; 89:% e3ej nj ffg<jjdLn6NTNSEM CONDUCTOR PACKAGE HAVI NG HEAT SI NK ATTACHED TO
“PRE- MOLDED CAVI TI ES AND METHOD FOR CREATI NG THE PACKAGE BACKGROUND OF THE

| NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a

met hod and package for thermally inproved Plastic Ball Gid Array (PBGA)
packagi ng. (2) Description of the Prior Art The sem conductor industry has
since its inception achieved i nprovenents in the performance of

seni conductemI deNhEEEoRYrABA®E HiiviNgt WihZakIAR ADGAbMED 66 EARE oD
devi ce packagi ng density. One of the original approaches that has been used

to create surface mayRireds ﬁNﬁhMETﬁoﬁoﬁ@ﬁ AR 8l it WalgPackages has
been the use of the Quad Flat Pack (QFP) with various pin configurations.

For the QFP, closely spaced | eads along the four edges of the flat package
are used for nmaking electrical connections fromwhere the electrical

connections are d'Str'bUte%A%%GégﬁNﬁu gﬂ€L£§%§$fg§&try. The i nput/ out put

(I/ 0O connections t hat Ccan therefore confined to
the edges of the flat package, which limts the nunber of 1/0O connections
that can be made to the QFP even in applications where the pin to pin
spacing is small. The P _has fqund to be cost effective for sem conduct or
devi ces fuhler & ¥ Ry ITAGEHtAC80unt does not exceed 200. To circunvent

this limtation, a new package, a Ball Gid Array (BGA) package has been
i nt roduced. FQhetqﬂyqyggon 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
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package, the electrical contact points are distributed over the entire
‘bott om surface of the package thereby elimnating the restriction of having
|/ O connects only around the periphery of the package. Mdre contact points
wi th 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 ghatcudn DeamthdePrticot hAr QFPULRSET Bher PEEKA LA LS8 terdad Gdjat

pl asti c BGA packagi ng. Ceram c substrate packaging is expensive and has

proven t®f lind te e RedTBEE caf 1t heravenal huRsekage. 1 Rec@iina@dlchahave
seen the energence of plastic BGA packagi ng; this packagi ng has becone the

mai n Stream des e andd 2 d rt%%gg@'b' ¥veaedni Bobi oba vabauTe,1BGA RAEKaAe to

fabrication. The Plastic BGA (PBGA) package perforns satisfactorily when

used 0o}, 0ue e ?/istzﬁér;[afﬂli.pi‘f‘l@i BrbChds EouhACdWDElo L Pl ARNGING

fromthe iI's in excess of pI ns, e nunber o

pins ool e SEOMANE |eyiaevacthan 258 HUL. Lhgo s L ovgtal |, packae

Size is ShH r pOwWer “dr ssrpati on n excess of 4

Watts per chip),.th | astic structure_becones conplicated and expensi.ve.

The | nveTETET i obs SHINERS SRLEnST LA REPE or NeHCh RACKIRE PEGEAIdekage

that in additioqﬁpr&*%ges advant ages. of el ectri cal _performance (such as | ow
nc

par asi t i & 1hdtick i RFCXAGEd By PREVpALKEGEYCEhd BN dMAR of assenbly

(such as | ow cost, being a flexible solution that does not require a
redesi grnPackage, the electrical contact points are distributed over the

entire bottom surface of the package thereby eliminating the
restriction of having I/0O connects only around the periphery of
the package. More contact points with greater spacing between the
contact points can therefore be allocated across the BGA package
than was the case with the QFP. The contact points that are used
for the BGA package are typically solder balls that have the
added advantage of facilitating flow soldering of the package

onto a printed circuit board.

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

(PBGA) package performs satisfactorily when used for low-density



of the substrate over which the die is nounted) while the package neets
rconventional manufacturing standards. US 5,872,396 (Fujinpbto) shows a heat
spreader using a nold conpound and a nold cavity. US 5,641,987 (Lee) shows
anot her sim | ar heat spreader design. US 5,977,626 (Want et al.) US

6, 201, 301 (Hoang) and US 5, 834,839 (Mertol) show rel ated heat spreaders and
nmet hods. 3 SUVMWMARY OF THE | NVENTI ON A principle objective of the
invention is to provide a Plastic BGA package of inproved thernal

per f or mefices - il ey’ sabjrgc thee nohbeheoE Ny ens | fanst 1y P dtheantd Alsegr at ed
circuit package of enhanced el ectrical performance. Another objective of

the inveddion drsatl G PriQVied@ 3R Rt 89bapeAsCisLUl f PRCkAGHN & Pimscture
that can be nmintai ned as the current standard Plastic Ball Gri Array

package {Qfimd .£ddh %Qw.%orl‘éa:lge 1@% ?Qﬁ 9bb eglhii V@r?e Oﬂfec% SrdVRRIAN @ new

met hod and package is prov ace-up pack aglng sem conduct or

devi ces. gserglczoenq.%(:t 219eVige ks nggﬁggcﬁgﬁér Jtajtcﬁl g'fs g’flgéieVI ce

senlcond%c device roun ing suppor asirn nventrona

packagln up_throu bond re i nf erconnect to eI ctrl al traces on
peckes! g um e uel A UsRacRer ShoPLe hEErRIRE 1o onctot HHAE he
device is nDunted An nternal nold cap is formed over the device, the

i nt er nal SRR FDNRXBFESING -exposi ng the surface of the device. An

external nold cap |s formed surrounding the internal nold cap, with a
cavity separating the external nold cap fromthe

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

meets conventional manufacturing standards.

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.



4 internal nold cap. Thermally conductive epoxy is deposited in the
‘opening of the internal nold cap and in the cavity between the internal and
the external nold cap. A heat spreader is placed and attached after which a
thermal epoxy and nold cure is applied to the package. The package is
further conpleted by the application of contact balls to a first surface of
t he sem conduct or device nounting support, the sem conductor device has
been nounted over a second surface of the sem conductor device nounting
support. BRI EF DESCRI PTION OF THE DRAW NGS Fi g. la shows a cross section of
a first prior art BGA package. Fig. | b shows a cross section of a second

prior art BGA package, Fi gs. ggmihey othghrie shoNteNpr ocessi ng sequence of
the invention, as follows: Fig. 2 shows a cross section of the

Front-O-Line (FOL) processing of the invention. 5 Fig. 3 shows a cross
section after an internal and an external nold cap have been provi ded over

the surface of LheSOMCARIUEtIuLIBY £rMUPLANGSUDAS pdadt Shows a

Cross section ter thermal’l'y conductive epoxy en inserted Into the

open g 1l el dcaRRadoin e Rt et ygs i | ernal an

ext ernal no WS Cross sectio

Another objective of the invention is to provide an

integrated circuit package of enhanced electrical performance.

Another objective of the invention is to provide an
integrated circuit package of a structure that can be maintained

as the current standard Plastic Ball Grid Array package format.

In accordance with the objectives of the invention a new
method and package is provided for face-up packaging of
gsemiconductor devices. The semiconductor device is mounted over
the surface of a semiconductor device mounting support using
conventional methods of device packaging up through device bond
wire interconnect to electrical traces on the surface of the
semiconductor device mounting support over which the device is
mounted. An internal mold cap is formed over the device, the
internal mold cap has an opening exposing the surface of the
device. An external mold cap is formed surrounding the intermnal

mold cap, with a cavity separating the external mold cap from the



spreader over the structure. Fig. 6 shows a cross section after the heat
‘spreader has been attached to the structure. Fig. 7 shows a cross section
after contact balls have been attached to the sem conductor device nounting
support of the package, creating a conplete package. Fig. 8 shows a
sinplified first cross section of the package of the invention whereby a
pl anar heatsi nk has been provided. Fig. 9 shows a sinplified second cross
section of the package of the invention whereby an extended heatsi nk has
been proMtterhald molld @aip.1Gheamel19bcshoust Dpe vérpnwsy of s tdepqeaicdeapd nofthiehe

i nvention during formation of an internal and an external nold cap and
after h gt aglumaric drignevel. cBESAHRM PTh QhércahH PREStRRRED the

EVMBCODI ME S A all Gid Array (BGA) is an array of solderable balls placed

on @ chi fhGAr{dieTanc sl AkeRrBEANKEACEELI A O EURBe0 se Bied and

generically, a sem conductor device nounting support. The ball's contact a

print ed ﬂt{&éﬂé hoard. Whl%hst‘?;mt?l%%h{ﬁt 850?%"5@ rfm@ijcgté\f% SlLbOpagiﬁlh idy %

array con |gura i on where ter eat onnect th ip to the
prlnted | Lcuit boar B are.kngwn th_ 4 d R ci.n S |n
regul ar gr% aCkaeq?ed%glrer fc%a teerlﬁs%u?ﬁweﬁc-ﬁo%%l aeg'fgql) se‘lt(hart‘—’lpcﬁSl altl
packagi ng. a roach t i.s often referred to_as, Chi Scal Pack S CSP)
Tt s s 2 SR G g SRer Ege SUERSE BF ot? o B IS4 olm%
Mufti Chlp Nbdule ( pproach. In the field, of hlgh density |nterconnect
technoldﬂ@uHQﬁéﬁy t e semiconductor device hag been mounted over

a second surface of the semiconductor device mounting support.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la shows a cross section of a first prior art BGA

package.

Fig. 1lb shows a cross section of a second prior art BGA

package.

Figs. 2 thorough 7 show the processing sequence of the

invention, as follows:

Fig. 2 shows a cross section of the Front-Of-Line (FOL)

processing of the invention.



circuit chips are physically and electrically connected to a single
‘substrate commonly referred to as a mufti-chip nmodule (MCM. This latter
approach is applied to achieve a high wiring and packagi ng density, whereby
it is necessary to fabricate a nultilayer structure on the substrate to
connect integrated circuits to one another. Typically netal and power and
ground 7 pl anes in the substrate are separated by layers of dielectric
such as a Lam nate or Polyim de. Enbedded in other dielectric |ayers are

nmetal conductmirg | inemaonist i krbhe tangeonfafbertad icrrdl sandd dgy Wi th vias
(hol es) providing electrical connections between signal lines or to the

netal pawere AN HAWER 2R bELhPpEB PaRACEREER S @ Vs fh Qe alhdeen used
to accommodat e increased 1/ 0O count conbined with increased high

require i . -t Circuit (1C devices. Flip
chip teg%%%ﬁgggﬁ¥§%%?é%%gégigﬁgg%e#gp?gg?%ggbonprising Pb/ Sn sol der) on

al um num pads and i nterconnects the bunps directly to the package nedia,
whi ch are usually ceram c or plastic based. The flip-chip is bonded face

down to the ckage through the shortest ths. This roac an be

2ol ed 1o s e bR BackaGoRg ARGELEPhRBeET FATEI Dhod TR o
packagi ng (in which the packages are | arger) and to nore sophisticated
packagirﬁP?ﬁXﬁQﬁ%fﬁﬁe%uiﬂﬁﬁﬁﬁﬁ én§€vEP§IOEﬁPb%gtbeEF?n¥%ﬁiﬁﬂa#tﬂﬂﬁq(9%%
units. It is required to provide adequate_thernmal performance of a BGA
package #®f ¥avuils - HFRvPedtecanitlifcéatopededne X ipianaharokd digkect ground
connect between the IC chip and the heatsink on the surface of which the IC
chip is nounted. In a cavity down/ enhanced BGA package arrangenent, a

substrate | ayer that may
Fig. 5 shows a cross section after positioning a heat

spreader over the structure.

Fig. 6 shows a cross section after the heat spreader has

been attached to the structure.

Fig. 7 shows a cross section after contact balls have been
attached to the semiconductor device mounting support of the

package, creating a complete package.

Fig. 8 shows a simplified first cross section of the package

of the invention whereby a planar heatsink has been provided.

Fig. 9 shows a simplified second cross section of the
package of the invention whereby an extended heatsink has been

provided.



contain two or nore layers of interconnect traces is used to 8 connect
‘the 1C chip to surrounding circuitry using wire bond connecti ons between
the IC chip and a substrate. The contact points of a cavity down/enhanced
BGA devi ces nmake contact with contact points on the top surface of the
substrate | ayer, the substrate re-distributes (fan-out) the cavity

down/ enhanced BGA device contact points. A nolding is encased between the

| ower surface of the cavity down enhanced BGA device and the upper surface
of the substrmidgs. Afeansiing sholyBbpaliywat sachied daokdire Iopvamesur face of
the IC chip. For purpose of packagi ng sem conductor devices and for

addr essi fyg,dhrerdrpl auzal @gﬁﬁﬁﬁvﬁkl%ﬂcpréﬁkﬁﬂéérnﬁieé@ﬁ“ alt r&RdAdn 1t Rpaighdustry
is to place increased mands on the thermal performance of packaged

devi ces &Y ddl W assemak-¥ saRfdeHRI thEPS t he conpl et ed package.
General ly, B%eséﬂancrease 3Enan§g are met % %V owi ng one or nore of the
fol | owi ng approaches: by increasing the percentage of copper that is
contained in the substrate over which the device is nmounted; this can be

acconpl i shed by f s ty of the

i nt er connect Iinegﬁ%¥%§&ﬁﬁ§ s&%fggg REFEQE§%b§@¢§§Eﬂ§$E%y i ncreasing the
paddl e size of the die paddl e over which the devices are nounted 9 by

i ncluding additional layers of netal in the substrate over which the device
is mounted by increasing the thickness of the nmetal planes contained in
the substrat eglcﬁﬁelrl WHiich AirevddBede s aBuaTedly ehisolserahle hstldifce using
a two-ounce thickness | ayer of copper as opposed to using a one-ounce

t hi cknesslacgdrompfa cdppercarai¢rby supb addat Poiniodd tGisremit Bakrd ViBEB)and

sol der balls over which the device is mounted. In addition, an approach
that is érequerd Igeneakieralily,t @ peaicdedfiotoandexti e meburhieiatg ssupgnonthi ch can
for instance be of a pin-fin or circular design; such a heat sink can be
att achedThe loaldise-aimtRBEA apackaged thecpttoboard @ppd i Laiiwmnsiddiair are
shown in cross section in Figs. la and I b are exanples of a die-up nounting
net hod sdéercd o GQiraf tsupPotes 1ho adi @ridyacén PO L€ b vile W fter
position. For applications where the die-up nethod of nounting the device

does notrdmeit ! haldalaneadnarenrt $het BRI gl €5 doMa dﬁ@iﬂ&%h Ic;sufé@lcw%ataa used
wher eby substrates are used that have been provi ded with netal

heat - di sg¢A hutd.Qn téfHJrf'ﬂ‘Q&%h( heat 5%' HH ) 60/l €5 ;]93'5’ aGkAne L W cal |y

has better thernal perfornmance’ t an t e die-up ac age sl nce the heat
backsi de oo qaet d o SR EE" ndbs BRELPALFERS (e o UL
B?ZtuL"L%%ﬂ*as lﬁtgew?p%ﬁ*%a%&rse%%ﬁ%é cEsh Het ?%%gg' o TR 1 ”cﬁﬁésfict.on
2, "L A s M TGl Sl S Sl ove
senlconductor di e nounted over the_surface o 13, a substrate or

sen condiRtRf Yehfsetodrorngheuppore Chip, Madtl%ﬁ/eFM%‘t t3RBTRAIR, dShdht i ve

adhesive - 19, a layer_of thermally conductive adhesive conpound t hat
field of high-density interconnect technology, many integrated

circuit chips are physically and electrically connected to a
single substrate commonly referred to as a multi-chip module
(MCM) . This latter approach is applied to achieve a high wiring
and packaging density, whereby it is necessary to fabricate a
multilayer structure on the substrate to connect integrated

circuits to one another. Typically metal and power and ground



serves as a conductive path between the die 12 and heat sink 10 - 15,
‘interconnect vias provided through substrate 13 - 26, conductive traces on
a first surface of substrate 13, which are interconnected with traces 11
and 28' /30" by neans of vias 15 - 27, a solder nmask |ayer w th openings
that are aligned with the copper traces 26 - 28 and 30, bond wires for the
i nterconnection of die 12 to conductive traces on the second surface of
substrate 13 - 28 and 30', conductive traces on a second surface of

subst r atgl shded Qv dubad raltee S rd8EePadh g O ELd Rslrs o, d i I8y td-iconpound
34 fornmed over the surface of the structure, which further al so surrounds

bond W rascR&and i3hinkke oth®cBihiRLqal t ERBEAEREE 1NabthesSr SN HYiE 0SS
sectionin Fig. Ibis simlar to the prior art package that has been

hi ghli ght &b.id Qe dehaidoraRerer &*ﬂﬁeeaﬁkeﬂﬁntm féngi&cw aikgnﬁ:r 95%o 4

section in Fig. I'b has not been provided wth heat sink 10 and the | ayer of

th VA Uet i Vi ' i 7. ar,

descr et 1 i 1 R e oD Bttt e et s AR St
i nt f the inventi . highlighted first foll : t.andard

P ot - ofSTHER MG HnH G158, BFC FPn B e e 1= br 62088 8%, & R STEE ar o

applied to assenbly the I owcost thermally enhanced di e-up PBGA packages of

the invention the sem conductor device that is nounted over the second

surface of the device support structure is encapsulated_in two separately
created nol d§F 1R iR PRTkaRESr RalVendlRdIeRprahdPesr used to accommodate

increased I/0 count combined with increased high requirements for
high performance Integrated Circuit (IC) devices. Flip chip
technology fabricates bumps (typically comprising Pb/Sn solder)
on aluminum pads and interconnects the bumps directly to the
package media, which are usually ceramic or plastic based. The
flip-chip is bonded face down to the package through the shortest
paths. This approach can be applied to single-chip packaging and
to higher integrated levels of packaging (in which the packages
are larger) and to more sophisticated packaging media that

accommodate several chips to form larger functional units.

It is required to provide adequate thermal performance of a
BGA package for cavity-down and enhanced BGA devices that has a
direct ground connect between the IC chip and the heatsink on the
surface of which the IC chip is mounted. In a cavity
down/enhanced BGA package arrangement, a substrate layer that may

contain two or more layers of interconnect traces is used to



external nold cap custom zed nold chase designs are required to formthe
‘internal and external nold caps of the package and the thereby provided
cavities 12 the inner nold cap is nmounted aligned with the sem conduct or
die of the package and is provided with an opening that is set above the
di e of the package, exposing the surface of the die a cavity is provided
between the internal nold cap and the external nold cap the internal nold
cap has an exposed area to the surface of the die of the package thermally

conduct i yenepex)thes INstiedd e rohadepgnenge(i pieragd ndol tr€ aginand
cavity (between the internal and the external nold cap) that have been

created tonmesk isiyvaadtddee M 1eapsipt BadhgatusiPKkats. attachset 44 the
internal nold cap by inserting thernaFIy conductive epoxy in the centrally

| ocat ed } fgt i I | p n ey S
dpfgfo%@gop a L& it IR/ BLd ce8PRcRNGEYE 8LDah, aéoécga(e&gg@a%

attache he package, 't he periphery of the heat sink can ed to

the caviddnidil doulil iRl el Yeen sL0eaknt seneho andoLhe. extel d cap

usi ng therm tive epox eat sink can connect'eéd 1o ground

e LA LI B AT

t he package; e groun ads are provi ate

that is exposed b %ﬂg cavit et n the internal and the external nold

cap; el e(g Jr%ealcrcgﬁ/t(% d&&%sy % m\é\ﬁglng 18 encased between t eelower
surface of the cavity down enhanced BGA device and the upper

surface of the substrate. A heat sink is typically attached to

the lower surface of the IC chip.

For purpose of packaging semiconductor devices and for
addressing thermal concerns of such packages, present trend in
the industry is to place increased demands on the thermal
performance of packaged devices coupled with low assembly and
unit cost of the completed package. Generally, these increased
demands are met by following one or more of the following

approaches:

* Dby increasing the percentage of copper that is contained in
the substrate over which the device is mounted; this can be
accomplished by for instance increasing the routing density of
the interconnect lines over the surface of the substrate or by
increasing the paddle size of the die paddle over which the

devices are mounted



13 ' epoxy can be used for this purpose, thus form ng a ground plane and a
‘partial EM shield in the package; interconnect wires can al so be used for
this purpose the external nold cap is higher than the internal nold cap in
order to maintain the package profile that conforns to the standard PBGA
package when the heat sink overlies the internal nold cap the external
nold cap serves as a damat the tinme that the thermally conductive epoxy is
deposited in the cavity between the internal and the external nold cap in a

further Jnm@0!ﬁ@1u§&§§08d8iti8§ai“?&?Efé”bftd@%ahe%h %%%ksﬁﬁgt9§t8r8¥%ﬁ$g

with a downward protrudi ng pedestal ‘at the center of the heat sink
pedestal capibg gﬁgcgggiﬁgtpﬁCﬂg&$gé£rovided inthe internal nold cap for
the t

further inprovenent o ermal perfornmance of the package in a further
i nproved versi,on, the heat sink can externally extend over the outside
sur f aces® oPYt HBCEREELAEI ChDI LR SRR iy the AS5iale@lesepheophaknge by
applying a post-nold cure process, sinultaneously curing the nold conpound
and the thé?‘ﬁaﬁPVSEBﬁaac?V% Wby Bte tday isec kggdoumréedny Ehé BoRyafpvws f or
an optim zed heat spreader design whereby the design of the heat spreader
has no ef f 88Ft8RCEhESaBIeAblyodundre Wickugpss layerRefecrppgrnow
specifically to Fig. 2, there is shown a cross

opposed to using a one-ounce thickness layer of copper, and

* by the addition of thermal pads, vias and solder balls over

which the device is mounted.

In addition, an approach that is frequently taken is to
provide for an external heat sink, which can for instance be of a
pin-fin or circular design; such a heat sink can be attached to a

die-up PBGA package.

The prior art applications that are shown in cross section
in Figs. la and 1b are examples of a die-up mounting method since
the contact points to die 12 are mounted in an upward position.
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 PBGA package since the heat that is generated in

the die can be dissipated effectively from the backside of the

10



section of a partially conpleted sem conductor device package conpri sing
*the followi ng elenents: - 40, a substrate or device nounting support over

t he surface of which sem conductor devices are nounted - 42, a

sem conductor device that is nmounted over the surface of substrate 40 - 44,
an adhesive interface between the die 42 and substrate 40 - 45, a sol der
mask applied over a first surface of substrate 40 - 46, interconnect traces
created over the first surface of substrate 40 - 47, a solder mask applied

over a sgeoRd skl acea0f heHbst1age. HMoweddr, ItHL YA oatesoer ent gd
over the second surface of substrate 40 - 50, contact balls created over

the actigie _Shaeerahgdf¥heei 42:0hesEr 801 Hali JHE TRl ot @heshabligh
el ectrical contact mn?h device 42 - 52, bond wres that interconnect bal

bonds 5qm155@ BEtﬁEEHEEgﬁts&&§88§d65%6r5ﬁad&%Q9UCtiVe vias that establish

electrical continuity ween 1 nterconnect traces 46 and i nterconnect
traces 48. 15 The structure that is shown in cross section in Fig. 2 is
the end result of the above referred to and standard front-of line (FQL)

processi ng of .t he PBGA, package. |t pnust poi nt ed out_.t hat .qne.or nore
| ayers of i ntséﬁpé'gnﬁgcf:h%e?ﬁf’ EafcoR PP o‘ﬁ%e’c?i 3 RS S %é)tl Y3RSthat is
bet ween and nmaki ng contact therewith electrical traces 46 (in the | ower or

first sEfSHIEELSF substrate 13) and traces 48 (in the upper or second

surface of substrate
- 10, the heat sink of the package

- 11, contact points provided on the surface of substrate 13

- 12, a semiconductor die mounted over the surface of

- 13, a substrate or semiconductor device mounting support

- 18, a layer of thermally conductive adhesive

- 19, a layer of thermally conductive adhesive compound that
serves as a conductive path between the die 12 and heat sink 10

- 15, interconnect vias provided through substrate 13

- 26, conductive traces on a first surface of substrate 13, which
are interconnected with traces 11 and 28’/30' by means of vias 15
- 27, a solder mask layer with openings that are aligned with the
copper traces 26

- 28 and 30, bond wires for the interconnection of die 12 to
conductive traces on the second surface of substrate 13

- 28’ and 30’, conductive traces on a second surface of substrate
13 to which bond wires 28/30 are connected

- 34, a mold compound 34 formed over the surface of the

structure, which further also surrounds bond wires 28 and 30.

11



13) . These additional |ayers have not been shown in the cross sections of
“Fig. 2 through 7 since these additional |ayers are not germane to the
invention. Fig. 3 shows a cross section of the structure after the internal
nold cap 57 and the external nold cap 56 have been applied over the surface
of the structure. It nust be noted in the cross section of Fig. 4 that the
internal nold cap 57 has been provided with opening 16 and i s nounted
aligned with the sem conductor die 42. Opening 16 penetrates through the
internal nold cap 57, exposing the surface of die 42. Opening 14 is an
opening (or separation or cavity) between the internal nold cap 57 and the
external ol deaR A6 aR¢tCeaRkaER!I YhRENEE r sk th theslirdcads £f isubshrate
40. The surface of die 42 is exposed through the opening 16 that has been

creat ed i) {1 heEnel W ppaBSLret Deckavernale LS 16A, S daLELace

provi des an exposed area to the surface of e die 42

As an al%lersllb%ee dtet(?:arltie a%%Qf e @&glghk;hgﬂ.%ﬁg &9§$i%ls§'§%wa%gfblﬁ%ss %%%%ion

descri bed as penetrating throu erna € interna

nol d cap. 57..can _be.desi gned such_t ha peni.ng 16 doe ot pe rate_through
The i n o o d 645" 57U PetlinPer Sel T he  diitce it " b s ngve
exposed. Jt nust further. be noted in,the cross section that is shown in
Fig. 3t ttQQﬁ?QQQWéFﬁ&duﬁﬁPHecﬁgh88lV§ ﬂ?@ﬁ%ﬁnihﬁ%'the internal nold cap
57 by a neasurable amount, this to assure that the package conforns to

standard PBGA package desi gns when the heat sink 60 overlies the internal

nold cap 57. Fig. 4 shows the cross section of the structure of Fig. 3
Figs. 2 through 7 are now described in detail in order to

fully describe the invention.

The essential points of the invention are highlighted first,
as follows:

s standard front-of-line (FOL) and end-of-line (EOL) processes
and procedures are applied to asgembly the low-cost thermally
enhanced die-up PBGA packages of the invention

¢ the semiconductor device that is mounted over the second
surface of the device support structure is encapsulated in two
separately created molds, that is an internal mold cap and an
external mold cap

e customized mold chase designs are required to form the
internal and external mold caps of the package and the thereby

provided cavities
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after the application of conductive epoxy 58 in the opening 14 (created
"between the internal nold cap 57 and the external nold cap 56) and openi ng
16 (created through the internal nold cap 57). The ampunt of conductive
epoxy that is deposited into openings 14 and 16 nust be of enough vol une so
that the epoxy 58 makes contact with the thereover to be placed heat
spreader of the package. The cross section that is showmn in Fig. 4 nakes
clear that, because the external nold dam 56 is higher than the interna

mld 17 4 dam ShnelhfotXteipal s MIGhGRP S8hes a3cd HAE duhi Bendhetor
di spensing of the thermally conductive epoxXy 58. Fig. 5 shows a cross

section whgt { s pl 0 nd._al] 1 t face
of the 1 ayat Cogt of "E FESEETIR cir o n RS o i B "B I kb o1E S
attached t he Lntegrnal I 57 by the i.nserted_thernall ndyctive
epoxy 68 | OPRE EBRCRLRI oF Tole B P Resf S RLS REEFRAF Rb HSa ey
The periphery of the heat spreader is attached to_the_cavity 14 that is
formed et ReBAVLRE IAtRFPEHISDIREINGSS Fhgnd ntREnatt BPhdl CABl aneaphse,
thermal |y conductive epoxy 58 is used for this purpose It will be noted in
the cross §é§@rbﬁlom0¥$g¢a§ that the | ower surface of the heat spreader 60
is not of planar design but has a profile that follows the profile of the
openi ngs t bak haverheemsl@adfsl Hdk ain kejpseed bheanmebdthapsubbassddob7. The
heat spreader 60 is placed on the surface of external nold cap 56 by noving
the heat spneades 6P thHe Gbi@€ddoOn 62. It nmust be noted fromthe cross
section that is shown in

e thermally conductive epoxy is inserted into the opening
(internal mold cap) and cavity (between the internal and the
external mold cap) that have been created in and between the

mold caps

e the heat sink is attached to the internal mold cap by
inserting thermally conductive epoxy in the centrally located

opening of the internal mold cap

e an external heat spreader is attached to the package, the
periphery of the heat sink can be attached to the cavity that
is formed between the internal and the external mold cap using
thermally conductive epoxy

e the heat sink can be connected to ground pads which are
provided in or on the surface of the underlying substrate of
the package; the ground pads are provided in the surface of
the substrate that is exposed by the cavity between the

internal and the external mold cap; electrically conducive

13



Fig. 5 that the heat spreader 60 can be attached to ground pads which are
provided for this purpose in or on the surface of the underlying substrate
40 where this surface is exposed over the 18 bott om of opening 14. This
can be done by using electrically conductive epoxy for epoxy 58, thus
formng a ground plane and a partial EM shield in the package.

I nt erconnect wires can al so be used for this purpose using techniques |ike
wi re bonding. Where the cross section of the heat spreader 60 that is shown

in Fig. 5 spewy aahebé spseagler driad glogmdagt thoki Fertahkyaeypanddbeyond
the surface of the external nold cap 56, the heat spreader that is used

with the packageafl hhgat-aventmen 4isid1Qf il wrHkedalRagB; exhensboAnouer only
the surface of the external nold cap 56 but can expand beyond the surface

of the extgrpak Aphd,tap éﬁ-uég&f¥oﬂﬂéﬂi dﬁﬁ%%ethe heat spreader 60 over
t 0

the surface of |ayer 56, e cross sectio the structure is as i s shown
in Fig. 6. _The acenent t he heat. reader over .the surface_of |ayer 56
can be p'erFB?nﬁgLEF?ﬁ rmﬂﬁ%u‘éﬁ‘? ylst)?maq?{)e& a@altpé? LREERTA Wﬁi@r??%n%
Pressure can be applied to the heat spreader _after insertion in order to
assure sur PREETPFaNERIRYRHR thRe RAFFHAF &Ffilgctips. cRPEREMEhEOSsERGCt ur e
that is shown in cross section in Fig. 7 has been created, a step of

t hermal cuf&apdaufpPBed Package prheht ithadlagtecsipbunyesdis? shd iheernel nal

epoxy 58, assuring 19
mold cap

¢ the external mold cap serves as a dam at the time that the
thermally conductive epoxy is deposited in the cavity between
the internal and the external mold cap

¢ in a further improved version of the invention, the heat sink
can be provided with a downward protruding pedestal at the
center of the heat sink, this pedestal can be matched with
cavity provided in the internal mold cap for further
improvement of the thermal performance of the package

e in a further improved version, the heat sink can externally
extend over the outside surfaces of the external mold cap

¢ curing is applied to the package by applying a post-mold cure
process, simultaneously curing the mold compound and the
thermally conductive epoxy of the package

¢ the invention allows for an optimized heat spreader design
whereby the design of the heat spreader has no effect on the

assembly of the package.

14



good adhesi on between the heat spreader 60 and the nold conpound 57 and
"bet ween the nold conpound 56 and the sol der mask 47 created over the second
surface of substrate 40. Attachment of contact balls 64, Fig. 7, conpletes
t he PBGA package of the invention. As a final cross section is shown a
conpl eted package prior to the attachnment of the contact balls 64, the now
famliar elenments of the package have been hi ghlighted continuing the

previ ously used nunbering schene. It is clear fromthe processing seguence
t hat has been highlighted under Figs. 2 through 7, that the invention
provides for a wi de range of designs of the profile of the heat spreader.

This is ”a§8f99§§ﬁ€|ﬁb@yéﬁéﬁaf%%ﬁﬁi %cpﬁlbhez'n%ﬁ@EbOBSWQHEQHYat@§o£§at
sink is added to the package before curlng of the nold conpound and the

epoxy fiddet fdf.of8 %‘é‘%l%lgg”%h%iég 1§&?&L}jcgcg?rofdet%%he°3> £ eof the

i nvention ereby Re&tsi nk anar gn Snts t hat

have beé%MH%gQJrgggﬁg fglﬁg%ﬁa%ogfe%ggé%pn of Fig. 8 have previously been

expl ai n cro sect simTar to the cross section of Fig. 8

h F t he heat k 60r h d th
bonnmor o br e subscrater B BBV TER bige S AP [ e e e e 1t o

40 and 2Q that are enbedded iin a gap between the internal nold cap 57 and
the ext éFhAR AAT CCRFUSE OTFPGY1Ce8at iR dM AR ethow t op views of : Fig. 10a,
the external nold cap (82) and the internal nold cap (80) are created on
top of théZur¥ &igrnchetoybdevace Faay, iampunted "over the surface of

substrate 40

- 44, an adhesive interface between the die 42 and substrate 40

- 45, a solder mask applied over a first surface of substrate 40
- 46, interconnect traces created over the first surface of
substrate 40

- 47, a solder mask applied over a second surface of substrate 40
- 48, interconnect traces created over the second surface of
substrate 40

- 50, contact balls created over the active surface of device 42,
these solder bumps serve to establish electrical contact with
device 42

- 52, bond wires that interconnect ball bonds 50 with
interconnect traces 48

- 54, conductive vias that establish electrical continuity

between interconnect traces 46 and interconnect traces 48.

15



Fi g, 10b, the package of the invention after heatsink (72) attachnent.
*Specifically, the top viewthat is shown in Fig. 10a is a top view of the

package of the invention during the nold process. This top view i
order to highlight the followi ng specifics as they relate to the

s shown in

application of the nold conmpound: 70, an external nold gate used for the

creation of the external nold cap 56, Fig. 7 90, an internal nol
used for the creation of the internal nold cap 57, Fig. 7 68, ai

d gate
r vents

(three in totme sfridtairextamfalsmhéwgaie Srodéhadedd o eqUimief forst he

application of the external nold cap 56, Fig. 7, and 21 66, ai

r vents

(three ithd Al Jrfuitthe sl Rher BabvEDLar 8ot 8 thad A ghdLaifRhtf. -t he
application of the internal nold cap 57, Fig. 7. Fig. 10b shows a top view

after the fieatraipr gﬁ%@esé% ga%fb%e %ézﬁcﬁg&é the packagds YoithRd out

i nvention. Figs. and 10

bilit I I
bei ng. art % eﬁezfére St if&%?’e%%np%f‘éﬁ%a?é?%%%ﬁ*%?%’?%rérbﬁ%%ﬁ
th t I t 70 b d d.wit f I Ly,
e oX P T AU B 70,55 DEBRLEN IR AL B (Rt Wil

ar oun

grrt?ﬁo? ernaIEQP&ﬁP%%% %% ngtklr t LU£§|££¥sOf ai vents 6

can be summeri zed as follows as prOV|d|ng the

datg‘é‘ 70

f air
rlphery
releases

t surface of substrate

13) and traces 48 (in the upper or second surface of substrate

13) . These additional layers have not been shown in the cross

sections of Fig. 2 through 7 since these additional layers

not germane to the invention.

are

Fig. 3 shows a cross section of the structure after the

internal mold cap 57 and the external mold cap 56 have been

applied over the surface of the structure. It must be noted in

the cross section of Fig. 4 that the internal mold cap 57 has

been provided with opening 16 and is mounted aligned with the

semiconductor die 42. Opening 16 penetrates through the internal

mold cap 57, exposing the surface of die 42. Opening 14 is

an

opening (or separation or cavity) between the internal mold cap

57 and the external mold cap 56 and completely penetrates to the

surface of substrate 40. The surface of die 42 is exposed through

the opening 16 that has been created in the internal mold cap 57,

the internal mold cap 57 therefore provides an exposed area to

the surface of the die 42 of the package.
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the external layer 56, Fig. 7, of nold conpound during the process of
creating the external layer 56, Fig. 7, of nold conpound create an
internal l|ayer 57, Fig. 7, of nold conmpound, being an internal nold cap,
conprising at |east one internal nold gate 90 22 the internal nold gate
90 has been provided with a second plurality of air vents 66, the second
plurality of air vents 66 is |ocated around a peri phery of the internal
nold cap 80, the second plurality of air vents 66 rel eases air (not shown)
fromthe internal layer 57, Fig. 7, of nold conpound during the process of
creating the internal layer 57, Fig. 7, of nold compound. The invention can

be SU”WHFIZe@sa%nf%hk@%@ateataﬁthedaﬁﬂﬁeﬁﬁ HiePIparded hier, thech
packagi ng of BGA devices the nmethod uses standard FCL and ECL processing
the standal ddedl dRiseeessings EeBQHQH\%’% AP IHALING 4R REAqdeyice in
a mol d conpound the nold conpound of e package consists of two separate
nol d ca i C r t nal; cap
t he ext ?ﬁaﬁc@le > %cap i's :de QQp E géj é)éjl & %}ggﬁ%a 1%1%05@

devi ce Qﬁs be%Q encag§ulat%grgﬁgﬁ kﬂte{g@é g%iimgg rnalzgpld col l%%nd a

heat sprea&én'ls a R&§ 6 surface o dxg%npdunél the heat

spr eader ol e 1NGIHLON 080 7,0 330 L3t .

It must further be noted in the cross section that is shown
in Fig. 3 that the external mold cap 56 is higher than the
internal mold cap 57 by a measurable amount, this to assure that
the package conforms to standard PBGA package designs when the

heat sink 60 overlies the internal mold cap 57.

Fig. 4 shows the cross section of the structure of Fig. 3
after the application of conductive epoxy 58 in the opening 14
(created between the internal mold cap 57 and the external mold
cap 56) and opening 16 (created through the internal mold cap
57) . The amount of conductive epoxy that is deposited into
openings 14 and 16 must be of enough volume so that the epoxy 58
makes contact with the thereover to be placed heat spreader of

the package.

The cross section that is shown in Fig. 4 makes clear that,

because the external mold dam 56 is higher than the internal mold
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destgn to neet heat transfer requirenents 23 t he heat spreader of the
“invention can be a heat spreader that overlies the internal nold conpound
of the package the heat spreader of the invention can be a heat spreader
that is enbedded in the external nold cap of the package heat spreading
requi renents of the package can be nmet by applying thermally conductive
epoxy to the surface of the internal nold cap of the package, and the heat
spreader of the invention may overlay the nold caps of the package or may
conpl et edsand 0s e Hhexrrirthagompoundapf séhee pagk agedan diroiigh dHee i nvention

has been described and illustrated with reference to specific illustrative
enbodi medt SpdrfthRPlor ithd The@malln eBQﬁQu&Bﬁ&etéﬁohﬂVﬁ\II on be limted to
those illustrative enbodi ments. Those skilled in the art will recognize

that variations and nodifications can be nmade w thout departing fromthe
spirit of the invention. It is therefore intended to include wthin the

i nvention all §PC@‘QﬂU#§"m$§o§QdF€Bgighcﬁﬁé ?Sh%gE gkﬁéﬂdefMéqq iy the scope

of the appen&g clai s and eqU|va ents thereo alnmed is:
A g g oo 8 Sl oL o o 0 £ 5L Bl S
process'éghéﬁcé%pou.%ft'ﬁ%e heat sink 60 is therefore attached to the
internal mold cap 57 by the inserted thermally conductive epoxy
58 in the centrally located cavity 16 of the internal mcld cap
57. The periphery of the heat spreader is attached to the cavity
14 that is formed between the internal mold cap 57 and the

external mold cap 56, thermally conductive epoxy 58 is used for

this purpose

It will be noted in the cross section of Fig. 5 that the
lower surface of the heat spreader 60 is not of planar design but
has a profile that follows the profile of the openings that have
been created in or between the mold caps 56 and 57. The heat
spreader 60 is placed on the surface of external mold cap 56 by

moving the heat spreader 60 in direction 62.

It must be noted from the cross section that is shown in
Fig. 5 that the heat spreader 60 can be attached to ground pads
which are provided for this purpose in or on the surface of the

underlying substrate 40 where this surface is exposed over the
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sem conduct or device nounted on a sem conductor device nounting support,
*sai d sem conductor device nounting support having a first and a second
surface; creating an external |ayer of nold conpound having a first height
over the second surface of said sem conductor device nounting support, said
external |ayer of nold conpound having been created in a closed | oop form
at the periphery of said sem conductor device nounting support, said
external |ayer of nold conpound havi ng been kept out fromsaid at |east one
sem condustd tdm devicpRerdmg i1at.emtoBneah Bere€sné opaishimd deasiriongly

sem conductor device; creating an internal |ayer of nold conpound having a

second hedHilctoMRY dddskys eernNepsill 86€ husaFSriend CONPMGL LUt i Ng
support, said internal | ayer of nold conpound overlying and surroundi ng

sai d at %alogﬁfllls%ﬂl%qfad:ﬁt Qhed ?‘c{bﬁﬁgeat Iﬁ@é‘f&oﬂ{@cf%@&g dVid! %ob%%”

provi ded I n sal nternal |ayer o conmpound overlying the surface of

sai d at t t Y e C SI d at | east one
sem con fo e\e}zlhcslgsm i sa%dgﬁsnggrggﬁlﬁ%%#ué\ngriels %]o sai gaosr?&ﬁnequt one
seniconductor device in said internal |ayer of nold conmpound, said internal
25 | ayer of nDId conpound havi ng been surrounded by said external |ayer

of nold conpo%} cavity havin beeg EéOVIded bet ween sai d . i nternal and
sai d external® %E?ertgleofcr 54 SEGHPBINATY 5BF dSRE FRF $RAGNtS DiRT 136wer t han
said first height by a neasurabl e amount, external surfaces of sai d

ext er nal SheWRerinFigh & EBoSuRdheAtePRERRARY Shi 48F diid ATz WSALdY

nmounti ng support under an angl e;
expand beyond the surface of the external mold cap 56, the heat

spreader that is used with the package of the invention is not
limited to an extension over only the surface of the external
mold cap 56 but can expand beyond the surface of the external

mold cap 56.

After placement of the heat spreader 60 over the surface of
layer 56, the cross section of the structure is as is shown in
FPig. 6. The placement of the heat spreader over the surface of
layer 56 can be performed either manually or automatically
(machine insertion). Pressure can be applied to the heat spreader
after insertion in order to assure surface planarity of the

completed structure.

After the structure that is shown in cross section in Fig. 7
hag been created, a step of thermal cure is applied to the

plastic mold compound 56/57 and the thermal epoxy 58, assuring
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di spensing layers of thermally conductive epoxy in said opening provided in
"said internal layer of nold conpound and in said cavity provided between
said external and said internal |ayers of nold conpound; providing a heat
spreader over the surface of said external |ayer of nold conpound, said
heat spreader having a first and a second surface, said first surface of
sai d heat spreader facing said at | east one sem conductor device, said
first surface of said heat spreader having at |east one protrusion being

al i gned g¥dd Bichiain beaskeanehseRteoNgPEt e Hesi Gind RS el £ FMPoiingy
said internal |ayer of nold conpound into an internal nold cap with

reference; tahdaledeRal 3Rl edder colhB8HRAYS 6 Ushd ey BT £, 1w efddrng sai d
external |ayer of nold conpound into an external nold cap with reference to

sai d heal, sreAda/er 3¢ GWbRd §ak@aaelgfceﬁw&&ar&ec%u”ent with curing
said thermally conductive epoxy. . The method of claim1, said heat

spreader conprising netal. 3. The nethod of claim1, said heat spreader
conprising thermally conductive epoxy. 4. The nethod of claiml1, said

Gt condct of (A e oG CRgLSRbnBr L Bsif t Tl b eresp&?ftaeﬁt% B0 g

support havin been rQV|ded mnth condgctlve i nterconnect netal; nDuntlng
at | eastPHHR ShGudRIE G PP cePBvar L AR TR T HIP bt S ARPwn

sem conduct or deV|ce nmounting support; and connecting said at |east one
sen condiRfMre tEsy indgkages Prape to the  attachment of the contact balls

64, the now familiar elements of the package have been

highlighted continuing the previously used numbering scheme.

It is clear from the processing sequence that has been
highlighted under Figs. 2 through 7, that the invention provides
for a wide range of designs of the profile of the heat spreader.
This is made possible by the sequence of the invention whereby
the heat sink is added to the package before curing of the mold

compound and the epoxy fill.

Fig. 8 shows a simplified cross section of the package of
the invention whereby heatsink 60 is no of a planar design. Other
elements that have been highlighted in the cross section of Fig.
8 have previously been explained. A cross section that is similar
to the cross section of Fig. 8 is shown in Fig. 9, whereby
however the heatsink 60’ has been provided with downward sloping

extremities 61 that reach down to the surface of substrate 40 and
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upward position by facing an active surface of said sem conductor device
away from said sem conductor device nounting support, using interconnect

Wi res between said conductive interconnect nmetal provided for said

sem conduct or device nounting support and contact points provided in an
active surface of said at |east one sem conductor device. 5. The nmet hod of
claim1, in addition providing end-of-line processing for said packagi ng of
sai d sem conductor device, said end-of-line processing conprising steps of
connect i {ia € AiHea@mdR@des i bhgabi betweshif Blge DitSmidl ST GPuEOEndevi ce
nmounti ng 27 support, conpleting creation of a Plastic Ball Gid Array

(PBAA) patkagaeSalThp10etBpdsef claim 1, the second surface of said heat
spreader being in a plane with the surface of said second | ayer of nold

compound. 7. The nmethod of claim6, further providing a connection between
sai d heat spreader and ground pads provided in or on a second surface of

sai d senicoanp%prlQEyigﬁ q%%pg%gg §8§p9§éw580fjhe nmet hod of claim?7, said
e

connecti on beiﬁb'prOV| by "I nt'erconnect "W res nounted in said cavity
between said first and said second | ayer of nold conpound. 9._ The. nethod of
claim 7,* s8td- coRRectRBncHe A DriRit &Ry 82l eéPd £8P JREBRBREL NORT ePIXY
applied in said cavity between said first and said second | ayer of nold
conpound. 189) TREengrfdEcdfor| et KW dunfese obr theessbsshpbehéed?)
spreader extending over the surface of said internal |ayer of nold
conpound, #opdt her extendi ng over said cavity provided

e Fig, 10b, the package of the invention after heatsink (72)

attachment.

Specifically, the top view that is shown in Fig. 10a is a
top view of the package of the invention during the mold process.
This top view is shown in order to highlight the following
specifics as they relate to the application of the mold compound:
e 70, an external mold gate used for the creation of the
external mold cap 56, Fig. 7

e 90, an internal mold gate used for the creation of the
internal mold cap 57, Fig. 7

e 68, air vents (three in total) of the external mold gate 82
that are required for the application of the external mold cap

56, Fig. 7, and
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between said internal and said external |ayer of nold conmpound, 28

further extendi ng over the surface of said external |ayer of nold conpound.
11. The method of claim 10, further providing a connection between said
heat spreader and ground pads provided in or on a second surface of said
sem conduct or device nounting support. 12. The nethod of claim 11, said
connection being provided by interconnect wires nounted in said cavity
between said internal and said external |ayer of nold conpound. 13. The

method qf ghai m1lyes@l digprnectd andiing Prewl dadeby el fG1a1 §atlYao
conductive epoxy applied in said cavity between said internal “and said

y
external | opnd. o 14 .hod _of ai i kT
surface ofeég?dgﬁgg?é p%%%%er eQ%%%é%%gﬂgeygﬁg £ etgérkg%érgéfsg?%&ex%%rna
| ayer of nggd goppoynd. 15. The nethod of claim 14, further providing a
connecti on”bét Ween §ai d heat spreader and ground pads provided in or on a
second surface of said sem conductor device nounting support. 29 16. The
nmet hod of claim 15, said connection being provided by interconnect wres
nmounted in_said cavity between said internal and said external_ |ayer of
nol d conpofifd: 190 FRHEWSER HerP ofied &Afhels theangatoRREERIBA Bei hys et ded
by electrically conductive epoxy having been applied in said cavity between
sai d i ntafrtrheshdossihg Prckpasgl ofaybe vRvemt P onmpound.

Figs. 10a and 10b can be summarized as follows as providing

the ability to:

¢ create an external layer of mold compound (layer 56, Fig. 7),
being an external mold cap, comprising at least one external
mold gate 70

e the external mold gate 70 has been provided with a first
plurality of air vents 68, the first plurality of air vents 68
is located around a periphery of the external mold cap 82, the
first plurality of air vents 68 releases air (not shown) from
the external layer 56, Fig. 7, of mold compound during the
process of creating the external layer 56, Fig. 7, of mold
compound

e create an internal layer 57, Fig. 7, of mold compound, being
an internal mold cap, comprising at least one internal mold

gate 90
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18. - The method of claiml, said first surface of said heat spreader
extendi ng over the surface of said internal |ayer of nold conpound, further
extendi ng over said cavity provided between said internal and said external
| ayer of nold conpound, further extending over the surface of said external
| ayer of nold conpound, said heat spreader additionally overlying said
external surfaces of said external |ayer of nold conpound. 19. The net hod
of claim 18, said heat spreader further being connected to ground pads

provi deq i BhanQE‘ePn C\‘Q(Ef?dsg?‘gtféa% HasS Y (ei:n %QQHQHCﬁQEthVéQ& unt i ng

support. 20. The alm 19, sal nectlon el ng provi ed by
d
ext or ﬁSP”e%%%“M?%?%”%%" e’ %“”t‘fﬁ#ﬁ%@?ﬁ%ﬁ% ofi i 9&25.53'

connecti on_bei ng rOVI b | ectri.call n ct|v b
appled | notat B LECRYSS HetoMRh Sar e SHE SAraTBRl oTRA PdhedOor

nol d conpouEd. 22. %he met hod of_claim1, addltlgnallg fornlng ﬁround

pl ane sur r bARdPRGORGI B Wiat Had (O fd S MR Sn A8 £61 SRESF ca by (RPF I $HgvRhi d
cavity between said internal_ and said external |ayer of nold_compound wth
an el ectri EaPMytRBntuceTIRl RB8E 23, File ﬂetHédeﬂchﬁWﬁ?EndaﬁﬂT%QﬁnalIy
formng a Electro Magnetic Interference (EM) shield surrounding said at

| east one 5bfi epop@eRs o?f dengateing thg |intgraald lesert §7beFiBen? sa®® nak@r nal
and said external layer of nold conpound with an electrically conductive
epoxy. 24.cdnepowedhod of claiml, said external |ayer of nold conpound
being used as a dam during said dispensing |ayers of thermally

The invention can be summarized as follows:

a method and package is provided for the packaging of BGA

devices

e the method uses standard FOL and EOL processing

¢ the standard FOL processing is followed by encapsulating the
BGA device in a mold compound

¢ the mold compound of the package consists of two separate
mold caps, an internal mold cap that is surrounding by an
external mold cap

¢ the external mold cap is higher than the internal mold cap

e after the device has been encapsulated in a internal and
external mold compound, a heat spreader is attached to the
surface of the mold compound

e the heat spreader of the invention can be of a suitable

design to meet heat transfer requirements
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conductive epoxy due to said second hei ght exceeding said first height by a
nmeasur abl e anount bei ng used. 25. The nethod of claiml, said Plastic Bal
Gid Array (PBGA) conformng to standard Plastic Ball Gid Array (PB®&A)
package di nmensions. 31 26. The nethod of claim 1, further optim zing heat
spreader design in order to inprove package thernmal performance. 27. A

sem conduct or devi ce package, conprising: a sem conductor device nounting
support having a first and a second surface, at |east one sem conductor

devi ce hayi ngpbegos oyt & on & seeondveukhasecah Besgrﬁméé’@dé&ﬁ%é’édéiﬁ“ ce
mounti ng support, sai d sem conductor device nounting support having been

provi ded w tBh%E’”S'\V&%Jhi’@s 'iﬁ%&‘%&’dgﬁ%ﬁ F(%tl%' co ?bgnat o'feégé ;gQSka%e
sem conduct or device having been nmounted in a face upward position by
facing an actjve surface of said sem conductor devjce away fromsaid

sem conduct oFP8elfRe FTRATHY Fuitts LRVESEAGT FeBr PEnAebE2hv FRECHEHeen
sai d conductive interconnect netal provided for said sem conductor device
nounti ng suppBRt andemReAdRd Woiths etevnddd"PhdaRa2BcPf vERS UPREERIDF sai d
at | east one sem conductor device; an external |ayer of nold conmpound
havi ng a fei rBéabhesghtadirey tdrpuiseoent sswf ahe phckagd sen benderctloy device
nmounti ng support, said external |ayer of nold conpound having been created

in a closed hpppyifg ntivdrhdEl pefdriery vef epakkg senthenguetote deFi €ige
nmount i ng support, said external |ayer of nold conpound having been kept out

fromsaid atih@@gﬁapn@b§§w@%anhugﬂg FiRwaeR ,agdal nterconnect wires to said
at | east one sem conductor device;

e the heat spreader of the invention may overlay the mold caps
of the package or may complete enclose the mold compound of

the package.

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

and equivalents thereof.
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32 - an internal layer of nold conmpound having a second hei ght over the

* second surface of said sem conductor device nounting support, said interna
| ayer of nold conmpound overlying and surroundi ng said at | east one

sem conduct or device, at |east one opening having been provided in said
internal |ayer of nold conpound overlying the surface of said at |east one
sem conduct or device, further encasing said at | east one sem conduct or
device and said interconnect wires to said at | east one sem conduct or

devi ce iyhsxaiig it=amea ilkayer of nold conpound, said internal |ayer of nold
conpound havi ng been surrounded by said external |ayer of nold conpound, a

cavity havingder EbQVbQ%Qagghkﬁﬁsnséxﬂié’oﬁ@&@éé@'d%%é,a!%&f&tn%r ral layers
of nold conpound, said Second height being | ower than said first height by

a measurafld AN, GPHLeRRaL SYbhareSyoliadl d SXSINAlnd MR eIk

conpound i ntersecting sai conduct i ce nount1'ng support -under an

angl e; | 3YeT Gl (SR Ly 0BRdueLLvE, spoxy. i spEnsed JqLsald openi ng

provi ded in sai ayer of no ouna” and 1h sald cavity provided
bet ween said fi s% an%'said exte%ngl | ayers of qPI conpound; a heat

spr eadersed?lociﬂ”éiéﬁ NreFHE s IPFREE 0P sAi TFT TR AT B AR 8103:15‘%‘68§nd,
sai d heat spreader having a first and a second surface, said first surface

of said Ordyr SZdEY SPACCRGISEFAT af' Y €38 t YHRE Wishi THRAKG S2Vd&E Ce, sai d

first surface of 33
first and a second surface;

creating an external layer of mold compound having a first
height over the second surface of said semiconductor device
mounting support, said external layer of mold compound having
been created in a closed loop form at the periphery of said
semiconductor device mounting support, said external layer of
mold compound having been kept out from said at least one
semiconductor device and interconnect wires to said at least one
semiconductor device;

creating an internal layer of mold compound having a second
height over the second surface of said semiconductor device
mounting support, said internal layer of mold compound overlying
and surrounding said at least one semiconductor device, at least
one opening having been provided in said internal layer of mold
compound overlying the surface of said at least one semiconductor
device, further encasing said at least one semiconductor device
and said interconnect wires to said at least one semiconductor

device in said internal layer of mold compound, said internal
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sai d heat spreader having at | east one protrusion being aligned with said
at | east one sem conductor device, said internal |ayer of nold conpound
conprising an internal nold cap with reference to said heat spreader, said
external |ayer of nold conpound furthernore conprising an external nold cap
with reference to said heat spreader; and said nold conmpound havi ng been
cured concurrent with curing said thermally conductive epoxy. 28. The

sem conduct or devi ce package of claim 27, said heat spreader conprising

met al . 2%yekhefsawildordhpband dri £ Pieedka g foutRIdNR7 sadadl éxdteahaspr eader
conprising thermally conductive epoxy. 30. The sem conductor devi ce package

of clai mader agdidianabhpoBAd; 0h- LAPEL PrOSeSEd Nk dia\dier ileren Hekekded for
sai d package, contact balls haV|ng been connected to the first surface of

sai d SerEaQ‘H“i&h%te%aqe‘éhﬁesE@H”Ek@Qrﬁé‘PpPé er&%@'n?&l'd"%og{p%%trfdons‘aflda

Plastic Ball Gid Array (PBGA) package. . The sem conduct or device

package I g C tgPhgAde

P M o Ak O
The senlcon ctar deV| a g9 claim 31 rther a tion haV|ng
been prOV| gl ﬁggﬁasa.§ % g sp%eadé% 5%5“@5§Un ad§ﬁgroéﬁde8 "PRYGF on
a second urfac ,0f sai,d sem.conductor device nount.in 3. The

e Conditide SHEIPEe SRACK BEE- CPREN AT BT S95 VAS (PO I SIVHRR: 15 BEe
provi ded by interconnect wires nounted in said cavity between said internal
and sai #¥Xxt&%rnal |ayer of nold conpound.

dispensing layers of thermally conductive epoxy in said
opening provided in said internal layer of mold compound and in
said cavity provided between said external and said internal
layers of mold compound;

providing a heat spreader over the surface of said external
layer of mold compound, said heat spreader having a first and a
second surface, said first surface of said heat spreader facing
salid at least one semiconductor device, said first surface of
said heat spreader having at least one protrusion being aligned
with said at least one semiconductor device, thereby converting
said internal layer of mold compound into an internal mold cap
with reference to said heat spreader, thereby furthermore
converting said external layer of mold compound into an external
mold cap with reference to said heat spreader; and

curing said mold compound concurrent with curing said

thermally conductive epoxy.
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34. - The sem conduct or devi ce package of claim 32, said connection having
‘ been provided by electrically conductive epoxy applied in said cavity
between said internal and said external |ayer of nold conpound. 35. The
sem conduct or devi ce package of claim27, said first surface of said heat
spreader extending over the surface of said internal |ayer of nold
conpound, further extending over said cavity provided between said internal
and said external |ayer of nold conpound, further extending over the
surface »f ot thetpandf ayerinofl , mehddchepouspredBer SEmpdiei riemet1duct or
devi ce package of claim 35, a connection further having been provided

bet ween sai d heat spreader and ground pads provided in or on a second
surface of said sem conductor device nmounting support. 37. The

sem condyctfie GRMIER RACKAZE 0N ,Chali A Bbat SahHe£QONELS O havd NhSRN 1
provi ded by interconnect wires nounted in said cavity between said intérnal

and sai d, a} Q&*ﬁg.of nol d conpound. 38. The sem conductor device
package 6%§%ﬁg?hf%6, sgid connection having been provided by electrically

conductive epoxy applied in said cavity between said internal and said
external |ayer of nold conpound. 39. The sem conductor devi ce package of

claim?27, said first. surface of said_heat spreader exp ing beyond t.he
curtace bt "B s BH ey Lof SRULIDEBHIBURG RO Wi Tk dRARRRS
devi ce package of claim 39, a _connection further having been provided

bet ween SR HEHRI dhSe&FsPSard ‘gr ound pads provided in or on a second

surface of said  _, _ . ' '
providing a semiconductor device mounting support, said

semiconductor device mounting support having been provided with
conductive interconnect metal;

mounting at least one semiconductor device over a second
surface of said semiconductor device mounting support; and

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

semiconductor device.

5. The method of claim 1, in addition providing end-of-line
processing for said packaging of said semiconductor device, said
end-of-line processing comprising steps of connecting contact

balls to the first surface of said semiconductor device mounting
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sem conduct or devi ce nounting support. 36 41. The sem conductor device

- package of claim40, said connection having been provided by interconnect
wires nounted in said cavity between said internal and said external |ayer
of nold conpound. 42. The sem conductor devi ce package of claim40, said
connecti on having been provided by electrically conductive epoxy having
been applied in said cavity between said internal and said external |ayer
of nold conpound. 43. The sem conductor devi ce package of claim 27, said
first sundmeatof ericdeheay spegaden &Kt£Nel AWk QY efatihen sy a6 yof( p@@mi
internal layer of nold conpound, further extending over said cavity

provi degd,hataeren said internal and said external layer of mold conpound,
further "extendi ng over the surface of said external |ayer of nold conpound,
sai d heat spreader additionally overlying said external surfaces of said
ext er nal Iayer of nold conpound 44. The seniconductor devi ce package of

claim 43, sald ieal SpEeader. i ur ther baving o eﬁcceonorfﬂ g Lo ground pads
n or SUI’ uc e

provi de | on a secon ace of °said sem cond vice nDuntlng
support. 45. The senlco duct or,_deyvj ce kage claimas

Sonnect | &ﬁ%ﬁ%&e&@gm& B PREHS oY Pl EPE CHEA T o S st e ih 185 g
cavity b sald |nternal and said external |ayer of nold conpound. 46.
The sem package of claim 44, said connection

7. The method of claim 6, further providing a connection between
sald heat spreader and ground pads provided in or on a second

surface of said semiconductor device mounting support.

8. The method of claim 7, said connection being provided by
interconnect wires mounted in said cavity between said first and

said second layer of mold compound.

9. The method of claim 7, said connection being provided by
electrically conductive epoxy applied in said cavity between said

first and said second layer of mold compound.

10. The method of claim 1, said first surface of said heat
spreader extending over the surface of said internal layer of
mold compound, further extending over said cavity provided

between said internal and said external layer of mold compound,
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havi ng been provided by electrically conductive epoxy having been applied
in said cavity between said internal and said external |ayer of nold
conpound. 47. The sem conductor devi ce package of claim 27, a ground pl ane
additionally surroundi ng said at |east one sem conductor device by filling
said cavity between said internal and said external |ayer of nold conpound
with an electrically conductive epoxy. 48. The sem conductor devi ce package
of claim27, a Electro Magnetic Interference (EM) shield additionally
havi ng bfertHer e esidihauothieg thal Sudfateast el sedeondudi=gerde aelhy
filling said cavity between said internal and said external |ayer of nold
conpound-smgduran el ectrically conductive epoxy. 49. The sem conduct or

devi ce package of claim 27, said external |ayer of nold conpound havi ng
been used as a dam during said dispensing | ayers of thermally conductive
epoxy due to said 38 second hei ght exceeding said first height by a
measur abj g, U . 5 T 'ggggug V] e of claim
27, sai lg'ac aggeggﬁjfdorgﬁi %ggtlg g?én glr:gﬁ%}fa tic %lgh %ﬁoﬁ&f&%&?@%PB@)
package bdejtrreenesni Osna.s:L'd 1'atTgerseegie%OQudl cL 3(:)cr>u %Vig s parcokvai%e fi Clo‘}i rgn2£, sai d
heat spread%r design Grt Aer ﬁaV|ng egn op P Zed i ordert § I prove
package t her nal f ormgnce., 52. The thod of claiml, said at |east one
pent ng RN BEEFCH o Gedd AeuAPAnARE Lo hate T T SRS Pd
exposing the surface of said at | east one sem conductor device. 53. The
met hod of claim1l1l, said at | east one opening havi ng been

12. The method of claim 11, said connection being provided by
interconnect wires mounted in said cavity between said internal

and said external layer of mold compound.

13. The method of claim 11, said connection being provided by
electrically conductive epoxy applied in said cavity between said

internal and said external layer of mold compound.

14. The method of claim 1, said first surface of said heat
spreader expanding beyond the surface of said external layer of

mold compound.
15. The method of claim 14, further providing a connection

between said heat spreader and ground pads provided in or on a

second surface of said semiconductor device mounting support.
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provided in said internal |ayer of nmold conpound not exposing the surface
+of said at | east one sem conductor device. 54. The sem conductor device
package of claim 27, said at | east one opening having been provided in said
internal |ayer of nold conpound exposing the surface of said at | east one
sem conductor device. 39 55. The sem conductor device package of claim
27, said first opening having been provided in said internal |ayer of nold
conmpound not exposing the surface of said at | east one sem conduct or

device. &6, THe il Ff Qlaimmi, said eberéétlorRp&XiEdadviaenyf nol d
conmpound being an external nold cap conprising at |east one external nold

gate. S57inddiedminad Afred alcindBa $8i a8t 8508Ly MOy & 1aYiing L8en
provided with a first plurality of air vents, sald first plurality of air

vents belhg éé&éﬂéﬁiéyﬂgi”q eerkpRSEM ggm§§ugdexternal nol d gate, said
r

first plurality of air vent releasing air omthe external layer of nold
conpound during the process of creating said external |ayer of nold
compound. 58. The nethod of claim1, said creating an external |ayer of
nol d co bei r.nal Id cap_conprisin | east _.one. i.nterna
ol d gt o FAheRl e <RI 4P SaS2CaPErRnt o h iRy B ghrhiPhg been
provi ded mnth a cond pIurallty of ajr yents, said second plurality of air
Dent s DM T HAISY HEBHT (2 Ve EPRIY, P BLod dhies IR G0l P Gl iy

second plurallty of air vents releasing 40
between "said internal and said external layer of mold compound.

18. The method of claim 1, said first surface of said heat
spreader extending over the surface of said internal layer of
mold compound, further extending over said cavity provided
between said internal and said external layer of mold compound,
further extending over the surface of said external layer of mold
compound, said heat spreader additionally overlying said external

surfaces of said external layer of mold compound.

19. The method of claim 18, said heat spreader further being
connected to ground pads provided in or on a second surface of

said semiconductor device mounting support.
20. The method of claim 19, said connection being provided by

interconnect wires mounted in said cavity between said internal

and said external layer of mold compound.
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air-fromthe internal layer of nmold conpound during the process of creating
said internal |ayer of nold conpound. 60. The sem conductor devi ce package
of claim 27, said external |ayer of nold conpound being an external nold
cap having been created applying at | east one external nold gate. 61. The
sem conduct or devi ce package of claim 60, said external nold gate having
been provided with a first plurality of air vents, said first plurality of
air vents being | ocated around a periphery of said external nold cap, said

first plourahheymethadr ctedt sihel easéay addndddindrh®exie prak idayebyof nol d
conpound during the process of creating said external |ayer of nold

conpounc] L4+ the 15eBbaANEHELEr e 88X CRaPRtK adPlagd18idd 24 s92id chiteynal
| ayer of nold conpound being an 1 nternal nold cap having been created

appl yi NG Alydeash iaNent BLALDALADLY Gl el T diadiagRIC Bhpblihg2, sai d

i nt er nal gate having been provided with a second plurality o
vents, sald second plurality of air vents being |ocated around a peri phery
of said internal nold cap, said second pIuraIity of air vents releasing 41

air fromith |nter al. layer _of ou the rocess_of creating
sai d |n?grn§] |§§§3° O%D éaéﬁ bu%%ﬁ r%? %g§ @g' GruRa” plan
A A@DAsdﬁroun g%Aggé FatA§eastABne semiconductor device by filling

said cavity between said internal and said external layer of mold

compound with an electrically conductive epoxy.

23. The method of claim 1, additionally forming a Electro
Magnetic Interference (EMI) shield surrounding said at least one
semiconductor device by filling said cavity between said internal
and said external layer of mold compound with an electrically

conductive epoxy.

24. The method of claim 1, said external layer of mold compound
being used as a dam during said dispensing layers of thermally
conductive epoxy due to said second height exceeding said first

height by a measurable amount being used.
25. The method of claim 1, said Plastic Ball Grid Array (PBGA)

conforming to standard Plastic Ball Grid Array (PBGA) package

dimensions.
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angle;

layers of thermally conductive epoxy dispensed in said
opening provided in said first layer of mold compound and in said
cavity provided between said first and said external layers of
mold compound;

a heat spreader provided over the surface of said first
layer of mold compound, said heat spreader having a first and a
second surface, said first surface of said heat spreader facing

said at least one semiconductor device, said first surface of
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28. The semiconductor device package of claim 27, said heat

spreader comprising metal.

29. The semiconductor device package of claim 27, said heat

spreader comprising thermally conductive epoxy.

30. The semiconductor device package of claim 27, additionally
end-of-line processing having been provided for said package,
contact balls having been connected to the first surface of said
semiconductor device mounting support, completing creation of a

Plastic Ball Grid Array (PBGA) package.

31. The semiconductor device package of claim 27, the second
surface of said heat spreader being in a plane with the surface

of said external layer of mold compound.
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34. The semiconductor device package of claim 32, said connection

having been provided by electrically conductive epoxy applied in
said cavity between said internal and said external layer of mold

compound.

35. The semiconductor device package of claim 27, said first
surface of said heat spreader extending over the surface of said
internal layer of mold compound, further extending over said
cavity provided between said internal and said external layer of
mold compound, further extending over the surface of said second

layer of mold compound.
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between said internal and said external layer of mold compound.

38. The semiconductor device package of claim 36, said connection
having been provided by electrically conductive epoxy applied in
said cavity between said internal and said external layer of mold

compound.

39. The semiconductor device package of claim 27, said first
surface of said heat spreader expanding beyond the surface of

sald external layer of mold compound.

40. The semiconductor device package of claim 39, a connection
further having been provided between said heat spreader and
ground pads provided in or on a second surface of said

semiconductor device mounting support.
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applied in said cavity between said internal and said external

layer of mold compound.

43. The semiconductor device package of claim 27, said first
surface of said heat spreader extending over the surface of said
internal layer of mold compound, further extending over said
cavity provided between said internal and said external layer of
mold compound, further extending over the surface of said
external layer of mold compound, said heat spreader additionally
overlying said external surfaces of said external layer of mold

compound.

44, The semiconductor device package of claim 43, said heat
spreader further having been connected to ground pads provided in
or on a second surface of said semiconductor device mounting

support.
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layer of mold compound.

47. The semiconductor device package of claim 27, a ground plane
additionally surrounding said at least one semiconductor device
by filling said cavity between said internal and said external

layer of mold compound with an electrically conductive epoxy.

48. The semiconductor device package of claim 27, a Electro
Magnetic Interference (EMI) shield additionally having been
formed surrounding said at least one semiconductor device by
filling said cavity between said internal and said external layer

of mold compound with an electrically conductive epoxy.
49. The semiconductor device package of claim 27, said external

layer of mold compound having been used as a dam during said

dispensing layers of thermally conductive epoxy due to said
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dimensions.

51. The semiconductor device package of claim 27, said heat
spreader design further having been optimized in order to improve

package thermal performance.

52. The method of claim 1, said at least one opening having been
provided in said internal layer of mold compound exposing the

surface of said at least one semiconductor device.

53. The method of claim 1, said at least one opening having been
provided in said internal layer of mold compound not exposing the

surface of said at least one semiconductor device.

54 . The semiconductor device package of claim 27, said at least
one opening having been provided in said internal layer of mold
compound exposing the surface of said at least one semiconductor

device.
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56. The method of claim 1, said creating an external layer of
mold compound being an external mold cap comprising at least one

external mold gate.

57. The method of claim 56, said external mold gate having been
provided with a first plurality of air vents, said first

plurality of air vents being located around a periphery of said
external mold gate, said first plurality of air vents releasing
air from the external layer of mold compound during the process

of creating said external layer of mold compound.

58. The method of claim 1, said creating an external layer of
mold compound being an external mold cap comprising at least one

internal mold gate.

59. The method of claim 58, said internal mold gate having been
provided with a second plurality of air vents, said second
plurality of air vents being located around a periphery of said

second mold gate, said second plurality of air vents releasing
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10H 10Hlayer of mold compound being an external mold cap having been

created applying at least one external mold gate.

61. The semiconductor device package of claim 60, said external
mold gate having been provided with a first plurality of air
vents, said first plurality of air vents being located around a
periphery of said external mold cap, said first plurality of air
vents releasing air from the external layer of mold compound
during the process of creating said external layer of mold

compound.

62. The semiconductor device package of claim 27, said internal
layer of mold compound being an internal mold cap having been

created applying at least one internal mold gate.

63. The package of claim 62, said internal mold gate having been
provided with a second plurality of air vents, said second
plurality of air vents being located around a periphery of said

internal mold cap, said second plurality of air vents releasing
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