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FI ELD OF THE | NVENTION This invention relates generally to integrated
circuit packaging, and nore particularly to a stress relief matrix for an
integrated circuit package and net hod. - 2 BACKGROUND OF THE | NVENTI ON :To
facilitate installment of integrated circuit chips, the chips are typically
packaged. The packagi ng provi des | eads for connecting chips to external

devi ces and protection fromenvironnmental factors. For exanple, the
packagi ng serves to protect the chip from exposure to contam nants, which
coul d cause damage to the circuit conponents. Packagi ng technol ogy such as
flip chip rely on bunps for interconnection between a chip and a substrate.
The bunps nmay be forned by evaporation, by plating of solder, gold or
copper, screening conductive paste or by formng ball bonds. A problemwth
the use of such bunps is that the interfacF bet ween the bunps and the
substrate or chip is vulnerable to failure during thermal cycling as a

result of mechani caprdvESS STRES di fferences in
t hermal expansi on coefficients %JE% kiiﬁgndﬁgﬁ fﬁiﬁkﬁﬁé mal

expansi on may be caused by a PACKAGING

TECHNICAL FIELD OF THE INVENTION

This invention relates generélly to integrated circuit
packaging, and more particularly to a stress relief matrix
for an integra_ted circuit package and method.
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~nunber of factors including heat generated by the flow of 'electricity
"wWithin the circuitry of the integrated circuit chip, environnental factors
such as anbi ent tenperature, and heating and cooling cycles caused by power
on and off cycles of the chip. To reduce tenperature induced failure of
integrated circuit chips, underfill has been used at the interface between
the chip and the substrate. 3 SUMVARY OF THE | NVENTI ON Accordingly, a
need has arisen in the art for an inproved integrated circuit package. The
present invention provides an integrated circuit package having an inproved
stress relief matrix that substantialld elimnates or reduces the

di sadvant ages _and groblens associated with prior packages. In accordance
with the prééSKE_Jﬂﬂ@éHiﬂgﬁLigyﬁﬂ—ﬂﬂgegrated circuit package nay conprise
an integrated circopotfadilipat@nthstalinbst rof entegpaised eirchét chigs, A
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coefficient t hermal expansion in a direction
packaging serves to protect the chip from exposure to

" contaminants, which could cause damage to the circuit
components.

Packaging technology such as flip chip rely on bumps
for interconnection between a chip and a substrate. The
bumps may be formed by evaporation, by plating of solder,
gold or copper, screening conductive paste or by forming
ball bonds. A problem with the usé of such bumps is that
the interface between the bumps and the substrate or chip
is vulnerable to failure during thermal cycling as a result
of mechanical stress at the interface g¢generated by
differences in thermal expansion coefficients of the chip
and the substréte. Thermal expansion may be caused by a
number of factors including heat generated by the flow of
electricity within the circuitry of the integrated circuit
chip, environmental factors such as ambient temperature,
and heating and cooling cycles caused by power on and off
cycles of the chip.

To reduce temperature induced failure of integrated
circuit chips, underfill has been used at the interface
between the chip and the substrate.



substantially parallel to the chip and the substrate that 'is greater than
“that of the chip and that is |less than that of the substrate in the
substantially parallel direction. The matrix nay have a coefficient of
thermal expansion in a direction normal to the substantially parallel
direction that is approximately that of the connector in the normnal
direction. Mre specifically, in accordance with one enbodi nent of the
present invention, the matrix may have a coefficient of thermal expansion
in the substantially parallel direction of between 8 and 12 ppni[err]C. The
matrix may. have a coefficient of thermal expansion in the normal direction
of between 20 itionally, the matrix may have a | ow
moi sture absof ra%gg.éﬁgﬁi. &&ggTﬁﬂgn 0.1% at 85[err] C/80% RH. | nport ant
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prior packages.

In accordance with the present invention, an
integrated circuit package may comprise an integrated
circuit chip and a substrate opposite the chip. A
connector may be disposed between the chip and the
substrate. The connector may electrically couple the chip
to the substrate. A matrix may be disposed about the
connector. The matrix may comprise a blend of 1liquid
crystal polymer and thermoplastic polymer. The matrix may
have a coefficient of thermal expansion in a direction
substantially parallel to the chip and the substrate that
is greater than that of the chip and that is less than that
of the substrate in the substantially parallel direction.
The matrix may have a coefficient of thermal expansion in
a direction normal to the substantially parallel direction
that is approximately that of the connector in the normal
direction. '

More specifically, in accordance with one embodiment
of the present invention, the matrix may have a coefficient
of thermal expansion in the substantially parallel
direction of between 8 and 12 ppm/°C. The matrix may have
a coefficient of thermal expansion in the normal direction
of between 20 and 30 ppm/°C. Additionally, the matrix may
have a low moisture absorption rate of less than 0.1% at
85°C/80% RH.

Important technical advantages of the present
invention include providing an improved integrated circuit
package. In particular, the package includes an improved
stress relief matrix comprising a blend of liquid crystal



Anot her inportant .technical advantage of the present invehtion includes
.providing a stress relief matrix in the formof a preformed film In
particular, the blend may be processed to forma solid filmfor use in the
packagi ng process. The filmmay be cut to the size of an integrated circuit
chip. Accordingly, liquid processing problens such as void formation,

I nconpl ete or non-uni form coverage of area, and i nadequate flow viscosity
may be avoi ded. Additionally, special equipnment needed to keep |liquid
and/ or paste in a confined space is no |onger needed and a chip size
package may be produced. Still other 4technical advantages of the
present invention include providing a rewgrkable integrated circuit

package. B yasTeRpd ofhemaplagstice MOl YMSTent | e PlerdieRddpracdi c,
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thereof, reference I's now na .fomﬁng description taken in
conjunction with Another important technical advantage of the present

invention includes providing a stress relief matrix in the
form of a preformed film. In particular, the blend may be
processed to form a solid film for use in the packaging
process. The film may be cut to the size of an integrated
circuit chip. Accordingly, liquid processing problems such
as void formation, incomplete or non-uniform coverage of
area, and inadequate flow viscosity may be avoided.
Additionally, special equipment needed to keep liquid
and/or paste in a confined space is no longer needed and a
chip size package may be produced.

Still other technical advantages of the present

invention include providing a reworkable integrated circuit

package. The blend of the present invention 1is
thermoplastic, not thermosetting. Accordingly, an
integrated circuit paékage may be reheated and then
reworked. i

Other technical advantages will be readily apparent to
one skilled in the art from the following figures,
descriptions, and claims.



t he acconpanying drawings, in which: FIGURE 1 is a schemalic

.cross-sectional diagramillustrating an integrated circuit package in
accordance with one enbodi nent of the present invention;, FIGURE 2 is a
schematic cross-sectional diagramillustrating an integrated circuit
package in accordance with another enbodi nent of the present invention;
FIGURE 3 is a schenmatic cross-sectional diagramillustrating a jig for
packaging the integrated circuit of FIGURE 1 in accordance with one
enbodi ment of the present invention. 6 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The preferred enbodi nents of3the present invention and its

and
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illustrating an integrated circuit package in accordance
with one embodiment of the present invention:

FIGURE 2 is a schematic cross-sectional diagram
illustrating an integrated circuit package in accordance
with another embodiment of the present invention; and

FIGURE 3 1is a schematic cross—-sectional diagram
illustrating a jig for packaging the integrated circuit of
FIGURE 1 in accordance with one embodiment of the present
invention.



circuit package. FIGURE 1 illustrates an integrated circuit package 10. The
integrated circuit package 10 may conprise an integrated circuit chip 12
opposite a substrate 14. The integrated circuit chip 12 may include one or
nore chip bonding pads 16 facing the substrate 14. The chip bondi ng pads 16
may each be electrically coupled to the integrated circuit chip 12 by a
nmetal trace or the like. The substrate 14 nay be an interposer disposed
between the integrated circuit chip 12 and a printed circuit board or the
like. In this enbodinent, the interposer nmay reroute el ectrical
contacts of the integrated circuit chip 12 to a different |ocation for
connection to a printed circuit board. The interposer may conprise Kapton
tape, FR-4 nutRETAILEDBDESCGRIPTION &F JHE GNVENEION ke. It will be understood
that the substrate rf BRMelE-oQhBSdidOHRS BE éﬁ%greggﬁebmé}&m%cghw ng

el ectrical contacts of e Integrated circult or exanpl e
substrate 14 nibs BEvaptageegrst bestiundersterdy rFﬁérEH‘b%th‘m d-n] MOFRy
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substrate 14. Ase desubiibgdpatls Idetarid 1Below, the present invention

provides an improved stress relief matrix for an integrated

circuit package. The stress relief matrix comprises a
blend of liquid crystal polymer and thermoplastic polymer.
The stress relief matrix has good dimensional stability due
to improved mechanical properties and very low moisture
absorption. Accordingly, the matrix greatly reduces or
eliminates failure of interconnects of the integrated
circuit package.

FIGURE 1 illustrates an integrated circuit package 10.
The integrated circuit package 10 may comprise an
integrated circuit chip 12 opposite a substrate 14. The
integrated circuit chip 12 may include one or more chip
bonding pads 16 facing the substrate 14. The chip bonding
pads 16 may each be electrically coupled to the integrated
circuit chip 12 by a metal trace or the like.

The substrate 14 may be an interposer disposed between
the integrated circuit chip 12 and a printed circuit board
or the 1like. In this embodiment, the interposer may
reroute electrical contacts of the integrated circuit chip
12 to a different location for connection to a printed
circuit board. The interposer may comprise Kapton tape,
FR-4 material, BT resin material, or the like. It will be
understood that the substrate 14 may be another type of
layer capable of receiving electrical contacts of the
integrated circuit chip 12. For example, the substrate 14
may be.an integrated circuit board.

The substrate 14 may include one or more substrate
bonding pads 18 opposite the chip bonding pads 16 of the
integrated circuit chip 12. The substrate bonding pads 18



are shown exaggerated for the conveyance of the reader.

Typically, the chip

* bondi ng pads 16 conprise al um num or al um num plus a deposition of |ayers
of netal that will give a bondabl e surface. The substrate bondi ng pads 18
typically conprise copper and gold. A connector 20 may be di sposed between
integrated circuit chip 12 and the substrate 14 to electrically couple the
integrated circuit chip 12 to the substrate 14. The connectors 20 may be

conducting bunps, wires, netal particles, netal flakes,
electrically coupled to the chip bonding pad 16 and t he

or the like
opposi ng substrate

bondi ng pad 18. In one enbodi nent, thelconducting bunmp may be a sol der bal
22 soldered to the bondin _gads 16 and 18. In_this enbodi the sol der
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circuit chip 12 and the substrate 14 to electrically couple
the integrated circuit chip 12 to the substrate 14. The
connectors 20 may be conducting bumps, wires, metal
particles, metal flakes, or the like electrically coupled
to the chip bonding pad 16 and the opposing substrate
bonding pad 18. In one embodiment, the conducting bump may
be a solder ball 22 soldered to the bonding pads 16 and 18.
In this embodiment, the solder ball 22 may conventionally
comprise lead and tin solder. It will be understood that
the connector 20 may be another type of element capable of
electrically coupling the chip bonding pad 16 to the
opposing substrate bonding pad 18.

A stress relief matrix 24 may be disposed about the
connectors 20 between the integrated circuit chip 12 and
the substrate 14. The stress relief matrix 24 may be
thermally and/or mechanically adhered to the chip 12, the
connectors 20 and the substrate 14. The stress relief
matrix 24 protects the connectors 20 from stresses caused
by differences in thermal expansion of the integrated
circuit chip 12 and the substrate 14. Thermal expansion of
the integrated circuit chip 12 is largely governed by the
expansion characteristics of silicon, which typically has
a coefficient of thermal expansion on the order of about 3
ppm/°C. Typically, the substrate 14, whether an interposer,
printed circuit board or the like, has a coefficient of
thermal expansion of between 15 and 20 ppm/°C. Accordingly,
the integrated circuit chip 12 and substrate 14 may have a



a coefficient of thermal expansion on the order of about 3 ppmi[err]C
“Typically, the substrate 14, whether an interposer, printed circuit board
or the like, has a coefficient of thernmal expansion of between 15 and 20
ppm [err]C. Accordingly, the integrated circuit chip 12 and substrate 14
may have a 8 difference in thermal expansion of between 12 and 17
ppm[err]C. 1In accordance with the present invention, the stress relief
matrix 24 may conprise a blend of liquid crystal polyner and thernoplastic
pol yrer . Blending a liquid crystal polymer with a conventi onal

t her nopl astic polynmer results in a mat®rial with properties internediate to
the two indiv exa
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crystal polymer to a thermoplastic polymer can reduce

thermal expansion and moisture absorption, and increase
dimension stability and elastic modulus of the blend over
that of the thermoplastic polymer. In the blend, the
thermoplastic polymer may provide increased thermal
expansion and moisture absorption, and reduced elastic
modulus as compared to the 1liquid crystal polymer.
Accordingly, the properties of the stress relief matrix 24
may be engineered by controlling the blend of liquid
crystal polymer and thermoplastic polymer. Properties of
the blend generally correspond to the properties of the
liquid crystal polymer and the thermoplastic polymer in
relation to their ratios in the blend.

In one embodiment, the stress relief matrix 24 may
have a coefficient of thermal expansion in a direction 26
substantially parallel to the chip 12 and the substrate 14,
which is within the plane of the matrix, that is greater
than the coefficient of thermal expansion of the chip 12 in
the direction 26 and that is less than the coefficient of
thermal expansion of the substrate 14 in the direction 26.
In this embodiment, the matrix 24 may have a coefficient of
thermal expansion in a direction 28 substantially normal to
the direction 26 that is approximately that of the
connector 20 in the direction 28.

In a particular embodiment, the liquid crystal polymer
may be ZENITE manufactured by DUPONT and the thermoplastic
may be a thermoplastic polyimide such as AURUM PL500M
manufactured by MITSUI TOATSU CHEMICALS. In this



relation to their ratios in the blend. In one enbodi nent, 'the stress relief
"matrix 24 may have a coefficient of thermal expansion in a direction 26
substantially parallel to the chip 12 and the substrate 14, which is within
the plane of the matrix, that is greater than the coefficient of thernma
expansi-on of the chip 12 in the direction 26 and that is |less than the
coefficient of thermal expansion of the substrate 14 in the direction 26.
In this enbodi ment, the matrix 24 may have a coefficient of thernmal
expansion in a direction 28 substantlally normal to the direction 26 that
I's approxi mately that of the connector 20 in the direction 28. In a
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in the directibgtwd®mf20 and 30 ppm/°C. The matrix 24 may have a

coefficient of thermal expansion in the direction 28 of
between 8 and 12 ppm/°C. Thus, the matrix 24 will expand
intermediate to the chip 12 and substrate 14 in the
direction 26 and with the connectors 20 in the direction 28

to provide stress relief for the connectors 20.
Accordingly, the matrix 24 will protect the connectors 20
from disconnects.

Additionally, the matrix 24 may have a moisture
absorption rate of less than 0.1% at 85°C/85%RH. The low
moisture absorption will minimize swelling of the matrix 24
between the chip 12 and the substrate 14. Accordingly, the
low moisture absorption will prevent separation of the
connectors 20 from the bond pads 16 and 18. Such
separation will result in a loss of the electrical
ccnnection.

The matrix 24 may be blended using melt processing or
other well known techniques. The desired amounts of liquid
crystal polymer and thermoplastic polymer may be determined
by weight. For melt processing, the selected amounts of
liquid crystal polymer and thermoplastic polymer may then
be melted, mixed, and extruded at different temperatures.

The extruded blend may be rolled into a film having a
uniform thickness. In one embodiment, the film may have a
thickness proximate to the distance between the chip 12 and
the substrate 14. This allows the film to be cut into
sections sized and shaped to f£ill the space around the
connectors 20 between the integrated circuit chip 12 and
the substrate 14. Accordingly, liquid processing problems



between 8 and 12 ppmi[err]C. Thus, the matrix 24 will expand internediate
to the chip 12 and substrate 14 in the direction 26 and with the connectors
20 in the direction 28 to provide stress relief for the connectors
20. Accordingly, the matrix 24 will protect the connectors 20 from

di sconnects. Additionally, the matrix 24 may have a noi sture absorption
rate of less than 0.1% at 85[err] C/ 85%H The | ow noi sture absorption wll
mnimze swelling of the matrix 24 between the chip 12 and the substrate
14. Accordingly, the | ow noisture absorptlon wi |l prevent separation of the
connectors 20 from the bond pads1016 and 18. Such separation wi ||

result in a | oss_ of the ctrical connect . The matr 24 may be bl ended
using melt pr ctEds a5y Vo ?HE’F At k"r?t?\ﬁﬁ‘phﬁgﬁn?ﬁu’é%nunl"ffzé(’r&‘eﬂjyéﬁaﬁ?munts

of liquid crysdfil apeaymandancatibguavegl ascbw cvpstystty nnyybbedcatvelidé@ed by
wei ght. For r I n t se .. ano f |q ch

pol ymer and tﬁg#%np°§§§§§ peé¥31 £ rn%é ﬁgéigﬁ, H%éb aﬁ ?ruded
at different tandfeoravasse. ln’h@ @qfﬂuéédsmwmmm@ bsl heed nt oafilm

having a uniform t yrgsRRSS 1 11 sPRE g DHdl "iﬁ:'%fqﬁattga Eik@ﬁﬂ@?a@c\é §ed40

t hi ckness proximate to the di stance between e chip 12 and the substrate
14.  This al s 3CFeTARRGR t it ceRothfo §§E?ﬁib‘ﬁ%n"s| P&d B oxgsentio fill
t he space ar ouiireniteofioNIMEd erﬂ:eaQabeawe:en‘td:hepa&kagéawdn@y Icpt-ig8i p 12

and the SUbStrgﬁ(in égra g ré¥r%%1¥ fpgﬂbdo 55%%% Shngugsgggégn%4 The
integrated circuit chip 42 may include one or more chip
bonding pads 46 electrically coupled to the integrated
circuit chip 42. Similarly, the substrate 44 may include
one or more substrate bonding pads 48 electrically coupled
to the substrate 44. As previously described in connection
with the substrate 14, the substrate 44 may be an

interposer, printed circuit board, or the like.

A stress relief matrix 50 may include a series of
connectors 52 electrically coupling the integrated circuit
chip 42 to the substrate 44. The connectors 52 may be
randomly distributed through the stress relief matrix 50.
The stress relief matrix 50 may be thermally and/or
mechanically adhered to the chip 42, the connectors 52 and
the substrate 44. The connectors 52 may be conducting
bumps, wires, metal particles, metal flakes, or the like
electrically coupled to the bonding pads 46 and 48. In one
embodiment, the conducting bumps may each comprise a metal
coated plastic sphere 54.

The stress relief matrix 50 may be constructed as
previously described in connection with the stress relief
matrix 24. Accordingly, the stress relief matrix 50 may
comprise a blend of 1liquid crystal polymer and
thermoplastic polymer. In one embodiment, the stress relief
matrix 50 may have a coefficient of thermal expansion in a
direction 56 substantially parallel to the chip 42 and the
substrate 44, which is within the plane of the matrix, that
is greater than the coefficient of thermal expansion of the



10 such as void formation, inconplete or nonuniformcoverage of area, and
“inadequate flow viscosity may be avoi ded. Additionally, special equipnent
needed to keep liquid and/or paste in a confined space need not be used.
FIGURE 2 illustrates an integrated circuit package 40 in accordance with
anot her enbodi nent of the present invention. The integrated circuit package
40 may conprise an integrated circuit chip 42 opposite a substrate 44. The
integrated circuit chip 42 may include one or nore chip bonding pads 46
electrically coupled to the integrated circuit chip 42. Simlarly, the
substrate 44 may include one or nore sdbstrate bonding pads 48 electrically

coupled to the substrate 44. . previously descrihed,in.connection with the
substrate 14, ?W&Psé sﬁpaﬁ@e42ﬁﬁ%§ B@naﬁsiﬁFﬁbeE% ,lir}ﬁ?ad%ﬁF?c&PF boar d,
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48. I n one enbodi nem a phetianducbinbedinents thy EaglidceppstsE o lirieal
may be ZENITE manufactured by DUPONT and the thermoplastic
may be amorphous AURUM PL500M manufactured by MITSUI TOATSU
CHEMICALS. In this embodiment, the blend may comprise. 5~30
percent ZENITE and 95-70 percent AURUM PL500M. It will be
understood that other blends of liquid crystal polymer and
thermoplastic polymer may be used for the stress relief
matrix of the present invention. The resulting matrix 50
may have a coefficient of thermal expansion in the
direction 56 of between 20 and 30 ppm/°C. The matrix 24 may
have a coefficient of thermal expansion in the direction 58
of between 8 and 12 ppm/°C. Thus, the stress relief matrix
50 will expand with the connectors 52 in the direction 58
and will expand intermediate of the chip 42 and the
substrate 44 in the direction 56 to provide stress relief
for the connectors 52. Accordingly, the matrix 24 will
protect the connectors 20 from disconnects.

Additionally, the stress relief matrix 50 may have a
moisture absorption rate of less than 0.1% at 85°C/85%RH.
The low moisture absorption will minimize swelling of the
matrix 24 between the chip 12 and the substrate 14.
Accordingly, the low moisture absorption will prevent
separation of the connectors 20 from the bond pads 16 and
18. Such separation will result in a loss of the
electrical connection.

The matrix 50 may be blended using melt processing as
previously described in connection with the matrix 24. The
blend may be rolled into a film having a uniform thickness
and the metal coated plastic sphere 54 added to the film.



coated plastic sphere 54. The stress relief matrix 50 may' be constructed as
- previously described in connection with the stress relief matrix 24.
Accordingly, the stress relief matrix 50 nay conprise a blend of
liquid crystal pol yner and thernopl astic polyner. In one enbodinent,
the stress relief matrix 50 may have a coefficient of thermal expansion in
a direction 56 substantially parallel to the chip 42 and the substrate 44,
which is within the plane of the matrix, that is greater than the
coefficient of thermal expansion of thﬁ chip 42 in the direction 56 and
that is less than the coefficient of t %rna expan5|on of the substrate 44

in the directiga Z, vll'auEE SdEHPPﬂBéI?”t théh%ﬂﬁt ﬁgax{éﬁya a?(f?y ess

coefficient of th nsion I n direction 5 stanti nor mal
to the di recPF@ﬁlmS'Se t'ﬂrﬁat theg %bifrmermb@ﬂiye?hatthﬁ tRdPcopR@ctidre 52 in

the gl rgg\lll _CI)_E 5ﬁbstf‘a@epar'ﬁh@'aﬁﬂoﬁ@@ﬁgw@ﬁlm tBepki &utdlﬁtaské%tf&{é’”e[]
may be manuf act ur t he t er nmo i c, nay be anor phous
AURUM PL500M nErBEAARS & a%é' |\F|°T§a£r %‘ ﬁ?‘? ERAE et dthsrent ,
the bl end may esobptrawe5-30 percent ZEN TE and 95-70 percent AURUM PL500M

It wll be underst o%ﬁﬁagbgﬁl}gﬁkggd%hg%lhq%g é%l gq_#gpguggra?%n(g

t hernopl astic pol yner tressr trX
present invent péﬁCﬂIﬁh@M@eﬁthhgthmtshm%orﬁ&yeﬁaﬂv@t@&@éf thei preserit

thermal expansiig@ehfiéh® The jig 70 may be constructed of stainless
steel._ The jig 70 may have a top 72 and a bottom 74. The
bottom 74 may have a recess 78 for receiving the integrated
circuit chip 12. A low friction film 80 may be provided in
the recess 78 and on top of the substrate 14. The low
friction film 80 may allow the top 72 and the bottom 74 of
the jig 70 to expand during thermal treatment without
stressing the integrated circuit chip 12 or the substrate
14. In one embodiment, the low friction film 80 may be a
polyimide film such as Kapton. It will be understood that
other types of friction reducing films may be used within
the scope of the present invention.

The integrated circuit chip 12 may be packaged by
soldering connectors 20. to the chip bonding pads 16. As
previously described, the stress relief matrix 24 may
comprise a blend of 1liquid crystal polymer and
thermoplastic polymer. The stress relief matrix 24 may be
a preformed film sized and shaped to fill the space around
the connectors 20 between the integrated circuit chip 12
and the substrate 14. In one embodiment, the preformed
film may be the size of the chip 12. 1In this embodiment,
liquid processing problems such as void formation,
incomplete or nonuniform coverage of area, and inadequate
flow viscosity may be avoided. Additionally, special
equipment needed to keep liquid and/or paste in a confined

space is no longer needed and a chip sized package may be
produced.




direction 56 of between 20 and 30 ppnmi[err]C. The matrix 24 may have a

. coefficient of thermal expansion in the direction 58 of between 8 and 12
ppni[err]C. Thus, the stress relief matrix 50 will expand with the
connectors 52 in the direction 58 and wll expand internediate of the chip
42 and the substrate 44 in the direction 56 to provide stress relief for
the connectors 52. Accordingly, the matrix 24 will protect the connectors
20 from di sconnects. Additionally, the stress relief matrix 50 may have a
noi sture absorption rate of less than 0.1% at 85[err] C/'85%H. The | ow
noi sture absorption will mnimze swelling of the matrix 24 between the
chip 12 and the substrate 14. Accordingly, the |ow noisture absorption wll
prevent separation Hﬁleﬁh@%m&%r@@%eﬁrm i egyigepfesmed spdthe.

Such separati gfresdd Irlanéssmaﬂmd R4 Bo FOSSivoOfthd RenakecsFd cAJ. cepmection.

The matrix 50 nmay be bl d usin rocessin as previqusly descri bed
in connection WIS h&e ? i“aﬂflngzJ bPé¥d ﬁhe)}‘ e fHismeser P Fhem

having a uni fotméd“&aﬂeaesslmﬂﬁ hehmet ak.coathd mmsttlratephe;r emé'yﬂ Bdded to
the film @%p? VI N é’r@@ﬁg OL?1 ékpq: fi I % ?l’?dl %agess
[ e su h

proxi mate to t S ance tween 811 ows
the filmto bel8ufadimgotbecstress sneieéfamltmap%l ang ﬂ'—h?l chir bomddeagbet ween
the chip and thgys 1s.

The jig 70 may then be closed using screws. It will
be understood that other types of closure mechanisms may be
used instead of the screws 84 within the scope of the
present invention. Additionélly, although only two screws
84 are shown in FIGURE 3, the 3jig 70 may comprise
additional screws where necessary to put even pressure on
the stress relief matrix 24 between the integrated circuit
chip 12 and the substrate 14.

The jig 70 may be thermally treated to bond the stress
relief matrix 24 to the integrated circuit chip 12 and the
substrate 14. 1In one embodiment, the integrated circuit
chip 12, matrix 24 and substrate 14 may be thermally
treated at a temperature between 250 and 300°C and a
pressure of between 200 and 400 psi for a period of between
5 and 15 minutes. The temperature may be ramped up over a
period of 45 minutes and ramped down over a periocd of 2
hours to prevent deformities from forming in the stress
relief matrix 24. Processes will be significantly
dependent on the thermoplastic component of the matrix.

During thermal treatment, the stress relief matrix 24
will thermally and/or mechanically adhere to the integrated
circuit chip 12 and the substrate 14. Accordingly, the
matrix 24 provides stress relief for the connectors 20 of
the integrated circuit package 10 during thermal cycles.
Additionally, solder connectors 20 ma§ reflow and bond with
the substrate bonding pads 18. ' In this embodiment, the
matrix 24 should be compatible with solder reflow.



substrate. FIGURE 3 illustrates a jig 70 for packaging int'egrated circuit
chips with the stress relief matrix of the present invention. The jig 70
may be constructed of stainless steel. The jig 70 may have a top 72 and a
bottom 74. The bottom 74 may have a recess 78 for receiving the integrated
circuit chip 12. Alow friction film80 may be provided in the recess 78
and on top of the substrate 14. The low friction film80 nay allow the top
72 and the bottom 74 of the jig 70 to expand during thermal treatnent
W thout stressing the integrated circuit chip 12 or the substrate 14. In
one enbodi nent, the low friction filmi@0 may be a polyinide filmsuch as
Kapton. It vm'II be understood that ,other t Qes of friction reducing filns
may be used withi n Thfe HtggEaged tﬁérﬁPéEeﬁfY‘ Pndéntdfont IGHRE i%t@@Yagé
gi rgui t chijp 1Pa gy e mmlqa?fs&ghylamlﬁethegsamanpcboéss 2@st @htbe fﬁgl p
ondi ng pads 1 A eyviQus S stre rix_24 may
corpr 2o o B edEr AR RGBT R T S e PRBOR R e FRUSVRE
pol ymer. The stheasmnnettefs re2 may Ré mglmiaacalmréher pedférhed siidedoénd
shaped to fill¢fbeg 19.‘é'1*dm59§1£Oﬁ‘@eCthéogoaxﬁftg‘%‘técE@ dfnte?g_.hat ed

e pre

circuit chip 1 and strate . I'n one enbodi nment or med
filmmay be th@%‘l%%’f %%é“@hl}iﬁ 16XPqseck HiLeme sy RRaformedy fiidmpEegessi ng

probl ens such gsodOicdnt@efBtii®n, tHC OBPh&i®y ObaBENWE f ahe) W esagenalf area,
and i nadequat e,

equi prent need?a% ‘(?)%V %&Ew%&a ?Fgf%fxgl & ithe, ngllﬁﬁé‘? i aa. SPHREY
integrated circuit chip 42, stress relief matrix 50 and
substrate 44 may be disposed and thermally treated in the
jig 70 as previously described above in connection with
FIGURE 3 to thermally and/or mechanically adhere the matrix
50 to the chip 12 and the substrate 14.

Although the present invention has been described with
several embodiments, various changes and modifications may
be suggestive to one skilled in the art. It is intended
that the present invention encompass such changes and
modifications as fall within the scope of the appended
claims.



space is no | onger needed and a chip sized package nmay be’'produced. 13
"Hol es 82 may be punched or otherwise fornmed in the stress relief matrix 24
to receive the connectors 20. The stress relief matrix 24 may then be

di sposed on the integrated circuit chip 12. The substrate 14 nmay be

di sposed in the recess 76 wth the substrate bondi ng pads 18 facing the
stress relief matrix 24 and the chip bonding pads 16. The jig 70 may then
be closed using screws. It will be understood that other types of closure
mechani sms nmay be used instead of the screws 84 within the scope of the
present invention. Additionally, althﬁﬁgh only two screws 84 are shown in
FI GURE 3, the ]|l | se additional screws where necessary to put
even pressureW .gtggtgaﬁggﬁngéiief matri x 24 between the integrated circuit
chip 12 and the substr &re ibtegFhted i g rrlitapabkagher eempsistingat ed t o bond
the stress relief matri A I : sgi.rcuit chip 12 and the
substrate 14. In one éﬁ%éﬁ%&éﬁ%?g?ﬁguﬁﬁ%g;?g%ga.circuit chip 12, matrix 24
and substrate 14 may be? (OSFERLY ePRAFIEE dheaChéRper ature bet ween 250 and

300[err] C and a pressurg gbnhedtriendidiidsaad viihelRs e chiRerdmd €ie bet ween

nd 15 mn .. Th r r r r
5 and 15 Uts%f)strage;t enperature may be ranped up over a

the connector electrically coupling the chip to
the substrate;

a matrix disposed about the connector;

the matrix comprising a blend of liquid crystal
polymer and thermoplastic polymer:;

the matrix having a coefficient of thermal
expansion in a direction substantially parallel to the chip
and the substrate that is greater than that of the chip in
the substantially parallel direction and that is less than
that of the substrate in the substantially parallel
direction; and

the matrix having a coefficient of thermal
expansion in a direction normal to the substantially
parallel direction that is approximately that of the
cennector in the normal direction.

2. The integrated circuit package of Claim 1,
further comprising the coefficient of thermal expansion of
the matrix in the substantially parallel direction being
between 8 and 12 ppm/°C.

3. The nintegrated circuit package of Claim 1,
further comprising the coefficient of thermal expansion of
the matrix in the normal direction being between 20 and 30
ppm/°C..

4. The integrated éircuit package of Claim 1,
further comprising the matrix having a moisture absorption
rate of less than 0.1% at 85°C/B85%RH.

* [ L M *
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period of 45 minutes and ranped down over a -period of 2 hburs to prevent
- deformties fromformng in the stress relief matrix 24. Processes
will be significantly dependent on the thernoplastic conponent of the
matrix. During thermal treatnment, the stress relief matrix 24 wll
thermal |y and/ or nechanically adhere to the integrated circuit chip 12 and
the substrate 14. Accordingly, the matrix 24 provides stress relief for
the connectors 20 of the integrated circuit package 10 during thermal
cycles. Additionally, solder connectors 20 may refl ow and bond with the
substrate bondi ng pads 18. In this edBodi ment, the matrix 24 should be
conpati ble with sol der refl ow. 14 The inte rated circuit chip 42 of
FI GURE 2 may be pacRaged® Q%lrh?Q§§§éﬁ??aJ?5Fq sRAEXRPSC §dafRat L or
integrated cir citietredhi phé2mat|:1ﬂ:.>i hilss aerﬂnedmapmastimmmam opeltrabtentecher s 52
may be included in %hg RLE q&gp f | mof the stress relief matrix 50. A top
C

and a bottom of ¢3¢ eetor nﬁy be exposed fromthe preforned film

for good contact with the bonding pads 56 and 58 of the integrated circuit

chip 42 and the subgtrate,g4;int gg%é&1 fedpakkalit o8NERafid 1 SEESS
relief matrix 50 and substra%% eJ- QJgﬁspospe agd hern%lly tr%d?ed in

the jig 70 as FoBBEEHRY \fwdder se’aprabﬁm i2n C@é‘ﬁ‘HSE%P‘éanR fpopdedrEo 3 t o
thermal |y and/ higebbadiilda adbetfiddel yrdoupied to the chip and to a

substrate Dbonding pad electrically coupled to the
substrate.

7. The integrated c¢ircuit package of Claim 6,
wherein the conducting bump comprises a solder ball.

8. The integrated circuit package of Claim 1, the
connector further comprising at least one conducting bump
press fit against a chib bonding pad electrically coupled
to the <chip and against a substrate bonding pad
electrically coupled to the substrate.

9. The integrated circuit package of Claim 8,
wherein the conducting bump comprises a metal coated
plastic sphere.

10. The integrated circuit package of Claim 8,
wherein the conducting bump comprises metallic micro
filaments perpendicular to the chip and the substrate.

———
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50 to the chip 12 and the substrate 14. Al though the present invention has
" been described with several enbodi nents, various changes and nodifications

may be suggestive to one skilled in the art. It is intended that the
present invention enconpass such changes and nodifications as fall within
t he scope of the appended cl ai ns. 15 WHAT IS CLAIMED I1S: 1. An

integrated circuit package, conprising: an integrated circuit chip; a
substrate opposite the chip; a connector disposed between the chip and the
substrate; the connector electrically qupling the chip to the substrate; a
mat ri x di sposed about the connector; thle matrix conprising a blend of

| iquid crystal polyner ng plkasf i : I ing, a
coefficient of theﬂggl %k 5%§§§%Bi%§§$d¢¥£§%¥g%&gﬁ%2%§%§%éﬁ%§Q%af ?Fel to
the chip and tARiBubsiom@résihat is greater than that of the chip in the
substantial ly parallel @i nggatdign &H\?lr%%g' 2 Ashdt Qﬁg 1Al Ofcdfa@ar

ara

substrate in the substantially p lel direction; an
polymer and thermoplastic polymer:

the matrix having a coefficient of thermal
expansion in a plane of the film of between 8 and 12 ppm/°C;
and
the matrix having a coefficient of thermal
expansion in a direction normal to the plane of the film of
N between 20 and 30 ppm/°C.

12, The preformed film of Claim 11, further
comprising the matrix having a moisture absorption rate of
less than 0.1% at 85°C/85%RH.

13. The preformed film of Claim 11, wherein the
matrix is a thermoplastic film operable to be reworked upon
reheating.

A )



the matrix having a coefficient of thermal expansion in a'direction normnal
~to the substantially parallel direction that is approximately that of the
connector in the normal direction. 2. The integrated circuit package
of Caim 1, further conprising the coefficient of thermal expansion of
the matrix in the substantially parallel direction being between 8 and 12
ppm[err]C. 3. The integrated circuit package of daim 1, further
conprising the coefficient of thernmal expansion of the matrix in the nornmal
di rection being between 20 and 30 ppnmi[err]C. 4. The integrated circuit
package of Cdaim 1, further conpri gi8ng the natrlx haV|ng a nnlsture
absorption rate of Iess than 0. 1% at 8b5[err

integrated circui tt4-paBkBEEROR O Bagkagip: WHEFEFﬁt?% %ﬁﬁWHR<CP§P§:
t her nopl asti ¢ donpriepenabhe $eegie ofewor ked upon reheating. 6. The

integrated circuit packagg%of ad ai méP’E t})eatgpr%qlgc o&n{: H]@éd qqn‘g ing -a

conducti ng bunp bonded rica y coup t he
chip and to a(duhstaadeab@mbshgap@d Ehecmatcaxlyompnp$kmgt® bhen@ubﬁtrate.

7. The integf QiR crgsts¥l bol RRAAK298 tAErm&bAidRi b polymer;

pressing the chlp and the substrate against the
matrix; and

electrically coupling the chip to the substrate
with a connector; and

under pressure, thermally treating the chip,
matrix and substrate to bond the matrix to the chip and to
the substrate.

15. The method of Claim 14, wherein the matrix is a
preformed film.

16. The method of Claim 14, wherein the matrix has a
coefficient of thermal expansion in a direction
substantialiy parallel to the chip and the substrate that
is greater than that of the chip in the substantially
parallel direction and that is less than that of the
substrate in the substantially parallel direction.

17. The method of Claim 16, wherein the coefficient
of thermal expansion of the matrix in the substantially
parallel direction is between 8 and 12 ppm/°C.

18. The method of Claim 16, wherein the matrix has a
coefficient of thermal expansion in a direction normal to
the substantially parallel direction that is approximately
that of the connector in the normal direction.

19. The method of Claim 18, wherein the coefficient
of thermal expansion of the matrix in the normal direction

is between 20 and 30 ppm/°C.
A



wherein the conducting bunp conprises a solder ball. 8. 'The integrated

- circuit package of aim1l1, the connector further conprising at |east one
conducting bunp press fit against a chip bonding pad electrically coupled
to the chip and against a substrate bonding pad electrically
coupled to the substrate. 9. The integrated circuit package of Caim
8, wherein the conducting bunp conprises a netal coated plastic sphere. 10.
The integrated circuit package of Cl aim 8, wherein the conducting bunp
conprises netallic mcro filaments perpendicular to the chip and the
Substrate. 17 11. A preformed filmi®r packaging integrated circuit
chips, conprising: a matrix conprising a blend of |iquid crystal polyner
and thernopl astic péfymefhe meghodtaf Claawi Ad, avkersin Ghenmasrixheasnd

expansion in anﬁllaear@fasézﬁpfﬂlbm 9£t@edf"ﬂ.%s8tﬁaﬁ 8219Pa¥ [#3°c)Gssrid the
matri x having a coefficient of thermal expansion in a direction normal to

the plane of the filmof between 20 and 30 ppm[err]C 12. The preforned
film of Caim 1121.f uridienethodr ofi L aive 14t r wheheim n¢ha HHept WG

absorption rat el:h%rma.lly treating the chip, matrix and substrate under
pressure comprises treating the chip, matrix and substrate
at a temperature of between 250 to 330°C and pressure of
between 200 and 400 psi for between 5 and 15 minutes.

* [+ L n S *



less than 0.1% at 85[err]C/ 85%H. 13. The preforned filmof daimill,
wherein the matrix is a thernoplastic filmoperable to be reworked upon
reheati ng. 18 14. A nethod of packaging integrated circuit chips,
conprising the steps of: disposing a matrix between an integrated circuit
chip and a substrate, the matrix conprising a blend of liquid crystal

pol ymer and thernopl astic polyner; pressing the chip and the substrate
agai nst the matrix; and electrically coupling the chip to the substrate

wi th a connector; and under pressure, @ernally treating the chip, matrix
and substrate to bond the matrix to the chip and to the substrate. 15. The

method of @ al M 1ApnhRiesinke KEHIEN wadrdx PEGR CPRELRGMER c1fcyrine Method

of Claim 14, wherein the matrix has a coe
expansion in a direction substanfAGHAGINGarallel to the chip and the
substrate that is greater than that of the chip in the substantially

paral l el direc t Is_lLess than that of the substrate in the
substantially %ggﬁ&ﬁgﬁﬁgﬂiéépgﬁigég§95§ '
An integrated circuit package (10, 40) may comprise an
integrated circuit chip (12, 42) and a substrate (14, 44)
opposite the chip (12, 42). A connector (20, 52) may be
disposed between the chip. (12, 42) and the substrate (14,
44) to electrically couple the chip (12, 42) and the
substrate (14, 44). A matrix (24, 50) may be disposed
about the connector (20, 52). The matrix (24, 50) may
comprise a blend of 1liquid crystal polymer Iand
thermoplastic polymer. The matrix (24, 50) may have a
coefficient of thermal expansion in a direction (26, 56)
substantially parallel to the chip (12, 42) and the
substrate (14, 44) that is greater than that of the chip
(12, 42) and that is less than that of the substrate (14,
44) in the substantially parallel direction (26, 56). 1In
a direction (28, 58) normal to the substantially parallel
direction (26, 56), the matrix (24, 50) may have a
coefficient of thermal expansion that is approximately that
of the connector (20, 52).

Figure 3



17. The method of C aim 16, wherein the coefficient of thérmal expansion of
"the matrix in the substantially parallel direction is between 8 and 12
ppm[err]C. 18. The nethod of Claim 16, wherein the matrix has a
coefficient of thermal expansion in a direction normal to the substantially
parallel direction that is approximtely that of the connector in the
normal direction. 19. The nethod of C aim 18, wherein the coefficient of

t hermal expansion of the matrix in thelddrmal direction is between 20 and
30 ppniferr]C 19 20. The nethod of Claim14, whe¢ggein the matrix has a
nmoi sture absorption rate of less than 0.1% at 85[ert] C/ 85%RH. 21. The

met hod of O aim 14, wherein the step of thermally treating the chip, matrix

and substrate under ppresstre—eorpr-ses—treati-rg—the—ehip—rat+y and
substrate at a tenp$rature19f betmeen 250140 330[err] C agd presqure of
between 200 and 400 |psi for\bg}meen 5 and15 mnutes. J
22 \
18 14
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