18 March 2005 COPPER PADS FOR HEAT SPREADER ATTACH BACKGROUND OF THE
INVENTION (1) Field of the Invention The invention relates to the fabrication of integrated circuit
devices, and more particularly, to a method of attaching the heat spreader of a PBGA package by
attaching the copper pads to a non-external ground. (2) Description of the Prigr Art The
semiconductor industry has for many years achieved semiconductor device fo o&vfﬁlfﬁﬁp?o@%%ents by

device miniaturization and gyppeRapigsheske vigenrakpabARNAMYrAagreased device density is
typically implemented internally to the device, by creating device features of smaller dimensions. For
devices that must be assembled into complete device packages, the completed semiconductor
devices are frequently assembled in multi-device packages. This has led to the field of high density
interconnect technology, mountirgPRRMARIBIIStRICtUTES ohNHENTIHate of a substrate and connecting
integrated circuits to one another. This approach results in high wiring and high packaging density,
whereby many integrated circuit chips are physically and electrically interconnected and connected to

asingle 1 %8 March 2005 ,
(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method of
attaching the heat spreader of a PBGA package by attaching the

copper pads to a non-external ground.

(2) Description of the Prior Art

The semiconductor industry has for many years achieved
semiconductor device product improvements by device
miniaturization and Dby increasing the device packaging
density. 1Increased device density 1s typically implemented
internally to the device, by creating device features of
smaller dimensions. For devices that must be assembled into
complete device packages, the completed semiconductor devices
are frequently assembled in multi-device packages. This has
led to the field of high density interconnect technology,
mounting multilayer structures on the surface of a substrate
and connecting integrated «circuits to one another. This
approach results in high wiring and high packaging density,
whereby many integrated circuit chips are physically and

electrically interconnected and connected to a single



substrate commonly referred to as a multi-chip module (MCM). Electrical device isolation is provided
by layers of dielectric, such as polyimide, that separate various functional planes (such as signal
lines, power lines and ground planes) in the substrate. Metal interconnects can readily be provided by
metal lines that are embedded in other layers of dielectric, thereby using vias Egholes) to proyide
electrical connections between the interconnect lines. Interconnect lines must thgﬁelb%egé)gr?nected in

such a manpet: thatoptinmm Retformance can besrealized forthe completech Rackage@njnstance,
adjacent layers must be formed such that primary signal propagation directions are orthogonal to

each othen dhis-is«lone inyerelesdo avoid ceosstalk between fines that aredy close physical groximity,
which can induce false signals and noise between adjacent lines. Good planarity must also be

maintained betwvaen agjacestlayers af intepeonpeet liags beeause theseetaldrtercorneet fines are
typically narrow in width and thick in a vertical direction (in the range of 5 to 10 microns thick) and
must be gatteroed nwith miceoligrographyhPaternegilayars mushiheyefose hersubstastallythat and
smooth (i.e. have good planarity) so that these layers can serve as a base for the next layer. One of
the originat apprbaches that)hasibeertused tailcseate tseirfacEanauntednhighquin ceuntsintegrated
circuit 2
readily be provided by metal lines that are embedded in other
layers of dielectric, thereby using vias (holes) to provide
electrical connections between the interconnect lines.
Interconnect lines must thereby be connected in such a manner
that optimum performance can be realized for the completed
package. For instance, adjacent layers must be formed such
that primary signal propagation directions are orthogonal to
each other. This is done in order to avoid crosstalk between
lines that are in close physical proximity, which can induce
false signals and noise between adjacent lines. Good planarity
must also be maintained between adjacent layers of
interconnect lines because the metal interconnect lines are
typically narrow in width and thick in a vertical direction
(in the range of 5 to 10 microns thick) and must be patterned
with microlithography. Patterned layers must therefore be

substantially flat and smooth (i.e. have good planarity) so

that these layers can serve as a base for the next layer.

One of the original approaches that has been used to

create surface mounted, high pin count integrated circuit



18 March 2005 packages has been the use of Quad Flat Packs (QFP's) with various pin
configurations. For QFP's, 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 connections that can be made to QFP packages ar% therefore caonfined to
the edges of the flat package, which limits the number of I/O connections that car Be hade td the

QFP evepdn applisations wheterthe pin ta,pl spacingis small. RFRs have faungtg)be gosteffective
for semiconductor devices where the device I/O pin count does not exceed 200. To circumvent this

limitationy,a fevnpackage, ad3atliGid Array(BGAY package has heessiatrodusedcEar the B&A
package, the electrical contact points are distributed over the entire bottom surface of the package,

thereby eliminatingribe restrictiongefhaying 442 cennectp oply-areund theperipherrofibe pagkage.
More contact points with greater spacing between the contact points can therefore be allocated
across thelBGAqackage-thanaras thes caseowithiieRQFR s.cl he lcontact points-that arec useds for the
BGA package are typically solder balls that have the added advantage of facilitating flow soldering of
the package:ontoser primtect dirauit hoasd sA BadhGrid Agray (BEA)tHE an array dfrgeldefabledhalls placed
on a chip carrier, such as a Printed Circuit Board
connections that can be made to QFP packages are therefore
confined to the edges of the flat package, which limits the
number of I/0 connections that can be made to the QFP even in
applications where the pin to pin spacing is small. QFP's have
found to be cost effective for semiconductor devices where the
device I/0O pin count does not exceed 200. To circumvent this
limitation, a new package, a Ball Grid Array (BGA) package has
been introduced. For the BGA package, the electrical contact
points are distributed over the entire bottom surface of the
package, thereby eliminating the restriction of having I/0
connects only around the periphery of the package. More
contact points with greater spacing between the contact points
can therefore be allocated across the BGA package than was the
case with the QFP's. The contact points that are used for the
BGA package are typically solder balls that have the added

advantage of facilitating flow soldering of the package onto a

printed circuit board.

A Ball Grid Array (BGA) 1is an array of solderable balls

placed on a chip carrier, such as a Printed Circuit Board



3 18 March 2005 (PCB) . The balls contact a printed circuit board in an array configuration where,
after reheat, the balls connect the chip to the printed circuit board. BGA's are known with 40, 50 and
60 mils spacings in regular or staggered array patterns. The BGA package is part of a larger
packaging approach that is often referred to as Chip Scale Packages (CSP), which is a aging
approach that is considered to be different from the previously highlighted a&&ro%@ﬁ%l? N@I@l% Flip

Chip packages havenia genernal been tsed to; aggommegate;inereasedh YO-eount cembined yyith
increased high requirements for high performance IC's. Flip chip technology fabricates bumps

(typically RbiSnselder) en Al pads and dntercorwests-the branps-direstly. to . thepackage aedia, which

are usually ceramic or plastic based. The flip-chip is bonded face down to the package through the
shortest paths hEhig rappreach-catbe apphed-to. single-chip packaginghand tmhigher siegrated levels
of packaging (in which the packages are larger) and to more sophisticated packaging media that
accommadatenseveralchipsitosform largerfuactional unitss fror the packaging of semiconduater
devices, the package in which the devices are contained provides protection of the device from
environn@aal influeaces sush as mechanical damage op damagercausatpby mgisturesaffedting
exposed surfaces of the

often referred to as Chip Scale Packages (CSP), which 1is a

packaging approach that is considered to be different from the

previously highlighted approach of MCM's.

Flip Chip packages have 1in general been wused to
accommodate increased I/0O count combined with increased high
requirements for high performance IC's. Flip chip technology
fabricates bumps (typically Pb/Sn solder) on Al pads and
interconnects the bumps directly to the package media, which
are usually ceramic or plastic based. The flip-chip is bonded
face down to the package through the shortest paths. This
approach can be applied to single-chip packaging and to higher
integrated levels of packaging (in which the packages are
larger) and to more sophisticated packaging media that

accommodate several chips to form larger functional units.

For the packaging of semiconductor devices, the package
in which the devices are contained provides protection of the
device from environmental influences such as mechanical damage

or damage caused by moisture affecting exposed surfaces of the



4 18 March 2005 device. Part of the package design includes the design of electrically conductive
interfaces that enable the device to be electrically interconnected with surrounding circuitry.
Increased device density has not only created new demands for input/output connections of the
device but has also caused considerable more thermal energy to be expandeg1 per cubic_yvolume
content of the device, resulting in increased demands on methods of heat extd a%@@ctﬁet\%/égr? the

device anghijs surrounding and supporting-surfacesid many ofthe, semicenductos deyice packages,

the device is mounted in close physical proximity to a heat sink combined with methods, such as

connectignssefdewdesistanee e thermad heaticonduetidty + ase implemmeated as pad-of the package. It
is therefore the objective of providing a package for semiconductor devices, such as flip chips, that

has a dirget geaunek-connect betweenstheddewce-and avieatsink @nrtbensurface efiwhichthe device is
mounted. In a typical device packaging arrangement, a substrate layer that contains for instance
three layeriscafdatesedDnnectseis usedsotcpnneet the tdevicetostimuading<sircditya Etectricat
connections are made between the flip chip and the substrate layers. Contact points provided in or on
the surfade phthéodevice make rcontacimdth cantatigoidtsvihdbe toptsurface ofthe> caused
considerable more thermal energy to be expanded per cubic
volume content of the device, resulting in increased demands
on methods of heat exchange between the device and its
surrounding and supporting surfaces. In many of the
semiconductor device packages, the device i1s mounted in close
physical proximity to a heat sink combined with methods, such

as connections of low resistance to thermal heat conductivity,

are implemented as part of the package.

It is therefore the objective of providing a package for
semiconductor devices, such as flip chips, that has a direct
ground connect Dbetween the device and a heatsink on the
surface of which the device is mounted. In a typical device
packaging arrangement, a substrate layer that contains for
instance three layers of interconnects, is used to connect the
device to surrounding circuitry. Electrical connections are
made between the flip chip and the substrate layers. Contact
points provided in or on the surface of the device make
contact with contact points in the top surface of the

substrate layer, the substrate layer re-distributes (fan-out)



substrate layer, the substrate layer re-distributes (fan-out) 5 18 March 2005 the device contact points.
One of the approaches that has been used to create high thermal interchange between the device
and the heatsink is to create one or more openings in the substrate layers. These openings are filled
with a low- resistivity material, establishing electrical contact between one selected copper pad of the
copper traces (in the upper layer of the substrate layer) and the heatsink. C&h%é%ﬁﬁﬁtﬁwgogagund

point of the dC gieto-a selegtesd-conner pad of metal ffor instangsconperktragestcarmpletasdhe
ground path between the ground of the IC die and the heatsink. A molding is typically encased

between thelpwes surfage of thesdeviee and 1the vpper suiface phthesubstrate. Jbisimeldingis
referred to as underfill since it is filled in under the original semiconductor device. A heat sink is

typically attachegtotbe nlower surfase of thexdevicenkig. 3 showsan exgpplenefsa Priar ArtHaethod of
packaging a BGA/flip chip whereby a major part of the package is a heatsink 40. The semiconductor
chip or diekktakesaip theseenter ofthespackagencontact peists tbidied2 arei elosely spased around
the periphery of die 42. Cavity 46 is provided in the heatsink 40 for the mounting of the Integrated
Circuit (ICkehip 42v Heptsinke4G-has a safaee thailisng electrical contact between

one selected copper pad of the copper traces (in the upper

layer of the substrate layer) and the heatsink. Connecting the

ground point of the IC die to a selected copper pad of metal

(for instance copper) traces completes the ground path between

the ground of the IC die and the heatsink. A molding 1is

typically encased between the lower surface of the device and

the upper surface of the substrate. This molding is referred

to as underfill since it 1s filled in under the original

semiconductor device. A heat sink is typically attached to the

lower surface of the device.

Fig. 1 shows an example of a Prior Art method of
packaging a BGA/flip chip whereby a major part of the package
is a heatsink 40. The semiconductor chip or die 42 takes up
the center of the package; contact points to die 42 are
closely spaced around the periphery of die 42. Cavity 46 is
provided in the heatsink 40 for the mounting of the Integrated
Circuit (IC) chip 42. Heatsink 40 has a surface that 1is
electrically conductive. The top of the IC chip 42 is in close

physical contact with the heatsink 40 wvia a thin adhesive



electrically conductive. The top of the IC chip 42 is in close physical contact with the heatsink 40 via a
thin adhesive 6 18 March 2005 layer 48 of thermally conductive epoxy that is deposited over the
bottom surface of cavity 46, the IC die 42 is attached to the heatsink 40 by means of this layer 48. The
adhesive layer 48 is cured after the IC die 42 has been inserted into cavity 46. The contact points of
the die 42 are conductively bonded, using wire-bonding techniques, to the s&@sﬁ%‘?&y . The

bond wires; $8 and £0sre shewn1ere as epplied faretheoppection ofils die gd24e daver 56.0f the

substrate 50. The substrate 50 has been shown as containing three layers, that is layers 52, 54 and

56. Layer:-52 isdypically an radhesiverayerthat directly €panects e substrate layer 58 @ the heatsink
40. This establishes the necessary mechanical support for the wire bonding operation. Layer 54 can
contain at stiffenes thatprovides tigidiy 16 thersubstratellayenr50; slayemz6 eemainseoppertiaces that
further interconnect the solder balls 62 to the surrounding circuitry. Wires 58 and 60 provide wire
bond conngctiensheteeen costact peintso(net shownhas the ke dierd2ane goppardracesicontained in
layer 56 of the substrate layer 50. The substrate layer 50 contains, as has previously been indicated,
adhesivedayer3; layen b4 of stifenerforthethe die 42 are conductively bonded,

using wire-bonding techniques, to the substrate layer 50.

The bond wires 58 and 60 are shown here as applied for
the connection of IC die 42 to layer 56 of the substrate 50.
The substrate 50 has been shown as containing three layers,
that is layers 52, 54 and 56. Layer 52 1is typically an
adhesive layer that directly connects the substrate layer 50
to the heatsink 40. This establishes the necessary mechanical
support for the wire bonding operation. Layer 54 can contain a
stiffener that provides rigidity to the substrate layer 50,
layer 56 contains copper traces that further interconnect the
solder balls 62 to the surrounding circuitry. Wires 58 and 60
provide wire bond connections between contact points (not
shown) on the IC die 42 and copper traces contained in layer

56 of the substrate layer 50.

The substrate layer 50 contains, as has previously been
indicated, adhesive layer 52, layer 54 of stiffener for the
substrate layer and copper traces in layer 56 for interconnect

of the IC die 42. 1In addition, a solder mask layer 57



substrate layer and copper traces in layer 56 for interconnect of the IC die 42. In addition, a solder
mask layer 57 7 18 March 2005 (typically a layer of dielectric) with openings is deposited over the
surface of substrate layer 50, the openings in solder mask 57 expose the copper traces in layer 56 to
provide solder connections between the copper traces of layer 56 and the contact balls 62. Fig. 1
also shows how the IC die 42 is encapsulated using an encapsulation materfal éﬁatﬁgpisgs%ﬁi?lge

dispensedigpsueaund die 42,formipg the;encapsulatinn Javer 64E musy Peinotedias this dayer not

only surrounds the IC die 42 but also covers the bond wires 58 and 60. The encapsulation layer 64 is

cured aftek/injectinn. Qther4aetheds efipaeapstiating,a semicondyetos gdemice gprovidesa hgatsink that
overlays the semiconductor device. The semiconductor device is mounted on the surface of a
substraten Hyimeanseefod layer pEepeyp&old band wires caaeonneet elegiical coptach paits that
are provided in the upper surface of the device to the substrate, contact balls are provided in or on
the lowerssititacetofdhe deviaaetos nadditionat cpprectiansdypicady fon highfregueney signat transfer)
between the device and the substrate. A molding compound is used to encapsulate the die and the
bond wiresyntact balls 62.

Fig. 1 also shows how the IC die 42 is encapsulated using
an encapsulation material 64 that 1s syringe dispensed to
surround die 42, forming the encapsulation layer 64. It must
be noted that this layer not only surrounds the IC die 42 but
also covers the bond wires 58 and 60. The encapsulation layer

64 is cured after injection.

Other methods of encapsulating a semiconductor device
provide a heatsink that overlays the semiconductor device. The
semiconductor device is mounted on the surface of a substrate
by means of a layer of epoxy. Gold bond wires can connect
electrical contact points that are provided in the upper
surface of the device to the substrate, contact balls are
provided in or on the lower surface of the device for
additional connections (typically for high frequency signal
transfer) between the device and the substrate. A molding
compound is used to encapsulate the die and the bond wires,
providing environmental protection to the die. By making high

heat conductivity connections between the bottom of the die,



providing environmental protection to the die. By making high heat conductivity connections between
the bottom of the die, 8 18 March 2005 heat generated in the die can be transferred from the die to
the substrate. For applications where additional heat must be removed from the semiconductor die,
the molding compound that encapsulates the die can be partially removed from above the upper
surface of the die, partially exposing this upper surface. This exposed portioﬁ of Yie ﬁBp@roﬁLﬁface of

the die candthen;be braught in diregt physieal egntagtwith-afieatsink dhat,Qyerlays-thg semicponductor
die. The heatsink is typically formed such that it can also be attached to the underlying substrate,

resulting ima magchanically strong paghkanec Y¥heresnegaessarya thei heatrsink iRdUm ganshe be
encapsulated in a molding compound that is now formed overlying the upper surface of the package,

the largestareacd contagt betweesarnthednaldingeorapeyndand the package beingthea uppeatsurface
of the heatsink. The invention addresses aspects of attachment of a semiconductor device to a

heatsink.cthesinyentar proviges ai eethod that simplifiesithis attacbment. 11%5,998626 (Wang et al.)

teach a heat spreader for a PBGA. US 6,020,637 (Karnezos) shows a removable heat spreader
upper surface of the die, partially exposing this upper
surface. This exposed portion of the upper surface of the die
can then be brought in direct physical contact with a heatsink
that overlays the semiconductor die. The heatsink is typically
formed such that it can also be attached to the underlying
substrate, resulting in a mechanically strong package. Where
necessary, the heat sink in turn can be encapsulated in a
molding compound that is now formed overlying the upper
surface of the package, the largest area of contact between

the molding compound and the package being the upper surface

of the heatsink.

The invention addresses aspects of attachment of a
semiconductor device to a heatsink. The invention provides a

method that simplifies this attachment.

Uus 5,977,626 (Wang et al.) teach a heat spreader for a

PBGA.

US 6,020,637 (Karnezos) shows a removable heat spreader

for a package.



for a package. 9 18 March 2005 US 6,011,304 (Mertol) teaches a heat spreader for a cavity down
BGA. US 5,903,052 (Chen et al.) show a heat spreader attached to the bottom of a substrate.
However, this reference differs from the invention. US 5,847,929 (Bernier et al.) show a method for a
heatsink. US 5,371,404 (Juskey et al.) show a method where the ground acts as part of
heatsink/shield. SUMMARY OF THE INVENTION A principle objective of the'ifv o?‘Pis%g%?ovide a

new method of gennegctinga heatsinkto.suppprting.geprer pads. fingtheghiegtive-of thednvention is
to increase package design flexibility by eliminating the need to connect heat conducting copper pads
directly te.a-greyndigng ofthe package. Yet another objective of the invention is to provide a method
of connecting heat-conducting pads in such a manner 10 18 March 2005 that the ground ring of the
package is no longer required to be the external ring of the package.

US 5,903,052 (Chen et al.) show a heat spreader attached

to the bottom of a substrate. However, this reference differs

from the invention.

Us 5,847,929 (Bernier et al.) show a method for a

heatsink.

UsS 5,371,404 (Juskey et al.) show a method where the

ground acts as part of a heatsink/shield.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a

new method of connecting a heatsink to supporting copper pads.

Another objective of the invention is to increase package
design flexibility by eliminating the need to connect heat
conducting copper pads directly to a ground ring of the

package.

Yet another objective of the invention is to provide a

method of connecting heat-conducting pads 1in such a manner

10



In accordance with the objectives of the invention a new method is provided for the connection of heat
conducting copper pads. The invention eliminates the need for the heat conducting pads to be
connected directly to the ground ring, further eliminating the need for the ground ring to be the
external ring that is provided on a surface of the package. BRIEF DESCRIPTION OF TH

DRAWINGS Fig. 1 shows a cross section of a Prior Art method of creating a%gnW@&ﬁ c%oOrOdSevice

package tdngludipga heatsink. Figng shaws-acrogs sectian of & semigenductor pagkage entered from
US 5,977,626 (Wang et al.) for reference. Fig. 3 shows a top view and a side view of a head slug,

entered fram S 5877:626: (Wang £t ak) farsetesence;dig. 4 shows a top view of a substrate, entered
from US 5,977,626 (Wang et al.) for reference. 11 18 March 2005 Fig. 5 shows a top view of a

simplified diagram of Prior Art connection of heat conducting copper pads to a ground ring of the
package. Fig. 6 shows a top view of a simplified diagram of a first connection of the invention of heat
conducting copper padstosa geeungdiring afiibe pagkagel RESCRIPIHONIQF ditE AREFERRED
EMBODIMENTS Fig. 2 shows across section of a semiconductor package
method 1s provided for the connection of heat conducting
copper pads. The invention eliminates the need for the heat
conducting pads to be connected directly to the ground ring,

further eliminating the need for the ground ring to be the

external ring that is provided on a surface of the package.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of a Prior Art method of

creating a semiconductor device package, including a heatsink.

Fig. 2 shows across section of a semiconductor package,

entered from US 5,977,626 (Wang et al.) for reference.

Fig. 3 shows a top view and a side wview of a head slug,

entered from US 5,977,626 (Wang et al.) for reference.

Fig. 4 shows a top view of a substrate, entered from US

5,977,626 (Wang et al.) for reference.

11



21, entered from US 5,977,626 (Wang et al.) for purposes of reference. Highlighted in Fig. 2 are: - 20
is a semiconductor substrate that may contain one or more layers of electrical interconnect, including
contact pads and vias - 22 is a semiconductor device or die - 24 is a layer of epoxy that is spread over
the surface of substrate 20 and is used to attached die 22 to the surface of sugstrate 20 - 26 are bond
wires that connect the top surface of die 22 to metal traces in or on the surfacé of 8BSt 20 - 28 are

contact balls or selder Burgps thatare provdedyindize lower syiface of suhstrate 20 fer further-12 18
March 2005 interconnect of the package 21 shown in cross section in Fig. 2 - 30 is a layer of

encapsulatien satedalithatis applied forpsatectien of packager2bfram environgenialdamage and
that additionally encloses bond wires 26, and - 32 is the heatsink of the package that is also
encapsulated:-by: theslayae3Q of encapsulation material. Details that relate to the various components
that have been highlighted in Fig. 2 will not be further discussed at this time. These details are either
well known in the art or

Fig. 6 shows a top view of a simplified diagram of a

first connection of the invention of heat conducting copper

pads to a ground ring of the package.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 2 shows across section of a semiconductor package
21, entered from US 5,977,626 (Wang et al.) for purposes of
reference. Highlighted in Fig. 2 are:

- 20 is a semiconductor substrate that may contain one
or more layers of electrical interconnect, including contact
pads and vias

- 22 i1s a semiconductor device or die

- 24 1s a layer of epoxy that 1is spread over the
surface of substrate 20 and is used to attached die 22 to the
surface of substrate 20

- 26 are bond wires that connect the top surface of
die 22 to metal traces in or on the surface of substrate 20

- 28 are contact balls or solder bumps that are

provided in the lower surface of substrate 20 for further

12



are readily available from the US 5,977,626 (Wang et al.) specifications while, in addition, these
details do not directly apply to the present invention. The same approach will be followed for Figs. 3
and 4. Fig. 3 shows a top view and a side view of a head slug, entered from US 5,977,626 (Wang et
al.) for purposes of reference. Highlighted in Fig. 3 are the following details. _These det?,\i}s re
highlighted in both Fig. 3a and Fig. 3b but are easiest to interpret using Fig. 35, 35 f5idws” ¥ 32 is the

heatsink op heatspreader of the semjcondustor device package (see sdsodkig+2hn32aisithe upper
surface of the heatsink 32 13 18 March 2005 - 32b is a concave part of the profile of heatsink 32 that is
shaped spich that the heatsink does not come into physical contact with the semiconductor device that
is mounted underneath and covered by the heatsink 32 - 32c is the center of the lower surface of the
heatsink that is shapedsuch thatithel heatsinkowill eakepphysical sontact with the semicondugtor
device over the expanse of surface 32c - 32d are the supporting members ("legs") of the heatsink 32,
the heatsiplpcariactsdhe ppdedying substratea @0, ddg. 4) withdioue membersS2eithathavesbeen
provided on

and that additionally encloses bond wires 26, and

- 32 1s the heatsink of the package that 1s also

encapsulated by the layer 30 of encapsulation material.

Details that relate to the wvarious components that have
been highlighted in Fig. 2 will not be further discussed at
this time. These details are either well known in the art or
are readily available from the US 5,977,626 (Wang et al.)
specifications while, in addition, these details do not
directly apply to the present invention. The same approach

will be followed for Figs. 3 and 4.

Fig. 3 shows a top view and a side view of a head slug,
entered from US 5,977,626 (Wang et al.) for purposes of
reference. Highlighted in Fig. 3 are the following details.
These details are highlighted in both Fig. 3a and Fig. 3b but
are easiest to interpret using Fig. 3b, as follows:

- 32 is the heatsink or heat spreader of the
semiconductor device package (see also Fig. 2)

- 32a 1is the upper surface of the heatsink 32

13



the four corners of heatsink 32, and - 32e is the cavity of the heatsink underneath which the
semiconductor device is mounted, the upper surface of the semiconductor device faces and is in
contact with the heatsink 32, the lower surface of the device faces and is in contact with the substrate
of the package. The side view of the heatsink that is shown in Fig. 3b has been created aking a
cross section of the top view of Fig. 3a along the line 3b-3b’ of Fig. 3a. Fig. &ghg{ﬁgﬁ%gﬁ/@&v of a

substrate 20, entered fromp WUg 5:977:626.(\Wapg £t ak)ifor purpgses of eeferener oy gharity-of
understanding, it must be pointed out that the 14 18 March 2005 semiconductor device that is

mounted-ofethe swface b substiate 20ts alignedawith {mounted ahewe) theseentes3 ofi the,
substrate 20 that is shown in top view in Fig. 4. The side surfaces of the semiconductor device are,

after the gaviee has been mounied-an the-swéace-fibe substrate20; patallet with  thesidesior
boundaries of the substrate (not highlighted in Fig. 4) as shown in Fig. 4. The semiconductor device
overlies theisurface-of substrater20 evepan @fea that s baunded by the structure 20b, the die paddle
that is shown in Fig. 4. Highlighted in Fig. 4 are the following details, all details that are highlighted are
part of the conductive 32c  is the center of the lower surface of the
heatsink that is shaped such that the heatsink will make
physical contact with the semiconductor device over the
expanse of surface 32c
- 32d are the supporting members ("legs") of the
heatsink 32, the heatsink contacts the underlying substrate
(20, Fig. 4) with four members 32d that have been provided on
the four corners of heatsink 32, and
- 32e is the cavity of the heatsink underneath which
the semiconductor device is mounted, the upper surface of the
semiconductor device faces and is in contact with the heatsink

32, the lower surface of the device faces and is in contact

with the substrate of the package.

The side wview of the heatsink that is shown in Fig. 3b
has been created by taking a cross section of the top view of

Fig. 3a along the line 3b-3b' of Fig. 3a.

Fig. 4 shows a top view of a substrate 20, entered from
Uus 5,977,626 (Wang et al.) for purposes of reference. For

clarity of wunderstanding, it must be pointed out that the
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pattern that is created in or on the surface of the substrate 20. As follow: - 20a are (four) ground pads
that are located in (four) locations or corners that surround the surface area of the substrate over
which the semiconductor device is mounted; these (four) ground pads 20a are conductively
interconnected (see item 20c below) - 20b is a conductive ring that overlies the surface region of the
substrate above which the semiconductor is mounted; conductive ring 20b sb?rolﬁﬁag%e?ggr?ter 23 of

substrates2h0R Jaun.sides; asehowie- 206 isithe ground (ing of thegevice,mousting network 45 18
March 2005 - 20d is the power ring on the surface of the substrate 20 - 20e are metal traces that

connect thgrperimeter ofithe semicankiugtor denicenytinthepesingter ofthe substrate 203fopfurther
interconnect of the device. The following sequence of traces on the surface of substrate is of interest,

see Fig. 4rstadingsat the eenter t23:0f substnata20:11) a eenductivity fing {3Qb)avhichds under the
surface of the semiconductor device (not shown in Fig. 4) after the
surfaces of the semiconductor device are, after the device has
been mounted on the surface of the substrate 20, parallel with
the sides or boundaries of the substrate (not highlighted in
Fig. 4) as shown in Fig. 4. The semiconductor device overlies

the surface of substrate 20 over an area that is bounded by

the structure 20b, the die paddle that is shown in Fig. 4.

Highlighted in Fig. 4 are the following details, all
details that are highlighted are part of the conductive
pattern that is created in or on the surface of the substrate
20. As follow:

- 20a are (four) ground pads that are located in
(four) locations or corners that surround the surface area of
the substrate over which the semiconductor device is mounted;
these (four) ground pads 20a are conductively interconnected
(see item 20c below)

- 20b is a conductive ring that overlies the surface
region of the substrate above which the semiconductor 1is
mounted; conductive ring 20b surrounds the center 23 of
substrate 20 on four sides, as shown

- 20c is the ground ring of the device mounting

network
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device has been mounted on the substrate, the conductivity ring is surrounded by 2) a power ring
(20d), which is surrounded by 3) a ground ring (20c). For ease of retention, the above sequence can
best be remembered as conductivity (ring) followed by power (ring) followed by ground (ring), starting
from the center of the substrate 20. The heatsink 32 makes contact with the s bstrate 20 § means
of four (extended) corners 20a of the ground ring 20c. It is therefore clear thét tha ThEtal éé 20a on

which the heatsink 32 rests (ard vienwhich dhe heatsink;32 makes gentagt, with-the &U@Stl’@.}ﬁgZO) are
part of the ground ring 20c. It is 16 18 March 2005 therefore clear that the metal, for instance copper,

of the costacs pagsare gonnected directly to the ground ring. By using this approach, the ground ring
must be ring that is external to the supporting metal traces under and adjacent to the location over
which the device is mopinteda This feesentsca diraitation £t lack of dexibititydn geeating the metal
traces, a limitation that the invention eliminates. The invention changes the method by which the metal
pads areeanegted @ theugrovnd degikElgy. & shaws adoppwenneftaesimplifieddiagramsafRrier

20 for further interconnect of the device.

The following sequence of traces on the surface of
substrate is of interest, see Fig. 4, starting at the center
23 of substrate 20:

1) a conductivity ring (20b) which is under the surface
of the semiconductor device (not shown in Fig. 4) after the
device has been mounted on the substrate, the conductivity
ring is surrounded by

2) a power ring (20d), which is surrounded by

3) a ground ring (20c).

For ease of retention, the above sequence can best be
remembered as conductivity (ring) followed by power (ring)
followed by ground (ring), starting from the center of the

substrate 20.

The heatsink 32 makes contact with the substrate 20 by
means of four (extended) corners 20a of the ground ring 20c.
It is therefore clear that the metal pads 20a on which the
heatsink 32 rests (and via which the heatsink 32 makes contact

with the substrate 20) are part of the ground ring 20c. It is
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Art connection of heat conducting copper pads to a ground ring of the package. The ground ring is
highlighted with 70 (functionally identical with the ground ring 20c of Fig. 4), the metal pads on which
the heatsink rests are highlighted with 72 (functionally identical with the four ground pads 20a of Fig.
4) It is clear that by physically separating the ground pads from the ground ring, a number of
possibilities are provided for the creation and connection of these two entities, Okeg SPth%O&oSssibilities

is shown im Eig: & where anetal {sappeptaces 41are pravideddas separatasgtities), that gannect
the ground pads 72 with the ground ring 70. By making this connection 74, the ground pads can be

connecteddata groupdding that dees netneed ta bedhe puterpost HBg g ddrk8 Margh 2005 the
surface of the substrate underlying a thereover mounted semiconductor die. The design sequence of,

starting figsn the eerter 2345ie #10f thersubsirate deesrthetefare ot (88 oppasedia rioriArt) have
to be conductivity ring, power ring, ground ring. It must thereby be remembered that the connection
74 does emetthavesto becmade o the surfaceyomsubstrate 204t canbe nade asioae of thetlayers
that is internal to (under the surface of) the substrate 20. Another way in which this connection can be
establishedds by cconhesting abomndiwire betwesstheqgragndhting aad thegicungresents a
limitation or lack of flexibility in creating the metal

traces, a limitation that the invention eliminates.

The invention changes the method by which the metal pads

are connected to the ground ring.

Fig. 5 shows a top view of a simplified diagram of Prior
Art connection of heat conducting copper pads to a ground ring
of the package. The ground ring is highlighted with 70
(functionally identical with the ground ring 20c of Fig. 4),
the metal pads on which the heatsink rests are highlighted
with 72 (functionally identical with the four ground pads 20a
of Fig. 4). It 1is clear that by physically separating the
ground pads from the ground ring, a number of possibilities
are provided for the creation and connection of these two
entities. One of the possibilities 1is shown in Fig. 5, where
metal (copper) traces 74 are provided (as separate entities)
that connect the ground pads 72 with the ground ring 70. By
making this connection 74, the ground pads can be connected to

a ground ring that does not need to be the outermost ring on
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pads. Fig. 6 shows a top view of a simplified diagram of a first connection of the invention of heat
conducting copper pads to a ground ring of the package. The arrangement that is shown in Fig. 6
shows the sequence, starting from the center 23 of the geometric figures that form the various rings,
of ground ring 76 after which (and on the outside of the ground ring) the power ring 78 follows. The
die paddle or conductive ring (20b, Fig. 4, not shown in fig. 6) remains in the’ e%@%%%d% 05

surrounded by groungiing6. inerdeyis conaest anyqefthegrgund peds /2Jodhe aroundding 76, a
via can be created at that ground pad 72 that is matched by a matting via in a point of choice close to

or as partekthegrauad §ing dAG: AntHaderlying)cordiustivedrace €an searectihe tvoviashkd 18
March 2005 connecting the ground pad 72 to the ground ring 76. It is clear that the same results of
connecting:grasnd pad torgreund; ying can-be obiainedwitk:a bokRd wire wherels fof dhe exagnple
shown in Fig. 6, the bond wire is mounted over the power ring 78. Any or all four of the ground pads
72 can indpisomaanet e eponaected-to) thengrarindc BNges. He essenceiafthednyvientionp can therefore
be summarized as follows: Prior Art provided the sequence of, starting from the center of the
substrateraver whighcusemicdnductordie isust thereby be remembered that the
connection 74 does not have to be made on the surface of
substrate 20 but can be made as one of the layers that is
internal to (under the surface of) the substrate 20. Another
way 1n which this connection can be established is by

connecting a bond wire between the ground ring and the ground

pads.

Fig. 6 shows a top view of a simplified diagram of a
first connection of the invention of heat conducting copper
pads to a ground ring of the package. The arrangement that is
shown in Fig. 6 shows the sequence, starting from the center
23 of the geometric figures that form the wvarious rings, of
ground ring 76 after which (and on the outside of the ground
ring) the power ring 78 follows. The die paddle or conductive
ring (20b, Fig. 4, not shown in fig. 6) remains in the center
and is surrounded by ground ring 76. In order to connect any
of the ground pads 72 to the ground ring 76, a via can be
created at that ground pad 72 that is matched by a matting via
in a point of choice close to or as part of the ground ring

76. An (underlying) conductive trace can connect the two vias,
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mounted, conductive ring followed by power ring followed by ground ring to which (four) ground pads
are connected. The invention disconnects the ground pads from the ground ring in the original layout
of the wiring in or on the surface of the substrate. The invention therefore allows for maintaining the

sequence of conductive ring followed by power ring followed by ground ring.. The inventign in addition
allows for the sequence of conductive ring followed by ground ring followed E)f; p%%?hri iEis clear

that, by physically disgonnesting:ernt establishingwa,connectignhetweenithg grogind pad and the
ground ring, the ground ring can be placed surrounding the conducting ring or die paddle of the

semiconduciardewice-are d9 d8Marchis2005sisdot restHeled ta anyRarticulgi-sequenge dehween the
ground ring and the power ring. Although the invention has been described and illustrated with
reference-ttspecific iusteadive iemabodimentsithesen, itiis aoiinterded, thabthecinvertiondpe dmited to
those illustrative embodiments. Those skilled in the art will recognize that variations and modifications
can be madewwithoutrlieparting frora the spiritafrithe inventiontkis therefote interded-tornelgde
within the invention all such variations and modifications which fall within the scope of

78. Any or all four of the ground pads 72 can in this manner

be connected to the ground ring 76.

The essence of the invention can therefore be summarized
as follows: Prior Art provided the sequence of, starting from
the center of the substrate over which a semiconductor die 1is
mounted, conductive ring followed by power ring followed by
ground ring to which (four) ground pads are connected. The
invention disconnects the ground pads from the ground ring in
the original layout of the wiring in or on the surface of the
substrate. The invention therefore allows for maintaining the
sequence of conductive ring followed by power ring followed by
ground ring. The invention in addition allows for the sequence
of conductive ring followed by ground ring followed by power

ring.

It is clear that, by physically disconnecting or not
establishing a connection between the ground pad and the
ground ring, the ground ring can be placed surrounding the

conducting ring or die paddle of the semiconductor device and
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the appended claims and equivalents thereof. 20 18 March 2005 What is claimed is: 1. A method of
attaching a heatsink to a substrate, said heatsink having been provided with three or four supporting
members that form a mechanical interface between the heatsink and the substrate to which the
heatsink is attached, said method comprising: providing a square or rectangular shaped
semiconductor substrate, said substrate comprising a geometric center formed gﬁﬁﬁqnt%%éction of

diagonals of said squarergrirectangulay subsiratgofurther Icomprising a-periphety & edge - whereby
said substrate has been provided with interconnect metal in sequence and starting from the

geometrigggntes ofithg substrates sgishiatereanngect metal comprising conductive traces in or on a
surface area that expands from a geometric center of the surface of the substrate in a square or

rectangular pattern, hereby referred to as the central surface area of the substrate, said central

surface area of the substrate comprising the surface of the substrate over which a semiconductor

device is mountedsaid ghetwioek aheanductive trageppeavidessiooresthend illustrated
with reference to specific illustrative embodiments thereof,
it is not 1intended that the invention be 1limited to those
illustrative embodiments. Those skilled in the art will
recognize that wvariations and modifications can Dbe 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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surface of said central surface area providing a common point of electrical connection, the surface
area of said central surface area being about equal 21 18 March 2005 in size to a surface area of the
substrate over which a semiconductor die is mounted, said semiconductor substrate further
comprising a first conductive trace of either a power trace or a ground trace_that surrounds said
central surface area of the substrate, forming a rectangular or square patteljn%n%?%?\hthéos%?face of
said subsiraie, sald semigepdyctor substrate further comprising a second conductive trace of either a
power trace or a ground trace that surrounds said first conductive trace, said first conductive trace
and said second conductive trace not simultaneous%/ comprising a power trace and a ground trace,

said semiconduttor sdbstiETarthe? Eoniprigig tHige 6r foliFYrodhd pads tRat AR Rchted”
surroun_dingis id }'sle%ond,l l%:ondLglcti‘\l/le trace saig groq:nd P dsdserxiln as eg%stalsoon_wt%igﬂ said _

supportlnsg mgambe?s gfssalé hedtsink are %I%%ed, dald’ %ﬁrgg or four%kr)oun%“patfs ma%ng contact with

said three of Tour supporting, members qf sgig heatsink, said SemICONAYGN face between

the heatsink and the substrate to which the heatsink 1is

attached, said method comprising:

providing a square or rectangular shaped semiconductor

substrate, said substrate comprising a geometric

center formed by an intersection of diagonals of

said square or rectangular substrate, further

comprising a periphery or edge, whereby said

substrate has been provided with interconnect metal

in sequence and starting from the geometric center

of the substrate, said interconnect metal comprising

conductive traces 1in or on a surface area that

expands from a geometric center of the surface of

the substrate in a square or rectangular pattern,

hereby referred to as the central surface area of

the substrate, said central surface area of the

substrate comprising the surface of the substrate

over which a semiconductor device is mounted, said

network of conductive traces provided in or on the

surface of said central surface area providing a

common point of electrical connection, the surface

area of said central surface area being about equal
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substrate further comprising a network of input/output interconnect traces that expand from said
central surface area of the substrate towards the periphery of the substrate, at least one of said
interconnect traces originating around the periphery 22 18 March 2005 of said second conductive
trace while not making contact with said second conductive trace, at least one of said in er onnect
traces terminating in a contact pad that is located at about the periphery of th %&?ors(f t

interconnect traces proyiding; meansfordntergenpecting saig sgmiCQm@Jctgﬁggwggt@atds,gpunted
on said substrate to at least one contact pad in the periphery of said substrate; providing means for

interconnecting said theg ehfoursgrounshpads it said firsh ok said; seconghtragce yyhereby said
interconnection is provided to the first or second trace that is a ground trace; and bringing said three

or four supporting memers ©f saig- beatsiskinte contactrwith said threewr feunground rpads:provided

on the surface of said semiconductor substrate. 2. The method of claim 1 wherein said means for

connecting said ground pads ta said firsterdosaidesecontl a power trace or a ground
trace that surrounds said central surface area of
the substrate, forming a rectangular or sguare
pattern in or on the surface of said substrate, said
semiconductor substrate further comprising a second
conductive trace of either a power trace or a ground
trace that surrounds said first conductive trace,
said first conductive trace and said second
conductive trace not simultaneously comprising a
power trace and a ground trace, said semiconductor
substrate further comprising three or four ground
pads that are located surrounding said second
conductive trace, said ground pads serving as
pedestals on which said supporting members of said
heatsink are placed, said three or four ground pads
making contact with said three or four supporting
members of said heatsink, said semiconductor
substrate further comprising a network of
input/output interconnect traces that expand from
said central surface area of the substrate towards

the periphery of the substrate, at least one of said

interconnect traces originating around the periphery
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conductive trace comprises: an interconnecting trace in or on the surface of said substrate, having a
first endpoint and a second endpoint; a via interconnect at said first endpoint of said interconnecting
trace, said via providing electrical 23 18 March 2005 contact with at least one ground pad on the
surface of the semiconductor substrate; and a via interconnect at said second end point of said
interconnecting trace, said via providing electrical contact with the conductive frace st satd Hirst

conductive trace or said secondconrductive tracs dhat-coraprises agroynd tace, 3: Thesmethpd of
claim 1 wherein said means for connecting said ground pads to said first or to said second

conductive trace compgses:abongd wite 8 the suidacriofsaidisubstiate thawvirg a firstiengspoint and
a second end point; a contact pad at said first end point of said interconnecting trace, said contact pad
providing electrical coptast with akleast ongwgreunch padon the syfaceithe substsate; and.a

contact pad at said second end point of said

contact pad that is located at about the periphery
of the substrate, said interconnect traces providing
means for interconnecting said semiconductor device
that 1s mounted on said substrate to at least one
contact pad in the periphery of said substrate;

providing means for interconnecting said three of four
ground pads with said first or said second trace
whereby said interconnection is provided to the
first or second trace that is a ground trace; and

bringing said three or four supporting members of said
heatsink into contact with said three or four ground

pads provided on the surface of said semiconductor

substrate.

2. The method of «claim 1 wherein said means for
connecting said ground pads to said first or to said second
conductive trace comprises:

an interconnecting trace in or on the surface of said

substrate, having a first endpoint and a second
endpoint;

a via interconnect at said first endpoint of said

interconnecting trace, said via providing electrical
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interconnecting trace, said contact pad providing electrical contact with the conductive trace of said
first conductive trace or said second conductive trace that comprises a ground trace. 4. A method for
attaching a heatsink to a semiconductor substrate, said heatsink having been provided with
supporting members for contact between the heatsink and the substrate, the substrate %v'ng been
provided with ground pads for the 24 18 March 2005 contact between the sub&traR Y i eatsink,

said ground pads beingdgelated pads without electricaheonnectians i @ther intgicopnegtynetal on
the surface of the substrate, said substrate further having been provided with a first conductive trace

and a second conductiye trace withhbethiracesoe suaurRaing aeGerdrad surface area of the substrate
above which a semiconductor device is to be mounted, comprising: establishing electrical contact

between at leasgoneiof saigt@ground pads ang-a conddctive daee; pesitiongithe supporiagmembers
of the heatsink above the ground pads on the surface of the substrate; and connecting the supporting
members of the heatsink withc hengroundpads ancthe suiface of thersubstraiey Se Thetmethod of claim
4 wherein said establishing electrical contact between at least of said ground pads and
contact with the conductive trace of said first
conductive trace or said second conductive trace

that comprises a ground trace.

3. The method of c¢laim 1 wherein said means for
connecting said ground pads to said first or to said second
conductive trace comprises:

a bond wire on the surface of said substrate, having a

first end point and a second end point;

a contact pad at said first end point of said
interconnecting trace, said contact pad providing
electrical contact with at least one ground pad on
the surface of the substrate; and

a contact pad at said second end point of said
interconnecting trace, said contact pad providing
electrical contact with the conductive trace of said
first conductive trace or said second conductive

trace that comprises a ground trace.

4. A method for attaching a heatsink to a semiconductor
substrate, said heatsink having been provided with supporting
members for contact between the heatsink and the substrate,

the substrate having been provided with ground pads for the
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the conductive trace comprises: providing an interconnecting trace in or on the surface of said
substrate, having a first endpoint and a second endpoint; providing a via interconnect at said first
endpoint of said interconnecting trace, said via providing electrical contact with at least one ground
pad on the surface of the semiconductor substrate; and 25 18 March 2005 praqviding a vi
interconnect at said second end point of said interconnecting trace, said via 1)%0\%6’1’ ﬁhelggﬁi%al

contact vwith-thg congigtivedrace e Thawaethad of claim 4 wherneinssajd establishing glegtrical
contact between at least of said ground pads and the conductive trace comprises: providing a bond

wire on the gdrfage pf gaid subsirate, having afirshend paintand-a segond enddoints aroviding a
contact pad at said first end point of said interconnecting trace, said contact pad providing electrical

contact withhatdeastone-gronsd padeand praviding & cemactpad at said sepend £0d poi 0f said
interconnecting trace, said contact pad providing electrical contact with the conductive trace on the
surface of tlessubsieateurther having been provided with a first conductive
trace and a second conductive trace with both traces
surrounding a central surface area of the substrate above
which a semiconductor device is to be mounted, comprising:
establishing electrical contact between at least one of
said ground pads and a conductive trace;
positioning the supporting members of the heatsink above
the ground pads on the surface of the substrate; and

connecting the supporting members of the heatsink with

the ground pads on the surface of the substrate.

5. The method of claim 4 wherein said establishing
electrical contact between at least of said ground pads and
the conductive trace comprises:

providing an 1interconnecting trace in or on the surface

of said substrate, having a first endpoint and a
second endpoint;

providing a wvia interconnect at said first endpoint of

said interconnecting trace, said via providing
electrical contact with at least one ground pad on

the surface of the semiconductor substrate; and
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7. The method of claim 4 wherein said substrate comprises a square or rectangular shaped
semiconductor substrate on the surface of which interconnect metal is provided, said substrate
comprising a geometric center formed by an intersection of diagonals of said square or rectangular
substrate, further comprising a periphery or edge, whereby said substrate has been rov'(éed with
interconnect metal in sequence and starting from the geometric center of the %Jﬂ%ﬁgﬁe,é i

interconnect metalspmprising.candsictive: draces ik O on a ssisfage akeathat expansiiom ageometric
26 18 March 2005 center of the surface of the substrate in a square or rectangular pattern, hereby

referred to as the centra surfacen area-efthe subslyater saidcentral-suiface agea @fthe isubsirate
comprising the surface of the substrate over which a semiconductor device is mounted, said network

of conductive traces peadded incaronr iecswface: efrsaith eentsalsurtaceec areaaproyiding a common
point of electrical connection, the surface area of said central surface area being about equal to a
surface area of gwe subﬁggﬂte ov%\évglch sen]tlconduclltor V%ee IS mounstec:IL, Cfalg Se'ﬂ%ﬁ({ns%fﬁor

: m .claim rein sta
substrate further comprising aeflrst conc?uctlve race that surrounas saldacentral surtace areagof the

substrate, forming 2 fectangylar or square pattern 1 91D thesurfags ofaid sybstiate said,
semiconauctor
the conductive trace comprises:
providing a bond wire on the surface of said substrate,
having a first end point and a second end point;
providing a contact pad at said first end point of said
interconnecting trace, said contact pad providing
electrical contact with at least one ground pad; and
providing a contact pad at said second end point of said
interconnecting trace, said contact pad providing

electrical contact with the conductive trace on the

surface of the substrate.

7. The method of claim 4 wherein said substrate
comprises a square or rectangular shaped semiconductor
substrate on the surface of which interconnect metal 1is
provided, said substrate comprising a geometric center formed
by an intersection of diagonals of said square or rectangular
substrate, further comprising a periphery or edge, whereby
said substrate has been provided with interconnect metal in
sequence and starting from the geometric center of the
substrate, said interconnect metal comprising conductive

traces in or on a surface area that expand from a geometric
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substrate further comprising a second conductive trace that surrounds said central surface area of the
substrate, said first conductive trace and said second conductive trace not simultaneously comprising
a power trace and a ground trace, said semiconductor substrate further comprising ground pads that

are located surrounding said first and said second conductive trace, said grouégd ads ser}élél%nas
pedestals on which said supporting members of said heatsink are placed, sai 5%588 p2a aking

contact withnsaid supportingdnembers, Qf saidrheatsink, saidsemieandygior subsirate furtherr
comprising a network of input/output interconnect traces that expand from said central surface area of

the substratetewards27 38 Mareh 2005:the periphenyreithe subsiratecatdeast:one efisaid ce
interconnect traces originating around the periphery of said second conductive trace while not making

contact withesaid osecanteconrdusiive tase, akleast operof said intereeanect fraegs terminating in a
contact pad that is located at about the periphery of the substrate, said interconnect traces providing
means fof inte rconnectingnpaidsemjcanducterdemee difattisoatimed on saidbsidastrate thatdeast one
contact pad in the periphery of said substrate. 8. The method of claim 7 wherein said first conductive
trace suremissaitisecond denduetive fraceunted, said network of conductive
traces provided 1in or on the surface of said central surface
area providing a common point of electrical connection, the
surface area of said central surface area being about equal to
a surface area of the substrate over which a semiconductor die
is mounted, said semiconductor substrate further comprising a
first conductive trace that surrounds said central surface
area of the substrate, forming a rectangular or square pattern
in or on the surface of said substrate, said semiconductor
substrate further comprising a second conductive trace that
surrounds said central surface area of the substrate, said
first conductive trace and said second conductive trace not
simultaneously comprising a power trace and a ground trace,
said semiconductor substrate further comprising ground pads
that are located surrounding said first and said second
conductive trace, said ground pads serving as pedestals on
which said supporting members of said heatsink are placed,
said ground pads making contact with said supporting members
of said heatsink, said semiconductor substrate further

comprising a network of input/output interconnect traces that

expand from said central surface area of the substrate towards
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9. The method of claim 7 wherein said second conductive trace surrounds said first conductive trace.
10. The method of claim 9 wherein said first conductive trace comprises a ground trace. 11. The
method of claim 9 wherein said first conductive trace comprises a power trace. 12. The method of
claim 9 wherein said second conductive trace comprises a ground trace. 13. The method _of claim 9
wherein said second conductive trace comprises a power trace. 14. The methdd OF Edim D WRerein

said first ggaductive ; traca-gomprisesta power, kace-while saighsecond gendugtive trace cemprises a
ground trace. 28 18 March 2005 15. The method of claim 9 wherein said ground pads that are located

surroundingrsaid firstand saichsecond copductiven fyace-eRmprisertbres-gropad pads, 46 sEhg method
of claim 9 wherein said ground pads that are located surrounding said first and said second

conductive: ¢age comprise faurgrounddeads:hliZi d he methadiof etpin:4:wherein saighthessupporting
members of the heatsink comprise three supporting members. 18. The method of claim 4 wherein said
the supperingraendeetsof thesbeatsialke eomptrise faty Stppnttingddieneers. interconnect
traces terminating in a contact pad that is located at about
the periphery of the substrate, said interconnect traces
providing means for interconnecting said semiconductor device

that is mounted on said substrate to at least one contact pad

in the periphery of said substrate.

8. The method of claim 7 wherein said first conductive

trace surrounds said second conductive trace.

9. The method of claim 7 wherein said second conductive

trace surrounds said first conductive trace.

10. The method of claim 9 wherein said first conductive

trace comprises a ground trace.

11. The method of claim 9 wherein said first conductive

trace comprises a power trace.

12. The method of claim 9 wherein said second conductive

trace comprises a ground trace.

13. The method of claim 9 wherein said second conductive

trace comprises a power trace.

14. The method of claim 9 wherein said first conductive
trace comprises a power trace while said second conductive

trace comprises a ground trace.
28



19. The method of claim 9 wherein said ground pads on the surface of the substrate comprise three
ground pads. 20. The method of claim 9 wherein said ground pads on the surface of the substrate
comprise four ground pads. 21. The method of claim 9 wherein the number of ground pads provided
on the surface of the substrate is equal to the number of supporting members of the heaisink. 22. The
method of claim 9 wherein ground pads provided on the surface of the subsljrgte%%tgeé} alin

number to the supporting-membess obthe heatsink 23nA.semicendugtos Rackage foyattaghing a
heatsink to a substrate, said heatsink having been provided with three or four supporting members

that forma-mechaniealdnteface 2948 Marchi2006:heiwean theshaatsipk apddhe substrate Je which
the heatsink is attached, said package comprising: a square or rectangular shaped semiconductor

substrate; rsaie subsiratecomprisirg g:0e0metpe genter formed by an intersection of diagonals of
said square or rectangular substrate, further comprising a periphery or edge, whereby said substrate

has been provided with interconpeqt metal n sequence and starting from the geometic genter of the
substrate, said intérconnéct meta comprising conductive traces

are located surrounding said first and said second conductive

trace comprise four ground pads.

17. The method of claim 4 wherein said the supporting

members of the heatsink comprise three supporting members.

18. The method of claim 4 wherein said the supporting

members of the heatsink comprise four supporting members.

19. The method of claim 9 wherein said ground pads on

the surface of the substrate comprise three ground pads.

20. The method of claim 9 wherein said ground pads on

the surface of the substrate comprise four ground pads.

21. The method of claim 9 wherein the number of ground
pads provided on the surface of the substrate is equal to the

number of supporting members of the heatsink.

22. The method of claim 9 wherein ground pads provided
on the surface of the substrate are not equal in number to the

supporting members of the heatsink.

23. A semiconductor package for attaching a heatsink to
a substrate, said heatsink having been provided with three or

four supporting members that form a mechanical interface
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in or on a surface area that expands from a geometric center of the surface of the substrate in a
square or rectangular pattern, hereby referred to as the central surface area of the substrate, said
central surface area of the substrate comprising the surface of the substrate over which a
semiconductor device is mounted, said network of conductive traces provided in or on tl}zel urface of
said central surface area providing a common point of electrical connection,lt ke Q@g of said

central syfaces areabeing abeutieguakinsizento assitacearea of the substrate over yhich a
semiconductor die is mounted, said semiconductor substrate further comprising a first conductive

trace of eithep arpewentrace onagHeund trace thatisurraiinds said 30 18 March 2005 central surface
area of the substrate, forming a rectangular or square pattern in or on the surface of said substrate,

said semicondugtorsspbstiates furthereamprising asespad cenductve drace ©f edhpea poveey trace or

a ground trace that surrounds said first conductive trace, said first conductive trace and said second

conductive trace not syaukaneausly compristgea pewestraceg@athatric center formed
by an intersection of diagonals of said square or
rectangular substrate, further comprising a
periphery or edge, whereby said substrate has been
provided with interconnect metal 1in sequence and
starting from the geometric center of the substrate,
said interconnect metal comprising conductive traces
in or on a surface area that expands from a
geometric center of the surface of the substrate in
a square or rectangular pattern, hereby referred to
as the central surface area of the substrate, said
central surface area of the substrate comprising the
surface of the substrate over which a semiconductor
device 1is mounted, said network of conductive traces
provided 1in or on the surface of said central
surface area providing a common point of electrical
connection, the surface area of said central surface
area being about equal in size to a surface area of
the substrate over which a semiconductor die 1is
mounted, said semiconductor substrate further

comprising a first conductive trace of either a

power trace or a ground trace that surrounds said
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ground trace, said semiconductor substrate further comprising three or four ground pads that are
located surrounding said second conductive trace, said ground pads serving as pedestals on which
said supporting members of said heatsink are placed, said three or four ground pads making contact
with said three or four supporting members of said heatsink, said semiconductor substrate further
comprising a network of input/output interconnect traces that expand from safd tentral s Sf%ttie area

of the substrate towards the-peripberyrefthe substraterat deast eng.efsaid dntereennect fraces
originating around the periphery of said second conductive trace while not making contact with said

second conductive tragecatdagstione of saigjatereonpeettsacesi terminating inecostact pad that is
located at about the periphery of the substrate, said 31 18 March 2005 interconnect traces providing

means for interconneciing said semicgpductor device that is Jaeunied On-said subsirate ta @t least

one contact pad in the periphery of said substrate; means for interconnecting said three of four ground

pads with said first or saidseconddracenikanedy said second conductive trace of
either a power trace or a ground trace that
surrounds said first conductive trace, said first
conductive trace and said second conductive trace
not simultaneously comprising a power trace and a
ground trace, said semiconductor substrate further
comprising three or four ground pads that are
located surrounding said second conductive trace,
said ground pads serving as pedestals on which said
supporting members of said heatsink are placed, said
three or four ground pads making contact with said
three or four supporting members of said heatsink,
said semiconductor substrate further comprising a
network of input/output interconnect traces that
expand from said central surface area of the
substrate towards the periphery of the substrate, at
least one of said interconnect traces originating
around the periphery of said second conductive trace
while not making contact with said second conductive
trace, at least one of said interconnect traces

terminating in a contact pad that is located at

about the periphery of the substrate, said
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interconnection is provided to the first or second trace that is a ground trace; and said three or four
supporting members of said heatsink brought into contact with said three or four ground pads
provided on the surface of said semiconductor substrate. 24. The semiconductor package of claim 23
wherein said means for connecting said three or four ground pads to said first or to said second
conductive trace comprises: an interconnecting trace in or on the surface of Qa%d N?L%%?ra@%%ving a

first endpoint and a segend: engpaitia via intercannect atsaig firgt epdpoint pf said intergenpnecting
trace, said via providing electrical contact with at least one ground pad on the surface of the

semiconductor substrate; ane-a Miaibteregnnectial said seeendiend ppintpfsaid intareennegting
trace, said via providing electrical contact with the conductive trace of said first 32 18 March 2005

conductive trace or saigdsecond cenduetivestracedbat-camprises agrounddracend. Thatact
semiconductor package of claim 23 wherein said means for connecting said three or four ground pads
to said pad in the periphery of said substrate;
means for interconnecting said three of four ground pads
with said first or said second trace whereby said
interconnection is provided to the first or second
trace that is a ground trace; and
said three or four supporting members of said heatsink
brought into contact with said three or four ground

pads provided on the surface of said semiconductor

substrate.

24. The semiconductor package of claim 23 wherein said
means for connecting said three or four ground pads to said
first or to said second conductive trace comprises:

an interconnecting trace in or on the surface of said
substrate, having a first endpoint and a second
endpoint;

a via 1interconnect at said first endpoint of said
interconnecting trace, said via providing electrical
contact with at least one ground pad on the surface
of the semiconductor substrate; and

a via interconnect at said second end point of said
interconnecting trace, said via providing electrical
contact with the conductive trace of said first
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first or to said second conductive trace comprises: a bond wire on the surface of said substrate, having
a first end point and a second end point; a contact pad at said first end point of said interconnecting
trace, said contact pad providing electrical contact with at least one ground pad on the surface of the
substrate; and a contact pad at said second end point of said interconnecting trace, said contact pad
providing electrical contact with the conductive trace of said first conductivei?a%agrc&ig gé]éond

conductive trace that copprises; & ground trace-26. Asemicgnduciar paskage-for-attaching-a heatsink
to a semiconductor substrate, said heatsink having been provided with supporting members for

contact between the heatsink aneb thessubsiraje sthesubstrate, having been provided with ground
pads for contact between the substrate and the heatsink, said ground pads being isolated pads

without electricaiﬁonne?éons to .other jnterconnect metal on urface of the substrate, sai

he é
substrate furthef Raving beer provided Vv‘i:ﬂ;ioarﬁrgtaEg}%‘éﬁ?cti\cl’é£t tracgeaéﬁldgo edBhd Sonductive trace

with both 33 18 Mgrch 2005 trat;ces surroungin% a central sugace area of th sul?jstralce above O}/\/hich a
. eans Or .connectin al hree or our groun raas O Sal
semiconductor device isfo be moun?ed?

first or to said second conductive trace comprises:

a bond wire on the surface of said substrate, having a
first end point and a second end point;

a contact pad at said first end ©point of said
interconnecting trace, said contact pad providing
electrical contact with at least one ground pad on
the surface of the substrate; and

a contact pad at said second end point of said
interconnecting trace, said contact pad providing
electrical contact with the conductive trace of said
first conductive trace or said second conductive

trace that comprises a ground trace.

26. A semiconductor package for attaching a heatsink to
a semiconductor substrate, said heatsink having been provided
with supporting members for contact between the heatsink and
the substrate, the substrate having been provided with ground
pads for contact between the substrate and the heatsink, said
ground pads being isolated pads without electrical connections
to other interconnect metal on the surface of the substrate,
said substrate further having been provided with a first

conductive trace and a second conductive trace with both
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comprising: electrical contact established between at least one of said ground pads and a conductive
trace; the supporting members of the heatsink positioned above the ground pads on the surface of the
substrate; and the supporting members of the heatsink making contact with the ground pads on the
surface of the substrate. 27. The semiconductor package of claim 26 wherein said electrig%l contact
established between at least of said ground pads and the conductive trace compiisesafi©C>

interconnegting racaproyidediiner an the surfage ofysaid stibsirate, having-a dirskemndpointand a
second endpoint; a via interconnect provided at said first endpoint of said interconnecting trace, said

via providingvelecttieal @ontagt witlzat leastione groundgpaden thessurfase opthe sestieerdiyctor
substrate; and a via interconnect provided at said second end point of said interconnecting trace, said

via providingipeleetriegl:contact with the conductive trace. 34 18 March 2005 28. The semiconductor
package of claim 26 wherein said electrical contact between at least of said ground pads and
electrical contact established between at least one of
said ground pads and a conductive trace;
the supporting members of the heatsink positioned above
the ground pads on the surface of the substrate; and
the supporting members of the heatsink making contact

with the ground pads on the surface of the

substrate.

27. The semiconductor package of claim 26 wherein said
electrical contact established between at least of said ground
pads and the conductive trace comprises:

an interconnecting trace provided in or on the surface of
said substrate, having a first endpoint and a second
endpoint;

a via 1interconnect provided at said first endpoint of
said interconnecting trace, said wvia providing
electrical contact with at least one ground pad on
the surface of the semiconductor substrate; and

a via interconnect provided at said second end point of
said interconnecting trace, said wvia providing

electrical contact with the conductive trace.
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the conductive trace comprises: a bond wire provided on the surface of said substrate, having a first
end point and a second end point; a contact pad provided at said first end point of said
interconnecting trace, said contact pad providing electrical contact with at least one ground pad; and a

contact pad provided at said second end point of said interconnecting trace, said contactzﬁﬁd
providing electrical contact with the conductive trace on the surface of the sUBstraE29 The

semiconductor packagerf claim 26 mbereinsaigh substiate comprises a square Or sectangiar shaped
semiconductor substrate on the surface of which interconnect metal is provided, said substrate

comprising a gepmetnc eentes fermeddy-am intersectign of djiaganalsiof saisl,sauare ©f regtangular
substrate, further comprising a periphery or edge, whereby said substrate has been provided with
interconngiet metaldn sequence-and stasting froaxsthe geometric center of the substrate, said

interconnect metal comprising conductive traces in or on a surface area that expand from a
geometric centes obibesurface ofdhe subsiiate in a sguase ofFeetangular padtersn, berehyreferred to
as the central surface area of the substrate, said central surface area of 35 18 March 2005

having a first end point and a second end point;

a contact pad provided at said first end point of said
interconnecting trace, said contact pad providing
electrical contact with at least one ground pad; and

a contact pad provided at said second end point of said
interconnecting trace, said contact pad providing

electrical contact with the conductive trace on the

surface of the substrate.

29. The semiconductor package of claim 26 wherein said
substrate comprises a square or rectangular shaped
semiconductor substrate on the surface of which interconnect
metal 1s provided, said substrate comprising a geometric
center formed by an intersection of diagonals of said square
or rectangular substrate, further comprising a periphery or
edge, whereby said substrate has been provided with
interconnect metal in sequence and starting from the geometric
center of the substrate, said interconnect metal comprising
conductive traces in or on a surface area that expand from a
geometric center of the surface of the substrate in a square
or rectangular pattern, hereby referred to as the central
surface area of the substrate, said central surface area of
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the substrate comprising the surface of the substrate over which a semiconductor device is mounted,
said network of conductive traces provided in or on the surface of said central surface area providing
a common point of electrical connection, the surface area of said central surface area being about
equal to a surface area of the substrate over which a semiconductor die is mounted, sai
semiconductor substrate further comprising a first conductive trace that surrounds saiy %@r%?al

surface arga ofdhe substrate, forping sa rectangulasar-sqiare patterhin ok n dhe sudacenf said
substrate, said semiconductor substrate further comprising a second conductive trace that surrounds

said centyal suiface areanetibhesubstate,said fiest copdugtive traeg andsaid secend:condyetive
trace not simultaneously comprising a power trace and a ground trace, said semiconductor substrate

further cenyistngigreundpasisdhaparelogated surrowiding said fiest and-gsaidsecond conductive
trace, said ground pads serving as pedestals on which said supporting members of said heatsink are
placed, sakhgroand pads making coatagtwith saith supperinganemloanstof said heatsink; said
semiconductor substrate further comprising a network of input/output interconnect traces that expand
from saidceentrad sutface area obthefsubstraie dewards theaperiphenytafdhe substrate; ataleast one of
said interconnect traces originating around the periphery of said second conductive trace while not
making being about equal to a surface area of the substrate over
which a semiconductor die is mounted, said semiconductor
substrate further comprising a first conductive trace that
surrounds said central surface area of the substrate, forming
a rectangular or square pattern in or on the surface of said
substrate, said semiconductor substrate further comprising a
second conductive trace that surrounds said central surface
area of the substrate, said first conductive trace and said
second conductive trace not simultaneously comprising a power
trace and a ground trace, said semiconductor substrate further
comprising ground pads that are located surrounding said first
and said second conductive trace, said ground pads serving as
pedestals on which said supporting members of said heatsink
are placed, said ground pads making contact with said
supporting members of said heatsink, said semiconductor
substrate further comprising a network of input/output
interconnect traces that expand from said central surface area
of the substrate towards the periphery of the substrate, at

least one of said interconnect traces originating around the

periphery of said second conductive trace while not making
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36 18 March 2005 contact with said second conductive trace, at least one of said interconnect traces
terminating in a contact pad that is located at about the periphery of the substrate, said interconnect
traces providing means for interconnecting said semiconductor device that is mounted on said

substrate to at least one contact pad in the periphery of said substrate. 30. The semicong tor
package of claim 29 wherein said first conductive trace surrounds said second cOitfictv 'Eér Re. 31.

The semicgndueter packagesaficlainZwhereiprsaid se¢endcpnddctivg trage surroupds said first
conductive trace. 32. The semiconductor package of claim 29 wherein said first conductive trace

comprisesza grounddraeen 33 c the-semiconductar package of claim 29 whereinsaid first€onductive
trace comprises a power trace. 34. The semiconductor package of claim 29 wherein said second
conductive-iFrage gomptisessd graunddrace. 3o.rikg semicopductenpackage of €laim, 29 wherein said
second conductive trace comprises a power trace. 36. The semiconductor package of claim 29
wherein said cfirsbeenrdtctiertiaes copprisesia powesrdrace fdile saitke secendceandustivatrace
comprises a ground trace. 37 18 March 2005

semiconductor device that is mounted on said substrate to at

least one contact pad in the periphery of said substrate.

30. The semiconductor package of claim 29 wherein said

first conductive trace surrounds said second conductive trace.

31. The semiconductor package of claim 29 wherein said

second conductive trace surrounds said first conductive trace.

32. The semiconductor package of claim 29 wherein said

first conductive trace comprises a ground trace.

33. The semiconductor package of claim 29 wherein said

first conductive trace comprises a power trace.

34. The semiconductor package of claim 29 wherein said

second conductive trace comprises a ground trace.

35. The semiconductor package of claim 29 wherein said

second conductive trace comprises a power trace.

36. The semiconductor package of claim 29 wherein said
first conductive trace comprises a power trace while said

second conductive trace comprises a ground trace.
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37. The semiconductor package of claim 29 wherein said ground pads that are located surrounding
said first and said second conductive trace comprise three ground pads. 38. The semiconductor
package of claim 28 wherein said ground pads that are located surrounding said first and said
second conductive trace comprise four ground pads. 39. The semiconductor gck%?: Oférl@%m 26
wherein said the supporting members of the heatsink comprise three supportin Piberd’20. The

semiconductor packagerf claim 26smbereinsaich fhe syppasting-membersoof fie heatsink comprise
four supporting members. 41. The semiconductor package of claim 29 wherein said ground pads on

the surfaee ofithe systratercompiise threeguind pads.Ad ithe semigonduetar paskagesafclaim 29
wherein said ground pads on the surface of the substrate comprise four ground pads. 43. The

semiconductonpackage of clain 29-whereingreund padsqrovidedon thessirface of the substrate
equal in number the supporting members of the heatsink. 44. The semiconductor package of claim 29

wherein ground jpads provided on the surface of the,substrate doynol eayg) n, pumber the supporting

ground pads that are located surrounding said first and said

second conductive trace comprise four ground pads.

39. The semiconductor package of claim 26 wherein said
the supporting members of the heatsink comprise three

supporting members.

40. The semiconductor package of claim 26 wherein said
the supporting members of the  heatsink comprise four

supporting members.

41. The semiconductor package of claim 29 wherein said
ground pads on the surface of the substrate comprise three

ground pads.

42. The semiconductor package of claim 29 wherein said
ground pads on the surface of the substrate comprise four

ground pads.

43. The semiconductor package of claim 29 wherein ground
pads provided on the surface of the substrate equal in number

the supporting members of the heatsink.

44, The semiconductor package of claim 29 wherein ground
pads provided on the surface of the substrate do not equal in

number the supporting members of the heatsink.
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