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relates to an underfill encapsul ant which nay be
utilized in-no-flow underfilling processes. BACKGROUND
OF THE INVENTION 5 This invention relates to
underfill encapsul ant conpounds prepared from epoxies
to protect and reinforce the interconnections between
an electronic conponent and a substrate in a
m croel ectronic device. Mcroelectronic devices
contain multiple types of electrical circuit 10
conmponents, mainly transistors assenbl ed together in
integrated circuit (1C chips, bpdtedl2d0.EERI StOrs,
capacitors, and other conponents. These el ectronic
conmponents are interconnected to formthe circuits,
and eventually are connected to and supported on a
carrier or a substrate, such as a printed wre board.
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BACKGROUND OF THE INVENTION

This invention relates to underfill encapsulant compounds prepared
fron_"z epoxies to protect and reinforce the interconnections between an
electronic component and a substrate in a microelectronic device.
Microelectronic devices contain muitiple types of electrical circuit

10 components, mainly transistors assembled together in integrated circuit (IC)
chips, but also resistors, capacitors, and other components. These electronic
components are interconnected fo form the circuits, and eventually are
connected to and supported on a carrier or a substrate, such as a printed

- wire board. The integrated circuit component may comprise a single bare
15  chip, a single encapsulated chip, or an encapsulated package of multiple

chips. The single bare chip can be attached to a lead frame, which in turn is



conmponent and correspondi ng el ectrical term nations on
the substrate. One nethod for making these
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encapsulant, hereinafter called underfill or underfill encapsulan 0 reirforce
the interconnect material and to absorb some of the stress of the thermal
cycling. In addition, the material helps to absorb impact energy and improve

20  so-called “drop test” performance.

Two prominent uses for underfill technology are for reinforcing
packages known in the industry as chip scale packages (CSP), in which a
chip package is attached to a printed wire board, flip-chip ball grid array
(BGA\) in which a chip is attached by a ball and grid array to a printed wire
25  board, and flip chip devices.

In conventional capillary flow underfill applications, the underfil}

dispensing and curing takes place after the reflow of the metallic or polymeric
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Is then heated to allow for reflow of the sol der

joint. At this point, a neasured 5 anount of underfill
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The underfil |
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through a reflow oven. During this process the underﬁll fluxes the solder and

20  metal pads, the solder joint reflows to form the interconnect joint between the
component and the substrate, and the underfill cures. Attempts to use fillers
" in no flow underflow compositions have generally failed because the particles
can get between the pad and the solder and interfere with the solder joint
formation. Thus, the separate steps of applying the flux and post-curing the
25  underfill are eliminated via this process. As soldering and cure of the underfill
occur during the same steb of the process, maintaining the proper viscosity

and cure rate of the underfill material is critical in the no-flow underfill
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range of about 3,000 - 6,000 cps) for ease of
di spensing and to allow nelting of the solder and the

wo oroame406h of the interconnections between thePCT/US2003/034810
conponent and the substrate. It is also inportant that
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that they are capable of polynerlzation. As used in
this specification, to'cure wll nean to -4 WO

2004/ 044053 PCT/ ISRAPFNOSASLE INyENTYORI | ZzEe, with
cross-linking. Cross-linking, as understood in the

16art, is the attachment of two polyner chains by
brldges of an el enent, a nol ecul ar
The inverition relates fo a curable underfil encapsulant composition
which is especially useful in the no-flow underfill encapsulation process. The
composition contains an epoxy resin, a fluxing agent, a linear polyanhydride,
a core shell polymer toughener and a catalyst. In an aliernative embodiment,

20  the composition also contains a cyclic anhydride. Various additives, such as

surfactants and coupling agents may also be added to the composition.
DETAILED DESCRIPTION OF THE INVENTION

25 The resins used in the underfill encapsulation composition of the
present invention are curable compounds, which means that they are

capable of polymerization. As used in this specification, to'cure will mean fo
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group, or a conmpound, and in general takes place upon

heating. |Ingredients of the present invention include
WOn®404408Dr e epoxy 5 resins, fluxing agents, |PECEHER2003/034810

pol yanhydri des, core shell polymer tougheners and

catal ysts. Optionally, cyclic anhydrides, surfactants,

reactive diluents and other ingredients may also be

i ncluded. The qgredlents are specifical| chosen to
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Preferred bisphenol A type resin includes

2, Zhdemkidie lgredp oy b earydiithe ring oNDaR D046 Bie ring
PCT/ US2003/ 034810
structure. Examples of non-glycidyl ether epoxides include 3,4-
epoxycyclohexylmethyl-3,4~epoxycyclohexané carboxylate, which contains
two epoxide groups that are part of the ring structures and aﬁ ester linkage,
20  vinylcyclohexene dioxide, which contains two epoxide groups and one of
which is part of the ring structure, 3,4-epoxy-6-methyl cyclohexyl methyl-3,4-
epoxycyclohexane carboxylate and dicyclopentadiene dioxide.
Glycidy! ether epoxides are preferred in the invention, either
separately or in combination with the non-glycidyl ether epoxides. These
25  resins are selected from glycidy! ether epoxides containing more than one 1.2

epoxy group per molecule. A preferred epoxy resin of this type is bisphenol

A resin. Preferred bisphenol A type resin includes 2,2-bis(4-hydroxyphenyl)
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pr opane- epi chl ohydrin copol yner. A nost preferred

epoxy resin is bisphenol F type resin. These resins
wae@4genss al |y prepared by the reacti on of onePCHUE®0D634810

bi sphenol F resin and two nol es of epichlorohydrin. A

further preferred type of epoxy resin is epoxy

novol ac resin. Epoxy novolac resin is 5 conmmonly

prepared by the reaction of phenolic resin and
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and m xtures thereof are additional types of epoxy
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the underfill encapsulant of the present invention is
bi slpihfeamwltyplé apweesimmemfn@b@wtﬁtddyn thapesseriliivention. This
bi sphenol -F type resin is avail able from CVC Specialty
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the nmelting point of the solder and al so just above
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schematically in the diagram below -
and a blend of bisphenol-A and bisphenol-F is available from Nippon
Chemical Company under the designation ZX-1059.
The linear polyanhydride of the invention must be chosen so that the
20  no-flow underfill encapsulant maintains a low viscosity below the melting
point of the solder and also just above the melting point of the solder long
enough to allow the solder and metal péds to interconnect. The linear
polyanhydride used in the underfill encapsulant is multifunctional. The initial
reaction with the resin is fo cleave the polymeric anhydride chain, thereby

25  decreasing molecular weight. This is shown schematically in the diagram

below:
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of the invention remains at |ow viscosity for an
extended period of timge. 9The nol ecul ar wei ght
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5 thQeﬂo‘x§ Sgdlmreacts to cleave another polyanhydride cham.. The cleaving

process, by reducing the molecular weight of the polyanhydride, in effect
delays the increase in viscosity. Thus, with no delay in the curing process,
the compasition of the invention remains at low viscosity for an extended
period of time. The molecular weight inevitably begins to rise at higher

10  extents of cure. In addition, the linear polyanhydride functions as a fluxing
agent. The preferred linear polyanhydride is polysebacic polyanhydride
{PSPA) which is formed from the dehydration of sebacic acid. The preferred
PSPA is available as PSPA from Lonza, Inc., Intermediates and Additives,
Pasadena, Texas. Other linear polyanhydrides which may be utilized include

15 polyazelaic polyanhydride and polyadipic polyanhydride. A formulation having
a linear polyanhydride provides rapid reactivity without a rapid rise in
viscosity. A further advantage of the linear polyanhydride is that it is a low

vapor pressure solid. Consequently, at elevated temperatures above the



viscosity. A further advantage of the |inear

pol yanhydride is that it is a |ow vapor pressure
waolog4408bnsequent |y, at el evated tenper at ur esPEbUSE03/034810

the -7 WD 2004/ 044053 PCT/ US2003/ 034810 crystalline
~melting point there is little tendency for the

pol yanhydride to volatilize and create voids in the

curing underfill. A catalyst is preferably utilized in
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cases requ:ring a more rigid composition, it is desirable to incorporate a

second anhydride or higher functionality epoxy into the formula to provide
higher rigidity and higher glass transition temperature. The preferred second

20 anhydride is preferably a cycloaliphatic anhydride and rmost preferably
methylhexa-hydro phthalic anhydride (MHHPA), which is commercially
available as MHHPA from Lonza. Other cyclic anhydrides which may be
utilized, especially to increase the glass transition temperature, include
methyltetra-hydrophthalic anhydride, nadic methyl anhydride, hexa-hydro

25  phthalic anhydride, tetra-hydro phthalic anhydride, phthalic anhydride,
dodecy! succinic anhydride, or mixtures thereof. In the underfill encapsulant

formulation containing both a linear polyanhydride and a cyclic anhydride, the

-8-



W edn@44oy3ir o pht hal i ¢ anhydri de,

nmet hyl t etra- hydr opht hal i ¢ anhydri de, nadi c net hyl
anhydri de, hexa-hydro 25 phthalic anhydri de,

dodecyl succinic anhydride, or m xtures thereof. In

the underfill encapsulant fornulation containing both
a |linear polyanhydride and a cyclic anhydride, the -8

WO 2004/ 044053 PCT/ US2003/ 034810 ratio of the two

c orfpléré Hedwp somppastelp sirsferakly plelphionette. | urtherupe her, t he
referred fornmul ation s I be supstanti al | ee of
Peé’&f?rﬁ‘iﬁj Teruatign shoyigde S&iﬁ ga"ﬁrﬁ‘? aftr%aﬁf'ﬁ%SPéf“F%@F

e a%Yould vel (ebtR e#ecgryw Inge%r E’%‘)ﬁ:{nﬂfd’ 183 3} Fgre:f(sm%%%%&éﬁétt oo

accelera 0SS-

Fl)?aﬁ‘tnﬁll Acc@&émﬁe 5r9§églnﬁﬁb%ro&e§s i ncluded in the
under

in order to 1nprove the adhesion of the

5under f i |A cdre-shdn@og@bideughams isShdiide® i thd EhdelfilNPrPyes to

crack resistance and increase the fracture toughness
of imnprevaiihdedifidsioh ofhé hdetfil tattheragdergnd sikcot eiepiepaiver e

resi stance of the underfill. The crack resistance of
t heragh drsistance apdsingipase ﬁ}?cffap%ifﬁfo'eﬂhﬂf’%rqf ﬁ’ewé@%ﬂ@@thwt i's

h f 10 fail
oy GRG0 BB TERRHANE T SRR ORI o S GPeR B e
of tﬁg]ﬁwdlé{?lﬁl %ra[? lA’IéOI’%FIfeCH%LIg Beda[]Perlp ¥ ﬁ-\g ﬂ-gpgonﬁr?orn%aﬁsréeéf

1opr eé.rareadunug %Ma‘l eycmerc%ﬁééqwﬂbltﬁb Mﬁqaua/@m{g prdpbrtiafd has

15

20

25

sub-m cron particle size within the range of about
0. bf theQnBerfill ard Bigo Bripkovedll THe@drepshel paynger Sdugieenprievent s
interference with the solder joint formation 15 during
t heorgagiclfidgy that saeederakingelbdiensraed withlh e nihdefiltang hegs @1 d.
Further, the addition of the toughener has been shown
to SHENPUErON Rartirig §iap wiipin dferrarge Qi gyt -he O0-Stign-of hersy-

derfill, Th £l th
oITaBH PRie e AT Saur e rc?@gtrh%g s&@vﬁq@ FEE C (o
12%1u%dfh@}#}]&~%%céés%% goésm%{]m is %ild 3irti¥ ch% In

hi
ncrease 1n the re

at tyghibsH Sehdtudhber hBSFRASESAE hm%b%ote@e&h}ﬁorﬂﬁé der

and substrate and the increased fracture toughness,
as Tghubine unhderflialiihe tadghdbaegréally ineeasdsamnekiidbiitysf theat t he
organic fillers utilized as
solder joints during a —55 °C to 125 °C liquid to liquid thermal cycle, as shown
in Table 1. The increase In the reliability may be attributed to the increased
adhesion to the solder and substrate and the increased fracture toughness,
as shown in Table 2. One further benefit is that the organic fillers utilized as
a toughener lower the enthalpy of the no-flow underfill, which provides certain
advantages in meeting less restrictive shipping regulations and
classifications. Exemplary core-shell polymer tougheners include
acrylonitrile-butadiene-styrene core shell polymer, sold under the tradename

BLENDEX-415 (General Electric Company) and methacrylate butadiene

styrene core shell polymer, sold under the trade name BTA-753 (Rohm &

-9-
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a toughener | ower the enthal py of the no-flow

underfill, which provides certain advantages in
wore@iiongmsd ess restrictive shipping regul ati onsPERTS2003/034810

classifications. Exenplary core-shell polyner

t ougheners include 25. acrylonitrile-butadi ene-styrene

core shell polyner, sold under the tradenane

BLENDEX- 415 Gbnera I npan and =

et 782 Fneany) beP%r&PWS ?%Oﬁx/ @%ﬁé@ﬂ%ﬁ?ry'ﬁmﬂ%r,

sol d %er the trade nane BTA—753 (ROhm & -9 WO

206%’/"@% D53 PCT/ US2003/ 034810 Haas Conpany). O her

core-sh I ct
R e e e e liG A T L

ungeddbiéd 4 conpansiibititbe ddiredroskitR. FoeH@RER] tion with
the desired properties. For exanple, 5 nonofunctional

5r easihbfuectidihdl vezctve déwantsi cac nereerebially gelayehalycredee in ncr ease
in viscosity without adversely affecting the physica
pr jseesity withogt adviisely effesting the a@tsmall Propeptiep Pgh%wefﬁ
diluent is gﬁtert but yl - hen

al RGN A RIPTRES Grenh S s QHWPF/Pthy' ﬁw@»}f et@? Eﬁ'ﬂwh et her,

gl g kyl

DR Bloatl S it ool Yl b Bl gl

ut igtHeZ &hikyil Qutéwdfo%tyQW@théF%Md Ribctiibd ﬁwbr%@ﬂnéy%ea;mﬁ&eb n t he

prevention of process voiding during theflip-chip
10bostiagany @aeissutiand (S &b sehepeiential cierocksd vatdingelukigyv and

material curing. Various surfactants which may be

ut ithe firechip breldind erooesgani sulsequehi soldepjoinyigfiovsandehaterigbnes,

polyoxyethylene/polyox&propylene bl ock copol yners,

et KYIgn Jafpus sHiRe may be utilized include organic aérylic -

N T N et
po'eﬁ??é%éh EMlnErBSs%-d E@B%ﬁthﬁlew%ﬁa @Ké@bé&w ene aI kyl

S and m xtur ereo |t|on coupl i ng
15 a9 @BpSymap) i@ biaSedrPRR by Y160 &3 | elthyOA I EHRbI- baisétgf edi ents nmay

al so be added as desired. An alternative enbodi nent of
t heofyotyaiyiates Oattyodficohbl@olymgelkylerel alkyl ethers and mixtures
thereof. In addition, couplir}g agents, polymeric modifiers and other
ingredients may also be added as desired.
An alternative embodiment of the formulation of the underfill
20  encapsulant of the present invention comprises an epoxy resin, a linear
polyanhydride that functions as a fluxing agent, a cataiyst, a core-shell
polymer, and other ingfedients as desired, such as a surfactant. The epoxy
resin may comprise in the range 6f about 25 to about 95 wt % epoxy resin.
Préferably, the underfill will comprise in the range of about 35 to about 65 wt
25 % of the epoxy resin. The formulation also c;omprises in the range of about 2

wt % to about 50 wt % of the linear polyanhydride which contains a fluxing

agent. More preferably the underfill will comprise in the range of about 5 wt

-10 -



20 encapsul ant of the present invention conprises an
epoxy resin, a linear polyanhydride that functions as
wa@2do40x4088 agent, a catalyst, a core-shell poPEIES2003/034810

and other ingredients as desired,'such as a
surfactant. The epoxy resin nmay conprise in the range
of about 25 to about 95 wt % epoxy resin. Preferably,

DR o e
f S [ h

oo+ bt Oe B e TR PEESs ekt OB i RS
contpl. eﬁen@onﬁ,}nwoﬂﬁnse@%a}t 1 1B AR HARS rrﬁ!ﬂﬁlgn.
underfill conprise in the range of about

: 10MU@p?é&Qéb{I)04ﬁQ‘5% RO 3R O BRBEL0N tn¥rdride 3D B5 W

% of the linear polyanhydride curing agent. The |inear
ol wizh ryatolidewi % opthe fiedesiti] Finklly, 4pittibna ingsdiehatmagaio
smal l er than 50 microns. The core-shell polyner

c onif Fdsled agdrsiied. | In g prefgsted formBlatin, %fftﬁrangﬁ@fﬁmthﬁloét i on.

R R AL Ere%?a%imbeutg%%%% RO
und&re‘g daata g@g&éexgn@ﬁ%was?na'faw&gwgé a%"‘sgﬁa' S0

esire T EérT e
t hey,l #9808 brefPMn aBut®D2 witd; 1atol PORMH, oila glrf%tar@vs and
nmore preferably about 0.1 wt % to about O. wt % of

108 caléwddgsd. i s added and in the range of about oOwm %
to about 0.75 wt % and nore preferably about 0.2 wt
% t o abolote plefgragtentiodifnent, hauhderill@ntapsgant tomprisspamdded.
In a preferred enbodi nent, the underfill encapsul ant

conFRORS B8N giinegrRolvgniyergena cyelig %nﬁ*é%ﬂdem%ﬁw gelvae; a

h
SR I e R
S u rLfr@@rtﬁﬁ‘ﬁllta)écchﬁlse MRgenhdd de aQ&h’Z@ﬁ%Eut%@ V\}t &, %pggy fe8R9¢

of about 25 to about 75 wt % epoxy resin

15Pr efreferdlyythe Uhesr RElRdohiptide iMnklrarg@ WUO&E—BS'VH of Rebb@nge
of about 35 Wt %to about 65 w % of the epoxy resin.
Theb5varprol the emry eesiso Toofrpnilaies asmcdnipeisesain e rafge ocibout
2 W %to about 40 wt % of the I|inear polyanhydride.
I\/brsé’obtrQe"f’te@ gbqbyut 40 wt % of the linear polyanhydride. More preferably

the underfill will comprise in the range of about 5 to about 30 wi% of the
linear polyanhydride. The linear polyanhydride is preferably in particles that
20  are smaller than 50 microns. The underfill will comprise in the range of about
0 wit % to about 45 wt % of the cyclic anhydride. Preferably, the underfill will
comprise in the range of about 0 wt % to about 30 wt % of the cyclic
anhydride. The core-shell polymer comprises about 1 wt % to about 15 wt %
- of the formulation. Most preferably, the underﬁll will comprise in the range of
25  about 2 wt % to about 8 wt % of the core-shell polymer. Finally, additional
ingredients may also be added as desired. In a preferred formulation, in the

range of about 0.05 wt % to about 1.0 wt %, and more preferably about 0.1

-11 -



the underfill will conprise in the range of about 5 to
about 30 wt% of the |I|inear polyanhydride. The |inear
w@oiogantoydiri de is preferably in particles thatP@DUS2083/034810

smal ler than 50 mcrons. The underfill will conprise
in the range of about O wt %to about 45 wt % of the
cyclic anhydride. Preferably, the underfill will
CO”WE %36 albdlltt bhwi ‘%n&% ééfaly@pig Wided 21 m0 ad r%n&ebﬁléﬁo@f B Wit
of the cyclic anhydrid The cor e- shel ymer
CONpY tb 2Bt 8T Wit %] aid m&ﬁetpeef@rbwébob’éo WMt oto atﬁoult D& wt %
formul ati on. Most preferably, the underfill wll

conpfta sagtantismsoragidge of 25 about 2 Wt % to about 8 w
% of the _core-shell polynmer. Finally, additional
i ngr edi eﬁie%mvﬁa'yoram%bqo@ttaw@ars@gd Hersfarenge tq the fpllowing
referred formulation, in the range of about 0.05 w
ot 55Ut 1.0 wt % and nore preferably about 0.1
-11 WD 2004/ 044053 PCT/ US2003/ 034810 wt % to about
0.25 wt % of a catalyst is added and in the range of
abopkafPE 1. %18 @RAH queZ#ﬂ é%ap%%laﬁ@@e@érﬁleg LEFROAD! Y
about 0.2 wt %to about O. a surtactant is
al sThasdegdresihhas waigesd ih ‘ﬂ”fé ilbg Edtet.t ©ére UMigbsheod by
reference to the followng 5 exanple. EXAVPLE 1.
Thr ees alided tsﬁbﬁteSiYJradé mixieH for vecraipstes alret gowvgreed bt irees as
(iol | ows. The eP resin was wei ghed in the m xing
1Q ontrserApted wihi h§lﬁ%ﬁ“1 Tp’)‘él°9‘ﬁ’é?s't'°0vé(§3 fﬁ@dé’d(etj 8t a high reS| n
m hut es
STﬁé?Oﬁ O%%’Prgtué‘dl W?Wpﬁs'ﬁ? afz'g‘g\ﬁd' gﬁ‘%o& tion
was f ntil
t he"%"ﬂﬁ’%'géﬁ B ooy B Bl o ppd f’?ﬂ"‘é{ SRSt on

waswerd e kedlsperset RertiteOSrRBreGhbiNsblyaRHI ﬁddvﬁbn@lrb%k!fﬁre&rh at
there were no undi spersed particles of core shel
pol yaeweighkdeéind bdrfedlto p oarypastisn. NAdditass, wiihgh etk sand added
éo the conposition. Additives, such as the air 15
el B&gee wémnd@ﬁaesmwmqﬁﬁ vm%@ﬁg?@andm@ eorehdition ward t he
osi tion w.th a dispersiaon bl ade

? g ?P‘n{)%slwl}ﬁ HV\€§ di lapﬁrwm Qlﬁd@ f@g‘ﬁ% wu{qs SRt the composition

was homogeneous. The polysebacic polyanhydride was added while mixing

and

the composition at a slow speed, and mixing was continued until the
composition was homogeneous. The MHHPA was then added and the

20  composition was mixed for ten minutes until it was homogeneous. The mixer
was stopped and the composition was scraped off of the sidewalls of the
mixing container. Finally, the catalyst was added to the composition and it
was mixed for an additional five minutes. These encapsulants are shown in

Table 1.
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was honobgeneous. The pol ysebaci ¢ pol yanhydri de was
added while mxing the conposition at a sl ow speed,

wW@na4/034065g was continued until the conpositiPCI/vueE03/034810

honmogeneous. The MHHPA was then added and the 20
conposition was mxed for ten mnutes until it was
honogeneous. The m xer was stopped and the
conposition was scraped off of the sidewalls of the
m xing container. Finally, the catalyst was added to
t he TeepobndariiEnaambulabts Hagisg ore Stlelf Ralynssr addi ti onal
fi ydatgriglut es. [Trdrel eAcapsulBnts are shown in Table
1. | Bisphano 2004/¥44053 PCT/ Us2003/ 034810 Table 1.
UndEpPeyIResBncapsul ant s Havihg Core Shell 'Pol ymer

Maf LsP%GI"OI(Z‘?‘zfntrol A Bl 48#4phleftel83F| 54. 8 Epoxy Resin'
Bi $ Aé 48. 444 48. 163 | Bi sphenol F Epoxy Bl end2
Cof lendy o 4 238l pglyn ysebaci ¢ 22. 15 20.579
22 Eﬁmeﬁ& yanhydri de”-RHHPA #28%5] 20. 579 20. 211

Si 5§ Igé pakiE 6 522\,15“ 2“%7%51 Zfi’»{ﬂh“ase Agent

A yeh %ydpr[dgpy 0.4 Tri-Met hoxy Sil ane6
MHHPA 22.15 20.579 | 20.211
Silicon Air 04 0.251 0.251
Release Agent®
Glycidoxypropyl | 0.4 0.251 0.251
Tri- Methoxy
Silane®
Catalyst’ 0.22 0.125 0.125

' EPPALOY 8230E (CVC Specialty Chemicals, Inc.)
2 7X1059 (Nippon Chemical Company)
® 50% BLENDEX-415 (ABS — used as predispersed in 1059 ZX resin at 14
wt%) and 50% Silicone (Hanse Chemie — used as received as 40% by wt
d:spersmn in Bisphenol A resin)
10 * BTA-753 (Rohm & Haas — used as predispersed in ZX1059 resin at 8.16 wt.
)
BYK A-500 (Byk Chemie)
Sllane A-187 (Dow Corning)
" Control — Imidazole phosphate, AMICURE 2PIP (Air Products)
15 Formulations A, B — CURIMID- CN (Shikoku, Air Products)

The control formulation and formulations A and B were tested for their

performance properties and the results are illustrated in Table 2.
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Catal yst' 0.22 0.125 0.125 EPPALOY 8230E (CVC
Specialty Chemcals, Inc.) 5 2 ZX1059 (N ppon Chem cal
w@rspampy3 a 50% BLENDEX- 415 (ABS - used as prePdBHpsI098B34810
in 1059 ZX resin at 14 w% and 50% Silicone (Hanse
Chem e - used as received as 40% by w dispersion in
Bi sphenol A resin) 4 BTA-753 (Rohm & Haas - used as
predi spersed in ZX1059 resin at 8.16 w. 10 %9 5 BYK
A-500 (Byk Chemie) 6 Silane A-187 (Dow Cor ni ng)
Contreied 2.- Pérfardame|Peopehies phatderfill BhMaGhIREnt2PI P (Al r
Products) 15 Formulations A, B - CURI M D CN ( Shi koku,
Al it PPrferchandes) THeongont r oA f or mul atB on and fornul ati ons
A aferertigere tdsted forltheir performance properties

and Vishesity @2f°ts %308 i1 | p3frhted i|F4Plble 2. -13 WO
20049P844053 _PCT/ US2003/ nas?ym Tahl Per f or mance

Pr o884 (9aser || 10Q%per £ or mance
Cohtls ol i es| e osi 1yl 1BI%5E 3 300 2, 850
3, 4 Hell 8289009 14d% 100% Yiel d - PB-8
106 4@?1?1 hal py.’ (J/9) 3:@ 269( 329 Adhesion
to Silicon Chip (Stud Pull

Strength) (Ibs.)

Tg (DSC) (°C) 62.2 61.3 62

Fracture 1.88 2.6 2.56

Toughness

K1C Mpa*m1/2

Energy Release | 1,255 2,800 2,753

Rate J/m2

Reliability: 658 1136 1109

(-55°C to 125°C)

cycles—OSP-Cu

Reliability: 230 380 404

(-55°C to 125°C)

cycles-Ni-Au

Table 2 clearly illustrates that the underfills containing the core shell polymer
5 have greater adhesion to silicon chips, fracture toughness, energy release
rate and reliability than the underfill without the core shell polymer.

As shown in Tables 3 and 4, the continuity of the underfill containing
the core shell polymer was equal or superior to that of the underfill without
the core shell polymer at many different test cycles on both Ni-Au and OSP

10  substrates. For evaluation purposes, failure was designated as an increase
in resistivity of 20% or greater for two consecutive testing intervals, as
determined by the average resistivity for the entire population of samples

{ested.
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Strength) (Ibs.) Tg (DSC) (C) 62.2 61.3 62 Fracture
1.88 2.6 2.56 Toughness KI1C Mpa*nl /2 Energy Rel ease

wQa 2035405800 2,753 Rate J/nR2 Reliability: 658PQW/BB2003/034810
1109 (-55C to 125C) cycles-OSP-Cu Reliability: 230
380 404 (-55C to 125C) cycles-Ni-Au Table 2 clearly
illustrates that the underfills containing the core
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tested. - 14 WD 2004/ 044053 PCT/ US2003/ 034810 Tabl e 3.

Undgy ék‘nlol/vbzonRFelbba? Lp bt ageée fea?nu'\éhmé%oﬁ%m BeSnINAR et |

Initia urty Continuity Contiinuity
Congrbdldkd Yood stability after at least 379 cycles, while the formulations
5

without core shell polymers performed poorly and usually failed after only 230

cycles.

Table 4, Underfill Reliability on OSP Substrate

Underfill | Initial Continuity [ Continuity | Continuity | Continuity | Continuity
Elec. After 404 | After 536 | After 658 | After 1136 | After 1531
Continuity | Cycles Cycles Cycles Cycles Cycles
(ohms)
Control | 8.70 10.4 9.58 8.82 10.4 Failed
Control | 8.64 9.2 Failed '
Control | 8.03 12 8.16 9.4 Failed
A 8.35 9.8 8.7 7.94 8.6 8.5
A 8.44 11.3 9.8 7.89 7.9 9.3
10  As shown in Table 4, all of the formulations containing core shell polymers
produced good stability after at least 1531 cycles, while the formulations
without core shell polymers failed after only 1136 cycles. Likewise
formulation B provided good stability through at least 1108 cycles, as shown
in Table 5.
15
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in Table 5. 15 -15 WO 2004/ 044053 PCT/ US2003/ 034810
Table 5. Underfill Reliability on OSP Substrate
waeni4053 I nitial Continuity Continuity ContiPCI/U$2003/034810
Continuity Continuity Elec. After 235 After 496 After
903 After 980 After 1108 Continuity Cycles Cycles
Cycles Cycles Cycles (ohns) B 1.66 1.68 1.71 1.69
1. 68c2aik® Many nodifications and variations of this
i nvention can be made 5 without departing fromits
spi t.i A nafial soiepit encpswant mateealapppiségt to t hose skill ed
in the art. The specific enbodi ments described herein
are of f epeenetsy MREALPERY 'e8RNPl e only, and the invention
is tobelimted only by the ternms of the appended
clains, Rl ‘Eﬂ‘?g’r\mofen“”?%'é’og’a'l’hyd%q,ebpe of equivalents to

whi ch such cl ains entitled. -16 WD 2004/ 044053
5PCT/ USZO%S?%?&@J?E?%%%& %ﬂdm 1. A no-flow underfill

encapsul @nfnRhRfd @k $RIMPSIMEEI: @) one or nore epoxy
resins; b) one or nore |inear polyanhydride; 5 c) one

or nore catalysts, and d) one or nore core shell
polymers, 2. The no-flow underfill encapsul ant of

cl ai.mhd po-iidve nrederfill eh@pepan yf dasilnwhesein thelepotyeesif isom t he
group consisting of 3, 4-epoxycycl ohexyl methyl-3,4 10

e posejasipe (foMdRaeTaUREPNBIBHNg|048 &-eP My X HE PR INgHEk efie
10di oé(pio%(lec’yolgﬁeﬁér?ep c%%%%ﬁétﬁ%ng%l/clohexene dioxide, 3,4-epoxy-6-methyl
cyclohexyl methyl-3,4-epoxycyclohexane carboxylate, dicyclopentadiene
dioxide, bisphenol A resin, 2,2-bis(4-hydroxyphenyl) propane-epichlorohydrin
cﬁpolymer, bisphene! F type resin, epexy novolac resin, poly(phenyl glycidyl
ether)-co-formaldehyde, biphenyl type epoxy resin, dicyclopentadiene-phenol
15  epoxy resins, naphthalene epoxy resins, epoxy functional butadiene

acrylonitrile copolymers, epoxy functional polydimethyl siloxane, and

mixtures thereof.

3. The no-flow underfill encapsulant of claim 2, wherein the epoxy resin
20  comprises bisphenol-F epoxy resin containing more than one 1.2 epoxy

group or molecule.

4. The no-flow underfill encapsulant of ¢laim 3, wherein the epoxy resin

comprises in the range of about 25 wt % to about 75 wt % of the encapsulant.
25

5. The no-flow underfill encapsulant of claim 4, wherein the epoxy resin

comprises in the range of about 35 wt % to about 65 wt % of the encapsulant
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cycl ohexyl nethyl -3, 4- epoxycycl ohexane car boxyl at e,
di cycl opent adi ene di oxi de, bi sphenol A resin,

WQ 2@4loiw3- hydr oxyphenyl ) propane- epi chl or ohy dp¢TUS2003/034810
copol ynmer, bi sphenol F type resin, epoxy novol ac
resin, poly(phenyl glycidyl ether)-co-fornmal dehyde,
bi phenyl type epoxy resin, dicyclopentadi ene-phenol 15
epoxy resins, naphthal ene epoxy resins, epoxy
functional butadiene acrylonitrile copolyners, epoxy
f ungt tiNRLACRAUNNSHINSAEuIaRT df OXATE whaiRfh thédpoky FelR is a
thereof. 3. The no-flow underfill encapsul ant of claim
2, mhxeresfmisbheoepandbispeshd F hde epotypesirses .bi sphenol - F
epoxy resin containing nore than one 1.2 epoxy group
or nol ecule. 4. The no-flow underfill encapsul ant of
claim3, wherein the epoxy resin conqrises in the
& angeTsrnodigwindodll encampiiagt A Blain 1. reirin 106 Bieat he
encqﬁs i_Ll _.encapsul ant

. 25 5. The no-fl d
of B ACS sarBT e pob AR ey MR SR oce i ¢ ne
TRy . % of th
Lﬁﬂgﬁ?ﬁféﬁ?&%‘IW%Q%Q%%@X@%%%&/ 034810 6.

The no-flow underfill encapsulant of claimb5, wherein

the epoxy resin is a m xture of bisphenol A and

bi sphEmralndérfit grpepsa@okef clais T, vehereh te iHEREpah@nfiidgue

underfill encapsul ant of claim1, wherein the linear
1Q0l gamtigen notyeehegiapelyabydisel ysebaci ¢ pol yanhydri de,

pol yazel ai ¢ pol yanhydri de, pol yadi pi ¢ pol yanhydri de

or mxtures thereof. 8. The underfill encapsul ant of

clapm.7 ' [ ' .

compr e R SRl B S CBREE RIHAINRY Menlee, 1

encgfsdibant tefrafdedt Mol 2 WB@hdbut tBwtloh BEAE encapsulant.
pol yanhydride conprises in the range of about 2 wt %

to about 50 wt % of the encapsulant. 15 10. The
underfill encapsul ant of claim9, wherein the |inear
1’@o| J@Thy dndetfd encapsulant of claim 9, wherein the linear polyanhydride

comprises in the range of about 5 wt % to about 35 wt % of the encapsulant
11. The underiill encapsulant of claim 1, wherein the catalyst is an imidazole.

20  12. The underfill encapsulant of claim 11, wherein the imidazole is blocked

} or protected for delayed reactivity.

13. The underfill encapsulant of claim 12, wherein the catalyst is selected
from the group consisting of 1-cyanoethyl-2-sthyl-4-methyl-imidazole, alkyl-
25  substituted imidazole, triphenylphosphine, imidazolium salts, imidazole

phosphates, onium borate, metal chelates, and mixtures thereof.
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conprises in the range of about 5 wt %to about 35 wt
% of the encapsulant 11. The underfill encapsul ant of
W@ b@ious3 wherein the catalyst is an i m dazol ePCT/R82022034810
The underfill encapsul ant of claim 11, wherein the
i mdazole is blocked or protected for del ayed
reactivity. 13. The underfill encapsulant of claim 12,

ot 1 thou B Pl RbYRlend & BRA £ LR MOBINIEH AR 1 |

consi'sting o cya

al kink range o3t .bb Wt @do hBuE AO4 85 thd éﬁ@mt phosphi ne,

i mdazoliumsalts, imdazol e phosphates, onium borate,

net al chel at es, and mxtures thereof. -18 WO

2004/ 044053 PCT/ US2003/ 034810 14. The underfil |

encépIoé areri enerpailmt bPclaimtér wenein the cetalysticpmprises in

conprises in the ran%e of about .05 wt % to about 1wt

3 otherange ehrbgplit whi to alput G:pwt R @bihe enGape@kpsul ant  of

claim 14, wherein the catalyst conprises in 5 the

range of about 0.1 wt %to about 0.25 wt % of the

enc I im1,
D Sﬁ'\e% berf (l]e(?\cap;ggﬁp %glgifr“ Wher%HQQeoéq% Q{éﬁé ngmgrj i&

V\,herelnt e core's romthe
gr OsHRecfe@MBinsthd upéona@mglﬁaérpnamﬂr@ pRikRAL-SPRnSEYE ENE
core shell polyner, nethacryl ate butadi ene styrene
COr ghel ha@yrherpabiin@ylate dutdiemnstyrdd @ar shels payrherpsillcymer  or
m xtures thereof. 17. The underfill encapsul ant of

1% | atate 46! polreereir mixitves bereef. shel | pol yner is
acrylonitril e-butadi ene-styrene core shell polyner. 15

18. The underfill encapsul ant of claim16, wherein the
cor el | rls n.the range of about I
;OB et B =G PeR B e UG BTE Gy RRR

und&rrxfléﬂ He B0GARSHLABEe wre%eﬂkbm/r{]@ wherein the core
shel poI ymer conprises in the range of about 2 Wt %

to about 8 wt % of the encapsulant. 20 20. The
underfill encapsul ant of claim1, wherein the
1%enc stk anderfillant4pstiantod opim ‘Seshaseie thercoremshell mfyniehe

group consisting of surfactants, coupling
comprises in the range of about 1 wt % to about 15 wi % of the encapsulant.

19. The underfill encapsulant of claim 18, wherein the core shell polymer

corﬁprises in the range of about 2 wt % to about 8 wt % of the encapsulant.
20

20. The underfill encapsulant of claim 1, wherein the encapsulant further

comprises one or more of the group consisting of surfactants, coupling

agents, reactive diluents, polymeric modifiers or mixtures thereof.

25  21. The underfill encapsulant of claim 20, wherein the surfactant is selected
from the group consisting of organic acrylic polymers, silicones,

polyoxyethylene/polyoxypropylene block copolymers, ethylene diamine
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agents, reactive diluents, polyneric nodifiers or

m xtures thereof. 25 21. The underfill encapsul ant of
web@iumi®83 wherein the surfactant is sel ected PET/OR0DIE34810

group consisting of organic acrylic polyners,

silicones, polyoxyethyl ene/ pol yoxypropyl ene bl ock

copol yners, ethylene diam ne -19 WO 2004/ 044053

PCT},
ool y(%(%)%et ﬁ/é%ﬁmg% yox%c’p len le)lr?gk %cipolgmers po oyiol based

pol mewo@a:a;eanesmkw@ewatﬁéyé@mxyaﬂ@khé@ %'“f QI'BSHOT based
pol yoxyal kyl enes, fatty al cohol polyoxya kyl ene al kyl

et hepigoxgalklylenextkyr eisers ber reigiires tterét®. The underfil |
encapsul ant of cl aim 20, wherein the reactive diluent
is selected fromthe group consisting of

but y| - ph i dyl eth dy!
B har. TR yerb ey a%e%&w% 23 Fvéwereefrgmaae% &%&L or

1o SRR B SO O e "
oy o B o T

encapsul ant 0 e cyclic anhydride

| S ButatoRdRBLIdPBRAE hdatbhies indeor. 15 25. The underfill
encapsulant of claim 24, wherein the cyclic anhydride

sel ected fromthe group consisting of

i hexa- hydro phthalic anhydride

&Et Ry Thayndediy enceprianbeficindHyher ermpriniadp eyavet hyl
anh%q{|q§ hexa- hydro phthalic anhydride, tetra-hydro
pht 5 anhydrlde dodecyl suocinic 20 anhydri de,
pht hal i ¢ anhydri de and m xtures thereof. 26. The
underfill encapsul ant of claim 25, wherein the cyclic

anhydlr TidQuind6@NMBHceSREnt & clale2d, %mgr%m%e @*aﬁbuatn Tﬁm% is@to

about 30 wt % of the encapsul ant.
undeydoalighattnadpgideant of cl ai m 24, mhereln t he epoxy
resin conprises in the range of about 25 wt %to
1@bout 75 wt % of the encapsul ant .

25. The underfill encapsulant of claim 24, wherein the cyclic anhydride is
selected from the group consisting of methylhexa-hydro phthalic anhydride
methyltetra-hydrophthalic anhydride, nadic methyl anhydride, hexa-hydro
phthalic anhydride, tetra-hydro phthalic anhydride, dodecyl succinic

20 anhydride, phthalic anhydride and mixtures thereof.

26. The underfill encapsulant of claim 25, wherein the cyclic anhydride

comprises in the range of about 0 wt % to about 30 wt % of the encapsulant.

25  27.The underfill encapsulant of claim 24, wherein the epoxy resin comprises

in the range of about 25 wt % to about 75 wt % of the encapsulant.
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-20 WO 2004/ 044053 PCT/ US2003/ 034810 28. The
underfill encapsul ant of claim 27, wherein the epoxy

WO e@i044060ri ses in the range of about 35 wt %PCDUSIPOBI034810
65 wt % of the encapsulant , 29. The no-fl ow underfil
encapsul ant of claim 27, wherein the epoxy resinis 5
sel ected fromthe group consisting of '

3, 4- epoxyc ohexyl net hyl-3.4- e cycl ohexane .

car Bo A HEB R E PRI g B gy PR BBres

3, 4" oy ¥ - Q,

et P RS ) BUEHRORSH o o tog enompoutent

di cycl opent adi ene di oxi de, bi sphenol A resin,

2, 2- bi s(4- hydroxyphenyl ) propane-epi chi ohydrin

copm. ynefio-fidi Gabein odcapsulaype claigs2T) wherpbxye spxpteain is
resin, poly(phenyl glycidyl 10 ether)-co-fornal dehyde,
i pletecied fioygdiee erpaxsonsieldionf 3.depgutisivberyithtyhddphenol
epoxy resins, naphthal ene epoxy resins, epoxy

f urRFCKYSHEPhprBReRRF Romdate AEY YRRt GnE (X e Tert-SRPKY-§-Med by

t hengbro rsBe S B Rue R Polietaeifn, of
0,29 . o et : o
o cHder ospEIoEh fhoh o REUoloRBH Byl Bropndbaesth !
NO- {do@nbN Bi8HehbilF t9RGaas bbalthodlacrban, FoRbhey@ydriyn t he

I i near” pol yanhydri de conpri ses pol ysebacic

10pol ateerhgdiorrakgdehpad, PialerlyBy e ep2Qy rpsih,ydaytigehniadiepe-phenol
pol yadi pi ¢ pol yanhydride or m xtures thereof. 32. The
underoky felsinarepfsalérgrepofrednsapraxg Lncighalbeiadiebthe | i near
pol yanhydri de conprises pol ysebacjc pol yanhydride. 25
33, ACPAii GaRaers. ém&?a&aﬁ&wwg“@}hﬁ g HREPLIT ¢ he
Iin%q% pol yanhydride conprises particles that are
equaF P or smaller than 50 microns. -21 WO
2004/ 044053 PCT/ US2003/ 034810 34. The underfil
encapsul ant of claim 31, wherein the linear

150} yRNMghoHde ubeairdnsgsulbt of di@mrangesraf thalBpery ré&sivie %

to about 50 wt % of the encapsul ant.
a mixture of bisphenol A and bisphenol F type epoxy resins.

31. The no-flow underfill encapsulant of claim 24, wherein the linear
polyanhydride comprises polysebacic polyanhydride, polyazelaic

20  polyanhydride, polyadipic polyanhydride or mixtures thereof.

32. The underfill encapsulant of claim 31, wherein the linear polyanhydride

comprises polysebacic polyanhydride.

25 33, The underfill encapsulant of claim 32, wherein the linear polyanhydride

comprises particles that are equal to or smailer than 50 microns.
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35. The underfill encapsul ant of claim 34, wherein the

i near polyanhydride 5 conprises in the range of
W@baun4smt % to about 35 wt % of the encapsul PET/USBE3/034810

The underfill encapsul ant of claim 24, wherein the

catalyst is an imdazole. 10 37. The underfil

encapsul ant of claim 36, wherein the imdazole is

bl ocked or protected for delayed reactivity. 38. The

undér frhé linderit) @pespbidatt ofsfain BAi wiepadn thafesas pelyanfiride

catalyst is selected fromth roup consisting of

1 cpmRREBHyS TngY Fbout ZHUhISoPIS 4D o1 @ eegesiatis
substituted i m dazol e, triphenyl phosphine, im dazolium
salts; i m dazol e phosphates, onium borate, netal
chel.at.es ] : ] ki
enczo g iR eiERE RhercRthe S, kil
5COMBRh SRS irl e rdn& of BBES 1% RRBGI B.vAS: sftthericapsataoit 1
wt % of the encapsulant. 20 40. The underfil
encapsul ant of claim 39, wherein the catalyst
conprises in the range of about 0.1 wt % to about

0. 2. Tite Widefill erepssipoby slaimaddt, wharein theataiyrgiseni | |
encapsul ant of claim 24, wherein the encapsul ant

f ur'tfifgzole-25 conprises one or more of the group

consi sting of surfactants, coupling agents, reactive
di luents, polyneric nodifiers and m xtures thereof.

10° 2237\.’\%%996’&@%%'%1&’%( &éﬁ%%@ﬁ&%@ﬂa@ imiflzole T Blocked

under f i encapsul ant of claim41, wherein the
surdraedtéidd forsdegéeebadiyf rom t he group consisting of
organic acrylic polyners, silicones,

pol yoxyet hyl ene/ pol yoxypr opyl ene bl ock copol yners,
et hyl ene di am ne bas

ed ,
pol $foxiyie tRJArdFaransY o o] FiB S Wirse b N Crtal Blib PR ARA S |
pol yol - based 5 I yal ky] ene f.aft .cohol -.hased
pol fivPcS“xk'/‘S eIg7P ginsBing g f";yfa’b?%éﬁ‘ 6‘%"‘5"’6 3 %P%VJ( %ﬁ%‘%&‘?eﬁ& al kyl
th . > ; e i
15&0%%%5?%@%% &llcﬁ":l’lt&ﬁ]rerii %Bgﬁwneer Iﬁﬁr? Z(ﬂqg Sl#Eéa:’ig]?lagltélnﬂto‘edi | uent
phosphates, onium borate, metal chelates, and mixtures thereof.

39. The underfill encapsulant of claim 36, wherein the catalyst comprises in
the range of about 0.05 wt % to about 1 wt % of the encapsulant.

20
40. The underfill encapsulant of claim 39, wherein the catalyst comprises in

the range of about 0.1 wt % to about 0.25 wt % of the encapsulant.
41, The underfill encapsulant of claim 24, wherein the encapsulant further

25  comprises one or more of the group consisting of surfactants, coupling

agents, reactive diluents, polymeric modifiers and mixtures thereof.
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5

10

15

20

25

conprises p-tert-butyl-phenyl-glycidyl ether, allyl
gl ycidyl ether, glycerol 10 diglycidyl ether, glycidyl

thereof. 42. The underfill encapsul ant of claim 23,
wherein the-core shell polymer is selected fromthe
group consisting of acrylonitrile-butadi ene-styrene
core 15 shell polyner, nethacrylate butadi ene styrene

co#z Tohehderfingarsuiantsl Fipiatd, woesia thererTrcta [s\peierted r

m Xt ures thereof, ﬁ The underfill ncagsulant of

c| 59'?1”2?2@0[\99:1‘@?%?%99 Groay R BV Y

acr onitri ut a 20
e hhansiioD i B Rt Fook SRRt Ben gt *’mﬂ@%?ﬁrt he

co

ut B%Q%Q%QEWW’W‘)'V@? Al S el Sl

UHGQF&yhlkyx&{ég ansiansl-habediopiongafidienathattgicotiohe cor e
pol ymer 25 conprises in the range of about 2 w
% polyalyalller alityl exheod artcheixioresdpsadiant . - 23

43. The underfill encapsulant of claim 41, wherein the reactant diluent
comprises p-tert-butyl-phenyl-glycidyl ether, allyl glycidyl ether, glyceral
diglycidy! ether, glycidyl ether or alkyl, butanediodiglydidylether and mixtures

thereof.

42. The underfill encapsulant of claim 23, wherein the. core shell polymer is
selected from the group consisting of acrylonitrile-butadiene-styrene core
shell polymer, methacrylate butadiene styrene core shell polymer, silicon

core shell polymer or mixtures thereof.

43. The underfill encapsulant of claim 42, wherein the core shell polymer is

acryloniirile-butadiene-styrene core shell polymer.

44, The underfill encapsulant of claim 42, wherein the core shell polymer

comprises in the range of about 1 wt % to about 15 wt % of the encapsulant.

45. The underfill encapsulant of claim 44, wherein the core shell polymer

comprises in the range of about 2 wt % to about 8 wt % of the encapsulant.
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