HEAT SPREADER INTERCONNECT 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 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 achicl&d indidGARERENAERE (RaNBEhdittR DIERMidbAIUEIH 4RNAEESIB e vice
miniaturization and by increasing the device pagkaging;gensity. 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/O) connections that can be

made to the QFP are therefore cong%%@ﬁg%ﬁ%ﬁ? N{;\éﬁ@%ﬁge, which limits the number of 1/0

connections that can be made to the evenin 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 circumvent this limitation, a 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 1/0 connects only around the
periphery of tHe [jaldeighe Imssiebntact points with greater spacing between the contact points can

therefore be pllogatedacraseihe BGALBREkAOSI iy RS theass Wit 1he RIrPpaheuceRtast points that
are used for the BGAéP%cka%le are t ical%lsolder %?
g

that have the add vantage.of facilitating flow
coldering of (RTEHEUAGH BNES s AT B IDBERAT A HoP AN LAY HiE DGO RIS coramic and
plastic BGA Qé\?cﬁgggﬁ SeIAMIG, sybstrate 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 packaginﬁhe 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/O) 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 /O pin count does not exceed 200. To circumvent this limitation, a 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/O 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.



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 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 (Friexcegssapsraw/ anskeeinehisys the prastindtplastic Bsetdmds gomlicaed and

expensive. Thg,igyentiaraddressesepicerns dthprmah Rerierance Qfshe.RRGA prckagaithat in
addition provides advantages of electrical performance (such as low ;arasitic inductance being added by

the package)PAREF &IV QS BT BALeATBIY TEUTRSEE RS CoRlEHEIRT A Reslp@ngo i thagiBdes not
require a redesigreafrilaeisu bstiiateraverdadigohathieisigdguanlynies) wighthelpackaga meetigeonventional

manufacturing.standar U.S. Pat. ) 3 gl%x/j)imo shows a heat spreader using a,mold
Comound aDmRRea e P P i M ) DR RIS B R R R AR eeian
U.S. Pat. Nososlorderey Wiarrhat KI'y.df2d4d 1801bgHobpigy amd B B8R4 R3O EFto highoharetated heat

spreaders and methedsoUMMAR O RuliBE: RN TIOM A meinciRlaekieclyenaf thepipyeqtion is to

provide a semiconductor package of improved thermal and electrical conductivity by using conductive
epoxy combifféB it ot o pintircis imathsotd bR B E BRYFd RHA S Hiehdaraftha°gbund pad of
the package wubspratehipaibgraohijattiveuaf theoinverdiaplicial piavidpeassemiconductor package with

improved heat spre:ilgeg Iplanaritx Yet another obl%c% ive o[ the.invention iﬁlgoPBré) ide a semiconductor

package having direct cgﬁflatllcotnbedtc\ll\r/eesgﬁsg 164 nsspreaarerfl%fpt?{(feogg%ﬂ%eg%fand 2 SUbRHAtE of the package.

In accordance witiiitihe plojadtivedvehtigsdmientivncal meviomethod(ivrovithed forshie indecfaces between a
heat Spread%&@aﬁlﬁ%éH?%H%%%S%U%Wﬂ%%@!@?sﬁﬁﬁﬁ @9&1‘99%&@8&“%?9@8@% interfaces

with the substrate with thé stand-off of the heat spreader. Under a first embodiment of the invention, the
stand-off of tﬁ@ﬁé&‘t@ﬂﬁ’éaﬁ%‘?qgmb\y%@%ﬁﬁ%ﬂ? the substrate over which the die is mounted) while

the package meets conventional manufacturing standards.

U.S. Pat. No. 5,872,395 (Fujimoto) shows a heat spreader using a mold compound
and a mold cavity.

U.S. Pat. No. 5,641,987 (Lee) shows another similar heat spreader design.

U.S. Pat. Nos. 5,977,626 (Want et al.) 6,201,301 (Hoang) and 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
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 substrate.
Thermally conductive epoxy is deposited over 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, theotand-dhecfardHeat Sisrbent epiendsravidl g ianthihathoranimecadns stalgnestivafltitee heat
spreader and;tRerewitly tie bealSprerdrr b5 algnedivith phersusthalepihadkBGAPAckagR by means

of a gold bump or stud that is provided over a second surface of the substrate. Thermally conductive
epoxy is depS&itae BLEIHECSHYERING DAY HeRspixaderant tHasiiith OFe Bt s dmB%r stud
provided ovehea seeiddrsuifiaceehtiie substiateoppadend thirddemboeliment afdharificenifomethe stand-off
of the heat 5%{%@9% is provided with an opening, the stand-off of the heat spreader and therewith the
heat spreader is azi'llg'ned with the substrate of the PBGA package by means of a ground pad over which a
solder ball is providEddsver sssudoribadiface of the substieite thFhwandadif obribiubtiviesepesyriss deposited

over the Ope%ﬁgi@é&%tﬁﬁ%ﬁgﬁﬁg‘? aleanddngarevii auaThearuntradandib. dherequsicreated

solder ball provided over a second surface of the substrate. Under a fourth embodiment of the invention,
the standoff SIS haANsifes 4R P tHISTERIH RACkESS Bprastisr 95 AIRgHba M B8Pk dFound pad
provided ovepsecdndesuriacmofsthesubstiaieuidermathe eontuctivenepaxypsxgapasiiedeyver an

extremity of the standoff. of the heat spreader and therewith over t xposed syrface of the copper pad
orovided ovel LR Aor A ot BB BRI DS AT ESARINES T 1
shows a cro%sse@uid)ﬁudhaeaﬁmhfemmﬁalqhermalIy enhanced PBGA package, specifically highlighting
conventional methods ff hegl PEeaRarRIgrePIRe Bl 43 andheREhaWR HoRSpRaHON;of a first

PBGA package of the invention, whereby the heat spreader is aligned by means of a copper pad
provided oveP'? ddedHdfhairPReBiBE-the LapdeHiel brassareilyan S HisH 4 &rdsshedicisrret dSsecond
PBGA packagieaédheithveatiopstrivb ey tredreahspraademisakgsted willhthpaunderlyingisubstrate of

the package ?c}ic{prel%rl]lsis 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.

Under a fourth embodiment of the invention, the standoff of the heat spreader and
therewith the heat spreader is aligned 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.

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.



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. 3 FIGS. 4a and 4b show a cross section of a third PBGA package of the
invention whereby the heat spreader is aligned with the underlying substrate of the package by means of
a solder ball that is created over a copper ground pad provided in the second surface of the substrate of
the package. FIGS Ha%arth 5H&Hbvhe trosy sectishiwr f fauhisdPBISA prckagre of tvelinganeon, whereby

the stand-off of the aat RREeaASkIS Aligned WithrroRRe GIRLRELRRAPEPYIdeA i dbe SaraRd surface of

the substrate of the package, t'herm%l[li{ conductive epoxy is provided over an extremity of the stand-off of

the heat spredbioAiid PAE BRpBEERLisHPACE LI tRFEaisHEY i fetinsreSesRs HERCE HHE
PREFERREMEMBORIMENIGgENe prior art heat spreader interconnect methodology for thermally

enhanced PEGA paflkade, s shaur, i cross seclienn FIG. i A Xample.of Agle;up mounting
method. For applications where the die-up method of mounting the device does not mee thermal
requirementswisecbietitovimdreftheldlis freauersdgarsedlghetetiihsubeprates ared sddthetdpdve been

provided withypaetahheatdistriputirnshitacestieasugs) R Aardown B@APARNKGE figally has better

thermal performance than the die-up PBGA package since the heat that is generated in the die can be
dissipated effSCHEIFHEH theiheRErS If lasiay tREFMEtAr hibscaryed HblHevar, Bie A¥EEmbly cost
for this die-dewsiarfaagement 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 Backaae: 10, the semiconductor die of the thermally enhanced PBGA
package, mounted over th SN At EEEREFERRERSEMB QP YR dohductor die mounting

support; it must be |1LEderstood hat con entionallx substr%te is used for tlhe creatiog &kntiple,
(V] I‘paI‘IOI‘ art {, spreader 11‘{[?1‘00 ne_c% met Odi) (8] or t ¥ma lél nhance . .
complex and overlying fayers ‘orinterconnect traces; these interconnect trace's have not been highlighted

in the cross gechiege ofhi@ninagdse ssentialyldonhestapantaucplpeintsior gontawitpadsedthat drerprovided

over a first 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 PBGA package since the heat that is
generated in the die can be dissipated effectively from the backside of the die to the metal
heat slugs. However, the assembly cost for this die-down 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, 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



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 4 16, a first
solder mask layer, tipicallyscopgdsisirgkalpeate rriaidadiid enihiseh bagaragfroid| aatrietoidth lapenihgs that align

with the contachRads infisstspldehRagknl Rid %@%Eﬁﬁ‘a&‘ﬁ%@jisﬁl%@g@@@r%&l&bﬁérﬁt@r&ﬁe@ﬁ, a second
solder mask layer, typical{y comprisg}%‘:ea:1 atterned and etched layer of dielectric, with openings that align

with the copp&rtraded s4facs Qsubs ask 18 is created over a second surface of substrate 12 20,

interconnect vial pragidesttbndughisubsiiateydz, gpealing @igtisieal dfarconoaatsclorbvesroentact pad on

a first surface oj substrate 12 and ¢ Htg:\%t]. ad on second surfag;g_f Sgg(pﬂs&rgé?déz CquléC}isve traces or
’ r

dielectric, with ‘openings 190, W copper,_trace a
contact pads ona ﬁrét surtace O?%U stra &2, con UCtlgg traces are COﬂﬂECtEdh%O aces 26 by

means of viar2etet byeriemnendfsotfiee pfterbssrated? traces (not shown) that are part of the substrate 12
24, ground pads pr%i,%%r%ﬁﬁé%tsﬁ%)?%%@C@?ﬁr&f%u@éﬁ@&?e 13, these gQundRRER4bnakethe physical

interfaces between the heat spreader 14 and the substrate 12 26, contact points provided over the
second surfaBEBFELEHEP1S P82 SGTHEI BARL for RariHEr mEarei Rt s hOWRT bFtHa B a¢kage that is
shown in crassseetion in FIG. 1 with surrounding electrical circuitry or electrical components (not

shown); of the soldep Dalls that are shown in the cigss secfion SLEIS: . imust s notelthat some of
these solder balls, suth as solder Baﬁffé, 0 notppenetra e ﬁrougﬁ fhe layer 16 and theretore do not

make direct dfectsiéal aorauewith joointsolelectricalscantzst Provibe dinworobnthiae ififstcennfate of

substrate 12;othersqlderhalif.sHeh assaldarbalhgd £ompletely 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 adaifr&thPadssryddadaarsoasecaadiniprepletrhtt aisrdtgheties vt Piiadk 16 and
make contachmithe gRtacl paei$adds 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
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 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.



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 fureervarionslimstheds dohdrovirerlisd fer Cenveptiyaakniathdwsmaby srdagspiied for the
improvementpgftherRally-eobanaadic-RBGA packages concentrate on: 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 $UBSH4E GBF HHACREGE ARG Hietiidds Biemruitcet Mtedristr of the heat
spreader of thecpagkage into the package, typically using an adhesive for this purpose increasing the

thickness of the metal Ia(ﬁ{ers in the S}Jbst{l%'%% ofO gﬁmeepa?(

kage, and d?i re thermally conductive
parts, vial and soldérrl%%t S&dthe substrate of the pac (fgéeég,s é%aéﬂéﬁ% ﬁtg ‘r’s?ﬁ}%%%‘f‘é%s of the substrate

that align with the thereover mounted semiconductor die of the package. Specifically highlighted in the

cross section of F@gﬂgﬂ% theeRPRIBAASSIRRI L [RR R A& Ak e Realpaadeinwhirh form the

surfaces and method of interfacing the heat spreader 14 with the substrate 12 of the PBGA package.
Heat spreaddlP4s #ial RIGHYHsB 2R Edns e ) dBinpBYEasthermally conductive epoxy. The interconnect
methodology of theitventignmwithianebeod agciibadliydetailissingtthe arasspseatiensnaf FIGS. 2 through

5b. This description will specifically cancentrate on the metho{%s' which the heat sink of a.thermally
enhanced PBGA etk T RS T B oo G s o BB B P I rertace
that for conventicrzal RBGRcpickagetadsagdaean thighiigitted detthbgstand-off 38 wbRGngunted

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 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 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



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 provideyenesctiigeobribestirscefbhetiinstrateot 2hevhieh wrdedast Igattiallppanetrates

through the sqldeimask 4R inardstdaestatiish fitndneshanisl lnisHiacs Retwesh e hesksink 14 and
substrate 12 46, conductive epoxy provided ove#éinf%copper pad 44 51, a horizontal section of the heat
b

spreader 14 8% higpdlsediann! o ihe Leahts fon 42 of the heat spreader 14 55, a center section
of the stand-off section 426t theiheailspraade bdidg Ghra)lal IoMer dedlional dletdstantsafitsertion 42 of the
heat spreadefoil%gfwtet}j 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
parallel with the surfdce df-thapsdbstiason2wifbllowetbyidl o Weshaphepedxtnigisnnnithingldbver side of the

}J-shaped eXEE}b%l?Jlef %ﬁﬁ‘%ﬁeth%%r%ﬁﬂqg"@fﬁ%h@f o @EH@FJ@H‘ gxﬁﬁ'ﬁénofn@ﬁa%%‘ mqﬂ@(trusion '
interfacing with the surface of the substrate under an angle, followed by 63, a second horizontal section
being connect¥ts thehesuhipeedaiAicREthd Yk horizontal section being parallel with the surface

of the substrate 12,6nd $bo@nhopening ibaidiasingeotieaie ttioughdpal betiaviayer etshe U-shaped

extrusion 61, overl the ¢ er pad.44. Additional elements.that are shqwn in the cross sections of
P10, 2n amd B R S e ool o the
corresponding elenféntsn thptthay ahptelvio Usignberntdtlgtiligigkdlin thtenodsysectiohoUF$Gped Because of

this partial id&%&q@wg@&@gg@@oﬁfﬁgm@f 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
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 included in the description of the cross section of
FIGS. 2a and 2b by reference to the cross section of FIG. 1.

Not highlighted in the cross sections of FIGS. 2a and 2b 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 PBGA package, end-of-line

processing can be provided, comprising steps of connecting contact balls to the first surface



repeated at this time. These elements are included in the description of the cross section of FIGS. 2a and
2b by reference to the cross section of FIG. 1. Not highlighted in the cross sections of FIGS. 2a and 2b
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 h&Vethsesrbsiigislid Ateshagh | gpapBacin tee ccradensettioRlafticl Ball , @id |ayey of Bl compound
36 that underlgig&atgg 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 PBER [5aBIAGE b HBTVEN oI HhdSe! sy 2Rl HRBI ¢ oo M BFd 48umed to
also be appliegtohtienagpliechpoaldl compatintiaaphe euied aquplytppieeading thedheamally @nhance

PBGA packagﬁ“] .%ct%poghg er al#l/ %Qnductigee eﬁto?ytghzé is inserted tﬂderneath th% ng%mted

. and a e scriptions of these cross sectipns tha
semiconductor device asan un er¥ or m’a evice. In a |ﬁon,por comp eilon Ofst e ﬂermahy enhance

PBGA packagfe,readdsfliatovprocessing can be provided, comprising steps of connecting contact balls to
the first surface 7 qf the substigtenl 2, ¥Qich.aomPitesdle sreationrha RlasticRaltErid Aray (PBGA)

package. The above provided comments, relating to the aﬁ@gaﬂon of layers of (first and second) mold
compound arttP&tdofliie Brocssiihd? SqualfRappids fotHEmissssetins s be1BSmIdhfotgh 5 and are
hereby madebping okthecdesariptionseftasengrogspsachansthainaradqramidedialowg Rigpaent 12 in the

cross sections ot IGS. 20 and 2 has beeneiqad 0 a0 8 subisrate, THS form i3 ok o be interpreted

in any limited S€NSe but can be Interpreted as elng a semicohductor device mounting support. As
semiconductoretidliicd snburitierg Sappobstodrs sedespindades@olesistimpoitsensigpedudior ggdstrates,

printed circuithoprds, figx clisuitie MalalizedRURATHSS alesssupshialesantserpicardyctyr device

mounting support. The cited semiconductor substrate may be selected from the group of substrates
consisting of SSRIREIHEIIEILS NS trateamie Pt b stiate sulds s ML itmey st ReFEdFide
substrates, silicon sulstRticSHEPMPHISIGRLRINGlE ldyakefimaiaiads Sudicas wasdicormesing comprising

silicon on insulator (SOI) technology and silicon on sapphire (SOS) technology, doped or
undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor,
sapphire substrates or substrates used for flat panel displays.

In the cross sections that are shown in FIGS. 2a and 2b, 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:

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

the heatsink is connected to the ground pad 44 by thermally conductive epoxy 46.

Referring now to the cross sections that are shown in FIGS. 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



silicon on insulator (SOI) technology and silicon on sapphire (SOS) technology, doped or undoped
semiconductors, epitaxial layers of silicon supported by a base semiconductor, sapphire substrates or
substrates used for flat panel displays. In the cross sections that are shown in FIGS. 2a and 2b, the
standoff 42 of the heat spreader 14 is inserted into or aligned with a copper pad 44 provided over the

surface of théhashpitrateador Théuhfnggrsita 65oighididtbErspheatisr seanabithotdidelotiegcopper or

ground pad 44.{ifurGlioR Rg3PRRIIANING IS (Prthe-RaSHI_NIRY 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 déing S°EBFHdRRIVEJoEr A6t R¥t 3 pieaBthg i SLed i thdmaify-Bonductive
epoxy 46 is apphedieisingah eRoxyddispansis dnpinike §s eAaiRkifighpiachssicliasihedibernally conductive
epoxy 46 in Otﬁ%%re to assyre ﬁé%ﬂ&}g{@%‘“ the heat spreader 14 prior to the steps of encapsulation and
molding (not s owr?). fom‘the Cross sections that are shown in FIGS. 2a and 2b, it is, in sum, clear that:
the heatsink 14 is afiguregbidistntheumpbstrated P dsly meairsiof oneadopites prpdr44 4134t isdprovided over the

second surface of %&?Sé%tﬁlé%ea%%etﬁlﬁaﬂémlséa&%a%&%&%h%&f g pad gy sbermally
es

conductive epoxy 46. Referring now to the cross sections that ar own in FIGS. 3a and 3b, there is
shown a secilishPafcshnect methodology of a thermally enhanced PBGA package 50. The physical
interface between theldigahgisk dénantiihersubsinaie he, @ise sefesrsdIFEsStR stansboliaR0f 8 the heat

spreader 14, nas been,shown [nmaonified form in order ta highlignt the falowing, defails pf stand-off 52
and the interttécing with the Surface 12 ,ga copper paé that'is provided over a second surPace of
substrate 12 revhithzqoenetbates ideotigh tloe tholderene@idg inlardetstthestablésipfimeusigchamical interface

between thefhgaf sl IHANESURSIRIG $£16: qt%gaﬁge%pﬁmd@aﬁm@&w%mmg {gsontact with
copper pad 54, and 58, conductive e@;xy that has been inserted overlying a'gold stud bump 56 and

copper pad ¥t T (Bleftetitd thattd Wolvrilipstelwpsas sulibiserpis el awidiacsbut that
have not beerpodivialuallyrbigblighteorisithaiciosss seelionsion hche dpainei 3 Wil bge. These

elements are 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 baking process, thus providing a firm
positioning of the heat spreader 14 prior to encapsulation and molding.

From the cross sections that are shown in FIGS. 3a and 3b, it is, in 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 second surface of substrate 12

the heatsink 14 is thermally connected to the ground pad 54 by thermally conductive

epoxy 58.



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. 3a and 3b
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. 3R{paiah bythrefarshcectionthdatrassbevtion b1ERGHa amthébeitbers seshiownot the

stand-off 52 ‘%ﬁipaQﬂ&%%ﬁ%&%@fh@éoﬁ%ﬁhﬂ%%@r&'ﬁ?-eﬁﬁaﬂﬁéﬂi BBl hrireroanizef 38RRIAQ identical to

the cross section of the stand-off 42 of the heat spreader 14 that has been discussed In detail in the

cross sectionIGH RS 258 P65 hesbeinkdég ardrneidibstiale dndeides ehavadnstsniiat fgihe repeated
at this time bt wiltbe lingigledhbyorderapcetiilihe descoipitoneaf the cross sections of FIGS. 3a and 3b.
In the cross sectiong that are shO\;\iﬁgt'n FIGS. 3 ea(Pd 3b, the stac{ugg]f{agf tg Sql%%{[?%grlefdv%ic s a through

t 1S, .
hole, the heat spreaééralﬁopspleﬁs%a Or lifnec wﬂﬁ‘ct?wreaurs\ecfgﬂylng substrate 12 using a gold stud bump

56. The stud bumipsB6 twiduigh flarreddeappilihd isintler ¢ entalitiphdiste prdlaored ingrévcerbgingdayers of

bump materigl. Ths baptispiepdekddds connected to the ground pad 54 using the conductive epoxy 58
by a dispensing process. Curinﬁ of the conductive epoxy 58 is applied by a baking process, thus

providing a firm poSRidnitldsrate Healedpradyive tadinGPRAENEEPSARREBR4IYM molding. From the cross
sections that are shawditionkl @Smaasanek 3k dhisyiriswm, ehearcdtbait henbeatsinkclidns alinasd with the

substrate 12 m of old stud bump, 56, that is provided oyer the second sur, of substrate 12
e oateink 13 0 e R e T e S B YRR i
Referring to tral ctbsw e ttiors apaizedeashesmny indFiB8! 4a theddesipendiix stloment thitdhimterconnect

methodologyﬁq)g\q Bally & edl RBGEARICKAIR OO HRG PIMRIER INIPTRCS G4 RGHURRD the heat

sink 14 and the subsirate 12 has been shown in ma%nified form in order to highllght the following details
of interconnebgtBseBheLEsppeitions thaIS ptawrbtand i Gebdohers alemca o mdlidetrsis A Which
penetrates thiosightheosadgenitoaskd Soinrardak ter estplisl trpresethasicaltinterépeadieivaen

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 detailed description will not be repeated at this time but will be
included by reference in the description of the cross sections of FIGS. 4a and 4b.

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
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the heat sink 14 and substrate 12, and 66, a solder ball, created overlying and in contact with copper pad
64. Additional elements that are shown in and that are part of the cross sections of FIGS. 4a and 4b but
that have not been individually highlighted in the cross sections of FIGS. 4a and 4b will be recognized as
being identical to the corresponding elements that have previously been highlighted in the cross section
of FIG. 1. BetmusdwiathisZzmtibtddechann eneeeificddosndgs adetiony BiighGSe 4allanihgdesnts FIG. 1,
these elemenjs;willdaeagens 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 referencEtotfERATsB¥ettibrioPatdes fdha crosakartiarts thatarEdhdwm WiEles. 4a and
4D, the standpeficG2tef treuatake Spréadeist4 ssinsestad ataligheanimibenpirAtiacied sotdeeiball 66 or by
the use of so[geeflegta%&( (lqo;} %hs%gls'é)' tél’ffg grlf&(-free solder ball 66 or solder paste is attached after wire
bonding. The copper grouna pa Is' connected to the heat spreader 14 by soldering or by reflow. The
cross section of the7étaddoftig? afotethrdipspreadeavidedsvsigwa e CIERT padatdd 4b will be recognized

as being identical terffag Grage SR5HANCL R SANAPH Ao IR NSH MRIGAIEH 14 Rt hashiren

discussed in detail in the cross sections of FIGS. 2a and 2b. Because of this identity, this detailed
description will FiStbhedapeatedsihmiel B But will be included by reference in the description of the
cross sections of FI3Sa HariaostAbedtianoitiie acasspseciéons that are shown in FIGS. 4a and 4b, itis, in

sum, clear that the heatsink 14 is.aligned with the.substr by means of the solder ball 66 that is
provided over the je}’églﬁ3p§)5?f5%él%l}g§%%§t?%df§ The ng‘zgjlfn el)f}le WitPhe %&?ﬁected to the substrate 12
by soldering or by a/precessfestiverrdfiownRefeseiripict 2 drobsaseptiodss fHat are shown in FIGS. 5a

and 5b, there is shown g, feurthlisIcanmeck metbrdelegy ehaihgmaly grbanced RRGRMgckage 70.

The physical interface 72, referred to as the stand-off of the heat spreader 14, between the heat sink 14
and 10 the stssfate £5 adedsRreisiHARIMEgMROEPRSES P ORIEISIBRHRY RTEIEHRE OYRWE details of
interconnect B:hbdizaneappaipad drahéshpioyicedeovear a second surface of substrate 12, which

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.

Additional elements that are shown in and that are part of the cross sections of FIGS.
S5a and 5b but that have not been individually highlighted in the cross sections of FIGS. 5a
and 5b will be recognized as being identical with 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. 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
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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.
The separate elements of the standoff 72 of the heat spreader shown in cross sections in FIGS. 5a and
5b are the following: 71, a horizontal section of the heat spreader 14 73, an upper section of the stand-off
section 42 of thd'hemeripred dendustiyay . cemted] beetivhaiviherstan@-sffliseenitsd ageofkhtopicst spreader
14 77, a lowepgectigni Yathrastandsatl %Qt&ﬁigzp%_é&% RegtSpreadehlibatne oWar 1 $§clipRe/ 7 of the

heat spreader stand-off 72 comprises, progressing in a direction away from the horizontal section 71 of
the heat spreAdisPspreasien iat ostioahen LetdSicou e bhaiet srisiie ddrimcs'st ihanaiifate 12,
followed by 8ihcenigaseation thateriasineiith 4hatsuestpeer of thessthsiratend 2ubnetee ap. angle, followed
by 83, a second horizontal section being, connected to t ter section.81, the secon rizontal
caction 83 being par GI i e Sy TS A e LA 5. A Bl i odabetdions of
FIGS. 5a andsisisleldrrethengiliviivhnistedrie shspramdaadtahblydhichailbreendecthatagophySically

connected to or parf0f e fHealSRgadal.dd- 2ad LRIV Ides . addiupnal stailiiy o theinigrronnect

between the heat spreader 14 and the substrate 12. Additional elements that are shown in and that are
part of the crd8s $BEHoPSBres &S iR A1vansp e i 3rine Brov B HinbfoiotPam Fightightedin the cross
sections of FkaBnbaudnd bbswiihe: recognized as being identical with the corresponding elements that
have previously been,highlighted in the cross section of FIG. 1. Because of this partial identity between
the oross sections o L B8 ST B He e A N o R hear i of
repetition andlfeitietarsorstotisiralicibprodiore seneattionendtdb érne peatieveatiohidetime (chhesthedements are
included in the desquptianuekiihe fLoSeaectigngal HGR: S a@fil%c@grﬁ%e&ﬁm:%ﬁmg@ﬁé 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 pBSHIGRREPBH WHR5rBlAe BHECFaSRIIIS oI thePEiirpidBednitsatiam dtristderefore

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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11 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 heatsinki4I#hermally connected to the ground pad 74 by
thermally conductive epoxy 76. In addition, the heat spreader 14 is provided with a heat spreader
standoff ball $FLfth ,W&Wlﬁ’r{ﬁ}ides for firm mechanical interfacing between the heat spreader 14 and
the second surface of substrate 12. Although the invention has been described and illustrated with

reference to specifig_illustiafive e emimepisPRsieHail a0k infeneed AhakLtedoventing ke limited to

those illustrative embodiments. Those skilled in the art will recognize that variations and modifications
can be made"fiftHitl SETARIAG R GHCHHE Ypit ot e WM. Tedhrardts e hittestiBl ¥rifatide within
the invention @l suchayafBoRs pikapedificatieas whictofapriviithindhe scepenaflthecappeardgd claims and
equivalents thaerrﬁ%. éLv?t CLAIMQ% t\éVHAT IS.CLAIMED IS: 1. A thermal%/ enhancfed.dPI%g.tic Bap Grid Array

h. t ad b
(PBGA) packpage comprlsalnsg}jl 2 heat Sink 1or moun |ﬁ% SUEFa Surface of & Substrate o flllzeo%aermally

enhanced PlasticoBaliviGgid pirray (P BB Ay apkade, said-hdat giokscomapdisinfo(ayadwrizorital section
being parallgliwith AHBRILAE YA YiGE sRidiheat sREeRdet fRalPaMevRiet RAdBaRzgnfal section

having a perimeter; (b) heat spreader stand-off sections extending from said perimeter of said horizontal
section, a loviBY eI dtShatiesh Wildsaestadd- Uit seéivhe ANy BhiphySit ArthaoFra€e between

said heat spraasiefand said sehstaie ovad WhieRpsaideh sahapreadabns Leipgsmauaies: (gp&ach of said
heat spreader stanq)off sections comRIriSsai1 qf Z an ypper se(f:tiorgi eing connected with s?id orizontal

| .
cection of Sa AL SA1GGAL SRy A AR 5 A L D s B ERRiet SNl bpper
section in a plaretof saiupper sectionsdwdh (§i)dsapdeowetigentiopl beinf cohmgsteg with, saitl center
section of Sai@ii'} %H%B&%?Q@Jn%‘i@ﬂgﬁg 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 substrate, 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 substrate, with two retaining sides of said U-shaped extrusion
interfacing with the surface of said substrate 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.

2. The thermally enhanced Plastic Ball Grid Array (PBGA) package of claim 1,
additionally comprising: a substrate having a first and a second surface, at least one metal pad
having been provided over the second surface of said substrate, additionally at least one
semiconductor device having been mounted and interconnected over said second surface of
said substrate; said heat spreader having been positioned over said second surface of said
substrate; said at least one metal pad having been aligned with said at least one opening
created through said lower side of said U-shaped extrusion; said at least one metal pad having
been inserted into said at least one opening created through said lower side of said U-shaped
extrusion; and at least one supply of thermally conductive epoxy having been provided 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.
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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 substrate, 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

substrate, with two Petainidgesibiersnal s githancsdpesdieBellor efaBRgAitadkrgsaffeleerof said

substrate undefganang Wil AblRaSHNRAReRHpErhaving been created through said lower side of said
U-shaped extrusion; and (iii) a second horizontal section connected to said U-shaped extrusion. 2. The

thermally enhancedPlastichB aHemiidA e (3 @AY tpaBkAgeidf Alain(RB @ddjiioRadly camptising: a

substrate ha\al@(gt% Mﬁt and a.second urfac%,dgmt Ieaiﬁ.tsggg drgesg%lloggd r?%\é',n%be n I{%r%\éltd[edagver the

second surface of sal s?ﬁgg)trrlgirég,:gds& f'(%%éﬁly aﬂ%gsfrone semlconalll.lc or evel?:se %avmg%gen mounted
and interconmettegl kegarpsaiddse cond therfesabiushict sifibvstdatebstaid. ek gpkasderchavingpraéen

positioned ovief 5AIhSGCRRA BHIMAGEH Of SAlf bakpsTRieRAd Al aRl-Qie MAIRIRARY haxng fgen aligned

with said at least one opening created through said lower side of said U-sh%fed extrusion; said at least
one metal patfHHAMY BEH Sehfedn RS Camcapieh and SRR erevre sttt rsae SR side of
said U-shapedi®xiiisian; and ridegstane suaph wkihpssmaleaandustivesepmdyshauirgobeeia provided
over the Surfs%%% of said at | ebst one me a(l ad herep%eatljeaata?geerslg(l)n salglloa % side, of said U-

r
trate; said stu mp. V1de er’tltle SHTI OI sai m aving been .
shaped extrusion with a Tayer o sgl%f?hermal\fy conductive epoxy. 4 e thehha y efhanced Plastic

Ball Grid Arrayi¢RBGH)psuiagdwesclaim@ersaidcatiedshoneimeidl badcodwprisimdcbppeped. The
thermally en@Hﬁ%@d?léa?HCdﬁl%us%&@eérﬁayb@%%)ieg%@ﬂffn@&@éai'fgta,sa%@%ktiféqéllxn%ppﬁlﬁgﬂgi a

substrate having a first and a second surface, at least one metal pad having been provided over the
second surfat&8fdaivgBstrifelodsiy Sfedist e b tRep Lk ARy Beett pravidea WHtRY Sfud bump

over the surfagethaseainadditionplyyatleanipnascamicandeaigirdaviceiaving baetamauniad and

interconnected g\ger said second surface qf said subst[ate' sgid Qeat sl;l)readerdﬂlavgﬁg been positioned
. stu U, TOVI, ed Qver 1d at e_ast Oéle {natabd)ad there oye 1n% sal Stfl un}p an
over said second surface of said substrate’ Said stu mp provided over the surface or'said at least one

metal pad hatririgebeetealignedywighssaiidatdeasteorfesaideinbpped atedutiwougithsaitiyewvetr side of said
U-shaped

thermally conductive epoxy or solder paste.

5. The thermally enhanced Plastic Ball Grid Array (PBGA) package of claim 4,

said at least one metal pad comprising copper.

6. The thermally enhanced Plastic Ball Grid Array (PBGA) package of claim 4,

said stud bump comprising gold.

7. The thermally enhanced Plastic Ball Grid Array (PBGA) package of claim 4,
additionally comprising: a substrate having a first and a second surface, at least one metal pad
having been provided over the second surface of said substrate, additionally at least one
semiconductor device having been mounted and interconnected over said second surface of
said substrate; said heat spreader positioned over said second surface of said substrate; said at
least one metal pad having been aligned 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 substrate.
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extrusion; said at least one stud bump having been inserted into said at least one opening created
through said lower side of said U-shaped extrusion; and at least one supply of thermally conductive
epoxy or solder paste having been provided over the surface of said stud bump provided over said at
least one metal pad, thereby overlying said stud bump and further at least overlying said lower side of

said U-shaped extridsion Witk théapelneabidce dinstilyBedridudtivisag s8RHE6y setliegpeakedaisl The thermally

enhanced Plagfic,BiallsGiid Ay HABGAMR &f claim 4, said at least one metal pad comprising
copper. 6. The thermally enhanced Plastic Ball Grid Array (PBGA) package of claim 4, said stud bump

comprising gold. 7. d he thetisalyneniastad-BlasticiB alhb G A ayy( AIBGA) packagedtkiaim, 4,
additionally comprising: & subsliate avinga, st and.a seeand:suiface, atleastone malghad having
been provided over second surface of sald subs rate, aé‘dﬁ%onalfy a%(ie’ast one_ semiconductor device
having been hasingtéekanuoritixt oreredrescovil safdesedond] sutfsiodcofaghidd Buabstrtendalddkat spreader
positioned ovigy, said.seLpRA avifaamof saifksubstate raidahlearkane MEIR)RARY hewing hgen aligned

with said second horizontal section of said lower section thereby positioning said second horizontal
section of sarfTIFRIILERFR Ovehedng SEe R BHE AckaNpEaMy Serrat thedd s smbBRtkexposing the
surface of saidiatsl@agt@neaithréal pachby: peecond Measuidkiecamaunicandspidvidiigel karist one

supply of thegniggyb conductive Epoxy oyer he surface of s igl secolgld ho’rizo tal.ﬁlgsctignt% ass%id lower

. mp proyided over“sajd at ‘feasto eme28 ving been aligned wi 1d, a
section, there(by mc']lucPerg tY1e exposed surrace or sal atplaeas on% meta Sa providea in a second

surface of saithswpstiatect4t8] Treudiermdllpwehddead RialsticsBaibGridiasray (PBGAJ pealdkage of claim
7, said at leagtqng. MeIARAD ROAMIRIDS SERPR P oD 6 AT albieh aaoeed fiashc BalhGrd Array

(PBGA) package of claim 1, additionally comprising: a substrate having a first and a second surface, at
least one metaldActhARRA T BEER provided over the second surface of said substrate, said at least one

metal pad having baen prguided wiln a selderhall over ine surface thereqt additionaly at east one
semiconductor device having been moun e and iRtercénnécted Gver said s8tond surface o
said metal pad comprising copper.

11. A thermally enhanced Plastic Ball Grid Array (PBGA) package comprising a
heat sink for mounting over a surface of a substrate of the thermally enhanced Plastic Ball
Grid Array (PBGA) package, said heat sink comprising: (a) a horizontal section being
parallel with a substrate 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 substrate; (c) each of said heat spreader standoff sections
comprising: (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 center section of said heat spreader stand-off section, said lower
section comprising: (1) a first horizontal section connected with said lower section of said
heat spreader stand-off section, said first horizontal section being parallel with the surface of
said (2) a second center section intersecting connected with said first horizontal section, said
second center section intersecting the surface of said substrate 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
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said substrate; said heat spreader positioned over said second surface of said substrate; said solder
bump provided over said at least one metal pad having been aligned with said at least one opening
created through said lower side of said U-shaped extrusion; and said solder bump having been inserted
into said at least one opening created through said lower side of said U-shaped extrusion. 10. The
thermally entfdnied PastiorBal GrichdaHyseBB Apdadkagatatciaintdd seduirietab padtosmdrising
copper. 11. Athermally enbanga RlasticBalberid Array (PBGA) package comprising a heat sink for
mounting over a surface of a substrate of the thermally enhanced Plastic Ball Grid Array (PBGA)
package, said heat sink comprising: (a) a horizontal section being parallel with a substrate 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 substrate; (c) each of said heat spreader standoff sections
comprising: (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 center section
of said heat spreader stand-off section, said lower section comprising: (1) a first horizontal section
connected with said lower section of said heat spreader stand-off section, said first horizontal section
being parallel with the surface of said (2) a second center section intersecting connected with said first
horizontal section, said second center section intersecting the surface of said substrate 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
15 of said heat spreader stand-off section and the surface of said substrate as a physical extension of
said first horizontal section. 16
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