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Methods for attaching integrated circuits and the like to printed
wiring boards (PWBs) are well-known. Such methods enable the fabrication of
15  various electronic subassemblies, such as motherboards and daughterboards for
personal computers.
Conterﬁporary 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 (PLCC), ceramic pin grid array (CPGA), plastic quad flat pack
(PQFP), quad flat pack (QFP), tape carrier package (TCP), ball grid array
(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 paralle]l 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.
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Flexible circuitry for the communication of electrical signals
between electrical components is weli-known. Such flexible circuitry generally
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
electronic 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




el ectronic assenblies. It is frequently desirable to
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As those skilled in the art will appreciate, an oxide layer
frequently tends to form upon metallic contact pads. For example, the
aluminum pads frequently used to define contact pads of integrated circuits,

30  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
clectrical 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
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30  heating procedure.




separate heating processes. Further, as those skilled
inthe art will appreciate, 20 the use of two such
separate heating processes undesirably increases the
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25
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is 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 is 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
circuit contacting the contact pads of the integrated circuit;

FIG. 3 is 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;




el ectrical device such as an integrated circuit while

simul taneously curing an 20 epoxy underfill. These,
as well as other advantages of the present invention,
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contact pads Otl"hé '&Stahé‘& (eiggc%tpﬁgn %Ealr {%%ltihtbetl&v in connection with the
appended drawings is intended as a description of the presently preferred
embodiments of the invention and is not intended to represent the only forms in
25  which the present invention may be constructed or utilized. The description sets
for the functions and the sequence for constructing and operating the invention
in connection with the illustrated embodiments. It is to be understood, however,
that the same or equivalent functions and sequences may be accomplished by
different embodiments that are also intended to be encompassed within the spirit

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 bumbs formed upon a surface
35  thereof. The contact bumps may optionally be formed integrally to the flexibie

circuit.
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25 circuitry, in a manner similar to the manner in which integrated circuits attach to
a substrate. Thus, the term Aintegrated circuit@ as used herein, is defined to
include multi-chip modules, hybrids, bare integrated circuits (die), packaged
integrated circuits and any other electronic devices which utilize electrical
contacts similar to those of integrated circuits. ’

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
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sim {-hti se of Integrated circuit ccor
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LTI R S
f or medtiggie todaharésabeidgt @d phéeatt bn @kid@tlbﬁd’r ré@NTes @ t2Hid-off or
the pajance between the height and width parameters of the contact bumps.
As discussed in further detail below, the contact bumps of the
flexible circuit have a height of between approximately 0.001 inch and
30  approximately 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 approximately 0.030 inch, typically
approximately 0.020 inch.
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appr enduiBdiRhythé: B0 &ntdpsilant iBsGARAIRC LoRWIBE MBLatdd circuit and
OP&iso covers a portion of the flexible circuit proximate the integrated circuit. One
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. 1, 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




angl e of between approxi mately 40 degrees and

approxi mately 80 degrees, typically approximtely 75
- degrees; and the contact bunps have a tip radius of 35
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connection of the traces 12 w1th 51m11ar traces formed upon the opposite surface
of the flexible circuit 13 or formed upon intermediate layers of the flexible
circuit 13. Some of the contact bumps optionally have vias formed directly
therebeneath to facilitate electrical contact with desired electrical components.
Referring now to FIG. 2, the integrated circuit 11 is attached to
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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The contact bumps 17 may be formed by plating-up metal or be

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

itkewise be suitable.
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30 According to the present invention, the height (Dimension A) is
between approximately 0.001 inch and approximately 0.008 inch, preferably
approximately 0.006 inch; the base width (DimensionB) is between
approximately 0.001 inch and approximately 0.010 inch, preferably
approximately 0.008 inch; the slope angle (Dimension C) is between

35 approximately 40 degrees and approximately 80 degrees, preferably
approximately 75 -degrees; and the tip radius (Dimension D) is between
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t he ¢intuitgrAtedfuged auibe cbhtacT padseht apshd mitdgrated alreut 11, which
may, if desired, be performed utilizing thermocompression and/or thermosonic
energy, as discussed in detail below.
As shown in 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 destred electronic subassembly. -
As shown in 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 invention, an epoxy underfill is cured simultaneously with fusing of the

contact bumps 17 to the contact pads 15.




- provi des a degree of nechanical protection and tends
to hold the integrated 10 circuit in place upon the
flexible circuit 13. According to different aspects of
the present invention, any conbination of the epoxy
underfill 19 and the encapsul a 22 may be utilized,
as desired. Referring now to FI the detailed

~configuration of profil.e af ct bu S
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epoxy underﬁll 19 as shown in block 206A.

In this manner, both fusion of the contact bumps 17 to the
contact pads 15 and curing of the epoxy underfill occur simultancously in a
manner 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 to the present invention, a reliable method for

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




Referring nowto FIG 6, the nethod for attaching an
integrated circuit to a flexible circuit according to

one aspect of the present invention is depicted. As

shown is block 101, a flexible circuit having contact

bunps with a stress mitigating/oxidation |ayer

penetrating shape is forned so 3 to facilitate t he
relggplﬁ attachment of the integrated circuit 11 .
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15. As shown in block 104, the electrical contacts or

contact pads 15 of the integrated circuit 11 are

brought into contact with the contact bunps 17 of the

flexible circuit 13. 25 As shown in block 105, the

contact bunps 17 of the flexible circuit 13 are fused

to the contact pads 15 of the integrated circuit 11,

which may, if desired, be performed utilizing

t her noconpr essi on and/or thernosonic energy, as

di scussed in detail below. As shown in bl ock 106,

after fusing the contact bunps 17 of the 30 flexible

circuit 13 to.the contact pads 15 of the integrated

circuit 11, then the flexible circuit assenbly which

results fromsuch fusion is renoved fromthe

alignment fixture to provide the desired electronic

subassenbly. As shown in block 107, an encapsulant is

optionally applied over




a substantial portion of the integrated circuit 11, as
dirscussed above. 35 Referring nowto FIG 7, according
to anot her aspect of the present invention, an epoxy
underfill is cured sinultaneously with fusing of the
contact bunps 17 to the contaet pads 15. 14 As shown
in block 201; a flexible circuit 13 having contact
bunps di sposed thereon may alternatively be forned
havi ng contact bunps which are not formed according
to the stress mtigating/oxidation |layer penetrating
_shagg#ﬁéﬁfussed above. However, the contact bunps may
be 5 according to the stress
mtigating/oxidation |ayer penetrating shape di scussed
in detail above, if desired. As shown in block 202,
epoxy unberfi| A msthedpfor edfaclung e integraded sirevit 60 acliexible
11 gngiohetnitehdd Dxigsmgsubstrate 13. Agal n such pr e-
appl i cation.avoids the Eheed for |ater . wi
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then heat is applied to the integrated circuit 11
and/or the 20 flexible circuit 13. Mre particularly,

the contact BUERRALA Riredite®id 15X Llvherdth flfé%bﬁtaét}a@é"é’f the
t he, conta ads 15 of the |ntegrated circuit 11 are

he atibe#r %ﬁttaompaﬁqwtaa&@dﬁ usi on of the contact
bunps 17 to the correspondi ng contact pads 15.
Pressure and/or sonic energy may be utilized to
facilitate such fusion, as shown in block 206A. This.
appl i cat3.oThometiral ad Reitbd iRbeE ofié B lclAmeOusr 2Uwhegiwthe
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t hedistribution of stress throughout the contact bumps after attachment of the

contact bumps to the contact pads.

4. The method as recited in any one of the preceding claims,
wherein the contact bumps of the flexible circuit have a shape which
facilitates distribution of stress generally equally throughout the contact bumps
after attachment of the contact bumps to the contact pads.




contact pads 15 and curing of the epoxy underfil

occur sinultaneously in a manner which reduces the
time required for these processes, while providing an
el-ectroni ¢ subassenbly having a reliable connection
between the integrated 30 civcuit 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 alignment fixture. As shown in

bl ock 208, encapsulant 22 is optionally applied to a
subst ant3. aTthcmctrhodr asf rechted j it ey m@dogrﬂn@: wireceding ghagrms,
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is provided. 15 Problens due to the undesirable
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scéﬁﬁ afcle he i nvention. For exanple, 10 various

di fferent el ectronic devices, other than integrated

circuits, may be attached to flexible circuitry

according to the present invention. Thus, this and
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8.  The method as recited in any one of the preceding claims,
wherein the contact pads of the integrated circuit are non-lead containing contact
pads.

9. The method as recited in any one of the preceding claims,
wherein the contact bumps of the flexible circuit are formed such that the
number of contact bumps generally corresponds to the number of contact pads of

. the integrated circuit and such that the contact bumps of the flexible circuit are
-configured in a generally complimentary fashion with respect to the contact
pads of the integrated circuit.




providing an integrated circuit having a plurality of
contact pads forned wupon a surface thereof; providing
a flexible circuit having a plurality of contact bunps
formed integral to a surface thereof; attaching the
integrated circuit to the fleéXible circuit by fusing

at least sone of the contact bunps of the flexible
circuit to at |east sonme of the contact pads of the
integrated circuit; and wherein the contact bunps have
a shape which mtigates |l ocal stress buildup within
t he contHttThg mﬁibogfos attaghing am indegrated cirpeit Eonilgeiple circuit
buniyedied ihgny 680bAfHe RBe&ding claliie, WRiréif thedontaeChdde df the
|n.c%§%¥1lh mFereln t he ﬁg@igct pads of the

i ntiBEPRId eyt CamRrse SN Bisact pads. 3. The

nmet hod as recited in any one of clains 1 or 2, wherein
the contact bunps of the flexible circuit have a

shape which facilitates distribution of stress
t hr ougholit Thbenctiontd foc tittidiggsaainttegratad caclitren flefiblehearcuit
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t hentegriated ctrotappirrice genseally fatalymsugi padsii t have a shape
which facilitates distribution of stress generally

equal |y throughout the contact bunps after attachnent
of the contact bunps to the contact pads. 17 5. The

nmet hod 3s. TREiHedfdd Br AfachRiparPintdoiRed ERESoNOf1&diBle Bhrcuit
mherelg he contacg bg&ps(ﬁf tge fleglblqh0|rcu% havef
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by the contact bunps. 6. The nethod as recited in any

one of the preceding clains, wherein the contact
bunps of the flexible circuit have a hei ght of between
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14. 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 a layer of substantially pure gold formed upon a
layer of copper.

15. The method for attaching an integrated circuit to a flexible circuit
as recited in any one of the preceding claims, wherein fusing the contact
bumps of the flexible circuit to the contact pads of the integrated circuit
comprises applying thermocompression to the contact bumps of the flexible
circuit and the contact pads of the integrated circuit.




0.030 inch. 7. The nethod as recited in any one of the
precedi ng clainms, wherein the contact bunps of the
flexible circuit have a height of approximtely 0.006
inch, a base width of approximtely 0.008 inch, a

sl ope angle of approximatelys 75 degrees and a tip
radi us of approximately 0.020 inch. 8. The nethod as
recited in any one of the preceding clains, wherein
the contact pads of the integrated circuit are

non-| ead contai nj contact pads. 9. The nethod _as

reci ted & Tagyne er aftaghipg é@éﬁpggteéwgp% to a flesiblg pircuit
t hexsCrefitedCin emymlﬁe Qff thbeprbtepindlctimb ﬁrﬁeﬁemaﬁ@mfgommntact
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conﬁ%+§entary ﬁ?én_@??ﬁ %% spect to the contact

pads of the |ntegrated circuit. 18 10. The method for
attaching an integrated circuit to a flexible circuit

as recited in any one of the preceding, clainms, wherein

the contldeThpaethads for pltaching aniesseied Fireit to & Bapblesdrcuit
gengratitad il dRAS.thd iarec-EHﬁigr&hﬁﬁd filreer @birpeiRipda

|ntegrated C i.t, to fl.exi cLr emtﬂj(lj‘y

| g ot HE AT Ero G Y pfegtdd ircui
coniac to giadengthetintegrated cigpitd dt fikxibdeitcutonpri se
generally flat alum num pads. 12. The nethod for
attaching an integrated circuit to a flexible circuit
as recited in any one of the preceding clainms, wherein

the cont §§f}ﬂ‘p‘l‘i%§’d Qf; ?tgdzﬁjfg a%?h@gf‘at&%&gwfﬁt tocaoﬁaﬁblﬁ%lrcult

substantl y pure or attac
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B>t antial Iy pure gold. 14. The nethod for
attachl ng an integrated circuit to a flexible circuit
as recited in any one of the preceding clainms, wherein
the contact bunps of the flexible circuit conprise a
| ayer ofl9sTiesmathibd bt attaehing apahtbgfadederctuitpora fiexiblayeacuit

Of 2CARRES in any one of the preceding claims, further comprising applying an
. epoxy underfill to the integrated circuit prior to attaching the integrated circuit
to the flexible circuit.

20. The method for attaching an integrated circuit to a flexible circuit

as recited in any one of the preceding claims, further comprising applying

- an epoxy underfill intermediate the flexible circuit and the integrated circuit

prior to attaching the integrated circuit to the flexible circuit and wherein heat is

applied to facilitate generally simultaneous curing of the epoxy underfill and

fusion of the contact bumps of the flexible circuit with the contact pads of the
integrated circuit.




15. The nmethod for attaching an integrated circuit to

a flexible circuit as recited in any one of the
precedi ng clainms, wherein fusing the contact bunps of
the flexible circuit to the contact pads of the
integrated circuit conprisesoapplying

t her noconpression to the contact bunps of the flexible
circuit and the contact pads of the integrated

circuit. 19 16. The nethod for attaching an integrated
circuit to a flexible circuit as recited in any one

of the pilcedihegmethadnfor alaching rart indegrated rircotriv sk fflexible
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The, | J.Qf attaching an integrated circuit to a
flexiBle circuit as recited in any one of the
precedi ng clains, further conprising applying an

epoxy underfill internmediate the flexible circuit and
the integrated circuit prior to attaching. the )

i nt egr at®d ci Teaimethed foreatiachipighine integratgfl toircyig to phflexible
metdiRditf R reitdd@ahbRg oA dMERIpAICBEInG! slaithd, fifh@ comprising
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attiﬁ&gﬂa&ac integrated circuit to the flexible
circurt. 19. The nethod for attaching an integrated
circuit to a flexible circuit as recited in any one

of the preceding clains, further conprising applying

an epoxy underfill to the integrated circuit prior to
at t achi 2g- t hé ilexildgeiquitcssembliusamprisingt he f | exi bl e
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contact pads.

24.  The flexible circuit as recited in claim 23, wherein the contact
pads comprise contact pads.

25.  The flexible circuit as recited in any one of claims 23 or 24,
wherein the contact bumps of the flexible circuit have a shape which facilitates
distribution of stress throughout the contact bumps after attachment of the
contact bumps to the contact pads.




21. The nethod for attaching art integrated circuit to
a flexible circuit as recited in any one of the
precedi ng clains, further conprising applying an
encapsul ant such that the encapsul ant substantially
covers the integrated circuit and al so covers a
portion of the flexible circuit proximte the
integrated circuit. 22. The method for attaching an
integrated circuit to a flexible circuit as recited

in any o t he recedJn cl ai further, canprjsin
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i nt egachiredt ofthecenntact B@npsAofikesconizicepads.r cui t assenbl y
conprising: a flexible circuit having a plurality of
contact bunps formed thereon; at |east one integrated
circuit attached to the flexible circuit, the
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hav $§§§&w@%é¥ mtigates |local stress buil dup
Wi t

e con bunps after attachnent of the
cont act bunps to the contact pads. 24. The flexible
circuit as recited in claim23, wherein the contact
pads conprise contact pads. 25. The flexible circuit
as recitz8l The Hayibbneirofit es acaied2l oy Gk of wlaémei23 toh27,
co t | §%hD!
%ﬁ&%acﬁg’éorﬁéct ﬁb‘gﬁs ho ﬂ%xi%lé ?ﬁ‘&ﬁt 1BRYG ﬁer a&ﬁf%)etween

tates U|ono sresst
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cort v AptreB i Ip Kegfost D, Rk Pinfinely Ergsts Wi«
whi teh rddivs bf bettweesn agproximdtely 0OA1 afchand emsmgma@l 030 inch.
equal |y throughout the contact bunps after attachnent
of the contact bunps to the contact pads. 27. The
flexible circuit as recited in any one of clains 23 to

26, 29, The flexible circuit as recited in any one of claims 23 to 28,
wherein the contact bumps of the flexible circuit have a height of
approximately 0.006 inch, a base width of approximately 0.008 inch, a slope

angle of approximately 75 degrees and a radius of approximately 0.020 inch.

30. The flexible circuit assembly as recited in any one of claims 23 to

29, wherein the contact bumps and the contact pads comprise non-lead

containing contact bumps and contact pads and wherein the contact bumps of

. the flexible circuit are fused to the contact pads of the integrated circuit(s)
- without using a lead containing solder.




wherein the contact bunps of the flexible circuit have
a shape whi ch enhances penetration of an oxidation

| ayer of the contact pads of the integrated circuit

by the contact bunps. 28. The flexible circuit as
recited in any one of clains223 to 27, wherein the |
contact bunps of the flexible circuit have a hei ght of |
bet ween ~approxi mately 0.001 i nch and approxi mately
0.008 inch, a base width of between approxi mately
0.001 inch and approximately 0.010 inch, a slope angle
of betwdén a xiele elrguit @ssgmbheasreaiiet mpgmymneradicidigs
80 rdegnBehéeeth Qntdel Pads 8fiht $nt at@@&if&ﬁ%oﬂm%%@%@n@ﬁh? I
0.001 inch and approximately 0.030 inch. 29. The

fl le circuit as recited in any one of clains 23 to
28, wherein the contact bunps of the flexible circuit
have a hej ght, of proxi.mately 0.006 inch, a base.
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apptoXi, witeediny thé sonteg pedsofthelintegraet] ciscutifcomppses genaaléyt fat
O.Ogﬂ]rﬂﬁg 0. The flexible circuit assenbly as

recite |np%§§ one of clainms 23 to 29, wherein the
contact bunps and the contact pads conprise non-I|ead
cont ai ni ng contact bunps and contact pads and wherein
the contact bunps of the flexible circuit are fused

to the c¥ht acthefieriblepirewiashemledy patestiedinranyione of claims 23
Wi t ROt wiksieRtthd chRad baRPS 8f thi: MExiBR! kit cadprivk sulditially
flexible circuit assenbly as recited in any one of

cl aP¥EEW3 t o 30, wherein contact pads of the
integrated circuit conprise generally flat pads. 32.
The flexible circuit assenbly as recited in any one of
claims 23 to 31, wherein the contact pads of the

I nt egr at B Therflaxible Gixepit iaseAntde ne reditey ifilaay onalofrddimn23

pads. e flexihl i [ CU .ecit ed, |
By S el s & Gleiiy, SR3EHMK ke e Thrckced
of eifewitf dnsly plsp ecaveringiia peviopr PE dhes fleaibian wirayit yropmate the
90! tepied cliegitf | exi bl e circuit assenbly as recited in
any one of claims 23 to 33, further conprising an
encapsul ant substantially covering the integrated
circuit and al so covering a portion of the flexible
circuit proximate th
5. Theq’?ex?ble 01ercuit assembly as recited in any one of claim 23
to 34, further comprising Hysol FP4544 substantially covering the integrated

circuit and also covering a portion of the flexible circuit proximate the

integrated circuit.

36. The flexible circuit assembly as recited in any one of claims 23
to 35, wherein the contact bumps of the flexible circuit comprise a layer of
- substantially pure gold.

37. The flexible circuit assembly as recited in any one of claims 23 to



integrated circuit. 35. The flexible circuit assenbly

as recited in any one of claim23 to 34, further

- conprising Hysol FP4544 substantially covering the

integrated circuit and also covering a portion of the

flexible circuit proxinmate the integrated circuit.

36. The flexible circuit assenbly as recited in any

one of clainms 23 to 35, wherein the contact bunps of

the flexible circuit conprise a |ayer of

substantially pure gold. 37. The flexible circuit

ass¥nbyhereis tﬁecq'on@gt bumph pf dhee floriblel girenit o@nprésers la@r of

Wn%sétﬁnfanﬁPﬁl%rgoﬁ%nﬁwmngﬁagehsféobﬁeﬂ ble circuit

conprise a [ayer of substantially pure gold forned

upon a | ayer of copper. 38. The flexible circuit

assenbly as recited in any one of clains 23 to 37,

further coppri_si an epoxy derfil|l disposed )

| nt er mediat 8o {aINe BRPEF 8SSemDICE Tecufdm R PR ehplainy23

Ci e 371 f@her comprising an epoxy underfill disposed intermediate the flexible
circuit and the integrated circuit(s).




