Title: PACKAG NG STRUCTURE AND METHCD Abstract: A method for forning ;
metal | urgical interconnections and pol ymer adhesion of # $4pnignesig®0¢12) to
a substrate (16) includes providing a chip (12) having a set of bunps (14)
formed on a bunped side (22) thereof and a substrate (16) having a set of

i nterconnect points (18) OPAGKASING STRUCYURENRNPMETHODVI di ng a neasur ed
quantity of polyner adhesive (24) in a mddle region of the chip (12) on
the bunp side (22), aligning the chip (12) with the substate (16) so that

the set of IBAGIKGROUNDOFIHE IMVENTIOfR set of interconnect points (18),

' t he. chi 2 d the supstrate (16) toward one another so that a
Por 1 on-of {HE SBEYTR rdafedPTE ShpapQBaEcIY) MMaeskbeiaibe t Foyvidhal  he

bunps (14) cauisaalioytiherdonhedtizamRefsenPEmb and 2&Lbsttd heating the bunps (14)
to a tenperature sufficiently high to forma netallurgical connection

between the bunps (14) and the interconnect (18). Also, a flip chip (12)
package is Gmgentnal meeth®dshest. intdtcGmERtRITRO i RAS td ke sBdtAdtd Uhdidd an

bomneC (1) MREpARER GhoRth R Rt (R i8N ppNIAG cobted polymer pariiciean whigha |

contact type interconnection is made. Fragments of the polymer film which remain

10 trapped at the interconnection point often lead to poor electrical contact and reduced
refiability of the package. Additionally, the polymer film reduces the reliability of the
bonding interface during the chip bonding process. Conventional flip chip techniques
that use either ACF, Non-Conductive Adhesive {NCA) or Non Conductive Polymer
(NCP) also suffer from problems in curing the adhesive on adjacent bonding sites on a

15  substrate during the chip bonding process.

What is needed is a flip chip structure and method that provides for metallurgical
interconnection between the flip chip and the substrate and that further provides for
~ improved bonding between the chip and the substrate. '
20

BRIEF SUMMARY OF THE INVENTION
In a first aspect, the present invention provides a method for connecting a flip chip and
a substrate, the method comprising: providing a chip having a set of bumps formed on
25 a bump side thereof, providing a substrate having a set of interconnect points on a.
metallization thereon, providing a measured quantity of a polymer adhesive in a middle
region of the chip on the bump side, aligning the chip with the subsfrate so that the set
of bumps aligns with the set of interconnect points, pressing the chip and the substrate
toward one another so that a portion of the polymer adhesive contacts the substrate
30 and the bumps contact the interconnect points, and heating the bumps to a
temperature sufficiently high to form a metallurgical connection at an interface between
the bumps and the interconnect points.

In some embodiments the bumps are stud bumps, and are formed of gold; and the
35  interconnect points include spots of tin, preferably pure tin, on the metallization. In



4 Septenber 2004 PACKAG NG STRUCTURE AND METHOD BACKGROUND OF THE | NVENTI ON
This invention relates to flip chip packagi ng and, nore 4panteroberaddc¢, to
‘providing a 5 Au/Sn alloy interconnection between a chip and a substrate.
Conventional methods for interconnecting a flip chip to a substrate include

an  Ani sot r ajthér &apsdifiehiethEi BuMpsARE) fohdd oM n’i’étaNdcﬁL'asC‘?é\'t St YEs; or

particles in which a contact type interconnection is nmade. Fragnent

the pol yner RFEAWIRiAGLOT WHRNKAY or eleaimless Mi{AW gad tha @%@m@@&n%ﬁs Qtﬁorma)of ten
lead to pOOflnﬁhtﬁlﬁudhCﬁbteﬁath ﬁpémséuiméﬁ@%%.chrtﬁé b@@'ﬂu\ﬁp‘é é?é niata% HALEAE-

Addi tionally, the mer | mreduces the reliability o bon

ng
interface dub® Hﬂerﬁ %n B’"E?o"f‘f&ﬁﬁ@tsmf Helde he@@ﬁgéﬁaplr akas tffel tieﬂlpéfﬁtlﬁfe of the
techni quas Hupdds é!ﬁﬁtleﬁi h!@&reég:an t@%@éﬂ%é\l\% ANINRS SHen @'ﬂ%}hn é)hygﬁea Ve

Conducti ve Polyrrer al so suffer from problens In curing

on adj acent B%Hﬁ?rrf@fes in E@f‘?ﬂ?daemﬁgi'@ﬁ'ﬁmﬂﬂ%?@”dﬂﬁ PhRpe: $rEnpisep ab%fh%ﬁ’ Ag:Sn
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for metall ur ical interconhection between bf he substrate
and that furltMEsrabieerepter than ab?%ﬂ@\ﬁé(ﬂ’@%’ﬁéiﬂ?@o 32@@11 the ch| p and the
substrate. 20 BRIEF SUMVARY OF THE INVENTION In a first aspect, the present
I nventign provides a nethod for connecting a flédp chip and a substrate,

the nmet A8d dBﬁB’P‘PW"’ﬁ?@%F'}ﬁrﬁ@thad@mhﬁf ialidegu %@H“Q)W'tfb@uﬁﬁlé{mﬁbr med on 25
a bunp side thereof, providing a substrate having a set of interconnect
points on a. netallization thereon, providing a neasured quantity of a

pol ymer adhd8ia 8eGond Aspeglditee Presgnbinventionhrowdes, aghin Rackagrpsteictise naadeyni ng
the chip W tdecéramgStedier e assed. e EHE p%%kagéjgtrmmsccﬁﬁllﬁr&% é"’b tﬁﬁ]ﬁhr%yzet

of int erconnect poi nts, pressing the c and the substrate

anot her so tNAPsFoRRRd thereast andha sybstate ma&aaérgevenwﬁm@t%om ﬁemgtaﬁlg@ﬁ'cm e 30
and the 1BU MigereOMtAS buhipe fofhiAg CORRBE lwiftihBistercdRAadl Rk Ivildiéin AR SalP 2

contact comprises an interconnection layer situated at an interface between the bump
and the interconnection point in contact therewith, the layer comprising an alloy of the
material of the bump and the material of the interconnect point.

20 Ina third aspect, the present invention provides a chip package structure comprising: a
chip having bumps formed thereon and a substrate having interconnect points on a
metallization thereon, the bumps forming contacts with the interconnect points,
wherein each said contact comprises an alloy of the material of the bﬁmp and the
material of the interconnect point, the alloy being limited to a layer situated at an

25 interface between the bump and the interconnect point; and a first cured adhesive
polymer forming a spot situated in a middle region between the bump surface of the..
chip and the surface of the substrate, there being no first cured adhesive polymer at
the contacts.

30 In some embodiments a cured adhesive polymer is situated in a middle region
- between the bump surface of the chip and the surface of the substrate.

In some embodiments the bump material is gold or is a metal such as copper plated
with gold or with Ni/Au or with electroless NifAu; and the interconnect points also



tenperature sufficiently high to forma netallurgical connection at an
interface between the bunps and the interconnect point < Septersbers2004
enbodi ments the bunps are stud bunps, and are fornmed of gold; and the 35
i nt erconnect points include spots of tin, preferably pure tin, on the

met al | i zat i amcludensukh/mSieRAISIPESoRO MbadiRRNtMBMbTBP i ﬁwib?falaé"i%% %y@(]i:f” med
of a netal such , for exanple, copper | ated with Au or wt Rll or

el ectrol ess%%@mé’ﬁg p!'?f%rE’gFYttB‘?EUﬂYr@@tz F Adualpgo may i nclude such
materials. In enbodinents in which the stud bunps are nmade of Au and the

i nterconnect points are spots of Sri, the heating step raises the
tenperature of the 5 bunps sufficiently to create an all oy between the Au
and the §ri BRIER DESTRIPTIGNareriat pRAVeINGd erface; in preferred enbodi nents
t he bondi nggpha e c(é)nﬁri ses -a 80:20 Au:Sn alloy. For such an alloy the
bunps may b&'%utd PR dRtarg dingraramalis skesehas iy a srstional view ahowiagnaeriliustrative
great er thagnidedinierd P Gia U 20, i t he
met hod further includes l?%gg??'?ﬂgynga{\?u@t'ﬁ@ﬁ%§|f?@dkﬁ}gﬁggﬂi"g‘r&@ﬁ% Sgggﬂélcﬁﬁ,
the present aFFRrdRgitoReip@lioRs a chip package structure made according to
the first aspect. The chip package structure conprises a chip having bunps
f or med iQereon and a substrate having interconnect points on a

metal li zati on 15 thereon, the bunps form ng contacts with the interconnect

poi nts, wheDETAICED DESTURIPTONDRCHHE NENReN an | nterconnection | ayer
Ssituated at. ,an interface between the bunp and the interconnection point in

contact t hefedRSHIPIOMOT| 3y cixertiasy i anbrdimantapf dhe dnvanyien fellews.i Mlsingf thehe
bunp and t hdisaRberel [Rreiff subRtantiallyeddnamMRMal APathtus 28n bR rAodifidd for 288%Fihe t he
present invention provides a chip package structure conprising: a chip
havi ng bunp?“FS?ﬁ@ﬁh?Hﬁ?BWHLand a substrate having interconnect points on a
netal ligmtion thereon, the bunps form ng contacts with the interconnect

poi nts, wherein each said contact conprises an alloy of the material of
the bunp and the material of the interconnect point, the alloy being
limted to a layer situated at an 25 interface between the bunp and the

i nterconnect point; and a first cured adhesive polyner formng a spot
situated in a nmddle region between the bunp surface of the. chip and the
surface of the substrate, there being no first cured adhesive pol ynmer at

t he contacts. ‘
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30 In some enbodi ments a cured adhesive polyner is situdtePER0S 2044l e

region between the bunp surface of the chip and the surface of the
subst r at eWithyelspnce dathsdfigethsrerare shampinip et A alchipsangal sibstrate in alignedeat psiesh

as copper; Ido [Au oL Wt ol ess_Ni [Au; and
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the |nver1t|on fol | ows the disclosure herel
convent i dRedespsnon ofiadhegive 24 smalli enough thet it does nat splteed tqjuhecgekisstmds dnldethe

004 h f h
shown | n percongdioh arEE Y sbdhenl bohdiy PR s e shis cgpec;ehrﬁfrga{ he
inter conrsabmmﬁﬂhdlﬂigchlp fofeat] the ikdspR hoMidthé emﬁltsmda%b %%ﬂ. s ofthe

|nt rcon ec The flip chip configuration, shown genera
ur al |SF'iFltlB¥m acfe‘ﬁlﬂlﬂlemmwot@ﬁsph&mﬂ)mamtomhbeimetqﬂmgmﬂf erably

be| ng 90'1%13 g}l kig ?unps The corresponding 5 interconnection points, on
a standard substra B netallization are provided with a plurality of

preferably pure tin (Sn) spots 18..A central.area 20 of the chip on a bunp
side 22 fmmhmwmpupﬂsmmmmwomrmy\@ cBips 258ebIATIRYER rhfibr édn BlOES

not spread.to the ds . an i Nt erconnectigon area during.a

subsequeft® ol ?fh‘dﬁ% from eemyicational equipment. Themenldiage i n

ng,A8 ted
the flip rgg;d ggﬁﬁb nd the
ends of the 10 ud lgfj nps r ea% &[bﬂﬁ?%%pﬁéugatali&gtstggi’ gl%ﬁg% ?itﬁ%& .
suB8trat élm@tamkmlyrfﬁdﬂénhaﬂs cad thenbe aitabod end ﬂiea:oﬁfjﬂeted chips can be smgulanzed
by, for example sawing the substrate

‘The ﬂ1p chip is aligned with the substraie in such a manner that the gold stud Eumps on the chip
align with the tin spots on the substrate. After alignment and contact between the Sn spots and

- the Au stud bumps, the die is heated to a temperature and for a time sufficient to givea |

20 _meta]lurglcal reaction at the interface between the bumps and the spots, preferably in excess of

about 200 °C. For an Au - Sn junction, a smtable temperature the temperature is about 232 °C,

. and a suitable time is 1 - 2 seconds. At this temperature, the Sn spots melt and the temperature at
the bonding interface increases SIgmﬁcanﬂy, thereby dissolving some Au from both a

B metallizatioh layer on the substrate and the stud bumps to createa bonding phase at the interface '
25 - between the Sn spots and the Au stud bumps. Preferably a 80 %:20 % Au: Sn alloy composxtlon
' is formed at the interface. Such an alloy provides both reliable electrical contact and
: _advantageeus mechanical propertles

As the Sn/Au interconnection is made the adhesive 'spot‘ cures to hold the die in space. A
subsequent underfilling process of the structure is thereby facilitated as the center region of the

30 chip is already filled with the adhesive bolymer. Overmolding fills the remaining space under the
die and the space between the chips, resulting in a robust structure.



A substrate stri p popul ated with a row or an array of ¢H1'%%°t%t§§%“r?8péd in
t hi s manner a(ian‘ be nmolded using sinple toolin readily adapted from
conventi o tegratiyeembodiment pEavadas gor ¢rast wlﬁmt%ebvmﬂhl@goldlsmdbwqm‘aﬂdla ng
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si ngul ar i mdﬂeq@ntpf%sﬁ@ﬁﬂh&ebyﬁﬁ%@ﬁs ﬂl@fbﬁﬁbiﬁﬂ’e ing Bbgyﬁ]é ﬂgé'l!;dhd]&%
aligned with the substrate in_such a mannér that tﬁih)g gol tuag unps t he
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al ready t;lélLed vagql}ttg ?% erm)ldln |IIs t he renmai ni ng
space undeicifhthe vwater thepfq Ssté @fﬁ'é’alltﬂl Staps o plgenlatethe dbess t
structure. -3 4 Septenber 2004 An aI ternative enbodl ment provides for

di.r ect C%téﬁ&nd@ﬁb\eﬁﬁﬁdﬁﬂ@ntﬁﬂte‘i%@tﬂéﬂaﬁqﬂaﬁ @@H[pﬁat%:fhzgﬂ‘ilﬁ gt%gt&t&gyo?” on -

the substrate. A netallization ble to W S€es

subddeque rﬁleqﬁQl@SéMMg and these Mﬂ;naﬂmaye te also tphevided on the bonﬂmgmims ofithpatilysteite.

at the b ter urin ch| ondi n roce chl eve wafer -
scal e pawg%'i ngaagﬁ\‘ﬂ'&sf Cah E‘F q{%&ﬂ%ﬁgﬁg@j é’@ﬂh ,

heat i ng Sieag?soﬁtﬁtﬁtﬂeaélﬁyﬂbeﬁﬁfgfotwgn cbivE&itha gﬁ%’crbon 'R Waf;' ate

amounts of adhesive are then picked, aligned, placed
sites appithenby thesmalgoneprassion banding utiliging At onby d’ﬁsmeaqiewatempaaands utilizing Sn.-

beore t Rerrarendnre Sl Aot S itat el o ol B *'

| i 201 e structure is underfilled and transfer molded szmultaneously

_Other embodxments are within the following claims.



10 waste of substrate material as only particular rejected sites wll be

di scarded, rather than the entire substrate strip. Addi4$ememnbgr,200¢ i s not
necessary to bond to the rejected dies on the wafer. After fully

popul ating the wafer, the, wafer is nolded for underflling and interchip
space filling. Dicing the wafer then telaiggs the nol ding and sol der ball
nmounting steps to singulate the dies. in alternative enbodi nents the stud
bunmps include Cu plated with Ni and Au, plated Au or 15 electroless N /Au,
and these materials may be al so provided on the bonding sites of the
substrate. W¢th the advances in Cu termnal netallurgy, the bonding sites
may be. fi nisHaaefiadforproyiding oqengsfion betwesn a fipshipands substiategcoroprising:

| nt er congect | ons dpGiiMAG A iAW stRfibaHBS il o/ Bufih HaEIndRYod Ner mal
conpression bonding utilizing Ai or by fusion at Tow tenperatures utilizing
Sn.. li ke met alPEOYigng Gr ﬁ\'%ﬁ%’ﬁieabﬁ‘é"%@nﬁﬁftn@f ipteseanneciOpoists o taamietalliziation
contacts aregnhdmepfred, the 20 structure is underfilled and transfer nol ded

si mul t aneousl y. her enbodi nents are within the following clains. 4

Sept ember 2004 CIPAPYifENg a messsrethauandty ofraonolunagadhnsivedn iaoniddiet regien of thé i p
chip and a sHpsdd Ab®unfpoyid:i sing: 5 providing a chip having a set of bunps
formed gn a bunp side thereof; providi nfq a substrate having a set of

i nt er coffect poi fligNiBg the ¢hip with thessybstrate; secthabiie st ofbumpsyatignserthuthedet
quantity of cRindsttammict psi@si ve in a niddle region of the chip on the bunp
side; 10 aligning the chip with the substrate so that the set of bunps
aligns with the Egssingrthe ghiprandiihe substigtetowardpag anether $retheha podion of tiee
substrate t @uifferofthesNeldRla A : YRR f
contacts the substrate and tﬁgogﬁﬁnggb%gﬁgg?qpﬁggqrﬁé%rcg@%%tec mg%?ﬁ?{sﬁ%{aand
15 heating PRESHERAs to a tenperature sufficiently high to forma

tall i cal [ [ t i
"t er comnect. pol e 2. The et hod o g peaty i, & A, iebligial g

i nter connect IQoi nts. 2. The metho claim _ (
bunps. 20 $oNAsHoRat apintestace beiwsaer thehunes and the intergeanedmsintse gol d. 4.
The met hod of claim 1, wherein the bunps are plated with a netal conprising

ol d.
9 . . 2. The method of claim 1, wherein the bumps are stud bumps.

- 20 3. The method of claim 1, wherein the bumps comprise gold.

4. The method of claim 1, wherein the bumps are plated with a metal comprising gold.

)]

. The method of claim 1, wherein the interconnect points comprise tin.
25

6. The method of cjaim 5, wherein the interconnect points comprise pure tin.

7. The method of claim 1, wherein the interconnect points compriée a metal plated
with a metal comprising gold.

30
8. The method of claim 1, wherein the bumps are stud bumps comprising Au and the
interconnect points comprise Sn, and the heating step raises the temperature of the
bumps sufficiently to create an alloy between the Au and the Snin a bonding phase at
the interface.



5. The nmethod of claim 1, wherein the interconnect points conprise tin. 25
6. The nethod of claim5, wherein the interconnect poi ntdsSenembersi®08ur e
tin. 7. The nmethod of claiml, wherein the interconnect points conprise a
netal plated with a nmetal conprising gold. 30 8. The nmethod of claiml,
wherein the bunps are stud bunps conprising Au and the interconnect points

conprise Sri g_nd the heating step raises the tenperature of the bunps
suf fi ci ent |yt d Ngrmaathad of claim f, whargledhe theating, stepdraises the temperabaedif ige

phase at thempy fiifickifly (6 crba®eRh SBEEoRiMhda 869 A‘ﬁgﬂq}qggﬂcﬁggln@lﬁﬂaﬁe at

wherein the'neatlng step raises the tenperature of t ciently
to create ar"@MMASonprising a 80:20 Au:Sn in a bonding phase at the
interfacg. 5 10. The nmethod of claim1l, wherein the heating step raises the
die to a tenperature greater than about 200C. 11. The nethod of claiml,
wherein the a%%@eg{og;?f kg ds wheeeiiithe heptingtsieppeisasithe diel® alrperaBeoC

12. The met hpeatef thah abst.20be t her conprising underfilling with a polyner.
13. A chip package structure made according to the nmethod of claim12. 15

14. A chip package structure conprising: a chip having bunps formed thereon

and a subst rgt eTt’(b,aMbﬂﬂdio‘Ftc%'irﬁqr,‘Wn%FeinH@Héa?inﬁ%é%i l‘ngsstse,glt\i}\%ﬁ?et {ooé'térhg;gérgtgjf% the

bunps formng contacts with the interconnect erein ea
cont act '@o Wes3236H- i nt er connection | ayer situated at an 20 interface
bet ween the bunp and the interconnection point in contact therewith, the

| ayer corrprisigl%ﬁan aIIo%/ of the material of the bunp and the material of
the intercdind®e meihed of clajmifuehensqmpsistgagnsedilingovitivepaymer.ai m 14,

wherein a cured adhesive polyner is
13. A chip package structure made according to the method of claim 12.
15
14. A chip package structure comprising:

a chip having bumps formed thereon and a substrate having interconnect
points on a metallization thereon, the bumps forming contacts with the interconnect
points, wherein each said contact comprises an interconnection layer situated at an

20 interface between the bump and the interconnection point in contact therewith, the

layer comprising an alfloy of the material of the bump and the material of the
interconnect point.

15. The chip package structure of claim 14, wherein a cured adhesive polymer is
25 situated in a middle region between the bump surface of the chip and the surface of
the substrate.

16. The chip package structure of claim 14, wherein the bump material comprises
gold and the interconnect points comprise Sn, and the alloy at the interface comprises
30 aAu/Sn alloy.

1_ 7. The chip package structure of claim 16, wherein the alloy at the interface is a
20:80 Sn:Au alloy.

35  18. Achip package structure comprising:



25 situated in a mddle region between the bunp surface of the chip a'nd t he
surface of the substrate. 16. The chip package struct udeSenterobelida044,
wherein the bunp material conprises gold and the interconnect points
conprise Sri, and the alloy at the interface conprises 30 a Au/Sn all oy.
17. The chip packagfinshawkcd Wunef fofrhad rgi

interface is a 20: SE,SSn:‘ﬁ,gJ. al ngy.o 3%“ rllﬁé.’@‘/&"\cﬁﬁ‘?p&p%é’ﬁgﬁgaﬁ%‘@l f[]"rht?rtggﬁnect
conpri si ng ePoNtsoH @ MRsalization taerepn.pthp duinig foumipy dootasisdwith dhe inferanohet
substrate hy6ifg wWindreinCHRA%ald cdd tompBRsed é}?élﬂy{,&ﬁﬁé h%?erfarﬂﬁf 2'b rﬁcﬂ]g gunps
form ng contacts with the interconnect points, “wherein each sai d"TontAct
conpri ses arthamaigrialof thecinteseasneal paint, theealloymsingniimitachie avtayer sitlated at are

i nt er congectinFhéd pethB8n Hd KM Shd Gelihia} lawer situated at an 5
interface between t%e b?m(g ancﬁ?t hegﬁeﬁ'{'tg}rcgﬁﬁ%éég?%ﬁt; and a first cured
adhesi ve pol yrer & &Fsti Giiech adirstives pelyaes dorming arisplet] situatagi ona tnigddiee eegiome
bunp surf aceeffed e Hihi At B . I\ N0
first cured adheesi vg H‘g_il[bynercat fatth%Lebrmont a@%ssphgﬁélf%%‘?ﬂ%&& t%’gﬁ%%c gﬂgd;'go -
structure offirg|chrad adhesiyp pplymer ahibeisanigcisat eri al conprises gold and the

i nterconnect points conprise Sn, and. the alloy at the interface conprises
a Au/Sn alloy. 20. The chip package structure of claim18, further

conpri sitig d9setlmghipupasiage straeiiesel/daipoll §wheretr thierkyram material fdohipriséa

gold and the interconnect points comprise Sn, and the alloy at the interface comprises
a Au/Sn alloy.

20. The chip package structure of claim 18, further comprising a second cured
156 adhesive polymer forming an underfill.
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