. fge3eB, ?\.6T,.5. 1 FL NG ADHESI VE The present invention relates to
eI ectronic devmmm\w‘mm icular, the s present invention rel ates
encapsul ati on produci ng el ectrical interconnections.
BACKGROUND OF THE kddB2MTI ON Sol der joints are conmmonly used for el ectrical
i nterconnection for 1 o electronic devices. In flip chip technol ogy,
integrated circuit chips (1 C chips) are elqctrically connected via sol der
bunps to the input/output (1/0 pads of the substrate. this is done through
a sol der bunpin n whi ch n etween the 1 C chip and
t he correspon @g@@ﬂﬂ@@\g eis madgﬂgﬁ(th ?‘%Hgtgi\rlgflow ng sol der bunps 15
pl aced on the I'nput/output (1/0O pads of the |IC chip. In order
to achi eve reliabl 86648 der interconnections between an I C chip and
substrate, or between two substrat es) a fluxing agent is typically applied
to the 1/0O pads h s) because the presence of oxides
af fect the vvettllér’gl'cg d?he IW%NSB)E: resulting in weak joints upon
20 attachnent. Foll ow ng proper sol dering, "the fl uxi ng agent is renoved by
washi ng, after whi cThaproisbhi ingentidrerelatesite elggitonicl devicks) In paricakap, tes ween
the 1 C device and the substrate in order to priotect the package from
damage. This matprese«ht inveniiuTEralates drivapsutation mstefials foeprogdcingrdlestical i al .
i ~.~~ .SUM ~i ~~~~ ; 2 The encapsulant nmaterial is generally nmade from
t her rmset pI astlmgr@c;m{‘e@@ngpoxy There are 3 general types of epoxy resin
bi sphenol type, cycloaliphatic type and novol ac type. The chem cal
characteristics and curing reactions are generally disclosed in Handbook of
Epoxy Resin) by s Lee, H and Neville K, McGaw H |l Book, New York, 1987.

It is known to use an undeerfill encapsulant material that contains a
f1uxing agent | BACKGROUNDIGE TRE MNVENTIINSt eps invol ved in packagi ng.
Using this "no-flow' underfill, the separate fluxing step and the

subsequent cleaning steps are elimnated. Instead the "no-flo

underfil | conbi neBOldRE [pinixi rge sCUpMaRdY tusedefar aplegirical dntege@pﬁ,eqt@@etﬂprer

as disclosed in US patent no. 5128746. WO 99/ 03597 further discloses the
use of an #@ryl ieledronietdevices ilo fikeichimdechnolagy.integratgeneireuit ebipsi nbEi on
with a neutralisation agent. This fluxing agent is optionally conbined with
a resin adhesi ve&higs)saret electricallyrconn rvia |spldarr bwmps atohthe input/output
conposition. Organic acids are commonly used as fluxing agents, but the

ki netics of t hel(VO) euagds aftthei sybstrateorthisnist done vihroughhea osmiderg tkimpinigcs  of
t he adhesive is not well characterised. The fluxing agent nust maintain
good fl uxing actpro¢assesinbafhicle merconneciiprishebelwaesetiod Kbl clipi rajd atheé t he
rate of curing nmust be 20 properly controlled such that hardening occurs
only after the mwoomspohding sgbsirale i®imde by rmaltingeemreflowing tsadde-buasr |,

t he uncured encapsul ant should have a relatively |long storage life for

L 7o Bt oA/ pts (ool i e b
that may 2s aff eghigvee ralidisieqyelders dhtdedonn@ctibns between an IC chip and
substrate, or between two substrates, a fluxing agent is typically applied
to the I/O pads to rid them of any oxides, because the presence of oxides
affect the wetting of the metallic VO pads, resulting in weak joints upon
20 attachment. Following proper soldering, the fluxing agent is removed by
washing, after which an filling material is applied to fill the gap between
the IC device and the substrate in order to protect the package from

damage. This material is generally known as underfill encapsulant

material.
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, i ~;~ ~ N7N ~W~1 3 BRI EF DESCRI PTI ON OF THE DRAW NGS Figures 1A-C are
the chem cal structures of imdazole, 2PHZ or Cl1Z CNS respectively.

SUMVARY OF THE INVENTION s It is therefore an object of the present}] 3 JuN /Wi
invention to provide an inproved underfill adhesive that contains fluxing
activities. Accordingly, the present invention provides a no-flow underfil
encapsul ant containing, in one aspect, an epoxy resin or a mxture of epoxy
resin. An anhydride is used as the curing agenht to harden the 1 o epoxy
resin. In another aspethe enchpstilaNY matérivlas generdly Wiadd fiohe evdrAfset prEx¢ad
is added to the encapsuul ant conposition to react wth the anhydride curing
agent to produce agy@shk\epokyUThe@ a@%lgena@efypbgwf@@bxgeééiﬂwméﬁmrid Ao,
The use of a fluxing precursor gives inproved reliability conpared to

conventional fl uxi pgcigafpiatic'fffé hRd Hovoldd %ype0 The Eh&ical Edatadtéristi
encapsul ants. A sui ?%bl gﬁlf:alt ant such as i ?hmggzol e, 1 mdazole de?? {?gt ?Ug

or netal acetylace hSi i i ;
%Qgﬁt\ﬁ/?eé&lo?u%%’rb, éiEIQIrI%‘eBBcl%@& WW&W%BWWZE;}{OOG@: {?egln, by

concentrations tha e good curinhg tics. In a further

ther mopl st c g s opbponabhY NAVleHKE MGl HABOAE Nl SbenfRELI ant to be J
|
|

rewor ked. 20 e conposition 1s applie irectly onto the surface on which
the I/O pads for electrical interconnection are provided. This surface may

be the substrate, pri nitds knpwoutot ussandinderfilhapcapswantnaaterialthatcantains a
adhesion and fluxing is desired. The device containing solder material is

t hen pl aced on t heflexingpagbahtinnatdari & reduce etheowaithber of ssteps- invelved4 in
According to the preferred enbodi nent, a m xutre of bisphenol type epoxy {
and cycl oal i phat i cpagkegirgoksings this ¢dodlow’hunderfill, the/saprrate flaringl stept andt e
or an imdazole derivative is used as the catalyst. An anhydride is used as

|
. N : I
a hardener and gl ygRs eubseqdidift bmdhw?/btmntam ralifginateld. Uksteadprieutremflowhat |
is used to react with the anhydride derivative under reflow conditions to f

forman active fl uyhaeriladmbinéEHedIiih§utdaridithd biEagsIatidh etdp togetinar,

detail ed description describes several enbodinents for 1 o inplenenting the J
I

underlying princi phgdistoddtrinPStent my.Bwagyae, One skilled in the art
shoul d understand, however, that the foll ow ng description is neant to be

illustrative of the present _invention, and should not be construed as
limting the principles di W 29403597 fHrther, discloses) they ¥ip Afsansaromic ahd
in the clainms the terms "including", 15 "having" and "conprising" are used
in an open-ended fasthagryliaacidianbedixingiagentiinconhisation withhe aeutralisatien ng
but not limted to The _three general types of epoxy are 1. Bisphenol type,
i ncl udi ng bi sphenoagentadhis flupingnagent: |szoptqr@llwaxqrpgaaedcwtﬂy@,re%lncadheswe

16 system to form a thermally curable adhesive composition. Organic acids
are commonly used as fluxing agents, but the kinetics of their redox
activity in combination with the curing kinetics of the adhesive is not well

characterised. The fluxing agent must maintain good fluxing activities

before and during the course of soldering, and the rate of curing must be
20 properly controlled such that hardening occurs only after the proper
fluxing and soldering has been completed. However, the uncured
encapsulant should have a relatively long storage life for convenience of

use. Furthermore, it would be ideal for the adhesive to be reworkable.

Lastly, the fluxing agent should not have residual activities that may

25 affect the subsequent solder joint.



. 20 3. Novol ac type, including cresol novolac and phenolic novol ac. The w
encapsul ant material according to the present invention includes onfg p{iyhhay;
above types epoxy and preferably a m xture of two of the above types of

epoxy. The m xture of different types of epoxy gives ~9 ~ ~t~n~~5

i nproved control over curing kinetics, and is particularly useful as
encapsul ant material for electronic packages. For a mxture with a total of
100g, one epoxy type may constitute 20-80g3and the remaini ng anmount

consisting of th o] enpl Y ed mxture is 5

bi sphenol (A or EW@ECP@E@&%B?& MPBW%% ation conbined with a
cycl oal i phatic type epoxy, such as ERL 4221 from Union Carbide. The ratio
of EPON 8281: EREigdasliA<C prefthe aibleynibalt steectuBas? obimdidazale, BRHProxf@t t2d
curing agent (also known as hardener in the art)) is an anhydride, such as

t et rahydr opht hal CNS respbytivedy.r ahydr opht hal i c,
nmet hyl - endonet hyl enet et r ahydr opht hal i ¢ or hexahydropht hali ¢ anhydride at a

concentration of_70- e b B per 100g epoxy mxture. In the
present inventi oﬁuﬁﬁé%hgﬁrﬁ{fnwvéﬁﬁagct as the curing agent, but also
as a reactant for the esterification reaction’to convert the fluxing
precursor tg an actilvi tHersford @®ntsjostd of the presenttiaverstior’ @ priogideurainng

process may be i m dazole, netal acetyl acetonate or im dazole derivative.

The preferred cahifryvdd uRdéNill ddhbsiecthat aortaiiflexing astivigasent rati on of
0.36-0.9qg, preferably 0.7-0.8g per 100g epoxy m xture. Another preferred

catalyst is imdazole derivative such as 2PHZ or Cl1 Z-CNS at a .
concentration of 8cagrdinglyg the, presen jnvemtign gergvisies r nedisy o yaderfill

m xture. The structures of im dazole) 2PHZ and C11Z-CNS are shown in

Fi gures 1A-C. THNaapsklang gandainingerinjanen AFPeStd Box§POXx0 AR ATy fﬂ'éiﬂﬂli@uﬂfd
that reacts in an esterification reaction wth anhydride or the prescribed
anhydride to forepaxy eesini Amdwhydtide dB|usesbasi theoeiwingriagept de hrardenhthe 25
the general fornmula R-OH where R can be any group, including, but not 13
~uN ~v~"s @0l i niepakyt msiral npdredther aspectbst hydnoxyl-coritpiming dluxingopracussemat i c
or substituted aromatic group. Specific exanples include, but are not

limted to, glyocmnpouny yxaddedoloytiehpheapsulapt conpmsition ypreast! witk the
glycol). The fluxing precursor is preferably stable and non-reactive or
slow y s reacti vanhyakide curingaggentolodprodacs aneactive fxiay tagend andee typcalt ur e,
and becones reactive with anhydride to forma suitable anount of acid under

refl ow condi ti ongjlowucbnditions0Thel hiec wicanflugingorpretunsoecyivesr impravied
encapsul ant material depends on the required rate of fluxing, the sol der

al l oy sel ected aaflabiliy sofaparedf ® e®ivadntional iflaningyagaﬁts vsedf &f ekistilg ne
precursor is glycerol, at a concentration of 1-5g, preferably 3-5g per 100g

epoxy resi RsM Xtflgve. urtfeHill cén@pRURIrts OfA utadla!rsalyst dlichcds dhidazole,

concentration of 1-5g, preferably 3-5g per 100g epoXy resin m xture.
imidazole derivative or metal acetylacetonate is provided in the present
encapsulant at concentrations that give good curing kinetics. In a further
aspect, a thermoplastic is optionally included to allow the cured

encapsulant to be reworked.

20 The composition is applied directly onto the surface on which the VO
pads for electrical interconnection are provided. This surface may be the
substrate, printed circuit board, or any other material in which adhesion
and fluxing is desired. The device containing solder material is then

placed on the encapsulant material and reflowed.




~ The.foll owi ng exanples illustrate the principles of the present invention)
and are not intended to unduly Iimt the clains thereof. An 1 s

‘encapsul ati on process for the soldering of a chip onto a substrate I%'?S&u‘g.gh‘.ﬂjfﬂ

as an exanmple. It is understood that the process may al so be used for the
refl ow sol dering and encapsul ati on of other conbinations of electrical
conponents. EXAMPLE A 20 An encapsul ant material containing a fluxing
precursor is prepared according to the fol Yowi ng formul ation ~ ~ SUN
1~~U3 7 COVPONENT,, A

unt EP 1 RL,. ' . .
422170Hexahydr o- 4R, 1 R Pedtel d%ﬁ‘?@bﬁ@ﬁ"t( |3 mixtee, of RisphRapk type
(ACAC) 0. 72d ycerol 4.5 T rqduce the, Exanpl e A encapsul gnt, EPON,828 ERL
4221 and hexahyo‘?Q?—xX- RBBh@Y‘gﬂ?'erﬁ“E m%%g % 858 eﬂ%gﬁet '@%n@gé‘ﬁéﬁ y 5
at 50C after which ACAC is, added at. the sane tenperature. cerql tis t hen
2dded to the m AGadECaignate Qe A ImidagieaJeivaieh fe isad “as fod waalyst ey 6
nonths or up to 24 hours at room tenper at ur i t hout affecting the . .
encapsul ati on arﬂfﬂwpﬂgpdﬁ uspdasa ﬁa%erngpﬁg%qeé@q @vﬁﬁd‘%ﬂﬂﬁﬁ%ﬁg{mm 0
For encapsul atiop, ,the encapsul ant is di spensed onto the sybstrate surface
cont ai ni ng $he ifﬂmng BiRCHROr HRAtF [UsegitP SRact M meeaﬁlax<ﬂuiec3ﬁevﬁttveguadsrg a
(1C chip, having solder bunps are picked up and placed onto the di spensed
encapsul ant sucHeflawtcanddions| taderm @nrctivedIuxingagemt. pl aced , | above the
correspondi ng substrate 1/0O pads. Reflow ng may be done ~ 5 under nor nal
reflow profile in the art. This is followed by a post curing step of 150C
for 30 m nutes. 9 ~ NtJN ~I'1U3 s EXAMPLE B An encapsul ant materi al
containing a fluxin recursor is reg\gred according to the foll ow ng

8

fornul ati on COVIRESCRIRIION (QFEM VENTONI 221301, 2
cycl ohexanedi car boxyl i ¢ Anhydri de802PHz0. 18d ycerol 3.6 s To produce the

aninyr 1 de are. b orRiH BT e et Saferbes SNERABIBSRINRIZANE,
mxtore. THDG. entASGUPANRY 1Y oerig BhfEbios o Bie” réshos FVRAIGRT dre,r "0,
{1 uxi ng_ pr ocess SIS 1ot & obpoiing a8t mow e, fBaf AFRCIS Ehry =

performed under c}eg%ription is meant to be illustrative of the present invention, and should

not be construed as limiting the principles discussed herein.

In the following discussion, and in the claims the terms “including”,
15 “having” and “comprising” are used in an open-ended fashion, and thus

should be interpreted to mean “including but not limited to ....... "
The three general types of epoxy are :
1. Bisphenol type, including bisphenol A and bisphenol F;
2. Cycloaliphatic type; and
20 3. Novolac type, including cresol novolac and phenolic novolac.

The encapsulant material according to the present invention
includes one of the above types epoxy and preferably a mixture of two of

the above types of epoxy. The mixture of different types of epoxy gives

bt Ak 4 ot b i




~ same conditions as Exanple A 9 EXAMPLE C 1 9~.~tJN2 I An encapsul ant
material containing a fluxing precursor is prepared according to ti{je3 JuN 240
follow ng formul ati on COMPONENTAmount (g) EPON 828130ERL

422170Hexahydr o- 4- net hyl pht hal i ¢ anhydri de80Co (I1) acetyl acetonate

(ACAC) 0. 72d ycerol 4. 5Poly (1-vinyl) pyrrolidone-co-vinyl acetate (PPVA)7 s
To produce the Exanple C encapsul ant, EPON 8281, ERL 4221 and

hexahydr o- 4- met hyl pht hal i ¢ anhydride are bPended to honpgeneity at 50C

f whi ch the; f . i ' V.
her mopl ast i ¢, 1 PAPGR 4Hafyof el sy kfelidsy Bhacts iramelian cfeetll 345, % soc
d ACAC bl end ' A ' . Lxt ' A | ed t
Foom t erper at ur SaPBpEnh PiAtelalol biekai PakeBbE 8 a uye ML 58P BF e °
oot on UL oRerANY 8 i, b B0 BRSO

ectin X
2onditiogs. Encapsul ation i s perfaornmed undter t sanme,condi ti ons. as Exanpl e
A. Rewor ki ng carpooﬁ'é's%ng Bk 7R $REPNGr PBPXYOYPﬂ‘eqﬁSSW%r‘?rﬁ rgch&uxg{re I8
250- 300C, f bl d 250C |~ ~n N aCl ~~ 1.
adhesive foF usdirRanch thax F3aushiasdP A Be8Erom shel SiateSeuhprimbias a s
bst r at i Sj t | t t f in: i )t
consi sting esserihAIcyclrliahatitypardRaxy, sueh s 53t 47 o Wuphigarider i on
of said epoxy; a_ fl uxi n%sg#ecur sor capabl e of reacting with .sai d anhydri de

to forma conpoukhe tatiorotfPONS25: BRL 4231 is:ptafeiably betwesnotié angd 48

coatings fromsaid conponent or said substrate, wherein said precursor is a

hydr oxyl - cont ai ni NG TieQafdtéd SRS Wit o iolA H8MAIbHG: M arg, B 2

An adhesi ve according to _precursor s an organfc

compound of the gEGARIA Hidh FCHARRAGDIAAR! ShajibayAUBRbalLt oo

Lo oL el m Luher shaopLABERISMIelaniieRRlitic, o' 1581 ZReRBhyERBIRIR

vhereln S 4 DSl aRe! & iBeArauch (A"7ETR0 HFoRFAR) HERR DS IFREE o,

o O Y SaBER! B8 oG RO anidh RBENY &l B °

type) the cycl O%luiriﬁga%gntt, YUt a1S0 dasn%VPelaa}ﬁartlty for th?éO esteln ication reaction to
convert the fluxing precursor to an active fluxing compound.

15 The catalyst for the curing process may be imidazole, metal
acetylacetonate or imidazole derivative. The preferred catalyst is Co (li)
acetylacetonate at a concentration of 0.36-0.9g, preferably 0.7-0.8g per
100g epoxy mixture. Another preferred catalyst is imidazole derivative
such as 2PHZ or C11Z-CNS at a concentration of 0.18-0.54g, preferably

20 0.18-0.24g per 100g epoxy mixture. The structures of imidazole, 2PHZ

and C11Z-CNS are shown in Figures 1A-C.

The fluxing precursor is any hydroxyl-containing compound that
reacts in an esterification reaction with anhydride or the prescribed
anhydride to form an acid under suitable conditions. The precursor has

25 the general formula R-OH where R can be any group, including, but not




. 7. An adhesive according to claim 1l wherein said epoxy resin is a mxture

of two types selected froma group consisting of the bisphenol type) the
cycl oal i phatic type, and novalac type, and said precursor is glycerbP &N a3
anount 5 of 0.5-5g per 100g epoxy resin mxture. ,~ ,~ (JAN ;?1i113 i | |

8. An adhesive according to claim2 wherein said epoxy resin is a mxture

of a i Bisphenol A resin and a cycloaliphatjc, at a ratio of between 3.7

and 7:3. ~ 0 9. An adhesive according to claim1l wherein said anhydride
hardener is hexaliillé®td}-dphRNE BRishiBbiitatéd Nghatitegiupl afomatic or substituted

cycl ohexanedi car boxyl i ¢ anhydride. 10. An adhesive according to claim1
wherein said catglonsdtid grolp.dBEcHic adkdnipldaz Hcfudier bugtdréenst Imitdd alo,
acetyl acetonate. 15 11. An adhesive according to claim1 wherein said
catalyst is 2P . b i dn 1 wherein
sai d catal yst nglgg%gll't@ ?Iﬂlﬁ) p%%(gggg@@;ggﬂﬁgf g@@g@%@g\lﬁh gd(‘ﬂgg?lvwe accordi ng
to claiml1l wherein said thernoplastic is_poly(1l-vinyl) pyrrolidone-co-vinyl
acetate. 25 14. An adiefluxiag preqiraenis Qr@foPHK’rﬁtéb nen-seaclivener sfemivst i c
at an anount of 5-10g per 100g epoxy resin or epoxy resin mxture. '~
. ~1IN ~' . i U§ 12 resctiye wadebstarage wongiians: e i 561 Wetoomitemppeatues rand
first and a second el ectroni c conponent using an encapsul ant, said nethod
conpri sing: di speettimes sedadlive vatipaninydridentafory ansuitahle amaunt tof geidbtindpoxy
resin; a curing 5 agent consisting essentially of an anhydride; a catal yst
for the curing rreflow condifiorssi stichpascy 502C.f The icogcenteations of peeqasbdrirothe
reacting with said anhydride to forma conpound with sufficient fluxing
activity to renvercapsuthntcnateriabdepends oai theaeqnived mateoof flaing sthesssldbe,
wherein said precursor is hydroxyl-containing organi c conpound) and a

t her nopl asti ¢ ondily Bpldcteditand thadsulsstratei shetalliLnidne aypRARNt A tprefartedi ng
said first conponent having sol der bunps on at |east one side onto said
second comagnentprabGrsor iglysaidl, £ denhcéntraipnaifel-5§, srefdrably 35 heraigbgads;
refl ow ng said sol der bunps such that a reliable electrical interconnection
i's obtained betv&sikyspddin f inh&lre2 Vh SIRBP "EkrNBOBE A ﬁﬁe&ﬁ@bi rigkgzdé@llgt a

i nterconnected conpdnents, and wherein after reflow ng, rewor

conprises the st i ! i t Al Hixpgeond
conponent. 16. Acﬁﬁ‘ggﬁtergﬁéggggco "di ﬁféar%%l&?—glﬁﬂgﬁegeeﬁg?g%ilﬁ Ither mopl asti c
conpri ses any one fromthe group conprising an ethyl ene-vinyl alcohol

copol yner, a pyrrol ildendoliawing ngxamplashdilustiate) the principles of the present
hydr oxyl - car boxyl i c- anhydri de- epoxi de-funciional i zed ‘pol yol efinic resin.

17. An adhesi ve ingentipte and are notfintended| e pndylyolimiinthe elgirosi therenfpdrent
and a substrate conprising: 25 at |east one type of epoxy resin;, a curing
agent consilbt i ngengapsulatianipyoedssdor it saldetag oh acchiplontn afsubstrate iswdety
action of said epoxy, wherein said catalyst is 2PHZ or C11 Z-C N S; a

f1 uxi ng precur sas ampabmpleflt isamderstgodithat theiptocedsymay édsa be Lisedhfor B
compound with sufficient fluxing activity to renove oxide coatings from

sai d conponent aeflewi sbldatisg raride eneapsidatidre rafogthas tdombirations \oheslectricahi d
thernoplastic is poly(1l-vinyl) pyrrolidone co-vinyl acetate.

Al . A5. A3n. Al & .climpadkiemsi@ Al n9. AR Ay! . A A@jwl' )1 )BE Q

B~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca

] ca] ca] ca] caj Ca'ﬂfﬂ]\/ﬁﬂléaxl c,alcTa]ca]c<al A

20 An encapsulant material containing a fluxing precursor is prepared

according to the following formulation :




S [te{!'hZF#VWtoj e [ V] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! VsC] X% +8: R$g; 13 JUN 2903
}{val gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc aUc

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca!]

DI X"t ##SLS$S" % WBBBERIE,;

&&& &&X "' {upkfal W] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]ca]ca |
] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]ca]ca!' 2(o({())/*P*R*_*a*k***J+++, |
Y,,,,-MOY-[-f---.//0t00zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca]ca] !
ca] cal ca] ca] ca] ca] ca] cal] cay] ca] cal caUlca] calca]ca]lca]calcalcal 01111113| 444F 1

555 6P6W6} 66777E88\9 999 :|::;
- zupkf a[ V] caU] ca] ca] c cajcajcajcajc calcalc
a] ca] ca] ca] ca] ca] ca] cay calc aJ ca BSINEND 3> s@ B+B{ BpF#yBouUnt (g
6P6w6} 66777E88\9_999 : |[; P
cajcalc

- zupkf a[ V] caU] ca] ca] ca
R g@bga] ca] cabC Flo%&' ()-! s! 109 ()7 y@ oo () -

a] ca] ca] ca] ca] ] ca] ca] cq|
S109& ()-"MOY%& ()- @
I'110%& ()-,:109%& () -  1O@xdhydto-H-i® ttRalic ﬂnhQ%ﬂ‘IB& )- 18b 10 10Q9-

' 10% ()-Y 310% () - vluw&%ﬂﬁé'g'mo% & ¥E&F0%-H&——3SH0 %

h& ()- L10% h& ()- F 109@b&1l)(acetyl@ﬂ%mw (AGAQ) BaB_@ 0% h&70)-! 1j0% h;

h& ()- !10% h& ()-10% N - /110%
h& ()-'10% h& () - 49 10% Glgcerol #10% he: ()-110% he: ()-
s109%& ()-! D&O3+10%ARK ()-TT3+I0VAAZ ()- 10 h 10 h 10 h: -10%
h& ()-1[t5dE{\ =S109%& ()- ~10%& ()-M 10%& ()- s10%& ()-

To produce the Example A encapsulant, EPON 8281, ERL 4221

and hexahydro-4-methylphthalic anhydride are blended to homogeneity

5 at 50°C after which ACAC is added at the same temperature. Glycerol is
then added to the mixture. This encapsulant may be stored at —20°C for
at least 6 months or up to 24 hours at room temperature without affecting
the encapsulation and fluxing process under normal reflowing

conditions.

10 For encapsulation, the encapsulant is dispensed onto the substrate
surface containing the input/output metallization. An integrated circuit

(IC) chip, having solder bumps are picked up and placed onto the

dispensed encapsulant such that the solder bumps are directly placed
above the corresponding substrate /O pads. Reflowing may be done
15 under normal reflow profile in the art. This is followed by a post curing

step of 150°C for 30 minutes.
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EXAMPLE B

An encapsulant material containing a fluxing precursor is prepared

according to the following formulation :

COMPONENT Amount (g)
EPON 8281 70
ERL 4221 30
1,2 cyclohexanedicarboxylic Anhydride 80
2PHZ 0.18
Glycerol 3.6
5 To produce the Example B encapsulant, EPON 8281, ERL 4221

and 1,2 cyclohexanedicarboxylic anhydride are blended to homogeneity
at 50°C after which 2PHZ is added at the same temperature until evenly
dispersed. Glycerol is then added to the mixture. This encapsulant may
be stored at —20°C for at least 6 months or up to 24 hours at room
10 temperature without affecting the encapsulation and fluxing process
under normal reflowing conditions. Encapsulation is performed under the

same conditions as Example A.
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EXAMPLE C

An encapsulant material containing a fluxing precursor is prepared

according to the following formulation :

COMPONENT Amount (g)

EPON 8281 30

ERL 4221 70 ,
Hexahydro-4-methylphthalic anhydride 80

Co (ll) acetylacetonate (ACAC) 0.72 :

Glycerol 4.5 ‘

Poly (1-vinyl) pyrrolidone-co-vinyl acetate (PPVA) 7 ]

i

|

5 To produce the Example C encapsulant, EPON 8281, ERL 4221 :

and hexahydro-4-methylphthalic anhydride are blended to homogeneity
at 50°C after which the temperature of the mixture is raised to 100°C and
PPVA, a thermoplastic, is dissolved therein. The mixture is then cooled
down to 50°C and ACAC blended evenly into the mixture. The mixture is
10 then cooled to room temperature before glycerol is added. This

encapsulant may be stored at —20°C for at least 6 months or up to 24

hours at room temperature without affecting the encapsulation and
fluxing process under normal reflowing conditions. Encapsulation is
performed under the same conditions as Example A. Reworking can be ;

15 performed prior to the post curing step, at 250-300°C, preferably around

250°C.
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1. An adhesive for use in the reflow soldering of an electronic component and a
5 substrate comprising : ‘

at least one type of epoxy resin;

a curing agent consisting essentially of an anhydride;

a catalyst for the curing reaction of said epoxy;

a fluxing precursor capable of reacting with said anhydride to form a

10 compound with sufficient fluxing activily to remove oxide coatings from said

component or said substrate, wherein said precursor is a hydroxyl-containing
organic compound; and

a thermoplastic resin.

15 2. An adhesive according to claim 1 wherein said precursor is an organic
compound of the general formula R-OH where R is an aliphatic, substituted
aliphatic, aromatic or substituted aromatic group.

3. An adhesive according to claim 1 wherein said precursor is glycerol, glycol,

20 poly(ethylene glycol) or poly(propylene glycol).
4, An adhesive according to claim 1 wherein said precursor is glycerol.

5. An adhesive according to claim 1 wherein said precursor is glycerol at an

25 amount of 0.5-5g per 100g epoxy resin.

6. An adhesive according to claim 1 wherein said epoxy resin is a mixiure of
two types selected from a group consisting of the bisphenol type, the

cycloaliphatic type, and novolac type.
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cycloaliphatic type, and novolac type, and said precursor is glycerol at an amount

of 0.5-5g per 100g epoxy resin mixture.

8. An adhesive according to claim 2 wherein said epoxy resin is a mixture of a

Bisphenol A resin and a cycloaliphatic, at a ratio of between 3:7 and 7:3.

9. An adhesive according to claim 1 wherein said anhydride hardener is

hexahydro-4-methylphthalic anhydride or 1,2 cyclohexanedicarboxylic anhydride.

10.  Anadhesive according to claim 1 wherein said catalyst is imidazole, an

imidazole derivative or a metal acetylacetonate.

11.  Anadhesive according to claim 1 wherein said catalyst is 2PHZ or C11Z-
CNS.

12.  Anadhesive according to claim 1 wherein said catalyst is cobalt (il)

acetylacetonate.

13.  Anadhesive according to claim 1 wherein said thermoplastic is poly(1-vinyl)
pyrrolidone-co-vinyl acetate.

14.  Anadhesive according to claim 1 wherein said thermoplastic at an amount of
5-10g per 100g epoxy resin or epoxy resin mixture.
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obtained between sald first and second components;
cooling said interconnected components, and wherein after reflowing, reworking
15  comprises the step of detaching said first component from said second
component.

16.  An adhesive according to claim 15 wherein said thermoplastic comprises any
one from the group comprising an ethylene-vinyl alcohol copolymer, a pyrrolidone-

20 vinyl alcohol, and a hydroxyi-carboxylic-anhydride-epoxide-functionalized
polyolefinic resin.

17.  An adhesive for use in the reflow soldering of an elecronic component and a
substrate comprising:
25 at least one type of epoxy resin;
a curing agent consisting essentially of an anhydride;
a catalyst for the curing action of said epoxy, wherein said catalyst is 2PHZ or
C11Z-CNS;
a fluxing precursor capable of reacting with said anhydride to form a
30 compound with sufficient fluxing activity to remove oxide coatings from said
component or said substrate; and
a thermoplastic resin, wherein said thermoplastic is poly(1-vinyl) pymolidone-
co-vinyl acetate.




