CAVITY CHIP PACKAGE FIELD OF THE INVENTION [0001] The
present invention relates generally to integrated circuits (ICs) and, more
particularly, to IC packaging. BACKGROUND OF THE INVENTION [0002]

The fabrication of ICs invgxasithe DHTRIPNCK ®@Eres on a substrate
that make up circuit components, such as transistors, resistors and

capacitors. The devices @®IE irDeCroMRECIRN/ENTRITING the ICs to perform
the desired functions. Numerous ICs are fabricated in parallel on a wafer.
[0001 AfterThiafiprepentEnsingols edates| gtedrdhy todfegm it entcskpd@sinmthentcs
into individual chips. The individual chips are, for example, assembled in
particélgprhckade. jaidjikgg. 1 shows a conventional electronic chip package
100. The package includes a package substrate 110 and an IC chip 150
which includes chip BACKIGR® bNDESFIHE B HNVEBIGtNaNsurface 151. The
conductive bumps, for example, are formed from solder balls. Such type
[0002Df chifie ifabefeatied td BEGsaripletsphd ferrhipmsoihfzanied on ascbitratotivat make up
(or upper) surface 113 of the substrate, with the bumps contacting
circuitcooTtponpads didraetraAsistorderddisi@d andorapaderoksfilliing teeispgiare interconnected,
between the chip and substrate. A lower surface 114 of the substrate
enablingtbe ¢€ pacieade mahd detiredbite QS wWiiohdionm EChallegiatranateyl (B Gakdllel on a
Upper and lower conductive traces are provided on respective upper and
wafer loeersuafacesoaessimydscoommgleted, e viakerlid dicethsepabatirgg¢he ICs into individual
facilitating electrical connections between the package conductive balls
chips. ahbeahip\ddnaluttipe dyenfipse ooy, Bheemidsem mpackaga.provides a
package which satisfies demands of increased input- output (1/0)
[0003Henstkigslasivwparetimg fitemnad aEesonithcbihpantedei6fm dlnenthetegericaludes a
performance. 1 SUMMARY OF THE INVENTION
package substrate 110 and an IC chip 150 which includes chip conductive bumps 155 on an

active surface 151. The conductive bumps, for example, are formed from solder balls. Such
type of chips is referred to as a flip chip. The chip is mounted on a chip mount (or upper)
surface 113 of the substrate, with the bumps contacting contact pads thereon. An underfill 161 is
provided, filling the space between the chip and substrate. A lower surface 114 of the substrate
includes package conductive balls 103 which form a ball grid array (BGA). Upper and lower
conductive traces are provided on respective upper and lower surfaces and interconnected by
vias 107 in the substrate, facilitating electrical connections between the package conductive balls
and chip conductive bumps.

[0004] The present invention provides a package which satisfies demands of increased input-
output (1/0) densities and operating frequencies with enhanced thermal and electrical

performance.



[0005] The present invention relates generally to packages for ICs. The
package can be used for various types of ICs, such as memory or logic
devices. In one aspect of the invention, the package comprises a carrier
having first and secongunajanRyfare I HEAMNENTIGNIded on the first
major surface of the carrier. The cavity includes a cavity bottom surface
[0005vith Thstaeisprdaveitiprsedhtberenarahdtsigaskatisssfior 0T dFg: fieelcastyan be used
bottom surface. When a chip is attached to the carrier, conductive bumps
for vanowsnyget\uf KDsfaaehadstheehoiry ard syatddvieassoritachpasisdochtiesiovethion, the
bottom surface of the cavity while the chip is attached to the first major
packageldaogrided b aaitieaAagageaodEtisdarajdispofad 0 nfocey ity ke rogijded on the
surfaces and are electrically coupled to the contact pads. [0006] In
first majpothenrfaspeicthdvannse nliba galiiemttudene davity bpackegirfgeanlith ddreact pads
method comprises providing a carrier having a cavity formed on a first
disposethjbersurfand siveeallsAuseondmgdhetoavdiy batto@rsadtive dtiace biaiangattached
conductive bumps is attached to the first major surface of the carrier.
to the tdhaer adtadnetly¢Hropadnciivechivenpsface afdabed hipcrnt@atqubidscotatedads
on a bottom surface of the cavity and periphery of the active surface is
located exutted yoattaroh seaif aoe o thvacdeits wialed ey carpas besthe dhtathedl r{O®@jdrisurface of
various aspects of the invention, the cavity includes first and second
the casid-cBaitiage dimtastsaeatisiEsetboreraen¢haneformethbss antbast electrically
partially concentric openings. When the chip is mounted to the carrier, the
couplezbtodihetpomtaahmadsare mated to the contact pads on the bottom surface of
the first sub-cavity while the chip is attached to a bottom surface of the
[0006kecohtasabecasjtgetTthe deetition tredatasdorednsetbechvityackiagiveg @enuél. td e method
greater than the thickness of the chip which causes a top surface of the
compresep poolsil g et hhe figst cagity founiad@nA tirstatiaply stk ceibtheof thé
second sub-cavity can be less than the thickness of the chip which
semicoadisdertiie wighsanfeeitvesthitach puingecinbict va dfinpaisjdtasbetbieetiod first major
the carrier. [0008] The package can further be adapted for multi-chip
surface pflicatarierinWhenatibeioh 8re cendeciveibthipdsegttasteddacohtadirsads located
major surface above the second sub-cavity. Other multi
on a bottom surface of the cavity and periphery of the active surface is securely attached to the

carrier surface by an adhesive material.

[0007] In various aspects of the invention, the cavity includes first and second sub-cavities.
The sub-cavities, for example, are formed by at least partially concentric openings. When the
chip is mounted to the carrier, the conductive bumps are mated to the contact pads on the bottom
surface of the first sub-cavity while the chip is attached to a bottom surface of the second sub-
cavity. The depth of the second sub-cavity can be equal to or greater than the thickness of the
chip which causes a top surface of the chip to be at or below the first major surface.
Alternatively, the depth of the second sub-cavity can be less than the thickness of the chip which
causes the top surface of the chip to be above the first major surface of the carrier.

[0008] The package can further be adapted for multi-chip applications. In one embodiment,

a second chip is attached to the first major surface above the second sub-cavity. Other multi-
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2 chip arrangements can include for example, one or more cavities on one
or both major surfaces of the carrier. Additional sub-cavities can be
provided to mount additional chips to the package. Multi-chip packages
chip anandeenossctan Hydidofon-Sanksgeo(fib) mppdicativies.oflteimativet, major surfaces
multiple packages can be stacked for Package-on-Package applications.
of the theivariaddifiaskegescadtideasbd fasviigd feenoencydaitipicstuhisshavirgackage.
high pin counts and a small form factor. In addition, the packages provide
Multidehj peekbatisreanlbearsdd dti\diys rnd ieleaukegkbSiforapalicatiol300Qltdrhateely,
and other objects, along with advantages and features of the present
multighveadkagehearibedisckesbibrwickegsore RyeRage pibii icatgingefEnenvaeidagipackages
following description and the accompanying drawings. Furthermore, it is
can betaded fordegstded dbatytapefhedtions bivive) agiops esabtsdintentsndd Sorinefector. In
herein are not mutually exclusive and can exist in various combinations

additiemdhegrackégtio pso\BR! ERrpRiz&CIRERTAON rabcTiviEy BitilUtNGESE [Refbinamce.
the drawings, like reference characters generally refer to the same parts
[0009throubesataritethérerkjectd calen ghisinh tuy aivages gadfeanotnetdwsprasend invention
scale, emphasis instead generally being placed upon illustrating the
hereinaiiscdipded ofi thiecooreatipparenthieréolbvefer efesdoptieriol aviag<slescription and the
embodiments of the present invention are described with reference to the
accomfodioyinggd revangag §uriheticire [0S 1 beguridsisteesl thebthedietinmed ohipe various
package; [0012] Figs. 2a-b show a chip package in accordance with one
embod&méeddidescrilafthermueantiont TOOdBlFgclRsighandcan existmataaous combinations
embodiment of the invention; [0014] Figs. 3a-b show a chip package in
and peowdatianse with another embodiment of the invention; [0015] Figs. 4-7
show various dual-stacked chip packages in accordance with various
embodiments of tBRIBFDESERIPTION OF THE DRAWINGS
[0010] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0011] Fig. 1 shows a conventional chip package;
[0012] Figs. 2a-b show a chip package in accordance with one embodiment of the invention;
[0013] Fig. 2c shows an alternative embodiment of the invention;
[0014] Figs. 3a-b show a chip package in accordance with another embodiment of the
invention;
[0015] Figs. 4-7 show various dual-stacked chip packages in accordance with various
embodiments of the invention;

[0016] Figs. 8-9 show various tri-stacked chip packages in accordance with various

embodiments of the invention;



[0016] Figs. 8-9 show various tri-stacked chip packages in accordance
with various embodiments of the invention; 3 [0017] Figs. 10-11 show
various dual-cavity stacked chip packages in accordance with various
[0017Emb@dimeintd DEthoey invettiogAns i b8 dkighcHig - ki ivattausiance with
embodiments of the invention. DETAILED DESCRIPTION OF THE
varioud\Bvitbdivaud tEOSF1A} Figenflanb stiow cross-sectional and top views of a
chip package 200 in accordance with one embodiment of the invention.
[0018]The €ligs. paekBgRowclardegsaehutmenparfikagénsehttnate 210 with
bottom and top major surfaces 111 and 112. Typically, the carrier
comprises a r&EEMLUEDsDESCRIFANT0N GEBRGUIRNVENPDEINIevice.
Package contacts are disposed on one of the major surfaces. The
[0019FurfaenrRavhistiotherossitactaabdiod aded,isyioo fexalniy (e clelfgr 28D tim ascordance
the bottom surface. The package contacts can comprise spherical shaped
with osireatboenoerbalfthelirasvegdnn Bhgrathipaibekagde iicrindasBGArriEherimitkatm substrate
example, comprise solder. Various types of solders can be used, such as
210 widadedtiasednad top leajbbasdacedldfd anddbpludiypecpbiyinersarder @ngipg sisea
contacts in other patterns or providing other types of contacts are also
rectangskiiudhgdd0joAnsenrdciandulcioshd e d devige 1 Hadkago oot tomrthdisposed on one of
substrate. The chip can be any type of IC. For example, the IC can be a
the majeswigaevitbessioifaes @ dymamiberaockantsace dssatedam) doy €dRAM) referred to as
static random access memory (SRAM) and various types of non-volatile
the bottmmanééen clindi pgckpgg reomtacb Enezrpribe spieTarad shEpROMYctncflashalls
memories, an optoelectronic device, a logic device, a communication
arrangdevice gaidlgattdrsitmdrpredaSgr TIhEPY|lsa fiotieraeopleotiemmise solder. Various
system-on-chip, as well as other types of devices. [0021] In one
types ehsbbsidiean, b eseisushirasHeatbhased, andlipl edd fadeflipl khip anchudiestare polymers.
active surface 151 on which conductive bumps 155 are formed. The
Arrangimgdbetboatbcinipsotioar padtersier poonptisg siblealy pemoisontaniswsaptresuséful.
solders, such as lead-based, non lead-based
[0020] A semiconductor die or chip 150 is mounted on the substrate. The chip can be any

type of IC. For example, the IC can be a memory device such as a dynamic random access
memory (DRAM), a static random access memory (SRAM) and various types of non-volatile
memories including programmable read-only memories (PROM) and flash memories, an
optoelectronic device, a logic device, a communication device, a digital signal processor (DSP),
a microcontroller, a system-on-chip, as well as other types of devices.

[0021] In one embodiment, the chip is in the form of a flip chip. A flip chip includes an
active surface 151 on which conductive bumps 155 are formed. The conductive bumps, for
example, comprise solder bumps. Various types of solders, such as lead-based, non lead-based
alloys or conductive polymers, can be used to form the conductive bumps. Chip contact pads
(not shown) are disposed on the surface of the substrate. The contact pads are connected to the

package contacts by conductive traces. When the chip is mounted onto the carrier, the bumps



alloys or conductive polymers, can be used to form the conductive bumps.
Chip contact pads (not shown) are disposed on the surface of the
substrate. The contact pads are connected to the package contacts by
are matof do! ctiy padacSslddthesttheanip psovided igtitheisatice Therseldén@atempets during
4 are mated to the pads. Solder paste can be provided on the pads. The
assembbjoiforprastea @i ctishnbe tdgsentis yally and g an docthechionfzasvie reitihe
pads and conductive bumps of the chip. [0022] To secure the chip for
[0022sseMmbé¢chay b < i fioviqesssnidy, berunplestadqlesrcaxdm plapltiyed:hfor example,
can be secured using tape, such as adhesive or conductive tape. An
the chipnchert 2€clireticbingstaeosycican dutgiowidecomdtivg vatdpe torenaagestilh@s 1, such
and protect the conductive bumps. The underfill serves to reduce thermal
as epostyesantirtyweridtue b tra ps\dtydt@entaps yladss idyprate st gheelomolilicyivé hemps. The
underfill should at least fill the space between the chip and the carrier,
underbisgrietety mutasitiegtmallstregshenvesretberthonipsand, dhvetach geds| | ifilisr tivéng
cavity. Various technigues can be used to provide the underfill in the
reliabidayity NEhanderdidirEHoida eixkaspliell cbe dpacabetleedidpectapduadahg cherier,
edges of the chip and drawn into the space between the chip and carrier
complbieegiltasing dtie buanplscurechtoefohodamenitnihe entdadibfi At edivieyy, VVarious
moldable underfill can be used. Moldable underfill is described in, for
techniguestpleb&)Bdeate ptavaen /@05 820i  whibh is\igreifhecoadeohiditcdiaxample, can be
reference for all purposes. Other techniques for applying the underfill can
needleatispbrsed efahd o28jgecaiihe 2A(pisndrdrdded min the spanddretimesndhe chip and
embodiment, the cavity is formed on the major surface which does not
carriercoy tzipi leyiage cantdaaied 03 férora pay e advionon Altesae guniatdalzis
the package contacts is also useful. In such case, the package contacts
underigtedrebdisperbedviokiahke cacéeti Busfaesssbecounfingxtimmayvitk RateneNo. 7,005,320,
embodiment, the cavity comprises first and second sub-cavities 222a-b.
whichThbeseip-swvities aded by metentricediopattipilispesascedithier tqianingss faitaptiging the
smaller (first sub-cavity) below the larger (second sub-cavity) opening.
underfiitheanpdsirigsuseiuh a stepped sidewall profile which delineates the
sub-cavities. Preferably, the sidewalls of
[0023] A cavity 220 is provided on the carrier. In one embodiment, the cavity is formed on

the major surface which does not contain package contacts 103. Forming the cavity on the same
surface as the package contacts is also useful. In such case, the package contacts can be disposed
on the carrier surface surrounding the cavity. In one embodiment, the cavity comprises first and
second sub-cavities 222a-b. The sub-cavities are concentric or partially concentric openings,
with the smaller (first sub-cavity) below the larger (second sub-cavity) opening. The openings
form a stepped sidewall profile which delineates the sub-cavities. Preferably, the sidewalls of
the sub-cavities are vertical or substantially vertical. The bottom of the first sub-cavity includes
chip contact pads while the top of the second sub-cavity is coplanar with the major carrier
surface.

[0024] The dimensions of the sub-cavities should be sufficient to accommodate the IC chip.

The cavity can be designed to accommodate a specific type of 1C chip or various sized chips to
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the sub-cavities are vertical or substantially vertical. The bottom of the first
sub-cavity includes chip contact pads while the top of the second
sub-cavity is coplanar with the major carrier surface. [0024] The

form alirenki paslebth eGireriapiltkagiafidroasuifleidbil iy aacomyrindaissdhire Package
chip. The cavity can be designed to accommodate a specific type of IC

size. Thipcavivarfousxeirgdecbipspidsds torsotangeleshapaciagerbigneiéccavity comprises a
packages offer more flexibility but may increase the package size. The

shape caxitgp o axptm e, shapefaas ehipctatiguisiiapleapen Gsmbralbefthe cavity
comprises a shape corresponding to the shape of the chip. Other shapes

[0025Fan atsoreeembetlimEDO2he iipokipishiisiosedinttie iy ithipTsatemdaetiviebumps on
the cavity. The conductive bumps on the chip are mated to the contact

the chjjpale, rmaddhe thergohest phdbeaotithespatipbbsdofatitbeHiptio attadhtdeo the bottom of
second sub-cavity. In one embodiment, opposing ends 224 of the flip chip

the secredadidetmdtyo lheoriaattoipodifribre, sSposihg ehesarady oAtitadhimghtipeaftiattached to the
chip to all, some, or portions of sides, or a combination thereof is also

bottonusétihe Jexpadsubdtrstye Attispogeabediphehipdtiahh editiee sepanibns of sides, or a
sub-cavity (and or bottom surface of the chip contacting the bottom of the

combisetiondhsunim\aty) isefdcurephercuipesiveeisdifposedremtbe imtttire tibtiersecond
of the second sub-cavity serves as a support which holds the chip

sub-casetuf@ig br patmdauifayastdlolyipRanadintydeupponnsol taesdoond sub-cavity) to
securing the chip advantageously facilitates assembly of various types of

secureflipecthijps. Hor sxdaopedlied biifhe Wwittiosolafethb gespscthartteonfiuseny/ésras a support
direct surface mounting, such as chips with single rows of bumps, can be

whichrholdatibe. dryrtsestredya niptaoeidigr inlglestemblyl. tRgostiingecspppihsoldaee for securing
during assembly, yield and reliability is improved. [0026] A gap 226 exists

the chippavhestiagieo uslyifaciideteatisaerddiipf Tdareogatypeoafdlipchigticieat example, flip
allow underfill to flow into the cavity to fill the space between the chip and

chips witheol dsfrthempavioy cPoki givachfse dtrestrpunfisaboun0 @ SuchGOeN pa sinds single
Other gap dimensions may also be useful. The gap dimension may, for

rows aHarmpie, cdepentaontte fywehefraekillivringable &s hold the chip securely in place

during assembly, yield and reliability is improved.

[0026] A gap 226 exists between the cavity sidewall and chip. The gap should be sufficient
to allow underfill to flow into the cavity to fill the space between the chip and bottom of the
cavity. For example, the gap is about 0.005 to 0.010 inches. Other gap dimensions may also be
useful. The gap dimension may, for example, depend on the type of underfilling, such as
capillary or moldable underfilling. In one embodiment, the gap should be sufficient to
accommodate the different types of underfilling. As shown, gaps are provided on opposite sides
which do not contact the chip. The gaps, in one embodiment, are along the length of the sides of
the cavity. Other gap configurations are also useful. For example, the cavity may include a gap
on one side, gap or gaps on a portion of a side or sides of the cavity or other gap arrangements.
[0027] In one embodiment, the first sub-cavity has a depth which causes contact between the

conductive bumps of the chip to contact the pads at the bottom of the cavity as well as the lower
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capillary or moldable underfilling. In one embodiment, the gap should be
sufficient to accommodate the different types of underfilling. As shown,
gaps are provided on opposite sides which do not contact the chip. The
surfacg@p shérchipeardrihodopentharkrstomg cheite (gthmtdhecsithesedotdes gidiyity). As
Other gap configurations are also useful. For example, the cavity may
for thdrselbiuhel supagavity, dtsedsidie cgabosedaedan bepylikinodegsideeothaitd s dhickness of
the cavity or other gap arrangements. [0027] In one embodiment, the first
the chijyleraaginghbs ehiepithinhiehcaritge sTtrdactdbiedesth Dtbe treocalitgtive one
bumps of the chip to contact the pads at the bottom of the cavity as well
embodimtng, ioweud suofapreatértiieciie haiglibeftte ohih¢fickiding thadtydactive bumps).
bottom of the second sub-cavity). As for the second sub-cavity, its depth
For exaanplze Bdteatiodt R4bquegfoml doipheingatel dhourt 15 thick essidinghesetapd sub-cavity
encasing the chip within the cavity. The overall depth D of the cavity, in
with aatepthe redsatiandimd, tid cdmeasd o6 the greptisralbanditalheaghkingfttieeuppgy surface of the
(including the conductive bumps). For example, D is about 240 m for chip
chip thbegtiavkeabeupp&iGsonfaeead theg a serc odut s worfayitytiont Faei kipdh tlesmal coupling
than the thickness of the chip is also useful, causing the upper surface of
betweéndheltippaid fdrexartime,) pherissinadepddte aatineesu SamxhofdndéigamagionT he overall
facilitates thermal coupling between the chip and, for example, a heat
thicknsislotiibppeeklaga the aréataedubly bameducdthbyopemealditlgialoassy of Wigich a chip is
package can advantageously be reduced by providing a cavity in which a
bondedhipdslitharadbygl treduividnalbg theltatasysaiddfgafitites.stacking of chips.
[0028] In one embodiment, the carrier comprises a multi-layered laminate
[0028ubstratae iemloatingdnd sib eacat reerppmlieypresesni leydtisl 2t candRibateThib dbede
layer serves as a substrate on which the chip is attached while the
includsug pbsensnttalipptemtmtal dayer c2l/itpnd Ré hasbedrade daynsleeneastas Pagidrsirate on
can be bonded together to form the carrier. Contact pads are disposed on
whichttie dhagdslatfachedtind ide iy s ementa | &oteictdrosupbragvibyh theechage and
Conductive traces fan out from the contact pads and are coupled to the
supplgmaekabkysraastde\wbrsiedHogetitkadgdaronthecarirt. coontect padsasealisposed on the
located on opposite surfaces, vias 207a are used to form electrical
base layairie¢ki®nsvity region for electrical coupling with the chip. Conductive traces fan out

from the contact pads and are coupled to the package contacts. When the package contacts and
contact pads are located on opposite surfaces, vias 207a are used to form electrical connections
between the surfaces. The vias may be electrically coupled to the package contacts directly or
indirectly through electrical traces on the bottom surface of the carrier. A solder mask
comprising an insulating material can be provided on the carrier surfaces, covering the electrical
traces and openings corresponding to the package contacts and contact pads. The conductive
traces, vias and solder masks can be formed using various conventional techniques, for example,
photolithography, etching, plating, and mechanical or laser drilling.

[0029] The supplemental layer, in one embodiment, comprises a plurality of layers. For
example, the supplemental layer comprises first and second layers 214a-b forming first and

second sub-cavities. Electrical traces can be disposed on, for example, top surfaces of one or
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between the surfaces. The vias may be electrically coupled to the
package contacts directly or indirectly through electrical traces on the
bottom surface of the carrier. A solder mask comprising an insulating
both ofé@tesialptamdrgap fayéide dmispbsingpelietritalfaacss onviesibgtihe eteniricah surfaces is
traces and openings corresponding to the package contacts and contact
also ugefdl. Aoeidimpeletitricdr aaess viathasdpphidentbiklercdnchendoshechusing of
various conventional techniques, for example, photolithography, etching,
surfacplatéadoatrdcasasithoitahortaiear thelfiogtpdii2d]thé paskpgierfental faye, the base and
one embodiment, comprises a plurality of layers. For example, the
supplesngpitd agatachayichate pridapl§rslyarscs sconialyBryendtA bt avittonteleg thist] traces on
and second sub-cavities. Electrical traces can be disposed on, for
its surtacampladjagestafectesndd aeoard iboltieof iharsinsplatirgni@iday@re electronic traces
Disposing electrical traces on the bottom or on both surfaces is also
on theutiéfierer layelsn@redebttayal sacad e intb e sumuliethaesntiabesteusimrbdiageburied or
the amount of surface area for traces without increasing the footprint of
througheipa2Rage. Furthermore, the base and supplemental layers can include
multiple layers or sub-layers, with or without electrical traces on its
[0030Furfalceandiicka eertodientnbilcetcavéy afehisotated tyndie prewviasdgvidlyenntinuous
The electronic traces on the different layers (or sub-layers) can be
sidewahiee rddmneatd ashiksiddaly Liton gxalimal e bpndedorg theaurggr e 20iteabut without the
[0030] In another embodiment, the cavity of the carrier can be provided
seconahitipplemenialuaysicdviallSVintisatiachbd, duh mveld dhiyeformparaelejated to the base of
providing a carrier as described but without the second supplemental
the calatyewRild the/Chipn sstachayl atitee herhthuibivadjanspsfane ahtite datwi éneabalsewn in Fig.
of the cavity while the chip is securely attached to the major surface of
2c.  the carrier, as shown in Fig. 2c. [0031] The chip can also be attached to
the carrier using other techniques. For example, the chip can be attached
[0031Lisingl beshéimaanalswive dtactirthtocibimiauier Tsinigaliyenibehbiguesndg-or example, the
includes mounting the chip on the carrier using an adhesive or tape. Bond
chip cpatis dbieated osirgnconventional wire bonding technique. Typically, wire bonding

includes mounting the chip on the carrier using an adhesive or tape. Bond pads located on an
upper surface of the chip are coupled to contact pads on the carrier by wires. In one
embodiment, the chip is attached to the base of the first sub-cavity. Contact pads are located on
the base of the second sub-cavity. In the case where the carrier does not include a second sub-
cavity, the contact pads would be on the surface of the carrier. Wires connect the bond pads on
the chip to contact pads on the carrier. By providing contact pads on the base of the second sub-
cavity, the size of the first sub-cavity can be reduced. This enables the over-all package size to
be decreased. Alternatively, contact pads can be provided on the base of the first sub-cavity or
on base of both sub-cavities to which the chip is wire bonded.

[0032] Figs. 3a-b show cross-sectional and top views of a chip package 300 in accordance
with another embodiment of the invention. The package contains common or similar elements to

those contained in package 200 of Figs. 2a-b. Whenever common or similar elements are
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upper surface of the chip are coupled to contact pads on the carrier by
wires. In one embodiment, the chip is attached to the base of the first
sub-cavity. Contact pads are located on the base of the second
contaiaedinauiwakioitcendseliniears dbscdbedareasiasthe) ineldekighsedovichshbsame
cavity, the contact pads would be on the surface of the carrier. Wires
refereccan@obtite Oontnpaddeomeriicoticpttechavadiceadewonilbbe, caayi@ntBycessarily be
providing contact pads on the base of the second sub- cavity, the size of
describied figairsubeleanitipeckin betaiiduced. This enables the over-all package size
to be decreased. Alternatively, contact pads can be provided on the base
[0033pf tha hiesissibgedvitiudes arcdraise MMivdhisy brcauaritsctondiadjdheuetzigess111 and
wire bonded. [0032] Figs. 3a-b show cross-sectional and top views of a
112. Rivkagadoatetsl03mercomvidadenveils efithidsuréandxoofinhetaofi¢heA cavity 320 is
invention. The package contains common or similar elements to those
formedantthnadne padkeger 200ddférays .shefdue \Adtha @aekagencomacts: shkmdhown, the cavity
elements are 8 contained in the various embodiments described herein,
is forniedyoatbalesjgnatethoei thp tosi et afeties @ackagecirtacSonmacroelememigh one
once they have been described, may not necessarily be described again
embodimeesdhbeedvirydadaiprje3]InTine uackdeyealtc fuoolad iz taprierti3L Dottawnaf the cavity.
first and second major surfaces 111 and 112. Package contacts 103 are
Preferpibbyitiedcawi tyreedefitilés suefacts afahsubstantial iy vaxtigeB20 is formed on
the same surface or on different surface as the package contacts. As
[0034 howihelcerdavitgn isofoprstiaonutie layajed damfaeteqopesite iheludinpdase and
package contacts. In accordance with one embodiment, the cavity
supplaroenfaiidayge codtihand 2 Bidevhal msolay Hisanptasthslimstiate of thieidathg/chip is
Preferably, the cavity sidewalls are vertical or substantially vertical. [0034]
attachgthe/lideriee sappsomeptiddagentdtiviayeeedvdyninahe batesaratsuppleciengal layers can
base and supplemental layers 211 and 214. The base layer serves as a
be borglgosiwgethentafic the chifeis aleabhsscandiide shigpdampeiéah ayess legreinclude
forms the cavity. The base and supplemental layers can be bonded
multiplegeyiees wotfoetacthensairises Dheobase kot Aurtvpplcbontael pagersecdisposed on the
include
base layer in the cavity region for electrical coupling with the chip. Conductive traces fan out

from the contact pads for coupling with the package contacts by, for example, blind, through or
buried vias 207a-c.

[0035] In one embodiment, a flip chip 150 is placed in the cavity. The conductive bumps
155 of the flip chip are connected to the contact pads. To secure the chip in place, adhesive
bumps and/or conductive tape can be used. The chip can also be secured in place using various
other techniques. Preferably, the depth D of the cavity should be equal to or greater than the
height of the chip (including the conductive bumps), encasing the chip therein. Other values of
D may also be useful. The chip can also be attached to the carrier using other techniques, such
as wire bonding.

[0036] A gap is provided to enable the underfill to flow into the cavity and fill the space

between the chip and carrier. The gap, for example, surrounds the chip. Other gap
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multiple layers with electronic traces on one or both surfaces. Contact

pads are disposed on the base layer in the cavity region for electrical

coupling with the chip. Conductive traces fan out from the contact pads
arrangimeas pding adtatinel paslagendinaistschiy, fare @xsonipdsu blimgpidaidyghgap of about

buried vias 207a-c. [0035] In one embodiment, a flip chip 150 is placed in

0.005 the) Crdtnchéeisomdichsiverdoaiops uddér ol toefilliphelyppasetveameaet ifpatitecarrier.
contact pads. To secure the chip in place, adhesive bumps and/or

The usseriliotredctaply ¢HIs e gaeidy, Thetettipg de asalbetise hunegs agpltbasgreyiding
various other techniques. Preferably, the depth D of the cavity should be

supporduathe crigreater than the height of the chip (including the conductive
bumps), encasing the chip therein. Other values of D may also be useful.

[0037TThe Gthip atap pdskabesatiacheddocheitauthieimsntjontbaen teaixiended tswecimodified
as wire bonding. [0036] A gap is provided to enable the underfill to flow

for muitiecthip aEplitatoat filFthexpapk, beipearan trestickedond taroéeachetgeap, Stacking of
for example, surrounds the chip. Other gap 9 arrangements, such as

chips gldotalfipsintoaaselintg tee ¢hnetiars arsmpesty lantyywitedyt mgagsviggiaoiage footprint.
0.005 to 0.010 inches is sufficient to allow underfill to fill the gap between

Other tiypeshop ranti azdnipeapplibetiansl eafil b jsceberapyi ddid ah & icav iyl Jpsbtee timg tikehip
conductive bumps as well as providing support for the chip. [0037] The

applicahigmpackages in accordance with the invention can be extended to or
modified for multi-chip applications. For example, chips can be stacked

[0038Dbn topigs. datkhotheludbtetukiappdicatidps ial kmasr flandeondthstbd thereintgon. Referring to
functions or capacity and without increasing package footprint. Other

Fig. 4 rpaempodackdtjectip apidic atidndesdivstigzuoise capplidapiel Figed 440 shHwwackage
multi-chip applications. [0038] Figs. 4-7 show dual-chip applications in

includagearatarc@ Withitha traveiytizit). Rdfenangytos Figndd archimgackafecedd?2. Opposite
which includes first and second chips 150 and 460. The package

major surface 211 is provided with package contacts 103. Alternatively, the cavity and package

contacts can be on the same major surface. The cavity comprises first and second sub-cavities

formed by concentric or partially concentric openings. The first chip is mounted to the carrier in

a similar manner as chip 150 of package 200 shown in Figs. 2a-b. The carrier, for example,

comprises a multi-layered laminate substrate that includes base and supplemental layers 211 and

214. In one embodiment, the supplemental layer includes a plurality of layers 214a-b, forming

respective first and second sub-cavities. One or more of the base and supplemental layers can

include multiple sub-layers.

[0039] In one embodiment, a second flip chip 460 is disposed over the cavity. Conductive

bumps 465 of the second chip are bonded to conductive pads on the surface of the carrier. The

second flip chip can be secured in place using, for example, adhesive conductive bumps and/or

conductive tape. An underfill 462 is injected into the space between the chip and carrier

(including the cavity). The underfill at least completely encases the solder bumps. Preferably,

the underfill at least encases the solder bumps and a portion of the chip. To connect the chips to
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includes a carrier 210 with a cavity 220. The cavity is formed on a major
surface 112. Opposite major surface 211 is provided with package
contacts 103. Alternatively, the cavity and package contacts can be on
the patiagatoetaogjaropdiades rhcesanithepropriresfirshendzrigorfaces of the layers of
sub-cavities formed by concentric or partially concentric openings. The
the caftist.cOipngunivgrttacetooththeaifferant susfodacandenenhascet b rodxample, blind,
package 200 shown in Figs. 2a-b. The carrier, for example, comprises a
througholtiblayededakaminate substrate that includes base and supplemental
layers 211 and 214. In one embodiment, the supplemental layer includes
[0040T pluFiditp shiayensRAdeembiotimiay okspeeatichifinsickadesB@@nds shown, the chip
sub-cavities. One or more of the base and supplemental layers can
packagediuc ederdtipld tsldbayersnfiO88 ler 506 wittbedavieynt 20 Sennad thigredrip The
460 is disposed over the cavity. Conductive bumps 465 of the second
cavitydbifpanedomdenbjorcunficetive padshan tipeasitd aoe afdindacarticr wittepackage
second flip chip can be secured in place using, for example, adhesive
contaate hAB.ctvidematips \gridéaravaoncarctivdaaped AmthedaridiM&pnsunjated imgackage
the space between the chip and carrier (including the cavity). The
contaaisdéhiélcav igastrop igeketaly nddese sl thens @b o hume ps .ty eteiabbomipréses first,
underfill at least encases the solder bumps and a portion of the chip. To
secona,camuieibi ith eubhgasited ORtroy otk agaviymiatisy thendurtivees tod sels-cavities is also
provided on one or both surfaces of the layers of the carrier. Conductive
usefultréoeexample, difteraencsvitias esrcha foenmmhine comdeanyri fovrepaatiablye cotioehtric
through or buried vias. [0040] Fig. 5 shows another embodiment of a
openimysabohiyehoktiyis Bogess aremng, ahthelkop qfdbkageiinaldideceeasing to the smallest
multi-layer laminate carrier 510 with a cavity 520 formed thereon. The
at the battipnisfithensitn a heappesundafermi2stepjut is dgyyadbjteofilajohstirdelmeates the
111 with package contacts 103. Alternatively, the cavity can be formed on
sub-cavéiesame major surface as the package contacts. The cavity comprises
sub-cavities. In one embodiment, the cavity comprises first, second, and
[0041}hird Aublucalisied. drips/atimgeuotadtinwhithcethier: daraheesbbdimeobvtidgradity of flip
also
chips are mounted in the cavity. As shown, the cavity includes first and second flip chips 150

and 460. The first flip chip is mounted to the cavity similarly as that of package 200 shown in
Figs. 2a-b. For example, the conductive or solder bumps of the first flip chip is connected to
contact pads located on the base of the first sub-cavity while the chip is secured by tape or
adhesive to the base of the second sub-cavity. An underfill 261 fills at least the space between
the chip and the bottom of the cavity. In one embodiment, the underfill fills the first and second
sub-cavities. The solder bumps of the second flip chip are connected to the contact pads located
on the base of the third sub-cavity, with the chip securely attached to the surface of the carrier.
An underfill 462 fills the third sub-cavity. The underfill can overfill the third sub-cavity,
covering the edge or top of the second chip. Gaps are provided in the sub-cavities to enable the

underfill to penetrate and encapsulate the conductive bumps of the chips.
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useful. For example, the sub-cavities can be formed by concentric or
partially concentric openings, arranged with the largest opening at the top
of the cavity and decreasing to the smallest at the bottom of the cavity.

[0042]The apemingiefoion exsigpecbsiddveslh praftielayieiel tehinaaisatteate with base and
sub-cavities. [0041] A plurality of chips are mounted in the cavity. In one

suppleznehtadilnens, 21 plraldy4of Tie stipipisracatahdaysiemdtutiee splitylifsafayens 214a-c,
the cavity includes first and second flip chips 150 and 460. The first flip

formirantiirss, seoomdethdiatiive sabvitydtiodarmhabditedraf/ peskadenzOtashaysrs tan include
Figs. 2a-b. For example, the conductive or solder bumps of the first flip

multiptbilaysreavitieoteditiootaritatropadsadessade dondheotiaserfactse Grsiductive traces on
sub-cavity while the chip is secured by tape or adhesive to the base of

the diffeecae tayres Bah-oavdyndoted mye ol @6iniils, dliledh shtbegspardeubietivdan207a-d.
the chip and the bottom of the cavity. In one embodiment, the underfill fills

[00431he first desdrimchice bulnzsaoftirs chips s@ denbedpsitdrtiat sesandalipies, such as
chip are connected to the contact pads located on the base of the third

the firsLdmdavity,sulittcaiie ehiDseUuehy exger e éontnés suefalce odefud. daoriexample, the
An underfill 462 fills the third sub-cavity. The underfill can overfill the third

first clsipcambiyencased inghthBreidgyb-catiy (Ohsuskecend thieipafSayoslaoeor below the
provided in the sub-cavities to enable the underfill to penetrate and

surfacenddipstdatefttne Sosidubteay ityngpmdathe tbhipsnfijujadd@ ot peckageedQdaf Figs. 3a-
example, comprises a multi-layered laminate substrate with base and

b. Asdoptileseental thye @ tdndodtehunips 46p penteriiahtegdo oottt pads on the base
plurality of layers 214a-c, forming first, second and third sub-cavities. The

of the tizise subedavisyipiiderbatel ilniesscoael rattacie driuttip lmdgyessriaite k2. The second
without electronic traces on one or both surfaces. Conductive traces on

chip ctneatsisfoedmindge and @ndasedomtidot &t Isgcdod ebregldy blimdgtmeygliadd the use of
buried vias 207a-d. [0043] As described, the bumps of the chips are

the thibdadedavityitethatsueangntidtiespsdichinsathbefistoan ditloirdmyie-tmsticface of the
Other bonding arrangements are also useful. For example, the first chip

carriecareieranbadeeidhiphe ¢asakioochelown(tbp sunftecobiitbeattprequal to or
below the

[0044] Fig. 6 shows yet another alternative embodiment of a dual-chip package 600. The

package includes a carrier 610 with a cavity 620. The cavity is formed on a major surface 112.
An opposite major surface 111 of the carrier includes package contacts 103. Alternatively, the
cavity and package contacts can be on the same major surface. The cavity is similar to cavity
520 in Fig. 5 except that it includes an additional fourth sub-cavity. The additional sub-cavity
can be formed by including an additional supplemental layer 214d in the supplemental layer
stack 214.

[0045] First and second flip chips 150 and 460 are mounted in the sub-cavities. The
conductive bumps of the first flip chip are connected to the contact pads on the bottom of the
first sub-cavity with the chip securely held in place with adhesive or tape on the base of the
second cavity. The conductive bumps of the second flip chip are connected to the contact pads

on the base of the third sub-cavity with the chip securely held in place with adhesive or tape on
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surface of the top of the first sub-cavity), similar to the configuration of
package 300 of Figs. 3a- b. As for the second chip, the conductive bumps
465 can be bonded to contact pads on the base of the third sub-cavity

the bavehiletihbeathtp siseauisly atiadhailtativednaiobstoface bhdnéhe sebandfaces of
chip can also be bonded and encased within the second sub-cavity, which

one, sonayaraidthieeuseriel yaithft soimeevily tHnenis tacheqidtieagecondathimBlind,
can be below, at or above the surface of the carrier. Preferably, the chip

buried®etualidgh oiabelors-theasdare it ecamttrrofd4tdcis dhshiffarentdtyers.
another alternative embodiment of a dual-chip package 600. The

[0046Ppackagrdhitiydes chipaditectbl O withsartaeitf GR0subheavityitgdartdyrhettioit in place
a major surface 112. An opposite major surface 111 of the carrier

duringretedddyp ackage mp pielctariDl iAttidityatiMed\hdight ohthiky fandpsudkageity should be
contacts can be on the same major surface. The cavity is similar to cavity

equal B26r igrézter Shandabpthineknesn ofuitie < laip . atibit enalb lkexLitib it dvigyicddeehe second
additional sub-cavity can be formed by including an additional

flip chsppplevidittglddyert!? ddol cavite ayppdenteniat lalyeh Stideds b, tfeOhE]KRrst of the
and second flip chips 150 and 460 are mounted in the sub-cavities. The

chip icalsdustiftd. bumps of the first flip chip are connected to the contact pads
on the bottom of the first sub-cavity with the chip securely held in place

[0047{vith &tthésiheves sahmlechthedukageot @Ran secormidreavivith Enetbenembtdenent of the
bumps of the second flip chip are connected to the contact pads on the

inventiase Tdfethecktigd suthdaydycavitty 320 dhipnsd curelnteldsinfptackl itha carrier 310.
adhesive or tape on 12 the base of the fourth sub-cavity. Conductive

Packageacestazin 1S faampeovidedoe opusite suajacesrticeobE] . sonwher athbddimeents, the
carrier layers for connecting the chips to the package contacts. Blind,

cavitymundgwaage oagflactiacaa OF e tbaisdnee praydd edr facintdrice nanty treopsises continuous
different layers. [0046] Attaching the chip directly to the surface of the

sidewallbfranitespuieindbddonn iof phacavitvrimo dspeaieip)yraeaeitigayietdehstntially
reliability. The height of the fourth sub-cavity should be equal to or greater

verticahaA fivsttflipketap sl of ih@lehiol. iMiine eavltyerntheooasitpddaecmset fasls on the carrier.
second

The depth D of the cavity is greater than or equal to the height of the chip in the cavity.

[0048] A second flip chip 460 is connected to the package over the cavity. The conductive
bumps of the flip chip are mated to contacts located on the surface of the carrier around the
periphery of the cavity. To protect the solder bumps, an underfill 462 is injected into the space
between the second chip and the carrier (including the cavity). Conductive traces can be formed
on surface(s) of the various layers and interconnected by vias to provide electrical connection
between the chips and the package contacts.

[0049] Tri-chip packages in accordance with various embodiments of the invention are
shown in Figs. 8-9. Referring to Fig. 8, a package 800 includes carrier 210. The carrier includes
a cavity 220 with first and second sub-cavities formed on a surface 112. As shown, the cavity is
formed on an opposite surface 111 with package contacts 103. Forming the cavity on the same

surface as the package contacts is also useful. First and second chips 150 and 460 are attached to
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flip chip. Providing a fourth sub-cavity having a height which is less than
the thickness of the chip is also useful. [0047] Fig. 7 shows a dual-chip
package 700 in accordance with another embodiment of the invention.

the caitite. packegeniholidesia wha i3 ipfty medrasddmilagdirstistaceality aidencased
carrier 310. Package contacts 103 are provided on opposite major

thereiswiiadterkd Ihércotfiguenmbodipetitags 8o cal tigarghitrckagsecondasiipdabonded to
be on the same major surface. The cavity comprises continuous sidewalls

and erfcasodhatiop tietbez drattarb-cdhg. c&atyexdnmpie peefelahlysveripstisd ae bonded to
substantially vertical. A first flip chip 150 is placed in the cavity and

contact@ade oteththasmtdiche sets i dine cavityer Uhbierilkp o Daot thé2caeityagided for the
greater than or equal to the height of the chip in the cavity. [0048] A

first ase seruhdighghs oo tec Ctitercacishut tiv el ppska yeeth\aarithee cavatya Sipgport for the
conductive bumps of the flip chip are mated to contacts located on the

chips suttiagackatieat@masanbiynd the periphery of the cavity. To protect the
solder bumps, an underfill 462 is injected into the space between the

[0050Fecohtdartei prainetihe a e igirdratiipdd7g thencantty) oGtorttle civeetracesiodtar manner
be formed on surface(s) of the various layers and interconnected by vias

as chipotpbowi drege ke cirarad xaompl e ctierth brd tobee ins tthisprisguscaad thieecpatkageh conductive

contacts. [0049] Tri-chip packages in accordance with various
bumpe8Tbdutintiedt® abttupidhive piads @rehsbaiatérof-igs c8reRfkerthgdalHjge®) be

a package 800 includes carrier 210. The carrier includes a cavity 220 with
secureiirst pladesesiogdfsuexeanites adbesnesicondustivealoenigs2antfoslcomhicthee tape. An

cavity is formed on an opposite surface 111 with package contacts 103.
underfib8othiy thepdadityptoththepsegrietweaefate abithenpdbkageriendtdcts is also

useful. First and second chips 150 and 460 are attached to 13 the carrier.
[0051]n onEherpdroidinkenexh@fies cohiprisanaumttic lay éhedflesninake selbityatmdith base and

encased therein, similar to the configuration of package 300 of Figs. 3a-b.
supplentented dayedscip dsdhahded.tol eralippleasathlviakianstfersaespetBubfoatand second

For example, conductive bumps 465 are bonded to contact pads on the
sub-cdysises ofTih easweohithe abheatdtthe padkafii s @B acih ¢ a6 cireegrocdd edrfde throvided on
one or both surfaces of the layers of the carrier. Blind, through or buried vias are used to connect
conductive traces on the different surfaces as desired.
[0052] As shown in Fig. 9, another tri-chip package 900 includes a carrier 510 on which
first, second and third chips 150, 460 and 870 are attached. The carrier includes a cavity 520
with first, second and third sub-cavities formed on a surface 112. Package contacts 103 are
formed on a surface 111. As such, the cavity and package contacts are disposed on opposite
surfaces. The cavity and package contacts can alternatively be formed on the same surface.
First and second chips 150 and 460 are attached to the carrier in a similar manner as those of
package 800 in Fig. 8. The third chip is bonded to and encased within the third sub-cavity, like
the first and second chips in their respective sub-cavities. Underfills 261, 462 and 863 are

provided for the chips to protect the conductive bumps as well as to support the chips in the

package after assembly.
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first and second chips to protect the conductive bumps as well as to serve

as a support for the chips in the package after assembly. [0050] In one

embodiment, a third chip 870 is mounted onto the carrier in a similar
[0053MmannarmastichiyeddaDlamirigiebubstrx@anabe, Liswe! toifd o hds alifposEheadistrate

the cavity, with conductive bumps 875 bonded to conductive pads on the

includes faesedf thearchstipplehivnthlildyeini® can-beosespoeding pake subingyites.
example, adhesive conductive bumps and/or conductive tape. An underfill

Cond3bivdgrinjestad btpriinddeteme dretacisstiiBaréiips afidhd agenyief tAd @affesth] connect
The carrier, for example, comprises a multi-layered laminate substrate
the chipithosgaskdgsupptects: NBliddytne 2Hl cardi2ddtaids arb@ssdapleonaptaktonductive
layers form respective first and second sub-cavities. To connect the chips
traces tonttie péffage stofacestas desickd:tive traces can be provided on one or
both surfaces of the layers of the carrier. Blind, through or buried vias are
[0054usedRigsdidRET shoon dadty eHiepaskagehim difterdan cuviabesthes eleboeiinents of the
[0052] As shown in Fig. 9, another tri-chip package 900 includes a carrier
inventtd0 drefeiniol thrBig sétonpaakalthl@l chghsdes0art B0 8IVEITD @natat820eahd 825
The carrier includes a cavity 520 with first, second and third sub-cavities
formetbomepposita sunfiass 11P ahtkageankatpctsritd@are dposetiam awstadaddl. As
111. As such, the cavity and package contacts are disposed on opposite
showrsuinfacastigheoogviise @odtpackageleoatbscto vato g e hudtdre | yRvefécabhe densidewalls
the same surface. First and second chips 150 and 460 are attached to
are vethieat arrseibataatiiHyilsemneatndihas thesel @fs phthkageyBRO shdtilgl & JiHécient to
third chip is bonded to and encased within the third sub-cavity, like the
acconfirsidated et tiph pslicathbér s sgiedtave wdbgbviipsnding erfitie 26p| id@ion. For
and 863 are provided for the chips to protect the conductive bumps as
exampies thespasksagspen teedebiigieihftites speckagty pétef HSoe hnlgifietdoios3] At is

multi-layered laminate substrate can be used to form the carrier. The
undergiabd titzatethie dinthes iarntsafd 1 aitidssuasol entdet dspens. 2liytacally, the cavities
corresponding to the sub-cavities.
comprise a rectangular shape or a shape which corresponds to the shape of the chips. Other
shapes can also be useful.
[0055] In one embodiment, the carrier comprises a multi-layered laminate substrate with
base and supplemental layers 211, 214 and 218. The base layer serves as a substrate on which
the chips are attached while the supplemental layers form the first and second cavities. The base
and supplemental layers can be bonded together to form the carrier. Contact pads are disposed
on both surfaces of the base layer in the cavity regions for electrical coupling with the chips.
Conductive traces fan out from the contact pads and are coupled to the package contacts. A
solder mask comprising an insulating material can be provided on the carrier surfaces, covering
the electrical traces and openings corresponding to the package contacts and contact pads. In

one embodiment, the base and supplemental layers can include multiple layers or sub-layers,

with or without conductive traces on its surfaces. Adjacent electronic traces are isolated by an
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Conductive traces can be provided on one or both surfaces of the layers
of the carrier to connect the chips to the package contacts. Blind, through
or buried vias are used to connect conductive traces on the different
insulatibigféaes. aSaesireliciRS4d deigen 1 Hiffehaw lagwity(chipipiskagasimbe
accordance with other embodiments of the invention. Referring to Fig. 10,

intercenpectkd@e dé¥irenaligshtiacieubzo svithroayiiem$8207and 825 formed on
opposite surfaces 111 and 112. Package contacts are disposed on

[0056purfagiest 4dd S oplamiipsthBOcadtizs)) coerdisisesed intithediistsidesedthtroavities of the
top to bottom. Preferably, the sidewalls are vertical or substantially

carrieneTtiheathiphealihe agazhsdfothte cavities ishosilailbe soiffiigerdtion as chip 150 of
accommodate the IC chips and can be selected accordingly depending on

packatiecda® i Eadiof. For erxapip)ehéohipackabentzd heddesapeddvithia bpaalities. The
type of IC or for different ICs. It is understood that the dimensions of the

depth oétiremvigiesl smoulbbinegsahte .of gpeatd hthtmetioavoted Thimmgss s the chips. Other
rectangular shape or a shape which corresponds to the shape of the

cavityadpihs@tbalsshsgiak dam edsople LbefdépfO@B 5] davitperamnbe thesdminttne thickness
carrier comprises a multi-layered laminate substrate with base and

of the sbgpterneatiacregieid, EbvthedaXit§.onhibdssrel aydnceasdisegmekage contacts,
substrate on which the chips are attached while the supplemental layers

sufficirnsptiee §hstudoh desalbarate ddoitiesumtiegihs @aakasufmplexampial @yeryicded circuit
be bonded together to form the carrier. Contact pads are disposed on

board Kle@B3uttbciesfdfstAelbaskb268 ardmitba del fty tbgibirss d0d ebsotritahipsdplpmgtect the
with the chips. Conductive traces fan out from the contact pads and are

conducbupladrtpstirevpe tRateseoreasts supmwider thaskipemphgiparkagmaiidadagembly. In
material can be provided on the carrier surfaces, covering the electrical

one emzadisanicl thpenitryi dofrd spenaliideso the package contacts and contact
pads. In one embodiment, the base and supplemental layers can include

[0057ultiBrfdayegsF kLBdageaskagiei2@l initholes corrtrdh@ vt eavitieit 820 and 825
surfaces. Adjacent electronic traces are isolated by an 15 insulating layer.

formed'loe oppehitetisus facesebldrandel Hfdrint dageecfod shiptalaisndavhere mounted to

the carrier. The carrier and mounting of the first and second chips are similar to those of
package 101 of Fig. 10. A third chip 870 is attached to the carrier. In one embodiment, the third
chip is attached to the surface of the carrier without the package contacts 103. The third chip is
disposed over the cavity, with its conductive bumps 875 bonded to conductive pads on the
surface of the carrier surrounding the cavity. The second flip chip can be secured in place using,
for example, adhesive conductive bumps and/or conductive tape. An underfill 873 is injected
into the space between the chip and carrier.

[0058] The cavities of packages 101 and 201, as shown, have continuous sidewalls in which
chips are bonded and encased therein. The packages can be modified by providing carriers
wherein one or both cavities include sub-cavities. Further, the chips can be attached in
accordance with various configurations, including stacking two or more chips in one or both

cavities of a carrier. For example, conductive bumps can be bonded to the base of one sub-
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interconnected as desired using blind, buried or through vias 207. [0056]
First and second chips 150 and 250 are disposed in the first and second
cavities of the carrier. The chips can be attached to the cavities in a

cavitysirilatieoofiigutdiceias chithd besebiitaskapec A6, inbbig. 9T heosuekmmptehe chip can
the chips are bonded and encased within the cavities. The depth of the

be beloavitqmbtwoitdiim/ethelde cfrtheeatecibin dhevetdntbibkneshodithentd)ipplurality of
Other cavity depths are also useful. For example, the depth of a cavity

cavitisnaynds: lpswitiehdhertbickbesss wfites cfihdedreiattanioeitiihg e chitytion one
cavity on the same surface as the package contacts, sufficient space

major shrfatd bedadlphatdityfof tavitidsngntine peekagsofauekamiplelsonsefulintes such
circuit board (PCB). Underfills 261 and 262 are provided for the first and

applicagons)dhehppskay picatetat th arecorefkrabise hounpes as welbafdceseitheoas eavity.
support for the chips in the package after assembly. In one embodiment,

[00591he uhlkeviltioiill packagestidssciiial jiveidmothecdbad-catity mretlagee @4Hlbe used with
includes carrier 810 with cavities 820 and 825 formed on opposite

flip chspsfades ddhtlehchipis? oFarsbardnadoaridecéops AdCerad 260 e kagei B8ddepicted in
to the carrier. The carrier and mounting of the first and second chips are

Fig. 13imdlades twesdef2 phoktye dVityPFg. Ttk packagkahghu8éd eleattathwohiiar to those
the carrier. In one embodiment, the third chip is attached to the surface of

of othénpardaies alittanlyt dhscpbettage aerdesity1aied. Wiltettizisdrobipefsraticposetbers. First,
over the cavity, with its conductive bumps 875 bonded to conductive pads

secondantthéhisticiaipe (i5Mel 68 aier 80y armbangdtidodheitariitre secshaavflighehfpst chip is a
can be secured in place using, for example, adhesive conductive bumps

flip chama/oletreckecting tadehideh eimplesaid 818 i®mjed rrdpintdhelippedp is bonded to and
between the chip and carrier. [0058] The cavities of packages 101 and

encase20wjtamshefirst kareadhtinbe secsitkaral Kird whighaehipsedreonded talthedase of the
encased therein. The packages can be modified by providing carriers

seconghvdrireny ibyarst swthce afitiesdarcl e eespectisgiyie £revidhng other chipbioations of chip
be attached in accordance with various configurations, including stacking

types aywvelt aseayidhipsmoaméngrebotiyusatiitisd oflsodzefer. For example,
conductive bumps can be bonded to the base of one sub

[0060] A cap 893 which covers the chip is provided. The cap at least covers the chip and the

wire bonds, protecting them from breaking and the external environment. Encapsulants, such as
epoxy molding compound, sealing resin or the like can be used to form the cap. Alternatively,
encapsulants with high thermal conductivity can be used to form the cap. This can be achieved
by introducing additional fillers which contain ceramic or metallic particles into the molding
compound as described in, for example, US Patent Nos. 6,469,086 and 5,681,883. The
encapsulant, for example, also fills the second sub-cavity.

[0061] Figs. 13-15 show packages in accordance with the invention which include different
features for specific applications. Referring to Fig. 13, a package 401 includes a carrier 210
having a cavity 220. First, second and third chips (150, 460 and 870) are bonded to the carrier in
or above the cavity. In one embodiment, passive components 940 are attached to the carrier

surface. The passive components serve to improve electrical performance of the packaged

17



16 cavity while the chip is attached to the base of the sub-cavity above.
The surface of the chip can be below, equal to or above the top of the
sub-cavity above. In other embodiments, a plurality of cavities can be
deviceprvtddedsappesefqrdesitfe sorfpoesrat tae bamieicHem vidingxam leathitypassive
one major surface and a plurality of cavities on the other major surface is
compaientsisaitihdhadescapacapplicasionss tre packagsatioantaetsfare preferably
mounted on the surface with one cavity. [0059] The various packages
[0062PescRbfxlrimytudinng e aivsakagyisy paakadesa canibe219athwith aftpvityi220 in
wire bonded chips, or a combination thereof. For example, a package 301
whichd@pictedomnd Eng. th2drotlipdese, dadiard2a D withbamdedty| 2 20e Enthpdickagea heat sink
includes elements similar to those of other packages already described
590 isamovédeddtesiipsiiatd hath dbresatatcbsefreerackagadi@rice Filstpicdbgkdredt sink
third chips (150, 460 and 870) are bonded to the carrier. As shown, the
compriises atigatscandliptoldpnateifialife rsecomnu ecab feir drobtips aretallierbatedeld. The heat
chips. The flip chip is bonded to and encased within the first sub-cavity;
sink, ithensesroinetamehth ischaiuptedien wheechvendeddcethedfasesod tap. secadbesive 592,
sub-cavity and surface of the carrier, respectively. Providing other
such as@pipatidhaeroithipatypes) ds sl & attadbytior cap wo timycaondiosindticn sGsher
also useful. [0060] A cap 893 which covers the chip is provided. The cap
technigtibsashadseebe tisectti@atizant the haatesib&rid sheoateietingrtheam Traeriop surface of the
breaking and the external environment. Encapsulants, such as epoxy
chip shooldihg @mvpthechrsealindaesio tacthitékeootacthwi thsibd hedbsmkthdé ¢cagrmal
Alternatively, encapsulants with high thermal conductivity can be used to
interfdice matesiak®/ ST hiclcan therachignease, by ditpodedt ivegvestaitionsu fileeofthcbhip and
contain ceramic or metallic particles into the molding compound as
heat sisditibesdnffohextamplenpsveatberrivd so64e0086vaiet B168as88R|iEhdity by
encapsulant, for example, also fills the second sub-cavity. [0061] Figs.
keepirgstispshkagerhdkeage svithit tue decareneinid et @ patasinipie mprciiurechange.
different features for specific applications. Referring to Fig. 13, a package
[0063}01 ichigetsaapacikaoIdD Iniasineya cAVieynackageiist] sdesofitstasetaniddind third
chips (150, 460 and 870) are bonded to the carrier in
chips (150, 460 and 870) attached in or above a cavity 220 formed on a surface 112 of a carrier

210. A cap 591 is formed over the surface of the carrier. The cap encapsulates the top surface of
the substrate and the chip to protect the chip from the external environment. The cap can be
formed from, for example, an encapsulant such as epoxy molding compound. Other types of
encapsulants are also useful.

[0064] Although the passive component, heat sink, and cap have been described in the
context of a specific package type, it is understood that these features can be applicable to the
various other packages described herein. Furthermore, these components can be used alone or in
any combination as desired, depending on the applications. For example, passive components
and a heat sink can be provided in a package to improve thermal and electrical performance.
[0065] The invention may be embodied in other specific forms without departing from the

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
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or above the cavity. In one embodiment, passive components 940 are
attached to the carrier surface. The passive components serve to improve
electrical performance of the packaged 17 device. Various types of
considedsisivealionspocteilisistanibe rattreieth Foitexpipiaythegageieabed herein. Scope
components can include capacitors, resistors or a combination thereof.
of the @062t dreitettiingindiagedldy thpappayedhims|udtratiaristad foregong a
cavity 220 in which first, second and third chips 150, 460 and 870 are
descriptoaieahd al beteegeb tdineents avhkit thio kndaBihipaprbradge db adjsisiplateyefithe
generated by the packaged device. Typically, the heat sink comprises a
claim$@atictendedtiveawaeraedahexample copper or other metallic materials.
The heat sink, in one embodiment, is mounted on the carrier surface and
[0066Torm¥\thataip .chimaadhiesive 592, such as epoxy or thermal grease, can be
used to attach the cap to the carrier surface. Other techniques can also
be used to attach the heat sink to the carrier surface. The top surface of
the chip should be above the carrier surface to facilitate contact with the
heat sink. A thermal interface material 878, such as thermal grease, is
disposed between the surface of the chip and heat sink. The use of a
heat sink improves thermal conduction, which increases reliability by
keeping the packaged device within the recommended operating
temperature range. [0063] In Fig. 15, a package 601 is shown. The
package includes first, second and third chips (150, 460 and 870)
attached in or above a cavity 220 formed on a surface 112 of a carrier
210. A cap 591 is formed over the surface of the carrier. The cap
encapsulates the top surface of the substrate and the chip to protect the
chip from the external environment. The cap can be formed from, for
example, an encapsulant such as epoxy molding compound. Other types
of encapsulants are also useful. [0064] Although the passive component,
heat sink, and cap have been described in the context of a specific
package type, it is understood that these features can be applicable to the
various other packages described herein. Furthermore, these components
can be used alone or in

19



any combination as desired, depending on the applications. For example,
passive components and a heat sink can be provided in a package to
improve thermal and electrical performance. [0065] The invention may be
embodied in other specific forms withgumMEparting from the spirit or
essential characteristics thereof. The foregoing embodiments, therefore,
are to be 18 considered in all respects illustrative rather than limiting the
invention described herein. Scope of the invention is thus indicated by the
1. apperipedaagmorattaehiticpa deynilcerfduegoitie esagiptiaotiansuathce, the active
changes that come within the meaning and range of equivalency of the
surfacelhavisgeehuntendgibroviniehatisracdut tivereum e GtGEdlzatis pkaiphedlsedbn
CLAIMS 1. A chip package for attaching a semiconductor die having an
withoatadieec suutfatietbenamsj\iie shifauae keydrgrapoising:region with die
conductive bumps thereon and a peripheral region without die conductive
bamnysethsaltipte bakmgeficstrapdisatgnd wajoesstdisyate having first and
second major surfaces; a cavity formed on the first major surface of the
carcei tyuostnateontbeechiratyriagorisgréack eiftiteldaenna subatraie pibd@avity having a
surface with contacts pads disposed thereon, wherein the height Hiis
heightddiemted sawitythattovhenrfaesseith conthetd padsadispatted tiesteohevdierein the height
conductive bumps are coupled to the contact pads in the cavity and at
H; is delasteoatimmthatf e pthéseerabreyiciorafithis attetiiedstintadie epaductiiveddmps are
to a top of the cavity; and package contacts disposed on one of the first or
couplesktmotind noajactsatiace shevtertyratideatdeasipptnpiads airéhe lpetpbaliyl cegipteaf the
to the package contacts. 2. The chip package of claim 1 further comprises
activesyndecklbraretiatdd the tpvitl/tbeavityeril material at least fills the space
between the semiconductor die and the cavity bottom
package contacts disposed on one of the first or second major surfaces, wherein the

contact pads are electrically coupled to the package contacts.

2. The chip package of claim 1 further comprises underfill material in the cavity, the
underfill material at least fills the space between the semiconductor die and the cavity bottom

surface.

3. The chip package of claim 1 wherein the package comprises a semiconductor die

attached to the carrier, the semiconductor die comprises a flip chip.

4. The chip package of claim 3 further comprises underfill material in the cavity, the

underfill material at least fills the space between the semiconductor die and the cavity bottom

surface.
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surface. 3. The chip package of claim 1 wherein the package comprises a
semiconductor die attached to the carrier, the semiconductor die
comprises a flip chip. 4. The chip package of claim 3 further comprises

5.  umdedHipmaicigkioftbrioatityhtheinuhdesfitynaseipaisat fbashiitisébengpabecavities,
between the semiconductor die and the cavity bottom surface. 20 5. The
the firshsppesnkiageonimizenthedaeigibdtiorsauitfacowiigasHsighard satdrcecond sub-
sub-cavities, the first sub-cavity comprises the cavity bottom surface with
cavitytiseldrgeghhadi thoditbiessbaanihyswihataivity i tatrgesethwonbectios i s-aaxdityed, the die
wherein when the semiconductor die is attached, the die conductive
condubtiveisiaues aoapdeg [bal tioatheocdaticppadsaind at lesssppraitionsefahtheeripheral region of
peripheral region of the active surface are mounted on a top surface of
the active fusfaselareavidyntzdidmeacbpspefekagé the diashsdoveheityin the carrier
substrate comprises base and supplemental layers, the base layer serves
as the cavity bottom surface of the first sub-cavity and the supplemental
layers form sidewalls of the first and second sub-cavities. 7. The chip
6. pddkagamppatiagesoitiensid thikesaodhe cukiecavibytaienqmisedsasseserand
sub- cavity height H2, wherein H2 is at least equal to or greater than a
suppldimehtab by exfst Hieedmasd dayatsetvesdietie. CBéychgitpackatpeobdbtiamfirit sub-cavity and
wherein the carrier substrate comprises base and supplemental layers,
the supipéebeséaldgpersdovesside i s avithebidtsband sefard ofthavitstsub-cavity
and the supplemental layers form sidewalls of the first and second
sub-cavities. 9. The chip package of claim 1 wherein the cavity comprises
a plurality of sub-cavities, wherein n and n-1 sub-cavities of the plurality
7.  off balsluayitiesagesbinlamy&dieckiniihe teeand sbbecaxityis abpvseanddenge isub-
than the n-1 sub-cavity, the n-1 sub-cavity comprises the height Hi and
cavitydwight thadbhereim He isvityléasttequal to or greater than a thickness of the semiconductor

die.

8. The chip package of claim 7 wherein the carrier substrate comprises base and
supplemental layers, the base layer serves as the cavity bottom surface of the first sub-cavity and

the supplemental layers form sidewalls of the first and second sub-cavities.

9. The chip package of claim 1 wherein

the cavity comprises a plurality of sub-cavities, wherein n and n-1 sub-cavities of the
plurality of sub-cavities are arranged such that the n sub-cavity is above and larger than the n-1
sub-cavity, the n-1 sub-cavity comprises the height H; and contact pads at n-1 cavity bottom
surface, wherein when the semiconductor die is attached, the die conductive bumps are coupled
to the contact pads in the n-1 cavity bottom surface and at least portions of the peripheral region

of the active surface are mounted on n-1 cavity top surface.
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surface, wherein when the semiconductor die is attached, the die
conductive bumps are coupled to the contact pads in the n-1 cavity
bottom surface and at least portions of the peripheral region of the active
10. sOHachipreabrayaisiccinmdlvaaridinttie sbrfreguBstraf: donepeiRys paskage
of claim 9 wherein the carrier substrate comprises base and
supplesngmitdiagois| tay base lagehasedaystise vaeiypbdhencauitudzosfane sirsiesietiod plurality
the first of the plurality of sub-cavities and the supplemental layers form
of subsideitiai araf thideuf thee plalr iy ofeub sidawitids of dthEhefahippdacikiag efafub-
claim 9 wherein the n sub-cavity comprises a n sub-cavity height H,,,
cavitissherein H. is at least equal to or greater than a thickness of the
semiconductor die. 12. The chip package of claim 11 wherein the carrier
substrate comprises base and supplemental layers, the base layer serves
as the cavity bottom surface of the first of the plurality of sub-cavities and
11. thehsuppieacksigd fycamicd wisdswtismdubeatite comirésgduraldybatatity: height Hy,
cavities. 13. A chip package for attaching a semiconductor die having an
wherearctid ssatrfeast ethualetotivey reatéa tieah avimgladssropthe gemivdtioluieor die.
conductive bumps thereon and a peripheral region without die conductive
bumps, the chip package comprising: a carrier substrate having first and
second major surfaces; a cavity formed on the first major surface of the
12. caiveechspipsirikage thfec zawity/lcahepeisitiop aapheraditystbtuts rgritesfarereaad
by a plurality of at least partially concentric openings, wherein n and n-1
supplesoértdvatyessofhth bastulaliy sef @stas thatiesity dattram gedasad thafitiseat the plurality
sub-cavity is above and larger than the n-1 sub-cavity, the n-1 sub-cavity
of subecavipiés @adhiberseighie Meatad lepenatarpaiteanatsiot dtgtberttoithsyntizradity of sub-
wherein when the semiconductor die is attached, the die conductive
cavitigsumps are coupled to the contact pads and at least portions of the
peripheral region of the active surface are mounted on at least portions of
a top surface of n-1 sub-cavity; and

13. A chip package for attaching a semiconductor die having an active surface, the active
surface having a bump region with die conductive bumps thereon and a peripheral region
without die conductive bumps, the chip package comprising:

a carrier substrate having first and second major surfaces;

a cavity formed on the first major surface of the carrier substrate, the cavity comprising a
plurality of sub-cavities formed by a plurality of at least partially concentric openings, wherein n
and n-1 sub-cavities of the plurality of sub-cavities are arranged such that the n sub-cavity is
above and larger than the n-1 sub-cavity, the n-1 sub-cavity comprises the height H; and contact
pads at n-1 cavity bottom surface, wherein when the semiconductor die is attached, the die
conductive bumps are coupled to the contact pads and at least portions of the peripheral region of
the active surface are mounted on at least portions of a top surface of n-1 sub-cavity; and

package contacts disposed on one of the major surfaces, wherein the contact pads are

electrically coupled to the package contacts.
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package contacts disposed on one of the major surfaces, wherein the
contact pads are electrically coupled to the package contacts. 22 14. The
chip package of claim 13 wherein the n sub-cavity comprises a n
14. sUhecevipyphekghe df claher@intdramahdaastigoaaiey toapdstsiaknass efing height
semiconductor die. 15. The chip package of claim 13 wherein the carrier
H,, wistrbstratdcanyaicgsiasehamd thigipseintda taydconthetoasiclayer serves
as the cavity bottom surface of the first of the plurality of sub-cavities and
the supplemental layers form sidewalls of the other of the plurality of sub-
cavities 16. A method of chip packaging comprising: providing a carrier
15.  hawnohipgaaakydemhethion 8 ikt roim dnescafeiee ditesteat, thmprvétybase and
including a cavity bottom surface having package pads and a height Hi;
supplgmentdinayarsecihidmsel lmtor shie/sgits tie aatitg sotttanaindacagitiaifivgt of the plurality
region with die conductive bumps thereon and a peripheral region without
of subetevitedarudites suppbamand! Eyachfograstdewatnoluitioottier wf the ardbty of sub-
wherein the height Hi is selected such that conductive bumps are mated
cavitigd® contact pads and at least portions of the peripheral region of the active
surface are securely attached to at a top surface of the cavity by an
adhesive material. 17. The method of claim 16 further comprises providing
an underfill material in the cavity, the underfill material at least fills the
16. spacethetivdahithpaskagicgnoucpoisdig: and the cavity bottom surface. 18.
The method of claim 16 wherein providing a semiconductor die comprises
providchingea EaorenipaABdLe cahty roethedt aof & Raish rh &) dn tivdaasotimyesE ghe cavity
providing an underfill material in the cavity, the underfill material at least
includiitig area\dpabettoatvsedachkaséngipecihgetpadtiarehal bighiadity bottom

providing a semiconductor die with an active surface having a bump region with die
conductive bumps thereon and a peripheral region without die conductive bumps; and

attaching a semiconductor die to the carrier, wherein the height H; is selected such that
conductive bumps are mated to contact pads and at least portions of the peripheral region of the

active surface are securely attached to at a top surface of the cavity by an adhesive material.
17.  The method of claim 16 further comprises providing an underfill material in the cavity,
the underfill material at least fills the space between the semiconductor die and the cavity bottom

surface.

18.  The method of claim 16 wherein providing a semiconductor die comprises providing a

flip chip.
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surface. 20. The method of claim 16 wherein: the cavity comprises first
and second sub-cavities, the first sub-cavity comprises the cavity bottom
surface with the height Hi and the second sub-cavity is larger than the first
19. sUie eastitydasfa Hinsisefeated ssrabribed pheviimgandutidvéilboresiaria the cavity,
mated to the contact pads and at least portions of the peripheral region of
the untieefidCtivacsialfackatefitechealyaatihehescktotize taprscofatet@fdieeafitsthe cavity bottom
sub-cavity. 21. The method of 20 wherein the second sub-cavity
surfaceomprises a second sub-cavity height H2, wherein H2 is at least equal to
or greater than a thickness of the semiconductor die. 22. The method of
claim 16 wherein: the cavity comprises a plurality of sub-cavities, wherein
n and n-1 sub-cavities of the plurality of sub-cavities are arranged such
20. thEtdeheethedlofodwity iSatdmwreiand larger than the n-1 sub-cavity, the n-1
sub-cavity comprises the height Hi and contact pads at n-1 cavity bottom
Sthiéerzyi yrob i p risse fastenh ¢ wetotitbduiie aliei en ridel Gitistes bioTgysta e marises the
to the contact pads and at least portions of the peripheral region of the
cavitydiit@mrssuféae aghstbeurgyhatta cnddie secopdssutfacseyityf ithkanget than the first sub-
sub-cavity. 23. The method of 22 wherein the n sub-cavity comprises a n
cavitysabdcavity height H,,, wherein H. is at least equal to or greater than a
thickness of the semiconductor die. 23A
H is selected such that the die conductive bumps are mated to the contact pads and at
least portions of the peripheral region of the active surface are securely attached to a top surface

of the first sub-cavity.

21. The method of 20 wherein the second sub-cavity comprises a second sub-cavity height

H2, wherein H; is at least equal to or greater than a thickness of the semiconductor die.

22.  The method of claim 16 wherein:

the cavity comprises a plurality of sub-cavities, wherein n and n-1 sub-cavities of the
plurality of sub-cavities are arranged such that the n sub-cavity is above and larger than the n-1
sub-cavity, the n-1 sub-cavity comprises the height H; and contact pads at n-1 cavity bottom
surface; and

H; is selected such that the die conductive bumps are mated to the contact pads and at
least portions of the peripheral region of the active surface are securely attached to a top surface

of the n-1 sub-cavity.

23.  The method of 22 wherein the n sub-cavity comprises a n sub-cavity height Hy,, wherein

H, is at least equal to or greater than a thickness of the semiconductor die.
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