I METHOD FOR JO NI NG AN | NTEGRATED CI RCUI T AND A FLEXI BLE CIRCUI T

TECHNI CAL FI ELD The present invention relates generally to nethods for
forming electrical interconnections. The present invention relates nore
particularly to a nethod for joining an integrated circuit or the like to
a flexible circuit, wherein 5 contact bunps.that facilitate el ectrical

“interconnection have a profile or cross- sedti onal configuration which

mtigates stresses therein while facilitating penetration of an oxide

| ayer fornmed upon mating contact pads and wherein heat is applied so as to
simul taneously cure a pre-applied epoxy underfill and fuse the contact
bunps to the contact pads. 10 BACKGROUND OF THE | NVENTI ON Met hods for
attaching integrated circuits and the like to printed wiring boards (PWBs)
are wel |l -known. Such nethods enable the fabrication of 15 various
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penétration o1 'an oxide layer formed upon mating contact pads and wherein heat

is applied so as to simuitaneously cure a pre-applied epoxy underfill and fuse

the contact bumps to the contact pads.
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BACKGROUND-OF THE INVENTION

Methods for attaching integrated circuits and the like to printed
wiring boards (PWBs) are well-known. Such methods enable the fabrication of

15  vartous 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 (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 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. ' |




PQFP, QFP, TCP, BGA, TSOP, SQJ, SSOP and PSOP are exanples of surface
nmount technol ogy, wherein the packaged integrated circuit 5 is attached
directly to a printed wiring board, typically by such techniques as re-
fl ow sol dering and/ or thermal conpression. For exanple, BGAs conprise a
plurality of contact pads fornmed so as to(%defi ne a 2-di nensional array
upon the bottom surface of an integrated rcuit package. Each electrical
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20 BGAs support high pin counts, so as to facilitate the use of
integrated circuits having a larger number of devices formed thereon. By taking
' advantage of the comparatively large surface area on the bottom of an integrated
circuit package, ball grid arrays provide for a comparatively large number of
_ clectrical interconnections between the integrated circuit and a printed wiring
25  board.
Flexible circuitry for the communication of electrical signals
~ between electrical components is well-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

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




results in a substantial cost savings. Thus, integrated circuits may be
attached to 3 flexible circuits so as to define electronic subassenblies
whi ch nmay either include or not include rigid printed wiring boards.
General ly, many -of the sane nmethods used to attach integrated circuits to
rigird printed wiring boards may al so be utijized to attach integrated 5
circuits to flexible circuitry. Thus, sockets and/or contenporary surface
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Al t hough it f t I
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in the However, such bending of the contact bumps may induce
20 localized stresses which cause stress fractures. As those skilled in the art will
appreciate, such stress fractures result in reduced conductivity through the
contact bump, and may even result in complete discontinuity. Although it is
possible to define contact bumps which are less likely to fracture due to
localized stress buildup, such construction is contrary to achieving another
25 desired objective of such contact bumps, which is to penetrate an oxide layer
formed upon the contact pads to which the contact bumps mate.

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
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




at nosphere. -Such oxide |layer tends to inhibit the formati on of an adequate
el ectrical contact with the electrical contact therebeneath. Thus, it is
necessary to renove at |east a portion of the oxide |ayer in order to
facilitate desired 35 electrical conduction with the electrical contact.
According to contenporary practice, contact sounps forned upon an
integrated circuit mate with correspondi ng contact pads forned upon the 4
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20 the usc of two such separate heating processes undesirably increases the costs

associated with the fabrication of such devices.

In view of the foregoing, it is desirable to provide a method for
attaching an integrated circuit or the like to flexible circuitry wherein the
method mitigates localized stress buildup within the contact bumps utilized for

25  such electrical interconnection, while maintaining a desired ability of the
contact bumps to penetrate an oxide layer of corresponding contact pads, so as
to assure adequate clectrical contact therewith.

It is also desirable to provide a method which facilitates the use -
of an epoxy underfill while eliminating the need for an undesirable second

30 heating procedure.




to assure adequate electrical contact therewith. It is also desirable to
provide a nethod which facilitates the use of an epoxy underfill while
elimnating the need for an undesirable second 30 heating procedure. 5
SUMMARY COF THE | NVENTI ON I n accordance with a first aspect of the present
invention, there is provided a nethod for formng a contact bunp, the

nmet hod conprising: formng a conductive material to have a hei ght of

bet ween approximately 0.001 i nch and approximtely 0.008 inch; formng the
conductive material to have a width of asbase of the contact bunp of
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conducti ve natseniMhrRY @A @¥ERVENTOOR angl e at said base of between
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buildup and which has a low aspect ratio defined by a height, base width, slope angle, and

tip radius of each contact bump.




circuit according to the present invention and having a portion of the
integrated circuit broken away to show contact bunps of the flexible
circuit therebeneath; FIG 2 is a cross-sectional side view of a portion of
the integrated circuit and flexible circuit of FIG 1 show ng the contact
bunmps of the flexible circuit contacting the contact. pads of the
integrated circuit; FIG 3 is an enlarged cross-sectional view of an
alternate construction of a single contact bunp of FIG 1, showing a |ayer
of substantially pure gold formed upon & copper protuberance of the

flexible circuit; 6 FIG 4 is a cross-sectional side view of an integrated .

circuit attached to a flexible circuit according to the present invention
and having an epoxy prenfsk|ds wdii SPORQAdVantagEs R HcttRedt R chdhOGiidLed Circuit
and the flexible circuit and also having an encapsul ant forned over the
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for the functions and the sequence for constructing and operating the
invention in connection with the illustrated enbodi nents. It is to be
‘under st ood, however, that the sanme or equival ent functions and sequences
may be acconplished by different enbodinents that are also intended to be
enconpassed within the spirit 30 and scope of the invention. The present
~invention conprises a nethod for attaching integrated circuit to a
flexible circuit wherein ap_integrated CIrCUIt having a_ pluralit
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DESCRIPTION OF THE PREFERRED EMBODIMENT

The detailed description set forth below 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 bumﬁs formed upon a surface

35  thereof. The contact bumps may optionally be formed integrally to the flexible

circuit.




thereto. As used herein, the termAintegrated circuit@is defined to

i nclude all such electronic devices which attach to a substrate, e.g.,
flexible 25 circuitry, in a manner simlar to the manner in which
integrated circuits attach to a substrate. Thus, the term Aintegrated
circuit@as used herein, is defined to inchude multi-chip nodules,
hybrids, bare integrated circuits (die), packaged integrated circuits and

any other electronic devic I ti. iz Lcal. . pmlar to
those of integrated circui ???@%éﬁggod#%}lﬁ% ?gﬁg%%koagge%%ﬂg%%ﬁh@ g*g&sslé'%
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circuit or the |thkéntegratetleircwintoatht flonibpescirciitus, the contact bunps of the

present invention are for O.1; 1 ] C fi.
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integrated circuits. For example, multi-chip modules and various packaged

20  electronic components may be attached to a printed circuit board or to flexible
circuitry in 2 manner similar to the way in which an integrated circuit is attached
thereto.

As used herein, the term Aintegrated circuit@ is defined to
include all such electronic devices which attach to a substrate, e.g., flexible

25  circuitry, in 2 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




- flexible circuitry. As those skilled in the art will appreciate, formation
of contact 20 bunps to both mtigate the occurrence of undesirable stress
fractures and penetrate an oxide |ayer represents conflicting objectives.
Localized stress formation may be mitigated by nmaking the bunps such that
t hey have a |l ower aspect ratio, i.e., are ghorter and w der. Muking the
contact bunps such that they nore easily penetrate an oxide |ayer requires

that the contact rhanpferhfi b : i . f \tion
of contact bunps whjch bot‘%@ 't?ﬂ%ﬁ?gaﬁgé%h;&tg%ésdggﬁﬂﬂ %%mgn%%nag{d@%e an
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inch; the basé oftresscgencolyabtoughoq qaclkekeintatl yuhaafter witathieaf ob dleaiact
approxi mately O. i , i el. 0.0.10. i.nch, typjcal:

approxi mately 0. %gélp:srrlkgﬂth Q'?: %gﬁgtg%?%cmﬁr%%tsegﬂaé?fiéméc%ﬁif)éhgﬁk%I él] %{fmﬁ‘&%en |
appr oxi mat el y 40 bHeps &b shexfexiblesironit fravect yhape vhegh Easljtates ypelcdistripution of

appr oxi matel y 75s@@rdRasrallfogud Qhé‘r@'ﬁﬁr@n‘f%holﬂﬂ”ps have a tip radius of 35
bet ween approximately 0.001 inch and approximately 0.030 inch, typically

approxi mately 0.020 inch. 9WHfe thopinteqt mmssofothetfirxilile sucwit davé acliape ar e
- typically fotlredwhinthehiaiced pencirafitielof @h GQMtRML LHHTBS (9L B6KAt! Yads of an
corresponds to tn{t‘e n?g‘ger alt[ &jgn%g t ﬂg%ds 01; the integrated circuit and
such that the contaaf “BIHEE 8F tefike by thegoptact Bumpgi+ are configured in a
general Iy conplinentary fadhugnhwicoftactdmmgstof the peestiteinoemiciCire Fasigeddo t he
[néearat ed ol o FGGEOGicRALS B ISHhALCHES Sl LR
usage of |ead. THESS égmation thaseipsandethe bentaw bpmips et dfo golfguraiuniusas have
conduct i ve connestr o ek latftaies jopdiBELD JrMEoLE AL LR Menly AR o
one aspect of th&%t ﬂ?em“mmﬁf’w&ﬁ, P%Q%@fclé?ﬁga%@d chewfs awt thenbke, | sexasie
circuit conpriseasauteayddquate eledifiéanionahdtonPbét& e s irﬁt@%rﬁﬁ:q CiHRANafY gy er
of copper. Ther ”H&%i%rc%%%h%(‘ or thernosonic energy may be utilized to
As those skilled in the art will appreciate, formation of contact
20 bumps ‘to both mitigate the occurrence of undesirable stress fractures and
penetrate an oxide layer represents conflicting objectives. Localized stress
formation may be mitigated by making the bumps such that they have a lower
aspect ratio, 1.€., are shorter and wider. Making the contact bumps such that
they more easily penetrate an oxide layer requires that the contact bumps be
25  thinner and more pointed. Thus, the formation of contact bumps which both
mitigate local stress buildup and penetrate an oxide layer requires a trade-off or
balance 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 approxiin'ately 0.030 inch, typically
approximately 0.020 inch.




ef fect fusion of the cont act bunps of the flexible circuit to the contact
pads of 15 the integrated circuit. In either instance, heat is typically

applied. Optionally, an epoxy underfill is applied internediate the
flexible circuit and the integrated circuit prior to attaching the
integrated circuit to the flexible circuitg The epoxy underfill may be

applied either to the integrated circuit, the flexible circuit, or to both
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~bunps, apply soldenit, the flexible circuit, or to both the integrated circuit and the flexible

20  circuit, as desired.

According to one aspect of the present invention, heat is applied
so as 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
mtegrated circuit. | )

25 Optionally, an encapsulant may be applied to the integrated
circuit such that the encapsulant substantially covers the integrated circuit and
also covers a portion of the flexible circuit proximate the integrated circuit. One
example of such an encapsulant‘ 1s 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




balls or otherwise nodify the flat pad electrical contacts of the
integrated circuit 10 11 is elimnated. As those skilled in the art wll
appreciate, the formati on of contact bunps 17 upon the flexible circuit 13
is a sinpler and | ess expensive process, since the flexible circuit 13
does not contain active circuitry, e.g., tl()ansi stors, and is therefore

| ess delicate and easier to handle. As such, formation of the contact
bunps 17 upon t . i bl ircuit, 13 rather .than. upon, 15.the integrated
circuit 11 pr ovirb?gislkagigg BbsgltC gnﬁsi al tt%eoérfterﬁgwg?cfl?‘.‘ oPIQ%B?QrPﬁ}rEI,g Eﬂaraﬁtogg'fnat ed
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circuit accordi n to the nethodol ogy of the present 1nvention. Conducti ve
conduits or traces 12 extend from contact bunps 17, so as to provide
desired el ectrical intercdyndaiming thé comact Mirgey a¥ eposithe Yiekibld cirvit h3ot her
el ectrical conp I anal vias_ 14 provide electrical . 2 :
“connection of tﬁgﬁ%%%%sgg ﬁllﬁﬂlv% IP{%?IW# P o dign &%&%BEWPW@P ipddert e
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el ectrical conpSA@atsbumRs bf ppew theoflexiblericuitol 3 ishe simmleryarat leds ckpensive 11

i s attached to pRReis)asiddeeh &Mk Gttt LB dBYs UEicBaGORLRRL of Hm?% &g of
the flexible circui.t. 13 t el ectri c?ﬁlﬁ?con_t acts, such as contact padS’15,

el
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't ear at ed & rcpronr b e Bsh U B e Bl coted to some of her
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formed to k@/e fdicators themselves may comprise LCD displays which are attached to the
flexible circuit according to the methodblogy of the present invention.
Conductive conduits or traces 12 extend from contact bumps 17,
5o as to provide desired electrical interconnection of the integrated circuit 11
with other electrical components. Optionally, vias 14 provide electrical
25 comnection of the traces 12 with similar 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 substantiaily 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




5 cross-sectional configuration or profile which mtigates |ocalized stress
bui | dup while facilitating penetration of the alunm num oxi de |ayer which
inherently fornms upon the surface of contact pads 15, as discussed in -
detail below The stand-off distance, D nmension E, provided by the contact
bunps hel ps distribute stress due to coeffijgi ent of thermal expansion

m smatch 10 between the flexible circuit and the integrated circuit.
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stress fractlor esetednBe fle@BlAtifculUMAhelifteppitel ERGHEPY substantial l'y
enhance the reliability of the 25 electrical connection of the int ea@at ed
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| i kewi se be sui teabhie 1112 the flexible circuit 13 and tends to distribute and mitigate stresses
20 which occur due to a mismatch in thermal coefficient of expansion {TCE)
between the integrated circuit 11 and the flexible circuit 13.

Thus, the epoxy underfill 19 and the bump profile cooperate to
substantially mitigate the occurrence of undesirable stress fractures in the
contact bumps 17, and thereby substantially enhance the reliability of the

25  electrical connection of the integrated circuit 11 to the flexible circuit 13.

Refermng now to FIG. 3, in one aspect of the present invention
substantially pure gold 20 is formed as a layer which substantially covers a
bump or protuberance 21. The protuberance 21 is preferably formed of bopper.

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 formlng the contact bumps 17 may
likewise be suitable.




Referring nowto FIG 4, an encapsulant 22 nmay be forned so as to
substantially cover the integrated circuit 11 and a portion of the flexible
circuit. 13 which is proxinate the integrated circuit 11. One exanpl e of
such an encapsulant is Hysol FP4544 manufactured by Dexter Hysol
Aerospace, Inc. of 5 Pittsburgh, Californi P The encapsul ant provi des
additional protection from external contanm nants which may tend to corrode
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of these objectives gener atSf§rpEReY od1Gegs ft¥iedotandigupsioacarinyelile xf
According to thehqeasanbuinpyantis sibwia Eﬂﬂﬂﬁlﬁzbew\@@:&rhlﬂ@radﬂﬁ ﬁ%‘irﬁétﬁcOf

hei ght (DI Mggsi %O'@)fheb‘%%{ac {! g{%“haé&?ggs bgfe ngéﬂ i 81?—}8‘”5 %‘Bg%qu‘ﬁl | dup

radi us (Di nmension rovi
mtigation whil e‘leﬁlll@omml THEBRAT| wlgjlcmmamatestlycadfzed hetreso ritudldtip bhefein hilko

penetrate the oxighabin se}rgh ﬁ{w% M@{ageﬁ&g\ogﬁg ljager §Pﬂ{é081%&9ic9190$ cltt ne
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the base width (Dimension zﬁ)thbsﬁ: RALHEE the APRIIPXIPTBLISlY 108 PR shiesdbaRdp

appr oxi mat eﬁ(y 01so1r:I1'rnt1gatf(::cl~| bypgr8v1 mgbzlt ¥:ontact bump profile which tends to be shorter,
.w1der, and less pointy. However, oxidation layer penetration tends to be better
facilitated by contact bumps which are narrower and more pointed. Thus, stress
mitigation and oxidation layer penetration are conflicting objectives since
enhancing one of these objectives generally tends to degrade the other objective.

25 According to the present invention, a balance between the
parameters of height (Dimension A), base width (Dimension B), slope(Angle
C), and tip radius (Dimension D) provides a desired degree of localized stress
buildup mitigation while also maintaining an ability of the contact bumps 17 to
penctrate the oxidation layer of a contact pad 15.

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 (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




approximately 0.008 inch; the slope angle (D nension C) is between 35
approxi mately 40 degrees and approxi mately 80 degrees, preferably
approximately 75 degrees; and the tip radius (Dinension D) is between 13
approximately 0.001 i nch and approximately 0.030 inch, preferably

approxi mately 0.020 inch. Referring now toyIG 6, the nethod for attaching
an integrated circuit to a flexible circuit according to one aspect of the

pr esent |nvent|%%0§um§teﬁe oG08 9nets | ﬁ@ov@}:}t&}r@tlat% %%0 mc eX| bI ﬁl't‘/.rﬁ;'t

havi ng contact bu a stress m oxi dation 'l ayer’
shape i s forned @Broxmaight @020 incht e the reliable attachnent of the

integrated circuit 11(qu@ef ) f j Llg:
bl ock 102, epoxy. underflé e%r@trjlcf)vﬁé& EG. é%fi d&hochJr%Hh%hlﬂé”ﬁ?é r%g%
circuit 11 and/ SFCHRdomA S‘e‘ilt&tﬂ@wwﬁwr dipg thJWSPh‘"érOfethﬁd)ﬁ%Bémt mentwn is

durability afd reebmedat | A$ yhovin ishgodkorneat flemibRf cifdag Haﬂfr@gfoﬁia@db&hﬁ§b&ith 11
to the erX|bIe1 cui.t ussed in.detail .a

ir
pre-application ref’ %mltl%%gg@xtﬂ?gg? ?Etylef pgtefrﬁtlh%ﬁlé@et’hgorﬁ’é’géotaﬁ tg fclitatg; ck

t he epoxy under ftilft rellsblensrohtnient of tiecigteatatell circwuilt (FIGand4) tettel Bositiee
circuit 13. 15 Aj.ghewn in block 103, the integrated circuit 11 and the
flexible circuit 13 are placed into an alignnment fixture which facilitates
attachment of the contactApshgen bzblotk 4162 Efploexllmkiaﬁﬂ isoaptiondly gEplicdao

contact pad$015 g ifté@atel rﬂn%ﬂftaltleguﬂbrr i ﬁe)ét Ao’ fi3 r?rfe? egﬁ c{eetﬂe

al i gnnment there%{1 neral é the 1nteg rate circuit ned
with respect to Fglity capdige al&‘hffycﬂf fhel%)n@%wnZQf ih?atﬂt%féhd coneiadd B 17

of t het f |1 im bl e ﬂexitbw fkcﬁﬁ 1805 aﬁ]tgtsssecaeh de@{ltﬁlewe pastlféfvpre%pﬁéohﬁigh anfetglé g‘:‘: Ed
ci rcui pr oxi_mat e er of e nt ac i

104, the electril %{@EFQ’“BW%&}H?%?@? %%&%"T@k t'@ﬁ CROYY W“HF@%@P"G?‘?CUl t
11 are brought umcgratadrmtmnnti\tmat:dhtltetﬂbxdﬂabﬁ@ht bunps 17 of the fl exi bI e
circuit 13,325 As shown i ont b h XI bI e
circuit 13 (1:56 fused to th%esb%lg%ac%?mkd{b%l %tghaée#lg{?%lﬂtlgt @tefl: ‘i
which rmay, if &t & arpplaged inge maobhgnmemz ﬁnglrt lvdricto Eoripates sttanhnmndbﬁr
thermosoni ¢ enefeddont#$ H&hﬁﬁuﬁﬁsﬂtﬂenﬂSﬁl’;l@'éucﬁﬁ' Pivo AR SRR pla&‘s Bk Qtknd 06,

after f usi ng the contg
ntegrated circuit 11 according to a desired alignment thereof. Generally, the

integrated circuit 11 will be aligned with respect to the flexible circuit 13 such

20  that each contact bump 17 of the flexible circuit 13 contacts each contact pad 15
of the integrated circuit 11 proximate the center of each contact pad 15.

As shown 1n block 104, the electrical contacts or contact pads 15
of the integrated circuit 11 are brought into contact with the contact bumps 17
of the flexible circuit 13.

25 As shown in block 105, the contact bumps 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 thermocompression and/or thermosonic
energy, as discussed in detail below.

As shown i 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 in block 107, an encapsulant is optionally applied over
a substantial portion of the integrated circuit 11, as discussed above.
35 Refermng now to FIG. 7, according to another aspect of the
' present invention, an epoxy underfill is cured snmultaneously with fusing of the
contact bumps 17 to the contact pads 15.




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 alignnment fixture to provide the desired electronic
subassenbly. As shown in block 107, an encapsulant is optionally applied
over a substantial portion of the |ntegrat%d circuit 11, as discussed
above. 35 Referring nowto FIG 7, accordlng to anot her aspect of the

resent invention, an epoxy, derflll | t anequ wi th fusing
gf the contact bunps 1? t 6 E‘% “Coit éjé?Cing; ﬁexmje CA‘scugh%aVng‘fo 201,
a flexible circubempg dusposerd tlmwmamymlmtxdabpbsémmdﬂehmng rayitact bumps
al ternatively beywhoimed. hayi ﬂ)gm&? n§&8fd tqcm’{g{rgst.}. %ﬁg?tﬂ{aﬁ/gﬂﬁ Iaé(er

according to the stress mtigati ng/ oxi
di scussed above. PERsH@tBaE shmézwwé@bom&wm tb@cwﬁm:rwsan@dmfonge@o

the stress mii gﬁidoﬂﬁﬁQ)fé fatdess Ihﬁig%ﬁn%@ﬁﬁﬁﬁ@ﬁ 1296r pORRGHL z%%%%ués@d in

detai|l above, deﬁ E shown 1 n epoxy und il 1s applied
to the int egratgﬁa APXFy if dpsirethd/ or the flexible substrate 13. Agai n, such
pre- application avoids thesnelsivi an n)la&xerzom Céporg QhddriiR ﬁp@gfpmddnftertﬁell

are placed i nto. PRENED Sirdl 1 EIRANES dedeiy Swdite’ [Eopat: Sehae of
the integrated cﬁtm:dmallomavmisﬂleme@b&mﬂaterovmhmgfdfelxa djoxyaindenfilt 13. As shown.
in block 2049 the electri cg\ &8%%%08{ %ﬁ?n{él%cltm Jcﬁcm? EE}qug& r at ed

circuit I 1 are brought |nto act con ef)he
fl exi bl e circui tCl!L‘?Bllts%eaéﬂC?é ifta dhg pligmment §xture do as tttaewmpmpcr alipmment of

integrated ci rCtlliblintééraie‘a amnflh%pﬂe@pe%m%éﬁ%ﬁlbie?mﬁﬂ ghown in block 205,
after the contact pads 1 the .integrated cjrcuit are broucg into

contact with the contact b&%ﬁEO‘WITbPIOCIF P@&.tbﬁéleeirwehmntqcss of ¢pmtacheads 1%
applied to the ioftthgriateatal diguittl 1l ard bw.cyhenintmen&@t M@Rh@h@ntﬁétrw BB.

cont et pada>1s et T eRR; BHERBs W it Rl afiimeft hEthegnieariet’ 1"
facilitate fusi onrcgit ltte th@ﬂe)abte sbbetpage I3/ to the correspondi ng contact pads

15. Pressure and/or soni CAgog{Rg}ﬁT?gle& lﬁlfoy 'a?fefj e &ﬁ@é& ]?zf'cfse sug the

fusion, as shown in block I on of aci |ta
si nul t aneous Curipﬁa@nﬁ«p CHeuit 11 are brought mto contact with the contact bumps 17 of

fiexible circuit 13, then heat is applied to the integrated circuit 11 and/or the
20  flexible circuit 13. More particularly, the contact bumps 17 of the flexible
circuit 13 and the contact pads 15 of the integrated circuit 11 are heated so as to
facilitate fusion of the contact bumps 17 to the corresponding contact pads 15.
Pressure and/or sonic energy may be utilized to facilitate such fusion, as shown
m block 206A. This application of heat facilitates simultaneous curing of the
25 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 simultaneously 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.




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
underfill occur sinultaneously in a manner which reduces the tine required
for these processes, while providing an electronic subassenbly having a
reliable connection between the integrated 30 circuit 11 and the flexible
circuit 13. As shomn |n bl ock 207, fO||OMAH& the act of applying heat 205,
the flexible cir enbl %5% Yed fromthe alignnment fixture. As
shown in bl ock 2 ’é’ § Q/}fh S‘:@’ ®SRTRAON SF stisst Fragks gridun Sgpenipgti al
portion of the i bmrags af thd ﬂexibdmttltcuilﬂ:y aRdnitipatcl @ iahlepotypbsddrfill & éf?tlon%ﬁ

proximate the in t i f delred Thus r

present inventi o%llt‘ﬁg‘y‘glaarvg{ﬁ:l q%lrgéﬂlﬁrt'%é%? lf%if’s‘r It SErIg aﬁﬁh‘faﬁ’l" d&lahegﬁtocf”{f?ﬁﬁl t
or the like to fﬁ&wmnéeréi“r@mmgry is provided. 15 Problens due to the
undesi rabl e fsormation of SirgS§, £LAGKS it Hl'e e%éﬁﬁ)l&?nh%ﬁ}od Polf‘n?ﬁa Fr}g{/gﬁ"

flexible CII’CUI'[I’ are mtigated and an ep ot|~on
utilized withoutDFEFHIEY i HGuhEe anﬂ@gbkamr@nte@acrrdteé hergin @adlam“mf imethe t o
ef fect epoxy’ Uﬂﬁ@ﬁ/ﬂdgsheﬁw@éd’tg onfy ht rés%nﬂ?qﬁéﬁh@@%ﬁﬂbﬁ Eﬁ}eoteﬁl%rqﬁkf%ggo&

ib

met hod for attaﬁp %Mﬁﬁated circult . to a flexib e clrcuit

herein and sho ﬁ'@no‘t‘.ﬁ et %Of@rﬂl@’ he pradednsnch prbpdimeny
enbogl man'él of t h&lthmedﬁpmmg ﬁbmdﬁe(tplmadénd)b\@op@@h Eﬂecﬁﬁ/blﬁ&ﬁl apdy %Q%Bleons
may be made j ut. departi rom:t irit and scope
of the i nvent | on. Eorg @@gﬂe decffﬁm\?a&?‘ﬁ‘iﬁ? ?]F ﬁ"gﬂtméqgé%t?ﬁ?cﬂi%b“tﬁemaé’ el

ot her than int egittackead toi ﬂmblesxrcmay doeordatg mheqbrésentfllnemtiﬂne "ThutsC tHi§ ayd
according to th%tﬁéf@ﬁ@d]ﬁcét[b\ﬁg%ﬂ Qﬁdlﬁlg{f%"ﬁlaytbglo%vﬁ) to %ogggkfxggli%léﬁeaaﬁ Qg and

addi ti ons may be obvious _to the ar

i npl emented to dEEpLetHP] ?ﬂa@g@hﬁo iadgpinthicopresant invention forvusci ot y wefiety of

di fferent appli chdftrefisapplibatidns. CLAIMS 1. A method for formng a contact
bunp, the nmgghod conprising: formng a conductive material to have a height

of between approxi mately




0.001 inch and approxi mately 0.008 inch; form ng the conductive material to
have a wi dth of a base of the contact bunp of between approximately 0.001
i nch and approximately 0.010 inch; form ng the conductive naterial to have
a slope angle at said base of between approximately 40 degrees and
approximately 80 degrees; and formng the conductive material to have a tip
radi us of between approximately 0.001 inch and approxi mately 0.030 inch;
wherein the height, width, slope angle, and tip radius interact to produce
the bunp having a shape which nmitigates |local stress buildup. 2. The
method as recited in claim1, wherein: the conductive material is fornmed to
have a hei ghiyp@§ approxi mately 0.006 inch; the conductive material is
~fornmed to have a base width of approximately 0.008 inch; the conductive
mra]t eri alj is formed tﬁpmlbtamoﬁfoﬁhiﬁﬁ)@ccﬁﬂﬁlﬁmﬁthe@‘@ﬂlb@?fénﬁﬁisﬁ%zy 75 degr ees, and
t he conductive | | .orned t aye a tip,radiuys of approximtely
0,020 noh. s, TRl Beol il Tlerddd, @7 henl BEbt e bRt

-

. _ ST having a
hei ght of ®8¢hwedrangdspiresinfely 81008 BciBO1 i nch and approximately 0.008 inch, a
wi dth of a basefophink bR c6ERE maRHARG AiveRSHiNE 81 BRPSAN] dRLE!mpBr 00 1 inch

appr ox ot B G P gt h el BB -80 s eos and a ¢ i p.radius of
bet ween appr oxi feemisigyhacopdictivé meterialitd hayspr dotermatle laysadl BBOof twgenwher ei n t he

hei ght, Wd%bﬂ%xin&'te@gpfﬁ) ®pfkCand ApfodiBelyRidigedsN @ act to produce the bunp
havi ng a shape WhICE m tigates l.ocal stress buil du shag& whi ch mtigates
| ocal stress buPTH0DSSePIRFIVE Aratgral thaved, tip zadins of betwigep srrImpely YL a hei ght
base wi dt hnchsing peprewigitely 048@linth;p radi us of each contact bunp. 4. The

contact b oF i ' ' ' jal has a
ot gt of apsrout Sk SNy el e YA n 16, FREPME L PR €' 0 G0s
inch, a SPappahichgiieatss losysiresPyideRl y 75 degrees and a radi us of

approxi mately 0.020 inch.
2. The method as recited in claim 1, wherein:
the conductive material is formed to have a height of approximately 0.006 inch;
the conductive material is formed to have a base width of approximately 0.008 inch;
the conductive material is formed to have a slope angle of
approximately 75 degrees; and

the conductive material is formed to have a tip radius of approximately 0.020 inch.

3. A contact bump comprising:

a conductive material having a height of between approximately 0.001 inch and
approximately 0.008 inch , a width of a base of the contact bump of between approximately
0.001 inch and approximately 0.010 inch, a slope angle at said base of between approximately
40 degrees and approximately 80 degrees and a tip radius of between approximately 0.001
inch and approximately 0.030 inch;
wherein the height, width, slope angle, and tip radius interact to produce the bump having é shape
which mitigates local stress buildup shape which mitigates local stress buildup and which has a low
aspect ratto defined by a height, base width, slope angle, and tip radius of each contact bump.

4, The contact bump as recited in claim3, wherein the conductive
material has 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.




