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Desi gnat ediipt eige sntéroehediiah ) betlesd RAaMtRRABA T cifclil: (1IGEchip and a substrate is
commonly performed in electronic package assembly. In the most common form of such
interconnection bumps on 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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the pitch of the interconnection due to t risk of '
second member on a substrate, the first member comprising a deformable material
having a low yield strength and a high elongation to failure and the second member
having a surface adjacent an edge on a part of the second member to be bonded with the
first member; and bringing the first member into contact with the second member surface
and pressing the first and second members against one another using a force sufficient to

cause plastic flow of part of the first member around the edge.

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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the paste or filmtogether with the shrinkage force of a resin effect an
el ectrical connection. This approach lends itself to reduction of
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menber on M- §p §idiadrammaie sketek in asagional viewshewing anether miirinetivestepidor
having & lAvtsicshhectioh BblLselaceolifliPhRARNLGR Lo fallure and the second
menber has surface asperities on a surface on a part of the second nenber
to be bonded with the first nenber; and bringing the first nmenber into
contact with the surface on the second menber and pressing the first and
second nmenbers agai nst one another using a force sufficient to cause
plastic flow of part of the first nmenber into the surface asperities on the
second nenber. I n sone enbodi nents the first nmenber is a bunp fornmed on the
IC chip, and typically is one of a set of such bunps; and the defornable
materials of the first nmenber in sonme particularly useful enbodinents
includes gold. In sone enbodinents the second nenber is a |lead or pad.on
the substrate, or is a via opening. In sone enbodi nents the second nenber
is a surface pad having a conventional plated surface finish, on which the
asperities are provided according to the invention. 1 31 August 2004 In a
second aspect, the present invention provides a flip chip interconnection
structure nmade by the nethod according to the first aspect. In a third
aspect, the present invention provides a flip chip interconnection
structure, which includes a first nenber attached to a chip and a second
menber attached to a substrate, the first nmenber is of a deformable
material and the first and second nenbers are bonded by nechani cal

i nterlocking of the defornmable nmaterial of the first nmenber with
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J 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, particularly 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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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
the long-term retention of the electrical connectlon The adhesive resin is preferably applied -
before the mating surfaces are bonded, and is cured concomitantly with the formation of the
interconnection. The applied 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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Alternatively, the resin can be applied after the interconnection using an
underfill process. In the disclosed preferred enbodi mentg alli&tPBogrial of
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rectangul ar section before conpression and defornmation; two particularly
useful ones are shown diagranmmatically in Figs. 5 and 6. Fig. 5 shows a
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bunp and thg,wda hole, by conpressing the bunp directly agai nst conductive
material- in ancE at the margin of the via hole, rather than conpressing the
bunmp onto a pad, such as a solder pad, forned at sone distance away from
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i nterconnection; in effect, the via

const ruct COMRESES galthe bunp is smaller than the via hole, then the bunp can
be offset, so that the bond is forned at a portion of the rimof the via
openi ng. 31 August 2004 CLAIM5S 1. A nethod for formng a flip chip

i nt er connéet Thshmethoed f gleis 1cwhereindhe gecond 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.



providing a first nenber on an I C chip and a second nenber on a substrate,
the first menber conprising a deformable material havi ngginI#gMgtmghd
strength and a high elongation to failure and the second ne havi ng
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of part ofthg pébstiatest nmenber into the surface asperities on the second
menber. 2. The nethod of claim1l1l, wherein the first nmenber is a bunp fornmed
on the I1C chip. 3. The nethod of claim1l1, wherein the deformable materi al
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menber is e G ehibpening. 7. The nmethod of claim 1 wherein the second
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 claim1l, wherein a w dth of
the second3mefiisrchininfeseannestionraiiucre mads by shaningthodof claime 1f i r st member . 10!
The nmethod of claim1l, wherein the part of the second nenber to be bonded
with the first nmenber has a generally trapezoi dal shape in transverse
sect i onal ¢i edfliptahép istecennaectinnratruciiire soporisingg a pl at eau havi ng a width
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of claiml, further conprising, prio pressing
menbers adf fist membenbeingef a defospableimajerial cnd Ahe ‘érsadihdasecmeMmbers eirigng
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prior to pressing rs agal nst onhe
di spensi n@S&e"E'QPQBIt@e %!ﬂf?@@loflﬁ'le(ﬁwgnchmmheng surface of the ICchip. 13. A
flip chip interconnection structure nade by the nmethod of claim 1.

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.



14. Aflip chip interconnection structure, conprising a first nenber
attached to a chip and a second menber attached to a subsg{alLgust2bhg first
menber being of a deformable material and the first and second nenbers
being bonded by mechanical interlocking of the deformable material of the
first mentf@ Avnethoddaiferming adlinehie indersomestien sifucture, coemisthgnenber . 15. The
flip chip intengonmag bl Pa méhbs! ib3y b | toer
conprises a bur?qp forng.Qn trﬁe cémrgn R-'f'lgﬁ'b%ngaf]?%lcg%gﬁe@%ﬁtog%c%dnbﬁgéke%

st ruct ur e T3t TBEEPER aompriging aidefarmablgemsienabhavingidow alield strendgth dridr s thighenber
conpr i ses isodtiort % fallit8 ahh s SdHoRd ik i [ 8 QoS LRLM 14,
wherein the sggcl%nd ﬁlenbgr rf:bo%gpﬁges aegﬁlrgpggé S%;ﬁa?éﬁggéémgn%pg%oﬁﬁipﬁﬁ

i nt er conn&Etheotecand membestae bonsdethwith thefiest miembeheandecond menber  conpri ses
a lead. 19. TheykhinB HBI fsi CLJ ] r l,m.14. . wherein

t he second rrenbgrb gB:orrprflﬂge;He gﬁb\%?gﬁtgp%ﬂﬁ%%%l%%#ﬁgcﬁq EAG Hieg strface and

i nt er conn@kessHly Werfiist andesegond| ragmbars, agafrst ene anbthes esiogch frecdb suffitiast toa

plated finh i f . | i | ructure of claim 14,
G bump S ot TEAColpa (r 3 ot AL EOARGH 8RB 57" Mgust 2004 22. A

met hod for formng a flip chip interconnection structure, conprising

pr ovi ding 28, e HAe(MBIBRIaifi 222 Wnbfeif ey bty 59 'Bﬂwg'jﬁﬁ?ﬁge’dao?\”@%@}éﬁfpgr ate,

the first nmenber conprising a or ma eri al
strength and a high elongation to failure and the second nenber having a

sunf ace aduac et ABGISR A28k 0 GRESRON MERHET of 6y frp G

the first nmember; and bringin I'rs contac

second nefB@PrseH9AEe and pressing the first and second nembers agai nst
one another using a force sufficient to cause plastic flow of part of the
first menber _around the edge. 23. The nethod of claim 22, wherein the first
nenmber is28 Bhetphelslaim 2nwherircthesecond 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.
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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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