- 1- 6 December 2005 SEMICONDUCTOR DEVICES AND SEMICONDUCTOR DEVICE
COMPONENTS WITH PERIPHERALLY LOCATED, CASTELLATED CONTACTS, ASSEMBLIES
AND PACKAGES INCLUDING SUCH SEMICONDUCTOR DEVICES OR PACKAGES AND
ASSOCIATED METHODS 5 TECHNICAL FIELD The present invention relates generally to
semiconductor devices and semiconductor device comppnents that are useful indqueRiafile pagkages,
as well as 10 to such packages. More specifically, the invention pertains to semiconductor device

packages having true chigeMIEORPiEeTCR DEVRED SRDISEMIMENIPBCKAIR DENhCIDotprints that
are substantially thesaronasesonirsiphityraneratbey thedaatprintafSthe ¢HaEiheroNTAT TS,
BACKGROUND The gigsensping:sfmany dfRrectypes pUsiate o Utgps ERBCONIUEEMIRS are ever

decreasing. To reduce the dipEVHTES ORSFRAIRAIGES WEES ABS GUULTEESNE THTESS the
microprocesgors, memory devices, other semiconductor devices, and other electronic components of

these devices are packaged and assembled with carriers, 20 such as circuit boards, must become
more compact. In general, the goal is to economically produce a chip-scale package (CSP) of the
smallest size possible, and with conductive strqguesicwah@slgads, pins, or conductive bumps,
which do not significantly contribute to the overall size in the X, Y, or Z dimensions, all while

maintaining a very high peHTRTSHOL R O BN ES B5HF6Hbh B FaU eI FRE G Y& Y ssemblies of

semiconductor devicesndshdair@itiaasdshipsneaentia miniseize ithp wrpflaskphikagenicasustor
devices and other electronic components upon.catrier substrates (e.g., circuit boagé(i‘s) S0 as to

reduce the ditanced B ORRTEBRT YO A SRRULAI S EGL Y ERH IR S TLARS F A B ML YR types of
packaging technologiaskagyehaeriy davelapedriefagiiiae ariapipion sholsemitansdivkigedevices

upon carrier substrates in this manner. Conventignally, semiconductar device packages are,
multilayered structurl REBIRAIR ﬂﬁ%lﬂﬁ%ﬁ@%%%’t%ﬁ?ﬂ%?so re‘?i%&ﬁ@ﬁi’éﬁtlf’ﬁ%%%? g‘%ﬁﬂg’r”(létﬁf

leads, a circuit boareheathips @hegsniconductor die, and a top layer of encapsulant material, for

15 BACKGROUND
The dimensions of many different types of state of the art electronic devices are
ever decreasing. To reduce the dimensions of electronic devices, the structures by
which the microprocessors, memory devices, other semiconductor devices, and other
electronic components of these devices are packaged and assembled with carriers,

20 such as circuit boards, must become more compact. In general, the goal is to
economically produce a chip-scale package (CSP) of the smallest size possible, and
with conductive structures, such as leads, pins, or conductive bumps, which do not
significantly contribute to the overall size in the X, Y, or Z dimensions, all while
maintaining a very high performance level.

25 One approach to reducing the sizes of assemblies of semiconductor devices and
circuit boards has been to minimize the profiles of the semiconductor devices and
other electronic components upon carrier substrates (e.g., circuit boards) so as to
reduce the distances the semiconductor devices protrude from the carrier substrates.
Various types of packaging technologies have been developed to facilitate orientation

30 of semiconductor devices upon carrier substrates in this manner.

Conventionally, semiconductor device packages are multilayered structures,
typically including a bottom layer of encapsulant material, a carrier (e.g., leads, a
circuit board, etc.), a semiconductor die, and a top layer of encapsulant material, for

example. In addition, the leads, conductive bumps, or pins of conventional



example. In addition, the leads, conductive bumps, or pins of conventional -2- 6 December 2005
semiconductor device packages, which electrically connect such packages to carrier substrates, as
well as provide support for the packages, are sometimes configured to space the semiconductor
device packages apart from a carrier substrate. As a result, the overall thicknesses of these
semiconductor device packages and the distances the 5packages protrude from g@ysinsepstiates are
greater than is often desired for use in state of the art electronic devices. Wafer level packaging

(WLP) refers to packaging i Relesie s &amponarh whilsdhis sthnaitatayatased hecparkages

that are formed by WLP grocesses are generally considered to be "chip-sized" packages, at least with

respect to the lateralS¥OYGARIAY HifthahBIoNisls PPRSHIN e PRTIES RSy MRGH L feNrehidrged

profiles in the Z dimgngiomeuarirsheusaifgshallpaditase iR aLEON duelive BEHEires thatsprotrude
therefrom. Likewise, modules of stacked dice may use inter-die connections comprising solder balls,

pins, etc., which sub&ANSIRI BistSHEs ©f thesooemif P duRioa edre Parkenstiad fae¢Eiigngsithe
technology, 3s origingtirggaitbre@ndotiech catidnsaishineonaestian: (tark) Eebnalonyd Parexample of

an assembly and packaging technology that results in a semiconductor device being oriented
substantially parallel/8'5 Y5 stFfRE d&¥iRSas a circuit board. In flip-chip technology, the bond

pads or contact pads of a warsigendyatnagiei CW RIS Aaneepatk Nl I OVRLRJMajespstase of the
20 semiconductor devjce. Flip-chip techniques are applicable to both bare and packaged
semiconductor devicgg}lﬁlb’efcﬁ?a\%mggcwﬁefyp@gé’ﬁﬁ]&ﬁ?&Jl]&%?@JQ%?WQN%BF@&HV%%I%OMH

balls arranged in a sgeaailgl doaligsidamsay " (BipAlzeanpaatiess, pattesn withicafydnd ugdestaral X
semiconductor die and a carrier substrate, which is ty{)ically’ﬁrmed an "interposer”. The jnterposer

may be poslfioned a8$cEHtBEAY ' 55 HaiPeite BR AP SSRGS hatsn HeSLRRRL Rt

surface thereof. Whenetzaiintexgioaeliistpasitioned bdjagant, thedaack sidaddh theraemmaomdtictor die,
the bond pads of the semiconductor die are ty ical(%gqlec ic%lgeggnnected kg/ way. of wire bonds or
other intermediate cERAGERESREREhtS 1580 e ng' Ige QB HSS S aifecopzgtions

interposer. These cosiagirkigasolambalbpate, with whicosespondingcbumpad eahtaeidadg on the
back side of the intepﬂ%se%rsi(')l;lr’\iis.eﬁ}/g% fcﬁfe.
15 "Flip-chip" technology, as originating with controlled collapse chip connection
(C-4) technology, is an example of an assembly and packaging technology that results
in a semiconductor device being oriented substantially parallel to a carrier substrate,
such as a circuit board. In flip-chip technology, the bond pads or contact pads of a
semiconductor device are arranged in an array over a major surface of the
20 semiconductor device. Flip-chip techniques are applicable to both bare and packaged
semiconductor devices. A packaged flip-chip type semiconductor device, which
typically has solder balls arranged in a so-called "ball grid array" (BGA) connection
pattern, typically includes a semiconductor die and a carrier substrate, which is
typically termed an "interposer"”. The interposer may be positioned adjacent either the
25 back side of the semiconductor die or the active (front) surface thereof.

When the interposer is positioned adjacent the back side of the semiconductor
die, the bond pads of the semiconductor die are typically electrically connected by
way of wire bonds or other intermediate conductive elements to corresponding contact
areas on a top side of the interposer. These contact areas communicate with

30 corresponding bumped contact pads on the back side of the interposer. This type of
flip-chip assembly is positioned adjacent a higher-level carrier substrate with the back

side of the interposer facing the carrier substrate.



flip-chip assembly is positioned adjacent a higher-level carrier substrate with the back side of the
interposer facing the carrier substrate. -3- 6 December 2005 If the interposer is positioned adjacent the
active surface of the semiconductor die, the bond pads of the semiconductor die may be electrically
connected to corresponding contact areas on an opposite, top surface of the interposer by way of
intermediate conductive elements that extend through arge.or more holes formed gbe-mperpgser.
Again, the contact areas communicate with corresponding contact pads on the interposer. In this type

of flip-chip semiconductor gietiGaagrRe N RAWRYE hdjhe R etact Pass AR alsadypitRbydasaied on
the top surface of the interposer. Accordingly, this type of flip-chip assembly is positioned adjacent a

higher-level carrier dibdhahondipadset thedrruacs uaiPbda By orsriisg theamRErfEsSr with the 10

top surface facing theosrijenstbsicatect i &aeh ah s iRIegripguResHPiiiRntRiposamicangwetor
devices, the contact . pads of the interposer are disposed in an array that has a footprint that mirrors an

arrangement of corre8fSEREHYTEAMNSIY O FISTRERS irad il ansPomare Antey umsdigihee ach
of the bond (9n bareifliprpbier spicRBE et ACaL A Conactitar iRhl&EBP AAkaoeshaasiaand its

corresponding terminal may be electrically connected to one another by way of a conductive structure,

such as a solder ball RS LR HEPSREHIOSBIPSRL chdUsikdsies arimbhe RaMRFs Mstrate.

The space between thatiigipesat ard the cayiRcskashale vpyhedelboperm@ifdied with a so-called
"underfill"* dielectric material that provides additional electrical 20 insulation between the

semiconductor deviceSSRERE LARPREOSH SR AtamBR, ‘s RONEPRS atksgBid e dftip-chip

semiconductor devicegriBaytheitdesath Neppstanimatboaliceyesiig e tipiserppubskdniiady all of
the interposer and/or the semigondu%tor die. The thicknesses of conventional flip-chip type packages

having ball §fid array BE"CHSRALBR PSR SFEWBHhed by the combined thicknesses of the

semiconductor die, the intaraesast thefatfpesiyaypaterigipheiphetnestivang daeicandisctvastructures
(e.g., solder balls) that %%trud.e above the ipterposer or the s&lnicond#?c(ior.die As with the flat
|

packages, conventiotisSRh Bl rBR BRURAHRO 3 BREATAHEG A iy Hhat HTGRAR. thin, state
of the art electronic deniegsnéntridiesmessordsegatihimgeoetaher contact regions formed on a carrier

substrate. Each of the bond (on bare flip-chip semiconductor dice) or contact (on flip-
15 chip packages) pads and its corresponding terminal may be electrically connected to
one another by way of a conductive structure, such as a solder ball, that also spaces the
interposer some distance away from the carrier substrate.
The space between the interposer and the carrier substrate may be left open or
filled with a so-called "underfill" dielectric material that provides additional electrical
20 insulation between the semiconductor device and the carrier substrate. In addition,
each of the foregoing types of flip-chip semiconductor devices may include an
encapsulant material covering portions or substantially all of the interposer and/or the
semiconductor die.
The thicknesses of conventional flip-chip type packages having ball grid array
25 connection patterns are defined by the combined thicknesses of the semiconductor die,
the interposer, the adhesive material therebetween, and the conductive structures (e.g.,
solder balls) that protrude above the interposer or the semiconductor die. As with the
flat packages, conventional flip-chip type packages are often undesirably thick for use
in small, thin, state of the art electronic devices. Furthermore, use of this general
30 construction method for producing a stacked multichip module (MCM) results in a
relatively high-profile, large footprint device.
Thinner, or low-profile, flip-chip type packages have been developed which

include interposers or other carriers with recesses that are configured to receive at least



30 construction method for producing a stacked multichip module (MCM) results in a relatively
high-profile, large footprint device. Thinner, or low-profile, flip-chip type packages have been
developed which include interposers or other carriers with recesses that are configured to receive at
least -4- 6 December 2005 a portion of the profiles of semiconductor devices. While interposers that
include recesses for partially receiving semiconductor dgvices facilitate the fabricgtiRuehbth inney
flip-chip type packages, the semiconductor dice of these packages, as well as intermediate

conductive elementsytpaiiipbiige heyprbihemidtaidavidaaesialeithanihsesaercandieiaasice or the
interposers, undesirably add to the thicknesses of these packages. U.S. Patents 5,541,450 and

5,639,695, both issuEEGSSoitE LUty FreflYHRFRMgaduEer faicay i pllinn be fAhderion ghother type

of flip-chip type packageerhighehipohisiasaarhieipesenwihdacendicent ucios sliexipesniaciaaxtending
completely 10 therethrough. The "695 Patent teaches a package that may be formed by securing a

semiconductor die difSei)edatecaniicdyp slrmentniaiparitdn Pomnddbe fytansuiferhakethe the

carrier substrte befgemibenaernicandusiordifpelestricrllyirepnaatestte thieintesprseihetbe
semiconductor die, intermediate conductive elements that connect bond pads of the semiconductor

die to correspondingpéﬁlﬁilgﬁi'areas on the 15 interposer, and regions of the interposer adjacent the

receptacle may then be eucsyrEubaied, IMhilsathis medoshsesuitsiisuad/e Yoaw-Rrdfiladinnahip type
package, the package cannot be %gsted separately from the carrier substrate. As a result, if the

package is unreliable 1 2y Ao b hatals: rﬁ%}éﬁcﬂ]‘ﬁmﬁ@%ﬁgﬂ%%@ﬂé’%ﬁfﬁﬁ?’ StRish
components thereoninMedeoxeinthp@ackagingenetbadueionc 69% fratenikZd camplieplesiine process

of connecting semiconductor devices and other electronic components to a carrier substrate. In
aciiton. t Houtd be HTSHHGRL 1 D20 o EEREAFUEO BHOTHE MERAER T I LN SEEUaH o
sacrifice footprint comepactnasstorldie daetprind areari subktatomdenriile packagadnakhresignificantly
greater than the area of the ser:t}%lconductor die th%%é)rfgﬁf Thus, tféere is a need for a multichip

module which has a VEFPRSS S ERTEaRSy STRsBRS G SEHERRBREEE LEANESTHIRYY packages of
differing dimensions @mdstetcadily falrisaied Thaseeisaisactondedifitsrmbavitproilgutype snihip
module that that connect bond pads of the semiconductor die to corresponding contact areas on the

15 interposer, and regions of the interposer adjacent the receptacle may then be
encapsulated. While this method results in a very low-profile flip-chip type package,
the package cannot be tested separately from the carrier substrate. As a result, if the
package is unreliable, it may also be necessary to discard the carrier substrate and any
other components thereon. Moreover, the packaging method of the ‘695 Patent

20 complicates the process of connecting semiconductor devices and other electronic
components to a carrier substrate. In addition, it should be noted that in order to
obtain a low-profile package, it may be necessary to sacrifice footprint compactness.
The footprint area of such a low-profile package may be significantly greater than the
area of the semiconductor die thereof.

25 Thus, there is a need for a multichip module which has a very low profile, may
incorporate a large number of semiconductor packages of differing dimensions and is
readily fabricated. There is also a need for a low-profile type multichip module that
may be readily tested prior to its assembly with a carrier substrate and without adding

complexity to the process of assembling electronic components to the carrier substrate.

30 A method for fabricating such low-profile type packages is also needed.



may be readily tested prior to its assembly with a carrier substrate and without adding complexity to
the process of assembling electronic components to the carrier substrate. 30 A method for fabricating
such low-profile type packages is also needed. -5- 6 December 2005 DISCLOSURE OF INVENTION
In the present invention, stacked multichip modules are formed of semiconductor devices with
castellated contacts, semiconductor device components,s such as carriers, with cggteliaigstconyacts,
or some combination thereof. 5 In this invention, a plurality of semiconductor packages having differing

sizes may be stacked in a very low-profile gy@agensetadpnert@gked multichip module which has
a small footprint, extremelgahigh density, and superior signal ir)tegrig.léEach semiconductor package is
i

provided with castellated dBritSRESERIBYER BN Hacks TR tRediled ArFRtBIsdoh carrier (e.g., a

substrate such as a pginfeshderastibeandipniBIRASRItELE) RIR ARG GemRicandpsiendevice.
The castellated outer connectors are formed by providing conductive vias along die boundaries at the

wafer level. Die singST4HdH HEETE BB AT AL TR RIS n A AP RSB SOt each of which

comprises agastellation vig,thi. iftdigloa0RReGiMyalfthennesianes rlee:Qfinna etiterinosadiacent
singulated packages. Each outer connector is electrically 15 connected to a conductive bond pad of

the integrated circuit TRYHE BREKEGIL NG Y RGH RHTRERER A8 /EY ByfekefdrrsEiEReA Suter

connector may be expeisethavesisihRigptifioex pasknde dpRidasinackagegeatemgnechvaspe formed
with generally flat top and bottom ends. Both of the quter connector ends are readily connected by

reflow to conductive SHTFatERSITAICHeT SRR BIOYHEH &1 D4R Y8 P B SaM@ Ushnector
configuration. The outgineeRE R RistIt R patkage Mmayrke @lestisahtrerniestachtoripier
packages or carrier substrates at their top sides, their back sides, their late al.surf%ggs, or Tn%/ﬂ
combinatior} $hereof AAERMHE: SR IHIRS Heticd YHQAGHETS BRIV IIAEYSH a1 iR GHIHIB Hodule
have different dimensig#issdiiccibes afdifienentbsipasvidipilradidy a2 theaagkéig @sunaytibe staeked

with intervening thin package-size substrates having th me castellation connector configuration as
the underlying packatiiCEKeH ol e RUATE SoEH Tk bR St icAgau Bel bRty PoVABETTRE

packaged at the wafesdevehwhitiusoigirssamplachatuitichinenodileconaydioe] udthapeighege staek

Including a of one of the two adjacent singulated packages. Each outer connector is electrically

15 connected to a conductive bond pad of the integrated circuit in the package’s die by a
conductive trace carried by the package.

Each outer connector may be exposed over its height from package top to

package bottom, and may be formed with generally flat top and bottom ends. Both of
the outer connector ends are readily connected by reflow to conductive surfaces on a

20 substrate or another package with the same connector configuration. The outer
connectors of such a package may be electrically connected to other packages or
carrier substrates at their top sides, their back sides, their lateral surfaces, or any
combination thereof. Where the electronic device packages to be incorporated in a
multichip module have different dimensions, i.e., are of different sizes, a plurality of

25 the packages may be stacked with intervening thin package-size substrates having the
same castellation connector configuration as the underlying package. Each of the
specific size or type of package is separately formed and packaged at the wafer level.
Thus, for example, a multichip module may include a package stack including a
microprocessor package, a memory controller package, and one or more memory

30 packages, all in a low-profile, chip footprint, three-dimensional module or package.
The produced multichip module is particularly useful in various apparatus having
severe space limitations, including, for example, miniature telephones, miniature

computer devices, vehicle control devices, and a plethora of other miniature electronic



microprocessor package, a memory controller package, and one or more memory 30 packages, all in
a low-profile, chip footprint, three-dimensional module or package. The produced multichip module is
particularly useful in various apparatus having severe space limitations, including, for example,
miniature telephones, miniature computer devices, vehicle control devices, and a plethora of other
miniature electronic -6- 6 December 2005 apparatus. Thg multichip module of muifiple Raskatwss is
assembled and attached to a substrate without any height-adding interdie connectors such as solder

balls, pins or the likepFhgtatackedmultishmmels Mayipe siifase Mo siresliviiacaauprort 5

substrate without solder balls, pins, columns, or other height-adding connectors. Other features and
advantages of the preQsHRiRVERH A sy md $ENBELBT SrerfsrsPln Falthe W Rhrough

consideration of the gsuteg description, the accompanying drawings, and the appended claims. 10
BRIEF DESCRIPTION OF DRAWINGS In the drawings, in which some dimensions may be
exaggerated, exemplary dmbamehrAErRRAdYS ManessvEatomaranl daly i RAtFIG. 1 s

a perspectivg view ofdb sl diasRinicRrRAVEIR! walerdmnviichr atltkalitiafdensRiafiec-dryice
packages are formed with castellated outer connectors, 15 for incorporation in a multichip assembly in

accordance with the presetiFVEANEE apdadyaiagss of BreisrEHRsRIgR Y Brees AR B hlary

multidie semiconductrssyafes-iainmediintenpresinguated caidicerpackager thagaoreapepvithhthe
teachings of the invention; FIG, 3 is a plan view of a portion of a wafer showing a castellated full via

20 formed at the inte?tfSCB RS ERAY Btk Ayt D PRREARIMWith teachings of the invention; FIG. 4

is a schematic perspective view of a portion of a singulated package showing a castellated outer

connector for forming a multichip assemply of the invention: 25 FIG. 5 | hematic perspective view

of a portion?&f a singulated package sh H%Falﬁ%ﬁ%‘ﬁé’i%%}& R%&‘?ﬁ ted outer connector for

forming a multichip assembyofitheiipeeinti®Rich some dimensions may be exaggerated, exemplary
embodiments for carrying out the invention are illustrated, wherein:

FIG. 1 is a perspective view of a multidie semiconductor wafer in which a
plurality of low-profile device packages are formed with castellated outer connectors

15 for incorporation in a multichip assembly in accordance with the present invention;

FIG. 2 is a plan view of an enlarged portion of an exemplary multidie
semiconductor wafer formed into presingulated device packages in accordance with
the teachings of the invention;

FIG. 3 is a plan view of a portion of a wafer showing a castellated full via

20 formed at the interface of adjacent packages in accordance with teachings of the
invention;

FIG. 4 is a schematic perspective view of a portion of a singulated package
showing a castellated outer connector for forming a multichip assembly of the
invention;

25 FIG. 5 is a schematic perspective view of a portion of a singulated package
showing another embodiment of castellated outer connector for forming a multichip
assembly of the invention;

FIG. 6 is a plan view of a semiconductor package singulated from a wafer for
incorporation in a multichip assembly of the invention;

30 FIG. 7 is a schematic cross-sectional view of a portion of a singulated package
for incorporation in a multichip assembly of the invention;

FIG. 8 is a plan view of another embodiment of a semiconductor package

having outer castellated connectors on three sides of the package;



FIG. 6 is a plan view of a semiconductor package singulated from a wafer for incorporation in a
multichip assembly of the invention; 30 FIG. 7 is a schematic cross-sectional view of a portion of a
singulated package for incorporation in a multichip assembly of the invention; FIG. 8 is a plan view of
another embodiment of a semiconductor package having outer castellated connectors on three sides
of the package; -7- 6 December 2005 FIG. 9 is a schematic perspective view of ag prlargsed pogson of
two castellated packages joined by an intervening castellated substrate in accordance with teachings

of the invention; FIG. 10 isaxossaseatinnat peupetanr eniareeshraltior Phiwpcasialntadchapackages
joined by an intervenin%(castellated substrate in accordance with the invention, as taken along line

10-10 of FIG. 9; FIGP3%ess JiRtdiRY eRdmieguraSATiatisd sybsieatrd b srrefaas oMt fagistion of
two castellated packaggs jain@ddy an intervening castellated substrate in accordance with another
embodiment of the invention; 10 FIG. 12 is a cross-sectional side view of an enlargedgciortion of a

castellated semiconducto]r:{gélc%jﬁé‘ﬁff??ét?%@‘@éé’@%?é&%‘?ﬂlﬂ%%PQHPJ%‘&%%"YH Seishce with
teachings of she inveptiragds!(oinkd is/an BxaladehrAtREY suvigMiolR-est@mRedawdRsofile multichip

assembly comprising castellated packages. of differin(g sizes joined in accordance with 15 teachings of
the invention; FIG. THSIHPBriA Ak BIARSARS LA SldSptary low-profile multichip assembly formed
of castellated packages adGasteyatpshrubistigieadn aseatsansa pitieahingsotiadsyention; and

FIG. 15 is an enlarged side view of an exemplary low-profile multichip 20 assembly formed of

castellated package®AHGLAE M PTatedais RS AOLB RN AR WiV BRSHAYS B e PRENiBh. BEST

MODE(S) FOR CARRYdN&n WMt HfotNVENDHRNE R efiedénigvenfée; 1, a multichip substrate blank 8
is shown in which a plurality 25 of dice 16 is shown as defined by boundary lines 12 and 14, In
accordancelith the. invelion] SAACCHIEISPR VL K AGAS IR BB Oh A LB in o

manner semiconductor package joined to a castellated multilevel substrate in accordance with

teachings of the invention;

FIG. 13 is an exploded perspective view of an enlarged low-profile multichip

assembly comprising castellated packages of differing sizes joined in accordance with
15 teachings of the invention;

FIG. 14 is an enlarged plan view of an exemplary low-profile multichip
assembly formed of castellated packages and castellated substrates in accordance with
teachings of the invention; and

FIG. 15 is an enlarged side view of an exemplary low-profile multichip

20 assembly formed of castellated packages and castellated substrates in accordance with

teachings of the invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
Referring to FIG. 1, a multichip substrate blank 8 is shown in which a plurality

25 of dice 16 is shown as defined by boundary lines 12 and 14. In accordance with the

invention, semiconductor device packages will be formed on the dice 16 in a manner

which facilitates the stacking of the packages in a low-profile, small footprint

multichip assembly. While substrate blank 8 is depicted as comprising a full silicon

wafer, use of other semiconductor substrates (e.g., partial wafers, substrates of other
30 semiconductive materials, including, without limitation, gallium arsenide, indium

phosphide, and the like, as well as so-called silicon-on insulator, or SOI, type

substrates) is also within the scope of the present invention.



which facilitates the stacking of the packages in a low-profile, small footprint multichip assembly. While
substrate blank 8 is depicted as comprising a full silicon wafer, use of other semiconductor substrates
(e.g., partial wafers, substrates of other 30 semiconductive materials, including, without limitation,
gallium arsenide, indium phosphide, and the like, as well as so-called silicon-on insulator, or SOI, type
substrates) is also within the scope of the present inventgn. -8- 6 December 200% Pageiniad! ®ieps in
forming package 10 may be any of those well-known and used throughout the industry. Thus, one

side of the substrate blankrdsglestest asfernactivarbtaceHS; taeuppRositecsiie kacamasdhe back
side 19. A pattern of planned straight boundary lines 12 and 14 in the X direction and Y 5 direction,

respectively, is provithd! fBFUEBaKk iR sl bI it Brtife s substraiRlsk fHsirleasdasdie 16

for fabricating semicanguciorrsleViss hackposse 1Ric heeepiciaabiti KleAothe boundary lines 12A,
12B, etc. (collectively referred to as boundary lines 12) and 14A, 14B and 14C (collectively referred to

as boundary lines 14) defindPBisgiR{dei8Re Sraefiberacrsy Jnes dorpridd Lilamelesienyiation 10

of each sepagate assgrohilef, PagkageehOA, JLBIdEDfer aiBdiVilieh e @seJieiaraddmasa packages 10,
from surrounding packages. For example, in FIG. 2, package 10E is shown as being surrounded by

: G
immediately adj acen?lﬁéaéﬁéié’éé“l%ﬁ%%%q diercl o e abigselnG e PPAYHr E9Vigh RAGHESARLr level.

An integrated circuit A2 {spretbd@ Fids fomeedindach e 126, ta Ipesfagedniti vidy theeaciive surface
18, as known in the art, and is confiéured in accordance with the desired end-use of the assembled

package 10. A wide PaPRAG¥F MR SrARY dittuil ‘Bethde StethdrSivRY EUsd oiAthe e s of a

package 10, includingadon £xasmipteh<cantiicions orsishalk, I2asibtormp SapasittiifsiRshuaiotsation

insulators, and the like. Fabrication processes are used which typically fall into the groups known as
layering, 20 atterniit CAGbBIEHE HESR R Spd e Stialion s iF RARH KIS BTk, For

example, useful Iayepmgagr@c@saaﬂr@Md@dmmmghoHSr@x@ﬂgmiQﬂplghgnpig@da‘gag@ﬁcieposition
CRpuatebe i IR e TR Lt T R
more particularly shown,hy@, nomearal 1QAlIQBh3 Qefed V).
An integrated circuit 42 (see FIG. 7) is formed in each die 16 to interface with
15 the active surface 18, as known in the art, and is configured in accordance with the
desired end-use of the assembled package 10. A wide variety of integrated circuit
device elements may be used in the die 16 of a package 10, including, for example,
conductors, resistors, transistors, capacitors, inductors, insulators, and the like.
Fabrication processes are used which typically fall into the groups known as layering,
20 patterning, doping and heating, and many specific variations of each are well-known.
For example, useful layering processes include various methods of oxidation,
chemical vapor deposition (CVD), molecular beam epitaxy, physical vapor deposition
(PVD), and other techniques.
As shown in FIG. 2, each package on substrate blank 8 is designated generically
25 by the numeral 10, and is more particularly shown by a numeral 10A, 10B, 10C, 10D,
10E, etc. for purposes of relating adjacent packages with each other. Each package 10
is provided with a row of bond pads 20 which comprise primary terminals of the
integrated circuit 42 (not visible) in the package. The upper surface, i.e., active
surface 18, on which the bond pads 20 of each package 10 are located is covered by a
30 layer 36 of dielectric material for insulating the underlying components of the
circuit 42 from external currents, including the effects of metallization to be formed

thereon in accordance with the invention.



10E, etc. for purposes of relating adjacent packages with each other. Each package 10 is provided
with a row of bond pads 20 which comprise primary terminals of the integrated circuit 42 (not visible) in
the package. The upper surface, i.e., active surface 18, on which the bond pads 20 of each package
10 are located is covered by a 30 layer 36 of dielectric material for insulating the underlying
components of the circuit 42 from external currents, inclugling the effects of metallzptieshisepeggymed
thereon in accordance with the invention. -9- 6 December 2005 In the semiconductor packages 10

used in this invention, a me{aiizRigBcoRaR IS pRIAEMED, RpiNgiSAndYEirediacanZdisioRdgiglectric
layer 36 that substantially covers the active surface 18 and circuitry thereon, The traces 28 may be

considered as "thirdEYRIMEB eGSR ARAUSIEHEPES oL HORIIREE a BysE itabat sebstaetieBYpackages
10. Each trace 28 may o @ iifReRuMisth FBarBsaw iRdiGh. 2rier @y ToNR Bavaraesamsa 58

in the region immediately surrounding the intersection 66 of the traces 28 with boundary line 14, as

shown in FIG. 3. At tH8'fkr<dcioRdEsi P cadiPHsRd D WrABB LiReH K RREVEAN A4AFELIgh-hole 38 is

formed. Eacly througpabialge38 s saatachveiths anaomdustiveroraieriaiisdossnsiolull inldGe2, eirgyar or
cylindrical conductive via 30 (referred to in FIG. 2 as conductive vias 30A, 30B, 30C) having a hollow,

circular or cylindrical @SRt %[H?f%qgé‘fﬁﬁélﬁ}nc%ﬁﬁ%@ﬂmﬁ‘@at@@}l‘m@“ﬁiﬂ%@% BELREHEPRB G with a
diameter 64, which ishalgacéheshAmeiaindbipnawghthalendd»An Erdarmed area 58 of trace 28 may be

configured to essentially surround and bﬁ#)ined to the caonductive via 30, A portion of the 15

through-hole 38 and conddttite a5 S8 HEr8iHasrAR AR BRUTSBRpHRN GrelEr S bRk dfjacent

packages 10D and 19fbr@sdheaeR inrbich-Boit 38 ponduativetyiasodduaieespaeed apdsttrarunne

another at g predetermined spacing or pitch 68 (FIG. 2). The arrangement of conductive vias 30 on a
Given boundfy line L IGSHRCTES RSN BT UTASEHITR T Lt SHEDN Eomauctve

vias 30 substantially A6 H e pajteimin caorspocdingconduciaisotanearier dsbsitate to which
the conductive via§ 30 are tqQ be connected. thro%gh-h les 38 1, 1ay be formed in tlh substrate
plank 8 by mecham AR OAUEHA Wk 2 e i L SSUSER Tor BAAG B
boards. Alternativelyhdafiemeriiofhpounghings 88chiigengierwdialieasectBachitaycbafigured
to essentially surround and be joined to the conductive via 30. A portion of the
15 through-hole 38 and conductive via 30 formed therein are within the periphery of each
of the adjacent packages 10D and 10E, as shown in FIG. 3. The conductive vias 30
are spaced apart from one another at a predetermined spacing or pitch 68 (FIG. 2).
The arrangement of conductive vias 30 on a given boundary line 14 need not be
uniform in pitch 68, provided that the arrangement of conductive vias 30 substantially
20 mirrors the pattern of corresponding conductors of a carrier substrate to which the
conductive vias 30 are to be connected.
The through-holes 38 may be formed in the substrate blank 8 by mechanical
drilling, such as with a multiple spindle machine as used for drilling circuit boards.
Alternatively, laser drilling, punching, etching, or other workable method may be
25 used, depending on the via diameter 64 and aspect ratio, i.e., hole depth 70 to
diameter 64 ratio. Hole formation by etching may be a viable alternative only where
the aspect ratio of the hole is relatively low, i.e., less than about 7:1. The term “full”
as used herein indicates that the through-hole 38 and conductive via 30 formed therein
extend completely through the two adjacent packages 10 bounded by boundary line 14
30 (in this example, lines 14A, 14B, 14C, . .. 14n).
Following the formation of through-holes 38, the hole inside surfaces 60 may be
cleaned (e.g., to remove drill smear, dust and burrs that may be generated during

mechanical drilling) to establish a clean surface for via formation.



25 used, depending on the via diameter 64 and aspect ratio, i.e., hole depth 70 to diameter 64 ratio.
Hole formation by etching may be a viable alternative only where the aspect ratio of the hole is
relatively low, i.e., less than about 7:1. The term "full* as used herein indicates that the through-hole
38 and conductive via 30 formed therein extend completely through the two adjacent packages 10
bounded by boundary line 14 30 (in this example, lines.34A, 14B, 14C.... 14n). FqllpadagbRedonsation
of through-holes 38, the hole inside surfaces 60 may be cleaned (e.g., to remove drill smear, dust and

burrs that may be generated iingic Machanicaldsiting taasRbish 3¢eapmkdacefatyia fampation.

-to- 6 December 2005 To form the conductive vias 30 in thromé}gh-holes 38, a conductive material may

be plated or coated bftBl#fd piGaal eriedhsdnsidhe et ghaidhe %9%%8]857’&3%\6“}}%1? Hsetide
electroless plating, inxersiaueatRs1ele plkelsicRIAERG CPRME AR HENasHIOBHLAMEN and

physical vapor deposition (PVD), as exemplified by 5 sputtering or. evaporation, and gther processes

known in the art. The' RMATREVERLC YR BBYBFAISEROF dopietitica &l R @ spempktisdinum,

another metal, or mejgakitahiay oF & nermckalaarinGtipronaybensadiditbedmatasabadeenductive vias
30 is not solder-compatible, but it may be desirable to subsequent%adhere solder to conductive vias

30, each conductive V& 38 T om NS be? SRS S RAT SORRET 18 TYRUDNE @M9LR M8 Mokl

metal layers. The plafiRg 6F £astingtaresessctefieativelyLanneeis ihedemiedsonduetivaym 39 to the
trace 28 and/or trace enlarged area 58, and thus to a bond pad 20 of the semiconductor package 10.

InFIG. 3, a full cond 9K FBRAEHGRH A RRAGIERB RSEPAUAY Mt SRIaEh 82 (also

referred to as "coatingibig¢ness L2, extending o thesmside isvrideelophibe d8dikikayh-hole 38 to
a surface of@n axial opening 40. The co/ating thickness 62 may be sufficient to provide required

strength as Well as efQBHHSHN e MR & BRRIGIRF thEYEBatiHy keSS AP BE Hom about 1 to
about 25 microns. Optiefialbly b esiisehdioargh teleud8venaiy be dilled raltbosghdldequtas pagitional

Conduotive 20 trased 38 GHA SHISCB AL HEE LRk ASOEE A RO e bahirid t Who
adjacent packages lébnlibitsveaalBiull danduative madel ischbyymasideingdianndden ¢sa trace 28 on
each package bounqggrtr)gdqg%rs]qgcggt{inngetﬂigkrllze%g gig%rg}?tlgﬁding from the inside surface 60 of the
15 through-hole 38 to a surface of an axial opening 40. The coating thickness 62 may be
sufficient to provide required strength as well as electrical conduction. Generally, the
coating thickness 62 may be from about 1 to about 25 microns. Optionally, the entire
through-hole 38 may be filled, although it requires additional time and material. Prior
to package singulation, each conductive via 30 may communicate with conductive
20 traces 28 of two adjacent semiconductor devices and, thus, may be shared by two
adjacent packages 10. Thus, each full conductive via 30 is shown as being connected
to a trace 28 on each package bounded by boundary line 14. For example,
packages 10D and 10E share full vias 30 on the boundary line 14 between the two
packages.
25 An additional layer 44 of dielectric material (FIG. 7) may be applied before
package singulation to cover and protect the conductive traces 28.
Following completion of the packages 10 on substrate blank 8, the packages are
singulated, typically by sawing along boundary lines 12, 14. As depicted in FIG. 3,
the saw kerf 48 will typically have a kerf width 72 between kerf lines 71 and will
30 permit a major portion of each conductive via 30 to remain within the peripheries of
adjacent packages 10D and 10E, rather than be removed. Thus, the diameter 64 of
each through-hole 38 is somewhat larger than the kerf width 72.



packages 10D and WE share full vias 30 on the boundary line 14 between the two packages. 25 An
additional layer 44 of dielectric material (FIG. 7) may be applied before package singulation to cover
and protect the conductive traces 28. Following completion of the packages 10 on substrate blank 8,
the packages are singulated, typically by sawing along boundary lines 12, 14. As depicted in FIG. 3,
the saw kerf 48 will typically have a kerf width 72 betwegn kerf lines 71 and will 3@ prExitMBIB
portion of each conductive via 30 to remain within the peripheries of adjacent packages IOD and IOE,

rather than be removed. Tousuth@odianeigyabkagts 8a®y titeHghtbRler3BnisSPMRYWIALIRIger than the
kerf width 72. - 11 - 6 December 2005 Singulation of the packages 10 by cutting along boundary lines

12 and 14 simultanegRuKPRESHHY fEspisttiisco neharnh dBH GOREVEIVRVEb ISR U LRENS; or

outer connectors 31.of Bur 2BrRetesrs SMNatiey, 34 afteacshhielicpBryetiven\fialddniwRIRSWiED each of
the two adjacent packages 10. These guter connectors will be 5 simply designated hereinafter as

peripheral vias or, in"BRAENA% Srethel TRt nh Brekagsh HOctdRS S 10UAL SHIRFHSRYE B, a

singulated package iRdponadhienvaterclenpief i Gerdphasiouteednnreteigckl Jommeashvisiiadaoth edges
22, 24 of the package periphery. A semicircular axial opening 40 in each outer connector 31 is

exposed along the IBHETHFPHEEIES 7Y of thll BN h e ol BEul4iRE RAsteE LR s VAEE 10 FIG.
4) has an upper surfagelf BIG a ipweiisHe@tR ASstioahwhish amhaenesaly 2alanar phgouter

connector surfaces 76 and/or 78 may be approximately coplanar with upper and_lower package

surfaces 74, 34, respSERVERY: & MBYFARIEligRTRIMB IR FIHR: PLICHEEfatels $59%59 As shown
in an alternative emhgelimeiat]imHF0RF0. yisH (O BIRE@MAdcrAY IDeTHOolasmamhincepmpissely filling

e o ile o0 M S e cebton e Saniedeno e
vias 30, or outer corpmﬁtgrsr_l&]@mmbﬂmmgd@‘agﬁyfgxf@ e migEd8ciol devipproaakads osmhsatrate. The
(ovier surace 34 of (10 DLBRESE A B dH SRS LEHFELlor 55 FALSAI e BV A ower
surface 78 which mayehéndahe pateaktosart:eeduslive. via

As shown in an alternative embodiment in FIG. 5, an outer connector 31 may be

15 formed by completely filling the through-hole 38 with conductive material.

The term “castellation” is used herein to denote the configuration imparted to an
edge 22, 24 of a package that carries an array of bisected conductive vias 30, or outer
connectors 31, in the periphery of a semiconductor device package or substrate. The
outer connectors 31 are within the package 10 outline and extend from the upper

20 surface 74 to the lower surface 34 of the package 10. Each outer connector 31 has an
upper surface 76 and a lower surface 78 which may be connected to a conductive via
of another semiconductor device or semiconductor device component or conductive
sites formed on another package or substrate.

FIG. 7 is a cross-sectional view of a portion of a formed package 10, as cutting

25 through an outer connector 31 with a central axial opening 40 formed therethrough.
The lower surface 34 is typically covered by a lower protective layer 46, as known in
the art. As shown, outer connector 31 is a deposition of a conductive material in
through-hole 38. Die 16 contains an integrated circuit 42 which terminates in bond
pads 20. An upper insulative, i.e., dielectric layer 36 protects integrated circuit 42

30 from electrical shorts and the like. A pattern of conductive metallization traces 28 is
formed atop dielectric layer 36 to connect bond pad 20 with a boundary line 14 which

is common to package 10 and its neighboring like package 10X on the wafer. Another



of another semiconductor device or semiconductor device component or conductive sites formed on
another package or substrate. FIG. 7 is a cross-sectional view of a portion of a formed package 10, as
cutting 25 through an outer connector 31 with a central axial opening 40 formed therethrough. The
lower surface 34 is typically covered by a lower protective layer 46, as known in the art. As shown,
outer connector 31 is a deposition of a conductive materjal.in through-hole 38. Dig3& &aBtinsH3N
integrated circuit 42 which terminates in bond pads 20. An upper insulative, i.e., dielectric layer 36

protects integrated cifpuité 3R framealgeiricahsiosts.apane teeAPRER Nl CONEEGHIMSper

metallization traces 28 is formed atqu dielectric layer 36 to connect bond pad 20 with a boundary line

14 which is commortH35acikbliore ioHuing Medgresirs i akkpuakigeiés on the wafer. Another -12- 6

December 2005 dielectric NisylativBoauah FHangptiReiaripieg iRsBEippilRpe! phaQidiarsohtRengpper
surface 74 before formig)%gand coating the through-hgles_38. Also, as shown in FIG. 8, the invention

may be applied to pRELHELELPRAVIHE 1LpReRRCsEIsa PAtthsh Bio8R L B rHérthaR along
or near a central axigLhepakie packageder ddiimaubey TPONELIRiSH hHAKaGHED Jnayde formed

on one or more nonpad edges 54 and connected to the bond pads 20 by conductive traces 28, as

illustrated in FIG. 4. BPEORERARISE mEHATSk FERERLS %QW@%@HS@%B@% BISE B A is also

well known in the artiincearding FiGlige oitboathephatisig Pbeanigusationsef hend pags 20 and
outer connectors 31 are also within the scope of 10 the present invention provided there is sufficient

peripheral space for TAESfer! ASHR SRS M I ABYEWB I Airat RO HRRRe FISE I HBLYASHBRIE™S to be

drilled and filled is  osecbaffdhatmnbrEsRdresiy Mg RuteiGUINEEtXS 31 asaMngvitEEESS tiroge dhe
packages 10, as desg]gbed herein, mO?t/ be joined to each other or to 15 substrg%;as 88 in a variety of
ways, making them iEAISFhEYSRHBI B RSSTo e U HGIRHRS HESEh RS 8. e 08l exemplary

methods are iIIus'grate@iq_i[e&{fl?gS. 9, 10, 11, and 12. As depicted in FIGS. 9 and ;O, two packaggs | OA
Aith an tervening substrdté 88 RHOTHL B Lo R BPRERLIBRE Bl s o B8 BUR Getors fo
comprising vias configigragl thie sambeasfaviarcennreteshdton B saving process time.
The packages 10, as described herein, may be joined to each other or to
15 substrates 88 in a variety of ways, making them ideal for the formation of low-profile
multichip assemblies 90. Several exemplary methods are illustrated in FIGS. 9, 10,
11, and 12. As depicted in FIGS. 9 and 10, two packages 10A and 10B of like
dimensions and outer connector pattern may be joined mechanically and electrically
with an intervening substrate 88 having the same dimensions and a pattern of outer
20 connectors 86 comprising vias configured the same as outer connectors 31 on the
packages. The outer connectors 31 and 86 may be joined end-to-end by solder reflow,
and may be gang-bonded (i.e., more than two corresponding connectors are
collectively bonded to one another by a single conductive element, such as a solder
bump) to reduce construction time. The intervening substrate 88 may also contain
25 surface or internal leads (not shown) connected to the outer connectors 86 for
achieving a desired interconnection scheme. Additional levels of packages 10 and
intervening substrates 88 of the same dimensions may be added to the assembly 90.
The assembly 90 may be surface-mounted to a circuit board, not shown.
When the packages 10 to be stacked in a multichip assembly are not of the same
30 dimensions, another assembly configuration may be useful. As depicted in FIG. 11,
an intermediate substrate 88 A which has castellated outer connectors 86 which align
with corresponding outer connectors 31B of package 10B may be superimposed over

castellated package 10B. A second package 10C is shown as being smaller than



packages. The outer connectors 31 and 86 may be joined end-to-end by solder reflow, and may be
gang-bonded (i.e., more than two corresponding connectors are collectively bonded to one another by
a single conductive element, such as a solder bump) to reduce construction time. The intervening
substrate 88 may also contain 25 surface or internal leads (not shown) connected to the outer
connectors 86 for achieving a desired interconnection sghieme. Additional levels gipaskagesddy and
intervening substrates 88 of the same dimensions may be added to the assembly 90. The assembly

90 may be surface-maurid OB SECtHE BORTELDOBIRIPMA/ I iHIFRACKAGBE ) 1D RRIFREKRENN a

multichip assembly are not of the same 30 dimensions, another assembly configuration may be

useful. As depicted if'&hef PRekagh 10 rmbeisrond Batkases d8% IniehiHA0 e iRt Stab#Eonnectors

86 which align with epierRANdBGQKEEeBREFORTiAL BoatiRaakaoe IGBMa-hecaHRresnye0sad over
castellated package 10B. A second package 10C is shown as being smaller than -13- 6 December

2005 package 10B, ARdalEAURRANTR SR Rdarer hedubsittr tRerebhnmahstids Birel 8 that of

package 1085 The segandepdckane kéabaoutareanng ciolie i pnaipse tiv)estinalhaaisacied to
corresponding bond pads 20C by conductive traces 28C. A metallization pattern is provided on the

substrate 88A. The <tgdfRgeh D SABRFS! Hhe DordnsoHtlATT SIRE YRS UE SRR ERENES 1S $ha

pattern of the second RaskagiadQfa@R91raes Bdorhishaannastdle febditnsudacer iethe substrate
outer connectors 86. The banding surfaces 92 may be of any shape suitable for bonding to the lower
surfaces 78C of the B‘ER%‘F%%B?& StEr ei‘?’?é‘%?fﬁéég9g %?é%ﬁh#ﬁé@e%‘?& ftitar ™Mt thaY be

circular, square, or obloAg.yBE exaimpleqiid\diersdhe, toocRasikages I0B, I0C are of different sizes,
but have outer connectors 31B and 31C of substantially the same size and arranged at substantially
the same pi1[§h, edge BZC%&%%Q}@(‘?L??@LH%@ b@Bal 8&@6%%%%@@@@%3‘8 SQ¥B, and the
outer connectors 31Conaybs PiBethiBliTeoyghsiantiapniectanse86,ohildersuhsiteiesGBAarkalBdges
84B and 84C cannot then be aligned, 15 substrate m ization 92, 94 may be u to connect outer
connectors 31D to omgﬁamggfo?&ﬁg%\%oﬂééﬁ%@%i@ K@éqﬂ% WWQH@%&?&%&%&@N of FIG. 12, an
intermediate substrafadk@8emely, havecondrctiveetioecs194may bigisiizbtichnem eiiker the upper side
96 or lower

connectors 86 of the substrate 88A. As edges 84B and 84C cannot then be aligned,
15 substrate metallization 92, 94 may be used to connect outer connectors 31D to outer
connectors 86 along edge 84B.
As shown in the sectional view of FIG. 12, an intermediate substrate 88A may
have conductive traces 94, or metallization, on either the upper side 96 or lower
side 98, or on both sides. In addition, internal traces 100, or internal leads, may be
20 formed on one or more levels to enable interconnection of complex circuits The
internal traces 100 may include, for example, full conductive vias 102, which extend
substantially through the intermediate substrate 88 A, and blind conductive vias 104,
which extend only partially through the intermediate substrate 88A.
The substrate 88, 88A may comprise any material useful for the purpose. For
25 example, the substrate may be substantially rigid, e.g., a copper-clad dielectric
material, such as a fiber-reinforced resin. The resin may be, for example, epoxy,
polyimide, bismaleimide triazine (BT), polytetrafluoroethylene (PTFE), and/or
cyanate ester. The substrate 88, 88 A may comprise a single layer or a laminate of
multiple layers, each carrying conductive traces, or leads. Alternatively, substrate 88,
30 88A may be formed from ceramic or another material, for example.
Alternatively, the substrate 88, 88A may be flexible or rigid-flexible, such as
KAPTON® or another polyimide tape. The tape of such a substrate 88, 88 A may be



side 98, or on both sides. In addition, internal traces 100, or internal leads, may be 20 formed on one
or more levels to enable interconnection of complex circuits The internal traces 100 may include, for
example, full conductive vias 102, which extend substantially through the intermediate substrate 88A,
and blind conductive vias 104, which extend only partially through the intermediate substrate 88A.
The substrate 88, 88A may comprise any material usefuj far the purpose. For 25@&Rrapepi8eine05
substrate may be substantially rigid, e.g., a copper-clad dielectric material, such as a fiber-reinforced

resin. The resin may@ched exaANRLs: @B PoyiNikgSismalqinide iiraeeéBiheral outer
polytetrafluoroethylene (PTFE), and/or cyanate ester. The substrate 88, 88A may comprise a single

layer or a laminate of °Rifiiple $§)f§r% B9 SRS HANREHELIIGE dPareopt 1 At famsthatively,

substrate 88, 30 88A may g felsreE {IPNERIROTIpRkaANQtheHRNAIRIle (okeKamPplRtAlternatively, the
substrate 88, 88A may be flexible or rigid-flexible, such as KAPTONér) or another polyimide tape. The

tape of such a substFANGHOBA Witk iBIeTveRing SRAEEPS 51 BcHER QY G SrBReEIPE SR HEF B m via

through-holes for makingapetipbsiatiemiain SAMAHEI6S1R6(Ref cofmtteEAMEIH VMG @ROUiey
connectors 31 are formed). For stacking a plurality of packa%es 10 that include castellated outer

connectors 31 with ittERERMG bR a8 dah YR Rt PASHIFE CteesleT iifl % BHEvarious

considerations relatipgciethevatitediaanoretosswikn 8aswllighdaiiest ¥re sintercnYnecharkaasigo are (a)
via diameter 64, (b) outer connector pitch 68, and (c), package width dimension between castellated

edges 82, 84 (FIG. 9 BEPAAKS GaCL G S HAUESE JLr R tucCulsh SAPRREES dUdheree outer

connectors 31 therein. A lowiprofilefileuttichimipsseentilly of multichip medweNid®ly) (ipapay be 10
formed frorgin stack of wafer level semiconductor packages 10 described jn the t%regoing discussion.
le of

An example 8f such HRESERMBIg Y4658 Y M feraicorducior packages AQ dessidbsd 1 Bfe. 13, four
semiconductor packagegdia¥\didexXsid) Aard atiple (slRetiely sehdired toiashpaskadasd 0)aret,

assombly 110 15 mASuAE FETHbH LIS o ARG 55 piked BrolipAHd or
other apparatus. As i@z exappiecBsstmedhabhppakages Miais adrkepiocessoenpackage I0X is a
memory controller, and P eKages, L O B e & SRR IS VIS strates 88). The assembly 110
15 may include a support substrate 112 for connection to a printed circuit board or other
apparatus. As an example, assume that package 10W is a microprocessor,
package 10X is a memory controller, and packages 10Y and 10Z are memory devices.
The support substrate 112 may have an array of connectors 114 on its lower side 113.
The connectors 114 may be in the form of a ball-grid-array (BGA), a pin-grid-array
20 (PGA), columns, leadless chip carrier (LCC), or dual in-line package (DIP), for
example. When assembled, the multichip assembly 110 comprises a complete
computational system having a low profile and a footprint which may be as small as
that of the lowermost package 10W.
In this example, it should be noted that each successively higher package in the
25 MCM 110 has a smaller width (between connector carrying edges 82 and 84).
Furthermore, the pitch 68 of outer connectors 31 of each successively higher
package 10 is shown as being smaller than the pitch of the outer connectors 31 of the
next lower package 10. Thus, the multichip assembly or MCM 110 is not limited to
the use of packages 10 having the same width 116, via diameter 64 (FIG. 3) or outer
30 connector pitch 68 (FIG. 2). This versatility is important in construction of “system”
or subsystem modules.
In the embodiment shown in FIGS. 13-15, each intermediate substrate 88 is

constructed to be substantially the same size as the underlying package 10 and have a



The support substrate 112 may have an array of connectors 114 on its lower side 113. The
connectors 114 may be in the form of a ball-grid-array (BGA), a pin-grid-array 20 (PGA), columns,
leadless chip carrier (LCC), or dual in-line package (DIP), for example. When assembled, the
multichip assembly 110 comprises a complete computational system having a low profile and a
footprint which may be as small as that of the lowermastyackage IOW. In this exampianitcsrookl be
noted that each successively higher package in the 25 MCM 110 has a smaller width (between

connector carrying eggfsef 30 SbnnEHoRSERARLRARIGHR D afRniarROPRe&IPET sdi@f each
successively higher package 10 is shown as being smaller than the pitch of the outer connectors 31 of

the next lower pack &R e8 intisOrHbeHufisehifs aRackaghy Brmesats R3NbisimHhead hdgse of

packages 10 having hasameyiatRakioviedidmetepat it iBpdipheplifidsanrestogench 68 (FIG.
2). This versatility is important in construction of " \gfstem" or subscﬁtem modules. In the embodiment

shown in FIGS. 13-15MishdRafdeAHetramnerips Y ¢4 foe parara QY s ipdiBAtdRFaCsame size
as the underlying pagkagsohQrRndMae & choh fldeceMban@ S patiey el utskEenneidks &6 which

is the same pattern as the pattern of outer connectors 31 on the underlying package. Thus, substrate

88W is substantially Hi&t@ipelegigal races R g4 tv ShaRaans afbethdpkasnkiY 8ier connectors

86W which match ouigkteae8ewass SibpbektiterRackage RWhdl isynptadithaurdielewtric fdaysss on the
surfaces of each package 10 and substrate 88 are ngt shown, in order to illustrate electrical traces 28

and 94. The footprint STY3Hh FEESGE MV SA62S RRifste 88PN HhOH S oA @Y Bted by

the numeral 118W. Lik@wisehcsuhstiale 86dstthe BRIBEpsHQas1paCkane parancolaman gxter
connector 86X pattern that ches the outer connector 31X of package 10X. The pattern footprint
& X ke |

118X of 10 package PeXasfid W50 SHPHEYE SRS BRI 48 QHEWH PAcka &¥%nd 102
have patterns of outaneganegters3lof oale? ciesieedlivalyy Bachefpbaipackagrs dKeand 10Z has a

termediate subotralGE GBCL Ve 070y BEPAE NG bt REBIe NS Shotin 1
FIG. 13. Package |OMybhenayel38X.
Starting with packages 10 and intermediate substrates 88, the MCM 110 may be

15 formed by stacking the elements as shown in FIG. 13. Package 10W may be
considered as the lowest-level of the MCM 110, upon which are connected, in
sequence, substrate 88W, package 10X, substrate 88X, and packages 10Y and 10Z.
The castellated outer connectors 31 and 86 of each package 10 or substrate 88 may be
gang-bonded to a lower member by solder reflow. Alternatively, the MCM 110 may

20 be provided with a support substrate 112, which is the lowest-level element of the
MCM 110. Typically, the support substrate 112 of the MCM 110 will have an array
of bonding surfaces 92 to which outer connectors 31W may be attached. Conductive
traces 120, or metallization, on the substrate 112 connects the bonding surfaces 92 to
an array of connectors 114 for connection of the MCM 110 to a circuit board, for

25 example. The connectors 114 may comprise any workable conductive elements, such
as a ball-grid-array (BGA), pin-grid-array (PGA), dual in-line connectors, or leadless
chip carrier (LCC) connectors, for example.

Forming an MCM 110, as described, results in a low-profile assembly, as

shown in FIGS. 14 and 15, which has no solder balls, pins, or other height-adding

30 elements between packages 10 and intermediate substrates 88. Not only does the
MCM 110 have an extremely low profile, but its footprint may be equal to, or slightly
larger than, the lowest-level package 10W thereof. The castellated outer

connectors 31 and 86 provide an excellent electrical bond and establish a strong



considered as the lowest-level of the MCM 110, upon which are connected, in sequence, substrate
88W, package 10X, substrate 88X, and packages 10Y and IOZ. The castellated outer connectors 31
and 86 of each package 10 or substrate 88 may be gang-bonded to a lower member by solder reflow.
Alternatively, the MCM 110 may 20 be provided with a support substrate 112, which is the lowest-level
element of the MCM 110. Typically, the support substraig 112 of the MCM 110 wiithaveg&r angsy of
bonding surfaces 92 to which outer connectors 31 W may be attached. Conductive traces 120, or

metallization, on the gidbsiratal bR HRR DENGic ShEAEeS A2¢mRBI ARGl caRegtors 114

for connection of the MCM 110 to a circuit board, for 25 example. The connectors 114 may comprise
any workable condu®¢E3grs g Re Mrarparatsdinip giglanagasass mhh-grie MY (PEAnaitin-line
connectors, or leadlesgadiR LRI s(kfeh)oEQURELLONS of0f SXARPRIR-Hrofineh i siMEavhdtdnas

described, results in a low-profile assembly, as shown in FIGS. 14 and 15, which has no solder balls,

pins, or other height A58}y 30 @M@hl@%&{%}118%?%3&‘&@%@%%%%@%%%5 88. Not

only does thg MCM pifldaaue: ameiismepolew qiiefilenastdsssfoptpdEenay be equal to, or slightly
larger than, the lowest-level package IQW thereof. The castellated outer connectors 31 and 86 provide

an excellent electrical bontt SHEF ALY ARHEA S s SR TBE G At BT S 2008 4 SRRRRGAI BN Feen
packages and substratesyAreldtively tases Foiskanst, PRekagasaRar heineasperatediin foangle

stacked assembly-type. MCM 110, enabling creation of a full system or subsystem on a single
low-profile, chip-sizetSHURRATE! é%%éﬁ?ﬁk}.ef%@é@ﬂhyﬁWﬁﬁéqgsgﬁ?ab]éﬁt@& %ﬁ%@%lectric

material to 5 protect thg, Gthannisaexpesaddisiicantestaracilcantt 8orssoalready indicated, the

intermediate substrates 88 may compyise any of a wide variety of substrate types. For example, the
substrates gg may vary in My RN §§ g% ﬁt}iﬁreﬁ%ggﬁ | @?gﬁg@”ﬁﬁﬁ@ﬁ%t%b Bsubstrate

112 of the MCM 110topandbesimilkadidarmedirgasithout easelatephcrirenor adbinkdnislisiown in
package lovel 172 BERAGE S AN AR LB e QS SO b 40 RS, b Boneidered as a
second package lev@latR2Bs PaCka@eeZ, @yaang WA, sitgathe BSWmsinsiraiastredmay haconsidered
as a third package level 122C. Additional levels of packages 10 and substrates 88 may be added

15 to produce a desired miniature system or subsystem.

As described above, the multichip assembly 90 may be readily fabricated using
processes and equipment which are widely used or known in the electronics industry.
The package 10 of the present invention may have a total thickness of less than about
Imm, making the MCM 110 suitable for use in compact electronic devices, such as

20 cellular telephones, handheld computers, and a plethora of other small electronic
devices, where such low profile assemblies 110 are required or desired.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing
illustrations of some exemplary embodiments. Similarly, other embodiments of the

25 invention may be devised which do not depart from the spirit or scope of the present
invention. Features from different embodiments may be employed in combination.
The scope of the invention is, therefore, indicated and limited only by the appended
claims and their legal equivalents, rather than by the foregoing description. All
additions, deletions, and modifications to the invention, as disclosed herein, which fall

30 within the meaning and scope of the claims are to be embraced thereby.



package level 122C. Additional levels of packages 10 and substrates 88 may be added 15 to produce
a desired miniature system or subsystem. As described above, the multichip assembly 90 may be
readily fabricated using processes and equipment which are widely used or known in the electronics
industry. The package 10 of the present invention may have a total thickness of less than about
1mm, making the MCM 110 suitable for use in compact gjectronic devices, such g3 &aHe 2005
telephones, handheld computers, and a plethora of other small electronic devices, where such low
profile assemblies 110 are required or desired. Althoggithgsoregoing description contains many
specifics, these should not be construed as limiting the scope of the present invention, but merely as
providing illustrations of some exemplary embodiments. Similarly, other embodiments of the 25
invention may beweayisedyuhhislo not depart from the spirit or scope of the present invention.
Features from different embodiments may be employed in combination. The scope of the invention is,
therefore, indicated and limited only by the appended claims and their legal equivalents, rather than
by the foregaing description. AN addiionslalatioprrany oreeificatiansde dbadayenigikeas disclosed
herein, which fall 30 within the meaning and scope of the claims are to be embraced thereby. -17- 6
December 2005 EFAFFERHTAME EHfed is: 5 1. A module including a plurality of semiconductor
devices in stackeglfigirangaierRy excopipsisigza first function level comprising: a first semiconductor
device including a first pattern of outer connectors exposed at a peripheral edge thereof; and 10 a

carrier substrate underl it ERISIEIHR SIS GEME S RS EIY Ui sReRse Lesrpisthged

correspondingly to the first patieapanpheigcdicadheeonnaated thereto; a second function level
comprising: a second semicondur}tor device 'in.cludin a second pattern of outer connectors 15

exposed at XperipheraPedf&trePSBRAGHRAS RS e PR SRpAceiN It ket RARBtH %2 cond

semiconductor device and at conductive sites arranged correspondingly to the first pattern and

electrically connected thereto;
a second function level comprising:
a second semiconductor device including a second pattern of outer connectors
15 exposed at a peripheral edge thereof; and
a first intermediate substrate underlying the second semiconductor device and at
least partially overlying the first semiconductor device, the first
intermediate substrate including conductive connectors, at least some of
which are arranged in a third pattern and positioned along a peripheral edge
20 of the first intermediate substrate, the third pattern conforming at least
partially to the first pattern; and
others of which conductive connectors are arranged in a fourth pattern and
positioned along a peripheral edge of the first intermediate substrate, the
fourth pattern conforming at least partially to the second pattern,
25 conductive connectors of the first intermediate substrate being electrically
connected to corresponding outer connectors of the first and second

patterns.

2. The module of claim 1, further comprising at least one additional function

30 level comprising a third semiconductor device and a second intermediate substrate.

3. The module of claim 2, comprising a plurality of additional, stacked

function levels.



least partially overlying the first semiconductor device, the first intermediate substrate including
conductive connectors, at least some of which are arranged in a third pattern and positioned along a
peripheral edge 20 of the first intermediate substrate, the third pattern conforming at least partially to
the first pattern; and others of which conductive connectors are arranged in a fourth pattern and
positioned along a peripheral edge of the first intermedigtg substrate, the fourth patiesBrsgsfongyng at
least partially to the second pattern, 25 conductive connectors of the first intermediate substrate being
electrically connected to corresponding outer connectors of the first and second patterns. 2. The
module of claim 1, further comprising at least one additional function 30 level comprising a third

semiconductor device afid a sed5HRAML el s duhsieompitieRovitetyr Qsmeats dphprising a
plurality of additiairiiackesh it @ine: @ istolSroReatINRE e 0B8RIt TR thadtterPéiaim s further

comprising conductive elements that electrically connect outer connectors to one another, to
conductive conndBIEFEHifeSHPstaigef dibtecontesie st Pt herEdH ARV Sites of the carrier

substrate. 5 §.The module of claim 4, wherein the conductive elements comprise solder. 6.The module
of claim 4, wherein the conductive elements caomprise gang tobonds.7.The module of claim 1, wherein

the first semiconductor device aHBEWe 85 AHLL it DRI BF GRUHS A MARITRBRRST JARector

pitches. 8. The module of claim 1, wherein each of the outer connectors comprises a 15
semicylindrical indentation extending along. a height of a corresponding peripheral edge of a

corresponding semiconQuctor 4BYERIBISHH & B0 EIRiTe & ORISR HL G LBRRSFEPS

comprise one of aonaetal, a metal alloy, and a nonmetal conductive material. 20 10. The module of
claim 8, wherein the outer connectors comprise copper. It. The module of claim 1, wherein the first
intermediati%ubstrate comprises a

7. The module of claim 1, wherein the first semiconductor device and the

second semiconductor device have different outer connector pitches.

8. The module of claim 1, wherein each of the outer connectors comprises a
15  semicylindrical indentation extending along a height of a corresponding peripheral edge of

a corresponding semiconductor device.

9. The module of claim 8, wherein the outer connectors comprise one of a

metal, a metal alloy, and a nonmetal conductive material.

20
10.  The module of claim 8, wherein the outer connectors comprise copper.
11.  The module of claim 1, wherein the first intermediate substrate comprises a
rigid structure.
25
12. The module of claim 11, wherein the rigid structure comprises a resin.
13.  The module of claim 12, wherein the resin comprises one of epoxy,
polyimide, polytetrafluoroethylene, cyanate ester, FR--4s, and bismaleimide triazine.
30

14.  The module of claim 1, wherein the first intermediate substrate comprises a

flexible structure.



rigid structure. 25 12. The module of claim 11, wherein the rigid structure comprises a resin. 13. The
module of claim 12, wherein the resin comprises one of epoxy, polyimide, polytetrafluoroethylene,
cyanate ester, FR-4s, and bismaleimide triazine. 30 14. The module of claim 1, wherein the first
intermediate substrate comprises a flexible structure. _19- 6 December 2005 15. The module of claim
14, wherein the flexible structure comprises a polyimidej§im. 16. The module of ¢laigtdmbethens
comprising an array of module connectors 5 extending from the carrier substrate for establishing

electrical communicationetwean onakEMaasHes OhitecsninefIskbRIatecand @highekJevel
substrate. 17. The module of claim 16, wherein the array of module connectors comprises one of a

ball--grid--array, Qﬁm&’&?oﬁlg}‘ray, columns, leadless chip carrier 10 connectors, and dual in--line
connectors. 18. A semiconductor device assembly, comprising: a first semiconductor device including
an active surface, a back side, and a first set of castellated connectors on at least one peripheral edge

thereof, castellated 15 chnectots BPHHe st lalp dxfUHER G LOBLER AN PN O QUG ROWRAFRE to the
back side; a secangesemMcRaRIUBIOFHeM caIReAudfBf-snRHRIve: SIEtacen 2 Baslusideioantaveacond set

of castellated connectors on_ at least one peripheral edge thereof, castellated connectors of the
second set extentiRgUstiss ikt Al Irase eV arhrbIgheHa!o6 subskatsemiconductor device to
the back side of the second semiconductor device; an intermediate substrate including a third set of
castellated connectors on at least one F??éi heral edge thereof, the third set of castellated connectors

having substantially the' éame PIfcRAL R8I BOEHESHIRB MG LS MRABIS SPIFE Rt and third sets

in_electrical comeuyeaEOBHYh ORAIaBAMET:#d B adesrines! alicandueiur camgciieRsSites on a
surface of the intermediate Su&%tralte’ the_fourth set of conductive connection sites having
Substantiallgz he ggmgcb(?{éhaa al 1n--line connectors.

18. A semiconductor device assembly, comprising:

a first semiconductor device including an active surface, a back side, and a first set of

castellated connectors on at least one peripheral edge thereof, castellated
15 connectors of the first set extending substantially from the active surface to the
back side;

a second semiconductor device including an active surface, a back side, and a second set
of castellated connectors on at least one peripheral edge thereof, castellated
connectors of the second set extending substantially from the active surface of the

20 second semiconductor device to the back side of the second semiconductor device;

an intermediate substrate including a third set of castellated connectors on at least one

peripheral edge thereof, the third set of castellated connectors having substantially
the same pitch as the first set, corresponding connectors of the first and third sets in
electrical communication with one another; and

25  afourth set of conductive connection sites on a surface of the intermediate substrate, the
fourth set of conductive connection sites having substantially the same pitch as
corresponding castellated connectors of the second set, corresponding castellated
connectors of the second set and corresponding conductive connection sites of the
fourth set in electrical communication with one another, the intermediate substrate

30 also including conductive traces electrically connecting corresponding castellated
connectors of the third set and corresponding conductive connection sites of the

fourth set.



corresponding castellated connectors of the second set, corresponding castellated connectors of the
second set and corresponding conductive connection sites of the fourth set in electrical
communication with one another, the intermediate substrate 30 also including conductive traces
electrically connecting corresponding castellated connectors of the third set and corresponding
conductive connection sites of the fourth set. -20- 6 Deggymber 2005 19. The sengqonduiier drpgice
assembly of claim 18, wherein the second set of castellated connectors has a different pitch from that

of the first set of castellaigd cqmageiRiew oS S8 RGHWIYSOFIGRYILE ABsemDiN-QbebA DT
wherein at least some_castellated connectors of the first, second, and third sets comprise a

semicylindrically ‘?ﬁ'ﬁﬂé@(}é%g%c&?%iﬁ&@%&ﬂ?ﬂﬂyff‘%{%g}@mf&%% st abtatslasthnector. 21.

The semiconductes@eyies.assembly of claim 18, wherein corresponding 10 castellated connectors
are secured to one another with solder. 22. The semiconductor device assembly of claim 18, wherein
the intermediate substrate is substantially coextensive with the first semiconductor device. 15 23. The

semiconductgr device aggembiyhekehaikonbBcior e @R cREEOrs] WHernediaigsuhstrate
including a fifth set of castellated connectors on at least one. peripheral edge thereqgf, the fifth set of

castellated conné@riated rognastinlim ik sscond pRdihid sdredmBHty caitsliatisdbhnectors of

the second set, cginpspendingxeastiebaias cannectonsi ghitbecserendeaat dittbnsetsoln communication
with one another. 20 24. The semiconductor device assembly of claim 18, further comprising: a

support substrate including conductive connection sites on a surface thereof having substantially the

same pitch as that of the ffirst spicofceaistaltri@drcRIRRCIa DN INcRlGCTE Al Icosmnbhieaiindinith
correspondif castellated connectors of the first set; 25 ﬁnd module connectors in electrical
communicalidn Wit eCHeL pAMEHG S BFiTEHTR 4B RRE AROIRE AL SPIH-support substrate, the module
connectors being configured to establish electrical communication between semiconductor devices of
the semiconductordevigg assg G Sk P S A S 0 e

substrate is substantially coextensive with the first semiconductor device.

15 23.  The semiconductor device assembly of claim 18, further comprising a
second intermediate substrate including a fifth set of castellated connectors on at least one
peripheral edge thereof, the fifth set of castellated connectors having substantially the
same pitch as corresponding castellated connectors of the second set, corresponding
castellated connectors of the second and fifth sets in communication with one another.

20

24.  The semiconductor device assembly of claim 18, further comprising:

a support substrate including conductive connection sites on a surface thereof having
substantially the same pitch as that of the first set of castellated connectors and in
electrical communication with corresponding castellated connectors of the first set;

25 and
module connectors in electrical communication with corresponding conductive connection

sites of the support substrate, the module connectors being configured to establish
electrical communication between semiconductor devices of the semiconductor
device assembly and other external devices by way of a circuit board.

30

25.  The semiconductor device assembly of claim 18, comprising a low--profile

electronic system.



30 25. The semiconductor device assembly of claim 18, comprising a low--profile electronic system.
-21- 6 December 2005 26. A semiconductor device assembly, comprising: a first semiconductor device
component comprising a plurality of first connectors positioned on a peripheral edge thereof, each of
the first connectors including a recess that extends substantially from a first major surface of the first 5
semiconductor device component to an opposite, secongjmajor surface of the firsg [seraiseRDWRRr
device component; and a second semiconductor device component comprising a plurality of second

connectors positioned 0g.a pesigharabRALeRRIESS 8achbef, thangeiand connectors including a
recess that extends substantially from a first major surface of the second 10 semiconductor device

component to an®HSbetRICBEEHATASYS e SHRRV T FRMREGEE BREHLBHIE carFEL Bomponent,

corresponding ones of thesfifsh@nsh S@eapH-cAMISEGEsdE BeCAlIgIRP IR WibhaseAnathaaRaN
placement of the first and second semjconductor device components in an assembled relationship. 15

27. The semiconductor FEGTSMALERIEHIY BPeiantplE M diF HPRYstBie oP the Firek and second

semiconducter device cmpEIRINEERANBESESHEaMIaeRAUSIsSHeViccorBmbfie semicudhetakdevice
assembly of claim 26, wherein at least one of the first and second semiconductor device components

comprises at least one SPRIFPHHLRSSLE SoMRANTAaRite substrate, and a carrier substrate. 29. The

semiconductor devig®assembinafehrind6 vohgremrmaicaaptionge pithaifysiranebageonskctors
semiconductor device components comprises exposed contact pads on a major surface thereof. 25

30. The semiconductor B&VHASS 8B B BRRlifS6hiheheiActhe! Fe ssconbiPRERSTs 1BeH % Adrical

recess with ends thereofebeinehlpeatestiacidcantitol pppasieirsnajgoswifacesoofibsetisador second
semiconductgr device component. 30 31. The semiconductor device ass of claim %C% further

mb]
comprising & plurality of B aB/e SRS R PR LIRS RS RROSH i R A SURAALAIdBS on
between corresponding&oad edithéevfidsitandsecooshiseacisesponding ones of the first and

second connectors being alignable with one another upon placement of the first

and second semiconductor device components in an assembled relationship.

15 27. The semiconductor device assembly of claim 26, wherein at least one of

the first and second semiconductor device components comprises a semiconductor device.

28. The semiconductor device assembly of claim 26, wherein at least one of
the first and second semiconductor device components comprises at least one of an

20  interposer, an intermediate substrate, and a carrier substrate.

29. The semiconductor device assembly of claim 26, wherein at least one of
the first and second semiconductor device components comprises exposed contact pads on

a major surface thereof.

25
30. The semiconductor device assembly of claim 26, wherein the recess
comprises a semicylindrical recess with ends thereof being located adjacent to opposite
major surfaces of the first or second semiconductor device component.
30 31.  The semiconductor device assembly of claim 26, further comprising a

plurality of conductive elements positioned to establish electrical communication between

corresponding ones of the first and second connectors.



-22- 6 December 2005 32. The semiconductor device assembly of claim 31, wherein the plurality of
conductive elements at least partially secures the first and second semiconductor device components
to one another. 5 33. The semiconductor device assembly of claim 26, wherein each the recess is
configured to at least partially receive an elongate conductive structure and to establish electrical
contact between a corresponding connector and the elopgate conductive structugepd&:gthed D605
semiconductor device assembly of claim 26, wherein at least some of the second connectors are

located so as not to corrspongife R RRSiR O apyi&f 1hefisl sanmeetrsHrRenPiRcsmantpbthe first
and second semiconductor device components in the assempbled relationship. 15 35. A semiconductor

device assembly SEBMEHYSICRGHS ARt ARty sravsrs BrfitsdctereadviinicerpEREAS Wemprising

a plurality of first gapeséarspsitiangdn a peripheral edge thereof, at lease one first connector of
the plurality of first connectors including a recess extending substantially between opposite major
surfaces of the first substantially planar semiconductor 20 device component; and a second

substantially planar senggondugiekEarisriGermp@neid SaeisiogcaiirsliyheferaGRAAHABAREIRIS
positioned on a peripheral edge thereof, at least some of the second connectors being in electrical

communication WiE8YFES ORI AHEEEY Hirst Yorhelotsrie sensich Ui ARt Aodr iblie
assembly of clainglgarivderpiaddicheashafisiccpamnBaiaroahtephaBity abfisstcaniactnrs includes a
portion which is coplanar with a corresponding major surface of the first substantially planar
semiconductor dé%%%ﬁmponent. 30 -23- 6 December 2005 37. The semiconductor device assembly
of claim 36, wherein each first connector of the plurality of first connectors further includes another
ortion which is coplanar with_another corresponding major surface, of the first substantially planar
P 1[6 P %4. ﬁle sem{con uctcr))r devﬂ: assémb y ota claim 22, wilere?n at least sor>r/1<? 0%
the second connectors are located so as not to correspond to a position of any of the first
connectors upon placement of the first and second semiconductor device components in

the assembled relationship.

15 35. A semiconductor device assembly, comprising:

a first substantially planar semiconductor device component comprising a plurality of
first connectors positioned on a peripheral edge thereof, at lease one first connector
of the plurality of first connectors including a recess extending substantially
between opposite major surfaces of the first substantially planar semiconductor

20 device component; and

a second substantially planar semiconductor device component comprising a plurality of
second connectors positioned on a peripheral edge thereof, at least some of the
second connectors being in electrical communication with corresponding ones of
first connectors.

25
36. The semiconductor device assembly of claim 35, wherein said each first

connector of the plurality of first connectors includes a portion which is coplanar with a

corresponding major surface of the first substantially planar semiconductor device

component.

30



semiconductor device component. 5 38. The semiconductor device assembly of claim 37, wherein
each first connector of the plurality of first connectors includes a recess therein, the recess extending
from the portion to the another portion. to 39. The semiconductor device assembly of claim 38,
wherein the recess is continuous with an outer peripheral edge of the first substantially planar
semiconductor device component. 40. The semiconductgr-device assembly of clgip36mptiergiy each
second 15 connector of the plurality of second connectors includes a portion which is coplanar with a

corresponding major suace ofthgsaicendusthisiantalysphngosemisPrsluckeraievies emponent. 41.
The semiconductor device assembly of claim 40, wherein each_second 20 connector of the plurality of

second connectof€TFRShEIE ALY AR M H AR iR B ILhEb MISHF ARe BRI Wov RSB dhding
major surface of thpiaREORHISHRSIRR BN PAANBALSARNEQDHNGIOT dRVIGS: SARRERRIN. fheadF he

semiconductor device assembly of claim 41, wherein each second 25 connector of the plurality of
second connectotSTHERIGREY FASESSHNRENS he recess extending from the portion to the another
portion. 43. Bhe semiconductor device assembly of claim 42, wherein the recess is continuous with an

outer peripheral edge of the second substantially planar semjconductor._30 device component.
38. The semiconductor device assembly of claim 37, wherein each first

connector of the plurality of first connectors includes a recess therein, the recess extending

from the portion to the another portion.

10 39. The semiconductor device assembly of claim 38, wherein the recess is
continuous with an outer peripheral edge of the first substantially planar semiconductor

device component.

40. The semiconductor device assembly of claim 36, wherein each second
15  connector of the plurality of second connectors includes a portion which is coplanar with a
corresponding major surface of the second substantially planar semiconductor device

component.

41. The semiconductor device assembly of claim 40, wherein each second
20  connector of the plurality of second connectors further includes another portion which is
coplanar with another corresponding major surface of the second substantially planar

semiconductor device component.

42. The semiconductor device assembly of claim 41, wherein each second
25  connector of the plurality of second connectors includes a recess therein, the recess

extending from the portion to the another portion.

43.  The semiconductor device assembly of claim 42, wherein the recess is
continuous with an outer peripheral edge of the second substantially planar semiconductor

30  device component.



