ENHANCED BGA GROUNDED HEATSINK 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 for grounding an enhanced BGA package to an underlying heatsink. (2) Description of the
Prior Art The semiconductor industry has for many years followed a path of product improvement by
the electrically required approach of device miniaturization and by the therefrom following increase of

_the device pat_:kaging density. ]%tga s \ﬁggﬁieﬂgttﬁ A (‘\éf ng creased device density is

implemented internally to the evrce y creatlng smaller dimensions. Where these
devices need to 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, where BNiilRYER STICHI(EE FFEEMMNWHEEBD @yNhe surface of a substrate
thereby connecting integrated circuits to one another. This approach results in high wiring and high

packaging terisity ofihereliyiriany integrated circuit chips are physically and electrically
interconnected aﬁ,g connected to.a srngb ub%tbrate com onl?/ refer ed.to as a Multi- Ch - Module
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(MCM). Electrical 08 IBETESREHIE PS5RPe %fﬁt& URFHY i:‘fﬁ?rd&”t a‘?géeparate
various fupetityidhiplanes {suchhad sighalrbnesdingowerdihas«dd Biraupdditares) inrthensiebisirgie. Metal
interconnri]cts can readily be provided by metal lines that are embedded in other layers of dielectric,
thereby u (holes) to provide electrical connections between the various types of lines.
Interconnect lines must thereby be connected in such a manner that optimum performance can be
realized fd2iHeesonmpieterf thadkageA®or instance, adjacent layers must be formed such that primary
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are in
improvement by the electrically required approach of device miniaturization and by the

therefrom following increase of the device packaging density. For many of the
semiconductor devices, increased device density is implemented internally to the device by
creating device features of smaller dimensions. Where these devices need to 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, where multilayer structures are mounted on the surface of a substrate thereby
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 (holes) to provide
electrical connections between the various types of 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 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



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 1 microlithography. Patterned layers must therefore be
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the next layer. One of the original approaches that has been used to create surface mounted, high pin
count inte§PALRIRIRIHY LR dieralyae fan sise PRt R PAEKS{EREP'S) with various pin
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making electrical connections from where the electrical connections are distributed to the surrounding
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even in applications where the pin to pin spacing is small. QFP's have found to be cost effective for
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package, the electrical contact paints are distributed over the entire bottom surface of the package
thereby elififalth @ tHes rBribabHSP HEARHEHO TN ELES DAY GFoliAt RAEKAESTIpEH T TSy REkage.

More contaginpeits Mith gigatarspatincaheiwepddhe ¢RNGEa podatsncasptharRiny evhereatircaied
across the BGA package than was the case with the QFP's. The contact points that are used for the
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electrical contact points are distributed over the entire bottom surface of the package thereby
eliminating the restriction of having I/O 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) is an array of solderable balls placed on a chip carrier, such as a
Printed Circuit Board (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 packaging approach that is considered to be different from
the previously highlighted approach of MCM's.

Flip Chip packages have in general been used to accommodate increased I/O 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.



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 packaging approach that is considered to be different from the previously
highlighted approach of MCM's. Flip Chip packages have in general been used to accommodate
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has proven to limit the performance of the overall package. Recent years have seen the emergence of
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excess of¥8HbiRCKASR ﬁ%eﬁﬁﬁml}a&rp}ﬁ@%ﬁmrhaqm@fﬁélu’etﬁ%qégékg%ﬁ%@é%m et rdftiffed

overall pagkpggigjzehisptinad seudtiresdihRewengissinatian isxpighifie. excess of 4 Watts per chip),
the plastic structure becomes complicated and expensive. It is therefore the. objective of providing a
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layer that contains three Iaye{s is used to connect the flip chip to surrounding circuitry, using wire
bond conrdBeHBlgd- In a typica flip chip packaging arrangement, a substrate layer that contains three
layers is used to connect the flip chip to surrounding circuitry, using wire bond connections
between the flip chip and the substrate layer. The contact points of the BGA/flip chip make
contact with contact points in the top surface of the substrate layer, the substrate layer re-
distributes (fan-out) the BGA/flip-chip contact points. An opening is provided in each of
the three layers that are contained in the substrate layer, this opening is filled with a low-
resistivity material thus establishing 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 the selected copper pad of the copper traces completes the
ground path between the ground of the IC die and the heatsink. A molding is encased
between the lower surface of the BGA/flip-chip device and the upper surface of the
substrate. This molding is referred to as underfill since it is filled in under the original
BGA/flip-chip device. A heat sink is typically attached to the lower surface of the flip-chip.
FIG. 1 shows a Prior Art method of packaging a BGA/flip chip whereby a major part
of the package contains a heatsink 10. The semiconductor chip or die 12 takes up the center
of the package; the contact points of die 10 are closely spaced around the periphery of the
die 10. Cavity 16 is provided in the heatsink 10 for the mounting of the Integrated Circuit
(IC) chip 12. Heatsink 10 has a surface that is electrically conductive. The top of the IC
chip 12 is in close physical contact with the heatsink 10 via a thin adhesive layer 18 of
thermally conductive epoxy that is deposited over the top surface of cavity 16, the IC die 12
is attached to the heatsink 10 by means of this layer 18. The adhesive layer 18 is cured after
the IC die 12 has been inserted into cavity 16. The contact points of the die 12 are

conductively bonded, using wire-bonding techniques, to the substrate layer 20.
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between the flip chip and the substrate layer. The contact points of the BGA/flip chip make contact
with contact points in the top surface of the substrate layer, the substrate layer re- distributes (fan-out)
the BGA/flip-chip contact points. An opening is provided in each of the three layers that are contained
in the substrate layer, this opening is filled with a low- resistivity material thus establishing electrical

contact between pretpigciad CopRgd BaG R HBG FIRREAITASARINIhBLIBRIRYST of thegubRtrate
layer) and the heatsink. Connecting the ground point of the IC die to the selected copper Fad of the
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conductive. The top of the IC chip 12 is.in close_phﬁeical contact with the heatsink 10 via a thin
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bonded, using wil&% SR Teth SRIIRES SIS LS AHS P PEF D1 opifE b3S FIIFEY 2 824RH 20 are

shown hetgarppliedfof thacoandeticmefriie dhddir dopiperayeedoidhmsuhsinate SOthEhe
substrate 20 has been shown as containing three_layers, that is layers 22, 24 and 26. Layer 22 is
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the necesgaryupaenarioalSolder mask 27 has been provided with openings that are aligned with the
copper traces 26 to provide solder connections between the copper traces 26 and the contact
balls 32.

FIG. 1 also shows how the IC die 12 is encapsulated using an encapsulation material
that is syringe dispensed to surround the die 12 forming the encapsulation layer 34. It must
be noted that this layer not only surrounds the IC die 12 but also covers the bond wires 28
and 30. The encapsulation layer 34 is cured after injection.

For extremely fine pitch packages, where the distance between the contact points of
the IC die is very small, an inner lead bonding packages is better suited. Wire bonding
requires better access to the bonding contact points and is therefore not suited to extremely
fine pitch connections. Wire bonding is typically used for packages with larger pitch
interconnects, these packages tend to be more expensive to produce. The wire used during
the wire bonding operation also introduces larger parasitic elements into the circuit
configuration, resulting in limiting the high end frequency range over which wire bonded
packages can be used.

Solder flux is applied to the balls 32 that need to be attached to the package, the
solder balls 32 are then inserted into the solder mask 27. The solder balls 32 are re-flowed
by applying heat to the package, excess flux is cleaned from the conductive pads 26 by
applying an appropriate cleaning agent. As a final step, the IC package is dry baked, which
completes the process of assembling the wire bond package.

For the flip chip/BGA package that has been described, it is important that a solid

and dependable ground connection is provided for the ID die 12 of FIG. 1. This common
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support for the wire bonding operation. Layer 24 can contain a stiffener that provides rigidity to the
substrate 20, while layer 26 contains copper traces and/or circuitry that further interconnects the
solder balls 32 to the surrounding circuitry or functional elements. Wires 28 and 30 provide a wire
bonded connection between a contact points on the IC die 12 and the copper traces contained in

layer 26 ogib@nauﬂa%ﬁ%ﬁﬂ@&@ﬁ&%?%@ﬂb@tfﬁkﬁﬁgﬁcﬁaef@i%a@@ hasuReaViabshirbeRAtiNsicatsd, the
adhesive layer 22, the layer 24 of stiffener for the substrate and the copper traces 26 for interconnect
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performed to evaluate the contact resistance between the connected bond wires (28 and 30
in FIG. 1 as an example) and the copper traces of layer 26 to which these wires are
connected. A high resistivity path between the various ground planes (of the IC die 12 and
the ground point of the wire traces 26) is unacceptable and must therefore be avoided. In
short: the method of assuring commonality between the ground point of the IC chip 12 and
the ground point of surrounding electrical circuitry or equipment must provide a low
resistivity connection between these two points of ground.

U.S. Pat. No. 6,011,299 (Brench) shows a package using conductive epoxy that has a
ground and heatsinks isolated from shields. The Prior art section states that heatsinks are
grounded, see column 2.

U.S. Pat. No. 5,376,909 (Nelson et al.) shows a package where the ground plane is

the heatsink. Conductive epoxy is also used.

U.S. Pat. No. 5,739,581 (Chillara et al.) shows a package with heat sinks and traces.

SUMMARY OF THE INVENTION
A principle objective of the invention is to provide a low-resistivity connection
between a BGA/flip chip that is mounted on a heatsink and the heatsink.
In accordance with the objectives of the invention a new method is provided for the
establishment of a low resistivity connection between a wire bonded IC chip that is mounted
on a heatsink and the heatsink of the package. A copper trace connection is allocated for

this purpose on the surface of the substrate layer to which the IC chip is connected. An



applying an appropriate cleaning agent. As a final step, the IC package is dry baked, which completes
the process of assembling the wire bond package. For the flip chip/BGA package that has been
described, it is important that a solid and dependable ground connection is provided for the ID die 12
of FIG. 1. This common 4 ground is of importance for instance in applications where electrical

measure HARUShRS iBQI Rrmedudatthe mesiiethipsdiRgb 2RReplenghin s h@ﬁl@ﬁ@ébﬂwnted on
the heatsink 10. Commonality of ground between the IC die 12 andpthe test system is required for
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of any significant ohmic value between the ground_plane of the IC chip 12 and the surrounding ground
plane, in tRENCHSHYST BREELTeXA FHIE Mt i oM GstMd praderbY. tridalliskingr pidissgb rlekitiftiment is
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resistance that is introduced between the ground, point of the IC chip 12 and the tester takes on a
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point of the wire traces 26) is unacceptable and must therefore be avoided. In short: the method of
assuring clb%trsﬁﬂlﬁality between the ground point of the IC chip 12 and the ground point of surrounding
electrical circuitry or equipment must provide a low resistivity connection between these two points of
ground. U.S. Pat. No. 6,011,299 (Brench) shows a package using conductive epoxy that has a ground

and heatsinks isolated from shigldsrTBe oAt RAUeTsigteRiNa RaaLsinks are
FIG. 1 shows a cross section of packaging a BGA/flip chip using a heatsink and a
Prior Art substrate.
FIG. 2a shows a cross section in an X-direction of a package of a BGA/flip chip
using a heatsink and the substrate of the invention.
FIG. 2b shows a cross section in an Y-direction of a package of a BGA/flip chip

using a heatsink and the substrate of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 2a shows a cross section in an X-direction of the package of the invention
wherein a IC chip 12 has been mounted within a cavity 16 that has been provided for this
purpose in a heatsink 10.

The package of the invention contains the following components:
1) a heatsink 10, heatsink 10 has a surface that is electrically conductive
2) a semiconductor chip or die 12 that takes up the center of the package; the contact points
of the die 12 (not shown) are closely spaced around the periphery of the die 12
3) a cavity 16 that is provided in the heatsink 10 for the mounting of the Integrated Circuit
(IC) chip 12
4) a thin adhesive layer 18 of thermally conductive epoxy that is deposited over the top
surface of cavity 16; the IC die 12 is attached to the heatsink 10 by means of this layer 18.
The top of the IC chip 12 is in close physical contact with the heatsink 10 via the adhesive

layer 18, layer 18 is cured after the IC die 12 has been inserted into cavity 16
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grounded, see column 2. U.S. Pat. No. 5,376,909 (Nelson et al.) shows a package where the ground
plane is the heatsink. Conductive epoxy is also used. U.S. Pat. No. 5,739,581 (Chillara et al.) shows a
package with heat sinks and traces. SUMMARY OF THE INVENTION A principle objective of the
invention is to provide a low-resistivity connection between a BGA/flip chip that is mounted on a

heatsink andhthgBeats ke bnaaERIAARGE1 NIt tBPRIasIVaSOf thesinyeption adnexwtpstheddstrovided
for the establishment of a low resistivity connection between a wire bonded IC chip that is mounted

on a heatsSAR*EHddhdKedigilk GrtheauctyelyaAbsdpdr g whnRaing SdruEEFofo RS purpose

on the surfgee@idhg stbstrate layer to which the IC chip is connected. An 5 opening is provided in the
substrate layer of the packa%:{, this gpening aligns with the copper trace that has been allocated for
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material, establishing a direct electrical connection or short between the allocated copper trace and
the underlQRF&HEAsink. By connecting the ground point of the IC chip to the allocated copper trace, a

low resistiviiyay@lectrical conarcioniisrpagaiRbvRRe gLt eaIBtRAhRYEr oip and the heatsink
into which the IC chip is mounted thereby providing a common ground point between the flip chip die,

the electrifAI AL W FRPATH FARS Lot LG M e nasrhytht SAklsfshalsgk e
DESCRIPHiipbhip btk L RAWING & Flgodnshows Ristassrsaataonal prekaging a BGA/lip chip using

a heatsink and a Prior Art substrate. FIG. 2a shows a cross section in an X-direction of a package of a
BGA/flip C?])F}he solder mask layer 27 with openings that 1s deposited over the surface of the substrate
layer 20; solder mask 27 has been provided with openings that align with the copper traces
26 to provide solder connections between the copper traces 26 and the contact balls 40 of
the flip chip package of FIG. 2a
10) wires 28 and 30 that provide a wire-bonded connection between a contact points on the
IC die 12 (not shown) and the copper traces contained in layer 26 of the substrate layer 20
11) an encapsulation material 34 that is syringe dispensed to surround the die 12,
surrounding the IC die 12 and the bond wires 28 and 30. The encapsulation layer 34 is cured
after injection, and
12) BGA contact balls 40.

The design feature of the invention that has been added to the substrate 20 is the via
36 that has been created in the substrate 20. It must be noted that the via 36 is located in the
immediate vicinity of the opening 16 in the heatsink 10, thus enabling a short wire bond
connection 28 between a ground point on the IC die 12 (not shown) and the heatsink 10.

It must further been noted that the copper trace 38 is dedicated to the establishing of
a ground connection between the IC chip 12 and the heatsink 10 of the package of the
invention. Via 36 is filled with a low resistivity, high conductivity material such as
conductive epoxy or any other suitable material that establishes a low resistivity path
between the ground of the IC chip 12 and the heatsink 10.

It must further be emphasized that, where FIG. 2a shows only one via 36, the process
of the invention is not limited to one via. A plurality of vias can be provided where this is
required thereby establishing a plurality of electrical ground paths between the top surface
of substrate 20 and the heatsink 10.

FIG. 2b contains component elements within its cross-section that are identical to the

component elements of the package that have previously been highlighted under FIG. 2a.
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using a heatsink and the substrate of the invention. FIG. 2b shows a cross section in an Y-direction of
a package of a BGA/flip chip using a heatsink and the substrate of the invention. DESCRIPTION OF
THE PREFERRED EMBODIMENTS FIG. 2a shows a cross section in an X-direction of the package of
the invention wherein a IC chip 12 has been mounted within a cavity 16 that has been provided for

this purpoggiprasheatatnk bt [fRERACkagePHe investioR GRMaRs tha el ANiRg sompanegRts: 1) a
heatsink 10, heatsink 10 has a surface that is electrically conductive 2) a semiconductar chip or die 12
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via the adhesive layer 18, layer 18 is cured after the IC die 12 has been inserted into cavity 16 6 5) a
substrate PEFRUMtGHRHFEEIPR) BFhihERRBTA IS £509adHRIHRS iR %%ﬁ?&c{hﬁa?ﬁ?ged%tf@ﬁmn) of the

die 12 areygeaductietydaaeiedsthsinihivbietannding techpideesmdsking sulkstiatBdayesdaify layer 22 is
typically an adhesive layer that directly connects the substrate layer 20 to the, heatsink 10, this
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circuitry that interconnect the solder balls of the | ) _ L

irect interconnect between the ground point of the IC die 12, the surrounding circuitry (not
shown) to which the contact balls 40 are connected and the heatsink 10 of the flip chip
package. To connect these three separate ground points to one common ground point of
reference is important and required for many of the uses and applications for which the flip
chip will be applied. The previously cited example of product testing is one of these
applications. It is clear that the ultimate circuit functionality will in some cases be
dependent on and will therefore benefit from having such a common ground connect point
available since this provides one common ground between flip chip 12 and the surrounding
circuitry.

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.



flip chip package of FIG. 2a to surrounding circuitry or functional elements 9) the solder mask layer 27
with openings that is deposited over the surface of the substrate layer 20; solder mask 27 has been
provided with openings that align with the copper traces 26 to provide solder connections between the
copper traces 26 and the contact balls 40 of the flip chip package of FIG. 2a 10) wires 28 and 30 that
provide a wire-bonded connection between a contaghpoints on the IC die 12 (not shown) and the
copper traces contained in layer 26 of the substrate layer 20 11) an encapsulation material 34 that is
syringe diéﬁ@ﬁs‘é&lﬂi@ﬁﬁﬁﬂnd the die 12, surrounding the IC die 12 and the bond wires 28 and 30.

The encapsulation laye3gaiskest e pitaainigetionnaidaldl BAicantachRalsdBroMigdesign feature

of the invention that has ,beer_l added to the substrate 20 is the via 36 that has been created in the
substrate DA HMKUSP BRI that the via 36 is located in the immediate vicinity of the opening 16 in

the heatsink 10, thimeRaidC fahod v hend:eanaecien B8 heduer Tauonionihe IC die
12 (not shown) and the heatsink 10. It must further been noted that the copper trace 38 is dedicated to

the establishing of a gr6liRdE8lsAection between the IC chip 12 and the heatsink 10 of the package of
the invention. Via 3 dsfibasdbmphAsamlow resistivity, high conductivity material such as conductive
epoxy or any other suitahle material that establishes a low resistivity path between the ground of the
IC chip 12 and the heatShRES 1iFSstidrther be emphasized that, where FIG. 2a shows only one via

36, the process of the ifyenrtiodpshies liméedieoape i fshiblishiycaf idsLandadrevigestiwhere this
is required thereby establishing a plur?éity of electrical gr,oH,nd paths between the top surface of

substrate 20 and the heatsink 28RS D6 RErEIE COFRPS AL AtSMEHEKithin its cross-section that
are identical to theheampgnenhelenents ohihe Rackags that havemraviegsynaesdehiglighted under

FIG. 2a. a first adhesive layer over the bottom surface of the cavity for attaching the IC die to

the heatsink;

the IC die attached to the heatsink by positioning the IC die over the first adhesive
layer;

a plurality of wire bond connections between the IC die and the substrate;

a conductive material through the opening provided through the substrate;

a wire bond connection between the ground point of said IC die and the conductive
material provided through the opening through the substrate;

an encapsulation layer within and adjacent to the cavity for attaching the IC die to

the heatsink; and

a plurality of attached solder balls.

2. The package of claim 1 wherein said substrate layer comprising a first or
lower layer in addition to comprising a second or center layer in addition to comprising a

third or upper layer.

3. The package of claim 2, said lower layer comprising: a first opening, said
first opening being aligned with said surface of said bottom of said cavity in said heatsink;
an adhesive layer, said adhesive layer forming an interface between said substrate layer and
said heatsink, attaching said substrate layer to said heatsink; and a second opening, said
second opening aligning with matching openings in said center and upper layer.

4. The package of claim 2, said center layer comprising a stiffener comprising a

first opening, said first opening being aligned with said surface of said bottom of said cavity



7 The cross section that is shown in FIG. 2b is a cross section that is taken under an angle that is
perpendicular with the cross section that is shown in FIG. 2a. The purpose of the cross section that is
shown in FIG. 2b is to indicate that the copper trace 38, which is provided for the establishment of a
ground connection between the chip 12 and the heatsink 10, extends perpendicularly from the

opening 16 thatihaskesn %%@ﬁﬁé@%ﬁﬁﬁs%@iﬁ@% RespENdisstlaiexiansieshall thgeaanper trace
ground connection 38 can therefore be further used to interconnect with contact balls via the solder

mask 27 tAUSTHREHEIhATVRIFENS SRERHEH RO IMEIRYSE ground of the surrounding circuitry, which is
typically connected to ttﬁ%sold r balls, to alsqQ connect to the heatsink. This latter connection therefore

makes a_direct interconhicPBektEeRlHf PotmiF o HRPST tHESTCqiBP B Rge L RYUPRIRE &irtdiftry (not

shown) to fivkicipéhmganiagt hliedatesaannacied anshibe heatsinksill ehihe flipsahithdaaskrge. To
connect these three separate ground points tgﬁfme, commgon %ogmd lE)Oint of refefrence IS important
and requird®PSF iE6§ o tH SHRY HpIfORFERL or Rifn YHY fRSPRATL YatSe 1SRRI, R
previouslyigitecbananpiacdf prodidétesiing ibwrelahingsepanplicatiorsgtisditeastthapita dilignate
circuit functionality will in.some cases be, dependent on and will therefore Sen fiit fr%rt&?havi%g such a
common d%ﬁﬁ&%ﬁﬁhé’8{%ih{”‘5\%ﬂaﬁ@s‘fﬂEB%%ﬁSFSv'?‘& sl RERIE G UL batibe i ig chip 12
and the sugleurdirt:caifealilyycohttbatighpie itnvaidtiarahas besducese phad Aipditly stigiedsegtndeference
to specific illustrative e(inbodin%entst ered(t)f, it'gis notlintende tgt%t th\;ﬁi?‘*nventiq&be limited to those
illustrative R HHRHIHSAY UPRESETIRI PR RROs o gHS sdsledarstibisal nce i ehiettshs can
be made with@ubdspdriingdddute hadipish ofotbal dnvéntions dfisaiierafoyanipahbledsiakinclude within the
invention all such variations and modifications which fall within the scope of the appended claims and
equivalents thergof. 8 The package of claim 2, a second opening in said lower layer of said

substrate layer in addition to a second opening in said center layer of said substrate layer in
addition to a second opening in said upper layer of said substrate layer being filled with a
low resistivity material, establishing electrical contact between said selected electrically
conductive pad in said array of conductive pads in said upper layer of said substrate layer

and said heatsink.

7. The package of claim 2 with the addition of providing said wire bond
connection between said ground point of said IC die and a selected electrically conductive
pad in an array of conductive pads in said upper layer of said substrate layer, establishing

electrical contact between said ground point of said IC die and said heatsink.

8. The package of claim 1, said heatsink having been provided with a cavity for
accommodating said IC die, said cavity having a bottom surface in addition to having two
sidewalls, said cavity further being aligned with said opening in said lower layer of said
substrate layer in addition to being aligned with said first opening in said center layer of said
substrate layer in addition to being aligned with said first opening in said upper layer of said

substrate layer said heatsink having an electrically conductive surface.

9. The package of claim 1, each solder ball of said plurality of solder balls
having a diameter approximating the diameter of openings in said solder mask, a solder balls
attaching to said solder mask, furthermore said solder balls attaching to said electrically

conductive traces in said upper layer of said substrate layer.
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Claims What is claimed is: | . A package for packaging an Integrated Circuit die in a cavity provided in
a heatsink, comprising: an Integrated Circuit die having a ground point, the Integrated Circuit die
being a flip chip device; a substrate comprising: (i) three layers; and (ii) an opening there-through for
establishment of a ground connection between the Integrated Circuit die and a heatsink; a heatsink,

the heat sink havjng a cayityfiavinddF datiam shidase il sidewsls, Biughadhesivg layerqyer the
bottom surface of the cavity for attaching the IC die to the heatsink; the IC die attached to the heatsink

by positioffHeHsE fttagiing sdithRotieratsEss o s Inissnatar( Be it rdin dhaaid batemd s fRstveen the
IC die anduihgiguhstiate; s3i¢ ARSRIY S nerBYigh ihrueiibepperinghRrATiedJhaaueteths gubstrate; a

wire bond connection between the ground point of said IC die and the conductive material provided

through the opening thraughpthe fteostralairan encagsatiaimepes Witbinbang adjacedt tetthe:gavity for
attaching the IC die to t eatsink; and a plurality of attached solder balls. 2. The package of claim |
wherein sil e&?&%&ﬁéﬁfﬂﬁﬁ%%ﬁéﬁ% e e‘/rlfa%jsﬁmgasa 5P %Fﬁgﬁgﬁfﬁéé ¢BRd or
center layendnfadhéiandediempsiging2 bbid Ditetopeidayahad.afhempéckagecehdaidnl 2, sriddawer

layer comprising: a first opening, said . . .
y Is)ala sgbstrate ia)}ér, said second adhesive layer comprising a thermally conductive epoxy.

12. A package for packaging an Integrated Circuit die in a cavity provided in a
heatsink, comprising:

an Integrated Circuit die having ground points;

a substrate layer comprising three layers and an opening there-through for
establishment of a ground connection between the Integrated Circuit die and
a heatsink;

a heatsink, said heat sink having a cavity, said cavity having a bottom in addition to
having sidewalls, said bottom having a surface;

a first adhesive layer for attaching said IC die to said heatsink;

a second adhesive layer for attaching said IC die to said heatsink;

a plurality of wire bond connections being established between said IC die and said
substrate layer; and

a plurality of solder balls.

13. The package of claim 12, said substrate layer comprising a first or lower
layer having a plurality of second openings in addition to comprising a second or center
layer having a plurality of second openings in addition to comprising a third or upper layer

having a plurality of second openings.

14. The package of claim 13, said lower layer comprising: a first opening, said
first opening being aligned with said surface of said bottom of said cavity in said heatsink;
an adhesive layer, said adhesive layer forming an interface between said substrate layer and
said heatsink thereby attaching said substrate layer to said heatsink; and a plurality of

second openings aligning with matching openings in said center and upper layer.

15.  The package of claim 13, said center layer comprising a stiffener comprising

a first opening, said first opening being aligned with said surface of said bottom of said

11



first opening being aligned with said surface of said bottom of said cavity in said heatsink; an adhesive
layer, said adhesive layer forming an interface between said substrate layer and said heatsink,
attaching said substrate layer to said heatsink; and a second opening, said second opening aligning
with matching openings in said center and upper layer. 4. The package of claim 2, said center layer

comprisingA#{iffeIeiIRmBRRiNg A dirsrpeniRBesalthfirsippangrineralisnes opithisaidsawface of
said bottom of said cavity 9 in said heatsink, said stiffener further comprising a second opening, said
second opBHTAEDNGHALIARRSEHEIERIAG Y8ty i SBRCIRE PREPEISE rrHddQuIEs &Y & claim 2, said
upper layer comprising: a first openin%, aid first opening heing aligned. with said surface of said
bottom of said ca\fity in fQFdH?@E?ﬁ?ﬂ?, E6Bet-trSREL YRR y&ﬁﬁ?ﬁ?‘&ﬁﬂ@u&tﬁ@pﬁwlggﬁ% pper
traces formisgdpaialgibtaiganieetiings; idcldehaagkshiay ohaming epaningsyhaviagl aeiameter
providing interconnect points between said copper traces and ,sﬂaid pluralift%/ of solder balls; and a

selected 8RR eSnAVEIVEH AT sQld PP SR Eomatitivid HaGerRrn s witl LB B Bhening in

said uppeidayesafesaitisshsiratddayanashidasetettadnglasidcmipy canduety edpacktbeingdochted
immediately adjacent to said sidewalls of said cavity in said heatsink. 6. Th kage of claim 2, a
i s O e R i A e S e e

center layphefisgichsubkitaie tyearitaligdeiidndiova padona epeming T saicdupper laykr af sdig
substrate !l‘aé%/ r be'ng fill(ﬁj W%{? a low resistivity material, estatalishin% elegtric | contact between said
selected e i%%{fk/ E‘gﬁ et eSB%Odqﬂl o\ aipo?% ndiEtv }')%fdg in44id ﬁrgﬁa eFof ¥alid
substrate layatcadritsaidahgaisiakiciivd pedodekag b cdtethimnedidbe tha dalcbtiorn chidreideiviglisalt wire

bond connegtion.betwee gaigﬁl ound point of said IC die and a selected electrically conductive pad
in an arrayd 88?6{%&%\?81% 68" H'8aid upper layer of said substrate layer, establishing

17. The package of claim 13, said plurality of second openings in said lower
layer of said substrate layer in addition to said plurality of second openings in said center
layer of said substrate layer in addition to said plurality of second openings in said upper
layer of said substrate layer being filled with a low resistivity material, establishing
electrical contact points between said plurality of selected electrically conductive pads in

said array of conductive pads in said upper layer of said substrate layer and said heatsink.

18.  The package of claim 16 with the addition of providing said plurality of wire
bond connections between said ground points of said IC die and said selected plurality of
electrically conductive pads in said array of conductive pads in said upper layer of said
substrate layer, thereby establishing a plurality of electrical contacts between said ground

points of said IC die and said heatsink.

19. The package of claim 12, said heatsink comprising a cavity for
accommodating said IC die, said cavity having a bottom surface in addition to having
sidewalls, said cavity further being aligned with said first opening in said lower layer of said
substrate layer in addition to being aligned with said first opening in said center layer of said
substrate layer in addition to being aligned with said first opening in said upper layer of said

substrate layer, said heatsink having an electrically conductive surface.

20. The package of claim 12, each solder ball of said plurality of solder balls
having a diameter approximating the diameter of said openings in said solder mask, said
solder balls attaching to said solder mask, furthermore said solder balls attaching to said

electrically conductive traces in said upper layer of said substrate layer.
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electrical contact between said ground point of said IC die and said heatsink. 8. The package of claim
1, said heatsink having been provided with a cavity for accommodating said IC die, said cavity having
a bottom surface in addition to having two sidewalls, said cavity further being aligned with said
opening in said lower layer of said substrate layer in addition to being aligned with said first opening in
said center layer of saidrgs/babiaie:8yelaardiian -heimeaignecbwith saidiirt apenngibnsaid
upper layer of said substrate layer said heatsink having an electrically conductive surface. 9. The
package oPiantiEneadHaditer 1l SPEaR sHiFanty Ut Rothiirtpaikchaviey'a Sardtetdihppiokmating
the diamet@r@REtOPEBANY SIS SRR <3 SR BRIS VAR BBIHE saltsRMIS dvaSkstive
furthermore said solder balls attaching to said electrically conductive traces in said upper layer of said
substrate lé%rr. 10 10. The package of claim 1, said first adhesive layer for attaching said IC die to a
stiffener attaching said hottom surfac d%f saigzlnte%rated ﬂgeirc it die Jo said bottom surface of said
cavity in said heatink wHEr8B§ 8&fCAEEN 1 960 Y EoMURICROR 4P Ee . OF RSB ckage of
claim 1, aseematlsasthesivedayrr hringithjecisthbehvreih SidetvapfsafclCotisaaniCsaid hedtsink

thereby in¢luding.sajd upper.surface of said IC die and further i c'lllgjdin said. bond interconnects
that are AT Hol L R e PR ARG PR Gl CEIONE N oe iy B b oRbrising =
thermally sobhdrictiveyenaxid deoAdpattkape faygackagiizthan thtegrated daidavitvdiepoxg cavity provided
in a heatsink, comprising: an Integrated Circuit die having ground points; a substrate layer comprising
three layers and an opening there-through for establishment of a ground connection between the
Integrated Circuit die and a heatsink; a heatsink, said heat sink having a cavity, said cavity having a
bottom in addition to
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having sidewalls, said bottom having a surface; a first adhesive layer for attaching said IC die to said
heatsink; a second adhesive layer for attaching said IC die to said heatsink; a plurality of wire bond
connections being established between said IC die and said substrate layer; and a plurality of solder
balls. 13. The package of claim 12, said substrate layer comprising a first or lower layer having a
plurality of second openings in addition to comprising a second or center layer having a plurality of
second openings in addition to comprising a third or upper layer having a plurality of second openings.
14. The package of claim 13, said lower layer comprising: a first opening, said first opening being
aligned with said surface of said bottom of said cavity in said heatsink; an adhesive layer, said
adhesive layer forming an interface between said substrate layer and said heatsink thereby attaching
said substrate layer to said heatsink; and a plurality of second openings aligning with matching
openings in said center and upper layer. 15. The package of claim 13, said center layer comprising a
stiffener comprising a first opening, said first opening being aligned with said surface of said bottom of
said 11 cavity in said heatsink, said stiffener further comprising a plurality of second openings, said
plurality of second openings being aligned with matching openings in said lower layer. 16. The
package of claim 13, said upper layer comprising: a first opening, said first opening being aligned with
said surface of said bottom of said cavity in said heatsink; copper traces with an array of conductive
pads, said copper traces forming metal interconnect lines; a solder mask layer having openings
having a diameter, providing interconnect points between said copper traces and said plurality of
solder balls; and a plurality of selected electrically conductive pads in an array of conductive pads
aligning
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with said plurality of second openings in said upper layer of said substrate layer, said selected
electrically conductive pads being located immediately adjacent to said sidewalls of said cavity in said
heatsink. 17. The package of claim 13, said plurality of second openings in said lower layer of said
substrate layer in addition to said plurality of second openings in said center layer of said substrate
layer in addition to said plurality of second openings in said upper layer of said substrate layer being
filled with a low resistivity material, establishing electrical contact points between said plurality of
selected electrically conductive pads in said array of conductive pads in said upper layer of said
substrate layer and said heatsink. 18. The package of claim 16 with the addition of providing said
plurality of wire bond connections between said ground points of said IC die and said selected
plurality of electrically conductive pads in said array of conductive pads in said upper layer of said
substrate layer, thereby establishing a plurality of electrical contacts between said ground points of
said IC die and said heatsink. 19. The package of claim 12, said heatsink comprising a cavity for
accommodating said IC die, said cavity having a bottom surface in addition to having sidewalls, said
cavity further being aligned with said first opening in said lower layer of said substrate layer in addition
to being aligned with said first opening in said center layer of said substrate layer in addition to being
aligned with said first opening in said upper layer of said substrate layer, said heatsink having an
electrically conductive surface. 20. The package of claim 12, each solder ball of said plurality of solder
balls having a diameter approximating the diameter of said openings in said solder mask, said solder
balls attaching to said solder mask, furthermore said solder balls attaching to said electrically
conductive traces in said upper layer of said substrate layer. 12 21. The package of claim 12, said first
adhesive layer for attaching said IC die to
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said stiffener attaching said bottom surface of said Integrated Circuit die to said bottom surface of said
cavity in said heatsink, said first adhesive layer being a thermally conductive layer. 22. The package
of claim 12, said second adhesive layer being injected between sidewalls of said IC die and said
heatsink including said upper surface of said IC die and further including said wire bond interconnects
being made between said IC die and said substrate layer, said second adhesive layer comprising a
thermally conductive epoxy. 13 14 15 16
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