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 ipgeRYSPRIUGYER INITONEDRNE e EHrRANIEL of sSAMANCEDIPREEXices by

device miniaturization and by increasing the device packaging One of the original approaches that
has been used to create surface mounted, hi i integrated circuit packages has been the
use of the QuadFlat 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 1/O connections that gar®de dRasetmtes @ER eN&EIQ@plications where the pin to pin
spacing is small. The QFP has found to be cost effective for semiconductor devices where the device

I/0O 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 theféoldtattisoinvsmzamtherefore be allocated across the BGA package than was the case

with the QRP; TG CANAGIRIIRI BRI HSEHIRE IR A CAARURIG A 5 Y RIGAB AdRLAAIR, that

have the added advantage of facilitating flow soldering of the package onto a printed circuit board. 1
Prior Art subtredeapdorekisg (psdbasprlioemavsihblisBaibiokddgingy CRP&mi¢ pesckirgiage packaging
is expensive and has proven to limit the performance of the overall package. Recent years have seen
the emergerdeeserpioars tis RiicRiging; this packaging has become the main stream design and is

frequentlyyseg:ipiighneyma RGA Packagrfabiicaipapthie Rlagticeaubaiie BAdPBGMpackage
performspsé?tucﬂiglg%glyo\flvzgrrr]liléggguctor devices by device miniaturization and by increasing the
device packaging
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 QuadFlat 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 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 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.



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 of 4 Watts per chip), the plastic
structure becomes complicated and expensive. The invention addresses concerns of thermal

performance of I%Pﬁﬁﬁs@@s@@geﬁa@ﬁ&gmgdﬂ&oe@mmdgﬁ@ Yaagns Of gleridaal pedarmance

(such as low parasitic inductance being added by the package) and advantages of assembly (such as

low cost, WBWGS RN IS ISP ERaNVE oA &Y AP iR g gTEosIsagS f Jher WRIAH the die
is mounted)bile R Ragkagn e ale FARYeNigRaheaURGINE HGHapsaEdsn Y - i Bhchigifg372,396

(Fujimotq) shows a heat spreader using a mold compound and a mold cavity. U.S. Pat. No. 5,641,987

(Lee) shdlRs Brromer biimaiheicuprdstigr dudidn. frsaieptly. wisd. 8 dighevt P AL #13°62851,301
(Hoang) anyiSa834, 832 (MavielkubRawd aited (pert spreadars peeisnathads i ingipigeabigetive of

the invention is to provide a semiconductor package of improved thermal and electrical conductivity by

using corl@ulaNERB, HBABIRdG Willh RoriEpbeohRirs sHrang Eamhibe: KetiBigh-d1idt Breader

and a greuaespag abthpipackagetsuhsiipte. AAnpthesphigetivenoflRermvensiantis o3z vstetRe
semiconductor package with improved heat spreader planarity. Yet another qbjective of the invention
is to prowwg%hﬂ%ﬁ&?&&%smw%n@r tfireﬁﬁb&w&%&w@aﬁt%éﬂabtsér&aoeé%ﬁﬂé backage

and a sulystiai®&f dhip packpnet b aceridaneeidthbieptibjesdivas efgbesinyention a new method is
provided for the_interface between a heat spreader and the substrate of a thermally improved PBGA

package. The hEt LEAiRs: 3HEEFASER SMRATBS L EIRMAPRHRTTRRNS R tRer P e PretegsEXber.
Under aifirgtiembegirpciatohthanmertenethe kidnstabrefihe haahspeadepdtapiiayicdadobtioan

opening, the stand-off of the heat spreader and therewith the heat spreader is aligned wijth the
substratebswlé%d%&y pHRRAGE? %@%HQV&P%%B ?568’6‘%@&0&8%@86 Sk BecbAT L rface of

the substaligr crhgemadys e degliive Lyt dEPRSKesk YRS dher apatingolid s Meahsaleasies and
e e S B B e e o adgee of the sUbstrate.

U.S. Pat. No. 5,372,396 (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.

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



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 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

spreadersand dheyiewiths QYaF e DREHRUITR OF I Brayised; 0 ieposiaacane sHEfagRhihersuestrate.

Under a third embodiment of the invention, the stand-off of the heat spreader is provided with an
opening, 1F¥ sfiadst Bfdntbesa G Rysadha P RRETeRIRhRFRY Kedt Qptb adsrcrndirrgcth thie
substrate;ghdhet & BGA 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 aH84ReAedRtA\ EMPRIERSERATIRE AmFRtionHEfes o Qe RE dhsoltfat BRIFRIEVied over
a secondysiviace Witthamuestiatehld seat a fourth e nheshregadainh entrvemiione theysiprdati-qf the heat

spreader and therewith the heat spreader is aligned with a coppersground ad provided over a second

surface GHtaReduBLhaRe st EKADBiR 8ptkasr HepuaisLoGeRA fySBrdHEa5iandoff of

the heat prieridarArd thesewithsavRcehsraxpassdisisiareeaiths capRatdad cpsryided@witagsecond
surface of the substrate. BRIEF DESCRIPTION OF THE DRAWINGS FIG. | shows a cross section of

a conventHAMRATANG s RcabPiSelar FRdGE VaheiRE NS $hishRyRMMYY BRI AVéfhods of

heat spreagebidetcanpesgiitelSabstZzasand 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
Bodiaesb ehdle SR SC St ks

surface of the shB¥IFaR. B <CmacdHyesh ShdtiF 4 L6tk disn BesAt pREResE & the
inventionpryvhgse yitthenhgainspseadeatis Abgnecivdticthepiadrivinybeksiiaiehefite fackagady

means of a gold stud or b mpthaﬁt)éls created over a copper ground pad proyided in the second

surface JHIERCEUBER NS SHINEHEREGY FREE PACkAEARYSHEANS 8 ob SEBELRAS QVEHiry
package @fidae baueptpoyidbe ey ihedadtspreader iscaligrediwithtimandeshdngtBubsioate iof the

package DY ERlS 801 R s0lder bal et 8 resled Qver QPRSI AU IO n g second

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.

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



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 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 PREFERREP N BRIMENISTBeigparhea spiaasey ingrsrmeact matbadoqy fas

thermally enhanced PBGA package is shown in cross section in FIG. 1 as an example of a die-up
mounting FReWH O Ed BRfkEStions where the die-up method of mounting the device does not meet

thermal requiremesstssihamdistongwnethad infieguentyryser whergpasubstretesargeagdthat have
been provided with metal heat-distribution surfaces (heat slugs). A die-down BGA package typically

has betteV peETaNSeVithai & harheit teadsips ahepatrage S theiuat R Ryt dfed in the
die can badissipatadefiectvehe fiapitae kacksigathihe diatatRednpiatinealsigss PRWrNar, the

assembly cost for this die-down arrangement is considerably higher than for the die-up method of

mountin®$ehARSHHGRIEY GdhsedandiafiPiindeabyr e i errsnd thdacsishihy @erients of a

die-up thermaldypanhanced 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 ovieHPOGIBYEEN @ lintétEdriheEERRICS; HVESO INfeicdivect traces have not been
highlighted in the cross section of FIG. 1 and essentially connect contact points or contact pads that

are provided ovéhe firistc stirfieé 9t sudsstiateraonngen mﬂ!&d@b@i&‘nt@bﬂ@m@b{ pakrntedt RB&provided
over a Segﬁggé%fmfﬁ%&@é@cﬁ%ﬁéﬁff@!elsagfa‘flom%weagﬁaoéﬁt frehshasai Ry hsate 12

have be rovided with contact pads highlighted as 22, examples of contact pags over a second
surface ofpslisstrane 12hies/dlisedieprpvidediaditieiconeaotipaddpigleiiteedoas 2atantbets tharmaé heat

sink of the. packaghd 4R AJIRLPIARHNRTK fAYREAPIGAlY ARG a-RALSHad ang Siahed layer of

dielectric, with openings that align with the contact pads 22; first solder mask 16 is created over a first
surface dfesubeipatdetowith 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



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 subsigtg Z2s(CRAALICINRALRS O PRAUREI RIS R A Hrphebiiagearl BIERIYLE of

conductive traces 22 are connected to traces 26 by means of vias 20 or by means of other
interconrflEtetEEc ¥ (HoPRIHHINS) Hiekien pritidhmecsiasdtpads 22: 0y ol puak pholidertsder a

second sgifacerpiisupairateridndheseiground 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 18 furfisarshisteehmack (IBESHSRWAT O ApHeig? PrEETEhIheisheddey eion in

FIG. 1 wiherttaunahing gheatrsal siculiphowalecHiCabspenRANentsAnat-she@Wbli&f thassoldersballs
that are shown in the cross section of FIG. 1, it must be noted that some of these solder balls, such as

solder balfF8ed8VHE SRt A6 QG RUPR P 16 and therefore do not make direct electrical

contact with points aftelesirieal cRRtpesRERMidRdIRIOEUBEIthe finstsbitage o aHbstraiertdnnther solder
balls, such as solder ball 28' completely penetrate through the solder mask 16 and therefore make

contact WIBVESHARAIE RACE thBESSHEMST Vet EXE tac drHEashBat At FoBter ShitRPballs
again, susilbasgolder balls 23", 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 interfa%ﬁu@?ﬁéi[\?\?@é(ﬁ Giee 5 AntPHHRCsRASh A Arflish %F&?ﬁsﬂgfél%%tﬁ, oif b iXEtrical

contact priQvigerb arercthmeativasudaae s 5emieaRdsICiaid® 19 Bd.hhand wiresdpith@connect

interconnection of %ﬁ 10 to contact pa&is 26 provided over a second surface of substrate 12 36, a

mold conf3SthEtETRREBVERLAE SaHLldNST MRS LA SCtAre, which further also surrounds bond wires 34.
5 Conventional pagihedadhataieapptiedfer shedordrevementfelitiaamally, @niangednd 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
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 23",
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.



PBGA 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 substrate of the
package applying methods of enhanced integration of the heat spreader of the package into the
package, typically using an adhesive for this purpose increasing the thickness of the metal layers in

the substrate of¢agRAGKAIE nAMRLAYAING MO SHHIRUNAIEORREIVE RIS VRS RAdseldamballs to the

substrate of the package, specifically to surface areas of the substrate that align with the thereover
mounted PSEHIRATHRLES CONS BYEHE Blckage. Specifically highlighted in the cross section of FIG. | are

the heat spreadgicsiagidefhéaniirs SBé hipheahspreaser imneh oo the awiatreasdmethod of
interfacing the heat spreader 14 with the substrate 12 of the PBGA package. Heat spreader 14 may

compriseparﬂéat&? or may comprise thermally conductive epoxy. The interconnect methodology of the

invention will noyycheigpseriRR RStAIlHEH G e ST 0sfaeklidRS Y dnitaSo 2 B iouesthdeb. 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 PBg#Raekagrsdhas heandioishiatbas heskradspitadid offthe pdeiapecifisally

referring now to the cross sections of FIGS., 2a and 2b, there is shown a first interconnect

methodol3GYaica BRAcANNIYSEHham adRe BERERT SWSHIBAB. The physical interface 42 between the heat

sink 14 and the isdbsisaie the iBitRiRIEOH O ambNE Mandalf the afbéhatbeatisppaadaieldnd he standoff 42
has been shown in. magnified form '&order tQ highﬂgrht the foIIon]g deElils of interconnect 42: 44, a

copper pad thati€dn8vilg BrsralbecondrstiMadads sinsantesasahhidls & Bast BrEIg fBhetrates

through the-reddespoaisk 418,1fooseliende astabdishirsasneabanigcallipteWatehbahvaendhenbeaddink 14
and substrate 12 46, conductjve epoxy provided overlying copper pad 44 5 1, a horizontal section of
the heat SPPRGRIUEPESICS X8&%on of the stand-off section 42 of the heat spreader 14 55, a

center section ofpbeistand-nifisegtien 42t thefeatapreat®ld416are 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



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 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 twa remaifing sidasPbintd) shapst extiusionintefReineawihdhgesyage abiha:
substrate under an angle, followed by 63, a second horizontal section being connected to the

U-shaped S¥80816r21t by A ASPRdr B o RIS aPAASISRTAS AR 3ditsetosr %S ate 12,

and 65, apoRanosihatdias Bee)T eieatadsiadeh tpe bottom layer of the U-shaped extrusion 61,
overlying the cog er pad 44. Additional elements that are shown in the cross sections of FIGS. 2a and

2b but that havé’hdt BEeh IgRRGReaTiPB P rivd AL ¥ BRikkei RGeS 2 dhs SHhE%Bnting

elementstiifial Bdwye 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 reftiflol/ SHAPRSH ASSHN oF Ep RS entBfi o -shansd fepusieiy BeiRs hine.

These elemehtscasadneludeskindberslastiintianief hetaroesssaptionaiukiéaSindafatid vy raterence
to the cross sectign of FIG. 1. Not highlighted in the cross sections of FIGS. 2a and 2b are the layers

of mold EBHASE A bfErts B 8 ARSI BlloWethRonductor die over the surface of the substrate

and to thereby fgsthesccomplRie hirpackageniibe samicandigiondidapfiesetayiers oknalend
compound have been highlighted as I@yer 36 in the crosgbsec ion of FIG. 1, the layer of mold
‘fié‘d{?

compourltP3EHAL SeteniBsTsPHERE LI heSurties pd s ' Ald compound, the layer of
mold compounds8)aio\spdigsthehienisibkchddeaaechri gapplicd)iayeriafenald wempaensstdror the
completion of the thermaﬁlg enhanced PBGA package of the invention, these layers of mold

compourfd &PS' S A 1 BB B EPRE 3IEH mold compound can be cured as part of creating the
thermally enhangedifiBtaf ddaekagehas gankibetharmallysenductive &PpXYIh2d iminserted taderneath

the moupted semiconductor deyice as an underfill for that device. In addition, for completion of the

hermal P AR ESB AT AL g LGP G5 L e B UGS BAS I REBE of

connectingacoatachlalisutdytivedir dtighlifdaed 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

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



7 of the substrate 12, which completes the creation of a Plastic Ball Grid Array (PBGA) package. The
above provided comments; relating to the application of layers of (first and 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 gf ke SuBaraRd12b haschesssfaredito asaiobstiatRadiisBarmasimol e pperrieted in
any limited sense but can be interpreted as being a semiconductor device mounting support. As

semiconddetdBtevice mounting support can serve surfaces consisting of semiconductor substrates,

printed circuit baaydsnliey grevited atalizas suhstratas. glasspubsimiesrandsenicomdyciag device

mounting support. The cited semiconductor substrate may be selected from the group of substrates

consistingF6P1de meldheriertadireiagad: ehinmpr e Rssingiss gl arlissarte GRS Rie

substratesiGsiligom:SuatRRY GRS Matin glgtayanolinetgirn SUEhRSASHIGaR MR Bkt
comprising silicon gn insulator (SOI) technology and silicon on sapphire (SOS) technology, doped or

undoped¥Emie ¥ epitaxial layers of silicon supported by a base semiconductor, sapphire

substrates or subsiiies usef e taisvanelidisplay FIbIheLrass sBCHANSEBA @FErRPYWN 48 kIGS. 2a
and 2b, the standoff 42 of the heat spreader 14 is inserted into or aligned with a c,o%per pad 44

provided BVSH e B haotibdrdiicrpreish thAN GG 6805F Y 1ral: R Rl Sd Adoff 42

allows thesppRekRiicohdusdPas 4 aduneiionupp @ Pasitiening gt faethe: pasiithinguphdie heat
spreader 14 with respect to the subsirate 12 over Whtii)h the heat S%Leade_r 4 is maunted. The heat

spreader“f4 ¥§'¢GnHERES ?BQHétﬁ}%BﬁéeB%"&ﬂ‘{‘fé‘i’ﬁé UGB ATV ST 4 ?&F‘i?egﬁéﬁé%{ﬂfﬁ’g
purposesmihaiiedriadhiaaRdutiive @paxycdarg sanlivadiaing asveRoxyEispensifsharouessitél baking
process cures th therma%y conductivzfgpo%/ 46 in order to assure firm holding of the, heat s re_ader
14 prior P INEWERLYr SHENFUGIAHBK il HBIEhTeh (FOPFBin #5eVBrods SRRYGHES tiaPHFEholin in
FIGS. 2asanicdhdiicidr isubdirnt€leasthaic thebbeatsinkiddk isuigned Withiiing suhstidgdesd@shyteeeans of

the copper pad 44 that is provided over the second surface of substrate 12, and the heatsink is
oot S GRS BOI B ALy T LR Ehovy 4B ot A chi s P ERORe
sections thiaioreshHavuhiorHISEH) Iechnelab; tirrsilscshamnsapphire (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 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 5Q. The

physical interface between the heat sink 14 and the substrate 12, also referred to as the stand-



a second interconnect methodology of a thermally enhanced PBGA package 5Q. The physical
interface between the heat sink 14 and the substrate 12, also referred to as the stand 8 off 52 of the
heat spreader 14, has been shown in magnified form in order to highlight the following details 6f
stand-off 52 and the interfacing with the surface 12: 54, a copper pad that is provided over a second

surface ofsustpiflReal/BiiBaReNEIr RS BEERUABWhE S Qlgh Magkddni tosd@s tey astafigh fikm

mechanical interface between the heat sink 14 and substrate 12 56, a gold stud bump, created

overlyingfaiemingslstats Witrauhplrgans shaiesactsnuiibibe B566s tt has been inserted
overlying a goldsgtud RuppReOeaNthAoRPEFRAESLREditigRAhalements hrRtaksROWD, IRigHcross

sections of FIGS. 3a and 3b but that have not been individually highlighted in the cross sections of
FIGS. 3aPSREsElITeREh B GRISstaashdih diaEtidal saNEsE SRS RS RBRAY &l e fectR TR ve

previoushhdgen ndthiightadimdhesenass 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 fotrdaSHS BEBHBReRFBcA RS MO AR SeTapE NIt caPRsE R e +THEke elements

are included in the desatiption ehdke ehashseeiiensifidridaSovialpind I fyid efereninfoIhasloss
section of FIG. 1. The cross section of the stand-off 52 of the heat spreader 14 as shown in FIGS. 3a

and 3b WAPBE Rbatized as being identical to the cross section of the stand-off 42 of the heat

spreader 14 thapdagibearctisrussashineeinihim theteeass Seriena b FIESS . 2 and 3b.biasatise of
this identjty, this detailed description will not be. regjeated at this time but will he included | i{%ference

in the deB@NptRM SFfe BrovwtYidHghbigkiedsinaths fgosh seFtipR st KarticdAsitheRrd dhdin in

FIGS. 3arasnstsieethasstanagfi@ifieaheat tspreadespoagiaghsugihiRotaathgabeaispreader tedis
inserted or aligned with the underlying substrate 12 using a gold stud bump 56. The stud bump 56 will
be forme 1%‘:%& S BPSHRte &iﬁé t crBSEHE SOLIR G BN R . SFAY heat

spreaderstétisncomnmacisd 3o Hirl Found Fad 54, ubing ensanductiverpexyons by a digpensisy
process. Curing of the conductive epoxy 53 is applied by .a baking process, thus prqviding a firm
Postion 5P EP U 185, ShrBSIGP B oL o pRSER B RO SIS Br e s tha
are showgldmérfs Sre3acndtdhin ithis des stistioaleatihatoss 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 53 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.



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. 9 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 interfapeBgingtvsedi thesbaatsi lihane R wubsiried 2hanben) shewn Whawoaified
form in order to highlight the following details of interconnect 62: 64, a copper pad that is provided

over a sebUdIRIFERWERt SBLPIRIosY. Aintckhssmiabiy aalamaes IRt sardeemali Hacimiriistko
establishififeprioe enasicabintaiéacabghvaandhenieabsinicliband sehstiRied & ARG ffied gpider ball,

created overlying and in contact with copper pad 64. Additional elements that are shown in and that

are part df PERighiighHE B ot eydn abIBGEARRIFA 0 not been individually highlighted in the

cross sections 416 IofgerapsitthWilkbsrseceanized as Ketalidamtical &¢ thegaiespongingn
elements that have_previously been highlighted in the cross section of FIG. 1. Because of this partial

identity BSRFERITHRRYSEINGEIAIIRE BT Sl driduss iRl B mAehanicpl HERHRGGIPFEY $84sons of

avoidancg@hsepgtition and {apdeasans afisimplicity 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 sechorfSPHIE ballysigited: 04T ydrERe th&CARFERERTIRNEF®RI 83 and 4b, the stand off 62

of the heat spregg@itiddaiscioariacie aligRpevn inepdatakachpskeefdas badkd6eetibystherusss of solder
paste (not shoE(vn . The flux-free solger ball 66 or olg_er E)_aste is attached after wire bonding. The
Y

copper g b et diane et i ivadualhe el ehisg Loiterrgss e iRl Fifecitss

section ofiihesstandiofbé2Rbiirbeaispraageidddias showe irdriePoddimndldhewdl Beregognized as
being identical to the cross section of the stand-off 42 of the heat spreader 14 that has been
discusseBTrY B4k W%ﬁ&ﬁﬁg%sétmnﬂ]%mésseﬁgoanﬁ 300 BEcRISRS idhie Rttt BERiled

descriptigatwithehdertspeataomtshsitinesbundiliban drlGdedthyseterpeas wilhédeswdptiT of the
cross sections of FIGS. 4a and 4b.a%rom the c%ss sections %hat are shown in FIGS. 4a.and 4b, itis, in

sum, cled St e Oh&SREMKO T AT ARG TE8r R the TRBSIRA R P B HIEARL St Be SR LHIBE that is

providedtime. 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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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 agd $EbiaaUIDSHAIB A BRSAERIShaMIC BIag MG Pt Riger deHaighigthasdallowing

details of interconnect 52: 74, a copper pad that is provided over a second surface of substrate 12,
which péfieBisiEenPieiutt the solder mask 18 in order to establish firm mechanical interface between

the heat sink 147and sulppiéptgali2ands/ §r&AasY CEvE ePaXyotitakiaakesh nipvided overying the
copper pad 74. The separate elements of the standoff 72 of the heat spreader shown in cross sections

in FIGS. BEnah#f o ahethe soldss imaskid PJBATIRT df Gidehbish Spremeshanicrs nfarfissdiebuesidn of the
stand-offigediéansfdk aithedeatarreademtd 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 thd héQPSPrEXaEPHEa R P eahsREEe d g s iBS SRR b taway from the
horizontal sectiorhd 1ephthe bratsRiasdas Ldinddrrrirst ieizentahsaaipshbeingnamialssibnthe

surface of the substrate 12, followed by 81, a center section, interfacing with the surface of the
substratd 5IiRer Gy Hflowed by 83, a second horizontal section being connected to the

center section 81} thasesas Retisanihsanti®Rpis.being parallel with the surface of the substrate 12;
further shown in_the cross sections of FIGS. 53 and 5a is elfment 78, Whi%h is a heat spreader

stand-off ball or/ $td8 HRREFSPHRIPE SHRERE Pt O I ARl AP dér 14 and that provides

additional stability,te ¢bedniRieRMNEThbemeEDhe JiRat Speeaslehdd deathe substrate 12. Additional
elements that are shown in and that are part of tlﬁe cross sections of FIGS. 5 Ba]glf 5b but that have

not been individl&§ H3ATgHEEY M MeroddndactioffeiprIB s E aRtE BRI EE técdihisdths being
identical véithdhe T espaestivgrelasneniadhat av@mprises, 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 5a 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.
5a 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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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 F G knlprihe £EenarertinNs thakaie s bondave Gox Sa@ndiienedesial Riofant 83 of

the heat spreader is positioned on the ground pad 74 praovided over the surface of the substrate 1 1 12.

For imprétatsiuratifd; Lliesvahhy esHENERESHbSS Fany dheldehedsdvdreaderolst waplams ground

pad 74, fallguedh¥aGuinersacess & fmlydhaldihesnernt spreagend4 ivpiacrdoA Baahspipader
stand-off ball or stud 78 is part of the heat spreader 14 in order to maintain improved planarity of the

heat spréEP YA RigRFEEpetihe hre sorsader dfrdtsemrstdorbe srsiead hesusttiond that are

shown in FIGS. pamnHholsisSedfciithAlers hawthe PrRSSIHK A isttheimalaansestadabonkae
ground pad 74 by thermally conductive epoxy 76. In addition, the heat spreader 14 is provided with a

heat spré%dbidtaktisrtbimalgcennectsdHR s ratnbrd rar it nbin sty SARSHELHSERER eh the

heat sprgadgidldoanehthBeseepradstface pfsubsdraianl 2. lthepghdhesiavestiorhas Ragn escribed
and illustrated with reference to specific illustrative embodiments thereof, it is not intended that the

invention'BE9hRERY 5B ErmuRreiica Bt E Do HeEk BRilsd pPiRadsr Witnd dbg Arsenfiat
variationsgperppslibsationscan be made without departing from the spirit of the invention. It is
therefore intendemncl de within the invention all such varjations and modifications which_fall

within the scope CHPREA SBe At LRt rashre e darsabet kit is CVRIME ARnser oS RifED 1S:

1. A therimaiyranhasspd diasiie BaltdsfidiAsay(RBenpatkagrecoigiitinde heatgink tavssounting
over a surface of a substrate of the thermally enhanced Plastic Ball Grid Array (PBGA) package, said
heat sinH@B?Hﬁ%ﬁﬂB?‘i‘lIﬁSﬁ%nT °§8c§6¢(1%%m@ Psratid With 2°SBRFAd et WAL St oot
spreaderipbioginauale besaiibavizantatgpaction havingaspriineter )deahspreadesiatard-off
seotions exiending fom said pemater, of said harizonial seetion, S gwer seeian of saidhosh

within the scope of the appended claims and equivalents thereof.
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physical interface between said heat spreader and said substrate over which said heat spreader is
being mounted; (c) each of said heat spreader standoff sections comprising: (i) an upper section
being connected with said horizontal section of said heat spreader under an angle (i) 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 hgat gpxgader standoff section; (d) each lower
section of each of said heat spreader standoff sections comprising: (i) a first horizontal section being
parallel wiiihe siIdacgfEFaissubstrate, 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 df said N-8irapetyesthumsiord Phetiadiad withl thersyfBBE 49 sricksgbstrameriginges an

angle, wi tleastone ¢ [ Vv'n Peen er 0 j S'al; ig U= d
extrusionf;lr%é%g %I%) %aqggcg%%%zhg%néaﬁsg%ﬁon?cf)%{%gé}tge{cel ‘?09 %%E%éﬁé’eé gx%u%?opnl% f‘l‘qr%%ﬁ[hermally
enhance€ifiasticaBalPBAArayRBGH] hackagénf oanprisinadditiondilyriconiprisingoa dutegrate
having aoé's[f’a ﬁ‘%ﬁ%‘%ﬂ&%ﬁ@f&%ﬁ%ﬁﬁﬁt NG H&%%H%Qd al\é”‘t%&%g%&(f?t‘é' led QVaL e saFond
surface of said substrate, additionally at least one semiconductor devVice having been mounted and
interconrrectanh daemsaicbstomtel sinfacet opreaddrsubadraté sectidireateptowdéphanidgpbametpositioned

over said,seANA SHIALE Qéﬁ%]ﬁ‘i', e?‘f(ﬁ%a&%'c&&jldo?tshq{i‘%{e‘ai‘gpg%ﬁﬁ%kF% H-%‘fﬂ%&?o?@.%%% yith said

at least one opening created through said lower side of sali shaped extrusion; said at least one

metal pa@ﬂ)ﬁiﬁihbi_nbﬁé%mwe@llﬁﬁ@ﬂdzﬁdt aptearond @ﬁéﬁﬁf@@i@a@é@ﬁ%@h%@hﬁﬂﬁm@m of said
U-shaped; gxjrusion,ang atjeashonessiPRM ol ReHualy CoONFUciNG RPROMARYIRY BESR Rppuided over

the surface of said at least one metal pad, thereby at least overlying said lower side of said U- shaped
extrusionsodtion bayee eisieiaheyinigidbadgetitad sgsoiop. al3saidTivatsipiendee widdain 2ngaitiiat least

one metg) 9&9&%@6%%"Bgiﬁg%ﬁﬁe@teﬁ%ﬁﬁ‘@éﬁﬁ%{%gﬁg&?ﬁﬁqf éa;ﬁﬁﬁ@@f”sdﬁﬂ% Lp¥hBEakpackage

of claim 1, additionally comprising: a substrate having a first and a second surface, at least one metal
pad havitid) seshlprsvisrsiioybeihe coanspis Surticaidi saigsisssratel suibheptenttasise sieatapad

having been;Broyifed Wil destua st o¥aT Irs stiagesiiesaol seadtianal Al easi iee: (i)

- . O - 1 -
semiconductor device having been mounted and interconnected over said second surface o¥ said

substrate? §&38 sinosiresatsion deing bawhl goxitiv Heasevars afosaecariy tiptaedofishiorizontal

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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substrate; said stud bump provided over the surface of 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 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 begn proyiglesavarter sHiRCE ofidaidcatud RumBapIAdesthoMShsaishpkieast one metal

pad, thereby overlying said stud bump and further at least overlying said lower side of said U-shaped

extrusion with adayer dftaaifleth@raiihsardueiivecBemyGRIcalgey PRBEBAY-phbkagt weturamficlaim 4,
said at least.one metal pad comprising copper. 6. The structure of claijm 4, said stud bump comprising
gold. 7. ﬂ%%ﬁ”&lﬁ?%ﬁ%d‘ ﬁ‘f%%&%ﬁﬁ@%ﬁ Pl PP BEAPPhER Q%eoi‘tc%’}ﬁﬁ e %ﬂrd’ﬁ&uy

comprisingy i gWMest P tiadvingvefitst astoadetaacksorface sabieass, ancimetahpashehaeiay fren
provided over the second.surface of said substrate, said at Jeast one metal pad having been provided
with a soltf BalShePiRE &ihad ﬂ&&&?&ﬁ%f&ﬁ&@%ﬂa coErlr a?éffmﬁ@%& deVraE fiVing been

mountedsaaddatdieannésiad ovemsaid seaanthedrtaceinfesaithsctbgtnle; saildeaispieaderof
positioned over said secand surface of said substrate, said solder bump provided qver said af least
D P AHG: FElh  RCEaH LI TSk PR B BN AT AR G ST bWR i of
said U-shapeehextshizicnidbshgaissatiterobemdi: Raving béenidnsaetad intonsaid pideastionbeepening

created thyough said lower side of said U-shaped extrysion. 8. The structure of claim 7, said metal
oo comBIBTEG ERGS % el AP EdR PR LN I AT SEBA] St E BB g a
heat sinkefarusiounting avaeaisontasadfmsipbbirate dfcdieiverradliytentaahaedeRiasiic Bainbgd Array

(PBGA) package, said heat sink comprising: horizoptal section bejng parallel with a substrate
Ovor whiGHEEIT FUSE Shroatol S o i AR 53 San  SEEh AP EBAEY around
a perimetaeitinerigoéothjubtat spegder stadd-pHssettions bxtansiog dtdnvsaidipesimater of saitl
horizontal s& tion, a secgncf horizon alti\(;:-vct%on of a lgwer, s&ctiq&of safd.heatsdoreafldt()ar stand-off
sections 1o} |ﬁlén ey Bﬁ?/vsll o YSHAUE Betiee R s AT ekt %“preeara QN AR Skt e, 1(1(1:51%3%% of said
heat sprefaciestanidest seciiynse caiddosiag s{deant Wk Uselciian ksimgsconnadied koysaidfhaitzontal
section of said heat spreader under an.an Ig'étgi) a first center section being connected with said

therma conductive epoxy or SO
upper se RSy poxy

5. The structure of claim 4, said at least one metal pad comprising copper.
6. The structure of claim 4, said stud bump comprising gold.

7. 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, said at least one metal pad
having been provided with a solder ball over the surface thereof, 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
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.
8. The structure of claim 7, said metal pad comprising copper.

9. 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
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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 seciipBintaisestingrepnnacteeunith S et harizastaliperiansnaidcpaeandAentRtisastion

intersecting the surface of said substrate under an arg%e; (3) said second horizontal section

connectedtendiig demrididenesingtetion. saith hayizanid ssatiany 3preerdilpraesil secipibive metal
interface lgewyeRBtRA b fiIsl hodzo o SRctimat sEidlawas ety ofpinid e ahsprrRrAs wand-off

section and the surface of said substrate as a physical extension of said first horizontal section. 10.

The thersifly sahaReedien 20t B4 cvRstisy (@Peed) phaaid et cradantthisredtiprising: a
substrate:-bayngm:firg) andpsacendishrirers aldpasi@neomaial Red-fayingbesn pravidedaaver the

second surface of said substrate, additionally at least one semiconductor device having been

mounted SRR IS rBORNEL Rt ISy &1 A BTk eaHer SGraR tRingsqutRsisrara iy sidHunes sresa ot

positioneghRVeEa$ajst SRR st TRcecabaaitaSsBRY dtessdichptr Ieasioanaimatalwadkband been
aligned with said second horizontal section of said lower section thereb?/ pasitioning said second

horizontafQBEEEH of Uhi sadwaisL SeRtsh vdiotaf] tifehstor s rad 6 S37LemeakligBIF amount,

exposingsthesvidaspedisaid af leasiiongizvetal Rrddy @eeeand Maaski@ievameuntnod aiaviding at
least one sugply of thermally conductivedgﬁox over the surface of said second harizontal section of

said lowdl8bchisItheans A cEding ¢ GIEOMACE O Ynfer M @agt b & HHethr SHH D Vided in a
second swida0y oksaidubsatatecidn Thersituolute iRl saifaklersionemetalopadaid
ComanIr;gc((:)?l %%{l.telI‘SSGCtion 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

of said heat spreader stand-off section and the surface of said substrate as a physical

extension of said first horizontal section.

10. 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.

11. The structure of claim 10, said at least one metal pad comprising copper.
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