21 March 2005 HEAT SPREADER INTERCONNECT METHODOLOGY FOR THERMALLY ENHANCED
PBGA PACKAGES BACKGROUND OF THE INVENTION (1) Field of the Invention The invention relates
to the fabrication of integrated circuit devices, and more particularly, to a methodzandpackage0 fis
thermally improved Plastic Ball Grid Array (PBGA) packaging. (2) Description of the Prior Art The

semiconductaordndustpriiassince itsrreceptioncachieyeds opmyemants inthevperformaneaafrp
semiconductor devices by device miniaturization and by increasing the device packaging density. One of

the original approaches that has been used tomseatepsarfacemounted, high pin count integrated circuit
packages has been the use of the Quad Flat Pack (QFP) with various pin configurations. For the QFP,
closely spaced leads along the four edgesrbtheflaiparkage mvensedfor making electrical connections
from where the electrical connections are distributed to the surrounding circuitry. The input/output (I/O)
connections that can be made to the QFP are therefore confined 1 21 March 2005
(1) Field of the Invention
The invention relates to the fabrication of integrated

circuit devices, and more particularly, to a method and package

for thermally improved Plastic Ball Grid Array (PBGA) packaging.

(2) Description of the Prior Art

The semiconductor industry has since its inception achieved
improvements in the performance of semiconductor devices by
device miniaturization and by increasing the device packaging

density.

One of the original approaches that has been used to create
surface mounted, high pin count integrated circuit packages has
been the use of the Quad Flat Pack (QFP) with various pin
configurations. For the QFP, closely spaced leads along the four
edges of the flat package are used for making electrical
connections from where the electrical connections are
distributed to the surrounding circuitry. The input/output (I/0)

connections that can be made to the QFP are therefore confined



to the edges of the flat package, which limits the number of I/O connections that can be made to the QFP
even in applications where the pin to pin spacing is small. The QFP has found to be cost effective for
semiconductor devices where the device I/O pin count does not exceed 200. To gircimavent this05
limitation, a new package, a Ball Grid Array (BGA) package has been introduced. For the BGA package,

the electricabcantactppiats are distribpied oyerdthefntire; Rottamisurface afitbe pagkage dherepy

eliminating the restriction of having 1/0 connects only around the periphery of the package. More contact
points with cgreaterispacingbeiweenthe sontagt peints san Yraretore bei allegated agrossitbe BGA

package than was the case with the QFP. The contact points that are used for the BGA package are
typically soldes balls thatdiavetbe pdded@ayantagesofsfiacilitatinhéowy spldesing afihel package onto a
printed circuit board. Prior Art substrate packaging uses ceramic and plastic BGA packaging. Ceramic
substrate packaging f:expensiveand das cproven to limikthe pesformance ohtheleveral package. Recent
years have seen the emergence of plastic BGA packaging; this packaging has become the main stream
design andgs frequentty dised indiglevalame BGA. patkagefabrication. The Plastici sabsisate BGA
(PBGA) package performs satisfactorily when used

new package, a Ball Grid Array (BGA) package has been

introduced. For the BGA package, the electrical contact points

are distributed over the entire bottom surface of the package

thereby eliminating the restriction of having I/0 connects only

around the periphery of the package. More contact points with

greater spacing between the contact points can therefore be

allocated across the BGA package than was the case with the QFP.

The contact points that are used for the BGA package are

typically solder balls that have the added advantage of

facilitating flow soldering of the package onto a printed

circuit board.

Prior Art substrate packaging uses ceramic and plastic BGA
packaging. Ceramic substrate packaging is expensive and has
proven to limit the performance of the overall package. Recent
years have seen the emergence of plastic BGA packaging; this
packaging has become the main stream design and is frequently
used in high volume BGA package fabrication. The Plastic

substrate BGA (PBGA) package performs satisfactorily when used



2 21 March 2005 for low-density flip-chip IC's. If the number of pins emanating from the IC is high, that is
in excess of 350 pins, or if the number of pins coming from the IC is less than 350 but the required
overall package size is small, or if the chip power dissipation is high (in excess o4 Wattspepchip), the
plastic structure becomes complicated and expensive. The invention addresses concerns of thermal

performancesef thePB&Aspackageithatiniadditions provides.advantages eff ejectrical perfarmagce (such
as low parasitic inductance being added by the package) and advantages of assembly (such as low
cost, being a-flexiblessotutionsthat daes natrequire anresiesigins ob thessupstrate pverwhichtthe die is
mounted) while the package meets conventional manufacturing standards. US 5,872,396 (Fujimoto)
shows a heatispegader usingsa swild composindans a mold cavlys Us 51641598 b(lieejisbows another

similar heat spreader design. US 5,977,626 (Want et al.) US 6,201,301 (Hoang) and US 5,834,839
(Mertol) shewaelated heatspreaderscandymettiods. 321shlargh 26@5 i f the chip power

dissipation is high (in excess of 4 Watts per chip), the plastic

structure becomes complicated and expensive.

The invention addresses concerns of thermal performance of
the PBGA package that in addition provides advantages of
electrical performance (such as low parasitic inductance being
added by the package) and advantages of assembly (such as low
cost, being a flexible solution that does not require a redesign
of the substrate over which the die is mounted) while the

package meets conventional manufacturing standards.

UsS 5,872,396 (Fujimoto) shows a heat spreader using a mold

compound and a mold cavity.

US 5,641,987 (Lee) shows another similar heat spreader

design.

Uus 5,977,626 (Want et al.) US 6,201,301 (Hoang) and US

5,834,839 (Mertol) show related heat spreaders and methods.



SUMMARY OF THE INVENTION A principle objective of the invention is to provide a semiconductor
package of improved thermal and electrical conductivity by using conductive epoxy combined with solder
ball interconnects to connect between a heat spreader and a ground pad of the package-subsitate.
Another objective of the invention is to provide a semiconductor package with improved heat spreader
planarity. Yet another objective of the igventiagyisde previde @y sgmicanductor package having direct
contact between a heat spreader of the package and a substrate of the package. In accordance with the
objectives of the invention a new method is provided for the interface between a heat spreader and the
substrate of a thermally improved PBGA package. The heat spreader interfaces with the substrate with
the stand-off of tha heatrspreaderobnder afissteembod ment oh thieoivestiany, the stage-off of the heat
spreader is provided with an opening, the stand-off of the heat spreader and therewith the heat spreader
is aligned withrthessubstrate- obthekRB6 Aqiackage dycneans oha 1 ceppergasdbat isgorovided over a
second surface of the 4 21 March 2005 substrate. Thermally conductive epoxy is deposited over the
conductivity by using conductive epoxy combined with solder ball
interconnects to connect between a heat spreader and a ground

pad of the package substrate.

Another objective of the invention is to provide a

semiconductor package with improved heat spreader planarity.

Yet another objective of the invention is to provide a
semiconductor package having direct contact between a heat

spreader of the package and a substrate of the package.

In accordance with the objectives of the invention a new
method is provided for the interface between a heat spreader and
the substrate of a thermally improved PBGA package. The heat
spreader interfaces with the substrate with the stand-off of the
heat spreader. Under a first embodiment of the invention, the
stand-off of the heat spreader is provided with an opening, the
stand-off of the heat spreader and therewith the heat spreader
is aligned with the substrate of the PBGA package by means of a

copper pad that is provided over a second surface of the



opening of the heat spreader and therewith over the copper pad provided over a second surface of the
substrate. Under a second embodiment of the invention, the stand-off of the heat spreader is provided
with an opening, the stand-off of the heat spreader and therewith the heat spreader igatighed 00ith the
substrate of the PBGA package by means of a gold bump or stud that is provided over a second surface

of the substrates + Thermallyrcongictive epexysistdeposited oyer thesepening ofithe,deat spreader and
therewith over the gold bump or stud provided over a second surface of the substrate. Under a third

embodimentrefthe inventiencthesstandpHofdthe heat spreaderis pravided with angepening,dhe stand-off
of the heat spreader and therewith the heat spreader is aligned with the substrate of the PBGA package
by means efrogrotkad pag pver whichnaiselder bak isoprovigedsanes arsacond surface of the substrate.

Thermally conductive epoxy is deposited over the opening of the heat spreader and therewith over the
ground pad and the thereover created solder ball provided over a second surface of the substrate. 5 21
March 2005 Under a fourth embodiment of the invention, the standoff of the heat spreader and therewith
the heat spreaderisdligned second embodiment of the invention, the stand-off

of the heat spreader is provided with an opening, the stand-off

of the heat spreader and therewith the heat spreader is aligned

with the substrate of the PBGA package by means of a gold bump

or stud that is provided over a second surface of the substrate.

Thermally conductive epoxy is deposited over the opening of the

heat spreader and therewith over the gold bump or stud provided

over a second surface of the substrate.

Under a third embodiment of the invention, the stand-off of
the heat spreader is provided with an opening, the stand-off of
the heat spreader and therewith the heat spreader is aligned
with the substrate of the PBGA package by means of a ground pad
over which a solder ball is provided over a second surface of
the substrate. Thermally conductive epoxy is deposited over the
opening of the heat spreader and therewith over the ground pad
and the thereover created solder ball provided over a second

surface of the substrate.



with a copper ground pad provided over a second surface of the substrate. Thermally conductive epoxy
is deposited over an extremity of the standoff of the heat spreader and therewith over the exposed
surface of the copper pad provided over a second surface of the substrate. BRIEFIDESGRIPTOIOBN OF
THE DRAWINGS Fig. 1 shows a cross section of a conventional thermally enhanced PBGA package,

specifically highlighting €oavenrtionah ragthedsnaf heab spreager injerconpact. Figs. 28-and-2rshew a
cross section of a first PBGA package of the invention, whereby the heat spreader is aligned by means

of a copperpad pevideg-everdesecond sirtace.afithe tsubsikaie. Hgsc3aiard 3b showa€ross section of
a second PBGA package of the invention, whereby the heat spreader is aligned with the underlying

substrate of thehpackagiedeyrmeans ofl agold sstud Dadamprthat is ereatecbiovarareerpes greurd pad
provided in the second surface of the substrate of the package. 6 21 March 2005 Figs. 4a and 4b show

a cross seciiobf mathird PBGAmpackage of thesinireatien whereby thedieat ispieades is aligned with the
underlying substrate of the package by means of a
extremity of the standoff of the heat spreader and therewith

over the exposed surface of the copper pad provided over a

second surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of a conventional thermally
enhanced PBGA package, specifically highlighting conventional

methods of heat spreader interconnect.

Figs. 2a and 2b show a cross section of a first PBGA
package of the invention, whereby the heat spreader is aligned
by means of a copper pad provided over a second surface of the

substrate.

Figs. 3a and 3b show a cross section of a second PBGA
package of the invention, whereby the heat spreader is aligned
with the underlying substrate of the package by means of a gold
stud or bump that is created over a copper ground pad provided

in the second surface of the substrate of the package.



solder ball that is created over a copper ground pad provided in the second surface of the substrate of
the package. Figs. 5a and 5b show a cross section of a fourth PBGA package of the invention, whereby
the stand-off of the heat spreader is aligned with a copper ground pad provided ia thelasedondBusface of
the substrate of the package, thermally conductive epoxy is provided over an extremity of the stand-off

of the heat spreades and the expased surface af theszappes aroynd pada DESGRIPFHON OF THE
PREFERRED EMBODIMENTS The prior art heat spreader interconnect methodology for thermally

enhanced BBGhspackagets showndn €iess sectiondy figellasan exarplecof aidieup sosating
method. For applications where the die-up method of mounting the device does not meet thermal
requirements,dhe ehe-dawngnethdads fraguenty dset whereby substrates arearseddtiathave been
provided with metal heat-distribution surfaces (heat slugs). A die-down BGA package typically has better
thermal pedormaancecthan the die-up 7c2kMasch 2085 BBGAopackagesince thecheatdhatis@enerated in
the die can be dissipated effectively from the backside of the die to the metal heat slugs. However, the
assembly costford¢hisdie-slowface of the substrate of the package.

Figs. 5a and 5b show a cross section of a fourth PRGA
package of the invention, whereby the stand-off of the heat
spreader is aligned with a copper ground pad provided in the
second surface of the substrate of the package, thermally
conductive epoxy is provided over an extremity of the stand-off
of the heat spreader and the exposed surface of the copper

ground pad.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The prior art heat spreader interconnect methodology for
thermally enhanced PBGA package is shown in cross section in
Fig. 1 as an example of a die-up mounting method. For
applications where the die-up method of mounting the device does
not meet thermal requirements, the die-down method is frequently
used whereby substrates are used that have been provided with
metal heat-distribution surfaces (heat slugs). A die-down BGA

package typically has better thermal performance than the die-up



arrangement is considerably higher than for the die-up method of mounting semiconductor devices.
Shown in the cross section of Fig. 1 are the following elements of a die-up thermally enhanced PBGA
package: - 10, the semiconductor die of the thermally enhanced PBGA package 2moMatedroves ahe
surface of substrate 12 - 12, a substrate or semiconductor die mounting support; it must be understood

that conventignally suhstsate skisduseddonthe: creationief rpultiples cemplex and overyiag tayess of
interconnect traces; these interconnect traces have not been highlighted in the cross section of Fig. 1

and essentially seennect cefitest panks o eardactpadsthakareipravidechever i first stifaceof substrate

12 with contact points or contact pads that are provided over a second surface of substrate 12;

examples of coptact pads ovetrasfiest, surtace 0f sehslrgtecks thavebeemniprovitedwitihcontact pads

highlighted as 22, examples of contact pads over a second surface of substrate 12 have been provided

with contact pads dughlightetkas 24 ande2tab14, thedteat sirtk-of the packagel 82uldarch-2005 ¢f16, a

first solder mask layer, typically comprising a patterned and etched layer of dielectric, with openings that
mounting semiconductor devices.

Shown in the cross section of Fig. 1 are the following
elements of a die-up thermally enhanced PBGA package:
- 10, the semiconductor die of the thermally enhanced PBGA
package, mounted over the surface of substrate 12
- 12, a substrate or semiconductor die mounting support; it must
be understood that conventionally substrate 12 is used for the
creation of multiple, complex and overlying layers of
interconnect traces; these interconnect traces have not been
highlighted in the cross section of Fig. 1 and essentially
connect contact points or contact pads that are provided over a
first surface of substrate 12 with contact points or contact
pads that are provided over a second surface of substrate 12;
examples of contact pads over a first surface of substrate 12
have been provided with contact pads highlighted as 22, examples
of contact pads over a second surface of substrate 12 have been
provided with contact pads highlighted as 24 and 26

- 14, the heat sink of the package



align with the contact pads 22; first solder mask 16 is created over a first surface of substrate 12 - 18, a
second solder mask layer, typically comprising a patterned and etched layer of dielectric, with openings
that align with the copper traces 24; second solder mask 18 is created over a sezdondsutface ©f 5
substrate 12 - 20, interconnect vias provided through substrate 12, creating electrical interconnects

between contaef pad en adirstsurface ahsubstraje 42 angcomntact pachan aisecegd surface of substrate
12 - 22, conductive traces or contact pads on a first surface of substrate 12, conductive traces 22 are

connected & faees 26 bynmeansiof yiasa2Q or by meassefother, intereanrget iraces (Aota shown) that
are part of the substrate 12 - 24, ground pads provided over a second surface of substrate 12, these
ground pads124yarevtherphyisicat iteface sobetween the iheat spreader Iband the substtate 424 26,
contact points provided over the second surface of substrate 12 - 28, solder balls for further interconnect
(not shownypotthes package that fsaslkowit insctess secton in Fig. 1 with surrounding electrical circuitry or
electrical components (not 9

- 18, a second solder mask layer, typically comprising a

patterned and etched layer of dielectric, with openings that

align with the copper traces 24; second solder mask 18 is

created over a second surface of substrate 12

- 20, interconnect vias provided through substrate 12, creating

electrical interconnects between contact pad on a first surface

of substrate 12 and contact pad on a second surface of substrate

12

- 22, conductive traces or contact pads on a first surface of

substrate 12, conductive traces 22 are connected to traces 26 by

means of vias 20 or by means of other interconnect traces (not

shown) that are part of the substrate 12

- 24, ground pads provided over a second surface of substrate

12, these ground pads 24 are the physical interfaces between the

heat spreader 14 and the substrate 12

- 26, contact points provided over the second surface of

substrate 12

- 28, solder balls for further interconnect (not shown) of the

package that is shown in cross section in Fig. 1 with

surrounding electrical circuitry or electrical components (not



21 March 2005 shown); of the solder balls that are shown in the cross section of Fig. 1, it must be noted
that some of these solder balls, such as solder ball 28, do not penetrate through the layer 16 and
therefore do not make direct electrical contact with points of electrical contact pravideth incor Qo the first
surface of substrate 12; other solder balls, such as solder ball 28" completely penetrate through the

solder maskr&.and therefore makeisentast with€eaduetive tsacss(nok shewn)-eveythesurfase of the
substrate 12; other solder balls again, such as solder balls 28", partially penetrate through the solder

mask 16 angk nrake. cantagtwith eentast pads a2 avidedovena firstetisface] aksubsirate 12 - 30, a
layer of thermally conductive adhesive interfacing between die 10 and the second surface of substrate 12
- 32, pointssafelectrcalcomtactypsovided pvebthecactiven stirface-of-servicgnduetor dieykd - 84, bond wires
for the interconnection of die 10 to contact pads 26 provided over a second surface of substrate 12 - 36,
a mold compaindferméd oyverdthensurfacekef the stroctuse e ethichcburthes atsocsurrauridsdacinctwires 34.
Conventional methods that are applied for the improvement of thermally enhanced PBGA packages
concentratednelectrical contact provided in or on the first surface of

substrate 12; other solder balls, such as solder ball 28’

completely penetrate through the solder mask 16 and therefore

make contact with conductive traces (not shown) over the surface

of the substrate 12; other solder balls again, such as solder

balls 28”, partially penetrate through the solder mask 16 and

make contact with contact pads 22 provided over a first surface

of substrate 12

- 30, a layer of thermally conductive adhesive interfacing

between die 10 and the second surface of substrate 12

- 32, points of electrical contact provided over the active

surface of semiconductor die 10

- 34, bond wires for the interconnection of die 10 to contact

pads 26 provided over a second surface of substrate 12

- 36, a mold compound formed over the surface of the structure,

which further also surrounds bond wires 34.

Conventional methods that are applied for the improvement

of thermally enhanced PBGA packages concentrate on:

10



10 21 March 2005 increasing the density of the copper that is used in the creation of the substrate of the
package including an increasing number of metal layers in the substrate of the package applying
methods of enhanced integration of the heat spreader of the package into the pazkage,typicaliy Gsing an
adhesive for this purpose increasing the thickness of the metal layers in the substrate of the package,

and adding moye-thermally, cepduciive parts, viasand solderballs, 1q thessupstrate of the.package,

specifically to surface areas of the substrate that align with the thereover mounted semiconductor die of

the package. Specifically highlightedsiniihe £r9ss sactionoffig. lgre the heat spreader standoff features
38 of the heat spreader, which form the surfaces and method of interfacing the heat spreader 14 with the

substrate 12 of the, BRGA pagkage . Heal Spreadantd may Gomupyise)metal or may, gomprise thermally

conductive epoxy. The interconnect methodology ot the invention will now be described in detail using the

cross sections QfiFigs. 2through 1o package

e applying methods of enhanced integration of the heat spreader
of the package into the package, typically using an adhesive
for this purpose

e increasing the thickness of the metal layers in the substrate
of the package, and

e adding more thermally conductive parts, vias and solder balls
to the substrate of the package, specifically to surface
areas of the substrate that align with the thereover mounted

semiconductor die of the package.

Specifically highlighted in the cross section of Fig. 1 are
the heat spreader standoff features 38 of the heat spreader,
which form the surfaces and method of interfacing the heat
spreader 14 with the substrate 12 of the PBGA package. Heat
spreader 14 may comprise metal or may comprise thermally

conductive epoxy.

The interconnect methodology of the invention will now be

described in detail using the cross sections of Figs. 2 through

11



11 21 March 2005 5b. This description will specifically concentrate on the methods in which the heat sink
of a thermally enhanced PBGA package interfaces with and is aligned with the substrate of the package,
an interface that for conventional PBGA packages has been highlighted as the stahdvaft 38 of ¢ich 1.
Specifically referring now to the cross sections of Figs. 2a and 2b, there is shown a first interconnect

methodology,of arthermaly-enhanced RBGA packagei4th The physicah intarface 42 theiween the heat
sink 14 and the substrate 12 is referred to as the standoff 42 of the heat spreader 14. The standoff 42

has been showibmsmagnified darm i ordes o highlightrthe follewing) detadsiod iniercoppest 42: - 44, a
copper pad that is provided over a second surface of substrate 12, which at least partially penetrates
through thep seldesenaske 1S ineerksler ta establish fiem meachanical intarface: heiween she heat sink 14 and
substrate 12 - 46, conductive epoxy provided overlying copper pad 44 - 51, a horizontal section of the
heat spreaderckh 63, am upperseciion afthe stand-ofb seetion 42 of tieskeatospleaders 14255, a center
section of the stand-off section 42 of the heat

been highlighted as the stand-off 38 of Fig. 1.

Specifically referring now to the cross sections of Figs.
2a and 2b, there is shown a first interconnect methodology of a
thermally enhanced PBGA package 40. The physical interface 42
between the heat sink 14 and the substrate 12 is referred to as
the standoff 42 of the heat spreader 14. The standoff 42 has
been shown in magnified form in order to highlight the following
details of interconnect 42:
- 44, a copper pad that is provided over a second surface of
substrate 12, which at least partially penetrates through the
solder mask 18 in order to establish firm mechanical interface
between the heat sink 14 and substrate 12
- 46, conductive epoxy provided overlying copper pad 44
- 51, a horizontal section of the heat spreader 14
- 53, an upper section of the stand-off section 42 of the heat
spreader 14
- 55, a center section of the stand-off section 42 of the heat

spreader 14

12



spreader 14 12 21 March 2005 - 57, a lower section of the stand-off section 42 of the heat spreader 14,
the lower section 57 of the heat spreader stand-off 42 comprises, progressing in a direction away from
the horizontal section 51 of the heat spreader 14: - 59, a first horizontal section being/paratiebwitls the
surface of the substrate 12, followed by - 61, a U-shaped extrusion with a lower side of the U-shaped

extrusion facing fhessubsieate aad withhthetweremaining-sides of the Urshapedextrusiansiaterfacing with
the surface of the substrate under an angle, followed by - 63, a second horizontal section being

connected ipthesldeshaped extrusiondhe seeend hopzontal sectiondaing paraliet witt thessustaee of the
substrate 12, and - 65, an opening that has been created through the bottom layer of the U-shaped

extrusion 642overtying tescoppespassdt. rAdditional eleraentsdhatareshowmsmindhe cross sections of
Figs. 2a and 2b but that have not been highlighted will be recognized as being identical to the
corresponding etleorerds thatchaven previausly:-heem bighlighteddddire tross section of Fig. 1. Because of
this partial identity between the cross sections of

- 59, a first horizontal section being parallel with the surface

of the substrate 12, followed by

- 61, a U-shaped extrusion with a lower side of the U-shaped

extrusion facing the substrate and with the two remaining sides

of the U-shaped extrusion interfacing with the surface of the

substrate under an angle, followed by

- 63, a second horizontal section being connected to the U-

shaped extrusion, the second horizontal section being parallel

with the surface of the substrate 12, and

- 65, an opening that has been created through the bottom layer

of the U-shaped extrusion 61, overlying the copper pad 44.

Additional elements that are shown in the cross sections of
Figs. 2a and 2b but that have not been highlighted will be
recognized as being identical to the corresponding elements that
have previously been highlighted in the cross section of Fig. 1.
Because of this partial identity between the cross sections of
Figs. 2a and 2b and Fig. 1, these elements will for reasons of
avoidance of repetition and for reasons of simplicity of

presentation not be repeated at this time. These elements are

13



Figs. 2a and 2b and Fig. 1, these elements will for reasons of avoidance of repetition and for reasons of
simplicity of presentation not be repeated at this time. These elements are 13 21 March 2005 included in
the description of the cross section of Figs. 2a and 2b by reference to the cross sectiga offrig. 0 Not
highlighted in the cross sections of Figs. 2a and 2b are the layers of mold compound that are applied to

mount the semieerducter die oveethersytaceofihe substratesandstoc thergby furtheycompletenthe
package of the semiconductor die. These layers of mold compound have been highlighted as layer 36 in

the cross segtian,ofrkige tethedayer afHaolsheonapeund 36 thatumdeylies the heat sink 14 is a first
(applied) layer of mold compound, the layer of mold compound that overlies the heat sink 14 is a second
(applied) layer of mold compound. For the completion of the thermally enhanced PBGA package of the
invention, these layers of mold compound are assumed to also be applied. The applied mold compound
can be cured as pattoficreatingy the thermatly @nbanee PB{A packags, asican. theathermdaly conductive
epoxy that is inserted underneath the mounted semiconductor device as an underfill for that device.

are the layers of mold compound that are applied to mount the

semiconductor die over the surface of the substrate and to

thereby further complete the package of the semiconductor die.

These layers of mold compound have been highlighted as layer 36

in the cross section of Fig. 1, the layer of mold compound 36

that underlies the heat sink 14 is a first (applied) layer of

mold compound, the layer of mold compound that overlies the heat

sink 14 is a second (applied) layer of mold compound. For the

completion of the thermally enhanced PBGA package of the

invention, these layers of mold compound are assumed to also be

applied.

The applied mold compound can be cured as part of creating
the thermally enhance PBGA package, as can the thermally
conductive epoxy that is inserted underneath the mounted

semiconductor device as an underfill for that device.

In addition, for completion of the thermally enhance PRBRGA
package, end-of-line processing can be provided, comprising

steps of connecting contact balls to the first surface of the

14



In addition, for completion of the thermally enhance PBGA package, end-of-line processing can be
provided, comprising steps of connecting contact balls to the first surface of the 14 21 March 2005
substrate 12, which completes the creation of a Plastic Ball Grid Array (PBGA) pactkage: dthe2alidve
provided comments, relating to the application of layers of (first and second) mold compound and

end-of-line spresessing, equallyrapplies tmphe-eross seetionsafkigs. 3 throughs% and asg hereby made
part of the descriptions of these cross sections that are provided below. Element 12 in the cross sections

of Figs. 2a and 2nhas: peenneferreshtoxasya substrate. This term is not to be interpreted in any limited
sense but can be interpreted as being a semiconductor device mounting support. As semiconductor
device mounting support can serve surfaces consisting of semiconductor substrates, printed circuit
boards, flex circuits, metallized substrates, glass substrates and semiconductor device mounting
support. The citedrsemiconductor suhisteate dnaynbe selected fraim éhe: grotipeofgubsiratesi cansisting of
semiconductor substrates, ceramic substrates, glass substrates, gallium arsenide substrates, silicon
substrates teamprisingfa sifglestayendf second) mold compound and end-of-line
processing, equally applies to the cross sections of Figs. 3

through 5 and are hereby made part of the descriptions of these

cross sections that are provided below.

Element 12 in the cross sections of Figs. 2a and 2b has
been referred to as a substrate. This term is not to be
interpreted in any limited sense but can be interpreted as being
a semiconductor device mounting support. As semiconductor device
mounting support can serve surfaces consisting of semiconductor
substrates, printed circuit boards, flex circuits, metallized
substrates, glass substrates and semiconductor device mounting
support. The cited semiconductor substrate may be selected from
the group of substrates consisting of semiconductor substrates,
ceramic substrates, glass substrates, gallium arsenide
substrates, silicon substrates comprising a single layer of
material, such as a silicon wafer or comprising silicon on
insulator (SOI) technology and silicon on sapphire (SOS)

technology, doped or undoped semiconductors, epitaxial layers of

15



material, such as a silicon wafer or comprising silicon on insulator (SOI) technology and silicon on
sapphire (SOS) technology, doped or undoped semiconductors, epitaxial layers of 15 21 March 2005
silicon supported by a base semiconductor, sapphire substrates or substrates uset fueftatpared 5
displays. In the cross sections that are shown in Figs. 2a and 2b, the standoff 42 of the heat spreader 14

is inserted kM Or Aligeedwith-a gopperzpash44 psevided uacthesurtacenfthe substratei2sThe
through hole 65 of the heat spreader standoff 42 allows the copper or ground pad 44 to function as a

positioning gelideafes the pesitioring of she heatspreader &4 swith tespect to the substrate 12 over which
the heat spreader 14 is mounted. The heat spreader 14 is connected to the ground pad 44 using a
conductive epoxy 46 for heat spreading purposes, the thermally conductive epoxy 46 is applied using an
epoxy dispensing process. A baking process cures the thermally conductive epoxy 46 in order to assure
firm holding of theTheathspreader14 paot tmthetsieps atencapsutation andymoldiag gmet gbown). From
the cross sections that are shown in Figs. 2a and 2b, itis, in sum, clear that:

the standoff 42 of the heat spreader 14 is inserted into or

aligned with a copper pad 44 provided over the surface of the

substrate 12. The through hole 65 of the heat spreader standoff

42 allows the copper or ground pad 44 to function as a

positioning guide for the positioning of the heat spreader 14

with respect to the substrate 12 over which the heat spreader 14

is mounted. The heat spreader 14 is connected to the ground pad

44 using a conductive epoxy 46 for heat spreading purposes, the

thermally conductive epoxy 46 is applied using an epoxy

dispensing process. A baking process cures the thermally

conductive epoxy 46 in order to assure firm holding of the heat

spreader 14 prior to the steps of encapsulation and molding (not

shown) .

From the cross sections that are shown in Figs. 2a and 2b,

it is, in sum, clear that:
e the heatsink 14 is aligned with the substrate 12 by means of
the copper pad 44 that is provided over the second surface of

substrate 12, and
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the heatsink 14 is aligned with the substrate 12 by means of the copper pad 44 that is provided over the
second surface of substrate 12, and 16 21 March 2005 the heatsink is connected to the ground pad 44
by thermally conductive epoxy 46. Referring now to the cross sections that are shawran Eigs2 (3eband

3b, there is shown a second interconnect methodology of a thermally enhanced PBGA package 50. The

physical inierfage-eween ihg heat siokidandthe subsrate d2nalspeferiedp es dhestang-off 52 of

the heat spreader 14, has been shown in magnified form in order to highlight the following details of
stand-off 52 and,the ipterfacing,with the surface 12: - 54, a copper pad that is provided over a second
surface of substrate 12, which penetrates through the solder mask 18 in order to establish firm
mechanical interface between the heat sink 14 and substrate 12 - 56, a gold stud bump, created
overlying and in contact with copper pad 54, and - 58, conductive epoxy that has been inserted overlying

agold stud bumpL&and cappepad 84 cAdditionalelementsthat areshowa instheeross seetipns of
3a and 3b, there is shown a second interconnect methodology of a
thermally enhanced PBGA package 50. The physical interface
between the heat sink 14 and the substrate 12, also referred to
as the stand-off 52 of the heat spreader 14, has been shown in
magnified form in order to highlight the following details of
stand-off 52 and the interfacing with the surface 12:
- 54, a copper pad that is provided over a second surface of
substrate 12, which penetrates through the solder mask 18 in
order to establish firm mechanical interface between the heat
sink 14 and substrate 12
- 56, a gold stud bump, created overlying and in contact with
copper pad 54, and
- 58, conductive epoxy that has been inserted overlying a gold

stud bump 56 and copper pad 54.

Additional elements that are shown in the cross sections of
Figs. 3a and 3b but that have not been individually highlighted
in the cross sections of Figs. 3a and 3b will be recognized as
being identical to the corresponding elements that have

previously been highlighted in the cross section of Fig. 1.

17



Figs. 3a and 3b but that have not been individually highlighted in the cross sections of Figs. 3a and 3b
will be recognized as being identical to the corresponding elements that have previously been
highlighted in the cross section of Fig. 1. 17 21 March 2005 Because of this partial ideatityrbetween the
cross sections of Figs. 3a and 3b and Fig. 1, these elements will for reasons of avoidance of repetition

and for reagens, aksimpficity, 0F prasentation nehke repestedatthis ime: These elementsare fincluded in
the description of the cross sections of Figs. 3a and 3b by reference to the cross section of Fig. 1. The

cross section gkthesstand©f3%2 ehtherhent spreadessi4 asshomnsnyHigs. 3eoand 3b sl bedecognized
as being identical to the cross section of the stand-off 42 of the heat spreader 14 that has been
discussed isndetaib incthecross seetions of Eigs. 2a and2s Because of this identity, dhis detailed
description will not be repeated at this time but will be included by reference in the description of the
cross sections ©f frigs: Bananth3bda the gress=seciionstihat arénshowrhindige. 13anand 3ba the standoff of
the heat spreader has a through hole, the heat spreader 14 is inserted or aligned with the underlying
substrate included in the description of the cross sections of Figs. 3a

and 3b by reference to the cross section of Fig. 1.

The cross section of the stand-off 52 of the heat spreader
14 as shown in Figs. 3a and 3b will be recognized as being
identical to the cross section of the stand-off 42 of the heat
spreader 14 that has been discussed in detail in the cross
sections of Figs. 2a and 2b. Because of this identity, this
detailed description will not be repeated at this time but will
be included by reference in the description of the cross

sections of Figs. 3a and 3b.

In the cross sections that are shown in Figs. 3a and 3b,
the standoff of the heat spreader has a through hole, the heat
spreader 14 is inserted or aligned with the underlying substrate
12 using a gold stud bump 56. The stud bump 56 will be formed
applying single or multiple steps of creating overlying layers
of bump material. The heat spreader 14 is connected to the
ground pad 54 using the conductive epoxy 58 by a dispensing

process. Curing of the conductive epoxy 58 is applied by a
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12 using a gold stud bump 56. The stud bump 56 will be formed applying single or multiple steps of
creating overlying layers of bump material. The heat spreader 14 is connected to the ground pad 54
using the conductive epoxy 58 by a dispensing process. Curing of the conductive eptxyb8 iapplied by
a 18 21 March 2005 baking process, thus providing a firm positioning of the heat spreader 14 prior to

encapsulatipmantd;melding.ssrom thescress-seations that arensheun it bigsngaande3ty itdss th sum, clear
that: the heatsink 14 is aligned with the substrate 12 by means of the gold stud bump 56 that is provided

over the segpnd ssiHtacedofistibstrater12 ibeheatsink 44 is thermally cognected to the ground pad 54 by
thermally conductive epoxy 58. Referring to the cross sections that are shown in Figs. 4a and 4b, there is
shown a third interconnect methodology of a thermally enhanced PBGA package 60. The physical
interface 62 between the heat sink 14 and the substrate 12 has been shown in magnified form in order
to highlight the following detailsof sintereonriect 62t L 64, a coppavpad thatis provided aver &8second
surface of

it is, in sum, clear that:

e the heatsink 14 is aligned with the substrate 12 by means of
the gold stud bump 56 that is provided over the second

surface of substrate 12

e the heatsink 14 is thermally connected to the ground pad 54

by thermally conductive epoxy 58.

Referring to the cross sections that are shown in Figs. 4a
and 4b, there is shown a third interconnect methodology of a
thermally enhanced PBGA package 60. The physical interface 62
between the heat sink 14 and the substrate 12 has been shown in
magnified form in order to highlight the following details of
interconnect 62:
- 64, a copper pad that is provided over a second surface of
substrate 12, which penetrates through the solder mask 18 in
order to establish firm mechanical interface between the heat
sink 14 and substrate 12, and
- 66, a solder ball, created overlying and in contact with

copper pad 64.
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substrate 12, which penetrates through the solder mask 18 in order to establish firm mechanical interface
between the heat sink 14 and substrate 12, and - 66, a solder ball, created overlying and in contact with
copper pad 64. 19 21 March 2005 Additional elements that are shown in and thag are/partiof #EEross
sections of Figs. 4a and 4b but that have not been individually highlighted in the cross sections of Figs.

4a and 4b will be xgeagnized as bemng-identical 4e the-eorsaspanding HlementsithatBaye previgusly been
highlighted in the cross section of Fig. 1. Because of this partial identity between the cross sections of

Figs. 4a angrdb and kig. de thasenelements gl faraeasans: pf avaidance: ohrepetition apdder reasons of
simplicity of presentation not be repeated at this time. These elements are included in the description of
the cross seeitinnsi of kigsy 48 aste14khy «efetencento tbe esesssseationref Fig. Eilgdhe grossrsections that
are shown in Figs. 4a and 4b, the stand off 62 of the heat spreader 14 is inserted or aligned in the
pre-attachetbsolderbalb6G oc by the ase of sbkden pastee (not showny. The: flux-freesoldet badl 66 or
solder paste is attached after wire bonding. The copper ground pad 64 is

elements that have previously been highlighted in the cross

section of Fig. 1. Because of this partial identity between the

cross sections of Figs. 4a and 4b and Fig. 1, these elements

will for reasons of avoidance of repetition and for reasons of

simplicity of presentation not be repeated at this time. These

elements are included in the description of the cross sections

of Figs. 4a and 4b by reference to the cross section of Fig. 1.

In the cross sections that are shown in Figs. 4a and 4b,
the stand off 62 of the heat spreader 14 is inserted or aligned
in the pre-attached solder ball 66 or by the use of solder paste
(not shown). The flux-free solder ball 66 or solder paste is
attached after wire bonding. The copper ground pad 64 is

connected to the heat spreader 14 by soldering or by reflow.

The cross section of the stand-off 62 of the heat spreader
14 as shown in Figs. 4a and 4b will be recognized as being
identical to the cross section of the stand-off 42 of the heat
spreader 14 that has been discussed in detail in the cross

sections of Figs. 2a and 2b. Because of this identity, this
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connected to the heat spreader 14 by soldering or by reflow. The cross section of the stand-off 62 of the
heat spreader 14 as shown in Figs. 4a and 4b will be recognized as being identical to the cross section
of the stand-off 42 of the heat spreader 14 that has been discussed in detail in thelcrass sections of
Figs. 2a and 2b. Because of this identity, this 20 21 March 2005 detailed description will not be repeated

at this timeduit will Le inskidedbyirsference imthe descriptien of theseross 1 sections abirigsy Aajand 4b.
From the cross sections that are shown in Figs. 4a and 4b, itis, in sum, clear that the heatsink 14 is

aligned withy¢he rsuibstiate B2, by ereanshefdhersotdes had H6rthat iscproyidednheverribesecond surface of
substrate 12. The heatsink 14 will be connected to the substrate 12 by soldering or by a process of

solder refloye KRefettigde the gsassiseciions 4mat are shown in Figs. 5a and 5b, there is shown a fourth
interconnect methodology of a thermally enhanced PBGA package 70. The physical interface 72,
referred to as the stand-off of the heat spreader 14, between the heat sink 14 and the substrate 12 has
been shown in magnified form in order to highlight the following details of
From the cross sections that are shown in Figs. 4a and 4b,

it is, in sum, clear that the heatsink 14 is aligned with the

substrate 12 by means of the solder ball 66 that is provided

over the second surface of substrate 12. The heatsink 14 will be

connected to the substrate 12 by soldering or by a process of

solder reflow.

Referring to the cross sections that are shown in Figs. 5a
and 5b, there is shown a fourth interconnect methodology of a
thermally enhanced PBGA package 70. The physical interface 72,
referred to as the stand-off of the heat spreader 14, between
the heat sink 14 and the substrate 12 has been shown in
magnified form in order to highlight the following details of
interconnect 52:
- 74, a copper pad that is provided over a second surface of
substrate 12, which penetrates through the solder mask 18 in
order to establish firm mechanical interface between the heat
sink 14 and substrate 12, and
- 76, conductive epoxy that has been provided overlying the

copper pad 74.
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interconnect 52: - 74, a copper pad that is provided over a second surface of substrate 12, which
penetrates through the solder mask 18 in order to establish firm mechanical interface between the heat
sink 14 and substrate 12, and - 76, conductive epoxy that has been provided oveglyingdhe hcappes pad
74. 21 21 March 2005 The separate elements of the standoff 72 of the heat spreader shown in cross

sections in Figs. Sanandseb are the dollowings- 6k a herizanialseetion of e heat spreader 14 - 73, an
upper section of the stand-off section 42 of the heat spreader 14 - 75, a center section of the stand-off

section 42 ghtheipat spreaden 4 - ¥dsa lewerseationiof the standseff saetiadn72 pEthenkeat spreader
14, the lower section 77 of the heat spreader stand-off 72 comprises, progressing in a direction away
from the hewzandalisegtion 71 of the heat spreader 14: - 79, a first horizontal section being parallel with
the surface of the substrate 12, followed by

- 71, a horizontal section of the heat spreader 14

- 73, an upper section of the stand-off section 42 of the heat

spreader 14

- 75, a center section of the stand-off section 42 of the heat

spreader 14

- 77, a lower section of the stand-off section 72 of the heat

spreader 14, the lower section 77 of the heat spreader stand-off

72 comprises, progressing in a direction away from the

horizontal section 71 of the heat spreader 14:

- 79, a first horizontal section being parallel with the surface

of the substrate 12, followed by

- 81, a center section, interfacing with the surface of the

substrate 12 under an angle, followed by

- 83, a second horizontal section being connected to the center

section 81, the second horizontal section 83 being parallel with

the surface of the substrate 12; further shown in the cross

sections of Figs. 5a and 5b is element 78, which is a heat

spreader stand-off ball or stud that is physically connected to

or part of the heat spreader 14 and that provides additional

stability to the interconnect between the heat spreader 14 and

the substrate 12.

22



- 81, a center section, interfacing with the surface of the substrate 12 under an angle, followed by - 83, a
second horizontal section being connected to the center section 81, the second horizontal section 83
being parallel with the surface of the substrate 12; further shown in the cross seetionsaafdrigg.05eband 5b
is element 78, which is a heat spreader stand-off ball or stud that is physically connected to or part of the

heat spreader 14 and thatqiavides additiopak istability 4o Hheintercanagct hetween the pgatspreader 14
and the substrate 12. 22 21 March 2005 Additional elements that are shown in and that are part of the

cross sectiems:otlrigs s5a and Hinbutdhatrhave, notbeary irhividuallyt highlighted in e sross sections of
Figs. 5a and 5b will be recognized as being identical with the corresponding elements that have
previously beer highlighted in the crogstsestion of fdg. dr Because of this pattial identitysbeteen the
cross sections of Figs. 5a and 5b and Fig. 1, these elements will for reasons of avoidance of repetition
and for reaSonsvofl simplicityofqrieseniation hetibe repeated akthis/tinte. These celements arenigcluded in
the description of the cross sections of Figs. 5a and 5b by reference to the cross section of Fig. 1.

elements that have previously been highlighted in the cross

section of Fig. 1. Because of this partial identity between the

cross sections of Figs. 5a and 5b and Fig. 1, these elements

will for reasons of avoidance of repetition and for reasons of

simplicity of presentation not be repeated at this time. These

elements are included in the description of the cross sections

of Figs. 5a and 5b by reference to the cross section of Fig. 1.

In the cross sections that are shown in Figs. 5a and 5b,
the pedestal or foot 83 of the heat spreader is positioned on
the ground pad 74 provided over the surface of the substrate 12.
For improved conductivity, a thermally conductive epoxy 76 is
dispensed over the foot 83 and ground pad 74, followed by a
curing process to firmly hold the heat spreader 14 in place. A
heat spreader stand-off ball or stud 78 is part of the heat
spreader 14 in order to maintain improved planarity of the heat

spreader 14 with respect to the surface of the substrate 12.

From the cross sections that are shown in Figs. 5a and 5b,

it is, in sum, clear that the heatsink 14 is thermally connected
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In the cross sections that are shown in Figs. 5a and 5b, the pedestal or foot 83 of the heat spreader is
positioned on the ground pad 74 provided over the surface of the substrate 12. For improved
conductivity, a thermally conductive epoxy 76 is dispensed over the foot 83 and groundpad 24),{6llowed
by a curing process to firmly hold the heat spreader 14 in place. A heat spreader stand-off ball or stud 78

is part of thedheat espyeaderil4 inorrer e, mairtaikimproves flanatiobibe:heat espreader 14 with
respect to the surface of the substrate 12. From the cross sections that are shown in Figs. 5a and 5b, it is,
in sum, cleagthat thenheatsiknlkis theraallyeconnected 23 2tiMarch2005 fo the:grosiwddeak 74 by
thermally conductive epoxy 76. In addition, the heat spreader 14 is provided with a heat spreader
standoff bal stk 78 parhithprovides fordirmmechanical; intedagiog betweemtenheatspreader 14 and
the second surface of substrate 12. Although the invention has been described and illustrated with
reference taspecifie diusirative esdhodimentsthereqd rie dsi@ot idended thiat thesinventicnube diawted to
those illustrative embodiments. Those skilled in the art will recognize that variations and modifications
can be made withbatt rate 12.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will
recognize that variations and modifications can be made without
departing from the spirit of the invention. It is therefore
intended to include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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departing from the spirit of the invention. It is therefore intended to include within the invention all such
variations and modifications which fall within the scope of the appended claims and equivalents thereof.
24 21 March 2005 What is claimed is: 1. A method for packaging a semiconductor denicesforating a
Plastic Ball Grid Array (PBGA) package, comprising the steps of: (A) providing a semiconductor device
mounting syppert having-a fitst and a second surface, said semiconductor device mounting support
having been provided with interconnect traces and at least one metal pad therein or thereover; (B)
mounting at least aaesemicendusierdeayicesoverdbe i secong-sirtace«afisedd semiepndyctor device

mounting support; (C) connecting said at least one semiconductor device in a face upward position by
facing an aetives sudaceaofi said &t leastone(sapcpnductos deyice awyayifsomosaich semieanedustor device
mounting support, using interconnect wires between said interconnect traces provided in said
semiconductor devicg mobniidg syppor @anteantact tpoints gprovidedhdnuan actives igustace of said at least
one semiconductor device; (D) positioning a heat spreader over the surface of said
having a first and a second surface, said semiconductor device
mounting support having been provided with interconnect traces
and at least one metal pad therein or thereover;
(B) mounting at least one semiconductor device over the
second surface of said semiconductor device mounting support;
(C) connecting said at least one semiconductor device in a
face upward position by facing an active surface of said at
least one semiconductor device away from said semiconductor
device mounting support, using interconnect wires between said
interconnect traces provided in said semiconductor device
mounting support and contact points provided in an active
surface of said at least one semiconductor device;
(D) positioning a heat spreader over the surface of said
substrate, said heat spreader comprising:
(a) a horizontal section being parallel with a
semiconductor device mounting support over which said heat
spreader is being mounted, said horizontal section having a
perimeter;

(b) heat spreader stand-off sections extending from said

perimeter of said horizontal section, a lower section of said
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substrate, said heat spreader comprising: (a) a horizontal section being parallel with a semiconductor
device mounting support over which said heat spreader is being mounted, said horizontal section having
a perimeter; (b) heat spreader stand-off sections extending from said perimeter ofi said hoiizantab
section, a lower section of said 25 21 March 2005 heat spreader stand-off sections forming a physical

interface between saidheat spreader and said semiconduetor deviceo Mg suppertves which said
heat spreader is being mounted; (c) each of said heat spreader standoff sections comprising: (i) an upper

section beipg epBBected 1@ saiskitorizontal dsectipnofsaidiheatspreadercinderanangle (i) a center
section being connected with said upper section in a plane of said upper section, and (iii) said lower
section being ¢onnected withosaid cesterwdactionefisaichbeat spyeadelestandofh seetipniddheacty lower
section of each of said heat spreader standoff sections comprising: (i) a first horizontal section being
parallel withthe (c) each of said heat spreader standoff sections

comprising:

(1) an upper section being connected to said horizontal
section of said heat spreader under an angle

(ii) a center section being connected with said upper
section in a plane of said upper section, and

(1i1ii) said lower section being connected with said center
section of said heat spreader standoff section;

(d) each lower section of each of said heat spreader
standoff sections comprising:

(i) a first horizontal section being parallel with the
surface of said semiconductor device mounting support, said
first horizontal section being connected with said lower section
of said heat spreader stand-off section;

(i1) a U-shaped extrusion connected with said first
horizontal section, with a lower side of said U-shaped extrusion
facing said semiconductor device mounting support, with two
remaining sides of said U-shaped extrusion interfacing with the
surface of said semiconductor device mounting support under an

angle, with at least one opening having been created through

said lower side of said U-shaped extrusion; and
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surface of said semiconductor device mounting support, said first horizontal section being connected with
said lower section of said heat spreader stand-off section; (ii) a U-shaped extrusion connected with said
first horizontal section, with a lower side of said U-shaped extrusion facing said geémiconductoo device
mounting support, with two remaining sides of said U-shaped extrusion interfacing with the surface of

said semiconductqridevice, mounting SHPROH snEel apearglenwith @t ieast @ne ®pering lyaving been
created through said lower side of said U-shaped extrusion; and 26 21 March 2005 (iii) a second
horizontal sactipa £opReetedtospidhtdshaped extrusion; and (E) having mounted and interconnected at
least one semiconductor device, further creating a mold compound overlying at least part of said heat
spreader. 2. The methag=efichajimnbuadditionally cuming sadich meald eampound asd saie thermally
conductive epoxy. 3. The method of claim 1, said heat spreader comprising metal. 4. The method of
claim 1, saiskheiat spoeades cofrprisirg, tHermalyrcondeistive gpaxyndl d heampthoddfelaiml 1,iinqaddition
providing end-of-line

at least part of said heat spreader.

2. The method of claim 1, additionally curing said mold compound

and said thermally conductive epoxy.

3. The method of claim 1, said heat spreader comprising metal.

4. The method of claim 1, said heat spreader comprising

thermally conductive epoxy.

5. The method of claim 1, in addition providing end-of-line
processing for said packaging of said semiconductor device, said
end-of-line processing comprising steps of connecting contact
balls to the first surface of said semiconductor device mounting
support, completing creation of a thermally enhanced Plastic

Ball Grid Array (PBGA) package.

6. The method of claim 1, additionally comprising the steps of:
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processing for said packaging of said semiconductor device, said end-of-line processing comprising
steps of connecting contact balls to the first surface of said semiconductor device mounting support,
completing creation of a thermally enhanced Plastic Ball Grid Array (PBGA) packagevé&r The method of
claim 1, additionally comprising the steps of: 27 21 March 2005 aligning said at least one metal pad with

said at least one apeningcseateddhroughsaid loyver side af spid J-shaped extiusion; dnserting said at
least one metal pad into said at least one opening created through said lower side of said U-shaped

extrusion; asksupRlyingdaeanllyrcandystive egoxyaver thestirface ©f isnid atleastane metal pad,
thereby at least overlying said lower side of said U-shaped extrusion with a layer of said thermally
conductive epoxysi.obhe method of claim 1, said at least one metal pad comprising copper. 8. The
method of claim 1, said at least one metal pad serving as ground pad. 9. A method for packaging a
semiconductor deviceetorming aaid at least one metal pad into said at least

one opening created through said lower side of said U-shaped

extrusion; and

supplying thermally conductive epoxy over the surface of
said at least one metal pad, thereby at least overlying said

lower side of said U-shaped extrusion with a layer of said

thermally conductive epoxy.

7. The method of claim 1, said at least one metal pad comprising

copper.

8. The method of claim 1, said at least one metal pad serving as

ground pad.

9. A method for packaging a semiconductor device, forming a
Plastic Ball Grid Array (PBGA) package, comprising the steps of:
(A) providing a semiconductor device mounting support

having a first and a second surface, said semiconductor device

mounting support having been provided with interconnect traces
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Plastic Ball Grid Array (PBGA) package, comprising the steps of: (A) providing a semiconductor device
mounting support having a first and a second surface, said semiconductor device mounting support
having been provided with interconnect traces 28 21 March 2005 and at least on2 Imetatpad 2l9erein or
thereover, a stud bump having been provided over the surface of said at least one metal pad; (B)

mounting akleask ene seplcenduckertdevigeavernthecsecond surtacenfsajd semicondygtes device
mounting support; (C) connecting said at least one semiconductor device in a face upward position by

facing an agtive surface-af $aid-at deastnersemiconductor device away fiemisaid semiconslietor device
mounting support, using interconnect wires between said interconnect traces provided in said
semicondugtod gevice mounting support and contact points provided in an active surface of said at least
one semiconductor device; (D) positioning a heat spreader over the surface of said semiconductor
mounting support,(@idheahspreqader cOmprsingh<ayamorizantiat sectiaheheing pavalle! with a
semiconductor device mounting support over which said heat spreader is being mounted, said horizontal
section hawirgcand surface of said semiconductor device mounting support;
(C) connecting said at least one semiconductor device in a
face upward position by facing an active surface of said at
least one semiconductor device away from said semiconductor
device mounting support, using interconnect wires between said
interconnect traces provided in said semiconductor device
mounting support and contact points provided in an active
surface of said at least one semiconductor device;
(D) positioning a heat spreader over the surface of said
semiconductor mounting support, said heat spreader comprising:
(a) a horizontal section being parallel with a
semiconductor device mounting support over which said heat
spreader is being mounted, said horizontal section having a
perimeter;
(b) heat spreader stand-off sections extending from said
perimeter of said horizontal section, a lower section of said
heat spreader stand-off sections forming a physical interface

between said heat spreader and said semiconductor device

mounting support over which said heat spreader is being mounted;
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perimeter; (b) heat spreader stand-off sections extending from said perimeter of said horizontal section, a
lower section of said heat spreader stand-off sections forming a physical interface between said heat
spreader and said semiconductor device mounting support over which said heat garedderis bEing
mounted; 29 21 March 2005 (c) each of said heat spreader standoff sections comprising: (i) an upper

section being connegted 4@ saisicherizontalc sectiopefsaid-heatspreadersurderansangle (i) a center
section being connected with said upper section in a plane of said upper section, and (iii) said lower
section beingeppnected with said center section of said heat spreader standoff section; (d) each lower
section of each of said heat spreader standoff sections comprising: (i) a first horizontal section being
parallel with the sutfpceof spisksericondueion devige daoutingesupports said fiest hotzoatal section
being connected with said lower section of said heat spreader stand-off section; (ii) a U-shaped extrusion
connected withtsaithficst said heat spreader under an angle

(ii) a center section being connected with said upper
section in a plane of said upper section, and

(iii) said lower section being connected with said center
section of said heat spreader standoff section;

(d) each lower section of each of said heat spreader
standoff sections comprising:

(1) a first horizontal section being parallel with the
surface of said semiconductor device mounting support, said
first horizontal section being connected with said lower section
of said heat spreader stand-off section;

(1ii) a U-shaped extrusion connected with said first
horizontal section, with a lower side of said U-shaped extrusion
facing said semiconductor device mounting support, with two
remaining sides of said U-shaped extrusion interfacing with the
surface of said semiconductor device mounting support under an
angle, with at least one opening having been created through
said lower side of said U-shaped extrusion; and

(1ii) a second horizontal section connected to said U-

shaped extrusion; and
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horizontal section, with a lower side of said U-shaped extrusion facing said semiconductor device
mounting support, with two remaining sides of said U-shaped extrusion interfacing with the surface of
said semiconductor device mounting support under an angle, with at least one opéanirg haningodeen
created through said lower side of said U-shaped extrusion; and (iii) a second horizontal section

connected to said Usshapedextrusiom and3Q:2: Mareb 200§ (E)} maundingan interconnecting at least
one semiconductor device, further creating mold compound overlying at least part of said heat spreader.

10. The methad ebelaim 9o additionally, curing said meld-comppuins and saiddhammalyecangductve epoxy.
11. The method of claim 9, said heat spreader comprising metal. 12. The method of claim 9, said heat
spreader camplisingtthesmally cosductiviecepoxyp 13 aflae method of claim 9, in addition providing
end-of-line processing for said packaging of said semiconductor device, said end-of-line processing
comprising steps of connecting contact balls to the first surface of said semiconductor device mounting
support, completing creation of a thermally enhanced Plastic

10. The method of claim 9, additionally curing said mold

compound and said thermally conductive epoxy.

11. The method of claim 9, said heat spreader comprising metal.

12. The method of claim 9, said heat spreader comprising

thermally conductive epoxy.

13. The method of claim 9, in addition providing end-of-line
processing for said packaging of said semiconductor device, said
end-of-line processing comprising steps of connecting contact
balls to the first surface of said semiconductor device mounting
support, completing creation of a thermally enhanced Plastic

Ball Grid Array (PBGA) package.

14. The method of claim 9, additionally comprising the steps of:
aligning said stud bump provided over the surface of said
at least one metal pad with said at least one opening created

through said lower side of said U-shaped extrusion;
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Ball Grid Array (PBGA) package. 14. The method of claim 9, additionally comprising the steps of: aligning
said stud bump provided over the surface of said at least one metal pad with said at least one opening
created through said lower side of said U-shaped extrusion; 31 21 March 2005 insentiagsaidatleast
one stud bump into said at least one opening created through said lower side of said U-shaped extrusion;

and supplying thefmaliy-eangdyiciiye £pexy 0k seldes pasterenervthigsurface of said atleastere metal pad,
thereby at least overlying said stud bump and further at least overlying said lower side of said U-shaped

extrusion withed [yen ofhgaid rthermally senductiveepoxy oFsplder pastes 15 Theunethedef claim 9, said
at least one metal pad comprising copper. 16. The method of claim 9, said at least one metal pad serving
as ground pad. Lys Ide;method of claim 9, said stud bump comprising gold. 18. A method for packaging a
semiconductor device, forming a Plastic Ball Grid Array (PBGA) package, comprising the steps of: (A)
providing a semicengyctor devicé aounting stpporictive epoxy or solder paste over

the surface of said at least one metal pad, thereby at least

overlying said stud bump and further at least overlying said

lower side of said U-shaped extrusion with a layer of said

thermally conductive epoxy or solder paste.

15. The method of claim 9, said at least one metal pad

comprising copper.

16. The method of claim 9, said at least one metal pad serving

as ground pad.

17. The method of claim 9, said stud bump comprising gold.

18. A method for packaging a semiconductor device, forming a
Plastic Ball Grid Array (PBGA) package, comprising the steps of:
(A) providing a semiconductor device mounting support
having a first and a second surface, said semiconductor device
mounting support having been provided with interconnect traces

and at least one metal pad therein or thereover, a solder bump
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having a first and a second surface, said semiconductor device mounting support having been provided
with interconnect traces and at least one metal pad therein or thereover, a solder bump 32 21 March
2005 having been provided over the surface of said at least one metal pad; (B) mbumting at [easbone
semiconductor device over the second surface of said semiconductor device mounting support; (C)

connectingisaid atleastong semicondustos device inar face-upwarghpesiten by facing aa agdive surface
of said at least one semiconductor device away from said semiconductor device mounting support, using
interconnegianires between said interconnect traces provided in said semiconductor device mounting
support and contact points provided in an active surface of said at least one semiconductor device; (D)
positioning a heat gpreaderraver thessurfacesof said semiconddcior mouding Stppod rsaiddeat spreader
comprising: (a) a horizontal section being parallel with a semiconductor device mounting support over
which said beabspreadef s beinf matntedesaiddiotizontat seéetidrcbaving at pegmeten (a)theat spreader
stand-off sections extending from said
(C) connecting said at least one semiconductor device in a
face upward position by facing an active surface of said at
least one semiconductor device away from said semiconductor
device mounting support, using interconnect wires between said
interconnect traces provided in said semiconductor device
mounting support and contact points provided in an active
surface of said at least one semiconductor device;
(D) positioning a heat spreader over the surface of said
semiconductor mounting support, said heat spreader comprising:
(a) a horizontal section being parallel with a
semiconductor device mounting support over which said heat
spreader is being mounted, said horizontal section having a
perimeter;
(b) heat spreader stand-off sections extending from said
perimeter of said horizontal section, a lower section of said
heat spreader stand-off sections forming a physical interface
between said heat spreader and said semiconductor device
mounting support over which said heat spreader is being mounted;

(c) each of said heat spreader standoff sections

comprising:
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perimeter of said horizontal section, a lower section of said heat spreader stand-off sections forming a
physical interface between said heat spreader and said semiconductor device mounting support over
which said heat spreader is being mounted; (c) each of said heat spreader standodff sectiahs @hIprising:
33 21 March 2005 (i) an upper section being connected to said horizontal section of said heat spreader

under an angle (ii)a centersggtion beingiconnestashwith saisurper-seciondnsopiane of said upper
section, and (iii) said lower section being connected with said center section of said heat spreader

standoff segtion; (dheaeh el sestion of eachof saidheat spreader estandoff sections comprising: (i) a
first horizontal section being parallel with the surface of said semiconductor device mounting support,

said first horizontalisectiondieing eorrected withesaid layerrsection of said heatspreader stand-off
section; (ii) a U-shaped extrusion connected with said first horizontal section, with a lower side of said
U-shaped exdrusiom facing saichsemicondudtar deyiee nseuntingrsuppod, with two

(iii) said lower section being connected with said center
section of said heat spreader standoff section;

(d) each lower section of each of said heat spreader
standoff sections comprising:

(i) a first horizontal section being parallel with the
surface of said semiconductor device mounting support, said
first horizontal section being connected with said lower section
of said heat spreader stand-off section;

(1i) a U-shaped extrusion connected with said first
horizontal section, with a lower side of said U-shaped extrusion
facing said semiconductor device mounting support, with two
remaining sides of said U-shaped extrusion interfacing with the
surface of said semiconductor device mounting support under an
angle, with at least one opening having been created through
said lower side of said U-shaped extrusion; and

(iii) a second horizontal section connected to said U-
shaped extrusion; and

(E) mounting and interconnecting at least one semiconductor

device, further creating mold compound overlying at least part

of said heat spreader.
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remaining sides of said U-shaped extrusion interfacing with the surface of said semiconductor device
mounting support under an angle, with at least one opening having been created through said lower side
of said U-shaped extrusion; and (iii) a second horizontal section connected to said 1J-Mhapedaxirbision;
and (E) mounting and interconnecting at least one semiconductor device, further creating mold

compound overlying ahéeass pagrotsaid hea spreadet. i3l Mareh 2008 19 Therpethod of claim 18,
additionally curing said mold compound and said thermally conductive epoxy. 20. The method of claim

18, said heabspreader earmpysing metakmal.1The piethed of elakpdBy said heat spreader comprising
thermally conductive epoxy. 22. The method of claim 18, in addition providing end-of-line processing for
said packaging of said semiconductor device, said end-of-line processing comprising steps of connecting
contact balls to the first surface of said semiconductor device mounting support, completing creation of a
thermally enbanaed:PlastinoBalb GridiArray (BBGA) package. 23 ddednethocofclaiimi8 radditianally
comprising the steps

21. The method of claim 18, said heat spreader comprising

thermally conductive epoxy.

22. The method of claim 18, in addition providing end-of-1line
processing for said packaging of said semiconductor device, said
end-of-line processing comprising steps of connecting contact
balls to the first surface of said semiconductor device mounting
support, completing creation of a thermally enhanced Plastic

Ball Grid Array (PBGA) package.

23. The method of claim 18, additionally comprising the steps
of:
aligning said solder bump provided over the surface of said
at least one metal pad with said at least one opening created
through said lower side of said U-shaped extrusion; and
inserting said at least one solder bump into said at least
one opening created through said lower side of said U-shaped

extrusion.
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of: aligning said solder bump provided over the surface of said at least one metal pad with said at least
one opening created through said lower side of said U-shaped extrusion; and inserting said at least one
solder bump into said at least one opening created through said lower side of saizllUshaped 2€xtEusion.
35 21 March 2005 24. The method of claim 18, said at least one metal pad comprising copper. 25. The

method of claim 8esaidatdenss oneimetal pag sexpviag as greund pad<26.cA methad for packaging a
semiconductor device, forming a Plastic Ball Grid Array (PBGA) package, comprising the steps of: (A)

providing asemieerduciordgyiee mounting support having a first and a second surface, said
semiconductor device mounting support having been provided with interconnect traces and at least one
metal pad therein or thereover, a solder bump having been provided over the surface of said at least one
metal pad; (B) mounting at least one semiconductor device over the second surface of said
semicondugtor deicenmatimtthgosuppioitim 18, said at least one metal pad serving

as ground pad.

26. A method for packaging a semiconductor device, forming a
Plastic Ball Grid Array (PBGA) package, comprising the steps of:
(A) providing a semiconductor device mounting support
having a first and a second surface, said semiconductor device
mounting support having been provided with interconnect traces
and at least one metal pad therein or thereover, a solder bump
having been provided over the surface of said at least one metal

pad;

(B) mounting at least one semiconductor device over the
second surface of said semiconductor device mounting support;

(C) connecting said at least one semiconductor device in a
face upward position by facing an active surface of said at
least one semiconductor device away from said semiconductor
device mounting support, using interconnect wires between said
interconnect traces provided in said semiconductor device
mounting support and contact points provided in an active

surface of said at least one semiconductor device;
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(C) connecting said at least one semiconductor device in a face upward position by facing an active
surface of said at least one semiconductor device away from said semiconductor device mounting

support, using interconnect wires between said interconnect traces provided in said semicbndoctor

device mounting support and contact points provided in an active surface of said at least one

semiconductor deyisg; 36 21:Marchnd005 ¥B) posiieringeahealespreaderseuer dbe syrfage ofisaid
semiconductor device mounting support, said heat spreader comprising: (a) a horizontal section being

parallel witly em semiconsustor gdeviceanaunting sypparbpweriyhish saihbeat spreagies is being mounted,
said horizontal section having extremities around a perimeter thereof; (b) heat spreader stand-off
sections extenging fonysaid perimeter of said horizontal section, a second horizontal section of a lower
section of said heat spreader stand-off sections forming a physical interface between said heat spreader
and said semicondudtordeviee moLHingssippost) (¢)each ofsaid heat spreader standoff sections
comprising:
semiconductor device mounting support over which said heat
spreader is being mounted, said horizontal section having
extremities around a perimeter thereof;
(b) heat spreader stand-off sections extending from said
perimeter of said horizontal section, a second horizontal
section of a lower section of said heat spreader stand-off
sections forming a physical interface between said heat spreader
and said semiconductor device mounting support;
(c) each of said heat spreader standoff sections
comprising:
(1) an upper section being connected to said horizontal
section of said heat spreader under an angle;
(i1) a first center section being connected with said upper
section of said heat spreader standoff section in a plane of
said upper section;
(iii) a lower section being connected with said first

center section of said heat spreader stand-off section, said

lower section comprising:
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(i) an upper section being connected to said horizontal section of said heat spreader under an angle; (ii)
a first center section being connected with said upper section of said heat spreader standoff section in a
plane of said upper section; (iii) a lower section being connected with said first centevisectior? 0 said
heat spreader stand-off section, said lower section comprising: 37 21 March 2005 (1) a first horizontal

section connected(with saigh lower seetion said first herizentabsectiondeing paradleh with she surface of
said semiconductor device mounting support; (2) a second center section intersecting connected with

said first harizental spcten.safd seeoncbeatenseatiose Hitersectiag the purfacel efisaid semieenductor
device mounting support under an angle; (3) said second horizontal section connected to said second

center section; aadd4pan essentiallyisphetcatyshaped suppostive: medalsinterdaas; between said first
horizontal section of said lower section of said heat spreader stand-off section and the surface of said
semiconductor devizce mouritghsuppattas aghysicah intersecting connected with
sald first horizontal section, said second center section
intersecting the surface of said semiconductor device mounting
support under an angle;
(3) said second horizontal section connected to said second
center section; and
(4) an essentially spherically shaped supportive metal
interface between said first horizontal section of said lower
section of said heat spreader stand-off section and the surface
of said semiconductor device mounting support as a physical
extension of said first horizontal section; and
(E) mounting and interconnecting at least one semiconductor

device, further creating mold compound overlying at least part

of said heat spreader.

27. The method of claim 26, additionally curing said mold

compound and said thermally conductive epoxy.

28. The method of claim 26, said heat spreader comprising metal.
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extension of said first horizontal section; and (E) mounting and interconnecting at least one
semiconductor device, further creating mold compound overlying at least part of said heat spreader. 27.
The method of claim 26, additionally curing said mold compound and said thermatly coadaativzdepoxy.
28. The method of claim 26, said heat spreader comprising metal. 38 21 March 2005 29. The method of

claim 26, said .hegi spreades ¢opprising thepmally sonductive epoxyad@Themethed ghclaim 26, in
addition providing end-of-line processing for said packaging of said semiconductor device, said

end-of-line precessing, cAprising Stepseefsonnecting contact balls to the first surface of said
semiconductor device mounting support, completing creation of a thermally enhanced Plastic Ball Grid
Array (PBGA) package. 31. The method of claim 26, additionally comprising the steps of: aligning said at
least one metal pad with said second horizontal section of said lower section thereby positioning said
second horbntaltsectien ob Saidfower sectios, over said iat least phevmetah pad fxy-aofirst measurable
amount, exposing

processing for said packaging of said semiconductor device, said

end-of-line processing comprising steps of connecting contact

balls to the first surface of said semiconductor device mounting

support, completing creation of a thermally enhanced Plastic

Ball Grid Array (PBGA) package.

31. The method of claim 26, additionally comprising the steps
of:

aligning said at least one metal pad with said second
horizontal section of said lower section thereby positioning
said second horizontal section of said lower section over said
at least one metal pad by a first measurable amount, exposing
the surface of said at least one metal pad by a second
measurable amount; and

providing at least one supply of thermally conductive epoxy
over the surface of said second horizontal section of said lower
section, thereby including the exposed surface of said at least
one metal pad provided in a second surface of said semiconductor

device mounting support.
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the surface of said at least one metal pad by a second measurable amount; and providing at least one
supply of thermally conductive epoxy over the surface of said second horizontal section of said lower
section, thereby including the exposed surface of said at least one metal pad pra¥idedinehsedans
surface of said semiconductor device mounting support. 39 21 March 2005 32. The method of claim 26,
said at least one metal pad comprising copper. 33. The method of claim 26, said at least one metal pad
serving as ground pad. 34. The method of claim 9, said heat spreader comprising solder paste. 35. The

method of gaim 9n saidestud Husp ecamprising copper 36t Thedsethedof eéain 1§ said heat spreader
comprising solder paste. 40

comprising copper.

33. The method of claim 26, said at least one metal pad serving

as ground pad.

34. The method of claim 9, said heat spreader comprising solder

paste.

35. The method of claim 9, said stud bump comprising copper.

36. The method of claim 18, said heat spreader comprising solder

paste.
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