11 AU G 2003 1 METHOD OF PACKAG NG AN | NTEGRATED Cl RCU T DEVI CE

FI ELD OF THE | NVENTI ON The present invention relates to el eictl[rguné S003
devices. In particular, the 5 present invention relates to't '

packagi ng of integrated circuits. BACKGROUND OF THE | NVENTI ON As t he
trend towards mniaturisation and conpact products continues in the
el ectronic industry, lighter, smaller, thinner and faster electronic
10 packaging are critically denmanded. The' use of Fli p- Chi p has

i nherent advant over ot her t hods for _el ectroni c packagi ng due
to its high der\@g?@%ﬁ@Ehéh@"&Mﬁ AN ANTERGRATER CIRGURT Dﬁ‘dﬁﬁa
technology, integrated circuit (I1C) chips are electrically connected

via solder bunps to the input/output (1/0O pads of the substrate by
a reflowi ng process. In 15 order to achieve a reliable solder

i nterconnecti ongygy hHl Gy -ngagwuﬁN'Ef? typically applied to the
es. Fo N

termnals to rid them of oxi owi ng proper soldering, the
fluxing agent is renoved by washing, after which a filling material
is applied to fill ThRPERESNbIVREERN felates ¢ disatronic dryicase I8 pagiculat, dhe
to forman encapsul ated package. This material .is generally known as
an 20 undevrfil P&sgPENY |“.°n1"ﬁ%tqﬂieéh$ PReKagingSf infporpted@icift@l | y nade
fromsilica filled epoxy which is designed to have a relatively

| ower coefficient of thermal expansion (CTE) close to that of the
solder material. As a result, the therno- mechanical stress resulting

from assenbl i nggiAtek GRBUND O ﬁ-'i@alw\FEl\}leﬁ‘U G 2003

As the trend towards miniaturisation and compact products continues

in the electronic industry, lighter, smaller, thinner and faster electronic

10 packaging are critically demanded. The use of Flip-Chip has inherent
advantages over other methods for electronic packaging due to its high
density and short signal-propagation path. In Flip-Chip technology,
integrated circuit (IC) chips are ‘électrically connected via solder bumps to

the input/output}(I/O) pads of the substrate by a reflowing process. In

15 order to achieve a reliable solder interconnection, a fluxing agent is
typically applied to the terminals to rid them of oxides. Following proper
soldering, the fluxing agent is removed by washing, after which a filling
material is applied to fill the gap between the IC device and the substrate

to form an encapsulated package. This material is generally known as an

20 underfill material.

The underfill material is generally made from silica filled epoxy which
is designed to have a relatively lower coefficient of thermal expansion
(CTE) close to that of the solder material. As a result, the thermo-

mechanical stress resulting from assembling the chip to the organic




2 substrate can be transferred fromthe fragile solder bunp to the
more strain-tolerant substrate through the underfill. The priogggs2008
flowing the underfill material to the gap between the chip and the
substrate is a tedious one. To elimnate this step, no-flow 5
underfill materials have been devel oped in which fluxing agents such
as organic acids have been added such that the underfill materi al
possesses fluxing ability. In this way, the reflow step is conbi ned

with the encapssubatratencat bp, tranfertdtefromeal figgilet &idés bahipTid ahe dnore
This shortened process, as described in US patent no. 5,128, 746,

i nvol ves di spensitiain-toleramtesubstrdte dwoughlthefuriderfitat eri al directly onto
the substrate before placenent of the bunp side of the chip thereon.

This is foll owed by vh%l‘;ieretté%wopﬁowihg théﬂw(g'fiq @%f@r%r tdt”thgbgaggge&%éd B

underfill materials ha e advantage o agi ng

process to be sighp ahilQle SuBSat@cBes ?édidusdenﬁﬁ'o R tHhie step, no-flow

silica-fillers, and have a CTE much hi gher than conventiona

underfill rmat erinaledil rAstedals Bau beepaddadesediSh r\vﬂnidhhﬂ@(iﬁqageﬂfs such as
material tend to give solder bunp cracks, particularly Tor large die

sizes. To sol ve argarsc peidbhave bebls guitieeinguchahatGh@ W&l niesial pbesesses
selectively filled thermally curable adhesive filmthat contains a
central interioffluxiegi ehilighdina tisuwayy ythe egiflom. <26p Tie coemttined witlgi the
consists of an adhesive that is filled with an inert filler to
reduce the CTE &Ncapligionester) andibe iraningr stepeigi @iminaledi Jhis siortened
adhesi ve and a fluxing agent. Wien the sol der_bunps on the die are
refl owed, the. fIRIRF: a5eiecctibed i US; BAGDLNGn: 185 /d6s Ipraiendispensing

fﬁLdﬁ;gﬁl € uf f s n8fﬂotwh8n éjraﬁrtn% etn'gl &Fecttl)? %n%' t?\’e sau%%trtatheuge olrtle rglggérﬁent
of the bump side of the chip thereon. This is followed by reflowing of the

solder bumps.

Although} no-flow underfill materials have the advantage of allowing

the packaging process to be simplified, they generally do not contain

15 silica-fillers, and have a CTE much higher than conventional underfil
materials. As a result, packages using this type of material tend to give
solder bump cracks, particularly for large die sizes. To solve this problem,

US patent no. 5,814,401 describes a selectively filled thermally curable
adhesive film that contains a central interior region and a boundary region.

20 The central region consists of an adhesive that is filled with an inert filler to
reduce the CTE of the material. The boundary region consists of an
adhesive and a fluxing agent. When the solder bumps on the die are
reflowed, the fluxing agent acts to remove any oxides present on the
solderable surface of the substrate or the die, and thus eliminate the need

25 for additional fluxes. The film is used to adhesively bond a flip chip die to a
substrate. The central region of the adhesive film lies under the centre of

the die where there are no solder bumps, and acts to stabilise the die after




25 for additional fluxes. The filmis used to adhesively bond a flip
chip die to a substrate. The central region of the adhesiyv$ U3 7003
| ies under the centre of the die where there are no sol der bunps,
and acts to stabilise the die after 11 AUG 2003 3 bonding to the
substrate. This arrangement, however, is only useful for chips in
whi ch sol der bunps are only present on thg peri phery, and cannot be
used for flip chips that have bunps on thé& entire surface.
Furthernore, thearstingto thd slivstiayni Thls! arrdrebicohe ShSRERrPILESIV Gl for
holding 5 force to press the chip onto the substrate during the

refl ow process tahipseins whighpsager baoipde aiengnlySprdseat ropather @eEPhehs and
i nconpati ble with surface nount technology (SMI) processes. |n wafer
| evel packagi ng,canpohig ueedth ferr Bipoghips tihatthawe bpowps onether eatire nayridee.
applied to the ti—“ ed side of the wafer to encapsulate 10 the wafer
before singul ati ADBEe Hispése ¢iaa filgnby@iaally dequiies sose eressre or holding

printed circuit ;board. The E,of the_encapsul ation materjal,
however, st i%l RS ‘?r@sﬁet%ﬁhm an eﬁ‘ec§®§°éraf%dt‘m ther raflow pepagss to

bunp i der t liability, 1 1 AU G 2003 4 SUMMARY. OF THE
PNVENTI QN 1§ s STROTRPpST SRR Bl 3yAadigraet i meameiblorivit, surcs

provi de a net ho f.Qr H‘ﬂfﬁ& I [ ces the aforenentioned
probl ens. Accor g?%% ;e t e@@ét?ﬁl}oﬁ\?gg ‘on provides, in one aspect,

a 5 nethod of packeiagi ng a bunped el ectronic chip or a bunped wafer
by n" wafer level packaging, it has been proposed that an epoxy

material may be applied to the bumped side of the wafer to encapsulate
10 the wafer before singulation into chips, followed by direct reflow onto a
printed circuit board. The CTE of the encapsulation material, however, stil

needs to be maintained close to that of the solder bump in order to ensure

reliability.



utilizing a conbination of two different encapsul ants. The first
encapsul ant (|l ow CTE encapsul ant) contains an adhesive filled with a
CTE-reducing filler. The second encapsul ant (fluxing encapsulgt 2003
contai ns an adhesive containing a fluxing agent or a precursor of a
fluxing agent. In another 10 aspect, the | ow CTE encapsul ant is
applied directly onto the bunped surface while still allow ng part

of the solder bunp to be exposed for sol der i ng onto the

correspondi ng | i ubstrate. The solder joint
is reflowed in é%ﬁ@&é@%ﬁégﬁ%@fm fl uxi ng encapsul ant that
causes the final adhesion between the bunped surface and the
substrate. 15 |n thétisrtbéreforedineotijed iofithet presére ifivantiondo erovps U AlthdS
inaliquid state, such that the refl ow process may be perforned

under standard ©bRaFkadingthat fasbiees thecafaeaseritioned pratilelineg f orce to
keep the chip and the substrate together during reflow ng. The use

of a liquid fluxing snordagyanhe Gresest TM@ntisk dblotdesPeRebhb 9%%%%,}3

SMI' (surface nmount technology) 20 conpatible. The present net _
be applied tH vamethedl slepackagingus thumpath dicetbnie dhits bRal BsMpedcwafefin\g
to one enbodi nent of the present invention, a bunped wafer is
packaged by appl ytlirigg ancbrohination ofhisvd differe6 Eneapsalsits. e it enddpsulant
bunped surface of the wafer before singulation 25 into chips. The
si ngul ated chi p e GHerensepsdanty cottanstan adhesiye difed aith a CiBEtedicing
of an electronic_conponent, such as a Eri_nt ed circuit board 1 1 AUG
2003 5 (PCB) b;}""ﬁb%ﬁ%ﬁj%ﬁ@nﬁﬁml% (Hexieg iopeapswiant) pentpine soradiesive
surface of the PCP. .and {ef.l oW nﬁ t he assenbly. .
contdining a fluxing agent or a precursor ‘of a fluxing agent. In another
10 aspect, the low CTE encapsulant is applied directly onto the bumped
surface while still allowing part of the solder bump to be exposed for
soldering onto the corresponding I/O pad of the prescribed substrate. The
solder joint is reflowed in the presence of a layer of fluxing encapsulant that

causes the final adhesion between the bumped surface and the substrate.

15 In the preferred embodiment, the fluxing encapsulant is in a liquid
state, such that the reflow process may be performed under standard
conditions without the need for a holding force to keep the chip and the
substrate together during reflowing. The use of a liquid fluxing encapsulant
gives the important benefit of being SMT (surface mount technology)

20 compatible.

The present method may be applied to various semi-conductor
packaging technology. According to one embodiment of the present
invention, a bumped wafer is packaged by applying and curing the low-
CTE encapsulant onto the bumped surface of the wafer before singulation

25 into chips. The singulated chip can then be soldered onto an appropriate

substrate of an electronic component, such as a printed circuit board




In the preferred nethod, the | ow CTE adhesive is cured or partially
cured onto the bunped surface, and the exposed ends of eaqh%%wﬁpsﬂdss
5 cl eaned of any adhesive. Post-curing nmay be perforned aft <
reflowing of the bunps in the presence of the fluxing adhesive. The
product produced thereof conprises a first and second el ectronic
conponent that are electrically connected.through solder joints. The
space between the solder joints is filleg with two | ayers of

encapsul ant nat FAGB). by Cafpigingi the tlugingaadhdsig oflt Bl glesciibedlisifsde of
contact with the bunped surface of the first electronic conponent,
contains a | ow dffe d/esflowirgriberabsembhyapsul ant | ayer, contai ni ng
a fluxing agent or a fluxing precursor, is disposed between the

first encapsul ant | @yefe r‘éi'eﬁ&?n’%tﬁéd:,rth?gﬂ?/:%‘fé %ﬂﬁgs@é iéggroeﬁig&oﬂgﬁally

el ectroni c conponent. Enbedded wthin t irst an

encapsul ant | ay &isedbfitd tha\RingpatbsuirhRee B BWdBxdsadidMiis R €d8kh bumps is
joints. This nethod conbi nes the conveni ence of a no-flow fl uxi n(f

adhesi ve wi tsh t fdeareld aftrirlyi ddhesfveaPbstveudiRg raay Bp petafrhedalter icibwirlglof
addition, the use of fluxing encapsulant that is in aliquid form
during the appl itcabuowslo the presenseiobthetfhaingradrediliet i onal hol di ng
pressure is required to maintain good contact between the bunps and

the termnals of t hqhggﬁlégtﬁdg%ﬁcfhuc%%@%ﬁgﬁ %fﬁé#rstajﬁs{ Sid Q%o%ﬁéi&ﬁr%hic

As a result, the netho c e 1 nproving o

overal | packagi rgnigofeneiet 4eldiddaidally Monné%%@dth%dﬁﬁrs%l%eirr gﬁ‘qtaf %%?§peic%

easily adapted for wafer-|evel packagi ng, 25 maki'ng t ype o
packagi ng one stepvéen tthesoldevnjuints isifilsinviiaeioldyess of eatdpilant ratdidl.

(1 2003 10 The first encapsulant material, in direct contact with the bumped surface of
the first electronic component, contains a low-CTE adhesive. A second
encapsulant layer, containing a fluxing agent or a fluxing precursor, is
disposed between the first encapsulant layer and the prescribed surface
of the second electronic component. Embedded within the first and

15 second encapsulant layers and traversing therethrough are the solder

joints.

This method combines the convenience of a no-flow fluxing
adhesive with the reliability of a low-CTE encapsulant material. In addition,
the use of fluxing encapsulant that is in a liquid form during the application

20 step ensures that no additional holding pressure is required to maintain
good contact between the bumps and the temminals of the prescribed
surface during the reflow process. As a result, the method is SMT-
compatible, while improving on overall packaging time and reliability.
Furthermore, the process is easily adapted for wafer-level packaging,

25 making this type of packaging one step further towards a manufacturing

reality.



6 BRI EF DESCRI PTION OF THE DRAWNGS Figures 1 Ato 1 D are schematic
drawings to illustrate the nethod according to the present

i nvention. 5 DESCRI PTI ON OF THE PREFERRED EVMBCDI MENT The present

i nvention conbines two inportant properties of a good ¢ntaypsui?aii
i.e. low CTE and processi ng conveni ence, by making use of two
separate encapsul ants, each providing one_.of the two desired 10
properties, within the sane packagi ng process. In the follow ng
description and in the clainms, the ternms "including , "conprising",
and "containing" are wused in an open-ended fashion, and thus should

be interpreted t@R[garbEéb@ﬁb?ﬁngOlguﬁ.ye%opﬁéwmﬁto ..... ". The term

"bunps" refers to structures can o formelectrical

i nterconnections between electronic 15 conponents. Exanples of bunps
i ncl ude, but ari@uiRt 1At 1ldare schematicagrawingsdodisistrate themethodragcording
joints nmade frf&n{%conbi nati on of solder and other material, e.g.

el ectropl at ed Rrepentientiof. CTE encapsul ant has a CTE close to
that of the solder material and typically contains an adhesive and a
CTE-reducing filler. An 20 exanple is an epoxy adhesive contai ning
silica as a filler. Another exanple is an epoxy adhesive with

S e " 0 RESCHIPTION o e ek e R O ™
is a | ow CTE encaps apppanidegp g
encapsulant i.e. low CTE and processing convenience, by making use of
two separate encapsulants, each providing one of the two desired
10 properties, within the same packaging process. In the following description
and in the claims, the terms “including’, “comprising”, and “containing” are
used in an open-ended fashion, and thus should be interpreted to mean
“‘including but not limited to.....”. The term “bumps” refers to structures that
can be reflowed to form electrical interconnections between electronic
15 components. Examples of bumps include, but are not limited to, tin and

lead solder bumps, and joints made from a combination of solder and

other material, e.g. electroplated material.

The low-CTE encapsulant has a CTE close to that of the solder

material and typically contains an adhesive and a CTE-reducing filler. An

20 example is an epoxy adhesive Containing silica as a filler. Another
example is an epoxy adhesive with aluminum nitiite or boron nitrite as

filer. As further non-limiting examples, a low-CTE encapsulant for semi-
conductor chip packaging has a CTE of 10-50ppm/degree Celsius.
Another non-limiting example is a low-CTE encapsulant with a CTE of 20-

25 45ppm/degree Celsius



1 1 AUG 2003 7 The fluxing adhesive contains an adhesive and a agent
that gives a fluxing ability under reflow conditions. The1apg@§|§ﬁg
may be, for exanple epoxy, silicone or thernoplastic. The a t y
be, for exanple, a fluxing agent or a fluxing precursor. Exanples of
fluxing agents include 5 organic acids that have the ability to
remove oxide coatings, as described in PCI application WO 99/03597,
and US patent no. 5128746, which are incorporated herein by

reference. Exanpl e ofhefifikibg iadbiedive @ontiis drsadibsil SANQl a2ie et gives
together with gﬁ anhydri de’.dgAccor ding to the preferred _eg%gogﬁngnt o?
the present invefinxinpabitityairidenrifioy abitiohy.eTHesadifesivd i 66, 18r ERBMple
when applied onto the prescribed substrate surface. Exanples of

substrat es i ncl ugeoxpusiligene pothérmupiastict dhe sepohdnhpvsd, frackegnpl, a
substrates and printed circuit boards. Tables 1 and 2 show exanpl e of

| ow- CTE adhesi veSUXii agekPng fluximgceeowrsee dp@mples of . flugingp agemts Andludé

EXAMPLE 1EXANPLE. 2 Epi kot e 8282035 Tetrahydrophthalic _
gg%ydr i del5 2E4W@6.”"§EC'FP fifjavedhe ability dp JrEwyerddrl coplingsa 2o GBsegbed
TABLE 1 :

LOV CTlﬁ P“@H%%MEEMW(S’“E%@%B’?,”%& gBS patent no. 5128746, which

are incorporated herein by reference. Example of a fluxing precursor is an
alcohol added together with an anhydride. According to the preferred
embodiment of the present invention, the fluxing adhesive is in a liquid
10 form when applied onto the prescribed substrate surface. Examples of
substrates include, but are not limited to, second level packaging

substrates and printed circuit boards.

Tables 1 and 2 show example of low-CTE adhesives and fluxing

adhesive respectively.

Component Amount (g)
EXAMPLE 1 | EXAMPLE 2
Epikote 828 20 35
Tetrahydrophthalic anhydride 15 0
2E4MZ 0.3 1.7
Methyl ethyl ketone 8 5
Fused Silica 70 65
15 TABLE 1: LOW-CTE ADHESIVES
COMPONENT Amount (g)
EPON 8281 30
ERL 4221 70
Hexahydro-4-methylphthalic anhydride 80
Co (ll) acetylacetonate (ACAC) 0.72
Glycerol 4.5

TABLE 2 : FLUXING ADHESIVE




EPON 828130 ERL 422170 Hexahydr o-4- net hyl pht hali ¢ anhydri de80 Co (11)
acetyl acetonate (ACAC)0.72 G ycerol 4.5 TABLE 2: FLUXI NG ADHES$I ME; 12023
AU G 2003 8 The nethod according to the present invention may be
performed on a wafer 20 with sol der bunps 22 on the bunped surface
23. In the final product, the bunps have one end sol dered onto the
|/ O pads of the <chip 20a, and a free end for soldering onto the
prescribed surface 25 of a 5 substrate 28 8uri ng packagi ng or

assenbly. Referring The methodladsdrdind t I
y g odla nd tdthet bl%sehp?ﬁv@ﬁfor?magpagfgﬁ%rgwed

material 24 is applied onto the bunped surface 23 of

(Fig.1 A and 1 B)n a@madet 20lwithqsuidémtaimparedbenure bunspsdisurfaso2Bi I e
a liquid | ow CTE encapsul ant, followed by curing (either conpletely
or partially), UHérbpeodusy texbuspsdavapselamt sildercdnmtedne YO Suds B¢ the
may be through heating or chem cal nmeans. The cured | ow CTE

encapsul ant s i ePamAnd afreq endifersnideringosrie thépresdnibeti auface 26adf a

that part of the b s,are.exposed, as shown in Fig. 1 B. Another
techni que that %‘Qﬁwﬁ% %égaf'@%g%gkaﬂmgcmrﬁﬁsembb{- Refergiagito Eig. 1A toil D, the

ool 10 (e 1) R Bk B S5 ATR il o S S o
Ch oo aoc” hoe INBEER g FioBAC S TBE, Wl SEMR Rk BHadT soi
to obtain indivigdfhg & BSIiqli@" low-CTE encapsulant, followed by curing (either
completely or partially), before any excess encapsulant is removed.

10 Curing may be through heating or chemical means. The cured low-CTE

encapsulant is preferably of a thickness lower than the bumps, such that

part of the bumps are exposed, as shown in Fig. 1B. Another technique

that can be used is by molding, e.g. of semi-solid or solid (resin). If there

is excess encapsulant, i.e. the free end(s) of one or more bumps are

15 covered by the cured low-CTE encapsulant, cleaning of the free ends is

performed, for example using plasma etching or laser technology.

Thereafter, the wafer may be singulated to obtain individual chips. For

ease of illustration, details of only one portion of the wafer is shown n

Figures 1A and 1B. The remaining portions of the wafer are only depicted

20 as dotted lines, and the location of cutting shown by dotted arrows 30 by

which singulated chip 20a is obtained.  Fluxing adhesive 26 is then

applied to the prescribed surface 25 of the substrate 28 on which

terminals for interconnection with the bumps are found (Fig.1C). The

fluxing adhesive is preferably applied as a thin liquid layer with the

25 prescribed surface of the substrate facing upwards. Conventional

methods of application, such as dispensing, printing or dipping, may be

used. The chip 20 with the low-CTE encapsulant is then placed onto the



ease of illustration, details of only one portion of the wafer is
shown in Figures 1A and 1 B. The renmaining portions of the wafer are
only depicted 20 as dotted lines, and the | ocation of cuttil g ﬁgoms
by dotted arrows 30 b y which singulated chip 20a is obtai 8

Fl uxi ng adhesive 26 is then applied to the prescribed surface 25 of
the substrate 28 on which termnals for interconnection with the
bunps are found (Fig.1 C. The fl uxing adhesive is preferably

appl i ed as a thi gubdtese GubR i 54 4ar i :

substrate faci ng upwards. Com%t/etm}itﬂgjrthe %?%oﬁ?@?egglgﬁﬁ@%%ﬁﬁﬁ%%@@ﬁg
as di spensi ng, ptamiriafeg obrthei gulistgte MY (Iig.10)S EThis Tﬁ'%l%pp@r@ol’{’ﬁéd‘ by
the | ow CTE encapsul ant is then placed onto the 1 1 AU G 2003 9
substrate such t@enventiendiyrigisarRPplace systeaenThe thipisubstrie assembly is then
corresponding termnals of the substrate 28 (Fig.1D). This nay be
performed by colersieTeshde pieflovandep! fac eetiorgngn®ep@hdinghom/thabiypeaioe
assenbly is then transferred to a reflow oven for reflow ng.

Dependi ng or® t he®RSAPSUlgnt matariabiesd, #posterEng stepu sfed exampis tof heating at
step, for exanplg of heati%g at lowyer, tenperatures e.g. 150C for 30
minutes, may be PUGhitPEREIBUeS R o1 20F dar S0 Rindgnesiavede VequiEd: ke

present inventio en scribed particularly with references to
Figs 1 Ato 1 E &'ﬁ@?ﬁgﬁﬁ‘@qﬁ ﬁﬁ'yggood that the figures are 10 for

illTustration only and should not be taken as limtation on the
invention. In addi tWbite itheipres¢riainventisn hae beenh ddsoibdd papicakent with
invention has utility in many applications where no-flow underfill
and ot her types 'Sfereigasded lgwﬁn%‘ Hg . dsinpoldelbe sinderstosdthat the figures are

cont enpl at e1d 0 t haftor m&&}/ati%n%%%/easnd should not be taken as limitation on the invention. In
addition it is clear that the method of the present invention has utility n
many applications where no-flow underfil and other types of surface
mounting components are used. It is contemplated that many changes
and modificati“ons may be made by one of ordinary skill in the art without

15 departing from the spirit and the scope of the invention described.



and nodifications may be nade by one of ordinary skill in the art

wi thout 15 departing fromthe spirit and the scope of the invention
described. 1 1 AUG 2003 10 CLAIMS 1 1. A nethod of packaggnp @n 2003
sem -conductor chip, said chip derived 2 froma sem -con uc# [

waf er, said wafer having at |east one surface 3 containing solder
bunps, said bunps having one free end for 4 electrical connection to
a substrate, said substrate having a 5 pP%scribed surface with
netallic termnals provided for electrical 6 connection with said
bunps, said nmethod conprising : 7 a) applying a | ow CTE encapsul ant
onto the bunped surface of 8 said wafer; 9 b) curing said | ow CTE
encapsul ant; 10 CLAdK®si ng said free end of said bunps; 11 d)
singulating said wafer to obtain a plurality of low CTE 12

oroanr i bad sur e & MhodPs badohgl a SpA%ORBIRRR BhE" saRfeR' d8ived
si ngul ated chip ont Qro?ﬁliagﬁezﬁlg%%@ét& RHRR §%?(€§e/vg§é‘}i f%vxsngg??tbféggtsci@é g,yi'fgce

contact with said termn sal d prescr 1 ace;

reflowing saj d bunpgoftafing RBlde? By MRaiPbENR FBUAY BREOree end for

4 electrical connection to a substrate, said substrate having a
5 prescribed surface with metallic terminals provided for electrical
6 connection with said bumps, said method comprising :
7 a) applying a low-CTE encapsulant onto the bumped surface of
8 said wafer;
9 b) curing said low-CTE encapsulant;
10 C) exposing said free end of said bumps;
11 d) singulating said wafer to obtain a plurality of low-CTE
12 encapsulated chips;
13 e) applying a fluxing encapsulant onto the prescribed surface of
14 said substrate;
15 f) placing said singulated chip onto said substrate such that said
16 bumps are in contact with said terminals of said prescribed
17 surface;
18 g) reflowing said bumps such that said bumps are soldered onto
19 said terminals.
1 2. A method according to claim 1 wherein said exposing step

2 comprises laser ablation or plasma etching.



19 said termnals. 1 2. A nmethod according to claim1 wherein said
exposing step 2 conprises |aser ablation or plasma etching.{ 1 AyAZIR
2003 REPLACEMENT PAGE 11 1 3. A nethod according to claim1l wherein
sai d applying step uses nmolding XRBEPRACEMEYT PAGE. A met hod
according to claim1 wherein said applying step uses spin 2 coating
technology 1 5. A nethod according to claim1 wherein said curing
step causes 2 conplete curing or partial curing of said | ow CTE
adhesive. 1 6. (Canceled) 1 7. An el ectroﬂic package according to
claim6 wherein said first 2 encapsul ant yer has a coefficient of

t hermal expansi on of 10 3 50ppni degree celsius. 1 8. An electronic
package accqrdgng t@a @bRbdaBcotbiRg 26 @Iaﬁﬁﬂ%ﬁéréiﬁtsaidzaﬁ]ﬁr?goﬁgé%%s YA
contains silica filler and said Second encapsul ant yer contal ne
a fluxing additive. tkhfolod\? €l ectroni c package according to claim®6
wherein said second 2 adhesive |ayer containing an agent that is
capabl e of renpving oxides 3 during solder reflow before said second
adhesi ve islcufed. A methodaceprting inrFlainy dcwbgyeinasaid rapplying step| uses spin
wherein said first conponent 2 is a sem -conductor chip. 1 11. An

el ectronic gackage sethedeshgolosy cl ai m 6 wherein said first adhesive

1

5. A method according to claim 1 wherein said curing step causes

2 complete curing or partial curing of said low-CTE adhesive.

1 6. (Canceled)

1 7. An electronic package according to claim 6 wherein said first
2 ~ encapsulant layer has a coefficient of thermal expansion of 10-
3 50ppm/degree celsius.

I 8. An electronic package according to claim 6 wherein said first
2 encapsulant layer contains silica filler and said second encapsulant layer
3 contains a fluxing additive.

I 9. An electronic package according to claim 6 wherein said second
2 adhesive layer containing an agent that is capable of removing oxides
3 during solder reflow before said second adhesive is cured.

1 10 An electronic package according to claim 6 wherein said first component

2 is a semi-conductor chip.
1 11 An electronic package according to claim 6 wherein said first adhesive
2 layer comprises an epoxy resin and a silica filler.

1 12. An electronic package according to claim 4 wherein said second

2 adhesive layer comprises an epoxy resin and a fluxing agent.



2 | ayer conprises an epoxy resin and a silica filler. 1 12. éﬁ]AUG 2003
el ectroni ¢ package according to claim4 wherein said second

adhesi ve | ayer conprises an epoxy resin and a fluxing agent. 1 1 AU G
2003 REPLACEMENT PAGE 12 1 13. An RERACBMENTpBAKEGe according to
claim4 wherein said second 2 adhesive |ayer conprises an epoxy
resin and an organic acid. 1 14. An el ectronic package according to
claim4 wherein said second 2 adhesive |ayer conprises an epoxy
resin, a hydroxyl-containing fluxing 3 precursor and an anhydri de.
ABSTRACT METHOD OF PACKAG NG AN | NTEGRATEEX Cl RCUI T DEVI CE A net hod of
packagi ng a bunped el ectronic chip or a bunped wafer by utilising a

combi nat i on 10f 1BWO NHf ERICEBhicEPSARGH! é’é&bﬁiinqihlglél.éi'iﬁh WRBFER SUid e cond

(1 ow CTE encapsul ant) contains an adhesive ed with a

CTE-reducing fill er adiésvelapadmpRsaaidiiy rdsdd ahd ffogamaas! ant)
contains an adhesive containing a fluxing agent or a“precursor of a
fluxing agent. , The | ow CTE encapsulant is applied directly onto the
bunped surfacelff Annglestonisr Rrckage rpsPEing A0 | glaign dhwpsreimisaid Isasenty
encapsul ant jis applied onto the substrate. The chip and the
substrates &re then2fbgsiilayeigearriises @n sroxIresipar RydrexyHerTaiRirR) fluxingD

3 precursor and an anhydride.






