-1 5 5 Decenber 2005 SEM CONDUCTOR DEVI CES | NCLUDI NG PERI PHERALLY LOCATED
BOND PADS, ASSEMBLI ES, PACKAGES, AND METHODS TECHNI CAL FI ELD The present
invention relates generally to packaged sem conductor devices with a |ow
profile. Mre specifically, the invention pertains to mafersl vq% %_ ages
having a true chip profile or both of a.ghip profile and a %f P ot print.
10 BACKGROUND The di nensions of nmany different types of state of the art
el ectroni c devices are ever decreasing. To reduce the dinensions of

devi ces, ot hor RACONISUETO DICPHCIRY Ig?%%i@g“’“?mﬂsﬁﬁ%%ﬁ@ of
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boards, nust become nore conpact. |n general. the goal is to econonically
pr oduce a chi p- scal e package (CSP)T@ﬁgﬂﬂgyghg t size possible, and with

conductive  strucqgl C@%sen? nfich }e?zﬁg?%en@aﬂ?ito gﬁckﬁgéﬁ%ﬁﬁ%&@ugng{ic%ﬁﬁ do

not significantly tributeto vera Ize

di mensi ons, flow pfilee Murébgdcifically,ahy @iventidn gditapertd arateries] beskelkes R&ikne
approach to reducing the sjizes of assenblies of sem conductor devices and
circuit boaraiBuhelyp pedHe ppbotheif gickep pmélepndsa shinsfostprinte seni conduct or

devi ces and other el ectronic conponents upon carrier substrates (e.g.,
circuit boards) so as to reduce the distances the sem conductor devices
protrudgofromthe carrier substrat eBAVHGRODISNDYpes of packagi ng

t echnol ogi es have _been developed to facilitate orientation of 25

senm conduct or devieedimepsiansal mpwy didigrst fypeeaf stzc ohthe aregietronic devices are

Conventi onal | sem.conduc i ka are l.ti-layered structures,
Cypl cal 1y e afaehaap R Bheelfl i RRREBRERr Afe ity LR ELSTS ke,
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of encapsul ant material, for exanple. |In addition, the |eads, conductive

bunps, or pilectinicenmpanents o theseA¢densdiie paskagrshand assntded with esrriofh sedh

el ectri Il y._ connect ch ckages to carri subsirates,.as well .a
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the overal |l thicknesses of ) _ ) o
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.

20 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

25  semiconductor devices upon carrier substrates in this manner.

Conventionally, semiconductor device packages are multi-layered structures,
typically including a bottom layer of encapsulant material, a carrier (e.g., leads, a circuit
board, efc.), a semiconductor die, and a top layer of encapsulant material, for example.
In addition, the leads, conductive bumps, or pins of conventional semiconductor device

30  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 packages protrude from



t hese sem conduct or devi ce packages and the distances the packages protrude
from-2 5 Decenber 2005 carrier substrates are greater than is often
desired for use in state of the art electronic devices. Wafer |evel

packaging (W.P) refers to packaging of an el ectronic comnpon ile it is
still part of a wafer. The packages that gre fornmed by WP g%@égg’@éf%dse 5
generally considered to be "chip-sized" packages, at |least with respect to
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the sem conductor device. Flip-chip techniques are applicable to both bare
and packagedthesdronc ohitawiser mddwlesefSstacked dick aupydist lintpe-diaicpnnegfien comprising

i conduct i ce, .which_ typicall | d N d i
o cal led  oiafergplie vy & by el RS b vl A BN bl udes a

sem condyct ofr@ie and a carrier substrate, which is typically 20 ternmed an
"interposer"™. The interposer nmay be positioned adjacent either the backside
of the sem conductHip-chip" techidiegiaes ongingtingowith cenirdlzd @ollipse ebip. cothentionhe

i nterposer | osifiqgned.adjacent the backsi de of the seniconductor _die,
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cont act ar easichammeincgidbeardi finflpechie spbnalbgy thdberigehds ontadict padisofen t he
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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
20  termed an "interposer". The interposer may be positioned adjacent either the backside
of the semiconductor die or the active (front) surface thereof.

When the interposer is positioned adjacent the backside 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

25  on atop side of the interposer. These contact areas communicate with corresponding
bumped contact pads on the backside of the interposer. This type of flip-chip assembly
1s positioned adjacent a higher-level carrier substrate with the backside of the interposer
facing the carrier substrate.

If the interposer is positioned adjacent the active surface of the semiconductor

30 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



30 die, the bond pads of the sem conductor die nmay be electrically
connected to correspondi ng contact areas on an opposite, top surface of
the interposer by way of internediate conductive elenents that extend

t hrough one or nore holes forned in the -3 5 Decenber 2005 i sep
Agai n, the contact areas conmunicate w thzcorrespondi ng cont @wgﬁﬁé R
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type sem conduct or evi ces nmmy ncl u encapsu ant teria ove
portions or chibpickagésalphds aaidlitsm‘ontekmndmg&emsﬂrmaﬁw €lecttibdly mamd:uct or
die. 20 The thi cknesges of conventional flip-chip t]épe packages havi ng bal |
grid array QWrimetr BRI 8l %Fléea@fqt%oﬁ%paﬁﬁéo sl Eat flsp sRares Biss of

the sem congl SeePhdne disfiicd ﬁ?@f@&ﬁqﬁe C ﬁggféﬁs_ve mat eri al t herebet ween,

and the con ve structures ) that protrude above the
i nt er poser or theTBesﬁaeebetmbmthedntemoéa amitthe tdrdier dubstkatpackdgestt open or
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(MCM results in ative prof| I"ar ge rint device
of the foregomg types of ﬂip—chlp type semiconductor devices may include an

encapsulant material covering portions or substantially all of the interposer and/or the
semiconductor die.
20 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
25  in small, thin, state of the art electronic devices. Furthermore, use of this general
construction method for producing a stacked multi-chip-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  aportion of the profiles of semiconductor devices. While interposers that include
recesses for partially recelving semiconductor devices facilitate the fabrication of

thinner flip-chip type packages, the semiconductor dice of these packages, as well as



Thinner, or lowprofile, flip-chip type packages have been devel oped which
i nclude interposers or other carriers with recesses that are configured to
receive at least 30 a portion of the profiles of sem conductor devices.
Wil e interposers that include recesses for partially receigE?% ber. 2005
semi conductor devices facilitate the fabrication of thinne TrBeEA%5t ype
packages, the sem conductor dice of these packages, as well as -4 5

Decenber ZOQEtehHI{-(ﬁafé%@hai&iv%&%ﬁw th& ROEIRESohdale RRQLHMARs Beyangd thde

outer surfaces of either the sem conductor di'ce or the interposers,
undesi r abl y sagdcdnduttoedichioc Reestsgmsat, widesieablpadkiagbs thidknSssefaf thases
5,541, 450 and 5, 639, 695, both issued to Jones et al. (hereinafter 5 "the
V450 and ° 69%CE3E%nt "), disclose another type of flip-chip type package,

whi ch includes ' int 20 : t endi ng
conpletely ther Zﬂt}'ﬁf g&%&&ﬁ%’w&a@d%&@hﬁ%f g%gﬁ%gé%wp%g Eﬁg?'t(ﬁgﬂteﬁlﬁgﬁ)e

formed by sétiw 1450 aad ‘6EnPatansodisdlowdianother 8pt loy flippclap ¢yrergaekagsyobichat e and
el ectrically connecting the _jnterposer to _the carrier subst raiﬁg before the
seni conduct gRcilfies ansinisrpaser With pispmicoRAterdic 1esepigcieratending capistely The

serm conduct Ghe oyl AR08 e CRARNCE bHSEL BIERLY bt hdheatRERIndIpNd pads

of the sem conduc e to correspondi ntact areas on r poser,
and regi ons semid¢diductot dieplizenly fdj @taatsubbteaté eckgdeadbdlynmynédimg the

encapsul ated. Wiile this nmethod results in a very lowpraofile flip-chi

type packagenterraser 9dbk syactamaHite Baforethe sgmicopdicieralis 15 slesti¢ally conpsat

pe pack . . vy 9l B
necessary t Qo The joedity RE SRR ML e i lRY Baf? ©°

t hereon. Mor@auedt bohd padpastkhgsongcomiubre dif tolchresgpBBinPabamntt areasrgpl theat es t he
process of connecting _sem conductor devices and other_ electronic
conponent s tiBteEpasar and Fegiens i thi iaterpasenriacenbihe reqepslsundy HEN RSt ed that in

der to obtai > g A
Footpri nt  comsispfhutd "WRES, eBRE SRS il b o EBNORSBRRIRE 0 e SRERKL 10
may be si gnithé padkaly cgineabetestet 8&pardielydrda thedfanidreubanite; oRsln edsolt, idtte:

thereof. Thus, there is a need for sem conductor device packages that have
di nensi dAs Raskageds yaetipbleds mupalsotigaceessars sp B15eITH ghasamBersubsite andany

Z g m conduct Oorthgec\é;‘n%%ngﬁts ﬁ%?&)n %&Jégkge?,sﬂle %ﬁcﬂ@nlg rﬁéth&? bf &%Gg@i"ﬁgﬂtmt hods.

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

20  footprint area of such a low-profile package may be significantly greater than the area
of the semiconductor die thereof.

Thus, there is a need for semiconductor device packages that have dimensions
that closely resemble the corresponding dimensions of a semiconductor device of such
packages, as well as for packaging methods.

25
DISCLOSURE OF INVENTION

In the present invention, semiconductor devices include bond pads, or outer
connectors, that are located on one or more peripheral edges thereof. The outer
connectors, which facilitate electrical connection of the semiconductor device to a

30  substrate, such as a test substrate or a carrier substrate (e.g., an interposer or a printed
circuit board), may be arranged on a peripheral edge of the semiconductor device in

such a way as to impart the semiconductor device with a castellated appearance.



DI SCLOSURE OF I NVENTION In the present invention, sem conductor devices

i ncl ude bond pads, or outer connectors, that are |ocated on one or nore
peri pheral edges thereof. The outer connectors, which facilitate

el ectrical connection of the sem conductor device to a 30 substrate, s%ch
as a test substrate or a carrier substrate (e.g., an interposescepber200
printed circuit board), may be arranged on a peripheral edge of the
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with a caste ?ate appearance. -5 5 cenber 2005 Optionally, the outer
connect or s nay majot smiface efhs sewidohdiictendesing ts absthamnopaisity nfajasurfeceeofithe or
surface of the _sem conductor device to another, opposite major surface of
the sem corf§Bu¢BAuelayiedce- By way of exanple only, the outer connectors may
be fabricated by ] ’éﬂﬁﬁ LSt ! i i L - i aces of
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(e.qg., silicon, q?al | i um ar seni de, indium phosphide, etc.) or a full, or

partial, so-SCEHEd 89Nk fAbEEHITRUbREE.fush ay Shyl) ornpial sipbartof seraicpadygtive 5

silicon-on- ] SQG : S|l - QN-Q1-ass

111 con- on- S ek Shleef TR ftenidl, e PREE ¢ 1Y IR Bl So-
circuitry exfatiedsilitopontmnthiea@OIpspe biztaRTelha sdohvwh-cdrhie¢8OCh each
sem conductor device on the fabrication substrate to_a boundary, or
"street", Lubteae stivan-cnogirsdadiosabstags, slisorma-sapphiig (§9§h§u‘i§g‘ﬁiec%tﬁduct or
devi ce. At the . el. i {ve.vi i d
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el ectri cal | yeatlpbsihicbhdiRtoridesice®y tEOfApfit fRnaubatatdtolb Amandy] by sa@kettonduct i ve

material or have hol |l ow portions extending substantially along the |engths
t her eof . Updittwespethatrigmirnduefpadente ang olttsemiepadpeiasdaviesmAdrihe

anot her, whi,ch .S typi to.in_ th # cdici ng”
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on the resuldfithgsudeirhrAey RimedigEhe elkctiibsllysdondiudttiedasahale iss@sotignduct or
device. 20 As outer connectors formed in this manner extend substantially

f rom an ldct i grantigaficaaductise muerishexhayiedellow noméonsexicndingsebymtipdlyiatang
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and_ t he bac e’ sem con device. "Accordi 2t HEr the
active surf ageiRE, wiieh Ragkicsiter@fedao setHeGEUdicHg”, each conductive via is

bisected, creating outer connectors that are positioned on the resulting peripheral edge
of the singulated or diced semiconductor device.

20 As outer connectors formed in this manner extend substantially from an active
surface to the back side of the semiconductor device, portions of each outer connector
may be exposed at both the active surface and the back side of the semiconductor
device. Accordingly, either the active surface or the back side of a semiconductor
device of the present invention may be joined and electrically connected to one or more

25  other semiconductor devices or semiconductor device components (e.g., test substrates,
carrier substrates, etc.).

Assembly of a semiconductor device according to the present invention with
another semiconductor device or semiconductor device component may be
accomplished without any significant intervening space between the assembled

30  semiconductor devices or semiconductor device and semiconductor device component.
In assembling a semiconductor device of the present invention with another

semiconductor device or a semiconductor device component, the outer connectors of



device of the present invention may be joined and electrically connected to
one or nore 25 other sem conductor devices or sem conductor device
conponents (e.g., test substrates, <carrier substrates, etc.). Assenbly of
a sem conductor device according to the present invention MAE? aﬂoﬁgﬁ?
semi conduct or device or semi conductor deyice component may BEPCFLRG P shed
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hei ght-adding inter-die connectors, such as solder balls, bond wres, and
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inter-die connectors, such as solder balls, bond wires, and the like. As a result, a multi~
chip module that includes semiconductor devices of the present invention may have a
20  minimum profile dimension (Z dimension).

Additionally, a multi-chip module that includes semiconductor devices
according to the present invention may include a support substrate which has a footprint
which is substantially equal in size (i.e., X and Y dimensions) to or only slightly larger
than the footprint of the remainder of the multi-chip module. The support substrate

25  mayinclude conventional contacts (e.g., bond pads if the support substrate is an
interposer or another semiconductor device, terminals if the support substrate is a
circuit board, contact areas on leads if the support substrate comprises leads, etc.) to
which outer connectors of the semiconductor devices are electrically connected. By
way of example only, each contact of the support substrate and the corresponding outer

30  connectors of the semiconductor devices may be electrically connected to one another
(e.g., secured to a contact of the support substrate and located between adjacent

surfaces of corresponding, adjacent outer connectors and/or within recesses of



according to the present invention may include a support substrate which
has a footprint which is substantially equal in size (i.e., X and Y

di rensions) to or only slightly larger than the footprint of the remai nder
of the multi-chip nodule. The support substrate 25 may i ncl #tdﬁ convent j_onal
contacts (e.g., bond pads if the support gubstrate is an | FHBOET

anot her sem conductor device, termnals if the support substrate is a

circuit boar&brreﬁﬁi}mﬁﬂ% a@j%@é}ﬁ offer L&Ak b ng@nﬁ%%cm@ %’ia[té’l-lag g{}g%l&éres

| eads, etc.) to uter connectors’o uct or tes afe
el ectri cal | ya codnetiteast. coBguctoaiyll«af elestangl etc)rihywareasiduciond piat odthéhe
support substrate and the correspondi ng outer 30 cqonnectors of the

sem conduct oYORAMNS LWEUFHNE SRICRI e S Rl slndiag daresbighere apatkic anfe g.
secured to a%r%%&@ﬁ&mgfle E8Ba %Ba%at& a%utﬁ?zéragti%ﬁtiﬁ eée?&@cf@ﬂ%@%{gmy@ﬁgleé%ace”t

surfaces of ‘correspondi ng, adjacen nnectors and/ n recesses
of -7 5 DBecetibesrrPohdiagiontes pomtbctods, ondihasesd, a0 khewn gotheeet ors) by way of a
conductive material ( a conductive or conductor filled

e.g., solder, € .
el astomer, etc.),Ohgr %@&r%ﬁmﬂva%geﬁi of dhegpressmh Byventiégoywihbesomspgnueniie

t t . t i 1 . 1 .
or ot rude 1 oo i SEARL AL B ARl Mol S B RO BB DBE e 1

recept acl es fkompiditngofanesgont Mg appinded Elafiect ors, or otherw se, as known
in the art. OQher features and advantages of the present invention wll

beconme apparent to those of ordinary skill in the art through
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carrying out the invention are illustrated: FIG | is a perspective view of
a fabri cati ormeedhaentader eamymgant thegneentivs mrecidlustiatedr devi ces fabri cat ed

t hereon in accor dﬂ@q iwﬁ%?ﬁ’ég&c"%i‘?&;RP%fatD{qﬁ%tPJ essuﬁf)q%%? %V?T%‘l;}fgl;ﬁ?lnfei on; FIG 2

is a plan view of ‘an‘en portio Xe y 8&tion

substrate ofsehli€andlictontiéHcdstabrigitdl the@bg ANabdeidanccQith €ashihadsf Bapatledther eon
in accordance with teachings of the invention, each sem conductor device

i ncl udi g bowsentipagds that are arranged in-line along a central portion of

t he sem conduct or i.ce, .20 .whi ch hond pads. are. redistribui.ed {.0 outer
connect ors t hat alﬁlg'e'polgﬁpil%ln‘gﬁwé)ﬁa%ﬁ S'é%eﬁgoﬁlon o the Sxeplary fabrication
substrate of FIG. 1, with multiple semiconductor devices fabricated thereon in

accordance with teachings of the invention, each semiconductor device including bond
pads that are arranged in-line along a central portion of the semiconductor device,
20 which bond pads are redistributed to outer connectors that are positioned on opposite
peripheral edges thereof;
FIG. 3 is a plan view of a semiconductor device according to the present
invention following singulation thereof from the fabrication substrate of FIG. 2;
FIG. 4 is a plan view of a semiconductor device of the present invention which
25  includes bond pads positioned adjacent to one edge thereof, which bond pads are
redistributed to outer connectors on multiple peripheral edges of the semiconductor
device;
FIG. 5 1s a cross-sectional view through a singulated semiconductor device of
the present invention, taken along line 5-5 of FIG. 3;
30 FIGS. 6, 7, 8 and 9 are partial plan views of various exemplary redistribution
conductive tracing patterns along adjacent semiconductor devices on a fabrication

substrate;



peri pheral edges thereof; FIG 3 is a plan view of a sem conductor device
according to the present invention follow ng singulation thereof fromthe
fabrication substrate of FIG 2; FIG 4 is a plan view of a sem conductor
device of the present invention which 25 includes bond pad§t}?osi tDi ro%ﬁq
adj acent to one edge thereof, which bond-pads are redistri ter

a8

connectors on nultiple peripheral edges of the sem conductor device; FIG

5 is a cross-sectpomalioVvi €W2taad Q9 ke ghrfAl M AERE ob BIRIr6ARAYEHGH colubpr Of
t he present invention, taken along line 5-5 of FIG 3; 30 FIGS. 6, 7, 8 and

9 are parti dracgigpatiginsws FOGESyari, 8uanddk esspeetively, dellowting beitérning thesenfuadi ve

tracin atterns. al adj acent sem conduct or .deyi ces,on a.fabrication
subst rat o e S S AR Rl R R i (S as S P i ip
views of the redigiy iy mpaﬂ&[%e&igﬁhw&v of & 188 oPﬂiéB%ihﬂ&m?fbeﬂe%adﬁc?n?i | 8,

and 9, respectively, follow ng patterning thereof and fofmation of fu
vi a hol e$ t heme¢andizctondencatarfda@Gt &, illusireting theteiffegsofeingufionof drettivon; FI G

14 is an enl arged plan view of a portjo f the boundary .between adjacent

5 seni conducEBRCAIDFRELSresdiRm Opd anqhar ia form ¢Hier FACPTAR ACTHIRDPRGIPar | on
of the two @ggﬁih;%r&,q}“gigge%yﬁces fromone another to formouter connectors
i n accordance wt teachings of the invention; FIG 15 is an enl arged
perspective vi ew BHG. df ioan enlarged perspastivé sremed anrutercponetiordernmd in t he

teachings of the invention; 10 Flg\ 16 is. an enl arged perspective view of
anot her enbd§PAREaARCE¥Ith fedeachmes of fisdRY S Ror ned i n accordance with the

teachi ngg of the jiiey Bt AentElell pdrdodchive yRES SARGHe Brish el ourfltyi - Chi p

nodul e i ncludi ng stacked sem cohductor devices of the present I nvention;
FIG 18 is amnesqpbdoededpsr xpocihnceewih the tedchingsof the-inhenpionpdul e t hat

includes 15 stac em conduct or, devj ces according to the present
i nvention; FIG B 175 BFFRTE Vier ot BEl TR MO e B APE RN por ti on of
a support  substdatiiof 8bvides B thd ﬁlgggnpirggg&glp in accordance with teachings
of the invention; ang FI'GS. 20, 21 and 22 éare enlarged plan views of
portions of outerFl€onRectmwexpladed perspective view of a multi-chip module that includes
15  stacked semiconductor devices according to the present invention;
FIG. 19 is an enlarged cross-sectional view through a portion of a support
substrate for a multi-~chip module in accordance with teachings of the invention; and
FIGS. 20, 21 and 22 are enlarged plan views of portions of outer connectors of

packages, illustrating differing configurations of conductive elements for establishing

20 electrical connections with the outer connectors.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
Referring to FIG. 1, a fabrication substrate, which is also referred to herein as a

substrate blank 8, is shown. One side of the substrate blank 8 is selected as an active
25  surface 18 and the opposite side becomes the back side 19. A pattern of straight

boundary lines or streets 12 and 14 (individually referred to herein as streets 12A, 12B,

12C, etc. and 14A, 14B, 14C, etc., respectively), which respectively extend in the X

direction and Y direction, is delineated for subdivision of the substrate blank 8 into a

plurality of areas at which separate semiconductor devices 16 are to be fabricated and
30  further processed to form packages 10 (individually referred to as packages 10A, 10B,

10C, etc.). Streets 12 and 14 also comprise saw lines for the subsequent singulation of

each package 10 from other packages 10 that have been fabricated on the substrate



packages, illustrating differing configurations of conductive elenents for
establishing 20 electrical connections with the outer connectors. BEST
MODE(S) FOR CARRYI NG OQUT THE | NVENTION Referring to FIG 1, a fabrication
substrate, which is also referred to herein as a substrate blank 8, is
shown. One side of the substrate blank 8_hs sel ected as an acPsepgen300s
surface 18 and the opposite side becones the back side 19. A pattern of

her i i as StUaX Y EyanRlo 1 RP2 o bRl 188 iSRG Bl sBhege O
respecti vel yiinmathately adpspeiqiatbiegly 1€X] BB 100, 10B, MF, dDGetoH and 40HthX: are

direction, is delineated for subdivisigon of the substrate blank 8 into a
plurality ofcasiedupontth¢pared ysklodcatescred sibstiateadi 8-devi ces 16 are to be

ot errod to as patpelipR ARyl 3 IRRAEERRRaI 1) BRLLANE) Y

conpri se ssawehiie@uéor déficesslsbaagdemprisd AUl biadevitk, R apaGiageletdef rom
ot her packages 10 that have been fabricated on the substrate -9 5 Decenber

2005 bl ank ge-gratynamicphdom apcery mempry @RhAMiagjeticirapdemn asershunea®Ivei ng

Tor and |- oA HA G RAREGEE PREME SRy c8e O Bbls Iy o
bl ank 8. SenipEPRAONMS, dlasHi6nfR§, eld), apilocekdtiSor sas &P bRl dfaeknronsuciér t hat

i nclude 5 sem conduct or devices 16, may conprise any t%ﬁ)e of device, such

as a nenory &¥dedaowpdn ghe artlySramrendugiod daviae te srludsrrbeyd pBRAY) (Seese8t.i ¢

random ggce SRAM , . progranmmabl e r PB()V% el ect.ri cal

er asabl %pr m?{%ﬁ &%%pa@? ol ﬁ%ﬁ?wmuﬂcggﬁlnﬁ%%g@ ,heé f(?‘.gsa,te%amf_?}lg?’e@é%r,
or any ot hershbyRgtiRicoFanll BT EIRErdIRY tGRpdHRAN ad holWhEinahd art. SBEhE pAHAURL OF
device 16 includes bond pads 20 (see, 10 FIGS. 2-5) that facilitate

e.g., _ _
el ectrical coanbmimansedonaeaensuriaee i&pg@catsemi@hdmﬁmdqylc(eri&m agyiown)
t hereof and exter .electronic ¢ nent as known in the art. Bond pads
20" may be. 2t AGar P Aot e S TPRLE D ipedRoE huale i 8. aevi be. 16
in any sui tRbliendasdt asvikpeer inedsb 2 WdreofSpétphafallyNor inRAE addaOfghya central
portion of the sem conductor device 16 or an edge 22 thereof,

peri pherlal |y, or The &hrieatva disemicondgtaitisvicab it omyiberciistted eniacortinet with

devi 16 be effected.,j d i the desired end- f th
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a part. An ijpteadédioast £pdrt UAR itBQhted RRYVEL (of sHRVIYES fdrhe83€ Bach

semiconductor device 16 to interface with the active surface 18, as known in the art. A

wide variety of integrated circuit device elements may be used in the semiconductor
20  device 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, 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),
25  molecular beam epitaxy, physical vapor deposition (PVD), and other technigues.

In the exemplary embodiment depicted in FIG. 2, each semiconductor device 16
on substrate blank 8 1s provided with bond pads 20 to facilitate electrical connection of
the integrated circuitry (not shown) of that semiconductor device 16 with external
components, such as other semiconductor devices or electronic components. The

30  pads 20 are located so as not to interfere with subsequently fabricated outer
connectors 31 (FIGS. 3-5) of a package 10 of which the semiconductor device 16 is a
part.



sem conductor device 16 to interface with the active surface 18, as known
inthe art. A wide variety of integrated circuit device el enents may be
used in the sem conductor 20 device 16 of a package 10, including, for
exanpl e, conductors, resistors, transistors, capacitors, Sg%cto §f200
insulators, and the |ike. Fabr| cation progesses are used wh cel'tny PI y
fall into the groups known as | ayering, patterning, doping and heatl ng and

many specific Varh@éd!dﬁﬂ}%tgfasﬁﬁ‘l%naﬁ&oﬂ\d‘ﬁvhcéqm Hothe i akmREE10AISRIB10C,
| ayering processes include various methods of oxi dati on, chem cal vapor

deposi tion (TVD)I10Estchom thcwh‘astrabaalalan]eB|ead1<1;ucluphymdm1al1vaﬂams 2&@@39}{@1%
PVD), and ot her techni gues. t he exenpl ar odi
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(not shown) of 'that sem conductor ce 16 wth external onents, such
as ot her SSenwajonﬂmample ody; aseeirgyangbiac i snpe. Torpordedti e vidhs) &Gephds 20 are

| ocated so as not rfe wi th subs en fabr.i at ed outer
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16 is a pa”ﬂncﬂa@ sDf &ﬁvlj&%hﬁ%?e%ﬂ%% C%Be é‘Pé&‘ @H% ncfigyi ce 16
on t

(FIG 1), the pac ages strate
bl ank 8 eachvia36lthutds boatddbeumeenhdjam ﬂﬁcttdmalsemwcﬁﬂdctobdémmﬁmri ous bond

pads 20 and, prior to severin ackages, | | CE, etc.
from one anotdMEHCIYESFACES &ﬁEﬁ“aﬁ%’(%@ng]?f&lef’é 2\9|°§A3§00“%?‘3ﬁ“é‘? duptiongl ed, by

5 ey ONEx Bl EorPhllbr 08cREl 0 Ao DyANRP ol B UG 50 30

extend conple rou ckness o e substrate ank
t hus, thr ougﬂsnstiﬁmledmldnga stiiebi KX hé ¢in this ekhvepleasicatel 440 14B, T odtc.) e thewi | |
becorre a part. For ach conﬁuctl ve via 30 that |s | ocat ed between

adj acent , fuﬂ@ﬁve}ﬁé ank &y Bagh gaRdusHve Big 0dsorgctends lateyaly mte gblepst aqortian
ext ends ”0 Pt&@%]ﬂlc[}ﬂr%gﬁﬂ Qé%b&%ew%h?cﬂh?ﬁ%g%)mogﬂgﬁﬁdgg&%g ronduct i ve

sem conduct or devi ces al condict ve via

vias 30 is p@kagasdmemnalIOthaesbﬁchﬁ:hv&mas 34C (onrthé boumnderelind BIC Bétvead theldA,
14B, 14C, etc.) substrate blank 8. Each conductive via 30 al so

ext ends Uat e WkasﬁSdOEftanﬂéQEt Packager j0bhals@shapeseoadvstive WirsI0By wHlvi ces 16
bet ween whi Cé?'a hehod @Eoom ti oned. For exanple, packages ICE and | OF share
conductive VIESB0C 6n t he boundary |ine 14C between the 15 two packages
VE and | OF. Pack8@gulatibéiofihs@acitigees0 fomdiietanythey aralsira Bhakitbetrate blank 8

is effected by cutting the substrate blank 8 along boundary lines 12 and 14 thereon. As
substrate biank 8 is cut along streets 12 and 14, the full conductive vias 30 that are
20  positioned on a cut street 12, 14 are cut into outer connectors 31, which remain at the
peripheral edges 22 of each of the singulated packages 10, as shown in FIG. 3. A
package 10 which has been singulated from the substrate blank 8, or “wafer level”, of
FIG. 2 has outer connectors 31 inlaid into opposite peripheral edges 22, 24 of the
package 10. As the conductive vias 30 shown in FIG. 2 are annular in shape, each outer
25  connector 31 shown in FIG. 3 may include a semi-circular recess 40 formed therein,
which extends along the substantial height of the outer connector 31.
Also, as shown in FIG. 4, teachings of the present invention may be applied to
packages 50 that include semiconductor devices having peripheral pads 20 positioned
on the active surface 18, adjacent to a single edge 52 of the semiconductor device 16'.
30  The outer connectors 31 of the package 10’ of which semiconductor device 16’ is a part
may be formed on one or more other peripheral edges 54 of the semiconductor

device 16’ and connected to corresponding bond 20 by metallization, such as circuit



package | OE. Singul ation of the packages 10 from one another and fromthe
substrate blank 8 is effected by cutting the substrate blank 8 al ong
boundary lines 12 and 14 thereon. As substrate blank 8 is cut al ong
streets 12 and 14, the full conductive vias 30 that are 20 positi nef n a
cut street 12, 14 are cut into outer conpgetors 31, which rerRFsRmaer ¢4
peri pheral edges 22 of each of the singul ated packages 10, as shown in FIG

3. A packa e spn or
Tuater 1 overactpt e RAIR HGRL NOELARES HhRBH R L R oBhdRta0
peri pheral esggmge®ih otRé cohnédien ppackage ald. witlsin ilescopa ofitie ipyaeit iaserdions hown
in FIG 2 are annular in shape, each outer 25 connector 31 shown in FIG 3
may incl ude # aeRpckaggsdy with pelspeanmeeiorsotinal arp aranasd in GRINERLAREIRES al ong

t he SUbStant\.k/ﬁiI'g'hra?fifequo {hoEQﬁI@#%tﬁﬁ%gﬁg%%@r 31. Also, as shown in FIG 4,

t eachi ngs of e present 1nven applied to packages 50 that

i ncl ude sem conduglR’s ifle¢icesediiavikindew of & pbrioalof R3dckadl 100 Seinicvnddctopn t he
active surface 18, adjacent to a single edge 52 of the sem conductor device

16'. 30 The driesrlbctmaekiEsid indudss intearandciuayiss 40'altboughanina segleconduct or
dovice 10 1 Sl Lireufih RS RLIRARPRp00E) l%rFlggﬁeEgéﬁ‘&quagt{a@] gl?(ﬁué?{)z edges

54 of the sell"%ltcg{)n or device onnect to corr ond 20

by netal | i zajiRihates WENbER Fudr 30 the hdtive JeGeDEsf RO 8EmicoAGRSorfevicdd 6.
illustrated in FIG 4. O course, sem conductor devices with bond pads 20

arranged i n 08 Heperdeslaiveilaer.p& & diclestrin layer 3oisvdprmpgdon the agivpurire L e

bresent jinventl gn, .o A8 ALERAGKAALR, 40 WL BULSH CERNNSCLOrS, Al LAk, 46 €

arrange onnectl! on” patterns I C rom ose | strated I n

FI'GS. 2-4. 5(aEhife oty bfie B sBORHPare €6imedNabp thie Akl Qridlapar3d & xterd ek lkage 10.
Sem conductor device 16 of package 10 includes integrated circuits 42,

al t hough onlBorg pad 2§ tewaidrpoageremdmgoiiz tupughaloless & wihecheare depated aedi cted i n

FIG 5. Each.in r.at Lrcuit 4 t 1 nat.es at. a,band, pad 20 on the
et ve. surt atish EEOR 6 LU L isribertt BRORIE bR iRELEN R SR, | e
layer, i.e. @sélh@Veiaydrl 6r didettic $er 18, thef PR 8 BG&ob Mt $6f AE61idB 0F0
provi des sonme protection for the underlying integrated circuit 42.

Conduct ite tthaders326f packegsi 19 Thelspcamediblsctain dawaey 4amay be e ddrefpretonefter
TGN TR AR S R R e
periphery of cdragcipRhsenslusicaras 88y bERoldlayds £/ERAY conductive or conductor-filled
elastomer, or the like, deposited in or on the surfaces of a via through-hole 38, may be
located within in each via through-hole 38. An insulative lining 39 on the surfaces of
20  each via through-hole 38 may electrically isolate each conductive via 30 from substrate
blank 8. As conductive vias 30 are positioned on a street 12, 14 that is common to the
package 10 and a neighboring, like package 10X on the substrate blank 8, each
conductive via 30 may be temporarily shared between adjacent packages 10 and 10X,
As depicted, the conductive via 30 will subsequently be severed to form two or more
25  outer connectors 31, each of which includes a recess 40 formed therein. The back
side 19 of the semiconductor device 16 may be at least partially coated with a lower
protective insulative layer 46, as known in the art.
Turning now to FIGS. 6, 7, 8, and 9, various exemplary configurations of
conductive traces 28, which are applied to the package tops 32 at the wafer level, are
30  illustrated. The conductive traces 28, which may be considered to be redistribution
metallization, extend generally laterally from each bond pad 20 to a desired outer

connector 31 (see, e.g., FIGS. 4 and 5) location at a periphery of the package 10 and



insulative layer, or dielectric layer 44, may be fornmed so as to cover at

| east a portion of 15 the top 32 of package 10. The second dielectric

| ayer 44 may be formed before or after the via through-holes 38 are f or med.
A conductive via 30, which includes a quantity of conductlve mat 58

such as one or nore |ayers of netal, condyctive or conduct or-P§oembgr 2005

el astoner, or the like, deposited in or on the surfaces of a via
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el ectrical | ythersbétaieen. e e ach@TFIGE] 6-0, poréiodofftivontfuaistwadtidevdll ank 8. As

conductive vias 30 are positioned on _a street 12, 14 that_is comon to the
package 10 dtfgkagendPBrBelPEGre shopm with kagtevening fraeh &4s ILEWG & theb| ank 8,
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a recess 40 fornmed therein. The back side 19 of the sen conductor device
16 maybe at Rackages paP@andIlPy. coated with a lower protective insulative
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exenpl ary configurations o con Teced re appli t he

package topshddrtaBytWis oFaferbmbRyY 8he oBibre 1dfkrd bf deslii@hvednatdfidl, aeAdy éddale
traces 28, which maybe considered to be redistribution metal | i zati on,

ext end gener(&lgl pluraisma Foppet.reoi. aiekel, l@tm)dlq@abe @@mecl PackpesitoRsB 2ot &y
connect Q?O Otal?l%?rqé:e inc ld%, 61%{}9 hmltg Ignca lvapor erl P)ggéﬁatt he

package 8|ne t'6Peondl es 28 of

adj acent pacﬂl@@esl xﬂagoﬁﬂepasﬁbﬁ €YD} Z. £ 1élputttehﬁg ebaxawaﬁoxgjeleeaﬁllsm@fﬂaﬁhﬁ
6-9, portions of two adjacent wafer level packages CE are shown
with an int eqlmﬁﬂ%gpbtlﬂwdlmmqrﬂomp@mstectlwauechMbal@ﬁuOhea leyged sondicHyg e

ackages | i e b PEoRy PR B ) SRR R RafihaBl G

and 10E. Th&oﬁaﬂ&%tﬂla\taﬁlﬁrﬂswtﬁﬁmﬁm&@ Fqeeed ghriasviglesy, ange of
processes known in the art. YGOf a exanple, one or nore | ayers of

conduct ilVe nembdimpnts ﬁu&hreabomtnaF 3.¢6-9. the bﬁbfmﬁfmmiucéwp peateriaj dtogn whickkel
e i o ST BRERSE BB P 5RO
deposi tion (RMdkh{Rid-38 88 UhhE Pridd tcPthe SVPRREAGH @mond&dtﬁ@tlﬁabﬂamﬁtonh@wang,
through-holes 38. Next, the layer of conductive material may be patterned, as known in
the art, such as by use of mask and etch techniques.
20 In FIG. 10, the packages 10 of FIG. 6 are subjected to formation of via through-
holes 38 at the intersections 66 of each trace 28 with boundary line 14. It can be seen
that when the widths 56 of conductive traces 28 are less than the diameters of the
corresponding via through-holes 38, the conductive trace 28 will only contact a portion
of the outer periphery of its corresponding conductive via 30 (FIG. 5). Thus, if desired,
25  the conductive traces 28 may have increased widths 56 along a portion thereof or
substantially the entire lengths thereof to more completely contact their corresponding
conductive vias 30 (FIG. 5), as shown in FIGS. 7-9 and 11-13.
For example, in FIG. 7, each conductive trace 28’ is shown with an
enlargement 58’, 1.e., a region of increased width, at the intersection 66 of that
30  conductive trace 28’ with street 14. The width of enlargement 58’ is sufficient to
completely peripherally surround an adjacent end of a corresponding via through-

hole 38 to be subsequently formed therethrough, as shown in FIG. 11.



el ectrol ess plating, and i mersion plating techniques. Wile such a |ayer
of conductive material may be formed before, sinmultaneously with, or
following the introduction of conductive material into via through-holes
38 (see, e.g., FIGS. 10-13), in the 15 enbodi nents that are shown i n_ FI GS.
6-9, the layer of conductive material frqgm which the condudtPeembeeddy 28
are fornmed woul d be deposited prior to the formation of via through-holes

38 and, hus. BUREES. 15 LLAMHSHLONNENSURMNE B AL Yl the via
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as known in shap&l @ﬂ:irgelﬁbtﬁbS&‘SatQMtdﬂ@en@is GedikngonsirRt thbéwebR tddedacet® | N
FIG 10, the packages 10 of FIG 6 are subjected to formation of via
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conduct i ve taaes. 28 nay have increased widths 56 along a portl on t hereof
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traces 28" are shown as including dianon shaped enl argenent s
i nt er sect i onthe package tup ?éllsay %co%@ﬂh&emttﬁned@lat@mcoatmgmag@b asAdj acent

di anond- shape enla n 58" cont act .on ot her reas 8Q, which
ar 6 subsequaRTES TSR ba IR DU PLGES 3 MBI OR s RoBErsTEs- BY Filbm one
anot her, t h%ﬁ@é’reé‘ﬁ ﬁﬁﬁﬁdg&é&ét&r lblﬁ&’é ak bit@r ﬁﬁiaﬁﬁeﬂﬂov@r{‘ie@&ﬁ ﬂ&?%ﬁnﬁﬁl 1hgom one
another. As dépicted in FIG 9, the pattern of conductiV races 8"' maybe

formed tlI§ piSE&G)er thedibaduct i ve "street” 60 havi ng boundary line 14 as a

centerline. Portiqns .of e, street 6 be .etched or .oth vvlse renoved to
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processes, depending upon their heights 70 (i.e., the thickness of the substrate blank 8
and, thus, of the packages 10 in and between which the via through-holes 38 are to be
formed) (see FIG. 5), as well as their diameters and the pitch at which the via through-

20  holes 38 are spaced (see FIG. 10). By way of example only, the via through-holes 38
may be mechanically dnlled (e.g., using multiple spindle machines as used for forming
holes in printed circuit boards or otherwise, as known in the art), by known laser-
drilling techniques, by mask and etch processes, or as otherwise known in the art.
When mechanical drilling processes are used to form via through-holes 38, subsequent

25  cleaning and/or deburring processes may be effected, as known in the art, to remove a
“smear” of dust that may be present on the edges of the conductive traces 28 or an
enlargement 58 due to the heat generated by drilling. Additionally, the via through-
hole 38 may be etched back to fully expose the edges of the surrounding conductive
trace 28 or enlargement 58. Of course, the usefulness of a particular method for

30  forming via through-holes 38 in accordance with teachings of the present invention
depends upon the desired dimensions of the via through-holes 38, including their

diameters 64 and heights 70, or height aspect ratios. When each conductive via 30 is to



10 via through-holes 38 forned at intersections 66, as shown in FIG 13.
Referring again to FIG 5, follow ng the conpletion of traces 28 on a
package, the package top 32 nay be covered with a protective dielectric
coating 44, such as an adhesive-coated, dielectric filmor &ﬁg a,
quantity of dielectric polyner (e.g., by-1gpin- on, screen p?' ?ﬂ@? 88§tor
bl ade, or other suitable, known techni ques) spin-on-glass 15 (SOG, or the

l'ike. The vig gifdcpidgbr R0bRE iR8 %%n&@c&ﬁe%@s ?Nﬂ%%xﬂﬁer@fwmﬁiughof known
processes, dependi ng upon their heights 70 e., the thickness of the

substrate bltais B todmdomiddus onehalf it puticag sutﬁocqmeetnds Hetowedormsdi.ch t he
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T ia e
sur roundigng
usef ul nceﬂs)s a pabjtqiégﬁ %%@&%n%%g%eﬁ%@tr g?%lfgrrlé@\%ll gcagoﬁrggﬁgv%%ﬁ%%éggmgg ei n

accordance vﬁohhed machii figsuglf-hole 88 byastenducingwentaniity ofeepdudive upberial B8

desired di nensions of the.via thr ou_ h- hol e including their i aneters
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31, the nunber 0 holes 38 to one- t he nunber
of outer commigeenrts ad bptminpef fthat nadhroGpichoke!38. Whild FiGhudhiehbatsethe 38 are
fornmed, exp osed sem conductive nmaterjal at _ the surfaces thereof mm

coat od Wt h OGRS ASIBEIEFRIGY Imrihaps, SAFORORT e 59 3 gy SBlioRR) Ve
formed bY KNABR.MALISAE Srudtich. #c MapEXBORNEALHT a8 Y0 bASE S froththe

t hough-hol es to oxidizing conditions, ep05|t|on an 1n ative nmateri al

(e.g., siliaonethod mxwhieh cendiction matdrial 22 is inirbduzed irox Y HHa itldengteheled 38Nt 0

the surf acesB)(() vaa;r/ iota e)Ear:r}{p?g gl?ly, electroless deposition, immersion deposition, electrolyting
deposition, chemical vapor deposition (CVD), or physical vapor deposition (PVD)

20  (e.g., sputtering, evaporation, etc.) techniques may be employed. Alternatively, via
through-holes 38 may be filled with conductive material 29 in the form of solder or
another metal or metal alloy, conductive or conductor-filled elastomer, or other
conductive materials which have properties that make them be suitable for use as outer
connectors 31 (e.g., low contact resistance with the materials of adjacent conductive

25  structures, good adhesion to adjacent materials, eic.). Examples of conductive
materials 29 that may be used to form conductive vias 30 and, thus, outer connectors 31
(FIGS. 3-5), include, but are not limited to, nickel-plated copper, aluminum, and other
solder-compatible materials.

As shown in FIG. 14, the formation of conductive vias 30 is followed by

30  singulation of adjacent packages 10D and 10E from each other and from other packages

that are carried by the substrate blank 8. In this invention, the singulation process

serves another purpose, namely, to sever each of a series of conductive vias 30 into



hol es 38, or any other suitable, known process. As depicted in FIG 14 with
respect to packages 10D and | OE that are still 10 structurally connected
to one another, or at the wafer level, a conductive via 30 nay be forned
in a via through-hole 3 8 by introducing a quantity of conductive materi al
29 onto at least the surfaces of each vig_through-hol e 38. STPrsemORURRISI ve
material 29 contacts at |east edge regions of a conductive trace 28 or

enl ar genent .1 0C i i i A= e 38.
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interposer, a circuit board, leads, etc.), another packaged or bare semiconductor device,

or the like.
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20 Turning again to FIG. 12, it can be seen that, in singulation of packages 10D
and 10E along street 14, the kerf width 74 may also remove areas 80 where
enlargements 58" of adjacent conductive traces 28" are continuous with one another,
such as the comers 80 of the diamond-shaped enlargements 58“ depicted in FIG. 12,
thus separating and electrically isolating adjacent conductive traces 28" from each

25  other. Accordingly, when the kerf width 74 is sufficient to mechanically separate
adjacent enlargements 58", a further etching step to separate the enlargements 58 from
each other is unnecessary.

A package 10 with castellated edges 22, 24 and outer connectors 31 of the type
described herein has an extremely low profile, which may be only slightiy larger than

30  that of the semiconductor device 16 of such a package 10. Furthermore, such a
package 10 has a minimal footprint, which closely resembles the footprint of the

semiconductor device 16 thereof. In addition, due to its minimized size, the lengths of



Si ngul ati on may be acconplished by cutting with a wafer saw, for exanple.
Wafer saws have a finite kerf wdth 74. Singulation of packages 10 from
the substrate blank 8 w Il produce separate packages 10 with kerf edges
72. The anpunt of material renoved between adjacent packages, 10, . as

as the amount of material renmoved fromeggh of 10 the condué%%@“@%@%@

is defined, in part, by the kerf width 74. Accordingly, the width
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also within the scope of the present invention. By way of example only, stacked multi-
chip modules 90 that include a greater number of packages 10 would be particularly
20  usefu] for high capacity memory.

It will be appreciated that the multi-chip assembly 90 shown in FIGS. 17 and 18
will comprise a stack of semiconductor packages 10 having an identical pattern of outer
connectors 31. However, depending upon the particular package construction, same-
width but shorter packages having fewer outer connectors 31 may be incorporated in

25  the multi-chip assembly 90, provided that the partial pattern of connectors 31 fits within
the larger connector pattern.

As shown, the packages 10 may be electrically interconnected and physically
supported by way of conductive columns 88 that are configured and arranged to be at
least partially received within aligned recesses 40 of corresponding sets of outer

30  connectors 31 of the stacked packages 10. Conductive columns 88 are elongate

members that may be formed from a conductive material (e.g., aluminum, copper, etc.)

which will substantially retain their shapes when the outer connectors 31 of



sem conduct or devi ce packages. 5 In another aspect of the present -
invention, a plurality of packages 10 may be assenbled to forma so-called
mul ti-chip nodule (MCM. In a stacked MCM according to the present

i nvention, packages 10 may be positioned adjacent to one another with
little or no spacing therebetween, as may _result fromthe useDefernbes20@Et e
conductive el enents, such as sol der bal I'sl,7“bet ween adj acent packages, and
with a 10 minimzed footprint, in contrast to the expanded footprints that
are requi r ecP3RKAEES 10 arcchasitioped agiasrt HFretpnt b seAgHER RaFPR BB 1asisdtt <.
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5 Decenber 2005 packages 10 are positioned adjacent thereto. Thus, each
conducti ve ceacheangstiyetrace®? leads to a corresponding conductive structure, such as leads,
leadless chip carrier (LCC) terminals, plug-in type connectors, or discrete conductive
elements (i.c., balls 84’ (FIG. 18), bumps, pillars, columns, pins 84 (FIG. 17), or other
structures or conductive material), which are shown as being arranged in a so-called
20  ball grid array (BGA) connectton pattern. In FIG. 17, the conductive structures are
shown as an array of pins 84, or “pin-grid-array” (PGA), while in the exploded view of
FIG. 18, a ball-grid-array (BGA) of solder balls 84’ is depicted. As an alternative to
including conductive traces 92 that are carried by the bottom surface 86 of the support
substrate 82, conductive traces may be carried on the upper surface 85 of the support
25  substrate 82, internally within the support substrate 82, or in some combination thereof,
in which case conductive vias may be positioned at one or more locations along the
lengths of the conductive traces 92.
As an example of a method for forming the conductive columns 88, a wire (e.g.,
a gold or aluminum wire) may be drawn by use of a wire bonding capillary, as known
30  inthe art. Such a wire may have a generally circular cross-section, although conductive
columns 88 having any other suitable cross-section, taken transverse to the lengths

thereof, are also within the scope of the present invention. By way of example only,



a common | ead for each of the outer connectors 31 of a set. Each conductive
colum 88 is secured to (e.g., by solder, reflowing a portion thereof to
secure the same to a termnal, etc.) and protrudes froma corresponding 5
conductive nmenber (e.g., a termnal, conductive material-lined recess

etc.) of a support substrate 82 of the It| _chip modul e 96 Degsmbtge2005
exenpl ary enbodi ment of a circuit board (e.g., FR-4 resin, BT resin, etc.)

type support ubs rate cted in FlI 17 18, t he conductive
D oD e ot P, ALl e bt B o S
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i nterposer (which may be forned fromceramc, glass, plastic,

i nsul at or -1 |cmel¢tils¢ used(mfomessem@adéstwmﬂmka@eaﬂﬂmmwmmqb@- a test
substrate, or ot hertgnnl&%ﬂ UI tabl.e type of substrate. Each conductive
col um 88 |55°@ 1?‘?‘3@21‘?‘% %’Haﬂlépéoé}&tl on of a corresponding

conductiye trace 82nbRabbdw, HRCBhEIRE cBlunB] %mgfhs’vett&nkl?@s@&gssoéecﬁ

aperture 98 opposite that ffom which the conductive col umm 88 protrudes,
which 15 codldmnsmne(etg,amchaﬁﬁter $02)chati sabistimytidl lgendcit érare slnglft]arcsmaﬂﬁr ihan t he
support substrate conductive frace 92 eads t E(‘{‘é(‘ig‘gondl ng

conductive st'f el Eien?ﬁﬁﬁlmféls‘log%l S afi’éﬁtﬂf‘éé% £ {?CE“‘&r outer
term nal s, (Flo%ﬂeét 513’ ﬁ@l?ﬂﬁa% Ehﬁ:tw@ §§£cﬁ-re%g6}gfﬁ. E[?:L}égs 18lsRARALS tel - €

bal |l s 84’ unps ars, ums, pin 17), or other
structures qrack&gml]tﬂ:cﬁﬁﬁl@ Bt As dap:;cted\zanKEt 24, ac&bt@l/laticmscoﬂmhm@%mraanged in a
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column 88 may be secured to a set of corresponding outer connectors 31 includes the

20  use of a conductive adhesive, such as solder, another metal or metal alloy, a conductive
or conductor-filled elastomer, or the like, which may be positioned between a
conductive column 88 and each of ifs corresponding outer connectors, around an outer
periphery of the conductive column 88 and in contact with lateral edges of each of the
outer connectors 31 that corresponds thereto, or in a combination of these locations.

25  Optionally, the conductive columns 88 may be coated with tin to enhance connection to
the outer connectors 31 in this manner. As another example, a nonconductive material
may be disposed around a surface of each conductive column 88 that does not contact
outer connectors 31, as well as to a peripheral edge 22, 24 of each package 10 of the
multi-chip module 90, to maintain contact and, thus, an electrical connection between

30  each conductive column 88 and its corresponding outer connectors 31.

Of course, when support substrate 82 comprises a test substrate, it may not be

desirable to bond or otherwise permanently secure the conductive columns 88 to their



5 Decenber 2005 and as shown in FIG 21, the cross-section of a conductive
colum 88' incorporating teachings of the present invention may

sem -circular. Such a conductive colum 88" could be used to form an
assenbly of stacked packages 10 that is substantially chip- scale with
respect to both footprint and profile. 5 noted above, the lRessaber U
colum 88 may have transverse cross-sectional dinensions (e.g., a dianeter
102) that substantially match or e slightly smaller than the .

compl ement ar§PHS PRSI Cangectors s s emBpram, FvGToIbic Flegical SRMFRIMEATS n ¢ he
outer connegdpEg 31 to which the conductive colum 88 corresponds. This is
illustrated 1n the package 10 of FIG 20. As depicted in FIG 22, a
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col um 88 naybéuls@0ured to a set of correspondi ng outer connectors 31
i ncludes the 20 use of a conductive adhesive, such as sol der, another netal
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anot her exar?%ﬂggggél%ﬁ%%hgéc F%éor?}ﬁ&ugé}?’%ﬁ ﬁtp%téb lgéo%‘pg%ggsg"&g%%%%%o ‘g\ssurface
of each jsondiefileickapesi AR réGuitddasr désies. e rRgttitchdt ass@bBoOCeMhetiventfor3l, as
wel |l as to a peripheral edgle.22, 24 of each package 10 of the nmulti-chip
modul e 90, tWilkldetieg kave gnelabvelu iy prodile makingit sefable i thowmedvpsmibet ween
30 each condd&}cieg(e colum 88 and its correspondi ng outer connectors 31. O
course, when support substrate 82 conprises a test substrate, it nmay not be

Although the foregoing description contains many specifics, these should not be

construed as hmiting the scope of the present invention, but merely as providing

20  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 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

25  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.



desirable to bond or otherw se permanently secure the conductive col unms 88
to their -19 5 Decenber 2005 correspondi ng outer connectors 31, as
tenporary, reversible electrical connections are desired. Follow ng
assenbly of the supporting substrate 82 with all the packages 10 in the
stack and the establishnment of contact betjyeen conductive Cﬁégpns %%2%§g 5
correspondi ng sets of outer connectors, tHhe conductive colu 58"

cut, or trinmed, to renbve any excess portion extendi ng beyond the

upper nost package 10. The conductive cel qﬁﬂ§%88 may alternatively be
provided with a length that corresponds to the height at which packages 10
are to be sta&ﬁmdmhmﬂnhéimultl-chlp nodul e 90. 10 As described above, the

mul ti-chip assenbl g? 1ge readi | fabrlca ‘8 processes and
equi pnent  whi ch ar ’5 g%&“&PC a P uéoéé? BRICePHRBEstry.  The
package 10 of fohfﬁmg Em&aﬂe'b‘laﬁikhhélﬁdﬁﬁglét fea&%nes&rﬁfcahd&cmrqie%é$awfcade@ss than

about 1 mm naklng@the package 100 suitab use in conpact electronic
devi ces, shch as tdonl ar t el ephones, handheld conputers, and portable

il T~ chi pas g Sdebrhe Refioh S B GRR R B RS e S B e )

| ow profile, makingoriductud #iaMcatib®adjhbent SrdrBoutdriIRSpBéry ol €hd o East Net hough
t he foregoing description contains many specifics, these should not be

construed as |init FHRCOMBICEFEECBf the present invention, but nerely as
provi di ng 20 lﬁﬁg f t her
enbodi nents o for nhllllzé 5@%&\?2% %%d%i}i}%gggégga\j{agé 9‘% E{(;%Hltﬁ1 ?g@grdth%a%%%&t he
spirit oriscope of setﬂmeorpﬂlemenibwce awvethieiconducheaviarlestibnpm d| ffer ent

enbodi nents nmay he .enpl oyed in conpin The s |nve tion is,
Choret o ° i mitrodteift B Paegring: o o last Spe ORSGIhap & B

| egal equi vaI ents, vfaafhé}@ifn ihlé%ﬁnéﬂi/cn%%zﬂc Eb’ix?@ﬁ'e‘l&tr?c%ﬁ@éﬂnﬁhhﬁ@ﬁorﬂvhh%@ at
additions, deletions, and nodifications to the Invention, as disclosed

herein, which fall leasticnkicandusévertraed angl @mﬂmdmg@pbstmﬁlaﬂlhéhroughﬁ@ sabsirate be
enbraced t her eby. B%gkemdS Decenber 2005 CLAIMS What is clained is:

15 severing the substrate blank and the at least one conductive via along the outer

periphery.

2. The method of claim 1, wherein providing the substrate blank comprises
providing a substrate blank with a plurality of semiconductor devices fabricated

20  thereon.

3. The method of claim 2, wherein forming the at least one through-hole
comprises forming the at least one through-hole at a street defined by outer peripheries

of adjacent semiconductor devices of the plurality of semiconductor devices.

25
4. The method of claim 3, wherein severing comprises severing the
conductive via into at least two outer connectors that are located on peripheral edges of
the adjacent semiconductor devices.
30 5. The method of claim 1, wherein introducing comprises plating the at

least one through-hole with conductive material.



1. A nethod for packagi ng a sem conductor device, conprising: providing a
substrate bl ank including at | east one sem conductor device fabricated 5
thereon; formng at |east one through-hole substantially through the
substrate blank at a conductive via |ocation adjacent to an outer

eri phery of the at | east one sem conductqr device; formn t | eas e
gondgctize trace to extend between a bond™pad of the at Ieag§%§ﬁ%§§ﬁé089
sem conduct or device and the conductive via |location; introducing

conduct i ve material i nt gnt Heudlh dedsh Ucldl QUL HohsidkOo 01 Gonduct | ve

via therein, the conductive via being rn elec nmuni cat1on with the
at | east oneeleonsyit paeng, rekeceoksdplethe ndd hgmstsist @atdngal | y t hrough the
substrate blank; and 15 severing the substrate blank and the at |east one
conductive via along the outer periphery. 2. The nethod of claim1,

wherein providing yhe sgRshicafod JflcBik 1€ VRIS RErodRIMY teth ke itdaating be

blank with a plurality of sem conductor devices fabricated 20 thereon.

The met hods of leabtainmo? soldére amitherfrogtali oxgnethleallay, 4 emductorelastomoergimdw| e
conprises form ng the.at ] east one.through-hq] e at street defined by

out er peripheF?E@dDB%HS%fQ@QHFrEE%#%%%%?@VHPQEQ9%EE§£Df the plurality of
sem conduct or devices. 25 4. The nethod of claim3, wherein severing

conpri ses severing the conductive via into at |east two outer connectors
that are | ocated of- per ipametiodedglaamds wherein sepaReeRMprEss 8BTIERCt or

devices. 30 5. The nethod of claim1, wherein introducing conprises plating
the at |east one through-hole with conductive material. -21- 5 Decenber
2005 6. The net hod9of cirat methodwiiersiinr , plhateimfprmiighé seisasaboné easluctivie of

el ectrolytic plating, electroless plating, and imersion plating. 7. The
met hod of cl alfASeICONiises: Oﬁnm&t‘ﬁeatﬂe?ﬁ%gn%swwp%\éfstrww&auﬁ%waéayesOI east
one of sol der her metal or netal alloy, a conductive elastoner, and a
conductor-fil fe el astoner into the at |east one through-hole.

10. The method of claim 1, further comprising:
15 forming an insulative layer over at least the at least one conductive trace and the bond

pad.

11.  The method of claim I, further comprising:
forming an insulative lining on surfaces of the at least one through-hole.
20
12. The method of claim 1, further comprising:

forming a back side insulative layer on a back side of the substrate blank.

13. A method for assembling semiconductor device components,
25  comprising;
providing a support substrate;
securing and electrically connecting at least one conductive column to a conductive
structure of the support substrate;
positioning at least one semiconductor device including at least one outer connector on
30 a peripheral edge thereof on the support substrate such that the at least one
conductive column and the at least one outer connector are in electrical

communication with one another.



8. The method of claim 1, wherein severing conprises sawing. 10 9. The

nmet hod of claim1, wherein formng the at | east one conductive trace
conprises formng the at | east one conductive trace on an insulative |ayer
or structure. 10. The nmethod of claim1, further conprising: 15 formng an
insul ative | ayer over at |east the at |easf, one conductive t& ce agd ng
bond pad. 11. The method of claim1, furt4fér comprising: forMSAFIRE 2
insulative lining on surfaces of the at |east one through-hole. 20 12. The
met hod of claim1, further conprising: formng a back side insulative |ayer
on a back side of the substrate blank. 13. A nethod for assenbling

sem conduct or devi ¢4 coThenetiod,of cBhmcsypheRingrovidimdodiptigetprduidpgy dt least
substrate; securing and electrically connecting at | east one conductive
columm to a cOmRlc Fifrnt hoppdyan ipterpgber hisad (1ap6r ndansther sarpiconsiystor deYichy at
| east one sem conductor device including at | east one outer connector on
30 a peripheral edge thereof on the support substrate such that the at

| east one 5 conduct ilye cOheametlexdditchemadil, ivbarein @oerigindrel exnicadlytconnegtieg i n

el ectrical comunication w tB one anot% r, -22Fl 5 .Decenber 2005 14. The
method of ol aPRAECS RS FEBR BT RE St 5Py e Tt SRt oad I8 Plimghe. of
a circuit boapgl thaRchdlcBiPasRtured | €ad franme, and anot her sem conduct or
device. 5 15. The method of claim 13, wherein securing and electrically
connecting conprises placing a conductive material between the at | east

one conducti ve col d the .,conduct.ive,strugture, 16. ,The nethod of
claim15, wherein gﬁgci ige five Ogooﬁ(? o l\?eW}?ﬁrteg}lﬁgcflnglgleccégﬁ%%tlgs?%Efr%fgi ng at

| east one1®f s&hpiides phactighe (cabidritl 0of@bldeE aadthad el oran@elndles! 4 ¥éhduetfiast oner ,
and a conductor-filled el astomer_ between the at | east one conductive columm

and the conduggstomesapdercgpdictorillediplastpmerdgtvrenheatirasBona pradustivesobmn ng
and el ectri cab] ymgUBRRRtVEGructure.

17. The method of claim 13, wherein securing and electrically connecting
15 comprises forming the at least one conductive column on the conductive structure with

a wire bonding capillary.

18.  The method of claim 13, wherein securing comprises positioning an end
of the at least one conductive column in an aperture formed in the support substrate,
20
19.  The method of claim 18, wherein electrically connecting comprises
placing the conductive material in contact with the at least one conductive column and

a portion of the conductive structure adjacent to the at least one conductive column.

25 20.  The method of claim 19, wherein placing the conductive material
comprises placing at least one of solder, another metal or metal alloy, a conductive
elastomer, and a conductor-filled ¢lastomer in contact with both the at least one

conductive column and the conductive structure.

30 21.  The method of claim 13, wherein positioning the at least one
semiconductor device comprises positioning a plurality of semiconductor devices in

stacked arrangement over the support substrate.



15 conprises fonning the at | east one conductive colum on the conductive
structure with a wire bonding capillary. 18. The nethod of claim 13,
wherein securing conprises positioning an end of the at |east one
conductive colum in an aperture fornmed in the support substrate. 20 19.
The met hod of claim 18, wherein electrically connecting conprises . placing
the conductive material in contact with the’at |east one conﬁ&k??@@@é%ﬁann
and a portion of the conductive structure adjacent to the at | east one
conductive colum. 25 20. The nethod of claim 19, wherein placing the
conductive material conprises placing at | east one of sol der, another
metal or netal alloy, aThen@ueid dfelaidlXAskbERIn pRitibninGafdde @iablisiihed
el astomer in contact with both the at |east one conductive colum and the
conducti ve st Elgeiigalecomspumqationpstwgenibriatdeast pag sanductivgireluimansbsi t i oni ng
the at |east ] A i I.§:1.0MH.NQg - lity of
serm condut or “op AR ARG o R 0B Y Bk BB Bhb L1 L
-23- 5 Decenbdevig305 22. The nethod of claim 21, wherein positioning
i ncludes establishing electrical comunication between the at |east one
conductive colum and correspondi ng outer connectors of at |east sone of
the plurality of sesi confugiefiod (ﬁ‘cﬂa%’ﬁilgeﬁml‘%?’corﬂg}%i 2thod of claim 13,
further conprising: securing the at |east one conductive colum to the at
| east one out escudog et deast G RaducTive colinotd thf atdéast on2@;tendoanedter. secur i ng
the at |east one conductive colum to the at |east one outer connector
conpri ses securing the at |east one conductive columm to the at |east one
outer conpgctor w ph at Thearthod T cim$3| dBkrein ROGiIEhe BEledt 08t cohtival | oy,
a conductive el astonmer, and a conductor-filled elastoner. 15 25. The net hod
of claim 13, 6pleraite theyasleass eng QensPNBRCLTPBIPFIgEsTRgowingdbe at lsaghone at e and
wherein the poSidlen AufRRPiIFRaliSTRUAR) LRSIt WOR PRt sbiiBST One
sem conduct or device on the test substrate.

another metal or metal alloy, a conductive elastomer, and a conductor-filled elastomer.

15 25.  The method of claim 13, wherein providing comprises providing a test
substrate and wherein the positioning comprises removably positioning the at least one

semiconductor device on the test substrate.



