METHODS OF FORM NG NANO COATI NGS FOR | MPROVED ADHESI ON BETWEEN FI RST LEVEL
| NTERCONNECTS AND EPDXY UNDER- FI LLS I N M CROELECTRONI C PACKAGES AND .
STRUCTURES FORMED THEREBY BACK GROUND OF THE | NVENTI ON [0001] Poor adhesi on
bet ween epoxy-based under-fill naterials and copper interconnects may be of
concern wheW0J¥B@358%2 | ead-free packages. Poor adhesi on pemUsmezsosin
failures during post assenbly processes and/or during reliability testing.
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r epr esentin somecases wiekinpotiead free saliefs1{30dh @. SnAY ortdAgCu, for example)

may not occur along an entire surface of an interconnect structure, such as a copper

bump for example. This may result in a greater amount of the interconnect structure
being exposed, which may then lead to poor adhesion with under-fill materials that
may be dispensed during subsequent processing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] While the specification concludes with claims particularly pointing out

and distinctly claiming that which is regarded as the present invention, the
advantages of this invention can be more readily ascertained from the following
description of the invention when read in conjunction with the accompanying
drawings in which:

[0003] FIGS. 1a-1e represent structures according to an embodiment of the
present invention.

[0004] FIGS. 2a-2d represent structures according to an embodiment of the
present invention.

[0005] FIG. 3a-3b represent flow charts according to embodiments of the
present invention.

[0006] FIG. 4 represents a system according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0007] In the following detailed description, reference is made to the

accompanying drawings that show, by way of illustration, specific embodiments in
which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. It is to be
understood that the various embodiments of the invention, although different, are not
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present invention. [0005]FI G 3a-3b represent flow charts according to
enbodi nents of the present invention. [0006]FIG 4 represents a system
according to an enbodi nent of the present invention. DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTION [0007]In the followi ng detail ed
descri pti orWORPEISEce i s nade to the acconpanyi ng dr avegrgEszodsatseshow, by
way of illustration, specific enbodinents in which the invention may be

ti ' LCi detail t bl
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structures of form ng nano-coated structures are e net hods
may i ncl §8¥er8bYeWHg an i nterconnect structure disposed on a die with a
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[ 0009] FI %%‘cti!;r?a'hjzgd nl’:nhéjpsa;[rflaééa toe%%dc') rpggarsnon of ﬂ:n% S0 \gésntfaonrd th”ﬁ%%i'y.” t he
epoxy underfill on the coated interconnect structure. Methods of the present
invention may improve adhesion between first level interconnects and epoxy under-
fills in microelectronic packages.

[0009] FIGS. 1a-1e illustrate embodiments of methods for improving the
adhesion between interconnect structures and under-fill materials. FIG. 1a illustrates
a portion of a nanoparticle suspension 100. The nanoparticle suspension 100 may
comprise at least one functionalized nanoparticles 103 that may be dispersed in a
solvent 104. In some embodiments the functionalized nanoparticle 103 may include
but is not limited to silica and/or alumina nanopérticles 102, wherein the surface
chemistry of the at least one nanoparticle 102 may be functionalized, and may
comprise a functional group 106. The functional group 106 may comprise such
functional groups as thiols, silanes, ammonium—silane salts, silane coupling agents
and/or other such polymers which have good adhesion with copper and under-fill
materials, for example, in some embodiments.
[0010] In one embodiment, the solvent 104 may comprise a dilute
concentration, which is easy to flow. The solvent 104 may include acetone, toluene,
water, ethylene glycol, and isopropyl alcohol in some embodiments and other such
2.




adhesi on between interconnect structures and under-fill materials. FIG |a
Illustrates a portion of a nanoparticle suspension 100. The nanoparticle
suspensi on 100 may conprise at | east one functionalized nanoparticles 103
that may be dispersed in a solvent 104. In sone enbodi nents the

functi onal iY@a'04#8Farticle 103 may include but is not Pomus2esordssi |ica
and/ or al um na nanoparticles 102, V\/nerei n the surface chemstry of the at

| east on
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gl ycol, I SOpr op enbodi nents and ot her such -2-
vo: atile [0015[/]/ Vi sctmsorteyerawdlgllehs the im(tjemmr%@@ﬁﬁ@ﬂétﬂmhéy BampRsd & cl e
sol ution n 113 under .a die 108 to_coat an interconnect
structurééa%gaﬁgﬁr%?eaéﬁg ?cﬂg%frfg eé%‘&&f’*mﬁﬂ’t"?”r?h%‘ 145 SO eSnNArbiPkes a
portion ekampld, careed ecppep mtercoaka Seudtlpe. INVBAS @hbolintéltoRk rEHHEar%&I% may be
di sposed o Bstr te gort |$n 114 of the mcroel ectronic package .
[0011] | n St dEpéraed AraiodRn eia 104 e ioe Biarcomnecy Seasi s ai
| east ona10fs Qttéch%d 16 KREsG@SrdRImp M2 48 HteP bR difaln g?&%r%saﬁut%?rég or

SnAgCu, for exan;p and a copper i Nt er connect st uctur
embodi neif @n URde @%mpcﬁt@ sol ution 100 may be dispersed around the die
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112, such as after a chlg attach proce 1 or O ARoTm
di spense NerepNneadstrogture B acdtie crgion it 1 Summn(h'ng)tbmrmhemoanecﬂsimntnme 100 may

coat the surro ndi ng t he
i nter conglé%[g E‘?@E@?ﬁﬁg sﬁ%hl%uﬁ %ﬁ@ﬁh%&@%ﬁ@%?ﬁéﬂaﬁ € URPSEHe sol der
bunp 1120ﬂlﬂmlntﬁ190m1ﬁcblst§pnﬁsred1 1MFECB|e1a)nh&mecnmmmmemr th:émﬁrﬁapéﬂtﬁ:le( FIG 1c).
Inonee H”F(% 2 | ution 100 a, | ayer 116 of
functi ona sz%ed naWoBQ‘??‘Fgra%? hét%ﬁﬁ"qcﬁ %@IIESEH@E?D%F‘%/%PW e ”ﬁcbne
e][rbogl nwtsmucthTIItheondgmb?mmdm taeldyemh%yg?y tiaa@ﬂ-.;rmwﬁggg@rm@f a tgl ckness
of abou . e n. one enbodi men a die ga
regi on 1#@%%%@@‘“83?\%&10@2@q& 6%0(% BeBstrate 114 may not bg P
subst ant[tmlmy fil I!ﬁdnBﬂetﬁboUh@emaéldlb?gép ﬁ&gﬁ:nsumgﬁds@a bb(apederl mteQﬁ,e t

e carried out pos

mbod di 11
S, i ok RS LG5 Py e o
nanopart$t§§p@n§nbﬁﬁeoslncbhel&ﬁbédlmbni $h@6§9@r%éﬂoéés%a41% Whichi A %gger on the

i nner wal |l s ‘1& he inner wal'ls of the die 108, 'the solder ball 112,
t he i nt YOH BEEF’%SEFG'&%M’I'GY uge @nby1Fe @U@Eﬂ@%ﬂtéy Qflth93 fisictignalizedcavi ty t hat

mey  exi sharparRRsishRnsioR 1683 nbiGePidtibaR Enhlidyer on the inner walls
(i.e. on the inner walls of the die 108, the solder ball 112, the interconnect structure
110, and the substrate 114) of a die cavity that may exist between the die 108 and
the substrate 114.
[0014] In one embodiment, the layer 116 of functionalized particles may be
dispensed in either one or multiple dispense cycles, according to the particutar
application. For example, a relatively larger die may require multiple dispense cycles,
whereas a relatively smaller die may require fewer or a single dispense cycle. After
the layer 116 is formed on the interconnect structure 110, a portion of the solvent
104 from the layer 116 of functionalized nanoparticles may be evaporated 118 by
heating the layer 116 (FIG. 1d). in one embodiment, after the portion of the solvent
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[0014] I n one enbodi ment, the layer 116 of functionalized particles may be
di spensed in either one or nultiple dispense cycles, according to the
particul ar application. For exanple, a relatively larger die may require
mul ti pl e di spense cycles, whereas a relatively smaller die may require
fewer or a %OAWPME3EZspense cycle. After the |layer 116 imcTos200387584 t he

I nterconnect structure 110, a portion of the solvent 104 fromthe | ayer 116
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nanocoated package interconnect structure 122,

[0017] FIG. 2a illustrates a portion of an array of aligned carbon nanotubes

200. The array of carbon nanotubes 200 may comprise any kind of carbon

nanotubes (i.e. they may comprise single and/or muiti-walled nanotubes). Carbon

nanotubes are known to wet organic liquids, as well as polymer resins, such as

epoxy. Thus, adhesion of epoxy underfill materials with a surface coated with carbon

nanotubes is expected to be good, provided the nanotubes form open networks such

as aligned arrays, where the nanotube surface area is available for epoxy wetting
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and infiltration. As against this, some of the nanotube networks such as a
carbon nanot ube paper (buckypaper) nmay possess dense networ ks of randomy
ori ented nanotubes, wherein epoxy infiltration nmay be difficult, and may
result in entra ped voi ds. [0018]In one enbodi nent, the aligned nanotube
array 200 c¥R2pW/0F88n separately (ex situ), and then PcwEs200sysdse pl aced
204 onto an interconnect structure 210, such as a copper bunp for exanple,

that may &y lﬁﬂlﬁrﬁﬁér?(i\ﬁg%s@‘trﬁs e 6ﬂh8ﬂ3n@ﬂh@ﬂbﬂﬁd}k shdfadh 8%%’8?‘ al i gned

car bon nanotubes 20 L’% grown ex sit hem cal ~vapor ition
(CVD) on RErgtuReP v&m):m%mss&mdeaaa netvairks ofmadomlysmmtecht e. In

one enbo t %g rown on
ni ckel - plq*adt?%g} b(:egp%g?@m an lﬁﬁi{rﬁtﬁyp %agﬁélﬂ?ﬁ?l{}agﬁ& Hﬁl&trg%ag '&‘?Epe ol | oned
by transf¥®idce onto an interconnect structure by methods known in the art.
0019] In her e arr of n t ubes 200 can be
Egrown] di r[ggﬁ in SiFPQf&E %ﬁp&dm{ehmﬁée?@ﬁg Y’ et?ﬁ]%m&‘?bodi nent ,
t he al i greepatatelyyexsitu)sand thbo satéOfay b phacedr204ror ity aﬁilﬁtsrodhh??&tswcl@i’b lt he
i nt ercon t u S D.t ec ar exa e. A
ni ckel coiygt6 [ %%éﬁrr%%clg gég%%éﬁ‘"@d{of %xqrﬁgie ﬁ?gp@éfcrﬁéé@?p%*a@g‘t%’@ 28pln Wﬁ ch may
t hen act embudlmemtaﬂwsarrém"f angaecgcmnnaﬁomb@s 200 B beCGHRARX I Yyubes 200.
The alig % Z‘}(ﬂraé of , car ‘g%ggtubes 200 rrg exhi b|t excel l ent adhesion to
an int er%ﬁ m ROF AsPRp! on PARGIERRUPSERLR SUSRaS assiliion angler | i ¢ or
ceramc rqaaﬂwsub&tra?@ﬂnme éhﬁ)@'irﬁé\ﬂit fie dligHed air8YBEERbER ﬁﬁn@tﬁbgé g@@' ng angle
net hods, ma be used t@ coat the interconnect structure 210. Such wires

coul d seﬂﬁéf B‘ﬁk ¢ CORPY d3langfy andipr any puitatie metal catalyshce ar ea.
In one endiRW trad&?&gné%tb%%@%ﬁﬁﬁét s?rtubﬁf' k‘?n&ﬂ@dscmﬂ fﬁﬁe gﬂpper

t he nano rown directl t er connect ructure 210.

Wi I
In such £°Q:1§je t he'nvanot{herﬁmqumréafb@ aagn%%a@ay a&nmtwbmszaunarme t he
current  gadviry Hirgoty R 8l biton ihidfed t 0zil1n one
enbodi ma%t t he ngnot ubes ° 6’0' may n@%ﬁt{ﬁﬂﬁgﬁg nI %ﬁﬁ%@mg&{)ﬁ% €910 and
the di e 208Y EEnanotabes20Q earbb@gmmumsntmdurecﬂm therioterdoraed0dructoay f orm a
Iayer 21 t poec truc ure 210 an
portion g QEHH&?%%@? é?% tgﬂg{@lﬁ%l@ & Frﬁ)&t%hg'c &l papt 'lgl@a*i’? ‘%’é’?%é)f% n
| ayer, al® inteycanmept stasturet2Dowhie snayf theb @at asl 8 catayst fop e §owal 8Fithe500
nanonet e | a formed, a
sol der E’Epp e%p%%%ﬁl sp%ﬁ@b%wgﬁg%grﬁia%ﬁo b‘?{ﬁn%’?‘{%’i’&‘?ﬁioq %2y he
i nt er conexubit excellenadhediod, tolay interconnect structure.

[0020] Alternatively, very short metallic or ceramic nanowires 202 ¢can be

grown at lower temperatures by glancing angle methods, and may be used to coat

the interconnect structure 210. Such wires could serve as adhesion promoting

coatings, via increase in surface area. In one embodiment, when the interconnect
structure 210 comprises copper, the nanowires 202 may be grown directly on the
interconnect structure 210. In such a case the wires may increase adhesion as well
as improve the current carrying capacity of the interconnect structure 210.
[0021] In one embodiment, the nanotubes 200 may coat the interconnect
structure 210 and the die 208 (FIG. 2 b). in one embodiment, the nanotubes 200,
may form a layer 216 of nanotubes 200 on the interconnect structure 210 and on a2
portion of the die 208. In one embodiment, the layer 216 may be a thin layer, and
may comprise a thickness of about 10 angstroms to about 500 nanometers.
[0022] In one embodiment, after the iayer 216 is formed, a solder bump 212
disposed on a substrate 214 may be attached to the interconnect structure 210, by
~-5-



utilizing any suitable nmethod, such as by utilizing a chip attach process,
for exanmple (FIG 2c). In one enbodi nent, the nanotube-coated interconnect
structure 210 nay be joined to the solder ball 212, such as a |ead free

sol der bunmp l e, by utilizing solder reflow, wherein the |ayer 216
may be j oi ngrép{ogﬁisg%?sol der bunp 212. In one enbodi nent PCEUSENS/EME08Ir ocess

may follow chip attach and/or solder reflow [0023]1In one enbodi nent,
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2d) . Theqﬁg%lﬁﬁﬂ%%’ﬁ%@%ﬁ%“ﬁ%’%@ms %chﬂa R (SR ARt of connect
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: i uctu . v
of ycfar ggr# ﬁ%ﬁ&lﬁgogi%ﬁ%?r%g%@rﬂ W'?ﬂf%' "Bavhs PRiomRed, aftrrahp attachr i bed °
herei n, i[80241pr ovelmeore émbedimeanta cﬁé‘béiﬂ'rétﬂoﬁQWElsbb%é(ndgbéCtgu%%féiuﬁé;ﬁie?ggggi‘EIGG
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o . o208 2B e SERTIAS 214 Brai s be GubmABHAID IR WithGhS nveoipbe sbd oF
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|ayer of (1G9, sk BELLBRHHAR Tanbluis daBi 0 ﬁ)r&iy.ve of f a portion
of the sc()I vent ) and at step 314, nglr'ﬁ—én er?¢??§ﬁ§b§%&a N {RgYMELLONBEFL ed on
t he coat 8HUstHiEt W h#iitke PoRion @t the die 208208/ BIFLAAREHNLGHHACATEPHRS
[ 0026] FI tmdetai famdrd 8 ; ot her enbogdinment of the present
application. At step %?’GWHIQHV a erotrnﬁfsg% aéqpﬂ UBHQaﬂ‘ 'Bi¥@0*hanot ubes may be
formed oRM&Adimants.doene embodinerntyihe rdinspbsemhdfor ranBivke cHitid 216 318, a
sol der b t d the interconnect structure, and at
st ep 320?@2?#[?”%?’? Hﬁ%ér%&tngh sgﬁﬂﬁg?tzgg PR harpon BPt!'lﬁéilQ A0&M@¥nnect
St r uct ur ©EMpUEER NFhaRoated package #ERBNNEAtETLERIS DED DhEXRBIRYorSYSt em 400
capabl € @ion nanotubes over the nanoparticle coating previously described herein, is

improvement in current carrying capability, since the nanotube coating will not

adversely affect the current carrying capacity.

[0025] FIG. 3a depicts a flow chart according to an embodiment of the present

application. At step 310, an interconnect structure disposed on a die may

be coated with a layer of functionalized nanoparticles, wherein the functionalized

nanoparticles are dispersed in a solvent. At step 312, the layer of functionalized

nanoparticles may be heated to drive off a portion of the solvent, and at step 314, an

underfill material may be applied on the coated interconnect structure.,
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bei ng operated with m croel ectronic structures of the present invention,
such as the nanocoat ed package interconnect structure 122 of FIG le, for
exanple. It will be understood that the present enbodinent is but one of
many possi bl e systens in which the nanocoated package i nterconnect

structure OFORMEO¥B®sent invention may be used. [0028] IRCTUR20681P35084n 400,
t he nanocoat ed package interconnect structure 424 may be conmunicatively

coupl ed tPioQGPri nt Pﬂ}({jt{@éﬂiﬂs Q%%Wgnégﬁgélb‘ﬂﬁ*nﬁt o?&éeﬁrgsgﬁ{s 408. The

communi cative coupling of "the nanocoated pa e Interconnect Structure 424
may be edPRiCatORe M isiENHHG Adayer ot an aray ef Bligned anstuftestrhay be éorofedaorpackage

d/ ' t [ t
ot r ot ur ST orBRNSiiced olBopBlBh odiE, APHRGRHE"S SBREK e P ke SR age.
i nt er posdie aitaghed tathednierepnnectatiuaiure,carideat)steprdz0, manoceflatateeiakage

I nt ercon I Ve be conmmuni catively coupled to the PCB
418 thro%ﬁép\@%ﬁq%@éﬂﬁtﬁe zigg&rrsé@lﬁgﬂ?'for exanpl e, without the use of a

physi cal B0&FEct i ofiGo4 isheedidgR ilastrating aveexerhplamyrsysterh B0 @apablé 8029] The
system 4QQ; i ' ting.device 402, such, as rocessor, and a
cache m%#@aﬁlzﬂﬂ&%%r{ﬁ@%@%ﬁw[ C rd"ﬁ?"ﬁﬂs %tg'gé’éﬁs%? WP”&WE@HS’P\ ag % ocessor
Eu.sd405.4 gﬁhmqme@pgdmgemlercéﬁﬁea{stkgbmﬁe htmoflﬂna.gt%f%a%hebnf daask byha host
ridge : icatively coupl.ed to the us .and also to the
nanocoat é’gdﬁ%&ﬁ tﬁ? @F%%%'ﬁ@@g’ggm ﬁfi"g Oﬂﬁﬁgﬁiﬂ?yﬁ@sﬁ'bm}ﬁtm y 412.
Exanpl es whiichi the nanbeod1@dparkags IntBRaonha6t stdetur® Bt tha Resiilt ilveRtibShay0, static
random access nenory (SRAM and/or dynam ¢ random access nenory M,

and/ or sOR&SE8her state preserving medi ums. The system 400 may al so i ncl ude

a graphi ¢go28)pPr oCanINE system 4@@‘!‘%&0@5%@%3@&&@2@@%0 ARRIrESt24

coprocessor 413 into the system 400 i s not nece ry to the operation of
the syst BHYARocortpypicaivelhcauRted fo@ prirted sicyithoasd <BCB) 618 by waylof anbe a

di spl ay ' : Vv i nting
devl con B A e R S RO s SRS e B8R

per f or[n Sliegterectiday peestablishest bypisysicsl lrnelane,vsuchrastthughrtf?e u$?ﬁpa1rt i cul ar,
mass sto : \ -t erm s orage r e

exoout abPackegSalt stk RidH BthaTe B8 Fal oAt BB be itrcbnient

i nt er conalgetiure424ctodne £OBM He(for akampde by the eseoiti cippackdge; terpossent

I nventio 1 | may be used to.store on a shorfer term
basi s thg”%@%g%b a rﬁrﬂﬁ%éﬁbﬁ@g%n Oﬁ&dmﬂ?%‘?' JPARNRST Al
package mayeaisooen engnmmmati\tely esupled anmemm;eamrbbgrem4gr2mmiléss0; d_t he
present Lnyen n_dur,l ng.exegutl on conputi ng devic .. I'n addition,
Phe"F ot PREEE URESsrJPIELRIT BYF Lok ot et couribedon 1 e RSB h S Adeni ne
Spcissi bivell keslvi Ethe@muni cat i vel y gpup!{ efl W th Ehfa Sé.st Em (%{J/(E)fs’l) as cgrrpact
isk re y nemries E&G\/Is igital versatile disks , an

f1 oppy ?iﬂ@%gi carr' rsyﬁkg\gféc&’ M‘%'“Qﬂﬂé’?"’ﬁ@%’ﬁ&g@‘ﬂ%ﬂz-dﬁﬂﬁhﬁa‘or exanpl e
In one eproeEssBRNind #Bhche FERGYY Mo&?ﬁmuﬁ\l}d&aﬂg){ E&f‘plé@f@é'éébh{}ghéﬁht 202

(which may be a processor, for exanple e executa I'nstructions
for exec@Prasgsserdws 03 hhe pragegsonins eilid/ur 4@hmaydedridgedtbyar e not

limted &fost bridge 406. Communicatively coupied to the IO bus 408 and also to the
nanocoated package interconnect structure 424 may be a main memory 412.
Examples of the main memory 412 may include, but are not limited to, static random
access memory (SRAM) and/or dynamic random access memory (DRAM), and/or
some other state preserving mediums. The system 400 may also include a graphics
coprocessor 413, however incorporation of the graphics coprocessor 413 into the
system 400 is not necessary to the operation of the system 400. Coupled to the I/O
bus 408 may also, for example, be a display device 414, a mass storage device 420,
and keyboard and pointing devices 422.
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I nprovi ng the adhesi on between copper bunps and under-fill by application
of high surface area nano-coatings around the bunp surfaces, after

i nterconnects are formed by sol der reilow. These nano-coatings serve to

i nprove the wettability of under-fills onto copper interconnect bunps and
t her eby i np¥8¢&0B88% opper-underfill adhesion. Thus, theCTes2dstoTsees package
wi |l be robust. In some enbodi nents, adhesion between first |evel

i ntercon and - Jap : QN be
 pr oved.r[ﬁm ST 1 o eeRts e el L A G B At AR Pt i

st eps andhéi BATtIGYIEN.MRRS Sterpos ¢20 skay bauserblomrovide larig-tetre storegefdr the

I nventio s dah | EN L L], ' ny modi fications
and subs ':bixte E%gfrjeslﬁﬁdydnggs trdgéem}i?@té?’g%"h“g'f’g,FR’Bf‘?&?agé‘feﬂ%Q%@SgﬁF@P”‘a?ﬁ such
nmodi f i catStiygliresiintascardanne with @nwiadiroents of trerpresetdiinvention behareasiaar ed to

fall wth LL t ' [ defined by th
agpenémed%ﬁ%%%égégﬁg tlg%ﬁoC&IBf‘e ?’ia§ﬁ§?éﬂﬁ\é§ﬁi"&g@ﬁ§$ e§€q1.{t%‘?% agpec'ta s of

m cr oel ednstetiensiofa methodsfoc forminganamocoatet patkaye intepeshneeesruchires el | known
in th It 1 iated.that the Fi i ded h [
11 ust r acsooRRREE b oy Sy BERB T BSa) vehion. daing SiecttoRby ce that . -
pert ai ns compulieg gevicé #O2. Infadtiion pthe sestiuctioheemby 88 stdrBY Soridieriviges ent

e Rk S A el A S et oo

st r uct ur gystesneaettas bordpgitaiisk felid ahiy rﬁéﬁnbﬁ@@ﬁ:l?fR@méﬁ)d?’itaP\FeréétW@.t i onal i zed
wherein the functionalized nanoparticles are

nanoparticl e? ebd naa%vm res, : (

di sper sed'SkR (BVDs).@BAHoppy disks, carrier wayes; angor othen pippagatedsigneisntprat | east
one of aekawple. o okd! ' ' Wrt' | . drive off
a portion_of 9t_he sol %ﬁ?gﬁfﬁﬁ@& yi ng ;Agﬁh e? | ﬂ%n%mﬁégg%glgg

i nt er conR8&{Which may hea ppocesser, }%éleﬁémpb%ﬂ withdherexequiable instrootignsifer ng wher ei n
the | ayepxd&tidhspersed around the die after the interconnect structure is
attached to a solder bunp. 3. The nmethod of claim2 further conprising
wher ei n {0081 nt er dBsnedits ofdhe prasentiniventivinspasdelbatrare met tinied wher ei n t he die

burp 1 o B2 90RG i Aafsidh BethBl oGiner et A BN Y ALBR0 o bkage. 4.

The net hedrfage areainana-cbatingsarocmhihe minmysuifeves] aftdrivtefdonnédtered | zed

nanopar t {&hes K Soidd FafW SHesd n?ncla-&%ﬁﬁigsscs%?\}et th im\;/)%vaetthtle Wetta iﬁteync}f '
under-fills onto copper interconnect bumps and thereby improve the copper-underfill
adhesion. Thus, the resulting package will be robust. In some embodiments,
adhesion between first level interconnects and epoxy under-fill in microelectronic
packages may be improved.
[0032] Although the foregoing description has specified certain steps and
materials that may be used in the method of the present invention, those skilled in
the art will appreciate that many modifications and substitutions may be made.
Accordingly, it is intended that all such modifications, alterations, substitutions and
additions be considered to fall within the spirit and scope of the invention as defined
by the appended claims. In addition, it is appreciated that certain aspects of
microelectronic devices, such as a microelectronic packages, are well known in the
art. Therefore, it is appreciated that the Figures provided herein illustrate only
portions of an exemplary microelectronic device that pertains to the practice of the
present invention. Thus the present invention is not limited to the structures
described herein.
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5. The method of claim4 further conprising wherein the solvent conprises
at | east one of acetone, toluene, water, ethylene glycol, and isopropyl

al cohol. 6. The nmethod of claim 1 wherein coating the interconnect
structure conprises dispensing a nanoparticle suspension around the die.
7. The nethod of claim6 wherein dispensing the nanopartide suspension

around th | ses di spensi ng the nanoparticle suspension by .
utilizi ngwaﬁs ‘fq s'ﬁen5| ng steps around the die. 8. The method of claim

6 further conprising wherein a die gap region disposed between the die and
a substratf I S pot bstantially filled wwth the -9- nanoparticle
suspensi on: ﬁ@@ﬁgﬁpﬂﬂnﬁlaln1l wherein the nanopartlcle functionality

may conprise at | eas¢oting a‘ﬁf:nt@f@lﬁfhbﬁ lﬁjéé%ed'%ﬁm mofsé tt?gﬂ%élng agents,

t hi ol groups and pol yners er conpri sing
wher ei n t Hne wfed clawereof founetinnalized dtﬁhppﬁé@hesatandeaamomn&s oWherdiredtef r ee

sol der | ntﬁﬁ&lﬂﬂ%ﬁféd ﬁéﬁéﬂ‘atrﬁe’lgs gl%fddlgpé}gg(ﬁ)ﬁ{?gglggﬁ onnept . structure. 11. A

met hod conprisin r'm ng a onprising an array of
al i gned nanot ubes orheatingibe tayen ceraprisibg at teastonk opa ta@r offunctidriilizedt achi ng

mator il (BRRRlR IR, i o apetion oA SBEng fpdr "

applying an underfill on the coated interconnect structure.

2. The method of claim 1 further comprising wherein the layer is dispersed
around the die after the interconnect structure is attached to a solder bump.

3. The method of claim 2 further comprising wherein the interconnect
structure is disposed on the die, wherein the die comprises a portion of a
microefectronic package, and wherein the solder bump is disposed on a
substrate portion of the microelectronic package.

4. The method of claim 1 further comprising wherein the functionalized
nanoparticles are dispersed in a low viscosity, volatile soivent.

5. The method of claim 4 further comprising wherein the solvent comprises
at least one of acetone, toluene, water, ethylene glycol, and isopropy! aicohol.

6. The method of claim 1 wherein coating the interconnect structure
comprises dispensing a nanoparticle suspension around the die.

7. The method of claim 6 wherein dispensing the nanoparticle suspension
around the die comprises dispensing the nanoparticle suspension by utilizing
multiple dispensing steps around the die.

8. The method of claim 6 further comprising wherein a die gap region
disposed between the die and a substrate is not substantially filled with the
-0-



12. The method of claim1l further conprising wherein the |ayer is forned
by at | east one of an ex situ and in situ method. 13. The nethod of claim

11 further conprising wherein the solder bunp is reflowed during the
attachnment of the solder bunp to the interconnect structure, and wherein
the layer is joined to the solder bunp. 14. The nethod of claim 11 further
conprising wherein the die conprises a portion of a mcroelectronic
package, aTRI'ORRBICS PUSASBSOBt der burp is di sposed on a substrate of the

m cr oel ectroni c package.
9. The method of claim 1 wherein the nanoparticle functionality may
comprise at least one of ammonium-silane salts, silane coupling agents, thiol

groups and polymers.

10. The method of claim 1 further comprising wherein the interconnect
structure comprises at least one of a iead free solder interconnect structure and a
copper interconnect structure.

11. A method comprising:

forming a layer comprising an array of aligned nanotubes on an
interconnect structure disposed on a die;

attaching a soider bump to the interconnect structure; and

applying an underfill material to the interconnect structure coated
with the layer.

12.  The method of claim 11 further comprising wherein the layer is formed by
at least one of an ex situ and in situ method.

13.  The method of claim 11 further comprising wherein the solder bump is
reflowed during the attachment of the solder bump to the interconnect structure,
and wherein the layer is joined to the soider bump.

14.  The method of claim 11 further comprising wherein the die comprises a

portion of a microelectronic package, and wherein the solder bump is disposed
on a substrate of the microelectronic package.
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