; €3e4K4HXr 6T18 March 2002 SEM CONDUCTOR FLI P- CH P PACKAGE AND METHOD FOR
THE FABRI CATI ON THEREOF 10 FIELD OF THE | NVENTI ON Thi s invention rel&Masch 2002
generally to sem conductor chips electrically and nmechanically connected to

a substrate, particularly to flip-chip configurations. BA E
| NVENTI ON Fl i p-chip technology is well known in the art. I w or.
chip 15 having sol der bunps forned on the active side of t t ctor

chip is inverted and bonded to a substrate through the sol der 1eiss by,
reflowi ng the solder. Structural solder joints are formed b he

sem - conductor chip and the substrate to formthe nechani caﬁlmmmm]cal
connections between the chip and substrate. A narrow gap is

the sem -conductor chip and the 20 substrate. One obstacle to fYepogethi p
t echnol ogy when applied to polynmer printed circuits is the unacceptably

poor reliability o Wo]! 02 m smatch
of the coefficient SEM}%HK#@T@ T(g[gﬁ,b%‘g%@%@ I@Qm% ing a
coefficient of thernal expfﬁ%ﬁgﬁl FAMGﬁTf!OHpH’IE&E%d t he pol yner
substrate, e.g. epoxy-glass having a coefficient of thermal expansion of
about 16 to 26 pprnl C, which causes stress build up in the solder joints.
Because the 5 structural solder joints are snmall, they are thus subject to
failures. In the past, the solder joint integrity of flip-chip

i nterconnects to a substrate has been enhanced by underfilling the vol une
between the chip and the substrate with an underfill encapsul ant materi al
conprised of a suitable polynmer. The underfill material is typically

di spensed around two adj acent sides of the sem conductor 10 chip, then the
underfill material slowy flows by capillary action to fill the gap between
the chip and the substrate. The underfill material is then hardened by

baki ng for an extended period. For the underfill encapsulant to be
effective, it is inportant that it adhere well to the chip and the
substrate to inprove the solder joint integrity. Underfilling the chip with
a subsequently cured encapsul ant has 15 been shown to reduce sol der joint
cracki ng caused by thernmal expansion m snmatch between the chip and the
substrate. The cured encapsui ant reduces the stresses, induced by

differenti al expansion and co t er joints. The underfill
pr ocess,% however, makes the a?%%ﬁ@l??mﬂgmgﬁd flipchip printed wire
boards (PWB) a tiTms@Ratoh Relates ?ﬁ:ﬁralﬂﬂ@@%ﬁ&&dﬁﬂ@r BHips BRLiRaAP aRGOCESS

wi th a nunber of uncertainties. To joi'n the integrated circuit to the
substrat e, amédharicaldienennglied ta arsubstrasapartioantyeto Hipechip configusatginaced on t he
chip or substrate. Then the integrated circuit is placed on the substrate.
The assenbly is subjected to a solder reflow ng thermal cycle, soldering
the chip to the substrate.gfigEROURS oETREONWENTIEGNSOl der aids to self
align the chip to the substrate 25 termnals. After reflow, due to the

cl ose proximty dflig-bieipatchmologytih evelilbmoiwvmainehe aenoV sergi-édnductoeshipues from
under the chip.is such a difficult operation that it is generally not done.

' Ther ef & e tliing selder dympsdermedon Biveacsive ide Of the semircondugterchip is

inverted and bonded to a substrate through the solder bumps by reflowing the

solder. Structural solder joints are formed between the semi-conductor chip and
the substrate to form the mechanical and electrical connections between the chip
and substrate. A narrow gap is left between the semi-conductor chip and the

20 substrate.

One obstacle to flip-chip technology when applied to polymer printed

circuits is the unacceptably poor reliability of the solder joints due to the



18 March 2002 between the chip and the substrate. These residues aﬁg kn oo
to reduce the reliability and integrity of the encapsulant. After MP%&%
underfill encapsul ation of the chip generally follows. In the prior art,

t he polyners of choice for the underfill encapsul ati on have been , 5

epoxi es, the coefficient of thermal expansion and noduli of the epoxies
being adjusted with the addition of inorganic fillers. To achi eve optinum
reliability, a coefficient of thermal expansion in the vicinity of 2S ppnlC
is preferred and a nodulus of 4 GPa or nore. Since the preferred epoxies
have coefficient of thermal expansions exceeding 80 ppm C and nodul i of

| ess than 4m@rastch b theCcoeffimierms of therthil expamsiincdtweengthe ehipl, hyvihgue nmuch

| ower coefficient of thermal expansions and nuch higher noduli so that in

t he aggr egafeetiicignt efhsrual expansincofabout3 epms °Gy apd aletmém@ssub&tam,ange. The

underfill epca Al i | rt h four principal

di sadvant agg'?:' @ﬁ@lﬁﬁfa%ﬂ%&vﬁrg ?8%6%21% 6@%@%:&8@?’5@&@ agﬂ‘g then underfilling
and curing t6g 26ppRS WCRRINiEIS caisBd §tkdss BURP up i BRSDIdeh Finfs & Bechfseithe r educed
production efficiency; 2. To underfill a flip-chip asSenbly takes too. |ong

becauseSt hestmarenal solden joints argvemall, sheynare ithnstsuhjecttafaibatese dmthelpaschi p and
the 20 substrate, 3.. The flux_ residues remaining in the gap reduce the
adhesi ve anh‘eé(gff’&i'%t El"?gé%f)ﬁg‘ﬂi?ﬁpﬁ’éw{ﬁ%%?qﬁ ﬁqw%ggg&%ggﬁpg adhesi ve,
affecting t | B0k ﬁﬁﬁel?gﬁkr' : : |; f chips

I ncrease, the ?érg%?ir#gﬂ%mlgigtthg?ocapi Ia%%ngggﬁﬁe%éﬁue%%n%xﬂgﬁtical and
makes the eondupfillleatapsnlapr maeedial eorfiprised of a suitable polymer. The underfill

material is typically dispensed around two adjacent sides of the semiconductor
10 chip, then the underfill material slowly flows by capillary action to fill the gap
between the chip and the substrate. The underfill material is then hardened by
baking for an extended period. For the underfill encapsulant to be effective, it is
important that it adhere well to the chip and the substrate to improve the solder
joint integrity. Underfilling the chip with a subsequently cured encapsulant has
15  been shown to reduce solder joint cracking caused by thermal expansion
mismatch between the chip and the substrate. The cured encapsulant reduces the

stresses, induced by differential expansion and contraction, on the solder joints.

The underfill process, however, makes the assembly of encapsulated flip-

chip printed wire boards (PWB) a time consuming, labor intensive and expensive

20  process with a number of uncertainties. To join the integrated circuit to the
substrate, a flux, generally a no-clean, low residue flux, is placed on the chip or
substrate. Then the integrated circuit is placed on the substrate. The assembly is
subjected to a solder reflowing thermal cycle, soldering the chip to the substrate.
The surface tension of the solder aids to self align the chip to the substrate

25  terminals. After reflow, due to the close proximity of the chip to the substrate,
removing flux residues from under the chip is such a difficult operation that it is

generally not done. Therefore the flux residues are generally left in the space



18 March 2002 nore tinme consum ng, nore susceptible to void formation and
to the separation of the polyner fromthe fillers during applicati & March2002
Clearly, many inprovenents to this process axe feasible to increase 5
reliability, reduce the time required and decrease the |ikelihood of
producing a void in the encapsul ant while providing the required | ow
coefficient of thermal expansion and hi gh nodulus. O her prior art nethods
of encapsul ating the chip have attenpted to overcone the above limtations
by applying the encapsulating resin through a 10 hole in the substrate

| ocated near the center of the chip. After the soldering and cl eaning

oper at i ons) betwecanbaphipland itheysubstsate. iTheseoresidues are kngiwnitteeduoe ¢heand ar ound

t he periphery.of.the.chip.to sure ¢ | ete coverage of the chip surface .
This net hodT létyénﬂﬂ’?}ﬁgrﬂw&fﬁg%an%s‘ﬁggerve an area in the center of the
substrate that is free of circuitry in order to provide an unused space for
the hole. It also does 15 not elimnate the problens of entrapped air

bubbl es. Anot her Aftéraeflow; umdzrfild én¢apsilation 6Bthe chipSgehelly 46ll¢we nhi tie)

t eaches a net hod wherein an adhesive material including a fluxing agent is
appl i ed to Prer ar ghedpolyerstaf gheice forethe pnderfill epsansulaioR BavernbeeRe, substrat e

and t he sol der_.bunps ar.g ..ref ring the refl.o t .t he.f] uxing
2gent | prom Beek bt rcarie of Wity ety AR & S dRing ot on
pattern and ;lijgied WABP I AdaRIoRAJf ShorkSni6 WHIEES. TE&¢AVeCPiimtnh FIRBARPNECt I Ng
and encapsul dting the substrate to the canponent. Theé limtation of this

t echni que i sotffiaient of thetaal expansidreinntbé vimmityodfoks ppmy °Ceia préfgrredand he

substrate netallizat] and alsq.to allow the so)der, through surface

tension, to “‘“seﬂ i‘iggpi‘ RE nlq{F'p%Bl?ﬁﬁ_Ee P’ES’\P{?YFF@ PopcE é‘("e‘_"??gg‘ag‘?ti ation

pattern, t eyl Biinbidhs CAt3kaiTR 80 D % S rheilhi e IR Thdwva il g Lhe 1 ef | ow
sity of thes e

step. But the visc erials i's severéely 1ncreas by the
presenc® of iﬁdiﬁaxﬁemliefﬁéle@ted geBefdtly tave 8R2h ilsvpdrgasificidnt bf @ebmalAs a result,
this approach has failed to produce a material that can serve as both the
flux and t heéxpansigps and muchihigher modulioi thatdn [t nggeegatd, dhepnoxyfinglganica|
expansi on and R‘hgh miﬂiglltﬁs for 88“ mumreliability. Referring to FIGS. 1
and 2, undefff 'ffgwl %F%S‘TS WS h a subsequent|ly 5 hardened encapsul ant
102 has been shown to reduce sol der joint cracking caused by thermnal
expansi on m smatch between the chip and the substrate 104. The hardened
encapsul ant 102 (Thensiderfdl envapsdatimsteshniquechfdhelptigr atk hisfounpriatipalkpansi on
and contractjon, fromthe solder joints 105 to deformation of the chip 10Q
and substra@@agﬁi’%séhom in FIG 1 for expansion-induced strain at

el evat 10 tenpgrat urgs @ R I @r{heat
reducegl%terrperat ar' es. ﬁ% o?ﬁ‘gr %frtﬁg?&?ﬁxgmn%é ?%??gg?a%?ﬁ?%eﬁﬁaﬁﬁeﬁed
encapsul ant during t heh¢redcapspantds @ mmdti-seepriroesss ttan résalts in wtihedt i vel y force

the chip and the substrate-to take up the stress caused by the coefficients
of thermal expansion rAre¢Hetion ehficieRsydi ng and bul gi ng the chip and

Toints and virtudrly ot Al e BRAE SHGERy S I R SR A nat ol v e
effect of the encapsulpsbriianeitTbw BRoSEHOHE iRl Fap Berwes the chip and the
20 substrate;

3. The flux residues remaining in the gap reduce the
adhesive and cohesive strengths of the underfill
encapsulating adhesive, affecting the reliability of
the assembly; and
25 4. As the size of chips increase, the limiting effect of capillary action

becomes more critical and makes the encapsulation procedure



chip causes its own new set of problens. One such problemis that th

bendi ng makes the chi ps susceptible to cracking. Another such probﬂ%ﬁ{aircthOOZ
that the degree of stress relief is highly dependent on the flexibility of
t he under-lying substrate 20 and is thus an unpredictable function of the
design of the printed circuit. Another limtation is that relying on such
bending for stress relief on the solder joints prevents the placenent of
flip chips directly opposite one another on a double sided printed circuit.
Another limtation of prior art flip-chip attachnent is the difficulty of
25 performng rework. Chip renoval, once underfill has been perforned, is
very 18 March 2002 deere tums ¢onsumpgh ordre sureeptitilertaevbid iformationamdrtd and t he
chip. Rework is al nost. inpossible wt rior art materials and processes.
For exanple, the priofh&§ aﬁflae@gmeepquﬁe?éﬁmﬁlﬁ@ﬂm ‘gﬁ%ﬁﬂ?hﬁﬂt&ﬂ‘-di e from
a printed wire board is to grind it off manually. 5 Another limtation of
the prior art is the expense of applying solder bunps to a chip. The sol der

bunps have been @iedriygdndny iniprewnientsooahisiprocee il feasitib oslincredsoat i ng t he
sol der on the chip bunps by evaporation of solder netals through a mask is

one suck neteliapilityhredueesthedime raanised and desraase (tambikeliped pf peadueingess, 2)
limtati t iti f sol der. that b lied to th 10
retal o ¢ hat YoRnge EAERRRA DR oy Ripe Bk s GftediBR PEERRE bR kel ' over

l'arge areas eyhsisPntdha K ARbuks. Ul timately not wanted. Also, since nost
sol ders contain lead, a toxic netal, evaporation involves renoval and

di sposal of excess coated | ead from equi pnent and nmasks. Another common

method in the prior art is elgqc(:)tro | ati ngf of the solder onto the chip pads
through a t enpor Styerseriqr;art methods st ereapsulatingthe ghipdiave giterapigd 49 ow and

expensive pr . \ f Qe s, where the
sol der is ulo'(t3 ?rﬁg’?lglt@@%\% eafgrr’f?agigﬁék&%{) %lgﬁlgfr@% gg%p?%ig{moé geégletg?\(; ‘%}ﬁi %t sol der
paste do th@okhhpke padtrhieriocdd feas kg dnker dfRNCHipf | AvdrBe §d1@ersid &t&r to form
a ball or bunp on the pad. This technique is limted to bunp di nensions

t hat can be cleaniaglopestionsithe priapswatingsyesing is iferced thrpeghcthe dwle and aroundinp

pi tches of 25 n‘icrons?é)r Igsst. Anot her :lim'tation Q tﬁleﬁgr'or t is the
difficulty iBF RArERFPLOL A IR QATPYIE SOMPIein SO ET9850f 1, ENIR SFiRCqyi ABSsi on of
the chip topidigod @fffees FOMEME nBaP o fesdrVe afi YRS indhE SentdbtiihE MitRErai! at

manuf actured wth the electrical interconnection pads around their

peri phery wig fre@opeitcyiiry ¢in oxder o Bfovida @ utused spata forhthe dibteer Ithatsodjoe?5
printed circuits are manufactured with pad pjtches of 0.25 mm and | arger.
Thi s dilScr eﬁﬁh@@!ﬁ%‘%ﬁ’ﬁ@ﬁ%ﬁ@ﬁ%‘f%iﬁpﬁ’%atrt?&lgb]@ﬁe chi p-to-substrate

i nt erconnection 6 18 MAR 2002 provide sone nethod of redistributing the
chip pad |l ocations over a |larger area so that they can match the di nensions
of the printed ciAmother pribpdaymethbd $n Ui.ScPRAAIS; V28, P4 (Retlaisi) thaches gat i ng
expensive redistribution layers on the printed circuit. Few manufacturers
are abl e tonmtisuwbergi an adhesive suaterial anclediag aiflringagenhisiapptied tothér ances
required for, redistrihution, . but those 0. .are,capabl e of i ng so achi eve
Chi's with SEman Sasray dagehibh PERaech Ryt SbSHRaTae el s lateo br | dge
t he di mensi } Aseing i i i

redi stri but gﬂet ﬁg%glreggt ri C%.% ﬁl\é%&%\?ﬁ%@%&???@?&ﬁ%é ?ﬁgﬁﬁc |t%9 an
expensi2fe pisokedto thetshbstratdimetaliizatibn phuerarand g adiebivy myaerialtio cared) d.

SUMMARY OF THE | NVENTI ON The present invention provides an el ectrical
conponent a$esshingalbomfarceningeting andencapsudating the substrgiep 4h¢ e9mpgneshds on a

cont ed on an t5d bR o s R oF thef L Cltck P RN MRESRARRT S 7Ty o
ol et her etyis alubkizhle oAt GIOAIsd AR RNSRICE ] BRGATAGES ON L he

active surface aligned with the holes through the encapsulant to the
plurality ofterpids torelf-abgs thesthimbemps tidthe shibsteate metallizakion ghterny thebet ween a

subassenpl conpr.i si ng the, encapsul ant .an he sol der and the substrate. 7
2@3 Y AL hai y Ffow v?scosity gu i

material must maintain ver ring the reflow step. But the

viscosity of these materials is severely increased by the presence of the required



18 MAR 2002 In one aspect of the present invention there is provided a chip
with underfilling encapsul ant and separate discrete sol der bunps prié-Mareh 2002
and preassenbled on the chip for assenbly to a substrate. This

configuration provides a sinple, cost-effective assenbly procedure wherein

t he chi p/ encapsul ant/di screte sol der bunp conbination is placed on the
substrate and subsequently heat is applied so that the solder is refl owed
whi | e sinmultaneously the encapsul ant hardens, w thout the |abor intensive
underfill steps of the prior art. In another aspect of the present

invention there is provided a chip precoated with underfilling encapsul ant
havi ng hol eigorgaaicdilleravhAs 4 resido dkis apprgnch hasdfalleshioaprodyceds materiahthasct i ve

surface of the chip. Th | es e subs ently filled with .t en_sol der
oht ch st He e ol S Radhe e BRI A e crauifel by seMRR B cCr ot o
sol der bu S8 ; 358L dﬁﬁnﬁb@ a substrate and

subsequen?ﬁ?, thgkgﬁfgépﬁss re?@g%ggﬂ%hile si%ﬁ ?gﬁéously t he encapsul ant

hardens, elimnating the |abor intensive underfill steps of the prior art.
Al ternatively, the chip/encapsul ant/discrete sol der bunp assenbly is coated

with a thin iaydieferrng toKIGSq 4 aad 2y andsriling fhe ehind90 with @ |subsegueritlys \var ch

2002 solder, i f j i a ' '
2002 <ok 0o bk EhH o b RGPS B PR Bl
provi ded a yhihgrmil@Kpaistm misiiatchnstewédnl the BRipSME ARS silbatthteN4i, Mphehol es
therein which expose 5 netallized contact. pads on the active surface of the

chi p. The HuirdsnedeacapalarighéBrirangfers theestressies,hindured |hycdiffereatinlexpansioet i ve
adhesive to create a chip/encapsul antl condyctive, ad ive. b ssenbl y.
The ass el JntraRsp OB 8 o RRE Sl JOP % Hetmiidicin Shim il ard

encapsul ant ' diyesiyVv L ed, w thout
t he | abor isﬁlfﬁgtgzgig\?gggﬁ%}g\r(ﬁ @I st'elpgjrggmgwg&%ﬁgﬁyﬁ&?{?ﬁgapresent

i nvent lOn akmperatured steSFIG. ifos contractiondndaté dtramntal rédueed ramgpesathmst havi ng

hol es therein which expose the netallized sol der pads on the substrate. The
hol es are skseyueerds.ythe maineffegt of thehardened sneppsulant dyring thewal| y conducti ve

hi p to- tnereamidh i EhuGeRar R oA RS, Bk o ARLAE SRS o' o

encapsul antumpihd seefadadied Bl e céffickatsdsthéralal BXpanpioa naismaithlgd thereon. In
one aspect of the present invention, there is provided a first portion of

an under f i | bendipgeanddwiging e chiplandepbstate. dihdcbendingsanddeiging rpdncgs e- coat ed
and prezassenbl ed on.a ip. for asse 0.a,substrate. The first portion
of 26" Ehcangaisras Butn® sSdel ot o HERRLY sfcRirheckisoRter Mifiv Mliwey | o1 1§ or
fully uncured. A second portion of the encapsulant is applied to the
substrate. The first portion of the encapsulant is filled, preferably
highly filled, wihfor@mnitely, ¢he effdceof the encapsuladubsndingr thel suestracoaidf thei ent  of

t hermal expansi on and increased nodul us. The second portion of the
encapsul antHiB caisehiss owngsw st of problems: Qs HcBinEpYlenels shay thg bending, 25

mat eri al . . ort i of I an
ndnosi ve s ek e sBEEA: RRial Pinchilfs SRATHSHIATK FATHE bR 7
exanpl e, anofifeesialief fs lﬁghl?r'ﬁbﬁexfdleﬁlsén tRflexiligfoftheupiieapmglsabérasan
conprise a simlar materral or a conventional epoxy. The first portion is
filled2 t hand isithusean unpyédiefable Ifenation of dier desigamf thé printed eaicuiix gsnethasn and
hi gher nodul,us than he encapsul ant material w thout fi.ller.to increase
the encaps BHFIRH bRHTEYmE G sk heading SOrSisst FRlCLAP (B SQUIRES expansi on.
The inventi i i R is by LORGERL € Wherein
the chip/fi ?‘g%’&ggmeﬂg%ceo eﬁgﬁfég%scuitan%lfég?gﬁ’%tg @E?%gir% S{r?rgq@ongi nation is
pl aced on t¢idedpiitted airedisecond portion of encapsul ant conbi nation and
subsequently heat is applied so that the solder is reflowed while

si mul t aneously 10 the encapsul ant cures, w thout the |abor intensive,

ti me-consum ng underfil.l .ste of t rior art,. Prefer t he second
portion constit u?\ggthgr L@“ﬁ%’?'gg{ g,n?rh%] _ﬂpé‘f/lgp aﬁﬂ‘_"?‘h"é“ 6‘0\/%?%?¢f%8ﬁ%_ggsul ant
structyse WhdigdinBRFeeWctk. ICHiS TémoRl, YhdehundBill hdsHeeR Pefbitfledlus verg cure and
has mnimal effect on the reliability of the flip-chip structure, despite

the second portion having generally a | ower nodul us and
5



15 higher coefficient of thermal expansion than the first portion. éﬂ; h 2002
advant age of the present invention is that the |ower viscosity of 1 arc
unfilled or lightly filled second portion during the reflow process all ows
the solder to flow without inpedinment fromthe thick viscosity of the first
portion of the encapsulant. The present invention provides a | ow

coefficient of thermal expansion and high 20 nodulus in the first portion

of the encapsulant while at the sane tinme achieving good sol der wetting and
chip self aligning in the second portion of the encapsulant. |In another
aspect of the present invention, the chip/first portion of

encapsul antdedtraativette ot therprintedocizasichdary antb ther dhiipe Rextuok és almosbat ed with a

thin 25 | ayer of. the second portion of the encapsul an ich is either
lightly fi IWS%PICCMPB?%??QW&V&?ﬂa‘?ﬁi PROCESSeY- E@@P&H%V& REGh#¥ht of the
chip ) sol hagls%n Ql [ . 9 18
Mar ch 2002 nc%dﬁlg% ﬁigr@glggglgt 0 \S?%Se%%ér‘deélgrﬁ&fl‘\%\?gﬁ’ttﬁ% ![b E%gég?(ggg?%vi ded a
met hod for ipbffahaimallyf | i p-chip onto a substrate that avoids entrapnment of

gas bubbles or creation of voids. The chip, having the first portion of
encapsul ant thereon, is oriented at an angle to the substrate having the

second portion thereon. then 5. pivoted about the first. point,of contact
unti | t:ﬁe sol derkﬁ(g}ﬁ,&rsl’ugﬁahq%ofctﬁﬂgngr AT 15 e FPeRse %apﬁl %Sogqﬁrd’élfnpﬁads_ on
the substr abq, chi ©ahk R6IdeP buRFehivd ﬂeeﬁfapﬁmﬂrﬂy Ol Gifdedbraps the chip is

pi voted while expelling the gas from between the chip and substrate .
Anot her aspmethods. €hating the solder nn ¢t ¢lop bpmpy byl @saporatiinpofisolder mredds f i | | i ng

10 encapsul ant pre-coated an re-assenbled on the chip for assenbly to a

substr a? e, ﬁﬁ&ggiaﬂnﬁ SORE ébélhle‘ﬁﬁp%c 2ﬁ§f §{e§1°9fsuﬁfﬁl?5efr‘?fﬁ§ﬁ l%‘igedQPQ%P?yeach

| ayer perf 1N .St i c t, stress

di stributi ggﬁésé%%}aggpygég}eﬁoﬁﬂbogﬁoggté??%lmg %%ih}e)a@ pg%gos{ﬁgﬁ{] or ot her

functioms. ri[&t@lsbhddcaﬁfbetrbﬁi@m}s@ﬂateaohndepeﬁd tdting (B nmetds overmage | ayers,
y

is applied and partially or ful 15 hardene Agri or to assenbly of the chip
on the subdAreastwehereishesoldards gltimatply diot svaptede Avise asingezmdstsoliersciontddls on t he

active surflac of the cpi are.subseguent | fli I% d vm'Lh sol der or. an
el ect i cal 153G & HasisRel SiRERiQ UV EE sradial gnd dinoih 8f SRS roatie an
encapsul at qgacﬁﬂ@ﬁ‘xsﬁﬁn eht ahd DhsRs f lAmsiRe B6RINGR théhéPRI mg(ﬂ)rfé?tai‘ﬁ?” the
chi p/ encapsul ant/ sol der bunp conbi nation and the substrate which can be 20

ful | y har deskestiroplatiag of therttddert dnto diw ghip padsphodughta tsmipdmary baorfficeadbi nat i on
is placed on the substrate and the solder is refl owed. Remgval of the chip
from the suBaKr FEIECHAPIAREISFEAW AN expensieaTessatha gisprleppits the- coat ed
mul ti-Ilayer f . t‘ﬂa& renel ven after the
chip has bestg-,)gdégg)s@élu aF%édart@%sO? %&5& % ?g{‘é‘_ ! ezrlrte%%(ﬁg’aﬁ%ée@s% %3% and

method is to screen print solder paste on the chips pad through a stencil, then

reflowing the solder to form a ball or bump on the pad. This technique is limited
to bump dimensions that can be readily stencil printed, so it is not practical in

20  bump pitches of 25 microns or less.

Another limitation of the prior art is the difficulty in distributing electrical
signals from the small dimension of the chip to the large dimensions of the
substrates. Most chips are manufactured with the electrical interconnection pads
around their periphery with a pad pitch of 0.25 mm or less. On the other hand,

25  printed circuits are manufactured with pad pitches of 0.25 mm and larger. This

discrepancy in dimensions requires that the chip-to-substrate interconnection



25 the polynmer encapsul ant | ayer allows renoval of the chip for r I )
replacenent after assenbly or for test and burn-in of the chip pr?%ﬁﬂﬁeyyéaL
final 10 18 March 2002 assenbly. Thus the chip can be disassenbl ed from
the substrate without damage to either chip or substrate. In another aspect
of the present invention there is provided a redistribution of the chip's

el ectrical interconnection pads by incorporating in the 5 pre-coated

mul til ayer encapsul ant an electrical redistribution |ayer conprising a thin
printed circuit layer with electrical circuitry thereon. The interconnect

pads on t | r | j,ve or wire
bonds to Eﬁgﬁ@% ﬂégﬁFg%??%E&ﬂggéPa&%ﬁg(?Qgpgnggﬁgggﬁkké?%&g?gﬁéubsequentIy
encapsul akgehat glyesaninatéh ealimenbonsosti the ppiaed dieuil iTard, gaat act pads on
the active surface of 10 the redistribution layer. The holes are

subsequentisgrepandyeid bridged by crhating sxpansive gadisiyibytion daysetion Weeprinted | ux
adhesi ve | ayer s appli.ed between the chip/en sul ant/redistribution |ayer
subassenbFYC%hd FWéE zg:gqrg{seqre-pﬁlg ‘P|HEQ‘5]'§§W§§1?%£°W‘§“%M%H€ temai ni ng

unhar dened. [ gcgmg b SedNiB6GSHOD Suhstfratenadndof he sol der
IS reflowggﬂa%ghﬁgg%ﬁ§$Q§§p cthg?fﬁ%e p?gggﬁtufﬂgéntioéﬁalg% pr%vides '

wi t hi n t hdofgaoahiede eiic abusigmificant peodacticoypield penaltidsexAhdthersmethotiur e
wherein the sol der and encapsul ant expand or contract |laterally w thout
cracki ng &9 bridgethe shmensiorudiserepangyiinplves covanlets gedasigmef thaicBipa®d subst r at e.
The novel _encapsul ant, mai nl royi des t.he | V&.. hani bond required
to hold t ﬁ%&gﬁ'gﬁw c Flﬁ%t.rlgglb%%dgg? é‘l g‘% e\RhFel %r"él? Egﬁgﬁoﬁ]&g’?%ﬁ@bﬁr ovi des the

el ect ri calprdRlffeGRNESS indfufa8biirs eendiaiyeant ohRofd)i p and the substrate. The
conpliant “sol der and fl exi bl e encapsul ant of the present invention absorb
the stress caused by the m smatched coefficients of thernmal expansion

w t hout relying on bendin J te. Since the nechani cal
25 adhesion of the chip tguﬁhQBES%g&*ﬁ@qugﬁﬁgihéginariIy on the

encapsul ant, a 11 18 March 2002 rel atively soft, fatigue-less, highly
pliable solder is used for the solder bunps to provide the electrica

i nterconnection of the chip with the substrate. The conpliant sol der may
have rel atively weak mechani cal properties on its own , therefore the
encapsul ant provides the nechanical strength. Relieving the solder 5 of its
mechani cal tasks allows the use of soft, ductile and fluid-Iike solders,
that def or m | atEHeqdredennidventidiepR¥RRE ah elecBRtEl EaftpdRat 488mBly t he structure
wi t hout the fatigue cracking normally experienced by conventional sol ders.
Anot her erdooyirisingta substrate hpviag @rmlualigeei pads oalasfirspswidcd dlereaft Ainn t he novel
conpliant .encapsul.ant, ptevi Qusly descri bed a conpliant canductive 10

adhesi ve VAERILGICRY Hayang vl epcbiulind Copieq off BricHEs sy dferedlo g 1 o
absor b t NexnhyBRRPRaviALA pRAaIRY of MBIeTHRFBhFSh IS RPEIALGhENDTerRS ¢ her mal
expansi on and prevent bending of the chip and substrate. |ndependent of
each ot herfrothlventatts vatthe adtiversorfacd alggmed fwithnthe holes threngla firetdnagiisufanoto des t he
mechani cal _ connectign required in the structure while the electrical

proper t i esh@PIUHEY 0 Rifs Ahthe SO R idJay el i dWx\AhptivR Petsen Ae requi r ed

el ectrical [ ' he sem conduct or
chip packégggggﬁﬁ@f%?ggﬁg@ﬁﬁﬁgﬁ%ﬁgggﬁgmgzg%%?@%ﬁﬂgﬁgé%ggyaghong ot her
advant ages, sinple chip placenent followed by reflow w thout |abor

i ntensive underfill steps; a solder bunped or conductive adhesive 20 bunped
chip or substrate with an encapsul ant pre-attached, with the encapsul ant
perform ng a mechanical function and the solder or conductive adhesive
performng an electrical function; a pre-coated chip encapsul ant of two or
nore | ayers, each |ayer performng a distinct function of attachnent or
reworkability; a reworkable flip chip assenbly by neans of a reneltable
polymer in the 25 encapsul ant; an electrical redistribution |ayer within
the encapsul ant; a | ow cost nethod for applying the solder bunps to a flip
chip or flip chip substrate by




12 18 March 2002 creating holes in a pre-coated encapsul ant; ar MARn 2002
| ow- cost nethod for applying the conductive adhesive bunps to a flip chip

or substrate by creating holes in a pre-coated encapsul ant; and a conpli ant
chi p understructure that includes a fatigue-less solder or conductive
adhesive. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a diagrammtic
representation of a prior art underfilled flip-chip structure under

expansi on-i nduced strain at elevated tenperatures. FIG 2 is a diagrammtic
representation of a prior art underfilled flip-chip structure under

cont r act i on- i ndugegheshainbe e frEGHE Sibeh IR HA W RSviald ofch wial s an

assenbled flip-chip structure 1 n accordance wth one enbodi ment of the
present i nvemierfilling eh€apsdlantsand s@pagteadivgtte Goldep bemps ped-teatedindpre-

enbodi ment for formng a flip-chip structure. FIGS. 5-7 are diagrammnatic

r epr esent at #5¢mbled oaribe pip f@h%@mg’é’nt? a pbstrage f divg epfiguration pravises ar uct ur e.

FIGS. $ and_ r i agr L epr i f.a er i.ment far
formng a f?‘ﬁ%’f&cﬁcf’%@&r" C ursélfﬁbél %Og%@?% g'ﬁlg%g‘? te{%rcgﬁﬂgé‘i BSlflggt?(_@g‘gﬁﬂeati on of
the O i p- chidderttuag) edmbifitidnl iSplatéd dhites sbsaeeiind sdbscghéntlyliedt§s @

di agrammatic representation of a flip-chip structure wherein the first
portion of appdiedso sl wheastidards eefleaved whilgpgimudtangousiyttbe boeapsdlanhi p and t he

second portjon is applied to the substrate. Fl 12 iis a diagrammtic
repr esent at‘"ﬁ'ﬁe‘b“ﬁ W P?@?é?h% IUERPEG Bp r&ﬁé?@?%ﬂﬁd’q‘?rﬂ&- portion of the
encapsul ant material is applied to the bunped chip and the 25 second
portion is applied over the first portion. FIGS. 13 and 14 illustrate a

met hod for pl aci higartidriaspeehoptherpreseat venddttheie 1§ Yrovibedn @hiphat avoi ds
entrapment I?rfecga?esd \?vlijtg?llnceigrfi?lringf gricgg;uilgnrg hglc/m\ﬁlio?esé tilgre}nh\?lhich expose

metallized contact pads on the active surface of the chip. The holes are

subsequently filled with molten solder which is then cooled and hardened to

create the chip/encapsulant/discrete solder bump assembly. The assembly can be

placed on a substrate and subsequently, the solder is reflowed while

simultaneously the encapsulant hardens, eliminating the labor intensive underfill

steps of the prior art. Alternatively, the chip/encapsulant/discrete solder bump

assembly is coated with a thin layer of a flux adhesive and, subsequently, the

Ta



i 13 18 March 2002 encapsulant. FIG 15 is a diagranmatic representation
of a conpliant flip-chip structure in accordance with the present 18March 2002
invention. FIG 16 is a diagrammatic representation of the conpliant
flip-chip 5 structure of FIG 15 under expansion-induced strain at el evated
tenperatures. FIG 17 is a diagrammatic representation of the conpliant
flip-chip structure of FIG 15 under contraction-induced strain at reduced
tenperatures. FIGS. 18 and 19 are diagramatic representations of yet

anot her enbodi nent for formng a flip-chip structure. 10 FIG 20 is a

di agramet i ¢oh&PiGeRRyEd whlle SfmujiReSRPIHEGRIx! ddh¥sifl aﬁci‘@nvfagkdlarﬁh' p structure
of FIGS. 18 and 19. FIGS. 21 and 22 ar'e diagranmatic representations of
still anot haardenbodi nent of a flip-chip structure. DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS 15 Referring to FIG 3, an integrated circuit
chip 10 is shown nmounted on substrate 20. A plurality of solder pads 12 on

{00 24" 202 29, Oy Sns Bt oo R IANAN e g 583 oo 19

sol der bunps 14 connec 0 the to Each of the

sol der padsPﬂe’éo&t&d REthPhndeFfifing @néspshlantRA e} BbPigeni ahishdexpbsct rical Iy

conductive to provide an el ectrical interconnection 20 between the chip 10
and t heSsubstetallizedxntagy padstani e factiye surface ob thetdhipgy Thabolesgeerent, a gap 18
is formed arqund the |, der. bunps 14 between the top surface 26 of the
substrare sBSHCHE DEINEH ShrraeEatn e s ea0 S a8 typi cal |y
varies from.g: } ; sl ﬁ@r’gg Il i

encapsul an'?b fi ¥é(ia’1§: ?pg{iﬂdﬁ/;oﬁ#@gﬂ%‘?%%gggfbﬁe t (E)%ﬁ;[ﬂk)é #Hﬁvdg%?%fcg?%g

encapsul ant pRoedvah e¢hid saalbs@ateiand aulsseqritiyrthe prdapsElintcandpoadidtive adhdséve
preferred conpliant conposition, which is not neant to limt the invention
but only byaigaymyitarsedshy hardensd owithens|the labop itgnsiveduderfilbitapreofche pol yner
such aaOSun%%?h 242 14 18 March 2002 A6-SP avail able from Oxychem G and
I sl and,” "NY. Pt & nat i vel y, in another enbodi nent of the instant invention,
the encapsul ant material 22 is a rigid polyner conposition. One preferred
conposition, which is not neant to limt the invention but only by way of
exanmpl e, is an aihy@résdnt myertibnagdexprovisiss a.subktrate picostpd svidfthencapsul ant s

k to th illed.in the art ible. T | ant _material 22
< appl | cd SRR RSN haley REfen PhEHGSaRe e e B Rl opl,
hardened. | gu%g‘a&:h qrheqﬁi&ddr@%smﬁéhﬁ#fmeﬁ with %Ytbxg Q%&t@xﬁé‘{ ﬂ%&ri@&l&“ ete

sol der bunp pre-assenbl ed théreoh I's precoate e encdpsul ant

mat eri al 22cenduotivé adiiliveselsolisythen codied andhirndahe RGor(tblaBackhent of aid evi at e
the underfill problens of the prior art processes and to overcone the

per f or fancechiprip the substragrbysighew: alncanolier embadimesit.cthe subsritahash a
P NS Thes ( R 0 .
nent o oneTBRIAR AheblraB UG SolIRE ROl s prt HSEBRIANEREORT, 1 o

adhesive material, fluxing agent) curing agent and netal particles. 15 The

separate discrete solder bunps with encapsul ant naterial therearound
provi de superi or Iebseasgectdf the presentinyentwmnthere s providediasfinst pertionof of net al

THERR R e AR
1o en | \d Shigp 10. The chi
et ween eggééﬁﬁ%bf%ﬂ'm\fja élgﬁptcfﬁlv gsbtﬁglyt ) §u‘?>§igttﬁb§l"hf2¥§xs{ Q&‘?lﬁﬂ!& e chip

10 is then positione at t sol der ar acing the
substrafe 2encupsulahti @nest either a solid or a thick liquid, partially or fully uncured. A

second portion of the encapsulant is applied to the substrate. The first portion of
the encapsulant is filled, preferably highly filled, with a filler material to produce
a reduced coefficient of thermal expansion and increased modulus. The second
portion of the encapsulant is either lightly filled or completely devoid of filler

25  material. At least the second portion of the encapsulant comprises an adhesive



with the solder pads 12 of the substrate. In one enbodi nent, the sol der

bunps 14 protrude beyond the encapsul ant after the encapsul ant coatfi8idarch 2002
step. In an alternate enbodi ment, the sol der bunps 14 are covered by the
encapsul ant 22 wherein the encapsul ant is ground, nelted away, shaved off

or otherw se 25 renoved to expose the solder bunps prior to attachnent to
the substrate. The encapsul ant 22 and sol der bunps 14 are noved into

intimate contact with the substrate 20 and sol der pads 12, respectively.

The assenbly is heated to cure the 15 18 March 2002 encapsul ant 22 and

refl ow t he sol der .su‘i infrared reflo technolog I ef rahb}/ n a
ni trogen bIMBHREY W ?ﬁg%f R PEPEHES: (PRI, f"g @rPFg“'E ac £ 12 of
the substr doricdof @k RtapdERh! O Rthrise b MIASRIBLALIGS) cametibhdp { hose

skilled in e art, are possi e encaps provi des a conti nuous

seal bet weapokyie The ¢irstipotfomizcfiliddewith hilleahaving a lbwery&ieffivisttlogr enbodi nent
(FIG 5)) the circuitry on the bottomsurface 16 of the chip 10 is coated

with the eribermalespansion and digher anqdyinsban e #acapsulantematepalwha®y maki ng vi al
28 t hr ough l.ant 22 .. either, with.a | aser heni cal
ot chi nes a HIRF 16 RGPES U KneBBwliby & modsily 50 e 18 coBfiens Bt B8MBatcr et Hod
known to Onﬁgﬁiﬁdﬂ. efind mvbﬁ@orﬁ,sﬂo»ide&@h?ﬁk; c£heﬁté+;l%§ a%’enmli Prdeediie

encapsul ant 22 are then filled with solder 30 ( or” a conductive
adhesi ve aswvhbesinrthdehip/firsipdstioraf emapidantbdiddieiesodBientbunip dosmbimationds i nt o t he

hol es by sol der injection noldi , solder. jetting, screen printing, or
ooher by SR BHE Sebsiisleead Pirtian Of ShBSUIFAL SORPIBIER ! { oo

enmbodi nent : i 0, . . j connecti on
botveen 1 hauieBertfy SaF is ol 30 i e Witeriid el Wifie i Iebfy °00"Pr

substreg e 2Re amdpsdienteres, d@thbot theabor etessive) cimy-ednseminganidedll stéss can be
easily appreciated by one of ordinary skill in the art, any of the

above- descrafeaipepmati Reeferabba thesecopd portion cepstpues adelptvely Hundawsst rate 20
ther.than, th ' ith th | ant 22 : | ant. 22 20 and
Sotder 30 a s puFih Roabidfh S RRE RRRY Sieni Sler BRI AR ires 20 TN (o

FIG 11, amhorfidPaidigelire lahd Whad nihivdl medt%n&h@mmsnwadqu?@hﬁ#bst rate 20

in accordance w th anot her enbodi nent of the present invention. A plurality
of sol der paustuid, despiteothe secdndqorién biviog gereudlbt a oveer 200datus aadr anged t o

Shown B5°§ THEHE SRS AbHETE SRR n 18 Tk BRI Mo SSORAEF Chads 1. i s
metal | ized tﬁggﬁeéeﬁtqn{a%ﬁggﬁs #al 4R BREevRAG T4 htfleldorGRAMY Hikye to

provi de an electrica
second portion during the reflow process allows the solder to flow without

impediment from the thick viscosity of the first portion of the encapsulant. The
present invention prov‘ides a low coefficient of thermal expansion and high

20  modulus in the first portion of the encapsulant while at the same time achieving
good solder wetting and chip self aligning in the second portion of the

encapsulant.

In another aspect of the present invention, the chip/first portion of
encapsulant/discrete solder bump assembly described above is coated with a thin
25 layer of the second portion of the encapsulant which is either lightly filled or
completely devoid of filler material. Placement of the chip, solder reflow and

adhesive cure follows as described above.



18 March 2002 interconnection between the chip 10 and the substrate 20.

Wth this flip-chip nounting arrangenent, a gap 18 is forned ar ound8tiarch 2002
sol der bunps 14 between the top surface 26 of the substrate 20 and the
bottom surface 16 of the chip 10. The gap 18 is conpletely filled with an
encapsul ant material 22. The gap 18 5 typically varies from2 to 6 mls.

FIG 10 illustrates one enbodinent for formng the flip-chip package
illustrated in FIG 11 using two pre-coated portions of encapsul ant. The
chip 10 having separate discrete solder bunps 14 pre-assenbled thereon is
pre-coated with the first portion 37 of an encapsul ant material 22 (FIG

11) prior to 10 Hsaathariaspest ofithequesent imventpn, theneistprovidedhaméthod &2 cont ai ns

afiller material,..pr feratblylgi hly filled) to reduce it oefficient of
ther mal - expBAGEA TR 0RtE Asubstrile fighayaids SruraBmepor epsMBOER Sxpsul ant
mat eri al  nogrehdv HOvARY. fThe 'cﬁ%hmﬁgpaie%&{z@érﬁox?ef em;;gxﬂ&m&eéﬁ,%n of

I tal pads 12t

separate discrete sotderable ereon, Is pre-coated wth the
second port oxient&Daiodn arigie enthe pebstmtet havirigerhe a¢cohd pprticar thexewoasthenbl y with t he
chip 10_ The, second pog%’gon 39 of the encapsul ant material contains little

or no 911 ePiVREAAPPE] the gl RAY.of gousactapr (g folder SHORS OB FHHERR 1 under f t |
prob! emms of cduee RiiltOthe 3biieP PARHRS sHMtaflY EHAANT B lhFerRAdr AR fine
pre-coate a

limtations rates Ich are onogeneous

conbi nat i onm@aferiafieee\chipRigivdted whilé expelithgtie ghs foth BtwedDthe @Ry ad chi ps
whi ch 20 are pre-coated with a honbgeneous conbi nati on of adhesive

mat eri al, f$ubsiralg. agent) curing agent and netal filler particles. The first
portion 37 (FIG 10) which nakes up part of the encapsulating material 22
(FIG 11) is uniformy spread across the surface 16 of the chip 10 between

the sol der b””psAﬁétll:x}aPaébQ&)eéf th@?ﬁés&%%ﬁfm gfovti&l% fac‘?ﬁp w?ﬂhﬂirﬁi@ﬁ?lliﬁ?e 25

second portion 39 G "10) wni makes up part o e encapsul atTng

mat eri &0 22er{ckpdBlarnt pyre-ceated addpretagsesybiahon terahis fdrhassemmbly ac e s@bstrate,t he
substrate 20 over 17 18 March, 2002 the sol derable netal pads 12 covering
the chip reWhergintheicneansilast copsistsoaf morg dhanons layer; sachiayerssformiiged so t hat

the sol der Gurps, A &tfod 36idlnt BRNSHRNORIG: 20r808AORR e ARy he SO der

pads 12 of e solder bumps protr eyond t he

first portiggistibdiin, sdeokabilit;laGhesidh), ofbiteb uRBieAN S ThebllkSofaht er the
encapsul ant coating step of the chip 10. The encapsul ant gortl on 37 and

sol der bunpencagsulans, eansisting of on¢ ar ingeg kyersnisapplied and pardaldnonply ant
gﬁ&t 58?? g?nﬁar}gerfe(c)il ﬁjrleorr tg%(sjssem]b%;' of ﬁfé% f;;[ (I)ﬁ/ S'Je%hbs-lt_pa?e.c%?ésn ériel%nwﬁ{chpor tions 37
expose metallized contact pads on the active surface of the chip are subsequently
filled with solder or an electrically conductive adhesive as previously described
to create an encapsulaied subassembly. Then a flux adhesive is applied between
the chip/encapsulant/solder bump combination and the substrate which can be
20  fully hardened after or when the chip/encapsulant/solder bump combination is

placed on the substrate and the solder is reflowed.

Removal of the chip from the substrate is made possible by incorporating
in the pre-coated multi-layer encapsulant a polymer layer that can be remelted
even after the chip has been assembled to the substrate. Remelting the solder and

25 the polymer encapsulant layer allows removal of the chip for repair or

replacement after assembly or for test and burn-in of the chip prior to final

10



t he encapsulant 22 (FIG 11). The assenbly is heated to cure the

encapsul ant 22 and retl ow the solder using infrared refl ow technol oMarch 2002
preferably in a nitrogen 10 bl anket to attach the sol der bunps 14 to the
contact pads 12 of the substrate 20. O her heating and refl ow t echni ques)
known to those skilled in the art) can be used in the present invention.
The encapsul ant 22 provides a conti nuous seal between the chip 10 and the
substrate 20. FIG 12 illustrates another enbodi ment for formng the
flip-chip package 15 illustrated in FIG 11 using two pre-coated discrete
portions of encapsulant. The chip 10 having separate discrete sol der bunps
14 pre- assendskembly heFhmonhe chipcan bodisademblel fidig tHe subbratoMiithont dangfe an
encapsul ant material 22 (FIG 11) prior to assenbly to the substrate 20. .
The first pdeteitber dip O5sURERE. o filler material) preferably highly filled,
to reduce its coefficient of thermal expansion and 20 increase its nodul us.
The first portion 37 is then pre-coated wth the second portion 39 of the
encapsul ant mat ergnanoftet @§petPohe priskit imédﬁohfms‘erém?aowdea a20. The second
portion 39 of the encapsul’'ant material contains little or no filler

mat eri al . Thedistritsitiop of theochif's eleetrigal ingdreovmectiompdds bylipcqrapotating ih e
encapsul ating material .22 (FIG 11) is unjfor .spread across, the surface
16 of 25t hé’%E‘I‘r‘P?}e‘i@“B% mewcewe}agﬁwas%ectsﬁ#p@g;fél OB daer COMBIISOEA nder of

the chip surdace. . {00 o ElL ch. rt of
t he encapsultfal?fé\i.ém;r!-r&:;tt8 %éﬁgfé?grzwfllﬁ_}e&eﬂﬁﬁc@gﬁ@] F*ec?)ér0 Y\Chgéglrngggﬁ?\?glrpp ?ﬁge pri or
applied 18 onlBe Whipcdre 2G8¢hetlibyssoldes bumps cdhductive adhésiveld: wire thafids f0si ti oned

so that the solder bunps 14 are facing the substrate 20 and aligned with
the sol der phelsedistribptiamiayer;hEhe eedistritmtios layes ds subsequsatly eacapywlatedncapsul ant

[ 3 d 39.and I b . d.i inti ith
Phe. subst r atios iR eRuARf ool BeallpBh Sofiiaas hdee BtvEapiid 57 ana

39 forng t hape RCARSHLEEH lager. (Fhdholddire shbRqasRE MRl With BSiabess to cure the
encapsul ant 22 and reflow the sol der as described before to attach the

sol der bunpspréviously deseribodt Eben pfus adiesive layee isafpdied deove2d.thé-| GS. 13 and 14
illustrate an.alternate enbodi nent for attachment of portiop, 37 and sol der
bunps 14 wi twlgﬁ%caﬁ%}ﬁ%?‘éfﬁ 1§§9%‘H8n @Fﬂﬁbaﬁﬂﬁ’lﬁﬂ L) SPE%E@’N &!}EW?‘ Thi s
method is d [ it dERe : ol ) but is
equal |y appﬁﬁg’g%%gtdgp%lg%@ﬁ 0 r?ehﬁ%gdglﬁeom I ﬂiﬁ%@z‘“ﬁ‘gmﬁﬁcﬁf@%‘g&. S
initially ordubstisteland tisoddeglierdflowedie substrate 20. As the encapsul ant

portion 37 and the solder bunp on the end of the chip 10 are noved into
intimate contact with the portion 39 and sol der pad 12, the chip is pivoted

about t first 1 i nt of tact until .all, of the solder, bunps .14 are in
cont act 1 t h ¢ he SBRAe dspBeot T Bhent Rivenifh i provifesguRing PRBGed
possi bly be &phgsarped ldosVRpibifahenddibie kirieitd Wherdih B8 dold8€arkecond portion
39 is expelled as indicated by arrow 41 in FIG 14 to prevent formation of

voi ds i n t heneapsajpntkespand ogeoptradtilterailp evithonperacking op dslimimating uponh a t hin
| ayer of either, silicon 20 pityide, polyimde, or benzocycl obytene. To
adhere wel | Regtipger B%%léqgv%ﬁ‘gﬁﬁ aﬁyéﬁg?%éfe-éﬁsmvewcew%ﬁwﬂﬂb, a chip
bondi ng | ay -1 IS i J rat ling
agent (not ﬁ{g&,@?g g%c agb%n%e?*ag%cgmq%ﬁ ‘;%Efé%de%?l? %%Erpﬁgﬁetﬁ%g‘fc)bgu %nt 22,
t he coupdi nowhigeethie solfet nsitiwprovidevihe ekcaicahintércainesticroregairedberween et y f or
bondi ng. For exanpl %) the preferred noieties can be 25 epoxi des,

anhydri des) thyghipxandsthe subsiatter i ety that readily bonds to the
encapsul ant 22. 19

The compliant solder and flexible encapsulant of the present invention
absorb the stress caused by the mismatched coefficients of thermal expansion
without relying on bending of the chip and substrate. Since the mechanical

25 adhesion of the chip to the substrate relies primarily on the encapsulant, a

11



18 March 2002 The adhesive of the first portion 37 can be either an
adhesive flux or a conpatible non fluxing adhesi ve. The signifi canf8March2002
properties of the first portion 37 are: 1. After cure, a coefficient of
thermal expansion in the vicinity of 25 5 ppmiC, 2. After cure, a Tg above
120 C, 3. After cure, a nodulus greater than 0.1 GPa, preferably greater
than 4 GPa; 4. After cure, high adhesion to the chips passivation |ayer

that 10 usually consists of silicon nitride, polyimde, or

benzocycl obutene; 5. Sol ventless; 6. A chem cal conposition such that it

does not interfere or adversely affect the properties of the second portion
39 of the enehyiselyaoft, fnigobiless, highly pliablesolder dslusednfdr ite soldeX Bugipsaor e, hi gh
adhesion to the second portion 39 of the encapsulant. Since the intrinsic
coef fi ci ent RIPVidpdheelpctacidpisrennnestipnafdhe rhipfwitibthe spbstyater Theadhesi ves do

feat ure o tirbbyiapl fotadimdy e RERCEL L ER BERS ey AfdtBRE o8 i1 °T's S0
filled with delidh deodeapulai povidds the RROFATEQM sfrengdtR! FRN4VG tBe SQUET

coefficient of thermal expansion and higher nodulus, generally an inorganic
mat eri al§ araf itsosechpnistletasks| allowisithe use dfhsoft, idhétile ahd Wiundlike koldemsrthatodul us

and |l ower coefficjent of .thermal expansion than the adhesive al one produces
an adhesi ve- rpbiatcg@l& @@'&t € FERANBIGD ABE cPrackiog o the @E‘.“’t‘l‘}i‘(’a‘ﬂﬂ%’é“‘&ﬁ such

adhesi ves argg: altye n HFWE US avail able from
C ba Ceigy (gtrlégrar?‘::%ﬁg ané ﬁ@séc%?ela—%ﬁacﬁg(’%@o Iﬁé 1 available fromthe
Dexter Corporation of Industry California. 20 18 March 2002 Preferably,

t he adhesive of the first portion 37 is pr_efer.ablé an adhesi ve flux. The
si gni fi cant pr opehRathessembpdinentrof the greseptgnvession jalse previdpawjthimtbgddi tion to

the properties |i Vv referred first portio esi ve does not
di m ni sh t henof%Flo‘%/(\?%g‘?%PEg&sa §?uéé¢l%5€¥l$'ﬁsgy fiﬁsgrlégcﬁ gépgﬂp@??to%nﬁgabvﬁer ation. Many
non- f | uxd Ng Adhaewhicexbiid drofirhdts latérdlf up&P hédtingkdrycodling efasoh t h t he
second portion adhesive in ways that decrease the wetting and spread of the

sol der dur i rtbe stedssepcreased by thenmashhessh inethe [cosfficiegts of theimhal ¢xpansionaandowder
filler that inpart{s fhe uired coefficient of thernmal expansi on and

nodul us to tmg?%h@yf‘%o{ ﬁ%)@hﬂ’r @ﬂﬂc ﬂ-&’étrétef ﬁf‘é@eﬂgﬁm iogﬁa%omﬁ%t‘ﬁ%as little or
no effect O@ﬁ%rﬁ&fr@ﬁ&lig of the rﬁ%ldé?lrcapsulant provides the mechanical connection

required in the structure while the electrical properties of the compliant

15  conductive adhesive provides the required electrical connection between the chip

and the substrate.

The semiconductor chip package structures of the present invention
provide, among other advantages, simple chip placement followed by reflow
without labor intensive underfill steps; a solder bumped or conductive adhesive

20  bumped chip or substrate with an encapsulant pre-attached, with the encapsulant
performing a mechanical function and the solder or conductive adhesive
performing an electrical function; a pre-coated chip encapsulant of two or more
layers, each layer performing a distinct function of attachment or reworkability; a
reworkable flip chip assembly by means of a remeltable polymer in the

25  encapsulant; an electrical redistribution layer within the encapsulant; a low-cost

method for applying the solder bumps to a flip chip or flip chip substrate by

12



10 The enmbodinent of FIG 15 is a nmufti-layer conpliant understructure
configuration having two discrete bonding |ayers 32 and 34 in conbil@ddareh 2002
wi th any of the above-described enbodi nents for the encapsul ant and sol der.
Chip bonding layer 32 is a thin polyner, or coupling agent, with high
adhesion to the chip passivation |layer (not shown) on the face of the chip
10. The chip bonding 15 layer 32 is a thin interfacial |ayer adhering the
encapsul ant material 22 to the chip 10. The substrate bonding layer 34 is a
thin, adhesive flux |ayer adhering the encapsulant 22 to the substrate 20.

The chip bondipg | 32 has the foll ow ies: A 1) chenicall
s to ¢ nerante i apessaps ey Aok 3 SEHRLSbe B ivbeg Lot no

=D

bonds to t h&'¥

encapsul ant theaddddudlivECdBativedutnps Wﬂ? chip drigbsiae By Rkl hola@Yga on the chip
10 to provide high adhesive strength to the chip. Generally) the chip 10 is
passi vat ed Bre-¢pated epgapsulany épd aporaplianeshipsundersauctiretthat insludefod yi mi de, or

the chip 10 M EElsf IRk Bt DOSr e ot s 21 |18 March 2002
agent (not shown) such as a silane. To adhere well to the encapsul ant 22,

the coupling agent (no ﬁ@ﬁg jde 1.cAal conpatibl e noiety for
bondi ng.” For exanpl e, §3 %Qﬁﬁbﬂéﬁ%@@m&ﬂ%@epoxi des, anhydri des,
hydroxyl s, or otRRy. 1NMPh alayratdiitic Fepadedistion @8 pribrart iileMMed At 22. 5 The
substrate bonding | ayer or adhesive flux 34 1s a conposition with the

fol | owi ng pFEYEHE uader expansionsindused strain 26 gheyaled &MPCEAHES r enoves oxi des from
the metal surfacgfy bq Qﬂ'aéﬂhﬁiﬁ@ije ?e@&.uﬂfoﬂ%?ltgﬁ r"ﬂ&ddgﬂiugé ﬂhﬂﬂﬂ tal pads to
T PNKE “IMto an adh of uring t

be sol dered; 2) cross dhesi ve yner rrn sol deri ng
oper ati on, %0@uatire nhdeakcontractinmeihduced strain thredutédtemperatagent and t he fl ux

reacti op, byprodu ' :3)_has fficiently.low viscosity during the

sol deri Ebg operatﬁg‘f\ 3,5, 4 assqm p'ﬁb‘? sFHﬁB%é“?‘i‘fgrdP‘im&W‘@f‘ythe nol ten sol der;
4) after cueinBedimse of tiRPrdse iventigashi ng for flux renmoval is required; 15 5)
hi gh adhesi ve strength after cure; 6) corrgsion resistance and resistance

t.h al :
to degradation aﬂ%gl‘ﬂéﬁiaﬁ@"%ﬂ%éqpﬁsm,’mﬁweF')b°3’(5‘§§tﬁ%f°rWl§lave any gases
that can caggfcehipistictae. bubbles in the

FIGS. 5-7 are diagrammatic representations of another embodiment for

15  forming a flip-chip structure.

FIGS. 8 and 9 are diagrammatic representations of another embodiment
for forming a flip-chip structure.

FIG. 10 is a diagrammatic representation of the flip-chip structure of
FIG. 11 after assembly.

20 FIG. 11 is a diagrammatic representation of a flip-chip structure wherein
the first portion of the encapsulant material is applied to the bumped chip and the
second portion is applied to the substrate.

FIG. 12 is a diagrammatic representation of a flip-chip structure wherein
the first portion of the encapsulant material is applied to the bumped chip and the

25  second portion is applied over the first portion.

FIGS. 13 and 14 illustrate a method for placilng a flip-chip onto a printed

circuit board that avoids entrapment of gas bubbles or formation of voids in the

13



adhesive during curing. 20 In general terns, the substrate bonding | ayer or
adhesive flux 34 conprises a liquid or solid conposition which act%BAé“Qhﬁqu
a primary fluxing agent and a crosslinicing nononmer or polynmer. Mre
specifically, the adhesive fluxes conprise the followi ng: 1) chem cal
conponents with carboxylic acid noieties for fluxing; 25 2) chem cal
conponents with polynerizable noieties for crosslinlcing the conposition;
22 18 March 2002 3) a chem cal or nechanical nechanismfor inpeding or
preventing the onset of polynerization of the conmposition until the sol der
has nelted and wetted all the surfaces to be soldered; and 4) optional

sol vents, fill eescapswlant: ati ng agents, surfactants ) nodifiers, 5 resins and

ot her additives perf I ng.desirabl e functions,and generally known to those
skilled in the art. flguﬁgé%aaﬁgmw TepErsentation fmepmpliant BHip-phipor art

conprising thes : | La: IS Pat ent Nos. 5, 376, 403,
5, 088, 189, S, 13&%@%?%?%@37@ réee?gglrvg@mé{brrposi tionis directed to
f1uxi ng adhesive commriGi 16 @Ns diagedmrhatid rapkesdﬂa@oﬂbﬂméﬁaxnpnmtﬂiﬁ@myi sing a
single active conmponent which is capable of functioning as both a primry

f1uxi ng agedt asduetuer fSEG. i underexnangion-indiiged sraiy at eleyaseditempengsarest he

I ntended end use, the,inyentive themally curable hesi Qsition
conprises (a) a fl ux?‘#&' Xgésn? ﬁﬁ&(ﬂ%ﬂé‘: E%F%%@@I‘qnco@g? aoﬂPﬁﬂﬁ%ﬁﬁ'& ne or
nor e car bon- car b@fcHRUSH FIRaBAindek BdntRRlibRAREN stAif AOREhédak@Rberatlirkyient ,
(c) 15 optionally, a free-radical initiator, and (d) optionally, a resin.

I n addition the ther kGSy18 andib? areadiagmimneaticoapresdntations ofiyeti amothede a
solvent for adjusting th th scosity, her viscosity nodifiers, thickeners
and thi xot r opi c*&ge nf’rgif AIEREFet B SYECer s, such as silica powder,

can be enplgyed for ipier §95e8 aRihSi ARG rdseiBord SERERwGREEAkF beRE ]

expansi on.
chip structure of FIGS. 18 and 19.

FIGS. 21 and 22 are diagrammatic representations of still another

embodiment of a flip-chip structure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 Referring to FIG. 3, an integrated circuit chip 10 is shown mounted on
substrate 20. A plurality of solder pads 12 on top surface 26 of the substrate 2
are arranged to receive corresponding solder bumps 14 connected to the contac
pads 24 of the c.hip 10. Each of the solder pads 12 is metallized so as to becon
solderable and electrically conductive to provide an electrical interconnection
20  between the chip 10 and the substrate 20. With this flip-chip mounting .
arrangement, a gap 18 is formed around the solder bumps 14 between the top
surface 26 of the substrate 20 and the bottom surface 16 of the chip 10. The g
18 typically varies from 2 to 6 mils. The gap 18 is completely filled with an
encapsulant material 22. In one embodiment of the invention, the encapsulant
25  material 22 is a compliant polymer composition. One preferred compliant
composition, which is not meant to limit the invention but only by way of

example, is a compliant polyimide-siloxane co-polymer such as SumiOxy® 242
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20 1. Fluxing_Agents. The preferred fluxing agent has the structure RCOCH,
wherein R conprises a noiety which include two or nore carbon- car bot8 Meigch| 2002
bonds. For high flux activity due to the presence of nultiple carboxylic
acids, the preferred fluxing agent is a carboxylic acid that is selected
fromthe group consisting 25 of conpounds represented by Formulae |, 11,

11, and IV and m xtures thereof, 23 18 March 2002

HOOCCH=CH( O) COR 80C( O) CH=CHCOOH (1) RZHZC(HCOR)"CHZOR3 (I1) [X X~X3X4]C

(1) RCOOH (1V) 5 wherein R8 is an alkyl having 1 to 16 carbons,
preferably 1 to 9 carbons, and nore preferably 1 to 3 carbons, wherein nis

an integer fr%%PtaQai 156 e{)gp@\émafbgag& ?&nacy %]%?r}]ﬁa%ly atH%n&?lEle

preferably an’integer ftrom wherein
i ndependent | y eaftoflithedf of (R instantGnbEhtonCe-tncapsdiabl makeihE2D i ri X, and
X', are each independently sel ected from-CHZOH and - CH2OC( O CHCOOH 10
and wher ei n Rpolyses ceipesijionaQne greforsed compesitians Miieh is aob oieantoaimit mmds
and an am ne noi e e fluxi ent i call rises about

% 100% pr ef erla‘mwxaﬂmﬂ?m% s oEXtnls ¥ R anmicRyRERsCRE o ki

vol ume of ghey ro@f%h&s[f,s&nuﬁ@bdnewmb%ﬁdsx%kﬁrammetdrpﬂe siipfel ipl arly
preferred fIUX|ng agent which has [owiscosity and hidgh flux activity is
tris (mal efi c eacdpdyland material 22risrappiied to thigichip ineith€r Hedd ror ladhksive thpeanpl e 1.
The f1l uxing a%ents of the preferred flux exhibit flux activities that are
superior to tHeEm.ghenhardencd-¢ nol yer-f1 uxi ng agent ni xtures. Since the

I nventive fluxing agents are intrinsically self crosslinking, the preferred
thermal |y curable adhesive conposition does not require the use of epoxy
resins for crosslinfiafiGhe\émBodifiiet, the ¥hip 40 Habing SBgdrhteldidceeto solaet bilthpe Of
the preferred conposition is |ong and its flux activity high relative to
conventi onal pdipyenassembled thgreenis presgated auith the bmmdmxgatm@ﬂﬂs»rlqmot her,

achi oved (i 1 n AR e OB 20 P10 i 3RS WaBEh S BrevRG SR "or or

art pol ymer f g;‘r'?ék Bet RECHILE a%cté‘b'i@rcbﬂﬁrtﬁe Péxféﬁaﬂ@@ﬁmﬁ@tx@&%ﬁﬂ%@a’i@s‘ ve

fluxing activators. The 25 1 nventive ng agents are 1y cross-1inked
and all conporwhitisarelpreeoitedmdth a homogeneous combination of adhesive material,

fluxing agent and curing agent or chips which are pre-coated with a homogeneous
combination of adhesive material, fluxing agent, curing agent and metal particles.

15 The separate discrete solder bumps with encapsulant material therearound
provide superior electrical performance compared to a distribution of metal
particles spread throughout an encapsulating material. The encapsulating
material 22 is uniformly spread across the surface 16 of the chip 10 between the
solder bumps 14 covering the remainder of the chip 10. The chip 10 is then

20  positioned so that the solder bumps 14 are facing the substrate 20 and aligned
with the solder pads 12 of the substrate. In one embodiment, the solder bumps
14 protrude beyond the encapsulant after the encapsulant coating step. In an
alternate embodiment, the solder bumps 14 are covered by the encapsulant 22
wherein the encapsulant is ground, melted away, shaved off or otherwise

25 removed to expose the solder bumps prior to attachment to the substrate. The
encapsulant 22 and solder bumps 14 are moved into intimate contact with the

substrate 20 and solder pads 12, respectively. The assembly is heated to cure the

15



chem cally immobilized upon curing. Even the reaction by-products of fl ux

24 18 March 2002 deoxi di zation of the metals may be chemical |y bd8Mareh2002
the polynmer matri x. Carboxylic acids function well as fluxing agents to
remove oxides fromnetals. In addition, carboxylic acids are also very
effective crosslinking noieties when present in their reactive formin a

fl uxi ng conposition containing a suitable thernosetting S resin, such as an
epoxy. For this reason, in the prior art, chem cal protection of the
carboxylic acid was essential to achieving stability and preventing

bremat ure T GRGHL 22 RIOHAGH ¥ lolRPudth U rdbwhchlhIBgy, pherbblyxi g agent

with a chemcally or thermally-triggered species so that it beCones

reacti ve onlifaaitrogen blenket tolagaahi theesolden bumprelddo theetonaetipads 12-ofitbeer, with the
present inv I QN AnN h,.pr ot i i L t he
conpositi Ongﬂ%s'g%{égg. 8‘?&%’1“‘%{2%%“‘3“8%“8%Ff‘“i%“@gg‘%ﬁ%@%"\é‘ﬁg’% #ﬁ%@“ﬁ@ﬁ crosslink
wi th the carabo¥iglpossitie: i Theencaisilant PRipsovides dlcbitinudusaedlibetweagthegent that can
function_ at its full strength with the netal oxides to produce fluxing that
i s super?or chip 19pd thesubstirB2- pol yeri zabl e f1uxing agent. The fl ux
activity of the inventive fluxing agent in sone applications may be too
hi gh thereby requiring dilution of the 15 fluxing agent to prevent
formation of unddsiyetabbdthergmbodimentFIGr Ddthe ciscuityy omthebettompenfaceve f 1 uxi ng
agent, the i Bai r. I, NJki ' on- car bon
doubl e bondggggﬁlg{%?iﬁglﬁilégé%g%}h{}% %%%@?@%@g@%?%&%hg&ﬁgg %5%3 t he

car boxyl i ¢ aspatedbyompldng Vike2&thrdugh tHeieacapailats 22 . g otithee svith aaseh t he doubl e

bonds, therefore on its own, in.th ence.of other nol ecul es that can

enct wi i pleScsEmiencRiTE: 2 41 By B RGReiRnd GENRoPTRRE AT ol yrer | 2 a
anbi ent 10 eNpeiepineth8& kndwin to Dné bkiddSH Aleqst) (EIG 6). aThe \Aas 18Withih iR doubl e bonds
begin to open and react with other ‘opened doubl e bonds to crosslink. Since

each fl uxi ngnesgemant b pisdhandilied withisalderal0 (FEG.sD of asonsyetivecrdbrsigds t he

ol ecul es clgagbldys d.8" PP NETS 576 4HPLURE I TorcB inf) AR byigigepe need for a
separate thernosetting resin inthe flux conposition, as is required in
the prior arjectivhenoldingy seld¢rijetting, scmen préntingper oser ynetioghiknaiwnitout concern
about  pr e- Ml L el G 82%L ' With B8y §11eck BELBRSHL, ASIER ss BY 25

15  reflowed to form the electrical connection between the chip and the substrate

while the encapsulant 22 bonds to the substrate 20 and the chip 10 to form the
structural connection. As can be easily appreciated by one of ordinary skill in
the art, any of the above-described embodiments can be modified by precoating
the substrate 20 (rather than the chip) with the encapsulant 22 or encapsulant 22

20  and solder 30 combination as shown in FIGS. 8 and 9, respectively.

Referring to FIG. 11, an integrated circuit chip 10 is shown mounted on a
substrate 20 in accordance with another embodiment of the present invention. A
plurality of solder pads 12 on top surface 26 of the substrate 20 are arranged to
receive corresponding solder bumps 14 connected to the contact pads (not shown
25  in this embodiment) of the chip 10. Each of the solder pads 12 is metallized so

as to become solderable and electrically conductive to provide an electrical

16



18 March 2002 crosslinlsing the fluxing agent itself, an adhesive having a

hi gher glass transitioi tenperature and | ower coefficient of thern&$ March2002
expansi on can be created withou sacrificing fluxing activity. A preferred
enbodi ment of the fluxing agent has an amne noiety that i: 5 incorporated
into the fluxing agent nolecule itself. The generalized structure fog
carboxylic acids containing two or nore carbon-carbon doubl e bonds and al sc
containing an amine is: R~ COH!i Oin which R conprises at |east one

am ne group and two carbon-carbon doubl e bonds. For high flux activity due

t o t he pr esénerconnéction betweerethe ehipd@whd the autisutate 20.h Withrthis élip-¢hip 10 preferred

carboxylic acids containi doubl e. car.bon- car bo onds .has t he general
S oo e ahE it de5 i s ot PR Bl SOe R A BB, Oone RS are
ei ther -H Othe-t6f kirkatd g ¥dthe fudktratd 20 Ardvhe/btaShtficeaBhf kedhipf Ioux activity, a
parti cul arlﬁ_apreferred am ne _containing fluxing agent is tris (malefic

aci d) triet Tan&Pald ineompletely dilled wihap gnGapsulpatmateral d2; Thegambi e 2. 26 18
March 2002 Qﬂﬁﬁf%%ﬁ:ﬁﬁoﬁ\gﬁﬁtﬁﬁm ecul es having an am ne noiety can noderate
] t e a '

each ot her dition of a separate conponent, as illustrated

here: The net result of this noderating nechanismis to cause the fl uxing

agent to FIG. 10 illustrates one embodiment for forming the flip-chip package

illustrated in FIG. 11 using two pre-coated portions of encapsulant. The chip 10

having separate discrete solder bumps 14 pre-assembled thereon is pre-coated

with the first portion 37 of an encapsulant material 22 (FIG. 11) prior to

10 assembly to the substrate 20. The first portion 37 contains a filler material,
preferably highly filled, to reduce its coefficient of thermal expansion and
increase its modulus relative to the encapsulant material not having any filler.
The substrate 20, having a pattern of separate discrete solderable metal pads 12
thereon, is pre-coated with the second portion 39 of the encapsulant material

15  prior to assembly with the chip 10. The second portion 39 of the encapsulant
material contains little or no filler material. The two-layer configuration
alleviates the underfill problems of the prior art processes and overcomes the
performance limitations ;)f substrates which are pre-coated with a homogeneous
combination of adhesive material, fluxing agent and curing agent or chips which

20  are pre-coated with a homogeneous combination of adhesive material, fluxing

agent, curing agent and metal filler particles.

The first portion 37 (FIG. 10) which makes up part of the encapsulating
material 22 (FIG. 11) is uniformly spread across the surface 16 of the chip 10
between the solder bumps 14 to cover the remainder of the chip surface. The
25  second portion 39 (FIG. 10) which makes up part of the encapsulating material
22 (FIG. 11) is uniformly spread across the surface 26 of the substrate 20 over
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gel at roomtenperature. Yet, as the tenperature is el evated above
approximately 50 5 100 C, these materials will liquefy readily to &38Mawch2002
viscosity liquid, indicating the ~H~ N CH2- CH20- OC- CH=CH ~ =0

HOOCCH=CHCO- OCH1CH2 O CH2- CHZO OC- CH=CH- COCH \ N CHZ- CH20- OC- CH=CH- C=0 ~

0-/ N+ thermal disassociation of these ionic bonds. Thus the carboxylic

acid noiety is then fully discharged to flux the oxidized netal surfaces at

t enper at ures above 50-100 C. Fluxing agents that do not contain nitrogen
(e.g., amine) as represented, for exanple, by Formulae I, I1l, Ill, and IV,
typical |y at@ soiderable nittal padsi 1@ Rbveriag R chipiregion 60thé subdtrély 20.TMRE ef ore, no
solvent is required. In contrast, anine containing fluxing agents are solid

or seni - sol FHPAP ithen Rasitioped o dha therselderbianps df trederiag tie swbsirate 2lddi ti on of
wat er or Ot?fdal&ﬁéd’@ﬁ ttxeMHéra:aE’é/lze&}’Rﬁé) bt 5. TS lier ﬁ[}xgxs%”'“' trogen
cont ai ni ng uxing agents and optionally 1 ncluding a solvent, a thermally
cur abl e adhesi pretrederboyandttheofirstpoviiong3 7t (assshown éi ElGe Oy ofthe encapsulapt gel mi xt ur e

can be fo ated. Wth the present. invention. thermally. curable

adhesi vg coﬁé@??%ﬂul&ﬁowgfsﬁg r?ﬁﬁlﬁtcé‘é] 1@09@8 ei"i‘?"f“ﬁ?é‘?wr%ﬁ? é7 |, or solid
state. 27  sdi@erMampd 1480 Zoted intd iHEMNAS contire with @RGNEHslant pareaocar bon doubl e
bonds) in the preferre 10 15 fluxing agent nolecule allows nuch

5 . g, age .
f1 exi bilityandhsoldeepads g fesrertdistyos The cpmpinatinps pprtioph31\ad3950E8Dt i onal

L her momechagialapBaRes (165 1 118 dksndl AR Yurb i 81| doubl e bone

containing diluents that can also crossli.-nk with the preferre flux to

create a supedieBow therseldessinglinfrared eeflawitephinolpgst, praferablyén ainitiogen of f 1 uxin
adhesi v com&?' i j ' ' ILhes, which are
desir abfb for g(fl(t)k? %ﬁé’r %%%%%QP@%F%%%%@%Psaagg%bg%%gﬁ%%lﬁ%gﬁon. Mor eover ,
this i accogher h¢ntidg wnd deflow tdchiquesimewn tothose skitlet i the artpsamlbenl ti ng and
reduced pot |if associated with the prior_art. Preferred diluents include,
for exanpl eYseddy &ﬁéfﬁs"‘}él“})’f’m‘ﬁ“t he epgapsplan 94 piogides gqnt )4, (b)
triallyl-1, Betedn th@eHin €0 dnd’the Subdtrdth 20, SH) -trione, (c)

tris(2-(acryl oxy)et hy‘lm)i socyanurate, and m xtures thereo Diluents (b) and
(c) have the follow ng structures: CH2CH=CH2 O-N~O CHZ=CH- CH2- N ~

N- CH2CH=CH2 O ChHagHj n@o% Pedebrkiiz Chi2 Tip habkigeH20COCH=CHZ 0
O her doubl e bond conpounds, g@ﬁﬂfof ﬁgﬁ are com‘rg éi ﬁy avai |l abl e,

i ncl udi Hy f BlustestedhiplRIG. Ui wsing twp Iprescoated disarete poitidns of edgepsulante Ben al so be
oL SRy Bl BB R kO PSSR PHESE L L
typical |y casatedomifl the firstiportion 3Def-an¥nBapsyliret newerial 22 (RGWEY priabmut 5% 80% and
nore preferably between abo 0/ _80% h | une of _the thermally curable
adhesi ve coﬂsﬁﬁé'i’li’it%ﬁli‘?s Eatﬁg{)re%m figst p %@‘F%&"ﬁﬁﬂl pABEAEk di | uents is that
their presepfeferitiyRighly filled, to reduce its coefficient of thermal expansion and

20  increase its modulus. The first portion 37 is then pre-coated with the second

portion 39 of the encapsulant material prior to assembly with the substrate 20.
The second portion 39 of the encapsulant material contains little or no filler
material. The first portion 37 (FIG. 12) which makes up part of the
encapsulating material 22 (FIG. 11) is uniformly spread across the surface 16 of
25  the chip 10 between the solder bumps 14 to cover the remainder of the chip
surface. The second portion 39 (FIG. 12) which makes up part of the
encapsulating material 22 (FIG. 11) is uniformly spread over the prior applied
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20 reduce the anmount of water which the cured adhesive conposition gh&%
absorb. Tl reason is that the fluxing agent, when crosslinked, wi |t gh 2002
active carboxylic grout that can attract water, even though these
carboxylic groups, being part of a networ are inmobile. Water acts as a

pl asticizes which softens the cured adhesi ~ 28 18 March 2002 conposition.
The use of hydrophobic diluents which are crosslinked to the fluxing agent
wi |l counteract the hydrophilic effects of the carboxylic acid groups.

| ndeed, the cured adhesive conpositions containing hydrophobic diluents can

have |ess t &N PoBipR i) Thorhie Y s thanaesitionsdsedhat e SoldereNmPe dhait i ons. 5 3.
Free Radi Ca!facliﬂg'tﬁé ﬁb&f)a?e Z(WHdlfﬁElﬂeﬂ%vi I'd ﬁ)rlcfefg%cfghgro ls¥bstrite3plag adhesi ve

flux conposition can be cure sing heat a , the cross linking reaction
can be i ni t descdbedzhetoré.athd ¢ncapsuldntippriions 3hansdsiPrand solflerfbumps dhaiecal s,

nyar oper i 8 e R PAPRT AR DA 20 STHOR aBEIEC L, o' These

free rad§ cakormbthitionbOpertions 37qund 39 Sorars ehecenoapeulait 3 HIGaT Y. | el e. 10
Free-radicals can_ be created in-situ by exposure of the fregﬁgadical

initiator t gssprably is heawd 49 i the Spcaguhant X% W@ﬂ?‘f S}QéP‘d@n@rdﬁfcﬂ sour ces.

| nt roduct i 0Befgfe 3 8iRRRAIRIdeRbiings 1995 kR bktalt phd¥i 121 R R subAeapCel erate the
onset of crosslinking to the desired nonment i1 n a solder reflow operation.
The presence of a small anmpunt of free-radical crosslinking initiator in
the Tluxing agenficgaps ber Hsfidde HULLGE chbfifak S Akiiif > temperature of
crosslinking of e uxi ng agent, ensuring erfective uxing action and
strong adhegpeorion 87 aidweldet buthpsol dagidnthe partivin29 andixsldepads 12ipon curi ng. The

free ragjcal initiatgr. when enployed typically conprjses up to about 5%

ot of ex ably - RPFELEY o B oeeing SHAeSCG MU GRS LS BRSS9, 1 o6 by wel gh
of the ther pghl M, eutigbdudily sipBisibleto SRRl meR showR iffFIGRE3] IThe The preferred
thermal |y curabl e adhesive flux conposition does not require resins;

further, cofipdpis ipitally ergntedat abanglefp de fybstiatexiOn As theencapsulsal/e | onger pot
lives and | -Eﬁ@ﬁ- | i I e : n option, a
resin can bg&gﬁ%F%ye %%%&?Pgﬁhﬁgg?%ﬁég?%e?ﬁkﬁgﬁ%@ themgg gg?%ﬁ of the
cured conposerticowith thetpoetion A9sand sdldergadi 12,ché ¢hipr ispivwtedhabout dhiecfirisive st rengt h
and gl transition tepperature 25 of the cured co itipn. The resin may
Do any B « BRCEt ol vFTA Gt iee pitps Gr H Sag IR SBE 200,

bl endabl e) padsh2t e thiy mirier, @y Edstiddt ioguld gessibly tdyentrhpped bétiveen the meant t hat the
resins do nqt have %? be chem cal | onded xiQ% %&ent and/ or

: , to the fl
di l uent, hoRéwBoTtpR &f and theysseerd pruti e preled smindipasd Byiaroes p8xylic acid
groups in tipeG.f 14Uy bRgemgaiationofNbiditih tie eh@p&ilinve Nnoi eties, such as optional
-OH groups, in the diluent. Resins whicl 5 neet these requirenents include,
but are not. limted to, epoxies, phenolics,, novalac: {both phenolic and
cresolic), polyusglhnehe chif!18idRadgvred Wit BIhG] (Fe 8PeitlBPLifédH des ayanate
esters, polyvinyl a]coho s, polyesters, and polyureas. Preferred resins
1, 4cycl Yhexaiveds, pelyinide (or bengooysioytenet Treadherg wellde Beypassivatiorelayernet hyl 3, 4~

R e e i e T

conmer ci al | yapvabipatiteca cdiplingigest (aotrshowmydsch( dsracsilerdi iy gobérgwetls) can al so be

nodified to formresin are. bl endable with the diluent and/or the

car boxylic éoc?"a e’f%ﬁ%?’%g%g%ﬁﬁ@’g@gaﬁ%ﬁggmSQOW&BWVEGE%SWHH?EI& e acrylics,

r u:ober isf ( but:(ykhpatill‘)l'etmdrilétl? ,foraioﬁdi)\g.I Pod axampld cthe pﬁtﬁr?&d@r_ﬁo%?dti@ﬁ m.bep(iISyet Iher s, |
pol ysul f ones, pol yet hyl enes, pol ypropyl enes, pol ysil oxanes, pol yvi ny
acet at e&) poFPRKIGey rides, hydroryls qrrotlcs F‘°&9§Va‘h§}d Y 2ps o g pol yst yrenes.
Ceneral Iy, gpyp&eppeund can finction as a resin if it can be nodified to
contain at least one of the followng illustrative functional groups that
act as reactive sites for polynerization: anhydrides, carboxylic acids,

am des, am nes, al cohol s/phenols. nitgites, carbamates, isocyanates,

sul f onam des, seni carbazones, oxinmes, hydrazones. 20 cyanohydrins, areas,
phosphoric esters/acids, thiophosphoric esters/acids, phosphoric
esters/acids, phosphites, phosphonam des, and sul fonic esters/acids. For
exanpl e, a polyolefin which has no reactive sites for binding and has poor
adhesive properties is typically not a suitable resin, however, a

car boxyl at ed polyolefin functions well when matched with a suitable
cross-linking agent. A conbination of these and other 25 resins, such as
non-cross-1i nkabl e thernopl astic resins, may al so be used as resins Resins
when enpl oyed can conprise up to about 80% preferably between above

10% 80% and nore preferably about 60% 70% by vol une of the thermally
curabl e adhesi ve conposition. 30



18 March 2002 In preparing the preferred fluxing conposition, the
proportions of the four conponents may be varied over a consi der abl 8 Mamipe2002
and still yield acceptable fluxing activity as well as good post cured
material properties. Preferably, the fluxing conposition enployed does not
produce gaseous byproducts that can result in the 5 formati on of bubbles in
the final cured conposition. This can be achieved with thernmally curable
adhesive conpositions preferably fornulated as follows: a) Fluxing agent
conpri sing about 5% 80% (voi) of the conposition; b) Diluent conprising
about 5% 80% (vol) of the conposition; c) Free radical initiator conprising
about 0% 3% (W) Ofhe dibesiO@BO et fir9Nporiion 3N dafl be BRBernCGARBYi Ve filkg oRROUL

0% 80% (vol ) of the composition. Sonme of the thermally curabl e adhesive
conposi t i ons campatibletroadbixingadhesivay Tdhetsignificantprapertin of thei fidst pationur e
absorption, | gw %I ass transition tenperatures, or high coefficients of

t her mal expar:? i¥ns after cured, but they remain useful as fluxing 15
conpositions in applicak¢ Iqﬁ@.ﬁﬁ (=3 ktical.
Most preferably, ?He t%gt%a}i%lr%%%ﬁ@gﬁgo hesi ng (?h%gisliqﬂ%nﬁ%@%r& gi ng
cured has a coefficientppmi/®Cher mal expansi on of about 25 ppnmi C, a gl ass
transition tenperature in excess _of 150 C and noisture content of |ess than
2% These 20 char Zct er i ARSI HTEAbAH I He with thermal |y curable

adhesi ve conpositi,ons p e ly f | at Wt an [ radi cal
initiator or resi r? “but é@%{p‘{uﬁgl %Bmgﬁlggtg?“fg“g/e%)? ?\L/t%% #?tfﬁ%%ﬁ’gg%g{gﬁt and
about 20% 80% (vol ) di liygaps gpahil e, again, some of the fluxing agents

wi thin these ranges may exhibit high coefficient of thermal expansion or
| ow gl ass transitidon t ekftarcarerkghhadkesomrtedbe chipyp&sivatomnlagenthef ul as

fl uxes |012) applications V\:hEie these%éé]ﬁract.er' stics are not critical. In

order fd0 the thermal | YSEBLEINSISLY G RIS BPLYiTBIde  OF DERPEKFONUERDE] o1 gest
31 S. Solventless;
6. A chemical composition such that it does not interfere or adversely
affect the properties of the second portion 39 of the encapsulant to
which it will be mated; and
15 7. After cure, high adhesion to the second portion 39 of the

encapsulant.

Since the intrinsic coefficient of thermal expansion and moduli of most
polymeric adhesives do not satisfy the first or third properties above, the most
distinguishing feature of the first portion 37 of the present invention is that it is

20  filled with a high concentration of a powdered filler having a lower coefficient of
thermal expansion and higher modulus, generally an inorganic material, and most
preferably silica. The filler having a higher modulus and lower coefficient of
thermal expansion than the adhesive alone produces an adhesive-filler aggregate
having desired properties. Examples of such adhesives are Araldite CW1195US

25  with cureer HW1196US available from Ciba Geigy Corporation and Hysol’
FP4527 and Hysol® FP4511 available from the Dexter Corporation of Industry,

California.

20



18 March 2002 spreading and wetting by the solder, it nust achi eve and

mai ntain | ow viscosity up to the tenperature at which the sol der nel8Margh@002
wets the netallizations. If the conmposition becones too thick before the
solder has nelted, it will inpede the flow of the solder nelt and reduce

the degree of nmetal soldering. For this reason, the 5 curing of the
conposition nust occur slowy relative to the tinme required to reach the
melting point of the solder. This can be achieved by sel ection of the
conponents with appropriate crosslinking tenperatures and fornmul ating the

appropriate propQriions b se 0 i fferenti.al ni ng, cal orineter to
control reaction F4f g’ g}%adﬂ?swsofmpﬁgsttm 'ﬁpréfffai’& G ve

conposi ti on fgaNTA §§mh&nu§x%9ereysof%ef;Lr%r@&ﬂﬂsep&d&eﬁlw ihQAdi&ew N sinterable
conductive ink conpositions that conprises: a) 1 %to 65% (wt) of a high

mel ti ng p0| memmemes@stechehoap, the preferied fiess portipy pdhesive does pidimintishy Cu povvder

o N, " and RO soRlF s od o YRR on g bt morkBfe, o "L o
mel ting Yoi ﬁdheﬁieésabndlb efthdr @lireadd Qﬁcl@pb\nﬁ%ﬁctk&th(th&)dedﬁﬂ}pprﬁdylpl cally conprising

Sn, Bi, Pb, a aIIo t her.eof or other netal
having a ne eﬂéewo‘f"ﬁ't‘ t"t“ﬁﬁ‘?"r‘?l;g" WBW&W“@H%(E S’FSPHE”IH nel ti ng netal

powder in padtlow( a)smgaﬂxchdﬁésw‘é%u&%gﬁg’/m(eatv)mm pa“hﬁr ﬁh@rmhxhyar@un@bl e adhesive

flux conposition that al so serves | ux conposition and_as an adhesive. 20

Preferably fomiredsngfiicientef thmﬂc@nwman@)mé‘é%ﬁ%@hm% flux 65% (W) of the
high neltin int netal,
and/or 5%t goggfe}‘%ﬁﬁb&#mngf/ errra Iy cgﬁa })E&a }égéiw\g*e&l??&x&gonpom tion.
Techni ques for enploylng el ectrically conductive ink conpositions are
describ in U a 4 789, nd 5,.56S 267 which are

i ncor potated 25 ?%ZFSG ﬂii’s&ﬁnﬁ deﬁ?%oé@ gt JndGrRIICHTR o1 o) e
conductive i:miﬁgmﬂmﬁavmngs distréteHodl@ihg fagerstshendssﬂ homdinatioh with r eadi |y wet
t he other powder and sinter, the principal requirenent of the thermal |y

curabl e adh® Ydheadnpedsseritsd embodimgnts for shepncansulant and goldes

bonding layer 32 is a thin polymer, or coupling agent, with high adhesion to the

chip passivation layer (not shown) on the face of the chip 10. The chip bonding

15 layer 32 is a thin interfacial layer adhering the encapsulant material 22 to the
chip 10. The substrate bonding layer 34 is a thin, adhesive flux layer adhering
the encapsulant 22 to the substrate 20.

The chip bonding layer 32 has the following properties:
1) chemically bonds to the encapsulant 22 to provide high adhesive
20 strength to the encapsulant; and
2) chemically bonds to the passivation layer on the chip 10 to provide
high adhesive strength to the chip.

Generally, the chip 10 is passivated with a thin layer of either silicon
nitride, polyimide, or benzocyclobutene. To adhere well to the passivation layer

25  (not shown) on the chip 10, the chip bonding layer 32 may incorporate a

21



18 March 2002 harden before nelting of the solder powder is achieved.
Additionally, after curing, the conposition nust act as an adhesi ve18 NMatch 2002
strongly binds the cured ink conmposition to the printed circuit board
substrate. The flux conpositions of the instant invention are particularly
suited for these applications. 5 The inventive thermally curable

conposition exhibit the followi ng features: a) provides sufficient flux
activity to pronote the solder bunp to readily wet the nmetallization on the
substrate during solder reflow, wthout the presence of corrosive flux
activators that can contam nate the silicon chip; b) pronotes sol der

wetting and sdEentdnpigshewn) sush asresilape.p Togdhers wellito the en¢apsuians2bgbe at e by

action of the tting | of the | ten sal der, dur.i t he sol.der.. refl ow
cycle, no cur i°\§§P18¥g %?‘&P{I\%ﬁ%ogdﬁﬁ&ﬁaso%a&@%”ﬂ@ @mpaﬁb{éﬁgoge& fférboﬂﬂﬂl& has
been mel ted; QorleRAFRS tHRpréfetréll Riicifes $88 B8 UpoBY&Y, UhhRIFAN! | o%ﬁ?, 6ef | ow
cycle that would otherw se create voids; 15 d) curfes ‘quickly and soon after
sol der bunp methes maigty dbatoeatilyionds ko theleacapsulank2@ye of t he conposition
during curing to mnimze the stress resulting fromthe curing process and
subsequent cooling; and f) forms strong adhesion of the cured conposition
to the chigp, substr We) > . NTS
EXANPLE 1P epar at (105 appie B0ie lpkebaandshve Y 2634 ¥ cthnebuiith Wiy e
non-am ne fl wipingving padperdidsh t he structure: /CH20- CO- CH=CH COCH

HOOC- CH=CH- OC-O- C -H ~ O CO- CH=CH- COOH 33 18 March 2002
1) a strong fluxing agent that removes oxides from the metal surfaces to

be soldered and promotes wetting of the metal pads to be soidered;
2) crosslinks into an adhesive polymer during the soldering operation,
10 chemically immobilizing the fluxing agent and the flux reaction
byproducts;
3) has a sufficiently low viscosity during the soldering operation that it
does not impede the flow of the molten solder;
4) after curing, no cleaning or washing for flux removal is required;
15 5) high adhesive strength after cure;
6) corrosion resistance and resistance to degradation at soldering
tempergtures; and
7) does not evolve any gases that can cause voids or bubbles in the

adhesive during curing.

20 In general terms, the substrate bonding layer or adhesive flux 34
comprises a liquid or solid composition which acts as both a primary fluxing
agent and a crosslinking monomer or polymer. More specifically, the adhesive
fluxes comprise the following:

1) chemical components with carboxylic acid moieties for fluxing;
25 2) chemical components with polymerizable moieties for crosslinking the

composition;

22



Three nol es of mal efic anhydride (294 grans) were heated in a flask at 80C
until fully nmelted at which tinme one nole of glycerol (92 grans) was$s Maeod 3002
added thereto. The conposition was constantly stirred and nai ntai ned at 80
C for three hours. The tenperature was then raised to 110C for one hour to
conplete the 5 reaction. Thereafter the product was allowed to cool to room
tenperature. The reactants were kept in a nitrogen atnosphere throughout.
Monitoring the reaction on a Fourier-transforminfrared spectroneter, the
OH vi brational band at 3,400-3,500 cmi' of the glycerol was observed to
become minim zed while an ester vibration band at 1,710-1,740 cm s appeared
and naxini zed, i nd3yatdheehi€sh SR hRicRari€A ShdcRihisth fmﬁ;pwmgldf%é&htﬁg\ﬂuet he
anhydride. This fluxing agent is characterized by 1'ts Fow viscosity and
high flux activity. OdsRIfpodynirezatiomdf the compositien (ntill thé sclderchad)melted
tri et hanol am ne nonoester: an_am ne fl uxing ag%r‘_\é, with the structure: |
HD- CHPO- OC. CHCH COOANYStief:aB 68 Swstages 29 bE paldesess a0p0- oG CHE.CH COOH 15
Three nol es of mal gf i ¢ .anhydf.a . |, | . k at 80
int i1 Tl by el { ed e oPURRANONRE. G2, BioatRiny Bl SRR AodiHESY T )
was sl og sdded t her etresifiy &iid bther aduitives peffofningdesitablé funthicis @l ation did -
not occur. 'I| conposition was constantly stirred and maintained at 80C. To
ensure that the reactgemnilymowemmse@é,lle«l iethgagduct was mai ntai ned at 80
Cwth constant stirring for 20 additional hour. The reactants were kept in
a nitrogen atnosphere throughout. Then product was allowed to cool to room
tenperature. Monitgriibdef ESAESSiRhsOlte knb@4 h &Egﬂﬁ%ﬂbb@ﬁﬁﬁﬁf({’mse
spectroneter, the OH vibrational band at 3,400-3,500 cm' o

tri et hanol am fesureas surhss desutibed i B8 RaentriNos.n3, 3140851, 6882189¢ §§166,365 landt | on
bans 34 18 March 2002 1,710-1,740 cm ' appeared and naxi m zed, indicating
conpl et e reactiéh /- A pectermedeonmapasitionih direeird to Huxing aghesivg gomnositions thati ng
agent isy@ls . i . i Ly i . aGghlvety. 5
SxanpLE ¥ pr QpERaE AhBALE BRbrp CphbBshl Y ¢ ARl eoRBOncH Mhich WBRILKELY: ).
39 g nul ef i c fankhingds bedsa pemhgdhixingdgentGndntordssBhiting fienombefGeneadilyydr i de
was nelted before 12.2 g of neso-erythritol was _ added under nechani cal
stirring. Thelepengiag apandhgdstendad,endpses dhe dnveniive therropllyz ourablg adhesive)l | owed

2 e Rl o B O AR AL

more carbon-carbon double bonds, (b) optionally, a crosslinkable diluent, (c)

15  optionally, a free-radical initiator, and (d) optionally, a resin.

In addition the thermally curable adhesive composition may include a solvent
for adjusting the viscosity. Other viscosity modifiers, thickeners and thixotropic
agents may also be added. Fillers, such as silica powder, can be employed for

increased modulus and lower thermal coefficient of expansion.

20 1. Fluxing Agents. The preferred fluxing agent has the structure RCOOH,
wherein R comprises a moiety which include two or more carbon-carbon double
bonds.

For high flux activity due to the presence of multiple carboxylic acids, the
preferred fluxing agent is a carboxylic acid that is selected from the group consisting

25 of compounds represented by Formulae I, 11, ITI, and IV and mixtures thereof,

23



CH2O0H O O H i HO-CH=CH COOH H O EXAMPLE 4 Preparation of pentaerythritol

et hoxyl ate tetranal ei c aci d nonoester: 3 9 g nual efic anhydri de was téMarsh 2002
to 80 Cuntil all the nalefic anhydride was nelted before 27 g
pentaerythritol ethoxylate (average Mh ca 270) was added under 15

mechani cal stirring. The reactants are stirred at 80C for 2~3 hours to
conplete the reaction. The reaction is: OO Il CCH2(OCH20CH2)~-OHJ4 + 4 1 O
--~  CH2(OCH20CH2) " O G- CH=CH- COOH| 4 O 35 18 March 2002 EXAMPLE 5

Preparati on of adonitol pentamaleic acid nonoester: 49 g mal efic anhydride
was heated to 80 Cuntil all the malefic anhydride was nelted before 15.2

g of adonitol was added HDQERCHREEGICOR'OH(OHICHRGHOMOHS t enper at ur gInas
then increased to 120 C for ?{0 m“n,.L§lt es fol l owed by cooling down to 8{3)“ C.
The reactants were stir HHCERDEROR3 hours to finish the react h. The
reaction is: H o CH20H Eggz:xb wc-m:mmmmm-m:m )--~I
CHOH + 5 ~ O HOOC- CH=CH 8( O A H-CHOC- CH=CH COOH CHzCH

CHOC- CH=CH- COCH || H O RHeOO#iodi nent of FIG 15 of a conpliant nul(fv) ayer
encapsul ating structure conprises a soft solder that is nore conpliant than
conventional tin-lead 10 eutectic solder or the.95 %lead-5 %tin solder ’

d ofteg f ' ' , , L least t t hods. f
acconpl i ohi ngheelR 2 B SR EIRViRR TREL GatFb, By 18 SiopbtsoBid e | o
the art. One prtdrgly1QsBIdafifdns,anlidréin ngadn sRbgte fronh 8o Neprefeably@mdhiebed Wit h

a smal | concentration,mjgeneral ly less than 1 %, of an additive qr
addi tives. On@omucte Saaeil mprecprefgrablyraninggerfraus] pad emberginzach 87B,, R's.. & "snal |

1o concentrat 1 ORaePEndeRlf 5t Bred st U0y HL IR 0K fand B Hndfk X7, XA155EQ1q Whi ch
X!, are each independently selected from -CH,OH and -CH,0C(O)CH=CHCOOH,
10 and wherein R" is a moiety having two or more carbon-carbon double bonds and an
amine moiety. The fluxing agent typically comprises about 0.01%-100%, preferably
about 5%-80%, and more preferably about 10%-70% by volume of the thermally
curable adhesive composition. A particularly preferred fluxing agent which has low-
viscosity and high flux activity is tris (maleic acid) glycerol monoester which is

15  described in Example 1.

The fluxing agents of the preferred flux exhibit flux activities that are superior
to that of prior art polymer-fluxing agent mixtures. Since the inventive fluxing agents
are intrinsically self-crossiinking, the preferred thermally curable adhesive
composition does not require the use of epoxy resins for crosslinking. As a corollary,

20 the sheif life or pot life of the preferred composition is long and its flux activity high

relative to conventional polymer-fluxing mixtures that include epoxy resins.

Further, the adhesion properties, mechanical integrity, and corrosion resistance
achieved with the fluxing agents are superior to those achieved with prior art polymer
fluxing agents because there is no need to add aggressive fluxing activators. The

25  inventive fluxing agents are fully cross-linked and all components thereof are

chemically immobilized upon curing. Even the reaction by-products of flux

24



known to increase the fatigue life of the solder by up to twenty fold.

Anot her nethod invol ves incorporating a small concentration of tin-tSodpreh 2002
or tin-nickel internetaliic which is known to decrease fatigue-induced

m crostructural coarsening leading to fatigue failure in tin-lead sol der.
20 36 18 March 2002 Anot her method for increasing the conpliance of
solder in the present invention involves using a |lownelting point solder.
It is well known in the art that solders beconme nore conpliant as the
tenperature is elevated to approach their nelting tenperatures. In the
instant invention, the preferred solder has a nelting 5 point near the

hi ghest oper atyi : f J i Nedvh 11 ng point,
t he sol der prgs%%g&f@ﬁf%%gﬁaﬂiﬂgel éﬂréggfég{}lagr?gxel to Fﬁg%ﬁpﬂ%ﬁce of the
chi pto-substrate interconnection and will readily conformto the stress

i nduced by expansign or confraction of the . interconnect during tenperature
excursions with |i b@xylgtchlag}ncygn ﬂﬁ@?ﬁﬁ‘i’x%ﬁﬂ%ﬁ tq wmovp exidasirery metals.

conpl i ance of Jeler : ' j ' L ~eutectic
sol der operat P?lzgigoe (/\éeag%gxp ﬁce ulfsc?%? ?%@%ﬁ%h@@%ﬁ%@rﬁﬁt&%ﬁ CPP Flz';sglll{well
establ i shed t hntheirteavtive forhefit a fusink dempositibe centaixingta suitablephemidseringegi on
in which the solder is neither fully solid pnor fully liquid, but 15 instead
is a mxtdre 5Bisuh aspaepexy.j Fer thisiraasop, indhe priorashy ehemical proteshion of ther ange,
t he sol der do . f L o, Vorddl c '
integrity or s%P g&hﬁr ét‘lqws‘tg%eh%stg ﬁf_lﬂ&%%%hlﬁ@%%%bﬁﬁ&t%g Bﬁteggrtll E gen%gag@et he
sol der wi |l f eastioreadirbtgcticnonisaciieved b bindénpahp fluLihe SEe@Seitha thamitalpy-acks
or fatigue, provided the solder is not allowed to | eak out of the sol der
bunp by the epthpaallyttriggeradsipgeies so et baspmepragtivgonly atpr near-the timettha

| d | | | d . will be plasti . of th
Cemper arur o’ r GRgRREsBElT Hebierty it et @R SperRiER PR AR s gtelEy
contain, 1put BEQuEOthe Edthpdetidng, cadl boYermAfatéd WithoBBdny Qbﬁftjsghéhts it dam)

cadmi um gallium zinc, antinony, and other metals known to the art of
sol deri ng. 25cnssiinkt wish greceaghaxylipaeidttnointy | This resulteth 4 Auring agem, thatscanhe

flip-chip conf.iqurat.i. S, heate usi t.he substrate 20 to laterally
expand gr eat e}'m?ﬁ%att’ﬁg:“fc! ﬁ?ing%bwgtggg%gig&g?xxpﬁetorﬁrgchg ctﬁu’ilﬂg E}WE‘StSHB‘FrMI
coefficients gf 2fXRaBRERE pPBRMMRRALIE TRIXEY Rreat) dTRS Bk 2tifity bhtheCiaBtRlent

sol der 14 and f@i bl e en(l:)apsul_ant. rratg?léﬁ 22 37 18 |Vé.}_ll’Ch 2002 def or m by
expandi ng wi t Ruxing agen st scemecapplicationamsayrtie tombightthereby weiquiringtdilutian ofithe

bendi ng qf. the chip and substrate (Fl 6).,.Li kewise, as,the flip-chip
cont 1 gur 61 on WENE BTG BEFGHh SR T PBTSURHIE SAE0uE REDREMGRai nt Sol der 14
and flexi ble encapsul ant 22 contract with the substrate 20 to absorb the
strain (FIG 5 17). In another enbodi nent of the invention, there is a chip
10 havi ng sol der biipisthd ihvpntevedbsdrgagent, the @riecipalandslrdingmpclenisoadeedrswi t h a

mufti-layer encapsulant paterial 36 prior to assenbly to the substrate 20
(FIG 18). Thét Fw%oaﬁaqbay P“@ﬁé%‘%ﬁﬂ%‘tngﬁ%#&r ings epgmapﬁcwsraﬂﬁaemss t he

surface of th ] t

mufti-layer eﬁlgggfsb&f‘%l%&g&a@gﬁbélﬁ%g%gg E)crér% i stl{oﬁ{:etag‘?ﬁﬁ%'lttﬁcﬁ{g? Ele?aOt;/lIgrg’s 38
and 40 are at tiredforendn amdwat, rie3he dbsence fitotien thelyeules tHaa e rdddt ivath the
reworkability |ayer. Layers 38 and 40 are generally stiffer than |ayer 42.

Layers 380andcaboxlis agidnthe dluxingrgentraes ngt PPynerizs a ambiqng tempergtuges.dt is

i norgani c matey | i lus.: I i Cl of
thor el xpand) Savaed feredsie B ofe Bl DR d4gi-0id ol A EREMHLORE!

pol ymer such @genddbeslebeidass trossiinkl SixsesgrhdlukingQksmtihdlecule SonkLedl deast
co-polyner. The | ayers can be conprised of coated tape, such as SunuOxy

| TA-51 20 or | Twe datde honds) tismeolequies arpsplinle into oplamerif setvarks. New York. A fl ux
adhesive 34 as described previously 20 is applied between the

chi p/ encapsul ant/ sol der bunp conbi nation and the substrate. The solder is
reflowed and the fiByXemdiiatihy @hdhekd fhrnadapatic Bawmbletiise Fae iRoksifibe by
the layer 42. The | ayer 42 and sol der bunps 14 are renelted and the chip 10
i s pul | e®Sawaygompositiohas s bxpired én §e grivr@rt, @) fluxracsivitycan dehest verydaghf i rnl y
retains the layer 40 and part, of the sol der .b s .14 on the.substrate 20 25
whi L& the chi PHGHHCAREFRARPU BrerRARNS)Y cEos Rking Uieo (hREROSSRINE BRIt neBX o1 der
bunps 14 on the chip 10 as the reworkabl e | ayer 42 separates w thout damage
to the chip 10 or the substrate 20. 38 25




18 March 2002 I n anot her enbodi nent of the present invention, there is
provided a nulti |ayer encapsul ant material 44 attached to a chip 1®&Marghz2002
21). Wthin the nulti |ayer encapsulant 44 is an electrical redistribution
| ayer 46 of electrically conductive traces 48 on an insulating |ayer 50.
The insulating | ayer 50, such as a 5 pol yner, encapsul ate the sol der bunps
52 and 54. Sol der bunp 52 is connected to the chip 10 in a conventi onal
manner. Sol der bunps 54 are attached to the closely spaced contact pads 24
by the electrically conductive traces 48 of the redistribution |ayer 46.

Fl ux adhesive 34 as described previously retains the chip/nulti-I|ayer
encapsul ant/ s WréglinkingRhe PRiRingoddeanitsylf, tah eadhiedded halise 3 higher Glasd Grassidion | t

wi || now be apparent to those skilled in the art that various )

nodi fi cat i ons,tciperabre @nd lowabsestfigientat thexmal expansign exanbeesteated fvoithodar i ous
el ements of the i.fnvenhi on but. .which do not materially depart fromthe
spirit and scc?ﬁ‘é“b‘fm$ BREWN Pon. 15 Accor di ngly, it is expressly intended
that all such nodifications, variations, substitutions and equival ents
which fall within the spirit and scope of the invention as defined by the
appended cl ai ns be 4Apefared embedistent of the flbEngaRTiH 2O@A aBlin¢ MBicty thatii:

el ectrical_ conponent gssenply, conprising: (a, substrate, having a

Dl ural ity bf pRGRSDOR] T O fopaneent mtisste toelh * LR prtuiesd Sodve il ¢
chip having a xS t cr@Rhi [ e
encapsul ant hgw ng l[:31§|t)ylc§1rgacli ty gg tﬁ;gl g’?"ﬁﬁ%f%‘?ﬁ?ﬁ&%ﬁﬁﬁﬁupgﬁﬁﬁsh&& (Sjcer

t hat extends feconwmimnnamemmeds: t he active surface aligned with the hol es

t hrough the encapsulant to the plurality of pads on the substrate; and (c)
a layer of flux adhesive between aRobra§sem®y—tohprising the encapsul ant
and the solder and the substrate. 2. Th¢ el ectrical conponent assenbly of
claim1 wherein a first portion of the gpated encapsul ant and the sol der

are located on the integrated circuit chip and a second portion of the
coated encapsul ant is |ocated on the substrate. The el ectrijcal conponent

J 3.
assenmbly of cliamich Ricopwrisesat fqaptaneggiing graupand te caon=grhondapkla bapds. and
t he sol der ar t Lt ggr Cl I | : S tion
of the coat edq:é) k%s‘ﬁs‘a%%%vlhg%%aﬁ @g pgéﬁc'&?ﬁ"?edfr# \%igl{'ale%g#bt%f(glﬂc_dac}is, %%&Qgﬁegfg rical
conponent1(ass eidteited tarbbRYID Zci®y cohtafidgaioublen@rbont&irbdObdride had thet edepat ed
encapsul ant conprises a polyneric adhesive and a filler. 5. An electrical
conponent ass&HB¢Be conprising: (a) a substrate having a plurality of pads
on a first surface thereof; and
CHo-CH,0R3
N_CH2-0H20R4

CHy-CH2-OR5

where R3, R*, and R’ are either -H or -OCCH=CHCOOH. For its low viscosity and
high flux activity, a particularly preferred amine containing fluxing agent is tris

(maleic acid) triethanolamine monoester which is described in Example 2.
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(b) an integrated circuit chip having an encapsul ant coated on an active
surface thereof, the encapsul ant having a plurality of hol es therett8rMagh 2002
filled with solder that extends fromcontacts on the active surface aligned
with the holes through the encapsulant to the plurality of pads on the
substrate, wherein a first portion of the coated encapsul ant and the sol der
are located on the integrated circuit chip and a second portion of the
coated encapsulant is |ocated on the substrate, the first portion of the

coat ed encapsul ant conprises a polyneric adhesive and a filler and the
second portion of the coated encapsulant is an adhesive material wth

sol der fluxing properties. 40 18 MARCH 2002 6. The el ectrical conponent
assenbly of claim5 wherein a first portion of the coated encapsul ant and
the sol der are | ocajRonedin ' Rirtg dnCi [ tion

of the coated encapsul ant élig%ggg?ggﬁlggn the fi rs%eg{gﬁﬁﬁdg%?ﬁﬁ% gg{t%i cal
conponent assewithout thwoadditiosy of g sepatptexnoniponeny astilldstrrtedchere: chi p havi ng a
plurality of pads op an actjve surface.thereof; and (b sybstrat e having
an encapsul ant coat Wﬁreé"#f’fg?s@ﬁ ?fae%gmgmf'm lsttﬂéa‘%ﬁg!fpfi‘ﬂﬁ%?geﬁ&ﬂ ng a
plurality of i Jel A ] fot _ ’
Bont act s on £ K Fr PO e e b O Lol o S E b Fpnandi 0
encapsul anf t ol GPE, phase alatdrialowilphgiefy reatitiy ta alovgviatesity diguidy indicatihg the
wherein a first portion of the coated encapsul ant and the sol der are

| ocated on the substrate and a second portion of the coated encapsulant is
| ocated on the integrateqoci cuit chip, the first portion of the coated
encapsul ant conprises a p n#ﬁeric adhesive and a filler and the second
portion of the coated encapsulant is an adhesive material w th sol der
fluxing properties. 8. TheCi}&eO-OCIH=CH ent assenbly of claim7 wherein
a first portion of the coated encapsul ant| and the sol der are | ocated on the
substrate and a seconfopidieRcBlodfiencoa el eorapBs.aiic gogaat ed on the
first portion of the coated encapsulant\ @, AR efectrica conponent
assenbly, conprising: (a) a substrate haw'ng a plurality of pads on a first
surface thereof; (b) an integrated circuif, c @%XQ%’H?D encapsul ant on an
active surface thereof, the encapsul ant cofpfrRsing-d fi | 5P encapsul ant
portion having a plurality of holes therethrough filled|w th sol der that
extends fromcontacts on the active surface aligned wtk §he holes through
the first encapsul ant portion to the plurality of pads\§ t he substrate;

and (c) a second encapsul ant portion conprising flux adhesive that is
positi oned between the substrate and a subassenbly conprising the

encapsul ant and the solder. 10. The electrical conponent assenbly of claim
9 wherein the first encapsul ant portion and the solder are |located on the
integrated ci rfétihial 8i3hs80AREbn dTehéae GticibeHIc ALY BB talBklicoRid MoleBERMRG ON
the substrate. 41 18 MARCH 2002 11. The el ectrical conponent assenbly of
claim9 or 10 fulledischargeddo flux the axidiapbmetahsurfacestat tempecatwes swye 804360 YGer i ¢
adhesive and a filler. 12. The electrical conponent assenbly of claim9
wherein the first encapsul ant portion and the solder are |ocated on the
integrated circuit miingapeht Bt asaeﬂebxﬁaﬁanﬁgbﬁ]g@. PRhiress lepresptLdoon the
first encapsul ant portlgn. 13. An electrical co o%ent assenbly,

conpri sing: (axamplay by Foahelab I, A, andoIVyrgpicdlly ané liguid at ambient temperatuwes ace
t her eof ; d (b iptegrated cjrcujt chip having an encapsul ant_ on an
active sulfac ~§%§<55eo terelage, 8A Salynl iedHEss; H@canvms&raawq gonggining) fxing

t her et hrough f Ihi: &blid Bedm ~tive
surface ali gnee{gk J\~;\,1t§t evy?hgoﬁo egsg{l%rougkﬁ%tﬁggéeﬁ%%%ghﬂq (gﬂ)ﬁ[cgggtvﬁgl%?gdrdgﬁr% y of
pads on the sulfstvarter sther sdlvern. f Thed, poeinplogingf béthearsine apd uhaniitrapgeh t he
sol der are located on the integrated circuit chip and a second_portion of
the coated encopiamiagfluxing egeniscandopptionally insduding a solvgat, @) thermaliy qur
encapsul ant cq I:Sl iy st I . i t oftion
o the coat ed SRekisk Nbnhositich hRGERRY'BRlisL bF ) Bty diF AREREGROR
conponent 15iss efgithidaet. Wit thie presait idventibs tedrmallyeurhble dhesive toripositionts dgn
coated encapsul ant conprises a polynmeric adhesive and a filler. 15. The

el ectrical consoieemulatedde bpliy thefliqudaigel, DB slitkstaten the first portion of the
encapsul ant and the solder are |l ocated on the integrated circuit chip and
the second portion of the coated encapsul gat is coated on the first
portion. 16. An electrical conponent assenbly, conprising:



(a) an integrated circuit chip having a plurality of pads on an active
surface thereof; and (b) a substrate having an encapsul ant on a fi r¥ March 2002
surface thereof, the encapsulant having a plurality of holes therethrough
filled with solder that extends fromcontacts on the first surface aligned

wi th the holes through the encapsulant to the plurality of pads on the
integrated circuit chip, wherein a first portion of the encapsul ant and the
sol der are |l ocated on the substrate and a second portion of the coated
encapsulant is located on the integrated 42 18 MARCH 2002 circuit chip,

the first portion of the coated encapsul ant conprises a filler polyner and

the second portion of DHuenisathepressacareficarben-cetbopdoybls band(shinghe peefemrex .

17. The el ectrigal. conponent, assenbly of  .cl.ai. 6 .wherein the first portion
of the coated entHpe Lﬁrgéﬂ& nﬁod?ﬁ??ei ?ggwé %%ﬁhyh%’flglgﬁ%ldﬂet& \f8“8“16§%? f"ltls‘l1 efﬁ? 18.
The el ectrical GpipRRAwisSREtonalherfloicthahftaPpropertivbeTia i AchRvEd b§ h
portion of the encapsul ant and the solder are |ocated on the substrate and

t he second por tadditiasfofidiauble bandeontainiag dileats thatsan alse exdsshmkiwith the prferpor t i on
of the coatgd encapsul ant. 19.. An.integrate i.rcuit assenmbly co | Si ng:
(a) at least ol I GAkEREFPE APdesSy i This tARmigYs pemtty the dedigy of thpdn -
plurality of sepRealé Bmpokitibss Rt SR ARInthifPHoSIR JehGhHi&0 Whidhre Beditapt al i ty

of discrete solder bunps positioned on the active surface of the I ntegrated
circuit such tHat good thermamechaficalhpropettide rath| good omthesios. hi®repven! ey i bunp

associated wth it, I d sol der, bunps electrically i.nterconnected wifh its
associ at ed contaﬁﬁ?mB’;ﬁ‘,egéWgho(%)thea‘fP“@?fEé’Séﬁ?rﬁﬂPrec‘Bﬁﬁi‘ pgémgtre ‘@SSPOY IAB
portions wherei s ¥ tj-on | & : . I} econd
portion conpri s%gédé%egaﬁte}{s%e Irudgf.') gge? ﬁe&ilﬁﬁ{l gg@gﬂtu ggefgf re géu}ﬁ?l%h@e‘r%gfy of
claim 19 wier eiemythtieol f itetmiacyybatd.i ACEQOPCCIECER) po(b)neralid , B+ triiavieg2d| C

filler. 21. The int egrat ed circuit _assenbly of claim19 or 20 wherein the
second portion (@Redpsbdnens dpt Hishd (aerlexygetbylliseryanyratgy and mixtures thereo

Diluents (b) and (c) have the following structures:

CH,CH=CH, CH,CH,0COCH=CH,
N \
o= =0 o= =0
CH=CH-CHp-N__N-CH,CH=CH, CH,CH,0COCH=CH,-N.__N-CH,CH,0COCH=CH,

T T

0] 0]

Other double bond compounds, many of which are commercially available, including
for example, diallyl phthalate and divinyl benzene can also be used. Hydrophobi
15 diluents as described are preferred but hydrophilic diluents can also be employe
when appropriate. The diluent when employed typically can comprise up to abo
90%, preferably between about 5%-80%, and more preferably between about 50%

80% by volume of the thermally curable adhesive composition.

One benefit of employing hydrophobic diluents is that their presence tends 1

20  reduce the amount of water which the cured adhesive composition will absorb. Tt
reason is that the fluxing agent, when crosslinked, will have active carboxylic grouy

that can attract water, even though these carboxylic groups, being part of a networ

are immobile. Water acts as a plasticizer which softens the cured adhest
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22. The integrated circuit assenbly of claim 19, 20 or 21 wherein the first
portion covers at |least a portion of the surface of the integrated @& Maight2002
and |lies between the solder bunps . 23. The integrated circuit assenbly of
any of clainms 19 to 22 wherein the sol der bunps protrude beyond the first
portion. 43 18 MARCH 2002 24. The integrated circuit assenbly of any of
clains 19 to 23 wherein the second portion conprises an adhesive fl ux
encapsul ant conprising carboxylic acid noieties for fluxing and

pol yneri zabl e noieties for crosslinking. 25. A nmethod for naking an

el ectrical conponent assenbly that conprises the steps of: (a) providing an

I ntegrated cirgul ' I | i sqr.ef. | der.,. osl 1.l oned

on the active gﬁljpb %Jgtg&é.ﬂg]}egxg °§3@f°@%°ab?é c(i):ﬂﬁg:?xgsr% %%gg&ts “@&sﬁgﬁgger HHee

contacts has aageit déll cbuntaract siredgidedphilicéfTdatsi df thesairbbxg it deid QBU%@ Indeed,

electrically interconnected with its associated contact pad; (b) providing

a printed circthetcussdpshesiyecompepiignecontaying Rydsophebicadilenfstcan havs lgssthan y  of

di screte netal Lij,z eqsi.: orresponding to at | east
) BRIk DR BRodlh LR BRREpE 0! ' 2PN N0

;
one sol der bunp’o I ntegra Clrcul applying to the active
surface of the integrated circuit and sol der bunps a first encapsul ant

portion; (d) disposing a second portion encapsul ant portion conprising an
adhesi ve fPBux bet mén%@ﬂﬂl@d&ﬂ&%gﬂ@b@%meﬁmedt allyy eugableradbdsivé r cui t
substrate such it hat ther.e exi Fs]ts aHheSi:’he flux Qgtween.the coat.ed

i ntegrated ci r SYFCOTRISHAR St PrEwgd a5 (et Yo (Fe,v10sS Yrking FeactioR e ke
integrated cirgidteddshd fAQlikedby Wk rbdehel of PeRadiEAS, SncMBAE Bor &MPROHHSE
bunps are aligned with their correspondi ng contact pads on the printed
circuit and thgengrated by benzoyl peroxide, butyl hydroperoxide, 2,2'-azobisisobutyronitrile, and

mixtures thereof. These free radical initiators or sources are commercially available.

10 Free-radicals can be created in-situ by exposure of the free-radical initiator to
heat, radiation, or other conventional energizing sources. Introduction of an
appropriate free-radical initiator can accelerate the onset of crosslinking to the desired
moment in a solder reflow operation. The presence of a small amount of free-radical
crosslinking initiator in the fluxing agent can be used to control the rate and the

15  temperature of crosslinking of the fluxing agent, ensuring effective fluxing action and

strong adhesion of the fluxing agent to the substrates upon curing.

The free radical initiator when employed typically comprises up to about 5%,
preferably between about 0%-3%, and more preferably about 0.3%-1% by weight of

the thermally curable adhesive composition.

20 4. Resins. The preferred thermally curable adhesive flux composition does
not require resins; further, compositions that do not include resins tend to have longer
pot lives and lower viscosities during solder reflow. However, as an option, a resin
can be employed and it functions to increase the adhesion of the cured composition
to the substrate and to increase the cohesive strength and glass transition temperature

25 of the cured composition. The resin may be any suitable resin that is compatible (i.e.,

29



exi sts a layer of adhesive flux between the coated integrated circuit and
the printed circuit; (f) heating the conbined parts to nelt the soli@varch 2002
t he sol der bunps and sinultaneously reflow the nolten sol der over the
printed circuit contact pads; and (g) allow ng the sol der and encapsul ant
materials to harden. 26. The nmethod of claim25 wherein in step (d) the
adhesive flux is applied to the printed circuit substrate. 27. The nethod
of claim25 wherein in step (d) the adhesive flux is applied to the coated
integrated circuit. 44 18 MARCH 2002 28. The nethod of claim 25, 26 or 27
wherein the first encapsul ant portion conprises a polynmer and a filler

havi ng a | ower pleadibld) Siththe plefériRd TiRingesaan BydlendgBle i memi fiod teaesig®lii ng an
integrated circuit flip chip assenbly conprising the steps of: (a)

provi di ng an i netekavattedbecehesueallynkondad) tathealuxing agmtfq@éorvdltu@nh(lpmm ity

of discrete netallized.sol derahle cantact pads thereon;. r.ovi di a

printed circui ijeseggélr?sg}secaﬁg |S§§’iam t%ng?rggyg’qlgl?ﬂcgg{gu% ?&E%\ﬂ.ﬁ’flﬂg 8?‘?’{231 of

di screte met al by gier Radive mtRetRESudt ad PHidhal QOB 286hsCRIthe dikeieli ResidsOwvigikt | east

one discrete netallized sol derabl e cont act Eﬁnj on said integrated circuit;
16

(c) applyifg ameesribespseduiraments includgi butars oy d taepoxing pheeoliss mavialacy of
di screte contagt ds of the integrated circyit .wheryein said encapsul ant
conpri ses at |@ggfﬁ1§n?lﬁ)q@}d %ﬁ?ﬁf%ﬁ“@#&&’aﬁ‘%cﬁ’ﬂ&&& % %le,def’d‘)‘a(iﬁlﬁﬁa‘fsi ng
one or nore opgRAhiESestely, QHE/bm?ﬁhl@ol?dr]]ﬁWE@&t, afkUpdlyhidad. PRE&R BBRe1 9f said

plurality of di'screte contact "pads has an opening associated wwth it, with
each openi ng exystahenanedanethanyll dediglycidyhetesiier, z 3t4-epoxyoycioleapinzethyl pasdid- (e)

axh . . der.-
filling each Oé)p%r)yyg}%lcylmxegcerl]ne%grlboglhte, N,N-diglycidyl-4-glycidyl-oxyanilline, bisphenol A

10 based epoxy resins, and mixtures thereof. These are commercially available.

Suitable compounds (including polymers) can also be modified to form resins
that are blendable with the diluent and/or the carboxylic acid fluxing agent.
Examples of such compounds are acrylics, rubbers (butyl, nitrile, etc.), polyamides.
polyacrylates. polyethers, polysulfones, polyethylenes, polypropylenes, polysiloxanes,

15  polyvinyl acetates/polyvinyl esters, polyolefins, cyanoacrylates, and polystyrenes.
Generally, any compound can function as a resin if it can be modified to contain at
least one of the following illustrative functional groups that act as reactive sites for
polymerization: aflhydrides, carboxylic acids, amides, amines, alcohols/phenols,
nitriles, carbamates, isocyanates, sulfonamides, semicarbazones, oximes. hydrazones.

20  cyanohydrins, ureas, phosphoric esters/acids, thiophosphoric esters/acids, phosphonic
esters/acids, phosphites, phosphonamides, and sulfonic esters/acids. For example, a
polyolefin which has no reactive sites for binding and has poor adhesive properties
1s typically not a suitable resin, however, a carboxylated polyolefin functions well
when matched with a suitable cross-linking agent. A combination of these and other

25  resins, such as non-cross-linkable thermoplastic resins, may also be used as resins
Resins when employed can comprise up to about 80%, preferably between abou
10%-80%, and more preferably about 60%-70% by volume of the thermally curable

adhesive composition.
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(fj] interposing an adhesive flux portion between said printed circuit
substrate and said coated integrated circuit; (g) placing said encapsMaathe2002
integrated circuit on said printed circuit substrate to forma conbi ned

unit whereby said openings in said encapsulated integrated circuit are
aligned with said corresponding pads on said printed circuit and there

exists a portion of adhesive flux at | east on or around said solder in said
encapsul ant openings; (h) heating said conbined unit to nelt at |east said

sol der and sinultaneously to soften at |east said adhesive flux to a | ow
enough viscosity so as not to inpede the spread of said nolten sol der over

said printed circui y i) _al.l.ow sai d. mol t.en sol der
and said soften_ed élrrll gegagﬂ{x%ﬁe‘;pr?fggg%rﬂ ggl_ng(écﬁﬁo?hg?’ tE%PE?pch{fodlérotfi%he €°élf d
encapsul at ed ebinporR&thaydse vaKtEoEs a 66HideribRUARE anll oMl Hikld RSPl Buxing

netal lized contact pad on said active surface of said integrated circuit to

sai d corresposelivity pawelrassgood post awred medterialinropsutiest r Breferalyg, thiehuxing hod of
claim?29 wherein the one or re openings through sai ncapsul ant in step
() oo or eat sty figf BfpfHed e g0 Fbdios gt hodBists B GRS RAE o

cl ai m 29 wher @rhaltidf FIHabBles MR PR RiRAHPoSHER. SHid AR RAwitR St ep

(d) are created by chemical etching. 32. Thé nethod of claim29 wherein the
one or nore oflennaldycurhble adhestvgicompnsitipsypraferablynfosmelatgdds falewsr eat ed by

Port i on of Sai d en LB TEEOHIAPLULE Sop SouHIde o0SLIb SRBPORRE an |
inorganic filler. 3f.npikRft BrhptRtheCibodiWe,Hoo gg,b tgegccgﬂqﬁﬁidﬁnerei nin step
(d) said solder in said openings protrudes /ﬁ yoﬁ sal I'rst “encapsul ant

portion into a secondrenmdEalinitiatorpontprising aBbut 0¥a€ %rewvt) of tiedf commposiifone| ai ns
29 to 341\6,hergril({1 in step (fj said adhesive flux

d) Resin comprising about 0%-80% (vol) of the composition.

Some of the thermally curable adhesive compositions within these ranges may
exhibit undesirably high moisture absorption, low glass transition temperatures, or
high coefficients of thermal expansions after cured, but they remain useful as fluxing

15  compositions in applications where these characteristics are not critical.

Most preferably, the thermally curable adhesive composition after being cured
has a coefficient of thermal expansion of about 25 ppm/°C, a glass transition
temperature in excess of 150 °C and moisture content of less than 2%. These

20  characteristics can be achieved with thermally curable adhesive compositions
preferably formulated without any free radical initiator or resin but comprising

about 10%-70% (vol) fluxing agent and about 20%-80% (vol) diluent.

While, again, some of the fluxing agents within these ranges may exhibit high
coefficient of thermal expansion or low glass transition temperature when cured, they

25  remain useful as fluxes in applications where these characteristics are not critical.

In order for the thermally curable adhesive composition to achieve the largest
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portion is applied to said printed circuit substrate. 36. The nmethod of ang
of claims 29 to 34 wherein in step (fj said adhesive flux portion i§March2002
applied over the surface of said encapsulated integrated circuit and said
filled openings. 46 .Al.Af. A AASHA .Ar.Ae. Ay[r.A [9.ASn. A[,.A An2
ACAHRA DA AN LA AS. AN L ALALNL AL AH A AnR AYH. A

[y.An. Aly. Ae. A5. An. Al . A AH AIH AF[R A A A A . A A?. AW' | | $2} B9l {vql gb] X] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] cal] c<al] c<a] ca! 2r NOTbR&z Q=! d!! } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalca]cal!!

N LBl Sgiiading and wekHHERRRE SBNE i st achiove and maipiag low visgosi
<<| wr mhc”Y] ] ca] ca] ca] ca] ca] ca]’cal ca] ¢a] ca] ca ca ca ca]nca ca cg] cal ca
] ca] ca] ca] ca] @a]}ua]enm]cmea]t odiictajheadolder (ng@his E(Et%ﬂmiftiohbt Jf BBKKK. Lx

LLLLEMO} xsnid_Z a ca cal] ca a] ca] ca]
a
c ] ca] ca] ca] ca?fbé]se%‘]% 5%"&@4‘% E%’g’é% @SL@%{% {it \“1 ]g;]“}‘ E&’% 1"’
(@] aa}xs nb@'u@ 1dia&] rﬁé‘ll Gad ?&h@@hﬁ] el rﬁahgﬁdug@r])r%al P&l Gl ﬁéJoﬁahféa] cajl

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! aMo eYgoi ul' Xi I I | kmao~qqqr
r<ss+tt 5  curingofthe composmon must occur slowly relative to the time required to reach the

}]X]W]“fp{e Rl o} Besakipe e awopica h sek S Pl loneh e S o2 ©
_}xsni dyZ] ]/c)a]i%&]%ﬁ% ’]{OESY r?éer{l@a%sca?ca ca“f‘“%f’}:aﬁpga ca ecpaT éﬁ’%“as] ga] cajc

a] ca] ca] ca] cahgaadﬁwdxﬂai@a}amhmﬁhgaéla(ﬁﬁbﬁk td éntrol reaction rates and times.

L#3z(}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! (

>JPN. } e#nt Vh

pap. Letnt O uvhl w g i) GakeR P comsakaal eal aRl saksal sal faksg cal o
a] ca] ca] q@] cahdtkivelfeedsedh Vibibly toduolivy Rk WorpesiYibhe St édiipdiseal cal cal cha] ¢
a] ca] ca] ca] ca] ca] ca] caj c) ca ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc J calcalc
al oudly+~${ &w a2 to 65% (wt) of a gh meltmg point metal or metal alloy powde

jpjb id Z
| 65 ot ca] ca BAE e@]e AR s R %} cal ca
lca]calc Pt, Pd Be, Rh, Nji, Co, Fe, Mo, and hi h meltm point alloys thereof;
a] c8a] ca] ca] caV] ca] ¢a] ¢a] ca] ca] cal caj cal caj ca %ca caj ca] caJ ca] ca] ca] ca] ca] ca

]cal #) 79/ ( hV‘gz upkbp\ W 6844 e Ca) o] afa)low] md]mglpoma]rmﬂl cajnetdl @Hpy adwddrca] ca

o VadzaRr al OpLEDc PR EbIET b Shyny Bad e Ghe ik ¢ by TAlloY 1% ca] ca
| 2201 cal ) cobl ARk B pifelgaL B AOT ot diFushaal oal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca ca] ca] ca] ca] ca] ca] ca] Ca] ca] ca] ca]ca]ca
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the metallization on the substrate durian solder reflow, without the presence of
corrosive flux activators that can contaminate the silicon chip;

b) promotes solder wetting and self-alignment of the chip to the pads on the
10  substrate by action of the wetting force of the molten solder, during the solder reflow
cycle, no curing of the flux composition occurs until the solder bump has been
melted;
c) reduces or eliminates gaseous evolution during the reflow cycle that would
otherwise create voids;
15 d) cures quickly and soon after solder bump melts;
e) demonstrates little shrinkage of the composition during curing to minimize
the stress resulting from the curing process and subsequent cooling; and
f) forms str.ong adhesion of the cured composition to the chip, substrate and

solder joints.

20 SYNTHESIS OF FLUXING AGENTS
EXAMPLE 1
Preparation of tris (maleic acid) glycerol monoester, 2 non-amine fluxing
agent with the structure:
CH,0-CO-CH=CH-COOH

HOOC-CH=CH-OC-O-C —H
CH,0-CO-CH=CH-COOH
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reactants were kept in a nitrogen atmosphere throughout. Monitoring the reaction on
a Fourier-transform infrared spectrometer, the OH vibrational band at 3,400-3,500
cm’ of the glycerol was observed to become minimized while an ester vibration band
at 1,710-1,740 cm™ appeared and maximized, indicating complete reaction of the
10  glycerol and the anhydride. This fluxing agent is characterized by its low viscosity
and high flux activity.

EXAMPLE 2
Preparation of tris (maleic acid) triethanolamine monoester: an amine fluxing
agent, with the structure:
/CH2-CH20-OC-CH=CH-COOH
HOOCCH=CHCO-OCH,CHy,~—N
CH,-CH,0-OC-CH=CH-COOH

15 Three moles of maleic anhydride (294 grams) were heated in a flask at 80
until fully melted at which time one mole of triethanolamine (149 grams) was slov
added thereto over the course of one hour, so that gelation did not occur. 1
composition was constantly stirred and maintained at 80°C. To ensure that the react:
went to completion, the product was maintained at 80°C with constant stirring for
20  additional hour. The reactants were kept in a nitrogen atmosphere throughout. Then
product was allowed to cool to room temperature. Monitoring the reaction on a Fouri
transform infrared spectrometer, the OH vibrational band at 3,400-3,500 cm™ of

triethanolamine was observed to become minimized while an ester vibration banc
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Preparation of methyl meso-erythritol tetramaleic acid monoester:

39 g maleic anhydride was heated to 80°C until all the maleic anhydride was
melted before 12.2 g of meso-erythritol was added under mechanical stirring. The
temperature was then raised to 130°C for 30 minutes followed by cooling down to

10  80~90°C for 2 hours. The reaction is:

H O
on L I
Cl)Hon 0 | /CHOC-CH=CH-COOH
CHOH HOOC-CH=CH-COC
. vq [ o— |
(;JHOH HOOC-CH=CH-ICIOC| N
H O

EXAMPLE 4
Preparation of pentaerythritol ethoxylate tetramaleic acid monoester:
39 g maleic anhydride was heated to 80°C until all the maleic anhydride was
melted before 27 g pentaerythritol ethoxylate (average Mn ca 270) was added under
15 mechanical stirring. The reactants are stirred at 80°C for 2~3 hours to complete the

reaction. The reaction is:

0O
0O

I
C[CH,(OCH,0CH,),OHl, +4 || 0 — C[CH,(OCH,0CH,),0-C-CH=CH-COOH],

)
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49 g maleic anhydnde was heated to 80°C until all the maleic anhydride was

melted before 15.2

g of adonitol was added under mechanical stirring. The

temperature was then increased to 120°C for 30 minutes followed by cooling down

to 80°C. The reactants were stirred at 80°C for 3 hours to finish the reaction. The

reaction is;

CH,0H
i o)
?HOH
?HOH +s5ll ©
(|3HOH 5
CH,OH

H O

o HI |
| ,CHOC-CH=CH-COOH

HOOC-CH=CH—COCIJ
HOOC-CH=CH-COC,
*L GHOG-GH=CH-COOH

C'ZHOﬁJ-CH=CH-COOH

———————

H O

The embodiment of FIG. 15 of a compliant multilayer encapsulating

structure comprises a soft solder that is more compliant than conventional tin-lead

10

eutectic solder or the

95% lead-5% tin solder used often for flip chip solder bumps.

There are at least two methods for accomplishing this, and other methods will be

known to those skilled in the art. One method comprises a tin-lead solder that has

been modified with a small concentration, generally less than 1%, of an additive

or additives.
15

One such additive, described in US Patent 5,308,578, is a small

concentration of cadmium, indium, antimony, or combination thereof which is

known to increase the fatigue life of the solder by up to twenty fold. Another

method involves incorporating a small concentration of tin-copper or tin-nickel

intermetallic which is known to decrease fatigue-induced microstructural

coarsening leading to fatigue failure in tin-lead solder.

20
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mMLO%&' () - 10%8Vvention invpdges uying a low-melting point solder. It is well known in the art that
solders become more compliant as the temperature is elevated to approach their
melting temperatures. In the instant invention, the preferred solder has a melting
5 point near the highest operating temperature of the flip chip. Near such a melting
point, the solder provides little mechanical resistance to the compliance of the chip-
to-substrate interconnection and will readjly conform to the stress induced by
expansion or contraction of the interconnect during temperature excursions with

little fatigue.

10

Another method for increasing the-compliance of solder in the present
invention involves using a non-eutectic solder operating between the liquids and
solidus temperatures. It is well established that in non-eutectic solders, there exist
a temperature region in which the solder is neither fully solid nor fully liquid, but
15 instead is a mixture of both phases, i.e., the plastic range. In the plastic range, the
solder does not flow as liquid, yet it has very little mechanical integrity or
structural strength. Under stress in the plastic range, the solder will flow readily,
conforming to the applied stress without cracks or fatigue, provided the solder is
not allowed to leak out of the solder bump by the encapsulating polymer. For this
20 reason, a non-eutectic solder alloy can be selected that will be plastic over most of
the temperature range experienced by the chip interconnect. Such solders may
contain, but are not limited to, alloys of tin, lead, bismuth, indium, cadmium,

gallium, zinc, antimony, and other metals known to the art of soldering.

25 With the present invention illustrated in FIG. 15, as the flip-chip
configuration is heated causing the substrate 20 to laterally expand greater than the
chip 10 because of the mismatch in the thermal coefficients of expansion between

the chip and substrate, the complaint solder 14 and flexible encapsulant material 22
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deform by expanding with the substrate 20 to absorb the strain without causing
bending of the chip and substrate (FIG. 16). Likewise, as the flip-chip
configuration is cooled below ambient temperature, the complaint solder 14 and
flexible encapsulant 22 contract with the substrate 20 to absorb the strain (FIG.

5 17).

In another embodiment of the invention, there is a chip 10 having solder
bumps 14 pre-assembled thereon and‘ being pre-coated with a multi-layer
encapsulant material 36 prior to assembly to the substrate 20 (FIG. 18). The multi-

10 layer encapsulant material 36 is uniform across the surface of the chip 10 between
the solder bumps 14. Each layer of the multi-layer encapsulant material 36
perform distinct functions. Layers 38 and 40 are attachment and stress distribution
layers. Layer 42 is the reworkability layer. Layers 38 and 40 are generally stiffer
than layer 42. Layers 38 and 40 are generally polymers or polymers filled with

15 inorganic materials so as to have a high modulus and a low coefficient of thermal
expansion such as polyimide. Layer 42 is generally a meltable polymer such as a
thermoplastic, for example a polyimide - siloxane co-polymer. The layers can be
comprised of coated tape, such as SumiOxy® ITA-5120 or ITA-5315 available from
Oxychem, Grand Island, New York. A flux adhesive 34 as described previously

20 is applied between the chip/encapsulant/solder bump combination and the substrate.
The solder is reflowed and the flux adhesive 34 is hardened. Rework is made
possible by the layer 42. The layer 42 and solder bumps 14 are remelted and the
chip 10 is pulled away from the substrate 20 (FIG. 20). The flux adhesive 34
firmly retains the layer 40 and part of the solder bumps 14 on the substrate 20

25 while the chip bonding layer 38 firmly retains the other part of the solder bumps
14 on the chip 10 as the reworkable layer 42 separates without damage to the chip
10 or the substrate 20.

38



10z, ; 10% & ()-L810%& ()-7"10%& ()-jpj dELC 10"! pLMO0%& ()- L@MLO0%& () -
110%g9& ()-L10%Q& ()- 91 10%g9& ()- & 10%g&' ()-j bNdEbC 18 March 2002
10"! pLF(10%& () - &10%& () - @@ 0% & ()-L10%& ()-"10%& ()-LFnl0%& ()-NL7d
EbC

10" ! pLS210%& ()- 010%& ()-L.10%& ()-L-G 10%& ()-L+10% & ()-L)10%& ()-7
~$' () *8xmbC 10"! p& 10% u& ()- 10g 10g 10gf;

10%g&' ()-"910%& ()- Y7F"10%& ()-&510% &' () - 8@ENDC

10"!'p, mM0% u& ()-ZF!' 10% u& ()- 10% u& ()-1 F 10% u& ()-Z210% u& () -

Z10% u& ()-Z}~?nbC 10"! p3"10% u&' ()-s910% u& () sl 10% u&' () -

1 &10%& ()-M &&Zlgﬁ“(ﬂl}{%ﬁﬂ-&%@#&bfﬁe f)r%?en mven gn tBere is provided a multi-

10% ug& () -s+10% u
| FSy#f 1096 us Ugydr)eneypsh el adéeria) 445 i Ael S0 (a)chﬁfg‘ld 1;1@52]1 l%ﬁl??x@t{%m{t C

MLOYO&' () - s&1I0%0& ()- ~'10%&% ()- 10-u 10-u 10-u
10" ! &ML0%O8, (lpydr+endapHa@Rsd4 )is an electrical redlstnbutlon layer 46 of electrically
conductive traces 48 on an insulating layer 50. The insulating layer 50, such as a
5 polymer, encapsulate the solder bumps 52 and 54. Solder bump 52 is connected
to the chip 10 in a conventional manner. Solder bumps 54 are attached to the
closely spaced contact pads 24 by the electrically conductive traces 48 of the
redistribution layer 46. Flux adhesive 34 as described previously retains the
chip/multi-layer encapsulant/solder bump combination on the substrate 20 (FIG.

10 22).

It will now be apparent to those skilled in the art that various modifications,
variations, substitutions, and equivalents exist for various elements of the invention
but which do not materially depart from the spirit and scope of the invention.

15 Accordingly, it is expressly intended that all such modifications, variations,
substitutions and equivalents which fall within the spirit and scope of the invention

as defined by the appended claims be embraced thereby.
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(a) a substrate having a plurality of pads on a first surface thereof;

(b) an integrated circuit chip having an encapsulant coated on an active surface
thereof, the encapsulant having a plurality of holes therethrough filled with solder that
extends from contacts on the active surface aligned with the holes through the encapsulant to
the plurality of pads on the substrate; and

(c) alayer of flux adhesive between a subassembly comprising the encapsulant and

the solder and the substrate.

2. The electrical component assembly of claim 1 wherein a first portion of the
coated encapsulant and the solder are located on the integrated circuit chip and a second

portion of the coated encapsulant is located on the substrate.

3. The electrical component assembly of claim 1 wherein a first portion of the
coated encapsulant and the solder are located on the integrated circuit chip and a second

portion of the coated encapsulant is coated on the first portion.

4. The electrical component assembly of claim 2 or 3 wherein the first portion of

the coated encapsulant comprises a polymeric adhesive and a filler.

S. An electrical component assembly, comprising:

(a) a substrate having a plurality of pads on a first surface thereof; and

(b) an integrated circuit chip having an encapsulant coated on an active surface
thereof, the encapsulant having a plurality of holes therethrough filled with solder that
extends from contacts on the active surface aligned with the holes through the encapsulant to
the plurality of pads on the substrate, wherein a first portion of the coated encapsulant and
the solder are located on the integrated circuit chip and a second portion of the coated
encapsulant is located on the substrate, the first portion of the coated encapsulant comprises
a polymeric adhesive and a filler and the second portion of the coated encapsulant is an

adhesive material with solder fluxing properties.
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encapsulant having a plurality of holes therethrough filled with solder that extends from

contacts on the first surface aligned with the holes through the encapsulant to the plurality of

pads on the integrated circuit chip, wherein a first portion of the coated encapsulant and the

solder are located on the substrate and a second portion of the coated encapsulant is located

on the integrated circuit chip, the first portion of the coated encapsulant comprises a

polymeric adhesive and a filler and the second portion of the coated encapsulant is an

adhesive material with solder fluxing properties.

8. The electrical component assembly of claim 7 wherein a first portion of the
coated encapsulant and the solder are located on the substrate and a second portion of the

coated encapsulant is coated on the first portion of the coated encapsulant.

9. An electrical component assembly, comprising:

(a) a substrate having a plurality of pads on a first surface thereof;

(b) an integrated circuit chip having an encapsulant on an active surface thereof, the
encapsulant comprising a first encapsulant portion having a plurality of holes therethrough
filled with solder that extends from contacts on the active surface aligned with the holes
through the first encapsulant portion to the plurality of pads on the substrate; and

(c) a second encapsulant portion comprising flux adhesive that is positioned between

the substrate and a subassembly comprising the encapsulant and the solder.

10.  The electrical component assembly of claim 9 wherein the first encapsulant
portion and the solder are located on the integrated circuit chip and the second encapsulant

portion is located on the substrate.
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portion and the solder are located on the integrated circuit chip and the second encapsulant

portion is coated on the first encapsulant portion.

13.  An electrical component assembly, comprising:

(a) a substrate having a plurality of pads on a first surface thereof; and

(b) an integrated circuit chip having an encapsulant on an active surface thereof, the
encapsulant having a plurality of holes therethrough filled with solder that extends from
contacts on the active surface aligned with the holes through the encapsulant to the plurality
of pads on the substrate, wherein a first portion of the encapsulant and the solder are located
on the integrated circuit chip and a second portion of the coated encapsulant is located on the
substrate, the first portion encapsulant comprising a first encapsulant portion and the second

portion of the coated encapsulant comprises a flux adhesive.

14.  The electrical component assembly of claim 13 or 14 wherein the first portion

of the coated encapsulant comprises a polymeric adhesive and a filler.

15.  The electrical component assembly of claim 13 wherein the first portion of the
encapsulant and the solder are located on the integrated circuit chip and the second portion

of the coated encapsulant is coated on the first portion.

16.  An electrical component assembly, comprising:

(a) an integrated circuit chip having a plurality of pads on an active surface thereof;
and

(b) a substrate having an encapsulant on a first surface thereof, the encapsulant
having a plurality of holes therethrough filled with solder that extends from contacts on the
first surface aligned with the holes through the encapsulant to the plurality of pads on the
integrated circuit chip, wherein a first portion of the encapsulant and the solder are located

on the substrate and a second portion of the coated encapsulant is located on the integrated
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coated encapsulant comprises a polymerlc adhesive and a filler.

18.  The electrical component assembly of claim 16 or 17 wherein the first portion
of the encapsulant and the solder are located on the substrate and the second portion of the

coated encapsulant is coated on the first portion of the coated encapsulant.

19.  An integrated circuit assembly comprising:

(a) at least one integrated circuit having an active surface with a plurality of
separate discrete solderable contacts thereon;

(b) a plurality of discrete solder bumps positioned on the active surface of the
integrated circuit such that one or more of the solderable contacts has a solder bump
associated with it, said solder bumps electrically interconnected with its associated contact
pad; and

(c) an encapsulant comprising at least two portions wherein

(i) a first portion comprises a polymer; and

(i) a second portion comprises an adhesive flux.

20.  The integrated circuit assembly of claim 19 wherein the first portion

comprises a polymer and an inorganic filler.

21.  The integrated circuit assembly of claim 19 or 20 wherein the second portion
encapsulant contains little or no filler.

22.  The integrated circuit assembly of claim 19, 20 or 21 wherein the first portion
covers at least a portion of the surface of the integrated circuit and lies between the solder

bumps.

23.  The integrated circuit assembly of any of claims 19 to 22 wherein the solder

bumps protrude beyond the first portion.
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10948 () - Y (c) applying to the active surface of the integrated circuit and solder bumps a first
encapsulant portion;

(d) disposing a second portion encapsulant portion comprising an adhesive flux
between the coated integrated circuit and the printed circuit substrate such that there exists
adhesive flux between the coated integrated circuit and the printed circuit substrate;

(e) placing the integrated circuit on the printed circuit substrate whereby the solder
bumps are aligned with their corresponding contact pads on the printed circuit and there
exists a layer of adhesive flux between the coated integrated circuit and the printed circuit;

(f) heating the combined parts to melt the solder on the solder bumps and

simultaneously reflow the molten solder over the printed circuit contact pads; and

(g) allowing the solder and encapsulant materials to harden.

26.  The method of claim 25 wherein in step (d) the adhesive flux is applied to the

printed circuit substrate.

27.  The method of claim 25 wherein in step (d) the adhesive flux is applied to the

coated integrated circuit.
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portion that includes a polymer;

(d) creating one or more openings through said encapsulant such that one or more of
said plurality of discrete contact pads has an opening associated with it, with each opening
exposing said solderable metallization on a contact pad;

(e) filling each opening with solder;

(f) interposing an adhesive flux portion between said printed circuit substrate and
said coated integrated circuit;

(g) placing said encapsulated integrated circuit on said printed circuit substrate to
form a combined unit whereby said openings in said encapsulated integrated circuit are
aligned with said corresponding pads on said printed circuit and there exists a portion of
adhesive flux at least on or around said solder in said encapsulant openings;

(h) heating said combined unit to melt at least said solder and simultaneously to
soften at least said adhesive flux to a low enough viscosity so as not to impede the spread of
said molten solder over said printed circuit substrate pads; and

(i) allowing said molten solder and said softened encapsulants to harden such that
said solder in said encapsulated chip openings extends continuously from at least one

metallized contact pad on said active surface of said integrated circuit to said corresponding

pad on said printed circuit substrate.

30.  The method of claim 29 wherein the one or more openings through said

encapsulant in step (d) are created by laser-drilling.
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31. The method of claim 29 wherein the one or more openings through said

encapsulant in step (d) are created by chemical etching.

32.  The method of claim 29 wherein the one or more openings through said

encapsulant in step (d) are created by photoimaging.

33.  The method of any of claims 29 to 32 wherein the first portion of said

encapsulant comprises a mixture of a polymer and an inorganic filler.

34.  The method of any of claims 29 to 33 wherein in step (d) said solder in said

openings protrudes beyond said first encapsulant portion into a second encapsulant portion.

35.  The method of any of claims 29 to 34 wherein in step (f) said adhesive flux

portion is applied to said printed circuit substrate.
36.  The method of any of claims 29 to 34 wherein in step (f) said adhesive flux

portion is applied over the surface of said encapsulated integrated circuit and said filled

openings.
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