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BACKGROUND OF THE I NVENTION (1) Field of the Inventlon venti on
selates te the fabrication of |ntegrated circuit devices, and nore

particularly, to a subs t used for creatin Ball Gid Array
package. (2) Descripti ohé%f espﬁg%ég} TFo FORANGHR Ig%ﬁ%nﬁﬂgor i ndustry has
since its inception achieved inprovenents in the performnce of

sem conductor devices by device mniaturization and by increasing the

devi ce packaging density e.ar aches that has been
used to create surface nnu%?ﬁée&%lgh glﬁﬁ%oun I'tegrated circuit packages
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)ar®dgeds fle FRELNG Gl ectrical. connections from where
the electrical connections are dlstrl uted to the surrounding circuitry

The input/output (I7dd i6P8MECHI BSardshab @@@ £a8r {8A8 chOof m%t@EPa@éde
therefore confined to the edges of the flat package, which Iimts the
nunber of 1/0 ¢oppent ides8cds, and more particularly, to a substrate that is

used for creating a Ball Grid Array package.

{(2) Description of the Prior Art
The semiconductor industry has since its inception achieved
improvements in thé performance of semiconductor devices by
s 0 device miniaturization and by increasing the @evice 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
configuratioﬁs. For the QFP, closely spaced leads along the four
edges of tﬁe flat package are used for making electrical .
connections from where the electrical commections are distributed
to the surrounding circuitry:. The input/output (I/0) conmnections
that can be made to the QFP are therefore confined to ﬁhe edges

of the flat package, which limits the number of I/O connections



that can be made to the QFP even in applications where the pinto pin
spacing is small. The QFP has found to be cost-effective for sem conductor
devi ces where the device I/O pin count does not exceed 200. To circunvent

this linitati oOgha@ BWVoRaEARIRo enBalie @i dr bpi LBEAs RAEHRIELFInPESN

i ntroduced. For the BGA package, the electrical contact points are

di stributed ovelintdificiest Ls Bt Ofas Wrbakes Fbublie:Paekass: - kbainal ikpg the
.restriction of having I/O connects only around the periphery of the

package. Mor eseptdé@tiucpolr e ivek hwhdfec8herdefagi N Pehvesmt Bses Gitact
points can therefore be all ocated across the BGA package than was the case

with the QFP. theeedroact TPpatiticintmd taie UNEdatodn ! ReneB@hdragknge saALE
typically solder balls that have the added advantage of facilitating ref

| ow sol deri ng Gkidherpgcknege gquickage hasi beed ietrodidednossd.tHer BGE Art
substrat e packagi ng uses ceram c and plastic BGA packaging. Ceramc
substrat e packagrhgges tdrpehsitrd cahdedraect paign axe |digtrildiedpevénrtimnce
of the overall package. Recent years have seen the emergence of plastic
BGA packagi ng; €ffizse BoPiRf afgs obddwnpackrgmphininasany da& gastaigtion
frequentl-y - used in high volunme BGA package fabrication. The substrate- of
Pl astic BGA (PBEAPRHIRKIJE porrestasoskt psPurd dhel penirberysel ther package.
| ow-density flip-chip ICS. if the nunber of pins emanating from the ICis
hi gh, that is MPTExESREACH PLW-HWASh Freater spacipngpegtween the contact .
pgints 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
advanhtage of facilitating reflow 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 substrate of
Plastic BGA (EBdA) pabkage performs satisfactorily when used for
low-density flip-chip IC’s. If the number of pins emanéfing from

the IC is high, that is in excess of 350 pins, or if the number



2 of pins comng fromthe ICis |less than 350 but the required overal
package size is small, or if the chip power dissipation is high (in excess
of 4 Watts per chip), the substrate structure becones conplicated and

expensi ve. The dyeL! o Addese R hhaci q.8l Adeaks it Lhg! dfadsgd 11

PBGA packages in er a die-up Wn~Told chase.

5, 872, 396 (Ful | Bl Shodsch beal (SPLRAFET oisi % IRL pegemmadosode

nol d «cavity. US shows anot her sim | ar a rea

design. US 5, 9745 846n( VA tex@ks8l o 4U§a&d§%r3%ﬁ)ﬁogﬂg)s®@gr£@ s%r&ﬁéﬁ%?_lgm

(Mertol) show rel at éd heat spreaders and rmet hods. UMWARY OF THE |

A principle objgsidnss EEmﬁﬂ%%aE@X%ﬁkﬂQﬂpéﬁ%ﬂd@.prOVide a nmethod of nounting
a heat shield over a sem conductor substrate such that the heat shield is

positioned precisely, preventing problens of heat shield shifting or
tilting. 3 Another principle objective of the invention is to provide a

met hod of nounting ahbeftveitiohdaditelsas SRCEAG BIC GOheSEHISK! Bhat iSUGHed hat
the heat shield is firmy held in placer preventing problens of heat
shi el d shiftingimrPEGAl pacithges in either a die-up and or a die-down wold chase.

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 spreaderxr

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.
SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method of mounting a heat shield over a semiconductor substrate
such that the heat shield is positioned precisely, preventing

problems of heat shield shifting or tilting.



Anot her objective of the invention is to apply a heat sink over the
surface of a substrate without the need for adhesive material. Another
obj ective of the invention is to provide a nmethod for inproved heat

di ssipation fromthe_heat sink jnto the underlying substrate. Yet apother
ob ect ve of the i nOBRONG PFARELP ISy G99 HRF IV PECHIS, SRR 1 ‘CORFBEIIA

bet t he heat .sink dth f f derl yi bstrate. A still
TSI Wt T AR ST QRINER 12 S
typicall h j . . P . Astill f h

yorcal | causedly chle Bathesl i olooy PORMpagkane, ALl bl

t he seniconducha%ﬁgﬁM%cg%gﬂg& Sﬂfggﬁgﬂiggh%?Pgﬁgggﬁga?ckage. 4 In

accordance wt e objectives 0O e 1nve nmet hod i s provided
to position and secure a heat sink over the surface of a sem conductor
devi ce nmounting support, the latter typically being referred to as a

semi conduct or  subst pabeneA otBLHEAL of Ohe IERRAEES, 13 £6SHRY & hddiessmt face
pf t he substrate over which the heat S|nk is to be nDunted. The heat sink
is (conventiongdy raR0sitadlabt PfsubBeritlALLON tBEONELEEW Ldhesive

material.

Another objective of the invention is to provide a method
for improved heat dissipation from the heat sink into the

underlying substrate.

Yet another objéctive of the invention is to provide
effective grounding connection between the heat sink and the

surface of an underlying substrate.

A still further objective of the invention is to remove the
antenna effect that typically caused by the heat sink of a PBGA

package.

A still further objective of the invention is to provide
good electromagnetic shielding of the semiconductor device that

is mounted in a PBGA package.



dinples that . formthe interface between the heat sink and the underlying
substrate. The dinples of the heat sink are aligned wth and inserted into
the recesses that have been created by the invention in the underlying

substrate for this purpose, firn, securing the heat sink in position with
respect to the-'subs%ﬁl °€f’r§ﬁcﬁzwﬁ>é%¢§q3?P O ePHRE DRAWREEHECY. @ PFhows a

ti f Prj Art_ P tic Ball id A PB k . Fig.
It B LA EETON AR MR
i ti t PB . Fiqg.. 3 sh .a fi .detail of th W t
7T on 0,2 RGP I0g il 8103 AL Ak ool, Wl Bt ren
PBGA bstrat s i t] FlLg. .4a il of th
7O Uty 0okl WD e 18 a8 AIRERASEEOUL L BT 11

in the PBGA syhstoates Qs EQ@eéé%\ée%i%aét €4zl Qéré)afclgit g:‘? %%akuﬁé@%tﬁgfve

been inserted into the recesses of the P substrate. IS sim

to the cross seGfd:OfniHAlcnkeSheOWInk fs tofBe EMRIEAOSTeSBELE AAnkNRE 1S
shown in Fig. 4b has additional layers of interconnect traces added to the

substrate. Fig.(lnsRavsor1tp a6k dRkabhriolost BRe aldvanpRs) phothedivibhes  of
a heat sink with the recesses that are created in the PB _
- dimples that form the interface between the heat sink and the
underlying substrate. The dimples of the heat sink are aligned
with and insexted into the recesses that have been created by the

invention in the underlying substrate for this purpose, firmly

securing the heat sink in position with respect to the substrate.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 ghows a crogs section of a Prior Art Plastic Ball

Grid Array (PBGA) package.

Fig. 2 shows a c¢cross section of the application of the

substrate of the invention to a PBGA package.

Fig. 3 shows a first detail of the alignment of the dimples
of a heat sgink with the recesses that are created in thé PBGA

substrate of the invention.



substrate”of .the invention; the dinples of the heat sink have been .
inserted into the recesses of the PBGA substrate, a |ayer of thermally
tonducti ve epoxy has been applied. DESCRIPTI ON OF THE PREFERRED

EMBODI MENTS I n typical Prior Art cavity-down_enhanced_ BGA packages a nmjor
part of the package T3 -nf@cShaysor $eqedt detd!l QR dlivmeniegf siitk has a
surface that is electrically conductive. The top of the ICchipis in

cl ose physical CoMRiRR Oh ® Pre SHRARIEERKERS 55847 FRabNRS FEeprtRrbinokhe
thermal | y conductijve oxy that |s , deposited over the physical interface
bet ween the 1C %%éhaﬁ’rgj%f:ﬁ%te'r? aFLEi’rﬂ?’.e PRadtep ’rr?ﬁ1§so$f ttrSTL? gﬁarclisénﬁre
conductively bonded,, 6 using w.re-bondi ng techniques, conductive | ayer
of the support PRGS S FRFE S the° p%g‘fkgﬁ%?sg?ﬁeogtfg’set %g?lg stug’ﬁg"'éftse'used for
| C packages can contain multiple |layers of interconnect netal in addition
to conductive vices and contact points for the interconnection of

overlying layers ofgfmtal. ;& éﬁ%ﬁgi&a'thétéﬂs%ngécﬁ% Pﬁgf%rst sBbwrt 44! C

-substrate to provide rigidity tot substrate. Contact |'s are atlgéched

to a first surfage Ohe lh8shGash Al 1khen&NLACk g k! Sadralsas €l sehr i cal

contact with conductive traces on the first surface of the I'C substrate.
The conductive thge8s &N ihBerddrnebt SM8CEaRia Ebet@%kéﬁfzﬁ:ef.urtlher

i nterconnect the Solder balls to
Fig. S shows a third detail of the alignment of the dimples
of a heat sink with the recesses that are created in the PBGA
substrate of the invention; the dimples of the heat sink have
been inserted into the recesses of the PBGA substrate, a layer of

thermally conductive'epoxy has been applied.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

In typicallbrior Art cavity-down enhanced BGA packages a
major part of the package in made up of a heatsink, whereby the
heatsink-has a surface that is electrically conductive. The top
of the ic chip is in close physical contact with the heatsink via
a thin adhesivé'layer of tHermally conductive epoxy that is
deposited over.the physical interface between the IC éie and the

heat sink. Contact points of the IC die are conductively bonded,



surrounding circuitry or functional elenents. Bond wires provide a

W re-bond connection between contact points on the active surface of the

1 C di e and. conductive traces on a second surface of the substrate. A

sol der nmask | ayer, is deposited over the surfaces of the _substrate to

provi de sol der ‘¥oMFe¥tTomordtRe teshpidiennsR 3 £PRAUrEiys dovee Ptk
openings that are aligned with the contact balls and conductive traces on
the first and sBEPREFCIRYFRsEsatt ofhkhe @3gkaI®ubstrate. The IC die is
typically encapsul ated using an encapsulation material surrounding the die
and the bond wres. 7 For purpose of packagi ng sem conductor devices and

for addressing therpal concerns of such packages, present trend i.n the
i ndustry is to pl acé['g?n% T8he ddfendg HifY ﬁ@r%%PREF39%W8rW€éHOf

packaged device Led with Low.,assenbly an uni t t of the | et ed
package. Gener a'ﬁ‘illf}:,%)ltR ﬁefsia elrr?c‘rjéalsné:(? FegeEnd S eg?Jé et d§§é O I(“Cc’)vﬁ °ﬁ’8%§g§"%r

more of the Tolvoul Uga BRRABCEENC, cBY LICKERSING.E0E; BPIGBLE0C 0L COPPEr

i s contained e substrate over i évice |'s nourit this

can be | accompli st BY L0 DL WAL PRI LRI N Jenpihy 96 the

i nt erconnect | i nes over the surface of e substrat I nCr easi ng.the
paddl e size of Lhesd@ePtdd@vodE rIMILEHy IF the substrate. Contact balls are

attached to a first surface of the IC substrate, the contact
balls make electrical contact with conductive traces on the first
surface of the IC substrate. The conductive traces on the first
surface of the substrate further interconnect the golder balls to
surrounding circuitry or functional elements. Bond wires provide
a wire-bond connectién between contact points on the active
surface of the IC die and conductive traces on a second surface
of the substrate. A solder mask layer is deposited over the
surfaces of the substrate to provide solder connections. The
solder mask 1ayéf is provided with openings that are aligned with
the contact balls and conductive traces on the first and second
surfaces Qf the IC die substrate. The IC die is typically
encapsuléted using an encapsulation material surrounding the die

and the bond wirés. N



devices is nmounted by including additional |ayers of netal in the
substrate over which the devices is nounted by increasing the thickness of
the nmetal planes contained in the substrate over which the device is

mounted; this by ggr pugwg@%%eggﬁﬁﬁge%%cgﬂw&o BEFNERS shAYES: gfy copper

as opposed to using a ohe-ounc ayer of copper, an h

addi tion of thguERksPALS ch¥tAS %ﬂﬁéﬂsd%ﬂf. %?:%ﬂr gagl‘(ﬁﬁsy"‘?gg&r}th%rgﬁ&’ Ge 1S

nounted. 8 In addition,” an approac at i e en 1s to provide

for an exter nalthge%?]@;}?e%@i%‘ ﬁﬁﬁﬂef czjegééc?%ﬁag&‘s Uy @ge p&ﬂ?er(nEEGzr

circul ar design; suc at sink can be attached to a I e-up

package. The prj.QkcakinRRAckagetdlal ﬁévi%@g"\@oxh{iﬁﬁ{‘ﬁ?b%éﬁt 5%‘%&‘{526?% Fil g

foll ows closely the package of the invention.

1, the die 12 isifDuodteGrO¥RE ddiP1ebéd 3eRxlbe. Tehstinle LB.sdnkseadiher ed
t hereto by adhesive layer 18. Interconnect vices 15 have been provi ded

t hrough subst r alemahds ardin@ECiONRALbAGLE QREUSE iMvRet sAGHE BHLEowiagond
surface of substrate 13, of which traces 28 and 30' are representative
exanpl es, with apprdachesse traces on a first surface of substrate 13, of.
whi ch traces 26 are representative exanples. Heatsink 10

¢’ by increasing the percentage of copper that is contained in
the substrate over which the device is mounted; this can be
accomplished by for instanhce 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 is mounted

¢ by including additional layers of metal in the substrate over

which the devices is wounted
¢ by increasing the thickness of the metal planes contained in
the substrate over which the device is wmounted; this by for
instance using.a two-ounce thickness layer of copper as
opposed to using a one-ounce thickness layer of copper, and
e by the addition of thermal pads, vias and solder balils over

which the device is mounted.



rests via contact arnms 17 on contact adhesive 11 that are provided on the
surface .of substrate 13. Layer 19 is a layer of thermally conductive
material that is selected so as not to inhibit heat transfer fromdie 12

to the heat k 10, A d 34 d t f f th
st)r ucteurga \?\/Imnch ur dﬁoi;l%ﬂ'g%np%’?%?ﬁ?&skﬁ%% t%‘gl\%rél%h%]%%r g'(htg’ Ioocat |eon

of the vias 15 assm t hr ou h sub ate 13, as .shown i C[L 0SS SecC

Fig. 1is not r tgfa% e g’f é I Ph "gttlicg‘ 3¢ f{] %%Stat%:ﬁt%t | as
but is shown here t |nd cat hat el.ectric contact, is e

means of these vplalsgfjet We €l §ui&h’t éjiggoﬂlhbc%ucsr%\c}éeftt RAE: &F8 %?owt(?gg%% tbotah
surface of subst&lt 1;];’;’t;ASonanf t hese vias 15 can al so be used to .
establish a groun Bonnectron Pet ween the heat sink 10 and one or nore of

the contact balls 31. Were the cross section that is shown in Fig. 1 shows
a substrate that is provided with one |ayer of conductive traces over

both the upper and t el ues: SHE(ALRAGE SIS LEA DS n At ue ACKATE by

not limted to this but can contain, in the substrate 13, nultiple |ayers

of interconnect {rRA8&ws 1Rkl YERg p'aa)ﬁ&‘{;é S chPatderpesh and eichedanetal .
The limt to the nunber of layers that can be created as part of a IC.

substrate is | argaiagedst emr@ ned e GegUiZ ERERbSaa BUEE tuhecBhr el 6 MANCE

of the PBGA
substrate 13 and is adhered thereto by adhesive layer 18,
Interconnect vias 15 haﬁe been provided through substrate 13,
interconnecting conductive traces on a second surface of
substrate 13, of which traces 28‘ and 30¢ are representative
examples, with conductive traces on a first surface of substrate
13, of which traces 26 are representative examples. Heatsink 10
rests via contact arms 17 on contact adhesive 11 that are
provided on the surface of substrate 13. Layer 19 is a layer of
thermally conductive material that is selected so as not to
.inhibit heat traﬂsfer from die 12 to the heatsink 10. A mold
compound 34 is formed over the surface of the structure, which
further also surrounds bond wires 28 and 30. The location of the
vias 15 passing through substrate 13 as shown in cross seétion in
Fig. 1 is not iebresentativh of the actual location of those
contact vias but is shown here to indicate that electrical

contact is established by weans of these vias between



package and by constraints inposed by manufacturing and reliability of the
PBGA package. PBGA packages can be created. in either a die-down or a die-
‘up configuration, which relates to and is indicative of- the nanner in

which th ity ' i red ' he LC die |

po!sicti E)ngdc\?\nylt thylrn té;gg&e% %c%e?ﬁéeéegsr (.%’g sate]icfl'tefjg%#%%ent%ﬁe Otc%%/gﬁ’éﬁc%ﬁ&é%bés&ﬁﬁ%.
Th I'e that,;h i in. Fig. [ i e- l.i [ di
the di e, w thi n oSl dicSRBatNASoss o 3Loe el S BabBRiishih bulla" e
di e-d i ' ' ' |.i kO di e-d | d
chase 15 used (TSPEPRERR SR ol R st pIC S Bl BEURHE et

encases the PB he, heat sink is positioned inside the nold
cavity prior to c%@%?ﬁg%%ﬁ% §1ehcapsu|ant (nol d conpound 34, Fig. 1) over
the substrate and the heat sink. The heat sink is designed, as will be

further explained at a later tinme, having self-alignnent features to

secure itself in theypold avitdes WALENATRARE {N13hohR AURESI VE disys’£QUI Ted
to physically attach the heat sink to the substrate. it 138 however

possi bl e that thistREAEIEHRE CONNRRALOA HRBS ROt 1ayREOYE dRnadeEURL Eraces
groundi ng-of the heat sink through the dinples (the interfaces between the

heat sink and t hevd:Costippiet upfler SHAS th@tIRWek OsidtRcer Ofinshhpagiste0fiat he pBGA
substrate, degrading the

package is not limited to this but can contain, in the substrate

13, multiple layers of interconnect traces in overlying layers of
patterned and etched metal. The limit to the number of layers
that can be created as part of a IC substrate is largely
determined by requirements of electrical performance of the PBGA
package and by consﬁraints imposed by manufacturing and

reliability of the PBGA package.

PBGA packages can be created in either a die-down or a die-
up configuratioh: which relates to and is indicative of the
manner in which the cavity that is regquired for the housing of
the IC die is positioned with respect to the cross section of the
overall PBGA package. The example that has been detailed in Fig.
1 is a die-up éﬁplication gince the die, within the mold compound
34, faces upwards. From this the die-down appiication can readily

be visualized.

10



el ectrical performance of the, package. Wien a die-up nold chase is used,
t he heat. sink nmust be bonded to the surface of the substrate using an
adhesi ve material that is applied prior to the nolding process. Prior art

t hod f [ t tool f I ck-and- t 0ol, t
g oo o S Rl AR do Bt L
the | C supporti ng¥s subs%rg{ 0“5)838@'% gag'resh e!to%q%‘ PACH3SS! i ﬁh%%@:

t th h h f t bst
T g b A i I B A
used to descri be %s{zfélxﬁpt &ngrfd c?vm%gul%lszd. hav qB over l{h e Slj)gﬁ%@%saﬁ&.' (&i‘

are shown in the Cross section o evi 6us Beeh expl ai ne

under the cross SEGt E?Hko‘cl th%at ]sa.nghf€%e%|1 ﬁrgdwt %Sr‘em |@u€ﬂkg?u2 as they

have been explalned here Oor € not nee rther

expl ai ned at thigohiaiEea e 38CEAL cibeNERl ok Osdile ol RN OB AL G oNE, ar eas

of heat sink 10 that have been highli ght as areas 0 These are the
sections of - heatgsiie 10sdiatinhave Regnc4-aft ? I @ dOmasnd N@ar dhdRladss ofe tike

heat sink. The dinples of a heat sink are t parts of the heat sink 10

that formthe phﬁédul&bdlf6€yh&§$@ally attach the heat sink to the substrate. It
is however possible that this wanner of counnection does not
provide adequate grounding -of the heat sink through the dimples
{the interfaces be;ween the heat sink and the IC supporting

substrate) to the ground pads of the substrate, degrading the

eleCtrical'performance of the package.

When a die-up mold chase is used, the heat sink must be
bonded to the surface of the substrate using an adhesive waterial
that is applied prior to the molding process. Prior art methods
of using a jig kélignment tool) of a pick-and-place tool can then
be applied to position the heat sink dimples such that these
dimples land one the surface of the intended locatione or ground
pads on the surface of the IC supporting substrate. The adhesive
layer has to be'eured in order to secure the heat sink on the
surface_gf-the IC supporting substrate, this curing ie performed

prior to the molding process.

11



bet.ween the Il egs 17 of heat G nk 10 and the underlying IC supporting

substrate 13. it has previously been indicated that substrate 13 may
ccontain a multiplicity of interconnect and ground | ayers, one such |ayer
has been hi ghlighted |n the cross section of Fi 2 as layer 42, which in

this case i s defineda8: HeihFovneesgt SandFcHibe fnyen igrdetandt rit e

13. O k f t.o t th 44 that h
been . or oat ed | nOPHEL T 41 CABBIC S UBEE St P19 FRBERe R nGE Apm oF

trate th t to th f 42 th f
of gr ound |a§ef“§S r%oﬁﬁ %gvsre?mgﬁéfev Hee8 iy ipneed ApaRt o " Hgepdation dne

he di npl ith that the, heat . h
Sur face 46 of Subkl die ded manats SR Tk P rhos th URCRIE 5

clarity, been sh l.J.ght er, in.dianeter t he.d Ies 40.

It is however g&aﬁ%ﬁg f?‘ﬁédlg’l o;knl?{lfgg hecfgfgurfacege?)? 5rcr’f)’l %s t%% wll,

after the heat gﬁﬁﬁﬁggﬁ been;pl aged in position and in contact with |ayer
t e )

42, make cont act corners of openings 44 where the sidewalls of
openings 44 intersect with the surface 46 of substrate 13. A slight
elasticity of the dinples 40 allows for the application of a (relatively

smal I') pressure t.o thg bgatisl Ahteddsd he thaBiBatiddarbeate Siraks st hehped

with the I C supporting substrate 13. Care nust betaken in this however

SInce an excessS gink 10 that have been highlighted as areas 40. These are the
sections.of.heat sinﬁ 10 that have been referred to as the
dimples of the heat sink. The dimples of a heat sink are the
parts of the heat sink 10 that form the physical interface
between the legs 17 of heat sink 10 and the underlying IC
supporting substraté 13. It has previously been indicated that
substrate 13 may contain a multiplicity of interconmect and
ground layers} one such layer has been highlighted in the cross
section of Fig. 2 as layer 42, which in this case is defined as
being the grounh'layer'that is part of substrate 13. Of key
significance to the invenﬁion are the openings 44 that have been
created in the surface 46 of substrate 13. These openings 44
penetrate the substrate to the surface of layer 42, exposing the
surface of groﬁﬁd layer 44: Openings 44 are used by the invention

to position and secure the dimples 40, and with that the heat

sink 10, with respect to the surface 46 of substrate 13. The

12



of .force applied during this operation of assenbly may result in creating
cracks in the surface 46 of substrate 13, due to the |large clanping force
that is.applied during the subsequent nolding process. Methods of |aser
drilling, plasma drilling, nechanical drilling or nmlling can be used to
create a pluralFP§FREIHHENERGR 07 repaome 3uPkagdeyddbasn sheygt tatke 13, The
recesses that are, created in this manner in the surface 46 of substrate 13
are used to anéHoPRthe JREGET sithdigneiRtedban e JRBRNES A0t HEF dFolevasest i on
of Fig. 2. The depth of the recesses that are created in _substrate 13 nust
be such that th&l8aFfERed sheskprindoopisdde parfasgporbdimpiendy whtl, after
recesses, enabling the grounding to the 13 ground plane of undesirabple -
signal s or noi s&be hedt &iek; mgﬁénoﬁlacteﬁelﬁe%&s%ilﬁlk.a%la FEREr Wittep i n
grounding the heat sink of the .invention, the recesses 40 that are forned

in the substrat &%5h *he "okat BPSACENWITE TP ERMEEScOh FBIER A%t L4stBpFofhe

nmetal plating is . optjonal. I n addition, adhesive,  epoxy can be di spensed
" hsi de t he 9ece3§§§§a¥% FEherainas §& BFSETear 11258 %ﬁé“ﬁ%a?? 46 Pho. di mpl es

00 BT B S Rl et S e I
L the application of a {(relatively small) pressure to the heat éiﬁk
at the timelﬁhat the heat sink is joined with the IC supporting
substrate 13. Care must be taken in this however since an excess
of force applied during this operation of assembly may result in
creating cracks in the surface 46 of substrate 13, due to the
large clamping force that is applied during the subsequent

molding process.

Methods of laser drilling, plasma drilling, mechanical
drilling or milling can be used to create a plurality of openings
44 in the surface 46 of substrate 13. The recesses that are
created in this manner in the surface 46 of substrate 13 are used
to anchor the heat sink dimples 40 as shown in the cross section
of Fig.'z. The'depth of the recesses that-are created in
substrate 13 must be such that the surface of a ground plane is

exposed through the recesses, enabling the grouhding to the

13



openi ngs (see regions 48, Fig. 3) between the |ower surface of the dinples
40 and the surface 46 of substrate. 13 where the I ower surface of dinples
‘40 overlies the surface 46. This to avoid the formation of voids trapped
and/ or contam nants i(? uch openi ngs, which can at g later tinme Jead to
del ami nati on andS5§PYR% &) anf)r%%lu@ﬁﬁ breRLE PLgnalet 9% dioifRe PEGARPS CRUGESIRY.
3 highlights regjons 4;8 leif)Ch are the referred to openings that nust be
avoi ded in the agb?i SH™0f the di npl es 40 of the invention. For this

reason, the openings that .are created, in the. . senj cqnductor, device support
surface are preferabl¥y & gﬁéberafgﬁp %?Fﬁ’é‘i‘%ﬁ%gk‘? $ap| S5 @%B‘éﬁ? Gid

Array substrate, .avoi.di ng ntrapment of yoids trapped.and/ or coptam nants
bet ween t he heat 1%g?%§io§ﬁdtﬁ%er CEETY 04%853(’?{: éﬁedfﬁgﬁ)eacg 1§ugé€f r’sé‘ggpré}f The
cross section of , Fi 4 hows. in.detail th I oper ppligatiq t.he .
hear sink of t he PRt AL e B8t dics bR DRELs BB HERET, Rl et

f 46 of IC i ! ok N ' i
SUbsiT ot o down ¢ SEPEORLL! Bl A RAISERE Sakdiul MrtutDEM B BENSLIRNC b0 cne

substrate down to pad o e sur

pl ane that is par, st iS. T ot } i Ss
posi ti oned above rtefﬁ%%%%gfr%?ée%\ﬂ}%ﬁiﬁﬁ #%?%pig%egﬁa% g%fﬁlli&aﬂ:?lan%ﬁ“pv]ﬁe?h

opening 52 - 51 43 eapatiiehneckhd aver fedtf sTBka o WRLCEh&® Lipidiei8gMe plane
as | ;

substrate 13.

It must be pointed out that it is desired to not create any
‘openings (see regions 48, Fig. 3) between.the lower. surface of
the dimples 40 and the surface 46 of substrate 13 where the lower
surface of dimples 40 overlies the surface 46. This to avoid the
formation of volids trapped and/or contaminants in such openings,
which can at a later time lead to delamination and similar
problems of réliabilit} of the PBGA package. Fig. 3 highlights
regions 48 which are the referred to openings that must be
avoided in the application of the dimples 40 of the invention.
For this reason, the openings that are created in the
semiconductor device support surface are preferably created at a
perimeter of the Plastic Ball Grid Array substrate, avoiding
entrapment of voids trapped and/or contaminants betweeﬁ the heat

sink and the Plastic Ball Grid Array substrate.
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nmetal |ayer 50 and which may or may not be connected with |layer 50 and
therefore may or may not be ground netal - the heat sink 10 is |owered onto
the surface 46 of substrate 13 wth the dinple 40 penetrating opening 52
to the point where the |ower surface of dinple 40 rests on the surface of

| ayer 50, nmaki-ng electrical contact with this layer. Fig. 4b is simlar to
the cross 'section that is shown Fig. 4a, the cross section that is shown
in Fig. 4b has addit {T88afro9sapersian oAnHi®3 46f shemtsedBofeiedd FRACESPRE t he
substrate 13. An alternate nethod of the invention is shown in cross

section in Fig. SPPIHTEFLOR 1 FBPI BeatoAdtE t9% Eh8 pRRprbAoRa<BEeH: deposit ed
over the surface of the bottom of opening 52 prior to 15 the positioning
and | owering of fH¥ PSR Mé 18 RAAteIndRihitee FPERPRAGPE IF FHRPETBERT
noted in the cross section of Fig. 5 that electrical contact is not
necessarily est aBfPEHEdepel wddhst PREDIRgaPeRGTTRIEY Hitd SUPSRARIET IS &I s
50 of nmetal. The horizontal ortions 56 of di n‘gl e 40 are,_ in the cross
section that is 3hdtm 2 PROEIYG P28, | hea fRBERGS AT 12 GFouRd (R} a8y Figle 1gpPart
inhibiting the egtahlishpent of electrical contact between the, dinple 40
and underlying ﬁgt% 855?{;%8935.18[)7:%‘7 dziogl?% G o ?’H’é‘sggab%lqc’@éﬁ?ﬂfgpﬁgw?et
used for the maip,purpose. i hat. hag. been | ai ned faor the use .of dinple
20, that 15 to poeb rBRRRRLY R B 6T P Sy STl il Belng

52 '

- 51 are patterned layers of metal which are in the same plane as

metal layer 50 and which may or may not be connected with layer

50 and therefore may or may not be ground metal

- the heat sink 10 is lowered onto the surface 46 of substrate 13

with the dimple 40 penetrating opening 52 to the point where the

lower surface of dimple 40 rests on the surface of layer 50,

making electrical contact with this layer.

Fig. 4b is similar to the cross section that is shown Fiqg.
4a, the cross section that is shown in Fig. 4b has additional

layers 21 and 23 of interconnect traces in the substrate 13.

An alternate wmethod of the invention is shown in cross
section in Fig. 5, where thermally conductive epoxy 54 has been

deposited over the surface of the bottom of opening 52 prior to

15



to.the underlying I C supporting substrate 13. Al though the invention has

been described and illustrated wth reference to specific illustrative
enbodi ments thereof, it 1is not intended that the invention be |limted to
those illustrative enbodi nents. Those skilled in the art will recognize

that variations &h¢ negiiticodng onsl taweiegnaliechs bhautsidépas tiveg akd gmtehe
spirit of the invention. it is therefore intended to include within the
invention all su®ReRHRS H2-0R% wied beoefitiedc Ani Bies cubde Bechion Wit Fia- tthébat
scope of the appended claims and equivalents thereof. 16 CLAIMS 1. A
Plastic Ball Gi & AFF’é‘;Faslul%@{l‘F%ﬂte lﬁoﬁo%mﬁﬁﬁwlé@n?%%&é#@@ beguorr ddieover
the surface thereof, corrprl S a sem conductor device support surface, -
sai d seni conduct &eat éosﬁ?fg(ﬁnt uaderlydeghbayerg SBeeh “BFBE dae Wp¥iroptal
| east one | ayer of atter ned and etched interconnect nmetal in_or on the
surface thereof, PRFCFRRR(OS0RE GMRE&I 40 AT 04BN E7PEY &°Cb1OP JPE et hetFOHRd
et ched |nterconnect net al ri sing a point of %round i nterconnect; _and
'n&lgg s

at | east one operﬁ‘hglﬁa\ﬁ e Mo B SPIPRCE FY SUTERTT 4FduETRIEEYT e

support surface, salg | east .0 openi_n created-in said_sem conduct or
devi ce support s A él%8899§ ﬂﬁ %ﬂﬁg Blcal %ontact etween the dimple 40 and

underlying metal surfaces. Dimple 40 is for these applicationé as
yet used for the main purpose that has been explained for the use
of dimple 40, that is to position the heat sink 10 with respect

to the underlying IC supporting substrate 13.

Although the invention has been described and illustrated
with‘reference to specific illustrative embodiments thereof, it
ig not intended that the dnvention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that wvariations and modifications can be made without departing
from the spirii of thé 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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sur.face of said at |east one point of ground interconnect. 2. The Plastic
Ball Gid Array substrate of claim1l, said exposed surface of said at

|l east one point of ground interconnect having been electroplated. 3. The
Plastic Ball Gid Array substrate of claim2, said electroplating
conprising a |layer of copper. 17 fill, Al # fill 4. The Plastic Ball Gid
Array substrate of claiml1, a |ayer of tu§r mal | y conductive. epoxy further
havi ng been applied over the surface BrAEi d at 1 east one poi nt of ground
interconnect. 5. The Plastic Ball Gid Array substrate of claim4, said
thermal |y conducti-vé BlstjichBythFrodebriayr edbdipse EppIuosatinh sehicepdugtor
thermal | y conductjve epoxy. 6.. The Plastic Ball Gid Array substrate of
claim 1, said at 9eVé§et Vite bperiwr§ase grerbat®iPr#s¥d:d seni conduct or
devi ce support surface having been created applyi ng nmethods of |aser
drilling, plasnma drilRiFRPICRBERSHATCAEVERS SMPRQE oS AT #FS nG21¢. seE RPIYEFC
Ball Gid Array substrate of claim1, said at |east _one .opening having
been created in SEVACEIHRROREUBYTRCEIBITINY SEFHFCVELTE aEEPHRY NFaFE etPS or

positioning heat sink dinples over the surface of said Pl %sti c Ball Gid
Array substr‘ate.layer of patterned and etched interconnect metal in or on the

surface thereof, at least one of said at least one layer of
patterned ana etched interéonnect metal comprising a point of
ground intérconnect; and

at least one opening having been created in said
semiconductor device support surface, said at least one opening
created: in said semiconductor device support surface exposing the

surface of said at least one point of ground interconnect.

2. The Plastic Ball Grid Array substrate of claim 1, said exposed

surface of said at least one point of ground interconnect having

been electroplatéd.

3. The Plastic Ball Grid Array substrate of claim 2, said

electroplating comprising a layer of copper.

\\
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8. .The Plastic Ball Gid Array substrate of claim1, said at |east one
openi ng having been created in said sem conductor device support surface
preferably being created in a perineter of said Plastic Ball Gid

Arx ay' substrate, avoiding entrapnent of voids trapped or contam nants

bet ween a heat siank TandPsaitdce PhEStGArdédBattayCeiusktAatayos latinat 2.8 1d8er of
hhi"illilfihl,Ilh/isJdl 11jt , 9. The Plastic Ball Gid Array substrate of
claiml, said seiieroatlytanddevice epoppoiurtber flayéndcrarg sppbiddedver orhet he
group of surfaces consisting of printed circuit boards and flex <circuits
and cerani ¢ subst§wifese af saAdpphisisastBane PCipd of gaguphdiagecommepri si ng:
a sem conduct or device support surface, said sem conductor device support
surface having a ¥4 F¥¢ BFrptdcsBebh@rddr pasy Rubstigptepelrrlgdovt dedidi t h
patterned and etched interconnect nmetal in or on the surface thereof, said
patterned and et cCHSFRAEBNEELVe PRORY BFEhPdRe FuBed GfteRealRiigption of
surface of said sem conductor device support surface being conductively
connected with safdtd FRETRA YD CRIEEVRePPHt-er connect netal provided in or
on the second surface of said sem conductor device support surface, at

| east one of said patterned and etched interconnect nmetal conprising a

oint of ground interconnect, at_|east. one openin :
P 9 : 6. The Plastic Ball Grid Array'%ugstégte of claim 1, said at

least one opening being created in said semiconductor device
support surface having been created applying methods of laser

drilling, plasma drilling, mechanical drilling or milling.

7. The Plastic Ball Grid Array substrate of claim 1, said at
least one opening having been created in said semiconductor
device support surface being used for positioning heat sink

dimples over the surface of said Plastic Ball Grid Array

substrate.

8. The Plastic Ball Grid Array substrate of claim 1, said at
least oﬁe opening having been created in said semiconductor
device.support surface preférably being created in a perimeter of
said Plastic Bail Grid Array substrate, avoiding entrapment of
voids trapped or contaminants between a heat sink and said

. Plastic Ball Grid Array substrate.’

\ 18
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havi ng been created in said the second surface of said seniconductor

devi ce support surface, said at | east one opening created in said-second
surface of .said sem conductor device support surface exposing the surface
of said at |east one point of ground interconnect; at |east one

sem conduct or deVi.cEhdBliaggiberrilpasidizoneg sweratdeosetaid Sustade of

sai d sem conductor device support .surface, said at |east one

sem conduct or deweadctrduatgr bdencesugpddt] shiyfdck] béind kkléddad Firodaltlide L M s
..electrically connected with said | ayer -of patterned and etched

i nt erconnect net &ope ol dadfagesprcopaisting of aprintedf cliomwudt betads and flex
sem conduct or device support surface; a heat sink positioned over a second
surface of said CS4ERPEThEREL BPrHEE euebsRyePt surface, said heat sink

havi ng been provided with dinples formng an interface between said heat
sink and said second surface of said sem conductor device support
surface,. said di rgpl es_havi,.ng been pasitioned above and inserted into said

at | east one operi’ng®nBRASTgChREN Grddt RerarnPagkapes eEOMRF 15489t ace of said
sen conduct or devi ce sug qQrt surface; and a nold congound appl i ed over the

second surface of saifl BONTRR OFY eS| RPLYp SOFE 2k 5348, S CanART L Pr

Conpound*epcasiruhevice support surface having a first and a second surface hévihg
been provided with patterned and etched interconnect metal in or
on the surface thereof, said patterned and etched intercomnect
metal provided in or on the first surface of said semiconductor
device support surface being c&nductively connected with said
patterned and etched interconnect metal provided in or on the
second surface of said semiconductor device support surface, at
least one of said patterned and etched interconnect metal
comprising a point of ground interconnect, at least one opening
having been created in said the second surface of said
semiconductor ée%ice support surface, said at least one opening
created in said second surface of said semiconductor device
support.surface exposing the surface of said at least one point
of groﬁnd interconnect;

at le%st one semiconductor device having been positioned
over the second surface of said semiconductor device sﬁpport

.surface, said at least one semiconductor device having been

19

R



sai.d at | east one sem conductor device in addition to encasing said

el ectrical connections having been provided between said at |east one
sem conductor device and said at | east one |layer of patterned and etched
i nterconnect netal provided in or on the second surface of said

sem conduct or de¢leetwigppoy tcmetbed with, sqhk IRVeaxstafc pRAL¢rr@d dndrataped
package of -claim 10, said exposed surface of said at |east one point of
ground i nt er connéBECRppnagt taded prestidedpimtasd onithe peeomf sirfec®a] said d
Array package of claim1l, sajd_ electroplating conprising a |ayer of
copper or equi vaPF&RtCREIPEEOT dE(YlC?I?“PPPIE18‘111?P2911111111111111111 CLis S

13. The Plastic Ball G.id Array package of claim 10, a Igﬁgger of thermally
conductive epoxy fur théEahatiHyPRELH-CUSH PERF GvERCME sustRtads 87 .%aid at

package of ol ai mETCBH o | RRT| SRR AT RE e p oA ST 11y e b HIR BHC
Gid ArTay packagBostoRl LR THPEP o LT (A RE B R RSB RGS ekt BT n
o2l 5o SOt S e SYPIRB SR, AU REEIS' 8852 SRS
o surface, said dimples having been positioned above and inserted
into said étlleast one opening having been created in said second
surface of sald semiconductor device support surface; and
almold compound applied over the second surface of said
semiconductor device support surface, said mold compound encasing
said at least one semiconductor device in addition to encasing
said electrical connections having been provided between said at
least one semiconductor device and said at least one layer of

patterned and etched interconnect metal provided in or on the

second surface of said semiconductor device support surface.

11. The Plastic -Ball Grid Array package of claim 10, said exposed
surface of said at least one point of ground interconnect having

been eléctroplated.

12. The Plastic Ball Grid Array package of claim 11, said

electroplating comprising a layer of copper or equivalent metal.

20
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16.- The Plastic Ball Gid Array package of claim 10, said at |east one
openi ng havi ng been created in said sem conductor device support surface
bei ng used.for positioning said heat sink dinples over the surface of said
Plastic Ball Gid Array substrate. 17. The Plastic Ball Gid Array package
of claim 10, said at |east one opening having bben' created in said

sem conduct or device support surface preferably having been created in a
-perineter of saitd-PreestfilesBit IBaGli @rin Payay usckpae ©f glaimilly 21layer of
11~1~1~11 111111115 pl~1~1~-L 111 entrapnent of contam nants between a
heat sink and sait@ePpaily] condiiiver pRP%; FRFtRarb SayHIE Peen. apmidep| esey &bBal |
Gid Array substrate of claim 10, said sem conductor device support
surface being selFSEERE HFofrth&t Jrdtlh B BAFaCESTXVIE RFHFOSPERY i nt ed
circuit boards and flex <circuits and ceram c substrates. 19. A nethod of
creating a Plastic Ball Gid Array package, conprising.the steps of:

providing a sem qanduct gn eVl G&,13UBRRL ety TG Rag@ e clainm 13, said
thermally conductive epoxy having been cured after application of

said thermally conductive epoxy.

15. The Plastic Ball Grid Array package of claim 10, said at
least one opening being created in said semiconductor device
support surface having been created applying wethods of laser

drilling or plasma drilling.

16. The Plastic Ball Grid Array package of claim 10, said at
least one opening having been created in said semiconductor
device support surface being used for positioning said heat sink
dinples over tﬁe'surface of said Plastic Ball Grid Array

substrate.

17. The Plastic Ball Grid Array package of claim 10, said at
least one opening having been created in said semiconductor
device support surface preferably having been created in a

_perimeter of said Plastic Ball Grid Array substrate, avoiding

\\\\\\\\\\\}\\\\S\\\3\
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sem conduct or device support surface having a first and a second surface,
sai d sem conductor. device support surface having been provided with a

| ayer of patterned and etched interconnect nmetal in or on the first and

the second surface thereof, at |east one of said at |layers of patterned

and et ched i Nt er COMNREIARL Y cofORRI-HitaTba RRRN, @atggwdaddngﬂ&maeaa
at | east one opening having been created in said the second surface of

said sem conductpaldexiiaeastgpenbssrtfeace, said at | east one opening
created in said second surface of said sem conductor device support
surface exposing the surface of said at | east one point of ground

i nterconnect; providing at | east one sem conductor device; 22 1111111 k
11~ 11~ 1~ 1111 |189%THe PlastGKkBall Sspadshrragnisnyssaitd af ¢kdst 10nesaid

sem conduct or device over the second surface of said sem conductor device
support surface; eemirsemdungesaieyige surportomrfaeni kaimdusebrctgdy Eren wiheh
said at |least one |ayer of patterned and etched interconnect netal
provided in or ong¥reep fr parkaask sensistdagnef pwinbed cdkcudl doagdai arshddexor
devi ce support surface; positioning a heat sink over the second surface of
said sem conduct Sir‘éfé\ﬁscén&ﬁﬂ%‘ﬁ‘%cswb%éte%al d heat sink having been

19. A method of creating a Plastic Ball Grid Array package,
comprising the steps of:

providing a semiconductor device support surface, said
semiconductor device support surface having a first and a second
surface, said semiconductor device support surface having been
pfovided with a layer of patterned and etched interconmect metal
in or on the first and the second surface thereof, at least one
of said at layers of patterned and etched interconnect metal
comprising a point of ground interconnect, at least one opening
having been créafed in said the second surface of said
semiconductor device support surface, said at least one opening
created in said second surfacg of said semiconductor device
supporé surface exposing the surface of said at least oné point
of ground interéonnect;

providing at least one semiconductor device;

22
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provided with dinples' formng an interface between said heat sink and
sai d second surface of-said sem conductor device support surface;
inserting said dinples into said at | east one opening having been created
in said second surface of said sem conductor device support surface; and
appl ying a nol d conppositienéngt deeids et ohshssiuphacerdbosd@idtors @t izendyet Qthe
devi ce support surface, said nold conpound encasing said at |east one
sem conduct or desscordi sudddiet oDeaid eemhsindgetet device aupponnestrifans;

provi ded between said at | east one sem conductor device and said | ayer of
patterned and et chedcorpratringnseict ateledstpooei sk condeurtagndenices @dbhdsaid
surface of said sem conductor device support surface. 23 20. The net hod of
claim 19, addi tﬁﬁh&rera?t ecrré?ctlmm A Rgtieined expoveded uiTtareoptetargtat

| east one point of i nterconnect. 21. The nmethod of cl ai m 20, said
el ectropl ating cQﬁﬂY& nﬁ‘é’r P’&yréfe SETEP L 871 AEroat SHELREE AL 5854 The

nmet hod of claim 19 further i | ayer .of thermally conductive epoxy
over the surface®BHCSERAY q‘?ﬁI ggg%%/ 5%81)5 t'rr‘iiturg?c iground i nt er connect. 23.
The et hod of Claln‘%2é1é§gﬂfﬁ a é%tt2§££nge %%Q%g%gn surface of said
semiconductor device support surface, said heat sink having been
provided with.dimpleS'forming an interface between said heat sink
and said second surface of -said semiconductor dewvice support
_surface;
inserting said dimples into saia at least one opening having
been created in said second surface of said semiconductor device
support surface; and
applying a mold compound over the second surface of said
semiconductor device support surface, said mold compound encasing
said at least one semiconductor device in addition to encasing
electrical conﬁécfions provided between said at least one

semiconductor device and said layer of patterned and etched

interconnect metal provided in or on the second surface of said

semiconductor device support surface.

_‘_.—_—__________________
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epoxy after application of said thermally conductive epoxy. 24. The nethod
of claim19, said at |east one opening being created in said sem conductor
-devi ce support surface having been created applying nmethods of |aser
drilling or plasma drilling. 25. The nethod of claim19, said at |east one
openi ng havi ng_been T edtesk idk @kt s §@J&§Hi%h§11ﬂ%\1b§@r§pl}&}&@ﬁé silsf ace
being used for positioning said heat si nk di npl es over the surface of said
Plastic Ball G i dxpssgay saubadd aifesadld gt} 184st ondljoinkl b’ g2fndThe net hod of
claim19, said at | east one opening having been <created in said

sem conduct or dewntersuppotrt surface preferably having been created in a
perineter of said Plastic Ball Gid Array substrate, avoiding entrapnent

of contam nants between a.- heat sink and said Plastic Ball Gid Array
substrate. 27. The nethod of claim 19, said sem conductor device support
surface bei ng selact ek Mmephed v gloup 2, said adestronsitdng neppirisprg it ed
circuit boards and flex circuits and ceram c substrates. 28. The nethod of
claim 19, additi GA¥FTPHCETPER RF ceRivEenbar¢@l -over the first surface of
said first surface of said sem conductor device support surface, said
contact balls being connected to at |east one of said patterned and etched

| ayers of |nterconnect netal in qQr on the surface of, said, sem conductor.
22. The method of claim 19, further applying a layer of thermally

conductlve epoxy over the surface of said at least one point of

ground intercomnect.

23. The wethod of claim 22, curing said thermally conductive

epoxy after application of said thermally conductive epoxy.

24. The method of claim 19, said at least one opening being
created in said semiconductor device support surface having been

created applying methods of laser drilling or plasma drilling.

25. The method of claim 19, said at least one opening having been
created in said semiconductor device support surface being used
for positioning said heat sink dimples over the surface of said

Plastic Ball Grid Array substrate.
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devi ce support surface. 29. The Plastic Ball Gid Array substrate of claim
1, said sem conductor device support surface further having been provided
‘Wi th at | east one |ayer of patterned and etched interconnect netal

therein, said at | east one |layer of interconnect nmetal being connected to

said |ayers of | Rleer e RRGhoBdBlc168 8 £d sAYETar S8hsk fdntész;pémlgSﬁmx%egeQﬂ
surface of said seniconductor device -support surface. 25 0. The

Plastic Ball Gi drlatéy PpPAskadasedfi c6h@ldBokOdesied suSSiitC 0gEdObretatiagly
support surface further having been provided wth at |east one | ayer of

i nt erconnect net dlavitherigen, csadtedatin 4 gastineter lofy saidPliant & ;anneetidret al
bei ng connected to said |ayers of patterned and etched interconnect netal
created over saifdrhyrsubsdmdtsaiaoddtoncrdyrpase of saitdndpantcohdtietor a
device support surface. 31. The nethod of claim 19, said sem conductor
devi ce support SwekagiEnk gpgheridh Aratib&ed 1 pfoid dseamigubshrateast one

| ayer of interconnect metal therein, said at |east one |ayer of of -
patterned and etched interconnect net al bei ng connected to said |ayers of

i nterconnect netal created_over saiq first and said _second surface of said
seni conduct or de\ﬁ ce Eﬁp}?ﬁﬁh?ds?ﬁ fc&@ém 19, said semiconductor device support

surface belng selected from the group of surfaces consisting of

printed circuit boards and flex circuits and ceramic substrates.

28. The method of claim 19, additionally providing contact balls
over the first surface of said first surface of said
semiconductor device support surface, said contact balls being
connected to at least one of said patterned and etched layers of

interconnect metal in or on the surface of said semiconductor

device support surface.

29. The Plastic Ball Grid Array substrate of claim 1, said
semiconductor device support surface further having been provided
with at least one layer of patterned and etched interxconnect
metal fherein, said at least one layer of intercomnect métal
being connectéd to said ldyers of interconnect metal_created over
said first and said second surface of said semiconductor device

-support surface.
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30. The Plastic Ball Grid Array package of claim 10, said
semiconductor device support surface further having been provided
with at least one layer of interconnect metal therein, said at
least one layer of interconnect metal being connected to said
layers of patterned and etched interconnect metal created over

said first and said second surface of said semiconductor device

support surface.

31. The method of claim 19, said semiconductor device support
surface further having been provided with at least one layer of
interconnect metal therein, said at least one layer of of
patterned and etched interconnect metal being connected to said
layers of interconnect metal created over said first and said

second surface of said semiconductor device support surface.

[Tne
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