V (12)
TREATY (PCT) (19) World Intell ectual
| nt er nat i onal

PCT  (10)

" | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT COOPERATI ON
Property Organization

"Bur eau (43) ahINetrdalriodas |APﬂleJmOﬁ'i>Uﬁmsm@DE&Q‘H@@M‘WG&?Q&{O&%EQ?Y &8

| nt er nati onal

Publ i cati on Nunmber WD 01/68311 Al

I nternational Patent C assification: B2 Sfer 102 (72) I nvent or PENDSE

Raj endr a; ﬁ?%ﬂ@imaﬁmm 5inaltonl | YE(DALS & lﬁl

Appl i cat i on’ NuMbe interfidraidiagels 07 580 f.;-‘{ﬂwm% nallli IIiIHJIHIIIFHI|I|II!IulllvlilﬂilllmﬂiﬂllﬂlllIIIIH!lllmlﬁﬂlch
2001 (09.03.2001) (25 F| i ng Languag ezl |cat|on

Language: Engks) %ﬂerﬁﬁﬂ,}.ambﬂ&e ta: 60r1ss, 570 .wal;,mn .ﬁf.ﬁ 00)
US 09/802, 6 gap{vﬁ{b@ 2009 &gpﬁo 3. 2001);6;% (72) Ap
[ US/US]; 3151 Coronado Dr| ve, Santa C ;. CA 95054 ( 54)
Titl e Eﬂﬁé&q H%ﬂ assNE jon’; Ew or; PENDSE, Rajendra; 5245 Diamond Common,
Agent: K vl enhel nmer ﬂg:! /€A 94555 (US)
(21) International Application Number: PCT/US01/07580 (74) Agent: KENNEDY, Bill, Oppenheimer Wolff & Donnelly,
P.O. Box 52037, Palo Alto, CA 94303 (1JS).
{22) International Filing Date: 9 March 2001 (09.03.2001)
(81) Designated States (national): IP, KR, SG.
25) Filing L; : English
(25) iling Language nghs (84) Designated States (regional): European patent (AT, BE,
. CH, CY, DE, DK, ES, Fi, FR, GB, GR, IE, IT, LU, MC,
{26) Publication Language: English - NL, PT, SE, TR).
' (30) Priority Data: Published:
60/188,570 10 March 2000 (10.03.2000) US —  wish international search report
09/802,664 9 March 2001 (09.03.2001) US
For two-letter codes and other abbreviations, refer to the "Guid-
(71) Applicant: CHIPPAC, INC. {US/US); 3151 Coronado  ance Notes on Codes and Abbreviations” appearing at the begin-
Drive, Santa Clara, CA 95054 (UIS). ning of each regular issue of the PCT Gazetie.
—
* —
— -
=
—
——
D
E= (54 Title: FLIP CHIP INTERCONNECTION STRUCTURE
—
——1 (57) Abstract: A flip chip stucture (10) is
, 0 formed by mechanically interlocking joining
/ surfaces of a first (12) and a second (14)
ﬁ/ element. The first element (12), which may be
. A abump on an integrated circuit chip, includes
a soft, deformable material with a low yield
strength and high elongation to failure. The
surface of the second element (14), which
‘/ may for example be a substrate pad, is
|16 provided with asperities (16) into which the
ada/ first element (12) deforms plastically under

pressare to form the mechanical interlock.

WO 01/68311 Al




P.O Box 52037, Palo Alto, CA 94303 (US). (81) Designated States
(national): JP, KR, SG (84) Designated Stat es (regl onal ) 31 Bugest@and pat ent
(AT, BE, CH, CY, DE, DK, ES, Fi, FR GB, OR I T, LU M, N, PT, SE

[ - W | ' h report For two-letter codes
lﬁgj ofﬁglrl zgg?évi at \iMotng,#ﬂémgbbggﬁgoﬁéﬂ%gERM&ngon Codes
andAbbrevi ati ons"appearing at the begin- ning of e?(ig) regul ?r | sgug of the
CT Gazett , |ip. chip structure S or e y
Eechanizgaléa@(:"(ﬁ%gmb%ﬁg"% B\M—'{N\b&\%urfaces of a first (12) and a second
(14) el erfnig lnvé'rliﬂbnfreraﬁs t@Hﬁp’fEﬁb nﬁté?e)onné%li‘oﬁrbtrr%% arid, l?r\HTQ p%ﬁ!cﬁﬁr!gntgeaq{ at ed

circuit chi mabl e material wth a

strength é'ﬁtgkﬁp%deﬁ "Hﬁb'éﬁ fcgwep chf @PPrﬂﬂr@af fgformatier ape lfﬁefqulfmgs@‘c&ﬁmriMSenent

(14), whi detweaythé surfgoean®be jdiea substrate pad, is provided wth
asperities (16) into which tA first element (12) deforns plastically
under pressure to formthe nechanical interlock. 31 August 2004 FLIP CH P
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relates to fli chllfqﬁl nterconnecti on structures artlcu arly, to
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i nt er | ockiintgrcohnetipe bulipgSon the IC chip are metallurgically joined to pads formed on the

substrate, usually by melting of the bump material. While this approach provides robust

connections, it is difficult to reduce the pitch of the interconnection due to the risk of
bridging (i. e. shorting between adjacent connections) during the meiting and solidification

processes. In an alternative approach the attachment is made using a particulate film or

paste, whereby conductive particles in the paste or film together with the shrinkage force

of a resin effect an electrical connection. This approach lends itself to reduction of

interconnection pitch but suffers from limited long term reliability owing to the

susceptibility of the particulate interconnection to degrade over fime.

BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention provides a method for forming a flip chip
interconnection structure, the method comprising: providing a first member on an IC chip
and a second member on a substrate, the first member includes a deformable material
having a low yield strength and a high elongation to failure and the second member has
surface asperities on a surface on a part of the second member to be bonded with the
first member; and bringing the first member into contact with the surface on the second
member and pressing the first and second members against one another using a force
sufficient to cause plastic flow of part of the first member into the surface asperities on the
second member.

In some embodiments the first member is a bump formed on the IC chip, and typically is
one of a set of such bumps; and the deformable materials of the first member in some
particularly useful embodiments includes gold. In some embodiments the second member
is a lead or pad on the substrate, or is a via opening. In some embodiments the second
member is a surface pad having a conventional plated surface finish, on which the
asperities are provided according fo the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figs.1A, 1B are diagrammatic sketches in a sectional view showing an illustrative
embodiment according to the invention of steps in the formation of an assembly having a
chip interconnection structure according to the invention.

Figs. 2A, 2B are diagrammatic sketches in a sectional view showing a second illustrative
embodiment according to the invention of steps in the formation of an assembly having a
chip interconnection structure according to the invention.

Figs. 3A, 3B are diagrammatic sketches in a sectional view showing a third illustrative
embodiment according to the invention of steps in the formation of an assembly having a
chip interconnection structure according to the invention.

Figs. 4A, 4B are diagrammatic sketches in a sectional view showing a fourth illustrative
embodiment according to the invention steps in the formation of an assembly having a
chip interconnection structure according to the invention.
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asperities are provided according to the invention. 1 31 August 2004 In a
second aspect, the present invention provides a flip chip3iﬁh§&ﬁ@@@@ctlon
structure made by the nethod according to the first aspect.

aspect, the present invention provides a flip chip interconnection
structure, which includes a first nmenber attached to a chip and a second

nmenmber at e IER 4 Qia8ranFHAR! S@tS lnté@eétlbﬁéltwéwgﬁ inl %)lte?nsﬂﬁ/% H@%lfc?r an

material and the first and second nbers are y nmec

i nt er | ocki™§coRNgGHEN dumpisalyl @cqqagﬂn@ foethe dfventien. f| r st rrerrber with
asperities on the surface of the second nenber. In a fourth aspect, the
present invention provides a nethod for formng a flip chip

i nt er conné&ed- B astiagramiadic skefah in aisagfionghdow shaying driother altembtive shaparfor C
chip and an iﬁ@%ﬁ%ﬁ%ﬁ%ﬁfnp%eﬁll SELREIRGH d;?bhetlrlﬂ%n [?ﬁ St menber comprising a
deformabl e material having a |low yie strength and a high elongation to
failure and the second nenber having a surface adjacent an edge on a part
of the second nenber to be bonded with the first nmenber; and bringing the
first nmenber into contact with the second nenber surface and pressing the
first and second nenbers agai nst one another using a force sufficient to
cause plastic flow of part of the first nenber around the edge. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figs.1A , 1B are diagrammtic sketches in a
sectional view showing an illustrative enbodinent according to the
invention of steps in the formation of an assenbly having a chip

i nterconnection structure according to the invention. Figs. 2A 2B are

di agrammati c sketches in a sectional view showing a second illustrative
enbodi nent according to the invention of steps in the formation of an
assenbly having a chip interconnection structure according to the
invention. Figs. 3A, 3B are diagrammtic sketches in a sectional view
showing a third illustrative enbodinent according to the invention of
steps in the formation of an assenbly having a
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lrm- 25 m_ The bunmp is a generall |ant

materi al 2R8Eramy Gald cpmbe a(mrtwtﬂdrlyrmeﬁﬂ nstterisd dor the temposotdingttbiitvention,
‘deformati on greater than about 25 un under a force eqw vaI ent to a verti cal ‘

[ | | f
the bunpe. Bt 80T i 0000 1Y it e rlmenter 12 S Bsrsgronshed
by conpr emnﬂgprﬂhag&imséndmmﬂﬁ- tdaaﬁafjiulelsﬂ@ﬂ%@ﬁ@ﬁist IH&HPé‘r‘.'r12 g ti%és @nThe

flow of first nmenber 12 into asperitie

ther t se stic
ﬁgf)g ht ang‘ ’&Sﬂg %é)ﬁfg%mtﬁo friirstomemppntl allowsgonsiderablerdsfotmatioh do dedun evert afber the
to occur eumibeibh & effdlfed thus allowing for other bump/pad pairs with poor planarity to be joined

with equal success. The force and temperature requirements necessary to effect the
interconnectio::_l are significantly lower than needed for conventional thermo-compression bonds
that require metallurgical diffusion of the mating materials, These reduced requirements. greatly

réduce damage that might otherwise occur on the chip, partlcularly when the number of
connections to be effected simultaneously is large.

A second embodimfaﬁt is schematically shown in Figs. 2A,2B. A macroscapic interlocking
configuration generally designated 20 is formed by plastic flow of the material of first member
22 around a side wall 24 and edge 26 of a second member or trace 28. Preferably the flow of the
| material of first member 22 is around the side wall 24 and does not cause material flow into a
region between adjacent traces but rather in the normal direction within the same plane. The
interlocking configuration 20 provides for an increased area of intertocked surfaces without
significantly increasing the bonding force, thereby providing a more robust connection. Further
the additional displacement perpendicular to the chip surface provides greater tolerance to poor
co-planarity of multiple mating surface. Finally, the interlocking along a plane perpendicular to
the chip surface in addition to the usual interlocking paralle] to the chip surface provides for
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| ower than needed for conventional therno-conpression bonds that require
metal lurgical diffusion of the mating materials. These reduced
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wal | 24 an8ide$36 apdds efitheserondanemberfldow i nto a region between adj acent
traces but rather in the normal direction within the sane plane. The

sur f aces wiioorh eniahiR i vl B fipt 34, A 8 inclidegiangutecrosasctiongcoally
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pane ot Ak 8B, S b s eabslon o
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per pendi cu‘%lilar directjon, Athird enbodinment is shown in
i ncl udes afrei %P%ﬁfé@‘%ﬁmg&%mdmdmcgp@ﬁﬁmmm itieimurh evidtbrofagilatehu 46

30 is forngg | | . rd al of -a-first Yoer .32 around a
second. rren}*:)(gre u?ié ;&}%gh‘geggl gﬁg ﬁ%?r%@d@%mgﬁ%sl S§Hﬁ%ﬁ@ﬁ§#§?ﬁ@ﬁﬁ#¢r@wcuon :
of the fi4G&eo ematdelybe fornedbyvisontline dieasy b a MiPPaDér thitficBBkAS | ,
first rrenb%lr 2. around bot sj des 36 a%d 38 %f theapigéecornd ngﬁn%e‘ﬁég?.e%f‘mm
fourth enb S'PgRéHP_WPE R esupstide- 44, 4B and includes an interconnection
generally.. designated 40. The | ead geonetry of a second elenent 42 is
shown to Hin enetstgkmsits B8 BedcHibb@tifbve with reference to Figs. 24, 2B, 3A, 3B, 44, 4B, the

macroscopic interlocking configuration aliows for formation of the interconnect using a lower
force, for example lower by a factor of 2, as compared with embodiments as described above

with reference to Figs. 1A, 1B. Use of lower force of compression can result in less damage to
chips during processing.

~ In preferred embodiments, an adhesive resin is preferably applied in a space between the chip.
and the substrate such that the compressive force supplied by the cured resin further improves
thg long-term retention of the electrical connection. The adhesive resin is preferably applied - -
before the mating surfaces are bonded, and is cured concomitantly with the formation of the
interconnection. The app]ied interconnection force helps displace the resin material away from
the mating surfaces to allow the formation of the desired mechanically interlocked connection.,
Alternatively, the resin can be applied afier the interconnection using an underfill process.

In the disclosed preferred embodiments, the material of the first members 12,22,32and 44 is
preferably Cu, electroless NiAu or Au. The substrate material is preferably single-sided FRS
laminate or 2-sided BT-resin laminate.
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1. Anethod for formng a flip chip interconnection structure, conprising
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strength and a high elongation to failure and the second nmenber havi ng

surface agper hbehefPa%oHaNfoL kudin B eflimbile ASBARCLIHIHst' Befber

bonded with the first nenber; &and bringin
with the §0/mpH$es gMd.t he second nmenber and pressing the first and second
menbers agai nst one another using a force sufficient to

4. The method of claim 1, wherein the second member is a surface pad.

5. The method of claim 1, wherein the second member is a lead.

6. The method of claim 1, wherein the second member is a via opening.

7. The method of claim 1, wherein the second member has a plated finish.
8. The method of claim 1, said bump comprising one of a set of such bumps.

9. The method of claim 1, wherein a width of the second member surface is smaller than
a width of the first member.

10. The method of claim 1, wherein the part of the second member to be bonded with the
first member has a generally trapezoidal shape in transverse sectional view, the second
surface comprising a plateau having a width smaller than a width of the first member.



cause plastic flow of part of the first nmenber into the surface asperities
on the second nenber. 2. The method of claim1, wherein ghaygidtSoosenber
is a bunp forned on the I1C chip. 3. The nethod of claim1, wherein the
deformable material of the first nmenber conprises gold. 4. The nethod of
claim 1, wer&he mateods et elatin e fsther icomarisingf priar tpaptessig thEhrstrant secard
claiml, Whahed LT =TRN I h Im1
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wher ei n t Hee 8sdate. menber has a plated finish. 8. The nmethod of claim 1,
said bunp conprising one of a set of such bunps. 9. The nethod of claima1,
wherein a wdth of the second menber surface is smaller than a w dth of
the first TRenbeg metiod ghelairetlhfidther compiising,, pridrdp giressinge theafirst afid tsbeorsecond
menber to M i e e | v. trapezaqidal
shape in t"?ﬁﬂ%g%?g'"‘ﬁ{eéﬁ %ﬁgpe'{’/idés@/%ngﬁ@s@é%ﬁ% aﬁg%sﬁ\?kaé@ﬂoc% F'ﬁ@i%Hﬁa%? of

pl at eau hdWe Kgclipwi dth smaller than a width of the first nenber. 6 31
August 2004 11. The nmethod of claim 1, further conprising, prior to
pressing the first and second nenbers agai nst one another, dispensing a
cur abl e adBesh il din iptescanrecting stuciuse made by theemsthiodtof alain 112. The met hod of
claim1, further conprising, prior to pressing the first and second
menbers agai nst one anot her, dispensing a curable adhesive onto a mating
surface ofi4 th#ipadinciniesconngction stiuickire isomprisingr connect i on structure made by

t he met hod of gl ' 0. ' ur .
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first andp3geaNdy TeERShiSalORieRdcking of the deformable material of the first member with

asperities on the surface of the second member.

15.  The flip chip interconnection structure of claim 14, wherein the first member
comprises a bump formed on the chip.

16. The flip chip interconnection structure of claim 14, wherein the deformable material
of the first member comprises gold.

17.  The flip chip interconnection structure of claim 14, wherein the second member
comprises a surface pad.

18.  The flip chip interconnection structure of claim 14, wherein the second member
comprises a lead.

19.  The flip chip interconnection structure of claim 14, wherein the second member
comprises a via opening.

20. The flip chip interconnection structure of claim 14, wherein the second member has
a plated finish.

21. The flip chip interconnection structure of claim 14, said bump comprising one of a
set of such bumps.



bonded by nechanical interlocking of the deformable material of the first
menber with asperities on the surface of the second menbgf Auddst 2008 f1ip
chip interconnection structure of claim 14, wherein the first nenber
conprises a bunp fornmed on the chip. 16. The flip chip interconnection
struct ure &% AMgthedfaer foupiag aiflip ehie Intertomestiorestructure cimprisingt he first nenber

conpri ses gold. i o ony : | re .o | m14,
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a lead. 1Yy | RinGBisRd b ' . i erein
he second nuapar (0 BIE o 1 SEcRERREhu Raiihi Y hilhle RipéorRaTshde o AR
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provi di ng caudd patic RIS AL A AG ABIBoARldufy BiBG0Rd, menber on a substrate,
the first nmenber conprising a o[e OFnabl & nat eri Al havi ng a lowyield
strength and a high elongation to failure and the second nenber having a
surface adgpa ; : fe t nded with
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25. The method of claim 22, wherein the second member is a surface pad.
26. The method of claim 22, wherein the second member is a lead.

27. The method of claim 22, wherein the second member is a via opening, a margin of
the via opening comprising the edge.

28. The method of claim 22, wherein the second member has a plated finish.
29. The method of claim 22, said bump comprising one of a set of such bumps.
30. A flip chip interconnection structure made by the method of claim 22.

31. The method of claim 22, wherein a width of the second member surface is smaller
than a width of the first member.

32. The method of claim 22, wherein the part of the second member to be bonded with
the first member has a generally trapezoidal shape in transverse sectional view, the
second member surface comprising a plateau having a width smalier than a width of the
first member.

Ta



24. The nmethod of claim22, wherein the defornmable material of the first
member conprises gold. 25. The nethod of claim 22, wheresfajhgst120869nd
menber is a surface pad. 26. The nmethod of claim 22, wherein“the second
menber is %nI_Fad.n}?ﬁ??. The method of claim 22, wherein the second nenber is
a via ope The, mathagh of <laim e dugher epanising. oamic Rrepgng e Brshend 28commhe
met hod of riérbers 2gaind6ie bothbe dRRERTIF BRITRASTe BafiedvdbAbeS ni iﬂ%%ﬂgascezgf The

met hod of cl aim 22, said bunp conprising one of a set suc . 30. A
flip chip MpstElfection structure made by the method of claim22. 31. The
met hod of claim 22, wherein a width of the second nmenber surface is snaller
than a width of the first menber. 32. The nmethod of claim 22, wherein the
part of thé sB¥ AR efaited dussdompRising, prisretor pressingrihentinst Bad sacond
gener al | y nidrapsig Gigeinkt SMRRSothét, UIsPBRNSS BSupasd !agﬁﬁéivevbr?cp”a h28ing S6F2 o
menber surface conprising a plateau having a wdth smaller tha% a wWdth of
the firsthedng¥p.  7a 31 August 2004 33. The nethod of claim 22, further
conprising, prior to pressing the first and second nenbers agai nst one
anot her, %i spg?_nsi ng a curabl e adhesive onto a mating surface of the

subst r at e 234 Thepaethgd nefgclaim @Raiwhepein thersesend desmbersisnbeingrirovided with
pressi ng taBeeritic Bh aAdiffas€ GRNELf. Menmber s agai nst one anot her, dispensing a
curabl e adhesive onto a mating surface of the IC chip. 35. The method of
claim 22, wherein the second nmenber is being provided with asperities on a
surface thereof. 7b _
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