21 March 2006 PBGA SUBSTRATE FOR ANCHORING HEAT SINK BACKGROUND OF THE
INVENTION (1) Field of the Invention The invention relates to the fabrication of integrated circuit devices,
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 improvementsanahe
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 ha®B8eAURSTRIEH RDR ENEHPRINGPEEKT GERY 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 (1/0) connections that can be made to the QFP are therefore confined to the
edges of the flat package, which limits tReAHHIBICoPFOrEBnRECHBASEhat can be made to the QFP even
in applications where the pin to pin spacing is small. The QFP has found to be cost-effective for
semiconductor devices where the device I/O pin count does not 1

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, 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 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/0O) connections
that can be made to the QFP are therefore confined to the edges of
the flat package, which limits the number of I/0O connections that
can be made to the QFP even in applications where the pin to pin
spacing is small. The QFP has found to be cost-effective for

semiconductor devices where the device I/0 pin count does not
1



21 March 2006 exceed 200. To circumvent this limitation, a new package, a Ball Grid Array (BGA)
package has been introduced. For the BGA package, the electrical contact points are distributed over the
entire bottom surface of the package, eliminating the restriction of having I/O connects only around the
periphery of the package. More contact points with greater spacing betweenzheveertactqaints can
therefore be allocated across the BGA package than was the case with the QFP. The contact points that
are used for tREBEA packatie Hre-typicalty 'Sotder balsahathave i atifdd divahtage’of facilitating

reflow solderi .%{ TYDe ackage onto a prin%ed %ircuit board. Pri%r Art sutg}sltr %}packa}%ing uses ceramic
and plastic Bé%l pacﬁfad/ing. Cgér mic stbstrate [?aegkaléﬁgo%ugfpénsﬁlre and has p%%%/eng to limit the

performance efthe averall package sRecentyears-have sseeptheiesergance of plastic BGA packaging;
this packaging has become the main stream design and is frequently used in high volume BGA package
fabrication. The sulistratefof Plastic BGR(PBGA)Package perfoimstsatistactcily when used for
low-density fllijp-é:hip IC's. If the number of pins egjanatin%fr,om the IC is higag, Epgt Is in excess of 350

pins, or if the number %{‘%iﬁgnggﬁﬁﬁgoﬁé% e 1%s Tessthan 360" bl the Te ui:redgg\'/e?qéﬂfepackage size is

small, or if the.chip. power: dissipatiangshigh: (kpexeassifi4 WattspRerchip). the substrate, structure
becomes

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 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
(PBGA) package performs satisfactorily when used for low-density
flip-chip IC's. If the number of pins emanating from the IC is
high, that is in excess of 350 pins, or if the number of pins
coming from the IC is less than 350 but the required overall
package size is small, or if the chip power dissipation is high
(in excess of 4 Watts per chip), the substrate structure becomes

complicated and expensive.



complicated and expensive. 2 21 March 2006 The invention addresses placing of a heatsink that is used
in PBGA packages in either a die-up and or a die-down mold chase. U.S. Pat. No. 5,872,395 (Fujimoto)
shows a heat spreader using a mold compound and a mold cavity. U.S. Pat. No. 5,641,987 (Lee) shows
another similar heat spreader design. U.S. Pat. No. 5,977,626 (Wang et al.) UiSMRathNo0 6,201,301
(Hoang) and U.S. Pat. No. 5,834,839 (Mertol) show related heat spreaders and methods. SUMMARY OF
THE INVENTION A Brihciplécabjectivis' of thé SAveRfion s to proviba® Méthdéd tof mothtting™a heat shield
over a semic%ctoraybstrate sgggﬁggt athcg Qegt shi%Id IS Boai}@p&céqgrgg%gI)éhpreventing problems of

heat shield shifting br fi t?r?ge.SAh%ther prlnc:lpleloBJepctﬁ/% of the invention Is o prowaéea' method of

mounting a heat shield over a semiconductor substrate such that the heat shield is firmly held in place,

preventing problems of heat shield shifting or tilting. 3 21 March 2006 Another objective of the invention

is to apply a heat sink
U.S. Pat. No. 5,872,395 (Fujimoto) shows a heat spreader

using a mold compound and a mold cavity.

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

spreader design.

U.S. Pat. No. 5,977,626 (Wang et al.) U.S. Pat. No. 6,201,301
(Hoang) and U.S. Pat. No. 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.

Another 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 firmly held in place, preventing

problems of heat shield shifting or tilting.



over the surface of a substrate without the need for adhesive 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 objective 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 inventioniisMer@meveshe antenna
effect that typically caused by the heat sink of a PBGA package. A still further objective of the-invention is
to provide good eleéftoriagneficsHiéltingfof-tfie seRTiebheiuctsr Hevie® thafis*TAbumted in a PBGA
package. In agegrdance with the objectives of the invention 2 new, method is provided to position and
secure a heat sink over the surface of a semiconductor device mounting support, the latter typically
being referredita asia semiconductor substrate. A plurality of recesses is created in the surface of the
substrate 4 21 March 2006 over which the heat sink is to be mounted. The heat sink is (conventionally
and not part of the invention) provided with dimples that form the interface between the heat sink and the

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

substrate.

Yet another objective 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.

In accordance with the objectives of the invention a new
method is provided to position and secure a heat sink over the
surface of a semiconductor device mounting support, the latter
typically being referred to as a semiconductor substrate. A

plurality of recesses is created in the surface of the substrate



underlying substrate. The dimples of the heat sink are aligned with and inserted 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 shows a
cross section of a Prior Art Plastic Ball Grid Array (PBGA) package. FIG. 2 sirowsza cross &ection of the
application of the substrate of the invention to a PBGA package. FIG. 3 shows a first detail of the
alignment of tRdinMpPred” dihs hee 'siAkWith theYeeestesiiRa -are éréard inttfe PBGA substrate of the
invention. FIG( %e}l§hrg¥vs a Z%congog%tg\til of trhce gygghrréenit gfetr%eléjir)nplegv(l)f th%‘% ink with the recesses
that are created in the PBEA Substrate of the invention, the |mpTes%}f the heat sink have been inserted

into the recessesfdhe: RBGAsubstratend &l March-2006, R 4R ds similar dadheneross section that is
shown FIG. 4a, the cross section that is shown in FIG. 4b has additional layers of interconnect traces
added to the suldstrate.nBIGUESHEWS -a thitd tetallesf thie alignhseit 6t the dlimplésIptd heat sink with the

recesses that are, creafed In the PRGA, sybstrate of the jpvention the dimples of the het sink have been

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 shows a cross section of a Prior Art Plastic Ball Grid

Array (PBGA) package.

FIG. 2 shows a 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 sink with the recesses that are created in the PBGA

substrate of the invention.

FIG. 4a shows a second 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.



inserted into the recesses of the PBGA substrate, a layer of thermally conductive epoxy has been
applied. DESCRIPTION OF THE PREFERRED EMBODIMENTS In typical Prior 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 closeephysical comtact with the
heatsink via a thin adhesive layer of thermally conductive epoxy that is deposited over the physical
interface between tHe' fC dié arid the! heat 'SinkPEotaee peiitsiontié i€ die aetontitietively bonded,

using wire-bonding fechnidues, 0.3 conductive layer,of the supparling subsirate. of the package. The
substrate that is'used for [t pagkages can contain multlp?e layers of interconnect metal in addition to
conductive viasyard contagt peintsforthe-kiercennestion afreverlying Jayers of metal. A mechanical
stiffener can be part of the IC 6 21 March 2006 substrate to provide rigidity to 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 furtherFintercormeetsthre sbider balls 1o sarroundihgocirenitryoor fbrctional elements. Bond

wires provide a . , .
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 typical Prior 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 adhesive layer of thermally conductive epoxy that is
deposited over the physical interface between the IC die and the
heat sink. Contact points of the IC die are conductively bonded,
using wire-bonding techniques, to a conductive layer of the

supporting substrate of the package.

The substrate that is used for IC packages can contain
multiple layers of interconnect metal in addition to conductive
vias and contact points for the interconnection of overlying
layers of metal. A mechanical stiffener can be part of the IC

6



wire-bond connection 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 layer is provided with openings that are aligned with the
contact balls and conductive traces on the first and second surfaces of the IC1die:substi@te. The IC die is
typically encapsulated using an encapsulation material surrounding the die and the bond wires. For
purpose of patkaging serhft GHATE? devieestand YoF Pad@ressingtherhfal'coiicéris 6f 3teh packages,

present trend (_jlrt1 ttgg (ieradl%%trg i§_ 1o g)ﬁlageljgggga%%d emf\@dssugnttrhetghertrﬂgl gerr]f%r(;naan%(A1 gf packaged
devices coupled with low assembly and unit cost otf the compféte package. General , these increased
demands are metby following opener mrore of the fellowing appreaches:: by increasing the percentage of
copper that is contained in the substrate over which the device is mounted; this can be accomplished by
for instance irfcie&afty the rovitiFg dehsityaof théliatereohirectlines aver the surfaéé oftthe substrate or
by increasing th(refpaddlefsi e of the die padfdle ver which the devices is nigléglt%%? 21 March 2006 by

including additional Tayers of ethl in the substrate over which the devices is mounted
surrounding circuitry or functional elements. Bond wires provide a
wire—-bond connection 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 layer
is provided with openings that are aligned with the contact balls
and conductive traces on the first and second surfaces of the IC

die substrate. The IC die is typically encapsulated using an

encapsulation material surrounding the die and the bond wires.

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:

. by 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 is mounted



by increasing the thickness of the metal planes contained in the substrate over which the device is
mounted; this by for instance using a two-ounce thickness layer of copper as 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 takerzis tarprovidesor 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. Thel priorart packagethatiseshowh inetrodss settionsnBIG ate follews closely the
package of the invention. In the PBGA package of FIG. 1, the die 12 is mounted over the surface of
substrate 13 and is d8h&fed tRef&to 6y adiedVE1558r 18. Interconnect vias 15 have been provided
through substrate 13, interconnecting conductive traces on a second surface of substrate 13, of which
traces 28' and*30' afe/répreseritativetégaimplesnith CortdGctive tradds brca First sbpfelof substrate 13,
of which traces 26 are represent tive exaanI% .S}:%ataigk, 10 rests viatggntat%tiar(r)g% ]1]0 on contact

: BSt t .
adhesive 11 that are prowaesd on the” surface o strate 13. ﬁay%?ﬁrb IS'a Iaye? hermally conductive

material that is selected:se as net to;inhibilheat, 821 March 2006, yer of copper as

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

L 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 package that is shown in cross section in FIG.
1 follows closely the package of the invention. In the PBGA
package of FIG. 1, the die 12 is mounted over the surface of
substrate 13 and is adhered thereto by adhesive layer 18.
Interconnect vias 15 have 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

8



transfer 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 section in FIG. 1 is not representative of the actual location of those
contact vias but is shown here to indicate that electrical contact is established bymeans of these vias
between interconnect traces that are provide on both surface of substrate 13. Some of these vias 15 can
also be used for e8edIsHsH BCgrotid torifecticn bethveet: the-héarsitk 10maRdvhe drifiore of the contact
balls 31. Wheg% Itgg dcrg%rs%%téon thgt (i:se sggvxérﬂlien FIG. Jtshows % (:shjbfst@téaethaglig (provided with one

t , .
layer of conductive traces over both the upper and the lower surface of substrate 13, a PBGA package is

not limited to thishutrean sentain, indhessubstrate 13- multiple dayers ef.interegnmect 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 i®targjely deterniihedyy treduirémeritssoeleciricar perforataricd ofthBIPBGA package and
by constraints imrposed b mantufacturing atnd reIiabiIi{y of thte,PBG,% Pﬁckage. PBQ:AVp,ackages can be
created in eithér a die*d6wn or aa(%\-’ﬁpocon @uarﬁﬁgﬁ, WHIGR Telates to and is indicative of the manner in
which the cavityithat iskequired forithe; hausing of the 1C dig is pasitighed-withsrespect to the cross
section of the overall PBGA

established by means of these vias between interconnect traces

that are provide on both surface of substrate 13. Some of these

vias 15 can also be used to establish a ground connection between

the heat sink 10 and one or more of the contact balls 31.

Where the cross section that is shown in FIG. 1 shows a
substrate that is provided with one layer of conductive traces
over both the upper and the lower surface of substrate 13, a PRBGA
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
constraints imposed 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 manner in
which the cavity that is required for the housing of the IC die is

positioned with respect to the cross section of the overall PBGA



9 21 March 2006 package. The example that has been detailed in FIG. 1 is a die-up application since
the die, within the mold compound 34, faces upwards. From this the die-down application can readily be
visualized. When a die-down mold chase is used (for the formation of the layer 34 of mold compound that
encases the PBGA package) the heat sink is positioned inside the mold cavity priorde forpgsing the
encapsulant (mold compound 34, FIG. 1) over the substrate and the heat sink. The heat sink is designed,
as will be furtReérExprain€er at*@rite? tirhet hating $eH-afigament featlifés td secure®it§elfrin the mold

cavity, which means that no adhesive is r.equireg to ph&/sicalﬁy attach the hgg\t s}nk to the substrate. It is
a 1cation sincé the die; within'"tHe molrd  compound , faces. )
however poss%fe that this manner of connéection does not prowae ggequate grounélng of the heat sink

through the dimpless@herinterfaces between theheatsink-andthed€ supportingesubstrate) to the ground
pads of the substrate, degrading the electrical performance of the package. When a die-up mold chase is
used, the heat sk btasthe bonded to the surface of the substrate using an adhesive material that is
applied prior to the molding process. Prior art methods of using a jig (alignment tool) of a pick-and-place
tool can then be applied to position the heat sink dimples such that these dimples

When a die-down mold chase is used (for the formation of the
layer 34 of mold compound that encases the PBGA package) the heat
sink is positioned inside the mold cavity prior to forming the
encapsulant (mold compound 34, FIG. 1) over the substrate and the
heat sink. The heat sink is designed, as will be further explained
at a later time, having self-alignment features to secure itself
in the mold cavity, which means that no adhesive is required to
physically attach the heat sink to the substrate. It is however
possible that this manner of connection does not provide adequate
grounding of the heat sink through the dimples (the interfaces
between 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 material
that is applied prior to the molding process. Prior art methods of
using a jig (alignment 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 locations or ground pads on

the surface of the IC supporting substrate. The adhesive layer has

10



land one the surface of the intended locations or ground pads on the surface of the IC supporting
substrate. The adhesive layer has 10 21 March 2006 to be cured in order to secure the heat sink on the
surface of the IC supporting substrate, this curing is performed prior to the molding process. FIG. 2 is
now used to describe the invention in detail. A number of the elements that are shewn aotiie cross
section of FIG. 2 have previously been explained under the cross section of FIG. 1. These elements
remain in FIG-2 &S thgydiave beetrexpaiftelfsr FIG. "Eandcddithetefdre At Aeedl &F belfarther

explained at t@@ S@iume(.jr
highlighted as areas 40.

fs

n

pegial Iterest to the invention.are the areas of heat sink 10 that have been
se are the sections of heat sink'10 that have been referred to as the dimples

of the heat sink 1Ehe dipyalesef.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 substrate 13. It has
previously been indicated that substrate 13 may contain a multiplicity of interconnect 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.ground layer thatis,part of. substrate 13, Qf key significance;to the invention are the

number of the elements that are shown in the cross section of FIG.

2 have previously been explained under the cross section of FIG.

1. These elements remain in FIG. 2 as they have been explained for

FIG. 1 and do therefore not need to be further explained at this

time.

Of special interest to the invention are the areas of heat

sink 10 that have been highlighted as areas 40. These are the

sections of heat sink 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 substrate 13. It

has previously been indicated that substrate 13 may contain a

multiplicity of interconnect 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 ground layer that is part of

substrate 13. Of key significance to the invention 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 ground layer 44. Openings 44 are

used by the invention to position and secure the dimples 40, and

11



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 ground layer 44. Openings 44 are used by
the invention to position and secure the dimples 40, and 11 21 March 2006 with that the heat sink 10,
with respect to the surface 46 of substrate 13. The openings 44 have, for reasons actlazitysbeen shown
to be slightly larger in diameter than the dimples 40. It is however clear that the sloping outside surfaces
of dimples 40l affetthe’ Re&3inié has Béen'platetritPE6Sitioh ahel ifcottact iftf layer 42, make
contact with th% corners of3ope£r}11iggs 44 ther&t e gide\@lgysroef oS%%rS\in scffélri%ers%ct e\’r\{ith the surface 46
of substrate 13 A sﬁght e][as'ticny of the (ﬂ%ples 0 allows for the application of'4 (réatlvely small)
pressure to thenheat sinkatsthestime, that-the heatsinkds jeinediwithhthe lsupparting substrate 13. Care
must be taken in this however since an excess of force applied during this operation of assembly may
result in creatimyeracks he the Stiface 46 bPRUBStRAtESES edaer fo the lafge etarmsingforce that is applied
during the suQ]sielquentftrglolctlilglg rocess. l\{leﬁdig of laser drgligg, lasma drilling, mechanical drilling or

- a eaf. s1 . been, plage ositlop apd, i
milling can be"lised 1o creaté & plurality of openings 44 in fié surface 46 of siibstrate 13. The recesses
that are contact with layer 42, make contact with the corners of openings

44 where the sidewalls of openings 44 intersect with the surface
46 of substrate 13. A slight elasticity of the dimples 40 allows
for the application of a (relatively small) pressure to the heat
sink at the time that 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. 2. 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 grounding to the ground plane
of undesirable signals or noise, that are induced on the heat

sink.

12



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. 2. 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 grounding to the
ground plane of undesirable signals or noise, that are induced on the heat sinkM:2@il March 2006 As a
further step in grounding the heat sink of the invention, the recesses 40 that are formed in the substrate
can be plated with foF iAstatice 8bppet> This $tep Bt metalplatiry is° ‘Gptionalk 1A addition, adhesive epoxy
can be dispensed i%sigg th& regessgge%4,4gﬁec§9trleasive &%%will s&cgrg%g{ﬁré g1ee gailrrpptl)gs 40, and with

that the heat sink L ,lto the s&ﬁﬁortmg substrate 13. [t must blenpomted out that it is desired to not

create any ORERINGS (sae regions 48. 6. 3)betweenithesiowensurfacg obthe idimples 40 and the
surface 46 of substrate 13 where the lower surface of dimples 40 overlies the surface 46. This to avoid
the formationcofvoitisitrappetiantior coptmindntsirPsucheopningsrwtieh can i fdter time lead to
delamination and similsar4£>roblllemasd%f reliability of the ﬁBgBeAé packagaefflzilga.tgehig% Hm(tesé regions 48 which

recesse ive epoxy wil ure
are the referreg(fo openlng’s t%a? mus? € avoide Y
40, and with that the heat sink 10, to the IC supporting 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 voids trapped and/or contaminants in such openings,
which can at a later time lead to delamination and similar
problems of reliability 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 between the heat sink and the Plastic

Ball Grid Array substrate.

The cross section of FIG. 4a shows in detail the proper

application of the heat sink of the invention, that is:
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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 between the heat sink and the
Plastic Ball Grid Array substrate. The cross section of FIG. 4a shows in detail thesproperapplication of
the heat sink of the invention, that is: 13 21 March 2006 - an opening 52 is created into the surface 46 of
IC supporting ~substrRe™t39this derrifppefetratesithe substate Howwn tddayePRB0 ‘@ ground pad or the
surface of a ground plane that is part_of substrate 13 js reached; the heat sink 10 is positioned above the
cubstate Witk HERBIG 00 Delng Haagh Atre A Sachng B BT At setiied lalSVe of metal which

are in the same p5I8me as metgl Iader 50tand Whifch may_or may noO{[ b% conntectgd,with layer 50 and
therefore may or tay hStBE grotnd fietal < the heat sik 1095 18Werdd ontd the sUFfAce 46 of substrate

13 with the dimple, AQRenetrating;opening $2 1o the haint whereothes lower surfage-gf.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 H16.s4bs thetorosstsectiow that s shown Gl Uk hasnadditiorfalopening 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 FIG.
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 method 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
the positioning and lowering of the heat sink 10 over and into
opening 52. It must be noted in the cross section of FIG. 5 that
electrical contact is not necessarily established between the heat
sink 10 and an underlying layer 50 of metal. The horizontal
portions 56 of dimple 40 are, in the cross section that is shown

in FIG. 5, elevated with respect to surface 46, inhibiting the
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layers 21 and 23 of interconnect traces in the substrate 13. An alternate method 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 the positioning and lowering of the heat sink 10 over and into opening
52. It must be noted in the cross section of FIG. 5 that electrical contact is natineeessarityoestablished
between the heat sink 10 and an underlying layer 50 of metal. The horizontal portions 56 of dimple 40
are, in the cro33'séctichtRat iLShewWit ihiFRG. 5oelevatdervittFrespéEctto sliffate 26dinhibiting the 14 21
March 2006 establishment of electrical contact betwegen the dimple 40 and .underlying metal surfaces.
Dimple 40 15 15 L8 APt S et Ua Ty T s borpELs o s G eplained for e use

of dimple 40, that isdespesitiomhthe.heatsinkL with: respechte theynderlying d€ supperting substrate 13.
Although the invention has been described and illustrated with reference to specific illustrative
embodimentsthetenplitist hottiméndedthatthetinventioh bedimitedktol those lllusteative Embodiments.

Those skilled irkllthgnagéﬂill reco Cnizse thgt t\/i%riagggstan(%én(fgifications can be made without departing
from the spiri% of the nvention. Ttis thérefore intended fo include within the invention all such variations

and modifications which

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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fall within the scope of the appended claims and equivalents thereof. 15 21 March 2006 THE
INVENTION CLAIMED IS: 1. 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 avingioeen provided
with a layer of patterned and etched interconnect metal in or on the first and the second surface thereof,
at least one of "SaitNayers Of pattéftied 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
device support surface, said at least one opening created in said second surface of said semiconductor
device support surfacewexpesing the csutfagesobsaid at leastione ipoint of @resnekipgerconnect; providing
at least one semiconductor device; positioning said at least one semiconductor device over the second
surface of said ¥&rhicorducior déviee sdpport surface; connecting said at least one semiconductor device
with said at least one 'a}ﬁ% OIE (jgatterne,d anglugl;cched interconnect metal Qrovidedailndor on the surface of

said second suﬁaceﬁ§ﬁsamf a semicon or device support surface, s
semiconductor device support surface having a first and a second
surface, said semiconductor device support surface having been
provided with a layer of patterned and etched interconnect metal
in or on the first and the second surface thereof, at least one of
said layers of 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 device
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 ground interconnect;

providing at least one semiconductor device;

positioning said at least one semiconductor device over the
second surface of said semiconductor device support surface;

connecting said at least one semiconductor device with said
at least one layer of patterned and etched interconnect metal
provided in or on the surface of said second surface of said
semiconductor device support surface;

positioning a heat sink over the second 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 device support

surface;
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semiconductor device support surface; positioning a heat sink over the second 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 device support surface;
16 21 March 2006 inserting said dimples into said at least one opening havirng beerccreated in said
second surface of said semiconductor device support surface; and applying a mold compound over the
second surface of saitf Semitoridictot dgrfieé supportsisface §art ntole CoRIpoNdEhcising said at
least one semiconductor,device in, addiion g encasing sletical comections proyided petween said at
least one semiconductor device and said (fayer of patterned an etched interconnect metal provided in or
on the second;sgiace ofisaid semieonductor device support surface. 2. The method of claim 1,
additionally electroplating said exposed surface of said at least one point of ground interconnect. 3. The
method of claim 2, szid Eléetroplatiig cemmprising avlayersf copper or eduivalert metdl. 4. The method of

claim 1, further applying  layer.of thermally conductive enoxy,over the surface of said at feast one poin

sald at least one semiconductor device in addition to encasing
electrical connections 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.

2. The method of claim 1, additionally electroplating said

exposed surface of said at least one point of ground interconnect.

3. The method of claim 2, said electroplating comprising a layer

of copper or equivalent metal.

4. The method of claim 1, further applying a layer of thermally
conductive epoxy over the surface of said at least one point of

ground interconnect.

5. The method of claim 4, curing said thermally conductive epoxy

after application of said thermally conductive epoxy.
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ground interconnect. 5. The method of claim 4, curing said thermally conductive epoxy after application of
said thermally conductive epoxy. 17 21 March 2006 6. The method of claim 1, said at least one opening
being created in said semiconductor device support surface having been created applying methods of
laser drilling or plasma drilling. 7. The method of claim 1, said at least one opening:havingoseen created
in said semiconductor device support surface being used for positioning said heat sink dimples over the
surface of saifl - Plastit°B&afi ‘Gfid Afray substraté 283 The AfcthbPof cREiAT 17 $ahd Htdeast one opening
having been crea eézldinisaisd S migop(gcyr%(&r goelyi%% \§lu<pé)osr£ sucgfr%ceS Ql[%ecraqudvkl\%vir&ggen created in a
perimeter of said Plastic Bafl Grid ,&]rray su%strate, av0|dingp gntrapment of contaminants between a heat

sink and said-RlasticiBall.GyidhArrayt substrate 1 9s Ihesmethod; of €laim 4y said semicpnductor device
support surface being selected from the group of surfaces consisting of printed circuit boards and flex
circuits and ceramic substrates. 10. The method of claim 1, additionally providing contact balls over the
first surface of said first surface of said semiconductor device support surface, said contact balls being

connected to gt least angQf S@id patterngd and etghed layers of IntergonNeet .y ing veen
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.

8. The method of claim 1, 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 entrapment of contaminants between a heat sink

and said Plastic Ball Grid Array substrate.

9. The method of claim 1, said semiconductor device support
surface being selected from the group of surfaces consisting of

printed circuit boards and flex circuits and ceramic substrates.

10. The method of claim 1, 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.
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metal in or on the surface of said semiconductor device support surface. 18 21 March 2006 11. The
method of claim 1, 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 saidfirstanth said 6second
surface of said semiconductor device support surface. 19

11. The method of claim 1, 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.
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