;jkfﬁESeVVtV6T& HEAT SPREADER | NTERCONNECT METHODOLOGY FOR THERMALLY
PNHANCED PBGA PACKAGES BACKGROUND OF THE I NVENTION (1) Field

I nvention The invention relates to the fabrication of int egr%{#’ﬁhﬁﬂmﬂwlmﬂ”
devices, and nore particularly, to a nmethod and package for ther

inmproved Plastic Ball Gid Array (PBGA) packaging. (2) Descripti’6%%ef the

Prior Art The sem conductor industry has since its inception achieved
i nprovenents in the performance of sem conductor devices by device

M ni at uri zgERhensaREADBYRI NGTERSOMGEC N MO IRA RAC ta® AUEReMRSILYY EnfARCED t he
original approaches that has been used to create surface nounted, high pin

count integrated circuit packages has, bgehkiddie use of the Quad Fl at Pack
(QFP) with various pin configurations. For the QFP, closely spaced | eads

al ong the four edges of theBFbﬁéRB@’ﬁ age AhE HGREhF Ry making el ectrical

connections fromwhere the electrical connections are distributed to the
surrounding circuitry. The input/output (I/0O connections that can be nade
to the QFP are therefore confined *159159* i to the edges of the flat
package, (\I\:{r‘sl ch | I tosf tt e nunber ,of 1/0

Fie e Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method and package

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

(2) Description of the Prior Art

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

density.

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

connections that can be made to the QFP are therefore confined

(B

*159159*
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connections that can be made to the QFP even in applications where the pin
{0 pin spacing is small. The QFP has found to be cost effective for

sem conduct or devices where the device I/O pin count does not exceed 200.
To circunvent this limtation, a new package, a Ball Gid 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 elimnating the restriction of having I/0 connects only around the
peri pher )tcpftﬂéﬂ%dg@%k@&ethyblf@aeogaaﬁé 01 i B TiniHLaly mpdemerbeyseen
t he contact points can therefore be al?ocated across the BGA package than
was the casfaldilbnd@nQEPcaiNBeCABLECto POLELSFE NAterdl 1 it ilhg BGA
package are typically solder balls that have the added advant age of

Fact | Tt atna.d | $9L98r] 9906 LREgackage. oDt onde REHNUE GOl (e hgar d

Prior Art substrate packaging packagi ng.
Ceram c substr ackagi ng i s.expensive and. has proven.to |imt

per f or nanccoesscofeafif%ff%&\y r &t 555‘%58@.&1 lé renseyle%?ss ave sq.‘eheenci e ceenté[pg)ence of
pl asti c BGA packagi ng; this packaging has becone the i n _stream.design and
s 1 equatict PR AU FOLGRE BRA pAeKabES TREFTCattigh. | HE e
substrate BGA ( PBGA) packa%e perfornms satisfactorily when used 2 t d for

| ow densi§F AT pd B33l PrignBTRAKDEFCH MRHLEHRR ifiFFromthe 1Cis
high, that is in excess of 350 pins, or if the nunmber of pins com ng from
the |C isintexfuaesh 350 ke BA pPaghrged Bheral¢chaddgedAcs @ S, or
if the chip power dissipation is high (in excess of 4 Watts per chip), the
pl asti ¢ sAraictiste ietedesvesnphecanbirandoekprensiniaca et ithemadiage
addresses concerns of thermal performance of the PBGA package that in

addi ti on tfremdle e lacdhianitdges thk eksctictadn pef floavang el (G usinesstdsownly
parasitic inductance being added by the package) and advantages of assenbly
(such as d¥wurDBhe RRirigharkl eXi bhe patuagen ndwé dnfsadOtpdiatis md th

redesi gn of the substrate over which the die is nounted) while the
greater spacing between the contact points can therefore be
allocated across the BGA package than was the case with the QFP.
The contact points that are used for the BGA package are
typically solder balls that have the added advantage of

facilitating flow soldering of the package onto a printed

circuit board.

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

substrate BGA (PBGA) package performs satisfactorily when used



package nee€ts conventional manufacturing standards. US 5,872,396 (Fujinoto)
shows a heat spreader using a nold conpound and a nold cavity. US 5,641, 987
(Lee) shows another simlar heat spreader design. US 5,6977,626 (Want et
al.) US 6,201, 301 (Hoang) and US 5,834,839 (Mertol) show rel ated heat
spreaders and net hods. 3 L SUMVARY COF THE | NVENTI ON A principle
objective of the invention is to provide a sem conductor package of

i nproved thermal and el ectrical conductivity by using conductive epoxy
conbi ned with stbderowaldndimtverfdipnebiy €6’ sonhbcthdarummr ®theanss greadsing
and a ground pad of the package substrate. Another objective of the

i nvention is tofpsovilie B senmidghjuchar packagexeesd ofasveddwweatorspifeater
pl anarity. Yet another objective of the invention is to provide a

seni conduct or paglsge dBWing ddidely €eBhachebetween esdedtars psadert ehet he
package and a substrate of the package. In accordance with the objectives

of the inventiopeguiedy Bidied i %a&kﬁ%bdgﬁzéoistéﬁhlﬁtQ&Eaﬁfféﬁg‘ﬂﬁ%% doheat
spreader and the Substrate of atherfally inproved PBGA package e heat

spreader int erf@i:g 1ég'stlkbl{ he syl trq_ e EQ the Etﬁé&%g Sr{) c#"gf’ f% p%astlc

spreader. Under enbodi FRvent i

heat spreader i eni_n t he.st and- of f of t he heat
spreader and th%?%%n W%H&% spr aégﬁgéd and “expensive

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

of the substrate over which the die is mounted) while the

package meets conventional manufacturing standards.

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

compound and a mold cavity.

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

design.

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

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



is artigned with the substrate of the PBGA package by neans of a copper pad
ihat is provided over a second surface of the 4 substrate. Thermal ly
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 enbodi nent of the invention, the stand-off of the
heat spreader is provided wth an opening, the stand-off of the heat
spreader and therewith the heat spreader is aligned with the substrate of

t he PBGA package by neans of savgaRe benmpupr istvedridsat is provi ded over a
second surface of the substrate. Thermally conductive epoxy is deposited
over the opening of the heat spreader and therewith over the gold bunp or
stud provided over a second surface of the substrate. Under a third

enbodi ment of e sLAYEALT 8B4 Lhey St aAC L fs Modhe.heal pisadand s provi ded

wi th an openi ng, tan eat spreader an erew th the heat

spreader Js,.aldoned 0 L kb supstale,of e PAGY package by feans of a

ground paf over I'S provided over a second surface of
the substrate. Thermally conductive epoxy is deposited over the openi of
the hear SOHEiREaY eV EF SRt FOBYEFEERE SR SOnA ik TR ArE e Sg BT
created solder ball provided over  a second surface of_ the substrate. 5
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



t , Wnder a fourth enbodi mrent of the invention, the standoff of the heat
gpreader 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 extremty 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. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
shows a cross section of a conventional thermally enhanced PBGA package,

speci fi caldpsthiaghl.i %E'rﬂﬁl@?”&@ﬂ@it@ﬂ%e nBbhesls; Dfadiati o ALY the

i nterconnect. Figs. 2a and b show a cross section'of a first PBGA package

of the ”béf‘égf ) e PL &, Enp&ybg agcopper
pad provi (‘)-%QOf\g{Eglecg% ggzele%fét e su{)e;‘t’ﬂa}%e Figs. 3a g_f bdshow a
Cross se fa ecqn wher eby t he heat
spr eadercélJ Qﬂ1d% 3% % ge e dn QEF%Q%QQESU%Q% algbe;éc#‘:l%}e package by neans

of a gold stud or burrp that is created over a copper ground pad provided in

t he second surface of the substrate of the package. 6 i Fi gs 4a and 4b
show a cross i}ectl on of a third PBGA € of the |nven é t he
heat spreader T9eY PyREFORF AMPREITRREP %besjdb‘é?rtra;t%l'of é’

means of a solder ball that is created over a copper ground pad pr.ovi ded in
of the heat spreader is provided with an opening, the stand-off

of the heat spreader and therewith the heat spreader is aligned
with the substrate of the PBGA package by means of a gold bump

or stud that is provided over a second surface of the substrate.
Thermally conductive epoxy is deposited over the opening of the
heat spreader and therewith over the gold bump or stud provided

over a second surface of the substrate.

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

surface of the substrate.



the second surface of the substrate of the package. Figs. 5a and 5b show a
gross 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 extremty of the stand-off of the heat spreader
and the exposed surface of the copper ground pad. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The prior art heat spreader interconnect nethodol ogy

for thermallyyupakanaedoRBEA paBKkaORehS SHOME |ihvEMSorSeeheoRtiaAdbiEd. of as
an exanpl e of a die-up nounting nethod. For applications where the die-up

met hod of. yoyakikNgpt-Rgadevhag HRESeRPtn MBS Hda -4 HeMantignekihe
di e-down nmethod is frequently used whereby substrates are used fhat have

been proyj.ded _wi t t-gihStrl i f lugs
die-downwggﬁ'Sagbggg%tggfggﬁlggﬂaéf i&ééﬁnﬁiﬁﬁiégﬁﬁﬁg&?ggkgﬁgé%tﬁgnéPﬁe
die-up 7 i nce the heat di e can

PB kage (O .at LNt
e di Ssi SHPEE er Fect o 1 one e bR ith i S RN e 8l heat
sl ugs. Ho er, .the_assenb 0 for thi i e-down. arra ment i,
congiderfgiveﬁPﬁﬁéPftﬁiﬁ Fg¥n§ﬂg£d?g-ERF:§§?:cFQﬁe%ﬂﬁﬁﬂﬁ %Qgﬁfghﬁauctor
devices. Shown_in the cross section of Fig. 1 are the follow ng el enents of

a di e- up IET FREl $XBRRSACEHY PRERA PhckiagecorPeY) PadhPTOVHASGH FYEL 0P di e of

the thermally enhanced PBGA
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.



package, nounted over the surface of substrate 12 - 12, a substrate or

sem conductor die nounting support; it nust be understood that
conventionally substrate 12 is used for the creation of nultiple, conplex
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 surfaceigls subshhat 8bldhoR®XaANPrESs He AOBAGDE RAGRH iAW PRRAf i ISt
surface of substrate 12 have been provided with contact pads highlighted as

22, a (] W e t igfe
exarrg;i Sr}g%fe centaet 1R3EAL QYRT gﬁf‘?@ﬂ%é%gﬁc%ﬁg 2iLhs rlsztaq %?-1 Rave

been pro w th contact pads hi ted as 24 and 26 - , the heat

sink of %ﬂ%hp%%Fa%ﬁdéélgﬁggéggﬁga£%£éto?ﬁ#ﬂ%ﬁgﬂ%§%¥4Qxﬁkma%%pb%agly

conprising a patterne ayer Ic,” wth opénings that

align with.the conta ads 22; first solder mask 16 is, created over, a
first suf%’g'ro%aggbgkﬁgtéslﬁr§a§§? Y Second’=oid r?%%ﬂ( %%3 FPVESSFcéP|y

conprising a patterned_and etched |ayer of digelectric, wth openings that
20N i S FECO00n EPTEPREe ST HAC SEOREF TR ¥ THES PSS or at od over
second surface of substrate 12 - 20, interconnect vias provided through

substrate 12, creating electrical interconnects between contact pad on a

first surface of substrate 12 and contact pad on a second surface of
substrate 12 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 PREFERRED EMBODIMENTS

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

package typically has better thermal performance than the die-up



- 22 conductive traces or contact pads on a first surface of substrate 12,
g¢onductive traces 22 are connected to traces 26 by nmeans of vial 20 or by
means of other interconnect traces (not shown) that are part of the
substrate 12 - 24, ground pads provi ded over a second surface of substrate
12, these ground pads 24 are the physical interfaces between the heat
spreader 14 and the substrate 12 - 26, contact points provided over the
second surface of substrate 12 - 28, solder balls for further interconnect

(not showmkaobathagpagkage thathést stignd id) SdraStRTtinORHen dfegcah Bet h
surrounding electrical circuitry or electrical conponents (not 9 shown) ;

of the sqi@%ripla%bbs eEEéEt@(rSl?hPi“&ni Phd s OfPsRe BN Afe Elodthd, metalust
be noted that some of these solder balls, such as solder ball 28, do not

penet r at g Jr yg st.hﬁ?)lug?EE 16nangdsLaes Oéc?std_oféﬁ(;iﬂtu{ﬁk%i@-h%% el ectri cal

contact wmth points o ecfrical contact provided in or on the first

surface qf rate.l2; . : u ol der . bal | '
conpleteﬁfr%éﬁngg%el hFSﬁé28§ﬁ%gég?%%9%%%§¥“§%%§ﬁ§%¥%%F@-oPg #&%éggoﬁfact
W th conduct%ve traces ﬁgot sho§n%.over the surface of the substrate 12;
ot her sol"®&PtHAE §SHIEPRIVENHRR d8VESFUer balls 28", partially penetrate

t hrough the sol der mask 16 and nmake contact with contact pads 22 provided

over a first surface of substrate 12 - 30, a |layer of thernmally conductive

adhesive interfacing between die 10 and the second surface of substrate 12
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



- 32 points of electrical contact provided over the active surface of

sem conductor 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 nold
conpound forned over the surface of the structure, which further also
surrounds bond wires 34. Conventional nethods that are applied for the

i nprovenent of thermally enhanced PBGA packages concentrate on: 10

i ncreasing the density of the copper that is used in the creation of the
substrate afs,t he fpaskageldae! Wdsnol &per N \RISHAIA YN WHrigfingekal | ayers in
the substrate of the package applying nmethods of enhanced integration of

the heat szprezded ahat BecRagkagper nbP diel fackiage wiltkPicpnlivgesicpgtan
adhesive for this purpose increasing the thickness of the netal layers in

the substngle of chhenRackagget a%&’dédéﬂz nge it dhefdmldsicardyst byeapagt s,
vias and solder balls to the substrate of the package, specifically to

surface ofc. tect I jth the thereover nounted
senicond%%%%fadFéE%E ?Eg§%g§k§5egag%£%%l i%%lly hi ghlighted in the cross

seot o0 of 5S¢ botial 6y BEP pgRKCRATLE S ANRIE PR aes 8ot (e heat
Spreaderp%%ﬁggggdtg%dsggghggtfa%grogfté%%fﬁ%%?fﬁ?”ﬁ%?ﬁ ngﬂings that
align with the copper traces 24; second solder mask 18 is
created over a second surface of substrate 12
- 20, interconnect vias provided through substrate 12, creating
electrical interconnects between contact pad on a first surface
of substrate 12 and contact pad on a second surface of substrate
12
- 22, conductive traces or contact pads on a first surface of
substrate 12, conductive traces 22 are connected to traces 26 by
means of vias 20 or by means of other interconnect traces (not
shown) that are part of the substrate 12
- 24, ground pads provided over a second surface of substrate
12, these ground pads 24 are the physical interfaces between the
heat spreader 14 and the substrate 12
- 26, contact points provided over the second surface of
substrate 12
- 28, solder balls for further interconnect (not shown) of the

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

surrounding electrical circuitry or electrical components (not




spreader 14 may conprise netal of may conprise thermally conductive epoxy.
The interconnect nethodol ogy of the invention will now be described in
detail using the cross sections of Figs. 2 through 11 5b. This
description will specifically concentrate on the nmethods 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

referri ngna@w)t0oEhener 863ds£ChaPIs tatFiffe stdwiNdn2Rhet Beb8si 8echo¥A a
first interconnect nethodology of a thermally enhanced PBGA package 40. The

physi cal Jentegfage 42 Rekvesd fbeedediasSidimel brangddae ssubelr 8142 is
referred to as the standoff 42 of the heat spreader 14. The standoff 42 has

been shown, 4N gﬁgph%?dbéﬂ%é? cgcg é%;éjeﬂgt&@éegﬁgxggﬁghf Qhloipg degail s of

i nt er connect a copper I'S provi ver a second surface

of substrgte k2, ehichaat Leagl.paitial] vopenstianes ool the solder

mask 18 in or eésta I'Tmmechanical ‘i'ntérface between

sink 14 and substrate 12 - 46, conductiyve epox rovi,ded aoverlyi ng_copper
bad 44 - 281 S1AORE1 58 PARERER PRAVAASE e KOO ASader Sha SUrEgtea e, OD0T
section of the stand-off section 42 of the heat spreader 14 _- 55, a center

section GMPEREEFand: oPFREECEPERCT PIF LT hfWEht S Frd&ger Ppal 287

completely penetrate through the solder mask 16 and therefore
make contact with conductive traces (not shown) over the surface
of the substrate 12; other solder balls again, such as solder
balls 28", partially penetrate through the solder mask 16 and
make contact with contact pads 22 provided over a first surface
of substrate 12

- 30, a layer of thermally conductive adhesive interfacing
between die 10 and the second surface of substrate 12

- 32, points of electrical contact provided over the active
surface of semiconductor die 10

- 34, bond wires for the interconnection of die 10 to contact
pads 26 provided over a second surface of substrate 12

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

which further also surrounds bond wires 34.

Conventional methods that are applied for the improvement

of thermally enhanced PBGA packages concentrate on:

10



-

12 i - 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
conprises, progressing in a direction away fromthe 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 | ower side of the U shaped extrusion facing the substrate
and with the two remaining sides of the U shaped extrusion interfacing with

the surfgce; of, L& SN afd dide LR nANgbepelOthaveds Yseq 68y @msecond

hori zontal section being connected to the shaped extrusion, the second

hori zont al ég&é&Pﬁg& rgleoagﬁgtetlat\@ toz Itﬁrgogéhf{?ﬁg of the substrate 12, and

- 65, an opening has™ been Create e bottom | ayer of the
U-shaped exfrusion 61, overlying the copper. pad 44, Additjional elenents
t hat are‘shb%ﬁl??ﬂ?ﬁm@?x%ﬂ%?%%ﬁﬁ%gbﬁ§m€FBFP§sgeﬁﬁlaﬁEYQBSbh? €%%t have not

been highlighted will be recogni zed as being identical to the correspondi ng
el ement s t hegblaltorel i oI IBAPE@® hi ghl i ghted in the cross section of Fig.
1. Because of this partial identity between the cross sections of Figs. 2a
and 2b and &pplying tiedeodd enferrthandeld fiategeasbon of akei Mawmcespfeader
repetition and for reasons of sinplicity of presentation not be repeated at
this tinme. Jdhesie epLiids At khe package, typically using an adhesive
for this purpose
e increasing the thickness of the metal layers in the substrate
of the package, and
e adding more thermally conductive parts, vias and solder balls
to the substrate of the package, specifically to surface

areas of the substrate that align with the thereover mounted

semiconductor die of the package.

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

conductive epoxy.

The interconnect methodology of the invention will now be

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

11



included in the description of the cross section of Figs. 2a and 2b by
teference to the cross section of Fig. 1. Not highlighted in the cross
sections of Figs. 2a and 2b are the layers of nold conpound that are
applied to nmount the sem conductor die over the surface of the substrate
and to thereby further conplete the package of the sem conductor die. These
| ayers of nold conpound have been highlighted as |layer 36 in the cross
section of Fig. 1, the layer of nold conpound 36 that underlies the heat

sink 14 isp aThikSdekaRrBbteeh M@YEFsﬁéci@&éhrl¥ﬂﬁbﬂﬁénﬂﬂa%é dyeikhef nold
conmpound that overlies the heat sink 14 is a second (applied) |ayer of nold

compoundnddodsns LC GBI LAB ALat hes kel | ynanhancedichoagkage of the
i nvention, these layers of nol conpound are assuned to al so be appli ed.
The appl i d o r r.eat i h

Irmanty SBUNES SOTAUNG ROy £0 FELANY IR LB BTy

Ive epoxy that i1's

hat . doviHE R o tl?%ﬁ”?ess ghﬁ% O RO AR PReiitRe. g

package, end CESSI can Y conprising steps of
connect i m§ %Pg l@&l Fﬁg ?F?gg'%{ﬁf%%éD fFdre 114 substrate 12,
whi ch conpl etes the creatlon of a Plastic Ball Gid Array (PBGA) package.

The above provided conments, relating to the application of |ayers of

(first and second) nold conpound and end-of-1ine
Specifically referring now to the cross sections of Figs.

2a and 2b, there is shown a first interconnect methodology of a
thermally enhanced PBGA package 40. The physical interface 42
between the heat sink 14 and the substrate 12 is referred to as
the standoff 42 of the heat spreader 14. The standoff 42 has
been shown in magnified form in order to highlight the following
details of interconnect 42:

- 44, a copper pad that is provided over a second surface of
substrate 12, which at least partially penetrates through the
solder mask 18 in order to establish firm mechanical interface
between the heat sink 14 and substrate 12

- 46, conductive epoxy provided overlying copper pad 44

- 51, a horizontal section of the heat spreader 14

- 53, an upper section of the stand-off section 42 of the heat
spreader 14

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

spreader 14

12




processing, equally applies to the cross sections of Figs. 3 through 5 and
are hereby nmade part of the descriptions of these cross sections that are
provi ded bel ow. Elenment 12 in the cross sections of Figs. 2a and 2b has
been referred to as a substrate. This termis not to be interpreted in any
limted sense but can be interpreted as being a sem conductor device
nounti ng support. As sem conductor device nobunting support can serve
surfaces consisting of sem conductor substrates, printed circuit boards,

flex circuists, ambaklki 3edt3URSHE RS, s RS oSUREIHEIRS 42nd rSemecarduct or
devi ce nmounting support. The cited sem conductor substrate may be sel ected

fromthe GruReof 19UbshEal BRef0BSEEL b0 Plo B AL HUMC LY reBiRSt LREAS-of F
ceram c substrates, glass substrates, gallium arseni de substrates, silicon

cubsti o s COmLSLAY BroLBEclaYe Lamitial soteiien mll) con vele

or conprising silico ogy "and silicon on sapphire

(SOS) technala doped.aor doped sem conductors. .epitaxial |ayers of 15
silicon gﬁﬁﬁ Fﬁ%&lbﬁgggﬁggegge Pc%%%uc?%&,sgﬁﬁﬁ)%%(§%§ubstrates or

substrates used fqr flat panel displays. In the craqss .sections that _are
Shown (n Fids. 2a3aAG BorLERAtal MRCHTON PO T B c e P ace
inserted into or aligned with a_copper. pad 44 provi ded over the surface of
t he substafat&e1subpheatrr daghtAbievsd BY the heat spreader standoff 42

all ows the copper or ground pad 44 to function as a positioning@guide for

t he positi &di:ng &F shAPeHegKtspEeadevinl &jtoweespca afo thee Usgbapedte 12

over which the heat spreader 14
extrusion facing the substrate and with the two remaining sides

of the U-shaped extrusion interfacing with the surface of the
substrate under an angle, followed by

- 63, a second horizontal section being connected to the U-
shaped extrusion, the second horizontal section being parallel
with the surface of the substrate 12, and

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

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

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

presentation not be repeated at this time. These elements are

13



is nounted. The heat spreader 14 is connected to the ground pad 44 using a
gonductive 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 hol ding of
the heat spreader 14 prior to the steps of encapsul ation and nol di ng (not
shown) . Fromthe 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

neans of i@ ueedpen pad désthaptiscnPsPViKe sy dJdva iseC @Fd Fidsf.aca ahd
substrate 12, and 16 the heatsink is connected to the ground pad 44 by

ther”a||bhﬁ§@d%%Eb¥%n%E0E¥ éﬁe Beb8E T 406 YW 40 Hillp Gross sections that are
shown in Figs. 3a and 3b, there is shown a second 1 nterconnect nethodol ogy

of a thermally enhanced PBGA package 50. The physical interface between the
heat sink 14 and the substrate 12, also referred to as the stand-off 52 of

the heat spre r en._s f iJy onder to
hi ghl i ght t he %Ih]'ténh epd! np&ﬂ;%‘gns_o L R tezgfag':dng Wi th

t he surface a o] ad t ha rOV|ded Qv a second surface
of substraftejt%f 148 Eﬁ 8gn§B$gt ng?l‘r‘rb‘ﬁJgW? 5501 TR AR K189 |uﬁ‘toF§‘8r to
establish firm hani al interface between the heat sink 14 and substrate
12 - 56, b , a i

S&“&&Oalgg’fsl‘ié?r éﬁrﬁ O¥FEabRE %%#"1“;‘/‘? r ARt ro

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 of the

14



copper pad 54, and - 58, conductive epoxy that has been inserted overlying
g gold stud bunp 56 and copper pad 54. Additional elenents that are shown
in the cross sections of Figs. 3a and 3b but that have not been

i ndividually highlighted in the cross sections of Figs. 3a and 3b will be
recogni zed as being identical to the correspondi ng el enents that have
previously been highlighted in the cross section of Fig. 1. 17 Because of
this partial identity between the cross sections of Figs. 3a and 3b and

Fig. 1, theserakenentswwikh tehpleesonenofcrpines of pepetict Baniand for
reasons of sinplicity of presentation not be repeated at this tine. These

el ement s @iq ApchbydedpLR) t Becdggeri ption of the cross sections of Figs. 3a
and 3b by referenCe to t%e cross section of Fig. 1. The cross section of

t he stand-off 52 of the heat spreader 14 as shown in Figs. 3a and 3b w ||
be recogni zed as being identical to the cross section of the stand-off 42
of the heat s eadgr 14 thatdhgs been discu§§qg.in degﬁil J n Lhetcrosgf
sections of FilgS. *22VEnH oK B EUNECYS 1 Hi% qcﬁﬁﬁi%ﬂh ehiEP&éFsiFSB
descripti.on will not be repeated at, this_ tinme but_wl] be included by
F of or encd ETENSEAdE Tt PB BFCPRY CPOLS SHRRIBIS W EP5s OL3ai8Rd 3b. In
the cross sectigns that are shown in Figs. 3a and 3b, the standoff of the
heat spr ®¥PSeSRECa €AMBLYK ABPL1ef heoH R FRECHPTS Gin§dBfed 3or
aligned with the underlying substrate 12 using a gold stud bunp 56.. The
stud bunpBeugh 5 padf graelerpby ynade st ecforthfuldassird rstiops of &hesaei ng
overlying | ayers

cross sections that are provided below.

Element 12 in the cross sections of Figs. 2a and 2b has
been referred to as a substrate. This term is not to be
interpreted in any limited sense but can be interpreted as being
a semiconductor device mounting support. As semiconductor device
mounting support can serve surfaces consisting of semiconductor
gubstrates, printed circuit boards, flex circuits, metallized
substrates, glass substrates and semiconductor device mounting
support. The cited semiconductor substrate may be selected from
the group of substrates consisting of semiconductor substrates,
ceramic substrates, glass substrates, gallium arsenide
substrates, silicon substrates comprising a single layer of
material, such as a silicon wafer or comprising silicon on
insulator (SOI) technology and silicon on sapphire (SO0S)

technology, doped or undoped semiconductors, epitaxial layers of

15



of bunp material. The heat spreader 14 is connected to the ground pad 54
ysing the conductive epoxy 58 by a dispensing process. Curing of the
conductive epoxy 58 is applied by a 18 baki ng process, thus providing a
firmpositioning of the heat spreader 14 prior to encapsul ati on and
nmol di ng. Fromthe 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 bunp 56 that is provided over the second surface of

substrat 113 cohheupgaisbBkb}4ai Basdesam dondHct edgohite stbedrdtpad 54
by thermally conductive epoxy 58. Referring to the cross sections that are

shown 'ncE‘%%bsﬂ%aﬂﬁg ﬂQedtP8£9f1§t355HEHEB£JB r4,d nterconnect et hodol ogy
of a thermally enhanced PBGA package 60. The physical interface 62 between

the heat sink 14 and the substrate 12 has been shown in nmagnified formin
order to highlight the follow ng details of interconnect 62: - 64, a copper

pad that is puovided oxer g.3eeond surfacs, ofp SUPSI ale 2 nhieh,y

penetrat es throug ] 0 “est 'sh™firm fechani cal

rtert acg et veen Lhe Jeat BLnk e ot € 20 a0t 06, A gl o
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 gpreader 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

le



Addi ti onal 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 el enments that have previously been

hi ghlighted in the cross section of Fig. 1. Because of this partial
identity between the cross sections of Figs. 4a and 4b and Fig. 1, these

el enents will for reasons of avoi dance of repetition and for reasons of

si mpl i Ci Ly Qhe PRESSPLAL | Q) Rfine JLREALEE BlohRliSphlinEs BieskefhLIBPLS are

included in the description of the cross seCtions of Figs.” 4a and 4b by

reference t ) i of Fig. 1. In the cross sections that are
shown in Figgﬁ %E%ﬁ%‘ﬂ%ﬁg%ﬁgﬂstand off 62 of the heat spreader 14 is

inserted or aligned in the pre-attached solder ball 64 or by the use of

sol der 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
EBSH | SRt ns

g
heat spreader *MEASEy 188 #8Fi hY bRebS L& o Ty fdgs -
stand-off 62 of the heat spreader 14 as shown in Figs. 4a and 4b will be
recogni zéd® &8%heébng thg&Rt i8aPhPEnt AeSeFRRI WHETWNIHICH Metdrsdrd oayt ©42aof
the heat spreader 14 that has been discussed in detail in the cross
sect i ons Wfermiaddy 2ahangedpPBERchacgkags thi sTheiainiaicalt Hindexfacedet ai | ed
description will not be repeated at this tine but will be included by
r ef er enc datweehe tihes beppt sonkol4t &ed cthys ssWetinagres 1H, Rilgs rédeameddbo From
the cross sections that are shown in Figs. 4a and 4b, it is, in sum clear
t hat the dzeals skahd-bffabgnédthethedtespreader 14, has been shown in
magnified form in order to highlight the following details of
stand-off 52 and the interfacing with the surface 12:
- 54, a copper pad that is provided over a second surface of
substrate 12, which penetrates through the solder mask 18 in
order to establish firm mechanical interface between the heat
sink 14 and substrate 12
- 56, a gold stud bump, created overlying and in contact with
copper pad 54, and

- 58, conductive epoxy that has been inserted overlying a gold

stud bump 56 and copper pad 54.

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

previously been highlighted in the cross section of Fig. 1.
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substrate 12 by nmeans 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 nethodol ogy of a thermally enhanced PBGA package 70.
The physical interface 72, referred to as the stand-off of the heat
spreader 14, between the heat sink 14 and the substrate 12 has been shown

in magni igeRAulser Bl Bhosdghrt 9ai ghehGNEy e ] AMNGrdRlRisktbns of
i nterconnect 52: - 74, a copper pad that is provided over a second surface

of substrale 13, WakCHLPEARL FaGes: ! hguah dNgSRldqr 1TRHor1 B oREdBE tO

establish firmmechanical interface between the heat sink 14 and substrate
12, and s achealus upecopren bah op BasRl o daguveriy pg 1 he copper
Por i Zont K GELEER BT FPhe ReAIOSRr EAdey THS IS o Ssor SREFFEn 5P t e

St and- of fingdoelegh 52 tBe PRECRCAHShr Shdare 1 oeer Heck (ko Pro B3N 131 ¢ he

stand-off section 72 of the heat spreader 14, the |ower section 77 of the
heat spréﬁﬂb@képﬁhaﬁéﬁFence 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

18



72 conprises, progressing in a direction away fromthe 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, foll owed
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

el enent WRkiwd phokesa, herhsSpreaf@ingtantiaf fpdialdi ingt W thet nest
physically connected to or part of the heat spreader 14 and that provides

addi t i onaly, 3t iy ptQokhei BhessamNec o e g ieat spreader 14 and
the substrate 12. 22 J Additional elenents that aré shown in and that are

part of the cross sections of Figs. 5a and 5b but that have not been

i ndividually highlighted in the cross sections of Figs. 5a and 5b wll| be

recogni zed as eing identical with th@hggrrequﬁginqﬁpg%nenté t hat ggve
g

previ ously beggoﬁigﬁﬁiﬁﬁPga PRETHe"%r 083" SECt 1D of FIE gcgﬁge of this

partial identity between.the cross sections of Figs. 5a and 5b and Fig. 1,
these el éiferts Wi Fuporc}88§oﬁéa5f avoi dance of repetition and for reasons
of sinplicity of presentation not be repeated at this tine. These el enents
are includedthe héerteiaderiptivrnldionade witdssheestbghsabe Feghy BearshideBb by

reference to the cross section of Fig. 1. In the cross sections that ale
shown in Fi gshebgobtdstihd bump 56 that is provided over the second

surface of substrate 12
e the heatsink 14 is thermally connected to the ground pad 54

by thermally conductive epoxy 58.

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

copper pad 64.
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t he pedestal or foot 83 of the heat spreader is positioned on the ground
pad 74 provided over the surface of the substrate 12. For i nproved
conductivity, a thermally conductive epoxy 76 is dispensed over the foot 83
and ground pad 74, followed by a curing process to firmy 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 inproved planarity of the heat
spreader 14 with respect to the surface of the substrate 12. Fromthe cross

sections that plide tSbewn elemkfss BRa@NGr&bshdvn i dri¥ LHAt Ghr@abatRabrt he
heatsink 14 is thermally connected 23 to the ground pad 74 by thermally

conduct i W, LRPBY s’ GeckRoaddbEl Pilgst hga NORd Aprademakd Has PRt gednW th a
heat spreader standof f ball or ?ud 78, mhlch provi des for firm mechani ca

|nterfaC| &R geatnhepgeade {gggt ; f ce ,af
substrate 12 %I hog ﬁ§?E %nventlillgn'E een eéét &9%||u§t?§9ed
with ref n to s Lfi Ll,l ustrative, odl ts t ereof it i.s_not

i nt ended aﬁ§9h§e|%§§ﬁ Pgﬁ g? Bg%%% Fﬁgghose |<1u§t q;fgsgﬁggﬁpﬁents
Those skilled in e art mnll rec e th riations and nodifications
T b e o e GapavE) RECT FoReTh et diotir ey St arope T

t herefore intended to |nclude W thin the |nvent|on all such varlatlons and

modi f i catSSGTE Whicch FrGI-1 Twi BRFAUERCE coipks dratthie hisitdd Yo estieerndhe

equi val ents thereof. 24 .
cross sections of Figs. 4a and 4b and Fig. 1, these elements

will for reasons of avoidance of repetition and for reasons of
gsimplicity of presentation not be repeated at this time. These
elements are included in the description of the cross sections

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

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

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

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

sections of Figs. 2a and 2b. Because of this identity, this
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What 'is clainmed is: 1. Athermally enhanced Plastic Ball Gid Array (PB&)
Jpackage conprising a heat sink for nmounting over a surface of a substrate
of the thermally enhanced Plastic Ball Gid Array (PBGA) package, said heat
sink conmprising: (a) a horizontal section being parallel with a substrate
over which said heat spreader is being nounted, said horizontal section
having a perineter; (b) heat spreader stand-off sections extending from
said perinmeter of said horizontal section, a | ower section of said heat

spreader @&rand=af Begeet peNsnf QLM NGo BhVEd gl tdNtRY ftaGe Rekeesntsatidlheat
spreader and said substrate over which said heat spreader is being nounted;

(¢) eachyof s5ahddaaal Speeagdencst ARdOLd SOGLHQNS GOBY iHeN@rdsls) an upper

section being connected wth said horizontal section of said heat spreader

under a”s%%QH%F%in ?iggptgg sg§thgQn being connected with said upper

section in a plane o ai d upper section, and (iii) said | ower section
bei ng connected with said center section of said heat spreader standoff
section; (d) each | ower section of each of said heat spreader standoff
sections conprj

sing; 25 %ié a first_horizontal secti bei paraILeI
with the suriAEETof EAFEO8HLEEFat @RS SHRE 147 S 1P 2Chid0 set 8A%aPng
connected wiith said | ower sectjon of said heat spreader stand off section;
i1t is, in sum, clear that the heatsink 14 is aligned with the
substrate 12 by means of the solder ball 66 that is provided
over the second surface of substrate 12. The heatsink 14 will be

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

solder reflow.

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

copper pad 74.
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(i1) a U shaped extrusion connected with said first horizontal section,
with a lower side of said U shaped extrusion facing said substrate, with
two renmai ning sides of said U shaped extrusion interfacing with the surface
of said substrate under an angle, with at |east one opening having been
created through said | ower side of said U shaped extrusion; and (iii) a
second horizontal section connected to said U shaped extrusion. 2. The
thermal |y enhanced Plastic Ball Gid Array (PBGA) package of claiml,

additional ly aeepeepuratedesshchtatof haws neranddfstyoand anseeead surface,
at | east one netal pad having been provided over the second surface of said

substr at gpaddiel’ @RBWHY 18t ck838t cOPEI SEEN LONES Ofs AL ehavenghaeen _
nmount ed and i nterconnected over said second surface of said substrate; said

heat sprgadeql,,Agy.ng been positioned over said second surface of said
substrat e; %8 égid at | east one netal pad having been aligned with said

2 | east 0ng oBel0q,6real ed Lhi gualle sl lavers Side gl j9ald U shaped

extrusion; 'sdi east one e en i nserted into said at
| east one eni_ng created throu sai d | ower side qf, said U_shape

ext rust o “na B UPBEE, SGRECapRFy Tt THENATY SRR Ve Booky HEPFNg
been provided over the surface of said at | east one netal pad, thereby at

| east ovEPLFAGTsd*d | ower side of said U-shaped extrusion with a | ayer of

said thermal |y conductive epoxy. .
- 75, a center section”of the stand-off section 42 of the heat

spreader 14

- 77, a lower section of the stand-off section 72 of the heat
spreader 14, the lower section 77 of the heat spreader stand-off
72 comprises, progressing in a direction away from the
horizontal section 71 of the heat spreader 14:

- 79, a first horizontal section being parallel with the surface
of the substrate 12, followed by

- 8l, 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.
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3. The method of claim2, said at | east one netal pad conprising copper. 4.
Jhe thermal ly enhanced Plastic Ball Gid Array (PBGA) package of claim1,
additionally conprising: a substrate having a first and a second surface,

at | east one netal pad having been provided over the second surface of said
substrate, said at |east one netal pad having been provided with a stud
bunp over the surface thereof, additionally at |east one sem conductor

devi ce havi ng been nounted and interconnected over said second surface of

said substrat ggssalidnheablspegedernd@ving /M ReSidiORedowee paird second
surface of said substrate; 27 said stud bunp provided over the surface of

said at l.eas : d.hayi i Wi S ald 2 e one
tHd tcg%'%% %Eﬂhoﬂg, cPayi o9, b§§naxgc% 1§ 1 tsk{]ét @fg@e hoke®ekn

openi ng creat t hrough said | ower side sai d U shaped extrusion; said at
| east on : haying. i nse ' ' t. | . ane-qpening
created tnﬁéﬁgﬁgggﬁg ﬁggg?lgﬁggdo?gs%%%qfﬁgﬁgﬁéﬁhgfgﬁh§$§§?g§ﬁdSgtsﬁgast
one supply of..thermally conductive epoxy.or. .sol.der. . paste having been
provi ded %vé"rll@hgesﬁref:éggl% Hs%? db%Jf o clljerrrf)tlpcraolvi"" etg.1 ostééar QA %gtonﬁéggt one
metal pad, thereby overlying said sfud bunmp and further, at _|east overlying
Sai d | bodiebERE ot helecHrsRtcuslY heth hat AoHoa i rofhes EosRer rmi |y
conductive epoxy or sol der gaste. 5. The, structure of claim4, said at
| east onESFELRN RAdFdampii sPAGAESPpRf . tibts MAF teidludidand iy Leiveer, tBsi d
stud bunmp conprising gold.

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

will for reasons of avoidance of repetition and for reasons of
gsimplicity of presentation not be repeated at this time. These
elements are included in the description of the cross sections

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

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

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

From the cross sectiong that are shown in Figs. 5a and Sb,

it is, in sum, clear that the heatsink 14 is thermally connected
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7. The thermally enhanced Plastic Ball Gid Array (PB&G) package of claim
1, additionally conprising: a substrate having a first and a second
surface, at |east one netal pad having been provided over the second
surface of said substrate, said at |east one netal pad having been provided
with a solder ball over the surface thereof, additionally at 28 | east one
sem conduct or devi ce havi ng been nounted and interconnected over said
second surface of said substrate; said heat spreader positioned over said
second swdf ake efroaaddpabstrBy ethsandl 5Pl diadBtivepePpoxgedsqven sai d at
| east one nmetal pad having been aligned with said at | east one opening
created LiyQwabnSaifel AVRE §%>E|§a@ér SPd Oi 4 SRARRIL LXLitUS -0 e a’NdpeahEeso! der
bunmp having been inserted into said at | east one opening created through
sai d | ove 3igle £0ha3 21 BrUs80aP48, e\éﬁf&?' viﬁﬁsT%xStffi‘f% He@nghichai m 7,

p . A therma

said netal pad conprising copper. y enhanced Plastic Ball Gid

Array (PBGA) e LS| I r I a % e of
o Substr ATEoSE A0S RECBrDy e AerE nr e T R shtipEe
package, i d. heat  si conprising: (a) a horizontal section being parallel
with as SFPEFErSGSFQéMiCh sai d heat spreader is being nmounted, said

hori zontal section having extremties around a perineter thereof; (b) heat
spreader stand-off sections extending fromsaid perineter of said

hori zontal section, a second horizontal section of a |ower section of said
heat Spread@ﬁtgp&ﬁb_gpﬁ invention has been described and illustrated

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

and equivalents thereof.
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29 ‘sections formng a physical interface between said heat spreader and
said substrate; (c) each of said heat spreader standoff sections
conprising: (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

| ower segihia@n igOoNELEmERAJistl) a first horizontal section connected with
said | ower section of said heat spreader stand-off section, said first

hori zont gl %e%h'e%na?@yngnﬂéﬁéé&eblé{‘ééfbt}i‘&Llsldxflf%i?@\.ﬁfagsa('P@G%‘)'biEE%Se (2) a

second cent er section’intersecti ng connect ed wth sai first horizontal

sect i on, %eé‘iﬁﬁnq ﬁ?QEe% ?ﬁcféf"}né&ﬁ& Cc}«}eflga Quriddkage gf said

substrat & ra sard secon orizontal section connected to
sai d secon ectio and ess ia rlcaII shaped
supportl\?e tral ?‘ E%‘chh%e‘f‘ acflcﬁcf?la}?orlzor?tqgl segt on°8f said
| ower secg n oLa%ﬁggebegglapﬁgggeéun a%%ﬁ¥fsﬁﬁft'on and the surface 30

(a) a horizontal section being parallel with a substrate
over which said heat spreader is being mounted, said horizontal
section having a perimeter;

(b} heat spreader stand-off sections extending from said
perimeter of said horizontal section, a lower section of said
heat spreader stand-off sections forming a physical interface
between said heat spreader and said substrate over which said
heat spreader is being mounted;

(c) each of said heat spreader standoff sections
comprising:

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

(1i) a center section being connected with said upper
section in a plane of said upper section, and

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

(d) each lower section of each of said heat spreader

standoff sections comprising:
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of said substrate as a physical extension of said first horizontal section.
10. The thermally enhanced Plastic Ball Gid Array (PBGA) package of claim
4, additionally conprising: a substrate having a first and a second
surface, at |east one netal pad having been provided over the second
surface of said substrate, additionally at |east one sem conductor device
havi ng been nounted and i nterconnected over said second surface of said
substrate; said heat spreader positioned over said second surface of said

substrate; sai@d)ak Feast ABeiaBHEA] PRkt ik RPHaatdiarad withh tsai d second
hori zontal section of said |ower section thereby positioning said second

hori zont al,,, $8¢k! o ?Bi&aEQbEQMEe,Se,Qéi@anE@J G A d1eadctqre pRelal pad
by a first neasurable anpbunt, exposing the surface of said at |east One
metal pa o r a ' QY i ding | supply
of ther n%%eggﬁgu%??\ygggggxﬁgggggré?ﬁgiesrtljr ac%[lo hcsiz’laa?:d S?erggn EIh(g)s(reiralglg}nt al
section %&fs%id l.ower section, thereby including the exposed surface of

said at 1Bast 5hé Rt al pad provided in a second surface of said substrate.

31 11. The stryct pad provi ded 1n a second s of tre
copper . 12.eA%ﬁé5ﬁ83 gﬁgagggﬁég}ﬁﬁéﬁaggﬁr%gﬁaﬁgf3PRQ§§¥§§Efﬁ%%%iﬁgngrlSIng

Plastic Ball, Gid Arra¥,(PBGA) gackage, conprising the steps of: %A),
provi di nd'oF LEomtAInGEELdPRdelER FotAYThg® XHhhr S ihFhepss SKtangign

second surface, said senm conductor device , .
facing said substrate, with two remaining 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
gsaid 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;

sald heat spreader having been positioned over said second

surface of said substrate;
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mounting support having been provided with interconnect traces and at | east
one netal pad therein or thereover; (B) nounting at |east one sem conductor
devi ce over the second surface of said sem conductor device nounting
support; (C) connecting said at | east one sem conductor device in a face
upward position by facing an active surface of said at |east one

sem conduct or device away from said sem conduct or devi ce nounting support,
usi ng i nterconnect wires between said interconnect traces provided in said

seni conduct or s@eWi 6€ MeHBti e SHEPAT tpad chLAIMP BediPialtigmRidowidad saidan
active surface of said at |east one sem conductor device; (D) positioning a

heat _Sp!'%.%dQ.'éa%‘ﬁeBnbh§p§HE£?C8r9£t§§-i chadiRa rli® 13RI R B eader u-
conprising: (a) a horizontal section being parallel with a sem conduct or

devi ce nyntiRd SYRRYL LLoVEr which said heat spreader is being nounted,
said hori z%%teg esgctalgonnﬁavi ng a perineter; 32 (b) heat spreader

stand-of f sections_extending _from said rineter. of s%irgg hor. z al_.
section, a | ower sggt :igﬁséf grslgli - %gtpas%ﬁ%%lv ero st and-0 rstéegt il%lr@lé Fg%% ng a

phyeteal Ui lgogpeluget-seiceel sBLSar, A Sal seondsar ey o

of said heat spreader ,standoff sections conprising: (i) an upper section
bei ng coEPEE] SFETESE 8 oPP2ont al section of said heat spreader under an

angle (ii) a center section being connected with said upper ,
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.

3. The method of claim 2, said at least one metal pad comprising

copper.

4. 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
sald substrate, said at least one metal pad having been provided
with a stud bump 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 having been positioned over said second

surface of said substrate;
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sectiton in a plane of said upper section, and (iii) said |ower section
being connected with said center section of said heat spreader standoff
section; (d) each | ower section of each of said heat spreader standoff
sections conprising: (i) a first horizontal section being parallel with the
surface of said sem conductor device nmounting support, said first

hori zontal section being connected with said | ower section of said heat
spreader stand-off section; (ii) a U-shaped extrusion connected with said

first hori zontsalldseﬁhaoaumw bhodi daesvst dendfs i sbdlcEhanpgd axt negken
facing said sem conductor device mounting support, wth two renaining sides

of said UnghaRed1ephlUaLoIn,MHEEHA ALT ghdt LY L& 5 fa"%CQe% tS%'n% opeping

sem conductor devi ce nounting support™under an 33 angl e, | east

one Ope”'c'}%ah‘: | @ﬂrgﬁgﬂ GLeat fﬁ\gépré’i‘@é‘ Séi & 4 PRI ﬁ%;ﬁt ga(t%'s‘ioﬂ’ shaped

ext rusi on; il second F1zontal section Con to sald U shaped

extrusion; an% gg}a@axlng nantggu |ntergpnn%%§§91§%er%a t one a
senlconductor eV|ce her cr éa d'to npound ~over y|ng Caf ﬂeast

t of heat d 13. The h d f | 12 di t |
RN SR P g rﬁgsﬁﬁagtﬁamw%o%ﬁrﬁﬁ%@ Y CRdtel AR

claim 12, said heat spreader conprising netal. 15. The nmethod of claim 12,
said hea@h§§F@a&éFrBSHﬁvaPﬁ6 thermal |y conductive epoxy. 16. The nethod of

claim 12, in addition prOV|d|n? end-of -1 i ne
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 extrusion with a layer of said thermally

conductive epoxy or solder paste.

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
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processing for said packagi ng of said sem conductor device, said
end-of-line processing conprising steps of connecting contact balls to the
first surface of said sem conductor device nounting support, conpleting
creation of a thermally enhanced Plastic Ball Gid Array (PBGA) package. 34
17. The method of claim 12, additionally conprising the steps of aligning
said at | east one netal pad with said at | east one opening created through
said | ower side of said U shaped extrusion; inserting said at |east one

net al pad ¢ Reel BeRisdhdudtokeasti fdenHPEY e erfied ddbeidgh sai d | ower
side of said U shaped extrusion; and supplying thermally conductive epoxy

over the j3yfacanetcedl dvalk 828t s08EndBI @t r 3l ot NArRPK M th@el;, overlying
said | ower side of said U shaped extrusion with a layer of said thermally

conduct Ve epQuyy 48acTHE EELNRG 0L, £] AR 12ers Al Alod RN B3R BRI e PAC

conpri sing copper. claim12, sald at t one netal pad
servi ng as .o %%gst%%g. 20. A nethod for packagi ng a sem conductor device,
form ng P S E B Fiaid Array (PBGA) package, conprising the steps of:

(A) providing a,.sem canductor devic unting support having a first _and a
Second sur f a8 i6aPa 108 BURBUBTSY O8] CEETOIHA f AR5 CRaVIohg LoBan
provided with interconnect traces 35 .
having been aligned with sald 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
gection 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
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and ‘at | east one netal pad therein or thereover, a stud bunp having been
.provided over the surface of said at |east one netal pad; (B) nounting at

| east one sem conductor device over the second surface of said

sem conduct or device nounting support; (C connecting said at |east one
sem conductor device in a face upward position by facing an active surface
of said at |east one sem conductor device away from said sem conduct or

devi ce nmounting support, using interconnect w res between said interconnect

traces pea¥tdsflsi fosmldy S£PIGRIIHIOL O tdeviaee BRUNEERTs8YBPREL L ABPr EQAEACT
points provided in an active surface of said at | east one sem conduct or

device; (Dy PQshtLOPLPP.@e Neat spreader over the surface of said
sem conductor nounting support, said heat spreader conprising: (a) a

hori zontal segtio i 1) e it em tQr . ge nounting
support over &Hcﬁa‘g}gi %9h%%ésljbﬁgetagé}&a?e%e?ﬁ%%%ggt ggcggé# hori zont al
section havin? a_perinmeter; (b) heat spreader stand-off sections extending
from sai G°PBFIfiet@f of said horizontal section, a | ower section of said

heat spreader ,stand-off sections form ng a physical interface between said
heat spreader(é&dagaPHP%En?%EF&RRnQﬁlqﬁaﬁQH§eégﬁﬁtFﬁgsgﬁngPFlBQEFa%hich

sai d heat sg(eader i s being nounted; 36 (c) each of said heat spreader
st andof f S§66£PBNSL cBApEi BeRy: Spreader under an angle;

(11) 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
substrate;

(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 of said heat spreader stand-off section and the surface
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(i) an upper section being connected to said horizontal section of said
-heat spreader under an angle (ii) a center section being connected with
sai d upper section in a plane of said upper section, and (iii) said |ower
section being connected with said center section of said heat spreader
standof f section; (d) each | ower section of each of said heat spreader
standoff sections conprising: (i) a first horizontal section being parallel
with the surface of said sem conductor device nounting support, said first

hori zont akf saeHi 8bBerAfe CARNECHIREL VEd 1IN Saicthdidmehbrsaatigoniektsai d heat
spreader stand-off section; (ii) a U shaped extrusion connected with said
first hopphz9BbakasestbPonW th a | ower side of said U shaped extrusion
faci ng said sem conductor device nmounting support, with two remraining sides
of said U shaped extrusion interfacing with the surface of said

sem conduct or device nounting support under an angle, with at |east one

openi ng ba| RLDERD SR ed bMOSNSal | autn .08 9L 39 dplishaped

extrusion; "an con ori Zontal” section ¢connec id U shaped
extrusion, and 37 E unt i and Jj.nterconnecti ng at |east one
senicondB@F%ﬁgaeQFcggaiﬂP?he?ééﬁg%ﬁqﬁﬁ}XnﬂQTgﬁiﬁﬁgﬁﬁd overlying at |east
part of said heat_ spreader. 21. The nmethod of claim 20, additionally curing

sai d nol d confodHBSERAtS arAVIPRrel 15 AL SrEoBFoRy rEase, TRE hBERBd of

claim 20, said heat spreader conprising netal
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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23. The nmethod of claim 20, said heat spreader conprising thermally
conductive epoxy. 24. The nmethod of claim 20, in addition providing

end-of -1ine processing for said packagi ng of said sem conductor devi ce,
said end-of -1ine processing conprising steps of connecting contact balls to
the first surface of said sem conductor device nounting support, conpleting
creation of a thermally enhanced Plastic Ball Gid Array (PBGA) package.

25. The nmethod of claim 20, additionally conprising the steps of aligning

said studibumpepsevidedrover ¢heisurd acief asaindagt beaskheene pefal pad
with said at | east one opening created through said | ower side of said

U- shapedcexbiysiAg; c3fperi Nserting said at |east one stud bunp into said at
| east one opening created through said | ower side of said U shaped
extrusion; and supplying thermally conductive epoxy or sol der paste over
the surface of said at |east one netal pad, thereby at |east overlying said

stud bu and further_at least overlying said | ower. si.de of said U shaped
extrusiggzmﬁ hngﬁageFOBfp%%?%p%?ﬁnﬁnﬁﬁ%%QRﬂﬁiiﬁﬂrvgegﬁgfy SPrEéP%e? paste.

26. The thod o ajm 20, said at_ |east one netal pad conprisjing copper.
2 The Bibhfacopali B 8orrady i Slen s ToRaRE mebaP R ad 6ot B ng tale S RD o
pad. 28. The gethod of claim 20, said stud bunp conprising gold. 29. A
met hod for pa ﬁégPﬁ@Védk%% 2 OFRIT PHAUFRAT deViGEnRyRE ing” stpport

having a first and a second surface, said semiconductor device
mounting support having been provided with interconnect traces
and at least one metal pad therein or thereover;

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

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

(D) positioning a heat spreader over the surface of said
substrate, said heat spreader comprising:

(a) a horizontal section being parallel with a
semiconductor device mounting support over which said heat
spreader is being mounted, said horizontal section having a

perimeter;
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Plastic Ball Gid Array (PBGA) package, conprising the steps of: (A)
~providi ng a sem conductor device nounting support having a first and a
second surface, said sem conductor device nmounting support having been
provided with interconnect traces and at |east one netal pad therein or

t her eover, a sol der bunp 39 havi ng been provided over the surface of said
at | east one netal pad; (B) nounting at | east one sem conductor device over
t he second surface of said sem conductor device nounting support; (O

connecting sai(g) aheheashroiide s el HODBIR WedQ\Unge ekt eddiage ruBWALE QOSI ti on
by facing an active surface of said at | east one sem conductor device away

from sai desembeapdyet 951 deNsEL O | UL SURPOME 1okeirNgekRt BHCBRNEGEQW I es
bet ween said interconnect traces provided in said sem conductor device

mount i NgL3URPELLe288xr COPARGI o PO S8 St A 1Rl an pﬁ?&iiwéls%f:@ffa@é sai d

at | east one sem conductor device; (D) positioning a heat spreader over the

surface gf sald SEHCADIUCLOr TRUPLING SURPYL: S2ixd Beat 4aps gader
E5ft 25R8 Preatet art HOETER

conpri si ng: rizontal sec el ng paralle a sem conduct or
devi ce mpunting support over ich said heat spreader i.s being nounted,
sai " hor PIBRE AaS BBPPRHE hEVPRBE T R dIS BPTRBRETs pPeaRsPos PRHAL 1
sections extequng fromsaid perineter of said horizontal section, a | ower
section of sai'f)hBaFRspfedde? ReahERIFRASICSTEREES: FERG 18 Bhysi cal

interface between said heat spreader and said sem conductor device nounting
support &6PBPTWREEH:sai d heat spreader is being nounted;

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

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

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

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

(1) a first horizontal section being parallel with the
surface of said semiconductor device mounting support, said
first horizontal section beihg 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 semiconductor device mounting support, with two
remaining sides of said U-shaped extrusion interfacing with the

surface of said semiconductor device mounting support under an
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(c) each of said heat spreader standoff sections conprising: 40 (i) an
Jupper section being connected to said horizontal section of said heat
spreader under an angle (ii) a center section being connected with said
upper section in a plane of said upper section, and (iii) said |ower
section being connected wth said center section of said heat spreader
standoff section; (d) each |Iower section of each of said heat spreader
standof f sections conprising: (i) a first horizontal section being parallel

with theasgibaceioh sei eSS SONBKdOMANNGRGREBN BEteSHBROEhrosghd fir st
hori zontal section being connected with said Iower section of said heat

spreader g5t gnflsQbt §§&éi8f‘?sa§ir]& ;Uﬁsﬂép%@%&r%étilb‘rﬁs,i apgconnected with said

first horizontal section, w | ower side of saird U shaped extrusion

faci ng said sem ¢ondu i IRUnRt i par i i-ni ng sides
of said U—shagg%ggxfgr%%?%%&l%%%% acl ng gle?l%ttfi’L t %Ogitrjlre a%g %pogélﬁg%
senicondugtor dev%ce mpunt i ng support under an angle, with at | east one

openi ng i 9?%8 besh“2t ¥at e hrough said | ower side of said U shaped

extrusion; an iji).a second horizontal section connected to said U shaped
ext rusi on; angEéE§aﬁbﬁ%t??&PEﬁ§;?9§é¥gﬁﬁﬁ§FHQﬁ egtaFeigﬁsgn8n§eniconductor

device, further creating nold conpound overlying at |east part of said heat
Spreadergemiconductor dévice, further creating a mold compound overlying

at least part of said heat spreader.

13. The method of claim 12, additionally curing said mold

compound and said thermally conductive epoxy.
14. The method of claim 12, said heat spreader comprising metal.

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

thermally conductive epoxy.

16. The method of claim 12, in addition providing end-of-line
processing for said packaging of said semiconductor device, said
end-of-line processing comprising steps of connecting contact
balls to the first surface of said semiconductor device mounting
support, completing creation of a thermally enhanced Plastic

Ball Grid Array (PBGA) package.
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30. The nethod of claim?29, additionally curing said nold conpound and said
Jhermal |y conductive epoxy. 31. The nethod of claim?29, said heat spreader
conprising nmetal. 32. The nethod of claim 29, said heat spreader conprising
thermal |y conductive epoxy. 33. The nethod of claim?29, in addition
provi di ng end-of-1ine processing for said packagi ng of said sem conduct or
devi ce, said end-of-line processing conprising steps of connecting contact
balls to the first surface of said sem conductor device nounting support,

conpl eting.creat neghefl aftseafmliy, enhwincesha13sdompBaling tdeAstays( PBGA)
package. 34. The nethod of claim29, additionally conprising the steps of
al i gningggai d sol der bunp provided over the surface of said at |east one
netal pad with said at | east one opening created through said | ower side of

sai d U-shaped,@xbhta08a:ang: | NSt i Jiek ‘e%lggake@akhoggiﬁo%@eie 4pp ﬁgto
sai 0

. @)
said at | east oné& opéning created throug ower side sal d U shaped

| ough sai I over U-Sha
comr 1 51 A5HanTor 2eaboa FEE A Ca ) A i3 e p P BB T B

serving as ground pad. 37. A nethod for packagi ng a sem conduct or devi ce,
forning gxt usion;

inserting said at least one metal pad having into said at
least one opening created through said lower side of said U-
shaped extrusion; and

supplying thermally conductive epoxy over the surface of
sald 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.

18. The method of claim 12, said at least one metal pad

comprising copper.

19. The method of claim 12, said at least one metal pad serving

as ground pad.

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

having a first and a second surface, said semiconductor device

mounting support having been provided with interconnect traces
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Plastic Ball Gid Array (PBGA) package, conprising the steps of: (A
sproviding a sem conductor device nounting support having a first and a
second surface, said sem conductor device nmounting support having been
provided with interconnect traces and at | east one netal pad therein or

t her eover, a sol der bunp having been provided over the surface of said at
| east one netal pad; (B) nounting at |east one sem conductor device over
t he second surface of said sem conductor device nounting support; (O

connect i gagasatdidhst a8t MEEa B EPEE KUK JFethe@ebled, f aC8tUABHER POSI ti ON
by facing an active surface of said at | east one sem conductor device away

from sai d,$¢HLCRBEHCEHRLY fl¥d Co&dPWHd NGy HHHROLE, s4Sndt! NEEEE0BAEChe VAT €S
bet ween said i'nterconnect traces provided in said sem conductor device

mount i nggHppPort and contact points provided in an active surface of said
at | east oné semni conductor device; 43 (D) positioning a heat spreader

Qver ne surl5g, Rbuiflds S AR RN R IRUAL 40, SHONBLL, BAL heat
spreader conprising: (a)~a horizontal section being parallel Wwth a

i duct devi ti or t i ch id heat d i
el ng. moRFERd SHFRSRE PE o S A et e B AP, BURROSE !
perineter thereof; éb heat spreader. stand-off sections extending fromsaid
perinmeter of $&7 dCHORFZOHERI SR 13T 35 ' OGN FERGFPRIHEEPYsEEVEGR bF &

| ower section of said heat spreader, stand-off sections formng a ghysi cal
interfacéaﬁétHﬁﬂﬁrgapﬁsh%h?né?weﬁﬁﬁﬁng an active surface of said a

least one semiconductor device away from said semiconductor
device mounting support, using interconnect wires between said
interconnect traces provided in said semiconductor device
mounting support and contact points provided in an active
surface of said at least one semiconductor device;

(D) positioning a heat spreader over the surface of said
semiconductor mounting support, said heat spreader comprising:

(a) a horizontal section being parallel with a
semiconductor device mounting support over which said heat
spreader is being mounted, said horizontal section having a
perimeter;

(b) heat spreader stand-off sections extending from said
perimeter of said horizontal section, a lower section of said
heat spreader stand-off sections forming a physical interface
between said heat spreader and said semiconductor device

mounting support over which said heat spreader is being mounted;
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and said sem conductor device nmounting support; (c) each of said heat
.Sspreader standoff sections conprising: (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 | ower section conprising: 44 (1) a first

hori zontal segk) 0Ba&RNBECELIH WMddt SSHrbddieistsadbifgnsesdidnki rst horizont al
section being parallel with the surface of said sem conductor device
nnuntingchEQQgghg(Z) a second center section intersecting connected with
said first horizontal section, said second center section intersecting the

surface of sakg)sggiﬁﬁggycgégtfgaﬂggadg) 'ﬂygtggpegrgagadﬁgr§gogggi?; (3)

sai d second horizontal section connect'ed to said second center section; and

(4) an esseptially sph rlcgélg shaped supportive q%tal i nterface between

said firSt horizont3a lse%?lon Bi%aid Tower %Sec{'Pon of said heat spr eader
st and- of f sectiog and the surface qf said seni%o duc%gr deéice nount i ng
support as a physi 8afeBSEEnETor Pt &I AFTEKER Yohifaf2d8cPBRY and (E)
nount i ng and interconnecting@at | east one seni conduct or device, further

cr eat i ngSREFdCBoMPoANE! 3Ver P¥i SR htURRSF S 15§ iR, and

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

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

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

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

(iii) a second horizontal section connected to said U-

shaped extrusion; and
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of said heat spreader. 38. The nethod of claim37, additionally curing said
.ol d compound and said thermally conductive epoxy. 39. The nethod of claim
37, said heat spreader conprising netal. 45 40. The net hod of claim 37,
sai d heat spreader conprising thermally conductive epoxy. 41. The method of
claim 37, in addition providing end-of-line processing for said packagi ng
of said sem conductor device, said end-of-line processing conprising steps
of connecting contact balls to the first surface of said sem conductor

devi ce nounti ng) SHBRRE ing CANP! Sid b SIRAN R Gt ackhier BRk! !eﬁ&é@ﬂ&@gtor
Plastic Ball Gid Array %PBGA) package. 42. "The method of claim3

ddi t f t d
aadi 'OnélelecEOWPﬁkEhQQ& a Smc?ld Ay Ov\ee‘}%g&nbeéﬁt %QQEB”BELE‘E pa

with said second horizonfa |on of sal tion er eby

posi ti oniy @gsgghdhgggogg Qgéé%ontal section of said | ower section over said
at | east one neta b I rst neasurabl e anount, exposing the surface

of said at |east one netal pad by a second neasurabl e anount; and providi ng
at | east one supply of thermally conductive epoxy over the surface of said

second hqri zont al io sai ,.Secti t her eby i.ncludi ng the
exposed &rfggﬁ Bthaédogt i%ﬁgtz%m ﬂiﬁibe8€F88dSFﬁg medfond surface
of said sem conductor device nounting sup port.

compound and said thermally conductive epoxy

22. The method of claim 20, said heat spreader comprising metal.

23. The method of claim 20, said heat spreader comprising

thermally conductive epoxy.

24. The method of claim 20, in addition providing end-of-line
processing for said packaging of said semiconductor device, said
end-of-line processing comprising steps of connecting contact
balls to the first surface of said semiconductor device mounting
support, completing creation of a thermally enhanced Plastic

Ball Grid Array (PBGA) package.

25. The method of claim 20, additionally comprising the steps
of ;

aligning said stud bump provided over the surface of said
at least one metal pad with said at least one opening created

through said lower side of said U-shaped extrusion;
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43. The nethod of claim 37, said at |east one nmetal pad conprising copper.
A44. The nmethod of claim 37, said at | east one netal pad serving as ground
pad. 45. The structure of claim4, said stud bunp conprising copper. 46.
The met hod of claim 20, said heat spreader conprising solder paste. 47. The
met hod of claim 20, said stud bunp conprising copper. 48. The nethod of
claim 29, said heat spreader conprising solder paste. 47
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ca] ca! aaaabb/ bnbubvb| bbb cc4crccccb6dsdddee
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mounting support having been provided with interconnect traces

and at least one metal pad therein or thereover, a solder bump
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h& ()-s"BOYSRIERT:y! 10% h& ()-ss "10% h& ()-1 10% h& ()- @#10% h& ()-10%
h& ()-B6 i K-<9110% h& ()- "10% h& ()-z 10% h& ()-!10% h& ()-"10% h& ()-!10%
h& ()-!10% h&(lp) -lBeat sprepiKALEQTPEtha&ecsionshextyndldng 0fsem $31d " +10%
h& ()-s' 10% h& () - YOZ10% h& ()-S#: 10% h& ()-degi" _ } A710 h3 S 10% & ()-3
910% & (PpeBimeten 094 &4 horikuyital( secit10% &a( Jowenloes8ion-aD $aid 9m K-7
y)10% & ()-"'10% & ()- @10% & ()- "10% & ()-&10% & ()-3 10% & ()-3

| " 10% & heatvayz§adeK stand-off sections forming a physical interface

between said heat spreader and said semiconductor device
mounting support over which said heat spreader is being mounted;
(c) each of said heat spreader standoff sections

comprising:
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(i) an upper section being connected to said horizontal
section of said heat spreader under an angle

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

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

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

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

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

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

(E) mounting and interconnecting at least one semiconductor

device, further creating mold compound overlying at least part

of said heat spreader.
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30. The method of claim 29, additionally curing said mold

compound and said thermally conductive epoxy.
31. The method of claim 29, said heat spreader comprising metal.

32. The method of claim 29, said heat spreader comprising

thermally conductive epoxy.

33, The method of claim 29, in addition providing end-of-line
processing for said packaging of said semiconductor device, said
end-of-line processing comprising steps of connecting contact
balls to the first surface of said semiconductor device mounting
support, completing creation of a thermally enhanced Plastic

Ball Grid Array (PBGA) package.

34. The method of claim 29, additionally comprising the steps
of:
aligning said solder bump provided over the surface of said
at least one metal pad with said at least one opening created
through said lower side of said U-shaped extrusion; and
inserting said at least one solder bump into said at least
one opening created through said lower side of said U-shaped

extrusion.
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the surface of said at least one metal pad by a second
measurable amount; and

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

device mounting support.
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43, The method of

comprising copper.

44 . The method of

as ground pad.

45, The structure

46, The method of

paste.

47. The method of

48. The method of

paste.

claim 37, said at least one metal pad

claim 37, said at least one metal pad serving

of claim 4, said stud bump comprising copper.

claim 20, said heat spreader comprising solder

claim 20, said stud bump comprising copper.

claim 29, said heat spreader comprising solder
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