;e3e& | #X#\ 0&6f &T&IT~_ | SEM CONDUCTOR DEVI CES | NCLUDI NG PERI PHERALLY
LOCATED BOND PADS, ASSEMBLIES, PACKAGES, AND METHODS S TECHN FI ELD The
present invention reﬂlﬂmwﬁ |y to packaged sem conductor devices with
a low profile. Mre /WWI/@// the invention pertains to wafer |evel
packages having a true chigxprofile or bqﬁp of a chip profile and a chip
footprint. 10 BACKGROUND The di nensions of many different types of state of
the art electronic devices are ever decreasing. To reduce the dinmensions of
el ectroni c devices he ructures by which the mcroprocessors, nmenory
devi ces, ot horSSaICONBUETAR aY Y s Uhine PRRisERATI L D ARED ¥
these devices are pBONBIARSASSEMBILIES, RAGCKAGES, AND METHODS as circuit
boards, nust become nore conpact. In general, the goal is to econonically
produce & chi p-scal e package (CSP) TRHCHNIK AlBIRId3t size possible, and with

conductive structures, such as |leads, pins, or conductive bunps, which do
not significant|yTBeResensgvention relatesgaaesally tq packaged sequcondugtor deviges with

-di nensi ons, i ' | g | fr

appr oach to £t Ble, MRELAi Ay Ak BiknlihBherhfle @ TRATE Bl Slgmetin
circuit boar ggubakippesfileiod boihrofmichép prodildundfd dhgys foalpridie semni conduct or

-devi ces and ot her el ectronic conponents upon carrier substrates (e.g.,
circuit boards) so as to reduce the distances the sem conductor devices
protrudeufronlthe carrier substrateﬁ%Agﬁki pes of packagi ng

t echnol ogi es have been devel oped to ate orientation of 2S

sem conduct or deviTEEdinBidns 8f mafty diFtebsit byple® 8f stikelofikife d¥BElB&Fonic devices are
Conventional |y, sem conductor device packages are nufti-|ayered structures,
typi cal | y i nevaideergasing of e edneatiie dimensians b slgrtpnic deviess; Hie stractorasbyer

of oncapsul atChdbERbrpEsSis, Bhiply oS RRIEN R ey RIS il T2

bunps, or pi ggctidni€ SoHFschBNE thdke AbEioerte badkagalirkieassintlad il R asricrd) sGdh
el ectrically connect such packages to carrier substrates, as well as
provi de Buppay ¢irduiirboatds, mastihegerne morecanpast.i negenewahithagead ts toecepueicalithe

' duct i . f i. bst .. AS esult,
the overal |  PHAGKT6EuBacHF PerkeBRRm oraRt efiBr e RlBReRl fuk ndfig”
di stances t hgrRagkaassh & Rhdsupis,fdr@Bhductive 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, etc.), 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

A
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-2 carrier substrates are greater than is often desired for use in state of
the art electronic devices. Wafer | evel packaging (WP) refers to packagi ng
of an electronic conponent while it is still part of a wafer. The packages
that are formed by WLP processes are 5 generally considered to be

"chi p-sized" packages, at least with respgct to the lateral X and Y
dinensions, i.e., "footprint", but typically have sonmewhat enl arged

profiles in the Z diension due to the salder balls i Ns,., or_of her .
Ponductt ve  sERTiSt BSEEEn AR Bt bitbisonen Srgih oy viedneBle St BeBinie acked
di ce may usegkwit& -di e connection conprising solder balls, pins, etc.,

whi ch substantially contribute to the overall Z dinension, i.e., 10

profile. "Flip-chiVpifet evtipackagng G¥LB) icfirntt pachaging hf goeitctoiniecbnmineapse
chip connectiqgn (G 4)..technol ogy, .is an exapple aof an.a |y and

packagi ng t eé"ﬁﬂr}l‘ﬁlg%‘ﬁﬁgﬂtl Ragt orfléé‘@%’s ljthi PACRIgH trﬂiﬁ?‘?rﬁ}eg&é(\sl\gggbpﬁéieﬁi?s 8f4 ent ed
substanti @l | yoRaLR) LoakideRdao BAMEHIF s L adeR; at L6 W - In
flip-chip tegﬁnolggy,skhe bgnd pégguggbgﬁh%%%iaggﬁgwg?rgwgaésggﬁfggﬁgﬁctor
devi ce are amndiYgdithensions)i.ay; I'fptpoing, bat typically savefsamewhht énhargaiepriofites d tteor
device. Flip-chip techniques are appli.cable to both. bare and package

seni conduct o Z HEFnEeR u‘?ﬁ’p‘ﬁ% @S%rcpaﬁgi POLRE ﬁthFQW@éﬁW%%WGUETS&Ba%Q‘gE%

whi ch typi caldfehas paledfde Hm%!dhl%F gf §t§él&%ide'}n§r aR-ifidt-b o“?@étﬂgn%&nﬁ ighgay”
(BGA) connection pattern, typically Includes sem conductor dre and a
carrier substoldteballshpiad etcs, wliph selistantidly t@nsiggte tntheiovemtlfodiatchsioniee.,

i nterposer may he positioned adj acent either the backside of the

sem condt@t oP™lle or the active (front) surface thereof. \Wen the

i nt erposer i s posivki: 0l "@ghg kS| ] e,

t he bond pads of tﬁggggﬁicon ﬁ@g%ﬂggﬁéggﬁéé#@gf@é?*@giﬁﬁﬁ%#ﬁ@gﬁﬁ%ﬁég%hected
by way of w (€-4)avhiaolopy,ds beexdnnile bietastmbiomnd patiagingeteeimidgy that results
correspondi ng contact areas 25 on a top _side of the interposer. These

cont act ar eadn & sesANdUSte dfivics being caispisA dibrianbially Barallelte acarriss aebsyate; he
backsi de of ' [ | | L ' i £ ioned
adj acent a hltsg ers%t cgf/ogﬂ%ggrrdr. i-ligr %{%@ '? ?(g{ngfo J ’ItOth tB hlgd g%%%g:@ é%ta%tﬁa ap ngfé

i nterposes faemignditorcdniceare audngtd & #h artdy dveea i@ rspefacy ofithe posi ti oned
adj acent the active surface of the sem conductor, 30 die, the bond pads of

t he seni condsemisendyctonfgyioge Flipwhin teehpiqyes apnanplicaie tubath brssnd packaged
contact area tLe, At .Qf I: . of
it er ned at o S RgRRRRRRE R AvBBEREl PR ER bl eal A RUBEP Elvicl i P e
formed in theypicall¥ Hahkelapaisatis arrdg@@diin atsballe@hhatitgridr A" (BGAY bort@bionM t h
correspondi ng contact pads on the interposes. In this type of flip-chi ga
seni conduct oPadey; yricaly Behidgs a gemisoaductarie anda earrierswlatrale.avhichs is typipdlbal | y
| ocat ed t t S of ' > COrdi i R . Of

{1+ ohi £ s Samistin Wi 3G TS RichR-ELRRT B8 pot MGR AR il e bASIR
substrate, suwfkheaemicdnductbedie®r titdlkictivé (fedid) sfacOttietstifi Ng t he i nterposes

with the top surface facing the carrier substrate. |In each of the foregoing
types of flip-chi pVBenihedremesesiis pesitionsd adiagent dembaskside gfithe spmioqaductor

ar angement -8B RaSEBARPH AR sShlsBialelsi BB Bt By BB 0

Garner 10 subftiftwyndEacthef intdhRedieREoh@ittivaeRnidntsto €birBspdading @Oadett Méas
dice) or contact (on flipchip packages) pads and its correspondi ng term nal

may be eR&ct rongdbp yideof thedntetpaser. chhesaputant eregy compupicaty wigherresspending
tructure, suych | der bal l.. that he_ i ntef.

i Stance awy RTeoHENaRTof B it P4 oS fuSBRGE ThETR R E I s
and the Garngg p&ﬁl@cﬁ{eaaﬁﬁcémxa_mgxérﬂéael eRf6r fibsthdte With! tRElba¥kkide df BR-iRRIYoRE

“underfill" dielectric material that provides additional electrical
i nsul ati on bdasiegthetdawics enbstrateduct or device and the carrier substrate. In

addi tion, each of e .foregoi.ng type f flip-chip type m conduct or

devi ces Ty 1 nol udb g M ESRSn oo et e G sty G ponauor
subst ant gl | yj@lthe Bndip8s bithesBARBAIGSH RE mlah) Be RVIrRANFUSAREHE. 20 The

t hi cknesses of ‘conventional flip-chip type packages having ball grid array
connect i on pavtresposdimgeoutati aveas dmantdppositeytnprradfachoLthe dyerpesanby mray of

sem conductor, die, . .the interposes, the adhesi ve material therebetween, and
the. conduct | VeTReigte Gradcub Semonts b eXisas RsyogHohe G5aere DAL SUGRRS 1t Fle

i nterposes or the sem conductor 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. Furthernore, use of
this general construction nethod for producing a stacked multi-chip-nodul e
(MM results in a relatively high profile, large footprint device.




-4 internedi ate conductive el enents that protrude beyond the outer surfaces
of either the sem conductor dice or the interposers, undesirably add to the
t hi cknesses of these packages. U S. Patents S, S41, 450 and 5, 639, 695, both

i ssued to Jones et al. (hereinafter S "the 4SO and "69S Patents"),

di scl ose another type of flip-chip type package, which includes an
interposes with a seniconductor die receptacle extending conpletely

thereth h. . The "69S .P t t h k . hat be f d.b
Secur i ng a SIHTEGHTUREOR. BF SOMPT TSSO PBa s Wi COTrPORUPE caffpd pads on

el ectri cal | yinemegpbdNdn i@ rypRLENRNSES sbRichh@ucts delRE asuhibly, Ab&eba! fiiee the
semi conductor die is electrically connected 10 to the I nterposes. The
seni conduct ocontidot padsrare plse tiypacadly docatkdodrn the tayl swfaoe of thhamtexpossrect bond pads

and 1 egi ons. SPCatTHoRl i iBS oL s B SREMPAGS POt AR GAcraL S b IgEe) carrer
Cooe”pacEagertiRibutils FRAGG LR, b ANEL b RN P, o1 P
‘substrate. A&uﬂacemngthebﬁrritehmb:strﬁepackage is unreliable, it may al so be

necessary to discard the carrier substrate and any other_ conponents
-t hereon. Mor eoverﬁl‘iaﬁé Og%a'ra@gﬂ’agﬁmeﬁgé%Chlﬂé@mmﬁwr&wwﬁm ¢S t he

process of c i eﬁﬁc{& : i Loni onponent s
to a carri er&s}{&g}gﬁﬁg te. nlcggglﬁﬁ%ﬁ,lg?it{ agr oh@gﬂ%%%ggpggkﬁﬁgnqﬁ%&gﬁ der to
obtai n a | ovapamkinkrt gfaokegnding tamindle onethescmitact tegicim domiddosn 4 aptigr i nt
conpactness. The 20 _footprint area of such a | ow profil e package @ngﬁ be

si gni fi ckht | subgtratse Each elthe ppad tandare flipr¢lip sanicerdnstas dife) ar eontars fabflip- Thus,

there is an ! i . i { ons t hat
closely res eﬁﬁ?@gﬁ{?égsﬁ% g%%ﬁ%#ﬁ%ﬁg@%stgﬁé Q’%ﬁg%ﬂgg%ﬁtgg%@u%f’g?&% @’l ce of
such packagesne @&hthee bl was of arcopdekiag strgetim] it xs a 28 dE} K1, BRUREo GhackdNeNTI ON
In the present invention, sem conductor devices include bond pads, or outer
connect ors, iMHIPOSEF some distange anavfiemdhe pastier WosYHeer al edges thereof. The
out er connectors, T}Q@!s;fage{)g@&%hk tiﬁte%oﬁgltﬁdctﬁé cﬁ%gpﬁl%gftrﬁgnga&bteq open or

sem conductor device™ o a substrdte, such as a test substrate of a

Gar ner sust filk®with.aGo-catled hiiderflyskdedfic tapdriad iRdpoivides hidiiesd d)ectrivay be
arranged on a peripheral edge of the sem conductor device in such a way as

to i npart thissletiprbeftigen the semiqonductpr devicerndls cantiercubpipde daaddition, eagh
tionally, t ter. i : d
substant i 151 e SfeEling RSS! AlePlR Yok deipli el GHARIER, IR B, |

anot her, oppesdabsulaftinfitersdl cbogimgPortidie of eilbstafidly b0 bf tRMhefhosEandry (e
exanple only, the outer connectors may be fabricated by formng 5

redi stribut i smnigprdugtardie. over active surfaces of seniconductor devices that

12, Y1200, 2% oYL i B TGP A BB AL,

i ndi um phospBbfiRctidi atterdlaré@défided bythdedrhbintd thick@adseeof thi lsérilRBndittdriiell at or
(SA] type substrate (e.g., a silicon-on-ceramc (SOC) substrate,

si | i con- on- gthegnte(roer) theadhesivg matespl thershetyiges app Hie eondwete styeiyrasde.6.

tc.). 10 Th i strkbuti i T CUiLtT. t ends, f bond. pad | pcat.i

Fhe ot ve  SEMPETRRM SRS B RS E0ut KRR, Ar g 8 "
substrate tofiat fRKASESS dbnvErtionst ﬂi@Q%ip tyE@bM@@@es%ﬁ@bﬁé@tﬁdé@ﬁﬁBl?ﬂﬁék fievwkee and

an adj acent sem conductor device. the boundary, electrically conductive
vi as whiZh e small, shibsstataof tielapt alentoniprdevives.t Ruthanmore, use efithisggherak ate are

formed. The el ectricall nductive via onprise a id 1 S guantity
of conducti vgorf‘?éi“gr“?rhﬁne%l?gﬁ ° wQ%thci@g?r%ﬂg-c '%H?gk‘lﬁéﬁ@tmg{eé\#% 1§|a| y
along the Iepggtml}tmgﬁggj‘ﬁle,w%gf 1§kt dadickhe adj acent sem conduct or devi ces
fromone another, which is typically referred to in the art as "dicing",

each conducti ve vilhinnsr,lor berepedile,dlipshipriypoprckages anebecnrdsveloped whigh
positioned on the.resultin eri pheral. edge of_ the singulated or diced
Semi conduct omtiREosts ALoBEt e fHCeRRatr b e SonlH S serhara Kttend
subst ant i@l | ¥ phfRIM FMAFHEKR of semiconductor devices. While interposers that include

recesses for partially receiving semiconductor devices facilitate the fabrication of

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



surface to the back side of the sem conductor device, portions of each
outer connector nmay be exposed at both the active surface and the back side
of the sem conductor device. Accordingly, either the active surface or the
back side of a sem conductor device of the present invention may be joined
and electrically connected to one or nore,25 other sem conductor devices or
sem conduct or devi ce conponents (e.g., tééi substrates, carrier substrates,
etc.). Assenbly of.a seni condyctor devic ccordi to the. prese

Cvent i on w MRS RIOSBT A RE b DA TeEs Boad M oRT B a oitee the
conponent  maye e R AiFRlide Ak MMtdrptidts, @iiesRAKIPhld GARE HiBiREME BF ss pace

bet ween the assenbl ed 30 sem conduct or devices or sem conductor device and
sem conduct opadkegesce conponent. I n assenbling a sem conductor device of the

present invention w th another semc uct o evi ce or a sem conduct or

devi ce component, ’ > » U2 C ce and
Qe Lot EREr B HS, boB ErEd se s RISt

correspongdin O AGLES \ ) t @rey: 1 ) uct or

,devicepcgﬁpog%%tmire aP?%ﬁé%ﬁm?%gﬁégﬁiﬁ#@ﬁggﬁﬁvﬂg%ﬁﬁg@ﬁg%ﬂ§rﬁﬁg%ﬁ@ﬁgnother

Accor di ngl y, irebrdes am thterpoger céthi aceemitdimdictondierdeptictextanidarg capieelyor s may
facilitate the formation of assenblies and packages with mnimal footprints

(X and Y 5 difeesthionsh) The "6Ré Hatept tegches ainaglags that maybe formg B 3 An

exanpl e of a_sen L O i . Ll t han one
e conduct of LU AR A LA ARYEE oAFRE bl 4Rl B e e e PO
may conpri seirferposet & thedtarrivd kiivspar-telurp thediie@ndoétos diedk eldcteioally @unhedtedn.
Al'i gned, correspondi ng outer connectors of the tw or nore stacked

seni condltt ofo Beinteweserayhe sempicondisirrcti. vateymedizip sendugtivoelgmentsnditasher , such
b | d i ' t | east
parthar 'y r eSainsEtpHAE bt 6 BB flotdtidiEfe At NIB aRhfofthe) CO0L

connect ors exitepdser,; mdregiendet thy tht&ybdenadjatant tieaebpptdclsmde tieh beach of the
sem conduct or devices and since electrical connection nay be effected at

the peri pher pregpilatefe Whilei thismarbacreselisin deverst lod-pisfiéssGin-abir kyps packagnd
v, n 268 R AR AR A S MR 5 BRB RO o

closely to o . e according to the present
i nvent i ors MapackapPis ikelibid, #Gkayodlscbd @ice@afubidgicard théb&eiePsubbasl agesny Whi | e
avoi di ng the use of undesirable height-adding inter-die connectors, such as

sol der bal | sothspeempgneats theraen.t Mierqovii thepackagieg miethod #f the ‘6PE Retsntrodul e

that includes sem conductor devices,.of the esent . nventi,on have a 20
o s or of FomBTRA@TN Biodtss S chiRrsh st RRERE Rhyibl il b RS = 8 F e
that i ncl udegomponen@ e udaftier dadHNGRS 1AGAQIKIGHTUsHRIL Pendie@aRNIn dradMaBiobfih MY

include a support substrate which has a footprint which is substantially
equal in siz@lqw peofile Rackage, ¥t MRYBABEEASYY tosagrifieafogtpsing egrapagtness gElre t han

Subst ratD) s Toedbrintifse SBLTR v BlosePadRifd traf B gty rbAte: SURRR dren
support subsbFtHe®emScorludtbit EE BRs&F or anot her sem conductor device,

termnals if the support substrate is a circuit board, contact areas on
| eads i f the suppdhus,dbdyeisaneeddonisnicuslurtondevicepaskyges shathipehdimensipns

CP"nechor S ol oS FLESRLIE o PrhsE B RLRBLt Rk et v
cor respondi Nga@labsy, adRell A8 R Pakapir méthedsem conduct or devi ces nay be

el ectrically connected to one another (e.g., secured to a contact of the
support 2ubstrate and | ocated between adjacent surfaces of corresponding,

adj acent outer connectors and/ .t correspondi ng,

adj acent outer connectors) by 32§M%kﬂgﬂ%%§gﬁ@®$€§?kggeriaI (e.g., solder, a
conductive or congwffeQredeht inPehtRInASnABFducRk BevicesiicliBY bGRISHAS L dr\batdpi NS or
ot her el ongate conductive structures (e.g., upwardly-standing wres) that
are secured conmeatbrytlut aredecdtedom oheononegetipherdl edgas thareof.aThe extst

artially received wthi.n_receptacles of 5 .the_correspondi ng,outer
Connect ot s, GPORSEIREHITNEh fagUTath lRFITICR! GORBSCHOR of A nsiganguesPEdevAs o 2

advant aggg Oﬁlllﬁsilﬁﬁteggtﬁrﬁ%@tatiaé?\é@&ttria%r‘ﬁidahié?@ﬁ%teg(f@%?,ﬁlﬁ%te?&ém%gﬂﬁied

ordi nary sKki he art through consideration e ensui ng scription,
t he acconpanyiragt bead), Ny beanmdngdiconappaipiien] edgei ofshe soniBfitidEEtoDESGRE TI ON OF

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



In the drawi ngs, in which sone dinensions may be exaggerated, exenplary
enbodi nents for carrying out the invention are illustrated: FIG 1l is a
perspective view of a fabrication substrate with nultiple sem conduct or
devices fabricated thereon in accordance with teachings of the present 15
invention; FIG 2 is a plan view of an en%arged portion of the exenplary
fabrication substrate of FIG 1, with nul'tiple sem conductor devices

fabri cat ed tBer.eoq [ riﬁ accordance with.t hi ngs of the i nventi.0ﬁ, each
seni conduct oPPHEVARe!e REIe GPRAFCIH B Lt 55 she dhat R ien SHPARHAIR 698) ong o
central port bﬂé‘mgfor Tsﬁ‘?ac%%@“&fe%ﬂﬁ'é‘&nﬁhctﬂﬁ&éﬁ& to2fots © p&?t@‘i'nag urfab€of the
redistributed to outer connectors that are positioned on opposite

peri pheral esgaisondvwetoedeyicé:l G 3 is a plan view of a sem conductor device
according to the Br esent_invention follow ng singulation thereof fromthe

fabrication subst ByaysX expraplepnlyrfhs outericenpecirs mayibg fabscated hyframinguct or

devi fth ; y ) . i
- acent o AR BNER IR Shiacts bPERHOGTBREC RRAOHRIRME VOB Be
connect or s okevatddifrgrh @ fteicatitne substratdgah @$ a fllle osganislovatercd feemilwndesiveFl G 5

I's a cross-sectional view through a sjingul ated sem conduct gr_ devi ce of the
-present i nvefafesial (agu@hco, salljum argenilesingfunrphosphideaefc.pprgfulor partigd, stg 9
are partial F WS, 0 {g@z I SEtf:lhut i ive
tracing patt gélﬁeg Sﬁ*"?ﬁ%‘@ flggtrg#l S ng’?gﬁi’ uél%leo@'egg'ea\slsltllrclzéeogl %dngégarﬁg{)@iwcégt i on
substrate; syt@trafe] §fconléh-glhds (SUG psubstiate, atlizofamnt dapphipd (%&DSMs&bﬁraﬂef, efche

redi stribution conductive tracing patterns of FIGS. 6, 7, 8, and 9,
respect i K&l y The eadisibutipnsancuidiyrixirpds fFemeesmdpad locatipag orothe@aptivasurfage af hol es
therein in agss rsgcj%ri]cco%dl\ﬂ\étgrhdetvri]cee otnetﬁeC ri‘]aitbrlllggtio%f sutors]t?até: v's Q(t)liln gfy, or “street”,
between that semiconductor device and an adjacent semiconductor device. At the
boundary, electrically conductive vias which extend substantially through the thickness
of the substrate are formed. The electrically conductive vias may comprise a solid

15  quantity of conductive material or have hollow portions extending substantially along
the lengths thereof. Upon severing the adjacent semiconductor devices from one
another, which is typically referred to in the art as “dicing”, 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



FIG 14 is an enlarged plan view of a portion of the boundary between

adj acent sem conductor devices of FIG 11, illustrating the effect of
singul ation of the two sem conductor devices fromone another to form outer
connectors in accordance with teachings of the invention; FIG 15 is an

enl arged perspective view of an outer conpector formed in accordance with
the teachings of the invention; 10 FIG 16 is an enl arged perspective view
of anot her epgbodi ment n.outer connegtor forme ccordance

f |
Leachi ngs. of EREmGRORStPfEvie aad cpmrespond nCoh ST BY s RS SR BRC R devidel

modul e i ncl ug} @ehisdRIkRE d8RBE GRREBHehOdre Qﬁ%‘dé&eﬁleﬁfelekﬂi%aﬂy’ BSRfREted M@0,
FIG 18 is an expl oded perspectlve view of a multi-chip nodul e that

i ncl udes 15 mcahérea\csemmgmdamtwndutew doygcea tmb imdtiudg stich outer cpmas@mts may

i nvention; FLG.,. 19 is_an enl ed ross sectional. vi.ew on of
a support sulrStlitate ghe formafi af{a‘% }?SﬁB@lH? 25 With pyig g) rﬁﬁ &gg‘&‘% tngs of
the invendio I BAIR 2 dfAL d plan views of portions
-of outerrgconglenclz‘%hgg’él oﬁao%ag‘és lﬁaﬂf uéte;Sl tldng r%:i(?’?eri ng configurations of
conducti ve el emeniAn dxampisifaldeimidundgctaddeticcdssénataly tiead prydhdlodesmaietthart he

outer connectors. BEST MODES) FOR CARRYI NG THE | NVENTI ON Referrl ng to
‘EIG 1, a faPfh§ Iemireusiondeyisg @nat REPPATAtSS tegchings of themsepepbinientionmays 5

substrate bl ) sel ected
as an acti ve@%psurdf%cgggm W%gﬁlgg%ﬁuﬁ ret&s??‘gteétéedzlo ltgﬂeAEighid side 19.
A pattern of cafrespodihg bmnnemnyctbtsrte‘she:mwwdrrmmbstatlaechmhlddhd@cmd devicksahdyy

referred to herein as streets 12A, 12B, 12C, etc. .and 14A, 14B, 14C, etc.,
respect i Y&l ybe cmueﬂverhégwtieééq 9n%fm0§rfa sugh ey 9@1él‘frr°é@6’|°8ﬁd‘-}£ﬁé{e pins or
direction, i into a
plurality of gglrgggt{e&a E%‘Jﬁ% aﬂé ﬁh ?ﬁcgc},r?g% Iﬁ#pe}eé/t%l Qé‘rl%rto be

fabricat ed apshndtotdirAde oﬁfe@@Mri @ctémmmmms silfadeitd the\fdadk! gide)of
referred to as packages 10A, 10B, 10C, etc. ? Streets 12 and 14 al so

conprise saweadhpidhe ssmigondusion devicesand sineg glestricalcopnecsioamayaaedfrsteddt f r om
other pac kagﬁﬁe p]epipi‘xé}?e ol??ﬁ/e segﬁg&d{l@lgf 3&% €, ﬁl d})p%&% b%gf? 314t 3h& active surface

15  of adjacent semiconductor devices may be positioned very closely to one another.
Thus, a multi-chip module according to the present invention may comprise a stack of a
large number of dice or packages, while avoiding the use of undesirable height-adding
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  may include 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



-9 blank 8. For exanple, in FIG 2, a package 10E is shown as being
surrounded by i mredi ately adj acent packages 10A, 10B, 10C, 10D, 10F, 10G
10H and 10J that are carried upon the sane, yet-to-be severed substrate
bl ank 8. Sem conductor devices 16 and, thus, assenbl ed packages 10 that
i nclude 5 sem conduct or devices 16, may c,grrprl se any type of device, such
as a nenory device (e.g., dynam c random access rrem)ry (DRAM), static
random access nmenor (SRAM pr ogr ama sb%gmam)r , el ec rical léq;

f

erasabl e pro RE: ﬁ@ﬁew OP{CERIRIGHIOr) | é"f?yr?éﬁ&PE)d“"élt’E n)atertil B c¥d

ther t t
devi ce 16 | rErbe IO AR AT, i vt eIl BT T
el ectrical celongin cx&tduouwdmﬁm&m (elge upwh&@}?-aﬁaﬂding iwires) thayaré sedurairowmi

t hereof and external electronic_ conponents, as known in the art. Bond pads

20 may be arPRHyaeifiem thecenseqtpad gist precé least nertiallydrceivad wighia ueacpiackksof ce 16
| | |
portion ot ¢ e Bourfbohie SISl Relol® oRbtendHE s Rowin 45, °"0 2, BECLLR

or in an area arr@yher fdaturbearddedivtiagids T tief proqt ﬁﬁeﬁﬁtﬁi@ﬂl steyineeppdbntey be
effected in accordance with the desired end-use of the assenbl ed package 10
-of whi ch eacthoseef ardimaticskilt ingdg pet dhroygh eansidgeation of tre aspiagdescaiptipnttbyr at ed
circuit (not_sh uctor device 16 to interface
with the actf %E%Bfl{é%(ehra?, a%ﬁ(i}%lgv\ﬁ&nﬁg%ﬁ?ﬁs?t A wide variety of
integrated circuit device elenents may be used in the sem conductor 20
device 16 of a package 10, incl udi né; for exanple, conductors, resistors,
transi stlérs, capacitors, i nddRESIRESCREITIONGYE D%Wmﬁis li ke. Fabri cation
processes are use@gfn cht Lca{lﬁfall into the us ko(it'n ayering,
patterning, dopin SI% 1R gomg fimesions oy kel eéFmB are
vel | -known.  &abodRAR!f6r cak&%rﬂ{gldut t&%ﬁvérﬂﬁn&f@i@l@&%@d' ncl ude various nethods
of oxidation, chem cal vapor depositi on&é , 25 nol ecul ar beam epi t axy,
physi cal vapor dePBBsiltisampefspeaive vigvdoha ncatmnmubefwégwﬁhnnulhpleexerrpl ary

enbodi nent de em conduc Substrate
blank 8 is p? %'E’Edf {;arfiﬁ"lfa%?n%blb%g%ﬂ%fe%l& "et"*&PtdiE"{‘%et‘@‘ ‘éteélﬁ ‘Pﬁ% b BEREL i on
of the iyt egmb@ebrgi rcuitry (not shown) of that sem conductor device 16

wi th external corrponents such as ot her sem conductor devices or electronic

conponents. The 3Bl(padis aplamayiew|of eaerldrasd paEthlﬁcttf theexdenpdary dabgication

ohich he. sofHtEBRaGEERS. Gl il uictol dovitRs brichied ofteRty ae O O
sem conduct Oﬁcc@FdéhE@wiltﬁ te(aEh ﬁgs &t the iRnR&E @&?&nﬁ%dué@?de@i@&ncﬂtﬁg ﬂ&t@

etc. on the substrate b each i nclude conductive traces 28 that ext end
bet ween var i pads thasrace g&d@eQ On-Emialopg 2 oentrabpertivs of thy sahncqnduqxtagé@ncmA 10B,

| OC, 10 10E t her, di t
uni oh ark? deBPish L pSTR e SRb R SRR RTGS R AR P PROSHEpe.
The COﬂdUCtly&ﬁﬂeﬁe%S%r%fd conpl etely through the thickness of the

substrate blank 8 an thus, through the entire thickness of the package 10
of which they wil FiGh&cis awlan yviaw tof aFemicenducteralenicc accardingdo 8@ pressnt i s

| ocat ed between a e f.unction t.or. devj ce a.conductive
{race. 28 oxt Duguor Bib R Ao g heren ot R bt R YRR o HIGhat | onal - 10
sem conductor devgges 1§ gtléh &1@@%‘5%&6%}1&1\’&0%&1&%tﬂ%ggﬁl%scﬂf invBRidrOwsist | ve
vias 30 is positioned al a street , In th e, streets 14A,
14B, 14QS5 et mc)udembtﬂmpa;lulpssmam@ ddjawait t8 onEadge thmdﬂmhtclebondqaaﬂﬁ)aml SO
extends | at er 0 at least a portion of .the.s gnduct ar devi ces 16
bot ween whi cHtsRPLShBetorshateotdts bR Suliiple BeriphEeal £ESS ofGhe SHRICRSECf o
conductive vyag.30C on the boundary line 14C between the 15 two packages
10E and 10F. PacKage 10D al so shares conductive vias 30B with package 10E.
Si ngul ation of t hEI(ﬁlaScisag:e&ss-ls@cttmtahvmwethmugh heingahttdfsemcandecteudrs/ideatfe

blank 8 is effected by cutting the gtr(gte bl ank 8 al ong boundary |i nes
12 and 14 t hiredpesentiavention; akenalgng fire FlGi3al ong streets 12 and 14, the

full co ctive vi t t %Wﬁ 4 are
cut int gﬂgut er con?%%?’ggsg%iqgaﬁip%ﬁld?g?%dﬁagtegft eogserl p e%@?@&l(sjﬂ-t%uu

each of the sonigulied estigppdtrgaaldd}, ad?&eﬁﬂ’mmﬁcdndu&bﬁlev&esénmaﬁh&gﬁoﬂo V\/m ch
has been singulated fromthe substrate blank 8, or "wafer level", of FIG 2
has outer coffeE®Sis 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 sem -circul ar
recess 40 forned therein, which extends al ong the substantial height of the
out er connector 31.



Al so, as shown in FIG 4, teachings of the present invention may be applied
to packages SO that include sem conductor devices having peripheral pads 20
positioned on the active surface 18, adjacent to a single edge 52 of the
sem conductor device 16'. 30 The outer connectors 31 of the package 10" of
whi ch sem conductor device 16" is a part_gﬁy be fornmed on one or nore other
peri pheral edges 54 of the sem conductor device 16' and connected to

ding b | Li,zat h 28,
TPl st rated T PGS, 18 170 a3 Al iug P vEPs GLOEHdioopton B5RReS 50
arranged in @hdis pRRANESIHIOS. eax 1se£rn§9 ,3eDedtively, WildWiAg bherif gﬁﬁbr@éfénﬁe

present invention, as are packages 10 with outer connectors 31 that are
arranged in foomaten pbfullpaa helesithersin hacdordarge Witlothetteashings of thetineenéidnj n

FIGS. 2-4. 5 FIG a cr tional .view of orti.on p e 10.
Sern conduct o devFite 1745 of easea5anIgY Aci piroRiosul ke tebdn Bt

al t hough onl yen@icsAdiglod dbﬂ%@%@l@dlphfl&éﬂﬂaﬁm?aw' e?fe%%ﬁi‘i?éu’l&f&h'o\f tl&’eehWoCt ed in
-FIG 5. Each integrated circuit termnates at a bond pad 20 on the

active surf amla:@ldmbtdr devisesnfraro nde enatherde foproeoutér cohneatprsdn acevsddnat mith

| ayer, i.e g}‘ Cttﬂ;l(:l er 36, is fornmed on the active surface 18 10
" provi des son@a L %WVF % he underlying integrated circuit 42.
Conductive tracespg 1539gh emm?eh YefPEetive vRinP¥fan &it& doRh&isH BhAG hhe
dielectric layer 36 and extend from each bond pad 20 toward correspondi ng
via thr ough-hnmbskln%witmﬂie:ﬂaaca‘xi@slozfdamademﬂna street 12, 14 that defines a

peri phery of the canduct or vice 16., A seco n uI ative.l ayer, or
el err il ayer B lﬁdmsnlﬁae&@arsgwe iy SEMes EMpRUREt S EAT T of 15
the top 32 o may be forned
before or af é%@%%g%\?{nég%%g%ga ﬂgeg(lsgcﬁt{ cq))rfrkrlg)élﬂ{l%\rﬂiégnductl ve via 30,
whi ch i ncludes a HlGrit7i mypeifspmwdwmwvbalmltechlphnodmmlncmﬂmgmmwed nor e

| ayers of metal, conductive or conductor-filled elastonmer, or the |ike,
deposi t ed i nsevicenducks dsyices-afdbe present V&N ough- hol e 38, may be | ocat ed

Wi thin in each vi If‘@t i rfaces
of 20 each via thrPo(?Jh‘rﬁngg{P ﬂgg&@% “%e;\?g‘g?) b\ﬁ?usﬂ()lcgitpgﬂgg@ﬁﬂg%a Etdt%lyve Vi a
30 from Kubsktacked sbﬂnmhd&tomvmndcm’tdmgto/ﬂuawe%&nan&npom tioned on a street
12, 14 that is connon to the package 10 and . a nei ghboring, |ike package 10X

on the substrate BFank IBanS%Jé%eéﬁmﬁé?qt%a'\/‘il%wﬂﬁol‘rﬁyaB%“‘Pér?ﬁéﬁ%?ﬂqfﬁl shar ed
between adj a&ﬁﬁfr RIGKAEGRI- p?ﬁbfbpie% acéﬁd&iﬁ@'w‘&%het%céﬁ%% FANGLARGR, ¥ 30
wi || subsequently be severed to tormtwo or nore ter connectors 31

each of which |ncF1@l‘eszoa2Ie@ce%a&(énfangdﬁﬂaﬁ viewe ofiporfibgs bbaktersotiftectéts of t he
sem conductor device 16 may_be . at |east partjall y coated with a | ower
protective i Bekpgss UB'SF%FV&dlffGH%%OWE%WQOPﬁOftW@ Htive elementnior seaplishing Gs.

6, 7, 8,,4nd r ions of conductive traces 28,
whi ch ar2e app%ide\ég1 dg %éﬁggwﬁh%y lg%;gogg at the wafer level, are 30
illustrated. The conductive traces 28, which may be considered to be

redi stribution netalljzation, extend generally | at eraméﬁf rom each bond pad

20 to a desired out er BESRMEPE(S )3110{{ X%GOIIH&‘IE BITL*)@ | ocation at a

peri phery of the races 28
of adj acent packaggs to]ﬁg'ag’?ar %QP&%JQG%}EHR& @%ﬁé&ﬁ%@@%é%&%&ﬂ% ag%
6-9, porti onsubsfrafewbankd, acshoivnwadiersidecofethe ﬁtb@tfﬂ.@‘b&nk@s 3¢6dctddbs afa:tﬁ/bom
with an interveni ng street 14. In FIG 6, the conductive traces 28 have

subst ant?3l | yurases] @ﬁdthmw&%%b@ﬁmﬁ&lmmﬁIBoM%tepa@%SMn the two
PO The contiliebiies g sESEEE e R LaN e BRI, BRI A TRELC

known in thei2Cletc.Bdvan, (DiBal@%f@'r@spe@tﬁ\%bWwHi@h@edp@Mﬁfeﬁy SlterkiOiAdhEXi Ve
material, such as netal (e.g., al um num copper, gold, nickel, etc.), may

be formed padk@@@nta®6§( élzeoblynaﬁyielma@du fphwbéwmim@%@e subsétatechlank 8 it hout
I|mtat|on oSi t SI C Va r

(VD) (e g, P B PR el BrcordbeioP dRiiosR e A B EEAGRA ) e
pl ating, 3(ﬁndﬁlrﬁé?bﬁc@é%e@l&fohﬂ@a&l@%@@l(ﬂ(iﬁ&wd‘ﬁﬁllif fefévédtods bw@rgemopcqr@wct ive
mat eri al may be formed before, sinmultaneously with, or follow ng t’he

i ntroducti onl®€, ei@hd&tr@th& ant b4 4l comprisevsew lintes Sarghe msweaesm@é@mneofg

g][ Ggonég c'} ?3/ 8 Wgﬁgg %qr@ﬁgksag%sh ?(5 that Eaveq)een fabncateg5 n the substraqe layer



t he conductive traces 28 are fornmed woul d be deposited prior to the
formation of via through-holes 38 and, thus, prior to the introduction of
conductive material into the via through-holes 38. Next, the |ayer of
conductive material may be patterned, as known in the art, such as by use
of mask and etch techniques. 20 In FIG 12 t he packages 10 of FIG 6 are
subjected to formation of via through hol€s 38 at the intersections 66 of

each trace 28 with_boundary.|]j 14. It c be seen that when wi dt hs 56
of conduct i @mm\-c&r Fmplee 1 tﬁ2@HQHCWS%?QEMW&”E‘P%W&“EW{GB ondi ng
via through-; , i 2 i 4 tion
of the out erlggllé%ﬁ%t raf/i} alggntﬁ)f[a gﬂ%ggr ;(Zlg’p%)dnt?g(gj’ g%%lé"gf ?%y bqi—g%‘gféjﬁ?ggﬂé) :
Thus, if descardet updh théeancs) iyduotheseveircdswtstia® iak have i ncreased wi dths 56

along a portion thereof or substantially the entire |engths thereof to nore
conpl et el y cont acYerpifeiRductas dewsesl iyt msscnblod packages3® theyincluds 4

shown i ncFl e - i e 9%%!8 L trace
-28' is sﬁom%vn\}lg%n%gﬁtgg% a?%ér?éﬁgg’g@ﬁm %Y.y,t&% @e‘gi“&%’ %‘?ﬁllﬁggrease Hé\/l%g? h, at

the i nt er secleiggnlyffmbirfrahdurh adldscmenivey (DRRAM) petstica@ndorh abcesd megioryl4. The
wi dth of enlargenent 58 is sufficient to conpletely E)eri pheral |y surround

" an adj acent SRAM), programmeblsanemery (FROM elsgically erasable progeanypaie memery y
f dth in. Fl -
cgﬁlgﬁcti Vgrte aggs&g?}"ﬂg?é{%%&%igai%ﬁ%ﬁ%%?’nogr aé 8#1%55‘30 agggn%ﬁﬁ%l’?cgerrrent s 58"

at i nter sectdevit® Kbwalinfg at. SSdngieéndudtop deviee 16 indtudes basEpddsROTKRYES.,
Adj acent di anond- shaped enl argemgnts 58" may contact one another at areas

80, whi dR arEGSuBsYdeas deqiljta 1 ppramupisefteiyeeiweertbe anfgsrated ciiesitydpelr ed 5

t1om one. ancPher) tRbSHERY eRefel Rt @bt f BRATR e G5 AOREERE D o

28 "' may bemhpbémelaiged bhaXiabiversued U bf Rh sehicefluctUehiteilBgn Bpyndary
line 14 as a centerline. Portions of the street 60 nmay be etched or
ot herwi se r eswitgllg fashidgnomewiyiadhe anlsuelyamipriine abeng a ceatrgl paytion af thar ough- hol es

38 forned at_intersecti,ons as sh in FlG .13, Ref.erring again to FIG
5. fol I ovi ngrPHEKURGT PYIER 00" Yot 2 Bubrtht BipbEilycs (oRB AR ATe t op 32
may be qgvered w tie bREMoAGIs¥AicBh@lctsitdevices P6thial Be 4fected fihacdsrdafice with
adhesi ve-coated, dielectric filmor tape, a quantity of dielectric polyner

(e.g., by sphadesiredendeare pf thetassembletpackageplOaefevhich eashisemiconilucion devideriown
techni ques) spin-onp-alass, 1 oG), .or t. i.ke. . The via.through-holes 38
may be for nelﬁpaﬁge(g ot p?v&?ﬁ@f@?’tg? °Eﬁ‘8€ﬁ‘°h?fb°e”é9ése§°,m8§bfbﬁ’&ﬁng upon their
hei ghts 70 (denfleondub®r HEViEKTERSinREfabd®its WRSdckiRt SurdcaNk, & 181dhm ihikSart.OA t he
packages 10 in and between which the via through-holes 38 are to be forned)

(see FI G 5)widgyvanefylofdrtegrisidicirdnit denies lempnts niagy bgiusedinghe g¢micpndustoryi a

t hrough 20 hol es re aced. e FI.G 10 By way of example oply, the
2"t br Flgh. st Hitag el kB e APble hdiRibn e AR o

spi ndl e machipgsitds ikaRtbrs, Ahsll A6 4 tHOiRS FabrRhfioH SdcdséCatt LisdIORRiER OF

ot herw se, as known in the art), by known | aserdrilling techniques, by mask
and et ch pr olypisely fallontostbe grawps Wneswen knlayeringn pattesningt dopuwgandrheahingiand|
drilling process

es e used tq fqQrmvi t hr ough- hol es, 38, bsequent 25
¢l eani ng andPary EELIcvaRatons Al sadLae ell-kndway or FRAmPIEcISe R ISRHE t he art,
to rendbve a ;3E&RAEs infhdéisious *h?éthd&%f'@ﬁidﬁﬁ&ﬁ%ﬁém&ﬁlh {'eﬁbﬁr 8EfRRicRf(C

conductive traces 28 or an enlargenent 58 due to the heat generate " by
drillingS Adabtecalanbéam epitaxyyphysichl apghdeplositias (FED),sad ethehéathbigoes.t o ful |y

expose the edges of  the surrounding caonduct.i, v race .28 ar enl argenenj 58.
O Tcour se. the. usBthF AERSPlan Stoditent dPFeriR FIY 4 GretasnmeArbHgY grice 1o

t hr ough- hol ¢ i I At i I i i
dopends. Upordt LS e i B D20 el e el et g
t hei r di anet the sntégrated dithaiitryl{hst siOwnpof thati sghiicondpetot devade Ifswitheternahc h
conductive via 30 is to 4 be ,b(ipﬁig‘gt eﬁ,s‘f.or seYered. into two outer

connect ors 3%OMRGNEN, FHGh As 8%‘%?%‘“’? (FRADYIES o58lacHORS cPBPRRENS: s1ihe- hal £
the nunby OfaddoGre GRABESS BY for3d i@l vl sMbtbquiREErabiGud fuler OUGh- hol es
38 are for rred% exposed sem conductive material "at the surtfaces thereof may
be coat ed wi ¢dunactorsrBd (FEGS \V3RS5) ofrd pagk 2. 1 Oldfevhicts theatmicen8udtomdavired® ismy be
formed by known processes, such as by exposure of the surfaces of via

t hough- hol esP¥b oxi di zi ng conditions, deposition of an insulative material
(e.g., silicon dioxide, silicon nitride, silicon oxynitride, etc.) onto the
surfaces of via through



hol es 38, or any other suitable, known process. As depicted in FIG 14 with
respect to packages 10D and 10E that are still 10 structurally connected to
one another, or at the wafer level, a conductive via 30 nay be fornmed in a
via through-hole 38 by introducing a quantity of conductive material 29
onto at |east the surfaces of each via t[\gdgugh- hol e 38. The conducti ve
material 29 contacts at | east edge regi ons of a conductive trace 28 or

| t 58 | t d t hat th - hal e, 38
Wi 1 FI G 14 depietEiinteloreBtsigeept ST B0 BientgasimiPAr [0t 19Fape.
the conduct i Ygpvi s oB0ofBie ABbABBIshY sBAaPHRHRBhAcLYe Balds dashiusiotaes.

The shapes of the cdonductive vias may resul rom -t y whi ch
conducti ve nhétweemkfaxi&slb@nd!padaﬂﬂmﬁldpnmm sevezingithe pickagﬂgh{)holléB BXC, 1B, way
of exanpl e onl el ectrol ess deposition, i rsion depo lthﬂ

el ectrol yti néoé BT GRS aRaYRGH COATesRRRSIE A %t}VﬁVé% )chaa? destigred.
vapor deppsi 5}{@ chni ques
-may be e% oyeg%f%) rlﬁéglly\(/ 19e1n |a taftﬁrou 9 Eir#gé;wgseﬁ(? ’?tFIté(g W th

conducti ve nmadmpietdly @9ough thélﬂnélmesn affthesmibdeate btanarscntnkleﬁlusmhmiugh) thensmitiad
al l oy, conductive or conductor-filled el astonmer, or other conductive

“materi al s whitdgkneasef the parkags b‘%ofWBlChrﬁlhq&’émﬂll@ﬁ?IBé aparte Hpr eachspndicdives out er
connectors 3 %m(ﬁJ #lat is &‘Q’teﬁ%@ﬁ%%h c?ﬁ_gag %ﬁﬁgﬁ%{lﬁﬁ 5&1&@%@@?& %{u?éssl 6 % ad] UL

conductive 25 structures acen erira

Exanpl es of ¢omdlideiveé drgcenst @dtctrﬂlh $ronPa bt pdﬂlEE)O di&achseﬁthé adjaodn) tﬁﬁdsttbmat ive
vial 30 and, thus, outer connectors 31 GS. 3-5), include, but are not

linmited t®, ﬁ%»@end%md@alc%b@@rthateﬂouﬁvqiwmwaam Rachef ﬂseoqoaévctwﬁmiodse
t |
;nca)l IeE):AgdsbyAé E‘lg%%u &HF Aosr%egﬂﬁz c}hgcen %geg%tgéei%%ﬂg;ig BEC’\f/értginoeac ot her

and from ot heibsparkASKSS.t P&th cdhéudtiae rviaexb 4150 éXiendsuistallftigto At RAYt aSortiéh t hi s
|nvent|on t he S|ngulat|on $rocess serves another pur pose, nanely, to sever

each of a sepf & semicopduier ey L& detyen mihich it 181@81@@%4 oﬁyeesmpieo t her eby

cach of the Sahapeal il s cSodisel 1Bl 205 R BOREN, BREL A AR it "5,

nmay be Sesn - b bidkap&A10F ARl HIFOVWadkBgd1 0B alké shés SRidu&tiveGiAsI0B Witkonpl et el y
filled, as depicted in FIG 16, depending, of course, upon the degree to 5

whi ch the vi aaqkl@g@lh%— hole 38 is coat ed or filled with conductive material

29. Singul at | tt
exampl oo vat er s asne B PR AERERe ¥ o etk BB B Bl i s 10
fromthe subm@éc&thyaamkmfg the kiibsRaRBIGR SABRE BodRAAKRIES and 1:idiedfeAs

\

edges 72. The anount material renoved between adjacent packages 10, as
well as the awhmmetdankn&tsaut allongemwsabflmﬁom élwoﬁill@bnd_@tlwhélaeéﬁdhaﬂam/e vi as
30, is degfined,..in part h 74. Acc i,RQ

i rensi oft of PRsiReila cut iRt Firk L alodRidon 21 Whishrfata e

the kerf wi dbanglﬁrafedgem@amsfﬂae@ﬁagﬁmwmbhckdglekwa%@homf:h migitsh of each

recess 40 fornmed in an outer connector 31 nay be at |east partl aII}/ defi ned
by the kerf pRekage mwmhehaa;bp@r singitltgd &onpthg Substratedrlank§,foaCwales layel"eat h

out er connec be su ana i ons t hat
facilitate aﬁrﬁciﬁ%s lxerlﬁ?ng%cl 3? rl‘,lﬁlﬂd%t&olp%s%rpeﬁlBﬁﬂ%?&FS ?? 2?203%15 ast omer ,
or otherw sepadigd 100AL AU cotdBSiveSHEBBhoWnGR FIGCL hfé%.nhlﬂﬁldm%ha}?e e ifedr
area of a |ead, of another sem conductor device conponent, such as a

carrier 2%. gcenmestor 3 shers ér FIG 3ohaximcludb o sendi-ciradatgecess 40 formed dhdvein,
packaged or bar, m co duc or dev ke 20, Tyrning again to
Pre o950 Pt adich,et el nedhe wontatlifigiiad pbhe optes St 20D and 108 al ong

street 14, the ke%flsd’“a@%lﬁbﬂrﬂmrﬁﬁ al RACHITIIRDY heAirEstnt BQeMiiar rﬁaﬁﬂé ARERNt S
58" of adj acent conductive traces 28" are continuous W th orne another, such

as the cor nepsckd@eni0 thatindludesemicehdystnt devices pyimgpesipberal pmjs|2@tp©d1tuoned:| G
12, thus separating and el ectri.cal i sol.ating.adiacent. conductive traces
28" from eacAnN3ES HUNESITaE gy aélﬁiﬂnb% AREHE £ TG RIROAFCRE deVipe 165 ant
to mechagy calihy oakPabiteBtords ﬁ&ﬁﬂ& g% Wmlﬁcl?&mlc&hdﬁlw& asvic€iohs ggaﬁt ep

to separate the enlargenents 58 f ch other 1s unnecessary. A package
10 wit h cast eldydteddrmeati@so2or Iﬁ@tea)ﬁd:r petipheral edgescidarfsh@dentitortduetor y pe
descri bed herein has an extremely | ow profi l i ch ybeoly sI| htI
| arger than $8Vieh 16" 4 conpecttip cremmondinzens 8%@@%%1 1Z46ioR: %‘CB% Rlé“g“e!

Furt hernore, such a package 10 has a mninmal footprint, which closely

resenbl es the footprint of the sem conductor device 16 thereof. In
addition, due to its mnimzed size, the | engths of



-16 conductive traces 28 that are required to redistribute the input/output
provi ded by bond pads 20 to outer connectors 31 are mnimzed, facilitating
the provision of a package 10 with electrical characteristics and signal
integrity that are superior to those of existing sem conductor device
packages. |In another aspect of the pr eser_lh_i nvention, a plurality of
packages 10 may be assenbled to forma so-called nulti-chip nodule (MCM.

I t acked MCM . di toi ti k 10
st oned alPeRee: o4 WanRled MATEAP Rt erictnnSolr &35c68 Rt todedbth Wen
as may resul hrfXamit BtoHeshnRticH SEkakarc AN HahinMRe SRRBRtR prédsaindentRl, der

ball's, between adjacent packages, and with a 10 mnim zed footprint, in
contrast to aharepapiagdetl ithtopter somnectont 3 hthet arequianged infcemndctior patkdrys

extendi ng, inter j aL e conduygctive el t,s, such as bond wires, conductive
t ape- aut omat &é““@gﬁgjﬂé"’(‘fml ‘I‘Sé‘ﬁ‘?fh“%%gg'r%s'éd upon a dielectric polyner
film leads, or t?iGA.'S 3 ﬁ%cr@srs?sgb't?&{ll %Ew%ﬁ%io%’or%%ﬁdck&&' 10 RECordddleor ! N

-conventi onal MCMs. epicted 1n FIGS. 17, 18 a 19,7 an exenplary

mul ti-chi p ndekite1®06f parkagdebl Ganfudenisiteptated cleonits d2 pathenph ynlyafsinghe present
invention is shown. Wile the illustrated | ti-chi dul e 90, i ncl udes
'four packagedagaied HPuLER I samra%@hiéaﬁnwﬁ%% FG i p“?aﬁgoemwgtemrﬁ%ﬂ%er

arr angement s (Al a Bolepad STBE i AfivOAFKRIIE of theefhiniferdh 4R 1S
scope of the present invention. By way of exanple only, stacked multichip
nodul es 90 t Aatuppecinsulatiee Byaal.era dicladige laybr P@ ik fogesd b thoacticle berface 18
particularly 20 useful for high capacity nenory. It will be appreciated
that thelGni Proavides sons pEgtsstipnder s drferAnginégsrated ciggit 4% Genduclivyisces é8a
stack of senj d 266 ] ! i

connectors Q&gﬁé% er. ,e depg%Z?rn%ﬂHg%htg ﬁé&prha{%ltg ?@Eﬂ%’g{ %gg‘&%g’gaé‘gfﬁ%‘?%%. on,
samew dt h bubosdhpad 20 topaek agesphaimggiaftimoagh-holee 8 8, o0l atedocatédllommy be
incorporated in 25 the mufti-chip assenbly 90, é)rovi ded that the partial
pattern of cé&Wertd2oldthatidetinesappripheny ehbe pepiganpduciisisriced 6pah seqord As
shown, the pac - I rdscal [ I c Lcal |y
supported by %‘\Eg%%gg 1%/ grn gﬁ %:{]te?eé %fcclg%ﬁ rf41‘11 S%@gg? E(g’bi%g(rég gg g°n¢°?vgh ?tg gasg% ﬁg%ttfr%?lé) rg ged
to be at13j eafie tbpnBRiodphikape @i YR sdsbhd didleatricnnd 44 es8tscoréd Béfore or after
correspondi ng} sets of outer 30 connectors 31 of the stacked packages 10.
Conduct i ve c®airinthroseiaheleeddargfomnade fbepnduetivg vigg(), which dngledes prayantity of
conducti ve ' . ' Leh-wi | antlal ly
retain thei ?%Is)%gfﬁels’e é&%teegla%’ ﬁgé%%%dg#érgéggogggﬁ %rrss0 ?%r%t%f %dﬁgt?)@pde{g Qg%{gg&rl ng e
posi tioned adjaswaitk, drhikd Bke) depgdsited ire@on the Btk ¥Ea vialthiongiBBoRrA8s masg ba
common | ead for each of the outer connectors 31 of a set. Each conductive

col unm 88 i s lesatedrveithin in gashgyia thigugbdioled8. Asinsylgtiveg Liningsio anghe swésces et t o

secure t S t. t inak. et . DR QL rude . C esponding 5
conduct i 90 mender pRobt-RYE3s ] Gyl AR HBIRE AN RRL0RTE i FLESROREE LR
etc.) of a suppRrg Addupidnaiwe B 31 ark Pesitithdd oncdétieet D2} UUBhRGs cdimbh o the
exenpl ary enbodi nent of a circuit boar FR-4 resin, BT resin, etc.)

_ _ ) d (e.g.,
type support package 18 eed 8 reighborings like RaqulEBl(%i‘PP thegsubgtrate blank 8heackonduct i ve

colums are sh . bej.n un i [f,Ur, 98,. f d,in t ort
substrate 82.%0 u(gtlg%‘f)l ?rotrg%n%estteﬁlig rear@‘égpr?g%/& %tﬁéernnagjﬁc\%}éﬁr}?mé%ﬁ%rlpggéz 10

i nterposer (\Waidebicraly tHeeohidting vid 30wHEdudBhently BS Seveitdas foren two or more
insulator-lined silicon, etc), |eads, another sem conductor device, a test

substrat3S ooutengonsenters kheath ofsuhicl bictudey peecess 4\ fosmed thsreimathe baskduct i ve
colum 88 is glectrically connected tp a rtion,of a.corre diyn

conduct i ve t FEdOgS e semicandagior dsviee 5 BV Be ol ieaks partialy Eharc b o
aperture 98 @ppRegiveSnduldiveldyRpudtiskhowhen RAECt i ve col um 88 protrudes,

whi ch 15 conductive trace 972 is carned by the bottomsurface 86 of the
support subst r at e T®Zningacw te FHARA, 7y 8, and He wardius|egemiplarypcanfiguratiospoindi ng

duct i truct . | eads, .| ead hi i termninals,
SPugin vy pe cRifHEHLE bps 28, VichEREerlied e protie Fuerat o et Tyl 1E' ga
(FIG 183¢p byimRtrated! | T Sonde@lvéiRiRes 2, Rehid mbyb&ronkidereddb bRlrEfEtribhfidtct Ur es

or conductive nmaterial), which are shown as being arranged in a so-called
20 bal | gri dnstalligatioBEYtenbganerally dateyatly frormeach hofd pad 27fo a desirednutect i ve

structures are sh S an a f pins 84, or "pin-grid-array" (PG,

ohi e i 1"t he EXmBNAA recheor i e eadigh sl hpripubnianshe Beskibold sl e
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 nmay be carried on the upper surface 85 of the support 25
substrate 82, internally within the support substrate 82, or in sone

conmbi nation thereof, in which case conductive vias may be positioned at one

o, . o Y b1




As an exanmple of a method for form ng the conductive colums 88, a wire
(e.g., agold or alumnumw re) may be drawn by use of a w re bondi ng
capillary, as known 30 in the art. Such a wire nay have a generally
circul ar cross-section, although conductive colums 88 having any ot her
sui tabl e cross-section, taken transverse {,0 the lengths thereof, are also
within the scope of the present invention.” By way of exanple only, -18

d h in FlG 21, the . - td f ducti 88
ncor por at | gAY BTG condiase Bge o iheth pintey LA Tl A, *such o
conductive ColiRBwiEn, AR¥hS HFIBSSH9L ?o&i@ﬁ@b%o%?a%@@ﬂ\&‘at@xf lepélacked packages

10 that is substantially chipscale wwth respect to both footprint and
profile. 5 ApackagesdOBbandel OF dre slhovidwdh iau éntexylening s8&tidy InEl@ &, tlensver se

cross-sectional, dinmensio e.g,, a.qdianmeter 102) that substantially match
or o e 1T GnEIoHER FaES 2 b < Al ia SHATAN GihsHe RS Pegen bnd) e or
41) of agec f 1 r 2 i conducti ve
-col umm 885r coﬁar%%ggg)rwgé [W}(ﬂ})és&fl%&?l%%ﬁlﬁggn ?l?lé({?l%g%%ea%iégg\lteu ?L%twrg??Fl G 20. As
depi cted i n pdoagedA ODeardalditel | ati on col um 88" may 10 alternatively have a

cross-section which is circul ar t wiith a dianmeter 102 less than the.
“di aneter 41 of th$ﬂ¢ ERIEUEHVRITACSS AR 8Py DedPmned i W s Fangs T BriRcssses SAMKE iy

31. As showngi.n .Fl i i : . [ W
correspondi ngfegg'er t uvrvégggé#aay i@é%ggf&r Ic.@ge %8‘1:}8? ga%%\ﬁ%gﬁgétlgggggﬁflg@ dgzﬁ%%l t he
conductive c@.galu@thungrdpiyr, seidl deckedtetal; angbic fonaidyaakegettopndd bpas, of
netal |eads 92 on the battom surface 86 of 15 the support substrate 82. If

desi red {le. gsuitable pracesndecduding: Withput (imdtation.chemisaheanos deposition (C¥dYed al ong
| - adj i |, ed : i
ool vime- g8 ne AR ARE By ARIIRDTIR o £ IFichte o SuabBREGR. KlockONALEIANKE, |

manner in wheledtraessplatingt arvkinanérsion pBingaschhrjuse cWihild stich @lagatof@bnductive

correspondi ng outer connectaors 31 includes the 20 use of a conductive
adhesi ve, subntesigl way he formed befpse, sHaulianeeyslyithy orfpligying the bitredustiopotor
conductor-fi | f . j } hi 1 d between a
conducti ve c!é‘#n?g%&‘éegﬁé%gael Lo 1%¥m§¥%ﬂ'i§c§?% %g;{?gér}& ;%’?Igﬁ t 2(‘?—%% r%rg gl %t ors, around

an out eriyer tpbedisheis thiteregidduchi NNES OB 188r afcbndictbRh@eiial irdni whisher al
edges of each of the outer connectors 31 that corresponds thereto, or in a

conbi nati on B copducsive Heegsi 2Srase farmedysequithbe depositadeprias el thet forreation afvigs 88
may be coated k. b ' : L er 1in
thr s manner - IR S RIS BRARkbRLLE of (B A maBHRIRR GRS .
around a sur fieeghoiiol&a®s) Nendme liyétoLendittivBanithied] milgas patterned dsddbwalh er
connectors 31, as well as to_a pe;IiE‘oheral edge 22, 24 of each package 10 of
t he nufti - chihs aspsaheasdy use of maskhand sicheisplmigiesand, t hus, an el ectri cal
connect i bet wee c i . ' 'S ' out er
connect 8 31, or i a8 BeRKREL LU Gy URe SBIRNY (b Cnbloh BT RRGNN
substrate, ihole®38 Bothe Rterdetiona b of t2hREOE 29 kvidtHoanddrs ¢inp ¢4 "RIAAbE Yedhecur e
t he conductive colums 88 to their  -19 correslpondi ng outer connectors 31,
as t enpor ar ythat when tiepyidths| 56 cpaductive Haces 28 gfsleay har Bisi dizetes@ftheni ng
assenbly of {he su rti S a 2 Wih.all t ck 10.in_the
stack and th Orées5§ 3’%&?‘% W&Eﬁﬁwg?'%é’%ﬁg’g’ct © Bc\é\‘%&vl\l/gtéﬁe %%cr? yc‘?@voen?gg(?nﬁ?’ﬁgg pgggoélnd 5
cor r espondi ngf thelotited befiptiery oLt fbpuIRling dbadeatv@uas 3¢ FIGOE) MiausSiE desivedbe
cut, or trimred, to renove any excess portion extending beyond the

upper mos2S pathicagadudtive tlaeescifia havgdnereasedmadibs Soralpng ptertian therepfome

e o be st AREASAR Ml ERGTRRRATR bt Roloebnd b SO BRRIENET

nul ti-chi p agsffiBlive Vds BBYFICE 55, @ dhdwh AIGSC Atoemhdudirm processes and
equi pnent which are w dely used or known in the el ectronics i ndustry. The

package 10 of t heFprewsmmple,imVintT, sachmopductive teace 38 als showre withsw of | ess t han

about 1 mm king t .package. | 0Q..sui tabl e. for use in co clL,.electronic
Gevi ces, s ucHRASRET T oo S EIOR S Tetran AL opt B Be ot BAG Bt ¢ abi <
conput ergy WeSHdcBWRade@8' HathRiebd 142 MRGHAAESE AlLgdrisii S8 el sBffickastd ed. The
mul ti-chip assenbly 90 of the invention will |ikew se have a relatively | ow

profil e, makcompletelwpiriphiotadlyfsorroundansadjinsentandof afcortesponding vid thhanghh t he
foregoi ng descripti on contai ns han ecifics, these uld not be
construed as E?IF r?‘igtt? ﬁ& s%fgq%e&glﬁé‘or&é/dttﬁgfe%’f%?@n?s sithﬂ%‘ﬁ't‘ ?g(g { but nerely as

provi di ng




20 illustrations of sone exenplary enbodi nents. Sinmilarly, other

enbodi nents of the invention may be devi sed which do not depart fromthe
spirit or scope of the present invention. Features fromdifferent

enbodi mrents nay be enpl oyed in conbination. The scope of the invention is,
therefore, indicated and Ilimted only by.the appended clains and their

| egal equivalents, rather than by the foré&going description. All 25

additions, deleti apnd i fications taq.he inventi.on, .as ,discl.osed
ner el e wii ch falB PN A R HRERHIG Hant 255 SRSt PR S RRer o be
enbraced 1 hef,603 enlarpdfledtt- 48 Mt ifffdectich ‘@6@161%%&1%’@4%‘&%@1{‘?\&9 AtehPr
devi ce package, ceélrfaggi&g? ng. a slem' cgndgctor evi cg I ncl udi ng az'?ﬂl east one
bond pad on packapes. hdjasentfdarordrginped ¢nl&gamehte 481 nmyeontatteoneanathecator

corresponding tq said at | east one bond pad, said ai_ |east _one outer
connect or pdSFasiEInEhicHAres FqusHiY ‘aqm‘?é’&ﬂé"’i‘@f‘ vadiegeSLop eai&%%severa%yi ce
and havi B9 a;hflg0Lnsdat }h%gb?%%tr%ﬁz&%%hglahiécé}ﬁ%ﬁﬁf e?hc@f‘s' Ghtgah ofil d
-peri pheral edge; an% at "'['east one conducti Ve trace ex%en I ng between said

at | east oneanbtire pad and said at 10 | east one outer connector. 2. The

sem conduct or device package of claim1, further conprising. an insulative
“layer positioned Hedeastad mgFIiCeé?stth%%at@rra?fI qopdustivsieacestfi umay be fermeddo 15 3.

T . _ ; ' fur t inS] BBry
e semi condyct.ar ,dey L&ﬁvgaﬁﬁ%g%dﬁavﬁéglsdtﬁhé%ryéﬁé 185 a%?ﬁﬂ%rlfn%.' @9131&?;05 o

i nsul ative l'ayer positioned over at at lI'east one con

trace and sahésstadet b0 asdy bervtched od ofhetlvisd renddved sefSrentrate ehlrgefinisciB "Raak age
of claimi1, further conprising:. 20 a back side insulative |ayer

subst antlfal |¥ja d5gesh-hejen3 b funed phiatesseciansdts anthavvidindilor 13evi ce. 5. The
sem conduct or d evR&%rrﬁ%Saé?l?@o 2 (O %ﬁ%&ing%ee%)%a@etzog’{l tg}gfei 2834 a ch‘é‘ggt er

connector conprises op surfdces expose Ve su and a

back 25 si dehepackapeltopdd maybieicdvereddeith & protéctive deelsoaid coanidp atiosuchayte
package of claimb5, wherein said at |east one outer connector conprises a
recess ext erifibpgve-ceried dgleatris fifm entappe Grantty of diglerdds pelymgr fea oy spin-

another of sl .0BPOSS SULARRR, o inde sullF1eSEMPRUHIER) GoAEackage
15  (SOQG), or the like.
The via through-holes 38 may be formed by any of a variety of known

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 drilled (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



sem cylindrical shape. -21 8. The sem conductor device package of claim
1, conprising a plurality of outer connectors. 9. The sem conductor device
package of claim8, conprising a plurality of conductive traces that
correspond to at |east sone of said plurality of outer connectors. 10. The
sem conduct or devi ce package of claim?9, erein each of said plurality of
conductive traces establishes electrical "¢ommunication betmeen a bond pad

of said sem.c duc%1 devi e and a corres on% ng out ctor, of said
ol ural i ty oPCPCEEHH CEARL I ML Outer Copmgctomintlo His ABeRSF SHEG e Bickage of
claim8, whenLgisRgqash f&{ncfﬁ% SnPhMF BleinubRf o Lotit&" coﬁﬁéE?&%%‘i”tébé ?orﬁﬁa%t i oned

on a single peripheral sal d sem conduct or devi ce.
sem conduct or deOme thmmhalgougi'i-hclleaB&a& fomhet, exposedl‘scﬁmconﬂuww orageriaf atsai d

plurality of outer conne are tigne ad acent | east two

peri pher al éla@%g&s?s @gqeaf v es%e@w& AR dRS ifingy3d ﬂﬂ‘ellﬂ%‘%?tﬁ‘édl ate

senm conduct ,

sem condgct g{ ni v% @g %adéﬁeca? ekgSg'ﬁEg%cl%ﬁ gustl)lgl%rﬁg?f&gﬁgﬁe%lfsal ﬁ{:esloeas:%

sem conduct Qho@(hmoctessto pailizing betitdelsadepatition of ar irsnhtine matenidl Gepadikdord from

one anot her a street extending at least partially across said
" substrate 2511@11%@1108{1 njtdde,siliser oxpgifdsctedioata he swdaces pEyiadiioaghy t hr ough

sai d substrgfg.blsank, 3tokasHits1s, bwn process.
As depicted in FIG. 14 with respect to packages 10D and 10E that are still

10  structurally connected to one another, or at the wafer level, a conductive via 30 may be
formed in a via through-hole 38 by introducing a quantity of conductive material 29
onto at least the surfaces of each via through-hole 38. The conductive material 29
contacts at least edge regions of a conductive trace 28 or enlargement 58 located
adjacent to an opening of that via through-hole 38. While FIG. 14 depicts the

15  conductive vias 30 as being annular in shape, the conductive vias 30 may optionally be
substantially solid structures. The shapes of the conductive vias 30 may result from the
methods by which conductive material 29 is introduced into the via through-holes 38.
By way of example only, 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, etc.). 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



a first conductive trace extending froma bond pad of a first sem conductor
device of said at |east two sem conductor devices to said at | east one

t hrough- hol e; and 30 a second conductive trace extending froma bond pad of
a second sem conductor device of said at |east two sem conductor devices to
said at | east one through-hole. -22 14.. _The internedi ate sem conduct or
devi ce structure of claim 13, wherein saﬂé'at | east one through hole has a
di mensi on perpendicular. to a. direction in ' ajd street extend i ch
exceeds a wi PRTHOBY 214 (@ dherghy fEmaiiss cam@rggi @@r é%:) op gt asrone psfieherdr st

and second sgR.GANGUELPLr HEYLRER L@?&gn‘r?rpfc Ee%tll'(‘)‘ffan(ﬁl@'Tﬁgtﬁltérntermdi ate

seni conduct or devi ce structure of urther conprising: at |east
one conduct i senectarsi 31 may be sdmitadiadriceastshown ghFitalls, orl@mitirculdref
i ntermedi ate sem conductor device structure of claim15, wherein said at

| east one coffRietelefiNedaas denictedin BGhdp) danendige.of celserrndresdagieednti al | y
along a Nel ofihich Rl GRroddn-ndR%s!IOLERIES AIQ WRTLGRAMME Aheflgidce structure
-of claim’l6, erein sai ol'I'ow regi on has a di nension perpeéndicular to
a direction Singuhtichntgibd aséongslishek b odlanghitt wwafeeasls fer exagliple. Oafercut to
be made along said street to sever said first and second sem conduct or

“devi ces front@yhaysaifnite kerfavidthnid.  Singulatian ofinackagss £ francthe subsirgieddank 8
f ol e )
oo bt Saf o] P b Sad 16 0 10, 508 B OSSR s SOLRGHA G

ends of said _ sec surroundrng a peri
of an openi nBetdéladihcenepsokagsiel 0f iy Weldhs thelathoudOof nikteridlitmbvariéh &ach of
sem conductor device structure of claim 13, .

the conductive vias 30, is defined, in part, by the kerf width 74. Accordingly, the width

hery

dimension of each outer connector 31 may be defined, at least in part, by the kerf
width 74 of a saw blade (not shown). Likewise, the width of each recess 40 formed in
an outer connector 31 may be at least partially defined by the kerf width 74. The upper
surface 76 and lower surface 78 of each outer connector 31 may be substantially planar

15  and have dimensions that facilitate attachment, by solder, conductive or conductor-
filled elastomer, or otherwise, to a contact area, such as a conductive land or a contact
area of a lead, of another semiconductor device component, such as a carrier (e.g., an
interposer, a circuit board, leads, etc.), another packaged or bare semiconductor device,
or the like.

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 corers 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 slightly 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



25 conprising: a plurality of through-holes located along said street; a
plurality of first conductive traces extendi ng from correspondi ng bond pads
of said first sem conductor device to correspondi ng through-hol es of said
plurality of through-holes; and 30 a plurality of second conductive traces
extendi ng from correspondi ng bond pads of, said second sem conductor device
to correspondi ng through-holes of said plurality of through-holes. -23

20. The int di at ] tor.device. st : laim 13...furt

corpr i a1 ng: SROBTE RS PAUHF rBEE 4 SR i lep G EhE By $ah e Gt
one conduct i pss b0 ¥ SutePcobhectdRS 11 Adé RIMBAZ, acHRIAIRONE BEdviionleNd pRkadd LTt Ur e
of claim 13, further conprising: an insulative |ayer covering at |east said

at | east onewitheldctricalahatacteristicsramdsignd]l intagditythabare Supssiod tf thosa ofzaxastingcond
sem conduct or devi ces.dlo 22. . The intermedi ate sem conduct or device
structure ofSeENCANINSer devics 1ACKagSSrpri si ng: a back side insul ative | ayer

subst ant al |y coverftabipclorthelietin FRLISHITIRE dbatlsecdfl mil be

- sem conduct or device asse o rising. 1 suppor ubstrate; at | east
one conduct iassemisied tnfopmat soudillad) nfultiehpancdudeMEM). dubstackedMCGd at | east

one sem conduct or devj ce including an outer conpnectqr, o .peri pheral edge
“thereof posidLREE PARLPIEFIY inygpUicH PAtkages Lo.iray he apeltionad Rideeuhah cat i on

R e
edge. 24. Thendectivembohmaits)sucheas sobleabaltsybetyeer adjbainbp@kageshaendwith aai d
isgggg,r t 6},%?3 b;%gpﬁ%fngeg %(r)rgqrni'igt? i &;[ntrlast%g ttheoer;(%ar?cled%ogtiplr‘iﬁt%it attzl(r)earre(cjl1’1ircsz:i({1 WLQI;[ ST poset.
laterally extending, intermediate conductive elements, such as bond wires, conductive
tape-automated bonding (TAB) elements carried upon a dielectric polymer film, leads,
or the like, are used to provide electrical connections in conventional MCMs.

As depicted in FIGS. 17, 18 and 19, an exemplary multi-chip module 90, or

15  semiconductor device assembly, of the present invention is shown. While the
illustrated multi-chip module 90 includes four packages 10 in stacked arrangement,
multi-chip modules with other arrangements and with other numbers of packages 10 are
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  useful 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 device. 25 25. The sem conductor device assenbly of claim 23,
wherein said at | east one conductive colum is in electrical conmunication
with a conductive structure of said support substrate. 30 26. The

sem conduct or device assenbly of claim25, wherein said at | east one
conductive colum is secured to said congyctlve structure. -24 27. The
sem conduct or devi ce assenbly of claim 26, wherein at Ieast one of sol der,
anot her netal or a.cond ctlvej%gastoner

| o
et o ThachecBT & Mo thsitiobid AUECTEete S ThuBcrol FaridagGR LR S8 AFEAR ¢ o
S 0 CONAUC M iyt Nl YisgeoPfhe olR cSRIGANSHIGE PicrIoVi Ce assendly of claim

25, wherein an end sai d ast one conductive colum is positioned
within an apert urEach(aondml:tuva celaimh &Suppemnrecbtut{sgr by eoldet, réfmang appmdnl on of

sai d conductjve structure being | ocat cent .to said apert 10 29.
The sen condhe tocfswe@eé@@@ﬁgweraﬁn@ eff- gﬁ‘%g eSO grcopgsropding:

portion Qf § sai d
Bt 1 east %né&é%%ﬁﬁ%t%. FhbetSe. 8l b Wi, AR AL iAok @ Tocdls, 821 ?éé%ﬁ?é}‘ﬂ
claim 28, whwabstaie 82 gfithe minili-ohfp thbduleadudi theexempary ahbcmimbmaif& dix@hin sai d
at | east one conductive colum and said conductive structure.

" sem conduct doakgi & Brddesihl BT s3sig Lig)niype SURRest supsiraie, 2 depisted in §Kiﬁ 17

conducti ve
metal all oy?i‘izgt Sé%f‘éc,gﬁéé F@@é"e m{’ﬁ S%e;ﬁ%g%beég%%@)é?tg?% H%&&?;s as orrer
32. The seniigdiskippon sﬁlﬁfﬂateeszasserﬁnbyowﬁubstraﬂem&aay tegigivelysatmprieé an east

one outer connector of said at | east one sem conductor device includes a
recess dft enatemsgmlﬁhm&b@ {orgied Akpnucaramiss Blash plashe,. mwtgtshneﬂrﬁéhcon

sem condctcho R uiREERR |l 5LALRSoct AR, S 5 Sl o
colum. 34. tﬁseoﬁ@mméldEmondewv@e;om&em)isxemin@llg lcmn%atedwbarpartibnsﬁ‘lad at
| east corresponding conductive trace 92 that is located at or proximate to the end of the
aperture 98 opposite that from which the conductive column 88 protrudes, which
15  conductive trace 92 is carried by the bottom surface 86 of the support substrate 82.
Each conductive trace 92 leads to a corresponding conductive structure, such as leads,
leadless chip carrier (LCC) terminals, plug-in type connectors, or discrete conductive
elements (i.e., 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) connection 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,



30 one conductive colum and said at | east one outer connector are secured
in electrical comrunication with one another. -25 35. The sem conduct or
devi ce assenbly of claim 34, wherein a quantity of conductive nateri al
secures said at |east one conductive colum and said at | east one outer
connector in electrical communication mgég one another. 5 36. The

sem conduct or devi ce assenbly of claim 35’ wherein said conductive nateri al
conprises at |l.east one | der, another netal aor netal alloy, a .
conducti ve N4E8 elr&ﬁ@- §?c@ﬁa{ﬂ§§-a?c-upmqf agoRfuctive pRlumndp’ infpgporating

sem conduct | il ARt i RIER! &S Aok ) of
sem conduct gg@%@&&ﬁﬁ@%’@%@gﬁ}m@r@ ngerrecrlu : HQ’S.SE meccglg%t%ngu‘%%{%ggdevi ce
assenbly of ki Béd tovfeemeinmssantiy efistaciedipackapos 1 Gdmsisanbstivtflyshipes of
adj acently positioned sem conductor devices of said plurality of

seni conduct oralgificiegpest o boipiosprint and prafilect rical Iy isol ated from one

anot her . 515 39. The, seqicoRdHetors dAVL 68 ASSRTRAY e b @ldRedFoss MABE Glal
at O¥ sal uct or

: corresponding out'er connectodrs o east sone Sem con

devi ces are dimendibg(@Rita didrhéteONG2) al Sstitsstantidly Aftchldiars sipheloRadléhaevi ce
assenbly of claim 39, wherein aligned guter connectors of said at |east
sone of sai dhaesmelspgnienodimsasippets-g ricdiaaster dbkafaaecesh 4P dormedn therpder

Sem Conduet g o8, ARG FhaSL8) Bl LB, S P ERER it

colum. 25 4ckaged OSETRIGO2E UL @¢épicted it FIR 22¢ althyteldtionl caluimsB88 " magr ei n sai d

at | east one conductive columm has a height that is substantially equal to

a st ack lfei giternativelsihgve a cross-section which is circular but with a diameter 102 less than the
diameter 41 of the recess 40 formed in the corresponding outer connector 31.

As shown in FIG. 19, slippage of the conductive column 88 in its corresponding
aperture 98 may be avoided by use of a stop collar 94 on the conductive column 88, and
by solder attachment to adjacent portions of metal leads 92 on the bottom surface 86 of

15  the support substrate 82.

If desired (e.g., in packages that include outer connectors 31 arranged along only
one or two adjacent peripheral edges 22, 24 thereof), conductive columns 88 may be
secured to their outer connectors 31. One example of the manner in which a conductive
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 its 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



- | east one sem ¢

‘plurality of semi conductor devices. 30 43. The seni conductor device
assenbly of claim23, conprising a plurality of conductive col ums

protrudi ng from said support substrate. -26 44. The semnm conductor device
assenbly of claim 43, wherein each of said conductive columms is |ocated so
as to be positioned adjacent to a single geri pheral edge of said at | east
one seni conductor device. 5 45. The semi‘dénductor device assenbl y of claim
43, wherein said caonductive colu are |l ocated sq.as to. be positioned

adj acent to %?HF@"{“HH}S%‘FF@CBEW%QEEI as efgROTARY EYerFiblf clegizicpl qopmections are

sem conduct qfecflgyi ce. 46. A support element for supporting at |east one
sem conduct or device, 10 conprising: a support substrate including at |east
one conductive stRalbwingassémblyed thesuppartting @alsdiraten®? withdlidhe paekages U Omn
protruding from said tglupport substrate and in commruni cation with said at

| east one cdh@itfaek g ¢ Frigblishgiented conizet pefyeen PRNGUERYFPTIESE A bei ng
configur gd tc%n%g;%@ﬁi B8 STUbLfek c&rg{}%%%e dfict; cBﬁfrﬁr%%{)n?t!a}é ﬁggrﬁﬁ% the at

ctor devi ce. € support el enent

wher ei n sai drisimddg asiendve afpaehiesd portos extending besphd SRS uherinba packugeilej ng

conductive material. 20 48. The support el enent of claim47, wherein said

" wire conpri sk cendudiygicolmmns$B ey alterrasiyplrbe rigided withglenstiathat The support
el enent of c] aj ' . - [ aj . S ne.

conductive c(!(? Séﬁﬁ%f 5%2@%5? frggtn%vvgélglgs%%géésl @%ﬁ? ‘?%éetgcek%& ,“Jl ﬁ‘gé‘t"‘é‘a?ﬁ‘m circul ar

shape. 25 S5Gnodile9support el ement of claim46, wherein an end of said at

| east or}t(a)

As described above, the multi-chip assembly 90 may be readily fabricated using
processes and equipment which are widely used or known in the electronics industry.
The package 10 of the present invention may have a total thickness of less than about 1
mm, making the package 100 suitable for use in compact electronic devices, such as
cellular telephones, handheld computers, and portable computers, where such low
15  profile packages are required or desired. The multi-chip assembly 90 of the invention
will likewise have a relatively low profile, making it suitable for the same types of
devices.
Although the foregoing description contains many specifics, these should not be

construed as limiting 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.



rconductive colum is at least partially supported within an aperture forned
in said support substrate. 30 51. The support elenent of claim 46,
conprising a plurality of conductive colums in comrunication with a
correspondi ng plurality of conductive structures of said support substrate.
-27 52. The support el enent of claim 46, 8herein sai d support substrate
conprises at |east one of a circuit boaf@,'an i nterposer, |eads, and

anot her sem conductor device. 53. A neéﬁgﬂw{or packagi ng a sem conduct or
devi ce, conprising: providing a substr Sank i ncluding at | east one

sem conduct %ﬁgk&g%lé&mi cated thereon; formng at |east one through-hole

substanti al | Id substrate blank at a conductive via |ocation

adj acent to an out.er perémpirenguotdr desicd patkageadimpeismgiO sem conduct or
device; form ng at |east qne conductive trace to, extend, between a bgnd pad
of said at |HHHCHHECREATAGHACIME 2 dspriancond pad on b AcHE S Aok herePBoat | on;

intr OdUCF ing at P4y io\ﬁ?er%%ﬂcicglcoﬁgsg)%naﬁ%% &id Iaﬁlgﬁst,t onf Eglltl&]ngﬁ;l 9dla QPieﬁstF o form

a conducfive via therein, sald conductiVe via having rn electrical

communi cati on wi tdhebuted @bsnadtor pesisibnaien £periphetal ¢dgd sfaarl sendcotdietodi ng

substantially through said substrate bl ank; and severing said substrate

" blank and sai d atdevicgend baeng 8height thabexiends snbsiantially across e heightofsaidr y. 20
54. The net hod of K | gé@% ,%[aerei n said providing said substrate bl ank

conpri ses provi di BFGPEE tate blank with a plurality of sem conductor

devi ces at least one conductive trace extending between said at least one bond pad and said at

10 least one outer connector.

2. The semiconductor device package of claim 1, further comprising:

an insulative layer positioned beneath at least said at least one conductive trace.

15 3. The semiconductor device package of claim 1, further comprising:
an insulative layer positioned over at least said at least one conductive trace and said at

least one bond pad.

4, The semiconductor device package of claim 1, further comprising:
20  aback side insulative layer substantially covering a back side of said semiconductor

device.

5. The semiconductor device package of claim 1, wherein said at least one
outer connector comprises opposite surfaces exposed at said active surface and a back

25  side of said semiconductor device.

6. The semiconductor device package of claim 5, wherein said at least one
outer connector comprises a recess extending substantially from one of said opposite
surfaces to another of said opposite surfaces.

30
7. The semiconductor device package of claim 6, wherein said recess has a

semicylindrical shape.



fabricated thereon. S 5. The nmethod of claim54, wherein said form ng said
at | east one through 25 hole conprises formng said at | east one

t hrough-hole at a street defined by outer peripheries of adjacent

sem conductor devices of said plurality of sem conductor devices. 56. The
met hod of cl aimb55, wherein said severing,,conprises severing said 30
conductive via into at |east two outer cdhnectors that are |ocated on

peri pheral edges gf said adj.acent sem.conductor.devices. . :28 J7..Th

et hod of ol atm 58, whEhGRIEERIR CRYGREIHGEC B, Eompaiiring RlitAeT

| east one thgaUolsheliersW th conductive material. 58. The nethod of claim
57, wherein sard plating conprises at |east one of 5 electrolytic plating,
el ectroless plating, and i mersion plating. 59. The nethod of claim 53,

wherein said introducipng conprises introducin t |east one, of sol der,
another netal or fetal 18f pggico %%&E@P?P@&égggfﬂﬁﬁ}g’%ﬁﬂmémg a plurality 6f

conduct orgfi J i Li&Rsle RGN AHE GRS £ The
- met hod ofs cl gérﬁagg‘%ﬁm%fggg{aﬁlbds]%éggé@e@ea??eﬁg&%orrpcsr%i@se savmg’}r.lbg. 61.(;0%!%&: rrset hod
of claimb53, wherein said formng said at | east one conductive trace

_conprises formng said_at |east one conductive tfrace on an insul ative 15
| ayer or structur &9 62Tﬁq'F'F'émﬁ%‘ﬁ%H)rGFV‘EF aaqlﬁaS%s)ft?l?m PreVhegeimsAs o914 £ or ni ng

i at 1 eash b AiRiode SRt oo AT LoRRinfeAg Rt § BBRFP AN <

conpri si ng: bpdaid Se@nidondudtonldetice end 4 corfgpentisgiodtacamnedtosel sdidglutatiasséf one
t hrough-hole. 64. The nethod of claim53, further conprising:
10  outer connectors.

11.  The semiconductor device package of claim 8, wherein each of said
plurality of outer connectors is positioned on a single peripheral edge of said

semiconductor device.

15
12.  The semiconductor device package of claim 8, wherein outer connectors
of said plurality of outer connectors are positioned adjacent to at least two peripheral
edges of said semiconductor device.
20 13.  Anintermediate semiconductor device structure, comprising:

a substrate blank;
at least two semiconductor devices fabricated on said substrate blank, said at least two
semiconductor devices positioned adjacent to one another and separated from
one another by way of a street extending at least partially across said substrate
25 blank;
at least one through-hole formed substantially through said substrate blank at said
street;
a first conductive trace extending from a bond pad of a first semiconductor device of
said at least two semiconductor devices to said at least one through-hole; and
30  asecond conductive trace extending from a bond pad of a second semiconductor device

of said at least two semiconductor devices to said at least one through-hole.



25 forming a back side insulative |ayer on a back side of said substrate

bl ank. -29 65. A nethod for assenbling sem conductor device conponents,
conprising: providing a support substrate; securing and electrically
connecting at |east one conductive colum to a conductive 5 structure of
sai d support substrate; positioning at |east one sem conductor device

i ncluding at | east one outer connector ona peripheral edge thereof on said

t substrat h.that said at |.east ' | d said at
ohot one out er - cbimecThy Ripmefpiemitaar SR Mkt Sh SRS T oRETaot her
10 66. The npiinadiedd: ofé BHroudholMRRT LdihensibAl pBYpeNdich1RttoGIRCHSE fr WhieK issliand

at least one of a circuit board, an interposer, a |lead frame, and another
sem conduct ostregbexterds whickh ZxceFiea width ofla ofit to bainmade Blongtseidaitieetstaisadves saidr i ng
and el ectricall onnecting c ri.ses acing a conductive material between
said at |eas ‘rséﬁ’é‘f%eﬁﬂ'&‘ﬁﬁ??‘g‘é“@%gfﬂfﬁg%% oé‘giaﬂmg‘gnducti ve structure. 68.
The method of claim 67, wherein said placing said conductive material 20
“conprises placing at |east one of solder, another nmetal or netal alloy, a
conductive el ast oler, Aheimerowditetenricdriduttod detiasstomrture bEchame i3 sfaitherat

_l east one conducti.ve colum and said conductive structure. 69. The nethod
of clai m65, “URRE¥E said securing and electrically 25 connecting conprises

formng sai da@kad BASLorPHRAN PLdid & 1R U HRSLghldle. cOnduct T ve structure
with a wire bonding capillary.
10 16. The intermediate semiconductor device structure of claim 15, wherein
said at least one conductive via includes a hollow region extending substantially along a

height thereof.

17. The intermediate semiconductor device structure of claim 16, wherein
15  said hollow region has a dimension perpendicular to a direction in which said street
extends which exceeds a width of a cut to be made along said street to sever said first

and second semiconductor devices from one another.

18.  The intermediate semiconductor device structure of claim 13, further
20  comprising:
an enlargement connecting ends of said first and second conductive traces and

surrounding a periphery of an opening said at least one through-hole.

19.  The intermediate semiconductor device structure of claim 13,
25  comprising:

a plurality of through-holes located along said street;

a plurality of first conductive traces extending from corresponding bond pads of said
first semiconductor device to corresponding through-holes of said plurality of
through-holes; and

30  aplurality of second conductive traces extending from corresponding bond pads of said
second semiconductor device to corresponding through-holes of said plurality of
through-holes.



70. The nmethod of claim65, wherein said securing conprises positioning an
end of said at |east one conductive colum in an aperture formed in said
support 30 substrate. -30 71) The nethod of claim 70, wherein said

el ectrically connecting conprises placing a conductive material in contact
with said at | east one conductive colunnzgnd a portion of said conductive
structure adjacent to said conductive col“dim. 5 72. The net hod of claim 71,
wherein said placjnhg sai d condyctive. nmaterial conprises placi at | east
one of solder, a 'herﬂFe’t"‘Eﬂ“nS laF?esFﬁ‘llcoé‘FiP‘EWr,é"é’“@ E‘F‘?Q&@P’a >SHEher and a
conductor-fh%kﬁgmﬁg@stoner in contact with both said at |east one
conductive colum and said conductive structure. 10 73. The nethod of claim
65, wher ei n aainshlpivad layaror sigutadebendath atbsist eaid askenstona domduetivelawdec e
conprises positioning a plurality of sem conductor devices in stacked
arrangenment over said support substrate. 74. The nethod of claim73,
wherein said pos'él'.on'fﬂefn%g&'iﬁ .s%ﬁﬁc%*ﬁhh&@f &‘&é&e@tﬁk&&é chgéilm%’ pcation
- between said at l'east one conductive columm and correspondl ng duter

connect ors ofongirisirgast sone of said plurality of sem conductor devices. 75.
The nethod of claim65, further conprising: 20 securing said_ at |east one

" conduct i ve cB At layargoyeringe dqasiidid ddeast orennmeBetpte rapg andpaid herdiod of
claim 75, d?b?sat?&‘!ﬁ tiﬁ&y{c'o 8 sGRIBEARER RGRI I ng said at [est one
conductive colum to said a east one outer connector with at | east one of
sol der, another netal or netal alloy, a conductive elastoner, and a

conductor-filled 25 el astoner. 77. The method of claim 65, wherein said
provi di 3§ conpri s& prbhe intamgediate semiconductor device structure of claim 13, further

comprising:

a back side insulative layer substantially covering a back side of said substrate blank.

23. A semiconductor device assembly, comprising:
15  asupport substrate;
at least one conductive column protruding from said support substrate; and
at least one semiconductor device including an outer connector on a peripheral edge
thereof positioned laterally adjacent to and in electrical communication with
said at least one conductive column, said outer connector having a height that

20 extends substantially across a height of said peripheral edge.

24.  The semiconductor device assembly of claim 23, wherein said support

substrate comprises at least one of a circuit board, an interposer, leads, and another

semiconductor device.
25
25.  The semiconductor device assembly of claim 23, wherein said at least
one conductive column is in electrical communication with a conductive structure of
said support substrate.
30 26.  The semiconductor device assembly of claim 25, wherein said at least

one conductive column is secured to said conductive structure.



test substrate and wherein said positioning conprises renpvably positioning
said at | east one sem conductor device on said test substrate. 30

.A9. A'n. A9. AL. A9. A9. A&. A9. A. AL. AL. A& A A A& A A A A . A A9l .A&y. A3. A

.. A A A Aye. AL. A&L hz'esj2d r

x?U{ vgl gb] X] ca] ca] ca] ca] ca] ca] c<a] ca] ca] %a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c<al] ca!

;]Ffif%g]( )Ca] E{ajzgg] a] caf>?aﬁ\é§£¥%%§ @%\11% %@g}oga]}a %ﬁa‘]"ﬁ%{%@g‘ i?]“&?{] C ca] c

BBBBDCCCBDDIG ey, hE8&Fiefal or metal alloy, a conductive elastomer, and a conductor-filled

GsGGGHTHHHI\ T I } Xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c¢a] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]aastandrcatuwred said etdpashpuagandictiecam]wnn td said SddaMBl MENRAOQXSTXX6
Z[ “"bbSdf gki 7nxnt nn} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! n$pq’ s+wow} ~7BE@PUSa} xs

nid_Z]]cg]ca]ca ca cal ca
~ ] ca] c}a] ca] ca] ca] 223] ca] ca S%a 1%(21}1?%% ﬁ]é‘;e;%]mégér M%@kﬁﬂﬁ% g]rgg]@ge]ngg]fgg]ica] ca
] ca] ca] ca] caa]t(ha]ma-]em]ldwc]tnfa]comhm]s qoaimax]c:hs]mh]lcaa]apel]meac]mw]daa]smd]sup;}qra] cajc
. ajJcalj+. x8KBL snid Z ca al.ca cal cal ca] ca
c!a] ca] ca] ca]8} tﬁaé] atﬂ]‘]f‘&] eg]ﬂtfg‘]%@]’&ta] Etéﬂ]‘?: ing| qcFJiﬁhall &5{‘]}%}1&(5 n] d_]Z
]1]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]ag’g]lg]g] cal ca] cal z;
Qr<=P" wBU} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c

a] ca] cal.ca] ca] ca]l ca] cal ca] ca] ca] ca] cal.ca] ca! +7 1Z£§ | }xsnid _Z]]]ca] ca]
ca] ca] cafca] ca] cd%a] h}%ﬁ?ﬁ%ﬂ”@&f*@éf%ﬁ?@éﬁ%‘]‘&&f g }@&ch]laa%]%q ca] ca]

cal ca] ca] Ca]gﬁ)?% ]ﬁ 287‘})0
M6 #U2i U} xS &E? nd c(::t}le ecsél ct ec nta ﬁ)ortl n o sa1 of a1d tle Sto}]ca] cal c

a] ca] ca] ca] cahdadtde]cohin@f] ca] ca] caj ca] ca] cal 0&wW OTcBE# j
V' F} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]c
aJca] ca] ca]cal calca]ca]calca]ca]lca]cali u}D7] ku
xsnid_Z]]]ca ca : - caj ca

] cza] ca] cal 1:!3] ca] ca ca] ﬂgt] g]lg(g]dggt])gg%‘ﬁ@t afs?%(ﬁ@k%%ﬁﬂh%@] \%ﬁlr‘éﬁ']] aC&laﬁﬁl}F&] ]

- } xsni d5Z] |dondictbkandterndl cahtaet dathcsaldcalesi o) @ahaaivcabnaﬂmaim]& a] ca] cal ca
] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cahz! eaB1l0%&' ()-s 10%& ()-f
&10%& () - 10%RMAyCtre BHYEUTS - | YE &10%& () - esj dE9" 109&' ()- 109%& () - |
109& ()-109& ()-f
10%&' ()-9yGlO%& () -2ddEO&! 10%&' ()-y. 109& ()-9L-10%&' ()-& 10%&' ()-9$@10%& (
)- 10%& ()- r  3dE Yltl@é’/s"en(ls‘torﬁu&@iyﬁe\(lée HEEABYRT Clairl 3010 UEreln) said] quddty( ) - @
109%& () -6~\:! Nsy#109&' ()-;!|sy#10%& #1090 T& ()-: 109% ()- 10 10 10
=109%& () - ?+' oJ,f[ognqluthe n%aigm&c?l}'npn@es a#%gs}@n(:p scﬁder anothér metal or metal alloy, a

109 X020 Do e sl A PERRBRRS 1T o () - gt o

SH10%& ()-! k9 SH109R2& ()-!:

92#10%& ()-91f92#10% - & () - 9! X9z#10%GG& ()- 9!\ 9z#10%& () - 9WU: 10;2: 2 10
. 211 9( - #10% 2: 283%.) - 4Thexemiqqyuigctoy devieagssemblyof clagn 28, Whergin spichagleast

—& 41 k9( - #10%

Tt K2 dub i Fotulach o6 sid o Loagtionp segpipgnguctor devige includes arocess 1 0 (1 -

extending substantially along a length thereof.
25
33. The semiconductor device assembly of claim 32, wherein said recess is

configured to at least partially receive said at least one conductive column.

34, The semiconductor device assembly of claim 23, wherein said at least
30 one conductive column and said at least one outer connector are secured in electrical

communication with one another.



1008 ()- 10; 2; 2#F$YR&E&Z[ <. : | S L" 3110%& () -
@L10%&' ()-' kL @109 ()- L"109%& ()-& (((((
109&' ()- 10(( 10(( 10(('tL2"10% (& ()-:'tL
" 1098 ()-'t9 " 10%
L& ()-L -#10%& ()-!\L - #10%H8& () - Lf #100% () - M XLf #10%& () - M</ 0112222wi [ ML!
19 "10 1022 1022 1022I KL( T#100R2& () - 3! t E0T#10% c:

c& ()-3! pL(T#lOW 3 fL(T#10% -322- 5 11al9"10% (& ()-L#
1098 () - 1\ L#10%A28 ( T‘L#Ff /é’“%‘?ctefﬁ‘%?’g Y°§ﬂ%}£3§) Whersagiqu Bé’ﬁ% [9+1
1022! kL l@ﬂe‘%%ﬁ@cs%v(e)matérﬁal} sé@fés(é%i‘dzaﬁé’as(ane QRO Koo 4R 41016t éac | VO
#10%&' ()-L9"109& ()-&=" =(=)=>>?v?gHl 1022!' kL 1@110% & ()-f1l0% & ()-f

1096 & () - y! Idsér&onnectcar(neikettical codRauiicRdn»Pitham@@RdEier. 1022! kL S

10% & ()-fZ10%W & ()-10%W & ()-f 10% & ()-910% & ()-Y 10% & () - @G>AAAGBBAEHL
1022' KL &9' m'10% & ()-%A0%W & ()-$ 10% & ()-Y'f10% & ()-f

MLO%% & (- 9' 10% & ) - BRRDCOEBONEHL: 4033 dekordliy b0Uiaft 65 Gherein said

10 & ()-F-10%& ()-@10% & ()-F*:10% & ()-( 109 & () - BDDDEK Ev EWEX Ey Ed YNCO 2
2!k 10" 10" cb@dygrive material comprises at least one of solder, another metal or metal alloy, a

C10% & ()-910% 3" 10% & ( 0% 4S109 & () - yE} EE&F} FF
GJEYNCD22! k C@‘%@% (‘J d OI‘g ﬁ%} clHHOBEY) - £ f 100& () - 109%& ()-
Gs GGGHTHHIEYNCD22! k 910%&'() 9s! 109%& ()- 10%&’ ()-f 3810%& ()- 10%& ()--

109 ()-HHI\ 111 AJJEYNCO22! k
37.  The semiconductor device assembly of claim 23, comprising a plurality
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10  of semiconductor devices in stacked arrangement.

38.  The semiconductor device assembly of claim 37, wherein adjacent active
surfaces and back sides of adjacently positioned semiconductor devices of said plurality
of semiconductor devices are substantially electrically isolated from one another.

15

39.  The semiconductor device assembly of claim 37, wherein corresponding

outer connectors of at least some of said semiconductor devices are in alignment with

one another.

20 40.  The semiconductor device assembly of claim 39, wherein aligned outer

connectors of said at least some of said semiconductor devices include recesses therein.

41.  The semiconductor device assembly of claim 40, wherein said recesses
are in-line with one another and at least partially receive said conductive column.
25
42.  The semiconductor device assembly of claim 37, wherein said at least
one conductive column has a height that is substantially equal to a stack height of said

plurality of semiconductor devices.

30 43.  The semiconductor device assembly of claim 23, comprising a plurality

of conductive columns protruding from said support substrate.
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20 48.  The support element of claim 47, wherein said wire comprises at least

one of gold, copper, and aluminum.

49, The support element of claim 46, wherein a cross-section of said at least

one conductive column, taken transverse to a length thereof, has a semicircular shape.

25
50.  The support element of claim 46, wherein an end of said at least one
conductive column is at least partially supported within an aperture formed in said
support substrate.
30 51.  The support element of claim 46, comprising a plurality of conductive

columns in communication with a corresponding plurality of conductive structures of

said support substrate.
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"introducing conductive material into sa1d at least one through-hole to form a conductive

via therein, said conductive via having being in electrical communication with
15 said at least one conductive trace and extending substantially through said
substrate blank; and

severing said substrate blank and said at least one conductive via along said outer

periphery.

20 54.  The method of claim 53, wherein said providing said substrate blank
comprises providing a substrate blank with a plurality of semiconductor devices

fabricated thereon.

55. The method of claim 54, wherein said forming said at least one through-
25  hole comprises forming said at least one through-hole at a street defined by outer
peripheries of adjacent semiconductor devices of said plurality of semiconductor

devices.

56.  The method of claim 55, wherein said severing comprises severing said
30 conductive via into at least two outer connectors that are located on peripheral edges of

said adjacent semiconductor devices.
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15 layer or structure.

62.  The method of claim 53, further comprising:
forming an insulative layer over at least said at least one conductive trace and said at
least one bond pad.
20
63.  The method of claim 53, further comprising:

forming an insulative lining on surfaces of said at least one through-hole.

64.  The method of claim 53, further comprising:

25  forming a back side insulative layer on a back side of said substrate blank.



1096&' ()-f1109%& ()-% xY:/! 105f 109%B& ()- @ 109%& ()-y

g109%6& ()-f910%& ()- @0%& ()-9109%& ()- 105#u2i dE: /! 105fS1096& ()-y&
10968 ()-& 1098 ()- @0%& ()-y3109%& ()-f1096& ()-i udE /!

105f y#1096& () -y "109B& ()- Sy

10968 () - & 109B& ()-S, 10%& ()-y' ! 1096&' _g‘))_- 0&MIE: /! 105fy1s1096& ()-f/
1096& ()-S-109%& () -y * 109%& ()-y(' 1098& ()-'!109%& ()-w LMNOTXxnmbCl
1059y10%0&' ()- 105 105, 105 9 : : .

1096& () - &7S#109 -()-4‘ gfg'%‘&f"f ?QSE‘TB%%P‘*(“}‘-C%%E%HBEFG components,
10510908 () -gb eS8 () -S 10908 ()-!" 10%008' () - f 9310%0&’ () - @ALOUX’ () - E#: | dB
mbCl 105! +y#10%00&% () -S " 10%0& () - &10%08 () -y, S

10908 () - S1@r@dding-a@ppeOaitsirateyaVK@ 105 100 100

00 MLOY%O& () -!1 - 9 ()m Y *10%08& () -S(10%08 () -& 10%0% () -' FAEVK 105
T0s @O (PSR s Sopnsctie s lbasspae (it selimr B bbHERe. devka
105 10, 9509’ () -shQhtie 69saicd b babstiGicl 0% () -, 10%/ ()- S 10%' () -

" U} DdEVK@

positioning at least one semiconductor device including at least one outer connector on
a peripheral edge thereof on said support substrate such that said at least one
conductive column and said at least one outer connector are in electrical

communication with one another.

10
66.  The method of claim 65, wherein said providing comprises providing at
least one of a circuit board, an interposer, a lead frame, and another semiconductor
device.
15 67.  The method of claim 65, wherein said securing and electrically

connecting comprises placing a conductive material between said at least one

conductive structure and said conductive structure.

68.  The method of claim 67, wherein said placing said conductive material
20  comprises placing at least one of solder, another metal or metal alloy, a conductive
elastomer, and a conductor-filled elastomer between said at least one conductive

column and said conductive structure.

69. The method of claim 65, wherein said securing and electrically
25  connecting comprises forming said at least one conductive column on said conductive

structure with a wire bonding capillary.

70.  The method of claim 65, wherein said securing comprises positioning an
end of said at least one conductive column in an aperture formed in said support

30  substrate.
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conductive column and said conductive structure.

10 73.  The method of claim 65, wherein said positioning said at least one
semiconductor device comprises positioning a plurality of semiconductor devices in

stacked arrangement over said support substrate.

74.  The method of claim 73, wherein said positioning includes establishing
15  electrical communication between said at least one conductive column and
corresponding outer connectors of at least some of said plurality of semiconductor

devices.

75.  The method of claim 65, further comprising:

20  securing said at least one conductive column to said at least one outer connector.

76.  The method of claim 75, wherein said securing comprises securing said
at lest one conductive column to said at least one outer connector with at least one of
solder, another metal or metal alloy, a conductive elastomer, and a conductor-filled

25  elastomer.

77.  The method of claim 65, wherein said providing comprises providing a
test substrate and wherein said positioning comprises removably positioning said at
least one semiconductor device on said test substrate.

30



