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" ENCAPSULANT W TH FLUXI NG PROPERTI ES AND METHOD OF USE" Thi s
application is a continuation-in-part of Application Serial No.

08/ 514,049, filed August 11, 1995, the 5 di scl osure of which is

I ncor porated herein by reference t her et o.

DESCRI PTI ON WO 970754techni cal Fi el d The i nvent i oRCHESRIPS?
generally to electrical 10 i nterconnection of electrical conponents to
substrates, in Fpartlcular flip-chip reflow soldering and
specifically the "ENCAPS Wﬁhmﬁu‘@lgﬁﬁgﬁﬁﬁﬁs sUSEDNs.
BACKGROUND OF THE INVENTICN Epoxy resin conpositions have been
used as sem conduct or devi ce encapsul ants for over 25 years as noted

by reference Pat ent 449 1 nted June 1 1969.
Anhydr i de- cured epoX él?é§?9+%ﬁﬁ§§6§u?5 é? E"gﬁ%?P nepart ot chip
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Encdpsul ant - fo&g ngtconp03|t|ons are applied after electrica

I nt erconnectio The application of an encapsul ant-form ng
(encapsul ating) conposition prior to | BESCREBTION:| on by refl ow

sol dering, when@idhngk&Et#ierd i nterconnection occurs 25 in the presence

of an encapsul ating [ &6 Rat ent

5,128, 746, grant ed ?STQ”P’?%’&% R1dERE ddifian1y o é?‘*‘#‘?ﬁ’mes f1ip-chip
product iléh net W&Pﬁnﬂﬁ%ﬂm iRk electricah Gamponentsi bl Substziatssncinion i s
achi eved by adgiaigigular flzgi-tmwgeamwtsdmea—mgxaua&spécmcwnyeaw and

curing agent 3ggye)cRhLOE & ﬂga§su1%£LPM&g gwmsegs!@{wsg the fluxing

agent is resi The use in
the prior art of cross- I|nk|ng SOSVERE

Epoxy resin compositions have been used as semiconductor

15 device encapsulants for over 25 years as noted by reference

to U.S. Patent 3,449,641, granted June 10, 1969.

Anhydride-cured epoxy resin encapsulants used in flip-
chip manufacturing methods are described in U.S. Patents
4,999,699, granted March 12, 1991, and 5,250,848, granted

20 October 5, 1993. Encapsulant-forming compositions are

applied after electrical interconnection.

The application of an encapsulant-forming
{encapsulating) composition prior to interconnection by
reflow soldering, wherein electrical interconnection occurs

25 in the presence of an encapsulating composition is described

in U.s. Patent 5,128,746, granted July 7, 1992. In U.S.
Patent 5,128,746, flip-chip production methods are described
where electrical interconnection is achieved by adding a
fluxing agent to a mixture of epoxy resin and curing agent

30 prior to cure. During reflow soldering, the fluxing agent is

activated and the resin is cured.

The use in the prior art of cross-linking agents having
flux properties is found in PCT International Publication
Number WO 93/06943, published April 15, 1993 and its U.S.

) 35 counterpart, U.S. Patent 5,376,403, granted December 27,
1994. In the publication, enhanced sintering is described
using a protected cross—linking agent with fluxing properties
in a metal powder and epoxy resin system where the solder is




flux properties is found in PCT International Publication Nunmber WO
93/ 06943, published April 15, 1993 and its U S. 35 counterpart, U S
Pat ent 5, 376, 403, granted Decenber 27, 1994. In the publication
enhanced sintering is described using a protected cross-1inking
agent with fluxing properties in a nmetal powder and epoxy resin
syst em wher eWOHH3HEdt der i s 2W0 97/ 07541 PCT/US96/12759 2
PCT/ US96/ 12759 used to formthe conductive film Sol der powder
addition is used to sinter the netal powder, typically copper, or

si | ver, usiesf §PcLoBRt thy qanductive filmyr dSoldsrcpeywder sidigion is
electrical |y omedutdbi gétnber dges rethilepowddre, mypieadldynesppers or sipuet) cl es.
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of epoxy resi rRateate3¢@9235022d dgrantes8. Februany 12, 1974, 37Bherddin gpaxide

Dgg e {Tber 2f7, L% 4n compositions ldte RRsEEESEN wHeNEAR! F20xikd addrits Pact
a Itrve o u.

. Pat ent_5..128, 746 i | i m _nat.ed, Il e the function
of fl ux’r%g "%th ithe, 5?3?‘%%% ’fﬁ/s%’eligcFléﬁﬁﬁ%qﬁ“oggiﬁfﬁk?%g“’éﬁent t hat has
t he proper t FleFrtaisalbptondusging adhesgive gonpenitions tinewhich- 20
chip producti asoymirhpdwadr| he ¢Harficallynyesidctiad Wirek8-1linking @geatr i cal

L omneCt e S Bl oY Alddlhve, mononb DYy 1
conbi nati on of (iNFAusA¥ACPf oPPPY esdas) are desqribedgingBng. dfatent
t hernoses ti ng 5 ,£816) 408, coranted i Decenbesuzh, 2994. agent and thernosetting
resin with a sel ectijpdspal gl¥sén®hvention, the fiuxing additive of u.sS.
Patent 5,128,746 is eliminated, while the function of fluxing
is retained by selecting a cross-linking agent that has the
property of also operating as a fluxing agent. In the flip-
20 chip production method of the present invention, where
electrical interconnection occurs within the encapsulatiné
composition, the preferred embodiment of the invention
raesides in selecting a combination of dual functioning cross-
linking agent and thermosetting resin or combination of such
25 agent and thermosetting resin with a selected catalyst and
controlling the sequence of flow soldering and gel formation
to avoid inhibition of soldering. This is accomplished by
providing an encapsulant composition, which, at surface mount
reflow profile conditions, in which the gel formation (gel
30 point is reached) after solder melt; that is, the gel is
formed/gelation occurs after reflow soldering, whereby
soldering is not inhibited.
As noted by reference to "MANUFACTURING TECHNIQUES FOR
SURFACE MOUNTED ASSEMBLIES," Wassink, R.K. and Verguld, M.F.,
35 1995 ELECTROCHEMICAL PUBLICATIONS, LTD., soldering methods
(and equipment) have converged from various IR soldering
concepts to one main methed, namely, hot-convection
. soldering. Besides this method other methods are used, but
only in specific cases, such as resistance soldering for



controlling the sequence of flow soldering and gel fornmation to

avoid inhibition of soldering. This is acconplished by provi di ng an
encapsul ant conposition, which, at surface nount reflow profile
conditions, in which the gel formation (gel 30 point is reached) after
solder nmelt; that is, the gel is formed/ gel ati on occurs after refl ow
sol dering, VINOSBIs41 sol dering is no¥ inhibited. PCT/US96/12889 ot ed
by reference to "MANUFACTURI NG TECHNI QUES FOR SURFACE MOUNTED
ASSEMBLI ES, " ma33|nk R K. and Verguld, MF. . 1995 ELECTROCHEM CAL

PUBLI CATI ONS. OBFer, 1ead jeendifgofhTAB and for F&*&%ﬁﬁ?p‘?ﬁ: 91 481ve converged
fronlvarious IR sotﬂeﬁaggggk.e; alconatppagds 201%¢ QUGN aetymictalnprelfyle
hot - convect i 0oy refloéowf‘&éc lﬁeaé&'éﬁséq]s e hBeda o @Janﬂgaﬁs ar e

used, but I n spe cases, such as resjstance sol erlng for
WO 97/ 07541 Seldering ove ;gg a number of ZonesposR; an

outer | éad boke cgnbifoXldl ssmparatedyl dierised dm fordes. to attain the | n

Wassink et al desa&eaaa@ﬁp&au%@meﬁxmal Rihief 'J.Eﬁgth ot tHePlenkdbow
solderlng i's describe

d aii co i ng_oven having a
nunber of zoné’ge\ﬂhosﬁ“?’énﬁ'é?éﬁ]lﬁ &“855:8’3 ail j&é‘"&oﬁ‘?ﬁﬁ?l%’d %’égﬁ’rﬁ\?l y is
used i n order scdderingntemperatures withrbilnitmd denperatyrefdififexiencgst he

| engt h of t he ke the joiftyHreaSUSR Bémidreht@NaRbRSafttedditNtnarRas t O

reach t sol dering tenperatures with limted tenperature
differ ces maSS- petween the joint areas of conmponents with different
thermal 10 mas¥assink et al. dgscrihes ctheytypicsdr theee tsken neagidngt hr ee

step heating approacBPBtOoeRd 1dzhar|ar EPbqudrit ify /deanihYraersly Iamaei:hag/s

sol deri ng {i t- nvectl n ovens.

al so descri bed‘slﬁg\/\gﬂg %Eie x? a"% f'ﬁ?‘ ]éo%teps 15 ar e:

(i) starting w tRAsrapse @Eﬁﬁ##ﬁ?i:énbﬂiﬂg%nkusﬁsedh@ the three steps
t he promhict (tdree reduces the length of the

(i) starting with rapid heating to bring heat into
the product (this reduces the length of the

ovanj; .
(ii) second step concerns temperature equalizing,
20 : i.e., to reduce the temperature differentials;

usually a kind of temperature plateau for the
hottest parts is pursued while the temperature
rise of the coldest parts is chosen to be
relatively slow; the effectiveness of this

25 step can easily be assessed by the temperature
differentials that exist on the assembly just
before it enters the next step;

(iii) final rapid heating and subseguent cooling.

As further described in Wassink et al., each limit of

30 the profile is determined by the maximum allowable thermal
load of one of the parts of the assembly to be soldered.

. The maximum (peak) temperature is determined by the
base material of the printed board. Higher
temperatures than 280° C will cause delamination.

35 (Note: In most cases the printed board is the
hottest component.)

[ The minimum soldering (peak) temperature is
determined by the wetting of component
metallizations.



oven); (1) second step concerns tenperature equalizing, 20
l.e., to reduce the tenperature differentials;

usually a kind of tenperature plateau for the hot t est
parts is pursued while the tenperature rise of the
col dest partﬁ,oig?mfgapsen to be 4 rel ati vgdussé/2Mee t he

ef fectiveness 0 his 25 step can easily be assessed by
the tenperature differentials that exist on the
assenbly just . The maximum tiiRf ahe tdmpptiatiuvet be titiediiaAfize

(i) final rapid heaLj d%’&i‘fn t | Q. . Infgnburther
descri bed in WAssi nk etgé?.g,gnzggcih I m t%%? %36084& Ig?ﬁgerrg?ﬁ:ee i sI det %r m ned
by the maxi mum al | onabl €38RePhefoo heavy p therpal, tr AEr ptH% s of the
assenbly to be sol der edactivator (flux) inTtite nEoddexnpaptekyilkrmgerature is

determned by the consumed alré@ﬁggag@% aétﬁaeci)\?fr:ﬁéiﬁf%&clard'

Hi gher tenBerat ure err|” C w, cause
del anination. 35 ¢  The time fggi yhichthggoldercds 4B phe AU FSoard is
t he hostage (bnmEombinakion with a maximumTtemperatunre)

sol dering (peak) tenperatu L Ss ( ks g,% wetting
of conponent i £gs£%’é‘f‘%ﬂ ibyattlh Snggmatﬂﬁt oEiHE %397% 87541
4 PCT/ 48¥6F32yngide the soldering joinfn,e FhgFeniA¥Erfe and

tenper aiaure of the equakiake the soldered joint rmmspeorbrittdeter m ned by the

sol der paste. In thfe gpecific values Jdt2%h Oﬁeﬁﬂéﬁa u %Pféémire .
treatment, the . act 1 vat or Eflux In the sol der paste wll
be 5 deternipnged, baged) PR Re nts &"aFF}e‘“BF%Eb%JE used.

* The time for whisuirfake sounkrrefiownprbfile/ffana 63 sSn/37 Pb soldest age
(in CO”binatiQﬂlﬂﬁéﬂia%iﬂ%xEHH”£§§K6E17¥H%§%¥ is shown in Fig. 415 restricted
by, the formation of | QLgRREl8LLIC 701,027 (sangeron), YBES alBEhuldSe
which is incorporated herein by reference thereto, polymers
and other materials which contain chemical functionalities;
such as, amide, amino, carboxyl, imino, and mercaptan; which
serve as flux agents are described. When soldering metals,

20 these materials can be combined with materials which contain
other functionalities; such as, epoxide and isocyanate to
produce thermosetting polymers. Angelo describes three
polymer categories in his invention which are set forth
below, .

25 1. Chemical functionalities; such as, carboxy terminated
polybutadiene and carboxy terminated polyisobutylene, which,
when used alone, do not harden and are easily removed with
solvents. These are in essence fluxes and contain the same
chemical functionalities found in traditional soldering

30 fluxes.

2. Formulations that are non-crosslinking and can be
softened or melted with the addition of heat. Examples cited
in Angelo include Versarid 712 and Acryloidat 70. Since
cross~linking does not take place, these formulations are

35 similar to standard rosin or resin based fluxes fregquently
used in reflow soldering which contain chemical
functionalities such as amino, carboxyl, amide, etc. Thus
the same chemical functionalities are present both
traditional rosin and resin fluxes and in the examples cited



10 make the sol dered joint nore brittle. The

specific values of the nentioned boundaries are det erm ned based on
t he conponents and board material used. A surface nount refl ow
profile for a 63 Sn/37 Pb sol der illustrating the typical ranges is

shown in Fig. 4. 15 In Patent U.S. 3,791, 027 ("Angel 0" t he

di scl osure gwoymwsa whi ch is incorporatell herein by referg'r@@"%"ff&’a 0,

pol ymer s and other materials which contain chem cal functionalities;
such as, amd OX c R C serve
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Angel o descri %ﬁq&ﬂr ggin pol ynmer categories in his invention which are
set forth Eg 1. Chem cal functionalities; such as,
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cited sgpﬂ%angﬁgﬂgﬁ%/gmﬁegg@@gdoé%mwag;g& of> NCE

crossllnklng oes ,nqt t rmu) ati_ons simlar to
standard rosi hafenigds,whichcontains snekqfRnErionalities wikh | 9poxyr FeRin
sol deri ng whi akateonitadisnwhiieh} cetien heatedf ufiotm xadss-ldaked aetasorka no,

carboxyl, am GhidH GrelHuE easily AeiBvaBie s@eaargrmu E:B”E&:gé’ﬂ?édt Mhgllf

resent both adi tiopal r05|n and resjn Xes tthe e
2| ted cites % gﬂsg\;ggﬁss of such combinatx.or§ to reside in their

PCT/ US983 1275%bility to reiAfigete tble shrdogbivtof Hthe salligr cjmixs: [imnk to

form situations when there is a low probability that a solder
joint will need to be rescldered.

Pennisi, et al., U. S. Patent 5,128,746, also describes
the use of combinations of materials which contain chemical

20 functionalities known to serve as fluxes and materials; such
as, epoxy resins, which when reacted with the addition of
heat, form chemically cross-linked polymers which add
strength to solder joints and are not easily removable.
Although Pennisi describes the function of the epoxy

25 thermoset polymers as providing environmental protection to
the flip-chip, the epoxy encapsulant described by Pennisi is
also known to strengthen the fragile solder joints. Pennisi
lists flux agents; such as, malic acid and other dicarboxylic
acids that remove metal oxides and promote solder wetting.

30 In essence, a material, malic acid, containing the carboxyl
functional group, which is known to promote solder wetting,
is combined with materials, epoxy resins, that form cross-
linking, thermoset polymers.

In a third example, described in Capote, US 5,376,403, a

35 material containing a chemical functionality, such as
carboxyl, known to assist in solder wetting, is combined with
materials that form cross-linking thermoset polymers that are
used in ink systems that assist in the fusing of low melting
alloy powders with high melting metals and assist in the



t her noset pol ymer and hence may be renoved by using a sol vent or may

be reheated and renelted to enabl e resol deri ng of solder joints. 5
3. Conbi nations of materials, which contain the chem cal
functionalities necessary to pronote solder wetting; such as,
carboxy, amno, etc., and nmaterials that react chemcally to orm
thernnsettinﬂ“ﬁ%@?ﬂ%rs t hat cannot be easfly renoved WW%M@ﬁsuse of
a solvent or reheated and renelted. 10 Specifically Angel o shows
exanpl es of c O t n

np Qa[H%le!Bh 82 P.ﬂ? resulta?ﬁ: @bt Sn&\@{o%‘ik \A%?C%aé%&!&ﬁ; i ed. form

functionalities wth epox a
cross-1inked netV\mIK‘sea"h cas?\h%’??%"e ﬁ'ﬁf'ng%gs'l I?W&ﬁ'@)véﬁl‘é“’cﬁh @nnot be
renel t ed. Angeia:r.erlal contakning e chemikbaksturaitional itppiknmen cies t 0 resi de

th h f hoLQat i
o ot SR R P R b Sl ()
need to e reRRWY &@sins that phermepet golymers, agmethod Af 5 128 746,
al so descri besheating 1shdeserihéd doniwhighi tile afsemdlyr ial Beated rapdalgi n
cher cal 20 andWhkOBBLALE SRedtd Yiink0 By S iR 8F altﬁ%as
such poxy resins, en re t

heat, form che?ﬁ?f’zﬁ ecﬁeéeemmle‘a amFnRp3 %scﬁr&Ha"al as t‘ﬁ F@ geF to
sol der j oi nts must ddguify dnsorder em)welhl the surfaceAmekaligh Penni si

describgp the functxsor&ha}m&,a&ewm%m &@rim%%taa' ¥yPEre @S providing
envi ronment al tec%_| g t he egoxy encapsul ant
descri bed by F%ﬁ?\ll igatign o heatél’s’b EROBREL I e sol der
joints. Penni sreactions,| itt beCbmes amdssarsutm welienskhnd tite cewred ot her
di carboxylic kineticaCijdgolbad ix?@i@.ﬁ‘ c'%& SKI RS rRRdrPA P CfbSHtdShs

wetting. 30 n_essen agi.d, contalni.ng the car boxyl
functi onal gro%ﬁ){ % ﬁg Eﬁ e%]_ Pgﬁgaﬁkﬁrb? \%Pﬁfng nKthg
conbi netb wi t h mateniall of §b§x9°mb-‘s'ﬁt§-°nt: hgepekr mnsuyes- that the IqrrﬂSFrrg,

thernoset pol yihiding reactions aké delaetidand Adpirdprdate’ akeing eeapote, US

5, 376, 403, a 315gid h@k@@baﬁréggﬁi‘{g%ﬁgéhgp% r%’ g‘gignal Ity, such as

car boxyl, knowh R0 assi s I'ng, 1S co

materials that forfigidas. heaking netdiodssare dssaribed AntAngelo and  sed
i n ink systencpénrmisigs whet botht desdpileghel applicatiionn9f heat durtingy the

powder SZ(W th @Qﬂi@!ﬁd Q,Q'oggkél ds a&lﬁ(ﬁé %hat réﬂi&.he As described
previously in Wassink et al., a three step heating profile is
typically used to solder electronic components to substrate
boards. Rapid heating, as called for in Angelo, Pennisi and
Capote, would adversely affect the parts and assemblies
25 during soldering. This includes damage to components at high
thermal excursion rates. ’

Thus, one freguently finds the heating step to be
done using multizone ovens which allow materials in
assemblies to achieve thermal equilibrium at temperatures

30 above room temperature but lower than the solder melt point
(183°C) in order to reduce thermal shock and subsequent
damage. In SMT, this heating process in known as a surface
mount reflow profile.

Therefore, in using combinations, as set forth by

35 Angelo, Pennisi and Capote, in which materials containing
chemical functionalities; such as carboxyl and amino, known
to promote solder wetting, are combined with materials that
form cross-linked thermoset polymers through the addition of
the heat, heating processes are used that do not involve a
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adhesion of the resultant netal network to a substrate. I n each

case (Angel o, Pennisi, Capote) in which a material containing a
chem cal functionality, known to pronote sol der wetting, is conbined

with materi as 5 epoxy resins,that formtherno s, a
nmet hod of %89%“%2%“ ng i s described in C\,hi ch the assenbl ﬁ"s&gée%'?ge%

rapidly above the solder melt point. The application of tenperatures
above the sol 48biAPhbaPPhd rdfBle) khE Lo1ddd WeiborBtul E%ut0 i98kead MUS!
liquify in ordelf to wet the surface netal. 10 _, As_thernosetting

pol ymers are iPdlPWapabepialscto be used inthg finals apgepbly, to gepch 2
stinmul ate crothelrmalli equilibriun.cadbpoasroon temperatunedsss doyerothan

Combi nat] ons CoLdEPing temntdtilnd LKA a1
materi al® of t F¥EEKEPRELPEOT (ﬁﬁjtcé’mgﬁgﬁ?ie‘g"t att%FﬁE"g?B?&g ma eria£§nki ng
reactions ar e igevdgwdoénthepiesiredanendoapid) hdating profilapii bedernto
process descri eh® BigniPYEMid Urossiinking of tReTbbRbifaAldngriBENEds are

described in Angel o an \ Penni si, who both describe the application
of heat duri ngf“gﬂ&rzﬂe T PeYYering process as quick and rapid.  As
descri bed The PresentsIpvemtidmssink et al., a three step heating profile

o ot A BESkn bl MBI AL
woul d adver sel‘i"cﬁpﬁé‘g?t?‘ﬂg gﬁm‘glﬁfa@nﬁséﬁﬁ%#& "gg “°Sﬁ'§1#qﬁ“§o?8§g€ng. ,
Thi s i ncl udes fimekjonsoasofipanefars reflhwgsoldering.t hdnoihdesk dow siagh r at es.

Thus, one fregyphutibRdars Neydaald 16 6hEsh hd@ross-1 inkKiBRf J#SirBLin
mul ti zone ovens.tml ch_allo materleal S |sg_l. . assegogl es_to.achieve
thermal equi | irTURRER BEASPRIRISE 36 1'3;5‘&%3988 ﬁn%fe# e “Buf | over
t han t h¥d sol deratipdlystpoi Ain the presentgipventign, fher gressol inkinge agpatnal

shock an]gi subsfstisedls a fluxing &t a][tnrswwtéﬁme&eag;i B&xd).[t?@x%saha known
oS oo oot agen e IoMthehlLOUAY Yl 40 e truoreed"ELBP reck 45110
materi al s contRhiMEnAgr such téﬁ'én?@é?erfi&ﬁciﬁﬁ%ﬂ ijnhdbited by prematysRy| and
am no, known gelling. :

20 In systems of the present invention, where electrical
connections along a single axis are involved and reflow
soldering is effected in a liquiad resin system, the
sequencing of stages of cross-linking vis-a-vis reflow
soldering is critical. .

25 It is essential that the gel point of the system not be
reached prior to formation of the interconnection by ligquid
solder which interconnection occurs at reflow solder

temperature.
It has been observed that where the gel point is reached
30 before melting of the solder, the solder does not wet and

does not effectively engage the opposing locus where the
electrical interconnection is to be made because solder flow
is restricted.
It is believed that the criticality of this requirement
35 " in the system of the present invention derives from the
- inability of the solder to flow in a resin system where the
gel point has been reached. It is believed that where the
resin system enveloping the solder is ligquid, even where the
viscosity is great, the melted solder traverses and bonds to



to pronote solder wetting, are conbined with materials that form

cross-linked thernoset polyners through the addition of t he heat,
heati ng processes are used that do not involve a WO 97/ 07541
7 PCT/ US96/ 12759 rapid heating rate to the sol der
tenperature ‘Qﬂtw'h,;yﬁ} ead allow mategrials to be used iggphiR@sdzgal
assenbly to reach a thermal equilibrium Above roomtenperature but
| ower than sol dering tenperature, it becones critical to understand
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15 conmprising the encapsulant composition is selected to provide
a composition which does not reach gel point prior to
formation of electrical interconnection at said reflow
soldering conditions.

The thermosetting resin is preferably an epoxy resin and

20 the cross-linking agent is selected from anhydrides that
intrinsically possess the added activity of fluxing at reflow
soldering temperatures.

Referring specifically to eutectic tin/lead soldering
temperatures (183°C), examples of anhydrides that serve as

25 fluxes include succinic anhydride, methyltetrahydrophthalic
anhydride, polyadipic polyanhydrides, tetrahydrophthalic
anhydride, hexahydrophthalic anhydride, polyazelaic
polyanhydrides, and admixtures thereof. The fluxing agent of
choice is methyltetrahydrophthalic anhydride and the

30 catalyst-containing encapsulant composition of choice is tin
octoate.

Another aspect of the invention relates to a method of
attachment and encapsulation of integrated circuits, such as
flip-chips or ball-grid arrays, wherein reflow soldering is

35 effected by the encapsulant-forming composition.' It is
essential that the catalyst promotes gel formation during or
after soldering, but does not form a resin gel (a gel at or

~ past gel point) before soldering in order not to inhibit
soldering by formation of the gel prior to soldering.



It has been observed that where the gel point is reached 30 bef ore

nelting of the solder, the sol der does not wet and does not

ef fectively engage the opposing | ocus where the el ectrical

i nterconnection is to be nmade because sol der flow is restricted.
It is believ 8 the criticality of this requirement 35 UHV%
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t o a substrat e.enfapsalating cwatzydialli da preferabilyacoupesed drfi éa epoxy resin
system j3plhe  resin, fhﬂxéﬂﬂy&fr&o%ﬁhﬁnhﬂéﬁm b0l fﬁum@%g@ﬂt%oan epoxy

resin, an anhydride cppss-| n ent for .the resi

functions as aHemGYe RS extae AEAAGE cx, sniy gosBbRent Yermtnariofls Sfha,
catal yst. The ddebsnbstrateftexnipatians wrior teoapdi dunipg molderipguandt
conposi tion 'Sa%@oeﬁb&dtéowﬂﬁw\ﬁhieepoxy 'axecqmogbih@rbmw does not

[eoch 981 50" Menleglp b rorning EBe PG 18 SULELER ot MeeiBRCRLL 0"
resin i st%r ef eraglideringcbeRperayine.andnothe assemblyy o§%e|¢rm@in$glagem is
sel ected from apvetihlesst Bbéposed between and £ills the opening between
electrical component and substrate. This may be done either
by dispensing encapsulant on the board and then pressing the
component onto the encapsulant or by dipping the component in
20 the encapsulant prior to placement on the board. After
heating to soldering temperature, the solder is reflowed and
electrically connects the electrical component toc the
substrate. The catalyst present in the encapsulation
composition promotes gel formation during or after soldering
25 so that soldering is not inhibited by premature gelling. In
other words, fluxing and reflow soldering occur prior to
resin system gel point.

RTIE F encapsulatin
composition)
30 The physical properties of the cured epoxy encapsulant

include such measurable properties as glass transition
temperature, tensile strength, modulus, dielectric strength,
and dissipation factor. These properties affect reliability
of the final encapsulated component. The application of the
35 product containing the encapsulated component determines the
physical properties that the encapsulant must possess.
For example, flip-chip components typically require
glass transition temperatures at or above 120°C. The choice
of the resin and anhydride components will therefore be



intrinsically possess the added activity of fluxing at refl ow

sol deri ng tenperatures. Referring specifically to eutectic
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and in particular epoxide resins, the resins of choice, in
encapsulating formulations which find application in and are
adopted for use at surface mount reflow soldering profile

20 conditions adapted for assembly architecture and composition
of the bond sites. The encapsulants of the present invention
are formulated based on reflow temperature profile and the
bond site composition which, after melt, forms the electrical
interconnection. .

25 Thus in accordance with the present invention the
soldering profile in such instances includes heating the
assembly components to a temperature below the soldering
temperature to prevent damage to the assembly parts that are
susceptible to injury at high thermal excursion rates. This

30 heating step is dependent on the size, mass and materiails
used in the assemblies and is referred to in the art as the
soak or egquilibrium stage of the profile. In connection with
computer mother boards, telecommunications equipment and
panels of smaller assemblies, the target temperature at the

35 end of the socak step preferably approaches the solder melt
point and may range from about 20°C below the solder melt
point up to the melt point thereof. The period of

. application of heat to achieve the target equilibrium
temperature typically varies and may be from about 30 to



al so reacts with the epoxy. The gel point of the encapsul ant - form ng

conposition is reached at or above the 15 sol dering tenperature. In

t he assenbly, the encapsul ating material is disposed between and
fills the opening between el ectrical conponent and substrate. This
may be done either by di spensing encapsul ant on the %then
pressi ng the""i'o”'('%s“1 conponent onto the erdapsul ant or by di ?‘#6’?‘2
conmponent in 20 t he encapsul ant prior to placenent on the board. After
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strength, nodulus, dielectrdc st rength, I ssipation factor.
These properti®e$ et abeut 4°C; BeFi pecond prioy; tpEosk (axe Fhe,HomP,t JHhe
conponent. THEmalpktent involies [z rapid heatiogustepofivhlowing tdvak where

encapsu@t ed GHEPARBRRLIP! ££ HURK 1Y Reated to RN tehpataiAPUBdwS thlat the
encapsul ant rrusqtléio

typically requf egsggaééﬁl’&%%tiﬂgdl??iif‘gg%n?ﬁ%lr S‘Pufflglgg Yc':!;l%%e%%drrscement >
120[ err] C. Theinkesicopnection hetweden thei assemblanrpupduentonpdymics Ly |
therefore be one component ¥ fhed QEedhbly is an electrical lébmponent such
FCT1US96) 1275%  pagiapbd il Saf TReapal pEOcEl 0 Ll Biier,,
180- 190L5 compengnbngs t desukstinateo for hoierodlectrhnic apbi dukiniyoon
RESI N SELECTI Ghhich the metal bond sites are located. In the art this step
is referred to as the spike stage with a total time above
melt point typically ranging from about 30 to 90 seconds.
The peak temperature at any locus on the assembly is
20 preferably - in the 205°C to 235°C range. _

For low thermal mass assemblies; that is, assemblies
less than .062 inches thick and/or assemblies having an area
typically 10 sguare inches or lese, heat input is typically
achieved using a smooth non-stepped ramp at the rate of 1°-

25 4°C per second. Solder melt typically is achieved for low
thermal mass assemblies in a time frame varying from
something less than a minute up to about three minutes.

As the thermal mass of the assembly increases, slower
heating rates and stepped processes are employed to bring

30 such assemblies up to thermal egquilibrium prior to reflow.

A criteria for selection and combination of
thermosetting resin and cross~linking agent (whether in the
presence of catalyst or otherwise} in order to achieve the
reguisite sequence of achieving solder melt before the gel

35 point is reached resides in selecting a thermosetting resin
and cross-linking agent combination that when heated using
differential scanning calorimetry ("DsSC") displays initiation
of exothermic reaction with the range of about 140° C to
180°C for lead tin eutectic mixture. Exothermic activity as




5 The choice of the resin in the system depends on the

desired properties of the final product. The functionality of the
resin and its chem cal structure will influence the cross-link
density of the cured system Typically, DGEBA or novol ak resins are
preferred w ?ﬁm ride cured systens. 10 Epoxy resin
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The period of agg | cation to ac t ar get e%w l'ibrium

tenperature tydrkIny208PFEsthal msﬂét?’f’{ﬁn%ﬂfoﬁ'tsesént the presen

invention, though not necessarily with the same order of

20 success, include materials containing chemical
functionalities, such as carboxyl, amino, imino, amide, and
mercaptan, as described in Angelo, that inherently act as
fluxing agents as well as cross-linking agents.

Amine cross-linking agents that provide the requisite

25 latency (gel point formation at or above the melting point of
the solder powder), such as Aificure --1X~-1 (manufactured by
Ajinomoto Co., Inc., Tokyo, Japan), which is heterocyclic
diamine having an active hydrogen equivalent 67, may be
used.

3o aAmides and other known nitrogen containing curing agents
such as melamine, dicyandiamide, imidazoles, hydrazides,
thiocureas and the like may also be used as cross-linking

agents.
Also useful as crosslinking agents are the well-known
35 polydric phenols which are polycondensates of one or more

phenols such as phenol, various alkylphenols and naphthols
with aldehydes such as formaldehyde, acetaldehyde, acralein,

_ glyoxal, benzaldehyde, naphthaldehyde and hydroxybenzaldehyde
or ketones such as cyclohexanone and acetophenone, vinyl
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about 120 seconds for |arge surface nount assenblies. The soaki ng
step is preceded by a rapid increase in tenperature, called the ranp
step; the rate of increase in tenperatures is sel ected to achi eve
maxi mum heat oJ i thout injury such as 5 m crocr acks I and
the |ike and“#29§2%£%dent on the 13hvol ved architectdrgﬁgﬂﬁiﬁb
materials. In the case of typical | arge surface nmount assenbly

tenperature irggfyﬁggizggiggo¥%pe polyhyﬁ%?ﬁé%&éﬂ&léﬂ&ﬂ&h 4kerr] C per second

prior to soak arge the_norm e . sfep involyes a rapid . heating
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one ttonponent o e_asse is.an el ectrical conponent suc as a
packaged™ or uﬂﬂagfﬁﬁggelng§g¥%feffr 4i?u§5 and the other 15 conponent is
a_substrate for mcroelectronic circggtry ogy, whi ch the nmetal bond

sites are located. In the art this s}eyg
stage with a total tinme above HO-Cneg
about 30 to 90 seconds. The erature at any |locus on the
assenbly is 20 preferably in the ?05[err'C to 235[ err] C range.

For | ow t her mapi {Bekyd &oRpBLhES  rdfidisenteadsy oblY IR 1owing roARL N2 062
i nches thick and/or assenpblies having an area typi cally 10 square
inches or less, heat input is typically achi eved using a snooth
non- st epped ranp at the rate of 1- 25 4 err] C per second. Sol der nelt
typically is achieved for |ow thermal nass assenblies in a tine
frame varying from sonething less than a mnute up to about three

m nut es. As the thernmal mass of the assenbly increases, slower
heating rates and stepped processes are enpl oyed to bring 30 such
assenblies up to thermal equilibriumprior to reflow. A
criteria for selection and conbi nation t hernosetting resin and
cross-1linking agent (whether KCHy@+RHy CHee@CKye of catal yst or
otherwise) in order to achieve the requi site sequence of achieving
sol der nmelt before the gel 35 point is reached resides in selecting a

t hernosetting resin and cross-1linking agent conbination that when
heat ed usi ng differential scanning calorinetry ("DSC') displays
initiation of exotherm c reaction with the range of about 140[err] C
to 180[err]C for lead tin eutectic mxture. Exothermc activity as

is referred to as the spike
typically ranging from

J
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observed using DSC correlates to cross-linking activity. The peak of
said exothermin turn correlates with the | evel of cross-1inking

t hat indicates gel fornation Al though in the final analysis

gel formati specific conbination is deter rically
and cw 3%{'75%4:5 occur, the criteri¥for selection tE??.‘izﬂ’?"ﬁ?m%9
general ly appllcable is to choose pol ymer systens wherein exot herm ¢

tivity, f d
activity, as of 6wer tﬁ{}%()?%?:] Cé Waclikleyfouowi #"fotrhﬁﬁ.ﬁ (8f:2

tenperature no t he 10 der nelting point

and where the peak exothermc activit reglstered occurs at a
t enper at ure above the sol der nelcnaghg;:>}-4nqhmt. Anhydri des,
including, in particular, highly acti polyanhydrides are the
preferred dual - functlonln I nkin flux a%ents for the

CrQss-
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above the neltPRGIFHFRitQrthe formu ﬁ% W@ der powder), such as Aificure
--LX-1 (manuf act ur eflo byupplementAtheofibaxing actlinity fadeessedapgnyhewhich is
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used. 30 é s, .and . _known, nltr en cont§.n|ng curlgg agents
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added in minor amounts so as not to adversely effect the
properties of the cured thermoset polymer. Moreover, in
choosing the fluxes, whether the basic cross-linking agents
15 of the present invention with flux activity or the
supplemental fluxing agents, low molecular weight
compositions which generate outgassing at surface mount
reflow soldering conditions utilized cannot be used since the
integrity of the encapsulation is compromised when outgassing
20 occurs by the presence of voids in the encapsulant.
Accordingly, dicarboxylic acid flux agents which produce
outgassing should be avoided.
Moreover, in selecting the supplementary fluxing agent,
its effect on material properties, such as adhesion, tensile
25 strength, moisture absorption or glass transition temperature
must be considered. Accordingly, compounds appearing to be
compounds of choice because of high flux activity, such as
dicarboxylic acids, which reduce glass transition temperature
and bulk physical properties of the final polymer network,
30 need to be used, if at all, in amounts that do not affect the
resultant polymer.
_ It has been found that the carboxy terminated polyesters
used in the ink formulations of U.S. Patent No. 5,439,164 are
suitable as supplementary flux additives in the encapsulants
35 . of the present invention.
It has also been found, where the cross~linking agent,



thioureas and the Iike may al so be used as cross-1inking agents.

Al so useful as crosslinking agents are the well-known 35 pol ydric
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[err] 5 physical properties of the resultant pclymer network. For

this purpose carboxy terminated polyesters have been found to
be a suitable flux additive.

) ON
The present invention relates to an encapsulant suitable
10 for use at surface mount reflow profile conditions and a

method of electrically connecting an electrical component
having a plurality of metal bond site terminations to a
component carrying substrate having a plurality of metal
attachments sites corresponding to the terminations of said

15 electrical component, at surface mount reflow profile
conditions. These conditions vary based on the solder used
on the solder bumps, typically forming the metal bond site on
-the electrical component and the composition and architecture
of electrical component and substrate involved. The protocol

20 followed is equivalent to that described in'Fig. 4 herein.
The encapsulant utilized is comprised of a thermosetting
resin and a cross-linking agent that acts, below the solder
melt temperature, as a fluxing agent which removes oxide
coatings from the surface of the metal bond sites on said

25 electrical component and on said component carrying substrate
when heated to said solder melt temperature. The
thermosetting resin and cross—linking agent combination has a
gel point at or above the solder melt temperature, and
preferably above the solder melt temperature. The method

30 comprises the steps of: a) removing oxide coating from the
surface of metal bond sites while the encapsulant is in
ligquid form; b) melting the solder at the metal bond sites to
electrically connect the electrical component which has the
plurality of metal bond site terminations to the component

35 carrying substrate which has the plurality of metal bond site
terminations corresponding to the terminations of saiad
electrical component while said encapsulant is in liguid form
and prior to said encapsulant reaching its gel point; then c)
forming an éncapsulant gel; that is, reaching the gel point.
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or, di hal ogens represented by the followng fornmula (3):

[err] and Friedel-Crafts type reaction products of phenols with
di ol efins such as dicycl opent adi ene and dii sopropenyl benzene.

I n assenblie the inherent fluxing ability of the 5 0593 I nki ng
agent is i ns@P??’ﬁsght to form proper 16 netal lurgical sﬁﬁ%&? SJ
connections, it nmay be necessary to add additional fluxing agents in

order to incr eﬁ%@-e??@e;'l te gel may' Bl lkbda 1 tftenl RhEULALdSk1ant,
To suppl enent the uxi ng ac |V|%¥d%%ssesse% by the 10th ?eé}‘caiﬁsgllant
attributabl e teTREYCBRBVARLDY PLATESEILE. 7D k?‘ﬁt?nclng S g¥ &
t her noset t i ng ooegvecktionher known fl uxes may be added in m nor
anounts so as not iRednerastyteidf teslifCis preferl&'b@.?e&h' &sosdfad.he cured
t-her noset pol yﬂ%r. I\/gr eovgr, LD inki choos] n%the Iixes ef her the
basi ¢ crbss-|iTHé RFEAGZRES gEoss-linking.agents firs AR Yerydtide Rag
activity or thmrboxy tesmppated palyesitexsng agents, |ow nol ecul ar wei ght
conposi tions whi _Chmﬁ%”?&é_kﬁneuiﬂ@é&'i% als6 Urd AR ™UNh methoa deef | OW
sol dering conditions u |Ihzed C%E%ﬁé be used since the, I n %grlty of
the encapsul atfRSHYCNg,ApA8H; £ Pagg: 35T , Simg} he
presence of vdlutsingn sar§acacmpuut araflow solderdng eincgpgplaking lamdy|ic acid
}‘Vlb ux aggyt s Wl@%t&(i@:ﬂll?g connelctm& ?%Séwletﬁ_f&!l moa&ﬁtd%bmgt ST
reover, in selecti.n e_s enent ar uxj ng .agen | effec
on materi al prpﬂd’éﬁ%ié%, “%u Egg %?ﬂ@ﬁ%é Lfﬁlhjs'ﬁ%éic%g Eb as??néﬁ?d'ﬁ’i‘? noi st ure
absorption or eArry$ngr substrahetkaingapupturality ofi,getad attadhrents
Afcc?]_rdlh n?: Y, Cgiteeliedsrenponting t® mdtem_ ibna'@iaﬁg)l ; %d&aﬂéméiw_ r;c.tﬁc%qcause
0 I g ux activit S g.as I carboxylic acids I ch reduce
gl ass transit i%‘ﬁ"‘{o etr gt!ég ézlng an encapsuiané( comprzseg bf a
15 thermosetting resin and a cross-linking agent that acts,
below the solder melt temperature, as a fluxing agent which
removes oxide coatings from the surface of the metal bond
sites on said electrical component and on said component
carrying substrate. The thermosetting resin and cross-
20 linking agent combination has a gel point at or above, and
preferably above, the solder melt temperature. In this
method the low thermal mass assembly is ramped at the rate of
about 1°C to about 4°C per second for a time sufficient to
achieve solder melt and electrical interconnection. The
25 steps of the method occur seguentially during ramping, as
follows:
1. oxide coating is removed from the surface of the metal
bond sites, while the encapsulant is in liquid form;
2. The solder, which may comprise one or the other bond
30 sites is melted to electrically connect the electrical
component having a plurality of metal bond site
terminations to the component carrying substrate having a
plurality of metal attachment sites corresponding to the
terminations of said electrical component (the encapsulant is
35 in liquid form during this step and solder melt occurs prior
'~ to the encapsulant reaching its gel point); then
3. The encapsulant gel is formed at the gel point.
. Thereafter, the resultant gel is cured to encapsulate said
electrical solder connections. The preferred thermosetting



and bul k physical properties of the final polyner network, 30 need to

be used, if at all, in amobunts that do not affect the resul t ant
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pol yesters have been, f ou su
BOMRRAGE THESTREERAE metal bona sikin, 4 B ERFSF RARtrdfretcPaRRRPenE an
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condi tions vary t t

typically forﬁl 6% %y%§i%%ggét%?Eég-llnklngtﬁf %gigig#ggglg %ﬁ%onent
and the conpoUFFgoﬁaﬁﬂdc%ﬁﬁﬁnhﬁébﬂageagentr thgf pepk caxathermc ofpsaidt and
substrate invalixedre 6 @atiiget!, dPoxy rd«ild,ound cﬁowmﬂm@t agént had
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sol der 15 or above the solder melting point whereby the gel p01nt of

said cross~linked epoxy resin is reached after solder melt.
The preferred catalyst is tin octoate. The preferred cross-—
linking agents are polyanhydrides.,

Another aspect of the present invention relates to a

20 method for selecting the components of the encapsulant
wherein the encapsulant is comprised of a thermosetting
resin, a cross-linking agent that also acts as a flux and
optionally a cross-linking catalyst which comprises: a)
identifying the melting point of the involved solder at the

25 metal bond sites; b) heating the encapsulant composition to a
temperature exceeding the melting point of such solder; c¢)
measuring the exothermic activity of the encapsulant during
heating step b); d) identifying the temperature at which peak
endothermic activity occurs; and e) selecting as an

30 encapsulant an encapsulant that displays peak exothermic
activity at or above the melting point of the solder.

The selection method suitably also includes
identification of the initiation of exothermic activity and
selection of the encapsulant also based on initiation of

35 thermal reaction. The encapsulant selected is one that
wherein initiation of exothermic activity occurs at a
temperature that is no lower than 40°C and preferably no

_lower than 30°C below the solder melt temperature.
BRIEF DES ON OF DRAWINGS
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melt tenperature, as a fluxing agent which renoves oxide coati ngs
fromthe surface of the netal bond sites on said 25 el ectrical
conponent and on said conponent carrying substrate when heated to
said solder nelt tenperature. The t hernmosetting resin and
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er ma
encapsul ant . 318 am%ﬁ%ﬁf SRap RO /a8, PR SafE ek g tihe
mechani cal twlc%bmmws where such Spﬂée?ﬁe#msm@-ng resinis

preferglly an epoxgfig. 5515 thEhgpaegfﬁ fﬁ%ﬂlﬁsieféﬂ‘édl@;&%nkﬁaﬁﬁﬁe a4.
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pr esent invention 5?'%0 at egl%ghgr %?n?a‘#&%e LX gh?ﬁ 6&[?0Pﬁatacﬁ‘%we
thermal mass Nersus|temperaiune pfnthesencapsulant desdemipesd dngExanpletl.

refl ow sol dering, pigapsulsita @eagasic19epreseabaei6ﬁ0@iéﬁtﬁ@1mu BBa¥ge
el ectri cal CO%QQSQtt%eJL%&e of thePlills 's'uHX of g2 éﬁhbééo'l %&Lﬁﬁ%al by of

term nations to carrying su B5t 7% aving a p
netal attachnents sites correspondlng to the term nations of said
el ect riisal ; 2 7o) engxonsed of a

The catalytlcally activated encapsulant of the present
invention comprises (1) thermosetting resin, preferably an
epoxy resin, (2) a cross-linking agent for such resin, which
also functions as a fluxing agent during reflow soldering,

20 and (3) a catalyst. The components of the encapsulant are
selected and combined to form, in combination, a composition
having a gel point temperature at or above the soldering
temperature whereby surface soldering is not inhibited by
gelling prior to soldering when using a surface mount

25 temperature profile. As used herein, gel point temperature
is the temperature for the involved thermosetting resin
system where, after initiation of catalyzed cross-linking,
the gel point is reached. Simply stated, the process of the
present invention will not produce a satisfactory electrical

30 connggtion if, prior to solder melt, which occurs at the
solder melt temperature, the gel point of the involved epoxy
resin system is reached. The cross-~linking agent acts as
flux during the soldering step. The cross-linking agent
cures the epoxy resin and performs this latter function

35 paired with a catalyst that catalyzes cross-linking activity
and causes gel formation at or above the soldering
temperature at which electrical connection with solder melt
occurs. Other objects and advantages will become apparent to



15 thernosetting resin and a cross-|inking agent that acts,

bel ow the solder nelt tenperature, as a fluxing agent which renoves
oxi de coatings fromthe surface of the netal bond sites on said

el ectrical conponent and on sai d conmponent carrying substrate. The

ther noset ti n‘ggg\/g_}sghand cross- 20 | i nki ng agent conbi ”%ﬁky&ﬁ%@ gel

poi nt at or pref er abl y1®bove, the sol der
tenperature. In this nmet hod the | ow thermal mass assenbly is ranped

ot the rale Ofinase sxi3988! o0 LEC! 2rOROH - AiSy bE 068 dpGAL or 2 1o

sufficient to I eve SO el ectrical interconnection.
The 25 stéﬂﬁscﬁﬁ-PFﬁennﬁ?h%d@(‘!&P §@Bu‘é‘?&%lqcﬁllaﬂﬁr ng ranpi ng, as
fol | ows: 1. InX sgatenstoi thes present didventibhne the f sexuenicinye offet al

bond si tes, Wﬂﬁe@%fegﬁwﬁt&%{iﬁnfﬁw 4l solderi “f J.Cf ;I'ge sol der,

whi ch may conprise one or t sites Is
electrically l+he electrical conponent having a plurality of
netal bond site It ist essembidlotbhatothéegebmpdimenbfcthe ysystesn motr hee

havi'ng a rea@ FEX:O{:O %t%kaabr@m c%rﬁx%%tifo ﬁ‘fpﬂlﬂﬂﬂ smakbe

term nations of e rlca nepnt (the encap
liquid form duﬁ elrh?"? f-s g’?‘ gglﬁﬁl?c% BPFg?ce mount F&fllﬂ‘é
encapsul ant rm}ﬂamtmpegetum nt); then . The encapsul ant gel is

fornmed g4 the gel pe Rhs been obsﬂﬁ@aaf:h&ﬁ whdi@ %%Ubéﬁ?% ofift i redthdat 0

encapsul ate s | ectriga der onnecti on referr d
t her noset ti ngabedﬂ’re meltg 1g‘ﬁ 3 e sgléi n“PE= o %

preferred crosiees metngfigehively engage bb?y@ﬂﬂﬁiﬂgdéOQﬁdt%aheboxy
term nat ed polehsdtfitally connected Yetaasetdelders Fick 98 iéstpicternt

uert on 1ol 215 1 S perevEPYaL pESARRILAN B FRFRRUb "

conponeh? in the sysken| obothe snesept invenripine dezivesciromdiionent at
inability of the solder to flow in a resin system where the
gel point has been reached. It is believed that where the
resin system enveloping the solder melt is liquid, even where
the viscosity is great, effective fluxing occurs. In fact,

20 where a mixed phase exists, wetting, bonding and fluxing
occur; however, once the gel point is reached and melt
formation occurs after the gel point is reached, observation
of the encapsulated assembly demonstrates that successful
connection is not achieved. There is a failure of proper

25 melt formation, wetting and flow.

Referring to Figure 1, a substrate 100 with
metalliization pattern 110 is selectively coated with an
encapsulating material 120. The material is an encapsulant-
forming composition comprised of a thermosetting resin, a

30 cross-linking agent for said resin, which also acts as a
fluxing agent for reflow soldering and a catalyst selected to
provide, in combination with resin and flux, a composition in
which gelation of the resin does not interfere with
soldering.

The .

35 An example of a suitable encapsulating' material
comprises' (1) an epoxy resin, diglycidal ether of bisphenol A
with an epoxy equivalent weight of 188, (2)
methyltetrahydrophthalic anhydride cross-linking and fluxing
agent .and (3) tin octoate catalyst. The cross-linking agent



surface nmount reflow conditions. The encapsul ant conpri ses an epoxy

resin;, a cross-linking agent for the resin that also acts as a
fluxing agent that renpoves oxi de coatings fromthe 10 surface of the
first and second el ectrical conponents; and a catal yst for
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t enper at ur e efﬁégl ngg%eﬁ??éﬂ%t 7l§g t%?"b?ﬁ%hgg ‘8'2‘?5 ‘%t anhydzi 1dE R i ng
t he exot her ni bundred| parts ctfnepemapsairanﬁmﬁu phr) . heat ing step b);
d) idenmdifying therherpamaitiior eshtallyst Reahe composBrEbH fﬁfe&bﬁaaiv’ﬂl vity

occurs; and e C n .3 a

di spl ays peak}'.exg%% H_»&& dboit’ o 9’ FO (g)reigg %ef%é‘ th“ % pSﬁet of
the sol der. ©f tin octoar% §é‘|eeEFP muslﬁu iapfxom akeutnal. Bdte

i dentificati oabelitt desiweighat wceﬁtem hetfeTioptanil Vanotrtds about 2.0

sel ection of hgqap ‘oale30H2ERY Widt bt ALhOhbl1a3 - cornihg! M

reactign. The enca sul ant S ' ecte IS one In 1ni ation of

exot het®i ¢ acFPIPPSLt %r‘sn s&ve of ca"?e‘rﬁ%*ature that is no | ower than
40[ err] C and pref ehaféviem 130 conthining tduide0Bani=| DO t:lsemh.dﬂbnaml t

tenperature. go that the solder bﬁﬁbﬁﬁ&'ﬁ%ﬁﬁ RheA-ve Huddad
VD 97/ 07541 facing the substra e 100 and aligned erCT g?%gﬁ} 1zation
pattern 110 of the substrate 100. Referring to Figure 2, the
20 bumped device 230 is moved into intimate contact with the
metallization pattern 210. The encapsulant-forming
composition 220 wets the device 230, insuring complete
coverage of the active surfaces 250 of the device 230. The
meniscus 260 provides a continuous seal arpund the periphery
25 of the device 230 to protect the active surface 250 from
environmental contamination. The cross~linking agent
contained in the encapsulant-forming composition 220 coats
the solder bumps 240 and the metallization pattern 210.
It should be appreciated that although the drawings
30 depict the device 130 as an integrated circuit encapsulated
and connected to a substrate, embodiments using other types
of surface mounted components having solder bumps or not are
within the scope of the invention.
The assembly 270 is reflowed in a conventional manner;
35 the cross-linking agent, functioning as flux, reduces the
oxides on the solder 240 and the metallization surface 210,
and permits alloying of the solder to the metal.
Figure 3 represents a typical surface mount profile.
The present  invention can accomplish both soldering and




Fig. 1 is a sectional elevational view of a device prior to
attachnent to a substrate. Fig. 2 is a sectional elevational
view of a device after being refloved to a substrate. 5

Fig. 3is areflowsoldering profile of the sol dering met hod of the

present invepti Fig. 4 is a surface nount Ile for
63 Sn/ 37 Pb &Bﬁ&“ﬁl so applicable to S 62/ Pb 36/ Ag 02 soﬁ%:é‘w%ﬁzgggt rating
typi cal paraneters where such solders are used. 10 Fig. 5is the
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havi ng a gel pergettmekrak gunfacet or above the soI dering t enperature
wher ebygsur face sopglefiditrd 3,N2bnkNi ddgiRdsb¥ne step a@lﬂxﬂemaaugr;ﬁo

sol dering mhen usi surfa nount at ur used
herein, gel %%17 gmeters of l}ené’ef“g%ﬁfﬂéf%r&’%”af‘hi ?’h@il ved
t her noset ti ng tF‘-BGI period (ahaﬁsltséﬁi whkate thef eatireai assenbly comprisinged

cross- i nki ng substrate | heoniinepgsNand Sericadeiednt Si. 8 Ppyeridatieadtot A€ process
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30 occur
sol der el t té’-ﬁBEPﬁ?‘&Pée t HioNgeR PEPiEtSthen soaky 5HeR ¢ Hinstyating the ogj
systemis rea@lecdodeﬂe Soa0s wheirek thg tegmpuratare 88 the assenmbly dsring the

et f or et hi o AtV 0 ap 4V RRe20%Rine o, anpiBHECEnl NRARA ReEEUIF D0
cross- | i nki ng X&ERPYi ??curs. z°é‘ﬁd4c§ﬁgh%tﬁéqhef GPRABPER %ﬁelbr gbﬁve t he
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nelt 2o 0GGYhstrstIPs OPILEDidRl prENAWRIcH Ls HGe0BaaRpaiREdr 1 O
alia, to the embodiment of the invention exemplified in
Example 1. Time and temperature on which soldering is
dependent, is dependent on the encapsulant and other
parameters of the process. i

25 i c t_System Components for Given ow
Profiles
As noted herein, the present invention relates to solder
paste formulations and methods of their use specifically
adopted for forming protectively encased isotropic electrical
30 interconnections at reflow profile conditions used in the
manufacture of small and large mass assemblies. Such reflow
profile conditions require application of heat over time and
encapsulant formulation is critical to achieving satisfactory
wetting and solder melt to provide electrical interconnection
35 at the bond sites as well as satisfactory
encasement/mechanical bonding.
In choosing the encapsulant used in the present
_ invention, selection of thermosetting resin and cross-linking
agents having the dual functions required in the present
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those skilled in the art froma review of the detailed description
of the invention which follows. In systens of the present
invention, the sequencing of stages of cross-linking vis-a-vis

refl ow sol de critical. It is esse 4#%J t he
gel point ofw e”gégten1not be reabfed prior to for oﬁkggg?
connection by I|qU|d sol der (sol der nelt) which connection occurs at
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enV9|t opi ][‘]9 t?%ﬁﬁ! @spTakk the f,véwﬁéfr sfseara@@r& wet thetlbé‘nd’i‘afgcos' ty is
great, effective fluxin urs.. I'n fac ere,a_nmxe

exists, wetti ¥ {ﬁfﬁd gfaﬁ e PRAIMET T eabheso%ﬁjrgwlhgﬁéﬂﬁrtmbrﬁf&c?‘a@'gél
point is r eaciprlymer horrier is fomedabetween cthe meftadr suihfacas. [Sdnce i S
reachedyo obserptafd %lat:.on inhibies Qﬂh@aaamhai ekl SRR L Ng D NSiRrat et hat

successf ul n n Ls not e Th Ls.a fa| | ur.e of proper
25 mel t fmll %ﬁ’ %ﬁ‘ar éa’fﬁj % el go underst f ﬂbrit”(? Figure 1,
a substrate 10sechanism and km’aicra Pé-'t tba palymern inj orfer std amdenstandoat ed

W|th_ an f_}&?lebﬂQoMﬁﬂgﬁJ 120. The material is an encapsul ant -
s, oo et SHUehSg e Tho Rlel, 1BAE AAIDAE L il intesarsy

cross-1linking agent al so ac
agent ¥} ref WP sameversdbinoreaction petvwsen cthe ®POXY resin and\thge, in
combi nati on widtodsaihking hbet. 2 DAINAS theOfuté) process tihe CdpBR} Fesdn Of

the resin does, e ¥ re8lt Wil the cross-linking molecules to form long
polymer chains and networks with increasing viscosity. As
the network grows, a point of infinite viscosity is reached
20 called the gel point. At this point the polymer changes from
a viscous liquid to a solid that does not flow.

The gel time of.thermosettinq resins is usually found
under isothermal conditions. For example, epoxy samples can
be heated at a set temperature and tested using viscosimetric

25 methods to f£ind the gel time. An example of such a method is
toc heat epoxy resins in sample pans while measuring
resistance to flow.

Since the method of heat during the process described in
this invention is not isothermal but rather involves a slow

30 heating of the sample to soldering temperatures, it is
important to instead estimate the gelation of the polymer by
examining the cure kinetics.

Several techniques can be used to examine cure kinetics
of the thermoset polymers. One such method is dynamic

35 mechanical analysis (DMA), which measures the polymer’s
ability to store and dissipate mechanical energy. Another
common technique is to use differential scanning calorimetry
(DSC), which measures changes in heat.

As the’ chemical reaction of thermoset resins during



sol dering. 35 An exanpl e of a suitable encapsulating materi al

conprises (1) an epoxy resin, diglycidal ether of bisphenol A wth
an epoxy equival ent wei ght of 188, (2) nmet hyl t et rahydr opht hal i c
anhydride cross-linking and fl uxing agent and (3) tin octoate
catalyst. T I -1 i nki ng agent WO 97/ 0754

20 h‘%':’Cg'i'}a%%}-7CT/ US96/ 12759 23 js an anhydri de]P(f'TégsgaH???kl ng
agent which also acts as fluxing agent. The MIHPA cross-|inking

agent is pai r%%fl%épizatlor{ id réx%%h@@fnf cagﬂailggha{, tu?fﬁ% ﬁderl ng

cross-linkin ture at’ or above out

t emperat ure, 5‘335“‘?1%‘?%'6}9 é‘i‘f’l Fg b?%‘?‘ré’c%it@egﬁi‘ ‘F’b‘? r%ﬁ Fﬁ‘ﬁmﬁFFBr to
formation reacmﬁonheksaldgmmadmld byt Badaxh riex | hemn ‘

Ihe 70U o SENUHELGR e 19, SR BRREGRD ovo, p, agecad o
epoxy résin (ﬁsggp‘ﬁg?l} led:Padre ih %’Tﬁ '&‘ﬁﬁﬁnf’%ofnﬁﬁ?ﬁl%“fm\ ﬁ%&hgunng
corrp05| tion pltdafeepabéy:.s propontioged toothelexient. ¢f t chemimal Teactidn.”
ot 15 1o Uain°Cechniquedladscti86hoBy Hiadalt 40T B BOMAITAY it 15
about 2.0 estigatst T)é?i(féﬁﬁvﬁo%%&eﬁgf?’h Feﬁf ul ant - f or m ng
15 conposiiniiddathoh usf \Rolyfmegdzatjon, One such methgd digwadaes30

cont ai nighg SOl erﬁﬁﬁ!ﬁ? L) s&z@)&b&hgnsﬁrferent néftifgirdtes Se der bunps
140 and the ac |ve

f.aci ng t he subs rat 100 and
aligned with t I:f'rie]?g%ﬁ Method Epg?? e‘fragrf 1Y8¥67et ne® {5t e 100.
Referring to Nlt}ltrlé@ gelatian poinkyipedrdry iteeprevent mmmm soddeningmat e
contact W th tiiterferencé®isddsiitiven pat€wid iatAntibe ARl ant - f orm ng

Che act i ve sureseraingd ‘el £l pbBHI Tibe” SHBR' Eq serve, SRIUCRETE O
a conti¥uous sBHideyfernprepRr JatesHaly combinationst e theiseldezdngo prot ect
the active surgmeesaShas previously been described as ranges. Therefore,

a single DSC scan at a single heating rate is used to show

the relationship between cure kinetics of thermosetting

polymers and their applicability for use in the method of

20 soldering described in this invention.
The following examples serve to illustrate a mode of
practicing the invention.

EXAMPLE 1
An encapsulating material of the present invention with

25 fluxing properties was prepared by combining the following

components:

Component % by Weiqght

Shell 828 (DGEBA-EEW=188) 54.5

A&C AC220J (MTHPA) 43.5
30 Catachek 860 (tin octoate) 2

The material was spread on the copper surface of a
standard copper clad FR-4 board. A small ring of 63 Sn/37 Pb
eutectic solder was placed on the epoxy. The board was
placed in an IR reflow oven. The profile was the standarad

35 solder paste reflow used for solder paste. The ring soldered
to the copper leaving an epoxy residue which was past its gel
point.

EXAMPLE 2

The ‘encapsulating material prepared is dispensed on the



envi ronment al contam nation. The cross-I|inking agent contained in

t he encapsul ant-form ng conposition 220 coats t he sol der bunps 240
and the netallization pattern 210. It shoul d be appreciated

t hat al t hough the draw ngs-30 depict the device 130 as an integrated
circuit enca%vsul at ed and connected to a substrate, eng_?di nts using
ot her types 09754 surface nount ed co®donent s havi ng sol BEFUBMHAS%0r not
are wi thin the scope of the invention. ' The assenbly 270

is reflowed in engi I neg. sthe o I3k ept ,
functioni ng ass?fﬁ%?gré%u%{e% nﬁ%’i' £=c’!’lg“a’i‘o’xi é%hotr\lgé?ées%lﬂ&?r&%%g %‘d t he
metal | i zati on SEPRBLE Supstrate, sugh s FRi4.s 3 FBéf‘ﬁgp’cﬁcet RE §8F8§’F' t% t he

nmet al . Sn/37FPpueetécttianr dseplaceadd torpithel sanféce eofikhet eporyi | e.

The present inygat{gDe gqsa@&f%m) L3R LB the %ciﬁrp '&é@g U%S%?plsél_}gging VO

97/ 07541
encapsul & i on PEEPBIRhRRA LS BOLASF OB Jhe SWSRFEWRE ¥Re metal, apei_cure
at subst anti al pyatedeint nmef v oyen} haithest AR brgeonvection mndccor dance

wi-th the profilgy;byPbatsd Yene YUtahahia 'Fer 0 Yrotile showrt An? FRgUHES 3.
Il'lustrating the regwrerrents, f theﬁgrtefre I nvent i on, \é reference
fi isES, it

t
to the surface TRBURPOPY oPRYer it BEFY st 38, af higF Ang
prior to refl oheonding 6f Gielsblder to thepawwpeyl.deAfteyr theemaflow, gbhati on

before nefl ow Gpedy Bs gelled PrihaitCak, b@f&g’&r iR RYE8hhEEE {dIE 180bHBErF&OM

wetting the target netal surface In Figure 3, Zone 1
depicts the step of preheating in f the paraneters of the
t enper at ure (ordi naffhy encapsulating metexialodrepprefsin)Examplet feisntire

aSSﬁrrbl ydcorrpr ldispénsed on EWdSidtallCbokd® B oh aﬁ%sefagéwﬂoa%ibﬁla ]
BB O spder mpRS'Sheht £3b) oy Bibeoh Sl gohbar Lhe
i | lustrding tf@e flip-chépidie dis pdaredirn &henencanpalatinge rgterjal so
assenbly is that thbovadapsubmtifng hatérial wompledely cintdrtacesl thw Bagpp
when between the die and the substrate, the substrate can be
organic, such as FR-4, or inorganic, such as, glass or
ceramic. The metal bond sites are copper or gold, with or
20 without a plating of solder. The solder bumps on the die are
63 Sn/37 Pb eutectic, on which the solder from the die bumps
reflows and bonds to the bond sites on the substrate.
Suitably a high melting alloy, such as 63 Sn/37 Pb, can be
used, in which case the eutectic solder plating on the metal
25 bond site would reflow and bond to the bumps. On the die,
the flip-chip die, encapsulating material and substrate are
aligned and placed in a reflow oven, either IR or convection,
and subjected to the standard reflow profile shown in Figure
3. During the reflow process, the MTHPA component of the
30 encapsulating material serves as a flux and enables the
soldering of the component to the board. The pairing of
MTHPA and tin octoate also provides an appropriate level of
cross~linking during the reflow process, which yields a resin
gel suitable for post cure and wherein the gel point is
35 reached at a point in the overall process where soldering is
not inhibited.
The following examples serve to illustrate a mode of
practicing the invention inciluding selection of encapsulant
components.



refl ow occurs. Zone 4 depicts the cool down step. The surface nount

profile illustrated.in Figure 3 is nerely 20 illustrative of a typical
profile which is applicable, inter alia, to the enbodi ment of the
invention exenplified in Exanple 1. Tine and tenperature on which
sol dering i de endent I s dependent on the encapsul her
par anet e?s (S)Yvogﬁ’g'sﬁ} ocgss Sel ecPon of Encapsul ant Pg!/.g{sggn}qg”gg
Conmponents for G ven Refl ow Profiles As noted herein,
the present invention relates to sol de 4 paste formul ati ons and

nmet hods of their use specificall EEQ%LLE_ fo rotectively
encased isotropic & E‘ég’t}‘fﬁl"f‘s@ )i’lspf’ﬁf‘%}cfbr#&‘ty Sﬁﬁl‘&t {%r}lgo%pﬁf‘of 29
condi ti ons usewethyli ketrahydrophtihaldct anhydrfidend{MTHBA)Y (Lonpa &E220J7)
assenbl i es. Sygafy “t%fel @dtalyst Tﬂé{h‘lh@tﬁ?%iﬁdi&%h&?ﬂ%ﬁ&ﬁpp|do‘iﬁxbh§?9

heat- over tine or tion is criti achi evi ng
satisfactory aperre\ﬁeﬁ; i ?@W 3?ol &‘8?""%9&? ﬁ'f’ﬁv?ﬁ%"%’fﬂitﬁq"@§ ing' to
i nt er connect i dipx3®mlations ascddemnnibedt dn bitewatiurgsavailablketfiop the

encdsenment / mecdidicah Bapgiiérs: I'n choosing the encapsul ant used
in the present on | g%?nt i on, sel ec]él on of thernosetting resin and
cross-1|inking Ep S haV| E*8ual functions required in the

pr esent MTHPW) 97/ 075443 parts 22

PCT/ USSKy 12759 nmp-3oi nvention 2 pagektical in order to enable

satisfactory ni G bondi g the electrical
bond sites to%t %{dﬁﬂt %(rag%gggaps&} rgggu? ENENt S %

sel ections ar él%ﬁ%é@eaf’ﬁéfloﬂmy with a 51%r9ﬁ1g§3§ﬁé37@ﬂ%9-%fofml e, the
pol ymer nust ngdcoreatiee with thd nedblodpsetttieiongy AAgdes (08 (3, 791)027§ he

mol ten solder g dn h@%%ddf%gié’ﬁf atsh‘éFQQl‘i’ﬁ@é nﬁp%ﬂfﬁ;rtt?s "?&ztah%gond' ng

surface. If the yrrer reac gﬁ pornt too %/h pol ymer
barrierl3s for meﬁ 8her 431 -al r?’ﬁ%e%hseﬁ“i?éethat e anhydride

(MTHPA) cleaned the surface oxides from the metal surfaces
which allowed the solder to wet onto the copper and form a
metallurgical interconnect.

This same mixture was then spread onto the metal surface

20 of an FR-4 .epoxy ¢glass substrate plated with copper along
with a slug of 63Sn/37Pb solder. The substrate, containing
the epoxy composition and the solder slug, was placed intoc an
IR reflow oven with multiple heating zones. The temperatures
of the zones and the belt speed of the oven had previously

25 been profiled to yield substrate surface temperature profile
as shown in Fig. 5.

Using this temperature profile the solder slug did not
wet the copper surface on the FR~4 and form a metallurgical
connection. Instead the solder slug remained in its original

30 shape and was encapsulated in the cured epoxy.

In addition to the empirical soldering tests described
above, DSC was used to examine the cure kinetics of the above
epoxy. Using a 50 mg sample and a heating rate of 10°C/min
from 50°C to 230°C, the onset of the cure exotherm was

35 observed at 100°C while the peak exotherm was observed at
130°C, as shown in Fig. 6. Therefore, using a heating rate
of 10°C/min., the maximum exotherm of the cure reaction
occurs 50°C below the melting point of the solder.

EXAMPLE S



10 this gelation inhibits the solder fromwetting the substrate

nmetal bond pad, it is critical to understand the curing mechani sm
and kinetics of the polymer in order to understand the effect on
sol deri ng. In thernoset polyners, the addition of heat

initiates 15 i rreversible reacti bet ween the epox E@ﬁﬁi d the
Cross- Ilnklnd”agengﬁ During the cure proggss t he epoxy reS|%C& 239

nol ecul es react with the cross-1inking nolecules to formlong

pol ymer chains and u@?h&ﬂ?iﬂé Yhhd fézﬁrneaaanm rc\bmb&ﬁamn as {ie

net wor k gr ows, QI Nt "o | e VI SCosi t re called the
gel point. At ?’fﬁ“&lﬁoﬁnt I‘Pﬁﬁap&:él]‘re(ra PREREY t?’f%rﬁm' azoleg V?%c‘ﬁféi Rfqli d
to a solid thatathdgstaot fl ow The gel tine of thernosetting
resins is usually found under isothermal conditions. For exanple,
epoxy sanpl es can be heated at a set tenperature and tested using
viscosinetric 25 EPOReBRBds to f#%u?5ﬁ5§ gel time. An exanple of such a
nmet hod i% t MTEPAL epoxy re43 rparts sanpl e pans whil e nmeasuring

resi stance to flow. cp Si NGgarice nethod of heat during the process

described in Lnvention rmal. but _rath i nvQl ves a
Slow 30 heati MRS mAREUERRYR t‘bsesgr%&# e Bange, peatod ranily
i nportant to iomtanpPerst i Whﬁeal‘m@éﬂ%ﬁl&ﬁnﬂ thﬂa netialnoxides and the
exam ni ng the gyifdbrkivee! aB8. spread onto thSc¥EpFer IRFFacRVESHRER B used to

exam ne, cure klnetl uch nethod IS
dynam cl‘g é‘ ni 85‘| vaRa éré;}?ﬁﬂ%%) ”Béﬁér %r%rngﬁé Q]Fﬁﬁgb%l yner'
ability to st w@%teu sadpheated cimfheapuitiply  zoneoheating °Vencommn
techni que i s thowsfRr]i ther easudt wanihenganal £ idé¥dribed in Ek&i¥le 4vwhich

neasur es changgg, i 1033 aid por change, Ahaploaflodid Hot! BRELHA Mo W TOSE!

resins during
PCT/U896/12759metal surfaggi-yneri zation is exothermc, this change in heat
can be 1s The DSC scan from 50°C to 230°C at 10°C/min on a 50 mg

sample showed the exotherm onset to begin at 100°C and peak
at 130°C. Again, although rapidly heating the combination of
materials allowed the solder to spread onto the copper, when
heated slowly to solder melt point using a multiple zone oven

20 the epoxy system described did not have the necessary latency
to remain liguid before soldering.

Similar results were observed using the Epon 828 and
MTHPA combination with several other known anhydride cured
epoxy catalysts, including Dimethylaminomethylphencl (Lonza

25 AC-10), zinc octoate (Shepard Chemicals), Benzyldimethylamine
(Lonza BDMA), Diazabicycloundecene (Air Products Amicure DBU-
E), 2-ethylhexanoic acid salt of Diazabicycloundecene (Air
Products Amicure SA-102), 2-heptadecylimidazole (Air Products
Curezol 2MA-OK) ,2-Heptadecylimidazole (Air Products C17Z),

30 2,4-Diamino-6(2 'methylimidazoleyl-(1’))ethyl-s~-tri (Air
Products 2MZ Azine). In each case the catalyst was used
with a bisphenol A resin (EEW 190) such as Shell Epon 828 and
Methyl Tetrahydrophthalic anhydride at 80 parts based on the
weight of the resin. Using the catalysts stated above at 1-5

35 parts based on the weight of the resin, the mixtures'were
found to clean the metal oxides and promote spreading of 63

. Sn/37 Pb solder to copper when heated rapidly, but cured tco
quickly and inhibited soldering when heated slowly in a




measured using DSC and related to the extent of chem cal reaction.

As descri bed by Hadad in Epoxy Resins, Chem stry and Technol ogy,
May, ed., Marcel Dekker, 1988, p. 1130, "an 5 assunption i s nade that
t he amount of energy given off duri ng the cure is proportional to
the extent of chemcal reaction.' Usi ng techni ques descri by
Hadad it is }3’6’5’5@5"?‘(‘-} to estimate &he kinetic acti vatpqﬁv%%g?q’
required for initiation of poI yrrerl zation. One such nethod i nvoI ves
10 genera ans._.usi. gLent atin

described in [C‘ o% Lfgd weve o%?’ntgg ?ﬁée‘%ﬁéeégncﬁxﬁ"gé?

gel ati on poi nt4-| n order to prevent proper soI dering I nterference as

described in this invention nust be  gxaMprketeerm ned enpirically, DSC will

be shown 1o serve 8lkinlediate (FHEEE AQIACRSEGRLE NG GEDI NaL i ons

as t-he sol deri ngi r oCess previ ous een descr| S ranges.
Ther ef orBe, eckeq; ﬁgl e xR lyesnfer %P‘%lbigﬁp@eﬁe&tlln@ﬁ’dbewmed to
show t hednipolsdtionsls pidmiribed tnrexanple ics of thernosetting

pol ymers and their I bility for epé'{'t d he nmethod of 20 sol deri ng
described in this F%Bgnthlﬁgn 58 e follow ng exanples serve to
illustrate a node FH practi ci n§3tP-F%hvent i on.

EXAMLE 1 staAnoaacaq:mdtntl ng repartsal of the present invention
zwoﬁrgoﬁglr?t Tt n&n&rsommfé WiRS uBbEPRL &S MM&%Q%&A\%{ %P@mpg
Shel | 828 (DGE’E!AC’EEREISS) 'Fhe anhydrids gleaned “ﬁ&&eﬁtéz??ﬂf/ the

43.5 30 Caicdalerk w880agd i spxaadoantd the copper?surface. WhenTIthemat eri al
was spread on é&iﬁao%qlea% wéfmaaf ofito copperS (RegaFR-£ WA ad FR-4
board. A small .rin f 63 5 t eutectic sol e.r was d on
the epoxy. Th&BS: <a eapl"é’c&ﬂellﬁuja‘ﬁ‘qlﬁ PP IFD Bile

was t helSst andaqldss Spresdl arto thet metal | suriane] ofothe wmemasldetheThe

rlt ng S|O| dered epoxy wabophbelgpnpgeﬂl&aw N RO EWth BPd €l Use MbBtGonagtRast
its ge

The encapsul at?g% ﬁ&Pg}P&Flg e‘ﬁ)farreeg ip agd cxosslirking h%‘lw provi%ed the

latency for gelation to take place after soldering.
The DSC scan from 50°C to 230°C at 10°C/min on a 50 mg
20 sample showed the exctherm onset to begin at 150°C and peaked
well above 200°C, as shown in Fig. 7. Thus, the peak
exotherm, which is used to predict latency, occurs well above
the solder melt point of 183°C,
EXAMPLE 7
25 Using stannous octoate as a catalyst with MTHPA along
with a multifunctional resin such as N,N,N’,N’-Tetraglycidal
-4,4'-methylenebisbenzenamine (Ciba Geigy MY720}. This
tetra-functional resin has a higher reactivity than one based
on bisphenol A. A mixture of MY720 with MTHPA at 90% of the
30 stoichiometric ratio was prepared with stannous octoate used
as the catalyst and added at 1 part based on the weight of
the resin.

MY 720 45
MTHPA 54
35 Stannous octoate 1

Using this composition in the rapid heating method described
in Example 1 the solder spread and formed a metallurgical

. connection to the copper. However, when using the heating
method involving the multizone oven the solder did not spread
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surface of the netal, copper, which has been plated to an organi c
substrate, such as FR- 4. A solid piece of solder, 63 Sn/ 37 Pb
eutectic, is placed on the surface of the epoxy. The test board, now
cont ai ni ng encapsul ating 5 nmaterial and the s

surface of t §'3yé{3§\ are pl aced 8 a reflow oven, ?“gﬁ;éslp&
convection and subj ected to the standard refl ow profi | e shown in

Figure 3. r wet % O&eﬁ%ﬁf,éﬁ. %ﬁnmame g s%aﬁahu&saaétaééé S i N
t he _ bondlngﬁ_& heosol der to t.he cogp& ‘{) gle re gwsant\ehe 10

epoxy is gel | 8§t M7 0% P lga Fhersa

EXAMPLE 3 result. TﬁhesendapsunsuanQ}hnﬁadrt;@m;ﬂaﬂﬁmnsdthﬁ coppgrie 1 is
di spensed on msnrﬁéa’sumgo%ﬁesgaﬂﬁwmﬁw Rl €6z dre \wesh a sol der

bunped gonponent, ch as.a tLi ttac The flip-chip
die is placed on t e’brﬁyga'?ﬁ Pﬁﬁgp‘ﬁﬁeeﬁ\ﬁgl gg‘gb h’ that t he

encapsul at i ngEpexysyciohexyjmethy}-3 M-wroxycycliohexane carboxybateetinidme die
o gani o, suCk2i0d BRI 4221) Thfe fiibdAn comninft O fith araeL S
copper or gol §%® ‘S\ln %gbts'i"?ﬁ‘mms WY‘F%‘EE as ﬁ’ggtfﬁﬁa'&%tsmeﬁ OldeRind | der
bunps on t he desulf eobserved s Simblariofravple,1.0n The comphsitbonrier from
the di ggbunpscures befd&fé %‘éﬁ.déﬂdmbipﬂd@:itr& he DoNthitd eheOBpiBaa SeP et €.
Suitably a hlg %%al |ngc l%é such as 63 Sn/ 37 Pb, can be used, in
whi ch case th % 5c§?c F chhatl ng on the nmetal 25 bond site vvoul d
refl ow and bond t oA tIRC HeaHs of heompasition:  the fljp-chip die,
encapsul ati ng nmat ecgrid4221d substrat e 49 @arts aligned and placed in a
refl ow oven, eith or convection,4 ), and subjected to the standard
reflow profile shown'in Figure “ﬁ'jn ng the refl ow process, the

MIHPA 28nponent of S§RNONG °t°éﬁ8apsul2atﬂa|¥§snater| al serves as a flux and
enabl es the at a hextiley rageobft heecmiposhoked othid edothedm dhsepaati ng of

MIHPA and t i “sGC&O@i&aJ | SRR a&bdﬁér@ra@%rsee“ rﬁré eva‘a!e Qkothern peak,

cross-1inking dgrln r OCess, resin
#h b

suitable for BB R?%%EPe t%ﬂéﬂalpSPﬁ fgn ??te' 1Pe&8’ﬁﬁﬁ %Haq’a
poi nt in the thermeltingeedatuwoer the dalkbderngliey.

20 A blend of epoxy resins Epon 828 and ERL 4221 was used
with MTHPA and stannous octoate as a catalyst.
ERL-4221 24.5
Epon 828 24.5
MTHPA 49
25 Stannous Octoate 2

This system solder soldered 63 Sn/37Pb alloy to copper when
heated rapidly but did not solder using the multizone heating
oven. The DSC onset temperature began at a higher temperature
of 120° C compared to the composition using only the

30 cycloaliphatic resin (ERL-4221). Although the peak exotherm
was nearly identical in temperature to the single resin
system yet the height of the exotherm was lower with the
resin blend system indicating less heat given off and
therefore less chemical activity. Thus, blends of highly

35 reactive resins such as cycloaliphatic resins with MTHPA do
not provide the necessary latency.

EXAMPLE 8
A blend of bisphenol A system, MTHPA and a

dicyandiamide type catalyst (Ajinomoto Ajicure AH-150) was



not i nhibited. The foll ow ng exanples serve to illustrate a

node of practicing the invention including selection of encapsul ant
conmponents. WO 97/ 07541 25

PCT/ US96/ 12759 A m xture of a bisphenol A epoxy resin (Shell
Epon 828), met hyl tetrahydrophthalic anhydride (MIH

AC220J) WOIUNEH: he catal yst Tri s(di @ hyl am nomet hyl ) - Eﬁ%ﬁ%#ﬁaé%nnnnly
5 referred to as DWMP-30 (Lonza AC-30) was prepared according to
fornmul ati ons as_dgesgrli vai | able fromthe chemi cal
suppliers: %eg L Q%{Ldé‘éﬁ%‘i{é{:“{%ﬁparts MIHPA

43 parts 10 Epo qn)sz—ss parts parts The resul tant
conposition was SpAEﬂﬂS@ﬂt()&DH@Gpparts heated to 250[err]C along with
a slug of 63Sn/37P, iri-s ccordance with the nethod set forth
hy Angel o (US 3,79 aﬁa I'n heated rapidly as described in

Penni si 3US 5, 928“94932 yst gyeleapht k3 prrgs, fgsed ‘P’P thes wedgbE o8 thaut
t he anhydri de resin wetdféiy)d docabidet hthes 1637 Bh 30X Phlesl Xayo botheusihag|

surfaces raﬁzigirﬁgaéiﬁf‘@ Wi a8 earﬁ]wsmee&eoa@%wmhﬁa&d&m m a

met al | ur gi cal connec sanme m xture_ was en spread
onto the netahed paed 39 concentratiens Ahays ¢ PALtE bageq on ths ‘&?ﬁ%‘% th
copper along of the wesinathe apnpbsitims ARhidditddr thd heolkidrsiframne,

cgtn; a;nru'dﬂg spreaakzﬁ eRLXYg oa{aoaamoibﬁld‘éaﬁngo £8fifd U rnias pheced
|

of Che' zones SAFSLREE 8$v°§p€se¥¥%?1¥%£t éieﬁ%ga‘tai‘ésf%%%«?v%@eDES”ESQ?‘”es
profiled to yiedotheuhst ravealed fthat thepensatiof thef péak exothermsostian® in
Fig. 5. at lowelStefipéFifuredTHEr it Byst Wonlcenthst ek 9icrahlgs (i d not
The Reflow Profile
15 The cross-linking catalyst (accelerator) selection is
based on the need to inhibit gelation during the soldering
process. A most important embodiment of the present
invention involves the soldering method known as reflow
soldering. In reflow soldering, the components to be
20 soldered to the circuit board or substrate are placed onto
the PCB or substrate and such assembly is passed through an
oven containing different heating zones. Three zones are
typical. The first zone, or heating stage, is commonly
called the ramp. In this zone, the surface temperature of
25 the board is quickly raised to heat the materials of the
board and components. In the second zone, known as the soak,
the temperature of the board is allowed to equalize at this
temperature range for a period of time that may be of short
duration (1-3 minutes) in order to reduce temperature
30 differentials on the surface of the board and components.
The soak time will depend on the type of board, solder and
components used. The third step involves a quick temperature
spike to exceed the solder melt point. Therefore, the solder
melting temperature dictates the temperatures of the zones.
35 Since melting point of 63 Sn/37 Pb is 183° C, the soak
temperature is generally 120-160° C. The peak temperature at
reflow is generally 200-300° C.
Catalyst .
When the encapsulant of the present invention includes a



wet the copper surface on the FR-4 and forma netal |l urgical

connection. Instead the solder slug remained in its original 30 shape
and was encapsul ated in the cured epoxy. In addition to the
enpirical soldering tests described above, DSC was used to exam ne

the cure kinetics of the above po Using a 50 ny a
heating rat evm”i‘ﬁfﬂrr] C/mn from%%[ err]C to 230[ er??@,%fﬁﬁg%gnset
of the cure exothermwas 35 observed at 100[err]C while the peak

exot her m was Oggga ggt the Sﬁle %?QL é%eiyit§ﬂg¥9 ié]égﬂiLCQI Iﬂ&r ore,
using a heati ng it maxi mum exot erm of the
cure reaction based op thp akidity, pE SrtElYstheln (Yhe SROXY SYSERR £ der.
EXAMPLE 5 catalyze tiWDG4s8ridfiking to the point o @elation {(gel

PCT/ US96/ 12759 oin}:) during o%%%grt ERe SALEI L PrBeddld, %%‘tdﬁnﬁ%ﬁf@é' on

as in (a proprletary I m dazol e) was used as a
catal yst3 reflow s°1‘HRJH‘9828 55 parts 5 MTHPA

43 parts B Aﬁﬂ of explanatidnpadi uncatalyzed comBinatdbntofes was

used with sold a0 nE&% gaydride
cl eaned t he rre?&F OXI %L‘fg%e?iﬁ%%gﬂed w“fhde BhE and ﬁ onto the

copper surf ace9eph¥ative, 1gpch a%mserww\mg spRreAF éeﬁﬁGF BYer
FR-4 organi c processjbstult mexndnhébitdsolicdriagnbit iypuidz alsohaeti neactven,
however 44t he r I & dﬁﬁg_g, $ a

sol der g{ I'd not ggﬁan e s%}él};@évan ga nﬂ;f&fiérlgig bgﬁtg%) m&résyﬁems ‘é?‘gfd
surface. 15 require fzdpdours, of; pg 'S‘E?F’iﬁ rér’ﬂ éea'Pera ure

10[ err] C/ mi n odtypSeaklyy 150°C) sanptéesrmmapheqemm andnfully ochessn at

100[err]C and pgak. TherdforklOhebhksiyA0aid nedbbboHIhd ity BRating the

combi nation of overall time of cure of these systems. However, it has been

15 observed that, if a catalyst is selected which is too active,
the system will reach gelation below the soldering
temperature and inhibit the soldering process by forming a
physical barrier between solder and target metal.

Anhydride catalysts of the amine type have shown this

20 detrimental phenomenon. Examples of unacceptable catalysts
are benzyldimethylamine dimethylamino methyl phenocl, tris
(dimethylamino methyl) phenol, triethanolamine and
monoethanolamine. When these amines are used as catalysts
together with bisphenol A epoxy resins, such as shell EPON

25 828, and phthalicanhydride derivatives such as MTHPA using
the standard reflow protocol, premature gelation results
which inhibits proper soldering.

Other common anhydride-cured epoxy catalysts have been
shown to be detrimental to soldering, as detailed in Example

30 5, when using blends of bisphenol A resins and MTHPA.

Tin octoate, the catalyst of choice for these systenms,
is a metal salt of tin and 2-ethylhexoic acid. although not
wishing to be bound, it is believed that the activity of the
catalyst arises from the oxidation of the tin from Sn*? to

35 sn** and the dissociation of the tin from the 2~ethylhexoic
acid. When tin octoate is tested using differential scanning
calorimetry, an exotherm is observed at 185-190° C. It has
been observed and therefore it is believed that the
temperature at which the exotherm occurs correlates to the



materials allowed the solder to spread onto the copper, when heat ed
slowy to solder nelt point using a nultiple zone oven 20 t he epoxy
system descri bed did not have the necessary | atency to remain |iquid
bef ore sol deri ng. Simlar results were observed using the Epon
828 and A conmbi nation wth several other known cured
epoxy cat al yg"t(’s’wg‘{gbl udi ng Di met hyl ami nod#t hyl phenol (Lonz;z@i&pgé'%%&iz C- 10),
zinc octoate (Shepard Chem caI s), Benzyl di net hyI am ne (Lonza BDWA),
Di azabi cycl oundecene, (AL r m.,cur, e - | hexar oi ¢
acid salt of Ef?&petflag cFou ceﬁ% ?%arl sis © (fucltinkg)r:‘r?cé?%%& 102),

2- hept adecyl i rﬁm@ll@s:(lm. OPPOE%%I!Q@ of eﬁl@‘?lﬁ'ﬂ)lc’nsets of catalytic

2VA- OK) , 2- Hept scteiostityniviiezel €hé AhdctRiiducbs cdtalysid)of the catalyst

2, 4- Di am no- G(Qeﬂﬁt @a’lmﬁg@aoi:@{*eéém}d)sekgy{ﬂaét tdd il & | Octoate. 4 gducts 2V

AZ] ne) . I n ‘eacit casé sphenol A
resin (EEW 190§0ERsdiRtes tBﬁeF¥°E§%?P8’ZBt&ﬁd°atalYSt Weithy Ehectenparatazet hal i c
anhydri de at 88t parich katedysfstde cross-lxmiﬁltod&uﬁshe reS| n. Using the

catl ysts stated AGe Guek nSonbindVlchs JASEIeibn MBL Bty 00

resin, the mxtures clean't rreta
spreadi ng of ecpesins StaSHPB? ppteRte dras; Be%m eﬁ?&?‘éﬂ"?%lﬂ"?-"%ut

cured too the (requiibrpdaddtenty mdmsssarly deo | prpwdntn preahtdrs | gallation a

WO 97/ 0{g41 of polymer beforeZZolderm PCT/ USQ/ 12759
mul ti zone conveyori ;r%d hgﬁﬁrl ng_ ven as descrl bed i n Exanp
EXAMPLE 6 esf Sﬁs TRANOUEEFFoR R A AR egF&&ﬂékt%O) was 5

sel ected as a (aradsmAtinkdngt batblﬁtoerprlevéntsssrgnmmt gelati®0GFOhki ON

d i bed
ﬁ/ﬁ'HPiSC“ e 'E‘p@:ﬁ?%@.n&’ the ramp and s't::Bgt gg es to allow tR& ggiéa%tigglo
This mxture wi@ ‘Eﬁiﬁj% S’BPEe‘Fs%'FQJ$ rﬁé&?@dtmtyre profile for

15 Sn/37 Pb solder or alloys with similar melting points.

Another example of a suitable encapsulant, comprises (1)
an epoxy resin, diglycidal ether of bisphenol A with an epoxy
equivalent weight of 185 - 192, (2) MTHPA cross—-linking and
fluxing agent and (3) tin octoate catalyst. The cross-

20 linking agent is an anhydride cross-linking agent which also
acts as fluxing agent. The MTHPA cross-linking agent is
paired with tin octoate catalyst that catalyzes cross-linking
at a temperature at or above about the soldering temperature,
thereby preventing premature gel formation prior to formation

25 of the electrical connection(s) during reflow soldering.

The amount of catalyst in the composition preferably
ranges from about 0.1 to about 10 weight % based on total
weight of encapsulant. In the case of tin octoate, the
preferred amount is from about 2.5 to about 7 weight percent

30 and the optimal amount is about 5 weight % based on the total
weight of the encapsulant.
i dditives

A component which can optionally and advantageously be
included in the encapsulant of the present invention is a
35 surface tension feducinq agent. It is used to reduce the
contact angle at the bonding surfaces. The surface tension
reducing agent may be a surfactant. Among the suitable
surfactants are TWEEN®, available from ICI, Wilmington,
Delaware, and potassium perfluoroalkyl sulfonates. When



on copper. The anhydride cleaned the nmetal oxides and the sol der wet

and spread onto the copper surface. Wen the conposition was spread
onto copper over FR-4 organic substrate and heated in the nmultiple
zone heating oven, the 15 sol der spread onto the metal surface of the

copper and t epoxy was partially gelled. Thus the
sel ection waﬁﬁywwnul this conbi nation §¥ resin and crossliﬁé@ﬁ%%éggﬁt

provi ded t he latency for gelation to take place after sol dering.

The DSC scan fgfﬂae%féc tRe280f £Add GeRbidhl poddsiny RaaBtive K rdterabiganpl e

showed the exotherm.onset to begin at 150[err] C and, peaked wel
above 200[ er r [389egs %h&%ﬁ“?ﬁs I’—‘?g.fr}?.m ‘?ﬁﬂg{: éhJe ‘ﬁégg’t ¥ ahouh He MR 90Hi ch
is used to prddirasedapanthe tetak weight aefoemcapsulanttihe sol der nelt point

o:‘ 183[err]C. t ﬁS Another coin?d:n{&tlsttﬁaﬁpaﬁtﬂ&?]@ﬁtye Ni%SN aﬁdgﬁt&# yttaie W: th g/W:*PA
al ong Wi a i functignal resip such a L. N -.Tetragl yci da
2000 ot hyl ERSBRBEIADG, SRR Ao Ot e RIS pyERtion is an

t et r a- f unct i oradhesdonn pirgwotieniwiiich haesctheialyilitan tonenbaneel epoxy toon

D SPURnClty  schabbT SOl EHh ont rdle crvens,
i chi [ | " Wi u u
cat al yst and zﬁf&@d’egt a %pgfﬁgﬁao&%sd o] fﬁégagfegh?rﬁm’s; ane 1%, 69404 7

MY 720 glycidoxy-propyltrimethorypAlane available fgom fow Corning

St aﬂngulgo oct Qaitﬁ'.'pb p. oflMidland, U&%dlﬁi;hbﬂ.s soa@m'ﬁlida&iicana{s@fi@mﬁmd aat,i ng
met hod descri be i@ read, and for a

nmet al | ur gi cal neo;.)enty&m{ﬁlégglfgﬂﬁf%,t ﬁ%ﬁgéﬁé‘?glw\féﬁﬁ‘?‘ %‘h‘“ﬁ?s ‘ﬁ‘@ttehe
heati ng availadde froryKegrigh Pekro Chemicads, dme-solndayfimnenoiiev
spread Jersey. \WDhR7h@Hedion promoter is preferably added in amounts

PCT/ US96/ 1275%¢ srom abol §5h Widhe! A°e6°RBSEe £ WU1BAL Dodiica TP RAQUS
15 total weight of the encapsulant.

Yet another component that can optionally be used in the
encapsulating composition of the present invention is a
defoaming agent such as FOAM BLAST™ 1326, an alkoxylate of
fatty esters available from Ross Chemicals. The defoaming

20 agent is preferably added in amounts of from about 0.1 weight
% to about 1 weight % based on total weight of based on the
total weight of the encapsulant.

It is not intended to limit the encapsulant, surface
mount reflow soldering method of manufacture, encapsulant

25 selection and composition and assemblies of the present
invention to the particular embodiments described herein, and
various modifications may be made, including, but not limited
to, changes in the surface mount reflow profiles based on
variations in the solder and hence solder melt temperature

30 and conditions of solder melt, the dimensions, shape and
materials, without departing from the scope and spirit of the
invention as set forth in the following clainms.



usi ng the My70/ MTHPA conbi nati on descri bed showed the sane result.

The solder was inhibited fromwetting the copper when heating the
sanple in the nultizone oven. 5 When cycl oal i phatic resins such as
3, 4- Epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane car boxyl ate (Uni on
Car bi de ERL- e used in conbinations with MIHPA are d wth
st annous oct‘§§t?92/}w i’the cat al yst the soB3leri ng result /(bsg%/ﬁ?/%d S
simlar to Exanple 1. The conposition 10 cures before solder nelt point
and inhibits t ad of the sol der to the copper. A
DSC scan of t 0si ti on: ERL- 4221 49 parts
MTHPA 1. A pethadiof ifprming an elpgiyiciad eseembly bY 2 parts

at : a h]eati nghrm;xshlaﬁhngr&ﬁ nlectirdeaily hecomieaitiagnwitts edolaier an
90[err]C wi t o] r SRS

whi ch correl at es to £ i Eﬁﬁén&&ft }1213"[: Polrilc?l tgt P? ﬁé@é%%&ﬂdo‘éilée he

mel ti ng Boi nt Wﬁ'@%&f‘ﬁe’maﬂ | IRPPopgnt carrqud\sg shEate WY @esins Epon
828 and ERL 43Ahraddtysef metal attiachmbhtiPditex correaspondinmg dat ¢has a

cat al yst. Wﬁﬁig& 8€%aia elecﬁlggf”‘c&ponent 52 at. su Solnt

24.5 nnous toate 2
Thi s syst em sHHHO%Brafile endihions, ap st #?ré:épﬁérr%erﬂ with anpggieq

rapi dly but diehcapsulanticcomstized of suthernometitiali rgsin and a)mssilihe DSC

onset tigimeratﬂxﬁu ageft Endt M, t%@ﬁs&% esolder Txei’f,
conpared to the corgosi,tion usin onl¥ . g |p Ll e5|n
(ERL-4221). A% r?o%‘?"&ﬁg pesRt £ MR ﬁwes “%ﬂés aLings

tenperature tcutfacs ofl ghecetnl bond siyescom \saidt Ieéehugdsnl (ﬁomploaent

exot her ][f} Was(j'&Yé?roﬁMstalidt B6mponent da@%ying! %&é%be%bﬂ%%éw&d %ﬁidheat
gi ven of f an

ore_less chemc act| us, Dbl ends  of
hi ghly 35 §%]&qr %q?egfﬂgeg?ﬁ% %4 ® g{é é‘xﬁegﬁﬁﬂ 3hq FRRHPA do
not prolk de t IeroRscddadning| aqemaycombmation havmg a gel point at or

EXAVPLE 8 above saidl Bb2a&r Ohel¥ Wht&réy siaeh Nethéa advhprises
di cyandi am de éﬁlge c%t aloyést (A inonoto I cure AH 150) was

a) removing oxide coating from the surface of said metal
bond sites while said encapsulant is in liquid form;

20 b) melting the solder to electrically connect the
electrical component having a plurality of metal bond
site terminations to the component carrying substrate
having a plurality of metal bond site terminations
corresponding to the terminations of .said electrical

25 component while said encapsulant is in liguid form and
prior to said encapsulant reaching its gel point; then

c) forming an encapsulant gel; and then
da) curing said gel.
2. The method of Claim 1 wherein the thermosetting resin is

30 an epoxide.

3. The method of claim 1 wherein the cross-linking agent is
a polyanhydride or a carboxy terminated polyester.

4. The method of claim 2 wherein the cross-linking agent
is a polyanhydride or a carboxy terminated polyester.
35 5. A method of producing a low thermal mass assembly by

electrically connecting with solder an electrical component
having a plurality of metal bond site terminations to a
component carrying substrate having a plurality of metal
attachment ‘sites corresponding to the terminations of said
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used at various catalyst |evels. Epon 828 52-56 parts

AH 150 40- 43 parts AH 150 1-8 parts 5 Usi ng cat al yst
| evel s of 1-2 parts based on the weight of the resin were found to
sol der the 6 S Pb al I oy both using rapid heatin sﬁﬁﬁyssvas

usi ng the nul oven. However , 3 \hen used at concehtrati ons above
3 parts based on the wei ght of the resin the conpositions inhibited
the solder fr S ‘Fﬁgﬁ g n ,pﬁfg agfile.

Thus, the %ﬂel:%gt; v QE’ eve %gag'?l ?§§Mﬁ%&9r§?e ofé%ggl on. DSC

exot herns r evddiexoprk 1?%*%@’& 2 ﬁﬁ°ﬁa§l&mhﬁ?ﬁ? Rt acts, 4
| ower tenper atheles ghecabldgsimeldndtenperatwre, aer eafdexing agentTwbidhf | ow

Profile 15  pan vesTtsﬁ g%&éy@t& %oﬁa&?é mf@eecskeeeéqaétaebeah' on is

based on the nee to In during .the sol der|ng process.
A nost iTpor t dHt e@nﬁBdPﬁ% e%?c”t% geupgnent and Pﬁv%ﬁ%‘?o??‘fﬂ%“\‘)‘es t he
sol deri ng net hedriyiagnsabstedtewhen heated)lid:ersaig sbhdeefhalt sol deri ng, the

conponents to é&p%gature 2 Oégf& %héﬁohﬁ@tﬁ‘xé Cx‘&éinb Qﬁ&dseid Séﬁbﬁsr-&tﬁxk%

| aced onto PEB o strate su SS sse ﬁrou h
o oo PERH, SPRPATREPR Do B.0F hPoituat. oF phtve pbd spfaer |7
typi cal. The fmeldt tesperaturécmwhiah methed ¢mnr§mping saighllowd t he
ramp. Iipthis @ahigalt 535§U5§§&ﬂai¢'ﬁie'tﬁbuf@té)fof25bout ive émaarb@uleswén ckly

rai sed to heat_the mat rials_of, the d co ent s he
second zone, KEEBWFESONRLECE 3 tine sutfigiont %ﬁa@f'g\?ﬁys %&9%%%8 h

al | oned to equeddctaigalt hngerconnecttiemoenetc!mémgaﬁgédf vamping gffiecsingi me
that may be oftdi@tleps of: duration (1-3 minutes) in order to reduce

tenperature 30 dlffer als on . 1. eof boar d
conponents. a) nfﬁ'ovglcﬁ che Wﬁﬁlgge%}“el?\% I&P gﬁ 8gf ?@%tagol der
and 15 conponerhOS\du§é§esTWeﬂé91ﬁaédsFE‘ﬁa?%'\‘Feésa AUl euid ESIRGL ur e

spi ke to exceesy tha;eaeh,dgr thel soniirmtto ébecwrivalyt bOnfiettcthe mel ting

temperature di ctat gaebhe LERPELANIGR Rhvikip # YiStarity or mbdlP vk | 9

poi nt of 63 Sn/ 37
s e ternminations to the component carrying substrate

having a plurality of metal attachment site terminations
20 corresponding to the terminations of said electrical
component while said encapsulant is in liquid form and
prior to said encapsulant reaching its gel point; then
c) forming an encapsulant gel; and then
q) curing said gel. .
25 6. The method of Claim 5, wherein the thermosetting resin
is an epoxide.
7. The method of claim 5, wherein the cross-linking agent
is a polyanhydride or a carboxy terminated polyester.
8. The method of claim 6, wherein the cross-linking agent
30 is a polyanhydride or a carboxy terminated polyester.
9. An encapsulant for electrically connecting a metal bond
site of a first electrical component to a metal bond site of
a second electrical component with solder and for forming an
encapsulant encased electrical solder connection between said
35 first and second components at solder reflow conditions,
comprising:
a) a thermosetting resin;
b) a cross-linking agent for said resin that also
acts as a fluxing agent that removes oxide coatings from the
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tenperature is generally 120-160[err] C. The peak tenperature at

reflow is generally 200-300[err] C. Cat al yst When t he
encapsul ant of the present invention includes a WO 97/ 07541
30 PCT/ US96/ 12759 catal yst, the selection of the
catal yst is and is baseg.on the ability of st in
t he epoxy sﬁ{)g%b{s? catal yze theg%ross linking to tf?g}gjméz{ﬁgg

gel ation (gel point) during or after the reflow process, wthout

inhibiting 5 g fse%_f lPveaghdesidg- and second ele&hw ChnBEReROA ARy an
uncat al yzed con’f‘)

eno resin co ined with a
pht hal i ¢ anhyH¢ P alder mel&e??’&%ﬁ’ﬁfé‘resﬁghsﬁﬁ I\ﬁ‘ﬂlfﬁr used in a refl ow
sol deri ng process, weutatalkyst forbcatalyzing ng:rbas-mthgalqﬁ) not

reach 10 &4 5a E@ien%is'&t@ﬂé' fléls{rh ‘%n"tﬁf EQ!‘H pé%s%xnkﬁ-l& hageist £rEheroul d

require_6-48 hour ure, eowso rin

t
(typicafly 15Bf ??’505 i Pge? ai ggga??g# zﬁrgeihgm"ﬁ?ﬁg’sng
l'i nk. Ther efes:en, anﬂam;srlimcmmn:yasmem usdng DSC ateeral |

tine of cure pimdhase %ﬁh@nspeﬁm% pbingast Reeabdve the%ﬁié@d that

I f a catal yst sel ecte too ctive reach
gel ation bel owaf’h d@&l \ﬁg éﬁgePa%ﬁFe°%ﬁcﬁ“nﬁFBF?XfH§“‘s%1 dering
process by foth#ﬂgp%ﬁttlng repﬁ?si%eﬂem aftextsmlslersmedts and t ar get

met al . 10. Tiﬂﬂafdfapéamat abty drxai@f of heharée it thepenbanesetomy t his 20
detri rrent al orrenson ﬁ?é%gprg 1of unaccept abl e catal ysts are
benzyl di met hyf i e Thet hyl phenol, tris (di met hyl am no
met hyl ) phenofl.t rTth lﬁm‘tﬂpéﬁilﬁeta?ﬁ claim 9, whereimtheasahalysheis ttidse

am nes are usggtésteat al ysts toget her with bi sphenol A epoxy resins,

h hel | ,EP
i/llf'ﬁPAazslsnS 15 O\hﬁ? enctag%é ﬁén I owq%r gts 22@?{ Q{%&g%g{]'ﬁgééégyé |;$)éjnqr}‘esul ts
whi ch Bhi bi t 8¢BPaFRr sol deri ng.

13. The encapsulant of claim 9, wherein the cross-linking
agent is a polyanhydride.
14. The encapsulant of claim 10, vherein the cross-linking
agent is a polyanhydride.
20 15. The encapsulant of claim 11, wherein the cross-linking
agent is a polyanhydride.
16. The encapsulant of claim 12, wherein the cross—-linking
agent is a polyanhydride.
17. A method for selecting the components of an encapsulant
25 for forming an assembly having encapsulated electrical
interconnections formed by solder at surface mount reflow
profile conditions, wherein the encapsulant is comprised of a
thermosetting resin, a cross-linking agent that also acts as
a flux and optionally a cross-linking catalyst which,
30 selection method comprises:
a) identifying the melting point of the solder used to form
said electrical interconnections;
b) heating the encapsulant to a temperature exceeding the
. melting point of the solder;
35 c) measuring the exothermic activity of the encapsulant
during heating step b); and,
Q) identifying the temperature at which peak exothermic
~activity occurs; and
e) selecting as an encapsulant that displays peak

\\Il\ll\ l\ll\l IIII\ \\I\I \\ \lI\



O her comon anhydri de- cured
detrinental to soldering, as
bl ends of bi sphenol A resins
catal yst of choice for these

2-ethy|hexoiaxﬂﬁk%“¥Although

that the activity of the

shown to be
5, when using

Tin octoate, the
is a netal salt of tin and

wi shing to be bo“”drcd}/ﬁsyk/'iz'l?@' | eved
a

cat al yst36ari ses fromthe oxidation of the

epoxy catal ysts have been
detailed in Exanple 30
and MIHPA.
systens,
not

tin fromSn[err] to 35 Sn[err] and the dissociation of the tin fromthe
2- et hyl hexoi C exothermi€i det Wity atNofCibede the WeiteAg Usdir: dff theenti al
scanni ng l§al orinetry, an exothermis observed at 185-190[err]C It
has be&F 665erved and therefore it is believed that the

t enper at ure afl8nhi Thetmethodafeirdncly s whanednathe encaprulant selected

WO 97/ 07541 gisplays peak exothbrmic activity abovePthéUsdfting/$3int of
t enper ature att ich.catal ysis of cross-1linking occurs. Accordi ngly,
one net fod of “BFaPf ??ﬂg onsets of catalytic activity where the

mechani sm of @#&tal Phesmethedof flaipsit?, whereimethg énitiatian ©frr esponds

to that of tiRxethepheci sctivity is Gaehtificy @ exat Beivawia tdee catal yst
wi th the tenperat

r KWV al] a ' . - | i nki ceurs. .
VWen used in %gﬁg}?%% ss%%]t%éisén%’?%@ﬁ% e%&lﬁigéfon & r%%ltﬁgist annous
oct oat e has b&@actiennat A ckemparabure thalife no lower:than AATC: beilowt ency
necessaiy to Riheveblder anélt rtengpelratues. 10 of polymer before sol dering.

The choi ce of z%t.ang.ggsmg@g&t& };aa& gg’cg‘%ﬁ%%r the init{iff5sde Nking

catal yst) prevents signiticang ) ( epoxy, during the ranp
and soak st ag@Xothernig pehividyl d& Adgntified and threcpitetiavfor using a
refl ow tenper aintapsplaft| selertidn alsoSindludds delitéation abd apmrealh
simlar melti %a‘?:%'i@ﬂsa% temperaturénefx;‘?risembge{’f tharn Lﬂ&%b Slow
encapsul ant, conprises éz an epoxy resin, diglycidal ether of

X

bi spherf® A with® SR1EpExPelt temperatips: ent wei ght of 185 - 192, (2) MIHPA
cross-linking2and An electrical component assembly comprising:

an electrical component having a plurality of electrical
ternminations, each termination including a solder bump;

a component carrying substrate having a plurality of
electrical terminations corresponding to the terminations of
the electrical component;

an encapsulant-forming material that removes oxide
coatings from the component plurality of electrical
terminations and the substrate plurality of electrical
terminations when heated to a soldering temperature,
comprising:

a thermosetting resin;

a catalyst; and

a cross~linking agent that functions as a fluxing agent
to remove said oxide coatings from said component
terminations and said substrate terminations when heated to
said soldering temperature and, in the presence of a
catalyst, reacts with said resin at surface mount reflow
profile conditions to form a gel at or above said soldering
temperature;
the encapsulating material disposed between and bonding the
electrical component and the substrate; the solder bump being

. reflowed and electrically connecting the electrical component
to the substrate.

20
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fluxing agent and (3) tin octoate catalyst. The cross- 20 | i nki ng agent
I s an anhydride cross-1inking agent which al so acts as fluxing
agent. The MIHPA cross-1inking agent is paired with tin octoate
catal yst that catal yzes cross-1inking at a tenperature at or above

about the so,lwgJ o}, t enperature, t her eby preventing gel
formation prloﬁﬁto Fornation 25 of t¥ electrical connég#ﬁgﬁﬁg§§%uring
refl ow sol deri ng. The amount of catalyst in the conposition

pref orably  22:  SREGEReSEABA" Bplndnt oAy 167 61t 21, Dngfo 0t

wei ght of encapsul an case I n octoa erred

amount is frofPgobierdosekting, rgsin 1R gheRAY EREIRANE the,GTPRg~opt i nal
anount is aboltinkingi a¢entsim wed anhydiiixdé .ot al wei ght of the

encapsul ant . égg#- dibd ARPRsnt ' can
opti-onal ly anésédvgﬁ%?ggogs,}ég'ebwgﬁenﬁ rﬁﬁsuealg&yi ﬁétﬁe ,enc?gﬁsgﬁgir‘\% of the
present 3 nventth8napky ie sglerted fxomithe FEAUR| fepsipting oft is used
t o reduce t hesucciniccambydxricde;gmethyltétrdnydiiophtbaliacmhydtiidesurf ace

o
surfactants aFE

o ecrants oPSAEERIE SRR, YT Bl bl 0
Del awar e, andPS¥eRY¥ b%ﬂ’r‘hmgigﬂhsm%?ﬁé?éﬁcvwéfvanﬁydﬂde and \\p
97/ 07541 admixtures théfeof. ~ PCT/US96/ 12759

presentyg the yrf agRe! 816EENE ¢l onBoneddiddaththy BECERIADIE, whereifdded
I n anmounts of .from about O, 1 Meb%gbk%)to.about 1 ﬁg#ght R % based on
the total wei SPOR¥ CEPRHR atft . Tesin or RYYPHEF nent t hat

optional |y is2%dde8nt elettriral component|assembdyposPepoisisig:t he present

inventiton is an an eladﬂﬁid:d_ kOl O Hﬁléﬂf. %tr?ﬁia; Iaagmhe%f@ gt )éllbgtﬁmce
epoxy to . [ adhgsi,on .pr.ono i ncl ude organo
sil anes and tFF%ﬁg%gg?gﬁgsd%@%bﬁé&§?§%§%%?|§§ﬁ§QAéggozo?§i§5r %ump,

gl yci dod&y- pr opyl t r BneeRBRYERt garraing| apbstratembpyingor praldty ofCorp. of

M dl and, M chigdaetrifasUtétRisatiidngnablréspdidifg3®o the terminations of
the electrical component;
an encapsulant-forming material that removes oxide
coatings from the component plurality of electrical

20 terminations and the substrate plurality of electrical
terminations when heated to a soldering temperature,
comprising:

a thermosetting resin;
a catalyst; and .

25 a cross~-linking agent that functions as a fluxing agent
to remove said oxide coatings from said component
terminations or said substrate terminations when heated to
said soldering temperature and, in the presence of said
catalyst, reacts with said resin to form a gel at or above

30 said soldering temperature at surface mount reflow profile
conditions.
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neopentyl (diallyl)oxy, tri(diooctyl)pyro-phosphatotitinate

avail able from Kenrich Petro Chem cals, Inc., in Bayonne, New

Jersey. The adhesion pronoter is preferably added in anmounts of
fromabout 0.1 weight %to about 1% wei ght % based on the 15 t ot al

wei ght of thqwﬁgéggiulant. Yet anot her conponent that can
optionally be h the encapsul ati ng conpositi on ®CTUSeE/RTWSent
invention is a def oam ng agent such as FOAM BLAST[err] 1326, an

al koxyl ate of fatty esters avail able from Ross Chem cals. The

def oam ng 20 agent is preferably added in amounts of from about 0.1
wei ght %to about 1 weight % baseb/6n total weight of based on the
total weight of the encapsul ant. It is not intended to limt
t he encapsul ant, surface nmount reflow sol dering nmethod of
manuf act ure, encapsul ant 25 sel ection and conposition and assenblies of
t he present invention to the particul ar é&®odi ments descri bed
herein, and various nodifications may be {made, including, but not

linited to, changeiq’r : es based on
variations in the sol der ;pa EGe : pof 2 % and
conditions of solder nelt p 5% Haf)e at eri al s,

wi t hout departing fromth ) p ention as set
forth in the follow ng clB
33 PCT/
of form ng an electriﬁgb
connecting with sol de
metal bond site 5 e
a plurality of
term nations of said
profile conditions,

XY 1. A nethod

y encapsul ati ng an&jgpectrically

ectrical conmponent having a plurality of
—a—COPoRen -ag-substrat e having
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10 | i nki ng agent that acts, below the solder nelt tenperature,

as a fluxing agent which renoves oxide coatings fromthe surface of
the netal bond sites on said electrical conponent and on said
conponent carrying substrate when heated to said sol der nelt

t enper at ur e, id thernosetting resin and said 15 cross-|inking agent
conbi nation h Pﬁ@”ﬂlgel poi nt at or above sai d sol dercTns9és127s9
tenperature, which nethod conprises the steps of: a)
removi ng oxi de coating fromthe surface of said netal bond
sites while said encapsulant is in liquid form 20 b) melting the
solder to electrically connect the el ectrical conponent having
a plurality of nmetal bond gﬂég term nations to the conponent
carrying substrate having a plurality of netal bond site
ternm’nations corresponding to the termnations of.said

el ectrical 25 conponent while said encapsulant is in liquid form
and prior to said encapsulant reaching its gel point; then

C) form ng an encapsul ant gel; and then d) eguring said gel.

2. The method of Caim3} wherein the thernosettin Rfsin is 30 an
epoxi de. 3. Thgg_ thod of claim1l wherein tthe cross-1Iinking agent
is a pol yanhydri &€ jor a carboxy term nated p¢l yester. 4,

The nethod of claim2 dein t he cross-Iinki ng@agemt is a

pol yanhydri de or a carbdxy teym nated pol yagterS 35 0 5. A et hod of
produci ng a .| ow t her mal sg/ assenbly by gel e(:t&! cal ly connecti ng

wi th sol der an el onponent havigBg a|plurality of netal bond
site termnatio
plurality of me
term nations of {1 5&id
PCT/ US96/ 12759 Wi
of a S
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thernosetting resin and a cross-1|inking agent that act
solder nelt tenperature, as a fluxing agent which

coatings fromthe surface of the nmetal bond 5 site
conponent and on said conponent carrying substr
sai d sol der |9§7/07541 tenperature, said thernosettin
cross-|inki ngs agent conbi nation having a gel po
sol der melt tenperature, which nethod conprises
thermal nass assenbly at the rate of about 1l[err]C to
per second for a tinme sufficient to H¢i§ eve sol der e

153

bel ow t he

renoves oxi de
s on said electrica
ate when heated to
g resin and said
i nt sai d

ranping said | ow 10
about 4[err]C
nd

S,

el ectrical interconnection and during said ranping eff i ng t he
steps of: a) renoving oxide coating fromthe sprface of said neta
15 bond sites while said encapsulant is in liguid form b)
mel ting the solder togglectrically connect the N el ectrical
conponent having a plugé?lty of tal bond ite termnations to
the conponent carryin bstrat havi ng a blurality of neta

attachment site terni correspondi ng

)

to the term nations

of said electrical ﬁo conmponent while said enp@psulant is in
liquid form and oo ior to sé@d encapsul ant =y&aching its gel
poi nt; then c) =T en tart ~ger anfd t hen d)
curing said gel. 25 TFE met h Clain15 whefein the
t hernosetting resin IS, an }qu Thg net hod of claimb5,
wherein the cross-linkin agelnt > ‘pol yanhyd e or a carboxy
term nat ed pol yester. P. Eﬁg of cIa|n1 wherein the
cross-1linking agent 30 is, a dﬂ ahidy de or a carpoxy term nated
pol yester. 9. An e sul ant EI"ﬂTectrlcally Onnecting a neta
bond site of a first ectT —conporent toa &t al bond site of
a second el ectrical conpongptywith sofder andjfor forn ngzan
encapsul ant encased electrgf sol der} connect an betwepn i d 35 first
and second conponents at sold refl opv condit §orrprisi ng:
a) a thernosetting resmtJ 1N a p a CHﬁgs- i nRgng agent for
said resin that also ©ati\s asléla &l i ng %ent that rdnoves oxi de
coatings fromthe 5 | S|Eg Y -
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WO 97/ 07541 35
surface of said first and second el ectri cal

sol der nmelt tenperature of said solder; and
catal yst for catalyzing cross-1inking of

with said croggy hﬂ?#ng agent, the 5
cat al yst, thernDs

resin,
using DSC at a ranp rate of 10[err] per

sol der mel ting poi nt whereby the gel
thernosetting resin is reached after solder nelt. 10
encapsul ant of claim9, wherein the the tting

resin.
oct oat e. 12. The encapsul ant of claim 10, wherein the catal yst
tin 15 oct oat e. 13. The encapsulant of claim?9

cross-1inking agent is a pol yanhydri de. 14.
of claim10, wherein the cross-linking agent

15. The encapsul ant of claim 11, wherein the cross-linkin

a pol yanhydri de. 16. The gncapsul ant of claim 12,

cross-1inking sagent is a/pol yanhydri de. 17.7]
sel ecting the conponhts, of ap encapsul ant 25 for for
havi ng encapsul ated gjectrica i nterconnections for

rofile conditions, wherein th
setting resin, a cross-|inkimg
Cross-1TNKIRG Catall

Jdentifying the ng

surface nount refl owg®

conprised of a R Qher
acts as a flux gnd Qtlonally
sel ection nethod conp

10.

%

——
O
y

2

60 90 120 150

30

the solder used to for i akﬂu éﬁtrlcal i nt er conneg
heating the encapsulan{ to q t enpeyat ‘@ exceeding the ~—
of the solder; 35 C asuri exothernic activit
encapsul ant durin ); and,
l
| gl
| N4
o
| 2|8
l | Ei
{ | £ ¥
I | ¥
I -
U U N
. O O © o 9 © o
§y8888R_88¢s8¢sre

TEMPERATURE
(°C) 240

PCT/ US96/ 12759
conponent s bel ow

c)

11. The encapsulant of claim9, wherein the catalyst

t he
a

said thernosetting resin
peak exotherm of said m xture of
and cross-|inki ng agerRCTasérEassur ed
m nut e being at or above the
poi nt of said cross-1linked
The
resin is an epoxy

is tin
is

erein the
e encapsul ant

is a ppl yanhydri de.

20

agent is

rein the
met hod f or

m ng an assenbly
med by sol der at
encapsul ant
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gent that al so
t which, 30

| ting point of
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d) identifying the tenperature at which peak exothermc activity

occurs; and e) sel ecting as an encapsul ant that displays peak
WD 97/ 07541 36 PCT/ US96/ 12759
exotherm c activity at or above the nelting point of the sol der.

18. The nmethod of claim 17, wherein the encapsul ant sel ected
di spl ays peak™o&PA¥ini c activity above the nelting point ofpcryusesnizhse

sol der. 19. The method of claim 17, wherein the initiation of
exothermc activity is identified and the criteria for encapsul ant
selection also includes initiation of thernal reaction at a
tenperature that is no | ower than 40[eg$g bel ow 10 the solder nelt
t enper at ur e. 20. The net hod of iYh 18, wherein the initiation of
exothermc activity is identified and the criteria for encapsul ant
sel ection also includes initiation of thernal reaction at a
tenperature that is no | ower than 40[err] C bel ow 15 the solder nelt
t emper at ure. 21. An electrical conponent assenbly conpri sing:
ah electrical conponent having a plurality of electrica
term nations, each termnation including a solder buny a
conponent carrying substrate having a plurality of 20 LS el ectrica
term nations corresponding to the term nations of L& the electrica
conponent ; an encapsul ant-form ng mat erijall. Bhat renoves oxi de
coatings fromthe conmponent plurality of electrical - Ot erm nations and
the substrate plurality of electrical 25 t erm ngt if slwhen heated to a
sol dering tenperature, conpri si ng: ;%%ﬂﬂcrnosetting
resin; a catal yst; and - R
3 p g
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a cross-linking agent that functions as a fluxing agent 30 to renove

sai d oxide coatings fromsaid conponent termnations and said
substrate term nati ons when heated to sai d sol dering tenperature
and, in the presence of a catal yst, reacts with said resin at
surface mount_refl ow profile conditions to forma gel at or above
said solderiﬁzoggw”“‘ t enper at ur e; t he encapsul at i ng Peafuseé/ERhse

di sposed between and bondi ng t he el ectrical conponent and the
substrate; the sol der bunp being reflowed and el ectrically
connecting the electrical conponent to the substrate.

WO 97/ 07541 37 6/ 6 PCT/ US96/ 12759

22. The el ectrical conponent assenbly of claim21l, wherein t he
thernosetting resin is an epoxy resin and the cross- | i nki ng agent
i.S an anhydri de. 23. The electrical conponent assenbly of claim 22
wherein 5 the anhydride is selected fromthe group consisting of
succi,ni ¢ anhydri de, methyltetrahydrophthalic anhydride, pol yadi pi c
pol yanhydri de, tetxahydrophthalic anhydride, - Figxahydr opht hal i ¢
anhydri de, polyazel ang pol yanhydri de and adnmp@ures thereof. 10

24. The electrical co
epoxy resin is DGEBA resin
conponent assenbly, conprisin

a plurality of electrical

ent assenbly of claim 22, {wherein t he
novol ak resin. 25. An el ectrical

an el ecfgpcal conponent having
erm nations, eachftggrgy nation including a

sol der bunp; 15 a conpone carrying substfate*having a plurality
of el ectrical termnations cohresponding to [he germ nations of

the el ectrical conponent; an encapsul anf < dkm ng nmaterial that
renoves oxide coatings from theNconponent pIJﬁ%JEﬁy of electrical

term nations and the substrate plurality\of electrigal

FIG. 7
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term nati ons when heated to a sol dering tenperature, Q&mbr%%i%gg

a thernosetting resin; a catalyst; and 25

cross-linking agent that functions as a fluxing agent t!)‘aa%m)ve sai d
oxi de coatings from said conponent termnations or sai g8 ,;g rate
term nati ons when heated to sai d sol dering tenperaturéd i in the
presence of sai PCY cat aVRs? INTHLEFETUAL PROPIRIY GRGANEATON 0 t o f 064 gel

o1 ab0vE. 30 mmavariduAL SAIEAABR ATREED (i e BBt bRV L)
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Bncapsulated electrical component assemblies and methods of electrically connecting an electrical component having a plurality of
component electrical terminations to a component carrying substrate having a plurality of substrate electrical terminations at surface mount
reflow soldering conditions is described. The electrical and substrate components have an encapsulant-forming composition sandwiched
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