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jexible encapsulant understructure that deforms generally laterally with the substrate (20) as the substrate (20)
. and éontraction. With this configuration, the compliant solder/flexible encapsulant understructure absorbs the strain
fe without bending the chip (10) and substrate (20).
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(57) Abstrdct
A simplified piogsss for flip-chip attachment of a chip (10) to a substrate (20) is provided by precoating the chip (10) with an
encapsulant. teris] (22) baving discrate solder columns therein to eliminate the conventional capillary flow undexfill process.
Such & strucfure  incorporation of remeltable layers for rework, test, or repair. It also allows incorporation of electrical redistribution
layers. In on chip (10) and pre~coated encapsulant are placed at an angle to the subsirate and brought into contact with
the pre~conbed i ‘the chip (10) and pre-coated encapsulant are pivoted about the first point of contact, expelling any gas
therebetween er bumps (14) on the chip are fully in contact with the substrate (20). There is provided a flip-chip configuration




BACKGROUND OF THE | NVENTI O\I Fl'i p-chip technology is well known
in the'art. A sem conductor chi p 15 havi ng sol der bunps fornmed on the
active side owddwmssen - conductor chip is i nverted R{IUSSHIY to a
substrate through the sol der bunps by reflow ng the sol der.

Structural solder joints are formed between the sem -conductor chip and
the substrate to formthe nmechanical and el ectrical connections between the

chip and substrate. A narrow gap is |left between the sem -conductor
chip and the 20 substrate. One obstacle to flip-chip
t echnol ogy when applied to polyner printed circuits is the

unacceptably poor reliability of the solder joints due to the
m smat ch of the coefficients of thermal expansion between the chip, having

a coefficient of thernal ansi on of -about 3 err]C, and the
pol ymer substrate, SEMICONDUET @Fﬁ/ Ab& QIht of ther mal
expansi on of about 16 tEDEMIﬁrﬁﬂBl{wAﬂ‘}QN'IWREﬂFcauses stress build up
in the solder joints. Because the 5 structural solder joints are small,
they are th]thsf Isubj eﬁ‘l!’hx‘%@pﬁlﬁiﬁonrcmnsmébéﬂeﬁt ﬁaﬁs Provxsmrrl]altAl@gh&dbldNbs.j oi nt
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The U.S. Government has a paid-up license in this invention and the right
in limited circumstances to require the patent owner to license others on
reasonable terms as provided for by the terms of contract no. N00164~96-C-0089
awarded by Defense Advanced Research Projects Agency.

10 PIELD OF THE INVENTION
This invention relates generally to semiconductor chips electrically and
mechanically connected to a substrate, particularly to flip-chip configurations.

BACKGROUND OF THE INVENTION
Flip-chip technology is well known in the art. A semi-conductor chip

15  having solder bumps formed on the active side of the semi-conductor chip is
inverted and bonded to a substrate through the solder bumps by reflowing the
solder. Structural solder joints are formed between the semi-conductor chip and
the substrate to form the mechanical and electrical connections between the chip
and substrate. A narrow gap is left between the semi-conductor chip and the

20  substrate.

One obstacle to flip-chip technology when applied to polymer printed
circuits is the unacceptably poor reliability of the solder joints due to the
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chip, then the underﬁll material slowly flows by capillary action to fill the gap

between the chip and the substrate. The underfill material is then hardened by
baking for an extended period. For the underfill encapsulant to be effective, it is
important that it adhere well to the chip and the substrate to improve the solder
joint integrity. Underfilling the chip with a subsequently cured encapsulant has
been shown to reduce solder joint cracking caused by thermal expansion

mismatch between the chip and the substrate. The cured encapsulant reduces the -
stresses, induced by differential expansion and contraction, on the solder joints.

The underfill process, however, makes the assembly of encapsulated flip-
chip printed wire boards (PWB) a time consuming, labor intensive and expensive
process with a number of uncertainties. To join the integrated circuit to the
substrate, a flux, generally a no-clean, low residue flux, is placed on the chip or
substrate, Then the integrated circuit is placed on the substrate. The assembly is
subjected to a solder reflowing thermal cycle, soldering the chip to the substrate.
The surface tension of the solder aids to self align the chip to the substrate
terminals. After reflow, due to the close proximity of the chip to the substrate,
removing flux residués from under the chip is such a difficult operation that it is
generally not done. Therefore the flux residueé are generally left in the space




between the chip and the substrate. These residues are known to reduce the

reliability and integrity of the encapsul ant. After reflow,
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mul ti-step OC Efcki qe@g,g tl?gflﬂﬂlé? production
efficiency; N eEh@Lc& ak 3¢ 0 un%é&?ﬂ’flland lfhp(’fc eea:o ss%e‘rﬁﬁy takes too
| ong because t hedjusted with the addition of inorganiteftllersi &fo aghiste dptiommt feliabilgh, 4 he tiny
gap between the ¢ ngd.the 20 ., . sybstrate;

3. The f1 ux F%egﬁi"gﬂ‘g P‘P&‘H’&} HPARyIonin the vicinity of éﬁa&f@}l EHéPfefe“ed and 2
adhesi ve and cohRailCofs GR e Mt OBinkd e &‘?&feﬁ'eb&ws h?ve coefficient of

encapsul ati ng adhesi ve, affecting the reI i abi |
the assenbly; afh§rmal expansions exceeding 80 ppm/°Candmoduh of less than 4 GPa, the

10  inorganic fillers selected generally have much lower coefficient of thermal
expansions and much higher moduli so that in the aggregate, the epoxy-inorganic
mixture is within the desired range.

The underfill encapsulation technique of the prior art has four principal
disadvantages:

15 1. The reflowing of the solder bump and then underfilling and curing
the encapsulant is a multi-step process that results in reduced
production efficiency;

2. To underfill a flip-chip assembly takes too long because the
material must flow through the tiny gap between the chip and the

20 substrate;

3. The flux residues remaining in the gap reduce the
adhesive and cohesive strengths of the underfill
encapsulating adhesive, affecting the reliability of
the assembly; and
25 4. As the size of chips increase, the limiting effect of capillary action

becomes more critical and makes the encapsulation procedure
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nore tinme consum ng, nore susceptible to void formation and to

t he separation of the polynmer fromthe fillers during application.
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a 10 hole in the substrate | ocated near the center of the chip. After the
sol dering and cl eani ng operations, the encapsulating resin is forced

through the hol e ameary, @iafig improvemenfiao B prdbRE dre Hasibleqo Gdekdasd 0 ensure
conpl ete coverage of the chip surface. This "
5  reliability, reduce the time required and decrease the likelihood of producing a
void in the encapsulant while providing the required low coefficient of thermal

expansion and high modulus.

Other prior art methods of encapsulating the chip have attempted to
overcome the above limitations by applying the encapsulating resin through a
10 hole in the substrate located near the center of the chip. After the soldering and
cleaning operations, the encapsulating resin is forced through the hole and around
the periphery of the chip to ensure complete coverage of the chip surface. This
method suffers from the need to reserve an area in the center of the substrate that
is free of circuitry in order to provide an unused space for the hole. It also does

15  not eliminate the problems of entrapped air bubbles.

Another prior art method in U.S. Patent 5,128,746 (Pennisi) teaches a
method wherein an adhesive material including a fluxing agent is apﬁlied to the
chip or substrate. The chip is positioned on the substrate and the solder bumps
are reflowed. During the reflow step, the fluxing agent promotes wetting of the

20  solder to the substrate metallization pattern and the adhesive material is cured,
mechanically intercornecting and encapsulating the substrate to the component.
The limitation of this technique is that in order for the molten solder to readily
wet the substrate metallization and also to allow the solder, through surface
tension, to self-align the chip bumps to the substrate metallization pattern, the
25  material must maintain very low viscosity during the reflow step. But the

viscosity of these materials is severely increased by the presence of the required
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by thermal expansion mismatch between the chip and the substrate 104. The
hardened encapsulant 102 transfers the stresses, induced by differential expansion
and contraction, from the solder joints 106 to deformation of the chip 100 and
substrate 104 as shown in FIG. 1 for expansion-induced strain at elevated
temperatures and FIG. 2 for contraction-induced strain at reduced temperatures,
In other words, the main effect of the hardened encapsulant during thermal
expansion or contraction is to effectively force the chip and the substrate to take
up the stress caused by the coefficients of thermal expansion mismatch by
bending and bulging the chip and substrate. This bending and bulging reduces
the stress on the solder joints and virtually eliminates solder fatigue failure.

Unfortunately, the effect of the encapsulant bending the substrate and the
chip causes its own new set of problems. One such problem is that the bending
makes the chips susceptible to cracking. Another such problem is that the degree
of stress relief is highly dependent on the flexibility of the under-lying substrate
and is thus an unpredictable function of the design of the printed circuit. Another
limitation is that relying on such bending for stress relief on the solder joints
prevents the placement of flip chips directly opposite one another on a double-
sided printed circuit.

Another limitation of prior art flip-chip attachment is the difficulty of
performing rework. Chip removal, once underfill has been performed, is very

t ensi on,
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underfill has baﬁea t x?c:rxilgtglngxgapora on valves removal and disposal of excess coated

lead from equipment and masks. Another common method in the prior art is :
electroplating of the solder onto the chip pads through a temporary sacrificial :

15  mask. Electroplating is a slow and expensive process that also deposits the
solder over large areas where the solder is ultimately not wanted. Another
method is to screen print solder paste on the chips pad through a stencil, then
reflowing the solder to form a ball or bump on the pad. This technique is limited
to bump dimensions that can be readily stencil printed, so it is not practical in-

20  bump pitches of 25 microns or less.

Another limitation of the prior art is the difficulty in distributing electrical
signals from the small dimension of the chip to the large dimensions of the
 substrates. Most chips are manufactured with the electrical interconnection pads
around their periphery with a pad pitch of 0.25 mm or less. On the other hand,
25  printed circuits are manufactured with pad pitches of 0.25 mm and larger. This
discrepancy in dimensions requires that the chip-to-substrate interconnection
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redistribute the electrical pads over the entire area of the chip, an expensive
procedure that chip manufacturers: generally want to avoid.

10 SUMMARY OF THE INVENTION
In one aspect of the present invention there is provided 2 chip with
underfilling encapsulant and separate discrete solder bumps pre-coated and pre-
assembled on the chip for assembly to a substrate. This configuration provides a
simple, cost-effective assembly procedure wherein the chip/encapsulant/discrete
15  solder bump combination is placed on the substrate and subsequently heat is
applied so that the solder is reflowed while simuitaneously the encapsulant
hardens, without the labor intensive underfill steps of the prior art.

In another aspect of the present invention there is provided a chip

precoated with underfilling encapsulant having holes therein which expose

20  metallized contact pads on the active surface of the chip. The holes are
subsequently filled with molten solder which is then cooled’ and hardened to
create the chip/encapsulant/discrete solder bump assembly. The assembly can be
placed on a substrate and subsequently, the solder is reflowed while
simultaneously the encapsulant hardens, eliminating the labor intensive underfill

25 stebs of the prior art. Alternatively, the chip/encapsulant/discrete solder bump
assembly is coated with a thin layer of a flux adhesive and, subsequently, the
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subsequently filled with an electrically conductive adhesive to create a
chip/encapsulant/conductive adhesive bump assembly. The assembly can be

placed on the substrate and subsequently the encapsulant and conductive adhesive

are simultaneously hardened, without the labor intensive underfill steps of the
10  prior art.

The present invention also provides a substrate precoated with the
encapsulant having holes therein which expose the metallized solder pads on the
substrate. The holes are subsequently filled with molten solder or electrically
conductive adhesive which is then cooled and hardened prior to attachment of the

15  chip to the substrate by reflow. In another embodiment, the substrate has
encapsulant and separate discrete solder columns pre-assembled thereon.

In one aspect of the present invention, there is provided a first portion of
an underfilling encapsulant and separate discrete solder bumps pre-coated and
pre-assembled on a chip for assembly to a substrate. The first portion of

20  encapsulant-can be either a solid or a thick liquid, partially or fully uncured. A
second portion of the encapsulant is applied to the substrate. The first portion of
the encapsulant is filled, preferably highly filled, with a filler material to produce
a reduced coefficient of thermal expansion and increased modulus. The second
portion of the encapsulant is either lightly filled or completely devoid of filler

25  material. At least the second portion of the encapsulant comprises an adhesive



to bridge the di mensi,on di screpancy involves conplete redesign of the chip

to redistribute the electrical pads over the entire area of the
chip, an expemd py43o procedure that chip manufact ur ePST/G¥HES0M | y want
to avoid. 10 SUWMMARY OF THE | NVENTI ON

In one aspect of the present invention there is provided a chip with
underfilling encapsul ant and separate discrete sol der bunps pre-coated and
pre- assenbl ed on the chip for assenbly to a substrate. This
configuration provides a sinple, cost-effective assenbly procedure

wherein the chip/e tddiscrete. 1 ol der i Lon is
placed on the s%%@?g'&g%éﬁg %LB’?&E{%&FF %‘8‘3&"?@3““ “%H%P"“’c’g‘g&‘?‘gb‘sgo that the
sol der is refl ouetbnvdfithecensipsulhiit2aeconirive i KifilRnRAaal bAdtonventional har dens,

wi t hout the labor intensive underfi]l,k steps of the prior_art.
I n anot her aspe‘?i’?%fﬁer&SMF fifled, with 2 "thﬁ\ém%al"?'gb?ﬂfﬁcé@ﬂ“a chip

precoated with M&gﬁfg,ggﬁsm W&gﬂaﬁe%ﬂﬁg@?ﬁgﬂimﬁpi ch expose

20 netal li zed contaCt pads on the active s p. The hol es

are §ubsfillpn emintrgask ithel endapailany’s modukss ansiokdice itneoefficient oft thermat ool ed and
har dened to cregte.the. chiptencapsul ant / di screte .sol der. bunp
nosenbly. The SRRy Tof ivemion brbvidsh GRRRIE, B efbo5iE Shiepirur

subsequent |y, tvisers® thd Rhipl st goitioRWE dndabsulagt/ discrete soldé, @Bingtioh it he
encapsul ant hardens, elimnating the |abor intensive underfill 25 steps

of the prior arRlacedpn thesubsirple{sgcond pertiem pismneapsylans corabipatignged et e sol der bunp

?ﬁ Z embly s CoahGeainty héht i UpPlidd?¥ Wat He sBlady iyéﬂggg@@i%esmgm&ﬁps equent |y,

10  the encapsulant cures, without the labor intensive, time-consuming underfili steps
of the prior art. Preferably, the second portion constitutes a relatively thin layer
in the overall encapsulant structure which somewhat intemﬁxeé with the first
portion during cure and has minimal effect on the reliability of the flip-chip
structure, despite the second portion having generally a lower modulus and

15  higher coefficient of thermal expansion than the first portion. An advantage of
the present invention is that the lower viscosity of the unfilled or lightly filled
second portion during the reflow process allows the solder to flow without
impediment from the thick viscosity of the first portion of the encapsulant. The
present invention provides a low coefficient of thermal expansion and' high

20  modulus in the first portion of the encapsulant while at the same time achieving
good solder weiting and chip self aligning in the second portion of the
encapsulant. :

In another aspect of the present invention, the chip/first portion of
encapsulant/discrete solder bump assembly described above is coated with a thin
25  layer of the second portion of the encapsulant which is either lightly filled or
completely devoid of filler material. Placement of the chip, solder reflow and
adhesive cure follows as described above.



solder is reflowed while sinultaneously the flux adhesive and encapsul ant
har den. I n anot her aspect of the present invention there is
provi ded a cWoP94430  precoated with underfilling encapsuP@¥S%®E9%4hg hol es
t herein which expose 5 metal | i zed contact pads on the active surface of
the chip. The holes are subsequently filled with an electrlcally
conductive adhesive to create a chi p/ encapsul ant / conduct i ve adhesi ve
bunp assenbly. The assenbly can be pl aced on the substrate and
subsequent|ly the encapsul ant and conductive adhesive are

si mul t aneously har ﬂ?ﬂﬁ%ﬂp&&%&fhﬁ&eﬂtm dnmh%nSI ?l"ﬁ(’ﬁ‘*’%ﬁ?“ I Ig\ﬁs,t eps of the

10 prior art. e prese P vent Yes a
substrate preqiaingch flipichiptant a substratecthatngeids antapinantlolﬂgahﬁibbl%s bherei n which

expose the netalliz I ad h bst te. The hol es are
subsequent | y fGF?aF%°€X°c“f? gﬁﬁetg’ﬁ Sﬂ'l"&e‘i‘ g’r"“@‘?‘@ﬁ‘!? cagfnsylant thereon, &5, juct i ve
adhesi ve mlcmdeﬁteaamaﬁgﬁlt@dxe%ﬁs&ula@ ﬂleﬁédoﬁdp&ﬁoﬁ‘me%ﬁnﬁ&; of the 15

chip to the substrate b | ow. I n anot mbodi nent, the substrate has
encapsul anf arpivotesibputt ﬂtssmx@tcﬁcgmacaenmahﬁmmmpmmm@mpmmher eon.

of "¢ "Pan R e R padh e Bburt b bR oapbfilh "0l e

pr e- coat ed andnatenal as tha chip dspiested wﬂuem:pellmgmm ghofrorf bewvebn theichipandubst r at e.

The first portion of
substrate.

Another aspect of the present invention provides a chip with underfilling

10  encapsulant pre-coated and pre-assembled on the chip for assembly to a substrate,
wherein the encapsulant consists of more than one layer, each layer performing
one or more distinct functions such as attachment, stress distribution, electrical
redistribution, reworkability, adhesion, or other functions.. The bulk of the
encapsulant, consisting of one or more layers, is applied and partially or fully

15 hardened prior to assembly of the chip on the substrate. Holes therein which
expose metallized contact pads on the active surface of the chip are subsequently
filled with solder or an electrically conductive adhesive as previously described
to create an encapsulated subassembly. Then a flux adhesive is- applied between
the chip/encapsulant/solder bump combination and the substrate which can be

20  fully hardened after or when the chip/encapsulant/solder bump combination is
placed on the substrate and the solder is reflowed.

Removal of the chip from the substrate is made possible by incorporating
in the pre-coated multi-layer encapsulant a polymer layer that can be remelted
even after the chip has been assembled to the substrate. Remelting the solder and

25  the polymer encapsulant layer allows removal of the chip for repair or
replacement after assembly or for test and burn-in of the chip prior to final

10



20 encapsul ant, can be either a solid or a thick liquid, partially or

fully uncured. A second portion of the encapsulant is applied to the
substrate. Thavd swes4soporti on of t he encapsul ant i s ¥CTAS9El5034
preferably highly filled, with a filler material to produce a

reduced coefficient of thermal expansion and increased nodul us. The second
portion of the encapsulant is either lightly filled or conpletely devoid of
filler 25 material. At |east the second portion of the encapsul ant
conprises an adhesive 8

material with sol der fluxing properties, for exanple, an adhesive flux. The
first por t3%mbl: Thye ﬁ@m%ﬁlﬁasml@mﬁhg@batrm withent damageri al or a

conventi onal to eitielP ormgu{]térst portion is filled with a filler having
a | ower coefficient o?ﬁ% t hermal expansi on and hi gher nodul us than the

encapsul ant material w thout filler to increase the encapsulant's
nodul us and reduce i{s_cge f|C|e t her maJ . expansion. The

i nventi on provides ai‘gﬁnﬁg\‘%@%‘&f]&si’?@é‘?{’f myenrion therps Pmﬁfdggédure

wherein the chi pédistibition Of the @hipQfele@RRAtetcaftlettion ipads B ificorursliify if? HZP

conmbi nation is pl aced on the substrat e/second portion of encapsul ant

conbi nati on &nd P}'C‘COath WMPWWIWam@mwa@@Y@hmmMQg%I der is
et oued W | SyhaREs e i ote R i bl i Brraghps " | 200
Pref erably, the ondleoship areattdchen tyosokder bumlnscmduoahmdhaﬁ#eyortwire"bdnas/ar

the redistribution layer. The redistribution Iayer is subsequently encapsulated.

Holes in the encapsulant expose metallized contact pads on the active surface of

10 the redistribution layer. The holes are subsequently filled with solder as

previously described. Then a flux adhesive layer is applied beﬁvmn the

chip/encapsulant/redistribution layer subassembly and the substrate. The flux

adhesive is applied remaining unhardened until the subassembly is placed on the

substrate and the solder is reflowed.

15 Another aspect of the present invention also provides within the precoated
' encapsulant a novel compliant flexible structure wherein the solder and
encapsulant expand or contract laterally without cracking or delaminating upon
beating or cooling of the chip and substrate. The novel encapsulant mainly
provides the adhesive mechanical bond required to hold the chip on the substrate
20  while the solder mainly provides the electrical interconnection required between
_ the chip and the subst;ate. '

The compliant solder and flexible encapsulant of the present invention
absorb the stress caused by the miismatched coefficients of thermal expansion
without relying on bending of the chip and substrate. Since the mechanical

25  adhesion of the chip to the substrate relies primarily on the encapsulant, a

11



in the overall encapsul ant structure which sonewhat interm xes with the

first portion during cure and has mniml effect on the reliability
of the fli p-whp4430 structure, despite the second porRGISSI¥E¥ng
generally a | ower nodul us and 15 hi gher coefficient of thermal expansion
than the first portion. An advantage of the present invention is
that the lower viscosity of the unfilled or lightly filled second

portion during the reflow process allows the solder to flow w thout
i mpedi nent fromthe thick viscosity of the first 'portion of the

Thor ral  oxpandPaivoly ot ARISER, neB b 3G uef Forne ot Bims 5 1.
encapsul ant wWirbwidethe tloetrica imtercontiectivn oif enéichip w:ththesub@ﬁﬁd Tat der wetting and

chip self alignin n the second portion of th encapsul ant .
I n anot her as;f@E’Pgﬂ\‘s?FFé'“E?ry §‘?ﬁ°qp QIXWP'BW“W@WP&V‘?FP%!‘SBW% on of

encapsul ant/ di fGEteins Sl wﬁ%@ﬁkbﬁaﬁ %gg%gfsiu fRyihg e Rﬁ%ed wWth a

thin 25 | ayer of the second portion of ant I's either
lightly fi§| edfdts mechanical tasksyallows:the usecofspit, d!tt:txltlandﬂmd-rw;t:ealdexk thaP| acenent of

the chip, sol dgfLSLhay 4l he expansioA S BbnkSoeid' e R holedg” ' bl
fatigue cracking normally experienced by conventional solders.

Another embodiment of the present invention also provides within the

novel compliant encapsulant previously described a compliant conductive

10  adhesive which expands or contracts laterally upon heating or cooling to absorb
the stresses created by the mismatch in the coefficients of thenﬁal expansion and
prevent bending of the chip and substrate. Independent of each other, the
structural properties of the novel encapsulant provides the mechanical connection
required in the structure while the electrical properties of the compliant

15  conductive adhesive provides the required electrical connection between the chip
and the substrate.

The semiconductor chip package structures of the present invention
provide, among other advantages, simple chip placement followed by reflow
without labor intensive underfill steps; a solder bumped or conductive adhesive

20  bumped chip or substrate with an encapsulant pre-attached, with the encapsulant
performing a mechanical function and the solder or conductive adhesive
performing an electrical function; a pre-coated chip encapsulant of two or more
layers, each layer performing a distinct function of attachment or reworkability; a
reworkable flip chip assembly by means of a remeltable polymer in the

25  encapsulant; an electrical redistribution layer within the encapsulant; a low-cost
method for applying the solder bumps to a flip chip or flip chip substrate by

12



I n anot her aspect of ,the present invention, there is provided a nethod for
placing a flip-chip onto a substrate that avoids entrapnent of gas bubbl es
or cr eaMOMBHB0 voi ds. The chip, having the first poﬂF?Bﬁ”%?m4
encapsul ant thereon, is .+ oriented at an angle.to the substrate having
the second portion thereon, then 5 pi vot ed about the first point of
contact until the solder bunps on the chip are in contact with the
sol der pads on the substrate, creating an underfill of encapsul ant

material as the chip is pivoted while expelling the gas from between the

chip and su 4 P - r fe th resent

I nvention provi deg'&g llf‘%eslelﬁl?ﬁreﬁcr%tgcri W@rﬁ@r’]%ﬁ og%?%%@e&l}o%{?}a? ~Coat ed and
pre-assenbl ed on theeondictive adhesivebamips 3o 4 fip @hip b fibstedteby creating helseinei n t he
encapsul ant consists of ,.nore ihgn ine | ayer, each | ayer perform ng

one or nore disti RECOPlGH ERga gadha sempliant chipHaderstruciuretat igflades 2yt i on,

el ectri cal ERighSiekd et S condiivs ive ty, adhesion, or other
f the

functions. The bulk o encapsul ant, consisting of one or nore
| ayers, is applied and partially or fully 15 har dened prior to assenbly

of the chip oncthe substrate | ' pose netallized
cont act pads gsn the active SBF@EQ%W@QWQW uently
filled with sol der or FiG.glies diapafkdaiic fepresentaibiv 6f attRda il fHgchigs| v

descri bed to create an encapsul ated subassenbly. Then a flux adhesive
i s applied betweeffructure undef, expapsion-inaucsd stain peleyged/EMPHAMES conbi nat i on and

th bstrate which ic¥ di .
e substrate S0 SR iehdia Ina%icl;gbﬁkﬁ@%&@“%@:gﬁa&{gﬁﬂgﬁgﬁgﬁgxgtrate

chi p/ encapsul ant/ sol der bunp co ace
and the sol der i s swushiroundér contraction-induced strain dResdpeed|temyferatdres.chi p from t he

substrate is de possy .by i ncar atin . _in,the e-coat ed
mul ti-Iayer eﬂgapsul an agd%%%ep%l%ﬁc{nﬁgpc@gﬁ1rbaé:c9rg?%? one even
after the chip hasmbetifiert o8 t@predchtivehtitla. Substrate. Renelting the sol der

and 25 t he pol yner encapsul ant | ayer allows repoval of the chip for
repair or r epl aiShdrit 2 SreemuiRts Eppssntatipn plgnecmbedimprt fon fOFRINE 20f ¢t he

chip prior to fi n?ﬁp-chip structure. -
FIGS. 5-7 are diagrammatic representations of another embodiment for
15  forming a flip-chip structure.
FIGS. 8 and 9 are diagrammatic representations of another embodiment
for forming a flip-chip structure.
FIG. 10 is a diagrammatic representation of a flip-chip structure wherein
the first portion of the encapsulant material is applied to the bumped chip and the
20  second portion is applied to the substrate.
FIG. 11 is a diagrammatic representation of the flip-chip structure of FIG.
10 after assembly.
FIG. 12 is a diagrammatic representation of a flip-chip structure wherein
the first portion of the encapsulant material is applied to the bumped chip and the
25  second portion is applied over the first portion.
FIGS. 13 and 14 illustrate a method for placing a flip-chip onto a printed

circuit board that avoids entrapment of gas bubbles or formation of voids in the

T i b
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10 assenbly. Thus the chip can be disassenbled fromthe
substrate w t hout damage to either chip or substrate.

| n anot her asp¥@Pd¥#30t he present invention there is provi dRETASI15034

redi stribution of the chip's electrical interconnection pads by

i ncorporating in the 5 pre-coated nultilayer encapsul ant an electrical

redi stribution | ayer conprising a thin printed circuit layer with
el ectrical circuitry thereon. The interconnect pads on the chip are
attached by sol der bunps, conductive adhesive or wire bonds to t he

redistribution | agggapﬂgagg redistribution |layer is subsequently
encapsul at ed. €s in the encapsul ant expose netallized contact

pads on the active surFi:d5ad a didgramivatic repbsaitatiol ot & edinplRMEtlip-chfpe hol es are

subsequently filled with sol der as revi ously described. Then a fl ux
adhesive layer is gﬂ“ﬁ%‘ﬁﬂ?&ﬁ"‘!‘ﬁ@ preseanvenuon,

chi p/ encapsul ant / r edi skr. 6t Pabritiané HpRSEHIHE bt 4B dobianPiifiShfRL o The
I e su

f1ux adhesive is applied remaini ng unhardened un bassenbl y
i s placed on the structure oEHIKY t15 Ander gxpansine-inducedstrainat elevated temiperatures.

FIG. 17 is a diagrammatic representation of the compliant flip-chip
structure of FIG. 15 under contraction-induced strain at reduced temperatures.

FIGS. 18 and 19 are diagrammatic representations of yet another
embodiment for forming a flip-chip structure.

10 FIG. 20 is a diagrammatic representation of the reworkability of the flip-

chip structure of FIGS. 18 and 19.

FIGS. 21 and 22 are diagrammatic representations.of still another
embodiment of a flip-chip structure. |

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 Referring to FIG. 3, an integrated circuit chip 10 is shown mounted on a
substrate 20. A plurality of solder pads 12 on top surface 26 of the substrate 20
are arranged to receive corresponding solder bumps 14 connected to the contact
pads 24 of the chip 10. Each of the solder pads 12 is metallized so as to become
solderable and electrically conductive to provide an electrical interconnection

20 between the chip 10 and the substrate 20. With this flip-chip mounting .
arrangement, a gap 18 is formed around the solder bumps 14 between the top
surface 26 of the substrate 20 and the bottom surface 16 of the chip 10. The gap
18 typically varies from 2 to 6 mils. The gap 18 is completely filled with an
encapsulant material 22. In one embodiment of the invention, the encapsulant

25  material 22 is a compliant polymer composition. One preferred compliant
composition, which is not meant to limit the invention but only by way of

example, is a compliant polyimide-siloxane co-polymer such as SumiOxy® 2421-

14



15 ) Anot her ,aspect of the present invention also provides wthin
t he precoated encapsul ant a novel conpliant flexible structure
wherei n t he sovoeodsand encapsul ant expand or cont r aRCTAUS/BHNA | vy

wi t hout cracking or del am nating upon heating or cooling of the chip
and substrate. The novel encapsul ant mainly provi des t he adhesive
mechani cal bond required to hold the chip on the substrate 20 whi |l e the
sol der mainly provides the electrical interconnection required between

the chip and the substrate. The conpliant sol der and

fl exi bl e encapsul ant_of the present invention absorb the stress

caused by the ni sheoBFEsil2blsdrom Oxychems, Grand kslandaY cAdteaeativelys, in anotheryi t hout
| yi bendi : | t ' ; j.cal 25
st on of "the cAmadnic ot Bedfitin o o oapsidf Bl ZUERBRCS. 20

a polymer composition. One preferred composition, whichlis not meant to limit the
relatively soft, fati.gue-le hi l.iable solder is used for _the sol der
bunps to prm?nggn EWGP_“&S@CY%Q‘QJMRW@? ﬁJdeF‘S\_H‘egFquﬁée%i BHF th the
substrate. Thg  types cfeftapiviiils ﬁ@hﬂ%m&@é@éﬂ/ﬁrﬁ%psﬁsﬁl \effe mechani cal
properties on its own,  therefore the encapsul ant provides the
nechani cal st r engtneapswantimajeriah22 jsapplisdde the chip in either liquid or adhesive tape

form, then hardened.

In another embodiment, the chip 10 having separate discrete solder bumps

14 pre-assembled thereon is precoated with the encapsulant material 22 prior to

10  assembly to the substrate 20 (FIG. 4) to alleviate the underfill problems of the
prior art processes and to overcome the performance limitations of substrates
which are pre-coated with a homogeneous combination of adhesive material,
fluxing agent and curing agent or chips which are pre-coated with a homogeneous
combination of adhesive material, fluxing agent, curing agent and metal particles.

15  The separate discrete solder bumps with encapsulant material therearound
provide superior electrical performance compared to a distribution of metal
particles spread throughout an encapsulating material. The encapsulating
material 22 is uniformly spread across the surface 16 of the chip 10 between the
solder bumps 14 covering the remainder of the chip 10. The chip 10 is then

20  positioned so that the solder bumps 14 are facing the substrate 20 and aligned
with the solder pads 12 of the substrate. In one embodiment, the solder bumps
14 protrude beyond the encapsulant after the encapsulant coating step. In an
alternate embodiment, the solder bumps 14 are covered by the encapsulant 22
wherein the encapsulant is ground, melted away, shaved off or otherwise

25  removed to expose the solder bumps prior to attachment to the substrate. The
encapsulant 22 and solder bumps 14 are moved into intimate contact with the
substrate 20 and solder pads 12, respectively. The assembly is heated to cure the

15



5 of its mechanical tasks allows the use of soft, ductile and fluid-Ilike
sol ders that deformlaterally with the expansion and contraction of
t he struct urwos#e43@ut t he fatigue cracki ng normal | FCEO8BB®hced by
conventi onal sol ders. Anot her enbodi nent of the present

I nvention also provides within the novel conpliant encapsul ant
previously described a conpliant conductive 10 adhesi ve whi ch expands or
contracts laterally upon heating or cooling to absorb the stresses
created by the m smatch in the coefficients of thermal expansion and

g'[ ?ﬁg?hrgfngirg%gﬁles of t e noveF‘Qené‘g’%)lgiqﬂaa%1 pr%\gﬁgﬁn ‘{gﬁgﬁg%é‘%ﬂl cal

connecti on in a niteegen biadket o stiach tersoiden bugnpsid tecthe bentk padsr12@fithepr operti es
of the conpliant 15 odctjve dhesi v rovides the required electrical
connecti on bet ?Pe%?fﬂﬁg‘ mg&%& Fﬁg‘“ﬁﬂﬁ {“P"H‘F‘@ those skilled in the The

sem conduct or ﬁh Iafe RAGKRI The ehdapiutine32 Sloviibea RmASAS sdaN@RbdndRe
provi de, anong ot her advantages, sinple chip placenent foll owed by reflow

wi t hout | aBor ¢hip Ehasdithe sbsteate 20.1 steps: a sol der bunped or conductive
adhesi ve 20 bunped chip or substrate with an encapsul ant pre-attached,
with the encapsul ant perform ng a nechani cal function and the sol der
or conducti ve adheslnyet another empbodimenti(Fip. énthdamuitﬂyamlthébbtmtdmfacei

re-coat ed chi ul ant of .t or r . | ayer
Berform’ ng a :jfg?fn‘ﬁﬁ:ag Elﬁb‘t@ﬁtﬁdﬁ’fv}gé‘fete&a?ﬁ‘gﬂ‘%@w&%@ﬁ‘&ﬁﬂ %‘ /

kabl e fl mm?b,l bI QOWHE t he 25
encapsul an I& ri ca ﬁém ut|on ?sa er Wlt <t fastx) o

encapsul ant; an elec edlstrl h|n the encapsul ant; a
| ow- cost plasms;, pheaniead etching ymwonww@rmzmaewp@vsbmemlor BOhip or flip

chip sub Stlbat tﬂéﬁ' method known to one skilled in the art) (FIG. 6). The vias 28 within the 12
encapsulant 22 are then filled with solder 30 (FIG. 7) or a conductive adhesive as
described in U.S. Patent No. 5,376,403 which is forced into the holes by solder
injection molding, solder jetting, screen printing, or other methods known to
those skilled in the art. With any of these embodiments, the solder 30 is

15  reflowed to form the electrical connection between the chip and the substrate
while the encapsulant 22 bonds to the substrate 20 and the chip 10 to form the
structural connection. As can be easily appreciated by one of ordinary skill in
the art, any of the above-described embodiments can be modified by precoating
the substrate 20 (rather than the chip) with the encapsulant 22 or encapsulant 22

20  and solder 30 combination as shown in FIGS. 8 and 9, respectively. '

Referring to FIG. 10, an integrated circuit chip 10 is shown mounted on a

substrate 20 in accordance with another embodiment of the present invention. A
plurality of solder pads 12 on top surface 26 of the substrate 20 are arranged to

_ receive corresponding solder bumps 14 connected to the contact pads (not shown
25  in this embodiment) of the chip 10. Each of the solder pads 12 is metallized so

as to become solderable and electrically conductive to provide an electrical

————

—
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Pat ent , At t or ney

Docket” No. 031862-011 creating holes in a pre-coated encapsul ant;
and a | ow cosWaR#88 f or appl yi ng t he conductive RITASPYSHMuNpPs to
a flip chip or substrate by creating holes in a pr e- coat ed

encapsul ant; and a conpliant chip understructure that includes a
fatigue-less solder or conductive adhesi ve. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS FIG 1 is a diagrammtic
representation of a prior art underfilled flip-chip structure under

expansi on-i nduced_strain.at, el evat ed. t r,at ur es. r oa: me 1. FIG 218
a diagrammatic re récgg?ﬁcg%}%eﬁwegp% |®%§ﬂ”ﬁ?f3@?@p1 (Waith this; flip-ghip
structure under ORGUNtAEMraigemelUs e 13t¢ firfe@droin@dhiCRllel BERR1AtbewREn 10
FIG 3 is an assenbled flip-chip structure in accordance with one

enbodi nent of t hethpfoRsurface;2f\0f fhejsubptrate 20 and the bottom supfagg; 16/0fjthe ¢hipilGigr anmat i ¢
representati on ofqg . qgigo‘g;ngm - : EB&P =P N | tructure.
FIGS. 5-7 are di a%tic r pre}é{gﬂ{da‘{qp{)ir?s 0 gjé?ln(t)fnﬁtgfmeir%bm%%ﬁtﬁfor 15

forming a flip-chypicalyrvagesfirem 2 to 6 mils, FIGS. 8 and 9 are diagranmatic

representations of another enbodi nent for formng a flip-chip
structure. FIG 10 is a diagrammtic representation of the

flip-chip structure offIG. 11 iilustfateConeldmilin®ht RS foRMidly ¥he hiP-chip package FI G 11
is a diagrammatic_representation of a flip-chip structure wherern t he

first portion of HipsrateddmBlq, 10 wsingiweprespatedspostines obencepsulapte ThaehipdOchi p and
the ‘having separate discrete solder bumnps 14 pre-assembled thereon is pre-coated
with the first portion 37 of an encapsulant material 22 (FIG. 10) priot to
10  assembly to the substrate 20. The first portion 37 contains a filler material,
preferably highly filled, to reduce its coefficient of thermal éxpansion and
increase its modulus relative to the encapsulant material not having any filler.
The substrate 20, having a pattern of separate discrete solderable metal pads 12
thereon, is pre-coated with the second portion 39 of the encapsulant material
15  prior to assembly with the chip 10. The second portion 39 of the encapsulant
material contains little or no filler material. The two-layer conﬁgixration
alleviates the underfill problems of the prior art processes and overcomes the
performance limitations of substrates which are pre-coated with a homogeneous
combination of adhesive material, fluxing agent and curing agent or chips which
20  are pre-coated with a2 homogeneous combination of adhesive material, fluxing
agent, curing agent and metal filler particles.

The first portion 37 (FIG. 11) which makes up part of the encapsulating
material 22 (FIG. 10) is uniformly spread across the surface 16 of the chip 10
between the solder bumps 14 to cover the remainder of the chip surface. The
25  second portion 39 (FIG. 11) which makes up part of the encapsulating material
22 (FIG. 10) is uniformly spread across the surface 26 of the substrate 20 over

17



second portion is applied to the substrate. . FIG. 12 is a

di agrammatic representation of a flip-chip structure wherein t he
first porti onW8P44Y encapsul ant material is applied to t EEBIAEESFchi p and
t he 25 second portion is applied over the first portion. _
FIGS. 13 and 14 illustrate a nethod for placing a flip-chip onto a printed
circuit board that avoids entrapnment of gas bubbles or formation of voids
in the encapsul ant . FIG 15 is a

di agrammatic representation of a conpliant flip-chip structure in

accordance W th thesdidepsiithethiPaaS 12 Edvering the ChlP region of thé3ubdifatd 20.3The
di agrammatic representation of the conplrant tTlip-chip 5 structure of

FIG 15 under exsipsiOos thenpositencd se thahthgsolderdumpe it axs fasing:the substrate 20
FG 1ris adia Syith TR SRR bids' 127be e dufiErafe 8P\ 118 Sbiabd i 1 Ran

structure of FIG nder contrac n-in rain at
t enper at ures. protrude beyond fieGitst fiitiam37 (1S skiowa inliFIG. Hofithe encapgulang ent at i ons

of yet anot he enbodi nent f.or forping, .a flip-chi tructur 10
FIG 20 is a éi aiETThE €PEPFWATE Eoating step BﬂEhsgh‘PHé- hﬁm&aﬁmwﬂmﬁm flip-
chip structure ofsofdef3umpsa4afimded into intimate contact Witkohe eRchpaibht Egrtiﬁﬁ 89
di agrammati c representations of still another enbodi nrent of a
f1ip-chip struct (ang solder pads 12, respectively. The combination of portions 37 and 39 forms

the encapsulant 22 (FIG. 10). The assembly is heated to cure the encapsulant 22

and reflow the solder using infrared reflow technology, preferably in a nitrogen

10  blanket to attach the solder bumps 14 to the contact pads 12 of the substrate 20.
Other heating and reflow techniques, known to those skilled in the art, can be
used in the present invention. The encapsulant 22 providés a continuous seal

between the chip 10 and the substrate 20.

FIG. 12 illustrates another embodiment for forming the flip-chip package

15  illustrated in FIG. 10 using two pre-coated discrete portions of encapsu]aht. The
chip 10 having separate discrete solder bumps 14 pre-assembled thereon is pre-
coated with the first portion 37 of an encapsulant material 22 (FIG. 10) prior to
assembly to the substrate 20. The first portion 37 contains a filler material,
preferably highly filled, to reduce its coefficient of thermal expansion and

20  increase its modulus. The first portion 37 is then pre-coated with the second
portion 39 of the encapsulant material prior to assembly with the substrate 20.
The second portion 39 of the encapsulant material contains little or no filler
material. The first portion 37 (FIG. 12) which makes up part of the
encapsulating material 22 (FIG. 10) is uniformly spread across the surface 16 of

25  the chip 10 between the solder bumps 14 to cover the remainder of the chip
surface. The second portion 39 (FIG. 12) which makes up part of the
encapsulating material 22 (FIG. 10) is uniformly spread over the prior applied
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 15 Referring to
FIG 3, an integrated circuit chip 10 is shown nounted on a substrate
20. A pluralitwoobnssd der pads 12 on top surface 26 of thePEHESBAEBE 20
are arranged to receive correspondi ng sol der bunps 14 connected to the

cont act pads 24 of the chip 10. Each of the solder pads 12 is
netallized so as to becone sol derabl e and electrically conductive to
provi de an el ectrical interconnection 20 bet ween the chip 10 and the
substrate 20. Wth this flip-chip nounting arrangenment, a gap 18 is

fored around he g det WM, M DELRE LAE e sl 68 140001

typically varies f5Qp tRe substPaté’20 snd alib dgﬁﬂlti@sdl&rsmh%wemstﬂd&dwth an
encapsul ant material 22. In one enbodi nent of the invention,

t he
encapsul ant 25  rdgscaibedsbeforp. [The W%@Wﬁmmpawaaéﬁ?ié@lmﬁ“me
preferred conpliagh veq into m@?ﬁ@@éﬂd&?}gnﬂgyuﬁﬁa{e%@% Waflg Rt the

i nvention but onlycf) I'S a Cco
pol yi m de-si | oian&ombmmﬂnwfrporﬁsnsc:waﬂSSlfmn@ﬂ;e[emapkulmn(FIG 10) The
14

G- SP i €} d, . NY.
Al ternatively, in 35K8P &Eeam%\{glcmgﬁ&e;afarpgﬂ%noﬁaﬁfg}l? an , the

encapsul ant mat er igafored attfichdhd solkdef bumps 14 to the contact pads 12 of the substrate 20.

FIGS. 13 and 14 illustrate an alternate embodiment for attachment of

portion 37 and solder bumps 14 with the portion 39 and solder pads 12,

10 respectively. this method is described with respect to the embodiment shown in
FIG. 11, but is equally applicable to the embodiment shown'in FIG. 12, The
chip 10 is initially oriented at an angle to the substrate 20. As the encapsulant
portion 37 and the solder bump on the end of the chip 10 are moved into intimate
contact with the portion 39 and solder pad 12, the chip is. pivoted about the first

15  point of contact until all of the solder bumps 14 are in contact with the solder
pads 12. In this manner, any gas that could possibly be entrapped between the
first portion 37 and the second portion 39 is expelled as indicated by arrow 41 in

FIG. 14 to prevent formation of voids in the encapsulant.

Generally, the chip 10.is passivated with a thin layer of either silicon
20  nitride, polyimide, or benzocyclobutene. To adhere well to the passivation layer
(not shown) on the chip 10, a chip bonding layer (not shown in this embodiment)
may incorporate a coupling agent (not shown) such as a silane. To adhere well to
the encapsulant 22, the coupling agent (not shown) provides a chemicaily
compatible moiety for bonding. For example, the preferred moieties can be
25  epoxides, anhydrides, hydroxyls, or other moiety that readily bonds to the

encapsulant 22.

o —
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pol ynmer conposition. One preferred conposition, which is not nmeant to limt

t he i nvention but only by way of exanple, is an anhydri de-cured
epoxy resi nwalshess 5 types of encapsul ants known to tREBESHH#$MBY ed in the
art are possible. The encapsul ant material 22 is applied to the chip
in either liquid or adhesive tape form then hardened. '

I n anot her enbodi nent, the chip 10 having separate discrete sol der bunps
14 pre-assenbled thereon is precoated with the encapsul ant nmaterial 22
prior to 10 assenbly to the substrate 20 (FIG 4) to alleviate the

underfill problens of the prior art processes and to overcone the
performance |im t at TBhadhesivesQfishe first postion 37 can baygjthes an adhepive fiwbet &d with a -

honbgeneous confi é),\% hekd L+ : i t and

curing agent oimigﬁ?%g mﬁ‘éﬁﬁgre 5%%’- (@g?iggﬁvtﬁnttﬁ R h?)srr%égtg%(l%%g%&gﬁl

conmbi nati on of 3ddesi ve material, fluxing agent, curing agent and netal

particles. 15 The ,sepafate discreLe solder bunps .wih encapsulant

material therear ound mef%%w %‘Emé’%&’ﬁ?m’gl"%?‘b’&lm"p‘é‘f’ Htiie

conpared toga distri butiépwqf;- nmet al particles spread throughout an
he

encapsul ating materi al . e’ncapsul ati ng material 22 is uniformy
spread across the s@rfacAftergues aflgabeys 20°C; bet ween t he sol der bunps

14 covering the renmgi nde fm;% i il Q.

positioned so that rT?he sAo?%er Errps @ﬁé%?tgg ac?‘zgda?ah msu%ﬁsf%f'éepm and

al i gned wi th the thm 4/&Papads 12 of the substrate. In one enbodi nent,
t he 'sol der bunps 4 protryude beyond . the encagpsul ant after the
encapsul ant C(r)rgti ng4step$ﬁ?rr%u€?nli“ggad§es°alt‘{@feﬁ ©Pas _ 5% that he sol der
bunps 14 afg covered by §shiflyeadRs of Sidon Afride, polyimitd) U BeikobjfobBREAPS Ul ant
is ground, nelted away, shaved off or otherw se 25 removed to expose the

sol der bunps prior $o atdvenHesst to the substrate. The encapsul ant 22
and sol der bunps 14.are i LA %ﬁg i
substrate 20 and sol der ‘gggés?ﬁﬂ%lrggﬁ}{eoé%%qp eh"g\éﬂsltég rkgg?qsveﬁsggt ed to
cure the affect the properties of the second portion 39 of the ehBapsulant to
which it will be mated; and
15 7. After cure, high adhesion to the second portion 39 of the

encapsulant.

Since the intrinsic coefficient of thermal expansion and moduli of most
polymeric adhesives do not satisfy the first or third properties above, the most
distingnishing feature of the first portion 37 of the present invention is that it is

20 filled with a high concentration of a powdered filler having a lower coefficient of
thermal expansion and higher modulus, generally an inorganic material, and most
preferably silica. The filler having a higher modulus and lower coefficient of
thermal expansion than the adhesive alone produces an adhesive-filler aggregate
having desired properties. Examples of such adhesives are Araldite CW1195US

25  with cureer HW1196US available from Ciba Geigy Corporation and Hysol"
FP4527 and Hysol’ FP4511 available from the Dexter Corporation of Industry,

California.
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Docket No. 031862-011 encapsul ant 22 and refl ow the sol der using
infrared refl owa®eminl ogy, preferably in a nitrogerPITUMRASE4t o
attach the sol der bunps 14 to the contact pads 12 of the substrate

20. O her heating and reflow techni ques, known to those skilled in the
art, are possible. The encapsul ant 22 provides a continuous seal  between
the 5 chip 10 and the substrate 20. In yet anot her
enbodi ment (FIG 5), the circuitry on the bottom surface 16 of the
chip 10 is coated with the encapsulant 22 then the contact pads 24 are
exposed by maki ng vi as Preferabiy othigpdhesive efithefisstipastian 37s prefegably &1 adhesiveni t h a

| aser, pl as ) | | A " and
devel opnment or any@b m?%&&%@gﬁ%%gmﬁg@#%gg&E%ﬁggﬁﬁq’n‘h{%@hg&?% (FIG
6). The vias 28 wi thlaipropesdies listed abovee the ppcferrainfirst}idrtivn adlicsive dées mbedimirighh
solder 30 (FIG 7) _or, a nducgtive adghesjve as , ..described_in U S.

ot ent No. 5. 376 419 O iof e stioer A1Eing e solg%% 1B eneraigh s e poc-oking

i nj ection nol disng, ; H & LiineOours l'or Rdak 1R¢ seb gt hods known
to thosg Sk@ﬁﬂé&@}kgﬂﬁ]e art. f\i/)\llbt ﬁgl?i;?kgé]‘a t{A%rilﬁglse %e?}bo iorrents, t he

sol der 30 is 15  adbédivevie svaysothitaleereash theewettingrand spreadonf tirecsoldendusisgween t he

chip and the substrgte . L el n ulant 2 n t.o t

SUbbtrate 20 and. tEbEnUsingn s ain Ry TREF MR potder PR e e,
can be easily appregiifdeteftiviem e thefmad ethasiory ardlthddiluk W the adhesivd fie&x art, any
of the above-described enbodi nents can be nodified by precoating t he

substrate 20 (rat HEPVidesAfirstRortae; 3/)thashas litle ar Ro-REteetan) the spreag obthe &oldstns ul ant

22 20 and sol der 30 conbi nation as shown in FIGS. 8 and 9, respectively.

10 The embodiment of FIG. 15 is a multi-layer compliant understructure
configuration having two discrete bonding layers 32 and 34 in combination with
any of the above-described embodiments for the encapsulant and solder. Chip
bonding layer 32 is a thin polymer, or coupling agent, with high adhesion to the
chip passivation layer (not shown) on the face of the chip 10. The chip bonding

15  layer 32 is a thin interfacial layer adhering the encapsulant material 22 to the chip
10. The substrate bonding layer 34 is a thin, adhesive flux layer adhering the
encapsulant 22 to the substrate 30.

The chip bonding layer 32 has the following properties:
1) chemically bonds to the encapsulant 22 to provide high adhesive
20 strength to the encapsulant; and
2) chemically bonds to the passivation layer on the chip 10 to provide
high adhesive strength to the chip.-

Generally, the chip 10 is passivated with a thin layer of either silicon
nitride, polyimide, or benzocyclobutene. To adhere well to the passivation layer
25  (not shown) on the chip 10, the chip bonding layer 32 may incorporate a coupling

21
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Referring to FIG 11, an integrated circuit chip 10 is shown nounted on a
substrate 20 in accordance wth anot her enbodi nent of the present
i nvention. WO099/04430 plurality of solder pads 12 on top sBETEWEIPEH of t he

substrate 20 are arranged to recei ve correspondi ng sol der bunps 14
connected to the contact pads (not shown 25 in this enbodi nent) of ‘the
chip 10. Each of the solder pads 12 is netallized so as to becone
.sol derabl e and electrically conductive to provide an el ectrical

Pat ent Att or ney
Docket No. 031862-011 I nt egrconnection hetween the chip. 10 and the

substrate 20. \AeeRt (otishown)spehagiasilane. To adherg well to the epeanglant A2, the, gap 18 is
formed around thgniseladed @i r&ﬁ{ey\@@%mj?an o @E 6 of the
substrate 20 an‘%ﬁgﬁg ot t(om sur gce 16 of t eygﬂ?%@b.lﬁ&e@%lf lélg'gap 18 is
conpl etely fil |Emtexinple,ahe praferned aioieties ¢antbe epaxide,2anhydrisles) dyydbByls Sor
typically variesg from2.t 0.l s FIG 10 illustrates one
enbodi nment for i%?ﬁ?%‘éyfhﬁgfe?‘?‘wp‘l°8ﬁﬁ'6“b‘am5‘é‘mm- illustrated in FIG 11
using two pre-coated portions of encapsulant. The chip 10 havi ng
separate di screte sol der gég‘gs 14 pre-assenbled thereon is pre-coated

with the fifst port iTgpsups supdhssivaiiuxel4 igp compositian withithe pr j or t o
following properties:
1) a strong fluxing agent that removes oxides from the metal surfaces to
be soldered and promotes wetting of the metal pads to be soldered;
2) crosslinks' into an adhesive polymer during the soldering operation,
10 chemically immobilizing the fluxing agent and the flux reaction -
byproducts;
3) has a sufficiently low viscosity during the soldering operation that it
does not impede the flow of the molten solder;
4) after curing, no cleaning or washing for flux removal is required;
15 5) high adhesive strength after cure;
6) corrosion resistance and resistance to degradation at soldering
temperatures; and
7) does not evolve any gases that can cause voids or bubbles in the

adhesive during curing.

20 In general terms, the substrate bonding layer or adhesive flux 34
comprises a liquid or solid composition which acts as both a primary fluxing
agent and a crosslinking monomer or polymer. More specifically, the adhesive
fluxes comprise the following:

1) chemical components with carboxylic acid moieties for fluxing;
25 2) chemical components with polymerizable moieties for crosslinking the

composition;

22
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10 assenbly to_the substrate 20. The fII’St. portion 37 contains a filler

mat eri al , preferably highly filled, to reduce its coefficient of

t her mal expansiWnosgnt30 i ncrease its nodul us rel ative RGI/USPRALS034
encapsul ant material not having any filler. The substrate 20, having
a pattern of separate discrete sol derable netal pads 12 thereon, is

pre-coated with the second portion 39 of the encapsulant material 15
prior to assenbly with the chip 10. The second portion 39 of the

encapsul ant material contains little or no filler material. The
two-| ayer configuration aIIewates t he un erflll probl ens of the
prior art processes and ABFRiGHE mephanical mechanisay fop fpeAing of PIGYAOHES Bs of

substrates which are pre-goate 1m&gaﬁn*wme%ﬁs&%nmnlmesmmsnaém@n of

adhesive material, fluxing agenht” and curing agent or chips which 20 are
pre-coated with a homgena&wsﬁeﬂmﬁﬂhmmﬁamtmbemed;m material, fluxing

agent, curing agent a I | er ..parti The first
portion 37 (FIG 10) i Gtk selvents, B { e g ARy SUTRIARSS, Fpodifiers,
material 22 (F5G 11) is rﬁﬁsfﬂdmﬁﬁﬁ@@ibe?ﬁfrﬂﬁ@d&bﬁléw&msm% of the chip
10 bet ween t he sol der nps 14 to cover the remai nder of the chip
surface. The 25 second gsmrallya@msgtqtim%shil&}mmgh makes up part of the
encapsul ati ng nmateri al 22 (FIG 11) is uniformy spread across the
surface 26 of the substrate 20 over
Pat ent A number of compositions are known in the prior art compriging ¢hesey
Docket No. 031862-01L ;. such as described in US Patent Nos. 5,376,403, 5,088,189, 5,136,365 and
5,128,746, A preferred composition is directed to fluxing adhesive compositions that
10 include a fluxing agent comprising a single active component which is capable of
functioning as both a primary fluxing agent and a crosslinking monomer. Generally,
depending upon the intended end use, the inventive thermally curable adhesive
composition comprises (a) a fluxing agent having a carboxylic acid group and one or
more carbon-carbon double bonds, (b) optionally, a crosslinkable diluent; (c)

15  optionally, a free-radical initiator, and (d) optionally, a resin.

In addition the thermally curable adhesive composition may include a solvent
for adjusting the viscosity. Other viscosity modifiers, thickeners and thixotropic
agents may also be added. Fillers, such as silica powder, can be employed for

increased modulus and lower thermal coefficient of expansion.

20 1. Fluxing Agents. The preferred fluxing agent has the structure RCOOH,
wherein R comprises a moiety which include two or more carbon-carbon double
bonds.

For high flux activity due to the presence of multiple carboxylic acids, the
preferred fluxing agent is a carboxylic acid that is selected from the group consisting
25  of compounds represented by Formulae 1, II, ITI, and IV and mixtures thereof,

23



the sol derable netal pads 12 covering the chip region of the substrate 20.

The chip 10 is then positioned so that the solder bunps 14 are
faci ng t he woabztsat e 20 and aligned with the sol ®EFUSHIEB42 of the
substrate 20. The sol der bunps 14 can protrude beyond the first

portion 37 (as shown in FIG 10) of the encapsulant 5 after the
encapsul ant coating step of the chip 10. The encapsul ant portion 37 and
sol der bunps 14 are noved into intinmate contact with the encapsul ant
portion 39 and sol der pads 12, respectively. The conbi nation of

portions 37 and 39 for _ t |G 11). The assenbly
Is heated to cure the gﬁ'&%%@%‘aﬂ%@ggﬁﬁwggéﬂﬁ}@égw t he sol derM/ usi ng
infrared reflow technol qdy,CHCORS),ERJOR’ I N & nitrogen 10 bl ankem)to attach
the sol der bunps 14 to thf contact pads 12 of the substrate 20.

(
Ot her heating and refl od¥ lGues, known to those skilled in (@ art, can
be used in the preggydygi nvention. The encapsul ant 22 proygisles a
conti nuous seal between the chip 10 and the substrate 20.
FIG 12 illustrates another enbodinment for formng the flip-chip package 15

illustrated in_ElG_ Jud. usi reskoated discr.e ortions .of
encapsul ant®, Tﬁvé’mmﬂl lsag l%g\}?r%gcagé%%’rpéfigm@?'ég?gtcgtb%fwﬁmgﬁnps 14
pre-assenbl ed plefersbini tos3 ¢atidns, wherein n 3@a itekerdrih 1t 166 prefemiblymriitegen 37 of an
encapsul ant material 22 (FIG rior to assenbpl the substrate
20. The first S‘BF‘tlitBﬁ’a:?‘#‘@ﬁ“rﬂ‘%f%’ﬁl%‘yg“w&%?érwa?@meﬂ&ﬁ,&%?ﬁrabl y
highly filled, idifdep@idle@y skibded i IGO)CEECHEOON SMAH, WBXBRANS %) X2 Hld 20
increase its nodulus. The first portion 37 is then pre-coated with the

b

second porare eash Fulependently selertadisum LAl Ofbard -CHIOGIIEH=CHCOOE bl y with |
the substrgje o0 where ;ﬁ%@mﬁ@%ﬂﬁ’g %rérlrnlfbg? %ﬂ%@#ﬁﬁd&ﬁf@ﬁ%ﬁ&g Ay material

contains little or nén mat e Itst portion (FIG
12) whi ch makesmine mpisty. The flukieg agent typicadly compprisesationt).0it-300%, | preferallF| G 11)

is uniformy spre SS 4t urface .1 the chi hehyeen the
sol der bunps lgg‘fuggoé"éévdeo?’ at“ﬁénmr;eeﬁ%feﬁ%@r abc‘)’gt ﬁ:@gé’ﬁlbﬁ volme qu%%'rg acel.yyeThe
second por ti on ciabl¢ kdhesiveldinpoditionh Angektieslattpproferred ddxingagent whishdaplow-at i ng
meterial 22 (FLE ook Sigh ekt RREEREIY Shiaf BSoekl RinodRR 158 is

15  described in Example 1. '

The fluxing agents of the preferred flux exhibit flux activities that are superior
to that of prior art polymer-fluxing agent mixtures. Since the inventive fluxing agents
are intrinsically self-crosslinking, the preferred thermally curable adhesive

composition does not require the use of epoxy resins for crosslinking. As a corollary,

20 the shelflife or pot life of the preferred composition is long and its flux activity high
relative to conventional polymer-fluxing mixtures that include epoxy resins.

Further, the adhesion properties, mechanical integrity, and corrosion resistance
achieved with the fluxing agents are superior to those achieved with prior art polymer |
fluxing agents because there is no need to add aggressive fluxing activators. The

25  inventive fluxing agents are fully cross-linked and all components thereof are

chemically immobilized upon curing. Even the reaction by-products of flux
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Docket No. 031862-011 ' first portion 37. The chip 10 is then
posi ti oned so Wo@m44be sol der bunps 14 are faci ng t RETASBEEB4t e 20
and aligned with the solder pads 12 of the substrate 20 as descri bed

before. The encapsul ant portions 37 and 39 and sol der bunps 14 are

moved into intimate contact with the substrate 20 and sol der pads 12. The
5 conbi nati on of portions 37 and 39 fornms the encapsulant 22.(FIG 11).
The assenbly is heated to cure the encapsulant 22 and reflow the

sol der as descri bed fore,to attach sql.der hunps 14 to the
contact pads 12 oﬂe?ﬂ‘@z”é%g‘s&{n@%@w Be chcmicalt gmgm&‘??‘ggggﬁa%d 14

illustrate an alternate enbodi ment for attachnment of portion 37 and
sol der bunps 14 with the portion 39 and _sol der pads 12, respectively.
This method is descrl b@Mrw@ﬁm@nwﬁaMﬁthmvmx&mﬁmm

Elhlep 1(1) [ guf n= tsi :I y or| W@%ﬁ#ﬁ}%?&y ﬂée Su%.k@?%%ﬁ%’lﬂh’%?&a%@ The

encapsul ant in ﬁxemreamﬁve&amnnh ﬂmmnummmmgmwmwmgm p 10
are noved into_intinpate Gt with the and..sol pad
12, the chip i3 pi ?F&R’éthéﬁ%fp"f‘%e ‘F%Pﬁe% “ﬂﬁ a’%)]“ 3’@?‘3"{5?{1‘?%% of

the sol der bunps Térbakylici 4idc vas asskntisl td) abkievisyd btdlity and premﬂﬁg %ﬁmai\fbthl s
manner, . any gas that coul d pagssibly be _entrapped between th

portion 37 and th@%ﬁ%ﬂ@%@#ﬂ?ﬁa&b ved by binding dhe %WW%@HW‘%“V‘OW 41
FIG 14 4
in ?'ﬂ%gérg&li %&ésﬁg tlﬁi ¢ BQbASs rbdridell ?ﬁ[ellﬁx;’th?rf'&x e that

General ly, the Chlp 10|s athlnlaye silicon
the solder melts. However, with the present invention, no such protection is necessary

10  because the compositions can be formulated without any components that can
crosslink with the carboxylic acid moiety, This results in a ﬂnxihg agent that can
function at its full strength with the metal oxides to produce fluxing-that is superior
to any heretofore polymerizable fluxing agent. The flux activity of the inventive -
fluxing agent in some applications may be too high thereby requiting-dilution of the

15  fluxing agent to prevent formation of undesirable gaseous by-products.

With the inventive fluxing agent, the principal crosslinking mechanism occurs
at the carbon-carbon double bonds existing in the fluxing agent molecule and not at
the carboxylic acid groups. The carboxylic acids do not react with the double bonds,
therefore on its own, in the absence of other molecules that can react with the

20  carboxylic acid, the fluxing agent does not polymerize at ambient temperatures. It is
at elevated temperatures that the double bonds begin to open and react with other
opened double bonds to crosslink. Since each fluxing agent molecule contains at least
two double bonds, the molecules crosslink into polymeric networks.

By eliminating the need for a separate thermosetting resin in the flux
25  composition, as is required in the prior art, the flux activity can be kept very high
without concern about pre-maturely cross-linking the thermosetting resin. By

25



20 nitride, polyimde, or benzocycl obutene. To adhere well to the

passi vation | ayer (not shown) on the chip 10, a chip bonding | ayer
(not shown WQ9%64438 enbodi nent) may i ncorporate a FEEUSBAP3IAgent (not
shown) such as a silane. To adhere well to the encapsul ant 22, the
coupling agent (not shown) provides a chemcally - conpati bl e noiety

for bonding. For example, the preferred noieties can be 25 epoxi des,
anhydri des, hydroxyls, or other noiety that readily bonds to the
encapsul ant 22. The adhesive of the first portion

37 can be either esive flux or atlbl non-fl uxi ng
adhesi ve. The §P© Qﬁﬂh“g ‘B?‘E?p%ﬁ‘f“l 1lt_§§lf,0qn *ldhés“fec}l% ep glass transitign 5y -
1. After CUE&%peﬁt\ﬁ@QﬁJ IcWep rabeméxeﬂtwminalees&mnom% &BRed/fthdtitt Y of 25

5 B [err] G After cure, a Tg above
120 [err] C sacrificing fluxing agtivity. After cure, a rmdul us greater than 0.1 GPa,
preferably greater than 4 GPa; 4,

After cure, high adhesion to the chips passivation |ayer that 10
usual |y consists ofAsirefermimmﬁoﬂhnedEthpolﬂyiing dgent bas dnetmm:mietybﬂmtase

5. Sol v tless |on such that it
does not i @orgFedé:at\?eth %Wg agent mdecu?e l%nlf allhe 1[23: %’ opert I es
of the second parbiylic adids @bnthihing a6 ajp Hhidra khrbbcarbon double bonds and also
containing an amine is:
R7 ﬁ 0 H
0

in which R7 comprises at least one amine group and two carbon-carbon double bonds.
For high flux activity due to the presence of multiple carboxylic acids, the presently

10  preferred carboxylic acids containing double carbon-carbon bonds has the general -
structure:

CH,-CH,0R3
N——CH,-CH,OR;

N

CH,-CH,-OR5

where R®, R*, and R are either -H or -OCCH=CHCOQOH. For its low viscosity and
high flux activity, a particularly preferred amine containing fluxing agent is tris
(maleic acid) triethanclamine monoester which is described in Example 2.
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which it will be mated; and 15 7. After cure, high adhesion
to the second portion 39 of the encapsul ant .

Since the intriwessopagoelfficient of thermal expansion and noOTUSIENSADST

pol ymeri c adhesives do not satisfy the first or third properties above, the
nost di stinguishing feature of the first portion 37 of the present

I nvention is that it is 20 filled wth a high concentration of' a powdered
filler having a | ower coefficient of t hermal expansi on and hi gher
nodul us, generally an inorganic material, and nost preferably silica.
The filler having a higher nodulus and | ower coefficient of t her mal
expansi on than the adhesi ve al one produces an adhesive-filler aggregate

25 " th cureer rant1o608 SROE iRt ble B AR UGy BT atePl el 210

Hysol [err] Wﬁeawudw&alséwadcowﬂaﬁmmbhmf romthe Dexter
ggr poration of Indust ry'l"h etrwulto%xsmo {:ra%nagmechamsmzstocausetheﬂtmmgagentto
Pat ent el at room temperature, Y mthetemperatmexselevatedaboveappmxi&ie spey
Docket No. 031862-D11 P = Y

Preferabl¥ t he adhesi.ve of "'the first
oW

portion 37 is pref bq(h"@p thesemateripisowill diquefy readily to a low viscosity liquid, indicating the

7/
Ny

l .
CH,-CH,0-0C-CH=CH-C=0

HOOCCH=CHCO-OCH,CH, CHz-CH,0-0C-CH=CH-COOH

L
N\ n,,/

|
CHa-CHo0-OC-CH=CH-C=0
N8/

i+

thermal disassociation of these ionic bonds. Thus the carboxylic acid moiety is then
fully discharged to flux the oxidized metal surfaces at temperatures above 50-100 °C.

Fluxing agents that do not contain nitrogen (e.g., amine) as represented, for

example, by Formulae [, 1, 1T, and IV, typically are liquid at ambient temperatures

10 (~23°C). Therefore, no solvent is required. In contrast, amine containing fluxing

agents are solid or semi-solid at ambient temperatures and form gels with the addition

of water or other solvent. Thus, by employing both amine and non-nitrogen

containing fluxing agents and optionally including a solvent, a thermally curable

adhesive composition having the consistency of a tacky gel mixtare can be

15  formulated. With the present invention, thermally curable adhesive compositions can
be formulated to be in the liquid, gel, or solid state.
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flux. The significant property of the preferred first portion is that, in
addition to the properties |listed above, the preferred first portion
adhesi ve do®® 84430 ni ni sh the flow of the sol der PEUP$NEBhe sol der
refl ow ng operation. Many non-fl uxi ng 5 adhesives tend to either cure
too quickly or react with the second portion adhesive in ways 't hat
decrease the wetting and spread of the sol der during refl ow. Using
an adhesive flux highly filled with a powder filler that inparts the
required coefficient of thermal expansion and nodulus to the adhesive flux

provides a fi rst por at has L.it t he, spread of
t he sol der. b8 Bifueits. tTlﬂ%p’gsf?B‘E?cﬂf i) Qﬂ-@%mp%@xb?aéonﬁés)gl%prﬁen yer
conpl i ant undersnﬁcmgtageﬂ: molecule aUOW$ inflidh FHekidilith) 3 IR foriflabbs GF &t fypondi ng
| ayers 32 and 34 in conbination with any of the above-descri bed

enbodi nents for °9‘HE°WE%@GF‘§H‘E°”&%@8WW¢WBW€S This ipaphievedbi thyer 32 i's
a thin polyner SRR ‘%"‘gﬂﬁ"" chi
passi va!tol o% I ayer&?not Ls)?lmgb@ glgg&gl?utﬁﬂe ?n p h{rl‘ﬁep’e el pd bond:ong
15 layer 3P idluxte menteuamueedcu@dbﬁswbaﬂbis techhigne peymith Sheadesign ofi fluxing nat er i al
22 to the r ' I -I,S t hi

adhesive flux | gy ?ﬁga%&fpogg&smt)%W%@g’ggﬁké’%ﬁ%ﬁ?@%ﬁaﬁgd? Iﬁbg?rat e 20.

The chi p bondi ndod gyedr thé@ndnseshanivel probértivd @@l goodpaihtsicas: Moreover, this is 1)

chem cally bonds to the.enca | ant 22 _to row de h adhes
strength to theamiighffl ﬁm&a‘ﬁ‘ac"m"mdl’ ture crosshi gﬂ&ﬁ'@aﬂ‘ ‘%Bﬁﬁ% to the

passi vation | ay@gsogidtel RathCtie PridOart. OPﬁfeQx‘é&Qﬁuents mclude, for exam le, (ahipeta adhesi ve
strengthtothe chip eral ly, 0 IS asswated

with a thinl®ayepts Ftole,tmeqrylgt,q |Q(§H700CC =GHyp | Gé "ﬁ?@ilﬂyl tpaazingr2,4
b | ob | | h
enzocycl o “te”?ll%é-ﬁcsﬁﬂl?ﬂ% Y@ﬁsﬁ%ﬂ@g&éﬂﬁgm{%&& ahiChixtutes théxréﬁlf shown)

on the chip 10 ondi ng | I'ncor porate a
Diluents (b) and (c) have the followmg structures

CH,CH=CH, : CH,CH,0COCH=CH,
o=rN =0 o="N~=0
o=y = ="
CH2=CH-CH2-N\IrN-CchH=CH2 CHZCHZOCOCH=CH2-NTN—CHZCHZOCOCH=CH2

0 0

Other double bond compounds, many of which are commercially available, including,
for example, diallyl phthalate and divinyl benzene can also be used. Hydrophobic

15  diluents as described are preferred but hydrophilic diluents can also be employed
when appropriate. The diluent when employed typically can comprise up to about
90%, preferably between about 5%-80%, and more preferably between about 50%-
80% by volume of the thermally curable adhesive composition.

One benefit of employing hydrophobic diluents is that their presence tends to

20  reduce the amount of water which the cured adhesive composition will absorb. The
reason is that the fluxing agent, when crosslinked, will have active carboxylic groups

that can attract water, even though these carboxylic groups, being part of a network,

are immobile. Water acts as a plasticizer which softens the cured adhesive
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agent (not shown) such as a silane. To adhere well to the encapsul ant 22,
t he coupling agent (not shown) provides a chemcally conpatible

nmoi ety for borvid s9epa430 For exanple, the preferred noi et PERUSSHIFIe
epoxi des, anhydrides, hydroxyls, or other noiety that readily bonds
to the encapsul ant 22. 5 The substrate bonding | ayer or
adhesive flux 34 is a conposition with the foll ow ng propeéerties:

1) a strong fluxing agent that renoves oxides fromthe netal surfaces to
be sol dered and pronotes wetting of the netal pads to be sol dered;

chen cai |y i b |SCRPAGGG b Bis A AFFSRBEHE lorals YREh e prosHinked oghe fuing
chem cally | MDDl !
bypr oduct s; agent will courterabiafe Kydfoghilit eff&wgme'c&%;phé A% g}gﬁ{,ﬂ gﬁﬁ%& the

sol dering operation that it . L oes not” 1| npe ow of
t he nolten sol der ;the cured adhesive compogifiongfcomtainipg hydraphobiedilbents canhgvedessitaanhi ng

for flux renoval iZS/ué?tﬂﬁ%fs&fgwﬂeﬁex%osedtoambieﬁt)co '.@&sadhesi ve strength after

cure; corrosion resistance and resistance to degradation
at sol dering t enperatures; and 7) does not

evol ve any gases hal Qo € oS Qe Wit ¥ S5kl b3Sty curble adesve

adhesi ve during curing:
flux composition can be cured using heat alone, the cross linking reaction can be

initiated and facilitated by the presence of free-radicals, including, for example, those
generated by benzoyl peroxide, butyl hydroperoxide, 2,2'-azobisisobutyronitrile, and
mixtures thereof. These free radical initiators or sources ate commercially available.

10 Free-radicals can be cteated in-situ by exposure of the free-radical initiator to
heat, radiation, or other conventional energizing sources. Introduction of an
appropriate free-radical initiator can accelerate the onset of crosslinking to the desired -
morment in a solder reflow operation. The presence of a small amount of free-radical
crosslinking initiator in the fluxing agent can be used to control the rate and the

15  temperature of crosslinking of the fluxing agent, ensuring effective fluxing action and
strong adhesion of the fluxing agent to the substrates upon curing.

The free radical initiator when employed typically comprises up to about 5%,
preferably between about 0%-3%, and more preferably about 0.3%-1% by weight of
the thermally curable adhesive composition.

20 4. Resins. The preferred thermally curable adhesive flux composition does
not require resins; further, compositions that do not include resins tend to have longer
pot lives and lower viscosities during sélder reflow. However, as an option, a resin
can be employed and it functions to increase the adhesion of the cured composition
to the substrate and to increase the cohesive strength and glass transition temperature

25  of'the cured composition. The resin may be any suitable resin that is compatible (i.e.,
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20 In general terns, the substrate bonding | ayer or adhesive

flux 34 conprises a liquid or solid conposition which acts as both a
primary fluwmepoddds agent and a crosslinking nononmer oPCHERPAEMB4 More
specifically, the adhesive fluxes conprise the foll ow ng:

1) chenical conponents with carboxylic acid noieties for fluxing; 25

2) chem cal conponents with polynerizable noieties for crosslinking the
conposi tion; : 22

3) a chem cal or nmechani cal mechanismfor inpeding or preventing the
onset of polyneyization.of the c ositi til.  the sol der. has | ted
and wetted all {’ Vith-the el ?g.gl?y@ﬁ@ablemmeanttgattheres&}s bt i onal
solvents, fill ess, hat®etLbetliciically Bonded t6 tHel Mikingd Hgdnt #MBGE Bil@hE howdver,
resins and other additives performng desirable functions and

general |y knownPesredrssias capcropslipk with fhe garhoxylic acid groups in the fluxing agestefher of

COMpOSi L1 0oNS ar gy KH Hctivé ridiied ShcRas Ationd! COR blotps thd ifiEnt. Resins which

5  meet these requirements include, but are not limited to, epoxies, phenolics, novalacs

(both phenolic and cresolic), polyurethanes, polyimides, bismaleimides, maleimides,
cyanate esters, polyvinyl alcohols, polyesters, and polyureas. Preferred resins 1,4-
cyclohexanedimethanol  diglycidyl ether, 3,4-epoxycyclohexylmethyl 3,4-
epoxycyclohexanecarboxylate, N,N-diglycidyl-4-glycidyl-oxyanilline, bisphenol A

10  based epoxy resins, and mixtures thereof. These are commercially available.

Suitable compounds (including polymers) can also be modified to form resins
that are blendable with the diluent and/or the carboxylic acid fluxing agent.
Examples of such compounds are acrylics, rubbers (butyl, nitrile, etc.), polyamides,
polyacrylates, polyethers, polysulfones, polyethylenes, polypropylenes, polysiloxanes,

15  polyvinyl acetates/polyvinyl esters, polyolefins, cyanoacrylates, and polystyrenes.
Generally, any compound can function as a resin if it can be modified to contain at.
least one of the following illustrative functional groups that act as reactive sites for
polymerization: anhydrides, carboxylic acids, amides, amines, alcohols/phenols,
nitriles, carbamates, isocyanates, sulfonamides, semicarbazones, oximes, hydrazones,

20  cyanohydrins, ureas, phosphoric esters/acids, thiophosphoric esters/acids, phosphonic
esters/acids, phosphites, phosphonamides, and sulfonic esters/acids. For ex;unple, a
polyolefin which has no reactive sites for binding and has poor adhesive properties
is typically not a suitable resin, however, a carboxylated polyolefin functions well
when matched with a suitable cross-linking agent. A combination of these and other

25  resins, such as non-cross-linkable thermoplastic resins, may also be used as resins.
Resins when employed can comprise up to about 80%, preferably between about
10%-80%, and more preferably about 60%-70% by volume of the thermally curable

adhesive composition.
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features, such as desc¢ribed in US Patent Nos. 5,376, 403, 5,088, 189,

5, 136, 365 and 5,128,746. A preferred conposition is directed to
f 1 uxi ng adhesipyyoppaposi tions that 10 i ncl ude a fl uxi ng FTASLENSBAPr | Si ng
a single active conponent which is capabl e of functioning as both a

primary fluxing agent and a crosslinking nononer. Generally,

dependi ng upon the intended end use, the inventive thermally curable
adhesi ve conposition.conmprises (a) a fluxing agent having a
carboxylic acid group and one or nore carbon-carbon doubl e bonds,
(b) optionally, a crosslinkable diluent; (c) 15 optionally, a
free-radical initiat oi{npxapmlingai)epnquemdrfhkhxg compositivi,the proportions of the four | n

addition the thermall ur apl e .adhesi ve, osi tiqn. i nc a. sol vent
for adjusting the® Wg‘%’ﬂ Qe‘@"ﬁ ?ve’{ﬁcgﬂsé T3p8% '%’Fﬂéﬁd e%%gﬁ?%?m Band

t hi xot ropi ¢ actiAigest xsemwg@quasmmac&dﬂehai biopreiéss Px@féﬁblya&lesﬂdxinga
powder, can be enpl oyed for |ncr ased nodul u | ower _t her mal
coefficient of ex9HFesen employgd does not prodt uce gasequs g 3@’?@"’9&8‘&%@” Spifdn ef erred

fluxi ng agent shasgfigiod lof Yabiks Gn BeHa cured com Ipoémﬁxreﬂﬁhcﬁn%@%é@@%ﬁ moi ety
whi ch include two or nore carbon-carbon doub bonds

For high flux actthmmkb' eable aghesive cpmpasitisoeproferabiyiformylated esfollewstl i ¢ aci ds,
t he preferred fl 4 sel ect ed
fromthe group consi sf n&g’%wwﬁﬁ%%é‘g%égé qu%et‘%ﬁ&’ o?or?ﬂl ae I,11,

11, and IV and m xt uibk Dilnkre cemprising about 5%-80% (vol) of the composition;
23

c) Free radical initiator comprising about 0%-3% (wt) of the composition;
10 and
d) Resin comprising about 0%-80% (vol) of the composition.

Some of the thermally curable adhesive compositions within these ranges may
exhibit undesirably high moisture absorption, low glass transition temperatures, or
high coefficients of thermal expansions after cured, but they remain useful as fluxing

15  compositions in applications where these characteristics are not critical.

Most preferably, the thermally curable adhesive composition after being cured
has a coefficient of thermal expansion of about 25 ppm/°C, a glass transition
temperature in excess of 150 °C and moisture content of less than 2%. These

20  characteristics can be achieved with thermally curable adhesive compositions
preferably formulated without any free radical initiator or resin but comprising
about 10%-70% (vol) fluxing agent and about 20%-80% (vol) diluent.

‘While, again, some of the fluxing agents within these ranges may exhibit high
coefficient of thermal expansion or low glass transition temperature when cured, they

25  remain useful as fluxes in applications where these characteristics are not critical.

In order for the thermally curable adhesive composition to achieve the largest
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HOOCO—lzCJ—l(O)COQ[err]OC( O CH=CHCOOH . (D)
Rerrl]Herr]C(HCOR err])[err]CH err] OR[ err]

I

I

(|; WO 99/04430 [X[err]X[err]X[err]X[err]]C  PCT/US98/15034
(111
(1

) R err] COOH
V) 5 wherein Rerr] is an alkyl having 1 to 16 carbons, preferably 1
to 9 carbons, and nore preferably 1 to 3 carbons, wherein n is an
integer from1 to 16 preferably an integer froml to 9, and nore

preferably an integer from1l to 3, wherein each of Rerr], Rerr],

.Rerr], i s _independently selected from - C(O)CH:CHCOO-l and H,
wherein Xerr], sptsa,dfmg andygedting]by thesglder, it must achlew@demmnmmmm y

selected from - ‘gﬁtﬁ@ %ﬂﬁ%@dl 4 'lll ﬁ@
Rlerr] is a noi ety ha ng t %“@Fhﬁr‘b‘{rl@%%on carbon d’g)lu onds and an

am ne noi ety. Thkempdsition heromgsetoo ﬂﬁ@qiicfpad the/sobdenimsinsdted, dtwilltimPeda 116 fld¥0 %
preferably

abo 5% 80‘V re pre abaut . 10% 70% by vol une
of the thermall )9fthe s°}éter ﬁlés “x%“c%msﬁif‘{?ﬁl‘ £ ‘E)gl'fst TERSOR: a’?‘
preferred flaxi gghina@Ethe c&ﬁipdﬁitohﬁﬁsﬂoﬁbﬁr slowlyrelauvbftm@ﬁméieqﬁﬁdt@teﬁihtﬁé UX
act|V|ty|str|sfrraIe|c ahmdl b\{‘geﬂ%} ter which is 15 descri bed
in Exanple 1. meltingpoint of the soldegy, Thig ¢ ﬁ%‘? Sgeﬁﬁ"nl"ﬁ@eﬁ‘?‘%ﬁ%?%‘ﬁ“hl ux
exhibit flux ackbﬁfbﬂda?e%r&sﬁﬁkmé&% Ri&ds afld formulati éﬁmﬂ?ﬁdﬁébﬁ”
pol ymer - f1uxi ng agent mnixtures. Since the i nven§| ve Tl'uxi ng ‘agents

are intrinsi cal mye ofeidifferensighicanmiag rglorimeter forcanteal reactionratenanditimesyr abl e

adhesi ve conposition does not require the use of epoxy resins for
crosslinking. As a corollary, 20 the shelf life or pot life of the

pref erred conposi ti ofhd thednaily cemble adlesiié cpmp:;siltibwbaryaltd pfused as a fluxieg at i ve to

conventio nai pol adhesive olrltjxé(e i Yinte ra)faie conguc]ﬁve ink Iccpn‘i\'polél ons thar ¢ m{)r?s LS.
a) 1% to 65% (wt) of a high melting point metal or metal alloy powder,
typically comprising Cu powder, however, other metals such as, for example, Ag, Au,
Pt, Pd Be, Rh, Ni, Co, Fe, Mo, and high-melting point alloys thereof;
b) 6% to 65% (wt) of a low melting point metal or metal alloy powder
15  (solder), typically comprising Sn, Bi, Pb, Cd, Zn, Ga, In, Hg, Sb, or an alloy thereof :
or other metal having a melting point that is lower than that of the high melting metal
powder in part (a); and
c) 5% to 50% (wt) of the thermally curable adhesive flux composition
that also serves a flux composition and as an adhesive,
20 Preferably the conductive ink composition comprises 13% to 65% (wt) of the
high melting point metal, 6% to 29% (wt) of the low melting point metal, and/or 5%
to 35% (wt) of the thermally curable adhesive flux composition.

Techniques for employing electrically conductive ink compositions are

described in U.S. Patents 5,376,403, 5,538,789, and 5,565,267 which are incorporated

25  herein. During the curing process of the sinterable conductive ink compositions, in
order for the solder alloy to readily wet the other powder and sinter, the principal
requirement of the thermally curable adhesive composition is that the polymers not
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Further, the adhesion properties, nechanical integrity, and corrosion

resi stance achieved with the fluxing agents are superior to those
achi eved wit h v dsmaesart pol yner fluxi ng agents becaRERUSHEPH i s no
need to add aggressive fluxing activators. The 25 inventive fluxing

agents are fully cross-linked and all conponents thereof are
chemcally immbilized upon curing. Even the reaction by-products of fl ux

24 deoxidi:zation of the netals may be chemi cally bound
in the polymer matrix. Car boxylic acids function well as
fluxing agents to renove oxides fromnetals. | n_addi tion, carboxylic

acids are al so vehgrdes before melting obthe sqldae powyderrisiachioved. Afditionsily gBerrcuring, in
their reactive fogm.li . ' ARAS ke {Hﬁg% i Qi i .

t hernosetting 5 tﬁgrcg%f’%,l&oéuc asagan e%g{%;t}g or ttﬁﬁgdgkl{régglg%%?c{”ﬁmtsﬁlgnpri or
art, chemcal pr ottethe printeddirctitiepard substrate.c Eretfhix gommsitionschf thednstans mmeritiah t 0

was achi eved by bittdPHG BREFAL KT RSSBERE R & chemcally- or
thermal ly-triggered species so that it becones reactive only at or near the
et o 1 o Bl dhSimaE AR compalh 5P b idg RGO 70
a) provides sufficient flux activity to promote the solder bump to readily wet
the metallization on the substrate during solder reflow, without the presence of
corrosive flux activators that can contaminate the silicon chip;
b) promotes solder wetting and self-alignment of the chip to the pads on the
10  substrate by action of the wetting force of the molten solder, during the solder reflow
cycle, no curing of the flux composition occurs until the solder bump has been
melted;
c) reduces or eliminates gaseous evolution during the reflow cycle that would -
otherwise create voids;
15 d) cures quickly and soon after solder bump melts;
¢) demonstrates little shrinkage of the composition during curing to minimize
the stress resulting from the curing process and subsequent cooling; and

f) forms strong adhesion of the cured composition to the chip, substrate and

solder joints.

20 SYNTHESIS OF FLUXING AGENTS
EXAMPLE 1
Preparation of tris (maleic acid) glycerol monoester, a non-amine fluxing
agent with the structure:

/CHgo-CO-CH=CH-COOH
HOOC-CH=CH-0C-0-C —H
CH,0-CO-CH=CH-COOH
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10 because the conpositions can be formulated w thout.any conponents that

can crosslink with the carboxylic acid moiety. This results in a
fl uxi ng agewn A can function at its full strenffHSHIMB4 he net al
oxi des to produce fluxing that is superior to any heretofore

pol ymeri zabl e fluxing agent. The flux activity of the inventive

fluxi ng agent in sone applications nmay be too high thereby requiring
dilution of the 15 fluxing agent to prevent formation of undesirable
gaseous by- products. Wth the inventive fluxing agent, the

principal crosslinki L r 1 doubl e
bonds existing in t hﬁg? qﬁ?%l ﬁbgh%ig%cn%?%@a? gaxgﬁ?@ern%{?e%g? B gﬁ&k%%(ﬁg:n
car boxylic aci dmgﬂ@mysneltiaatwhaclbmybﬁmdebﬂgyaiml(Bﬁgramm\ﬂbWIyaﬁm doubl e

bonds, f t. ' I I t hat
can react i t h DR 0T ORPHGH V1S cfpty e PR B0 SR B

polymerize at agiir€nihé experatid Wes theh Ea;sea to 110°C foﬁbn@h&h‘&& eéinplesmy at ur es
that the doubl e bonds begin to open and react wth ot opened

doubl e bond$ t oreastions| Thereattes; the. produgt fvas PEW’-‘F]&&@@H? f‘?ﬁﬂ @WF’@“’&%nﬂéﬁ ns at
| east OLaltre YA i e >}fforg' ARk | ©
net wor ks. natl the ne eparate

t her noset ting re§om¢ﬁanﬂf@nfmﬁ%e¢@=¢trwnm@b OHoyibratienal bﬂnd@qfijﬂﬁoeBS(P(h t he
prior art, the fl.ux gél'gé/e#otl%g&gergﬁd ?ﬁcgm\é%m am}eeagester‘#é&g% oncern

about pre- maturgfly c I nKi ng t er moset t
25 at 1,710-1,740 cm™ appeared and maximized, mdlcatmg complete reaction of the

N

10  glycerol and the anhydride. This fluxing agent is characterized by its low viscosity
and high flux activity.

EXAMPLE 2
Preparation of tris (maleic acid) triethanolamine monoester: an amine fluxing -
agent, with the structure:
CH,-CH,0-0C-CH=CH-COOH
HOOCCH=CHCO-OCH ;CH,~—N
CH,-CH,0-0C-CH=CH-COOH

15 Three moles of maleic anhydride (294 grams) were heated in a flask at 80°C
until fully melted at which time one mole of triethanolamine (149 grams) was slowly
added thereto over the course of one hour, so that gelation did not occur. The
composition was constantly stirred and maintained at 80°C. To ensure that the reaction
went to completion, the product was maintained at 80°C with constant stirring for an

20  additional hour. The reactants were kept in a nitrogen atmosphere throughout. Then the
product was allowed to cool to room temperature. Monitoring the reaction on a Fourier-
transform infrared spectrometer, the OH vibrational band at 3,400-3,500 cm™ of the

triethanolamine was observed to become minimized while an ester vibration band at
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crosslinking the fluxjng agent itself, an adhesive having a higher glass
transition tenperature and | ower coefficient of thernmal expansion can
be created w WeAU04430 sacrificing fluxing activity. PCT/US98/15034 A
preferred enbodi nent of the fluxing agent has an amne noiety that is 5

i ncorporated into the fluxing agent nolecule itself. The generalized

structure for carboxylic acids containing two or nore carbon-carbon
doubl e bonds and al so ~containing an amne is:
[err] in which R7 conprises at |east one am ne group and two

car bon-carbon do S. . For h. fI act due to th
presence of mul t?ﬁb@'gg{g(g%ﬁpg“é@l ad mf”g ux I v‘fﬂﬁ’l ; gthe

carboxylic acids ﬁﬁﬁhﬁ[ﬂﬁﬁgaﬂmy&ﬂ&bon car bon bonds has t he general
structure: [err] wher e

Rlerr], Rerr], and R err] are either -H or -OCCH=CHCOOH. For its Iow
viscosity and higgis fil bel %1204 chik: (P&.;z;:a I r
containing fluxing agent ?sﬁg?g& c{l A elc a 1%)ﬂ“%/rl eﬁ‘gaﬁ?

nmonoest er whi ch i&tiiscri bed i n Exanple 2.

5 EXAMPLE 3
Preparation of methyl meso-erythritol tetramaleic acid monoester:

39 g maleic anhydride was heated to 80°C until all the maleic anhydride was
melted before 12.2 g of meso-erythritol was added under mechanical stirring, The
temperature was then raised to 130°C for 30 minutes followed by cooling down to

10 80~90°C for 2 hours. The reaction is: '

H o
R
CH20H 0 7 ! ctoc-cH=cH-cooH'
CHOH HOOC-CH=CH-COC
' +4 | O—> |
CHOH HOOC.GH=CH-GOC |
CH,0H o § | enog-cr=ch-coon

H O

EXAMPLE 4
Preparation of pentaerythritol ethoxylate tetramaleic acid monoester:
39 g maleic anhydride was heated to 80°C until all the maleic anhydride was
melted before 27 g pentaerythritol ethoxylate (average Mn ca 276) was added under
15 mechanical stirring. The reactants are stirred at 80°C for 2~3 hours to complete the

reaction. The reaction is:

O
0

I
CI[CH,(OCH,0CH,),OH); +4 [| 0 — C[CH,{OCH,0CH,),0-C-CH=CH-COOH],

0
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26
noi ety can noderate each oher
conponent, a%oisPP4% rat ed here:

noderating nmechanismis to cause the fluxing agent to

as the tenperature is elevated above appoxi mately 50- 5
these materials wll

tenperature. Yet,
100 [err]C,

i ndicating the

The fluxing agent nol ecul.es having an am ne

wi t hout the addition of as arate
The net resttYVHHl
gel at room

liquefy readily to a | ow viscosity |iquid,

EXAMPLE 5

Preparation of adonitol pentamaleic acid monoester:
49 g maleic anhydride was heated to 80°C until all the maleic anhydride was
melted before 15.2 g of adonitol was added under mechanical stirring. The
5 temperature was then increased to 120°C for 30 minutes followed by cooling down
to 80°C. The reactants were stirred at 80°C for 3 hours to finish the reaction. The

reaction is:

CH,OH

o)
CHOH

?HOH +5|1 00—
CHOH Y

l
CH,OH

H O

Hl |l
| CHOC-CH=CH-COOH
HOOC-CH=CH-COCI>
HOOC-CH=CH-COC,
5 '!l CHOC-CH=CH-COOH
(l:HOI?-CH=CH-COOH

H O

The embodiment of FIG. 15 of a compliant muitilayer encapsulating

structure comprises a soft solder that is more compliant than conventional tin-lead

10

eutectic solder or the 95% lead-5% tin solder used often for flip chip solder bumps.

There are at least two methods for accomplishing this, and other methods will be
known to those skilled in the art. One method comprises a tin-lead solder that has
been modified with a small concentration, generally less than 1%, of an additive

or additives.
15

One such additive, described in US Patent 5,308,578, is a smail
concentration of cadmium, indium, antimony, or combination thereof which is

known to increase the fatigue life of the solder by up to twenty fold. Another

method involves incorporating a small concentration of tin-copper or tin-nickel

intermetallic which' is known to decrease fatigue-induced microstructural

coarsening leading to fatigue failure in tin-lead solder.

20
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[err] i . thermal di sassoci ation of these ionic bonds. Thus
the carboxylic acid noiety is then fully discharged to flux the

oxi di zed net alwes0lgees at tenperatures above 50-100 [ er r]RETUSINS034

Fl uxi ng agents that do not contain nitrogen (e g., amne) as represented,

for exanple, by Formulae I, II, IIl, and IV, typically are liquid at
anbi ent tenperatures 10 (~23C). Therefore, no solvent is required. In
contrast, am ne containing fluxing agents are solid or sem-solid at
anbi ent tenperatures and formgels wth the addition of water or

contai ning 11 ixi ng. aduber etk ot BUEring Pr cPARAG o Qe 3P E® B¥Rer mal |y
curabl e can be i@l ﬁ/ﬁvamaég&io%éleﬁ@'ﬁm&&i&r.cnwﬁewmemmky gel

m xture ormul ated. Wth the present invention, thermally
curabl e adhesi vesoidergesome mars compliant as thetiempematire lisselesated do peproash theds | | qui d,

gel, or solid st %Ezlgﬁg temperatures. In the instant invention, the preferred solder has a melting 27

5 point near the highest operating temperature of the flip chip. Near such a melting
point, the solder provides little mechanical resistance to the compliance of the chip-
to-substrate interconnection and will readily conform to the stress induced by
expansion or contraction of the interconnect during temperature excursions with
little fatigue.

10
Another method for increasing the compliance of solder in the present
invention involves using a non-eutectic solder operating between the liquids and
solidus temperatures. It is well established that in non-eutectic solders, there exist
a temperature region in which the solder is neither fully solid nor fully liquid, but
15 instead is a mixmre of both phases, i.e., the plastic range. In the plastic range, the
solder does not flow as liquid, yet it has very little mechanical integrity or
structural strength. Under stress in the plastic range, the solder will flow readily,
conforming to the applied stress without cracks or fatigue, provided the solder is
not allowed to leak out of the solder bump by the encapsulating polymer. For this
20 reason, a non-eutectic solder alloy can be selected that will be plastic over most of
the temperature range experienced by the chip interconnect. Such solders may
contain, but are not limited to, alloys of tin, lead, bismuth, indjum, cadmium,
gallium, zinc, antimony, and other metals known to the art of soldering.

25 With the present invention illustrated in FIG. 15, as the flip-chip
configuration is heated causing the substrate 20 to laterally expand greater than the
chip 10 because of the mismatch in the thermal coefficients of expansion between
the chip and substrate, the complaint solder 14 and flexible encapsulant material 22
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2. Diluents. The presence of carbon-carbon double bond(s) in the preferred
fluxi ng agent nolecule allows nuch flexibility in the fornulation of a flux
conposi ti on WR 48R cept i onal t her nonechani cal ~properti es PCFRS®1584 5chi eved
by the addi ti on of double bond containing diluents that can al so
crosslink with the preferred 5 flux to create a superior adhesive. This
techni que permts the design of fluxing adhesi ve conpositions that
can attain high crosslink densities, which are desirable for good

t her nonechani cal properties and good adhesi on. Moreover, this is

acconpl i shed without the concern of premature crosslinking and reduced pot
life as rE: By exXpanding Wg{‘ﬁ‘ﬁ %lPE%ﬁZO torabsrb thestrain Wikhaus causimgude, f or
exanpl e, (a) e bt sthad | rydyat @ svaws; S
C(m[err]ooccnﬁﬁ?%rlﬁ) oo ,%?b)ﬁbtr.m yr-%d,)'e,,%-"ﬁ”.‘sg’ziaﬁeq’%,ﬂi‘,’%h‘p

(1 H, 3H, 5H) - t r i configurgtion is cociédbelow ambisnd mpdrgthic thecpmplaint selderadcindi xt ur es

nereol e By 2kl WY SR YRR SR ey o

whi ch are cogmgncial ly avail able, including, for exanple, diallyl
pht hal ate and divinyl benzene can al so be used. Hydrophobic

In another embodiment of the invention, there is a chip 10 having solder
bumps 14 pre-assembled thereon and being pre-coated with a multi-layer
encapsulant material 36 prior to assembly to the substrate 20 (FIG. 18). The muiti-

10 layer encapsulant material 36 is uniform across the surface of the chip 10 between
the solder bumps 14. Each layer of the multi-layer encapsulant material 36
perform distinct functions. Layers 38 and 40 are attachment and stress distribution
layers. Layer 42 is the reworkability layer. Layers 38 and 40 are generally stiffer
than layer 42. Layers 38 and 40 are generally polymers or polymers filled with

15 inorganic materials so as to have a high modulus and a low coefficient of thermal
expansion such as polyimide. Layer 42 is generally a meltable polymer such as a
thermoplastic, for example a polyimide - siloxane co-polymer. The layers can be
comprised of coated tape, such as SumiOxy® ITA-5120 or ITA-5315 available from
Oxychem, Grand Island, New York. A flux adhesive 34 as described previously

20 is applied between the chip/encapsulant/solder bump combination and the substrate.
The solder is reflowed and the flux adhesive 34 is hardened. Rework is made
possible by the layer 42. The layer 42 and solder bumps 14 are remelted and the
chip 10 is pulled away from the substraté 20 (FIG. 20). The flux adhesive 34
firmly retains the layer 40 and part of the solder bumps 14 on the substrate 20

25 while the chip bonding layer 38 firmly retains the other part of the solder bumps
14 on the chip 10 as the reworkable layer 42 separates without damage to the chip
10 or the substrate 20.

38



15 di luents as described are preferred but hydrophilic diluents can al so
be enpl oyed when appropriate. The diluent when enpl oyed t& i cally can
conpri se up taVayeao 90% preferably between about 5UW$@E/§m§nd nmor e
preferably between about 50% 80% by volume of the thermally curable
adhesi ve conposition. One benefit of enpl oyi ng hydrophobic
diluents is that their presence tends to 20 reduce the anount of water
whi ch the cured adhesive conposition will absorb. The reason i s that
the fluxing agent, when crosslinked, will have active carboxylic groups

that can attract water, even {hough fhese carboxylic groups, being part of
a net wor Kk, ar eeIPﬁ%‘Eﬁr F@L‘“ﬁ@%\%P}%EP@%“&‘HHP’&SP‘W@:}SMW%iWIBDf t ens

the cured adhesi §er encapsulant material 44 attached to a chip 1 G ithi -
conposition. The gse of hydrophobi c diluents ah?c é?le?' cwg}']snsllﬂfermlég to the

f1 uxi ng alg¥ert exgapsulaglo déhtie ramc elestrical rpdistoipition i layee f 46c of sleotricallye
carboxylic acid . . ur.ed. adhesive sitions
cont ai ni ng hydr o%ﬁ‘ogl zeg‘ll‘%‘gsﬁ&smcuésn "Hg%/feagﬁesgs @ﬁ?ﬁglamg layer%@brgéi 3 hpi sture
when exposed t$ poljrierencapsnlitet thesvider bumps 52 and 54. Solderdbunip's24s Baslbcial
Initiators. Wile élg\e X rsf,erred thermal |y curabl e adhesive
to c}ng 10 in a conventional r. Solder bumps 54 are attached to the
closely spaced contact pads 24 by the electrically conductive traces 48 of the
redistribution layer 46. Flux adhesive 34 as described previously retains the
chip/multi-layer encapsulant/solder bump combination on the substrate 20 (FIG.

10 22).

It will now be apparent to those skilled in the art that various modifications,
variations, substitutions, and equivalents exist for various elements of the invention
but which do not materially depart from the spirit and scope of the invention.

15 Accordingly, it is expressly intended that all such modifications, variations,
substitutions and equivalents which fall within the spirit and scope of the invention
as defined by the appended claims be embraced thereby.
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flux composition can be cured using heat alone, the cross linking reaction

can be initiated and facilitated by the presence of free-radicals,
i ncl udi ng, M9%@0443hpl e, those gener at ed by benzoy%ﬁutyl
hydr oper oxi de, 2, 2'-azobi sisobutyronitrile, and ——"m xtures th eof
These free radical initiators or sources are comer ‘“\gﬁ &‘
Free-radicals can be created in-situ by exposure of M ﬁ\\‘g

initiator to heat, radiation, or other conve nal Lenérgl zing
sources. Introduction of an appropriate free-radical initiator can
accelerate th of crosslinking to the desired nonent in a

sol der reflow opération. The presence of a small anount of free-radical
crossliinki ng ipiti Ah(ereclimaltcbmpéﬂenwismptﬂ)gemnpﬁa'ng be used to control the rate

and th t enper a ure f.cro nki n e fl ent, ensuring
ef f ect Sve f1uxing 484G vd“gapsl“mh s‘ffrlJ "é‘d%é%ﬁ“(#\ce&ﬂ fluxing agent to
the suBstrates upogy ﬁidégriléh circuit chip havmganenca‘ﬁh\ﬁmﬁw@cda@dlﬁ%dcﬁvélator when
enpl oyed typically congrl ses up to about 5% pref erably between

about @% 3% awdacehereo Mwmngmabmaqummmw with  the

IDII:]:F rer?| laé fﬁrel%ﬁ'gﬁftﬁgﬂlg %ﬁg&%g%e& Vigg{lixtl.?x COI'TpOSI O Oafekgvmgé n-(l)-the

require@ resi nahgﬁddrwmthe lolesthrouph dresentdpadiam ao niet pluratityuofepade onnthe t end t o
have | gnger pot lives and | ower viscosities during solder reflow
However, ~as ar’f“‘b"ﬂf“ieon aresin can be enployed and it functions to
I ncrease the adhesion of the cured conposition to the substrate and

to increase the cohesive strength and glass transition tenperature 25 of
the cuded comdesi t T eleqtrieal component gsserably of Gaimy hhereinetie relackically s

conpat bbl e (i ‘cShductive material in the plurality of holes are discrete solder bumps pre- 29

3 assembled on the integrated circuit chip.
3. The electrical component assembley of Claim 1 further comprising a layer

2 of flux adhesive between a subassembly comprising the encapsulant and the
electrically conductive material and the substrate.
4, The electrical component assembly of Claim 1 wherein a first portion of the

2 pre-coated encapsulant and the electrically conductive material are located on the
integrated circuit chip and a second portion is located on the substrate.
5. The electrical component assembly of Claim 1 wherein a first portion of the

2 pre-coated encapsulant and the electrically conductive material are located on the
integrated circuit chip and a second portion is coated on the first portion.
6. An electrical component assembly, comprising:

an integrated circuit chip having a plurality of pads on an active surface
3 thereof; —
,,//r”/
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bl endable) with the preferred fluxing agent. By blendable is nmeant that the
resins do “not have to be chm—eal——l—yubondeito t he fl uxi ng agent

and/ or di | uentwo bsuasseer , n cr ossl| PENUSEH1N834 he
carboxylic acid groups in the fI u ﬂﬂ,’ ﬂ#,ﬂﬂwﬂlaﬁ by ot her reactive
noi eties, such as optional -OH groupsf In ent. Resins which 5
neet these requi rements include, but are not limted to, epoxies,
phenol i cs, noval acs (both phenolic and cresolic), polyurethanes,

pol yi m des, bisnal ei mi des, mal ei m des, cyanate’ esters, polyvinyl
al cohol s, poI yesters, and polyureas. Preferred resins 1, 4-

cycl ohexatedi met hanolaﬁbﬁjla?dlﬂm %?WWM“%E?Q%?@’%HW theraqfythes 4.
epoxycycl ghexane 4otk | idctriesi

bi sphenol 9A 10 8%212 epox g[SI n{g“l th Jmfhxt uraeﬁgh?mgdr g%ty%%égse ayre
conmer ci abl y avacdnﬂbdtmmatenalﬂmtemndsfromc&xtammﬂtmﬁrsmplftm@lgnﬁdrwmm ng

pol ymers) _can al sg fied to form I ns t.hat able with
the dilueht and/ B?le"ttﬁ’é’ng‘h':h?)%?sfl@méﬁ%piﬁg ?fd’a%fgoélﬁl?e  infBhrafld € @gg‘%ﬁés of
such conmpounds are acrylics, rubbers (butyl nitrile, etc.), pol yarri des,

I

pol yacryl ates, polyethers; polysulfones yethylenes po y enes
pol ysi | oxanes, 18. eydmﬁyq geranonens AsseaTolR, of iy ‘*E‘G

t I
cyanoacr s, gl %%%'%?%%‘%W@feiéﬁty%ﬁ&* sﬁﬁ&pweast one of

the follogi ng il hisehibled orvehe fubsmateonal groups that act as reactive sites for
pol yneri zati on: anhydri des, carboxylic acids, am des, am nes,
al cohol s/ phenol s, nitriles, carbanmates, isocyanates, sulfonam des,

sem car bagones, @xi Mefpe éieééfcﬁzc@iﬁﬁ&\cm%gsemb&y%f'@ﬁﬁﬁjﬁ ififteher wnq;aﬁmgﬁhmphorl c
esters/acids, thiophosphoric esters/acids, phosphonic est ers/aci ds,

phosphi t e8, phospfdaradbesive betiwee d subassembly icomprising g encapsulant And | the o
pol yol ef i 2 whi Cheﬂ&ﬁcﬁ@ Cofificlite farSiidl G5a o intddrdih Quiplfp.Nas poor adhesive

propertie

1 9. The electrical component assembly of Claims 1 or 6 wherein the electrically
2 conductive material in the plurality of holes comprises electrically conductive
adhesive.
10.  The electrical component assembly of Claim 6 wherein a first portion of the
2 pre-coated encapsulant and the electrically conductive material are located on the
substrate and a second portion is located on the integrated circuit chip.
11, The electrical component assembly of Claims 1 or 10 wherein the first
2 portion comprises a filler which produces a reduced coefficient of thermal
expansion and increased modulus in the encapsulant.
12.  The electrical component assembly of Claims 1 or 11 wherein the second
2 portion is an adhesive material with solder fluxing properties.
I —
41 Sheet Has Been Replaced
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S typ| cal I y not a suitabl e""‘f*e% however, a carboxyl ated poJ yol efin

functions well Wnen ed wWt+h.a sui table cross-1inking agent A
conbi nat i on WA MB8e and ot / ns, such as non- ECEY8WFRKabl e

t hernopl astic resins, may als K%il si ns. Resi ns when

enpl oyed can conprise up to about 804 rabI y between about

10% 80% and nore preferably about 60% 70% by vol une of the thermally
curabl e adhesi ve conposition.
30 In preparing the preferred fl uxing

conposition, r on S4) vari ed
over iconS| dgsabl tﬁeoezég*ég'a%ﬁ‘%‘lewﬁ“ﬁ’g’i %f%?@ep‘?’cléeg%) aﬁ{stg?rp@ﬁl fl%ﬁe activity
as wel 2 as goegft-¢oari esuipsithnimidahé ekctficallp ebhduetve iBiteia hahibdstedioRqhd | UXi Ng
conposition enpl oyed does not produce qgaseous byproducts that can result in

the 53 for mithsEte 3Rd HIRGEMAROTION is cpats @Eﬁté‘éfuebrrpomtlon This can be
achi eved with thermal Iy curabl e adhesi ve conpositions preferably
formul ated as foll ows: a) Fluxing agent conprising about
5% 809 (vol ) d&#. t hBhexieetrisal compenent assembly of Claims 1igy 6D'rhmmthepm1¢pat¢dsi ng about

compr i &1 g Ao Streb8Tact SEREE 4 bitmer eyer o con ot ST By e ™ 1 71

Resi n gonpri skelkéried @uinpéiftntdlséniblyoto)allow remevat ofbe hitdgratéd circuit Chlp for

4 repair or replacement.
1 15.  The electrical component assembly of Claims 1 or 6 wherein the pre-coated
2 encapsulant includes a printed circuit layer having electrical circuitry thereon.
1 16. The electrical component assembly of Claims 1 or 6 wherein the
2 encapsulant and electrically conductive material are compliant so as to expand or
3 contract laterally without cracking or delamination upon heating or cooling of the
4 integrated circuit chip and the substrate.
1 17. A method for making an electrical component assembly, comprising the
2 steps of:
3 coating an active surface of an integrated circuit chip with an encapsulant;
4 producing holes in the encapsulant to expose contact pads on the active
5 surface of the integrated circuit chip;
6 filling the holes with an electrically conductive material;
7 placing the integrated circuit chip on a substrate with the encapsulant
8 located between the integrated circuit chip and the substrate;
9 curing the encapsulant; and
10 reflowing the electrically conductive material in order to attach the
11 integrated circuit chip to the substrate.

42 This Sheet Has Been Replacéd
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Some of the thermally curabl e adhesive conpositions within these ranges may
exhi bit undesirably hi'gh noisture absorption, |ow glass transition

t enper at ures, wo 994430 hi gh cw_[ejrnal expansPOTESISA3034 cured,
but they remain useful as fluxing. 15 conpositions in applications where

t hese characteristics are not fm w " Most preferably,
the thermally curable adhesivell ",M,IEH’%r bei ng cured has a
coefficient of thernmal expansion of abowt 25 ppmi[err]C, a glass transition

tenperature in excess of 150 [err]C and noi sture content of |less than 2%
These 20 characteristics can be achieved with thermally curabl e adhesive

conposi tions preferably formul ated without any free radical initiator
or resin put conpgisi thod fo ﬁB&hE ant Q% dn¥idhdnt hlsUbipg ‘ﬂ‘%ﬁ about
20% 80% (vol ) di uent&%e od for %%?e,%géﬁtn,s s%?rbco {g&%qﬁduxi ng
agents wi2hin thsaemafanges nmay exhi bit high coefficient of thernal
expansi on,or |ow glass transjtion tenperature when cured, they 25 remain
usef ul as>fluxes in éﬁb‘ﬂ%ﬁ%ﬁ?%ﬂb@% “haracteristics are not
critical .4 ~ producing Roley ifl @e enipsildie tof RFIsE Bkt puid§ aine sawiheg] ve
conposition to achieve the | argest . '
31 5 filling the holes with an electrically conductive material;

6 placing an integrated circuit chip on a substrate with the encapsulant located

7 between the integrated circuit chip and the substrate;

8 curing the encapsulant; and

9 reflowing the electrically conductive material in order to attach the

10 integrated circuit chip to the substrate.

19.  The method of Claims 17 or 18 wherein the filling step comprises filling the

2 holes with molten solder.

20,  The method of Claims 17 or 18 wherein the filling step comprises filling the

2 holes with electrically conductive adhesive.

1 21. A method for making an electrical component assembly, comprising the
2 steps of: '

3 coating an active surface of an integrated circuit chip having discrete solder
4 bumps thereon with an encapsulant; |

5 placing the integrated circuit chip on a substrate with the encapsulant
6 located between the integrated circuit chip and the substrate;

7 curing the encapsulant; and

8 reflowing the solder bumps in order to attach the integrated circuit chip to
9 the substrate.

"



T T e

e

“spreading and wetting by the solder; it nust achieve and maintain |ow

Vi scosity up to the"tenpera \\\\WI ch the solder nelts and wets
the netal | i watshrordsp. | f th \ﬁ“\w\&lt n becones t ooPGTHL¥1WY ore t he
sol der has nelted, it wl Ie\\“\“\e v 1 ow of the solder nelt and
reduce the degree of metal sol 8ering. For this reason, the 5 curing of
the conposition nmust occur slowy relative to the tinme requiréd to reach

t he mel ting point of the solder. This can be achieved by sel ection of
t he conponents with appropriate crosslinking tenperatures and

formul ating the approprjate Rpro tign .. use of differenti al
scanni hg cal o??met’g‘?e !5?5{1@5)9&(36‘!1@3@&63! M&f@@rﬁm%wﬁ .

The thermal |y cur aljafin sl b@eicy 8 e WRABMIAR Which Tacdt 8 sPSris Smasad T ! uxi ng 10
adhesive for use in sinterable conductive ink conpositions that conprises:
a) 3% to 68dbesie.) of a high nelting point netal or nmetal alloy powder,
typically conprising Cu powder, however, other netals such as, for exanple,
Ag, Au, Pt, Pd Be, Rh, Ni, Ca, Fe, M, and high-nelting point alloys
t her eof; 23. A methdd)for makiify taf efebfiic{Mdompoiientiadseniblieddniphiging @hent netal or
metal alloy powder_ 15 (sol der), typically conprising Sn, Bi, Pb, Cd, Zn,
Ga, In? Hg, SBEPRE an alloy thereof or other netal having a nelting
point ghat is | owegoatiian tshiMtrael ndvide Ristide 841" Budify Mereon witnPg¥Wer in
part (a); and oaﬁﬁf‘ C) vgk%)to 50% (wt) of thee tﬁe‘r"?rally curabl e
adhesi #e f| ux encapgudagtit i on that al so serves a flux conposition and as
an adhegsive. 20 . . ref | y. t 0 ckive ink ¢o L{ion
conpriSes 13%to 6@%‘?%”8& 1é8ﬂ&ﬂc}ﬁp-ﬁpgﬁ&bﬁg%?%%%wswg’?&%%to 29%
(W) of the | gerwes the ifiegiedéirouitichip, and it/ sabstafy to 35% (wt) of the
thermally curabl e adhesjve fl ﬁx conposi tion. Techni ques for
enpl oy?ng el ectri cEH$ A¥eahk conpositions ar.e ~ descri bed in
U.S. Pgtents 5, 376,AQing the3fier/itups 3 6rdtr BORackiHe WhighHedtiRuit BEFEPOT at ed 25
herein. During the curing process of the sinterable conductive ink
conposPt i ons, thersubstrate. :

-t

24.  The method of Claims 18 or 23 further comprising the step of:
2 coating a surface of the encapsulant which faces the integrated circuit chip

with a flux adhesive.

25.  The method of Claims 17, 18, 21 or 23 wherein the coating step comprises
including a polymer layer in the encapsulant that can be remelted after assembly of

the electrical component assembly to allow removal of the integrated circuit chip

- VL O S

for repair or replacement.

26. A method for making an electrical component assembly, comprising the
steps of:

coating an active surface of an integrated circuit chip having discrete solder
bumps thereon with a first portion of an encapsulant;

wm A W N e

coating a substrate with a second portion of the encapsulant;

|
“ heet Has Been Replaced

"




order for the solder alloy to readily wet the other powder and sinter, the
princi pal requi renent_of the thermally curabl e adhesive conposition
is that the pdVe R4 INot T PCT/US98/15034 32
har den before nelting of theum- ﬂ”m\M£ gs achi eved Additionally, after
curing, t he conpositi'd | u’"F\ adhesive that strongly binds
the cured i nk conposition td the Sori*nted circuit board substrate.

The flux conpositions of the instant invention are particularly
suited for these applications. 5 The inventive thermally

bl it hi bi,t .t he fol.l ow f eat D
r ot des BUr £ ci ent F1RE Heiostro s i on B2 sty it feifmiand repadhdt |y e
the netal?izati ofhcquid @odisRbtath Betbib Mo iMPrARS cifch LAY andnk Bttt e

presence of corrosive flux activators that can contam nate the
silicon chip; curing the figst ansh seeand eocapailantportienst andg and sel f - al i gnnment

of the chyp to the p : 5 cition af .the weiting
force of ?he nol t en s%ﬁk%ﬁd}igb qug{dég{roeapg%tﬁwn{egmteﬁmrgvgﬁ:h&Eono curing
of the flQux conpthesdbstoate.occurs until the sol der bunp has been

nmel t ed; c) reduces or elimnates gaseous evolution during the

refl ow cycle that woul d ot herwi se create voi ds;
1 27.  The method of Claim 26 further comprising the steps of:

orienting the integrated circuit chip having the first portion of the

encapsulant thereon at an angle with respect to the substrate havirig the second
portion of the encapsulant thereon;

placing the integrated circuit chip with that orientation in to contact with the
substrate; and |

pivoting the integrated circuit chip about a first point of contact until the
integrated circuit chip is generally parallel to the substrate so as to expel gas from

O 00 3 A R W N

between the integrated circuit chip and the substrate.

28. A method for making an electrical component assembly, comprising the
steps of: ‘

coating an active surface of an integrated circuit chip having discrete solder
bumps thereon with a first portion of an encapsulant;

coating the first portion of encapsulant with a second portion of the
encapsulant;

" placing the integrated circuit chip on the substrate with the first and second

encapsulant portions located between the integrated circuit chip and the substrate;

O 00 3 N W AW

curing the first and second encapsulant portions; and

[y
(==

reflowing the solder bumps in order to attach the integrated circuit chip to

the substrate.

eon Replaced
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15 d) cures quickly -and—soon _after_solder bunp nelts;

e) denonstrates little shrink conposition during curing to

mionim ze WO 9504430 ¢ - oo s resﬂﬁ"ﬁ&,ﬂ Uu jlﬁurl ng proce®STHRWISBHsequent
cool ing; and esion of the cured
conposition to the chip, substrate and sol der joints. 20 '
SYNTHESI S OF FLUXI NG AGENTS EXAVMPLE
1 Preparation of tris (maleic acid) glycerol nDnoester, a
non- an ne quxing agent with the structure:

[rﬁ;;L m)ll es of mal ei c 5nehth°gr°f Clm& 4 grams smg tﬁ%é%&f fﬁ“g tPT’ £‘§§2 at

80[err] @ encapsulant w1th a filler material to produce a reduced coefficient of thermal
3 expansion and increased modulus.

30.  The method of Claim 28 further comprising the steps of:
orienting the integrated circuit chip having the first portion and the second
portion of the encapsulant thereon at an angle with respect to the substrate;
placing the integrated circuit chip with that orientation in to contact with the
substrate; and
pivoting the integrated circuit chip about a first point of contact until the
integrated circuit chip is generally parallel to the substrate so as to expel gas from

W I O AW N =

between the integrated circuit chip and the substrate.

31. The method of Claims 26 or 28 wherein the coating step comprises
including a polymer layer in the first portion of the encapsulant that can be
remelted after assembly of the electrical component assembly to allow removal of

HOW N e

the integrated circuit chip for repair or replacement.

32.  The method of Claims 17, 18, 21, 23, 26 or 28 wherein the coating step
2 comprises including a printed circuit layer having electrical circuitry thereon.

This Sheet Has Been R laced

N0 [




until fully nelted at which tinme one nole of glycerol (92 grans) was slowy
added t hefeto. The conposition was constantly stirred and nai ntai ned
at 80[err] C f eyo dooise hours. The tenperature was theRETEPBHP4t o
110[err]C for one hour to conplete the 5 reaction. Thereafter the
product was allowed to cool to roon1tenpﬁk§%ure. The reactants were
kept in a nitrogen atnosphere throughout itoring the reaction on a
Fourier-transforminfrared spectronmeter, the COH vi brational band at

3, 400- 3, 500 cnferr] of the glycerol was observed to become m nim zed
whil e an ester vibration band at 1,710-1,740 cnferr] appeared and
maxi m zed, indicatippg conpkete reaction ofgghe 10 2N he

anhydride. This fluxing adent—~s~characterfzed b

and high flux activity. N < EXAMPLE 2
Preparation of tris ' am ne

f 1 uxi ng agent

[err] 15 wer e

heated in a flask at 8 ch tine one

nol e of triethanol ayR, 0 over
the course of one ﬁ@%?, so that gel at1 ot occur. The Ios

conposition was constantly stirred and maintained at 80[err]C. To ensure

that the reaction went to conszggEP, tgk product was mai ntai ned at
80[err]Cwith constant stirring for a =eldi ti onal hour. The reactants

were kept in a nitrogen atnosphere ??ﬂﬂ%&pQUt ;ﬁﬁn t he product was
allowed to cool to roomtenperature r#"? t/he reaction on a Fourier-
transforminfrared spectroneter, the OH vi brational band at 3, 400-3, 500

cnferr] of the tri et hanol am ne was observed to beconme m nim zed
whil e an ester vibration band at
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34 “ 1,710-1,740 cnferr] appeared and maxi m.zed,

I ndi cating conplete reaction of the tri et hanol am ne and the

anhydri de. This fluxing agent is al so chayamlsenis@gd by its

| ow vi scosi W%ﬁa‘s‘hi gh flux activity. 5 i Hinsest .
EXAMPLE 3 Preparation of nmethyl neso-erythritol tetramaleic
aci d nonoester: 39 g mal eBZ&inhydri de was heated to 80C unti |
all the mal ei c anhydri de was nelted before 12.2 g of neso-erythritol
was added under nechanical stirring. The tenperature was then raised

to 130C for 30 m nutes followed by cooling down to 10 80~90[err]C for 2
hours. The reaction is:

[err] 22\ ) /24 (IO
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EXAMPLE 4 Preparation of pentaerythritol ethoxylate

tetramal ei ¢ aci d nonoester: 39 g mal ei ¢ anhydri de was heat ed
to 80C until all the naleic anhydride was nmel t ed befoﬁgm%%i 034
pentaerythritol YAPHYEP ate (average M ca 270) was added under

mechani cal stirring. The reactants are stirred at 800 for 2~3 hours to
conplete the reaction. The reaction gyg
[err] 35

30 22 30
\ 30 20 \ 30

FIG_9
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EXANPLE 5 Preparati on of adonitol pentanaleic acid

nonoest er: 49 g mal ei ¢ anhydride was heated to 80[err] C unti

all the nal&peYedidydri de was mel ted before 15.2 g ofPEABMBM was added
under nmechanical stirring. The 5 tenperature was then increased to
120[err]C for 30 mnutes foll owed by cqg}%ng down to 80[err]C. The
reactants were stirred at 80[err]C for ours to finish the reaction. The
reaction is: [err]

The enbodi nent of Fi z15 of a congliant nul tg‘ayer encapgl ati ng

structure conprises a ft sol der [ an conventi onal
eutectic g4

flip chip soljder bunps

acconpl i shing this, anfi{st ‘%y:@’ 'ﬁg .rﬂ'" those skilled in

the art. One'nethod co ‘. ,’ je, oy ’Z. been mbdifi ed

additives. One suc nrq\g&&z&:ﬁg is a small

15 concentrat \J ne -4 whi ch

S known g0 i

tin-lead 10 used often for
with a small concentratlo ) gene ally |8 thamr“1% o an- addi ti ve or
fol d. Anoth - ’ ' ' ]
ol d. Anot her - ]
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PR

met hod i nvol ves incorporating a small concentration of tin-copper or
tin-nickel tnternmetallic which is known to decrease fatigue-induced

m crostructural coarsening leading to fatigue fallU“aﬂdbmyﬂﬁﬁﬂad

sol der. 20 WO 99/04430

Anot her nethod for increasing the conpliance of solder in the pr esent

I nvention involves using a |lownelting pa solder. It is well known in
the art that sol ders beconme nore conpliant as the tenperature is

el evated to approach their * "~ nelting tenperatures. In the instant

I nvention, the preferred solder has a nelting 5 point near the highest
operating tenperature of the flip chip. Near such a nelting point, the
sol der provides little nechanical resistance to the conpliance of the chip-
to-substrate interconnection and will readily conformto the stress induced
by expansion or contraction of the interconnect during tenperature
excursions with little fatlgue 10 Anok? nmet hod for
increasing the cpnpliance §T [ resent i nvention invdgl ves
usi ng a non- euteFtlc sol deg D8 oy een the l'iqu) ds and solli dus
tenperatures. 1t¥is well ’ tRere
exi st a tenperature r lid
nor fully liquid, but-

R.
2

FIG_14
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15 instead is a mxture of both phases, i.e., the plastic range. In the

pl astic range, the sol der does not flow as liquid, yet it has very
littl e mechOHYOMBO i ntegrity or structural strength. PEHB¥ 1984 ess in the
pl astic range, the solder will flow readily, conformng to the applied
stress w thout cracks or fatigue, pro%;iggd the solder is not allowed to
| eak out of the solder bunp by the enc ul ati ng polynmer. For this 20

reason, a non-eutectic solder alloy can be selected that wll

be plastic
over nost of the tenperature range experienced by the chip

I nterconnect. Such sol ders may contain, but are not limted to, alloys
of tin, lead, bisnmuth32 ndium &8 um #llium zipdD antinony, and
other netals known to/the art Af sol dering. 25 Wth the present
invention illustrdf™d Th W G/J 15, as tng 1IN psCchlp ~. JconirLgpration is

N
heat ed causi ng t héprsths

hio 10 b I oA A?‘“?, > -J_‘“n:, ,_; "‘;“ff;f ;‘-;’:x_“ the
cnip ecause o M’@Nmﬁ expans| on

bet ween t he ?.. Sty F AN X u“'-u‘m"u‘\“‘ 3‘&““ . ] f l eXi bl €
encapsul ant nmat ef1 2

37
def orm by expandi wi t hout

causi ng bendi hg o . ew se, as the
12 20

flip-chip 34 26
FIG_/5

32 22 14 0
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32 /22
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configuration is cool ed bel ow anbi ent tenperature, the conplaint solder 14
and fl exi bl e encapsul ant 22 contract with the substrate 20 to absorb
the strain (Fl &O9®44T) . | n anot her enbodi mentPETUSPE{I§034

i nvention, there is a chip 10 havi ng sol der bunps 14 pre-assenbl ed

t hereon and being pre-coated with a nulti z/aéer encapsul ant material 36
prior to assenbly to the substrate 20 (Fl 8). The nmulti- 10 | ayer
encapsul ant material 36 is uniformacross the surface of the chip 10

bet ween t he sol der bunps 14. Each |ayer_of the nuléi-layer encapsul ant
materi al 36 perforn1distind functions“)Layers 3814nd 40 are attachment
and stress distribution | a s. lLayer 42 is the r rkability |ayer.
Layers 38 and 4Q are nefr al'd y/ st \f ker wWhan ["aygr '\ Layer 538 arjd 40
are general ly pgl ymers “orf¥ Y ST TR or Xiadierial g so
as to have a hi dh nodul usfapd ARs g%f 354,07 /thee P\ expansifon
such as polyimde. L : . ucffas a
t hernopl astic, for exanple a polyinm de - siloxane co-polyner. The |ayers

can be conprised of Joaedeed A RICIRS s URCRICH] DRty 1A
| TA-5315 avail alll e/Trom Oxyck

ke 220 Aoarld nofecn

adhesive 34 as Scribed previg
chi p/ encapsul ant/ sol der bunp conbi/nati on ayd™t he substY at e.
is reflowed and the flux adhespge’ 34 is hatZened. Rewd4 is nade

possi bl e by the layer 42. The |ayer 42 and sol der bunps 14 are renelted and
t he chip 10 is pulled away fromth Str 20 (FIG 20). The fl ux
adhesive 34 firmy retains the Iaﬁ?é a@art of the sol der bunps 14
on the substrate 20 25 while the chip bdn® MY ayer 38 firnmy retains the

The sol der

ot her part of the sol der bunps 14 on the chip 10 as the reworkabl e
| ayer 42 separates w thout damage to the chip 10 or .the substrate 20.
38 38 10 36
N \ ) ~ ] Y J/\
AN N\ A Y N AN
Y Ry R R A
\ \
/ hd A
12 34

\
20/ e’ 3
FIG_20
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I n anot her enbodi nent of the present invention, there is provided a nulti-

| ayer encapsul ant material 44 attached to a chip 10 (FIG 21). Wthin the
mul ti - .@3¥§&&Encapsulant 44 is an electrical redistF&Q&@bQﬂMlayer 46 of
el ectricall conductive traces 48 on an insulating layer 50. The

i nsulating | ayer 50, such as a 5 polyner, encapsul ate the sol der bunps 52
and 54. Sol der bunp 52 is connected 8780 the chip 10 in a conventi onal
manner. Sol der bunps 54 are attached to the cl osely spaced contact pads
24 by the electrically conductive traces 48 of the redi stribution |ayer
46. Fl ux adhesive 34 as described previously retains the

chip/multi-layer encapsul ant/sol der bunp conbi nation on the substrate 20

(FIG 10 22). It will now be apparent to those skilled in the
art that various nodifications, vari ations, substitutions, and
equi val ents exist for various elenents of the invention but which do

e invention. 15
nodifipations,

e spirit d scope of

not materially depart fro h
Accordingly, it is expres??%’

vari ations, subs c 5 , d Pl s thin theg spirit
and scope off the48 v: of ] 1onendee¥+A8s b
enbraced t hqreby. HERRR A VA A I :

46 44

48 |? 48
46 \ o0 \ ‘:-. l \: \‘, =\'- 50
A ‘
20) 12 \34
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Attorney Docket No. 031862-011 W claim 1 s ;iiii"%’ &‘} SMI 3U_J k
el ectrical conponent assenbly, conprising: 2 s
having a plurality of pads on a first surface thereof; 3
Integrated circuit chip having an encapsul ant pre-coated on an active

Patent
Attorney Docket No. 031862-011

creating holes in a pre-coated encapsulant; and a low-cost method for applying
the conductive adhesive bumps to a flip chip or substrate by creating holes in a
pre-coated encapsulant; and a compliant chip understructure that includes a

fatigue-less solder or conductive adhesive.

5 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagrammatic representation of a prior art underfilled flip-chip
structure under expansion-induced strain at elevated temperatures.
FIG. 2 is a diagrammatic representation of a prior art underfilled flip-chip
structure under contraction-induced strain at reduced temperatures.

10 FIG. 3 is an assembled flip-chip structure in accordance with one
embodiment of the present invention.

FIG. 4 is a diagrammatic representation of one embodiment for forming a
flip-chip structure.
FIGS. 5-7 are diagrammatic representations of another embodiment for

15  forming a flip-chip structure.

FIGS. 8 and 9 are diagrammatic representations of another embodiment
for forming a flip-chip structure.

FIG. 10 is a diagrammatic representation of the flip-chip structure of
FIG. 11 after assembly.

20 FIG. 11 is a diagrammatic representation of a flip-chip structure wherein
the first portion of the encapsulant material is applied to the bumped chip and the
second portion is applied to the substrate.

FIG. 12 is a diagrammatic representation of a flip-chip structure wherein
the first portion of the encapsulant material is applied to the bumped chip and the

25  second portion is applied over the first portion.

FIGS. 13 and 14 illustrate a method for placing a flip-chip onto a printed

. - - .circuit board that avoids entrapment of gas bubbles or formation of voids in the

This is the replacement sheet 13
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4 surface thereof, the encapsul ant having a plural |,t;aaqvm0]ejs, 12Uz 4
therethrough filled with 5 an electrically conductive R?
%4.J0N 1999

extends fromcontacts on the active surface 6 al i g e
substrate, wherein a first portion of the pre-coated encapsul ant conprises

hol es through the encapsulant to the plurality of pads on the7 |

afiller 8 whi ch produces a reduced coefficient of thermal expansion
and increased nodulus 9 in the encapsul a 1862011 The
el ectrical conponent assenbly of Claim1 wherein ﬁomeé/l ec ?tirg%lqs Qﬁzz

conductive material in the {)I urality of holes are discrete sol der bunps
pre- 3 asse nmaespl:mtﬂ pad teflow g;eesp@gr @mqgclgfr@re@ raflw technology, preferaply
The el ectri cal conmpo 0 er
of flux adhesive be ag og %g(gsse%h%@éome}b& e‘ﬁg%edr%g{g%@a?gl ogatﬁd the 3

el ectrically COﬂdu@ﬁbstt@teII&t emeﬂheaamgdaddheﬂmteemm(meg knowi to those skilléd in the The
el ectrical conponent assenhbly of Claiml wherein the first portion of 2

t he pre-coated enc&ﬁs'ﬂ?Qﬁﬁs‘b&“r\dTlferf‘é‘C’éﬂs‘élé'%trzﬁcP&?"l“iﬁs a&priivaeysyseal patweeR e ar e

| ocated on 3 leﬁdiﬂékﬁ&Eﬁfe% circuit chip and a second portion is
| ocated on the subst ate 5. The el ectrical conponent
assenbly of daiml Wnerelntheflrst portion of 5 t he pre-coated

encapsul ant and the el e r| ca uct i terial .are | ocated o
the integrated circuit ?fhé/a?"g’ég‘m‘?ﬂt (égqgoﬁe Fgc‘ﬂ%?%@eg’ﬂ“?rﬂéur?*}‘;?st
portion. 1 16 oPthe cmpib@s &af8 WithGRd erfeiREMEN théhSBE RNt pds B4 atem 1

wherein the pre-coated 2 encapsul ant conprises a second portion
that is an adhesi vexpeseddyyimaking Yias 28ahthugh the encapsulant 22 (e.g., either with a laser,

plasma, chemical etching, a drill or by photo-imaging and development or any

10 other method known to one skilled in the art) (FIG. 6). The vias 28 within the
encapsulant 22 are then filled with solder 30 (FIG. 7) or a conductive adhesive as
described in U.S. Patent No. 5,376,403 which is forced into the holes by solder
injection molding, solder jetting, screen printing, or other methods known to
those skilled in the art. With any of these embodiments, the solder 30 is

15  reflowed to form the electrical connection between the chip and the substrate
while the encapsulant 22 bonds to the substrate 20 and the chip 10 to form the
structural connection. As can be easily appreciated by one of ordinary skill in
the art, any of the above-described embodiments can be modified by precoating
the substrate 20 (rather than the chip) with the encapsulant 22 or encapsulant 22

20  and solder 30 combination as shown in FIGS. 8 and 9, respectively.

Referring to FIG. 11, an integrated circuit chip 10 is shown mounted on a
substrate 20 in accordance with another embodiment of the present invention. A
plurality of solder pads 12 on top surface 26 of the substrate 20 are arranged to
receive corresponding solder bumps 14 connected to the contact pads (not shown
25  in this embodiment) of the chip 10. Each of the solder pads 12 is metallized so

as to become solderable and electrically conductive to provide an electrical

This is the repiacement sheet 16
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Attorney Docket No. 031862-011 3 f 1 uxi ng propertﬁmluslgal 15 3 &'
An:el ectrical component assenbly, conprising: 2 M S'J.béUNlt 99

having a plurality of pads on a first surface thereof;
integrated circuit chip having an encapsul ant pre-coat ed on an active 4
surface thereof, the encapsulant having a plurality of hol es therethrough

filled with 5 an electrically conductive nmaterial that extpamgds
fromcontacts on the active surface 6 al AQ&1s ﬂy%ék@tltl@eoﬁ%ﬁéll
t hrough the encapsulant to the plurality of pads on t

substrate, wherein the pre-coated encapsul ant. conprises a. fi rsé,ah:grt I on and

asg8 _ secondntﬁﬁf’meé?f’nw&m?@Wéosaéé&?c?"waﬁ@n Wghg}ﬁs P ve
material wth sol d‘?{xd ithn n{)arngem?m @?%‘;ﬁo ned ; arount the solder bim ps ] 14 %\geen

el ectrical conponen n the electrically
conducti ve mat eri althe top siréacp R6 phithe sybstrate 20 lands the bettan surfaet Mehhdelmpﬂ(]nps

pre- 3 as rrble on th r at ed CII’CIt C
The el ectrical co AR 1§§8WB§§FYO@? i Anengan %‘f‘ﬁ‘af‘ﬁfgl % ’gli’eﬁf‘ﬂr% on of 5

the pre-coated §ncqﬁ§w12%n@rfﬁmm% ghgtrically conduct ive material are
| ocated on 6 the integrated circuit chip and the second portion is

| ocated on the substrate.
FIG. 10 illustrates one embodiment for forming the flip-chip package

A illustrated in FIG. 11 using two pre-coated portions of encapsulant. The chip 10
having separate discrete solder bumps 14 pre-assembled thereon is pre-coated
with the first portion 37 of an encapsulant material 22 (FIG. 11) prior to

10  assembly to the substrate 20. The first portion 37 contains a filler material,
preferably highly filled, to reduce its coefficient of thermal expansion and
increase its modulus relative to the encapsulant material not having any filler.
The substrate 20, having a pattern of separate discrete solderable metal pads 12
thereon, is pre-coated with the second portion 39 of the encapsulant material

15  prior to assembly with the chip 10. The second portion 39 of the encapsulant
material contains little or no filler material. The two-layer configuration
alleviates the underfill problems of the prior art processes and overcomes the
performance limitations of substrates which are pre-coated with a homogeneous
combination of adhesive material, fluxing agent and curing agent or chips which

20  are pre-coated with a homogeneous combination of adhesive material, fluxing

agent, curing agent and metal filler particles.

The first portion 37 (FIG. 10) which makes up part of the encapsulating
material 22 (FIG. 11) is uniformly spread across the surface 16 of the chip 10
between the solder bumps 14 to cover the remainder of the chip surface. The
25  second portion 39 (FIG. 10) which makes up part of the encapsulating material
"7 22°(FIG. 11) is uniformly spread across the surface 26 of the substrate 20 over

This Is the {eplacement sheet i
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1 . 10. The el ectrical conponent assenbly of Caim 7 re| n the
first portion of 2 t he pre-coated encapsul ant anér gr/ﬂra‘-?g3&
conductive material are located on 3 the int egrate

and the second portion is coated on the first portion. N1999
An el ectrical conmponent assenbly, conprising: 2

integrated circuit chip having a plurality of pads on an active surface 3

t hereof; 4 a substrate having an encapsul ant pre Cc

a first surface thereof, the 5 encapsul a of
hol es therethrough filled with an electrically X'tttomey Ditte NS ¢4z 011
Pat ent

Att or ney Docket Nome&BIﬂSﬁﬂleﬁﬂetal pads 12 coveringaheichirs 'regkmlwthersilbdtrateh?@t et ends
fromcontacts on t rough

the encapsul ant to ’Hé bﬁ @}P’iﬁﬁ@g@ %%QE%WWH hUl'PRﬁ létgqr%{agxagél?ersgﬁwa?ecﬁ

wherein a first pogid AiEned with theRbReCHAs 2 ofME SibSiHARD0. TREFUIACE BEmPs f4ller
which 9 produces a reduced coefficient of thernmal expansion and

i ncreased nodul us Fan pratudetbeyond the firshperfien B shownjin FIG. 10) of the encappdant

Conduct 1 ve mat 61§ ot hmstian ortt e BT HieGaRoBRbtishRlon gt

pre- 3 asse e bumps (4 ereshoved imd Emmate contact with the encapsulant portion 39

and solder pads 12, respectively. The combination of portions 37 and 39 forms
the encapsulant 22 (FIG. 11). The assembly is heated to cure the encapsulant 22
and reflow the solder using infrared reflow technology, preferably in a nitrogen
10 blanket to attach the solder bumps 14 to the contact pads 12 of the substrate 20.
Other heating and reflow techniques, known to those skilled in the art, can be
used in the present invention. The encapsulant 22 provides a continuous seal

between the chip 10 and the substrate 20.

FIG. 12 illustrates another embodiment for forming the flip-chip package
15  illustrated in FIG. 11 using two pre-coated discrete portions of encapsulant. The
chip 10 having separate discrete solder bumps 14 pre-assembled thereon is pre-
coated with the first portion 37 of an encapsulant material 22 (FIG. 11) prior to
assembly to the substrate 20. The first portion 37 contains a filler material,
preferably highly filled, to reduce its coefficient of thermal expansion and
20  increase its modulus. The first portion 37 is then pre-coated with the second
portion 39 of the encapsulant material prior to assembly with the substrate 20.
The second portion 39 of the encapsulant material contains littie or no filler
material. The first portion 37 (FIG. 12) which makes up part of the
encapsulating material 22 (FIG. 11) is uniformly spread across the surface 16 of
25  the chip 10 between the solder bumps 14 to cover the remainder of the chip
surface. The second portion 39 (FIG. 12) which makes up part of the
‘ericdpsulating material 22 (FIG. 11) is uniformly spread over the prior applied

This Is the replacement shegt 18
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1 . 13. The el ectrical conponent assenbly of d ai té@ y
conprising a |layer 2 of flux adhesive between a su Jﬂs 8/1503‘;

cqnpri sing the encapsul ant and the 3 el ectrically cGings "
material and the integrated circuit chip. 1 14. jiha »g" 3 ‘at.rkg 1999
conponent assenbly of Claim1l wherein the pre-coated 2 encapsul ant
conprises a second portion that is an adhesive material with sol der

fluxing properties. 1 15. The el ectrical conponent assegBL

Claim11l wherein the first portion of 2 l?fant
and the electrically conductive material are | 002‘1"8 rpcogget%io %?ﬁ{%ﬁgﬂ

substrate and a second portion is located on the integrated circuit chip.
1 16. An fitsepartion 37. TheghipEhis thengpesitibned so dmpthe solder. buips 14 are

o eorat oy R Bt Thd B e SRR T A
ereo
pre-coated on a fiagkritedbbRee Tﬁl%n@@fsulaﬁt*ﬁﬁrtﬁns 37 and 390408 3PIA4H tﬂl'iﬂps hmeﬂg a

plurality of holes therethrough fill'ed with an electrically

conductive materi amovadantoemremgoma%mtbﬂntsvm:rsteow andgsolder pads é%rr Thee al i gned
with the 7 | ant lyh Y. pads on
the integrat ed CI rg)grlabﬁéan Pfi'(gﬁonsl?ﬁ afid 36' ot e enéa%s&lg‘ffﬁ llﬁr(falll)t Tl?e

assembly is heated to cure the encapsulant 22 and reflow the solder as described
before to attach the solder bumps 14 to the contact pads 12 of the substrate 20.

FIGS. 13 and 14 illustrate an alternate embodiment for attachment of
portion 37 and solder bumps 14 with the portion 39 and solder pads 12,

10 respectively. This method is described with respect to the embodiment shown in
FIG. 11, but is equally applicable to the embodiment shown in FIG. 12. The
chip 10 is initially oriented at an angle to the substrate 20. As the encapsulant
portion 37 and the solder bump on the end of the chip 10 are moved into intimate
contact with the portion 39 and solder pad 12, the chip is pivoted about the first

15  point of contact until all of the solder bumps 14 are in contact with the soider
pads 12. In this manner, any gas that could possibly be entrapped between the
first portion 37 and the second portion 39 is expelled as indicated by arrow 41 in

FIG. 14 to prevent formation of voids in the encapsulant.

Generally, the chip 10 is passivated with a thin Jayer of either silicon
20  nitride, polyimide, or benzocyclobutene. To adhere well to the passivafion layer
(not shown) on the chip 10, a chip bonding layer (not shown in this embodiment)
may incorporate a coupling agent (not shown) such as a silane. To adhere well
to the encapsulant 22, the coupling agent (not shown) provides a chemically
compatible moiety for bonding. For example, the preferred moieties can be

25  epoxides, anhydrides, hydroxyls, or other moiety that readily bonds to the

" “ericdpsulant 22.
This is the replacement sheet 19
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Docket No. 031862-011 8 wh i th - t ed Mt
cke erein the pre-coate enmg%éﬂm] q9

conprises a first portion and a second portion, 9

second portion is an adhesive material wth soldering properties. 1

17. The el ectrical conponent assenbly of Caim 16 wherein the
electrically 2 conductive material in the plurality of hol pgesre

di screte sol der bunps pre- 3 assenbl ed on 4hensUekéNE 031862011

18. The el ectrical conponent assenbly of Caiml, u]e? 11 or 16 wherein the
2 electrically conductive material in the plurality of holes

conprises el ectrical |y Preferably, the adbesivgof thedirsiportign\3d is preferably an adhesiee  The
el ectrical conpone a . gb' Iy M{g{é ' £ rtyss 2

t he pre-coated encgg’é'uﬁgﬁ alﬁ%i’ﬁi%@)e ecftjﬂ?el ca frgdg{)s% ugﬁ{/sgﬁa&gi@gﬂngpng{e

| ocated on 3 the prdperties tisttd aliove athelpefesred dins pprtioh adhesive dbesmat dichirsh t he
Integrated circuit chjp. 1 ) 0. The el ectri.cal ., conponent,
assenbly of Claim ﬁ‘frH(?R' qéh‘?/\ﬁ?@eéfi‘hmlgﬁée fqldez retlpwing °p_e’a“°'bof‘1%f’1_3 O5tuXifge
pre-coat ed encapsubdialivéehd b ithidr el the QlitRly 60 GithKe #BSRAPoRon! € 3

| ocated on the substrate and the second portion is coated on the first
porti on. 1 adhegite in waph ¢hatflescaass the wettingpudhspread #f thersbidgr dfringl ai m 1, 7,

11 16 wh inth ~ .2 . £0at | ant, i pgl
ayer thal con be FORGH riaeamapesie BRI AR s A lfer U ImBorPlad ™"
conponent assembl yrdg@iréd doeMicieB STMBdrmal exphRionihe todlBloGhe sdhbdivecthid 4

for repair or replacenent. ) ‘
provides a first portion 37 that has little or no effect on the spread of the solder.

10 The embodiment of FIG. 15 is a multi-layer compliant understructure
configuration having two discrete bonding layers 32 and 34 in combination with
any of the above-described embodiments for the encapsulant and solder. Chip
bonding layer 32 is a thin polymer, or coupling agent, with high adhesion to the
chip passivation layer (not shown) on the face of the chip 10. The chip bonding

15  layer 32 is a thin interfacial layer adhering the encapsulant material 22 to the
chip 10. The substrate bonding layer 34 is a thin, adhesive flux layer adhering
the encapsulant 22 to the substrate 20.

The chip bonding layer 32 has the following properties:

1) chemically bonds to the encapsulant 22 to provide high adhesive
20 strength to the encapsulant; and

2) chemically bonds to the passivation layer on the chip 10 to provide

high adhesive strength to the chip.

Generally, the chip 10 is passivated with a thin layer of either silicon
nitride, polyimide, or benzocyclobutene. To adhere well to the passivation layer

25  (not shown) on the chip 10, the chip bonding layer 32 may incorporate a

S
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1 22. The electrical conponent assenbly of J ai f§jids 18 o1l 24D &
wherein the pre- 2 _coat ed encapsul ant includes a -?«. alvonge c\ﬂm#gg
| ayer having electrical circuitry 3 ——thereon. 1 ®uiadod 23

* incapsul ant and el ectripgsaddty

Ieagtegtn{ical conponent asserrblmmlmmﬂmvn
)

,m”i, 11 or 16 wherein the
Attorney Docket No. 031862-011 ¢ mos

conductive material are conpliant so as to expand@fney Dosket No. 031869404 { act
| aterally wi thou crlacki ng or del am nati on upon heatinhg or cooling of the

4 i nt egr at E‘F‘fcuit_chi p and the substrate. 1 24. A
met hod fof meking an Rh%&ﬁibﬂ%mﬁ&féﬁ%%blﬁ%ﬁﬁﬁiiﬂg: conprising the 2
st eps of: 3 coating an ‘active surface of an integrated

circuit chip with an @subaipaehaving a plurality of pads on a first surfacegherdefci ng hol es in
t he encapgul ant to expose contact. pads._on the activ 5 urface of
the integrated circui E‘ﬁﬁg{%% curcgit cﬁ’lp%avmganencapsulﬂ?pfq ateflﬁg RAEE with an

el ectrically congufié thered tiRlehdpsulant having a plurality of holes therd#hraggH llddRith
integrated circuit chip on a substrate with the encapsul ant 8

| ocated bdtween eheleqtyitaly ponduciive matenal thag extends fram qeatasts B thepeidve surface
curing thg encapgy ;&Phirigfgxgrhogeg through the encapsulant 1§ Be! AWaldG ' HRaEbR G | Cal Y

conductive materr a

T substrate, wherein a first portion of the pre-coated encapsulant comprises a filler
8 which produces a reduced coefficient of thermal expansion and increased modulus

9 in the encapsulant.
2. The electrical component assembly of Claim 1 wherein the electrically
2 conductive material in the plurality of holes are discrete solder bumps pre-

assembled on the integrated circuit chip.

3. The electrical component assembly of Claim 1 further comprising a layer

2 of flux adhesive between a subassembly comprising the encapsulant and the
-3 electrically conductive material and the substrate.

4, The electrical component assembly of Claim 1 wherein the first portion of

2 the pre-coated encapsulant and the electrically conductive material are located on

the integrated circuit chip and a second portion is located on the substrate.

4 5. The electrical component assembly of Claim 1 wherein the first portion of

the pre-coated encapsulant and the electrically conductive material are located on

6 the integrated circuit chip and a second portion is coated on the first portion.
1 6. The electrical component assembly of Claim 1 wherein the pre-coated
2 -encapsplant comprises a second portion that is an adhesive material with solder
Thig I8 the replacement sheet 40
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11 “integrated circuit chip to the substrate

nmet hod for making an el ectrical conponent assenbl y. conprP@TIBSB%BZ/lS 03 “’

st-eps of: 3 : coating a substrate wi th an geeeemss m
produci ng holes in the encapsulant to expose contact pads "’M"&‘ (B g%s‘wgt

5 filling ”mmn el ectrically conductive
mat eri al ; 6 H | m mmml ’mtegrated circuit chip on a

substrate with the encapsul ant €| dcatteds ¥ bet ween t he i nt egyaged
circuit chip and the substrate; 8 #90&&1%60ﬁ%§@§ Iant
and 9 refl owi ng the electrlcal uctrve materia
order to &ttach flgsing praperties. i nt egrated ci rcwt Chl pto the substrate
1 26. The nethod of Claim24 or 25 wherein the filling step
conprises filling the 2 holes with nolten sol der.

Attorney Docket Mo. 041 8leetrifd tompdnent assembly, 2mprisifghe net hod of C ai ns 24 or
25 wher e ¥ the filli ngsu%tst?at%e rlTng aagr%htfylof pacPs%n a first surface thereof;

3 an integrated circuit chip having an encapsulant pre-coated on an active

4 surface thereof, the encapsulant having a plurality of holes therethrough filled with
5 an electrically conductive material that extends from contacts on the active surface
.6 aligned with the holes through the encapsulant to the plurality of pads on the
7 substrate, wherein the pre-coated encapsulant comprises a first portion and a
8 second portion, wherein the second portion is an adhesive material with soldering
9 properties.
1 8. The electrical component assembly of Claim 7 wherein the electrically
2 conductive material in the plurality of holes are discrete solder bumps pre-
assembled on the integrated circuit chip.
4 9. The electrical component assembly of Claim 7 wherein the first portion of
. the pre-coated encapsulant and the electrically conductive material are located on
6 the integrated circuit chip and the second portion is located on the substrate.
1 10.  The electrical component assembly of Claim 7 wherein the first portion of
2 the pre-coated encapsulant and the electrically conductive material are located on
the integrated circuit chip and the second portion is coated on the first portion.
1 11.  An electrical component assembly, comprising:
2 an integrated circuit chip having a plurality of pads on an active surface
3 thereof;
4 a substrate having an encapsulant pre-coated on a first surface thereof, the
5 encapsulant having a plurality of holes therethrough filled with an electrically
This is the replacement sheet 41
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2 the holes with electrically conductive adhesive %3&/&5@3 &

A net hod for nmaking an el ectrl cal conmponent assenbly, co
st:eps of an active surface gt‘bgUN ‘lggg

;3 of ampesinia
circuit chip having discr eHmH " %’ ' JJII bunps t her eSHeh oF
encapsul ant; 5 ntegrated circuit chip on a

substrate with the encapsul ant 6 Y ocated between the int egr at ed
circuit chip and the substrate; 7 curing the encapsbatentt ;
and 8 refl owi ng the sol der bunps iAmonores®ocker Nt 03186200 ¢

i ntegrateg ci rcu xtends xﬁhﬁ&?ﬁr ioned wi The
nmet hod of gCI aim 4 or vgéﬁa?: ere corrpﬁHﬁ?f)ng t etﬂésft?rgtpsu(g%c:e Shgn with the

coati ng a7sur f acédole$ ﬂn'dmgh&ncaqawlaalrw thatplucdlityf afpeds dnithe Btdgaatedatiesnitichip, a f | ux
3 adhesive. . 1 . A nethod fqr making an.el ect.r.i cal
conponent 8 as s embWHere, A first Jopton, ??;foﬂlﬁ pré-todted e“%%"é‘ﬁ%‘“c?f’“’*’%%s & fiffler Swhich
coating agsubst r gdAudts ¥ irdiicedico&TTiCIER of el eRI4iEI6N AddGh@ORedinbluladindhe

encapsul ant; 5 pl acing an integrated circuit chip on a
substrat d0wi t h t Becapswdanbsul ant | ocated 6 bet ween the integrated
circuit chip and the substrate; 7 curing the encapsul ant;
and 8 refl ow ng the solder bunps in order to attach the

i ntegrategl circuil2. chTRe électfical component &3¢entilp6f CAirg 11 whérein the electri@dlly The
met hod of Claim 25 or 30 further conprisi nghthe step of:
.2 conductive material in the plurality of holes are dlscrete solder bumps pre-

"3 assembled on the substrate.

13.  The electrical component assembly of Claim 11 further comprising a layer
2 of flux adhesive between a subassembly comprising the encapsulant and the

electrically conductive material and the integrated circuit chip.

14.  The electrical component assembly of Claim 11 wherein the pre-coated
2 encapsulant comprises a second portion that is an adhesive material with solder

fluxing properties.

15.  The electrical component assembly of Claim 11 wherein the first portion of
2 the pre-coated encapsulant and the electrically conductive material are located on

the substrate and a second portion is located on the integrated circuit chip.

16.  An electrical component assembly, comprising:

an integrated circuit chip having a plurality of pads on an active surface
thereof;

a substrate having an encapéulant pre-coated on a first surface thereof, the
encapsulant having a plurality of holes therethrough filled with an electrically

conductive material that extends from contacts on the first surface aligned with the

I N W A W N

“holes tfirough the encapsulant to the plurality of pads on the integrated circuit chip,
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encapsul ant Whl ch face rated circuit chip 3 3 Ll U
adhesi ve. "ﬂﬂ”ﬂ"ﬁﬂmﬂ, f Claim24, 25 28 or 30 wherein the

coating step conpri ses ding a polyner “l'ayer in the
encapsul ant that can be remel ted aftef assenbly 3 of the elgghtical

conponent assenbly to all ow rem)val of the i nt egf\ﬁ&gglfﬁ a%gbl 5518@2—6 1

for repair or replacenent. ng an
electricab corrpowmmélmﬁﬂﬂﬁﬂd e’é“@?ﬁﬁl’c‘mﬂoﬁ@ﬂﬁ%é first portion and a §¢copd Peytion,3

oAl Ng & ACH Vgl RS BILALAC BhbAl s RidBliAbtdl Scr et ©

sol der 4 ortion o apsulant
coating a substrate mnth a second portlon of the encapsul ant;

| aci ng the integrat |rcu| ch| ont tra th heflr and
gecondg7 i 9;enc sﬂ?‘é‘?’l‘f B‘HPE Qt@boélﬁ'é‘t @\ég\,ﬁnerpﬁeth ¢ RECHr Bed
circuit ofip andednagervebnikMicn tﬁe plurahty of holes are d%h'{etenﬁblﬁé?eoufﬂp"s Sre-and

ooy

second encapsul ant portions; and | owm ng the “sol der
bunps i n Dbrder tusmhlabmmheuhsuategrat ed circuit chi p to 10 t he
substrate.

18.  The electrical component assembly of Claim 1, 7, 11 or 16 wherein the
2 electrically conductive material in the plurality of holes comprises electrically

conductive adhesive.

19.  The electrical component assembly of Claim 16 wherein the first portion of
2 the pre-coated encapsulant and the electrically conductive material are located on

the substrate and a second portion is located on the integrated circuit chip.

1 20.  The electrical component assembly of Claim 11 or 16 wherein the first
2 portion of the pre-coated encapsulant and the electrically conductive material are
-3 located on the substrate and the second portion is coated on the first portion.

1 21.  The electrical component assembly of Claim 1, 7, 11 or 16 wherein the pre-
2 coated encapsulant includes a polymer layer that can be remelted after assembly of
3 the electrical component assembly to allow removal of the integrated circuit chip
4 for repair or replacement.

1 22.  The electrical component assembly of Claim 1, 7, 11 or 16 wherein the pre-
2 coated encapsulant includes a printed circuit layer having electrical circuitry

thereon.
1 -23. .. The electrical component assembly of Claim 1, 7, 11 or 16 wherein the
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1 34.  The method of Claim33 further conprising $E{dLPY ¥/ LYUD 4
orienting the integrated circuit chip having the first po%ﬁ%é@e ‘3,“5 1999
encapsul ant thereon a“!ﬁmmummim; miespect to the substr Bt ng ¢ ke
second 4 por A JHHLSUI ant thereon; 5

placing the integrated circdit *chfp s th that orientation in to contact

wth the 6 substrate; and 7 pi voting the Patent

integrated circuit chip about a first point of copioagl DHkdtINd 081862-011
integrateg circuit chip. is. generall rallel.to the Substrate so.as to
expel gas“from gencapsulglt anq)%m yf%ggawpéﬁq?g{atgegpql mcﬁ%ﬁe’éﬁ?ad%e

substrates contract laterally without cracking or delamination upon heating or cooling dfGthe
,IZ\?E gptney tocket Huegrated gigpuitehip and the substrate. 35, A net hod for making an
el ectrical conponent assenbly, conprising the 2 steps of: 3
coating an active surface of an integrated circuit chip having discrete
sol der % 24bunpsméthet foo making fan 1etiricslt coppotieno assehblancompeipg uhant ; S)
coating the first portion of encapsulant with a second portion of the 6
encapsul aht;  7stepsof: placing the integrated circuit chip on the
substrategw th the i gatinARth-8G8A%ke of an integrated circuit chip with an encapsulant;
. 4 producing holes in the encapsulant to expose contact pads on the active
5 surface of the integrated circuit chip;
6 filling the holes with an electrically conductive material,
7 placing the integrated circuit chip on a substrate with the encapsulant
8 located between the integrated circuit chip and the substrate;
9 curing the encapsulant; and
10 reflowing the electrically conductive material in order to attach the
11 integrated circuit chip to the substrate.
1 25. A method for making an electrical component assembly, comprising the
-2 steps of:
3 coating a substrate with an encapsulant;
4 producing holes in the encapsulant to expose contact pads on the substrate;
5 filling the holes with an electrically conductive material;
6 placing an integrated circuit chip on a substrate with the encapsulant located
7 between the integrated circuit chip and the substrate;
8 curing the encapsulant; and
9 reflowing the electrically conductive material in order to attach the
10 integrated circuit chip to the substrate.
1 26.  The method of Claim 24 or 25 wherein the filling step comprises filling the
2 -holes with molten solder.
This is the replacement sheet 44
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8 X encapsul ant portions | ocated between the integra chi
and the substrate; 9 curing the first a b 803‘!'
e sol de

encapsul ant portions; and 10 reflowing th %
order to attach the int egmmto 11 | lajfp'ian‘ggg

1 36. The nethod > further conprising theﬁsteb of
filling the first 2 # '

" with a filler materi al to

produce a reduced coeff|C|en ; expansi on and pggreased
nodul us. 1 The rret hod o CI aim t TR the
steps of: 2 orienting the int egrgt%gg&égldrbg{&ﬁt ch?ps%zﬁllng
the first portion and the second 3 portion of the encapsul ant

t her eon at an anghe
9h ‘é“é‘h@'nfe@xﬁﬁ’ sfjchafx{'?s 24 hﬁkﬁkﬁ%&gpﬁeﬁ%t comr?nses fillin act

pl aci ng the i nt egr at circurt to co

with the 3 the h@ubmmdmcaaylcbxﬂuctwe adhesive. p| voting the
integrated circuit chip about a first point of contact until the 7
integrated circuit chip is generally parallel to the substrate so as to
expel gasijfrom8zg A m&ﬁéd’\ﬁ?'hak ah'?:ie@ﬁfc@lt&ﬂ)p(%ﬂernﬁhﬁsémﬂ?' GonibRing 8e
Substrate. 1 : The method of Caim 33 or 35 wherein the
coating sfep corrptepssefs | ncI udi ng 2 a pol ymer I ayer in the first
portion of the encapsul ant_that ssenbl y

. | d a
Dt he o ety calap i orl e fiffhe OF uf EFRAGT StechisoBip riying isorete saBRE 0y &
circuit chip for bﬁﬁpﬁthére@xﬁwﬁtﬁﬁhaﬁcﬁﬁﬁm

40a placing the integrated circuit chip on a substrate with the encapsulant
6 located between the integrated circuit chip and the substrate;
7 curing the encapsulant; and
8 reflowing the solder bumps in order to attach the integrated circuit chip to
9 the substrate.
1 29.  The method of Claim 24 or 28 further comprising the step of:
2 coating a surface of the encapsulant which faces the substrate with a flux
3 adhesive.
1 30. A method for making an electrical component assembly, comprising the
2 steps of:
3 coating a substrate having discrete solder bumps thereon with an
4 encapsulant;
5 placing an integrated circuit chip on a substrate with the encapsulant located
6 between the integrated circuit chip and the substrate;
7 curing the encapsulant; and
8 reflowing the solder bumps in order to attach the integrated circuit chip to
9 the substrate.
1 31. . -The method of Claim 25 or 30 further comprising the step of:

‘!;'his Is the replacement sheet 45
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coating a surface of the encapsulant which faces the integrated circuit chip

with a flux adhesive.

32.  The method of Claim 24, 25, 28 or 30 wherein the coating step comprises
including a polymer layer in the encapsulant that can be remelted after assembly
of the electrical component assembly to allow removal of the integrated circuit chip

for repair or replacement.

33. A method for making an electrical component assembly, comprising the
steps oft

coating an active surface of an integrated circuit chip having discrete solder
bumps thereon with a first portion of an encapsulant;

coating a substrate with a second portion of the encapsulant;

placing the integrated circuit chip on the substrate with the first and second
encapsulant portions located between the integrated circuit chip and the substrate;

curing the first and second encapsulant portions; and

reflowing the solder bumps in order to attach the integrated circuit chip to

the substrate.

34.  The method of Claim 33 further comprising the steps of:

orienting the integrated circuit chip having the first portion of the
encapsulant thereon at an angie with respect to the substrate having the second
portion of the encapsulant thereon;

placing the integrated circuit chip with that orientation in to contact with the
substrate; and

pivoting the integrated circuit chip about a first point of contact until the

integrated circuit chip is generally parallel to the substrate so as to expel gas from

_between the integrated circuit chip and the substrate.
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35. A method for making an electrical component assembly, comprising the
steps of:

coating an active surface of an integrated circuit chip having discrete solder
bumps thereon with a first portion of an encapsulant;

coating the first portion of encapsulant with a second portion of the
encapsulant;

placing the integrated circuit chip on the substrate with the first and second
encapsulant portions located between the integrated circuit chip and the substrate;

curing the first and second encapsulant portions; and
reflowing the solder bumps in order to attach the integrated circuit chip to

oy
(o=

the substrate.

pu—y
—

1 36. The method of Claim 35 further comprising the step of filling the first
2 encapsulant with a filler material to produce a reduced coefficient of thermal

3 expansion and increased modulus.

37.  The method of Claim 35 further comprising the steps of:

i
H

00 ~) A W bSO =

orienting the integrated circuit chip having the first portion and the second
portion of the encapsulant thereon at an angle with respect to the substrate;

placing the integrated circuit chip with that orientation in to contact with the
substrate; and

pivoting the integrated circuit chip about a first point of contact until the
integrated circuit chip is generally parallel to the substrate so as to expel gas from

between the integrated circuit chip and the substrate.

38.  The method of Claim 33 or 35 wherein the coating step comprises including

a polymer layer in the first portion of the encapsulant that can be remelted after

W N e

assembly of the electrical component assembly to allow removal of the integrated

4 -gircuit.chip for repair or replacement.
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39.  The method of Claim 24, 25, 28, 30, 33 or 35 wherein the coating step

6 comprises including a printed circuit layer having electrical circuitry thereon.

e ——

L
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