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 assembl i nogitex &GHAUND OF THEANVENTION

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




1 1 AU G 2003 2 substrate can be transferred fromthe fragile sol der
bunp to the nore strain-tolerant substrate through the undgnfplf. 2003

The process of 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
mat eri al possesses fluxing ability. In this way, the reflow step is

conbi ned wi t h t heubstrateaparubat iraisfatebfrodnthet figgile! SsI8éMBuBiERo ithe more
elimnated. This shortened process, as described in US patent no.

5, 128, 746, i nvolst@in-wierpatirsibeipatd throbgh the-drdevillunder fi | | nateri al
directly onto the substrate before placenent of the bunp side of the

chip thereon. This ihel@bleuess Riwingthe thadHiPhaldit to agedﬁo BUte e fhe

Al t hough no-flow underfill materi a have

the packagi ng prepgeandtiRe kebsiram! isfd %Bmﬁé"@bfe ﬁ%rnmu{axe%s ned CHB%W

15 silica-fillers, and have a CTE nmuch higher than conventio

underfill mat eningesil Mstedals Baué tbeepagdrI6sed Sh Wndl‘:l”'ﬂlié(lﬁ%’ ﬁget% such £
material tend to give solder bunp cracks, particularly | arge die

si zes. To sol ve arparic peidbhave beblS alhied%uchdhat&h@llﬂdérﬂllnﬁ@éﬁat pbssesses
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 fl uxi ng agent.. Wien the sol der bums on the die are
processg as%eescnbed ?n UtS patent no. 5, 12gpi46 involves dispensing

10 the no-flow underfill material directly onto the substrate before placement
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




refl owed, the fluxing agent acts to renove any oxi des present on the
sol derabl e surface of the substrate or the die, and thus € {mMykatiél3
the need 25 for additional fluxes. The filmis used to adhesively
bond a flip chip die to a substrate. The central region of the
adhesive filmlies 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 arrangerrents, however, is only useful

for chips in whallisptatie burgatar ThRnayaneardntheWevdre i8Ry PRSI for
and cannot be used for flip chips that have bunps on the enfire

surface. Furt hethips & whivh saldenbumpisi lare oyfyi padseyt lopdthe’ @eripREE, and
pressure or holding 5 force to giress_ the chip onto the substrate
during the refl GaNPelobesysed foretipuehipp tigiehavsobdmpsngn Backntire surface.
requirement is inc atible with surface nount technol ogy (SM)
processes. In wa['?”éﬁ?‘e 08 ead9e:0fi 1M pigedy reeidies modpe peebsuraor Aolding

hcapsul at o510 {HESRrRESR IS S PhiSLING Flistiig UaTg e o Biiasos,to
encapsul ati on mat SHpRnEl R CHlitn 8 ¥Raliemarl ssBoaial Bneih suiace
2003 4 sumery S tREe R G FEProb SR et or e an' obj ectof the
present invention t?n evra?é/ri %%e?pgg&a%?rgg, 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.



for packagi ng that reduces the aforenmentioned problens. Accordingly,
the present invention provides, in one aspect, a 5 nethod of
packagi ng a bunped el ectronic chip or a bunped wafer by utflll AUBgZB3
conbi nation of two different encapsul ants. The first encapsul ant

(1 ow CTE encapsul ant) contains an adhesive filled with a CTE-reducing
filler. The second encapsul ant (fluxing encapsul ant) contains an
adhesive containing a fluxing agent or a precursor of a fl uxing

agent. In anot , encapsul ant is applied
directly onto ﬁ@”ﬁ@ﬁ%‘éﬁ%’c@%?ﬁ%f@u Il allow ng part of the
sol der bunp to be exposed for soldering onto the corresponding 1/0
pad of the prescri bdtisshersforatas. objémt of thel gresenjtdnvdntiona to gfrbvideda hethbe
presence of a Ia]yer of fluxing encapsulant that causes the final
adhesi on bet weenfof RaCkagpEhat (gduges thenaforameentiohsd pacldemss I n t he
preferred enbodi nent, the fluxing encapsulant is in a liquid state,

such that the refl ovAduordiagly, MRy Hresesr iaRsh %@fcf%'f 3Rd3he aspect, a

conditions without the need for a holding force to keep the ¢

the substraie tmgHtdieof packaging &fbusnpat elbienit chiPbr a H)l!lrﬁPbg Whierig\g
encapsul ant gives the inportant benefit of being SMI (surface nount

technol ogy) 20 W@ilnpata ddnebindtfon ofr lesediffereat bochpsalantse Teplirsedndapsulant
vari ous sen -conduct or packagi ng technol ogy. According to one

enbodi ment of t HéoWwreEerencapailant icontaing asuapeesivafibed iwith pa dKEfestilajng
appl yi ng and cur#wng_@he | ow- CTE encapsul ant onto the bunped surface

of the wafer beflbfl 19erRAcCAH iehsapstianit(Buxing gacapemant) aoikins e adhagsive
can then be sol der?d .onto_an appropriate substrate of an electronic

conponent, such ool aining ianflwg:iatg@[]f) O FoRyegursor 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




11 AUG2003 5 (PCB) by applying the fluxing adhesive onto the
prescri bed surface of the PCB, and reflow ng the assean%. %@ th@@
preferred nethod, the | ow CTE adhesive is cured or partialfb guﬁ
onto the bunped surface, and the exposed ends of each bunps is 5

cl eaned of any adhesive. Post-curing may be perforned after refl ow ng
of the bunps in the presence of the fluxi.ng adhesive. The product
produced thereof conprises a first and second el ectronic conponent

that are el ectri(@4B)ybyoapmyingahe Hiuginghadesiler ohiel thieSpreEbRb&P@0Aace of
bet ween the solder joints is filled with two |ayers of encapsul ant
material. 10 Théheil'JiQB, antgilovingtherassemibhl., in direct contact with
the bunped surface of the first electronic conponent, contains a

| ow- CTE adhesi ve. A Hepfbieritt Ribbd the IGWRETE CORBELBIOBuld' &Kk

agent or a fluxing precursor, 1s disposed between

encapsul ant | ay eurehenicens d nfhcel'ahdffe efloseBBRBWIMch bumps is
el ectroni ¢ conponent. Enbedded within the first and 15 second

encapsul ant sl ay elearsdbftaryvaiteisive. Pbstrairihgabgnbaperfblifed aftéefefiowing of
joints. This nmethod comnbi nes the conveni ence of a no-flow fl uxing
adhesi ve with t itee befripstin the prestnee bbthveAEingradiesiveant material . In
addition, the use of fluxing encapsulant that is in a liquid form

pressire s requi red el PR b AR R A rect Bl e honi
tAgeat er ;nulnftl s, ﬁgcohngﬂlwggﬂflgf éél%%_lbctrﬁé'ﬂ{l 86thedd REbugh@oldh ol PrifeSshce
between the solder joints is filled with two layers of encapsulant material.

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.



conpati ble, while inproving on overall packaging tinme and

reliability. Furthernore, the process is easily adapted for

waf er -1 evel packagi ng, 25 making this type of packaging one step
further towards a manufacturing reality. 1 1 AU (1 2003 f /B8R EfC3
DESCRI PTI ON OF THE DRAWNGS Figures 1 Ato 1 D are schematic draw ngs
toillustrate the nmethod according to the present invention. 5
DESCRI PTI ON OF THE PREFERRED EVMBODI MENT The present invention
conbines two inportant properties of a good encapsulant i.e. |ow CTE
and processi ng conveni ence, by meking use of two separate

encapsul ants, eggf qyégb@ﬂp?[@Nobﬁl?ﬁ%W@“% 10 properties,

within the sanme packagl ng process. description and
inthe clains, the terns "including , "conprising", and "containing"
are used in af'@FehlBni@etP a8 Frivemationdranings tetilbistratetibe imetbog rasterdingo
mean "incl udi but not Jim¢ted to..... ". The term "bunps"” refers to
structures thapg%rprﬁﬁerﬂté@‘fma- to formelectrical interconnections
bet ween el ectronic 15 conponents. Exanples of bunps include, but are
not limtedsto, tin and | ead sol der bunps, and joints nmade from a
conbi nation of solder and other material, e.g. electroplated

material. The | S 0 f the
sol der materi a%ﬁﬁlgmgl yﬁ%ﬂ??ﬁgFgﬁ%Pegﬂéagh@%\lf
CTE-reducing filler._ An _ ) o

The present invention combines two important properties of a good

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 electical 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



20 exanple is an epoxy adhesive containing silica as a filler.

Anot her exanple is an epoxy adhesive with alum numnitri ey %ry b%{gn
nitrite as filler. As further non-limting exanples, a | ow é
encapsul ant for sem - conductor chip packagi ng has a CTE of

10- 50ppm degree Cel sius. Another non-limting exanple is a | ow CTE
encapsul ant with a CTE of 20- 25 45ppm degree Celsius 1 1 AUG 2003 7
The fl uxi ng adhesi ve contai ns an adhesi ve and a agent that gives a
fluxing ability undeThe @ikioavadnedive icoRinsTAIEad B ®rd %8 Kﬂégne?i?tt}aft ?ﬁves a
exanpl e epoxy, silicone or thernoplastic. The agent may be, to
exanpl e, a fI uxflugnggkility undeardflowdongitiphe CTHes &dhe IR MyeSe, Ofor B
agents include 5 organic acids that have the ability to renove oxide
coatings, as des@PPXud silicenePar thgpidptastic.omhs\agedi 0859 he,afut ikarppleend
no. 5128746, which  are incorporated herein by reference. Exanple of
a fluxing pr ecurgléﬁ’”g agant oppdiihy Rreawsor dg@nhples viftfuxing agénytdrindade

According to_the Pr ef er L&ec{ ﬁ?nbod' ment of the present invention, the
f1uxi ng adhesi ve®i98Niccis theffiaye 1oe pbifty taremoxppxide contings: Be described

B e not i mted D CLaAmIERD, OB Pis0hg 2 JBS e anar 45146, cein

circuit boards. ampl e-of | ow CTE .adhesi ves .and
fluxi ng adhesi v%éﬁégﬁgé%aﬁdgﬁ‘%e%ﬁﬁ%&ﬁgﬁ%@mp'? g5 2 ESCARBPESCLESQBL 2
2 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




Epi kot e 8282035 Tetrahydropht hal i ¢ anhydri del50 2E4Mz0. 31. 7 Met hyl

et hyl ketone85 Fused Silica7065 15 TABLE 1 : LOW CTE ADHESIVEJUG 2003
COVPONENTAnount (g) EPON 828130 ERL 422170 Hexahydro-4-net hyl phthalic
anhydri de80 Co (I1) acetylacetonate (ACAC)0.72 Gycerol4.5 TABLE 2:
FLUXI NG ADHESIVE 1 1 AU G 2003 8 The nethod according to the present
invention may be perforned on a wafer 20 with sol der bunps 22 on the
bunped surface 23. In the final product, & he bunps have one end

sol dered onto the |/Thepmdshcdf atdirding o mezﬁifbseﬁf%v%nﬁdr?ﬁ]@ﬁggfBérformed

sol dering onto the prescribed surface 25 of a 5 substrat during
packagi ng or assemblwafeiRR0 avith s@dérobdthgs 22 8ntthe bumpddesurfh@vo8TH the
encapsul ant material 24 is applied onto the bunped surface 23 of the
waf er 20 (Fig. 1 imahptpducB)the bnmpsdaaioneerdhsdiderad dito tise /O pagPion the
coating of a liquid_|ow CTE encapsul ant, followed by curing (either
conpl etely or pditip 8Payand aEeeeadderysalderingsonin dbg presonibed surfeca 26 dbf a

5 substrate 28 during packaging or assembly. Referring to Fig.1A to 1D, the
low-CTE encapsulant material 24 is applied onto the bumped surface 23
of the wafer 20 (Fig.1A and 1B). One technique that can be used is spin
coating of a liquid 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



10 Curing may be through heating or chem cal neans. The cured | ow CTE
encapsul ant is preferably of a thickness |ower than the bunps, such
that part of the bunps are exposed, as shown in Fig. 1 B"lAfn?gEeg@DfS
technique that can be used is by nolding, e.g. of sem -solid"™

solid (resin). If there 1is excess encapsulant, i.e. the free end(s)
of one or nore bunps are 15 covered by the cured | ow CTE encapsul ant,
cleaning of the free ends is perforned, fr exanpl e using plasm

et chi ng or | aser stiggRne |06l tha M e i .
to obtain individual chips. et Whe tiipe o |'?u'2%%ﬁo%“&@?a‘ﬁ%gg¢ﬁ&'ﬁ8
only one porti ontemfiriale ohather sitstrafeo @8 iFig. )RS Ady a8 deformdle by
remai ni ng portions of the wafer are only depicted 20 ‘as dotted |1 nes,
and the | ocat i oncagivantionalnicisarmhplaby systbtned Ths chipfsubBtriteyassehibhis then
singul ated chip 20a is obtained. Fluxing adhesive 26 is then applied
to the prescri betiargigresd o 2 reflow lewes ulos trefiavén@8Dependinghon tthe niypal f
for interconnection with the bunps are found (Fig.1 C). The fluxing
adhesi ve is pref @capsylapbpatesial useds a pest-curingisten, dpe exampe tof deating at
prescribed surface of the substrate_ facing upwards. Conventional

met hods of appl ?@}ﬁeir JRMPEfRIHrEss ecﬂ-sb@% Hgf 3%ri”ﬂ'f"i‘tfﬂléy sraydibepiregiradajo
be wused. The ch%é% legth tEe | ow- CTE encapsul ant is then placed
onto the 1 1 AU gﬁ CUE RS AORERVESich t hat t he bunmps 22 are in
contact with the corresponding termnals of the substrate 28
(Fig.1D). This may B¥hjlertherpresentyinventionehas deeh pesériet pattizakrly with
systens. The chilp/substrate assenbly is then transferred to a reflow
oven for refl ow ﬁéere@gqﬁetﬁdflgﬁg13ntot , titygheulsk be understood that the figures are

10 for illustration only and 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.



5 encapsul ant material used, a post-curing step, for exanple of
heating at |ower tenperatures e.g. 150C for 30 m nutes, nmay be
required to conpletely cure the adhesives. Wile the preze?tup

i nvention has been described particularly with reference é Pi§E31
Ato 1l E, it should be understood that the figures are 10 for
illustration only and should not be taken as Iimtation on the
invention. In addition it is clear that t%he nethod of the pr esent
invention has utility in many applications where no-flow underfil
and ot her types of surface nounting conponents are used. It is
contenpl ated that many changes and nodifications my be nmade by one
of ordinary skilCLAIM®$e art without 15 departing fromthe spirit
and the scope of the invention described. 1 1 AUG 2003 10 CLAIMS 1 1.

from a sen - orduct of Tehe o BRRGRL Pufiopblictof 208, L 45H: ddeed
3 containi ng sol der fm%eﬁ@oﬂdgﬁgpﬁa@y%?@v& rﬁa%vgﬁngp@agtoéne %urface

el ectrical connection to a substrate, said subst aving _
prescribed surface wohfairifRy dbldef BifhPN3LR BRI SHyiG' os%éeﬁé§ |G fof
connection with said bunps, said nethod conprising : a) applyrng a

| ow- CTE encapsul ant efsetricat hnbectioad t6 Ual aeBsipdte, Ssfidi JuMafRs hgviﬁg a
curing said | ow CTE encapsul ant; 10 c) exposing said free end of Said

bunps; 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.



11 d) singulating said wafer to obtain a plurality of |owCITE 12
encapsul ated chips; 13 e) applying a fluxing encapsul ant ontfo]tA5 2003
prescribed surface of 14 said substrate; 15 f) placing said

singul ated chip onto said substrafEPRWNCEMENT BAGE 16 bunps are in
contact with said termnals of said prescribed 17 surface; 18 Q)
reflowi ng said bunps such that said bunps are sol dered onto 19 said
termnals. 1 2. A nethod according to claim1l wherein said exposing
step 2 conprises |aser ablation or plas etching. 1 1 AU G 2003
REPLACEMENT PACE 11 1 3. A nethod accordi to claim1 wherein said
applying step uses nolding 2 technology. 1 4. A nethod according to
claim 1l wheneig, sai @ ,ﬂ@gﬁbula@gora,h h

5. A nethod according to claim 163/?13;@2?&%?5?%'%%& ﬂz @%e%t%gauggées déﬁlg
conpl ete cuping or Rahhbiggy.curing of said | ow CTE adhesive. 1 6.
(Canceled) 1 7. An el ectronl c package according to claim®6 wherein
said first

1 4. A method according to claim 1 wherein said applying step uses spin
2 coating technology

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 encapsul ant | ayer has a coefficient of thermal expansion f1éﬁ§$ 0
50ppm degree celsius. 1 8. An el ectronic package according t @;%3
wherein said first 2 encapsulant | ayer contains silica filler and
sai d second encapsul ant | ayer TAGBMENT BAGEy additive. 1 9. An
el ectroni c package according to cIa|n16 wherein said second 2
adhesive | ayer containing an agent that is capable of renoving oxides
3 during solder reflow before said second adhesive is cured. 1 10. An
el ectroni c package according to claim®6 rein said first conponent

2 is a sem-conductor chip. 1 11. An el ectfonic package according to
claim6 wherein said first adhesive 2 |ayer conprises an epoxy resin

and a silica fitBl er Anlefedtrofie Sé&%béoéﬁc%rd?ﬁﬁliégﬁaﬁpqombmn tQi¢ls %hgﬁél

wherein said second 2 adhesive | ayer conprlses an epoxy resin an
fluxing agent. 1 1 Abh&sivdDByerBERLASENANTpIRN nlgg AR s8lect roni c
package according to cIa|n1gFMMere|n sald second ﬁe3|ve | ayer
conpri ses ag epoxy resin and an organic acid. 1 14. An electronic
package accdrdilfig” t &ncPlgchpnicyprskags acsrtdirg dorriainp 4awhetsin saichpecond

conprises an epoxy resin, a hydroxyl-containing fluxing 3 precursor
and an anhy:}rl de. adhesive layer comprises an epoxy resin, a hydroxyl-containing fluxing

precursor and an anhydride.




ABSTRACT METHOD OF PACKAG NG AN | NTEGRATED CI RCUI T DEVI CE A net hod of
packaging a bunped el ectronic chip or a bunped wafer by utilising a
conbi nation of two different encapsul ants. The first enc?gs%hanbmﬁ
(I ow CTE encapsul ant) contains an adhesive filled with a
CTE-reducing filler. The second encapsul ant (fl uxing encapsulant)
contains an adhesive containing a fIUX|ng agent or a precursor of a
fluxing agent. The | ow CTE encapsul ant applled directly onto the
bunped surface of a wafer before sin?ﬂggtlon into chips. The fluxing
encapsul ant is applied onto the subs Chlp and the
substrates are then joined together to forma package. FlIGURES 1A-1D
METHOD OF PACKAGING AN INTEGRATED CIRCUIT DEVICE

A method of packaging a bumped electronic chip or a bumped
wafer by utilising a combination of two different encapsulants. The first
encapsulant (low CTE encapsulant) contains an adhesive filled with a
CTE-reducing filler. The second encapsulant (fluxing encapsulant) contains
an adhesive containing a fluxing agent or a precursor of a fluxing agent.
The low CTE encapsulant is applied directly onto the bumped surface of
a wafer before singulation into chips. The fluxing encapsulant is applied
onto the substrate. The chip and the substrates are then joined together to

form a package.

FIGURES 1A-1D



