmiamal | i c
conpl ex i s. sechedfddofsanminbhratgisquBsuechnass Unnen ofardligaaeniysaairet iwIPe&o7adi c

G oups |VB, VB ot¥iBitMdB. a@ce\'ﬂbh.ég[,cycloaliphatic epoxies include 3,4-
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate {(Union
Carbide ERL 4221); bis(3,4—epoxyc§clohexyl) adipate {(Union Garbide
ERL~-4299), and vinyl cyclohexane diepoxide (Union Carbide 4206).
The silica is preferably a fused or amorphous silica. The
composition protects the soldered joints £from the effects of
thermal cycling.

Electronic package structures with which the encapsulant is
useful are shown in FIGURES 1-4, appended hereto. In FIG. 1, there
is shown a partial view of an electronic package assembly 10 in
accordance with a preferred embodiment of the invention. Packagé
assembly 10 includes an organic substrate 11 and an integrated
circuit chip electronic package 13 designed for being positioned on
substrate 11 so as to be electrically connected to éircuitry 15
thereof. Circuitry 15 1is represented, illustratively, as a
plurality of electrical conductors 17 located on an upper planar
surface 19 of substrate 11. It is understood that integrated
circuit chip package 13, which includes a plurality of electrically
conductive leads 21 projecting from the sides thereof, is designed
for being positioned on substrate 11 such that each of the
conductor leads 21 is in turn electrically connected to a
respective one or more of the conductors 17. Only a few conductors



In a-third aspect of the invention there is provided a process for
Jprovi di ng photoi nduced pol yneri zabl e cyanate ester conpositions, conprising
a cationically 6a pol yneri zabl e cyanate nononer, a prepol ynmer or

m xtures thereof, an effective amount of nodifier to enhance the fracture
of an orgaonetallic conplex salt as polynerization initiator, which upon
photolysis is capable of |iberating at | east one coordination site, and the
metal cation in the organonetallic conplex is selected fromthe group
consisting of the Periodic Goups IVB, VB2 VIB, VIIB, and VIIIB. In an
enbodi ment of the third aspect of the invention, there is provided a
process for providing a photoinduced polyneri zabl e cyanate ester
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are typically comprlsed of electrically conductlve materlal (e.qg.,

coppexr, chrome-copper-chrome, etc.) and are provided on a surface
such as planar surface 19 or within substrate 11 in accordance with
procedures known in the art and further description is thus not
believed necessary.

The organic substrate 11 is preferably a multilayered printed
circuit board having circuitry 15 located on at least its planar
upper surface 19, the board comprised of a dielectric material 25
(see also FIGS. 2-4) of known composition; Preferably, this
dielectric material is epoxy resin reinforced with fiberglass, also
referred to in the industry as FR-4 material. Alternatively the
dielectric material may be a fluorocarbon resin or a woven or
nonwoven aramid structure impregnated with a thermosetting resin.
In one example of the invention, substrate 11 may include a
pPlurality of individual conductive layers, e.g., from about eight
to ten individual conductive layers. The invention is not limited
to this number of conductive layers, however, in that other numbers
(more or less) may be provided.

The integrated circuit chip package 13 includes an
electrically insulative integrated circuit chip housing 31 of known
plastic material. The preferred configuration for integrated
circuit chip housing 31 is, as shown in FIGS. 1, 2 and 4,
substantially rectangular having a total of four sides 33, 34, 35
and 36. In one example of the invention, integrated circuit chip
housing 31 possessed a length (dimension "L" in FIG. 1) of about
0.750 inch and a width (dimension "W" in FIG. 1) of only about



VIIB; and VII1B. A fourth aspect of the invention provides a |ead
protective conposition conprising the polymerization product of: (a) at

| east one cyanate nononer; (b) a catalytically effective anmount of an
organonetal | i ¢ conpound of the second aspect of the invention; and (c) a
filler for thermal expansion control. In an enbodi nent of the fourth aspect
of the invention there is provided a | ead protective conposition conprising
the polynerization product of: (a) at least one cyanate nonomer; (b) a
catalytically effective anount of an or g]a‘horret allic conplex salt as a

pol yneri zation initi ator haV| ng a netal cation, V\:hl ch upon photolysis is
capabl e of Ilbgpg c@g\ astf one ngrd Il native sit and said netal cation
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filler for thheratrexpansi on cont roI The photoinitiator is preferably an
aryl di azoni um photoi ni ti at or such as oniumsalt chosen fromthe group
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circuit chip housing 31 possesses a thickness of from only about
0.030 inch to about 0.050 inch, this thickness represented by the
dimension "T" in FIG. 3. Further, integrated circuit chip housing
31 may be positioned at a slight gap (represented by the dimension
"S$" in FIG. 3) of only about 0.001 inch to about 0.003 inch from
the circuitry 15 on surface 19. In this embodiment, it is thus
seen that this relatively flat package occupies a total height of
only about 0.033 to about 0.053 inches from the upper surface,
including circuitry 17, of substrate 11. Although a small gap is
shoqn in FIG. 2, the invention is also applicable to assemblies
wherein the plastic housing of package 13 rests directly on

(bottoms out) the upper surface 19 and/or circuitry 15.

In addition to the four sides 33, 34, 35 and 36, the flat
package integrated circuit chip housing 31 also includes relatively
planar upper and lower surfaces 37 and 38, respectively.

Integrated circuit chip package 13 further includes a
semiconductor device (a silicon chip) located within the plastic
integrated circuit chip housing 31. This semiconductor device is
represented, illustratively, by the numeral 41 énd is shown in
bhantom in FIG. 3. Prefefably, device 41 is electrically connected
to the respective conductive leads 21 (only one shown in FIG. 3) by
wire bonding or the like, such a wire being represented by the
numeral 43 and shown in phantom in FIG. 3. It is understood that
device 41 and wire 43 are shown in FIG. 3 for illustration purposes
only and not meant to limit the. invention to the 1location,
connection or relative sizes depicted. In such a package, each of
the projecting éonductive leads 21 is internally coupled to a lead
frame or the like (not shown) and individually project from the



The invention may be understood by reference to the Fl GURES appended
hereto. FIG 1 is a partial perspective view of an el ectronic package
assenbly in accordance with one enbodi nent of the invention, prior to

havi ng encapsul ant material added thereto. FIG 2 is a perspective view,
simlar to FIG 1, having encapsul ant material applied to two opposing
sides thereof and onto the electrically conductive |eads (not shown) which
project fromthese sides. FIG 3 is a partial elevational view, in section
and on a nuch enlarged scale over the vidws in FIGS. 1 and 2, illustrating
one of the sides of the invention's package having encapsul ant | ocated over
t he conductive | eads projecti ngt therefrom FIG 4 is a perspective view,
simlar to t HESPPEWL'S FiRP&ERT REnGovsinghdii Ag™eReipa§l Shevhdiaseiat Bbout
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; substrate 1ll. As stated, each conductive lead 21 is designed for

being electrically coupled to a respective conductor 17 of
substrate 11. Each of the conductive leads 21 of the invention are
preferably of copper and have a thickness of only about 0.01Q inch,
these leads projecting a distance (dimension "“PL" in FIG. 2) of
only about 0.025 inch from the respective side (34 in'FIG. 3) of
integrated circuit chip housing 31.

To assure sound electrical connection between leads 21 and the
respective conductor 17, a quanfity of solder 53 is applied to
substantially cover each mating pair of leads and conductors. That
is, a singular quantity of solder is applied to substantially cover
one lead and at least a portion of the respective conductor to
which lead 21 is électrically' coupled. In one example of the
invention, each quantity of solder was comprised of 63:37
{tin:lead) solder. It is to be understood that other solder
compositions may be utilized. It is also to be understood in the
drawings that although only one guantity of solder 53 is shown in
FIG. 3, that additional quantities are provided to cover the other
paired conductor-lead embodiments. Such solder is not shown in FIG.
1 for clarity. It is understood, therefore, that in the embodiment
depicted in FIG. 1, a total of sixteen individual quantities of
solder will be provided. 1In preferred form, solder 53 is applied
to the respective conductor 17 sites in paste form prior to
positioning of package 13 on substrate 11. A screening operation
is frequently and preferably used, following which the package is
aligned such that each lead 21 will engage a respective solder
paste site. The package and substrate subassembly is then placed
within, e.q., passed through, a hot air oven (furnace) and heated
to a ‘predetermined temperature to effect solder paste reflow onto
the respective leads, the result being the solder configuration as



Packages (TSOPs) and a nethod of enhancing the robustness of such devices.
.The uncured encapsul ant is a conposition of either a cycloaliphatic epoxy
resin or a cyanate ester nononer or prepolymer and nononmer conbi nation,
silica filler, and a suitable photoinitiator. Preferred
photoinitiators are triaryl sul foni um hexafl uoroanti nonates, such as Union
Car bi de Cyracure WI 6974 photoinitiator. Exenpl ary cycl oal i phatic
epoxi es include 3,4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane

car boxyl at e (Uni on Carbide ERL 4221); ]Bls(B 4- epoxycycl ohexyl ) adi pate
(Uni on Carbi de ERL-4299), and vinyl cycl ohexane di epoxide (Union Carbide
4206). The silica is preferably a fused or anorphous silica. The
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illustrativel as a It frical .conductors cat e on an
upper planarC%b ast a éétlon the conductor 17 on substrate .

Should conductor 17 be in the form of a land or the like element
(which in turn may be electrically coupled to a plated through hole
extending within substrate 11), the solder 53 will cover a large
portion, if not all of this land conductor.

As shown in the FIGURES, a quantity of encapsulant material 61
is applied to the opposing sides 33 and 34 of integrated circuit
chip housing 31 so as to abut against these sides and substantially
cover the solder 53. The encapsulant material 61, as shown in FIG.
3, substantially surrounds the entire gquantity of solder 53 for
each of the paired lead-conductor combinations. To be noted is
that the encapsulant 61 is not shown in FIG. 1. This is to enable
illustration of the assembiy with solder exposed. But encépsulant
61 is provided in FIG. 2. Encapsulant 61 is applied .in
unpolymerized form, e.g., liquid form, with a suitable
photoinitiator or photocatalyst, following the solder reflow (and
solder solidification) step. ~In a preferred embodiment,
encapsulant 61 is dispensed using at least one syringe, syringe
bump, or other dispenser means. This dispensing of encapsulant may
occur following a pre-heating of the substrate 11 and integrated
circuit chip electronic package 31 located thereon for a.
predetermined time period. The substrate 11 having the integrated
circuit chip package 31 soldered in position thereon, is heated to
drive off the moisture therein, e.g., to within a range of from
.about 65 degrees C to about 85 degrees C for about one to two
“hours. The purpose of the heating is to drive off any undesirable
moisture which may collect within the dielectric material which



surf.ace 19 of substrate 11. It is understood that integrated circuit chip
.package 13, which includes a plurality of electrically conductive |eads 21
projecting fromthe sides thereof, is designed for being positioned on
substrate 11 such that each of the conductor leads 21 is in turn

el ectrically connected to a respective one or nore of the conductors 17.
Only a few conductors 9 17 are shown, for illustrative purposes. It is
further- understood that each | ead nay be connected to other forns of
conductors which may in turn formpart of iSubstrate 11, including plated

t hrough hol es having appropriate |and sections (not shown), which plated

t hrough holes are in turn electrically coupled to various infernal -
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polymerization, i.e., photopolymerization, of the encapsulant 61.

A preferred encapsulant material for use in the invention is a
polymer resin, and particularly an epoxy or a cyanate, or
combinations thereof. This encapsulant is a flowable, liguid epoxy
or cyanate material, or a combination thereof, which features the
proper thixotropy to cover the leads and low stress, both of said
features desirable for use with package structures of the type
described herein. ' When properly UV photocured, the encapsulant
maéerial provides a low thermal expansion and high-glass transition
to assure enhanced protection (e.g., during thermal cycling). Such
aniencapsulant possesses a coefficient of linear thermal expansion

i of about 26 to 39 ppm/degrees C and a glass transition temperature
of 100 to 160 degrees C. The invention is not to be limited to use
of the above encapsulant material, however, in that other

ultraviolet (UV) photocurable encapsulants may be successfully used
herein.

It has been discovered thaﬁ application of encapsulant materiai
of the type described above to the designated locations on assembly
10 has served to significantly increase the operational life of
such package assemblies, particularly those of the low profile
configuration described above. By way of example, operational life
was shown to be extended by a factor of about 2-5 times over
package assemblies whexein 'encapsulant was excluded. Such
encapsulant has proven to reinforce the lead-solder bond so as to,
significantly, substantially prevent separation between the solder
and Jlead elements, which separation in turn may break the
connection there between and possibly render at least part of the



circuit board having circuitry 15 | ocated on at |east its planar upper
~surface 19, the board conprised of a dielectric material 25 (see also FIGS
" 2-4) of known conposition. . Preferably, this dielectric material is
epoxy resin reinforced with fiberglass, also referred to in the industry as
FR-4 material. Alternatively the dielectric material may be a fluorocarbon
resin or a woven or nonwoven aram d structure inpregnated with a
thernosetting resin. In one exanple of thq invention, substrate 11 may
include a plurality of individual conductive layers, e.g., from about eight
to ten individual conductive layers. The invention is not limted to this
nunber of conductive |ayers, however, in that other nunbers (nore or | ess)
may be provi d@gkagée assembly atl®d igepemativechi pMopacksmpeifiGalliyncl wbes an
el ectri f:al |y Fjﬂa:aggatamte hadaghat QQOGU&&U} bu®i @rmlgg Huxohg krggwnagé astic
materia t r t ousi ng
3l is, as shoé\%n%e%?%%rggggﬁfgg%%i} hQ.—L}b 18 tlaﬁgéétbgcb%%%ﬁg N %\l‘/:?ﬁg a
total of four®™S yaEiops pagkagsselemenss ?rF or’rBt Felbfon ﬁE”i’)m/ent i on,
integrated circuit chip housing 31 possessed a |length (dinmension "L" in
FIG 1) of about 8y /ey icfChxafisied Whét folidiviRnSilQastitd rhkl &Gignl)ciehnoOnl y
about differences in the coefficients of thermal expansion (CTE) of the
various elements used in one embodiment of the invention.

CTE
ELEMENT (x 10-6 in/in/C)
Organic Substrate (FR-4) 10-21
Conductive Leads (Copper Alloy) 45
IC Chip Encased In Plastic Housing 7
Solder 28 i
Ehcapsulant 26-39

Absent such protection afforded by encapsulant material 11,
these substantially different coefficients of expansion can result
in cracking or similar deformation of the solder-lead joints, such
cracking possibly causing failure thereof. The use of encapsulant
material of the type defined herein, applied in the manner
described herein, has resulted in a much improved package assembly
with prolonged life over non-encapsulated assemblies.

Although it is shown in FIG. 3 that encapsulant 61 is spaced
a slight distance from the lower part of side 34 of integrated
circuit chip housing 31 (thus forming a gap there between), this is
not meant to limit the invention. That is, it is also possible in
accordance with the teachings herein to dispense encapsulant
material 61 under pért or all of the under surface of integrated
Circuit chip housing 31, assuming of course integrated circuit chip
housing 31 is spaced at a gap such as depicted in FIG. 3. Such



10 0:300 inch. Each of the sides, or an opposite pair of the sides, include
a plurality of the conductive |eads 21 projecting therefrom O further
significance in a TSOP structure, integrated circuit chip housing 31
possesses a thickness of fromonly about 0.030 inch to about 0.050 inch,
this thickness represented by the dinmension "T" in FIG 3. Further,
integrated circuit chip housing 31 may be positioned at a slight gap
(represented by the dinension "S" in FIG ,3) of only about 0.001 inch to
about 0.003 inch fromthe circuitry 15 on surface 19. |In this enbodi nent,
it is thus seen that this relatively flat package occupies a total height
of only about 0.033 to about 0.053 inches fromthe upper surface, including
circuitry 17, peftsalbpesitionitg &f tdroaghubargnik| siygg iis phaowwom inFFfE. 23 the
invention is ahsoraekesedd eyt ohasseEbhl &3 .Wherein the plastic housing of
package 13 rests directly on (bottonms out) the upper surface 19 and/or
circuitry 15. In addiFtion to the four sides_ 33, 34, 35 and 36, the flat .
package i ntegrat edfrbi A&ai £+ chth IRFsiFhges13% ¢+ fcl aBds34 P atinFesyatihnar
upper and | owsirewitf ghép IBusang B8 areesipout todiare pntagpudeat mEtecdal €hip
package 13 funbbeted nabbekiinud. SeA8 cRated! dh1demic of (thddd sEass qli.g) , | srat ed
‘é“ef/r“cg ,‘Qe Pl agh! G4yntegnat Bk iGUdeC UbdndtBl Brd0YSIdY BloseldlifiqS SHeERAMET OF
However, it has been determined that the addition of encapsulant
about this entire outer periphery (all four sides) of the package
housing has proven to even further strengthen (reinforce) the
aforementioned lead-solder joints. Such added reinforcement is
considered accomplished because of the ability of the ultra violet
photocured encapsulant material to act against the linear expansion
. of the package's housing during operation. It has not been

determined necessary to provide encapsulant to the top surface 37.

The uncured encapsulant is a composition of a cycloaliphatic
epoxy resin, silica filler, and a suitable photoinitiator.

Preferred - photoinitiators are triarylsulfonium
hexafluoroantimonates, such as Union Carbide Cyracure UVI 6974
photoinitiator.

Exemplary cycloaliphatic epoxies include 3,4

epoxycyclohexylmethyl-3,4~-epoxycyclohexane carboxylate (Union
Carbide ERL 4221); bis(3,4~epoxycyclohexyl) adipate (Union Carbide
ERL-4289), and vinyl cyclohexane diepoxide (Union Carbide 4206).

Mixtures of cycloaliphatic epoxides can also be employed when
desired.

The polyepoxide-containing compositions which can be cured
into crosslinked networks for use in the present invention comprise
organic materials having a plurality of reactive 1,2-epoxy groups.
These polyepoxide materials can be monomeric or polymeric,
saturated or unsaturated, aliphatic, cycloaliphatic, aromatic or
heterocyclic, and they may be substituted if desired with other



repr.esented, illustratively, by the nuneral 41 and is shown in phantomin
FIG 3. Preferably, device 41 is electrically connected to the respective
“conductive leads 21 (only one shown in FIG 3) by wire bonding or the Iike,
such a wire being represented by the nuneral 43 and shown in phantomin
FIG 3. It is understood that device 41 and wire 43 are shown in FIG 3 for
I llustration purposes only and not neant to limt the invention to the
| ocation, connection or relative sizes depicted. In such a package, each of
the projecting conductive leads 21 is irteernally coupled to a | ead franme or
the like (not shown) and individually project fromthe respective sides
of the housing in a manner as shown herein. As such, each of these |leads is
preferably clubbhetwanteasksidas itgier fdx@ngpaipsi, citlgal | hydshewn gicBupd GetBex
i ncluding a 1.968h1& heRdgenl 20BN Hapends jgewnwardly from the package
housi ng for being positioned on substrate 11. As stated, each conductive
| ead 21 is designed for being electrically coupled to a respective
conductor 17 of 8ubieiat &sed. ctagh Xf RHIR €t FHECH T BB eFpleked
i nventi on arazcpreéfmy albd ythef oappéce aotl Hey praseit cknensiof emtompabees 0. 010
inch, these é;%&gs DItk NGbda Hledt BPCBedtiNBNSA Ospi B ohydk i, Gsudh 85 Only
about 0.025 § e, {ramathe, LeREStinGroh ISl Butrlabl S a8k Oh 1ike, wien

either a polyhydric phenol or a polyhydric alcohol. In addition,

the phenolic rings, may have other substituents besides the

hydroxyl group, for example, lower alkyl groups containing from one

lorohydrir, epibromohydrin, &

to four carbon atoms, e.g., methyl, ethyl, propyl, isopropyl,
butyl, sec-butyl and tert-butyl groups, halogen atoms, i.e.,
fluorine, chlorine, bromine or iodine, and the like.

An illustrative, but by no means exhaustive 1iSting of the
dihydric phenols includes 4,4'-dihydroxydiphenylmethylmethane,
{Bis-phenol aA), 2,4'-dihydroxydiphenylmethylmethane, 3,3*-
dihydroxydiphenyldiethylmethane, 3,4'-
dihydroxydiphenylmethylpropylmethane, 2,3'~
dihydroxydiphenylethylphenylmethane, 4,4'--
dihydroxydiphenylpropylphenylmethane, 4,4'-
dihydroxydiphenylbutylphenylmethane, 2,2'-
dihydroxydiphenylditolylmethane, 4,4'-
dihydroxydiphenyltolylmethylmethane, and the like.

Other polyhydric phenols which could also be reacted with an
épihalohydrin to provide epoxy polyethers are such compounds as
resofcinol, hydroquinone, substitﬁted.hydroquinones, e.g., p-tert-
butylhydroquinone, and the like, indanoles such as those disclosed
in U.S. Pat. No. 2,754,285 and polyhydric phenols having two
hydroxyl aryl groups separated by an aliphatic chain of at least
six carbon atoms in length, said chain being attached by carbon-to-
carbon bonding to nuclear carbon atoms of the hydroxylaryl groups.
All of such glycidyl ethers can be prepared by the method described
in U.S. Pat. No. 2,538,072.



integrated circuit chip housing 31. To assure sound el ectrical connection
bet ween | eads 21 and the respective conductor 17, a quantity of sol der 53
is applied to substantially cover each mating pair of | eads and conductors.
That is, a singular quantity of solder is applied to substantially cover
one lead and at least a portion of the respective conductor to which | ead
21 is electrically coupled. In one exanple of the invention, each quantity
of solder was conprised of 63:37 (tin:lead) solder. It is to be understood
~that other solder conpositions nay be utilized. It is also to be understood
in the drawi ngs that although only one gyantity of solder 53 is shown in
FIG 3, that additional quantities are prOV|ded to cover the other paired
conduct or -1 ead enbodlnents Such sol der is not shown in FIG. 1 for clarity.
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. dipentaerythritol and the 1like, polyallyl alcohol, polyvinyl

alcohol, polvhydric thicethers such as 2,2'-dihydroxydiethyl
sulfide, 2,2'-3,3'~tetrahydroxydipropyl sulfide and the like,
mercapto alcohols such as monothio-glycerol, dithioglycerol and the
like, polvhydric alcohol partial esters such as monostearin,
pentaerythritol monoacetate; polyhydric alcohol partial esters such
as monostearin, pentaerythritol monoacetate, and halogenated
polyhydric alcohols such as the monochlorohydrins of glycerol,
sorbitol, pentaerythritol and the like.

Epoxidized novolacs are cobtained by reacting, preferably in
the presence of basic catalyst such as sodium hydroxide, an
epihalohydrin such as epichlorohydrin with the resinous condensate
of an aldehyde, e.g., formaldehyde, and either a monohydric phenol,
e.g., phenol or cresol or a polyhydric phenol, e.g. bisphenol A.

For reference purposes a comprehensive disclosure of such
epoxy compositions can be found in the text entitled Epoxy resins,
bhemistry and Technology, by A. May and Y. Tanaka, Marcel Decker,
Inc., New York (1973) and the article "Resins for Aerospace" by C.
A. May, Applied Polymer Science, ACS Symposium Series 285, R.W.
Phehlein, eds., American Chemical Society, p.559 (1985).

Particularly suitable such epoxy resins include, for example,
the diglycidyl ethers of resorcinol, catechol,” hydrogquinone,
_biphenol, bisphenol A, bisphenol K, tetrabromobisphenol A, phenbl—
aldehyde novolac resins, alkyl substituted phenol-aldehyde novolac



t he respective |leads, the result being the solder configuration as 12
approximately represented in FIG 3. If using a 63:37 tin:lead sol der,

this preferred tenperature for attaining reflowis preferably about 185
degrees Celsius (C). This tenperature does not adversely affect the package
or substrate conponents. The configuration for solder 53 as depicted in
FIG 3 shows the solder to substantially cover the pin 21, al nost
substantially entirely surrounding the pin. Additionally, the solder 53 is
al so shown to cover at |east a portion of ighe conductor 17 on substrate 11.
Shoul d conductor 17 be in the formof a land or the like elenent (which in
turn may be electrically coupled to a plated through hole extending within
substrate 11),reshes soladbyl 53upstitutederphgnbhriygmpbidlivole, rdsimst alHenofi-t hi s

| and conduct orhydfexghumaalienidee FeEIIRES, coesplanidiokyBlnLNGRATHE aNteJTREET i al
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housing 31 so as tq abut agal nst t{hese sidés an st an

sol der 53. Thé Hift*dpsul &Rt ﬂﬁterlgﬂs§fenﬁé shdwn in ?ﬁ%?m%th%ﬁhé?%ﬂ?Pbkly
surrounds the‘%ﬁﬁqqmgt@udﬁ?ﬁrybaﬁbébh€@¢l53 f et remett hofl trlibrpabbédhenol,
- | ead- conduct ortet@abhdob@8fhenclOADecdiBli @t idhs thereof and the like.

Also suitable as the epoxide compound which can be employed in
the present invention include those partially advanced epoxy resins
disclosed in U.S. Pat. No. 4,594,291.

Also suitable as the epoxide compound are the glycidyl ethers
of compounds having an average of more than one aliphatic hydroxyl
per molecule such as for example, aliphatic diols, polyether diols,
polyether tetraols, and any combination thereof. Also suitable are
the alkylene oxide adducts of éompounds containing an average of
more than one aromatic hydroxy% group per molecule such as, for
example, the ethylene oxide, pfopylene oxide, or butylene oxide
adducts j0of dihydroxy phenols, biphenols, bisphenols, halogenated
bisphenols, alkylated bisphenols, trisphenols, phenol-aldehyde
novolac ; resins, halogenated phenol-aldehyde novolac resins,
alkylaged phenol-aldehyde novolac resins, hydrocarbon-phenol
resins, hydrocarbon-halogenated phenol resins, or hydrocarbon-
alkylated resins, or any combination thereof.

The reactions between epoxies and phenols and/or carboxylic
acids {or anhydrides) have been extensively studied and many
patents have issued which describe these well known classes or
reactants. See, for example U.S. Pat. Nos. 2,216,099, 3,377,406,
3,547,885, 2,633,458, 3,477,990, 3,694,407, 2,658,885, 3,547,881,
3,738,862, Canadian Pat. No. 893,191, German Pat. DT No. 2,206,218,
and the text "Handbook of Epoxy Resins" by H. Lee and XK. Neville,
McGraw Hill, NY (1967).

Commercially available epoxy resins which may be used for the



that the encapsulant 61 is not shown in FIG 1. This is to. enable
illustration of the assenbly with sol der exposed. But encapsulant 61 1is

provided in FIG 2. Encapsulant 61 is applied in unpolynerized
form e.g., liquid form with a suitable photoinitiator or
photocatal yst, followi ng the solder reflow (and solder solidification)
st ep. , In a -preferred enbodinent, encapsulant 61 is dispensed

usi ng at |l east one syringe, syringe punp, or other dispenser neans. This

di spensi ng of encapsul ant nmay occur foll & ng a pre-heating of the
substrate 11 and integrated circuit chip el ectronic package 31 | ocated
thereon for a predetermned tinme period. The substrate 11 having the
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degrees C tg ahaut dege C for about one to two hours. The purpose of
t he heatinge?s to d??%% o??ggny undesirabl e noi sture which may col |l ect

within the dielectric material which 13 forms part of substrate 11. A
hot air oven is Theebeetdsnpdusedledipbabiml|¢pskryt MRsintke a2t gron-gawstdient | y,
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the heat f rﬁ@iéé@l@. These are generally prepared by epoxidizing unsaturated
aromatic hydrocarbon compounds, such as c¢yclo-olefins, uéing
hydrogen peroxide or peracids such as peracetic acid or perbenzoic
acid. Such non-glycid:{rl ether cycloaliphatic epoxy resins have a
ring structure wherein the epoxide group is part of the ring or is
attached to.the ring structure. These epoxy resins may also
contain ester linkages. Suitable nonglycidyl ether cycloaliphatic
epoxy resins have the following structures: '

@f‘;@w iy @@ ‘

wherein: § is a saturated ring structure;

R is selected from the group of CHOCH,, O(CH,),CHOCH,, and
OC(CH,),CHOCH, radicals;

n=1¢%to 5;

R'is selected from the group consisting of hydrogen,
methyl, ethyl, propyl, butyl, and benzyl radicals;

and

R" is selected from the group consisting of CH,00C and



preheating step. Follow ng encapsul ant di spense, the board with nounted

_package and encapsul ant is positioned under a source of ultra-violet (UWV)

radi ati on and subjected to UV radiation to effect polynerization, i.e
phot opol yneri zati on, of the encapsulant 61. A preferred encapsul ant

mat eri al
an epoxy
f 1 owabl e,

or a cyanate, or conbinations thereof. This encapsul ant

| i qui d epoxy or cyanate nmaterial, or a conbination thereof,
features the proper thixotropy to cover the | eads and | ow stress,

said features desirable for use with paéRage structures of the type
descri bed herein. Wen properly UV photocured, the encapsul ant nateri al

provides a |ow ther mak RxpeRsi@pR andidigh glass transition to assure

enhanced protection (e’g., dufing thernal cycling). Such an encapsul ant

possesses a coefficient of |inear thermal expansion of about 26 to 39
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Other cycloaliphatic epoxy resins are suitable, including
glycidyl ethers such as: 1,2-bis(2,3-epoxycyclopentyloxy)-ethane;
2,3-epoxycyclopentyl glycidyl ether; diglycidyl cyclohexane-1,2-
dicarboxylate; 3,4-epoxycyclohexyl glycidyl ether; = bis-(2,3-
epoxycyclopentyl) ether; bis-(3,4-epoxycyclopentyl) ether; 5(6)-

'glycidyl—Z—(l,2—epoxyethy1)bicyclo[2.2.1]heptane; cyclchexa-1,3~-
" diene dioxide; 3,4-epoxy-6-methylcyclohexylmethyl 3',4'-epoxy-6'-
_methylcyc1ohexanecarboxy1até. Also suitable are epoxy resins in
" which the 1,2-epoxy groups are attached to various heterocatoms or

functional groups; such compounds include, for example, the N,N,O-
triglycidyl derivative of 4-aminophenol, the N,N,O-triglycidyl
derivative of 3-aminophencol, the glycidyl ether/glycidyl ester of
salicylic acid, N-glycicyl-N'-(2-glycidyloxypropyl)-5,5-
dimethylhydantoin or 2-glycicyl-1,3-bis-(5,5-dimethyl-1-
glycidylhydantoin-3yl)-propane. Mixtures of cycloaliphatic epoxy
resins are also suitable. ‘

The preferred cycloaliphatic epoxy resins include 3,4~
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate, (systematig
name: 7-oxabicyclo(4.10)heptane-3-carboxylic acid 7-
oxabicyclo(4.1)hept-3-ylmethyl ester) commercially available under
the designation ERL-4221 from Union Carbidé Company and 3,4-
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate mixed with
bis(3,4-epoxyxyxlohexyl) adipate, available under the designation
ERL-4299 from Union Carbide Company.

for use in the invention is a polynmer resin, and particularly

is a
whi ch

bot h of

particularly those of the |ow



confi guration descri bed above. By way of exanple, operational |ife was

.Sshown to be extended by a factor of about 2-5 tines over package

assenblies wherein encapsulant was excluded. Such encapsul ant has

proven to reinforce the | ead-solder bond so as to, significantly,

substantially prevent separation between the solder and | ead el enents,

whi ch separation in turn may break the connection there between and

possi bl'y render at |east part of the 14 package assenbly 10

i noperative. More specifically, this2¥encapsulant material provides

such protection during package assenbly operati on wherein heat is generated

by both the substrate and various package el enents (e.g. internal silicon

chip). By way of Bh&nprelealiiphébid oRPeRy | FReistsr ahavet ha singfefreannepoxy

di fferences iequtihelenekbighteniss £obm t4renabo eeddaBsi oM (0CTBre 8érdth¢ ¥ash OUS

elements usediyolt086 EMDAUIERLOT Lhe Lot i sETEELFNNT e nave o
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7 about 5 to about 900 cps, more preferably about 300 to about 600
cps, and most preferably about 300 to about 450 cps. The
cycloaliphatic epoxy resins have a molecular weight of from about
200 to 700, preferably 200 to 500, and a weight per epoxide of 50

to 500, preferably 50 to 300.

Photoinduced polymerizable cyanate ester compositions and a
process for making these compositions and +their nuse in
encapsulating solder connections of electronic tomponents,
comprising a cationically polymerizable cyanate monomer, prepolymer
and mixtures thereof, an effective amount of modifier to enhance
the fracture properties of the whole and a catalytically effective
amount of an organometallic complex salt as polymerizatiop
initiator, which upon photolysis is capable of liberating at least
one coordination site, and the said metal cation in the
organometallic complex is selected from elements of the Periodic
Groups IVB, VB, VIB, VIIB, and VIIIB are also disclosed here.

The cyanate esters that can 'be émployed. pursuant to the
present invention have two or more OCN groups and are curable
through cyclotrimerization. The cyanate esiers can be monomeric or
less preferably polymeric, including oligomers and can be



Sol der 28 Encapsul ant
. 26-39 Absent such protection afforded by encapsul ant nmaterial 11, these
substantially different coefficients of expansion can result in cracking or
simlar deformation of the solder-lead joints, such cracking possibly
causing failure thereof. The use of encapsulant material of the type
defined herein, applied in the manner described herein, has resulted in a
much i nproved .package assenbly with prolonged |ife over non-encapsul at ed
assenblies. Although it is shown in FIG 23 that encapsulant 61 is spaced a
slight distance fromthe |ower part of side 34 of integrated circuit chip
housing 31 (thus forming a gap there befween), this is not neant to lint
t he i nventi onreditafentsd byt thesalma@episisi bbetdimiagcted #BT Eowlinighgibep :
t eachi ngs herei n +o::di-spense~encapsul-ant -materi al- 61 under part or all of
t he under surface of 'intégrated circuit chip housing 31, assum ng of course
integrated circuit chip housing 31 is spaced at a gap such as depicted in
FIG 3. Such 15 partial positioning of encapsulant is shown in phantom

in FIG 3 and represented by th@nuneral 63. oN _
A izi N
Ra

wherein A is a single bond, C(CH,)H, S50,, O, C(CF,),, CH,OCH,,
S, C(=0), 0OC(=0), S(=0), OP(=0)0, OP(=0)(=0)0; divalent
alkylene radicals such as CH, and C(CH,),, divalent alkylene
radicals interrupted by heteroatoms on the chain such as O, S,
and N; -

Ra

R is selected from the group of hydrogen, halogens, and alkyl
groups containing from 1 to 9 carbon atoms; and n is an
integer from 0 to 4.

Specific cyanate esters that can.be employed -in the present
invention are available and well-known and include those discussed
in U.s. Pat. No.(s) 4,195,132, 3,681,292, 4,740,584, 4,745,215,
4,477,629, and 4,546,131; European patent application EP0147548/82,
and German Laid Open Patent Application'2611796, disclosures of
Wwhich are incorporated herein by reference.

Suitable polyfunctionai cyanates are prepared by well known
methods, for example by reacting the corresponding polyvalent
phenol with a halogenated cyanate in the presence of a tertiary
amine such as triethyl amine as exemplified in U.S. Patent Nos.
3,553,244, 3,740,348, and 3,755,402.

The phenol reactant can be any aromatic compound containing



In FIG 4, all four sides 33, 34, 35 and 36 of integrated circuit chip
housi ng 31 are shown to have encapsul ant material 61 |ocated thereabout.
As stated, only two of these sides (e.g., 33 and 34) wll include
conductive | eads projecting therefrom However, it has been determ ned that
the addition of encapsul ant about this entire outer periphery (all four
sides) of the package housi ng has proven to even further strengthen
(reinforce) the aforenentioned | ead-sol der joints. Such added

rei nforcenent is considered acconplished2Because of the ability of the
ultra violet photocured encapsulant material to act against the |inear
expansi on of the package's housing during operation. It has not been
det er mi ned nevessar pot® yFEvide kmcapsllurupto thise trhensiit¢ aomctantThe

uncured encapsdésapibies aAdEOMRO%k Ll Yo 19hy @Sy CtORduRhad GHRPeXMmE18SI N,

silica filler, and-a suitable photginitiator. Preferred photoinitiators
are triaryl sul foni um hexaf | uyer oant i nonat es;y such as Uni on Car bi de
Cyracure WI 6974 p geunitiatas. cycloal i phgolp ., epoxi'es

i ncl ude 3,14 epoxycy

(Uni on Carbi de ERL 4221)4/1
ERL-4299), and vinyl c @
0§

of cycloaliphatic epoxi

Cycl ohg
Kyl )

car boxyl ate
& (Unicon Car bi de
1206) . M xtures

Rs

in-thch each a and b is independently 0, 1, 2; or 3, and at least
one a is not 0; n is within ‘the range of 0 to about 8, pfefefably
0 to 3; each R is independently selected from non-interfering

_alkyl, aryl, alkaryl, heteroatomic, heterocyclic, carbonyloxy,
carboxy, and the like ring substituents, such,as hydrogen, Cis
alkyl, Cri-allyl, C,.s alkoxy, halogen, maleimide, propargyl ether,
glycidyl ether, and the like; and A is a polyvalent linking moiety
-which can be, for example, aromatic, aliphatic, cycloaliphatic,
-polycyclic, and heteroatomic. Examples ‘of the linking moiety A
include -0-, -S0,-, -CO-, -0CO00-, -S-, C,,,~, dicyclopentadienyl,
aralkyl, aryl, cycleoaliphatic, and a direct bond.

Examples of cyanaﬁes are as follows: cyanatobenzene, 1,3-and
1,4-dicyanatobenzene, 2-tert-butyl-1,4-dicyanatobenzene, 2,4~

dimethyl-1,3-dicyanatobenzene, 2,5-ditert-butyl-1,4-
dicyanatobenzene,tetramethyl-1,4~-dicyanatobenzene, 4-chloro-1,3-
dicyanatobenzene, 1,3,5-tricyanatobenzene, 2,2 or 4,4'-

dicyanatobiphenyl, 3,3',5,5'-tetramethyl-4,4 'dicyanatobiphenyl,
i,3-, 1,4-, 1,5-, 1,6-, 1,8-, 2,6-, or 2,7- dicyanatonaphthalene,
1,3,6-tricyanatonaphthalene, bis(4- cyanatophenyl)methane, bis(3-
chloro-4-cyanatophenyl)methane, '2,24bis(4—cyanatophenyl)propane,
2,2-bis(3,5-dichloro-4- cyanatophenyl)propane, 2,2-bis(3,5-
dibromo—4—cyanatophenyl)propane,bis(4—cyahatophenyl)ether,bis(p—
cyanophenoxyphenoxy) -benzene, di(4-cyanatophenyl)ketone, bis(4-
cyanatophenyl)thioether, bis(4~cyanatophenyl)sulfone, tris (4-



The pol yepoxi de-cont ai ni ng conpositions which can be cured into crosslinked
networks for use in the present invention conprise organic materials having
a plurality of reactive 1, 2-epoxy groups. These pol yepoxi de naterial s can
be nononeric or polyneric, saturated or unsaturated, aliphatic,
cycloaliphatic, aromatic or heterocyclic, and they may be substituted if
desired with ot her 16 substituents besides the epoxy groups, e.g.,

hydr oxyl groups, ether radicals, halogen atons, and the like. A wi dely used
cl ass of pol yepoxi des which can be enpl oymd according to the practice of
the present invention enconpasses epoxy polyethers obtained by reacting an
epi hal ohydrin, such as epichl orohydrin, epibronohydrin, epiiodihydrin, and
the |ike, wi thceinadtephenyplppbyplrite, pashalris(4-aypehydpienyt)giephate. |Nso
addi tion, the poenal idser Id@galc n@almaéfsecegghaermastﬂrtoﬁe@hénbfﬁ d&ssihBe a5

hydr oxyl group appl r_.alkyl u cont ai one to four
car bon at ons, dgéi s&d EP [?s g ent N%p\t/' $ 4%2%%6 C;Yanagﬁg'fovogn]é %‘E‘E’Q’e and
fPu

tert-butyl groEf@W WﬁﬂQ&één SFEﬁﬁ%beP én of3tiest 5ﬂio#;9§% 78P onFyrnaged

i odi ne, and t hbisphemol Arypel paiyt cathonete Mltighyemdenbadstmausitienel| tyileisng

of the polycarbonate oligomer 1listed in U.S. Patent No. 4,026,913,
cyanato-terminated polyarylene ethers listed in U.S. Patent WNo.
3,595,900, dicyanate esters free or ortho hydrogen atoms described
in U.S. Patent No. 4,740,584, mixtures of di-and tricyanates listed
in U.S. Patent No. 4,709,008, polyaromatic cyanates containing
polycyclic aliphatic diradicals such as XU7178, Dow Chemical Co.,
of U.S. Patent No. 4,528,366, fluorocarbon cyanates described in
U.S5. Patent No. 3,733,349, and other novel cyanate coémpositions
taught in U.S. Patent Nos. 4,195,132 and 4,116,946, all of which
are incorporated herein by reference. A discussion of such can be
found in Bogan, et al., "Unique Polyaromatic Cyanate Ester for Low
Dielectric Printed Circuit Boards", SAMPE Journal, Vol. 24, No. 6,
Nov/Dec 1988. A preferred polyfunctional cyanate ester is
Bispheneol AD dicyanate (4,4'-ethylidene bisphenol dicyaﬁate)
available from Ciba under the trade designation Arocy L-10, and

bisphenol M dicyanate commercially available as RTX-366 from Ciba-
Giegy.

Other suitable cyanate ester resins include the commercial
products available under the designations REX-378, REX-379, Arocy
B~10, B-30, B-40S, B-50, Arocy M-10, M-20, M-30, M-40S, M-50, Arocy
F-40S, and F-10 from Ciba-Giegy.

Several classes of cationic photoinitiators have been found
and their use in combination with epoxies is described by G. E.
Green, B. P. Stark, and S. A. Zahir, in J. Macromol. Sci. Revs.
Macromol. Chem. C21, 187 (1981/82). However, a significant number
of these initiators are too slow to be of any practical value.
Commercially the most significant catalysts are the aryldiazonium,
triphenylsulfonium and diphenyliodonium salts, with the most



di hydri c. phenol s includes 4,4'-di hydroxydi phenyl net hyl net hane, (Bi s-phenol
A, 2,4" -di hydroxydi phenyl net hyl nmet hane, 3,3 -

di hydr oxydi phenyl di et hyl et hane, 3, 4' -

di hydr oxydi phenyl net hyl pr opyl net hane, 2,3" -

di hydr oxydi phenyl et hyl phenyl met hane, 4, 4' -

di hydr oxydi phenyl propyl phenyl net hane, 4, 4'-

di hydr oxydi phenyl but yl phenyl net hane, 2, 2'- di hydroxydi phenyl di t ol yl net hane,
4, 4" - di hydr oxydi phenyl t ol yl met hyl met hane,2%and the |ike. O her polyhydric
phenol s which could also be reacted_ wth an epi hal ohydrin to provi de epoxy
pol yethers are such caonpounds as resorcinol, hydroqui none, substituted

hydr oqui nones FeESRELY 5opRg (comBRpIS FAP TATHO MRS 2R T PRELSYLEQEAB &
such as thosesdise'ddel BaFsEsS. arlgns Np 1o@ gieddE lantitpoMrhyerdxe phenol s
havi ng two hydooxybesityl @saipsragpadishedely cafradpopahd Qethal sctfs @) east
si x carbon at @b del, | engthe §§6&tggat%c%$§§g ﬁflt's? by carbon-to- carbon

bondi ng to nucl ear carbon atons of t roxylaryl gfoups. Al of such

gl ycidyl ethers can be prepared by the nethod described in U S. Pat. No.
2,538, 072. 17 The effectiveness of aryldiazonium salts as photoinitiators

depends on the structure of either, the cationic and the anionic
moieties of these salts. Their spectral sensitivity can be varied
by modifying the structure of the aryl pari of the arvldiazonium
compound. Such class of photoinitiators requires generally a
thermal post treatment step after irradiation to achieve
satisfactory cure of the epoxy resin. However, several drawbacks
such as nitrogen evolution during the photolysis step and their
poor thermal stability and inherent moisture sensitivity limit the
use of aryldiazonium salts as photoinitiators in a number of
practical applications for epoxy curing.

Crivello in "Developments in Polymer Photochemistry 2" (N.S.
Allen ed.), P. 1 Applied Science Publ., London, 1981, postulated
that homolytic cleavage of one of -the aryl bonds induced by a
photochemical reaction is the first ;eaction step, then a
subsequent hydrogen abstraction from a suitable donor, followed by
loss of a proton yields the Bronsted acid HX. This strong Bronsted
acid HX, protonates the oxirane group as the initial step with
subsequent ring opening polymerization taking place. Generally,
only “onium" salts with anions BF,”, PF,, AsF,~ or SbF, can be used,
with the polymerization rate increasing according to the sequence
given before. Cycloaliphatic epoxies show higher reactivities than
the glycidyl ethers and glycidyl esters. Most of the examples
reported to date, involve organometallic complexes that possess
photolabile 1ligands such as carbon monoxide, olefins, and
carbocyclic rings, as described by D. M. Allen, J. Photog. Sci. 24
61 (1976) and H. Curtis, E. Irving, B. F. G. Johnson, Chem. Brit.
22 327 (1986).



Among the pol yhydric al cohol s whi ch can be reacted with an epi hal ohydrin to
provi de epoxy pol yethers are such conpounds as et hyl ene glycols, pentane
diols, bis-(4- hydroxycycl ohexyl)- dinmethyl net hane,

1, 4- di met hyl ol benzene, gl ycerol, 1,2,6- hexanetriol, trinethyl ol
propane, manitol, sorbitol, erythritol, pentaerythritol, their diners,
trimers and higher polynmers, e.g., polyethylene gl ycol s, pol ypropyl ene

gl ycol s; triglycerol, dipentaerythritol and the |ike, polyallyl alcohol,
pol yvi nyl al cohol, polyhydric thioethersé such as 2,2'-dihydroxydiethyl
sul fide, 2,2'-3,3 -tetrahydroxydi propyl sulfide and the |ike, nmercapto

al cohol s such as nonot hi o-gl ycerol, dithioglycerol and the |ike, polyhydric
al cohol partial estesusuChrgsnarenetlaar icomppenisaer yidh i tasl ppgaeaRitale;
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pol yhydri c ph ref'erence purpo conpr ehensi ve
di scl osure of such epoxy conpositions can be found in the text entitled
Epoxy resins, The development of insoluble networks require a thermal

activation step after the exposure step. Imaging systems with high
resolution can be produced. Iron arene salts are generally prepared
from the ferrocene according to the method reportéd by N. A,
Nesmeyanov et al., Dokl. Akad. Nauk SSSR 149, 615 (1963).

Cyvanate ester resins are made frbm polyfunctional cyanate
monomers as described in U.S. Patent Nc;. 4,094 ,852. Generally, a
catalyst is employed to achieve lower curing temperatures and
faster curing times. Thermally activéted 'catalysts which are
effective include acids, bases, salts, nitrgogen and phosphorous
compounds, i.e., Lewis acid_s such as AlCl,, BF,, FgCls, TiCl,, ZnCl,,
SnCl,; Bronsted acids such as HCl, H,PO,, aromatic hydroxy compounds
such as phenol, p-nitrophenol, pyrocatechol , dihydroxynaphthalene;
various other compounds such as sodium hydroxide, sodium methoxide,
sodium phenoxide, trimethylamine, triethylamine, tributylamine,
diazabicyclo-z,2,2—octane,- guinoline, isdquinoline,
tetrahydroquinoline, tetraethylammoniumchloride, pyridine-N-oxide,
'tributylphqsphine, zinc octoate, tin octoate, zinc naphthenate, and
mixtures thereof. U. S. Patent No. 3,694,410 discloses the use of
chelates of metal ions of the ionic or nonionic type with 1 to 6 or
more chelate rings, to catalyie the formation of triazines from
aromatic polyfunctional cyanates. Similarly, U. S. Patent No.
4,528,366 have shown that cobalt salts of C,~C,, carboxylic acids
are useful catalysts for triazine formation, preferably cobalt
octoate and cobalt naphthenate. U. S. Patent Nos. 4,604,452 and
4,608,434 disclose that alcocholic solutions of metal carboxylates



Cheni stry and Technol ogy, by A May and Y. Tanaka, Marcel Decker, Inc.,

York (1973) and the article "Resins for Aerospace"

"Pol yner Sci en
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i ncl ude, for
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18 resins, al
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resins,
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New

by C. A My, Applied

ce, ACS Synposium Series 285, R W Phehlein, eds., Anmerican

ety, p.559 (1985). Particularly suitable such epoxy resins
exanpl e, the diglycidyl ethers of resorcinol, catechol,

bi phenol , bi sphenol A, bisphenol K, tetrabronobi sphenol A,
yde novol ac resins, alkyl sugitituted phenol - al dehyde novol ac

kyl substituted phenol f or mal"dehyde resins, phenol -
dehyde resins, cresol hydroxybenzaldehyde resins,

|ene gheno cycl opent adi ene- substltuted phenol
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RatRg gfetabrexnbeanl d%@%??‘%‘hdﬁscb?ﬁfd% osed by E. Martelli,
C. Pellizzi, and G. Predieri, J. Molec. Catalysis 22, 89-91 (1983).

Energy polymerizable compositions comprising ionic salts of
organometallic complex cations and cationically sensitive materials
and- the curing thereof has been taught. European Patent Nos.
109,851; 094,914; and 094,915. U. S. Patent No. 4;554,346 discloses
photocurable resins from cyanate ester compounds. The inventors
used mixtures of polyfunctional cyanate esters with at least one
compound having hydroxy groups and radical-polymerizable
unsaturated double bonds, the compounds used in quantities such
that the ratio of cyanato groups to the hydroxy groups is in the

| ude
291.
nds

range from 1:0.1 to about 1:2, and a radical polymerization -

photoinitiator, at elevated temperature. These materials would not
be expected to yield the same polytriazine materials which can be
obtained from direct polymerization of the cyanates only.

Organometallic coﬁpounds useful in the present invention can
be prepared as described in the literature methods and as known to
those skilled in the art; examples are shown in Inorg. Chem. 17,
1003 (1978), Chem. Ber. 102, 2449 (1969), J. Organomet. Chem. 135,
373 (1977), Inorg. Chem. 18, 553 (1979), those methods disclosed in
EP 109851, EP 094914, EP 094915 and EP 0109851.

The curing agent can be present in the range of 0.01 to 20,
preferably 0.1 to 10 weight percent of the total composition.

Surfactants in amounts of about 0.5% to about 3% and
preferably about 1.2% to about 1.6% can be used to facilitate
mixing the filler with the epoxy. Suitable surfactants include



per nol ecul e such as for exanple, aliphatic diols, polyether diols,

pol yether tetraols, and any conbination thereof. Al so suitable are the

al kyl ene oxi de adducts of conpounds containing an average of nore than one
aromati ¢ hydroxyl group per nol ecul e such as, for exanple, the ethyl ene
oxi de, propyl ene oxi de, or butyl ene oxide adducts of dihydroxy phenols,

bi phenol s, bi sphenol s, hal ogenat ed bi sphenol s, al kyl ated bi sphenol s,
trisphenol s, phenol -al dehyde novol ac resins, hal ogenated phenol - al dehyde
novol ac resins, al kyl ated phenol - al dehyde 28vol ac resi ns,

hydr ocar bon- phenol resins, hydrocarbon hal ogenat ed phenol resins, or

hydr ocar bon- al kyl at ed resins conbi nation thereof. The reactions
bet ween epoxi B EPFLENERS & Fo?Ct& PIRSEMEF USRI A TEOFO AR i£8% Rapay ¢
been ext ensi very Hazgli € aFkesearsprfacenestivay @genstetcsvnbreradedc bivbehehese
wel | known cl assaSioar éfacteyihenSee orf Ofiorgian@dica UsSh PathyNee. &xidkq, 099,

3,377,406, 3, EéJd&‘%é 08 GRS a80f sdrddd. &9@omﬁbu§8é #Lhuad, é‘é@o%%?l henol
3,547, 881, 3, , 191, German Pat. No.

38 9
2,206, 218, an ﬁﬁsfggt 'HgﬁgﬁﬁngSFl%%oxy Resi ns" by H.. Lee and K.
Neville, McGawH I, NY (1967). Commercially avail abl e epoxy resins which
may be used for tihmhe composition may optionally contain other curing promoters

or accelerators and various other materials such as plasticizers,
elastomers, fillers, pigments, mold release agents or other resins.

Surface treating agents that may be used in this invention
aré, for instance, vinyltrimethoxysilane, vinyltriethokysilane,
N(2—aminoethyl)3—aminopropyl methyldimethoxysilane, 3-
aminopropylethoxysilane, 3- glycidoxypropyl trimethoxysilane, 3-
glycidoxypropylmethyl dimethoxysilane. The amount of the surface
treating ageﬁt used is preferably from 1 “to 20 parts, more
preferably from 3 to 15 parts, with respect to 100 parts of resin.

i

Fillers that are thermally conductive and electrically
insulating fillers could be used for improving the thermal heat
transfer from the device to the surroundings. Such fillers include
Aluminum Oxide, 92% Alumina, 96% Alumina, Aluminum Nitride, Silicon
Nitride, S8ilicon Carbi&e, Beryllium Oxide, Boron Nitride and
Diamond powder either high pressure or Plasma CVD.

The compositions of the present invention contain about 25% to
‘about 60% by weight and preferably about 50% to about 60% by weight
of the binder, and correspondingly about 40% to about 75% by weight
and preferably about 50% to about 60% by weight of the filler.
These amounts are based upon the total amounts of binder and filler
in the composition. When the binder includes the polyepoxide, the
compositions employed in the present invention also include a
hardening or curing agent.

The silica is preferably a fused or amorphous silica. The
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19 pur pose are EPON series (Shell Chemcals), Araldite series (C ba-

G egy), DER series (DOWN Chemical), Epiclon Series (Dainippon Ink Chem cal
Industries). The preferred cycl oaliphatic epoxy resins are non-glycidyl

et her epoxi des contai ning nore than one 1,2 epoxy group per nolecule. These
are generally prepared by epoxidi zing unsaturated aromati ¢ hydrocarbon
conmpounds, such as cycl o-ol efins, using hydrogen peroxide or peracids such
as peracetic acid or perbenzoic aci d. Such non- gl yci dyl ether
cycl oal i phatic epoxy resins have a ring strdicture wherein the epoxide group
is part of the ring or is attached to the ring structure. These epoxy

resins My alag SO Al cesielpll BkRges. cihabl e ronalugl vl sLhst oy

cycloallphatlc eg resi ns have ruct ures: f wherein: S
i s a saturat @FSFPRRPI FGePuRReUR )-8 §é?’é‘€15e&°f?%‘?ﬂtt Ré @‘r‘%ﬁ‘b“sof aeﬂwﬂfér r],
Q(CH[ err]) [ errECHGEH[yefrdn adadt QG7CHP exboju)|[ 2 ri OHAGH[ er¥hisr adircalessany= 1
to 5 R is el esdedrer oAl 9h0sHE0008bwd irBgd Ofy h&ﬂéﬁg%uﬁ&i&\éﬁioﬁ; hyl,

propyl, butyl n&_&g Oéé%@z%’rle RS 1 on A 1Re1 4 wRELE EhE Y [ QTLEDE AL RUR:

consi sting of
chip housing 31, between the housing 31 and the substrate 11. In

addition the silica filler should be substantially free of ionics
and lonic impurities which might contribute to reliability
problems.

.The compositions of the present invention contain from about
25 percent to about 60 percent by weight, and preferably from about
50 percent to about 60 percent by weight of the liquid or flowable
organic resin, balance a suitable filler capable of reducing'the
coefficient of thermal expansion,

Cure is effected by a the presence of an effective amount,
e.g., from about 0.5 weight percent to about 5 weight percent,
basis epoxide, silica, and photoinitiator, of a suitable
photoinitiator. One such photoinitiator is a 50 weight percent
solution of triarylsulfomium antimonate salts (CAS Registry Numbers
89452-37-9 and 71449-78-0) in propylene carbonate. One such
photoinitiator is Union Carbide Cyracure UVI-6974. i

\\
- This Sheet Has Been Rep

A



-—

20 GH err]OOC(CH err])[err] COO radi cal s. Exanpl es of suitable non-glycidyl
.ether cycloaliphatic epoxides include

3, 4- epoxycycl ohexyl nmet hyl - 3, 4- epoxycycl ohexane carboxyl at e;

vi nyl cycl ohexane di oxi de whi ch contains two epoxi de groups, one of which is
part of a ring structure; 3, 4-epoxy-6-

nmet hyl cycl ohexyl nmet hyl - 3, 4- epoxycycl ohexane car boxyl at e, and

di cycl opent adi ene di oxi de. O her cycloallg?atlc epoxy resins are suitable,

i ncludi ng glycidyl ethers such as: 1,2-bis(2, 3-epoxycycl opentyl oxy) - et hane;
2,3-epoxycyc|openty| gl yci dyl et her; d|g|y0|dyl cycl ohexane- 1, 2-

di car boxyl at e; cyclohexyl ycidyl ether; bis-(2,3-

epoxycycl opent yl ) é?ﬁg‘? bi \&SE8 WErEpG W}‘?él ‘b‘be‘riﬁ/]} )U"é?’l‘lé:rarbS‘é%)BRL 4221

gl yci dyl - 2- (3, Q‘Qé’sejxwlhy@)&t}mgymlopﬂerbkhemlahexan@ychaaﬂg S Nodhane

di oxi de; 3, 41.8pDxi16captdng ONChD leaxyldeichyhcde ﬁVIWYtﬁlarylsulfonlum
TeLIy! oyCl ONEKENREALROMALC. 1l $005pi LR EalRaERON CoLIG NpMRLENL L e

1, 2- epoxy grgug 3{ gt to various heteroatons or gt oups;
such conpound& PRSI 48y aé’féﬂ‘ffl‘aé:e 5P TRy NPRSA St rt|°§F‘§7cFHﬁrYd€P|1§aH% of
4- am nophenola{ltimalﬂel\ﬁﬂtﬁr pod yyiogyLexke davhenate)of 3- ami nophenol , 't he

gl ycidyl ether/glycidyl ester of

Example 1

- A set of experiments were pe}:formed in which equal amounts of
Novacup L3337 silica filler and Union Carbide ERL-4221
cycloaliphatic epoxy resin was mixed with varying amounts (0, 0.25,
0.5, 1.25, and 5%) of Union Carbide Cyracure UVI-6974
photoinitiator. The mixtures were added to aluminum sample holders
and processed. The process varied from 0 to 2 min UV exposure, 0

 to 280 minutes hold timé, and 60 to 100 degrees C bake temperatures
for 10 minutes. The thickness of the cured material resulting

—

after a methyl ethyl ketone removal of uncured resin was recorded.
The results indicated that UV exposure was required. No
material. was hardened with bake only. Maximum thickness was
obtained with 0.5% photoinitiator. The higher temperature bake
gave greater thickness. The cured material after the 1lower
temperature bake, while thinner, was also more flexible.



salicylic aci d, N-glycicyl-N -(2-glycidyl oxypropyl)-5, 5-

di met hyl hydant oi n or 2-glycicyl-1, 3-bis-(5,5-di nethyl -1-

" gl yci dyl hydant oi n- 3yl ) - propane. M xtures of cycl oaliphatic epoxy resins are
al so suitable. The preferred cycl oaliphatic epoxy resins include 3, 4-
epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane carboxyl ate, (systematic nane:
7- oxabi cycl o( 4. 10) hept ane- 3- car boxyl i c acid 7-

oxabi cycl o(4. 1) hept -3-yl met hyl ester) commercially avail abl e under the
desi gnati on ERL-4221 from Uni on Carbi de Cﬁﬁpany and- 3, 4-

epoxycycl ohexyl nmet hyl - 3, 4- epoxycycl ohexane carboxyl ate m xed with

bi s( 3, 4- epoxyxyxl ohexyl ) adi pate, avail able under the designation ERL-4299
from Uni on Car bi d&288hpahy. 21 The cycloaliphatic epoxy resins have
a preferred epoxy equival ent weight of fromabout 50 to about 500,

preferably from aiuicBwhAg MWl sLhh11y Tha 16¥&d QabePRRItCwEPRRY £EES NS
have a vi Sco%btxp{éﬁéﬁé Qi%% ﬁ‘bggt_C&QQOax{’aosde(t%%ﬂAeDC\-}h%e) 2k @%gr%ﬁ us
pr ef erabl y about 16 a6ttt 9 Cps, nore pre erab(y about 300 to about 600
cps, and noBRTHILEEFabl P "BBBIRT 3BOXtY CakBtitPreRsEed HYsWelghifge25 g of
cycl oal i phat Nevapgx {3Besiindchatic larmbhtacal 200 wai ghdstdic beakeraboW®d this
was added 25 g of Union Carbide ERL-4221 cycloaliphatic resin.
This was mixed by hand with a glass stirring rod to a smooth
consistency. This mixture was divided into two 20 g portions. To
one-beaker was added 0.24 g of Union Carbide Cyracure UVI-6974 (50%
mixture of photoinitiator in propylene carbonate). To the other
beaker was added 2.0 g of Cyracure UVI-6974. Portions of each
mixture were added to eight 30 x 30 x 4 mm aluminum caps. Each cap
was exposed to a 5 mW/sg. cm. mercury lamp for the times indicated
below. The caps were processed as indicated in the table. Baking.
was done in either a Fisher Isotemp or a Blue M oven by first
bringing oven to temperature then inserting parts for time,
indicated. After processing the cured material was removed from the
cap and rinsed in methyl ethyl ketone. This removes tﬁe lower
uncured material, only the top portion of the resin cures. The
thickness of the cured material was measured with a Federal model
6918-R2 bench micrometer taking the average of several readings.



200 t.0 700, preferably 200 to 500, and a wei ght per epoxide of 50 to 500,
preferably 50 to 300. Photoi nduced pol yneri zabl e cyanate ester conpositions
and a process for making these conpositions and their use in encapsul ating
sol der connections of electronic conmponents, conprising a cationically

pol ynmeri zabl e cyanate nononer, prepolyner and m xtures thereof, an
effective anount of nodifier to enhance the fracture properties of the
whol e and a catal ytically effective anount of an organonetal lic conpl ex
salt as polynerization initiator, which pon photolysis is capable of

| i berating at | east one coordination site, and the said netal cation in the
organonetallic conplex is selected frometenents of the Periodic G oups
VB, VB, VIB, VIIB, and VIIIB are atssidlirscl osed here. The cyanate esters

t hat can beRenpllnjigdaper Fuxanboge Bbhe ipimesBake iTewpndalen thay eCcuine0 thLickiyse OCN
groups and are curfabl e thr88§h cycl Be¥isheri z&ti on. THEncyandtidsesters can
be nmononeric or |ess preferably polyneric, including oligoners and can be
22 represented by ot gose nmaggrials cgntaining dohe fol lgwi ng g5 .qup: [err]

2 0.5 30 2 120 10, 111.1
3 0.5 180 0 120 20 100.3
4 0.5 180 2 80 20 46.9
5 5.0 30 0 120 20 38.4
6 5.0 - 30 2 80 20 28.8
7 5.0 180 ° 0 80 10 37.7,38.5
8 5.0 180 2 120 10 49.4
9 5.0 180 2 120 20 60.8
10 5.0 180 0 80 20 45.2,35.8
11 5.0 30 2 80 10 28.7,24.5
12 5.0 30 0 120 10 33.5
13 0.5 180 2 80 10 42.2,45.6
14 0.5 180 0 120 10 72.1
15 0.5 30 2 120 20 143.8
! 16 0.5 30 0 80 20 39.0
Example 3

A mixture of resins were prepared in a glass beaker by heating
on a hot plate 1 g of Epon 1007 and 9 g of ERL-4221..The hot plate
‘was maintained at 140-150°C for 3 hours until the Epon 1007
gissolved. While warm, 0.01 g of ethyl violet dye and then 15 g of
Novacup L337 silica was added and mixed with a stir rod. The dark
blue mixture was viscous when cool. The mixture was applied with
a stir rod to the leads on a circuitized ceramic test substrate.
The substrate was exposed for 2 minutes under the 5 mW/sq. cm.
mercury lamp, then baked at 120°C for 5 minutes. The surface had
hardened. The ceramic was cooled to -70°C several times in a
freezer and warmed to room temperature. A crack was observed at a -

bubbled area in the applied material otherwise the integrity and



e
V\,hereln Ais a single bond, C(CHerr])H SJerr], O C(CFlerr])[err],

CH err]OCH err], S, C(=0, 0OX(=0), S(=0, OF( O)O OP(=0 (=0 G dival ent

" al kyl ene radi cal s such as CHerr] and C(CHerr])[err], dival ent al kyl ene
radicals interrupted by heteroatons on the chain such as O S, and N, Ris
selected fromthe group of hydrogen, hal ogens, and al kyl groups contai ni ng

from1l to 9 carbon atons; and nis an integer fromO to 4. Specific cyanate
esters that can be enployed in the present invention are avail able and

wel | - known and include those discussed iRg3U S. Pat. No.(s) 4,195,132,

3,681, 292, 4,740,584, 4,745,215, 4,477,629, and 4,546, 131; European patent

application EP0147548/ 82, and German Laid Open Patent Application 2611796,

di scl osur es efihegiioohwas egdodcor porated herein by reference. Suitable

pol yfunctional cyanates are prepared by well known nethods, for exanple by

reacting the corigRponel 00 BOLIGRLGRE BRERGh Ml Nufad 99@@%@ gyapate in

the presence of _a terfrary am ne suc fed in

U.S. Patent KBs® BebHy ?Eﬁce’St 7’46'%3§°r'ar?d1§’ ?5 °§H§f d?ﬁ% Bﬁeﬁ%lt‘?e%ﬁf’cant
can be any asenendsc golfmburlpdmgo:m & npn:g hours, a bake temperature of 80 to

120 degrees Celsius, and a bake time of 10 to 20 minutes. Cure
thickness of 23.0 mils to 143.8 mils were obtained. BAn R squared
analysis of this data was performed. It was determined that
initiator concentration (significance level 0.021046) and bake
temperature (significance level 0.0079883) were the most
significant variables.

Example 4

A homogeneous liquid mixture was prepared by mixing 10 g of
Arocy L10 from Ciba, 0,1 g of 10% solution of 8% Zn octanoate in
mineral spirits from Mooney Chemicals and 0.15 gr of Irgacure 261
from Ciba. To this solution 15 g of Novacup L337 silica was added
and mixed with a stir rod.

Alternatively another mixﬁure was prepared by adding 5 gr of
Arocy L10, 5 gr of MR283-250, 0.1 gr of Zn Octanoate and 0.15 gr of
Irgacure 261 were added. To this solution 17 g of Novacup L337
silica was added and mixed with a stir rod.

Each sample was roll milled for 1 hr after addition and vacuum
degassed to remove the entrapped air. Coatings (2 mils) of these
mixtures were first baked for 15 min at 130°C, exposed for 300 sec
(350 W Oriel Lamp) and baked at 150°C for 15 minutes. The resulting
cured films appeared to be of good quality and do not appear to
crack upon a 90 degree bend test.

The composition protects the soldered joints from the effects
of thermal cycling.

Thus there has been shown and described an improved



23 one or nore reactive hydroxyl groups. The phenolic reactant is
_preferable a di- or tri- polyhydroxy conpound of the forrmula: [err] in
whi ch each a and b is independently 0, 1, 2, or 3, and at |least one a is
not 0; nis within the range of 0 to about 8, preferably 0 to 3; each Ris
i ndependently selected fromnon-interfering alkyl, aryl, alkaryl,
het eroat.om c, heterocyclic, carbonyloxy, carboxy, and the like ring
substituents, such as hydrogen, Clerr] alkyl, Cerr] allyl, C(err] alkoxy,
hal ogen, mual ei m de, propargyl ether, glg¢idyl ether, and the like; and Ais
a polyvalent linking noiety which can be, for exanple, aromatic, aliphatic,
cycl oal i phatic, polycyclic, and heteroatomnm c. Exanples of the |inking
noi ety A i ncPHRfEToBIC pygkage] assemply whergdn excapsglapg] material is
di cycl opent adt&liyded & akkyfqrcaryte etgatimdakl phatectioandf arreiirientebonthe
Exzrrg! es of : 85’5%9@:1195535&§§§e feqleln@xw.&,l' aﬁ&}ma_tmﬁz?&eonhﬁtﬁn&izs zac'kage
, 4-di cyana -fert-butyl - - P

di methyl -1 5 gaeancengsi A skathl Yhadn & ELSUBENBUBEIIC: quitied an
di cyanat oben2BfRitionah bl pulstangielih Srepesy, et nop-PRPHF-e Backage .
di cyanat obenaesamblies](toset matc yanhidingnererapsularmt, 8 thepiike saterial).
gi Zyanit gbi PEREY backage 3asSendly! &ld 288 Hhek- %%éahcxenaf@%mberaﬂ , bindr
I3 611 oyafabitacuie 2o msdl drobuctlay BAINAN BRE B8 ponceye srom

the advantages thereof. AltlHough the irvention has been' defined
with respect to low profile packages (those having a total height
of only about 0.030 inch to about 0.050 inch, it is understood that
the teachings herein are readily adaptable to other, higher profile

package structures, including many of those well known in the art.

While there have been shown and described what are at present
the preferred embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modifications may
be made therein without départing from the scope of the invention
as defined by the appended claims.



chl gr o- 4- cyanat ophenyl ) nret hane, 2, 2- bi s(4-cyanat op _n¥l )e ropane

2,2-bis(3,5-dichloro-4- cyanat ophenyl ) pr opane, nBeplaced
“di brono- 4- cyanat ophenyl ) propane, bi s(4-cyanat ophenyl Flﬂ”
cyanophenoxyphenoxy) - benzene, di (4-cyanat ophenyl ) ket

cyanat ophenyl ) t hi oet her, bi s(4-cyanatophenyl)sul fone, tris (4- 24

cyanat ophenyl ) phosphite, and tris(4-cyanatophenyl)phosphate. Al so useful
use cyani ¢ aci-d esters derived from phenolic resins i di sclTosed in U S.

Patent No. 3,962,184, cyanated novol ak deri3sed from muﬂﬂﬂm din
U.S. Patent No. 4,022,755, cyanated bisphenol type p gomer

derived from bi sphenol types pol ycarbonate oligoner |ist ed in"U & Patent
No. 4, 026, 913¥ecsdiat:o-t ermi nat ed pol yaryl ene ethers listed in U S. Patent
No. 3,595, 9001.di ;aeat&paakat Scdpees Ofg %&hﬂ‘&mwgﬁhawr@raﬂ&eréb% in

U S. Patent No. 4 584s; | obri
Patent No. 4, 709, 0%4595;?:;?{;?“08%% e&agfgﬁgt%%%o%f a?%?ﬁﬁé po li'?(%%%c%dc a |pqnat|c

diradi cal s such as%8? PABGF e RPELRICHEEEe TGRS, Pat ent . 4,528, 366,
fl uorocarbon cyanates described in U S. Patent No. 3,733, 349, and ot her
novel cyanate2conpmsi tdneagsirughtosi k1bi®. 1 Pak@riinNese 4pdP, A mnths a

4,116,946, all of ﬂMHrQD;ty of reactive 1,2-epoxy groups.

3. The encapsulant of claim 2 wherein the epoxy resin is chosen
from the group consisting of monomeric, polymeric, saturated,
unsaturated, - aliphatic, cycloaliphatic, aromatic, and
heterocyclic epoxides.

4. The encapsulant of claim 2 wherein the epoxy resin is a
substituted epoxide, wherein the substituents are chosen from
the group consisting of hydroxyl groups, ether radicals,
halogen atoms, and combinations thereof.

5. The encapsulant of claim 2 wherein the epoxy resin is chosen
from the group consisting of epoxy polyethers.

6. The encapsulant of claim 5 wherein the epoxy peolyether is the .
type obtained by reacting an epihalohydrin, chosen from the
group consisting of epichlorohydrin, epibromohydrin, and
epiiodihydrin, with a polyhydric phenocl or a polyhydric
alcohol.

7. The encapsulant of claim 6§ wherein the polyvhydric phenol or
polyhydric alcohol has substituents chosen from the group
consisting of lower alkyl groups containing from one to four
carbon atoms, and halogen atoms.

8. The encapsulant of claim 1 wherein the cyanate esters have two
oxr more OCN groups and are curable through cyclotrimerization.



are_incorporated herein by reference. A discussi offhip$heaRéB&RRgMS OUNd i N

Bogan, et al., "Unique Polyaromatic Cyanate Ester f ric
"Printed Gircuit Boards", SAVPE Journal, Vol. 24, “ 1988. A

preferred polyfunctional cyanate ester is Bispheno ate

(4,4 -ethylidene bisphenol dicyanate) available from G ba under the trade

desi gnation Arocy L-10, and bi sphenol M di cyanat I 1 abl e as
RTX-366 from G ba- G egy. Qther suitable é§anat e_mmﬂﬁﬂ ude the
commerci al products avail abl e under the designati ons -3 3 - 379,

Arocy B-10, B-30, B-40S, B-50, Arocy M 10, M 20, M 30, M40S, M350, Arocy
F-40S, and Fg 10 ﬁé’”’é%ab%agnetgy-f yenal Glasses ol GALLONG ror 50 o
phot oi ni ti ators have Tbegn‘ ound "and trFIel rUse I'n-corbi nat 1 on W th &pdxi es
is described by &Fyidiagpaiym PBOt@ini&igERr- and S. A Zahir, in J. Macronol .
Sci. Revs. Macronol. Chem C21, 187 (1981/82). However, a significant
ggnber Qf”thﬁﬁ.ﬁ 'I‘ﬂétérﬁ:tagéﬁ;af?t_{tﬁ otf0@1§j|.h9}/§ mep@irpftnanynwiaﬁtiwa&qzvqlsusn
mrercially the nost stgnificant_cataly a he .aryl di, M
tri phenyl sul f oni ﬁrrln“é’?ﬁaglgp%heor?f?\i %r 6nn}t§ren iéa%?ségr\}\%ﬁ %l?ﬁe rmgéﬁ?&lwl %ﬂtsf
with anions BF,, PF;, AsF, or SbF, .

11. A method of encapsulating a soldered Jjoint between an
integrated circuit chip and a substrate therefore comprising
the steps of: '

a. forming a composition comprising an epoxy resin or a
cyanate monomer, an effective amount of photoinitiator,
and dispersed silica;

b. providing the composition in contact with the soldered
joint; and

c. photocuring the composition.

12. The K method of claim 11 comprising thermal curing the
composition after photocuring the composition.

13. The method of claim 11 wherein the epoxy resin has a plurality
of reactive 1,2-epoxy groups.

14. The method of claim 13 wherein the epoxy resin is chosen from
the group consisting of monomeric, polymeric, saturated,
unsaturated, aliphatic, cycloaliphatic, aromatic, and
heterocyclic epoxides.

15. The method of claim 13 wherein the epoxy resin is a
substituted epoxide, wherein the substituents are chosen from
the group consisting of hydroxyl groups, ether radicals,
halogen atoms, and combinations thereof.

16. The method of claim 13 wherein the epoxy resin is chosen from



recently found conmpounds the diaryliodosyl and triaryl sul foxoniumsalts

whi ch possess ani ons of |ow nucleophilicity. These are Knawis Sheet Has Besh Reglgced
upon irradiation, the corresponding Lewis acids BF[err], B | )

the Bronsted acids HB[err], HPF[err], HAsF[err]. The effecf‘

aryl di azonium salts as photoinitiators depends on the struc I ther,
the cationic and the anionic noieties of these salts. Their spectral
sensitivity can be varied by nodifying the structure of ~+he—aryl part of

t he aryl di azoni um conpound. Such class of photoinitiator smﬁmgm

generally a thermal post treatment step after irradiati.on MWUL’"I
SL SAO &

satisfactory curecdf obbep RRAXYsEAR Br RVIBVES1yeta¥LE al dranbac
nitrogen evol ution during the photolysis Step and their poor thermnal

stability and_inherent noisture sensitivity limt the use of aryldiazonium
sal ts as phottdi ni Treaf8FReq Af £1dRDE WBErPmatls CRP*HFPLY A 0AS ther tepoxy
curing. Crivello obtdibed edyopreating AnRepia@ohiiminecdisnest £yo"theNgBoug\l | en
ed.), P. 1 ApplieshnGisefse PWY .. dp@BHDSbondd8in, POibabhshyidiah, honphytic
cl eavage of one og; f'totﬁha{%il bown%1 |andugleq1 a¥.a ggxgoqghem %al € ctlog S
the first reactioms eg,y & astbseqbdnt ™| yﬂcrog A Abstt alt i B PP G
suitabl e donor, f®4q d by loss of a proton yields the Bronsted acid HX
This strong Bronsted acid HX, protonates the oxirane group as the initial
step with suhgequedd hédfHbaORENI A1 RO M RieE&EA Othd ad NGyRLBECpnéraierat!y,

polyhydric alcohol has substituents chosen from the group

consisting of lower alkyl groups containing from one to four
carbon atoms, and halogen atoms.

19. The method of claim 11 wherein the cyanate estexrs have two or
more OCN groups and are curable through cyclotrimerization.

20. The method of claim 11 wherein the photoinitiator is a
aryldiazonium photoinitiator.

21. The ﬁethod of claim 20 wherein the photoinitiator is an onium
 salt chosen from the group consisting of “"onium" salts with
anions BF,”, PF,, AsF, or SbFy .

22. An article of manufacture comprising an integrated circuit
chip, a substrate therefor, and a soldered joint therebetween,
said soldered joint having an encapsulanﬁ thereof comprising
the photopolymerized product of a cycloaliphatic epoxide and
a dispersed phase of particulate silica. '

23. A photoinduced polymerizable cyanate ester composition,
comprising a cationically polymerizable cyahate monomer,
prepolymer and mixtures thereof, an effective amount of
modifier to enhance the fracture properties of the whole, a.
filler and a catalytic effective amount of an organometallic

complex salt as polymerization initiator, which upon



only "oniunt salts with anions BFferr], PF[err], AsF[err] or SbF[err] can
be used, with the pol ymerization rate increasing according to the sequence
‘gl ven before. Cycl oal i phati c epoxi es show hi gher reactivities than the
glycidyl ethers and glycidyl esters. Most of the exanples reported to
date, involve organometal lic conplexes that possess photfol abile Iigan
such as carbon nonoxi de, ol efins, and carbocycl ICH“I“ H I" 'WHHI bed by D.
M Allen, J. Photog. Sci. 24 61 (1976) amd H. B. F. G
Johnson, Chem Brit. 22 327 (1986). 26 Nuner ous organorret allic
conpounds such _as _organonetal carbonyl conpounds, netallocenes and
al uni ni um conpl ePESERLKF LS SEPPPIR GENtHeARBIY PR ket tpone reprdnatéanof
epoxy functi onal isiéd, poldyrbe smetiél Motbon dndthe Awenbedtallicl a@gpleSciis 30,
174 (1986) have @ese&tddrbhOdiren@heEoanbSpdiddig SRS 1R} hvd OWrgn,
nucl eophilicity. V‘Egg pPhet 9kysl s of these conpounds produces Lewi's aci ds
whi ch can pol yneri ze’ epoxy resins relatively easy. The devel opnent of
i nsol ubl e networks require a thermal activation step after the exposure
step. | magi ng4 syst erecess hidy girovédiiaitphototmiuckd pelyhesddable oryanagre
salts are gener aldsyepr €p@jotétions, comprising a cationically polymerizéble
cyanate monomer, prepolymer and mixtures thereof, an

effective amount of modifier to enhance the fracture
properties of the whole and a catalytically effective amount
of an organometallic complex salt as polymerization initiator,
which upon photolysis is capable of liberating at least one

. coordination site, and the metal cation in the organometallic
complex is selected from elements of the Periodic Groups IVB,
VB, VIB, VIIB, and VIIIB.

25. A lead protective composition comprising the polymerization
product of: ' '
i a) at least one cyanate monomer;
b) a catalytically effective amount of an organometallic
compound of claim 23; and
c¢) a filler for thermal expansion control.



fromthe ferrocene according to the nmethod reported by N. A Nesneyanov et
al ., Dokl. Akad. Nauk SSSR 149, 615 (1963). Cyanate ester resins are nade
from pol yfuncti onal cyanate nononers as described in U S. Patent No.
4,094, 852. CGenerally, a catalyst is enployed to achieve |ower -curing
tenperatures and faster curing tinmes. Thermally activated catal ysts which
are effective include acids, bases, salts, nitrogen and phosphorous

conmpounds, i.e., Lewi s aci ds such as AICI[err] BF[err], E&Q_[ﬂ_]\q_\r‘
Tid[err], ZnC[err], Snd[err]; Bronst&%¥ acids such as Hd Herr]PQerr

aromati ¢ hydroxy corrpounds such as phenol, p-nitrophenol, F%atfhs:k&hkeplaced
di hydr oxynapht hal ene; vari ous ot her conpounds such as sodlu

sodi um net hoxi de, sodi um phenoxi de, trinethylamne, triet hym#mmmﬂ,“,”
tributyl am ne, diazabicycl o-2, 2, 2-oct ane, qgui nol i ne,

i soqui nol i ne, tetrahydroquinoline, tetraethyl amoni um chl ori de,
pyri di ne- N-oxi de, tributyl phosphine, zinc octoate, tin octoate, zinc

napht henat eLEAIXPROTBOHYE 00AGING COMPOSITION, PROCESS AN SGRUGEUREES t he
use of chelates of netal ions of the ionic or nonionic type with 1 to 6 or

nore chelate rings, to catal yze the THERBOBn of triazines fromaromatic
pol yfunctional cyanates. Simlarly, U S. Patent No. 4,528,366 have shown
that cobalt salts of CJerr]-Cerr] carboxylic acids are useful catalysts
for triazi e,&gé tion, preferably cobalt octoate and cobalt napht henate.
U S. Pat S C 4,604, 452 and 4, 608, 434 di scl ose that al coholic solutions
of netal carboxyl ates

An electronic packagg assembly where a low profile integrated circuit chip
package (13) is soldered to an organic (e.g., epoxy resin) substrate (11), e.g., a printed
circuit board or card, the projecting conductive leads (21) of the integrated circuit chip
package (13) and the solder which substantially covers these leads (21) (and respective
conductors on the substrate) having been substantially covered with ultraviolet |
photocured encapsulant material (e.g., polymer resin) to provide reinforcement for the
solder-lead connections. The encapsulant material is dispensed about the solder and lead
joints following solder reflow and solidification so as to substantially surround fhe solder

and any portions of the leads not covered with solder.

Fig. 1.
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7 areé effective catal yst conpositions for triazine formation by heating.
Organonetal lic cobalt conpounds have been used to catalyze the
trinerization of acetylenes U S. Patent No. 4,183,864 and the
co-trinmerization of acetylenes and nitriles U S. Patent No. 4,328, 343. The
phot ocat al yzed trinerization of aryl isocyanates using netal carbonyl

conpl exes has been disclosed by E. Martelli, C Pellizzi, and G Predieri,
J. Molec. Catalysis 22, 89-91 (1983). Eq§&gy pol ymeri zabl e conpositions
conprising ionic salts of organonetallic”conplex cations and cationically
sensitive materials and the curing thereof has been taught. European Patent
Nos. 109, 851; 094, 914; and 094,915. U S. Patent No. 4,554, 346 di scl oses
phot ocur abl e resins fpon1cyanate ester conpounds. The inventors used

m xtures of pol yfup€tional cyanate esters with at |east one conpound

havi ng hydr oxy groups and radi cal - pol ynmeri zabl e unsat urated doubl e
bonds, the conpofinds used in quantities such that the ratio of cyanato
groups to the hydroxy groups is in the range_fyom1:0.1 to about 1:2, and a
radi cal pol ynmerizgtion photoinitiator, agéglé ed tenperature. These
materials would n be expgpted to yiBdhd™th R pol ytriazine materials
whi ch can be

19
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Obt aihed fromdirect polynerization of the cyanates only. Organonetallic
conpounds useful in the present invention can be prepared as described in
the literature nethods and as known to those skilled in the art; exanples.
are shown in Inorg. Chem 17, 1003 (1978), Chem Ber. 102, 2449 (1969), J.
Organonet. Chem 135, 373 (1977), Inorg. Chem 18, 553 (1979), those
met hods di scl osed in EP 109851, EP 094914, EP 094915 and EP 0109851. The
curing agent can be present in the ran ) f 0.01 to 20, preferably 0.1 to
10 wei ght percent of the total conpositi‘on. Surfactants in ampbunts of about
0.5%to about 3% and preferably about 1.2%to about 1.6% can be used to
facilitate mxing the filler with the epoxy. Suitable surfactants include
28 non-ionic type surface active agents such as Triton X-100 from Rohm and
Haas Co. These surface active agents are prepared by the reaction of
oct yl phenol qk)nOnyIphenoI wi th ethylene oxide. Products of the above
series of conpoun include the Cctyl phenol 3Seri es and Nonyl phenol Seri es.
The conposition—;gi\sptionalLy contain OBEFr cOKj ng pronoters or
accel erators and var\ous other materials DQQ\aS pl asti ci zers,
34

33




el astoners, fillers, pignents, nold rel ease agents or other resins. Surface

““tré&ating agents that nay be used in this invention are, for instance,

vi nyl tri met hoxysil ane, vinyltriethoxysilane, N(2-am noethyl) 3-anm nopropyl

- met hyl di met hoxysi | ane, 3- am nopropyl et hoxysi |l ane, 3- gl yci doxypropyl
trimet hoxysil ane, 3- glycidoxypropyl nethyl dimethoxysilane. The anmount of
the surface treating agent used is preferably from1l to 20 parts, nore
preferably from3 to 15 parts, with rggpect to 100 parts of resin. Fillers
that are thermally conductive and electrlcally insulating filBers could be
used for inproving the thermal heat transfer fromthe deyfce to the
surroundi ngs. Such fillers include A unlnug}LX|ge, 92% Al um na, 96%

Alunina, AluminumNitride, Silicon Nt N I coq Capbi de, Beryllium

Oxi de, Boron Nitride and D anond p3wde her Yi gh\pressure or Plasma CVD.
The conpositions of the present inventie nt ai\n abPut 25% t o about 60% by
wei ght and preferably about 50%to abput\60% by wei ght of the binder, and

aboT Yo b\ _weinght' and pre erabl about 50%
to about 60% by wei ght of e Hller. |ghese annunts ar g based upon the
total anounts of bi nder fi M er~«l]he conpositioch,/Wen tHe binder

i ncl udes tHe-pol yepoxi de,  hexco vo“1|ons enp oy'alk the pr sent

i nvention al so™ncl ude3a~hax de 4 cur| ng agepi. (Thy silic

preferably a fusad of ano ph‘.. !z_Jb i ::4_

correspondi ngly abo
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79 particle size of the filler is preferably 31 microns or |ess, and
preferably fromabout 0.5 mcrons to about 31 microns, and nost preferably
fromabout 0.7 to about 20 microns. The filler size limtation of 31
mcrons or less is not essential, but represents the preferred enbodi nent
of the invention in application to the very Iimted size of electronic
packages (low profile packages). This is preferable so that the uncured
material flows readily before pol ymeri 24fion, and so that the conposition
will flow under the integrated circuit chip housing 31, between the housing
31 and the substrate 11. In addition, the silica filler should be
substantially free of ionics and ionic inpurities which mght contribute to
reliability problens. The conpositions of the present invention contain
from about 25 percent to about 60 percent by weight, and preferably from
about 50 percent to about 60 percent by weight of thd liquid or flowable
organi c resin, bal@ a suitable filler capable of reducing the
coefficient of thermal expansion. Cure is effecé d by t\he presence of an
effective amount, e.g., Xrom about Gb.wei gt P Ebent to about 5 wei ght
percent, basis epoxide, i?hpa, ag i i sui tabl e
photoinitiator. One such photo{ni i 3 ercent sol ution of
triaryTsquoniy ant iiate salt\s (C ijsit ry tNunmber s/89452-37-9 and
71449-78-0) in propyene C¥ inifiator is Union

61
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30 A seri f SES v§ @Elarri ed out with U "4221
3,4—€epoxy¢ WLT yir'3, 4- epoxycycl ohexane gal gggﬁgsq;egnRngye@qu L337
silica, apd|Union Carbidej Gyracure UVI-6974 tria ' t iwfonat e
salts in| prapplFEBR1998ar bohate (50 weight peEm I[‘lmmmmﬂEl f-oni um
antinonate galts, basis tpthl triarylsulfoniuma I and

pr opyl ene {cartomate) . ExarrpLe 1 A set of experinents were perfornmed in

whi ch equdl anpunts of Novaéup ek id 4 il er and Union
Car bi de L-4221 cycloaliphatic ep%'%’;)lsé#eﬂg??lm\'/\?a@o% xed Wwit, a/ar I n
anounts (0, 0.25,ncrcgordance with ong Aspect;9§ the inventipm.otherecis, pp @%ﬁ@a‘?é’f

WVI - 6974 phOtc&%ﬂmﬁg)ra solderedi joinyr RAwaRr en dftegrted ocietuitnthip namlaapiubsteste der s
and processed ehﬁ[{-ﬁfﬁﬁfs%""” ed fromO to 2 mn W exposure, 0 to 280
mnutes hol d FORHRE! 0t'0" 100 degrees C bake tenperatures for 10
mnutes.  The tHaxkferinga compositipneamptising Am POXE SEN Q) CYANMtE monomer, apd
ethyl ketone g faBv@imaint dNFhotARItARE, Mad Wipers@Clicded. The results indicated

et mum ¢t cknes<a roNing Fe sompoRe oopi s RIGHREoit! dpd 07 ob 2™

t enper at ure bake (ghv@hotoeuringrthe tompasition. The cured material after the

| ower Encapsulant compositions are also disclosed in accordance with the invention, The
encapsulant compositions include an epoxy resin or a cyanate monomer, & photoinitiator,
and 3 dispersed phase of particulate silica. Where the polymer is an epoxy resin it is one
having a plurality of reactive 1,2-epoxy groups. The epoxy resin is chosen from the
group comsisting of monomeric, polymeric, saturated, unsaturated, aliphatic,
cycloaliphatic, aromatic, and heterocyclic epoxides, or a substituted epoxide, wherein
the substituents are chosen from the group consisting of hydroxyl groups, ether radicals,
halogen atoms, and combinations thereof, or an epoxy polyether. .
" Alternatively the resin is formed from cyanate esters that have two or more OCN
groups and are curable through cyclotrimerization.

In a further aspect of the invention there is provided a photoinduced polymerizable
cyanate ester composition, comprising a cationically polymerizable cyanate monomer,
prepolymer and mixtures thereof, an effective amount of modifier to enhance the fracture
properties of the whole, a filler and a catalytic effective amount of an organometallic
complex salt as polymerization initiator, which upon photolysis is capable of liberating at
least one coordination site, and the metal cation in the organometallic cotnplex is
selected from elements of the Periodic Groups IVB, VB, VIB, VIIB, and VIIB, -

A still further aspect of the invention provides a lead protective composition
comprising the polymerization product of: |

(a) at least one cyanate monomer;

* (b) a catalytically effective amount of an organometaliic compound of claim 12;
and

(c) a filler for thermal expansion control.
The photoinitiator is preferably an aryldiazonium photoinitiator, such as onium salt
chosen from the group consisting of "onium" salts with anions BF,, PF,, AsF; or SbF;.
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tenperature bak-e," whi I'e thinner, was also nore fl exible. 31 Exanple 2
The followi ng statistically designed experinent was perforned to optim ze

depth of cure and determ ne the effect ofygvari ous paraneters. A "master"
m.xture was prepared by weighing 25 g of Novacup L337 silica filler into a

100 m pl ast 'pﬁnﬂﬁa:lf&roff%@ﬁh&‘ﬁ b1 i ond oP fent 808D r@amgcmmﬁ

cycl oal i phati'c resin S I rrj.n to a
snoot h consi $HiExeRY to sbout 3 “i%‘c’rﬁ% afid dnagt prefesably FFP@ ’?’Wg‘ @8 o‘ﬂ&c""n?o one

beaker was adﬂ@lxsﬁxeé’ésmabmhth&luﬁéardwﬁﬂeﬂmwrdeIbcﬁﬂiﬁolyﬁﬁMmtunda of

o cyr acur o dhytidhgHh CttocEin AL AP bider mﬁ?@#@%ﬁ{é%@ﬁ“ﬁ@%l et

30 x 4 mm al &8 ansaﬁdsandmwb@wms Inagdidon theosilic @msulmmamw
| anp for theﬁehra?md%%%ﬂi \éﬁwﬁ&ﬁ %oﬂtﬁﬁﬁewmmﬁﬁfb di cat eg in
oven by

{1rst bringing ofhh coBRRdims? ﬁw{%wvm@wm 'R Bl 35 vt P 2.
After pr OCesﬁﬂrnprcdnebyuvﬂdhtnmmbbtsﬁmmrwmdSG percent o abeut 60 gercemseyl i n
methyl ethyl sl et: the THuid 'o? "MFudle’ Bfgahi®Yekin, balance a suitable filler capable of
reducing the coefficient of thermal expansion.
Cure is effected by the presence of an effective amount, e.g., from about 0.5
weight percent to about 5 weight percent, basis epoxide, silica, and photoinitiator, of a
syitable photoinitiator. One such photoinitiator is a 50 weight percent solution of
triarylsulfomium antiomate salts (CAS Registry Numbers 89452-37-9 and 71449-78-0) in
propylene carbonate. One such photoinitiator is Union Carbide Cyracure UVI-6974.
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uncured material, onIy t he top portion of the reQLn cures The thickness

of the cured rraterl al was neasured with a Federal
m cronmeter taking the average of several 3%eadi ngs. H I ’I F
0*

Initiator Exp Dose Hold tine Bake Tenp Bake tine, Cure tc I(t.kn&SSs

sec h@hesclaims defi@ing the inventiemare as folluwss 1

0 . 80 1.

00 3 111An191capsula3§cc§n&wmg mglglbo?opolymenze@ﬂmduct of an %:%y resin

20 100. 3 fr a cyangte;monomer, fgphotoinitiator, gnd a dispersed phpge of particylare silicagg o
5 5.0 wherein3fe cyanate estéts have two or iddte OCN grod@fs and aScutalfie througl. O
30 20 28.8 7 5.0 180 0
80 " 10 °y§l9m)“’i‘§?“g§g 5.0 180 2 120

10 49.4 9 2. 5 Agmethod of eneapsulating a soldered joint between @n integrated gipeuit chipo. 8
10 5.0 mda,asgammompmm@m sof 80 20 45 2,35.8 11 5.0
30 2 8 .

0 120 (a) forw?g a compoogmgn fgmpr smgoan5cpoxy resmlq;@ cyanate mongmer, and

80 10 effeotive angugt of photoinitiator, and dispersed silica;

(b) providing the composition in contact with the soldered joint; and

(¢) photocuring the composition.

3. The method of claim 2 comprising thermal curing the composition after
photocuring the composition.

4. The method of claim 2 wherein the epoxy resin has a plurality of reactive
1,2-epoxy groups.

5. The method of c¢laim 4 wherein the epoxy resin is chosen from the group
consisting of monomeric, polymeric, saturated, unsaturated, éliphatic. cycloaliphatic,
aromatic, and heterocyclic epoxides. ] .

6. The method of claim 4 wherein the epoxy resin is a substituted epoxide,
wherein the substituents are chosen from the group consisting of hydroxyl groups, ether
radicais, halogen atoms, and combinations thereof.

7. The method ofcla:m4wheremtheepoxyresmischosenfmmthegroup
consisting of epoxy polyethers,

8. The method of claim 7 wherein the epoxy polyeﬂlcr is the type obtained by
reacting an ecpihalohydrin, chosen from the group consisting of epichlorohydrin,
epibromohydrin, and epiiodohydrin, with a polyhydric phenol or a polyhydric alochol,

9.  The method of claim 8 wherein the polyhydric phenol or polyhydric alcohol
has substituents chosen from the group consisting of lower alky! groups contammg from
one to four carbon atoms, and halogen atoms.

10. The method of claim 2, wherein the cyanate esters have two or more OCN
groups and are curable through cyclotrimerization.

11. The method of claim 2 wherein the photoinitiator is a aryldiazonium
compound.

12, ‘The method of claim 11 wherein the photoinitiator is an onium salt chosen
from the group consisting of "onjum" salts with anions BF,, PF,, AsF; or SbF;,

\
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14 0.5 180 . 0 120 10 72.1 15 0.5
30 2 120 20 143.8 16 0.5 -30

0 80 20 39.0 Exanpl¥ 3 A nmixture of resins were
prepared in a gl ass beaker by heating on a hot plate 1 g of Epon 1007 and
g of ERL-4221. Be hoiphptpmducadaeolmemhienesunm EBIpY- qw@uiopcmmpﬂ&nsoars

Phen 15 g of SHocitily pagakialc Wine “@m R "“‘h”“’“‘““l eredl© ad)\C
Lhen 15 9 Of BRI UE P & SRS o SR SRhang: Mosedtet'bt Beuple 4 and
stir rod to taheathlvadscffmtxw camount of zand organcstallic swmplexb salt amepolynw:xsauon

substrate wa ,?nggv
t hen baked a’fmﬁ*ﬁ err Ch;poﬁ dﬁbﬁ%ﬁ%l& eaft;g)r ac a?%gs@ﬂi\e MM%AI'%@

ceram ¢ was %ﬁéﬁg]‘@ gg&t?gqs ‘? REIAPIEY, 18, Sgi¢ %Qngaﬁsmm

room terrperatRn:dec/GmuﬁmWB/vaﬂi mw\tm:jamvnm).ubbl ed area in the appl i ed

i xteen runs car Mea Ao preel fon) @8fiding, JaBpAEe) C BoliEReBRE, clalfe? Hon

initiator, a coMPEsiHioRs. COMPOSIAE o czmo mqiymenzable Cyanate momomer, prepoymer
and mixtures thereof, an effective amount of modifier to enhance the fracture of an
organometallic complex salt as polyerization initiator, which upon photolysis is capable
of liberating at least onc coordination site, ard the metal cation in the organometallic
complex is selected from the group consisting of the Periodic Groups IVB, VB, VIB,
VIIB, and VIIB.

15. A lead protective composition comprising the polymerization product of:

(a) at least one cyanate monomer;

(b) a catalytically effective amount of an organometalhc compound of claim 13;
and ; .

(¢) a filler for thermal expansion control.

16. An encapsulant comprising a photopolymerized product of;

(a8 an epoxy resin chosen from the group consisting of substituted monomeric,
polymeric, saturated, unsaturated, aliphatic, cycloaliphatic, aromatic, and hetero cyclic
epoxides, said epoxides having a plurality of reactive 1,2-epaxy groups, said substituents
being chosen from the group comsisting of hydroxyl groups, ether radicals, halogen
atoms, and combinations thereof,

(b) an aryldiazonium photoinitiator chosen from the group consisting of "onium"
salts having BF4, PFg, AsFgor SbFs anions, and

(c) adispersed phase of particulate silica.

- 17. An encapsulant comprising a photopolymerized product of : '

(@) an epoxy resin chosen from the group consisting of substituted epoxy
polyethers, polyethers being of the type formed by reacting (i) an epihalohydrin chosen
from the group consisting of epichlorohydrin, epibromohydrin, and epiiodohydrin, with
(ii) a polyhydric phenol or a polyhydric alcohol having substituents chosen from the
group consisting of lower alkyl groups containing from one to four catbon atoms, and

halogen atoms, N —
repcAceENT SHEET| O R M R
06 FEB 1998
is Sheet Has Been Replaced

llII\IIl UL



seconds, a hold time of O to 2 hours, a bake tenperature of 80 to 120
degrees Celsius, and a bake tinme of 10 togg0 mi nutes. Cure thickness of
23.0 mls to 143. 8 mls wer e obtal ned. An R squared analysis of this data
was per formed. td:{i(lﬁhof BiokérPirGth tROROBH tordlstAR of "onium®
(significance | evel 21046 ) an e tenperature (significance |evel

0. 0079883) sW&viﬁgh&f"mwAﬁsngngcaﬂbm\/aﬁd abl es. Exanple 4 A honmpgeneous

liquid m xture ared of Arocy L10 from Ciba, O. T g of
10% sol uti on of Wgé age Pﬁp’ﬁ&r‘iﬂ%ﬁ' Qpirits from Money Chenicals
and 0.15 gr of Irlaacmeen%ﬁpkuiahpéa el &E@ dtbﬂb?&ﬂruéd prodict of af
L337 silica was adde gg g@ cig hfth gfi r(ﬁ 5 aqfl ve!lzé!%?g%iher £

m xture was d’?eﬁ)% |h§p§m§ 9 %rs 2981 ar
of Zn Cct anoavlncmmdextegﬁbmlmtgwnhm 261 were added To this solution 17

g of Novacup L33& 5| L&ﬁ&h&@ dt'befvest kb ,{%
was roll ml l,ang hr aerr ddi ti ﬁ@%%ﬁgdgjéuum cfigasée t%E?gEn%gm
ent rapped- ai sﬁe‘m’pt ese mixtures were first baked for 15

mn at 130[err] C(a)ex[nmﬁng 4 compBition eompiising AlY poxye resinoors) cyamite ronomier tand
1501 o111 {oropiandP Qb o ndiuiot B Gl WhAPoRWARA! ikl s 390
microns or less.
(b) providing the composition in contact with the soldered joint; and
(©) photocuring the composition,
20. A cyanate ester composition according to claim 13 wherein said filler size is
31 microns or less.
- 21. A composition according to claim 15 wherein said filler size is 31 microns or
less.
22. An encapsulant according to ciaim 16 or 17 wherein said particulate silica” ™
has a particle size of 31 microns or less.
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The conposition protects the soldered joints fromthe effects of thernal
cycling. Thus there has been shown and descri bed an i nproved 34

el ectroni c package assenbly wherein encapsulant material is utilized to
reinforce the electrical connections fornmed between. the assenbly's package
el ements and the substrate on which this 38ackage is positioned. As stated,
such a package assenbly has exhi bited an operati onal Ilfe substantially
greater than non-protected package assenblies (those not”including
encapsul ant or the like material). The package assenbly as defined herein
I s capabl e of being manufactured using mass production techniquées and thus
benefit fromthe advantages thereof. Although the invention has been

Gef e 4L LSS o A oRSBIBRGON MO ARGy

teachi ngs herein are readily adaptabl eﬂt{ﬁﬁﬁéeﬁr hi gher profile package
structures, including nmany of those in the art. Wile there have

been shown and descri bed what are at present the preferred enbodi nents of
the invention, it will be obvious to those skilled in the art that various
changes and ABSTRACTti ons may

o~

An electronic package assembly where a low profile integrated circuit chip
package (13) is soldered to an organic (e.g., epoxy resin) substrate (11), e.g., a printed
circuit board or card, the projecting conductive leads (21) of the integrated circuit chip

ackage (13) and the solder which substantially covers these leads (21) (and respective
conductors oh the substrate) having been substantially covered with ultraviolet
photocured encapsulant material (e.g., polymer resin) to provide reinforcement for the
sojder-lead connections. The encapsulant material is dispensed about the solder and lead
 joints following solder reflow and solidification so as to substantially surround the solder
and any portions of the leads not covered with solder.

e
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.be nmade t [J MYV I oY) arting fromthe scope
detined byiHACHBN DI o " " 58 the ol ai e
cas follows:| 1. A nethod df lencapsul ating a sol dere% SHEPURSt \Ee‘eﬁ?fi “3 paged ...
Zintegratefl biBIJUNTPEB dnd a substrate cgnprising ﬁé“@}\%)p %‘ to paged .27
form ng a| cpnposition conprlising an epoxy resin of eyﬁﬁ‘@ﬁﬁé rﬁé i fo gaged ...
ef fectivejal photoinjtiator, and di spersed ¥ 15uslact( b): ?@g@w’ﬁltmg}afda:b .....
conpositign in contact w the sol dered joint; and (c) photocuring ghe
conposi tion; and wherein the cyanate esters have two:OF mprae“msbngrgu,{%%nd
are curable through cyclotrinéri Symroary of thahrwentiomod of— ct-aim+ ~CONpri-Sthg—-

" thermal curing thin woomdamce twithna s QipeRt 6Tt 1B itfvertidn! The
nmet hod of cl ai e} @Oﬁﬁddﬁ%fybivgm n_has aaég)lgrr%‘e{{a Qﬁ?édrggnccfh%d of
1, 2- epoxy grougmE % iighe e Sharm 38 e ¢od s sypsirae
chosen fromt§ #epsiaft i ng of nononeric, polyneric, saturat ed,

unsat ur at ed al i ptgyt |f5m@g§k§1g¢dsﬁiaa% bfy el %r Q%g Cxéd | G,

epoxi des. 5. %gi%age oPpho%oua:iluant]og %:;pel n tsx lga epoxy re

substi t ut ed epox ’

: () providing the composition in contact with the soldered joint; and

(c) photocuring the composition;

and wherein the cyapate esters have two or more OCN groups and are curable
through cyclotrimerization.
~ Encapsulant compositions are also disclosed in accordance with the invention. The
encapsulant compositions include an epoxy resin or a cyanate monomer, a photoinitiator,
and a dupersed phase of particulate silica. Where the polymer is an epoxy resin it is one
having a plurality of reactive 1,2-epoxy groups. The epoxy resin is chosen from the
group consisting’ of monomeric, polymeric, saturated, unsaturated, aliphatic,
cycloaliphatic, aromatic, and heterocyclic epoxides, or a substituted epoxide, wherein
the substituents are chosen from the group consisting of hydroxyl groups, ether radicals,
halogen atoms, and combinations thereof, or an epoxy polyether.

Alternatively the resin is formed from cyanate esters that have two or more OCN .
groups and are curable through cyclotrimerization. _ o

In a second aspect of the invention there is provided a photoinduced- polymerizable
Cyanate ester composition. comprising a cationically polymerizable cyanate monomer, a
prepolymer or mixtures thereof an effective amount of modifier to enhance the fracture |
properties of the. whole, a filler and a catalytic. effective amount of an organometallic
complex salt as polymenzatzon initiator, which upon photolysxs is capable of liberating at
least ones coordination site, and the metal cation in the organometallic complex is
selected from elements of the Periodic Groups'IVB, VB, VIB, VIIB, and VIIB.

' In an embodiment of the second aspect of the invention, there is provided a
'photomduccd polymenzable cyanate ester composition for use in reinforcing a bond,
comprising a canomcally_ polymenzable Cyanate ester monomer, a cyanate ester
prepolymer, or mixtures thereof, an effective amount of modifier to enhance the fracture
properties of said bond, a filler, and a catalytic effective amount of an organometallic

- complex salt, having a metal cation, as polymerization initiator, which upon photolysis is - |
capable of liberating at least one coordination site, and said meral cation in the- '
organometallic complex is selected from the group consisting of elements of the Periodic

~ Groups IVB, VB, VIB, VIIB, and VIIIB, :

In a third aspect of the invention there is provided a process for providing
: photomduc°d polymenzable cyanate ester composmons comprising a cationically

R T




_Wherein the substituents are chosen from t hel RERWCEMRNT SHEKL [of hydr oxyl
*"groups, ether radicals, halogen atons, and cpnpirat+ens—t+heriedf. 6. The

met hod of claim 3 wherein the epoxy res i s| cho hi dr oup.
. consisting of epoxy polyethers. 7. The érfarr;t hofd pf %ce[p]amﬁf@bé\h rgin the epoxy
" polyether is the type obtained by reacting ap Epihalohydrinld dhosen from
the group consisting of epichlorohydrin, epipronohydrin, and gpiiodohydrin,
with a polpplynbrizeble kgaeie ﬁfon@mﬁtﬂi»’mﬁélyﬁeﬁbﬁ mﬁmrﬁz?ﬂﬁﬂ‘@ﬂé@iﬂ%&hﬁ' m 7
wherein tg,? hydr| he@gl Qr 80 yhydr| c al gohol as substituents chosen
fromthe 5@9&% C complex #alt s rRalYmenization f our

carbon at mmnatoa,nwhichlumarpmaym chapaEheoﬂTﬁﬁdmﬁngit Eis@-ldiie cbordlﬁitﬁnnsxtehe

nor oi '+ 1A e gl eflofypa¢ Blelb AR (Bt i seeriSs Fom ok gt psiting

consistin@fﬂlePermdermpbﬂYBerBj\ﬂﬂm,ﬁﬁﬂémm PF[err], AsF[err] or

" r PSR B B! e e
i nt egr at edox (providiog & uphoteind medspdmmanmbﬂeatcymmm ommnomﬂnheforeutmdnof
Cyanat 6 Zfst%‘r“é‘%%%?ﬁ?{‘on Rlesls compriifig tie w7} D CFY nbri Yl e cyanat e
monomer, a pr GPANigingra eatienisallyr p@lymnamlﬁ cyanate ester monomer, a Cyanate ester
prepolymer, or mixtures thereof; : :
adding an effectxve amount of modifier to enhance the fracture properties of said
bond;
adding a filler; and
| adding a catalytically effective amount of an organometallic complex salt, having a
metal cation, as a polymerization initiator, which upon photolysis is capable of liberating
_ at least one coordination site, and said metal cation in the organometallic complex is
selected from the group consisting of elements of the Periodic Groups IVB, VB, VIB,

VIIB, and VIIIB.
A fourth aspect of the invention provides a lead protective composition comprising
the polymerization product of:

(a) at least one cyanate monomer; - -

(b) a catalytically effective amount of an organometallic compound of the second
aspect of the invention; and '

(¢) a filler for thermal expansion control.

In an embodiment of the fourth aspect of the invention there is provided a lead

~ protective composition comprising the polymenzauon product of: |

(a) at least one cyanate monomer; '

(b) a catalytically effective amount of an organometalhc complex salt as a
polymerization initiator having a metal cation, which upon photolysis is capablc of
liberating at least one coordinative site, and said metal cation in theé organometallic
complex is selected from the group consisting of elements of the Periodic Gruups 1VB,
VB, VIB, VIIB, and VIIIB; and

(c) a filler for thermal expansion control. ,

_ The photmmnator is pteferably an aryldiazonium photmmtmtor such as onium salt

chosen from the group consisting of “onjum" salts with anions BF.,, PFG, AsF, or SbFs



effective amount of nodifier to enhance the fracture properties of the
"whole, a filler and a catalytic effective anobunt of an organonetallic
.conplex salt as polynerisation initiator, which upon photolysis is capable
wof liberating at |east one coordination site, and the netal cation in the
organonetal | ic conplex is-selected fromel enents of the Periodic G oups
VB, VB, VIB, VIIB, and VIIIB. 13. A phgtoinduced polynerizable cyanate
ester conposition for use in reinforcing? bond, conprising a cationically
pol yneri zabl e cyanate ester nononer, a cyanate ester prepolyner, or
mi xt ures t (particds size\af terfileriis preferablyit3 lomicrandi driless, and preferably from aboutd.fir e

properties ol scdehaddl |yt f L\ an
br ganoret aﬁ’cﬁ’é‘ﬁnﬁﬂfx‘%{a‘m%"%ﬁ% f&gﬁiﬁﬁ?*‘i{?%%?&%éfwéfn%‘?@;ﬁ%ﬁ&-
initiator, Wi fHerupigs lppitationyof 31; miczensapr dessfis| natcessentialy but representsnthe
coordi nati fotre® enitivdirbentd | inGetkibR Ninl 3 nmge Ll it IS,
sel ected f(ri?%}ttrh,edgrﬁé) C ngti'r?twi;@:g oflbgln:grre lgs%?{ ?ﬁe e{r'i&gdlll@lg(%e?blfva
VB, VIB, Vicfestroniq pagkages (IQW prpfile packages) dhisy iscprefuable | sonthat dbe anenredo
claim 12f orma‘t&iadhgzpwé mealﬂ?dbéfgid pﬁlym'efiﬁaﬂo&, ih%[ﬁocmﬂ%fbomgfﬁﬁonl@mpﬂow
process for_ _proyi .0i nduced pq ryzabl e cyanat e e
conposi ti oﬁ’&,ﬂercﬁ’ﬁ gﬁ%%o‘:}’%& &Bﬂﬂ’@ﬁ?@ ggot’%‘ﬁ??‘?‘ %ﬁ@sg‘ﬂaﬁaﬁ-@{ fhenshbstrate 5
FLep?I yn;ar 1dc I]Lma:dtliuio nswhﬂi?d}ue;ammbf@ﬁﬁsmﬁgwm o?foniﬁ@fih&iti(ﬁﬁc B s i ?Ce
e fracturg.of an.organonetallic.coml.ex salt ‘as-polymerization initiator,
whi ch upon %W@é%ﬁ%@ﬂiﬁﬂ@% %@Fﬁti ng at |east one coordination
sih te, and the rieadompesitions of thelpresent inventidnaddntain Eromp hlsout i25 pbﬁtemhgdbéutom
t he group [.SL :Jihe L. Qdl p VBa VB, VLB, .Vl | and VILIIB
160 & CphocRlBecpli W SsiehbabcE brstEeafly FratCibolt B afvvert b, B0 pRRent by
weight of the liquid or flowable organic resin, balance a suitable filler capable of
reducing the coefficient of thermal expansion.
Cure is effected by the presence of an effective amount, e.g., from about 0.5
weight percent to about 5 weight percent, basis epoxide, silica, and photoinitiator, of a
suitable photoinitiator. One such photoinitiator is a 50 weight percent solution of
triarylsulfomium antiomate salts (CAS Registry Numbers 89452-37-9 and 71449-78-0) in

propylene carbonate. One such photoinitiator is Union Carbide Cyracure UVI-6974.
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conposi ti on—tfor useinreinforcing a bond sai d REPPACEMENTMSHRK
e D

(S:;gﬁZt gf est emmnﬂllﬂmnlllnmwai(!{ ﬁr ggl %/EE; Ieé?bl addi §q) ggge@é@;t [

Yof nodifier to*enharice® hé fracture properties {off sii
filler; and adding a catalytically effedbive ano

conpl ex salThe dﬁmsfﬁﬁﬁiﬂg&héinﬂﬁﬂbﬁ@re 2 follows! yrerization in
upon photoly5|§ S

|t|at r, which
nS|te

ca #e of erating, at. | ea
and said netal tatﬁdﬂg&% f]@““&l’ sofdered joint betsween an integrated girewit ahiphe
. group consmndamgbstthte&iompisﬁgthés fPeriodic Goups |IVB, VB, VIB, VIIB, and

VIIIB. 17. The ordln to.claimil5 or, 16 V\/ner
size is 31 mck ‘ﬁ gr?urée%go ml%"wi’ﬂr@% 40, GROXY.(6SIR, OF 3,FYaNate MOROTARIRi si ng
t he poIyrreﬁffemamopnmﬁ.phmmmnat(oa,)and@spbﬂﬁsﬂmae cyanate monomer; (b) a

tal yt |1 f claim 12;
and (1) o 11 R MR kol RO, i pltet A BTN OV

conposi tion cofﬁﬁrl phateruring the cqmpositiont i on product of: (a)
Cyanat e MONONMEgnd wherein the cyanate esters have two or more OCN groups
' through cyclotrimerization.

i n saldflller

at | east one
and are curable

2, The method of claim 1 comprising thermal curing the composition after

photocurmg the composition.

3. The method of claim 1 wherein the epoxy resin has a plurality of reactive

'1,2-epoxy groups.
- 4. The method of claim 3 wherein the epoxy resin is chosen

from the group

.consxstmg of monomeric, polymeric, saturated, unsaturated, ahphatxc, cycloaliphatic,

aronmtxc and heterocyclic epoxides.

"5, The method of claim 3 wherein the epoxy resin is a substituted epoxide,
wherein the substituents are chosen from the group consisting of hydroxyl groups, ether

radicals, halogen atoms, and combinations thereof.
6. The method of claim 3 wherein the epoxy resin is chosen
consisting of epoxy polyethers.

from the group

7.  The method of claim 6 wherein the epoxy polyether is the type obtained by
reacting an epihalohydrin, chosen from the group consisting of epichiorohydrin,
epibromohydzrin, and epiiodohydrin, with a polyhydric-phenol or a polyhydric alcohol.

8.  The method of claim 7 wherein the polyhydric phenol or polyhydric alcohol

has ‘substituents chosen from the group consisting of lower alkyl groups
one to four carbon atoms, and halogen atoms.

containing from

9. The method of claim 1 wherein the photonutiator is a aryldlazomum

compound. -

..10. - The mcthod of clann 9 wherein the photoinitiator is an onium salt chosen

from the group consisting of "onium" salts with anions = BF_; PF,, AsF or SbF;.

11." An electronic circuit package structure comprised of an integrated circuit

chip and a substrate, wherein a joint between said integrated chip
encapsulated according to the method of any one of the prccedm, g claims, -

and substrate is



(b) a catalytically effective amount of an or&eﬁ%ﬁ&lﬁmﬁp %’qﬁl ex salt as a
“polyneri zati O'F—C\%mg—a net al cati whi ch upon photfol ysis is
capabl e of Ii bem"w "tu wmnne coordi nat i v SRIEJURAY9gaild [met al cation
>in the organone sel ectedsframl|t he group congi §ti ng of

el ements of the Periodic Groups I'VB, VB, VIB,

and (c) a
filler for thernal expansi on control photonS|s IS capable of '
| i berating at g gne coor di nat i on SI and the nmetalr.catton in the
organonetal lic ¢ irp x Phatoiadiced ¢ %I“é{m SSIEE COMBOSBIAL; PMPTISINg &)<

| VB, VB, VI B,catitniida]ly polyrrizable dnate fnonomersss phepolymen \or dhixgares ctecsofi,d e ed
pol'ymer i zabl e.gfayi uﬁé&ﬁﬁo&ﬁéfﬂ@%ﬂhﬂ‘:ﬁf f;lr f Gl Wikl caﬁﬁlwfgfld
pol ymeri zabl e cyanate _ npnoner prepol yne m Xt ures

effective andhufetalyic MVeemme%anc@smM&cmﬂ%rsalseﬁ pelymsFisatina
whol e and a cmﬁloy,t which luiyore bhawslysiv s capable tof diberatingd itlessd G @bdrdinatieFites

[ berati ho. atucBEcuea et 16 b oralime it Qi sleBed ek SRR o e
or ganonet al | |Eﬁmdwﬁteups|wﬂséﬂnsdﬂ3dvﬂ30mdevmnt s of the Periodic G oups
VB, VB, VIB, VI8 aANGn¥olddBeed polymerizable cyanate ester composition for use in
' reinforcing a bond, comprising a cationically polymerizable cyanate ester monomer, a
cyapate ester prepolymer, or mixtures thereof, an effective amount of modifier to
enhance the fracture properties of said bond, a filler, and a catalytic effective amount of
ap organometallic complex salt, having a metal cation, as polymerization initiator, which
upon photolysis is capable of liberating at least one coordination site, and said metal
cation in the organometallic complex is selected from the group consisting of elements of
the Periodic groups IVB, VB, VIB, VIIB, and VIIIB.
14. The cyanate ester composition according to claim 12 or 13 wherein said filler
size is 31 microns or less.
15. A process for ptowdmg photomduced polymenzable Cyanate ester
compositions, comprising a cationically polymenzable Cyanate monomer, a prepolymer
or mixtures thereof, an effective amount of modifier to enhance the fracture of an ,
organometallic complex salt as polymerization initiator, which upon photolysis is capable
of liberating at least one coordination site, and the metal cation in the organometailic -
complex is selected from the group consisting of the Periodic Groups IVB, VB VIB,
VIIB, and VIIB. :
16. A process for providing a photomduced polymerizable cyanate ester
composmon for use in reinforcing a bond, said process comprising the steps of:
| - providing a cationically polymerizable cyanate ester monomer, a Cyanate ester
' prepolymer, or mixtures thereof;
. addmg an effective amount of modifier to enhance the fracture properties of said -
'bond;
addmg a filler; and
addmg a catalytically effective amount of an organometallic complex salt, having a
. metal cation, as a polymerization initiator, which upon photolysis is capable of liberating
at least one coordmauon site; and said metal cation in the organometallic complex is
selected from the group consxsung of elements of the Periodic Groups IVB, VB, VIB
VIIB, and VIIIB. o
- 17. The composition accordmg to claun 15 or 16 wherein said ﬁller size is 31
microns or less. ' '



25. A lead protective conposition conprising the polynerization product of:
a) at |east one cyanate nononer; b) a catalytically effective anount of an

organonetallic co

Tontrol .

18.

(@)
L)

. © |
19.

(®)
®)

mpound of claim23; and ¢c) a filler for thermal .expansion

S L i

A lead protective composition comprising the polymerization product of:
at least one cyanate monomer;
a catalytically effective amount of an organometallic compound of claim 12;

a filler for thermal expansion control.

A lead protective composition comprising the polymerization product of:

at least one cyanate monomer; :

a catalytically effective amount of an organometallic complex salt as a

polymerization initiator having a metal cation, which upon photolysis is capable of
liberating at least one coordinative site, and said metal cation in the organometallic
complex is selected from the group consisting of elements of the Periodic Groups IVB,
VB, VIB, VIIB, and VIIIB; and

().

a filler for thermal expansion control.

REPLACEMENT SHEET
30 JUN 1998




38

LEAD PROTECTIVE COATING COMPOSITION, PROCESS AND STRUCTURE
| THEREOF .

ABSTRACT

An electronic package assembly where a low profile integrated circuit chip
package (13) is soldered to an organic (e.g., epoxy resin) substrate (11), e.g., a printed
circuit board or card, the projecting conductive leads (21) of the ihtegrated circuit chip
package (13) :and the solder which subétantially covers these leads (21) (and respective
conductors oh the substrate) having been substantially covered with ultraviolet
photocured encapsulan.t material (e.g., polymer resin) to provide reinforcement for the
solder-lead connections. The encapsulant material is dispensed about the solder and lead
joints t'dllowing solder reflow and solidification so as to substantially surround the solder
and any portions of the Jeads not coverec‘i with solder. i |

Fig. 1.
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