WO 2004/ 044053 PCT/ US2003/ 034810 Patent 2019. EEM TOUGHENED EPOXY- ANHYDRI DE
NO- FLOW UNDERFI LL  ENCAPSULANT FI ELD OF THE | NVENTI ON The invention rel ates
to an underfill encapsulant which nmay be wutilized in-no-flow underfilling
processes. BACKGROUND OF THE INVENTION 5 This invention relates to
underfill encap&028¢w04d@ddpounds prepared from epoxies to protP€IIUSIMNG/ 034810
reinforce the interconnections between an electronic conponent and a
substrate in a mcroel ectronic device. Mcroelectronic devices contain
multiple types of electrical circuit 10 conponents, mainly transistors
assenbl ed together in integrated circuit (1C) chips, but also resistors,
capacitors, and other conponents. These el ectronic conponents are
interconnected to formthe circuits, and eventually are connected to and
supported on a carrier or a substrate, such as a printed wre board. The
integrated circuit conponent nmay conprise a single bare 15 chip, a single
encapsul ated chi p, or an encapsul ated package of nultiple chips. The single
bare chip can be attached to a | ead frane, which Patebt20n3.EEM -1 WO

2004/ 044053 PCT/ US2003/ 034810 encapsul ated and attached to the printed wire
board, or it can be directly attached to the printed wire board. Wether the
conponent |Is a bare chip connected to a lead franme, or a package connected
to a printed wire board or other substrate, the 5 connections are nade

cor T espondi ng el ect 1 cal TORPHENEE FEnS Ak TR Sl BATBRERRFLET

FIELD OF THE INVENTION

The invention relates to an underflll encapsulant which may be

utilized in-no-flow underfilling processes.
BACKGROUND OF THE INVENTION

This invention relates to underfill encapsulant compounds prepared
fron:1 epoxias to protact and reinforce the interconnections between an
electronic component and a subsirate in a microelectronic device.
Microelectronic devices contain multiple 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 to form the ¢ircuits, 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 tum is



met hod for making these connections uses polyneric or netallic material that
is applied in bunps to the conponent or substrate termnals. The termnals
are aligned and contacted together and the resulting assenbly Is heated to
10 reflow the netallic or polynmeric material and solidify the connection.
During Its norn¥P 284058 |ife, the electronic assenbly is suBCEAISN3(034810
cycles of widely varying tenperature ranges. Due to the differences in the
coefficient of thermal expansion for the el ectronic conponent, the

i nterconnect material, and the substrate, this thermal cycling can stress

the 15 conponents Qﬁcab%@ﬁéﬁ@%&he@ﬂﬂh&ﬁﬁ%ﬁkbterdféjiﬂcanEQdPécﬁ?/ent t he

failure, -the gap between the conponent and the substrate is filled with a

pol ymeric encapsul amdchedionied prinfelavire@dried underfill or. underfill

encapsul ant, to reinforce the interconnect material and to absorb sone of
t he stress of the thernaWhethgcthe gopohentdiibare chip cdnhecterbib @neadlfralvel gs to
absorb inpact energy and inprove 20 so-called "drop test" performance. Two
prom nent uses for amgeiege tannpedehing|Pitipd airebgant orradien puhiskatadne packages known

in the industry as chip scal e packages (CSP), in which a chip package is
attached to a pr§ nt SYMNAtoBS HEAade b’Ft%F‘ii‘-%?ﬁtrﬁa'ﬁﬁrm'”aﬂ?’isﬁné’i'er%RF”OF'BGA) I'n which

{1 ip ohi p dovi cos. Fimesrpene Eafeafirlig ety WiBalin LR el e ons, °™
the underfill i SPEARIBGH: ARG UELdGrhEEH BLOGRAL 8] mbbf Fabhg P! L he

metallic or polyneric 044 034 Interconnect. In

this procedure, fl ul dpBliddM Bunddsltythe catmhestidr bubetrate tedhinBB.dshedBrmiifs substrate.
Next, the chip Is placed on the fluxed area of the substrate, on top of the

sol dering site, for atduigretised odntatetadgetier enddbereedtingomssentiheis asgedol y i s then
heated to allow for refl ow of the solder joint. At this point, a neasured 5
amount of undert@1 | refawdpsmtaltin orpalymericapatenisl aidspldiy i catnsaltpnone or nore

During its normal service life, the electronic assembly is subjecled to
cycles of widsly varying temperature ranges. Due to the differences in the
coefficient of thermal expansion for the electronic component, the
interconnect material, and the substrate, this thermal cycling can stress the

15 components of the assembly and cause it to fail. To prevent the failure, the
gap between the component and the substrate is filled with a polymeric
encapst.;[ant, hereinafter cal!ed underflll or underfill encapsulant, to reinforce
the interconnect material and to absorb some of the siress 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 altached to a printed wire board, flip-chip ball grid array
(BGA)in wﬁich 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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peri pheral sides of the electronic assenbly and capillary action within the
conponent -t o-substrate gap draws the nmaterial inward. After the gap is
filled, additional underfill encapsulant nay be di spensed al ong the conpl ete
assenbly perlphery to hel p reduce stress concentrations and prolong the 10
fatigue life of Pﬁ@”‘é"ﬁé‘?ﬁbl ed structure. The underfill encaps®CAMHS2003/034810
subsequently cured to reach its optim zed final properties. The no-fl ow
underfill process provides a nore efficient procedure than that described
above for attaching electronic conponents to a substrate and protecting the

assenmbly wi th an ungdgrdhddet, 8REMISFHLRNE; ﬂuk%tﬁimﬁy BRedd PAMhe heraRf2E8BS Ul ati on

process the flux is contained In the underfill which is applied to the

assenbly site pri orthé sutisheteC MeROAE Biip ﬁlpaae@mnheﬂtﬁfaa gfea bohiae eub¥palest i S
placed, it is soldered to the netal pad connections on the substrate by

passing the full astsgntihy soldwing sites fonthethe of e metatiectnnecivde Mhé Béseanbhiy
substrate, through a reflow oven. Duri nfg this process the underfill fluxes
t he sol der and 20 niathen hp@ldé’toat“h\éf%tﬂﬂ@ép thesaider joisk.| Aikis peinti @ Mmepgd

i nt erconnect jo%pt bet ween t he nBonent and the substrate, and the

underfill cures. At?r@‘?%f%f“f'ﬂ‘*'ﬂk%"cﬁ pRtyaateriapis BPWFW'WPBWC’%WOQ tions
have general ly fai l[?edr\(xﬁ?r%l c%go n?%ler'b%fc%ns[e%b%/grﬁ%%ﬁtawacq%\l\e\ﬁﬂm tﬁg pad and the

sol der and interfer SO | Ol e separate

steps of appl yi ng téb%?f bﬁg;ﬁ@%sgﬁﬁb Cp%ewgggeﬁn%nawérbd%whbgaﬁ@ el i m nat ed

via this process. I ng the undertill ocCcur during the

sane step of the prmeesaditidnl ideiHnbngpdulat REORAlispehsa@ng the caf@letr e rate of
the underfill nmaterial is critical in the no-flow underfill -3 WO

2004/ 044053 PCT/ US2&38hDIP 4&Tberydnbekpeditsiress conaokaions divepraodethéi | | nust

remain at a | ow viscosi t'éw(fl n the range of about 3,000 - 6,000 cps) for ease
of dispensing aifd tgtigueli M¥FW19WWQtWé §|Eﬁ ‘d@ﬁﬁ&ﬁ@atﬂﬁ&ﬂ“ﬂérmtl on of the

: ht er connect i ons be%“geer& ttR( dgn% q’\‘P : mize ngl psréjpbshtesriate is al so
nportant that the BHPEUGFHEUNHFEFTEY
The no-flow underfill process provides a more efficient procedure
than that described above for attaching electronic components to a substrate
and protecting the assembly with an underfill encapsulant. In the no-flow
15 encapsulation process the flux is contained In the underfill which is applied to
the assembly site prior to the component placement. After the component is
placed, it is soldered to the metal pad connections on the substrate by
passing the full assembly, comprising the componeni, underfill and substrate,
through a reflow oven. During this process the ﬁnderﬁil fluxes the solder and
20  metal pads, the solder Joint reflows to form the interconnect joint between the
component and the substrate, and the underfilt cures. Attempts to use fillers
" in no flow underfiow compositions have generally falled 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  underfi} 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



5 not be unduly del ayed after the cure of the solder, It is desirable that
the wunderfill in the no-flow process cure rapidly in one reflow pass after
the nmelting of the solder. Further, the underfiil rnust provide excellent
adhesion to the solder mask, solder, and the passivation |ayer of the die.
overall, the ul&8P19440%ust also exhibit a long work |ife at BCIHHH2003/034810
tenperature and have 10 good reliability during thermal cycling. No flow
underfill materials, however, are relatively rigid and brittle in nature
and eventual |y crack and delam nate during thermal cycling between -55 C

and 125 C. SUMVARY gXcaddifatibNMEREEs Othe uhderifustiarmalh bidow Olséds@p (it Bea curabl e
underfill encapsul ant conmposition which |Is especially useful in the no-flow

underfill encapsul atangsofEbogaIs0 —Bl0O0 cpx) ipeasd dof dispaspand low epbry resin, a
fluxing agent, a linear polyanhydride, a core shell polyner toughener and
acat aal yst. I n an abfites snider ord therfordation at the Pterecheedtionswtiasnd® al so contains a
cyclic anhydride. Various additives, such as surfactants and coupli ng

agents may al so be SRItReBeRENE Kig sebsiplss i 2sp impestephinpidns sieseidendeN or THE
| NVENTI ON 25 Th

the present i n\eiiseilte ﬁ%ﬁgglﬁiu‘?yg%eijaggt{i gﬁe@%g{?ﬁéﬁﬁe 'S\%ﬁg@ *S‘?lilﬁ%ﬁ{i%‘ﬁ?n?’i‘%ﬁ@ﬁziyt ia?(ra] °

capabl e of pol yneri Lk § i I Lk i ‘theure will nmean
to -4 WD 2004/ 04405§@JBE@?U§§€%§§%@2%€%6&”%§7”§%’?Fﬁ%@%v‘d’ Bbs a1 0 ng.
Cross-linking, as UREBRGEARSAHRr. LARNGT the uhferfifusBbibAs BRBlenOidnbieh pol yner
chains by bridges of an elenent, a nol ecul ar group, or a conpound, and In
gener al takes pl acetotposolder alakl) golder) ang tiathzitaion fayérive thprdes @verail e nt i on

i ncl ude one or nore epoxy 5 resins, fluxing agents, linear polyanhydrides,
core shell polyner vriggiienetalso exhitiit & lnavpsktits at Qo tempgrbiyre apddkbvec anhydri des,

surfactants, re1aé:tive di | uents i ]
goced reliability during thermal cyeling. No flow underfill materials, however,

{
are relatively rigid and brittle in nature and eventually crack and delaminate

during thermal cycling between —55 °C and 125 °C.

SUMMARY OF THE INVENTION
15
The inverition relates {o a curable underfill 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 foughener and a cafalyst. In an alternative embodiment,
20  the composltion also contains a cyclic anhydride. Varlous 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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and other ingredients may al so be included. The ingredients are specifically
chosen to obtain the desired bal ance of properties for the use of the
particular resin. 10 Exanpl es of epoxy resins suitable for use in the
present underfill conposition include nonofunctional and nultifunctiona

I
gl yci dyl et her V@4834858enol - A and Bi sphenol -F, and cycl oal i PhEUSEOYBHRIP
resins or a conbination thereof. The cycloaliphatic epoxides are preferably

selected from non-glycidyl ether epoxides containing nore than one 1.2
epoxy group 15 per nol ecul e. These epoxides are characterized by a ring

structure wherein Laﬁn&ee,@iﬂ%rag-ﬁ%gnpvoséﬁ?ua?gr bs @{deﬁs{a@d i tAdarlis 1By be

attached to the ring "~structure. Exanples of non-glycidyl ether epoxides

i ncl ude 3, 4- epoxy ciedcrienk MRigdYmeschding PRE3HEYEbiah@lemant, 6 afokauul at e, whi ch
contains two epoxide groups that are part of the ring structures and an
ester |inkage, 20 vpmeypcyelcahpoustandingeneel takesiplahe cppntheating. t wo epoxi de
groups and one of which is part of the ring structure, 3,4-epoxy-6-nethyl
cycl ohexyl methyl -3, 4- eb‘@@@?@l%ﬁé?@ﬁ@“@ﬁ? B {riddeongfl TeresRSKbpent adi ene
di oxi de. G ycidyl ether egpxide ar e eferred in hf i nventi

. . n, either
separately or i coffsinadtriBhagisnineAHEHYIISFs; )R she 'Pl%‘fmeé&fr%ﬁ%ﬂ?és. These 25

resins are selected_from.al i | et x| des .c aj ni re than one
1.2 epoxy group pe?n%taé%ttﬁy @p(a%agﬁg?@é?@ﬂgﬁdﬁ%’x@ﬁaﬁg&s{%}sﬁh%?tﬂf ﬁlms)en sype is

bi sphenol A resin. I - hi | : | .
D SPE0el oy PSR SESURRI A MRE TSR o

propane- epi chl ohydr thbse®RAUMATERe déire®Bdlanet of R6cads RPMeYst 66the | s bi sphenol F
type resin. These resins are generally prepared by the reaction of one nole
of bi sphenol F resi particutbrresin. nol es of epichl orohydrin. A further preferred
type of epoxy resin is epoxy novolac resin. Epoxy novolac resin-is 5

comonl y prepar8 by t he Exeraries Sapayy rqsine suiable 7oraise i thgrtesspt widedl ohydrin. A

!

composition include monofunctional and muitifunctional glycidy! ethers of
Bisphenol-A and Bisphenol-F, and cycloaliphatic epoxy resins or a
cornbination thereof. The cycloaliphatic epoxides are preferably selected
from non-glycldyl ether epoxides containing more than one 1.2 epoxy group

156 per molecule. These epoxides are characterized by a ring structure wherein
the epoxide group may be part of the ring or may be attached to the ring
structure, Exar_nples of non-glycidyl ether epoxides inciude 3,4-
epoxycyclohexylmethyl-a,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 dloxide.

Glycidyl ether epoxides are preferred in the invention, either

separately or in combination with the non-glycidyl sther epoxides. These

25  resins are selected from glycidyl 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)

-5-



preferred epoxy novolac resin is poly(phenyl glycidyl

et her)-co-fornmal dehyde. Bi phenyl type epoxy resin may al so be utilized in
the present invention. This type of resin is commonly prepared by the
reacti on of biphenyl resin and epichlorohydrin. D cycl opentadl ene-phenaol
epoxy resin, naPREH400E3 resins, 10 epoxy functional but adi enBCHEBIMFAEIG | e
copol yners, epoxy functional polydinethyl siloxane and m xtures thereof are
addi tional types of epoxy resins which may be enpl oyed. The preferred epoxy
for the underfill encapsulant of the present invention is bisphenol F type..

A iall il abl e pj | -F t in i ilable f CcvC
Cpcar ity the ooy bl gaRh R Gl Kb Saipbis B S hBepl o
8230E. Bi sph | - A b0l i i 1 | uti
Technol gy as EPoN 598 reslh e PuREE G Al ben KAty R Rl O L
avai | abl e from N ppgBle of}I§HeRdF SRR HBRS bf dpitBlofBpdrBN Alty@iar ZX- 1 059. The

| i near pol yanhydrl de of the invention nust be chosen so that the 20 no-flow
underfl | encapsul anprefdBediypé 6fepaxyl revih 16l ep6:aSoladresinVEFdRe nomtakiradh is poi nt  of
the sol der and al so just above the nelting point of the solder |ong enough
to allow the sol&er camobniyetrepargaihydhe eadtiot ef mhenalie odsin ahbl epicilorebydrin. A

pol yanhydride used in the underfill encapsulant is multifunctional. The
Initial reaction weelerehergxespylacsesings eoleahaayhaveidystheReeifermaldaipigei de chai n,
t her eby 25 decr easi %ml ecul ar weight. This is shown schematically in the

di agram below -6 SHIURERPRSSSIPOIY B89 66 4lierslin s Prasentinveptiopnjpis” | wy

O+ 30 (1) o rodh isobMB8y BRbBREY AL hlBuch SPRoer B g VOO OF

eplchlorohydrin. Dicyclopentadiene-phenot epoxy resin, naphthalens resins,
10 epoxy functional butadiene acrylonitrile copolymers, epoxy functional
polydimethyl siloxane and mixtures thereof are additional types of epoxy
resins which may be employed, The preferred epoxy for the underfill
encapsulant of the present invention is bisphenol F type. A commercially
avaiiable bisphenol-F type resin is available from CVC Specialty Chemicals,
15  Maple Shade, New Jersey, under the designation 8230E. Bisphenol-A type
resin is commerclally available from Resolution Technology as EPON 828,
and a blend of bisphenocl-A and bisphenol-F |s avallable from Nippon
Chemical Company under the designation ZX-1059.
The linear polyarnhydride of the invention must be chosen so that the
20  po-flow underfill encapsulant maintains a low viscosity belaw the melting
point of the solder and also just above the melting point ofl the solder long
enough to allow the solder and metal péds to interconnect. The linear
polyanhydride used in the underfill encapsulant is multifunctional. The Inltial
reaction with the resin is to cleave the polymeric anhydride chain, thereby
25  decreasing molecular weight. This is shown schematically in the diagram

below:



O CGRrr WCOO- CHp ?HCHZO (3) A~MACOO CHZ ?HCHzO- + H 42CQ\ / n | linear

pol yanhydride = coo 1In step (1), the linear polyanhydride chain is cleaved
by the catalyst. In this schenme, Ris a 4-10 carbon |inear pol ynethyl ene
segnent. In step (2), the wusual carboxyl ate-epoxy reaction is initiated. In
step (3) the alWOYIHBA of 5 the epoxy again reacts to cl eaVETAINSAEP4810
pol yanhydri de chain.. The cleaving process, by reducing the nol ecul ar

wei ght of the polyanhydride, in effect delays the increase in viscosity.
Thus, with no delay in the curing process, the conposition of the invention
remains at |ow viscosity for an extended period of tinme. The nol ecul ar

wei ght | nevitably bqg{,{pg\ tg__ﬁ' e+ Eit, - OMECONB: ext EAPB™of cure. | nlladdition,
the |inear polyanhydridedfunctions as a fluxing agent. The preferred |inear
pol yanhydri de |s pol ybetmbineydgge| yanhydri de (PSPA) which is forned fromthe
dehydration of sebacic acid.- The preferred PSPA is avail able as PSPA from
Lonza, Inc., Internediates and iduiore S+ Pasagens,—cHmyas. O her @i near

pol yanhydri des whi ch 78§"%e utild zed incl ude 15 pol y§zel ai c pol yanhydri de
and pol yadi pi ¢ pol yanhydride. A formulation having ™a |inear polyanhydride
provides rapid reactivity without a rapédf%ise in viscosity. A further
advant age of the linear polyanhydride ' that it is a |ow vapor ppessure
solid. Consequent!|y, "Af°%r&fafs OTé'n'b"éf 8 Above tﬁéo-t:?z \?%9'5300%)044053
PCTI US20031034810 crystal li e melti g noi.Aleihere is littl &3 endency for

t he pol yanhydride to volatilize and create voids in the curi underfill. A
catalyst is preferably utilized in the underfill encapsulant. A preferred
catal yst is 1-cyanoethyl-2-ethyl-4- | -im — 9 i is

In step (1), the linear polyanhydride chain is cleaved by the catalyst. In this

scheme, R is a 4-10 carbon linear polymethylene segment. In step (2), the

usual carboxylate-epoxy reaction Is initiated. In step (3) the alkoxide ion of
5  the epoxy again reacts to cleave another polyanhydride chain., 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 composition of the invention remains at low viscosity for an extended
petiod 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
{PSFA) which is formed from the dehydration of sebagcic acid. The preferred
PSPA is available as PSPA from Lonza, Inc., Infermediates and Additives,
Pasadena, Texas. Cther 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 itis a low

vapor pressure solid. Consequently, at elevated temperatures above the



5 a liquid imdazole, preferably bl ocked or protected for del ayed
reactivity, and, is comercially avail able under the trade nanme CURI M D- DN,
fromPoly Oganix, Inc., Newburyport, Mssachusetts. O her useful catalysts
include AMCURE 2PIP (Air Products & Chemi cals, Allentown, P i

al kyl - substit @M H4M9E3 0l e, tri phenyi phosphine, inidazoll unfgffﬁ&o?@m"@}w

i m dazol e 10 phosphate, im dazole salts, onium borate, netal chel ates, and
m xtures thereof. In underfill fornulations containing a |linear

pol yanhydride, the linear polyanhydride inparts a great deal of flexibility

to the cured COWOSic@g%ﬂfgemﬁﬁiﬁgp%ﬁﬁé&%’%"ﬁé*nb&%%iyﬁgﬁglg.gﬁvgrﬁfe%tai n uses,

such as assenbly of girdcure I'S desirable in

certain other uses, \sifiBea8d LRSS Soidd 'R &% dufiglinderi@l i ncreased durability in
thermal shock reliability tests. In these ‘cases requiring a nore rigid

conposition, it is desirabtRaljdisiphFeraputiiied idthe sRGaCnaadavenitl de or hi gher
functionality epoxy into the fornula to provide higher rigidity and higher
gl ass transition t erpeferadduratalysiih d-cparetibyl2edhyb-éoetigl-Bidaaciby This eteria is
preferably a cycl oaliphatic anhydride and nost preferably nethyl hexa-hydro
pht hal i ¢ anhydri 8e (aNEpPApidazels, piefarablydinsiasias petacied fendelayetieactisiyy, MMHPA from
Lonza. Ot her cyclic anhydrides which may be wutilized esPPeci ally to

i ncrease the giass t# %ﬁﬁél‘?rF'BW avaliahleriagqsihe rapie Ry GURIMID-DN, from Poly

met hyl t et r a- hydr ophtbal i.c,anhydri de adi h anhydrid hexa- hydro 25
pht hal i ¢ anhydri de, ’8?”!1’%\-'?%1E“\ré&vgiﬂrﬁ?%apf"%sa‘g“ﬁrﬁr%f et Ufflafie g'ﬁlﬁ%ri de,
dodecyl 'succini ¢ anfuglblfe P (MRPSHEES drBRIGER! AlchiBwh Mentindy bk

encapsul ant fornulation contal ning bo I near polyanhy e and a cyclic

anhydride, the -8 WhaQGdd BfaRSS tiEdilshaBne 0d8adiumrsalts, Pidfzothe two
conponents is preferably stoichionmetric. Further, the preferred fornul ation

shoul d be subst dft i glhbsphhieeinidezole ealtst onhan Ispae.resalichalbtes, wodimtkturést | at e t he
efifects of the linear polyanhydride by increasing viscosity too
thereof.
in underfill formulations containing a linear polyanhydride, the iinear
polyanhydride imparts a great deal of flexibility to the cured composition.
Such flexibility is desirable in certaln uses, such as assembly of CSP's. A
15  more rigid cured composition is desirable in certaln other uses, such as those
uses requiring increased durability in thermal shock reliability tests: In these
cases requiring a more rigid compaosition, it is desirable to incorporate a
second anhydride or higher functionality epoxy into the formula o provide
higher rigidity and higher glass transition temperature. The preferred second
20 anhydride is preferably a cycloaliphatic anhydride and most preferably
methylhexa-hydro phthalic anhydride (MHHPA), which is commercially
available as MHHPA from lLonza. Other cyclic anhydrides which may be
utilized, especially to increase the glass transition femperature, include
methyltetra-hydrophthalic anhydride, nadic rhethy| anhydride, hexa-hydro
25  phthalic anhydride, tetra-hydro phthalic anhydride, phihalic anhydrids,

dodecyl succinic anhydride, or mixtures thersof. In the underfill encapsulant

formulation ¢ontaining both a linear polyanhydride and a cyclic anhydride, the
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early and by accelerating the cross-linking process. 5 A core-shell polyner

toughener is included in the underfill in order to inprove the adhesion of
the underfill to the solder and silicon die, inprove crack resistance and

i ncrease the fracture toughness of the underfill w thout danmaging the
tenperature resVWOUAYYBT t he underfll|. The crack resistance qurr Y2AQ3/034810
underfill is an Inportant criteria because it Is the nost common cause of 10
failure during thermal cycling. Consequently, the thermal cycling properties
of the underfill are also Inproved. The core-shell polyner toughener is an

organic filler that | 'SiUE%gf‘"%&%P\én%A"ﬁ% i%bt he %Wﬁog%io\ﬁe%gibgﬁéﬁgtw?erfi Il and

has a sub-m cron par €' slze'™W e ran 0.5 pm The

sub- micron particl g.8ines ipmEMEM sholidbeSlbekRimPrdl Jf Reakiil spaligiarad 0i nt
formation 15 during the reflow process and does not dimnish the yield.

Further, the additivaldotiateif dfests bEReinchasIvaRgardE 1 Wrdasing aeosity fobual |y no
effect upon the Tg of the underfill. The toughener greatly increases the

reliability of the esaityaheibyjpcichirating theicrngs-Hnkifgprate¢so 125 C liquid to liquid
thermal cycle, as shown in Table 1. The Increase In the reliability may be
attributed to th® increadewrepshelpigedrdavghenet iséncligecdio theanderdllinstdeaire and t he
i ncreased fracture toughness in Tabl e One further benefit Is

as shown le 2. O Irt,
that the organic fi ITREPE Qg phesiap ot ungerfifh ipdhresolder prshalicon ¢ie BRPYRI py of the
no-flow underfll, which provides,.certajn dvant ages i.n neeting. | ess
restrictive shippi nﬁralg beg %P?eo??g "éfﬁecfs%}hgsﬁgﬁ*”iec%utgﬁor?gf)h%@r%rﬁg?@h%ugr e-shel |

pol ymer tougheners yoel4dene BompRftuft RBIsREd & tHahadhie he ela¥t RBStRY & Shel |
pol ymer, sold under the ttadenane BLENDEX-415 (General Electric Conpany)

and net hacryl at e butiRdin@& is Sh iRAGNCAEE Isdealde ithOhy B comfbol chlRdef the trade
name BTA-753 (Rohm & -9 WD 2004/ 044053 PCT/ US2003/ 034810 Haas Conpany).
Cliher cor e- shel 10 polajaecdurinecthérimal ycling c Cobeqzenthy tiedhdrmpiagtlingpapériies s.
| of the underfill are also improved. The core-shell polymer toughener is an
organic filler that is preferably well-dispersed within the undexrfill and has a
sub-micron particle size within the range of about 0.1 — 0.5 pm. The sub-
micron particle size prevents interference with the solder joint formation
15 dufing the reflow process and does not diminish the yield. Further, the
addition of the toughener has been shown to have virtually no effect upon the
Tg of the underfill. The toughener greatly increases the reliability of the
soidefjoints during a -55 °C to 125 °C liquid to liquid thermal cycle, as shown
in Table 1. The Increase In the reliability may be atiributed to the increased
20  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 toughenér lower the enthalpy of the no-flow underfil, which provides certain
advantages in meeting less restrictive shipping regulations and
classifications. Exemplary core-shell polymer tougheners include
25  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 &
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Addi tional Ingredients nmay be added to the underfill encapsulant to produce
a conpoesition with the desired properties. For exanple, 5 nonofunctional
reactive diluents can increnentally delay the increase in viscosity wthout
adversely affectin% t he physical properties of the cured wunderfill. A
preferred. di | ueW0 % %"W?grt- butyl - phenyl gl ycidyl ether, althd&JH'S28¢38¢#810

di luents such as allyl glycidyl ether, glycerol diglycidyl ether, glycidyl

et her or al kyl, butanedi odi gl ydi dyl et her and m xtures thereof may be
utilized. 10 Surfactants may be utilized to aid in the prevention of process

votding during thetdJatdahp) R LAE-RIGRERS: Ao RIGRIERNC Rflter | oi nt

refl ow and material curing. Various surfacCtants which may ‘be utili zed

i ncl ude organi c acr pbdifiers.pol yners, silicones,

pol yoxyet hyl ene/ pol yoxypr opyl ene bl ock copol yners, ethyl ene dianm ne based
pol yoxyet hyl ene/ pol yoxy pAdgidneiregrédlientskndyDecatiped ty ther svdentiib byabsutsms d

pol yoxyal kyl enes, fatty al cohol -based pol yoxyal kyl enes, fatty al cohol

pol yoxyal kyl ene al kgeduselzenompasiitbniitk therdesiredtphapedie$.. Farexamild.t i on, coupl i ng
agents, polyneric nodifiers and other ingredients may al so be added as
desired. An’ al t et nafPRunstipnsticagiye dbents g ipgphentallidsiky 8 MarasaMderfill 20

encapsul ant of the present. invention conprises .an epo resiFn, a |inear

pol yanhydri de t hat ‘ﬁfﬁ?ﬁ |"3W§& V%F’&ﬁ)f Fwaﬂé?d%ﬁ?'?alBmggﬁ%ﬁ%f&e,c”gedcore-shelI

pol ymer, and ot her | di Sii L Eed: v S : The epoxy
resin may conprise %&Eﬁékﬁa%\égrge%?fl&gg%E?%Wgn%r@gﬁfc@gﬁﬁ%}? é%;gxy resin.
Preferably, the undgnéddilientd duch GOBINT diveRlyi dher M cERNIRY Ry st UdlycRr t 0 about 65
w 25 % of the epoxy resin. The fornulation also conprises in the range of
about 2 W %t o abetér d@lkyi hitanetiotifiedidyiattenandrobines iydedf chay bR utihedont ai ns a
fluxing agent. More preferably the underfill will conprise in the range of

about 5 wt - 10100 SotMlpisscmdeptredSrDs fP3u8E0tionys piocessyoiding8unag % of t he

| i'fnear pol yanhydride curi _ngD aé:lent. The | i near . .
the flip-chip bonding process and subsequent solder joint reflow and material

curing. Various surfactants which may be utilized include organic acrylic -
polymers, silicones, polyoxyethylene/polyoxypropylene block copolymers,
ethylene diamine based polyoxyethylene/polyoxypropylene block

15  copolymers, polyol-based polyoxyalkylénes, fatly alcohol-based
polyoxyalkylenes, fatty alcohal polyoxyalkylene alkyl ethers and mixtures
thereof. In addition, coupling 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 catallyst. a core-shell
polymer, and other ingfediants as desired, such as a surfactant. The epoxy
resin may comprise in the range 6f about 25 to about 85 wt % epoxy resin.
Préferably, the underfilf will comprise in the range of about 35 to about 65 wt

25 % of the epoxy resin. The formulation also c;omprfses in the range of about 2
wi % 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-



pol yanhydride is preferably in particles that are smaller than 50 m crons,
The core-shell polynmer conprises about 1 to about 15 w % of the

formul ation. Mst preferably, the core-shell polymer will conprise in the
range of about 2 5w %to about 8 wt % of the underfill. Finally,

addi tional ingre@ied/edsidy al so be added as desired. In a pr&CIAER2eP3/034810
formulation, In the range of about 0.05 Wt %to about 1.0 wt % and nore
preferably about 0.1 wt %to about 0.25 wt. % of a catalyst is added and in
the range of about O wt %to about 0.75 wt % and nore preferably about 0.2

o %o about 06 ute 6 B PreSHol AHARLa el uIEg: TidnBPr of o1 o

enbodi nent, the under encapsulan resrn, a linear
pol yanhydri de, a cyg, i SR h 50qniGahalpwet . and
i e e;dtogg,sggye@agggbr@f%mb@.&@g 1%t breRRHal&FRlan 50368 118

_ _ _ Ired, such as a surfactant. The underfill may
conprise in the ranggreodhempshhher 2omirResdiut 1 6bbt 1500 Pof Yhel T@SiuRtor, 5
Preferably, the underfill wll conprise in the range of about 35 wt %to

about 65 wt % of t hoseprefeyeblyethi nore-Bhall folymeulvilitormisalndioe cogpofisbes2i n t he
range of about 2 wt %to about 40 wt % of the |inear polyanhydride. Mre
preferably the Bndertf% folabojt|8widoeithd weleiih Finally. edéiianabinaragienis may elee about 30
wt % of the |inear polyanhydride. The linear paol yanhydride is preferably in
particles that 20 ar® @Hﬁ{]%lsé?es‘f‘?ﬁjarlf’ S PreieTe %Hglﬁat'?f\{rgn thadneeief #oo 995 conpri se

In the range of about,, %.1.0 .about 45 % of yeli dri de.
Preferably, the unde"'\r't @E’Ie\\%%”' W @oﬁ%mogeé”%ratj 5b°ruétﬁ'gé'&£.t°§ %ﬁﬂ%w\h %to
about 30 wt % of the,cygll anbpydy | thEEh o OF S50S I o ROLNGIES 7EQPr | ses
about 1 wt %to abou{ 150\%\%!’%% of th@q?o}nﬁqggtfor?. Most preferably, the

underfill will conpres@dinbrd fefefaaye800D.227 ekebut 3.6t BotDsurbebrit i3 W % of
the core-shell polyner. Finally, additional ingredients may al so be added

as desired. |n d0prefsradded.f ormul ation, in the range of about 0.05 wt %to
about 1.0 wt % and nore preferably about 0.1 -11 WD 2004/ 044053
PCT/ U52003/ 034810 In a preferred embodiment, the underfil encapsulant comprises an
epoxy resin, a linear polyanhydride, a cyclic anhydride, a core shell polymer,
a catalyst, and additional ingredients as desired, such as a surfactant. The
underfill may comprise in the range of about 25 fo about 75 wt % epoxy resin.
18  Preferably, the underfill will comprise in the range of about 35 wt % to about
65 wt % of the epoxy resin. The formulation also comprises in the range of
about 2 wt % to about 40 wt % of the linear polyanhydride. More preferably
the underfill will comprise in the range of about 5 to about 30 wt% 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 wt % to about 45 wt % of the cyclic anhydride. Preferably, the underfill will
cormprise In the range of about O wt % fo about 30 wt % of the cyclic
anhydride. The core-shell polymer comprises about 1 wit % to about 15 wt %
- of the forrﬁu1ation. Most preferably, ths 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
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w %to about 0.25 wt % of a catalyst is added and in the range of about O
w %to about 0.75 wt % and nore preferably about 0.2 wt %to about 0.6 wt
% of a surfactant is al so added. The invention rmay be better understood by
reference to the followwng 5 exanple. EXAMPLE |I. Three different underfl|
encapsul ants wWAY@26040m983 as fol | ows. The epoxy resin was wei BREHS§3P3810
m xi ng container. Core shell polynmer was added to the resin and m xed for
five mnutes at a slow speed until It was 10 incorporated within the resin.
The conposition was then m xed at a high speed for 1 - 2 hours until the
conposi tion was fi neky tdiasqeo2Bet %l biea catQyspie atdddaind iase Ehee ke oatd vithe Hegnan
grind gauge to ensure that there were no undi spersed particles of core
shel | polyner, Addi t% oraabut@y@xi %, @nd morevpmefenbly ghadi0.8 md %eid dbelit 06 wilie
conposition. Additives, such as the air 15 rel ease agent and adhesion
pronmoter were added ShhereR@NIGHRAI%Eon was mixed siowy with a dispersion

bl ade for two minutes untjil.the co Sit.jon s ho enequs. .The !
pol ysebaci ¢ pol yanhydri dﬁwgefg'aﬁ@g?&%"?*kf H‘l“@?fvgﬁoé’d bYEeggrg%ﬁ‘?g%@letfﬁ-’ll}SWn%t a slow
speed, and m xi ng Sark@@t i nued until the conposition was honpgeneous. The
MHHPA was t hen added and the 20 conposition was mxed for ten nminutes until

it was honpbgeneous. The m xer was stopped and the conposition was scraped

off of the sidewalls of the mxing container. Finally, the catal yst was

added to the conposigxiampLERd Thiee difaentuindedl érapsaansdaid formal asffbllews.m nut es.
These encapsul ants are shown in Table 1. -12 WO 20041044053

PCT1US20031034810 Tabkpoxy resionwksrweighed BErfceapixing sentgndda Coreghebpadyn8hel | Pol yner

Mat erial Control A B Bisphenol F 54.8
was added to the resin and mixed for five minutes at a slow speed until lt was

10  incorporated within the resin. The composition was then mixed at a high
speed for 1 — 2 hours until the composition was finely dispersed. The
composlition was checked on the Hegman grind gauge to ensure that there
were no undispersed particles of core shell polymer.  Additional epoxy resin -
was weighed and added to the composition. Additives, such as the air

15 release agent and adhesion promoter were added and the composition was
mixed slowly with a dispersion -blade for two minutes until thé composition
was homogeneous. The polysebacic polyanhydride was added while mixing
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 minufes. These encapsulants are shown in

Table 1.
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Epoxy Resin' Bisphenol Al 48.444 48.163 Bi sphenol F Epoxy Bl end2 Core Shell
7.5 4.268 Pol ymer Pol ysebacic 22.15 20.579 22.211 Pol yanhydri de MHHPA
22,15 20.579 20.211 Silicon Air 0.4 0.251 0.251 Release Agents

G yci doxypropyl 0.4 0.251 0.251 Tri-Methoxy Silanee Catalyst'

0.125 ' EPPAL®0 330405 V/C Specialty Chenicals, Inc.) 5 2 ZX‘I‘@% :(W’B‘T?BW
Chem cal Conpany) 3 50% BLENDEX-415 (ABS - used as predispersed in 1059 zZX
resin at 14 w% and 50% Silicone (Hanse Chemi e - used as received as 40%
by wt dispersion in Bisphenol A resin) 4 BTA-753 (Rohm & Haas - used as
predi spersed in ZX1059 resin at 8.16 wt. 10 %9 5 BYK A-500.(Byk Cheme) 6
Sl lane A-11 87 (Dow Com n%) Cont roI | m dazol e phosphate, AM CURE 2PIP (Air
Products) For nul atil@h& 1aUngerfll ERgeps w&ﬁ'!"wrﬁemroducts) 15 The
control formul ati o 4a% A and BBuereltested for their

Blsp enol F
Epoxy Resin’
Bisphenol A/ 48.444 | 48.163
Bisphenol F
Epoxy Blend®
Core Shell 7.5 4,288
Polymer
Polysebacic 2215 | 205719 | 22.211
Polyanhydride
MHHPA 2215 20.579 20.211
Silicon Air 04 0.251 0.251
Release Agent®
Glycidoxypropyl | 0.4 0.251 0.251
TrE-Methoxy
Silane®

{ Catalyst’ 0.22 0.125 0.125

' EPPALOY 8230E (CVC Specialty Chemicals, Inc.)
5  ? ZX1059 (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!sperswn in Bisphenot A resin)
10 * BTA-753 (Rohm & Haas ~ used as predispersed in ZX1059 resin at 8.16 wt.
%)
® BYK A-500 {Byk Chemie)
8 > 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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performance properties and the results are illustrated in Table 2. -13 WO
2004/ 044053 PCT/ US2003/ 034810 Table 2. Perfornmance Properties of Underfill
Encapsul ants Performance Control A B Properties Viscosity @25C 3,300 2,850
3,400 (cps) Yield - uBGA 100% 100% 100% Yield - PB-8 100% 100% 100%

Enthal py (Jig) Y$020¢§%483%9 Adhesion to 42.5 71 69 Silicon CHRE/PSCOHIRRIO
Strength) (lbs.) Tg (DSC) (C) 62.2 61.3 62 Fracture 1.88 2.6 2.56
Toughness K1C Moa*m /2 Energy Rel ease 1,255 2,800 2,753 Rate J/nR
Reliability: 658 1136 1109 (-55C to 125C) cycl es-0OSP-Cu Reliability: 230
380 404 (-55C to 125C) cycles-Ni-Au Table 2 clearly |Ilustrates that the

underfills containing the core shell polyne
able 2, Performance Properties of Underf' Il Encapsulants

Performance Control A B
Propertios
Viscesity @ 25°C | 3,300 2,860 3,400
(cps)
Yield — uBGA 100% 100% 100%
Yield -~ PB-8 100% 100% 100%
Enthalpy {(J/g) 330 269 329
Adhesion fo 425 71 69
Silicon Chip :
{(Stud Pull
Strength) (Ibs.)
Tg (DSC) (°C) 62.2 61.3 62
Fracture 1.88 2.6 2.58
Toughness
K1C Mpa*m1/2

{ Energy Release | 1,255 2,800 2,753
Rate Jim2
Reliability: 658 1136 1108
(-65°C to 125°C)
cycles-OSP-Cu
Relfability:” 230 380 404
(-55°C to 125°C)
cycles-Ni-Au

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

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

10  subsirates. 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

tested.
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5 have greater adhesion to silicon chips, fracture toughness, energy rel ease
rate and reliability than the underfill w thout the core shell polyner, As
shown in Tables 3 and 4, the continuity of the underfill containing the
core shell poly ual or superior to that of the underfill w thout
the core shell %%@ﬁ@@"@% many different test cycles on both NCEHSHAHOHE
10 substrates. For eval uation purposes, failure was designhated as an
increase In resistivity of 20% or greater for two consecutive testing
intervals, as determ ned by the average resistivity for the entire

popul ation of sanpl ekebletledingarfil Relipbifpon by Bubstisls PCT/ US2003/ 034810  Tabl e
3. Underfill Reliahility on N -Au Substrate Underfill Initial Continuify.
Conti nuity Conti nui tlﬂﬂd@fﬂﬁt i Ritig't v OJFI . \f‘}gt
379 After 500 After] 904 Codff.nu

(ohms) Control 7.4d 7.39 H %’:ég"@o fyr"&F 7,
Fai |l ed A_ 7.78 7. 76_ anﬁoil 1171r 82 ?'17‘ €t
formul ati ons cont ai h%olbmfg,a’"eﬂ PYE YTTET >Fygépuuu omaviviojome
| east 379 cycl es, b dral 7 Tl B E®TTS p:\g,]balum core sthe
performed poorly antyusualjyzdalited7gs ter paky 23077@yCies | afal © 4,

Underfill ReliabilijtaAz/ on SEUDST I AFE  Und m‘ﬂ —ThrEral BEENUI TY Ealed
Continuity ContinuiTy Continuity Continuity

=

As shown in Table 3, all of the formulations containing core shell polymers
produced good 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 | Gontinuity | Continuity | Continuity

Elec. After 404 | After 536 | After 858 | Affer 1136 | After 1531
Continuity | Cycles Cycles Cycles Cycles Cycles
(ohms)

Control 8.70 10.4 ©.58 8.82 10.4 Failed

Contral | 8684 9.2 Failed '

Confrol 8.03 12 8.16 9.4 Falled

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 stabilily after at least 1531 cycles, while the formulations
withaut core shell polymers failed after only 1136 cycles. Likewise
formulation B provided good stabiii_ty through at least 1108 cycles, as shown
in Table 5,

15
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Elec. After 404 After 536 After 658 After 1136 After 1531 Continuity Cycles
Cycl es ‘Cycles Cycles Cycles (ohns) 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 A8.44 11.3 7.89 7.9 9.3 10 As shown in Table 4, all of

f or mul ati ons cowpa’loﬂ‘f"?]‘{jo?ore shel | polymers produced good stafiq¥ NV"%’[P@POM
| east 1531 cycles, while the fornmulations wthout core shell polyners
failed after only 1136 cycles. Likewise formulation B provided good
stability through at |east 1108 cycles, as shown in Table 5. 15 -15 WO
2004/ 044053 PCT/ US206Be 6348iedil Rekaylliy 05 O8nawstate | Reliability on OSP
Substrate Underfill_ldnitial Conti m u/ Continuity Copntinuity Continuity
Continuity Eleb. Afnderfibs l1'5""‘)§\"ter ”N‘ti’e C%@J‘W Gentiggty Rpg'ét}”“'iyl( gontinuity
Continuity Cycles ¢ycles QFE ﬁ‘@ sisoh erB‘:’:"!L 983 1. §1r1110%c
1.68 2.16 Many nodificati %"%ﬂ ﬁtl q e ¢ cfer“fvem C¥ie%an [B¥CRhde |5

wi t hout departing fem ...T aRe—S€oPe; fw e—app r—t+ostRose
skilled in the art BVT”‘. pj e+-F-e— cnggud. A :1t-{31uuesc. ng et E:Sﬁha.c 3.1 F
by way of exanple only, and the invention is to be limted only by the
terms of the appended clains, along with the full scope of equivalents to
whi ch such clainms are entitled.

Many modifications and variations of this Invention can be made

5 without departing from its spirit and scope, as will be apparent to those skilled
in the art. The specific embodiments described herein are offered by way of
example only, and the inventian is to be limited only by the terms of the

i appended claims, along with the full scape of equivalents to which such

claims are entitled.
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-16 W claim 1. A no-flow underfill encapsulant material conprising: a)
one or nore epoxy resins; b) one or nore |inear pol yanhydride conprising
particles that are equal to or smaller than 50 microns; c) one or nore
catal ysts, and d) one or nore core shell polyners, and e) a cyclic
anhydri de, wherein the epoxy resin is selected fromthe group consisting of
3, 4- epox¥eyiainohexyl net hyl - 3, 4- epoxycycl ohexane carboxyl at e, vi nyl cycl ohexene

di oxi de,; 3, 41@&9ﬁ¥w§n&§ﬁmﬁkmﬁﬁﬁ >IN &ﬁﬁthenol - epoxycycl ohexane

carboxylate di cycl opent adi ene di oxi Aresin, 2,2-bis( 4-
hydr oxyphenyla)omqypmi\%er@p}’@hmw ohydrin copol ynmer, bisphenol F resin, epoxy

novol ac oS!ty P HORGE o Dokl coRbASH) 8L SRR ARINE o LBf: FROSY

resin, dicycl penta I ene- epoxy res ene epoxy resins,
epoxy functlonamHMGtadlene acrylonitrile copolyners epoxy functi onal

pol ydi net hyl Q§@ﬂﬁecﬂ£%mﬁh tures t hereof and wherein the cyclic anhydride
is a cycloal atic anh e selected fromthe group consisting of
nethylhexa-hyﬂpmﬂphmhahntﬂnﬂWVUnwdeanethyItetra hydr opht hal i ¢ anhydri de,
nadi c nethyl Q (%Ekmﬁd rdexa- hydro phthalic anhydride, tetra- hydro phthalic
anhydri de, eceny cci ni c anhydride, phthalic anhydride and m xtures

t her eof and conprises up to about 30 wt % of the encapsulant. 2. The

no-flow Jfﬂé%%{ fle! dpo SN RS s8R te P ot tﬂ%T:&H'O:IJp c\@ﬁ's‘?srtﬁ%%ftffheep%%bﬁoﬁ in{%t PETH“ S€s

bi spheno epoxy resi n contal ning han o epoxy gr
mol ecul eepm@.cydrﬁ@xmcarb@wlamdewicwlbheetw@ab@meahﬂ epfxyed- mpﬁhvlzcycl\nh@iwbmﬁhyllfﬁeﬁ* epoxy

resin coppilSeRndfnd NGrdcdPdR. Al fotﬂ Ldieng Yt P%F éé!‘x n, 70 90bid
encapsul%ﬁ%&aﬁ. %ﬁ% noﬂ{?gw Uﬁﬁéf i%ﬁ éncapgﬁ ant:% alm m%eréln t he
epoxy r égimexyphemi) manmemﬁwéorolwdge copblymbro ubisgBnoit F otcsio, abonyt né®last r@énof t he
encapsul ?]ph @1 Tﬂffd 1%l Mﬂgﬁééﬁ bd. GRCER 'r@s% Ry &b Thidne MRS 8B
epoxy r %R/ °S o ur eer)%,g I'sp gnbltﬁ% b| sp’helnyﬁ p% tylpeﬁtlaﬁgoxyp Si ns
resins, naphthalene epoxy resins, epoxy functional butadlene acrylonitrile copolymers, epoxy
functional polydimethyl siloxane, and mixtures thereof and wherein the cyclic anhydride is a
cycloaliphatic anhydride selected from the group consisting of methylhexa-hydro phthalic anhydride
methyltetra-hydrophthalic anhydride, nadic methyl anhydride, hexa-hydro phthalic anhydride, tetra-
hydro phthalic anhydride, dodecenylsuccinic anhydride, phthalic anhydride and mixtures thereof and

comprises up to about 30 wt % of the encapsulant.

2. The no-flow underfill encapsulant of claim 1, wherein the epoxy resin comprises bisphenol-F

epoxy resin containing more than one 1.2 epoxy group or molecule,

3. The no-flow underfill encapsulant of claim 2, wherein the epoxy resin comprises in the range

of about 25 wt % to about 75 wt % of the encapsulant.

4. The no-flow underfill encapsulant of claim 3, wherein the epoxy resin comprises in the range

of about 35 wt % to about 65 wt % of the encapsulant.

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

bisphenol A and bisphenol F type epoxy resins.

6. The no-flow underfill encapsulant of claim 1, wherein the linear polyanhydride comprises

polysebacic polyanhydride, polyazelaic polyanhydride, polyadipic polyanhydride or mixtures thereof.

-17-



6. The no-flow underfill encapsulant of claim11, wherein the |inear
pol yanhydri de conpri ses polysebaci c pol yanhydri de, polyazelaic
pol yanhydri de, polyadi pic pol yanhydride or mxtures thereof. -17 7. The

underfill encapsulant of claim6, wherein the linear polyanhydride conprises
pol ysebaci ¢ pol yanhydride. 8. The underfill encapsulant of claim6, wherein
the |inear po ‘vawﬁvﬁf'/mr@p%@ﬁmﬁ odae 6, wherpia thedinger polyrnhydede comprisesmelyectapiput 50
wt % of gapsul ant. 9. The underfill encapsul ant of claim8, wherein

t he Ilnear poI yanhydri de conprises in the range of about 5w %to about 35
wt % of the encapsulant. 10. The underfill encapsulant of claim1, wherein
the catagyst Lﬁﬁerﬁmegﬁﬁﬁllla%t of]c]alm-gh%hé}@lqeﬁefﬂn'e&r p%ﬂ@ﬁ@%l‘lh@égmp?!fseﬁh e er%Q
wherein the imdazole is blocked or protected f delayed reactivity. 12.

The undetffapput 28 datostpd AP Wb o ofithg epcapsuliter ei n the catal yst is selected from
the group consisting of 1-cyanoethyl-2-ethyl-4-nethyl-im dazole,

al kyl -substituted imdazole, triphenylphosphine, inmdazoliumsalts,

i m dazol © Tonosdmal eecapsiintioh demat avherpin gf’ ligne Ipalyandrydrideceomprises un &he ratssobof |

13. The M%M%ko%ﬁ%%‘%@?th%ncﬁh LM, 11 wherein the catalyst conprises in
t he range of about 0.05 wt % to about % of the encapsul ant. 14. The
underfill encapsulant of claim 13, mhereln the catal yst conprises in the
range of G"‘boufheug é'rﬁwﬁenf'c{ stu@an?'m%mq %ﬁer% théocgtfal Eth?arﬁﬂﬁ@a%@w ant. 1_5' The
underfi l encapsu ant of "claim1, wherein the gore shell polyner is selected
fromthe group consisting of acrylonitrile-butadi ene-styrene core shel

pol yrer, et r r r S
Phercof 6. Thetoae TR T SHHEAD SRl B R0 DR KOk R B ERS)
pol ymer dedaysdrepdtiyitit ri | e- but adi ene-styrene core shell polyner. 17. The
underfill encapsul ant of claim15, wherein the core shell polyner conprises
in the range of about 1 wt %to about 15 w % of the encapsul ant. 18. The
under f i | 12 encBiss undsrill encapsulainiof Zlaimhbr whasein ke cafalystsiseselecisd| arerthe grppi ses

in the " A8§ing of 1-cyanoethyl-2-ethyl-4-methyl-imidazole, alkyl-substituted imidazole,

triphenylphosphine, imidazolium salts, imidazole phosphates, onium borate, metal chelates, and

mixtures thereof.

13. The underfill encapsulant of claim 11, wherein the catalyst comprises in the range of about

0.05 wt % to about 1 wt % of the encapsulant.

14. The underfill encapsulant of claim 13, wherein the catalyst comprises in the range of about

0.1 wt % to about 0.25 wt % of the encapsulant.
15. The underfill encapsulant of claim 1, wherein the core shell polymer is selected from the
group consisting of acrylonitrile-butadiene-styrene core shell polymer, methacrylate butadiene styrene

core shell polymer, or mixtures thereof.

16. The underfill encapsulant of claim 15, wherein the core shell polymer is acrylonitrile-

butadiene-styrene core shell polymer.

17. The underfill encapsulant of claim 15, wherein the core shell polymer comprises in the range

of about 1 wt % to about 15 wt % of the encapsulant.

18. The underfill encapsulant of claim 17, wherein the core shell polymer comprises in the range

of about 2 wt % to about 8 wt % of the encapsulant.
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of about 2 wt %to about 8 wt % of the encapsulant. -18 19. The underfil
encapsul ant of claim1, wherein the encapsul ant further conprises one or
nore of the group consisting of surfactants, coupling agents, reactive

di luents, polyneric nodifiers or mxtures thereof. 20. The underfil
encapsul ant of claim 19, wherein the surfactant is selected fromthe group
consi sting of organic acrylic polyners, silicones,

pol yoxye&bhy! emg/Rel e ¥yapanm mlﬁho%erem&oé&mﬁm fﬁﬁm L«.&ﬁﬁnsgg & fendhased
pol yoxyet hyl ene/ pol yoxypr opyl ene bl ock copol yrers, ased

pol yoxyaif ki eieur cofsigting 05|S@é4@8nmba@@hnaoé$ayﬁxgﬁaptwl @ﬁé@s gohnpayic gnecifirst or

pol yoxya)kylenrrakkyl ethers and m xtures thereof. 21. The underfil
encapsul ant of claim 19, wherein the reactive diluent is selected fromthe
group consisting of p-tert-butyl-phenyl-glycidyl ether, allyl glycidyl
ether, glycergy Lﬁthghﬁ%%ulg{t N olaidl] MC Wl¥dcin BE Qﬁlrfac@fnt ey kéfécted from the group
butanedlodlglydldy et her "and m xtures t hereof . The underfill encapsul ant
of cl ai reesistipgeple] Biganie aspdivy PPBiRTs, c%lrﬁaWSSe@olyquméertem@@exmomﬂf@@ut blogs wt %
to abouty,fRyWrs %rRfent NEanfRE BRSY lp@@&xyef’i@len@/-ﬁﬁyd*?ﬂ%ﬁ)‘;lér{el bl@é'kc«?t}%glr@ﬂt ptgﬁolCI aim

22, wherel n' the e OXy resin conprisés in the ran about

about 6%asd %Y@ﬁyqlkyé%néhé@rpfs@lmﬁ -based; polypiyalifplenas.ofpity alsehdli nolyosyndigipsalatiit  of
clalnllwﬂwggﬁghna&ggmgggxy resin is a mxture of bisphenol A and bisphenol
F type epoxy resins. -

21, The underfill encapsulant of claim 19, wherein the reactive diluent is selected from the group
consisting of p-tert-butyl-phenyl-glycidyl ether, allyl glycidyl ether, glycerol diglycidyl ether, glycidy}
ether or alkyl, butanediodiglydidylether and mixtures thereof.

22. The underfill encapsulant of claim 1, wherein the epoxy resin comprises in the range of about

25 wt % to about 75 wt % of the encapsulant.

23. The underfill encapsulant of claim 22, wherein the epoxy resin comprises in the range of

about 35 wt % to about 65 wt % of the encapsulant.

24, The no-flow underfill encapsulant of claim 1, wherein the epoxy resin is a mixture of

bisphenol A and bisphenol F type epoxy resins.
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