| METHOD FOR JO NI NG AN | NTEGRATED CIRCUI T AND A
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rel ates generally to methods for formng electrica

i nterconnections. The present invention relates nore
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15 various electronic subassemblies, such as motherboards and daughterboards for

personal computers.

Contemporary methods for attaching integrated circuits to
printed wiring boards include the use of various integrated circuit packaging
technologies such as those associated with dual in-line package (DIP), plastic

20  lead chip carrier (PL.CC), ceramic pin grid array (CPGA), plastic quad flat pack

(PQFP), quad flat pack (QFP), tape carrier package (TCP), ball grid amray

.(BGA), thin small outline package gull-wing (TSOP), small outline package J-

lead (SOJ), shrink small outline package gull-wing (SSOP) and plastic small
outline package (PSOP).

25 According to DIP packaging technology, the two parallel rows of

. leads extending from the integrated circuit package pass through holes formed

in the printed wiring board and are soldered into the holes. Optionally, a socket

may be utilized.




exanpl es of surface nount technol ogy, wherein the

packaged integrated circuit 5 is attached directly to
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comprises a flexible dielectric substrate and a plurality of flexible conductive

conduits formed thereon. For example, flexible circuitry may define wiring

30 harnesses, transmission lines or part connectors. Flexible circuitry is frequently

utilized to facilitate electrical interconnection between printed wiring boards or
electronmc assemblies. '

It is frequently desirable to attach integrated circuits and the like

to flexible circuits. Such direct connection of an integrated circuit to a flexible

35  circuit eliminates the need for an intermediate printed wiring board, and thus

results in a substantial cost savings. Thus, integrated circuits may be attached to




flexible circuits so as to define electronic

_ subassenblies which may either include or. not include
rigid printed wiring boards. Generally, many of the

-sanme methods used to attach integrated circuits to

rigid printed wiring boards may,al so be utilized to

attach integrated 5 circuits t® flexible circuitry.
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printed circuit boards and other electrical components tend to have a layer of

aluminum oxide formed thereupon due to exposure to oxygen in the
atmosphere. Such oxide layer tends to inhibit the formation of an adequate
electrical contact with the electrical contact therebeneath. Thus, it is necessary
to remove at least a portion of the oxide layer in order to facilitate desired

35 electrical conduction with the electrical contact.
According to contemporary practice, contact bumps formed upon

an integrated circuit mate with corresponding contact pads formed upon the




.35 electrical conduction with the electrical contact.

According to contenporary practice, contact bunps
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30  heating procedure.




5 SUMMARY COF THE | NVENTI ON The present invention
specifically addresses and all eviates the
above-nmenti oned deficiencies associated with the prior
art. More particularly, one aspect of the present

i nvention conprises a nethod for attaching an 5
integrated circuit to a flexible circuit by providing
an integrated circuit having a plurality of contact
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an integrated circuit attached to a
flexible circuit according to the present invention and having a portion of the
integrated circuit broken away to show contact bumps of the flexible circuit

30  therebeneath;

FIG. 2 1s a cross-sectional side view of a portion of the integrated
circuit and flexible circuit of FIG. 1 showing the contact bumps of the flexible
circult contacting the contact pads of the integrated circuit;

FIG. 3 1s an enlarged cross-sectional view of an alternate

35  construction of a single contact bump of FIG. 1, showing a layer of substantially

- pure gold formed upon a copper protuberance of the flexible circuit;




FIG 3 is an enlarged cross-sectional view of an

alternate 35 construction of a single contact bunp of

FIG 1, showing a |layer of substantially pure gold

formed upon a copper protuberance of the flexible
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according to the present invention and havin
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the invention and is not intended to represent the
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that the same or equivalent functions and sequences may be accomplished by
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30  and scope of the invention.
The present invention comprises a method for attaching an
integrated circuit to a flexible circuit wherein an integrated circuit having a
plurality of contact pads formed upon a surface thereof is mated to a flexible
circuit having a corresponding plurality of contact bumps formed upon a surface
35  thereof. The contact bumps may optionally be formed integrally to the flexible

circuit.




The present invention conprises a nethod for attaching
an integrated circuit to- a flexible circuit wherein
an integrated circuit having a plurality of contact
pads formed upon a surface thereof is mated to a
flexible circuit having a corr%spondlng plurality of
contact bunps formed upon a surface 35 thereof. The
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30 According to one aspect of the present invention, the contact pads of the
integrated circuit comprise generally planar aluminum contact pads.
Alternatively, the contact pads of the integrated circuit may similarly comprise
contact bumps or balls. Indeed, it is contemplated that the present invention
may be utilized to effect the attachment of an integrated circuit to flexible

- 35 circuitry, wherein the integrated circuit comprises various different types of

surface mount technology contact configurations. Indeed, the contact bumps




integrated circuits and any other electronic devices
which utilize electrical contacts simlar to those of
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cont AgtibRUBRSIPGrave a height of between approximately 0.001 inch and

30 approximatély 0.008 inch, typically 0.006 inch; the base of each contact bump
preferably has a width of between approximately 0.001 inch and approximately
0.010 inch, typically approximately 0.008 inch; the contact bumps have a slope
angle of between approximately 40 degrees and approximately 80 degrees,
typically approximately 75 degrees; and the contact bumps have a tip radius of

35  between approximately 0.001 inch and approxifnately 0.030 inch, typically
approximately 0.020 inch.
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example of such an encapsulant is Hysol FP4544, such as that sold by Dexter

Hysol Aerospace, Inc. of Pittsburgh, California. As those skilled in the art will
30  appreciate, such encapsulants provide physical and chemical protection to the
connection between the integrated circuit and the flexible circuit.

Referring now to FIG. I, the present invention comprises a
method for attaching an integrated circuit 11 to a flexible circuit 13. The
integrated circuit 11 has an array of contact pads 15 (FIG. 2) formed upon the

- 35 bottom surface thereof and the flexible circuit 13 has a corresponding array of
contact bumps 17 formed upon the upper surface thereof. As those skilled in

the art will appreciate, flexible circuits 13 are commonly used in various




so as to facilitate generally sinultaneous curing of

the epoxy underfill and fusion of the contact bunps

of the flexible circuit with the contact pads of the
integrated circuit. 25 Optionally, an encapsul ant may
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30 the flexible circuit 13 by fusing contact bumps 17 of the flexible circuit 13 to
electrical contacts, such as contact pads 15, of the integrated circuit 11. The
contact pads 15 are typically formed of aluminum. The contact bumps 17
preferably comprise substantially pure gold which is capable of fusing to the
aluminum contact pads 15 of the integrated circuit when heated and compressed

35 or subjected to some other form of energy, e.g., acoustic energy. Thus,

thermocompression and/or thermosonic energy may be utilized to effect fusion
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contact pads 1
30 depositing metal so as to define a bump. Alternatively, a mandrel process, such

as that disclosed in U.S. Patent No. 5,207,887 issued on May 4, 1993 to
Crumley et al. or U.S. Patent No. 5,364,277 issued on November 15, 1994 to
Crumley et al., both of which are hereby expressly incorporated by reference,
may be utilized so as to form the contact bumps 17. Those skilled in the art will
35  appreciate that various other methods for forming the contact bumps 17 may

likewise be suitable.
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According to the present mvennon the height (Dimension A) is
between approximately 0.001 inch and approximately 0.008 inch, preferably
approximately 0.006 inch; the base width (Dimension B} is between
approximately 0.001 inch and approximately 0.010 inch, preferably
approximately 0.008 inch; the slope angle (DimensionC) is between

35  approximately 40 degrees and approximately 80 degrees, preferably

approximately’ 75 degrees; and the tip radius (Dimension D) is between




~encapsul ant 22 may be utilized, as desired. Referring

now to FIG 5, the detailed configuration or profile

of the contact bunps 17 is shown. Each bunp 17 is

generally radially symmetric 15 about the verti cal

- axis 30 thereof. The profile of the contact bunps 17
is defined in a manner whi ch milfi gates |l ocalized

' ein while maintaining an abil

stress buil d &{
to p%%%%%f b i 1cach ay @l ofPPreEmafedyt -3 ér&li't atpreerably
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confl | ct ;‘gg obj ectives since enhancing one of these

obj ¢ generally tends to degrade the other
obj ect ive. 25 Acehswh ngblcektine, ﬁﬁcﬁ@&iﬁdei‘ﬁlvmlitﬁﬁhallfﬂ applied to
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(Di rmngmd cz_rmst bletovweding 3o apgesord mligehyntabeter é?@aerally, the
and i3RI HP&?L' lyl @91 geanigRs an’WRlE]%S?E&QBX ¢ flexible circuit 13 such

pproxumte ree I p radil us
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and oApRs prdgrmedtiveud 3% okmede tHérc%fn%f' 8béath contact pad 15.
approxi mately

met hod for at ARG Hitot bt Aeetloe B cphtactsgr gontact pads 13

f | exdfbheinttgratad tiradc Of dienbroughicine ecpad twidf theh®ntact bumps 17
pr e%?ﬂliefil&‘ﬂﬁg'i:lr?ﬂt |1§ 5 depicted- As shown is bl ock
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t he inte rategl circ
ci r &@% hdesired, be per ormed ut1 izing thermocomprcssmn and/or thermosomc

energy, as discussed in detail below.
As shown m block 106, after fusing the contact bumps 17 of the

30  flexible circuit 13 to the contact pads 15 of the integrated circuit 11, then the
flexible circuit assembly which results from such fusion is removed from the
alignment fixture to provide the desired electronic subassembly.

As shown 1 block 107, an encapsulant is optionally applied over
a substantial portion of the integrated circuit 11, as discussed above.

35 Referring now to FIG. 7, according to another aspect of the

present imvention, an epoxy underfill is cured simultaneously with fusing of the

contact bumps 17 to the contact pads 15.




As shown in block 102, epoxy underfill is optionally
applied to 10 the integrated circuit 11 and/or the
flexible circuit 13 to further enhance the durability
and reliability of the connection of the integrated
circuit Il to the flexible C|rﬁylt 13, as discussed
- in detail above. Such pre-application of the epoxy

underfill elim s t he er, Wi ck th 0X
Cndert il Dot v st %, 116a0 2bD o Mgl reple] Py TR0k contact
f | exibuinpscdismused tﬂ.ﬁeorﬂ.ﬁqa&SalalmmMVelynbdi)lfmkedlﬁﬁving hentact bumps
inte [ u i 3
o ne e G rrkd AL (b, B, Rlrbss, Tififitie ddaMh tayer
at t awn@rﬁtm@fshanelmswéwﬁabo"fb Jﬁwe\@, thé contectfuayisishay be formed

Ckrc !
o il A BT P 3 o
g

GEneﬂﬁPFjioY%éféﬁﬁ? rated circuit | I will be aligned
W th reSpect tmst RBoWA €l Blogk C202¢ Udpoxd3usdghll2f} tpslied to the

each.cont f bl'e.circu
cont é%t{e%ra% cﬁlr%LB il ct'm%%l rh%s Ae&f)%l? rﬁé‘thﬁEEtEg iat eégam such pre-
Ci r capplidation pvaids tietreed fve lﬂmekungofelaﬂsdspm@nmdeﬁﬁlp ad

As shown i %@éb&%h&oél%ﬁ B8 elif Cl{nEérg?ﬁ!act[ %%Ir?ﬁ‘f‘%ﬁ RE flexible

contact pads 1 rat e
br ou gm:uxt memlmdtlat@tthwhmm fizbne se tas lbw agsarel fropof alignenent of

f1 exid lﬁte%i'arté&%ﬁcu;t?ll v%%h %%pe%lﬂ e imRx M OGkuOB. the

contact binps 1 l'exi b circurt 13 are fused
to the contact ﬁéé&}gww bjock %44 thF sketitcabicqiitacty p copfact pads 15

whi cbf tiiitegtdtedleisduier, aﬂ@fbr@@h& OitBRAntkki itk tAE contact bumps 17
S| Oon or on

e TR BRTRIE st 1B P e MM R Siee” BieBbiepb Rt the integrated
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circuit 11, then e Circult asse
r esulntegrated misui hl If agsi biought intaroortacts wishy thhecontact bumps 17 of
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shown in , IS
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for nmdnner which reduces the time required for these processes, while providing an
electronic subassembly having a reliable connection between the integrated
30 circuit 11 and the flexible circuit 13.
As shown in block 207, following the act of applying heat 205,
the flexible circuit assembly is removed from the alignment fixture.
As shown in block 208, encapsulant 22 is optionally applied to a
substantial portion of the integrated circuit 11 and the flexible substrate 13
35  proximate the integrated circuit 11, if desired.
Thus, according te the present invention, a reliable method for

attaching an integrated circuit or the like to flexible circuitry is provided.




5 according to the stress mtigatingloxidation |ayer
penetrating shape di scussed in detail above, if

desired. As shown in bl ock 202, epoxy underfill is

applied to the integrated circuit Il and/or the

flexible substrate 13. Again, ﬁfh pre- application

avoi ds the need for later w cking of the epoxy

undeﬁjlﬁl %P ﬁ W%qln bl ock 203, the |ntegrated
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as t onipgratef; %lé&Uét ted fedibla caeniredescidifedt hereimmadrsosm in the
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bl oc ter th conta
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t he eothbarctepaings fibih die spifiexadlseopzi 61 thet 1n3|18nt1dnheﬂFor example,

at PR he. | rat cu
1o’ ol edilfic WROLS Hherticinloafig Finils, may be
cont aéached tpBexibleaiircuitey ztdcevdntg ® theipresentt ingéhtimd Thes, this and
cont f t
Fons gglteg gﬂg@k&%& antclﬁﬁditgjtrlgg'lz gfsb%gbr?%gu% Lfc%{‘,ho:!;g' ?ﬁlgfl in the art and
bun’p§‘ai7bet guplpEepisd rte saskent thegpresent dovensiasfor Bise in a variety of
Presﬂﬂﬁﬁﬂﬁaﬁﬂﬁﬁn§@ﬁlc energy may be utilized to
facilitate such fusion, as shown in block 206A. This -
appl i cation of heat faC|I|tates si mul t aneous curing of
the 25 epoxy underfill 19 as shown in block 206A. In
this manner, both fusion of the contact bunps 17 to
the contact pads 15 and curing of the epoxy underfil
occur simultaneously in a nanner which reduces the
time required for these processes, while providing an
el ectroni c subassenbly having a reliable connection
between the integrated 30 circuit 11 and the flexible
.circuit 13. As shown in block 207, follow ng the act
of applying heat 205, the flexible circuit assenbly
is renoved fromthe alignnent fixture. As shown in
bl ock 208, encapsulant 22 is optionally applied to a
substantial portion of the integrated circuit I 1 and
the flexible substrate 13 35 proximate the integrated
circuit 11, if desired. Thus, according to the present
invention, a reliable nethod for attaching an
|ntegrated circuit or the like to flexible C|rCU|try
Is provided. 15




Probl ens due to the undesirable formation of stress
cracks within the contact bunps of the flexible
circuitry are nmtigated and an epoxy underfill is
optionally wutilized without requiring the undesirable
separate application of heat k0 effect epoxy

underfill curing. 5 It is understood that the

exenpl ary nethod for attaching an integrated circuit
to a flexible circuit described herein and shown in

t he CIdsId$ ngs represents only a presently preferred
enbodi nent of the invention. |ndeed, various

nodi fications and additions nmay be nade to such

enbodi mnent  w thout departing fromthe spirit and

scope of;the in hOR. aL:l. oL .
differ en%' el ect%%ﬁ%%gggefg{é%@%%?m?%%%e i‘%tcglgl??t %élemble
ci reirquits thegpgphagecomprisiighed to flexible circuitry

accor di ngotifingha ifte@aRA teircAly BRNGAOR plutdlits of bdlitsct P formed
ot her an#glgﬁtl%DS and additions may be obvious to

t ho¥E A4 PES "t he art and nmay be inplenented to
adapt t lppoypdiag enflexible enmtuibhaving a pheality ofl cotadtdiuynpsfformed
diﬂggﬁgg&ﬁﬂ@m&k&gtions. 15 16 CLAIMS 1. A nethod for
attaching an integrated_cifcuit tQ a flexigle_ .

ci rcui t ,3PPEEER 1SBOKC YRR i iptgrmesdiale the AlgxiRte circuit and the
I ntiagpateddirehit,audt having a plurality of contact pads

f or med n_a.surfac her eaf ; ovidi n flexi

ci'rout t 00RE R pleBGed BB ol BRI GRAR o bl € east
upcamg of thef epptact bampodf, the fekiplermircuit te puyesponttieg ¢qgntact pads
| ntgiEtiegifdidieuit hferith! okl beakfil AR §pplient egr at ed
circuit; and attaching the integrated circuit to the
flexible circuit by fusing at | east sone of the
contact bunps of the flexible circuit to correspondi ng
contact pads of the integrated circuit after the

epoxy udder f i | IThsdBethedps r&ﬁme elain 1. hereii fhg gontast pads
I e@f fiedntcpratek 2irdiflconyiize ebrtadt pedscont act pads of the
integrated circuit conprise contact pads. 3. The

nmet hod for attaching an integrated circuit to a
flexible circuit as recited in clains 1 or 2, wherein
appl yi ng an epoxy, ﬁl%rd];tlo%' lattac'hﬂ} ¥ n?t:"lge:%gtgd E]?é?n{ éoezf(ﬂgliﬁle
circuit"and the hntegrated CITCli T comprises applyrng
an cireiibyey ngeitel in (claimg & i9e 3, wherpineapnlyisgi an gpoxr underfill
at GReMidathd e HeRbRIGRUR Und HeGHiekrated circuit comprises applying an

epoxy underfill fo the flexible circuit prior to attaching the integrated circuit
thereto.

4. The method for attaching an integrated circuit to a flexible
circuit as recited in any one of the preceding claims, wherein applying an epoxy
underfill intermediate the flexible circuit and the integrated circuit comprises
applying an epoxy underfill to the integrated circuit prior to attaching the
integrated circuit to the flexible circuit.

5. The method for attaching an integrated circuit to a




thereto. 4. The nmethod for attaching an integrated
circuit to a flexible circuit as recited in any one
~of the preceding clains, wherein applying an epoxy

underfill intermediate the flexible circuit and the
integrated circuit conprises 17appl yi ng an epoxy
underfill to the integrated circuit prior to attaching

the integrated circuit to the flexible circuit. 5.

The eBbRAGrd i las 3R I hyAhel TR RLRIh LA WhERiR hiddt is
flexihle Ck{gﬁjt as recited in any one

T the
pr ed ;eﬁigto agilitate agp ¥ supuligneous cugﬁgﬂ%gep ¢roxy underfill and
f acfusidnadfethe emvettict| buynpsiofithd Aadbleircuit wid) thé coltact gpaxyf the
undgﬁ 'ééd f&ktfusion of the contact bunps of the
flexibBie circuit with the contact pads of the
integrated circuit. 6. The nethod as recited in any
one of the preceding clains, wherein the contact
bunps of the flexible circuit are fornmed such that the
- nunber of- cont act Thamsthagkaseeeitedyin oy pesithe preceding elaims,

NUMRBErelf OBSAsd RAGS Of thel N&ibIBI GINALLRL fSinfUiich aR4l the
wher ei n tge con%act buréP@lyof the flexible cirguit are

confYTBRAr 84°9tach DFRRS BTl CaTFIPP vmRer, phepifget pads of

- 1 esthe diitegrated bcuipaidawhercipahis caftadt hempstofghatlietible circuit are
cirgcul cal . ' '

ot v Edtgnplt in' Bl eolin oA Blfin Al s 3 e contac

of Page opthe éenraigd eiraditns, wherein the contact pads of

the integrated circuit conprise generally flat pads.

8. The nethod for attaching an integrated circuit to a

flexible circuit as recited in any one of the

prfcedipgdclains,gm@qﬁahadtﬁﬁzmﬁaﬁﬁgqh.pﬁggagﬁ L&t to a
in rated circuit c rise generalTy flat_alum num
pao‘i‘“’g‘ﬂg? CHqtt r?étfﬁslée“fogf aﬁl’t"&g m?ﬁﬁe BEFCP P%di%’?‘é»dwgerem the
ci raontdct padseof thd exedrhed circait compsscrpeandrhldydfiatpadsly one

of the preceding clains, wherein the contact bunps of
the flexible circuit conprise substantially pure gold.
10. The nmethod for attaching an integrated circuit to

a flexigble circult as recited. in.any one of. th .

or eced fo. ol ai s, Thpapeiff e aathiflar Bedecti it ©
f I flexiile cowit as trecitadbin 9ms one lofifes pskeding stedms.i whergin the
PUr@ntadPpalis of %heli}ltegtﬁl@d RREGP dorhtise REARATNY 1 aRhinum pads.
integrated circuit to a flexible Circui't as recited

in any one of the preceding clains, wherein the

9. The method for attaching an integrated circuit to a
flexible circuit as recited in any one of the preceding claims, wherein the
contact bumps of the flexible circuit comprise substantially pure gold.

10. The method for attaching an integrated circuit to a
flexible circuit as recited in any one of the preceding claims, wherein the
contact bumps of the flexible circuit comprises a layer of substantially pure
gold.




contact bunps of the flexible circuit conprise a |ayer
of substantially pure gold forned upon a | ayer of
copper. 12. The nethod for attaching an integrated
circuit toa flexible circuit as recited in any one
of the preceding clains, whenein fusing the contact
bunps of the flexible circuit to the contact pads of
the integrated circuit conprises applying

ther mocqppr essi onThe hBos O afitachiBPsn Qhtephted kpXdiPl6 a
cirguit and the contﬁct ads of &Ee i nte rated i th
ci r E¥iple GECUITAR TRieA IR 0¥ rong: Rt REPed NS Al athetein the
ci r conthcttlounaps 6f ehd fibdbk ciecnit canprisec tager ofsubsyntially pure
- of P%Fﬁ ' ' erein fusing the contact
bun%@ag @?@%ﬁ%@!’?%u to the contact pads of
the integrated circuit conprises applying thernosonic
energy to the contact bunps of the flexible <circuit

and the contact pads of the integrated circuit. 14.
The met hBd for at Thehmethodirfor ritlegring can dutegrated ciscwt to a

f Ir gfg%;mi)l% cﬁ’glﬁig :dé %ecﬁ?iuﬁl%%ﬁé 'é)ﬁéi of 1‘1‘1? ?;!'aeﬁ&iﬂg cRim$, :%ﬁlereg}] fusing the
g n C%Pﬁ%SFg’ﬂFp Ss‘?fgﬁé ﬁﬁ’éfHet qgrgmi ?&"@5 Spta pa@§ gﬁ%g ﬁlﬂpgpqeg circuit
covemsprisése applying ghatedompressiod tatte edmat boups ofahe flexible

POF Gk afil o RBnche Bl I EinleGitda LK MRt e the

integrated circuit. or attaching an
integrated circuit to a flexible circuit as recited
in any one of the preceding clains, further conprising
applying Hysol FP4544 such that the Hysol FP4544
subst antl3al | y covEhe method ifor efincltingl ani infegratedneireuitsty a
C OY%X%I? cfd}é’ﬁii hOfaciedd ih Ry bheXt thé Breebdifid blainky, WhrR RsihBehe
n r r . .
! c% tagt beumpcsI ofctl'ijeI hexible circuit to the contact pads of the integrated circuit
comprises applying thermosonic energy to the contact bumps of the flexible

circuit and the contact pads of the integrated circuit.

14. The method for attaching an integrated circuit to a
flexible circuit as recited in any one of the preceding claims, further comprising
applying an encapsulant such that the encapsulant substantially covers the
integrated circuit and also covers a portion of the flexible circuit proximate the
integrated circuit.

15. The method for aftaching an integrated circuit to a
flexible circuit as recited in any one of the preceding claims, further comprising
applying Hysol FP4544 such that the Hysol FP4544 substantially covers the
integrated circuit and also covers a portion of the flexible circuit proximate the

integrated circuit.




