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 packaging density. For manyANMEEBeBUGOCROIINTHEYBES Tistkaased 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 i_n muIti-devicE gg%@@ﬁﬁf&%;ﬁ%%d of high density interconnec_t
technology, where multilayer structuresare mounted on thée surface of a substrate thereby connecting
integrated circHi)tqgigcp(g}ed@qu%%o‘ghis approach results in high wiring and high packaging density,
whereby many integrated circulit chiFs are physically and electrically interconnected and connected to a

single substrate comhienRYFatiRel ficasia itRRIRILOM Y LRk QEREad  CiEqBictdexicaevidd i8istion is

provided by laygis ehdiclesthcaeebasopehsmidesthat sepakaie Baioysdunaienalplanrs(sisch as signal

lines, power "ﬂeaﬁs?rﬂg ground planes) in the substrate. Metal interconnects can readily be provided by
metal lines that'are émbedded in other layers of dielectric, thereby using vial (holes) to provide electrical

connections between the various types of lines. Interconnect lines must thereby be connected in such a
manner that otirRGHarREAB ehBsdEIeRABe realized for the completed package. For instance, adjacent

layers must be formegsughhtbatumany &ignal Rroragation disegtisas.aralosthegenal igemeh other. This
to avoid crosstalk between lines that are jn close physical proximity, which can induce false signals and
i e 8 58 i 2

noise betweed SYRCENINgs 666G PrARATE TSt NS5 A BEWREN AL RY (Bers of
interconnect litres:fogcatiséothiegn etalemterobntiectdaves apadiyqaioelydaavitpw Howvicitmanaf thiek in a vertical

direction (in the, fande 2h & © HTIHIRRINIEK) NG MUS PG RAlGERRE Wity 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



microlithography. Patterned layers must therefore be substantially flat and smooth (i.e. have good
planarity) so that these layers can serve as a base for the next layer. One of the original approaches that
has been used to create surface mounted, high pin count integrated circuit packages has been the use of
Quad Flat Packs (QFP's) with various pin configurations. For QFP's, closely spaced leads along the four

edges of the flaicypithesjephye Rasiethédrlavienici nylderdtar dermubettomd I dlat aideviaapié Glecedval

connections ag&)@lﬁtiiﬁﬁtt;ﬂs%ptmﬁtl%&@%@%ie%&%t&yam& m%&&gﬂ%ﬁé{ﬁ)) connections that can be
made to QFP's are therefore confined to the edges of the flat package, which limits the number of I1/0O

connections that car 58 Ridbe e IPPAGRT i UIBIARETBASWHEEIHE HiaRs HRebekiRihs small.
QFP's have fopad-taheaeshededtivdfprdagicoad betor tevicesfviatehhe PexcedrDspiniaount does
not exceed 200, o, drcumuent dis Imiaigny2 new. packade, &, Bl GrAATAY B/ packaoe has been
introduced. For the BGA pacﬁage, the " electrical con% cf points are distributed ovér the entiré bottom
surface of the [pabkkegerchesesbipratipkimatiriec thieatesmisionnefhaningatCheoripdoslosiyrertions the
periphery of thenackade.d Mare Mﬁﬁ&iﬁ%‘@ﬁ%ﬂ%ﬁ OfRtGH PRGN @@W&%ﬁé&%ﬁ?[ﬁﬁ%ﬂ%@ts can

therefore be allocated across the BGA package than was the case with the QFP's. The contact points
that are usedTSfEhE BERpHEKRGESFE GANEATY Solbertis thath itk Rk afddkbvaRtag@%f facilitating
flow solderingminiber packagenastaoapiateanChe i doarehe AQBRIE G dn iFplyc it &R WWiBead thd piyi Of

solderable baIL(s) O(Bjaced on 611 cs%lfar lﬁg,s%luch ?s a Prlﬁted %%Lut Bo (r)d PCB()ﬁcilrlhe rbczI\IIsL contact a

printed circuit Pdsﬁa%llﬁgarsray configura Sﬁew%uenr%,t afterre a%,c?ﬁ’g 218 Connect the (e:m)e?o the printed

circuit board. BGK shardekiroiDwithc0nGdoendoéOxevitd SEciigirmymyatitios Smygeracagay patterns.
The BGA package I3 PagLAf & araes Passagingiarpicrddhalds iten rﬁ&??h‘é‘h@@?a@l@&,%&a'e

Packages (CSP), which is a packaging approach that is considered to be different from the previously
highlighted apPfE4RsoRtesiPSIntip e iPataes thavatife JerermiBEsn ofdba Rackagoifddate

increased 1/0 eunfategnmikinedrivitbrincieasedimiglieaiwremenisufer tigh-perteyoaneeickagklip chip
technology faﬁricates bumgs1 Ig[g/pvivc%lly Pb/Sn solder)bon Alnpﬁads and interconnects, the bumbps directly to

the package me%ﬁ%,c\?vlllltfl&% re Usta y%rgﬁéerﬁi%pg?lﬁ N .efﬁgt?ﬁb-%?ﬁbtsisc %rﬁl&%af face “down to the

package th ro@lmhfe@#nr@ethp&ﬁﬁé. Eﬁhl@gq)tpana@ts tanche apthlibd @ Bingléhchiptasapkagitiopand to higher
integrated lev%l% QEWQPQ(@R WM&&%GP%@%?%&%II%EQEQ}]M 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.



and to more sophisticated packaging media that accommodate several chips to form larger functional
units. 2 Prior Art substrate packaging uses ceramic and plastic BGA packaging. Ceramic substrate
packaging is expensive and has proven to limit the performance of the overall package. Recent years
have seen the emergence of plastic BGA packaging; this packaging has become the main stream design
and is frequently usdtfii Highsvbitipte RGAgRE kagfe cfzimicatissh PIRe PidsticPeokrstizie BGMIsackage
performs satisfacipatly ybenseed @ka?l‘éi'véj%%i%ﬂipf&@& 1€ Bmit tt*ﬂ@_ prmbghlePirsRMARAtNg 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 dVEKaRRKEYeYSHR hasnicth BIeiftREERs shwar thiipamaniaeign’tin Rackagesf 4 watts
per chip), the plasiicsiiechdraniiecomes caimpliaated aagexpensiyen lhighthenafers e phjegiive of

providing a pagckage for flip chips.that has a direct ground connect between the flip chip and a heatsink
o the surace BF R T H i i g TR e e By et B BG % Cobatate
layer that contéingitthfee chapdessidiube duobornfaunstranfliptordgronsie ddntmghefatitryn ushesswire bond

connections hetyeenihe.flip ¢hinancihe SHRSEAIR JaYeh HRaconiad! RAiNSehireBR4vilirichip make

contact with contact points in the top surface of the substrate layer, the substrate layer re- distributes
(fan-out) the BEAMiPAHRFESHtatt TR AnspeEHmBOR BroviRdTH BduRofinracated ayetdsthat are
contained in therstistrakepryet,sthistopariignis tlapndit ddavexiesistivity material thus establishing

electrical contact between ong selected ¢ er. pad of the copper traces (in the upper layer of the
substrate layer) andiNlef’ #éeé st‘.ecl)ﬁ .t%o(ﬁj %Cc%ier%o rog\ﬁlr(aolaﬁcil 58?%?%? #ﬁre%%) fgi%%%]aep E% eacér(?cgopper pad of
the copper tragesigdpopleiedehecarderitipealtip bethvden ek grothed wftbredCviichathd thie dhemtsink. A

molding is en%&aqe@emgi%m {ﬂ\()’%iﬁ%ﬁéﬁ%ﬁfgtﬁ‘ﬁaﬁgégﬁf,"&Eﬂﬂsﬁ%%éiquén@lﬂ‘@ol-ﬂﬁﬂﬁrtﬁ}é@‘ace of the

substrate. This molding is referred to as underfill since it is filled in under the original BGA/flip-chip
device. A heat&ifik i8 WHidQIKPRIEENSATHED HEPIEWRFTOUPHRE SFTHE s sEripYiEa Bond SRBUFS O Brior Art
method of padkaging a8EAMP ahipvhamsbytalinyajormpatontiipdackige Gmams enlieatgiok 10. The
semiconductor cqutor.%iﬁ 12 takes u(§) ghlteBcenter Pf the Qﬁ\gléagse' th cont?}ct_ sp%ints of die 10 are closely

spaced arounﬁot%ecpcy:-vrll %Orryacﬁ:ft fangid ?EEQVS&J)? i?igfprow &d h the Beatsitk 10 for'thé 1rnefounting of

the |ntegratedcﬁjsinu’juutes (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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(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 dree borbiweyal§ ontiede sbing e -somraiing toe i gaeredidothef sibKtrdte layer 20. 3
The bond wirep28 and3fhase @b irareras ARPUgCliatthe GaOBEGiQRRHNE Kerdifide dadayer 26 of

the substrate 20. The substrate 20 has been shown as containing three layers, that is layers 22, 24 and
26. Layer 22 i&¥ptc i} dhiauHesiveta i it HiveEt? sohmicidthe aibeigdyer tththdifstisink 10. This
establishes theoneeassasysuvech@moalo shppeitsiak the witdsbendinghepaiatioceskayen2hagdeatontain a

stiffener that pigyides Igjdty g the, substiale 29, vhle lyer.26 contains copmer tages anglor cireuitry
that further inteféonnects the solder bafls 32 to the su¥round|ng C|rCU|Pry or functional &léments. Wires 28

and 30 provideigidafir éolsba sl tein AB ctibeeyareircensantgoppoitres oratidéor Cigia ththaidutthercopper
traces containgelin @yt 28Ol iae: $aRStHatR, lavelABuddifURIMRIS 2R RARRINS AR N18S Wrgsdously been

indicated, the adhesive layer 22, the layer 24 of stiffener for the substrate and the copper traces 26 for

interconnect oftHE430 A i9e YEIEHC RO YT RENICER R F PR BperiliBS §S dispbisteti over the
surface of thelsuhsipaier2@s Seldendnasia s dasthrenpromierganitn. openings that are aligned with the
copper traces 26 to Hrﬁ)evid%%o][delrgc%rrllpagctionshbetween tﬁwe cogqggitcraz%cgs.thzgaﬁgd the cont%t balls 32.

FIG. 1 also shows how the IC die 1218 errllcsf’aaﬁ)ssu?gtgr Ui é)ﬁeencapsuﬁa‘tlon matenal I%%{t IS’syringe

dispensed to shereue2thef digftefdimnihg Wistetcaps tlationpeyercdd 2t fmustetromote dfttizt ifis layer not
only surroundg;the)| G dig g AutilSgIGVERINSG BondWiResafinad 3Qoling SCARSWALQR (ayer 34 is

cured after injection. For extremely fine pitch packages, where the distance between the contact points of
the IC die is vy SIS AGneldemabRdiky stk avadrd petterramies. Wol& bRt “igythtes better

access to the besding.ceytach painiscantiis toerefammitsuiiethiaeppeemalys Inenditeh aannections. Wire
bonding is typij%?lllyﬁsed for packages with larger pitch interconnects, these packages tend to be more

expensive to proc?uce. The wire used during
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
4



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 gledred fiomnpreasentuctiviensads AGlsptiappyheee eiceporbpréatarefeenitnguagent. As a final

step, the IC p%‘éh%%é§ ghyiRakednivinieh ccpMpletes the Jigcess.Qiassempblirg thedwiie hapd package.
For the flip chip/BGA pack%%‘z that has been described, it is important that a solid and dependable

ground connectof RIPRSIRAIRY SHRTPRIMD U9 BF Etcstia 13 ARd dinimbiy S BURAMESEthttance for
instance in apphiappbasivhexelestioal meadie emeanéadityShe: peifadmedfanettestRicwnieddC chip 12

after the chip 12 has been mo dont atsink 10. Commonality of ground between the IC die 12
270 the toot oy Siel 1 TRt s, 1o Hesrabma o B e 2 g R e e
grounding of thentestrsyisteracadniraggrocand goimt viltieeehipen 2hdizeovadphionalithadtistielgrovided

without introduging,.CARIAGIRSISFMEE Rl RMA SINfcant ADRIE YalkpiPalveemdhedrayishpiane of the IC

chip 12 and the surroundina ground plane, in the case of the test example that Is the gi;,ound plane of the
tester. This latt¥r Yebtird st HE STEHHE DDA SINEHRNE YOEISaRRE SrTalaReR! &taircvaiiedis tested, a
relatively highwalde iofi¢asistancadhay ibi intratdicetrbetwaandhei gipusdhcpoibéatthaHEhipd 2 and the

tester takes on a relatively. high yalue as co red with the .(relatively Iow) value of the .resjstance that is
peing ovaluatd IR, Tt e B o PeAar A o B RS T e it
the testing thafridatpetformed voleyaiidie thesisontactirasistaeor betehesedtibectdnnestedrigotie wires (28

and 30 in FIG,Aasap 6xarpiekand he CORRSE LRCeRIPTIANRE 280Whikh thRstwitgsRe; connected.

A high resistivity path between the various ground planes (of the IC die 12 and the ground point of the
wire traces 2605 SO EH IS HBe AR thETERSTE B AAYETASE® IFPreReiRY PRuEHTS §25f ing
commonality hgtweenithe groexanpeintad the ICogkip t-andf theegrosing paioh ahsiyreubding electrical

ooty of ol I PSS i, Y S Esien e s s e slgroun. U
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
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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-pesistiyityrcoridedtivieobiiesn layBOAMpetipeth shisonraintetzon withahesinkrand the

heatsink. In ageidangenudtipdhe &lhi@&@&e%lofe%iﬁléﬁ@“@ng?oﬁﬁcw ostbagis M@‘ﬂ@ﬁ&rﬁ%thﬁe
establishment of a low resistivity connection between a wire bonded IC chip that Is mounted on a

heatsink and tHEHE4tIMRTGTME PBRAYE% CoHsetHiSlE RoRFRIEN T anbeatRs 1! fid Blifose on the
surface of the sidatiaie tpyey i@ whieluihaeT Ehiprdsi aonyectack Anedablehiatidipravitieditnthe substrate
layer of the packaggﬁ (;his o&%rrltiqj%talgns witq the copper_ trace thﬁag g)as b en aIIoEgaE?d Fq_r Establishing a

ground connection and p%netrates ‘?ﬁensflﬁ 5 }3 gfayerp&e){/vtﬁafg fhe surface of the under ylng}heatsink.

The opening isdiliedtinitibe gonaletive ebtrylor dipequivardiociied-resistivitycenattaialtesistablishing a
direct eleCt”Caéle@&f&'&?@&ﬁ[&&foﬁh?%Q@W&%éﬁ'%é'{é?&%ﬁ SAPpERFee APA e ideriRgpeatsink. By
0

connecting the ground point of the IC chip to the allocated copper trace, a low resistivity electrical
connection is AR BétiiehRHS GrRoY FEHPB I 85 AR PR S REBEAIRIREERCHHERC chip is
mounted therelyppiryidiaglaccommeidgraundippiticbeiwesp the fliRoshiptetieatheneleaticiitaces to
which the fliplzﬁ%%qlilg Is connected and the underlying heatsink. BRIEF DESCRIPTION OF THE
DRAWINGS “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 heatsirkRdhtl IS SIRIBIEIN GMEHEHIRVBMBINOBSCRIPTION OF THE

PREFERRED EMB%ME&Q@S 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
6



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 pointsS b #ibstiiie12) ¢rtahogitreedagkaschatpdertsafduifoatelpetiplienjast phndiena2 3) a cavity
16 that is proviglegin dhaihealsink 16 ot 4R e AGRLINRINeORI GG AIR) AP 2 a thin
adhesive layer 18 of thermally conductive epoxy that is deposited over the top surface of cavity 16; the IC
die 12 is attacHE'BHRYHeHsink 10 by means of this layer 18. The top of the IC chip 12 is in close
physical contaet M4th thehepisink 10 adrethe adlze sivediaydy t8nhayeriissishousedaikecthe the die 12 has
been inserted ingtt)lx%l vi% 1&16 558 substrafe 20 containin gye51§62§6 4nand 26; the

n) Of t

. € necessa ﬁgﬁle%llas){ler%rgh%[ri hI 1
contact pomts not snown e ale are COﬂdSUCIR,VéPy onﬁed, ugi)ng wire ponding tec nléues, to the

substrate layepa8yhayer 22 is typically an adhesive layer that directly connects the substrate layer 20 to
the heatsink 19,15 estahlishesthedircesaanprecbanisalswaR ke wite fpnding operation 7)

layer 24 can contain a stiffener that provides rigidity to the substrate layer 20°8) layer 26 contains copper
traces and/or SirERtyhSPHABTEMRSELTHE SHIAET (SIS 1BY tHat iRt pdRage!dime!s 24 ®esurrounding
circuitry or fungtjosap glemesist P the seldertnasik dayeuds vithuapeningsthaids deposited over the

surface of the strate la 0: splder mask 27 has been provided with openings that align with the
Commer taoee o e B B R I R e M G R A Y 20 of
the flip chip pdekagd ofdke . 2ek 0Y Wisdsa8ramd®0 tidt ppowities thavirdigronde themoppotiorrbetween a

contact points RN iheoltadi® ier (hSBENILBRE LRGHORPHERGES S0RIRINEY dBdaYEhAR ahthe substrate

layer 20 11) an encapsulation material 34 that is syringe dispensed to surround the die 12, surrounding
the IC die 12 At BB kieEs2815hd 0. The encapsulation layer 34 is cured

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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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 thdherrsasepption gt BShigwediddte2botharestabligpirgaots skroundeconaegiichabetween the

IC chip 12 andthe-hsaisink 1 RfiHe RRCkBGR RTihE;sIBYSHIGN Fiia 36 i?ﬁ@'ﬁ@rﬁ%@ & lgw ggRistivity, high
conductivity material such as conductive epoxy or any other suitable material that establishes a low
resistivity patt* O & TP GYGURT G e #ECdRHCEE KRG e prRstsHRCLY i RelstsrarideB doemphasized
that, where Flhe 2aghidtseantyf aneoviad 3ontlketiprosassenfiitbe ipyentan iscrehliinited texonalyvia. A
plurality of vial can oyided where this is required thereby establishi lurality, of electrical ground
baths betweo MBS Ltk b et e et G FIs B LB Boment
elements withireirsshosbusexiiorianaf dre depticaito greundornpuiréng S@rrants i satkdge that have

previously beepdighlighidiedes fiCeoatic bAME GIORR SBRIQMIRAL i57SMAWRhE! GrotRiliLross section

that is taken under an angle that is perpendicular with the cross section that is shown in FIG. 2a. The
purpose of the"t88S [QRCABIT S 2SI itnE RETOHENS GieHEAYe YREDHH GBI G R 'S8 Svhich is
provided for the establisiimentaiacgrasadcarreaticnbetwpdaifiecohirclidmng dierbeatsink 10, extends
perpendlcularlé{i from %he opening 16 th%t has bgen. ctrgﬂgéjl@ Cﬁhel eﬁlltsmk 10. Thls.lpc)glr endicular

. rect 1nterconnect between the groun 1€ surrounding ¢ not .
extension of the copper trace groun conr%ecl%lonpg can thererore pe Fur%rer USG'% oin r&onnect with

contact balls wibothe) doladainakk ontdmudillstHer greosddingted metitiod fertgokn@ctihtha Giwgh of the
surrounding cirgUitry. WRIChJSBapigRIY ﬁﬁ@é‘@&ﬁ%‘lt@g%é?&%sb@'&é%@ﬁ%ﬂcﬁ?@f&%ﬁﬁtﬁo‘iﬁ%}eatsmk- This

latter connection therefore makes a direct interconnect between the ground point of the IC die 12, the
surrounding chTGSCESETEMERR) ARAGFIBHhEESHRCP hiRstats Ard eorlifating KraviielHBadSk 10 of the
flip chip packagp. walicenapgpliheserhrae sepayaiRedroxntpioistHodoe eammandaeunehpaint of

reference is impogtant and fequirgd for, many of e Yses.ancaRRICaHans. A whish ne.Mp .
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.



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 embddiments thereof, it is not intended that the invention
be limited to tRpgs illustrativg.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 inviention’ alSkaFF VAT RATEAS Hhd MBEHTREHSHEWAIER af SRitRIRTHASEIPE of the
appended clainastaid, equipatents thereof. 8 Claims What is claimed is: 1. A package for packaging an

Integrated Circuit die in g cavity provided in a _heat sink, comprising: an | ra ircuit die having a
roon ot the Inta B e B e e U e 1y

and (ii) an opening there-thoagkfioeestablishment of a ground connection between the Integrated Circuit
die and a heat sink; a hgataink.iiifigat sink having a cavity having a bottom surface and sidewalls; a
first adhesive layer over the bottom surface of the cavity for attaching the IC die to the heat sink; the IC
die attached to the heat sifk By §5d&xiHiARfthe IC die over the first adhesive layer; a plurality of wire bond
connections between the |Gigliarangediiass st aie;ughcanduativesnaierial targughdheoapesing provided

through the substrate; a wire bonge?onnet%telcin g%\{\é%eg‘ngtcrlll?% glré)grpcga%oelgtsg)rfks;ald IC die and the conductive

material provided through the openlr‘ﬁvgeeﬂlﬁrouglﬁ € substrate;

a heat sink, the heat sink having a cavity having a bottom surface and sidewalls;

a first adhesive layer over the bottom surface of the cavity for attaching the IC die to
the heat sink;

the IC die attached to the heat sink 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 heat sink; 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.



an encapsulation layer within and adjacent to the cavity for attaching the IC die to the heat sink; 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 offsaierticigormf cfaivall wadicgniesiaks eemsiitknan ddfrasheotayesingaid adhesive

layer forming gisiigHace LEIWESvRaIN SHbSY alGnaYei ARG SaidkRealsly pltarhingsRid.supstrate layer
to said heatsink; and a second opening, said second opening aligning with matching openings in said
center and upperdilBra6iak 11 sHEeAGR BRI RRIATPPEIRE L HEY I BRI pHUIRG X HifBEPEomprising a
first opening, sdichfirstvigheningcheingpehgned withisaid Biyeiace of said bottom of said cavity in said
heatsink, said stiffener further comprising a second opening, said second opening aligning with a
matching opening insaid Idhemikpkeecs THapabkagk wivclalaye?, comdrinpperal dysr eramipgisiatt a first

opening, said fﬂg%fogaﬁﬂmpg ngAlignedwith saigsusfacaidoraid betem ofisald cayininspid heatsink;
copper traces with an array of conductive pads, said copper traces forming metal interconnect lines; a

solder mask 1£PBPHaVitf bpeHingd RERNGCA GRITRARY S RAHYING In EIRRTANBR P oS BEWREA! said copper

traces and saishiptusalit¢ofiselder balls; andla 1spieciedmlesicicaly eancdchiveipaddn paiddnmy of

conductive paqu e%!i(%rrllig\cg with aﬁecond o%ening in said upper I?yelr o(j. aidfss%ﬁ(ftrra}jtgulsaygrd said selected
S

. ojnts _between s copper  traces Sal urajl € nd. . .
electrically conductive pag eing ‘oca ed' imm |atef§/ adjacenat said Sidewalls of Said cawfly in said

heatsink. 6. Thelgsawkelgetnfatinimmuetisegoddropahimgyrosaitdovioe lnydy disaid vatbstyetenthyer in
addition to a 38;9&[?&{99@5!@Ggﬁkﬁai%?%ﬂ%{d%Mﬁ&_&ftesf’aigeﬁ%Qﬁr&ﬁ@c‘t@_}{%ﬁé&ri@%t@ﬁciﬁcﬁ\%eﬁﬁ‘d opening

in said upper layer of said substraté layer being filled with a low resistivity material, establishing electrical

contact betweBfingaler siebtreer drietriadifreroRdattiveadsissd sivaly Bt eohBerits- pads in said upper
layer of said SUbStra%e. Ia'yeji"he 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 opening in said center layer of said
substrate layer in addition to being aligned with said 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 a solder mask, said solder balls
attaching to said solder mask, furthermore said solder balls attaching to electrically

conductive traces in said upper layer of said substrate layer.
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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 cavitiOfor adorackegtatingadaid. IBidisrssaitiasixdtpyealingttadonppaiddifdeetimaddition to

having two_sidemalts.csald2ueiIer DeinaUones 1l sRld ORSINNGsaid Ie ayesof sai
substrate layer in addition to being alj%gled with said o enin%i; said center layer of said substrate layer in
addition to beitig digistiRAEARFBHE iWBeﬁ‘?lg/a%Ei‘%%%F‘l‘é%/ Bt s dithsupliaea Ay At heatsink
having an electrically condyctive surface. 9. The package,of claim 1, each solder ball of said plurality of
solder balls having ﬁ%iamﬁ‘eer %{jlggj?giir%a%ﬁlgmtﬁé diame gr%&' 8863?1]9%?”?%%01 8?%5a%ﬁfvyse§f£ solder balls
attaching to saidessidepinadd Gdrtexheiéhsaisidolbiaebalislataehing wonsiestrieed|yf soddUctive traces in

said upper laygfof sad SHOSHRLEIAY Sl @R ileBackaome gaimd. saiddistadhesive dayer for

attaching said IC die to a stiffener attaching said bottom surface of said Integrated Circuit die to said
bottom surfac&igFEbig aé‘é\lffﬂ?‘ir?%‘gi&ﬁ%#?%é@ﬁy@%rgﬂ%wgﬁi}& SeYRRYAEARF tonductive
layer. 11. The package of claim 1, a 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 including said wire
bond interconnects that areAnpadedseforgenisagidd @ndistegnaed didgubdiratedayertysaiy sedond adhesive
layer comprising, &;hermagyganductive 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 threé® [aireratehG s b gErhiay B eraviMk 8ot for establishment of a ground connection
between the Integrated(bsauié digyandtompeatsinkiracheaisinkaipidnheptsink hiRngaeavity:said cavity
having a bottom in addition to, haying sidewalls; $2id RRAOM,030Y ASHHTACELd 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
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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 layetanayingpaipherstink ofasdsoienopeningys imatisinn pbiedinisisivgrd wiedioguppeér layer
having a pluralifyafi5e¢QRdAPSHRGSs %éi-nEQﬁg%&K@Gﬁnﬂt%@o}a@miﬁ@&%@%@%@&?ﬁaﬁﬂémpfiSing1 a first

opening, said first opening being aligned with said surface of said bottom of said cavity in said heatsink;
an adhesive layer, sail adi@siyadayer douming i) inieifpee hebreemsaithgubsirateptayey, aad said
heatsink therefoy attaching saic aubsirals, ygr.ioreaid healsinks andha.piuially of seqpnd gpenings
aligning with ma%cﬂ?ng o%enl S In said center and upper Iayer. 15 The package of claim , said center
layer comprisiegpeestiffesver somprisiagay fifstopdising, saidhfirgibpenpry Beiegy dligmer: withtglaid surface
of said bottom; f saitheld FRULYAINSAIS NERISIDK S S TSRERiHNER FRMPUSIRR @I B second

openings, said plurality of second openings being aligned with matching openings in said lower layer. 16.
The package FHEISHHES, RARSUNPEF Ty ESABAGIRREA firgt SembigelEdiof middgpbingeidg aligned
with said surfagergiitsasd Lottara efesaidatiavibhincaid paRtsink: aepper tackstwilpan alfgyigf conductive

pads, said coppgt rages forming mefal  terconnect Ines; 8 sqlder mask Jaye having opemas having a
diameter, providing “INt&réonmect points batween said Copper traces and said plurality ot 'solder balls; and

a plurality of selegtaceleotidalbhpedrtiveadspri ilvatcd iran ot gohdustm padsidlighinglswith said
plurality of secopd.opgnings dmsaighypper 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 claim713, said phsality 6f sraand openipgsansaidsawel dpyangf saichigulsicate layer in
addition to sai plure%lita/.(?f sgzcond 0 eningg in said center I%){er Pf said substrate.lag/er in addition to said
) aver ot sdid su strate.%]a{lé:r in addition to said plurality of second openings in said center
plurality of secthd Sp&nings’in said Upper

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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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 2lectridgathpedudacfivéaipads. irriskidsapdg of conauiciwtgshns imiddid dipser layer of

said substratg ayfeiherefaslrblishing:RRlutaine: Afrelgtisrbraniacik Petyieen saiduyiind points of
said IC die and said heatsink. 19. The packag5 of claim 12, said heatsink comprising a cavity for

accommodatirig &5t Uk BARY Bait) Al adbtthidirthcd v abtitoh R mRaingOsteW s, said
cavity further gjag 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 firsdpenibity ipaskideupipdriiayids efidaigosdadheniaddyxer kaig hoatsidlbdtaving an
electrically congugliye §PE€§&QC_2QeEH§ RACKRARIFL %ﬁ%i[ﬂlﬂa 1s§%¢£‘p§9§%¥§é’é'&}f SRdelhialify of solder

balls having a diameter approximating the diameter of said openings in said solder mask, said solder
balls attachingtBSaithelyrtiag ﬁi‘éf%l??lfﬁrﬂ?@ﬁﬁ%ﬁ%@&f&@élH%‘P%éﬂ%‘iﬁt%%‘i‘iﬁ‘?@ t81ddd Bredtfcy conductive
traces in said uppetlayseoksaicsompimisiayRiel 2odiprikhg paskaga ialaimil2esaid 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, 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
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