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-1- METHODS FOR ASSEMBLING SEMICONDUCTOR DEVICE
COMPONENTS 5 CROSS-REFERENCE TO RELATED APPLICATION
[0001] This is a new application filed under Section 26(6) of the Singapore
Patents Act claiming the earlier filing date of Application No. 200203684-6
filed on 18 June 2002. 10 BACKGROUND OF THE INVENTION [0002]
The present invention relates generally to semiconductor devices and
seEGHHuDD FOR/is8 SIovhiBb et S EMAICAPE DS ETUIGOR IDNDICE| € QAERAGEIN TS
as well as to such packages. More specifically, the invention pertains to
semiconductor device packages having true chip-carrier profiles, as well
as to semicondGROSHaRkaGES Wt TOfBbthARIshaPBidGABEXtially the
sam r only.slightly larger than ootprint fth he
ro00s OB i R S o L B apoye paces
devicksmregeer debiedsing JueedutppheadineNsict¥)df a6 iced on 18
ﬁi%}/' the structures by which the microprocessors, memory devices,
other semiconductor devices, 20 and other electronic components of
these devices are packaged and assembled with carriers, such as circuit
boards, must becomeﬁggéﬂa@% %ﬁﬁﬁﬁ&ﬁgﬁgﬁs to
economically produce mallest size
poss[ﬂ(&%nd'ﬂhﬂprcmld mw@mnﬁLMg@mmﬂyag keadepminstoodevices and
coptlagliee Bppe uhL e At Y 9RRaR, SBOTIRR. B REAYEIP PR 1
e X, Y,or Z Imensions, all malntalnlng very 5
p@frhqvmhm Ié\dere[amtﬁ@&ne dappman!ﬂop@tﬂimrtg thisirekigpr device

[ t
ﬁ?l%%g ‘?Jelﬁt%eg éﬁgﬁﬁ SH f the seﬁﬁ\(ﬁgﬁ&gor g\%l%kess? an(? ﬁc{L § Eg%%:r} nslcWlth
Serimineiie arsomkuanea bubstsares ey Oldlﬁr@hglbbfdﬂdg?réba@srh@ feipdat of the
%glﬁlt@fgg{es the semiconductor devices protrude from the carrier

strates. Various 30 types of packaging technologies have been _
deve[ﬂﬂ?édi to Tasiktaersrantefionrof diéeriobhnes irstesidebaupoalegirpeic

SupRaes d0thizmagner-1000R]C avaRaRA SLRISAMVERS device

packages are multilayered structures, typically including a bottom layer of
sieeiprts amtrhisle Hisl ncaprieqcteoss, Teeibery diressit Gbetrscrateondactor devices,

SRINERIUHLIRE I ARSLAIAL SAVRELLENCEPSY AALIMAE R dcifibled with

carriers, 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.

[0004] 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 of
semiconductor devices upon carrier substrates in this manner.

[0005] Conventionally, ssmiconductor 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
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example. In addition, the leads, conductive bumps, or pins of conventional

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

thiskpéssksadiitiesels sadiconductordevips, papkagdscamd tiierdistamaesnductor

i packages Protiuple 1om.RrTiST, SUSIRteR. Are OeAler AN IS SfEM el o
BSired Tor HSeE in state of the art electronic devicas. fo‘iﬁ?éf% er level

packdg gt teferskagpackagimoeofien eletnorit tospapo tentewiienituctor

Ic?e%%'clé %Q&Ofeas \a{vaaE r(;rnrllg % acllé? (?léss{[rre]l?et. aﬁ[‘% gorrrylﬁfi tlﬁg >)N Iérlgll RIRSERSSS of these

are generally considered to be "chip-sized" packages, at least with respect

tertheorkidatedal XeaprMaimedsiondisicesfdotprickitbuptypickl fydnaverrier

%&@&X\.’Qsaeﬁ%g %'1%59%‘111%0{9 Sadn Hgselrécﬂ%@%gg iﬁ”sé%%éeoﬁﬁ%‘ grtsgll%cirro%fglaevices.
pins, or other conductive structures that protru e therefrom. Likewise,

modifie86df stickedldict packygise (WePdiefeorngriibagngahprisiegrenider

S, pins.. atc.. whick ol : 17 di o0,
R SR e E R S ke
podisses etﬁ;geognﬂe@ttimai@aaﬂ)tmMggyi,z@l’épaekagﬂplet dﬁaahvagsm to the
ﬂ?&ﬁ%@‘éﬁ%%%%ﬁ%%l%g}’. that, tesalis-1D.#¢ §ﬁﬁﬁ?%ﬂ98%?>%’e%%‘?a%ﬁlﬂg%d

oriented substantia paraﬁél to a'carrier supstrate, such as a circuit
bodrts im flip-£ldiptasimologyo the tsdded paltis pnsenmtelbeperisiusfise structures that

g‘?&lj&@e{‘t%%ﬁé%‘i\g%@ﬁ?eafﬁ% ed p sﬂlﬁéﬁ%{c@{%ﬁ@r{ﬁ{%@%ﬁﬁf&%ﬁc&%

0 semicon evice. Flip-chip techniques are a e to both bare

apilpackageldesbaicontuector dbidbesbsaptakngeat iy tetipthypeaerall
ie(ﬂ}}?é}{gg)tﬁgﬁqé ciggh:lgz which typically has solder balls arranged in a

so-called "ball grid array" (BGA) connection pattern, typically includes a
seml08AdL ctoiie-dnp dechnobogsubs ragenaih o Wid) gpitallpdeothensaghip

O S A 0SS e 08 Bl v

side of the 25 Semicon
[9@(1_8] immmﬁhe@uémd@/ﬁqg lpﬁi@ﬁi@ﬁ@é@dcﬁd@fémtiﬁéymlgld@ il)flf_!ﬁ@r
seroieROdYErordiei e BoRd PRAS:RING é%HH&ng%Té’BQ{S P48 PIGANCt pads
electrically connected by way of wire bonds or other intermediate
ebadeticendnsNEAtsits ato preapraddihalctFA OV ar eaBaiet sutbissifdhst the

ISIPARRI SNESAEOMRATLAIS A2 R FRIURMIGALE AL SOIRSRRO Qgéﬂ%ckaged

bumped contact pads on the back side of the interposer. This type o
fignidaipdasefdiees podiaekreshdiacdin W pigherdendicarderisabstrstetypically
Y- ARk SI96 LUthE e RRSE IR BRSNS RYPSH X ion pattern,
typically includes a semiconductor die and a carrier substrate, which is typically termed an
“interposer.” The interposer may be positioned adjacent either the back side of the
semiconductor die or the active (front) surface thereof.

[0008] 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 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.
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-3- [0009] 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 one or more holes formed in the 5 interposer. Again, the
contfifi0&ieaslt dmmienjeate withsoormesd pdiadimg thenptastpadaweitibe
nSIPoser. ) s huns,of nrehinsemiconduelor devics 85sSMblayy conpected
owever, frie contact pads are also typically located ot eetop sur% ceof
theonteyposing Acoord mghy, dhistypeosaflippchipgaas séhiblinisrpositionedy of
Adliacent AnIgNeTIRel SRTiS! SUPSAIE HSNASA GrREd CHELiLhoaidh me
y orienting the interposer with the top surface facing the carrier 10

subgteate. [09L0] the eactaafthes faneguing digresiod dlipsphipl semistad petbron the

ﬂn %8%?“1% GAR &%‘f‘%%ﬁ%‘?&%%ﬁ&&&% stv?é%%%?é* (;[‘,%%\%rerv%\(,ﬁ'ﬂ%‘tcontact
as FOOtprlnt that mirrors an arrangement of correspondirig terminals or
ptide asoaitadly pegiby sofataderh dine doparwitacs ablteanterpassh. ol therbogly (8ns type

gi@sﬁgﬁgﬁ%éﬁm 8&%(#&}85&3 %ﬁia%lﬁ%’ﬁ%%eﬁ%\f&oéﬁff}i% LRRAKAIES) as a

its corresp ng terminal may ©e electrically connected to one

aroteiéribyuiwvhgand.rondotigéhsticrprssswith He topoldércbdiicitimthalsarier
(?gscf §ethe interposer some distance away from the carrier substrate.
F 1% The space between the interposer and the carrier substrate may be
left dP@Hlor filfecholitdf thedocedieid g trde il ifligichiptsremeatshialchdtvices, the

: - : : i ) -
O B P e At Bl
flipreiémeeioiconthsptodig/icesiminoirhede arneehcgpus drmmadaeadalarrier

g%&fﬁ@g %%O(gﬁl?er @&Wg&pgg}y fﬁéH—gﬂi?geiﬂ}%ﬂ&)l?&&aﬁlgés)rom%ntact (on flip-chip
semiconductor die. [0012] The thicknesses of conventional flip-chip type

padicgesnadying BakvgrispoBdiredyrosnwentip hpdaerinslire dekaed syt
ﬁﬁS’&?éPBQ \% %?ﬁ%%%ﬁﬁfﬁ%sﬁﬁ%?&r&%ﬁt&%fa@quéPSa'ﬂ,tﬂ{&%% ’sﬂﬁges the

adhesive material therebetween, and the conductive structures (e.g.,
SuRIBPISA NS A YR Wahe a Bovk tisecintierpoberase-the semiconductor die.

As Wishithe flagn packaggsweonvieniional lp et oG RACKBAER AR PBE Rt open
undesirably thick for use in small, thin, state of the art electronic devices.

Puftetmishe; useabibthisnsisnielaldbd esomsmation i brodiflse prddirsingiectrical
RO BLULRIPRRQEHIR SMGYD: G duan LR A E Y, Bl AT IRIRIIE cach of

footprint device.
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.

[0012]  The thicknesses of conventional flip-chip type packages having ball grid
array 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
construction method for producing a stacked multichip module (MCM) results in a
relatively high-profile, large footprint device.

[0013] 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
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[0013] 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 -4- least a portion of the profiles of

semiconductor devices. While interposers that include recesses for

partially receiving semiconductor deviceb facilitate the fabrication of

thasne pofiipichiphy peoplskages)itoe demintrvitestoWdide iofetipese's that include

Eeac%ls(éaeg%‘%r a%n‘i% | agnterme %?tgnci%ﬁ‘é’r“&é{}{&%ﬁ@}ﬁ& E%]ea%a%ﬁ)%% 198 of thinner
eyon outer-surfaces-of either the semiconductor 5 dice or the

imeqhoserps padegialhe acdditoritecthickne sf €eof phdsegrackagdisas [0@idkdiate

U.S. Patents 5,54 0 and 5,639.695, both issued to Jones et al. .

R R e e BT e S SR 068 S ppiconducror

tlipe pabkagerposhishimichidddyaddritetipodecknitya séthisopddctgesdie

rece@t‘)*ﬂiexf‘i@‘?'kﬂ‘a%c?s’%%g ?AXOtQEJ%EQ%E{fﬁ; b &2 ﬁgtﬁgﬁ%%e?%hes a

package that may be tormed by securing a'10 semiconductor die glrectly

tbeacvaatior ‘shbsttdteran 6% datdotlly, dowheetingthice typte gy dbprchpttype package,

%ﬁﬁ@ﬁ'&é&ﬂ?&é@ﬁiﬁ?ef%%esép%?g%‘é%‘ erRL g drgé%‘fs{g&%'Q&&%ﬁ&%%%{é%wW
the mterposer. The semiconductor die, iIntermediate conductive efements
thatedonnglet hoado}felbs ait thackemipockhgetthatiivap woivaspdhslireguring a

S R e B R B Thcrposer
mw@ymﬂéﬂ@dﬂp thpeepaickndeston éipatkkg@iedbhmrmeqeétmhe
T e S R i e B AR connec bond
angs oihide @mpmgnﬁ@rmrmmgg thelgsaekeaging theetifodbesfethand
093 R VAR SOBICALES; PEPIRERRE RhGRINGLHRY b%%?i‘éﬁ?ﬁﬁ&i%l@rwmle this

T
devices and other electronic components to a carrier substrate. In

arct@ixi)drr,esgtusiilsh ool b@r@tﬁd@tﬂ&t—ni}ipra@pmd@a@nthq oaclpigifannot be tested
PAskaQS, HInamPEARERIBAMAL %?sca{'fléé%ﬂ?ﬂ%ré’B%EQ&QQ%%?&E{JQ% may also

footprint area of such a low-profile package may be significantly greater
heaeenesanel distiedsbeienidotiraie ahé pagfofloa PSpeen thidikscdana

REGEJOL AR WHIDIR AD QRIS WOIERBE PRARNY I PHAIHE: (RBIBGRRAS

a large number of semiconductor packages of differing dimensions and is
sersandytabAerired ane erbcisclieboainsethponents ip-prsfireeryppbstiiticipddition,

Tachif Rak AN e SRR SEIREhRI O IEHRSSRIORY, Witth§ G2Hi& ssary to

substrate and without adding complexity to the process of assembling
stetifioniodormpcaaactectie TagderBubsigaoAushathow-ropiidbpireigg may be

?@@%ﬁ@@@%&y%@afé@egaﬂ%h@lmaqgﬁgwggig%MM@RY OF THE

[0015]  Thus, there is a need for a multichip module which has a very low profile,

flecting
S

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. A

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

SUMMARY OF THE INVENTION

[0016] In the present invention, stacked multichip modules are formed of
semiconductor devices with castellated contacts, semiconductor device components, such

as carriers, with castellated contacts, or some combination thereof.
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[0016] In the present invention, stacked multichip modules are formed of

semiconductor devices with castellated contacts, semiconductor device

components, such as carriers, with castellated contacts, or some

combination thereof. -5- [0017] In this invention, a plurality of

semiconductor packages having differl“n%'sizes may be stacked in a very

low-Hi0tTe arfarthemerntefioanplarstayké demidoiohiptomphkteevhiahinpditering

sall faoferin exiramel pigh, dengitv, and superiarsinal integrify, Fagy

semiconductor package 1s provided with castellated contacts, or outer

corhidc tolns; fbnSastmattitaltponnestiomety dichrdars{y.qund spbstratesalahtegrity.
1A RURES SIS BoRid. A0, IISIBRSSH SlEd RIS anoifer Semicondieions. for
evice, The casteliated duter connectors are ormegrby pr’owglng

ebathimtivenriesiatotlg dieroadarestattite weliers|epelntBieisinig biatidnan

hirgatagadh [l yialanaiudinalivdnie ewia Perions e BlWNiENeciors are

comprises a Castellation via, i.e., outer connector, at the periphera eélge

térore b e twlng 0cadjat et singliatedipbokalyess Baidle vafer legpindetor

sin 1 eCls eac I'via longitndr n 0 Vi fons, eac i

S %‘Sl%’trb%at@%é C?PQG?E%H 0 WHH%Y% Repdpad O\ééﬂ? mte%r%tSP%%%}é't

In the package's die by a conductive trate carrled% the package. ]

Ecohroaser @otehiettor vivay dacoataposeteolver dtsHegighplicomh qdgekd gadop tiee two

2%5819(%1 Qgﬁﬁgg Bi&%g%@% he, Rrned Wi e%?d?%%ﬁ'é{gfll?gﬁ?fc%ﬂﬂe@%%%‘a

S. Bot ter connector ends are readi ohnected
refiducty cboiliptid e fshef avegrandacaybisatbeqraghagie dislbk agendithtiyretrace

§gll}}gdqgn[ﬂg%%gﬁggﬁguration. The outer connectors of such a package

may be elec connected to other packages or carrier substrates at
theirl @93 8sideEacheintonctnsichte; thisibeapaised daociss beighyiconsiclsgeriop to

%fgl%{% QME'&B? &H& nﬂf %té?%gc?w&ﬁ r%&%'?ﬂ%?ﬁatp t@& a'ﬁ‘d: 88&%@%%” Both of the

ultichip module have different 20 dimensions, I.e., are of different sizes,
aybh esityesfoienfaatcaged megnbectd bivadiloithta nmdesiing sthilaces on a substrate

89858&4& ,Z&%ﬁ‘_’%rtﬁtﬁl% Qﬁﬁ@&)ﬁﬁ%&%&?&%&%ﬁ%ﬁor’fﬁg Bﬁég&{nnectors of such a

configuration as the underlying package. Each of the specific size or type

ofgkacRapeyise mﬁa@wmm@@@mgmmg@g@ﬁ oh éam’aféwbs_iéamr aagﬁ,eir top
QILXAHTPIS:R TUALGRLR: MOGH & A %‘E'bﬂfo@rﬂﬂﬁlﬁﬁgﬁ SackrnGluding,2

microprocessor package, a memory 25 controller package, and one or

plereomie fRfgpRrdkagestaici neciprRredfilea shipifbiprpdule have different
thressimensional rafilR. A PRSKARTING Hraduse utichinmedlsisim
particularly useful in various apparatus having severe space limitations,
INESNIPIG Ve RAGkREE; SRS RIIFelae RS sansissiellabenseriedsiices,
¥8§f@§r§9&¥@§ ﬁﬁ%‘dﬁ&éﬂﬁﬁg‘ ﬁaﬂlﬁgéprﬁach 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 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 apparatus. The multichip module of multiple packages is
assembled and attached to a substrate without any height-adding interdie connectors such
as solder balls, pins or the like.

[0019] The stacked multichip module may be surface mounted directly to a

support substrate without solder balls, pins, columns, or other height-adding connectors.
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of other miniature electronic apparatus. The multichip module of multiple
packages is 30 assembled and attached to a substrate without any
height-adding interdie connectors such as solder balls, pins or the like.
[0019] The stacked multichip module may be surface mounted directly to
a support substrate without solder baITs6 pins, columns, or other
helg[(lﬂaﬂ]jlngmhar@atores a6d [0k Cthef tegpuren@ndcadvavtdgbscofiithe
Eﬁ’ g%aen n'[loanrI 1be¥(}:]orl’gel "J}Pt%%raerpdf to th %% I%f rdi nar%tstlfllll in tr}ggart
con5| eration or-the ensuin esc e accom anyln
dcampgm,&hd&@mppmﬁdgdmbmm &BEE@@E@@RIMK)N OF THE
SEVERAL VIEWS OF THE DRAWINGS [0021] In the drawings, in which
some dlmenS|ons may be exaggerated, exemplary embodlments for
carryimRRd ' s .
persg%gﬁf 1A iy SaiEondicto evx@fer n gvm%@egg il of
low-profilé device packages are forme With casteliated outer c5nnectors
ﬁmemﬂamenﬂmranmmumfarmmemmmamrﬂwmlmlmem
pre ven 0 S Py .
e ) e e A R AR AT 8 i o
phtrkhtye@‘ iln\aqlrofdadcewmqmetﬁeaclfmgseemhb ¢asﬁe}i@i@d of0e0djrArGtoss for
Rebmla Rl A RRHIAN LAY ShaMINEATRRIRIHEL I AT
chings

d att e interface acent packages In accor nce with tea
of th@m ntudHG{QOQS]pm;vmwsoé actrmgtit petiopedtivecyisapbfpmultidie
i r r
B MR A L0 P SORERLR A e
suisbimgtiofpeespeantivanyiew of a portion of a singulated package showing

anom&@ggqﬁg %9 egﬁ%%@%t%ﬁ a%ﬁ[o%ome&ftﬂ&r %qug%ss{aw Hel¥Rn via

20 assem e Invention; [0027] FIG. 6 Is a plan view o

éem@ﬁdb@@t@@@k&ée@@MM&gemmaMmmm&ommml@ invention;
muIt B%fss?q@lx %fé*éal!%}}{%'i‘é' &’sl)ggl%% Gl o hsp%ﬁﬁﬁe&‘ g@ﬁl ulated package

cross-sectional view of a portion of a singulated package for mcorporatlon

ﬁhe“mwﬂmmeélgwﬁbtyr@pm@qméﬂt@mzeg[@ezg]lch@ agspsrdlylahthieinvention;
%@]ﬂ bqﬁi@ ank %@h%%(&if‘c%‘i‘é&&ﬁ»%@%@% aq?c}{%%lftc?gmgulated package

castellated connectors on three sides of the package; [0030] FIG.™9

shpwmanaqiees pebedangatpbaste sk gagromnimetor fdorming a multlchlp

assembly of the invention;

[0027] FIG. 6 is a plan view of a semiconductor package singulated from a wafer
for incorporation in a multichip assembly of the invention;

[0028] FIG. 7 is a schematic cross-sectional view of a portion of a singulated
package for incorporation in a multichip assembly of the invention;

[0029] FIG. 8 is a plan view of another embodiment of a semiconductor package
having outer castellated connectors on three sides of the package;

[0030] FIG. 9 is a schematic perspective view of an enlarged portion of two
castellated packages joined by an intervening castellated substrate in accordance with
teachings of the invention;

[0031] FIG. 10 is a cross-sectional view of an enlarged portion of two castellated
packages joined by an intervening castellated substrate in accordance with the invention,

as taken along line 10-10 of FIG. 9;
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castellated packages joined by an intervening castellated substrate in
accordance with teachings of the invention; 30 [0031] FIG. 10 is a
cross-sectional view of an enlarged portion of two castellated packages
joined by an intervening castellated substrate in accordance with the
invention, as taken along line 10-10 of FIG. 9;-7-[0032] FIG. 11 is a

partiglf32kplddéd sthematicabigrsgdotive samaﬁ@pemﬂm@edvmvtﬁmménlarged

two cas Iated es joined. b intervenin cast ubstra
cgg? ancew F?g%%ﬁ m%esdlor%”lxgnt of the Rventit a[bla@ei%if& { em
erossisactinithlasiciberiemboflancentdrdednyention;of a 5 castellated

ct a omedt Ilated ultile els bstrate |
el A e A S O T PG BRE e
pmﬁetetﬂ\@mnemndlﬁcanr@amaﬁddmmdpncﬁltasmwtednplhdsmhsujastrate in
pcﬂﬁlé’] Gas %I%I[e%spafctﬁg%v , ering sizes joined in accordance

teac ings o vention; 1 35] FIG. 14 is an enlarged plan view
of arﬁ@%hplfdﬁlow -prafi @cmmﬁdmgsa@smmwm@mmmmﬁle
s, @ S rat f n the
T R B S e e R ety el
mmmmme Wimﬁdtﬂblﬂasgémblylmmn@d of castellated packages and
cas S rat
DETILED DL A AT B P e R R e
aswmmmmuﬁmaﬁlmm@sh avdcintelhicd alhstm@htyl@‘pdméan@lmth
§&%\{H§%ﬁl§@1§9€ éiiary lines 12 and 14. In accordance with 20 the

Invention, semicon uctor evice packages will be formed on the dice 16 in

a maddlwhiEKFaklliste st ssdekingiow theapaskaydsr yriemavweplofileltichip
ﬁE@&M@%RHHéd%‘f'&Q&éBa@ 2%18%/ e NRNIE SHRSHAG.BLADL 8ilS RAERIGIRCLAFith
comprising a full silicon watfer, use of other semiconductor substrates
(eaghipgsrabithwatepstionbstrates of other semiconductive materials,
including, without limitation, gallium arsenide, indium phosphide, and the
like, 25 as well as so- called S|I|con on msulator or SOI type substrates) is
also within the sdiabAdl ki R [ Sl

Proci3es In i@éf@fﬂﬂ@‘ﬁ? rld ‘A%Rﬂt‘i’&‘ﬂ?&?&ﬁf@%ﬁ%ﬂ@ 06R in which a

plurality 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 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.

[0038] The initial processes in forming semiconductor device packages 10 may be
any of those well-known and used throughout the industry. Thus, one side of the substrate
blank 8 is selected as an active surface 18; the opposite side becomes the back side 19.

[0039] A pattern of planned straight boundary lines 12 and 14 in the X direction
and Y direction, respectively, is provided for subdividing the substrate blank 8 into a
plurality of unsingulated dice 16 for fabricating semiconductor device packages 10. As

depicted in FIG. 2, the boundary lines 12A, 12B, etc. (collectively referred to as boundary
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any of those well-known and used throughout the industry. Thus, one side

of the substrate blank 8 is selected as an active surface 18; the opposite

side becomes the back side 19. 30 [0039] A pattern of planned straight
boundary lines 12 and 14 in the X direction and Y direction, respectively,

is provided for subdividing the substratéblank 8 into a plurality of
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IN"FIG. 2, each package on substrate blank 8 is désignated generically by
{he/RUntepkicuby Saaniscmore partiseabrypoh denesiian tvelantophargghniques.

10C )P} 10Ks SiGwiqhRHEPOSEs AR RING AUALEIPAGKRYSS d&%ﬁ%&!ﬂ

other Each package 10 is provided with & row of bond pads 20 which

eonapriéyprinta-pumerdhils s mhedmestradadycthaindy i édsa 10B,
RRPRGHA96E, 1he %BPE&@HEE@%réﬁu%&Wﬁeéﬂ%@&‘ﬁa&é‘s QRMAIGTHE: Each

bond pads 20 of each package 10 are ocated is covered by a layer 36 of

ahsteaaeid Marspealdpst widutamigaheond aedry ithhdoehsenamisedfrimary terminals of
itegraledeCLRUIE AL RN GXIAL A Gl TS @ﬁg@ﬁﬁ@ﬁ%ﬁ&%&?&‘@% 8 active

metallization to be formed theréon in accor he invention. 25

fooos P1ne shislchsdvebpikiclbgeendoniskeznlthmadoeneds epvered by a

Tﬁ%iﬁ“g-@@fiaféleaﬁc material for insulating the underlying components of the integrated
circuit 42 from external currents, including the effects of metallization to be formed
thereon in accordance with the invention.

[0042] In the semiconductor packages 10 used in this invention, a metallization
step is performed, creating conductive traces 28 atop dielectric layer 36 that substantially
covers the active surface 18 and circuitry thereon. The traces 28 may be considered as
“third level” conductors and extend to boundary lines 14 between adjacent packages 10.
Each trace 28 may be of uniform width 56, as shown in FIG. 2, or may have an enlarged
area 58 in the region immediately surrounding the intersection 66 of the traces 28 with
boundary line 14, as shown in FIG. 3.

[0043] At the intersection 66 of each trace 28 with boundary line 14, a

through-hole 38 is formed. Each through-hole 38 is coated with a conductive material to
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step is performed, creating conductive traces 28 atop dielectric layer 36
that substantially covers the active surface 18 and circuitry thereon. The
traces 28 may be considered as "third level" conductors and extend to
boundary lines 14 between adjacent packages 10. Each trace 28 may be
of uniform width 56, as shown in FIG. 2,9o'r may have an enlarged 30 area
ﬁ&lim atelre gioniicntaediatdiydsirabemddingi tleer in tir sedtiondg6 of K6. t2aces
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full, i.e.. circular o indric ugtive refeged.to in IG 2.as
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g{)gl{g%go&%’&tggnductors of a carrier substrate to which the conductive

vias 30 are to be connected. [0044] The through-holes 38 may be formed
in th@@ﬂﬂstraﬂél@lhmashﬂyolmé@mmcw trinned s tlahsabsivite blankilible
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drilling, punching, etching, or other able method may be used
bepdnadidticomtivelyidadeatiéierss puacting pschirgior p@cmm@é}ﬁm@m may be

dRmeiRanPl ttdQ/s IRimatiPa LG LENg maY be %M@Hé?tﬁ'%f%&%eter 64

only'where the aspect ratio of the hole is relatively low, 1.e., less than
st Hole fonmatem buckisgmed brefimeliderastigaaniyermsugh dsopst ratio of

R ABR CORAHRIYS ¥R, 30 formad npsIneKend ‘E&{Hp‘ﬁl‘l‘i"yam{&‘d%l%ﬂq%ﬂlcates

two adjacent packages 10 bounded by boundary line 14 (in this example,

tipsshe4iroughehol 68 and andpotias)irclibivimesthésimatiendsfompletely through
Eﬁaqmgaﬁ%ﬁﬁﬁcﬂage@ ?'6* Bg%{!f%(ﬁ%g ! Q%/ meld@ﬁlfl%?sé&%&ﬂg 1 14A,
larE?YEC Il SII’EI%«';[I’ ust an urrs that may be generate uring

[0045] 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.

[0046] To form the conductive vias 30 in through-holes 38, a conductive material
may be plated or coated onto the inside surface 60 of the through-hole 38. Methods used
may include electroless plating, immersion plating, electrolytic plating, chemical vapor
deposition (CVD) and physical vapor deposition (PVD), as exemplified by sputtering or
evaporation, and other processes known in the art. The conductive vias 30 may be formed
of a metal such as copper or aluminum, another metal, or metal alloy or a nonmetal
conductor may be used. If the material of conductive vias 30 is not solder-compatible, but

it may be desirable to subsequently adhere solder to conductive vias 30, each conductive

via 30 may include one or more additional conductive barrier and/or noble metal layers.



10

15

20

25

30

mechanical drilling) to establish a clean surface for via formation. 25

[0046] To form the conductive vias 30 in through-holes 38, a conductive

material may be plated or coated onto the inside surface 60 of the

through-hole 38. Methods used may include electroless plating,

immersion plating, electrolytic plating,'clr%'mical vapor deposition (CVD)

dhd physirat vapordepastiefic(fVe)y,casrexentplified by gmditetivigvor 30 to the
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via 30 is shown as being cohnected to a trace 28 on each packa
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[0047] Anadditional layer 44 of dielectric material (FIG. 7) may be applied
bafbracs B psiorulgcditviratiorPicesiy dpaaesrotadumbnssridudtverrdepisted in

716 (Q01R Hollowing GamRIGHoN, AN RACKAARH 39 RASUDSLAR RIaRK Sid wil

the packages are singulated, typically by sawing along boundary lines 12,
PAIASHBpietaeinoIFeGeR htbendnol ke v« 8044 Ireppisa K thi/depraihgitethot

Z%Q%Mﬁ%k!@g ipBSafd ﬁfﬂ WillePEUR %@r&ﬁ?&@é&%ﬁ@, #feSBGReter 64 of each

conductive via 30 to remain within the peripheries of 20 adjacent

paekaldeled snamorhadeigerihan the kerhuidd. 72hus, the diameter 64 of
eachoiag uansiigl AR ScrAReatallid a6 binanhe Hes L WRkuAS: lines 12 and 14

simultaneously results in bisection of each full conductive via 30 into two via portions, or
outer connectors 31. Thus, an outer connector 31 of each full conductive via 30 remains
with each of the two adjacent packages 10. These outer connectors 31 will be simply
designated hereinafter as peripheral vias or, in the context of the invention, as outer
connectors 31. As shown in FIG. 6, a singulated package 10 from the wafer level of

FIG. 2 has outer connectors 31 formed into both edges 22, 24 of the package periphery. A
semicircular axial opening 40 in each outer connector 31 is exposed along the length 70
(FIG. 7) of the outer connector 31. The outer connector 31 (see FIG. 4) has an upper
surface 76 and a lower surface 78, both of which are generally planar. The outer

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



10

15

20

25

30

[0049] Singulation of the packages 10 by cutting along boundary lines 12
and 14 simultaneously results in bisection of each full conductive via 30
into two via portions, or outer connectors 31. Thus, an outer connector 31
of each full conductive via 30 remains 25 with each of the two adjacent
packages 10. These outer connectors 31 will be simply designated
packigafterfaspédtipiHeratpdasvely ioithecpriiextiofligbtinbention ffespaciege
co nect%sé% . As shown in FIG. 6, a singulated package 10 from the

water level of FIG. 2 has outer connectors 31 formed into both edges 22,

24 of0®E) paclkegepen phenaldmseivicinghibdmasnairnpEnibgad®iteeachnector 31
outer. connector 31 iS £xno alang the lengt 30(FIG,, 7). of the outer
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conductive vias 30, or outer connectors 31, in the periphery of a
semizoddociodayesdcs gackagduoios dbsieatenrmeniter contimtictossd faraed on

I\MH}H}}%QC Qggf’}gﬁ?%ﬁrgfét”ne and extend from the upper surface 74 to the
ower surfac€ 34 of t '

rfa e package 10. Each outer connector 31 has an
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componentor conductive sites formed on another package or substrate.

[bosd]rrugh. 7iiBed engs sustactigidalb viave dbyacportishbyfad Fornpwigeickabjerer 40, as

100 if NG NAQUABAN QUIFTERRNAGIRY ?&a%é?o%iﬁSH%ﬁh%l?d&%Q' dterial in
40 formed 15 therethrough. The lower surface 3 y a

IS typically covered b
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BAdS R d %B%FQH%%&Q&‘% Wetlyier patefialin syt iale 38 UEHR 42 from
contains an integrated circuit 42 which terminates in bond pads 20. An
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28 is formed 20 atop dielectric layer 36 to connect bond pads 20 with a
boprfdrasp |Rendityhriahsosos Hisrpackage 10X on the wafer. Another dielectric

insulative layer 44 may be applied to cover at least a portion of the upper surface 74
before forming and coating the through-holes 38.

[0053] Also, as shown in FIG. 8, the invention may be applied to packages 50
having peripheral bond pads 20 along one edge 52 rather than along or near a central
axis 26 of the package 50. The outer connectors 31 of package 50 may be formed on one
or more nonpad edges 54 and connected to the bond pads 20 by conductive traces 28, as
illustrated in FIG. 4. Of course, placement of bond pads 20 along one or more edges 54 of
a die is also well known in the art. Accordingly, dice with other patterns of configurations
of bond pads 20 and outer connectors 31 are also within the scope of the present invention
provided there is sufficient peripheral space for the outer connectors 31.

[0054] It is noteworthy that the number of through-holes 38 to be drilled and filled

is one-half the number of resulting outer connectors 31, saving process time.
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to package 10 and its neighboring like package iOX on the wafer. Another
dielectric insulative layer 44 may be applied to cover at least a portion of
the upper surface 74 before forming and coating the through-holes 38.
[0053] Also, as shown in FIG. 8, the invention may be applied to packages
50 25 having peripheral bond pads 20 ]aao'ng one edge 52 rather than
alonf0s5ear Ehegatialgaxit(? 6safetive padiagn, 50aTbejountel toarank otbes or to
31 of package 50 m formed.on ane ar. e nonpad edges 54 and..
A AR B S s G DS B e
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54 of,a gdie,is alsq w oxvN. i art. Accordi dj ith-.qther .
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B S A o ion
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comprising vias configured the same as outér connectors 31 on th
Palckiages 1aveds ofitmckogan ¢ ind iBleryviati 86 suheyrifesjSheldiensiuts-divdebsions

?9%2%% @@Wt@{ﬁg Eggéﬁfﬁ?y%ngfﬁg Q&%&éﬁf9dﬂ?i ﬁ@@ﬂ%g—mounted to a circuit

orresponding connectors are collectively bonded to one 10 another by a
Sirrgth edrlgwtive element, such as a solder bump) to reduce construction

t me[owéﬁgi”teWﬁéﬂﬂﬁe%ﬁ%ﬁggé? ﬁﬁ&%%éﬁ&&ﬂ%%ﬁ%?ﬁs%ﬁ%ﬁ? Dot of the

leads (not shown) connected to the outer connectors 86 for achieving a
dersir deniansienn aeeticn asepiahie conbigitiatien mes seofsphdkdfedep@tahen FIG. 11,

IfSAYERINg fL OsatGS SSORNESAVE AINSRT 0%, %ﬁ&%ﬁ%@ﬁ&ﬁ;ﬁ?gn with

assembly 90. The assembly 90 may be surface-mounted to a circuit

poreoR anstiRm BWAL (ODBBTWHEB thieppelsleg B 1D ise wpgtikRerPIAdOVer
muiiehiR 3asemloR e AL Qi p.Same HIENRIANS  DANEL ARG TR

configuration may be useful. As depicted in FIG. 11, an intermediate

sadiaeatt0Be ANG Hiels tims as rilradiutsiachnmecionege iy alafighfigitom

that of package 10B. The second package 10C has outer connectors 31C that are
electrically connected to corresponding bond pads 20C by conductive traces 28C. A
metallization pattern is provided on the substrate 88A. The substrate metallization
includes bonding surfaces 92 conforming to the via pattern of the second package 10C and
trace 94 which connect the bonding surfaces 92 to the outer connectors 86. The bonding
surfaces 92 may be of any shape suitable for bonding to the lower surfaces 78C of the
outer connectors 31C. The bonding surfaces 92 are shown as semicircular, but may be
circular, square, or oblong, for example.

[0057] Where the two packages 10B, 10C are of different sizes, but have outer
connectors 31B and 31C of substantially the same size and arranged at substantially the
same pitch, edge 82C of package 10C may be aligned with edge 82B of package 10B, and

the outer connectors 31C may be joined in-line to outer connectors 86 of the
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corresponding outer connectors 31 B of package 10B may be

superimposed over 20 castellated package | OB. A second package I0C

is shown as being smaller than package 10B, and the connector pitch

and/or via diameter thereof may also differ from that of package 10B. The

second package 10C has outer connecldrs 31C that are electrically

subrectei$ A0 Coreegpe Rdhgnd G pacisoR 0€ndye ebigdetthnb tnacem@8ilzaion 92,
taII| ation (g%ttern |s rowded on.the §ngtrata 88A. The s t[ate

ter connectors er.connectors 3o along edee 84B.
melimﬁfzatlon II’]CU nam sur aces COI”IfOI‘mII’] o the g &

pattéﬁﬂiﬂ‘]the&eshmdlpa(rkagect@@]andwtcaﬁ(gﬂ Wmmhltﬁwnmdmtmebstrate 88A
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eo any s ape suitable for ng fo ower aces
mdm?&:cmmmdtom Bdss. Trhaibmmm;ngtsmafhuecsem(@c@lsimmhbads may be formed
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tates I&Qmeywrétﬂiﬁqmmﬂeoﬁéhmdmmwme Hainelsidecatwid substantially

ed at e f
T T
masvaﬂief Ibmeghlthhmgmdt@ﬂe@ohﬁ%tcﬁ&%G of the - 13 substrate 88A. As

edg‘fﬁo%ge oo 84 GANOgL IR %‘%‘aﬁ%@&%@g@%Bgtﬁ?éf‘eﬁﬁiaﬁ%ﬂ%ﬁ‘c?ﬂ}?zg%rpose

may to connect outer cohnectors 31D to outer connectors
Horoyadple, 848U 0S8 [y bhowhstantiad wegtibread. viesomfeFidadidielgptric
[ v trace
B A, A TR T M FRCRE S epox
sllggnideabiditialeinnderiizined &Sl .o veirtdeauiddatieralbe. fordied yenate

QOE, OFNOIR GV EISIO %‘&%‘2‘1}) @%@ﬁ%ﬁwga“ ﬁ&"&? L?f&r?ff&&lg%fﬂﬁﬁtlple layers,

internal traces 100 may include, for example, full conductive vias 102,
Wﬁi@:hm@@@n@ﬁ&ml&m)@mﬁ)&gﬁﬁthéltnl:@fttﬁmbfaw@i}bm&ieg@&/m@)hble formed

Riind condictivensias: 1gedieh exigng only partially through the
intermediate substrate 88A. 10 [0059] The substrate 88, 88A may

comPRe9lny Aiareriayclscts sobihalpBPpdea. H}%rbéﬂﬁ’ﬁblé orreesdrbistidle, such
Ry SNy frflde ZpRPRAE Qcﬁ*%%ﬁté'guﬁgéﬁ‘?é I3, §§Rhn?a%r be

&
a fiber-reinforced resin. T%/e resin may be, %r example, epoxy, polyimide

blsediidecouzisbe(v) opolyie tamushokahyiEvienikrak riyiol oyanate
ESifclied DU AE A8, B Ak e aTiee Btloglayer oA Rmnate of

multiple layers, 15 each carrying conductive traces, or leads. Alternatively,

subdi8ed 133, Baatackinbe rdvmbly dfarckasandie belnetws oavedAEH Rer

@5&1‘[@93&'5 31 with intervening substrates 88 that include outer connectors 86, three of the
various considerations relating to the outer connectors 31, 86 which affect the
interconnection design are (a) via diameter 64, (b) outer connector pitch 68, and

(c) package width dimension between castellated edges 82, 84 (FIG. 9) of packages 10
which have castellated appearances due to the outer connectors 31 therein.

[0062] A low-profile multichip assembly or multichip module (MCM) 110 may
be formed from a stack of wafer level semiconductor packages 10 described in the
foregoing discussion. An example of such an assembly 110 is shown in FIGS. 13, 14, and
15. As depicted in FIG. 13, four semiconductor packages 10W, 10X, 10Y and 10Z
(collectively referred to as packages 10) are stacked with intervening substrates 88W and
88X (collectively referred to as substrates 88). The assembly 110 may include a support

substrate 112 for connection to a printed circuit board or other apparatus. As an example,
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[0060] Alternatively, the substrate 88, 88A may be flexible or rigid-flexible,

such as KAPTON(r) or another polyimide tape. The tape of such a

substrate 88, 88A may be punched, drilled or etched to form via

through-holes for making peripheral outer 20 connectors 86 (e.g., in the

same manner as outer connectors 31aé Tformed). [0061] For stacking a

pavalityiof padicagd$ Woithaninclpdeacastefiateagoutet isenneotoyscdiumwltbr, and

intervening SubsAes 89, at nglude. oujer, canneelors 88, N1S8.A e ¢ 1y arma
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I connection to a printed circul or other apparatus. As
exchopleas baingssurtler than frckiddeof@w ostar wionsprasedsol (zaskddever

g?aégi%@ IRERRY, %%%ﬂ'{;%ﬁrgg?seﬂﬁﬁrg%g i A0 AQ4 AR MEMENse of
evic uobs

s. The support substrate 112 may have an array of connectors 114
onckedowér kidad the. sTme vodthddtoreia dinmrisr 166 (Hlihe3iarnpetraconnector

?ﬁﬂh%?fﬁf@&)(% v@r&iﬁﬁ%%‘ﬁh&ﬁ"&h@ﬁﬁ&oﬁ%&% é?ag’gﬁt%%ﬁmpsubsystem
arrier (LCC), or 5 dual in-liné package (DIP), tor example. When

assblhb)lgd, the multichip qssembly 110_ comprises a cpmplete _
compyggfional Syt myAAVING AT PR RN @'ﬁl@%%ﬁﬂ%@e%%%é@éﬁ%ﬂsuate 88 is

may be as small as that of the lowermost package IOW. [0063] In thi

é&@ﬁﬁp@é@dtt@?@@@ld)ﬁénti@tb_fdhha@@a@w@,a&d@s@m@yﬁngheﬁm%@mhwea
g/bﬁéﬂn]&f%@éﬁc%ﬁ@a%% YR RS IHREN GRS L SRIE %ﬁ&f&u@& and

4). 10 Furthermore, the pitch 68 of outer connectors 31 of eac

soeeesigivaly dngheppdaskdpe rokigeshds autstirig &hv4liesuhsiangimlpilahsame
O NG BHIRL SOMRCIRESAL G NEXP LR P BEKABHHI DRSS WIS hich match

multichip assembly or MCM 110 is not limited to the use of packages 10
RElgnePtHecainaWdththa packacdidni¥elt sunaadthay dielsatae kosriceidhe

Qﬂfbfﬁ!c@%cﬂf dR2hPhckR YBSRIUNK G HORSIAN A0 FONSIHETRRAL MRIRR O
supsystem
condglctive traces 28 and 94. The footprint of both package 10W and substrate 88W on

support substrate 112 is denoted by the numeral 118W. Likewise, substrate 88X is the
same size as package 10X and has an outer connector 86X pattern that matches the outer
connector 31X of package 10X. The pattern footprint 118X of package 10X and
substrate 88X on substrate 88W is also shown. Packages 10Y and 10Z have patterns of
outer connectors 31Y, 31Z, respectively. Each of the packages 10Y and 10Z has a
footprint 118Y or 118Z which appears on the surface of substrate 88X.

[0065]  Starting with packages 10 and intermediate substrates 88, the MCM 110
may be 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
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15 modules. [0064] 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 pattern of outer connectors 86
which is the same pattern as the pattern of outer connectors 31 on the
underlying package. Thus, substrate garis substantially the same 20
sizeraspackaygs 1 OM/and bah paohttsri ©bperiphexa®utey bogmeciorsded to a
6W which match ; outer.conngctors 31 W of elOW. Iti te
T G R SR B K RETHO9 B br efit o
8&aret nobsraoevin 2irmdridb it ohitl irstratel ez endl ectiue df doe 123/ hi) 94 ypivelly, the

footprint of both,package nd substrate 88W on.,support substr .
R e L RS S 0 R R AT o whicn
samecsiredsrpdtNage X sindheds Gnmolutervesracec 086X pattBratimton the
matches th ter, connector f package 10X. The pattern rint
e RE R i SOMER e hRR01R88 300 AL SRR iBERlCh 14 for
Paukages ¢Oead VO have pauerpcao, bueaogieetiors @byGtek4,14 may

r tively. f th : I I S a if I} Y or
g P e T S
pitkgpdekaged G antiihierime diatecstiystraties B8isttle Ma@NeL ICCHapivectors,
@F@f&@ stacking the elements as shown in FIG. 13. Package IOW may

e considered as the lowest-level of the MCM 110, upon which are

conrl8@6sd, infsequenee Méistidteagasasripaedkeayel 50X a dotygprafdeg8yembly, as
nolpakaess LQX@%,%BT&% ﬁ§§B?HQII%QgS,]§I%EJBErO f%%%ﬁ(%@d}n d
€ gang-oonae toa lowe

86 of each package 10 or substrate 88 may
riemiér sy veesid enckiow .lﬁlaedria;wmydime MG IviEs G5 Aobent doibetie
WIENR 1 SHRROL SUBGILAIE I @%ﬁﬂ,‘%&b&'%’&gﬁ%ﬂﬂﬁ%&ﬂ%@ ment &f Mlighuy
MCM 110. Typically, the “support substrate 11Z of the MCM 110 will have
é@m@rr&ymﬂbbmmgmmw@@tmmbwaé uTémmﬁn@M@@@rwmaq@é 31
HasheHo GRndrCivaILAcES A O8N EHRYIZARASH Q2HDfe SRRk cal bond
substrate 112 connects the bonding surfaces 92 to an array of connectors
betwpsn mkﬁé@iimﬂéﬂhﬁ@ﬂw_@ MIibtiﬁeéydwmnb@@mzoﬁ’ow@kagﬁpn@awh@
GRS did Mgk GRPTISEamWRTkaRIe CPPEYCHYEIGIETEN B e ull
as a ball-grid-array (BGA), pin-grid-array (PGA), dual in-line connectors,
éyq@admw@)fq@e@ameﬁm@%meﬁb@m@im Byaispie .aﬁ@%e]w&wmgﬂy,
e MeM 110 8 853eiREH wigS Y BIR A0 WeREAI S AR SERNe S5 eRRRWEBbsed

FIGS. 14 and 15, which has no solder balls, pins, or other height-adding
outer connectors 31 and 86.

[0067] As already indicated, the intermediate substrates 88 may comprise any of a
wide variety of substrate types. For example, the substrates 88 may vary in rigidity from a
rigid material to a flexible tape or film. The support substrate 112 of the MCM 110 may
be similarly formed, but without castellated outer connectors 86.

[0068] As shown in FIGS. 14 and 15, package 10W and support substrate 112

may together be considered as a first package level 122A. Package 10X and intermediate
substrate 88W may together be considered as a second package level 122B.
Packages 10Y and 10Z, together with substrate 88X, may be considered as a third package
level 122C. Additional levels of packages 10 and substrates 88 may be added to produce
a desired miniature system or subsystem.

[0069]  As described above, the multichip assembly 90 may be readily fabricated

using processes and equipment which are widely used or known in the electronics



10

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 15 larger than, the lowest-level package IOW thereof.
The castellated outer connectors 31 and 86 provide an excellent electrical

bond and establish a strong mechanical®ond between packages and
substrateEhAprelatpecl( [Hrte pustbemetpaokagehavay bealnicokpesatgdess than
Ancl siacked asemphityRe MM 140, enabling areation. oh fhees, such as
sys?em or’su sy&em on a single }ow-pro]h e, chip-sized mu {ic Ip
aselntiblephypica ivndbetd e el Onid & pkalpsulafedhertmal teddestmic devices,
WRieraldp proechine. QUisrhiss exposed, pUic genpgetors S1 and ge.

f6 %9] s alre Jy Indicated, the intermediate substrates 88 may comprise

any B0 0YvideArteph dhs(ibspate tgespiar exanmplendhe swbdiratdsg8should

in rigidity f igi ial t lexible. film. Th -
b B T P T b BB P W Brvicine
vidsteti @zsté Harecicaateplapnerebois8i s (1) 68]ad s, stiloswamb sd BB nthHhihd
Q [ t [
B R R B ol b TS pRE:
88vnteay togeties foencbiisiderenzslansatondypzrkagiedeh tRa®ination. The

R ; t Wi i
T B S s ana
uiistegtd sBavaiatheativd ddud pitbd fior gal tie ditsdi phivriatidbagdstions.sleletions,
3HR jé(&ﬁﬁft?atﬁg%fd e AGSHLE %éﬁi@&%séﬁ AR %Q!P%ﬁ‘?ﬁ? W}?ﬂfn%]é’ﬂff‘éé%ﬁ gand
readily fabricated using processes and equipment which are widely use
ordnsow thincthiene lstro hicembeicisihstepyThe 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 electronic devices, such as cellular
telephones, handheld computers, and a plethora of other small electronic
devices, where such low-profile assemblies 110 are required or desired. 5
[0070] 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 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 10 scope of
the invention is, therefore, indicated and limited only by the appended
claims and
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their legal equivalents, rather than by the foregoing description. All

additions, deletions, and modifications to the invention, as disclosed

herein, which fall within the meaning and scope of the claims are to be
embraced thereby. - 17- CLAIMS What is claimed is: 5 1. A method for
assembling semiconductor device corﬁ%ﬁents, comprising: positioning a
semiconductor die, a plurality of conductive connectors carried by at least
one peripheral edge of the semiconc&ﬂqcéqﬂge, over a surface of a carrier
and in substantially parallel relation rface; aligning at least some
dohaustilencahisectors of the plurality of conductive connectors with 10
corresponding contact areas of the plurality of contact areas on the

surface of the carrier; and electrically connecting the at least some
conductive cohmegsters fwitisshmdorgesponaidgctoodeactcareapoien@, Fdreprising:
Reihasl ol eaim et aSHIONG dPERAMIEAnAUEIO e SRMPHF GBicast
Bosmonn’%g the semiconductor Hie over a surtace of at least one of an
intermediatersplivstladgcaos Uppomsuindiretie, deciveaitibosiatcartd earrier and in

semic%ra%lslt%{aﬂgﬁgt%}%% r‘léc}‘h% SH%ht%g ajﬂgém 1, wherein positioning the

second semicon evice component comprises positioning a

skegong gdmitondgstondietioecoonsetment thitiplunlsasf sondeatoiedwotivetors with
connectors of galiny: Af GRRFURINE, CONEFIRLS CIHAOG: IRSSSES: of th
formed f%er%i% anrgextenéins s&starﬁ%ﬁ%m aqﬁrst mpg%or surt%ce 0 eﬂ?et ¢
semicorduetomdie to an opposite, second major surface of the

gﬁ@&?&ﬂg %%Eﬂ{egfﬁfgztﬁeélat-[&%t %%%%@Ju%%c%nwga%@ W R %ﬁ %&Qgsg%ﬁemng

semiconductor die "comprises positioning the semiconductor die with't
recessegngfdieeas least some conductive connectors comprising
semicylindrical recesses. 5. The method of claim 4, wherein positioning
the semiconductor die 30 comprises positioning the semiconductor die

over a Zarrier Thelugihgbelichsmsbrmbaomactiizreas dithenphoralityiofdie
e e G R e S TR

method of claim 5,"wherein positioning the semiconductor die comprises
pueitiwdinty tibsseai condhieto ulistietee p altatiibpindlatihysamisasteemealevice.
contact

3. The method of claim 1, wherein positioning the second semiconductor
device component comprises positioning a second semiconductor device component with
at least some conductive connectors of the plurality of conductive connectors including
recesses formed therein and extending substantially from a first major surface of the

semiconductor die to an opposite, second major surface of the semiconductor die.

4. The method of claim 3, wherein positioning the semiconductor die
comprises positioning the semiconductor die with the recesses of the at least some

conductive connectors comprising semicylindrical recesses.

5. The method of claim 4, wherein positioning the semiconductor die
comprises positioning the semiconductor die over a carrier including at least some contact

areas of the plurality of contact areas that are located on a peripheral edge thereof.
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areas of the plurality of contact areas that include recesses formed therein
that extend substantially from a first major surface of the carrier to an
opposite, second major surface 5 of the carrier. 7. The method of claim 6,
wherein aligning comprises aligning at least some recesses of the

recesses of the at least some conducfiVé connectors of the semiconductor

die witlo.corre$pondithpdedetsesoitheah lpast sometoostadt ardasofdbe
caiTier A0, Ste method ofdaim, 7. wibereln, eleelricaly, SaneFie.ome contact
fcltdes ﬁ%roé’ucn%g apre Grmed erongate conductive elemtent within

aligned ttecdssdg obdlatdeast apes tonduttidercarnssectomofd feinahst extend
G HOREIYE RANGSIOrR AR O&ath'eeaa%}'%’r”f% gonsactarea of e At surface
eas% Some contact areas. 15 9. The method o clalmpé), whérein !
efebtricalgrconnecting comprises introducing an elongate conductive

element that is in electrical communication with a contact area of the

plurality of contact areas of the carrier into a recess of a corresponding
conductive colimecishot thelaine@stvsome dgdustiveposmsedigrmghtheast some

%eec’@éfe%”oq%ﬁéolfegé‘ésgsoo 1%%%%%?;3&%% é‘o?.%i[f&?\% %E&ESC&%“SFG

Hl%ns%llﬂﬂ:onductor
conductive connector. od of claim l, wherein electrica Yy

donwebtiogrepoplisg septasing! dondleairsomateridhtfeeeerf the Girtisast

some conductive connectors and the corresponding contact areas. 25 11.

The method of claim 10, wherein electrically connecting further comprises

bonding. discréte gqugmitiescdfithe .cohdatticleatnatdlyalcaneciorg doslddetive

ﬁ&%lﬁl%ﬁﬂr% (?:?‘l%?mﬁlié& %ﬁ&a@a @%@%@H&é‘%ﬁ‘e&%ﬂ%ﬁiﬁﬁaﬁ R recesses of at least
Ing c re

correspo ontact area of the corresponding contact areas. 30 12.
Pheaeratheity o f erapataiooiiierel papl aeing coddeitis eonTeeins ashaprskesst one

placinpsoldrReMesn DR ALiGRRY gRe conductive connectors and the

corresponding contact areas. - 19 13. A method for assembling
semiconductor device components, comprising: positioning a

semicapductofflic, coImPURLIS:A B WAl PLLRRUATNG GRANAGISR RRALed

introducing an elongate conductive element that is in electrical communication with a
contact area of the plurality of contact areas of the carrier into a recess of a corresponding
conductive connector of the at least some conductive connectors of the semiconductor die

so as to contact a surface of the corresponding conductive connector.

10.  The method of claim 1, wherein electrically connecting comprises placing
conductive material between the at least some conductive connectors and the

corresponding contact areas.

11.  The method of claim 10, wherein electrically connecting further comprises
bonding discrete quantities of the conductive material to each conductive connector of the
at least some conductive connectors and a corresponding contact area of the corresponding

contact areas.

12. The method of claim 10, wherein placing conductive material comprises
placing solder between the at least some conductive connectors and the corresponding

contact areas.
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on at least one peripheral edge of the semiconductor die, over and in

substantially 5 parallel relation to a surface of a carrier; aligning at least

some conductive connectors of the plurality of conductive connectors with

corresponding contact areas of the carrier; and positioning the at least

some conductive connectors against thlegc'orresponding contact areas. 10

14. The method of claim 13, wherein positioning comprises positioning the

semicopguctor, die over.the surface of a carrier comprising at least one of . .

o nteneciats e B L G B R Cising

pestiicomguctomdevide:tdsdideormerimeghopl whkizioh dBdwtieretvopasivoniocpted

the semicgnductor die .comprises itioning.a semiconductor die with at ..

jonot oo KAl AT S B R e R Y

connegiardli cliding reeessescfofmeattieerein and extending substantially

from. a first major surface of the icon or, dig.to osite, secand ..

P e A U R P S O SRR s wiy

whereinopesjtioding thetsscueds séthicondectard device comprises

pesiioninaibe semySondueiar i Wi eRCasRaS B8 ALEAT PMRiac
onductive connectors comprising semicylindrical recesses. 25 17. The

methodefislaim 16, wherein positioning comprises positioning the

semiconductor die over the surface of a carrier comprising at least some

contact areas of the plurality of contact areas that are located on a

periphdrhl eddbaegidof! aBclaine Ihetthotkof paineing wérapsiseppsitionimg the

Q@ﬂ?&&?cﬁ?ct%?ﬁﬁ%%&qﬁg§u§9c§%ﬂ%%ﬁ‘i'é{%8&gfﬁsﬁ %HQ%F lage Rl Rermediate

carrier comprising at least some contact areas of the plurality of contact

anbsigathat sphadesrbstaises fowiebandseindarrgtheewhkieinddevibstantially

from a first major surface of the carrier to an opposite, second major

surface of the carrier. -20- 19. The method of claim 18, wherein aligning

comprises aIi@j hingpethfsledt Csl@ilﬁelﬁe@é@ség posh@mé@@@eggmﬂm@imtm@c
SOMGSONEUGHYE: £ORNEHIRH RIHDE AEWIGPRAUEPL e WHRCQUESRREIBE of the

recesses of the at feast some contact areas of the carrier. 5
plurality of conductive connectors including recesses formed therein and extending

substantially from a first major surface of the semiconductor die to an opposite, second

major surface of the semiconductor die.

16.  The method of claim 15, wherein positioning the second semiconductor
device comprises positioning the semiconductor die with the recesses of the at least some

conductive connectors comprising semicylindrical recesses.

17.  The method of claim 16, wherein positioning comprises positioning the
semiconductor die over the surface of a carrier comprising at least some contact areas of

the plurality of contact areas that are located on a peripheral edge thereof.

18.  The method of claim 17, wherein positioning comprises positioning the
semiconductor die over the surface of a carrier comprising at least some contact areas of
the plurality of contact areas that include recesses formed therein and that extend
substantially from a first major surface of the carrier to an opposite, second major surface

of the carrier.
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20. The method of claim 19, wherein electrically connecting includes
introducing a preformed elongate conductive element within aligned
recesses of at least one conductive connector of the at least some
conductive connectors and of at least one contact area of the at least
some contact areas. 10 21. The method®bf claim 15, wherein electrically
connecting comprises introducing an elongate conductive element that is
in electyigal C%mm“rﬂf}f'of‘ Yith s Contach aed;ol tc!‘oe 'H%‘S“%X ligeALt some
areas of the carrier into a recess of a corresp dlﬁ Ve cannector
(ﬁc&wealoIBastrsmmmﬁthaatlmxt(snneciandlmhﬂteceaIIansdﬂaharsdlmdfﬁldmctor
3%‘&1 fORRSLS %lH”aCre Qldhe carrespondin 8%8%%8{%%&1%0'}‘{%‘3‘” i2f

e method of ¢ f§ Wherein electric ﬂy connecting comprises pfacmg
conductive material between the at Ieast some conductive connectors and
the _cogiesponing SRNIAG! AIRRS2Q R 5MALARY O laim 26 ihetein
electrlc ally connecting further comprlses |ng Screte qguantities o
m&@bndlgmpeefnatedaﬂwmmodndwlmmmm atighed micksast sorhizast

S c

O
ptatiatacemaubive levatedalecomiprisasaplacing solder between the at least
some conductive connectors and the corresponding contact areas. 30 25.
A method for assembling semiconductor device components, comprising:
positioﬁihg a $bminethddioforidin b@smemjnfab@tdf:dlamime@m@a@mriees
%ﬁ a&%ﬁﬂ%ﬁ@ gé?faﬁme éL O ATRGERLICALIEAN ARG RGP R ith a

ge oft e semiconductor die, the at least one con uctive connector
irsoliadirigea o€ deesplimalit2af- contime ertae rddhetbmiec e @xgessdipigp corresponding
suhsientialy o A el mARL e ACE ARG S LHRORINAPIACIR Bhauctor die
opposite, second major surface of the semiconductor die; aligning the at
mt@mré@ﬁcmﬁ@@@ﬁﬁmoﬁmm@n@weMmmmm area on the
surface of the carrier; and 5 electrically connecting the at least one

conductive connector with the corresponding
22.  The method of claim 13, wherein electrically connecting comprises placing

conductive material between the at least some conductive connectors and the

corresponding contact areas.

23.  The method of claim 22, wherein electrically connecting further comprises
bonding discrete quantities of the conductive material to each conductive connector of the
at least some conductive connectors and a corresponding contact area of the corresponding

contact areas.

24, The method of claim 22, wherein placing conductive material comprises
placing solder between the at least some conductive connectors and the corresponding

contact areas.

25. A method for assembling semiconductor device components, comprising:
positioning a semiconductor die over a surface of a carrier, at least one conductive
connector located on or adjacent to at least one peripheral edge of the

semiconductor die, the at least one conductive connector including a recess in a
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contact area. 26. The method of claim 25, wherein positioning the

semiconductor die comprises positioning the semiconductor die over a

surface of at least one of an 10 intermediate substrate, a support

substrate, a circuit board, and a semiconductor device. 27. The method of

claim 25, wherein positioning the semicdnductor die comprises

positionimtath¢hsemichrdecior dienlitiy thibsaoashyof the afifeastpneurface of the

conductive co ‘gct F.com risi 0%1% ss%rcrz)lcxlmdrlcal fecess. tlSnglcongqur die:

method of claim ?wﬁerem 5)8 loning the Samiconductor gie comp

plasitignihe a:hbaenmoamhmmecbemetoawamecdnehmh@@tdewma on the

contact area !)% ted on a ag)leirlpheral edge thereof. 20 29. The method of

claim zsél erein posmonlng the semiconductor die comprises

plesitioaliygdneesany conauetor die aveluatoarciamientiudingd) dtdeastsmmding

contact, %ﬁ%& h t includes a recess formed therein that extends

substanti ally from a first major surface of the carrier to an opposite,

second major surface of the carrier. 25 30. The method of claim 29,

whereig align r ngg e t

st 0ng o e Ban M e e eI AL B

o@mmmsi@asttlonmgdmaarm@aimtmelwma Surfadee hraeihad @feotdimn 30,
élalg eCicallk Ce? (? des SRRy 9&9'%%%%&%?@&%& or device.

con uctlve element’ WI allgne recesses o e at'least one con uctlve

connector and of the at least one contact area. -22- 32. The method of

claim wh | e %mg

preforzn%d eliiil%g;lt%%%}rq géz@%ﬁﬁﬁﬁpﬁ g %ﬁ%ﬁé%ﬁ%% comﬁﬁ%ﬁ%ra(tlllgn

mmhm@ap%amrm@th@maucmé@mﬁme vallrideiraeesh efrdeerdeasthacaonductive

leastone % sggﬁ@}qﬁjigﬁgiltggégmlconductor die so as to contact

a surface of the at east one conductive 5 connector. 33. The method of

claim 25, wherein electrically connecting comprises placing conductive

materighbetweRd el RS AN £AMEHE CORRRINAN B ducior die

corresponding contact area. 10 34. The method of claim 33, wherein

efeepricapesohriang m]@efmmé(pl@ghmpng@gwer a carrier including at least one contact

area located on a peripheral edge thereof.

29.  The method of claim 28, wherein positioning the semiconductor die
comprises positioning the semiconductor die over a carrier including at least one contact
area that includes a recess formed therein that extends substantially from a first major

surface of the carrier to an opposite, second major surface of the carrier.

30.  The method of claim 29, wherein aligning comprises aligning the recess of
the recesses of the at least one conductive connector of the semiconductor die with the

recess of the at least one contact area of the carrier.

31.  The method of claim 30, wherein electrically connecting includes
introducing an elongate conductive element within aligned recesses of the at least one

conductive connector and of the at least one contact area.
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bonding discrete quantities of the conductive material to the at least one

conductive connector and the corresponding contact area. 15 35. The

method of claim 33, wherein placing conductive material comprises

placing solder between the at least one conductive connector and the

corresponding contact area. 36. A method for assembling semiconductor

device Tom pmmtmmrmm-zzmetmdmﬂmmwmmﬂmm

@Pec‘gr?m OreQ o%éﬁc' d'”ag lyralie of.condyetive con gc?cm[ 2 Cﬁ%‘fﬁﬂcmn

perip eral e ereof and a corresponding plurali

&aﬂthhctatéetm(cms cantaeddngaaxﬁ dlexxlafndmgtadlose:esssnfrfh@etﬂeessemse 26nductive

QUK Bf e soe]:c S f'rﬁ’& 36 g}lﬁ%nsd uct([)r de su gene @01t one conductive

%stantla para el relation to the sur ace gnlng al least some

comhsr@@we connectors of the plurality of conductive connectors with

corresponding contact areas of the pluriality of contact areas on the

surface of the first semiconductor device component; and 30 electrically

connedctihg th@@ﬂm@@oﬁ@@ﬂdwﬂwﬁoﬂn@d@m@h@ing comprises placing

ConRRoRdIng CPRIRCL AN ‘?ﬁ‘éat% St oneTc'ESSdﬁ‘c‘? POLRLERIMAP BRI onding

positioning the second semiconductor device component comprises
posiiticinireg. the second semiconductor device component over a surface
of at least one of an intermediate substrate, a support substrate, a circuit
board, and a semiconductor device. 5 38. The method of claim 36,

whereifithe sébomtderhidoidocicr dbvice dontporiricoonsprigdsrther comprises
SHH%%rHi QL e§8f hee &EQ&%%&&@ RnYAqLaL RRSURRIve

e se sem ctor to V|ce component comprises positioning a
S@W@WMW@P@W@@M@@M with at least some conductive
connectors of the plurality of conductive connectors including recesses

formed therein and extending substantially from a first major surface of the
second38emicbheusibod evideisosipvhersinpkniog poritectsedoad@rbjomprises

ﬁﬂéﬁfgesﬁdg}%e%%}pglé 9%8&'1%%85&11%\’1‘9@ GRARGHH the corresponding

contact area.

36. A method for assembling semiconductor device components, comprising:
positioning a second semiconductor device component, including:
a plurality of conductive connectors carried by at least one peripheral edge thereof;
and
a corresponding plurality of conductive traces carried by and extending across a
surface thereof,
over a surface of a first semiconductor device component and in substantially
parallel relation to the surface;
aligning at least some conductive connectors of the plurality of conductive connectors
with corresponding contact areas of the pluriality of contact areas on the surface of
the first semiconductor device component; and
electrically connecting the at least some conductive connectors with the corresponding

contact areas.
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15 40. The method of claim 39, wherein positioning the second
semiconductor device component comprises positioning the second
semiconductor device component with the recesses of the at least some
conductive connectors comprising semicylindrical recesses. 20 41. The
method of claim 40, wherein positionir‘ufr he second semiconductor

device §ompohentretmpisemnpoSitionieg:thesdton dsdmseondlstioiconductor

gev.lce comgr(l)er}l%nt over a fir semlcl&nductor device ccﬁmgpcr%\ﬁeﬁt&rggr%%@ ot

ST RO oA Araa S e BlUralty of Contacl aleas that ar
locatesudiha perighataiedyatherenic@btd 2uishatmethppaf sidivmadd a circuit
\Slga%eiarlllgg%iéirglncig&m S &%@9 semiconductor device component
comprises positioning the second semiconductor device component over

a first semiconductor device component including at least some contact
areas ofhe_ Al ol Caniagh eas el EudE Teresses meicyice
thereinthat extend su stantlz;fllfl‘[f/1 from 2 first major surface ofr the Tirst
semjpoontiusiopdesdcescompahetmitdearopposite, second major surface

of the first semiconductor device component. -24- 43. The method of claim
42, wherein aligning comprises aligning at least some recesses of the

rece;séQ.of th"éhatn‘?&mcmfmblmﬁdu@wmmqmgdhmmmiconducwr
AEUED %H?Jn@'%X%ﬁfn%%?léé?!%%ﬂﬁ%'%I‘s8955%5%%96981{38?8?%%e%%e%{?ﬁem with
reas of the fir t.5

least some contact semiconductor device compon
4leTHheamethodleftotairmmecintsareincgibenlicn iy corhiettingdnetaiesincluding

?&Ué’sgé’sciﬂﬂr?e@fﬁé?&%‘ %%%%g@g%%%ﬁ%&@%ﬁﬁ%rﬁﬁé@‘iﬁﬁ}o@'&gﬁﬁge of the

recesses Qf at least one con ve connector Qf the at Ieas'g some
sesmdctive sopectodevagrcofmppleasttona appatict saeamdithjorsulbasst of the

SomE SRSk aleRs- d%Qi@é:’co _Om:%@od of claim 39, wherein electrically

connecting comprises introducing an elongate conductive element that is
in electrical communication with a contact area of the plurality of contact

areas ofjhe fifgl SEMIEANAUSIANL 30VIERFAMPORENiHR A ALERISAifonductor

corresponding conductive connector of the at least some conductive
device component comprises positioning the second semiconductor device component

with the recesses of the at least some conductive connectors comprising semicylindrical

IeCesses.

41. The method of claim 40, wherein positioning the second semiconductor
device component comprises positioning the second semiconductor device component
over a first semiconductor device component including at least some contact areas of the

plurality of contact areas that are located on a peripheral edge thereof.

42. The method of claim 41, wherein positioning the second semiconductor
device component comprises positioning the second semiconductor device component
over a first semiconductor device component including at least some contact areas of the
plurality of contact areas that include recesses formed therein that extend substantially
from a first major surface of the first semiconductor device component to an opposite,

second major surface of the first semiconductor device component.
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contact a surface of the corresponding conductive connector. 46. The

method of claim 36, wherein electrically connecting comprises placing
conductive material between the at least some conductive connectors and

the 20 corresponding contact areas. 474The method of claim 46, wherein
electricély cofihectierydd ﬂhdam#mmebmitgmggiMqummﬂﬁ@anﬂeast some

the cond (Ehwe materl %1 %onductlv nectoro the Ieasts me
TECESSES. O € IreCeSS cast some C nec OI‘S Secon

condlictive connectors and a corresp on8|n contac area of
smrespdmimgiez&@wmamaetm&ﬁmpqm&mmmamﬁthf? awmne contact

lacin ¢Q uctive. mater ta cam rises glacltng solder between the at least
€as { II‘St SEmiconaucior devige COo1;
some conductive connectors and the rrespondlng contact areas.

44, The method of claim 43, wherein electrically connecting includes
introducing a preformed elongate conductive element within aligned recesses of at least
one conductive connector of the at least some conductive connectors and of at least one

contact area of the at least some contact areas.

45. The method of claim 39, wherein electrically connecting comprises
introducing an elongate conductive element that is in electrical communication with a
contact area of the plurality of contact areas of the first semiconductor device component
into a recess of a corresponding conductive connector of the at least some conductive
connectors of the second semiconductor device component so as to contact a surface of

the corresponding conductive connector.

46. The method of claim 36, wherein electrically connecting comprises
placing conductive material between the at least some conductive connectors and the

corresponding contact areas.

47. The method of claim 46, wherein electrically connecting further comprises
bonding discrete quantities of the conductive material to each conductive connector of the
at least some conductive connectors and a corresponding contact area of the corresponding

contact areas.

48. The method of claim 47, wherein placing conductive material comprises
placing solder between the at least some conductive connectors and the corresponding

contact areas.



