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+he invention relates to the fabrication of integrated circuit devices,
nore particularly, to a nethod for groundi ng an enhanced BGA package to

i ndustry has for many years followed a path of product inprove
electrically required approach of device mniaturization and b

under | yi ng heatsink. (2) Description of the Prior Art The seni®ﬂmm@mMor
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therefromfollowi ng increase of the device packagi ng density. For *tng of
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internally to the device by creating device features of small " L Ons.
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packages. This has led to hexbkebdpobrhigh H@RSIHdon Nt er connect ~000002*
technol ogy, where multilayer structures are nounted on the surface of a

substrate thereby connecting integrated circuits to one another. This

approach results in high wiring and hi gh packagi ng density,
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integrquq cighedist ¢hips §£gegg¥gﬁcally and electrically interconnected and
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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 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 chipe are physically and electrically interconnected and



connected to a single substrate commonly referred to as a Multi Chip-Mdul e
[MCM . Electrical device isolation is provided by |ayers of dielectric such

as polyimde that separate various functional planes (such as signal |ines,
power lines and ground planes) in the substrate. Metal interconnects can
readily be provided by netal |ines that are enbedded in other |ayers of

dielectric, thereby using vias (holes) to provide electrical connections
bet ween the various types of lines. Interconnect |ines nust thereby be
connect ednnectedhta gashagléhatbeptate naaidrinmrafercad e beaki medtfior the
conpl eted package. For instance, adjacent |ayers nust be formed such that

pri mary chigndodpiepagah ONEUeE et EQNSISF Lol 1IGH N i eaekvideldeby This to
avoi d crosstal k between lines that are in close physical proximty, which

can induegchal o¢ siignaksrandsHeh sgs bed Weah Adjatantsddatete GaRdopkanarity
must al so be mai ntai ned between adjacent |ayers of interconnect |ines

because i 0 Ln tani.cal [ i i d
Chi okt o cIenal bIRACEONRACH oo NERoRlf THRES Joudiaioile Bt BBulld

nmust be KN b.Lh I Lth . r t therefore be
sugstanfﬁ%%%%)f?gt%g%dsg%%%?%t%i?gé@%g%gngg%%ﬁgﬁgﬁg{?%y §§%H§%th§hese
| ayers can.s for the next Me .of the %rigina

IR S md b?S ines. th L aye cg' gther layers.

approacﬁbs tﬁaé HXS 5&8h gs%ﬁ t %?e%ﬁ%a%ﬁﬁ%%ﬁﬁa MoUtEd, &Iaﬁ Bi - count

integra%ﬁgl%EE%g%E Eﬁg§gggsu2?§g 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. Thisg 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.




been the use of Quad Flat Packs (QFP's) with various pin configurations.
For QFP's, closely spaced | eads along the four edges of the flat package
are used for making electrical connections fromwhere the electrical
connections are distributed to the surrounding circuitry. The input/output
(170 connections that can be nade to QFP's are therefore confined to the
edges of the flat package, which limts the nunber of 1/O connections that
can be nmade to the QFP even in applications where the pin to pin spacing is

smal | . QFP' sohaveff euador0ghralosppddcitdd Whdtohase Beeondiseliotodeyeaes
where the device I/0O pin count does not exceed 200. To circunvent this

I'imtat ighfazenfWuBlekadBigh Bhl c&¥inl At {tRE iRk 20 RREgRECRas
i ntroduced. For the BGA package, the electrical contact points are

di stribyed Qyer ug@eo;engzhas beLt Oﬁéék’éff%ﬁ%@) the Package ot hereby

elimnating the restriction of having | onnects only around the

h
eri pher f, a , gon i j t eat S i et ween
Fhe Eontaggl ggﬁfgggghgﬁﬁgrgggr%’b%fgéﬁggég%%“%%9%§g&t%é%@gAgégcggag t han
was t he se w.th thglégp's.kThe cont act qpints t.hat are _used.for the BGA
package S89E% i EAFI 7151 BAFFBAT| 3T AT Chave (e AgH&Ed S aATEage of
facilitatin% fLOW/S%|deriH of the package onto a printed cirguit oarg. 3
w A Bal ICOBRRECAPPSy tFRBAY g‘s”ea’hh%r‘? §F O S N RS @16 48GT6RYESEhi p

carrier, such as a Printed GCrcuit Board (PCB),
to the surrounding circuitry. The input/output (I/0) connections

that can be made to QFP’'s are therefore confined to the edges of
the flat package, which limits the number of I/O connections that
can be made to the QFP even in applications where the pin to pin
spacing is small. QFP’s have found to be cost effective for
semiconductor devices where the device I/0 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/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.




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 mls spacings in regular or staggered
array patterns. The BGA package is part of a | arger packagi ng approach that
is often referred to as Chip Scal e Packages (CSP), which is a packagi ng
approach that is considered to be different fromthe previously highlighted
approach of MCMs. Flip Chip packages have in general been used to
accommodat e i pceasedriiOaeeupt (BOAPI Nedai 4 Hrd NI earAdidliagl & eauilsement s
for high performance ICs. Flip chip technology fabricates bunps (typically

Pb/ Sn sqlidgidl @ Al cpags ca@salllegt CEGORANSELS B:leh UHTRS AHTIRCHIA AL (bh8)
package nmedia, which are usually ceramc or plastic based. The flip- ch| pis

bonded f@age igwR tc%nkagtpacbegﬁtééreyg&weo tigstaPaths,, This approach

can be applied to single-chip packaging and to |g er intedrated | evels of

k t k { t t
Packag %A&%uﬁé@{t%&fl e AEFEr S Ene 4 P ie B R %acftgé‘?fe?u%% S8
t f, bstrat t
gglck:tgl ;%g @é:rlélm gAigﬁEg:?lr g%ﬁ%kg‘géﬁgl P%%ib‘i%@e\r@rg&hd@ I%%’\?L%Ot olimt
the performance aqf the overai packa . Rec ears have seen t he
ener gen&8 15t PP&STPE BEATHELKEYI 1iY; St AP TH kaa@y B S Eone Fen&Chai n

stream design and is fre%uently used in high vol urre BGA package
f abri catRasHaIfhd SpPasti OLsabspFEeE BT PRI FPRIQFVY r’Féiastat%SsPé@teé‘rl |y when

used for low density flip-chip ICs. If the nunber of pins emanating from
t he 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.



ICis high, that is in excess of 350 pins, or if the nunmber of pins com ng
fromthe ICis less than 350 but the required overall package size is
small, or if the chip power dissipation is high (in excess of 4 Watts per
chip), the plastic structure becomes conplicated and expensive. It is
therefore the objective of providing a package for flip chips that has a
direct ground connect between the flip chip and a heatsink on the surface
of which the flip chip is mounted. In a typical flip chip packagi ng

arrangenent, paisubaktakebkoyete t patk&PMpiuted Heaamidyehd plassed Boa
connect the flip chip to surrounding circuitry, using wire bond connections

bet ween dahabfihg . ChbRaRnd LHSsSHbSE et @d MRS i sThEfeRRlidet apai Rhs of the

BGA/flip chip make contact with contact points in the top surface of the

substratg. Jayekq &@ﬁiﬁugﬁérgéff$fmgﬂcéEﬁfﬂéﬂéiéUQéﬁ%F%%Q%%ﬁ%l hgegPt

BGA/ flip-chip contact point An opening i s provi each t he

t hree | ayer at are c ained |n the substr.at ayer, this opening is

11 hed e s A0k PegnePRb Tt eharivs a7t Rl B ERCIgSarEer PRg! Ccont act
bet ween _aone sel ect ed copper d of,the copper traces (i.n the u | ayer of
Uhe SUbSPLAPEIPE,BRF BREDTRe REATSI MIEC hERT % ERE drodREHBPRLYof ¢ he
IC die to the selected cogper pad of the copper, traces conpletes the ground
pat h betd#E&n 1th81gFoURYUBE BRR PREMRL dRPEHE 1SR it PASSSRGi ng i s
encased between the | ower surface of the BGA/flip-chip device and the upper

sur f ace SO StEEteuBSPr RREkaTh| BeRBPHNTI Pl Fi¥hardd vt 9hes w8eer £rFI 1SFnce it

is filled in under the original
density flip-chip IC’s. If the number of pins emanating from the

IC is high, that is in excess of 350 pins, or if the number of
pins coming from the IC is less than 350 but the required overall
package size is small, or if the chip power dissipation is high
(in excess of 4 Watts per chip), the plastic structure becomes

complicated and expensive.

It is therefore the objective of providing a package for
flip chips that has a direct ground connect between the flip chip
and a heatsink on the surface of which the flip chip is mounted.
In a typical 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



BGA/flip-chip device. A heat sink is typically attached to the | ower
.surface of the flip-chip. Fig. 1 shows a Prior Art nmethod of packaging a
BGA/ flip chip whereby a najor part of the package contains a heatsink 10.
The sem conductor 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 nounting of the
Integrated Grcuit (1C chip 12. Heatsink 10 has a surface that is

el ectri ealdny ofoRtlacthyee Thgetoptivdt tdree ot imelL iirs the cueserphysi cal
contact with the heatsink 10 via a thin adhesive |layer 18 of thermally

conduct i1¢ge@NOoxnikhapehsngdepsst i ete@URitH he IRP HifR6& ik aA¥EkYal6, the
IC die 12 is attached to the heatsink 10 by neans of this |layer 18. The 6

a t adhesjjke lsaueh 14Bihg SHEEHr BEL LM cditendiC Klitticks RAS Q%QQck%aegggﬂeE“to

cavity 16. The contact points of the die 12 are conductively bon usi ng

f
w re- bopdidel eHANLAURS, LOaLDS PHESIASLGIAY Okl GENEROAALLEER.28 and

30 are shown here as applie or e ‘conmnecti on-o to | ayer
26 of t st.rate, 20, The. bs%gate 20 h been _shown .as caqntainipng three
Iayers,qt %ggi?n aﬁEFshEE?Séﬁﬁan TR igﬁﬁzqggqupﬁfﬁpﬁyognEgﬁhzgive
| ayer tgﬁF dire%;I§ ionne ts the suqitr te 20 to the heatsink &0. Thiﬁ
est abl | SHEs e ReEELESF 5 InBaRERT JRS SUipdde. BPINETIORE KEMBLRGeS the
operation. Layer 24 can contain a stiffener that_provides )
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



rigidity to the substrate 20, while | ayer 26 contains copper traces and/or
circuitry that further interconnects the solder balls 32 to the surroundi ng
circuitry or functional elenents. Wres 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 of the substrate |layer 20. The substrate 20 contai ns,
as has previously been indicated, the adhesive |ayer 22, the |ayer 24 of
stiffener for the substrate and the copper traces 26 for interconnect of
the | C didhekdvel Nagddi LBONs thiLedOhfitsr nESK 1@yEIe 22 Malsh beReNiingertsd
deposited over the surface of the substrate 20. Sol der mask 27 has been

provi dedntict Ra0neR ngs trhat cancadt | goBEE NI die HePRer ake cb'h@%%%i%@l%ro
provi de sol der connections between the copper traces 26 and the contac

bal I's 3%onded, %s@h%owigemﬁoﬂeﬂhéh@eéﬂhf&@ééﬁ1ﬁ§1§ﬂ9%ﬁ§%&%@%@ E%&EQ ag,
encapsul ation material that is syringe dispensed to surround the“die 12

formng the encapsulation layer 34. It nust be noted that this |ayer not
only surrounds the IC die 12 but al so covers the bond wires 28 and 30. The

enoapou 2| OGS Be bR ) B e R TR L 1
very el el tTgE LAY Rogdhng, Peciaen 1 bal Ll SHRd o DRI N0
suited %%r%ﬁ&%%geb ggebgggcghgggnggtéégggiﬁqggat(¥g£I%%Jéis, that is
layers 22, 24 and 26. Layer 22 is typically an adhesive layer
that directly connects the substrate 20 to the heatsink 10. This
establishes the necessary mechanical 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 of the substrate layer 20.

The substrate 20 contains, as has previously been indicated,
the adhesive layer 22, the layer 24 of stiffener for the
substrate and the copper traces 26 for interconnect of the IC die
12. In addition, the solder mask layer 27 with openings is
deposited over the surface of the substrate 20. Solder mask 27

has been provided with openings that are aligned with the copper



typically used for packages with larger pitch interconnects, these packages
.tend to be nore expensive to produce. The wire used during the wire bondi ng
operation also introduces |larger parasitic elenments into the circuit
configuration, resulting in limting the high end frequency range over

whi ch 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 8 into the solder nmask 27. The solder balls 32 are re-flowed by

appl yi ngaeak be theppackagesoBA&LSSonndbt idhs Rane@dnf o t:b?péend@g&éye
pads 26 by applying an appropriate cleaning agent. As a final step, the IC

package sigs a6y thakedntWht Chatogpi £t es the process of assenbling the wire
bond package. For the flip chip/BGA package that has been described, it is

important that a solid and dependabl e ground connection is provided for the
ID die 12 of Fig. 1. This common ground is of inportance for instance in

die 1 s is of im nce in
[Cchip 12 after Endani pPa8e Ao et o T, o B T ] kg TRH™ ©

Co L f d_b he I1C die 12 h ' ired
For. suc R GAoRpR A AR BRECRBRL oRFS: il CHAIRE B ERARGIANEL § ek OPHE Che

gr oundi of the test system and {he ground point of the chip 12, the
connonapﬁfylﬁugPrHénErB%Fdﬁﬂcﬁ???iﬁﬁléhn%qy iy donfSt %@sBQFﬁﬁthGF any
significant ohm c val ue between the ground .

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



pl ane of the I C chip 12 and the surroundi ng ground plane, in the case of
the test exanple that is the ground plane of the tester. This latter
requirenent is significant where ohm c resistance of relatively small
values is tested, a relatively high value of resistance that is introduced
bet ween the ground point of the IC chip 12 and the tester takes on a
relatively high value as conpared with the (relatively |low) value of the
resi stance that 9 is being evaluated thereby reducing the sensitivity of

the testint®sthe @vagBkemgbkspeh testidma@anda £idrdihed esivaa bhat is
performed to evaluate the contact resistance between the connected bond

wires (28A94n30nkBcFts. tl]xeaﬁa@]@a@éaMQs@@Ld)bQSCQﬂ%%'herdr #eem ehel ayer 26
to which these wires are connected. high resistivity path between the

vari ous growd iRka gas(gk Bg aﬁé;gtﬁ%%%?gﬂga A %?Hl%% %%eh@e re

traces 26) Is unac epta e avoi ort

met hod %Tf%%% r%@g n?&'% g§% £ &€$ lﬁ“jJﬁléﬁ Sg%Plg%es tﬁhlp 12

and t he ground poi f of “slrr g elec |ca i rcuitry OF equi prent nust

provide a laow re |st|v&éx con ection q% en these two points of ground. US
6, 011, 2§§°€§F§n8 ) 2ERENE -4 Ba ?39% IS difuE9Se epoxy that has a ground

and heatsinks isolated from shi el ds. The Prlor art section states that
heat si nks are grounded, see colum 2. US 5,376,909 (Nelson et al.) shows a

package mherF) t he ground ﬁ[ane i s the heatsink. Conductive egexy is also
used. or the flip chip/BGA package that has been descri it is

important that a solid and dependable ground connection is
provided for the ID die 12 of Fig. 1. This common ground is of
importance for instance in applications where electrical
measurements must be performed on the mounted IC chip 12 after
the chip 12 has been mounted on the heatsink 10. Commonality of
ground between the IC die 12 and the test system is required for
such an application. Not only must there be commonality in the
grounding of the test system and the ground point of the chip 12,
the commonality must be provided without introducing contact
resistance of any significant ohmic value between the ground
plane of the IC chip 12 and the surrounding ground plane, in the
case of the test example that is the ground plane of the tester.
This latter requirement is significant where ohmic resistance of
relatively small values is tested, a relatively high value of
resistance that is introduced between the ground point of the IC
chip 12 and the tester takes on a relatively high value as

compared with the (relatively low) value of the resistance that



US 5,739,581 (Chillara et al.) shows a package with heat sinks and traces.
«10 T SUMVARY OF THE | NVENTI ON A principle objective of the invention is
to provide a low resistivity connection between a BGA/flip chip that is
nmounted on a heatsink and the heatsink. In accordance with the objectives
of the invention a new nethod is provided for the establishnment of a | ow
resistivity connection between a wire bonded IC chip that is nounted on a
heat si nk and t he heatsink of the package. A copper trace connection is

al | ocat e@ befinghegapuapesetiwardibye sedi@iary afhd RRensubstrhaeofayne teswhi ch
the IC chip is connected. An opening is provided in the substrate |ayer of

the packagen ERhapPBReSENguah i G8st hd hbd&LARRY thaceekRahghanabees
al l ocated for establishing a ground connection and penetrates the substrate

| ayer downctorbhecSULLacE.ol the din hRat ke FaenopaRi ng is filled

wi th a Conductive epoxy or an eqU|vaient ow resistivity materi al,

estanl i shingcaedi Lagh BLEclr (58l cgonniect] an g sshar Lbelurgn ) heqa! Logat o

copper trace an e underlTying heatsin connecting tf ound pornt of
connect FARBEE REAEBePhe bty thet Gt gum gl 125 (e SECoghT fOURACERE: Hbat i nk
O M e e e By SR e & e, RN A TR o 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 registivity connection between these

two points of ground.
US 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.

US 5,376,909 (Nelson et al.) shows a package where the

ground plane is the heatsink. Conductive epoxy is also used.

US 5,739,581 (Chillara et al.) shows a package with heat

sinks and traces.
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1 ground point between the flip chip die, the electrical traces to which
the flip chip die is connected and the underlying heatsink. BRIEF
DESCRI PTI ON OF THE DRAW NGS 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 BGANflip chip using a
heat si nk 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. d¥pERYY IFONEEF ITTMENPRERERRED ENVMBODI MENTS Fi g.
2a shows a cross section in an X-direction of the package of the invention
wherein a I C chip 12 has been nounted within a cavity 16 that has been
provided for this purpose in a heatsink 10. 12 The package of the

i nventi on Coﬂt E‘ﬁc& el ghhow rent) o% heat sl poligehgay snk 10
a c d

has a surface el ectric onducti ve a sem conductor chrp or

die 12 n%tﬁskﬁ%?c% “BOBHS g%{;;éet?weéxfﬂe Fh?&k/aﬂeip (08 - ALY sPRLARE QT oh e

die 12 are ¢

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 opening is
provided in the substrate layer of the package, this opening
aligns with the copper trace that has been allocated for
establishing a ground connection and penetrates the substrate
layer down to the surface of the underlying heatsink. The opening
is filled with a conductive epoxy or an equivalent low-
resistivity material, establishing a direct electrical connection
or short between the allocated copper trace and the underlying
heatsink. By connecting the ground point of the IC chip to the
allocated copper trace, a low resistivity electrical connection
is made between the ground point of the IC chip and the heatsink

into which the IC chip is mounted thereby providing a common

11



spaced around the periphery of the die 12 3) a cavity 16 that is provided

in the heatsink 10 for the nounting of the Integrated Circuit (1C chip 12
4) a thin adhesive |ayer 18 of thermally conductive epoxy that is deposited
over the top surface of cavity 16; the ICdie 12 is attached to the
heat si nk 10 by means of this layer 18. The top of the ICchip 12 is in

cl ose physical contact with the heatsink 10 via the adhesive |ayer 18,

| ayer 18 is cured after the I1C die 12 has been inserted into cavity 16 5) a
subst r ageocdfidceptiat nNbagwesh eehd afEis, ciintdies Itagerled22rizdlanda?bs the
contact points (not shown) of the die 12 are conductively bonded, using

Wi re bopgieg teehBigpgeshipodibeisubsinadtead Ay 24 @hdbacwrnghb&tbyﬂkcal ly
an adhesive |ayer that directly connects the substrate |ayer 20 to the

heat sink 10, this establishes the necessary nechani cal support for the wire
bondi ng operation 7) layer 24 can contain a stiffener that provides
rigidity to the substra y ﬁ$ﬂ§ains copper traces

and/or circuitry that |%§éFgo§%§§gI%ﬁ£O§o éﬂ%%éF%E of the flip chip
package of Fig. 2a to surrounding circuitry or functional elenents 9) the

sol der mask | ayer 27 with openings that is deposited over the surface of

t he substrat Iay 0 der mask 27 has_ been pr.ovi de i peni ngs that
align with t EpE%OW?aaegr%%s %F?ﬁ%ﬁﬂ(ﬁffﬁﬂQ§§9¥9§nﬁegpﬁgﬁglﬁeFaégn t he
copper traces Zg and .t E

ing 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.
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contact balls 40 of the flip chip package of Fig. 2a 10) wres 28 and 30

t hat provide a wi re-bonded connection between a contact points on the IC
die 12 (not shown) and the copper traces contained in |ayer 26 of the
substrate | ayer 20 11) an encapsul ation material 34 that is syringe

di spensed to surround the die 12, surrounding the I1C 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 theTsgbpherb8e26fi Shéhenveédt b td@itdias keRn reneakedgi n the
substrate 20. It nust be noted that the via 36 is located in the i mmedi ate

vi ci ni t yRfpdhdatapening 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 heat§i gkplQr gl 1bt fﬂiéé siMktiernpeen nated d gLt he %@8@%&1%%@? 38

is dedicated to the establishing of a ground connection between t chip
12 and the sneatsink 10 of the package of the invention. Via 36 is filled
with a lowresistivity, high conductivity material such as conductive epoxy
or any qther sui.tabl.e terjal that. es l.ishes.a |low resistivity pa
et wean 20né SEORRARERoTRE FRERNPD 4ok o T kel M0 FBC FERKES! OFuFher
be enphasi zed that, where Fig., K 2a shows only one via 36, the process of the
Cnvent | BRFESRGt ChEnFEBHATD BAIE OF AR (8 ity SR iSASYEAn3BE FrBFFYEd
where this is required ,

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

5) a substrate 20 containing three layers, that is layers 22, 24
and 26; the contact points (not shown) of the die 12 are
conductively bonded, using wire bonding techniques, to the
substrate layer 20

6) layer 22 is typically an adhesive layer that directly connects
the gubstrate layer 20 to the heatsink 10, this establishes the
necessary mechanical support for the wire bonding operation

7) layer 24 can contain a stiffener that provides rigidity to the

substrate layer 20
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thereby establishing a plurality of electrical ground paths between the top
surface of substrate 20 and the heatsink 10. Fig. 2b contains conponent
elenents within its cross-section that are identical to the conponent

el ements of the package that have previously been highlighted under Fig.

2a. The cross section that is shown in Fig. 2b is a cross section that is
taken under an angle that is perpendicular wwth the cross section that is
shown in Fig. 2a. The purpose of the cross section that is shown in Fig. 2b

is to imdi cayert hat cbAeatnpPEsphEACErafes WHG b T ipfcMitded that t he
est abl i shment of a ground connection between the chip 12 and the heatsink

10, ext ap@erpenpend eHbasbydéropatihe OpemdFil§ tdalh Ragkheenogr eagedahn
the heatsink 10. This 15 per pendi cul ar extension of the copper trace

ground %@@%&&bﬁﬂa@ﬁgcemr&ﬁﬁﬁy05@ fend ey dier disefldeg interconnect with
contact balls via thée solder nmask 27 thus further providing a nethod for

connectlggt%eg aynd Ragga}ggg£059dvfﬁh(% S é@’tﬁ@&eﬁheg%§%%EE%$hls ¥ tter

connect é Re sol SO C nnec

connect n t her.efore rect jnterconnect., between r nd oi nt
o he 12y S RE"EEr slnaHFECe 1A 9 (i Folaek 8l kien bR

cont act baII§ % connected andd%fe heal 10 of the flip ﬁng

package P*PY1EG ngéF tﬂB?ElPﬂ?eE 33 ﬁnﬁQR?§r15I6ﬁ§Sca R ground

poi nt of reference is inportant and req U|red for many of the uses and
appl|caEFGW%dFoﬁoﬁﬁFEthﬁBeFF?%n%hbiFVﬁ?q e Gapnsed trpcesprévrBdsEheci t ed

exanpl e of product testing is one of these
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.
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applications. It is clear that the ultimate circuit functionality will in
-sonme cases be dependent on and will therefore benefit from having such a
comon ground connect point avail able since this provides one common ground
between flip chip 12 and the surrounding circuitry. Al though the invention

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

that varicahugms fardheRdbbefiaht 088 iRt behdBdpurt hadicedapaliisi Agditatefir om
the spirit of the invention. It is therefore intended to include within the

inventi e aht %@@abméh@h'goaﬁ Anghr &k fdGrid AioIMHetdeal lknwi trhi Eh&{ael§cope
of the appended clains and equival ents thereof. 17 What is claimed is:

A package d @hePRekaghing 20 bRt ERE abetddd b eyl 6 iar@ iGAVI kY ol BBt 1kS
provided in a heatsink for said packaging of said Integrated Grcuit, said

| nt i a S f n b tom
sur f sc0 T Sa D g, SolotkREs G b o A S B e e VB gl
round pQ ckagi.n r e establl of .a.ground
gonﬁect?bn%%gfagén gg ght%ﬁYa?g%é%;?%iu?gkﬁ % salg%ﬁ%aF§FﬁEQlSHes
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. 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 that has been created in the heatsink 10. This
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conprising: a substrate |layer conprising three |ayers; a heatsink said heat
sink having been provided with a cavity, said cavity having a bottomin
addition to having sidewalls, said bottomhaving 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

w re bond connections having been established between said IC die and said
substrate layer; and a plurality of solder balls. 2. The package of claim1l

wher ei n peaipdndldbsil bat extayel of 05Pr tisé Ngopdr tSlacd Jrowid layeeckthoaddition
to conprising a second or center layer in addition to conprising a third or

upper |%%%Fth%§efo§e EEefQEEKéﬂeuQédC&é“{Hé%réﬁﬂdédéﬂw¥tﬂ ARk 2€@MBRISLENY: &
first opening, said first opening being aligned with said surface of said

bot t om Qf; ;sad cavkky @asﬁagé PRAL St &P Sul}gﬁg e¥1‘§a' AW aa' d,adhesi ve

| ayer fornlng an interface between sal yer an salg heat si nk,

2t {achi ng,sald st Labephaxe L0 salebealal 1l And 9 sGeand ggen no, said

second opéning a chln penimgsin sai'd ‘cen ler and upper

Cover. 4 ISARIEe L ol B2, M P | ver o tslog RsLLLrerer
heatsink. This latter connection therefore makes a direct
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
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aligned with said surface of said bottomof said cavity in said heatsink,
said stiffener further conprising a second opening, said second opening
aligning with a matching opening in said |ower layer. 5. The package of
claim2, said upper layer conprising: a first opening, said first opening
bei ng aligned with said surface of said bottomof said cavity in said
heat si nk; copper traces with an array of conductive pads, said copper
traces formng netal interconnect lines; a solder nmask |ayer having

openi ngErvavithg apdiraBeber the ovhdemgi bl ere o atieididties ibtlendea sai d
copper traces and said plurality of solder balls; and 19 a selected

el ectri Galdiyigeondeethvenpadniansabd a1T ayu@f wonditGldnee spads aligning with
said second opening in said upper |ayer of said substrate |ayer, said

sel ect e%o%ﬂﬁ%@tqahlsywﬁ@eﬁugalyewp@qnbe&mg Qe e inmEdiltlieqadhagrat to
said sidewalls of said cavity in said heatsink. 6. The paCckage of claim 2,
sai d secopd QReRLAGNLD saLdLpwer layer of said substrate layer in addi ti on
to said second opening in sald center |ayer of said substrate layer in
addition to said second opening in said upper |ayer of said substrate |ayer
being filled with a lowresistivity material, establishing electrical
contact between said selected electrically conductive pad in said array of
conductive pads in said upper |ayer of said substrate |ayer and said
heat si nk.
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7. The package of claim2 with the addition of providing a wire bond
-«connection between said ground point of said IC die and said sel ected

el ectrically conductive pad in said array of conductive pads in said upper

| ayer of said substrate |ayer, establishing electrical contact between said
ground point of said IC die and said heatsink. 8. The package of claim1,
sai d heat si nk having been provided with a cavity for acconodating said IC
die, said cavity having a 20 bottom surface in addition to having two

si dewal Iwhatsaisd ctaviney figst her being aligned with said first opening in
said |l ower |ayer of said substrate layer in addition to being aligned with

sai d finst popekkagel Rogapdck8giLy dRYBitfraadd Guhstitaldad avek Avaddi tion
to being aligned with sard first opening in said upper |ayer of said

substrateg Jrayer psaidaBaat i Aknbavi ngk anel 8oy ikaldayigendyciivg surface. 9.
The package of claim 1, each solder ball of said plurality of solder balls

having adicaretel BRRLAXLIBLANG Hheo dharE & 0l 8aid] OReings o Bosal d

sol der mask,” sai s attaching to sal ol der mask, furthernore

sal d soldere bal L, ahbachinocho,seld; el sctuigaldy condyet iug,igges in sai d

upper layer "of" Sai ubstra ayers 1 e package of clarm'I,” said first
Dot om S Sge S6odAI5Y nPRLRalBaLts U T 340 Vi BOLPGPEAFac B0
said Ca\gatc)fcaigq_n%aitg gg%fpgllgle( Eﬁg rgggagfighn?ednhtescjf\/% Iga o%rndi Sco(flj}lnection
between said Integrated Circuit die and said heatsink,
comprising:
a substrate layer comprising three layers;
a heatsink said heat sink having been provided with 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 having been established

between said IC die and said substrate layer; and

a plurality of 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.
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thermal |y conductive layer. 11. The package of claim 1, said second
..adhesive | ayer being injected between sidewalls of said IC die and said
heat si nk t hereby including said upper surface of said IC die and further 21
including said wire bond interconnects that are made between said IC die
and said substrate |ayer, said second adhesive |ayer conprising a thermally
conductive epoxy. 12. A nethod for packaging an Integrated Circuit die in a
cavity that is provided in a heatsink for said packagi ng of said Integrated
Circuit3.sahd batkgpatefl €latniz, ddeidaowsy dadver Sampadeing:addition to
having a bottom surface in addition to having two sidewalls, said IC die

further hawi figratgopenNEngQi 84id Sed £k thasdeadintg Hed neORPHgnedt hetaskabli shment
of a ground connection between said Integrated Circuit die and said

heat si Nk, ¢Q@Rr bsi BE1 BNBoEEERSC AT sa M Wit 18D danlededkednf;rcuit die
whereby said Integrated Circuit die is a flip chip device; providing a

substrate LayehnQihLi $hDgy ! Nees | MMRISiv QYL 192108808 Glseosahdeheat

sink having a cavity, said cavity having a bottomin addition to having
si dewal i.d t I rf ; i di fi Si | ayer
for att%%ﬁﬁ%%hsgggglgﬂ%?§¥%€gsg?ﬁgﬂé%%§f% fpg%%ﬁggﬁﬁg gkgégg%ggagﬁggive
ayer Tor,attaching, 821 fo! G dhenl o 2ahd Nt st nks

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 in said
heatsink, said stiffener further comprising a second opening,
said second opening aligning with a matching opening in said

lower layer.

5. The package of claim 2, 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
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providing a plurality of wire bond connections being established between
said I1C die and said substrate |ayer; and 22 providing a plurality of

sol der balls. 13. The nmethod of claim 12, said substrate |ayer conprising a
first or lower |ayer having a second opening in addition to conprising a
second or center |ayer having a second opening in addition to conprising a
third or upper |ayer having a second opening. 14. The nethod of claim 13,
said | ower layer conprising: a first opening, said first opening being

al i gned W tahsgakedtrsedr basetpicsnly boidwin Bfe SRIA iAW AR reg érheat sink;
an adhesi ve | ayer, said adhesive layer formng an interface between said

subst r at@nlsayer vangagai d1hgat sh N tihes ey AdANiRRe3ald isuRstpatgpbayer to

A
sai d heatsink; and a secong openi ng being aligned w th nmat ching openings in

sal d cenlgioradd WRRA' slBYEFarelayde, TEINP bAoAl Bilie ARud 90Nt er Tayer

conprising a stiffener conprising a first opening, sai rst openi ng being

2l i aned il 3300 Sun! 88e,01 salbbolhom Al 53 dfavy 1 sald heatsi nk

said stiffener fur ri'srng a secon sai d second openi ng
al i gni ng Wl 11381 4585909 9pLR) "t £ 22115 Rl | aver. 23

6. The package of claim 2, said second opening in said lower
layer of said substrate layer in addition to said second opening
in said center layer of said substrate layer in addition to said
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 a wire
bond connection between said ground point of said IC die and said
selected electrically conductive pad in said 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 accomodating said IC die, said cavity having a
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16. The method of claim 13, said upper |ayer conprising: a first opening,
said first opening being aligned with said surface of said bottomof said
cavity in said heatsink; copper traces with an array of conductive pads
sai d copper traces formng netal interconnect |ines; a solder mask | ayer
havi ng openi ngs having a dianeter, providing interconnect points between
sai d copper traces and said plurality of solder balls; and a sel ected

el ectrically conductive pad in said array of conductive pads aligning with
sai d sebotdoapenirfigeeninaaddippet tayerviofg waiadd Sdestaratse kaydr casatd
selected electrically conductive pad being |located i medi ately adjacent to
sai d si dewahes BEingi d1eambdywith sed il et Mpenlihg The sBRdheBwel Chakm 13,
said second opening in said |lower |ayer of said substrate |ayer in addition

to saids¥eeand apeBLrdcbn1gpld ﬁ@na@aldlaa&ertd)fbei@igd A4bsltatg thayghgi n
addition to said second opening in sald upper | ayer of "said substrate |ayer

b figl I I

2P0 AP ESEEL LY R R Rl s,

o L SOUUELLNS Bl Sl pRneTe L, s Bl ety
di b b f dIC d

FEUCE AT R e

pads Ine ec%rgcgﬁay gnductlgglgugbetrate | ayer thereby

9. The package of claim 1, 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.

10. The package of claim 1, said first adhesive layer

for attaching said IC die to said stiffener attaching said bottom
surface of said Integrated Circuit die to said bottom surface of
said cavity in said heatsink whereby said adhesive layer is a

thermally conductive layer.

11. The package of claim 1, said second adhesive layer being
injected between sidewalls of said IC die and said heatsink

thereby including said upper surface of said IC die and further
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establishing electrical contact between said ground point of said IC die
..and said heatsink. 19. The nmethod of claim 12 wherein said heatsink has a
cavity for acconpdating said IC die, said cavity having a bottom surface in
addition to having two sidewalls, said cavity further being aligned with
said first opening in said |ower |ayer of said substrate |layer in addition
to being aligned with said first opening in said center |ayer of said
substrate layer in addition to being aligned with said first opening in

sai d uppakeluayay ehigawtrsubshd aiftdfyRtinecdl dHagalkTenkadavbagwadn said
electrically conductive surface. 20. The nethod of claim 12, each sol der

bal | of rgadepbtBakhiyl ghvserses bald:s, hadity sk dnAMBliBesappr Q¥iy/gRt i ng the
di aneter of said openings in said solder mask, said solder balls attaching

to Saiqc%%PQQgiggsg,tﬁgg&ggiyvégnéﬁggkégﬂé%gkybal|S attaching to said
el ectrically conductive traces in said upper | ayer of said substrate |ayer.

25 .. 21. The nmethod of claim 12, said first adhesive |ayer for attaching
said IC die to said stiffener attaching said bottom surface of said

oL 2 Pl B P IR L Sl

heat si nk, ( esive yer=perng a y conductive
e, ol 2L 238 30SORG el e | Vel gy g gd et veen
Integrated Circuit, said Integrated Circuit die having a top
surface in addition to having a bottom surface in addition to
having two sidewalls, said IC die further having a ground point,
said packaging to comprise the establishment of a ground
connection between said Integrated Circuit die and said heatsink,
comprising the steps of:
providing an Integrated Circuit die whereby said Integrated
Circuit die is a flip chip device;
providing a substrate layer comprising three layers;
providing a heatsink, said heat sink having a cavity, said
cavity having a bottom in addition to having sidewalls, said
bottom having a surface;
providing a first adhesive layer for attaching said IC die
to said heatsink;
providing a second adhesive layer for attaching said IC die
to said heatsink;
providing a plurality of wire bond connections being

established between said IC die and said substrate layer; and
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i ncludi ng said upper surface of said IC die and further including said wre
bond interconnects that are nmade between said IC die and said substrate

| ayer, said second adhesive |ayer conprising a thermally conductive epoxy.
23. A package for packaging an Integrated Circuit die in a cavity that is
provided in a heatsink for said packaging of said Integrated Crcuit, said
Integrated Circuit die having a top surface in addition to having a bottom
surface in addition to having sidewalls, said IC die further having ground
poi nts, sai dppaekdghggat plapapitgeot heoridmiddisiyent of a plurality of
ground connections between said Integrated Crcuit die and said heatsi nk,
conprising: a substrate |layer conprising three |ayers; 26 a heat si nk,
said heat sink having a cavity, said cavity having a bottomin addition to

having sidewal! hechBldoPOLLamh Ayl Na fs HIAGH: A 1fd /et AdBesiyagl ayver for
attaching said IC die to said heatsink; a second adhesive I ayer ?or

tt achi id | ' [ i nk: I ity .of wie.

onnect (aa erng et by SR ER et s R Y BRI Re ¢ 1 ayer:
and a plc%r alriit )_Imof soledg;l ba1l:l S Zé. il'heelpa}lckvai%e of %Icai n %3, rlsai _d.n
substr at’® Fayér EO%DFISIHS BErrRICHr PR AVE h&ATSRG % OBrTFER £ of

second o ings in . . .
Jgﬁltqgn to comprising a third or upper layer having a second

opening.

14. The method 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 second opening being aligned with matching openings in

said center and upper layer.

15. The method 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 cavity in said
heatsink, said stiffener further comprising a second opening,
said second opening aligning with said second opening in said

lower layer.
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addition to conprising a second or center |ayer having a plurality of
.second openings in addition to conprising a third or upper |ayer having a
plurality of second openings. 25. The package of claim 24, said | ower |ayer
conprising: a first opening, said first opening being aligned with said
surface of said bottomof said cavity in said heatsink; an adhesive |ayer,
sai d adhesive layer formng an interface between said substrate | ayer and
sai d heatsink thereby attaching said substrate |ayer to said heatsink; and

27  w aepl ghal ikynel secendi@peni Nasi @higsdna ayidrh isAggQpeni ngs in
said center and upper |layer. 26. The package of ‘claim 24, said center |ayer

conprising agstkiihbkenshen@AR! | S41E A£ifdd LpoPely i iR 1gnedt ni bei ng
al i gned mﬁthasaﬁd surpgceﬁgf sai d b%ttonﬁ%f 3%%ggﬁééffyl%?%§afgﬂﬁe§?g?nk,

sai d st isﬁlfr‘%;é%"e EW%Q% 68IPLHSEP%s 24 !éHx?iLﬂ;{,intrﬁfsa%%C%%%t%H%ﬂi-”951 sai d

plurality of second openings being aligne mat chi ng openings in said

| oner |ayer. 27. Th ackage, of _claim 24, . said. upper |ayer conprising: a
(17t open ngOPRSTACFRESE BoER A 051G Of FonEHNr S30F SOt aceoBr sal d
bottom of said_cavity in_said heatsink; copper traces with an array of
conduct%ﬁ?cﬁgdg?r?épé ESBﬁZrl??%f%%“??ﬁ%ﬁ%ﬁﬁﬁﬁtaI i nterconnect lines; a

sol der mask | ayer _havi ng. openi ngs having a di aneter, providing interconnect
poi nts bet weénS02F8TcBPPEr LRYSE R %IRE LRghings having a diameter,

providing interconnect points between said copper traces and said
plurality of solder balls; and

a selected electrically conductive pad in said array of
conductive pads aligning with said second opening in said upper
layer of said substrate layer, said selected electrically
conductive pad being located immediately adjacent to said

sidewalls of said cavity in said heatsink.

17. The method of claim 13, said second opening in said lower
layer of said substrate layer in addition to said second opening
in said center layer of said substrate layer in addition to said
second opening in said upper layer of said substrate layer being
filled with a low resistivity material thereby 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.
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plurality of solder balls; and a plurality of selected electrically
Lonductive pads in said array of conductive pads aligning with said
plurality of second openings in said upper |ayer of said substrate |ayer,
said selected electrically conductive pads being | ocated i nmedi ately

adj acent to said sidewalls of said cavity in said heatsink. 28 f 28. The
package of claim 24, said plurality of second openings in said | ower |ayer
of said substrate layer in addition to said plurality of second openings in
sai d centser Thayaetbbdsakdcsabat 1atwitiayHe id8diddidn @F pecvdddngl dr akikky of
second openings in said upper |layer of said substrate |layer being filled

wWith a wdr eshak¥iby BBERELA! sa £&tGRILSNI g B @@ IdGal reoatiachnBoLAL g
between said plurality of selected electrically conductive pads in said

array OEeQQQQQQtEY@CE%géahTyS@égdﬁ%%¥¥e|§§6”iﬂﬁsé¥ﬁ‘%r%%gsb%aE%nEQXEEV@Dd
sai d heatsink. 29. The package of claim27 wth the addi'tion of providing a

ol ural | %l W £8shondeganneoLons Detdean A4St RoIEROf sald 1C

die and“sai d selecte ty of electrically conductive pags in said

array of_ _¢cQ IV i.n id er layer of sajd substrate. |aver, .
her aby SCARBEbn T Ho PRRF T an T SoUTRET defifert el SeRLPRLEReEs B RabPound
poi nts % said | diedagd gald heat si nk. 30. The package of claim?22, said
heat si nK c&pr P2Pn§249C86PE§ 5t accompdating said I C die, said cavity

havi ng a bottom surface

19. The method of claim 12 wherein said heatsink has a cavity for
accomodating said IC die, said cavity having a bottom surface in
addition to having two 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 method 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 saild solder mask, furthermore said solder balls
attaching to said electrically conductive traces in said upper

layer of said substrate layer.
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in addition to having sidewalls, said cavity further being aligned with
.said first opening in said | ower |ayer of said substrate |layer in addition
to being aligned with said first opening in said center |ayer of said
substrate layer in addition 29 to being aligned with said first opening
in said upper |ayer of said substrate |ayer, said heatsink having an
electrically conductive surface. 31. The package of claim 22, each sol der
ball of said plurality of solder balls having a dianeter approximating the

di anet en10f Tsai de@peli BESclAiGAl S, SO DRIF IMAK adrdisd v@ohdgerbal I's attaching
to said solder mask, furthernore said solder balls attaching to said

el ectri gy wreaedypti ¥gihr feegid Ncsatsh dnRerrdeans’ @ a3alithgSulRstkr gbecbayer.
32. The package of claim?22, said first adhesive |ayer for "attaching said

o di e rtald Sl LheRCEnALLALRL A% PALG O UL M WAL Dol oA EOLEILR! o

Circuit die to said bottom ace sald cavity I n sal atsin said

adhesi ve _l.ayer. i,ng..a_ther . conduct i ve er. .33. _The .package of claim
1, said%gé?bﬁavggkegpvggngggggéfﬁg’i%%%ém%gﬁéﬁgiﬁﬁ%?xﬁrdgﬁé PFs®f said IC
die andt%%id Eﬁatsin igﬁlud%%g sai d upper surface of said IC die and
further FeMadirig “SEFE W e dBAT 1 nt er connect's bei ng nade between said I C
die and said substrate | ayer, said second adhesive |ayer conprising a

thermal |y conductive epoxy. 30

22. The method 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 that are made between said IC die
and said substrate layer, said second adhesive layer comprising a

thermally conductive epoxy.

23. A package for packaging an Integrated Circuit die in a cavity
that is provided in a heatsink for said packaging of said
Integrated Circuit, said Integrated Circuit die having a top
surface in addition to having a bottom surface in addition to
having sidewalls, said IC die further having ground points, said
packaging to comprise the establishment of a plurality of ground
connections between said Integrated Circuit die and said
heatsink, comprising:

a substrate layer comprising three layers;
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32. The package of claim 22, said first adhesive layer
for attaching said IC die to said stiffener attaching said bottom
surface of said Integrated Circuit die to said bottom surface of
sald cavity in said heatsink, said adhesive layer being a

thermally conductive layer.

33. The package of claim 1, 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
sald wire bond interconnects being made between said IC die and
sald substrate layer, said second adhesive layer comprising a

thermally conductive epoxy.
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