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ADHESICN AND METHOD Background O The Invention 1. Field of the I nven

Jhis invention relates to the nmanufacture of electronic nodul es, nanely
flip chip packaging, utilizing an inproved nethod of assenbling the nodul e.
The i nproved nethod provi des enhanced adhesi on between a
substrate by treating the passivation toating of the chip. mwmwmwg |s a
nore robust. electronic nodule. 2. Description of Related y, in
flip chip packaging, one or nore integrated circuit chips are‘ﬁﬂ&hted on a
substrate to conprise the electronic nodule. Pads on the chip are

el ectrically and rre‘é'ﬁaﬁi-eatthPaaﬁAéEtHﬂ'.r:ﬁooz'bmezpnnmmgpsadamn t he
substrate by a plurality 'of el onnectlons such as sol der joints.
The chip and substrate are thed%hﬁ#éﬁ#% er t enperature causing
the solder to nelt and wet each pad |n the nDduIe The assenbly is cool ed
causi ng the solder to soli cHASEITONSLC 8 3tde8 or nore el ectrical
connections between the chip and the substrate to fornrthe el ectronic
nodul e. Subséqu&delg O@héhﬁnd@W@nﬁa@nrecerve a nonconductive underfill to
reduce the fatigyg o 0 el 8l adhesj on._bet ween

the chip and the sub;ért‘rr%?%:?&laglgé]bér% ttﬁ{e ‘ﬁtagﬁ?f%c% Y ore C%Pn ﬁ%h?gl I'n
underflH|mqﬁulﬁﬁeleémﬁbnldhﬂmnﬂhﬂpepamkaqmng,typmmakhnganuepbmyrbeedn

with cera gl ass f 0 fl ow ynder. t he chi,p, en
the sol derﬂ jccorr%n s, @é dnsj'ér(?oeld’ a%f an eergggtleﬁ te Jflrr‘eat UHEPT RV Rdr em‘?hgwg
under fi | | prarerdes . enhancézd I-mdreexmanmeuveaeh fof lcﬁulp etrn:imommgtﬁdheswn

bet ween t C derfil teriaI Ala er assivatjon,on the
wchi p onceh%urétex£ n%ﬁ%zf%g ai“florr1 nenBtmlgnu §he d be st‘?%‘tﬁie t§

treat theawmaeade pastsmsrateberc‘ofomhe IEdidLDl@.UCh that it is reactive and

2. Description of Related Art

Typically, in flip chip packaging, one or more
integrated circuit chips are mounted on a substrate to
comprise the electronic module. Pads on the chip are
electrically and mechanically connected to corresponding
pads on the substrate by a plurality of electrical
connectlons such as solder joints. The chip and substrate
are then subjected to a hlgher temperature causing the
solder to melt and wet each pad in the module. The assembly
is cooled causing the solder to solidify, thereby providing
one or more electrical connections between the chip and the
substrate to form the electronic module.

Subsequently, the module may receive a nonconductive
underfill to reduce the fatigue of the solder joints,
provide better adhesion between the chip and the substrate,
and protect the module from contaminants. In underfilling
the electronic module, a polymer, typically an epoxy resin,
with ceramic or glass filler, is allowed to flow under the
chip, between the solder joints, and heated at an elevated

~temperature to cure the underfill material.
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w |l bond to the underfill material. Bearing in mnd the probl el Sg;
deficiencies of the prior art, it is therefore an object of thengr 2003
invention to provide a robust electronic nodul e havi ng enhanced adhesi on
between the chip and substrate. It is anofher object of the present
invention to provide a nethod of assenbling a robust el ectronic nodul e
havi ng enhanced adhesi on between the chip and substrate. Still other

obj ects and advBeswegesitob diffuitnvesromore willdsionnbgdeedn LR dliyiaad shemgduill
in part be apéarent fromthe specification. Summary of the |nvention The

above and ofHERabbpRYE ofrRpsHUON ey clupioBse GHIEA I subsipalihinerto Bt 6
skill in th@?ﬁ‘lﬁtbe &sfraic % SRt Rt REGHRIH of MY Rl Qth ASFLOREE d}e%ne' n

is a nethod rovid esion conprising the steps of
provi di ng aWFlbbqndémthﬁ linderﬁll(nb)erlﬁbdl fying the polymeric filmby oxidizing a

surfacé of the %Q%r?ﬁge‘ 'rﬁ nid! ol ptg&%llélﬁg Thd d%? glegélgéjop ﬁleé;@c{r' n flli Ly {e?%re an

treating the no poIymer | MW t F ovid

pol ymeri c nobjesticdl thé q)resen‘thﬁsemmntm proeidpal whsastl e:iedttdnm nwdale havm'g ¢rthhanced
contactlngt grrerl teri tothe polynmeric film In another
aspect, 1‘“8% ttwele’t’i TRy Sau b¥f3&cted to a method of formng an

el ectroni C rmdujt §s GROTRE SHjBd JffiRe PERBS iBléntion to provide a method of assembling a
robust electronic module having enhanced adhesion between the chip and substrate.
Still other objects and advantages of the invention will in part be obvious and will

() in part be apparent from the specification.

Summary of the Invention

The above and other objects and advantages, which will be apparent to one of skill
in the art, are achieved in the present invention.

Disclosed herein is a method for providing enhanced adhesion comprising the steps
of:

(a) providing a polymeric film;

(b) modifying the polymeric film by oxidizing a surface of the polymeric film to
form a modified polymeric film;

(c) treating the modified polymeric film with a polyamine;

(d) providing a polymeric material for adhesion to the polymeric film; and



(a) providing an integrated circuit chip having a passivation raS}/QSE&ZBQBn
(b) nodi fying the passivation |ayer by oxidizing a surface of the
passivation layer formng a nodified passivation |layer; (c) treating the
odi fi ed passivation layer with a ppol yanine; (d) providing a substrate;

(e) contacting the chip to the substrate; (f) underfilling a gap between
the chip and the substrate with an encapsul ant; and (g) curing the
encapsulant. . . Preferably, step (b) nay conprise nodifying the

passivation layer with an 02 plasnma at about 200 to about 4.00 Watts for
about 0.2 to about 5 mnutes at about 0.1 to about 1 Torr with an 02 flow
rate of about 2%€fo BVkAQONEC/ it e nod yimrmica nudiddeich passiyat i

|l ayer. Alternatiyg ep (. may conprise nodi fying the passivation | ayer
with ultraviol et 16I Pgﬁt&%%dfgg}nfor about 1 to about 30 minutes at
wavel engt hs of I84apomheandsps8t7 miret préeemtainpdnfied passiivaldty layer.

Pr ef er abl ises treati he nodi fied passivation |ayer with
a sol uti o%ao?ﬁeg%béﬁ) 8&2”%3:%8& B \ﬁa.%%tt(’ffm&cporp?‘gﬁ?-ge W%jgsjd‘%?{cé@,ul ar

wei ght of speps afiout 500, 000. Preferably, the polyam ne conprises a cyclic
am ne havi ng on? f the follow % structures: .4 wherein R nay conprise
a suitable al kyl agroﬁf?%" P t & f SPNEPA2ERAXCHICWABr X s Hawimg o al to
10 and n is aboupaBBivatabaut a§8e0tnhkReyBt another aspect, the present
invention is ' djrected to , a nethod of formng an el ectronic nodul e
conprising the $Péps MAALiEdng Shedi pyysahvahielyr des@rci Pruiax i pimaviang a
pol yi mi de | ayer kQjergen, & Sthéa 1+t ol yim de d r i i £, orm
a modi fied pol yim de | ayer: (b s r?*g"elt"ﬁle e efg%;é‘%nﬁdte“oﬁgfé%émth
a 1 to 5% sol uti BASBFVASL9L4-e¥RYFpyridine); ' (c) providing a. substrate
having int erconnest Radsaaid ceARNUNAG; F CoOldels haldls - 98yLhe ohip: ()
contacting' the chip to, the substrate; (e ormng an el ectroni'c moddl e by
refl owi ng the soP8é¥ajidRAts to el ectrically and nmechanical |y connect the

chip to the SUbSHB at epr&Jﬁdi%{lji%Ifédﬂé{%é&F el ectronic nodule with an

encapsul ant; an
(e) contacting the chip to the substrate;

(£) underfilling a gap between the chip and the
substrate with an encapsulant; and
(g)l curing the encapsulant.

. Preferably, step (b) may comprise modifying the
passivation-layer with an 0O, élagmé at about 200 to about
400 Watts for about 0.2 to about 5 minutes at about 0.1 to
about 1 Torr with an O, flow rate of about 25 to about 200

( } cc/minute to form a modified passivation = layer.
Alternatively, step (b) may comprise modifying the
passivation layer with ultraviolet light and O3 for about 1
to about 30 minutes at wavelengths of 184.9 nm and 253.7 nm
to form a modified passivation layer. Preferably, step (c)
comprises treating the modified passivation layer with a
solution of about 0.1 to about 50 wt.% of a polyamine having
a molecular weight of up to about 500,000.

Preferably, the polyamine comprises a cyclic amine

having one of the following structures:



(g) curing the encapsulant for a sufficient time and tenperature QSE\ﬁz'an
Preferably, step (b) conprises treating the nodified polyimde | 9

an about 50 solution of poly(4vinylpyridine) at about OC for about 5
m nut es such that the poly(4-vinylpyridine) substantially coats the

nodi fied polyimde |ayer. Preferably, during reflow ng of the sol der 5
joints in step (e), the poly(4-vinylpyr4qdine) substantially reacts with the
nodi fied polyimde layer. In still yet another aspect, the present

invention is directed to a nethod of treating a wafer to provide chips

havi ng enhanced adhesion in an el ectronic nodule conprising the steps of:

(a) providing a waf having a pIurallty of_electrical devices forned and a
; Tassivation | ayer

to form bondi ng pads e ponding tojthe el gctrijcal s; (c) applying
sol der to the bondi 1 (d) qxi g a $urfac passi vati on
| ayer to forma no i ssi vatji (¢) trepti nodi fi ed

passivation | ayer W | uti on 1t wt. % of a

pol yam ne; (f) refl g the sol der; mand (gg di cilng™tf mafer to form

i ndi vi dual chi ps. ¥, thepol yam ne—tBnpri ydhjc am ne havi ng
one of the followng structures: ' wherein R may conprise a suitable alkyl
group havitREEHE"f 5 A% ERmpxise ihepeltebkef adivilo drowp 1harichar theabout

90 to abougsSREP or bk s <t olva
pol y(4- VIng?pyglﬁéggﬁioavﬁﬁgEg X 1§cgﬁa9 &é.gkﬁ% ? abo(f%gol%oﬁbOUt 98
o abou

In yet another aspect, the present invention 1is
directed to .a method of forming an electronic module
comprising the steps of: ) )

(a) providing an integrated circuit chip having a

polyimide layer thereon, a surface of the polyimide
layer modified to form a modified polyimide layer;

(b) treating the modified polyimide layer with a 1 to

[2)

% solution of poly(4-vinylpyridine);
{c) providing a. substrate having interconnect pads
corresponding to solder jOlnts on the chip: |
(d) contacting the chip to, the substrate,
(e) forming an electronic module by reflowing the
( } solder joints to electrically and mechanically connect
the chip to the substrate;
{(£) underfilling the electronic module with an

encapsulant; and

(g) curing the encapsulant for a sufficient time and
temperature.
Preferably, step (b) comprises treating the modified

polyimide layer with an about 5% solution of poly(4-
vinylpyridine) at about 0°C for about 5 minutes such that
the poly(4-vinylpyridine) substantially coats the modified

polyimide layer. Preferably, during reflowing of the solder



Al so disclosed herein is an electronic nodule conprising a substrate; an
i.ntegrated circuit chip aligned to the substrate through a pl urHIQt&ER‘ZUﬂ?
solder joints, the chip having a | ayer of passivation thereon, the |ayer o
passi vation having an oxidi zed surface and treated with a pol yam ne; and an
underfill material disposed between the chip and the substrate, wherein
upon heating the nodule to reflow the s@l der joints, the oxidized surface
of said passivation is adapted to react with said pol yam ne, and during
curing of said underfill material, said underfill material is adapted to
react wth said polyam ne. Preferably, the polyam ne conprises

pol y(4-vi nybpytidiine)stdd i of) Desksi pblondofihhepDrawi nas s-ﬁlﬁ%tfaeff?éi‘érlqs% of
the i nvention elievgq %%|be novel and the el enments characteristic of the

i nvent i on &FP8CL&t WAE AN PRAdAderc pravimyden lenerappended cl ai ns. The

figures are for rhl l44SUNAyON BHEPREES aQRLXLANGIAY 08k AMAVEALIERl § o The
invention itself, however, both as to organi zation and nmethod of operation,
may best bElEREERS: JRI dymeEheremde txratindetapdgrdeser Ppevddewsips
follows ta 1 ' ' i o) Log: dr aw [ i.ch: . Fig.
s ] o O b nenre Lo (LTS, \PrtiRdnd,

i nventi on Bhet EEeeli pflevel . Fig. 2 is a flow diagramof a preferred

enbodi nent of ageth ; resent, . icayent i on. t vel . Fig. 3
is a cross-sect#%ﬁal |é$&% ﬁ gfec%?%%%c n%%ﬁfg&asggngﬁggh?%ﬁggkor éﬂce
with a nethod of ellkeetpiesént demienasi ofiormed arki g.a 4 passd vednipar | dayeof t he
anount of force @%%%%gntn chip-pull tests to delamnate flip chip test
sanpl es treated i'n-accordance with a nethod of the present invention with
unt reat ed sanpl €b) Dgsxtiganiong okntiheetRitafrer r ede Ephediivertti(s) laydesaid bi ng
the preferred enhodi ment qf the present invention, reference wll he made
herein to Figs.n%O g'HngPamfﬁai i?Pﬁﬁﬁ%ﬁPQ¢¥&gl1§ﬁbr§$§3ré¥QﬁCH§}qq e
features of ' theeiviicest;i on. Features of the invention are not necessarily
shown to scale in the draw ngs. The present .invention is directed to a

| ani nat e fIipchﬁﬁ)paéﬂﬁﬁgykq$u%?%§éft?ﬁut S TUBIRY 3% high fracture and
del am nation regidstanseidizihe ahisunfass et i encanphamdertidl Layerf age.
This is acconplished by nodifying the cth syrface, preferably, in
accordance with tREMsEePOIBELr LRSS Vel Plgﬁéﬁﬁrt of Fig. 1 for forming a
robust el ectroni(e)nodgt&a®ing! itheChihpdpackagpassitwpiical Layegr avethcia cuit
chip having a plurality of electrical devi%es tg re%?onay be unted on a
singl e or multi- PREISHLSEr 3POVECENdr &1 $PORLdS Vol Tt Re OFhidp Pateyamine:

electrically angsyechagitaliyg conaesséedet 0 £@drespondi ng pads on the
substrate by a plurality, of electrical copnnectjons suych as, sol der joints.

The sol der j oi nt@)maydbeirdrHRe BATEhet e hF Y By BV HEARE RAORA in the art,

for exanple, by pe3tdiathiqr, e¢aror gbloBmifenesahpyis®si o taydoidn ngnidee
solder joints, the chip i's preferahly coated with a suitable passivation

éayer and d@vddg pEnfedhst oy PASSFAESST material s may i ncl ude
0

yi m de, _ benzocycl obutene, anq_pouyinidggalysLprane &Q;polyners. A
preferred passivarrﬁﬁ"ﬁﬁrqp7ﬂ
=
N 0
| N _1In L NH —Jn L NH —Jdn

wherein R may comprise a suitable alkyl group having the
formula CyHsx-1, where X is from to 1 to 10 and n is about 90
to about 5000. Most preferably, the polyamine comprises
poly(4-vinylpyridine) having a molecular weight of about

20,000.



conprises polyimde. The passivation is typically patterned and efched
according to known nethods in the art at the sites requiring sol'dbrngPrﬂO(B
Since the passivation is preferably a cured polyneric material, it is
fairly unreactive and nust be treated iné)rder to react with another

pol ymer. Thus, to enhance the adhesion of the passivation to the underfill,
the surface of the passivation nust be nodified to provide the necessary
reactive sites. ABQIRIREE RbrelMsamt di&trodid hbdi@s coMpAkiagla siBStHdté; Gatih@prald a
surface of the, passivation material to forma nodifiéd passivation

fol | oned bycirquitzahimaligned tenthsi gubsisiate dyengtng phwality of seldenieinis,| the ehipdgpingra, i n
particul ar, l i ePref. I . SL: &

i di 2ing. afeooh BRI MRk IPIER of LELEHRR Yoyl RIUBebd st and

suf ficient aegpechwithkd pglyamine)aad neanidesd] tateniat disposedesttweasineathippand the

material. O _course, other chem cal, nodificatiqn techniques. my, be use
Coeh ha i onPubRHes SRR R Definin he ROdHls G| oS SO UG 8 Gt BErd: hat

t he chem cadyrimedof ksiatpasivaionti§ edapdsiorshdt WtHEHE bbBamidd, aus ,dﬁﬁﬁggeﬁﬁ@bpf
free carboxyl groups on the surface of the passivation material by

suf fi ci ent | Spidyndarsll mptesial, spidspder{dmateriplis adapied tpgeach withmekpalyastipe. t he
i di zi t i t 200 to about 400
Vatts for apoutr 0o HpEORRpEoRbrite MLASTT APy ARALE. D0 onai e ons.

about 0.1 to about 1 Torr with an 02 flow rate of about 25 to about 200
cc/mnute. Most preferably, gfh | asia di tions occur at about 300
Watts, at about 0.35 Torr W%ﬁ'ggaésgw%i'&negﬁ&ealéBW' cc/mnute for about
A to about 3 mi The Ratures of th RyBRidIERtVaNtotaver andAno thafen@oha@tfEEC of
utilizes an _ ul.traviolet QgU\/) li,ght source which is able to produce 03 from
the air surthguRenHgn are sy fery wethingriigylagityin s appsrdadoriaiEsanberisureierre T | s
typi cal ly plis@slicalpuipstes bANGRd Afe RRMAwE td aRDOHe RPertiOhaNEY, Hdwtt, BEmYY
i ght source and exposed to"the UV and 03 generated for about” 1 to about 30
m nut es. Thes Wauretmmijionsanganethed efl opsratiors may besthe usderstoed dyaefegenco totheand
253.7 nm Pyef: - i B.1l e . . h

| i ght sour céaélg{da&agg%lméoge‘?@%E%L%%Vs%éeﬁ}l lguc'?) g@ %t&?’céﬁ{l E%%@Wég \g}atv'f"ggf has
been nodi f i mdyhiah:di | ute sol uti on of a non-silane coupler, in particular, a
pol yam ne coupl i.ng.agent, in.a suitable solyent i.s appl.ied fo.the chi
Surtace. . e g, Ty 1R EbIRY WReSEhPEA eriERey SRl B e (atiore bt e
agent has ainveht&gult @i op BhEL i n the range of up to about 500, 000, nost

pref erably about, 28,,000. The pol yam ne y.include saturated and

unsat urated al i%‘ﬂa i1 gV cYagap meeferrsdh gmbadimsng of \¢ wgthod offthe peesghl ne.
Pref erabl y, inkBgidch i a@r fees). an al i phati c backbone for flexibility in
solution with the amne functionalities branching off the aliphatic
backbone The poligadiiné@ qresspreetiaiiahyisy af ed clastrapicunodnla asssmbigsiuin Bgomency

sol ution usj j l; : ich dissolves the am ne, and nost
iprief erabl y gt{lggq@%}ﬁ?:&jeﬁt?gﬁeg%ﬁg}{%g 18%3'{1 1to 5% 1 Preferably, the polyam ne
conprises a cyclic am ne having one of the following structures: Rl On NH
n .. pyridine pyrrolidone piperidine wherein R may conprise a suitable

al kyl group having the formula CXH2X-1, where X is fromto 1 to 10, nost
preferably



10 where X is 1 (nmethyl) or 2 (ethyl), and n is about 90 to about_%f%f .
Most preferably the cyclic am nes conprise pol y(3-vinyl pyridine), ~ E¥)2003
pol y(4-vinyl pyridine), 2-nethyl-5vinylpyridine, 5-ethyl-2-vinylpyridine,

pol y(3vi nyl pyrrolidone), poly(4-vinylpyrrolidone), poly(3vinylpiperidine),
and pol y(4-vinyl piperidine). The nost preferred pol yam ne conpri ses

nol y(4-vinyl pyridine) due to its denonstrated effectiveness. The

poly(4-vinyl pyridine) is used as a nethanolic solution at a concentration

of about 1 to about 5 O, even nore preferably at about 5 0 . Suitable
gquaternary salts of the polyam nes such as pol y(N nethyl -4pyridi um

broni de), nay aFsg. bé iised tompheipbasent thBVeRbLAR b BLRAS Letter
solubility_ of the oggagine m@eg gneparing,the sol ution. Mnitoring of a
chi p surfégE”%dQ?%g PoPyFRi 481pR48AYSt foAPCcERL PN RkSs SpEPlesmsd dated r ay
Phot oel ectironaSpeetiadseonyi {hXPS) netind & £hygic r oni 5200 .

Mul ti probe Spectroneter._ The foll ow ng tablgﬁghgk% tgg;aggkgﬁtgggcéﬁf%bes )
of carbon,MTHi ¥$dkRM. SARBL8%ygen of the pol yimi de surface prior to

treatnent, after chem cal nodification of the surface and al so after
treatment with the polyam ne. The sanple chip had a PMDA- ODA pol yi m de

coating. The surfaq&eggpié' [ hg! gg Igéﬁd!an Q asma at about
0.35 Torr for about=3Tmr £EGh OF LG BLOrE 20N 8 1%83§4E§5 cc/mnute

fol | owed by trebtndascuibing 3%esopuefonred pabyldnennylqryridengyasnt

nmet hanol . . . TAB | e%C =90\ ®pol.yi m de79. 16. 314. 6w, surface6l. 47
. 531. 2nDi ﬁ?%%ﬁ@nkf%%??%@ggzwﬁ%l%g g@%g m?ﬁ%ﬂpf FeagFgﬁ - g&mitn& Lt td4t ment

Exposi ng tdeavyiotys mide whi dihel ORe phasish allBCresses the 1asere SOREE8!t at i on

lof! the suQ;ace of th%.golyinidﬁ due to oxidatjon of the polyimde

struct ur e.t ki dAPFTSRTOR the pof SPHPHEESTi RF f oF e f LOYSR&ABEXy| 2 & oupSton

t he surfacedeasgmaVigeshidwen reacscybesiheshaegdedihgsattach the -pol yam ne.

After treatnent_wth the EoLﬁ%nine, t he ni{rogen and carbon concentrations
7 S5

increase as expett eATSPRR WPahide ASradsefné® oht trhheaker £adeof

the nodificed paydwage. sThectRsé Pretersedopbodiient nofht heaptasentneet hod
utilizes a dilute solution of poly(4-vinylpyridine) of about 1 to about 5%

in met hande MRt P i s TEEESE@Nt 0o #he ddleut i BRlAt dFCRIRE ¥t aBeGt 1

to about 3B EHEES, i RESFLRAELY abeut 1% NHIBEESL: IRl hPWbAeEy AN he
sufficient .) tine to adsorb onto the nodified passivation and ?orn1a

quat er nar S t SUHERRM p AELRHAP I nsdd wiagsomvenss haish t Sheenslerany
excess unadsoredy arhne:nheYpi6akhireye tbén Qner&pplrcatinen of rbhesan ne
solution is preferred to ensure formation of the quaternary salt on the
surface ofekerE¥RAT iRAIPERsPyafi bh. CFoP| BAFkGILreat ment of the chip with
the pol yam ne coupjbita RIEREegtB€e80LHBEUL 01 BhEpORalNBgChI B1ak81akOReEd tO
correspond.to the |ntercqnnec? pads on the substrate. %he sol der joOints may
be fluxed #leshetenke deNd CRet tHPFEEY BRYshRS sBPYRLeATHRN s8l dRINJHE nOF are

{rﬁflomed by, ept] e £ Ols\ b strate. Generally, pads on the chip are

electrically and mechanically connected to corresponding

pads on the substrate by a plurality of electrical
_connections such as solder joints. The solder joints may be
formed on the chip by any means known in the art, for
example, by plating or evaporation.

Generally, prior to forming the solder joints, the chip
is preferably coated with a suitable passivation layer and
cured. Examples of suitable passivation materials may
include polyimide, . benzocyclobutene, and polyimide-

polysiloxane co-polymers. A preferred passivation material



12 tinme and tenperature sufficient to nelt the solder. Wile not
be bound by theory, it is believed that during reflow, the pol yanglnsgpliddé

with the nodified passivation on the surface of the passivation. However,
there are still unbound am ne sites al ong.the pol yam ne chain for further
reaction with the underfill material to provide the adhesive strength of
the present invention. After reflow of 8he solder joints, the flip chip
package is underfilled with a suitable encapsul ant. Typical encapsul ants
conprise polyners, preferably epoxy resins, known in the art. Suitable
encapsul ants are available fromthe Dexter Corporation of Industry,

Cal i f or ni azorahel $@s K i RsdEPA51He R YRS K ensed
according to conventllﬁ%ﬁgl met hods aﬁ%%sgftflagg%%%e?o%%ﬁgégkf% n?i €h§ s the
gap bet wedPd hETERES RRCUBERY att® PknPHpi meéhydacnronthepoamtura.mgthbe
underfill sneaps t r p ate ti by the
manuf actursglr of Fﬁgﬁéﬁgglgﬁus%nteﬁ ﬂgqgggapsuﬁgﬂgbch‘%ﬁcggsy lrvtf‘-fla Oélywllish

t he pol yarﬁrffef%mlfpl}’ ngd aganed | tpobyntﬁedncevenhtémialhe pol yan nefawhu[ye

anchored tg, i o] o] aving r ct e W th t nod]
passi vati on, rea%ﬁéwaqﬁd ﬁlel%tetncggs %he/ %] t'ie 85 ﬁg §??8£ Fni‘t he
remai ni ng anatheni e Mfymeot.i onalhes es t@n enbapoeyarhmeadﬁte@ﬂcﬁsubhfl Nghe

el ectroni ) he the conduct or_chj avi ng
modi 11 od PIG YA AR o0 e PR | 55 &k e dereerPrbifine 10
An under f uﬂdstmbeerm@sﬂlﬂ;Bedstdlpp@msw ﬂjﬁmeédf&y:Mem@t&ﬂvé hei seibstrat e.
The polyam ne rgacts with the nodjfie assi vat.ion and the underfill
material to pro %Iep]é?‘l%%ﬁ%eﬁmé%‘ejs?’bnq%\’tphﬁ‘?es HI d?fb%rﬂ‘lz‘?t’rﬂ’fleiaface
A} unexpeci eduadvant age tReutgddszivig iidhe REeSENA] mebhOﬂohﬁ tthahodheighi ps
may be treated with theeﬁge%/,am ne at the f3 wafer |evel. Treating the
waf er i ncrRAEREVIHECRm Gan?y | Heéﬁanﬂec’?l'é%s%‘@dtllgéeéios@a%%lY?FbOEhl p
packagi ng.wiftie fd owéhagi Bamef &b@pldr Shows therist@psas VAl VesbiPamine

i npl enenting the (gresent met hod at the wafer |evel. A silicon wafer havi ng
one or norPWRYIREs B9SRFrcui t REFHFFRRE Y her¥BP I L oatRd 3 t PpEds7Hagi on

and cur ed.a thhesprerar easudod @@Céhérﬁﬁéﬁiflj\gn&ﬁ%]a{kﬁa qﬁéém@a@yo@atéeém ng

and etching according to conventlonal met hods e sol der joints for
each resul¥¥hEL ¢HERt acdtentdy nBakbydcoriveRPFBnaf St HERs, tl”faé‘r sRgnpFered

plating or £¥§P\%’é‘ib@n ma€e MRS Ll 1S subj ectedlitge t he S cal cppdi Ehgation
as descri bed above and a surface of the passivati on materi al i s oxidized. A
pol yani ne reedt if et ian apperl gee s handhdide ed g si Mk oS ThECR ol Hepm
deposi tio &HbéP&né‘ﬁf:eéf' Ehke hewqawoﬁonaww formp sphedissdced@pesatr The

wafer is goced to si ngu ate t&e I ndi vi dual chtps. The individual chips are
el ect ri caltye apiembeahnnedi ficebimrcebdh®d RASTHRAFIRR BHLFHRL LALLPYPFI |
appl i ed arfj%frHéﬁ’f'onTQﬁf S 8PBe PIELARSKA0N féh 8s sipLaxedsorrdde o prhevel
di scussed above are al so used at the wa eveI pracessi ng. Anot her
(Jr}expect ecvasvivebyeni sahpsialthe %ﬂ%%%‘?%ﬁfetlfé @l &k HHRY c@ stPRt paréace
Origani ¢ subst e have a passivation coating or other polyneric
coating th%?e%ﬁéngaglggggﬁ ected to the oxidation and treatnent with the
pol yam ne to pr Bveﬂerehlhanceueadhedllehn@t atnespheeef MRY SABPEAESt P& O2
interface. The en hod oof . 4Isiy Ay Skk P! ghouParg icukarly
t he dem)ns‘ﬂ’%feg %fs“T : ?@%n%g]so 0 S ?38/3% nes, Hngggect edly Blrlow des a
subst ant i ahbbner éaménunes hend&rebge hfot lowend| cpndht popackageust Ot Ae teni p-
and underfi]l erface. p= pu S fLip, tast. sambes 20014
Wi t hout soﬁ"a@'llC :} r;[{ assgkblaerg 4) %lgoi%r dgéh%eg\?\n t%gﬁele 265r etsCZn%E)Jl) nvention
show aboutcd;Zfa&/mutrprovm pre fdtesliyon Sta e@rgtmlaﬁm mmfﬂem-@dsf Prgughi p

test | the_t est | t bust
that i n Tract GPE Bxpa AR the ThPEF T Bea baPheel Tho rdse T T and2ohi p

remai ns inggehitWii®e tcbﬁ‘mhﬂyl@és 5y azbantnat e tsubsiheat e 3 eminutes in a

plasma reaction chamber.
Another embodiment utilizes an ultraviolet (UV) light

source which is able to produce O3 from the air surrounding



Fig. 4 shows a conparison of the chip-pull force of a f lip chi DI&FSEPZOUS
.sanpl e assenbled in accordance with the j present invention and untreated
flip chip test sanples. On average, where there was no treatnment of the
test sanple, about 14 Ibs. was required to pull apart the test sanple.
Where the test sanple was nerely treated with an Q2 plasma, the average
force required to pull the flip chip apart was about 25 | bs. However, in
practicing the present invention where the test sanple was exposed to an 02
pl asma at about 0 . 35 Torr for about 3 mnutes with an Oz floc; rate of
about 75 cc/mnute followed by treatnent with a 50 sol ution of
pol y(4- vi mylepyatiigi rig) & riVdshawalct ibhe chambe rf.equihce@hsqs 10 ¢ 165 @y el gge of
about 32 Siced 'Iéh:e Present invetnti on achi evesb t he objects cit'ed above. It
it

has been ﬁeaxpect edl Yy HhAT ARG #g tOn@PSUF ale ™ awRyY pRsaT vBkEON

coating omVt Heigihi psofiras ehectexpaisedm@dulmev gh anahei gahdmdidd ef o

fol | owed % treajtcrrEnt Y?VI th § pol yam ne coupling a?ent r évi des enhanced
adhesi on #P%M%Me thFf 3RAULNISr MiNUtes-or fHe2. vaveleagtingi wgne nediachnby
nmodul e i st ajv obusht SéHeEcd heram 9g. asgheni ¢al a%p%)f' ite for
both the nodifiec passivation al;ld t he %ﬁ%@r?ﬁ?l zﬁgtgﬁgﬁ'. I eéltr%%f\{)f esent
i nventi onth&s BBER Pt t Péarad| phdcrPbée, ¢ nmaongwart iforemwi thea spectfic

p=ef erred sgd MRYY .addud S &Y %F;btgtt hat T8y 3l ternati ves, 15

modi fications and variations w _be apparent to those skilled in the art
in light of th&nas eger nghilesprispiveniont hies themrefwoeifbatensl aleditdat
t he appended &lid i i4CH, 2 al.t e i.ves,. .nodi fications and
variations as fJ."aI i ng er}[ In l’?hglet %)eu%g%%be.ﬁa%%%s&c?lﬁtardf da[ ﬁ)eocl rERENt

{i pvent i oncoppdsinchadent dusca i deitalhke i swknenoniswapplisdcitai metk ichip

of: (2) PESHANT arc i Hireqt Sl L BFANA t SR pHAfimg a BRSaNARTGN 1508y
t hereon; pb)l yandirfey icugiptliengpassntathiaen al apdedny aoxiwdiigiig im sihd acengé said
o 11 od BRs o at? o PAYErORrERa B anmree ) g ngOaDBfbst rone:
polyamine may include saturated and unsaturated aliphatic
and cyclic amines, and quaternary salts of the amine.
Preferably, the polyamine has an aliphatic backbone for
flexibility in solution with the amine functionalities
branching off the aliphatic backbone The polyamine is
preferably ﬁsed in about 0.1 to about 50 wt.% solution using
any suitable solvent which dissolves the amine, and most
preferably at a concentration of about 1 to 5%.

Preferably, tHe polyamine comprises a cyclic amine

having one of the following structures:

— — _ =
. 0

N _ln | NH —dn L NH _J
pyridine pyrrolidone piperidine

wherein R may comprise a suitable alxyl group having the

formula CxHyx-1, where X is from to 1 to 10, most preferably



(e) contacting said chip to said substrate; (f) underfilling a ga
said chip and said substrate with an encapsul ant; and (g) curing @aﬁpefﬂ{]a

encapsulant. 2. The nmethod of claim 1l wherein step (a) conprises providing
an integrated circuit chip having a polyimde |ayer thereon. 3. The nethod
of claim1l wherein step (b) conprises nodifying the passivation |layer with
an Oz plasnma at about 200 to about 400 watts for about 0.2 to about 5

m nutes at about 0.1 to about 1 torr with an Oz flow rate of about 25 to
about 200 cc/mnute to forma nodified passivation |ayer. 4. The met hod of
claim1 wherein step (b) conprises nodifying the passivation |ayer with

ul travi ol ethe¥gh¥ dfd D3 (fethaboutorl 2 o(abbul) 30 amidut es satabmamel epgtdas of

184.9 nm 3.c7 to ified passivation layer. 5. The nethod
of claim I l'éfsei5n0dsjt{x]ep (ch})g{no TRk sabﬁP’eaﬁ%ﬁg T T diFFEE SaSSMPEHiSen

layer witipa@lybduvioynlpyradooe) 0. 1 god yaldewti nyQpitritiefe )3 pobyaripe1havi ng a
nol ecul ar wei ght. of ulg t o about 5_%0&0. 6., The nethod of claim 1 wherein
step (c) ct RYELAHES | ng sai d Y~ éq VR RYIPYAL GRS ayer wi t ROAY (3~

pol yam ne vhiawhgytheli@bhow ng stpaTy vlerify Nhr MEL&bReR has tgglfyqr?,mﬂ a
CxH2x-1, and >Sngi?s g\gu&l to 1 to 10 and n is about 90 to about 50007 7. The
met hod of CHE TRUPGREIERR) st Pd o PRohrivdey lpdeanifingli d nodhe emost
passi vati @ird fyefedi bd1Faghndl | @nof i Ahoubo0y14L9; i '

Dol y(4-vi iyl pyrid ne}3 hacine 2 rmlf_g{lul 2ouboby b o%ﬁg%%f({%f‘gﬁo.g%? e
met hod of idt%i APTORFErSitR st b gD 1 6T ses Theeapd hy ($avinyboytiddne)

gﬁfsgvm o | pyed ¥6th FePRhYSM Beshavi 1o the {oLloming - SEEURt UEehpoutl? R
i) 1 to about 5%, even more preferably at about 5%. Suitable
quaternary salts of the polyamines such as poly(N-methyl-4-
pyridium bromide), may also be used in the present invention
to provide better solubility of the polyamine when preparing
the solution.

Monitoring of a chip surface having a polyimide
passivation coating was performed by X-ray Photoelectron
Spectroscopy (XPS) using a Physical Electronics 5500 Multi-
probé Speéi:rometer. The following table shows the atomic
percentages~of carbon, nitrogen’ aifd-oxygen of the polyimide
surface prior to treatment, aftéer chemical modification of

the surface and also after treatment with the polyamine.

\
e

The sample chip had a PMDA-ODA polyimide coating. The
surface modification technique employed an O; plasma at
about 0.35 Torr for about 3 minutes with an 0, flow rate of
about 75 cc/minute followed by treatment with a 5% solution

of poly(4—vinylpyridine) in methanol.



wherein R has the formul'as CxH2X-1 and X is equal to 1 to 10 and i s _about
90 to about 5000. 9. The nmethod of claim 1 wherein step (c) conprb PZUOS
freating said nodified passivation layer with a polyanlne havi ng t he
followi ng structure: R NH n wherein R has the fornmula CxH2x-1 and X is
equal to 1 to 10 and n is about 90 to about 5000. 10. A nethod of form ng
an el ectronic nodule conprising the staps of: (a) providing an integrated
circuit chip having a polyimde | ayer thereon, a surface of the polyimde
| ayer nodified to forma nodified polyimde |ayer; (b) treating the

nodi fied polyimde layer with a 1 to 5% solution of poly(4vinylpyridine);
(c) providing a substrate having i nt RBBRNECt pads correspondlng to sol der
joints of sai @EpE (d)Tcont acy Ny sar rehirp—tp—sard auum.awo €)
formng an_electronic nodule by refl ow hg said sol der jloints to
electricpll ypqhyilmadﬁam cal |y %@nhect said chigg 30 sald substrate; (T)

under fi | H+g ectpr-e—Hpat-e—w-H —and__ﬁg;__cu.t.l_n.g
sai d encapsul‘?/(rgl'}waIé spffi mgﬁtdtl me and te%ﬁature. 11. The- Aet hod |of
claim10 vvhé“rg 1° tnms‘teo (a) a surface of the polyinidg |ayer is nodifiled
by expos| ng tWé“ﬁ‘@F?l mde | aye82t® an Og pl asir@.at about 300 watzs for
about 3 m readéSicatiagbbut| 0.35 torr at ap OZ flow rate af about 75
cc/ m nut p. akZne Thetmethod of claim 10 wherein in step (ja) a surface of |the
pol yi m de—tayer—Ts Tmodrfred—by exposing the—potyrmde—tayer—to—ut-travi-ol et
l'ight and 03 for about 5 mnutes. 13. The nethod of claim 10 wherein step
(b) conpr Ex@@Stirr@tﬁhﬁg ndﬂc-meidief it tpod )ﬂzrrpdesmaye'nqmtahseaan tdboudx Béen

sol ution of (4- VI ne) ha g a ul ar ht of up to about
( 500,000 af® orpSRE ey R ) AIREE S B “meltad” dRe
pol y(4- VonhmﬂManneﬁf the polyimide structure. Oxidation _of the

polyimide ring forms free carboxyl groups on the surface to

_provide the reactive sites needed to attach the polyamine.
After treatment with the polyamine, the nitrogen and carbon
concentrations increase as expected since the polyamine is
adsorbed onto the surface of the modified polyimide.

The most preferred embodiment of the present method
ut;llzes a dllute solution of poly(4 vinylpyridine) of about
1 to about 5% in methanol. Theﬂchlp is dipped into the
solution at about 0°C for about 1 to about 30 minutes,

preferably about 5 minutes, to allow the ‘amine sufficient

o
N e

time to adsorb onto the modified passivation and form a
quaternary salt. The chip is then rinsed with the methanol
to remove any excess unadsorbed amine. Typically, more than
one application of the amine solution is preferred to ensure
formation of the quaternary salt on the surface of the
modified passivation.

Following treatment of the chip with the polyamine
coupling agent, the solder joints on the chip are aligned to
correspond to the interconnect pads on the substrate. The
solder joints may be fluxed to increase the wettability of

the solder. The solder joints are reflowed by heating for a



—

substantially coats the nodified polyimde |layer. 14. The net hod )
10 wherein in step (e) during reflow ng of said solder joints, tﬁfag S:EP?D{B
pol y(4-vinyl pyridine) substantially reacts with the nodified polyimde

| ayer. 18 15. A nethod of treating a wafer to provide chips having
enhanced adhesion in an el ectronic nodul e conprising the steps

of (a)providing a wafer having a pluralify of electrical devices forned and
apassi vation |layer thereon; (b)patterning and etching said passivation |ayer
to form bondi ng padscorresponding to the electrical devices;(c)applying

sol der to ﬁgi d bondi n%rgﬁg)ads; (d)oxidising a surface of the passivation |ayer
to forma HOOF iBY paeBPeEe FORE | aYEEictent ehibi mgLithechds b1 edr passinvatd on

| ayer W t hnatsokushoAqgOftabgut 0ab . %.0f apol I ne;

~(f)refl owi.ng said sof der- g%d(%%?%i RS’ gﬂé&?%@%f erl%t o’ ort?fﬁaﬂn%ﬁr’%@d%at

chi ps. 16. THELABGhodedtlosl ai whe5 pedyhminencredng t hetst epseof noiRQ di ng
a substrat i: g t i ndi vidual c¢chips on said sybstrate; (i)form ng
an electroﬁﬁgggggg gﬂbgg?e?fﬁvjﬁ%yé%‘% SgldgratBaEFéKPFF€§bly However,
andnmechani hkrg caneecitiddi dunbhdundduatimhi pitessai oswbstyat E’S(IQ’amine
(j)underfi i LB { roni_c dule with an encapsulant; a )curing
sai d encapéh%gﬁtﬁggg ghggﬁ?Fchﬁggﬂpﬁe t Ehpernderd i1, Thatepiabd tof
claim 15 wheeoridestep adhesarpr sseengxhdbsi tHeapsusiace; Al chhepgssi vation

| ayer to forma gggirfi ed Eassi vat i ci?ﬁ I fg%/er l}y exposi ng the passivation

| ayer to anCz pi*aSHa. 185Th8"netho oidRr15 IRketsin §hep Ed)ipcompriipses
oxi di si ng paskafaceésofintibefassvaion hayeitim1&0 Lfied ixgtion
by exposing_the - iss%vation | ayer to uItravioIetIégﬁﬁpgﬁgh%§f19ggﬁgcn§thod
of claim1 nﬁﬂ@?g' ARER SERPPYETS s HA PSR REeharably f ebbewi ngestinsct ur e:

R N n wherlehowR has thise afrar.mul su i @di legh 15 L9y d; nd.nis
about 90 to abqut 5000. 20. The nethod of claim ]j%q\ﬁ%ﬁ e‘%r’%%%gg%gp%f@}n sai d

pol yani ne HAS PRELEEI FoRPRgatLPacPEir tndustny, FC NEPrnivher shd Rahie tebie

formila Odi2x- kpaBd1X lancequalssy 1 to ) and i, ahgut PO tg;about S5000.
according to conventional methods along the edges of the
chip and fills the gap between the chip and substrate by
capillary action. Upon curing the underfill encapsulant
under the appropriate conditions speéified by the
manufacturér of the encapsulanp, the encapsulant chemically
reacts with~the polyamine coupiiﬁglagent. It is believed
that the polyamine, while anchored to the passivation at one

end by having reacted with the modified passivation, reacts

"

; with the encapsulant at the epoxy ring sites with the
remaining free amine functionalities on the polyamine.
The resulting electronic ‘module is shown in Fig. 3
where the semiconductor chip having modified passivation 5
is connected to the substrate with solder joints 10. An
underfill material 15 is dispensed between the chip and the
substrate. The polyamine reacts with the modified
passivation and the underfill material to provide enhanced
adhesion at the chip and underfill interface.
An unexpected advantage in utilizing the present method

is that the chips may be treated with the polyamine at the



21. The nethod of claim 15 wherein in step (e) said pol yan ne has-ghglgip 2@3
followng | structure: wherein R has the formula CxH2x-l and X i s equal

1 to 10 and n is about 90 to about 5000. 22. An el ectronic nodul e nade by

t he met hod of any one of clains 1 to 9. 23. An electronic nodul e made by
the nethod of any one of clainms 10 to 14. . AA
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ajc methods, for ‘example, plating or evaporation.
a] ca] ca] c( al cga] ca]'ca] cMhal] ca ca]'ca] caj cg] cal ca] ca] ca] cg] calca]calcal\l]]rzrn

ANAARA Y F alBRiSveled o dife ueidia B At ed ) ke nblde Zphppécal modification as
ajc(a]calc glcal ] C a a]l cal cal.cal cal c<a
] ca] ca] ca] ?]aa]%?é?yae%?a cal Wa?ﬁ \‘/:aa {'JI{EI] r%%m%mﬁ%&%}%?g olg%gcuegigﬁeag?ﬁ% } Xs
nid_z]]]]cox1dlze . A polyamine solution is applied to the modified
ajc(a]calc : ialcal c cal.c a l:cal calca] ca
cal] c(a] ca] glaaglﬂé]éi%]gg]@ga] cgg)][%‘ %] ﬁqgf%&]ﬁe%%?kg%o Yo h%]n%) L%g](%%ﬁ&%( )I?eaéloq'le&] !
@o%h& (I)tmot?@ﬁ&' gplﬁwmo%mz(z)ca@ zslhiapes 10 HAO Ovaligr()id kdioekh&g) - ! ;
10% h h& C}qulQ¥E (Ind 4148%40d0& Ochips. The individual chips are
eleétricaliy and mechanically_gonnected to a substrate and
the underfill applied and cuﬁéd. The same process
conditions employed on the chip level discussed above are

also used at the wafer level processing.

o

_ Another unexpected advantage is where the substrate is
an organic substrate. Organic substrates which may have a
passivation coating or other polymeric coating thereon may
be subjected to the oxidation and treatment with the
polyamine to provide enhanced adhesion at the underfill and
substrate interface.

The present method of wusing a non-silane coupler,
particularly the demonstrated effectiveness of polyamines,
unexpectedly provides a substantial increase in the strength
of the flip chip package at the <chip~ and wunderfill
interface. Chip-pull tests of flip chip test samples
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present invention show about 120% improvement in adhesion
strength over untreated flip chip Test samples.,
Surprisingly, the test samples after treatment are so robust
that in fracture experiments, the interface between the
underfill and chip remains intact while the layers of a
laminate substrate tear.

Fig. 4 shows a comparison of the chip-pull force of a
flip chip test .sample assembled in accordance with the
present invention and untreated flip chip test samples. On
averagé, where there was no treatment of the test _sample,
about 14 1lbs. was required to pull apart the test sample.
Where the test sémple was-merely treated with an 0, plasma,
the average force required to pull the flip chip apart was
about 25 1lbs. However, in practicing the present invention
where the test sample was exposed to an 0, plasma at about
0.35‘Torr for about 3 minutes with an O; flow rate of about
15 ép/minuﬁe followed by treatment with a 5% solution of
poly(4—vinyipyridine) in methanél,ﬁthe force required was on
the average of about 32 lbs.

The present invention achieves the objects cited above.
It has been unexpectedly found that altering the surface of
the passivation coating on the chip of an electronic module
with a chemical modifier followed by treatment with a
polyamine coupling agent provides enhanced adhesion at the
chip and underfill interface. The resulting electronic
module is more robust since the amine acts as a chemical
anchoring site for both the modifiec passivation and the
underfill material.

While the present invention hzs Dbeer particularly
described, in conjunction with & specific preferred

embodiment, it is evidant that many alternatives,
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modifications and wvariations will be apparent to those
skilled in the art in light of the foregoing description.
It is therefore contemplated that the éppended claims will
empbrace any such alternatives, modifications and variations
as falling within the true scope.and spirit of the present

invention.

Thus, having described the invention, what is claimed
is:
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(a) providing an integrated circuit chip having a passivation layer thereon;
(b) modifying the passivation layer by oxidising a surface of said passivation layer

forming a modified passivation layer;

(c) treating the modified passivation layer with a polyamine;

(d) providing a substrate;

(e) contacting said chip to said substrate;

® underfilling a gap between said chip and said substrate with an encapsulant; and
() curing said encapsulant.

2. The method of claim 1 wherein step (a) comprises providing an integrated circuit

chip having a polyimide layer thereon.

3. The method of claim 1 wherein step (b) comprises modifying the passivation
layer with an O, plasma at about 200 to about 400 watts for about 0.2 to about 5 minutes at
about 0.1 to about 1 torr with an O, flow rate of about 25 to about 200 cc/minute to form a
modified passivation layer.

4. The method of claim 1 wherein step (b) comprises modifying the passivation
layer with ultraviolet light and Os for about 1 to about 30 minutes at wavelengths of 184.9 nm
and 253.7 nm to form a modified passivation layer.

5. The method of claim 1 wherein step (c¢) comprises treating the modified
passivation layer with a solution of about 0.1 to about 50 wt.% of a polyamine having a

molecular weight of up to about 500,000.

—

6. The method of claim 1 wherein step (c¢) comprises treating said modified

passivation layer with a polyamine having the following structure:

wherein R has the formula C,H,,.; and X is equal to 1 to 10 and n is about 90 to about 5000.

7. The method of claim 1 wherein step (c) comprises treating said modified
passivation layer with a solution of about 0.1 to 50 wt.% poly(4-vinylpyridine) having a
molecular weight of about 20,000.

8. The method of claim 1 wherein step (c) comprises treating said modified

passivation layer with a polyamine having the following structure:



10YY 10YY 10YY! "3 "10%Y& ()-0! "3 "10% .& ()-0!3

' 109& ()-0//_1ud445zX60PLI A | s- 109K ()-f!t,s-"10%f& ()-f! 10%15§88é)§|
“109& ()-2Z"! ' 109& ()-Z"s10%& ()-5y5{5]|5}5~555z8eC " ,s-1Y P 003
(10%r& ()-&L10%& ()-%r109& ()- 10 10 10 -t109%& ()-36 "109%& ()-z8 :;

s rS4yL109%& () - L109%& () - L3909 () -,40 10 10!'CY (10%& ()-&'Y
(100/&/\/\/\/&'()-&;&;';.;1;3;6;9;iJ+4;<(10fV&'l -5;<(10%&' ()-5; <(10%& ()-5;

<(109%&' ()-5;<(10%& ()-5;<(10%& ()-510%&' ()- .9;:;
T EJ;N S, ~ @4; <(10% <(10%&' () - 5; : ; <(109&' ()-5;<(10%& ()-5;<(10%
& ()-5)? z6:(S;T; U, _;e; k;q;, ~@4; <( (0% ()-5;<(10%& ()-5; <(10%& ()-5;
<(109%& ()-5;<(109%& ()-5)? z6:(q;r;s

v 1O <(10% <(1; <(109%& () -5; <( 10P&NH - 0 (109%&' ()-5; <(10%&' ()-5; <(10%& (
)-5)7?

wherein R has the formula C,Hj,.; and X is equal to 1 to 10 and n is about 90 to about 5000.
9. The method of claim 1 wherein step (c) comprises treating said modified
passivation layer with a polyamine having the following structure:
R
)
NH
n
wherein R has the formula C,H;,.; and X is equal to 1 to 10 and n is about 90 to about 5000.
10. A method of forming an electronic module comprising the steps of:

(a) providing an integrated circuit chip having a polyimide layer thereon, a surface

of the polyimide layer modified to form a modified polyimide layer;

(b) treating the modified polyimide layer with a 1 to 5% solution of poly(4-
vinylpyridine);

(c) providing a substrate having interconnect pads corresponding to solder joints on
said chip;

(@ contacting said chip to said substrate;

(e) forming an electronic module by reflowing said solder joints to electrically and

mechanically connect said chip to said substrate;

) ® underfilling said electronic module with an encapsulant; and
(g) curing said encapsulant for a sufficient time and temperature.
11. The method of claim 10 wherein in step (a) a surface of the polyimide layer is

modified by exposing the polyimide layer to an O, plasma at about 300 watts for about 3
minutes at about 0.35 torr at an O, flow rate of about 75 cc/minute.

12. The method of claim 10 wherein in step (a) a surface of the polyimide layer is
modified by exposing the polyimide layer to ultraviolet light and Os for about 5 minutes.

13. The method of claim 10 wherein step (b) comprises treating the modified
polyimide layer with an about 5% solution of poly(4-vinylpyridine) having a molecular weight
of up to about 500,000 at about 0°C. for about 5 minutes such that the poly(4-vinylpyridine)
substantially coats the modified polyimide layer.

14. The method of claim 10 wherein in step (e) during reflowing of said solder

joints, the poly(4-vinylpyridine) substantially reacts with the modified polyimide layer.
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L } 18. The method of claim 15 wherein step (d) comprises oxidising a surface of the

passivation layer to form a modified passivation by exposing the passivation layer to ultraviolet

light and O;.
19. The method of claim 15 wherein in step (¢) said polyamine has the following
structure:
_ ] .
Q
L an

wherein R has the formula C,;H;,.; and X is equal to 1 to 10 and n is about 90 to about 5000.
20. The method of claim 15 wherein in step (¢) said polyamine has the following

structure:
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wherein R has the formula C;H,,; and X is equal to 1 to 10 and n is about 90 to about 5000.
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22.  An electronic module made by the method of any one of claims 1 to 9.

23.  Anelectronic module made by the method of any one of claims 10 to 14.



