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-1- SEMICONDUCTOR DEVICES INCLUDING PERIPHERALLY
LOCATED BOND PADS, INTERMEDIATES THEREOF, ASSEMBLIES,
AND PACKAGES INCLUDING THE SEMICONDUCTOR DEVICES, AND
SUPPORT ELEMENTS 5 FOR THE SEMICONDUCTOR DEVICES
CROSS-REFERENCE TO RELATED APPLICATION [0001] This is a new
application filed under Section 26(6) of the Singapore 10 Patents Act
claiming the earlier filing date of Application No. 200203688-7 filed on 18
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havmg a true chip prd¥ e protie andia-chipFootprint. [0003]
The dimensions of many dlfferent types of state of the art electronlc
devices are ever decreasm. To reduce the dlmenS|ons of eIectronlc
devices, the 20-&tk:20RdEiRRENGE ' LIG

devicegogghgr WQQH%%% RYIGES fﬁé@lﬁ@f&rﬁﬁfémﬁ%ﬁﬂ@rﬁﬁﬁpme

of these devices are packaged and assembled with carriers, such
Entantsaoraleimingt beesrier fidng é%a%&pmhiféw&%ﬁmﬁ@%@%%é biiled on 18
gepnonpically produce a chip-scale package (CSP) of the smallest size
possible, and with conductive structures, such as leads, pins, or

conductive bumps, which do not 25 significantly contribute to the overall

size in the X, Y, or Z ¢imeRsmOUAIDVDIETHIRINSRNg@Nery high
performance level. [0004] One approach to reducing the sizes of

assemblies of semiconductor devices and circuit boards has been to
minimize00E Profiepreldhe semiranduaiardeyiassad ahrialaaitonituctor
components upon carrier substrates_(e.g., circuit boards) so 30 as tg

Fsyifes tidhdidehesdiile %?Fﬁc‘é’ﬁaﬁ by rden B BB theaisrheyel
pubsipatera Wiasio U &YRep ploPAckasing eapYagiesdiavechgenagyrioped

to facilitate orientation of semiconductor devices upon carrier substrates

in this ni20Aer. TOSOEMEBHOBROLRARY SHIREBhERER PR e ek Rgctronic

aeeitlbta e destauctise St dypinakktiraudiigislRaferdayaicaievices, the

encapsulant material, a carrier
structures by which the microprocessors, memory devices, other semiconductor

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

[0004] One approach to reducing the sizes of assemblies of semiconductor
devices and circuit boards has been to minimize the profiles of the semiconductor
devices and other electronic components upon carrier substrates (e.g., circuit boards) so
as to reduce the distances the semiconductor devices protrude from the carrier
substrates. Various types of packaging technologies have been developed to facilitate
orientation of semiconductor devices upon carrier substrates in this manner.

[0005] Conventionally, semiconductor device packages are multilayered
structures, typically including a bottom layer of encapsulant material, a carrier

(e.g., leads, a circuit board, etc.), a semiconductor die, and a top layer of encapsulant
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35 (e.g., leads, a circuit board, etc.), a semiconductor die, and a top layer
of encapsulant -2- material, for example. In addition, the leads, conductive
bumps, or pins of conventional semiconductor device packages, which
electrically connect such packages to carrier substrates, as well as
provide support for the packages, are sometimes configured to space the
semiconductor device packages apart from a carrier substrate. 5 As a

FaaGah B oRrEIPIRickhaddisobithrdsadserREHALEBRERNE PaciRiges
apavigiodistanaes Hae Rackades prativde pmIrarien SHRSIHAS A86ch packages

greater than is often desired for use in state of the art electronic devices.

fosaplsaeibitialis) pariedbis §eNide prerad terpheragingest ais nsegrunse

eemRARGN D §Qﬁ%ﬁdﬁtﬁ)¥\@cﬁﬁe@1‘%ﬁ%€l§%ﬁﬁ fhaharetereneehitate.
0 be “chi

10 WLP processes are generally considered t -sized" packages,
Aviddstiitho¥prl thitkaerstsral shessaamisnisiisionderice Pﬁﬁﬁ?ﬂ?ﬁt@ﬁﬁlﬁe
RS Ry BsemewWhRireatearcrratiles Nt L finRARIO AN & Ol desired

solder balls, pins, or other conductive structures that protrude therefrom.
fok&WnsdB, S %Qﬁé}éeﬁ%%%ﬁw{ﬁ@é‘f’r?ﬁ?use interdie connections

COmprifﬁiﬁ)(ﬂo'dﬁfa@@@N@i'}ﬁCEE@iﬂ‘Q'@W‘E?}J%m@BM&&%IHQ'étleafpe'lg@trja'éic
overall Z dimension, i.e., profile. [0007] "Flip-chip" technolo

EAPRRANG Wt dbRnlEBENEp e ttip TRE RAETERE t@tzsrt-‘é%%ﬁgﬂaay is

INLPXBORIesef AR asse1b\anddRaskagng tBghRIIagypibRi Jes Wit selk @with
semiconductor device being oriented substantially parallel to a carrier

LipsrER the e X apduh If0sihSehifPRIBHRbIYY, Bl dpsfomewhat

ehieesiaph S0l Pl IRf 7 SRAYNEABAUGtOIdaYISE @EnalITangRd i amarEadductive
over a major surface of the semijconductor device. Flip-chig? techniques

SRl B BYIh BarE A FdERY G SiEHRRIEESFadifEdsanuse interdie
paskagrm lieRins iipe esnvand peior deviediokhighs dypiaayly hassaldey the

balls arranged in a so-called "ball grid array" (BGA) connection pattern,

S5ty o8y SemPE8ilfuctor die and a carrier substrate, which is 25

typicallppumed anpisespesginoble, nienasarinpayifeoasibinaetdollapse chip
adjacent either the back side of the semiconductor die or the actjve (front)

SR dfodh 008 & BN RO RIS S e AR E Py
backside oh the:rsrRoiaabduckoriciaeiing baasiepdbahitialsepicoRUIUCOfarrier
glil%sz%rrgtet}lglil%ﬁl% glsgtcrlil(l;fall)lgard. In flip-chip technology, the bond pads or contact
pads of a semiconductor device are arranged in an array over a major surface of the
semiconductor device. Flip-chip techniques are applicable to both bare and packaged
semiconductor devices. A packaged flip-chip type semiconductor device, which
typically has solder balls arranged in a so-called “ball grid array” (BGA) connection
pattern, typically includes a semiconductor die and a carrier substrate, which is
typically termed an “interposer”. The interposer may be positioned adjacent either the
back side of the semiconductor die or the active (front) surface thereof.

[0008] When the interposer is positioned adjacent the back side of the
semiconductor die, the bond pads of the semiconductor die are typically electrically
connected by way of wire bonds or other intermediate conductive elements to

corresponding contact areas on a top side of the interposer. These contact areas

communicate with corresponding bumped contact pads on the back side of the
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connected by way of wire bonds or other intermediate conductive
elements to 30 corresponding contact areas on a top side of the
interposer. These contact areas communicate with corresponding
bumped contact pads on the back side of the -3- interposer. This type of
flip-chip assembly is positioned adjacent a higher-level carrier substrate
with the back side of the interposer facing the carrier substrate. [0009] If

fREeTRRsEpod Y SdRs i S ipjarisitthe patvd erfdapdiase e higher-level carrier
sERIFQRHAtandigihe RoStRaERL b8 $EMEARIUEERE AiguRAN e

electrically 5 connected to corresponding contact areas on an opposite,

top surf4889%s tHEthadrisretehy RRttonrdatinsaniid e ariNfctdsroth dhts
thatiexianeshEIROpsRpRATsReR iRt sAad dib ke Ry RRSA ARy

the contact areas communicate with corresponding contact pads on the
FRBABESEILORIHRS BABEIBE IHIEIHFEAhRELAIORRSS e vide ks plyhe interposer

Bowavest the caainet Pasifuaie alsenyrisaly loaatRintbe 4ap surtBreHHes
the interposer. 10 Accordingly, this t%ge of flip-chip assembly is positioned

frRedrn ARigHERRIGE! Cxgpisr (REBeRA At AR HA U GRIFoRARING

byrRAiepiag sheHBtRtRRRRENITR thE 19p: sHFfaceHRciBs it eatifdevice assembly,
substrate. [0010] In each of the foregoing types of flip-chip semiconductor

HEViews; the ceBRE R A& IRTRIEN dhBden T aplaheraterposer.
has @ dapiRrintitheh et aip- e pp R e BheauepRending desmniScarrier

or other contact regions formed on a carrier substrate. Each of the bond
(RsHAte SR AT SEHIEO SHGEELPAED) R LHHARE (BF TRiTRME Pk SFeSP

padscamsiiscaarespRadingdareninal may be electrically connected to one
another by way of a conductive structure, such as a solder ball, that also

spaces! W teipered LothilaTseaiRe XRey iR (HEPCHRisOadpstPAde ders. the

K Phesspake ineimess the dNpsRaBal anskthe warmeas substpale mMaynierors
left open or filled with a so-called "underfill" dielectric material that

BPRTARERRAIBh S TEN RN S STARI HeAeE AAMALERSIODR doisA on a carrier

deviaatantibe sadiisssubanaberd flipddiarnaasiiat thediosegp g tyResn
gg)éllip-chip semiconductor devices may include an._encapsulant material

SHHYIBGHISRY SR BIAREOT RIS IREBHIBS G e St sy connected
seBicandieion diea J I kJohediNeknesses ofuctnieniinoal Biptahin &yeespaces

?&Cﬁl?gr%%s%{rigggebﬁgtance away from the carrier substrate.

[0011] The space between the interposer and the carrier substrate may be left
open or filled with a so-called “underfill” dielectric material that provides additional
electrical insulation between the semiconductor device and the carrier substrate. In
addition, each of the foregoing types of flip-chip semiconductor devices may include an
encapsulant material covering portions or substantially all of the interposer and/or the
semiconductor die.

[0012] The thicknesses of conventional flip-chip type packages having ball
grid array connection patterns are defined by the combined thicknesses of the
semiconductor die, the interposer, the adhesive material therebetween, and the
conductive structures (e.g., solder balls) that protrude above the interposer or the

semiconductor die. As with the flat packages, conventional flip-chip type packages are

often undesirably thick for use in small, thin, state of the art electronic devices.



10

15

20

25

30

grid array connection patterns are defined by the combined thicknesses of
the semiconductor die, the interposer, the adhesive material
therebetween, and the conductive structures (e.g., solder balls) that
protrude above the interposer or the 30 semiconductor die. As with the flat
packages, conventional flip-chip type packages are often undesirably
thick for use in small, thin, state of the art electronic devices. -4-

Furtheiinmsre UesefshinrepenbeanssheiertsihebiRbarmsiusiegachigked multichip
steaked melshinumogule MEM) iagHlisénr relativelypigh-miefile. large

footprint device. [0013] Thinner, or low-profile, flip-chip type packages
have bE¥H AbvelbFBErvoRikhVimERIHe iHtBreiBdiPoPthtceditie §smiieveloped

KeRRASASI IR RIS SRIGFehIQ FRRflYEwRkIeaskR hartian Bhing @t ceive
of semiconductor devices. While interposers that include recesses for

palersiy REERAR dusnprdHerietortisreduqisifeiicthe Wb cHNBPOSS TS that
tainnes fip=cipHmaRATKALeSHVINE SeMICHRVEPILItQ OfdiB8 e the fabrication

ackages, as well as intermediate conductive elements that protrude

pack ¢ € ( )
BEYHRABCIHARGIEP StRaRaskesesitHs SHRICoRRHEdlica st dhcscaragteages. as well as

iterRRARIR doMdasiiabbiarehte e friskrRSS8HAE thecRidP PREKaYBS cither the
[0014] U.S. Patents 5,541,450 and 5,639,695, both issued to Jones et al.

frBHshRgftstosicea0 i espe patuRtosTabe kb ta toribickRsasst fipthesh
paRRapackage, which includes an interposer with a semiconductor die
receptacle extendin% completely therethrg%?%h. The "695 Patent teaches a

packadd &t mEy b 1bihed By £5 88t & Semhuhdtest Gidre et

(DaGairieF Shestrstenndoelepirically canarcingoinerinipERITapIeHiIpaype
carrier substrate before the semiconductor die is electrically connected to .

ickagsrpUush RAdesALBHEROST AiLhiprseoRde B it R Brlfferieading
it sleteaidiemgonals Thihe SEmicanelacios dipdekagsrespanding eamniaghy

areas on the interposer, and regions of the interposer adjacent the )
FSE%B%&?H&WFEH‘B& o5 %ﬁ%%ﬁ%tﬂeftéaﬂwm}@fﬁﬁt%ﬂﬂ&%&?ﬂéf rPanecting
venyewafie divcahiptyppspacegorethe paskagreasnatele érstedally
separately from the carrier substrate. As a result, if the package is .
GAPBRSISE QRS STBE%5E N et LIS RS B iR R R AL sl YR glements

any cotlirccosnpgadnist thereamchidieovedidhe Rackpoindinetingdofths on the
"695 Patent complicates the process _fconn%cting serqicondu%tor

JucrpaseL Apd i glopmet s mterposer adjacent the receptacle may then be

encapsulated. While this method results in a very low-profile flip-chip type package,
the package cannot be tested separately from the carrier substrate. As a result, if the
package is unreliable, it may also be necessary to discard the carrier substrate and any
other components thereon. Moreover, the packaging method of the ‘695 Patent
complicates the process of connecting semiconductor devices and other electronic
components to a carrier substrate. In addition, it should be noted that in order to obtain
a low-profile package, it may be necessary to sacrifice footprint compactness. The
footprint area of such a low-profile package may be significantly greater than the area
of the semiconductor die thereof.

[0015] Thus, there is a need for semiconductor device packages that have
dimensions that closely resemble the corresponding dimensions of a semiconductor

device of such packages, as well as for packaging methods.
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25 components to a carrier substrate. In addition, it should be noted that in
order to obtain a low-profile package, it may be necessary to sacrifice
footprint compactness. The footprint area of such a low-profile package
may be significantly greater than the area of the semiconductor die
thereof. [0015] Thus, there is a need forssemiconductor device packages
that have 30 dimensions that closely resemble the corresponding
dimensions of a semicoPHMMARE LIS BAEJMVENEIIRS as well as for

packagip@rBlethadsie 15 SHVIMARYOE AHEINVENTANIARIEIIHHE pads, or

Ok
present invention, semiconductor devices include bond pads, or outer

SR SOMIRS it A e ltetics B O PIRRE hFipheidl g thatepbofl hejater

eutaEEARNERIerSrMNiGR: factiiatel G aTHSR £ O RRCHARI A5 iB8 tor device to a
semiconductor device to a 5 substrate, such as a test substrate or a

subrERisuBRAS 8 SUPSIFISPDRSABICA PIStEYE &r8uithHHFINORSEYFePrinted
BIFANOBSLAN aRS iRhatahedosof fee SeniremaustandeMiGeIRISMER & WaYin

as to impart the semiconductor device with a castellated appearance.

SISHShARY, thE® SR E B rEENAHR IR ERYdes re B eas kit ed pnmgarance.

santialydromerRafBaiss shikiaer 1afithe emicondsaiaidamaanally from
another, opposite major surface of the 10 semiconductor device, [0017]

BYEVRRI BrsEkEE BRIYETHEIH et dPehilebe RS g tRgipy surface of the
fermiadedistdbytien circuitry over active surfaces of semiconductor
devices that have yet to be severed from a fabrication substrate, such as

a full ol YTk Pardragroberampioeriv etk AqngCidiouty, alfbrrated by

assanidecindivmmiiosphidey 6le) Rtiadfufaltey pariaicsaderti@devices that have
silicon-on-insulator (SQI) type substrate (e.g., a silicon-on-ceramic (SOC)

¥ehiahaseynied hrom. giibeiraisn suptEtiasichine aihos RapHity pieh 8
selstbaEu etee)mhhgiredistriRutiom cirauiiny extends framnbpRekpiade, etc.) or a
locations on the active surface of each semiconductor device on the

fifricchsHaduisstaietsHoBriatp B EU RS bsHaAE & @

seivdeondUetomdei8CRCaIRAE A adieseshsamicBUGsiabdeyiee. At the
boundary, ele%:iricall conductive vias which extend substantially through

IR ESRPE T SiH SR dfe Srh et erisd SR RN S Sl RtgRdi fom
Butyd gampidat ch selidiyuantity i e ddctive tealictadartbayevhellomthe

fabrication substrate to a boundary, 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 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.
[0018] 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
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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 25 "dicing”, each conductive via is bisected,
creating outer connectors that are positioned on the resulting peripheral
edge of the singulated or diced semicargluctor device. [0018] As outer
connectors formed in this manner extend substantially from an active
SRR ETBHE PhEK ST BR{HE! QRASHS DL IS FURRACHC 196 Hforiee sogmranents

au _’rtég@)Qﬁ]%q}g{emgxrﬁgr%ﬁgg}%ﬁgs{igwh the active surface and the back
side of the 30 semiconductor device. Accordingly, either the active surface

or the B38kMide spEmBbnolca seitordrsiricley fiterpraching INVERtRIFsATAy

e ioines e sleaiEicalMiconMReHR AebictoPRENPLHAAIR BB ice component may
semiconductor devices or semiconductor device components (e.g., test

bestonudishsfiwithopsirtsgaicyntoneoy aiRs BfF SrEVsemib AtRGEBled
daviesRreRsHing {1 he ResestdiRYeNIARWRARAEQIIRBNTARIUE @b mponent.

device or semiconductor device component may 5 be accomplished
mﬁs@ghy%@%ﬁfmaﬂ?%%&%%&éé PERTBEN YRR 98 HIbagther

SEMICHIN P HSRVICES LHATVRANABE RN HR\Vieen AHELRE THEOREY ESnectors of
device .comﬁonent. In assembling a semiconductor device of the present

thesrty R SIare S RYFIReRsH R oRUMAS S LELhpivdist SR Rdreter

GeMROHENMI0EHAIUIEH CANESIYiH SnERe 26 AicABAUG deMiseafdonnected
carresponding contacts of the other semiconductor 10 device or

LA HieBhH AN deViEarEBalo ATRICoRAUrg 48 Y irsr i FLd iy WohAkEted

vithensranathesctiegedin elymsa ot GImdusio de viee pdbatdac e HiuGhal
quter .connectors may facilitate the formation of assemblies and packages

{ARPERS R R oY e SRR LAY Wt &h &iBHEIY RRafilts (4 AMAREPProfile

(Z dimgoezw)). [RQ2QhAPIExEN MR ERMIEasdUe ik davisalassembhtiude
that may include 15 more than one semiconductor device that

e SRR SRR ST P Bat TRRERABHCRSHCoRsP RS RS ed
invelipia-ghip toegdle:’ of sagked aaiiipkratipnmligeedt sasiespaidiagration.
outer connectors of the two or more stacked semiconductor devices may

be! 8B EHVERPEOIFHET fOMIE GRthaIe SHEPRE B StiEs biagy conductor

devidustivey possidatieeBirusginees dhataueaablfastspaktiallyyresrivest by
withjn receptacles 20 of the outer connectors. As the outer. co ne%tors

&Q 8tﬁ[8lﬂlm LGS gﬂ.}%%@s[éhmére at least partlaﬁy received within receptacles

of the outer connectors. As the outer connectors extend from the active surface to the
back side of each of the semiconductor devices and since electrical connection may be
effected at the peripheries of the semiconductor devices, the opposed back side and
active surface of adjacent semiconductor devices may be positioned very closely to one
another. Thus, a multichip 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 interdie connectors, such as solder balls, bond wires, and the like. As a
result, a multichip module that includes semiconductor devices of the present invention
may have a minimum profile dimension (Z dimension).

[0021] Additionally, a multichip 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 multichip module. The support
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back side of each of the semiconductor devices and since electrical
connection may be effected at the peripheries of the semiconductor
devices, the opposed back side and active surface of adjacent
semiconductor devices may be positioned very closely to one another.
Thus, a multichip module according to_the present invention may comprise
a 25 stack of a large number of dice or packages, while avoiding the use

SHRRYRES Fel e roatentg Tat RIS htréotBPadstads Holoidppyapybstrate is
henstavissr arddbBdike s A diresttyd Mutishimmerule pneuaRsrate is a

semiconductor devices of the present invention may have a minimum

it RRATENSOSHREY dfHeRISISRYS (B2 FURBARISHEIRAIS FROMIENRS Frsdhufic-) to

Wﬁifc'l{‘leigﬁéo%%@&i&}?ﬁGﬂﬁ{@%Qﬁi@@ﬁ&u&@&f&%@&%é@l@&%@ﬁ@BEéHnnected. By
invention may include a support substrate which has a footprint which is

SStARTAMPERMEY iSRS NECHORIG W ERPRAERITSIRSt BrlGoSfgktRding outer
raRstbanthadeetpiiohaidhe semainderyafdhe-suielipimedida. (dB8e another

support -7- substrate may include conventional contacts (e.g., bond pads

fetBe SHpuHeassnie & BR wt&%éép%ﬁaé%%ﬂép%ﬁ@iéaﬂam&#&g%e,

termnalsfit iR SpiRpiLSHpataiedater CHiaidtdeAiHd R WAGIRIEASRA of
leads if the support substrate comprises leads, etc.) to which outer

EBHAMRABANST AT RURLIERABF ALY WAy Qlct sy bunRaigsg! 5,25 solder,
WaynaLeXaE i ealystB M £ Blagb AN 81 SYPROH SHESIRIQ B Pitiior other

corresponding quter connectors of the semiconductor devices may be

elergateafgnIHEE R Vs SR oty ALy Stapdined 5 Hiih1Ers6F i to and

SRPRIE SHpstilaie anaclasatechbatvear.adiasenty suctaces within receptacles of
corresponding, adjacent outer connectors and/or within recesses of

5 R8EFoRa f‘%la}ﬁ‘é%ﬁ?lal?féf’{?oﬁﬁ8@16?%’}58;/%5%%%8G&ive
materigp(2g}, solder.fdéhasandudivg QpeoptietprdilediglasiasnerileBedome

by way conductive pins or other. elongate conductive structures (e.g., .
APRRLT Aty STERRSG e Ykt AiR Geidbrayeheoidr e Tehihensuing
destaptishaiibatestmpingast @arkialbs receirecthyythidetegantacles of the
corresponding outer connectors, or otherwise, as known in the art. [0022]
Other features and advantages of the present invention will become 15
appaBRIHe heseRiFriNGSHIHIN Y BR Arougiwe CEAEHR I DR aMIBIGS
ensuin% escription, the a,lccompanyéﬁzgS drawings, and the appended
claims. F DESERIBHISN B YHE SEVERRIS VWS OF sHageerated,

BRAWINGmbodiments for carrying out the invention are illustrated:

[0024] FIG. 1 is a perspective view of a fabrication substrate with multiple
semiconductor devices fabricated thereon in accordance with teachings of the present
invention;

[0025] FIG. 2 is a plan view of an enlarged portion of the exemplary
fabrication substrate of FIG. 1, with multiple semiconductor devices fabricated thereon
in accordance with teachings of the invention, each semiconductor device including
bond pads that are arranged in-line along a central portion of the semiconductor device,
which bond pads are redistributed to outer connectors that are positioned on opposite
peripheral edges thereof;

[0026] FIG. 3 is a plan view of a semiconductor device according to the

present invention following singulation thereof from the fabrication substrate of FIG. 2;
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[0023] In the drawings, in which some dimensions may be exaggerated,
20 exemplary embodiments for carrying out the invention are illustrated:
[0024] FIG. 1 is a perspective view of a fabrication substrate with multiple
semiconductor devices fabricated thereon in accordance with teachings of
the present invention; [0025] FIG. 2 is.& plan view of an enlarged portion
of the exemplary 25 fabrication substrate of FIG. 1, with multiple
semicokiddtor é@@iébksfaBW@aYWtﬁéﬁe%?ﬁnﬁ?&@&R%W&M theaRReBS

Q{J&ﬁimm&ﬂi&%ﬂb%ﬂﬂ&%%ﬁ&ﬁt@&i@&%&%%ﬂgol?@@@g%@ﬂéré@ﬁt\@ﬁﬁzh

arranged in-line along a central portion of the semiconductor device,
RPN HEESHIRUEH S RE SR BLiRIP CorRBliBle RAEPRFE RS ABEhe
haBRREitgoPgsiRkeral edges thereof; 30 [0026] FIG. 3 is a plan view of a
semiconductor device according to the present invention following

singulaff3¥herEYFfrd i ATERIOTREHOBA] Sip¥trhteush @ singulaged seprgqoy ctor

AdPiSeRIPMYISNsOh B PRITIRAN AUEO L RV 6@ OF Ihe Present invention which
includes bond pads positioned adjacent to one edge thereof, which bond

pads af80&tistidtddid RiBIICORTRITI! B AVt S AP ABT S EBY Bf
E@@isﬁ%ﬂ@&ﬁ‘@éﬁ%%@%’%iﬁg[(?@@&hg Ko iSdfeEasScRfelAN@ i@ vices on a

through a singulated semiconductor device of the present invention,
{aRERMLIIMEMEAES of FIG. 3; [0029] FIGS. 6, 7, 8 and 9 are partial plan

views qhyaopusezsmplary, redisirityiienpaendytiye#acipgRaHRMREbution
along adjacent semiconductor devices on a fabrication substrate; 10

feadBTitTes gacipg PAaBs IS dafidnd dnteieartive md olandmppairning

giebIciive fsasihRINEINS/ of IdeSiroin $a aBsbRIARIPORHMEY (JRIOMEDGS the
patterning thereof and formation of full via holes therein in accordance

WithtH&%eachings of the invention; [0031] FIG. 14 is an enlarged plan
view of[ao3atioF1of. the haunadi:be MaeichboidjpeaSeMItOBEIHRIAN between

devices of FIG. 11, illustrating the effect of singulation of the two

adreBhRRIeARS oL daarRsHd Krole It S e BRI HIguRtion of the

ao6akhi6aductor devices from one another to form outer connectors in accordance
with teachings of the invention;

[0032] FIG. 15 is an enlarged perspective view of an outer connector formed
in accordance with the teachings of the invention;

[0033] FIG. 16 is an enlarged perspective view of another embodiment of an
outer connector formed in accordance with the teachings of the invention;

[0034] FIG. 17 is a perspective view of a multichip module including stacked
semiconductor devices of the present invention;

[0035] FIG. 18 is an exploded perspective view of a multichip module that
includes stacked semiconductor devices according to the present invention;

[0036] FIG. 19 is an enlarged cross-sectional view through a portion of a
support substrate for a multichip module in accordance with teachings of the invention;
and

[0037] FIGS. 20, 21 and 22 are enlarged plan views of portions of outer
connectors of packages, illustrating differing configurations of conductive elements for

establishing electrical connections with the outer connectors.
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with teachings of the invention; [0032] FIG. 15 is an enlarged perspective
view of an outer connector formed in accordance with the teachings of
the invention; 20 [0033] FIG. 16 is an enlarged perspective view of
another embodiment of an outer connector formed in accordance with the
teachings of the invention; [0034] FIG._Iy/.is a perspective view of a
multichip module including stacked semiconductor devices of the present
invention; [0035PEEAHER RESCREFEONEERIHEINNMENFIOMultichip
modulg$38)25refd BIREEed SERICoRAGIRL ASYIGRR RaeOowHing 1R
present invention; [0036] FIG. 19 is an enlarged cross-sectional view

fRferieh  peitien ot stUpPe R stpSriateh Risip ohHttehHrate blank 8 is
sqeerdancewith eachings etihedvespinne aned (ROTLEIRSD 2R <2k a0d A

22 are enlarged 5Ian views of portions of outer 30 connectors of

patRAss TRt g delings costigeratidAab 4 sndindval biériertd femerein as

egtablishing electricaleonnactionswith the, QUEerEHRBECENS: which respectively
DETAILED DESCRIPTION OF THE INVENTION [0038] Referring to

pxesad indhe 3 direshnRandntstibettiar, inArtinsatatsiorraradistien il idmsybstrate
B1akbStiate Dok BiyiSShRWM aGNEBidepatdhe SHRIAAIR LI R4S 16 are to be

selected as an active surface 18 and the opposite side becomes the back

EaheicpdehandyRide BroraighiDBIANBIGNA%ES &Y Spditdvallypefquied to as
padivicyalbarefoBetnio, erginsaeetirerind 24\ akdB oA s€tamaifed 46¥ the

14B, 14C, etc., respectively), which respectively extend in the X direction

SHPSAYGRL ST R b sat P RS K SR HRALTM WP eheadiBerai Brihe ikesn

fapRualy of dkcapatwbigbnseparae.semgonduaiQr tevisrgR a0 R Bwn as
fabricated and further processed to form packages 10 (individuall
{4 106.

REfEF S TE s abyaEragaia Ebpaaditisny Beskagey 1 trebtd 1 Xind

GOMRPrgs Gpwdings doftbe upuhsrasant sjeatiasion oéeachnackasrdos.
from other:?ﬁackages 10 that have been fabricated on the substrate blank

8. For é¥%hhle SHEFENGIApAEKIGE 11 Ys BN ER Dl Rg ShspLnd Bt

Dicinupedidtelydadiscantipackages il 0ompae, aHyGy 4P ddbice 10ch akQHnemory

nd 10J that are carried upon the same, yet-to-be severed substrate
apgﬁ%:ée. g., dynamic random access memory (DRAM), static random access

memory (SRAM), programmable memory (PROM), electrically erasable
programmable memory (EEPROM), flash memory, etc.), a processor, or any other type
of semiconductor device known in the art. Semiconductor device 16 includes bond
pads 20 (see, e.g., FIGS. 2-5) that facilitate electrical communication between the
integrated circuitry (not shown) thereof and external electronic components, as known
in the art. Bond pads 20 may be arranged on an active surface 18 of each
semiconductor device 16 in any suitable fashion known in the art, such as in-line along
a central portion of the semiconductor device 16 or an edge of package 10 thereof,
peripherally, or in an area array.

[0040] The fabrication of semiconductor devices 16 may be effected in
accordance with the desired end-use of the assembled package 10 of which each
semiconductor device is intended to be a part. An integrated circuit (not shown) is
formed in each semiconductor device 16 to interface with the active surface 18, as
known in the art. A wide variety of integrated circuit device elements may be used in

the semiconductor device 16 of a package 10, including, for example, conductors,
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15 [0039] Semiconductor devices 16 and, thus, assembled packages 10
that include semiconductor devices 16, may comprise any type of device,
such as a memory device (e.g., dynamic random access memory
(DRAM), static random access memory (SRAM), programmable memory
(PROM), electrically erasable programpable memory (EEPROM), flash
memory, etc.), a processor, or any other type 20 of semiconductor device

KERBRRTIntEARS TS SeeifRIGcted Wit d 1w e ardsbad isaddabo qaiden
ﬁrGOeEs!Q%rezﬁ%&hﬁﬁi@gkiﬁgﬁl I[iﬁﬁbQQW§%ﬂ9Wﬁ’§§Vl’%?é?iH§? patterning,

Integrated circuitry (not shown) thereof and external electronic

E8RIPD ABH RE W &R XHESH{ BHH I aRfsOl GasigBavatr KRRE- oR%An
activeRutfags) 18 efigaphosareicrpauriondsiicadfiik ambidiable fashiral

known in the art, such as in-line along 25 a central portion of the
YBRTICEFRATLON AEWEY 1B UrArre beR b pistRa Gl It &RRSr, deReRiHErARY D):
Qhdodt A& mg@s. [0040] The fabrication of semiconductor devices 16

may be effected in accordance with the desired end-use of the

assemb¥94 Hacka g £oormlpiksREeA e tsaitad i idblidesieihtetegpductor
PR Bash DBsARIFRER SHEPH (MRIEHANBLIRI PO @6l AL BASR clectrical

semiconductor device 16 to interface with the active surface 18, as known

FPIEction R iTed Vasrty e rigrataat shetib bl Bat sranenndustay dryigedg with
Bk tEnga sesNpRNEMGIRuER YICEHE i barkras Hving wingcfmaxamiinents.

conductors, -10- resistors, transistors, capacitors, inductors, insulators,

dha beadirads2d AtalfsAtedri a8 805 Qg EEErWHIEH Y reamy fa faktécated outer

goRHBS KROVNEG YRS NG RRHEKARL0 SPVARAcE REARSh ARIEHMARICe 16 is a
specific variations of each are well known. For example, useful layering

Bﬁ&:esses include various methods of oxidation, chemical 5 vapor

depositigguiT VD), andiesy iarneait eiiieeyr BEYSICab\ERQ! fepasiiRRages 10A,
((JJPVE{Q and ather techniques. [004{%! In the exemplary embodiment

Bictefr il Bie! - eherPidhticB Rt iR Ak dle B W ibstpsdechnikas gs 28

pravideshavilktbenthiaadas26biel ingilitate alegificado Gennesti e phtik@ges 10A,
integrated circuitry (not shown) of that semiconductor device 16 with 10
Rty t%t,csﬁa‘?’a%‘%ﬁ%}ﬂ%"énﬁ%ﬁmﬂﬂ genpdechy e e ghicuch as

SQMPOAEBIB, 30, bariehpadsigiace, Ipgaliad socasmpletoniiaresawitthnular in
gllljg)psee.q%l?g tcl())/n]‘glg)crtii(i/%t%flag) g%)eéxtend completely through the thickness of the substrate
blank 8 and, thus, through the entire thickness of the package 10 of which they will
become a part. For each conductive via 30 that is located between adjacent, functional
semiconductor devices 16, a conductive trace 28 extends from a bond pad 20 of each of
the adjacent, functional semiconductor devices 16 to that conductive via 30. Each of
the conductive vias 30 is positioned along a street 12, 14 (in this example, streets 14A,
14B, 14C, etc.) on the substrate blank 8. Each conductive via 30 also extends laterally
into at least a portion of the semiconductor devices 16 between which it is positioned.
For example, packages 10E and 10F share conductive vias 30C on the boundary
line 14C between the two packages 10E and 10F. Package 10D also shares conductive
vias 30B with package 10E.

[0043] Singulation of the packages 10 from one another and from the
substrate blank 8 is effected by cutting the substrate blank 8 along boundary lines 12

and 14 thereon. As substrate blank 8 is cut along streets 12 and 14, the full conductive



10

15

20

25

30

connectors 31 (FIGS. 3-5) of a package 10 of which the semiconductor
device 16 is a part. [0042] In addition to a semiconductor device 16 (FIG.
1), the packages 10A, 15 10B, IOC, 10D, 10E, etc. on the substrate
blank 8 each include conductive traces 28 that extend between various
bond pads 20 and, prior to severing thejpackages IOA, 10B, IOC, | OD,
10E, etc. from one another, corresponding conductive vias 30, such as

vias dhasps Pesitionfsdcn areitieisieteld, B Wy BIQAHE SHeEsBeihgvhich
annsiRninhSPaRendir-agRdbstive yias Bl eXirnd sompletabethieugRItBS in

thickness of the substrate 20 blank 8 and, thus, through the entire

filekdesd prtkrepdOabich bastrmicingidyton i ropdbmurspare. iigtkebc “wafer
ranfudivesian 30 dhatds é@ﬁﬁé@g)ge;‘{"ﬁﬁﬁﬁ@-ﬂiﬁ?@ﬁf)ofﬁ&?@ﬂﬁleral edges 22, 24 of

semiconductor devices 16, a conductive trace 28 extends from a bond

Hpoekagedth O thiecaaiicdive rintd8nbrvarnddiCa ctss auvikadn ghape, each

hatcandietdesvianddEagnof hesendustiveMiaR iRQiisResiionedRiarg
a street 12, 14 (in this example, streets 14A, 25 14B, 14C, etc.) on the

thstateirh R gngsiord HURRE D1 BreLgab USRI IafORIRF o at

least a paginn A the semirenveter. devigesids betweprwhiGhvtition may be
positioned. For examtﬁi}e,.packages 10E and 10F share conductive vias

apRligch theapkrardal) et ingledssrmuepndhs Wispderapre ngneriphgrabhend
PaskagaokiibnisosiRresicendHatYg 8Viag30R Wihpagkade O Sfe

[0043] Singulation of the packages 10 from one another and from the

SEBPAR BlanIeS RS bt p akog trE A sl pRatk aRaIbiy of which
DAHRAABLIRE S ATEN & DBERON P BSHRRIAIE LLARK Bt RUL A W ripheral

streets 12 and 14, the full conductive -11- vias 30 that are positioned on a
cdgstizboi thels¢mrecodtates dtier doMhandorendisadiotroespimdingheond
A al ed 22 of each of the,singulated kages 10, as.s njn
B A S R R A S e T L o
goarstwaiarctadeltonfdFiE e Wak bendmpadn 28 ctora 81l iml@idiéntwoppositepatterns
rinhe 4 cl 10. As the tive vias
kit SR ey I A S
Fo@ne3 torays indlaidercaasamricitcularmestss 40 tformechitiheddiier Whiotthose

g g{}gt%@l?r}qége Ié__grbstantial height of the outer connector 31. [0044]
S

0, as shown in FIG. 4, teachings of the present invention may be
[0045] FIG. 5 is a cross-sectional view of a portion of a package 10.

Semiconductor device 16 of package 10 includes integrated circuits 42, although only a
single integrated circuit 42 is schematically depicted in FIG. 5. Each integrated

circuit 42 terminates at a bond pad 20 on the active surface 18 of the semiconductor
device 16. An upper insulative layer, i.e., a dielectric layer 36, which is formed on the
active surface 18, provides some protection for the underlying integrated circuit 42.
Conductive traces 28 (again, only one is shown) are formed atop the dielectric layer 36
and extend from each bond pad 20 toward corresponding via through-holes 38, which
are located on a street 12, 14 that defines a periphery of the semiconductor device 16.
A second insulative layer, or dielectric coating 44, may be formed so as to cover at least
a portion of the top 32 of package 10. The second dielectric coating 44 may be formed
before or after the via through-holes 38 are formed. A conductive via 30, which
includes a quantity of conductive material, such as one or more layers of metal,

conductive or conductor-filled elastomer, or the like, deposited in or on the surfaces of
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applied to packages 50 that include semiconductor devices having
peripheral bond 10 pads 20 positioned on the active surface 18, adjacent
to a single edge 52 of the semiconductor device 16N. The outer
connectors 31 of the package ION of which semiconductor device 16N is
a part may be formed on one or more_other peripheral edges 54 of the
semiconductor device 16N and connected to corresponding bond pads

20 Byhtahibatiors duak beslesrad crivbitrireach ginmusidiels #Fin 4.
(b draRUiSE S8 VROMAUGIpLAS WicER With %ﬁ?@ﬁ@l@@ﬂﬁ@? grddicatiekolate

connection patterns are also within the scope of the present invention, as

sreherndiigEiye i ek pubsikrfe ik B harapdusispyias #f) are positioned on
ﬁ%@@pi@mnaﬂﬁrn&whiﬁb@iﬁ%érr@a&wﬁ) st atechb il Sild-all4S1 0x

FIG. 5 is a cross-sectional view of a portion of a package 10. 20

SeicHRaisiich W rpadidbe Yiiftmgsdmicgpara irtaddztween
alfherghpanty s SIDalelimtparagdighietil AR SeemMaliGall g IRRICtadsWuently be

FIG. 5. Each integrated circuit 42 terminates at a bond pad 20 on the
SRYRIESIRHAER 18 GPTRROSE AT TEBESIOtetlc 8268 AN isBePshdaztvecess 40

RYRlod-Brerifl SRFEMAIRKRSH VD iisnadast s i@cliyenayriRGR kst

provides some protection for the underlying integrated circuit 42. 25
eBHalk e b REE 20 QAGARTOMAN GBS ARtAY A rdSrciiad iol the art

dielectiglaypr 3traingd g3ieRSFIoN saghdrand Pag#Outovxafelary configurations
corres on,dir;g via through-holes 38, which are located on a street 12, 14

fondireedpesiHe Y asamiichibio Pardnge 19BS AZidBRgyater level, are

imsuiative. layer coidigieetiiaceatng Artnhmay be forias &P 8HEaEavebation
least_a portion of the top 32 of package 10. The second dielectric coating

MEREg A ToFreRd SEnSERBYS A Aty (TRR A BLG RAo1EL 053 dedrrsk Ater
AosapelveByadda 3@, \HGH. inahilssiacdtantityagleephdHetivenmpiekiade 10 and

such as ane or more layers of metal, conductive or conductor-filled

Badrengt @eandicHapaten 1 of st searkasssd).ab2 sitnet 12, 14

theptiglvhele 38 cndyobEIcsa®d, Wishioil eachovidjideaughfeplevdBpdvkages 10D
insulative lining 39 on the surfaces of each via through-hole 38 ma

8 may
éﬂéjc{r(?gafl‘ﬁ? IR VA LLANABHAYCRRRS I 0! fromd Sibsfratiersianiugt fetraces 28
aand webivenviaisydth e nsitionechan catste bt tdvkehbihat padRaI0BO thtotwo

e packagp 10 s posioatne e periane 0 o e RS
[0047] The conductive traces 28 may be formed by a wide range of processes
known in the art. By way of example, one or more layers of conductive material, such
as metal (e.g., aluminum, copper, gold, nickel, etc.), may be formed on package tops 32
by any suitable process, including, without limitation, chemical vapor
deposition (CVD), physical vapor deposition (PVD) (e.g., sputtering or evaporation),
electrolytic plating, electroless plating, and immersion plating techniques. While such
a layer of conductive material may be formed before, simultaneously with, or following
the introduction of conductive material into via through-holes 38 (see, e.g.,
FIGS. 10-13), in the embodiments that are shown in FIGS. 6-9, the layer of conductive
material from which the conductive traces 28 are formed would 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 layer of conductive material may be

patterned, as known in the art, such as by use of mask and etch techniques.
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adjacent packages 10 and 10X. As depicted, the conductive via 30 will
subsequently be severed to form two or more outer connectors 31, each
of which includes a recess 40 formed therein. The back side 19 of the
semiconductor device 16 may be at least partially coated with a lower
protective insulative layer 46, as knownin_the art. 10 [0046] Turning now
to FIGS. 6, 7, 8, and 9, various exemplary configurations of conductive

traces P¥4BhicAnaiEGdPhider ke grac {3pefddGt trasvafiesiskioare
HustraisdoThe aRoductva-yages AR MBIShMAY BE SPARHRMAIGRNE race 28

redistribution metallization, extend generally laterally from each bond pad
yathobuese s Rbstishhdctdcan §é§%¥é€1} piess the aridty Riatispndrgtive

RacRhesy f ithe MarkagaitR&ard dbinasRedpbnarhioveenfyeiNgbiRees 28e

of adjacent packages 10 at a street 12, 14 therebetween. In each of
EondicHYs FRatidRIVEE ey piceht RRiféM&ehp Qukeigasipbsy ahtis1oE

BERrSANT Nt AR EVERIRG atieetTATILE I absithe, eanebidinei t@agses 28
28 have substantially uniformly widths and extend between bond pads 20

S . ! pads
SRR YR N PERIEdR KIS PPN EFEParieRsbErrR] teWrreatiph yEtgeufre lengths
RRckaoRSMOBR AR SohIAQATRETREEapAHElEbAEESZ8 MAYIP]FIG. 5), as

formed by a wide ranéqe ofg)rocesses known in the art. By way of

shavrpie FaHS of e ldytts of conductive material, such as metal (e.g.,
aluminggp49pPPResy SRlhpNCkEFRIC), My R IARedRRPACKAISHORA F2th an

by any suitable process, including, without limitation, chemical vapor
G@b@ﬁmf(@%)l,-fph&smwaﬁm@w@ém@ﬁﬂewlﬁ)e@l@.r,ssmﬁﬁgfc}hat
%ﬁﬁ@&é@@%&%ﬂ‘@@ﬁﬁ%@&%ﬁ'”ﬂheel%f: RISES PIRING. ARG S ﬁ‘l?{%m to
plating techniques. While such a layer of conductive material may be
fonmdetdefpeapbarllianeousiy withdjecdol lond o atherietpoddotpmiof
onductjv terial into via th h-holes 38 (see, e.9.,.FIGS. 10-13),in
FROLERGS 6 AR SRR R S ol oo
materid050h whidi¢rie 8anduiverndaces28aare 26fnedshouidasencluding

it 1] 30t rmation ia.th -hol [
R cd S P OIS 0 VIR SLROEs LB
Aigaeethedakegast IEEnduiltivé dyatenialinmagnideshoptid endat gem oW 'imttyecontact

t S eqaf j -1.3- F

B e e A B M e s oo 108
thecgy brérbfesnB8rat ahetiete thestiyd @6 iohbncto bomguchves niamdapgements 58"

from one another.

[0051] As depicted in FIGS. 9 and 13, the pattern of conductive traces 28"
may be formed to provide a conductive “street” 60 having boundary line or street 14 as
a centerline. Portions of the street 60 may be etched or otherwise removed to form
trace enlargements 58", and via through-holes 38 formed at intersections 66, as shown
in FIG. 13.

[0052] Referring again to FIG. 5, following the completion of conductive
traces 28 on a package, the package top 32 may be covered with a protective dielectric
coating 44, such as an adhesive-coated, dielectric film or tape, a quantity of dielectric
polymer (e.g., by spin-on, screen printing, doctor blade, or other suitable, known
techniques), spin-on-glass (SOG), or the like.

[0053] 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



10

15

20

25

30

with boundary line or-street 14. It can be seen that when the widths 56 of
conductive traces 28 are less than the diameters of the corresponding via
through-holes 38, the 5 conductive trace 28 will only contact a portion of
the outer periphery of its corresponding conductive via 30 (FIG. 5). Thus,
if desired, the conductive traces 28 mapyhave increased widths 56 along
a portion thereof or substantially the entire lengths thereof to more

aathHtely! conpickass EdireABbbrRIMECEoNGBLDE Viashagrghrbolsy Hsare to be
o) s BB RG 759 améilaé%he’kpc[%ée‘%}n%meamﬁégﬁwh%@aﬁwﬁﬁﬁhhe via

conductive trace 28N is shown with an enlargement 58N, i.e., a region of

eoughdRidih 25t tRackitdrsedtich BB oBthat xehetsnvi wabe I8N With
siregtd-holhewidly of enlarasment a3 issyificiens tauRRRRpIANe machines as

peripherally surround an adjacent end of a corresponding via )
firdtigH-fsIouBins Belst HsBHUEAR RV R IherE PHRSGYES CadsIHM iR the art) or
Fdfenekiloyl RGRR IS Falih Srédthilide CHYIMEGUNAAEAGRR BRCBIRSPUE @fierwise

including diamond-shaped enlargements 58" at intersections 66 along a

kpewpin BetvbelV RB mefhrunf kNG Y OB BE VA dedRtm via
dissnendrsibapedsaplarpemensndd: Mmasapbact RNaRRNBeraAl ¥ eag30d, as

which are subsequently removed when packages 10D and 10E are

kagu i iRiionie SBtER tiiatety efckisichry b sy ey nihe edges of the
eshAigemente &8s 29 {ioen1ane ABRtBedIees A seristestda FY@sIfhg.

and 13, the pattern of conductive traces 28™ may be formed to provide a

AutiitiRdy hestr BERBBRG S\ aanPiie-ardiagh iy SxRaifeliingdees of

Berignsualbithe stirptG0snaydeseichad ot ateBrisOremavedie deefiness of a
trace enlargements 58™, and via througih-holes 38 formed at intersections

B8y ahBiWH s feraing Vipdusp Retaiing Sgaiidoretesesy ibisashges of the
peseammietianmigendy el tHaaesi=a amrmaskagehthe pasikagr-Hpes28,

may be caovered with a protectjve dielectric coating 44, such as an
it Lo AR i MR A )Pt Sy e iR WBRr e

(Rugubiyv8pinr 8. iSeseIbEBLHAY ol asterellade +wb Qiiner shiliatdRrkBOVRe3imber
techniques) spin-on-gtlasscfSOG ,.or the like. [0053] The via

frSgh GRS et il B LI RHRE S Ay B 2 b ABRRSF RA GG proResiges 3! to

depemakiag upon their heights 70 (i.e., the thickness of the substrate blank

[0054] Once the via through-holes 38 are formed, exposed semiconductive
material at the surfaces thereof may be coated with an insulative lining 39. The
insulative lining 39 may be formed by known processes, such as by exposure of the
surfaces of via though-holes 38 to oxidizing conditions, deposition of an insulative
material (e.g., silicon dioxide, silicon nitride, silicon oxynitride, etc.) onto the surfaces
of via through-holes 38, or any other suitable, known process.

[0055] As depicted in FIG. 14 with respect to packages 10D and 10E that are
still 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
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
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-14- 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 64 and the pitch 68 at which the via through-holes 38 are
spaced (see FIG. 10). By way of example only, the via through-holes 38
may be mechanically drilled (e.g., using snultiple spindle machines as 5
are used for forming holes in printed circuit boards or otherwise, as known

MR HoW Fsthrea By inoWAtasE A iting edereidiEstisy i dkroasratas 38.
BPGRSSESe AN OIREI VIR QW Rdplis ArtiivG S e fhpsigah dEikiRebiytic

processes are used to form via through-holes 38, subsequent cIeanir&gVD)

drRPSitgBpehFmIL pr YRS HSPRMY B e d ket RIYSISTONAPRT @198
(eROVEuResMERVapbAushtnal Mayhag, REe sexy B dhpiedaes RfitheatiOely, via

conductive traces 28 or an enlargement 58 due to the heat generated by

dimrg-nedansany, heENsd WMiburgRHsEvsaisy Ve eierbe iraexoisridgr or

axoese theLdparal heyseoURENIRAUGENR-tiace A3sairsiasgsmeant
58. Of course, the usefulness of a particular method for forming via

st oA eIt R WRtOr BAY R ARAT R alst i shéisbli fAvERtighouter

66&%&@&&199'@.@? RestestAimensians afithendantienuBhhapsad cbaductive
including their diameters 64 and heights 70, or height aspect ratios. When
SERFUESHE0ethAdReI %D 1R %@%%%%&%Fé%?xe?g@@?ﬁlﬁﬁé lidyetive

aeRaesors dilt thaysimied wiiantbsadghibelessSsotande fRrNeEtds connectors 31
one-half the number of outer connectors 31 to be formed. [0054] Once

{hEQra ImoiRghHAeI S8 B RHE ek elaplurt cORBE et MetBrgther

gbldne-suripaasltereaimay be coated with an insulative lining 39. The
insulative lining 39 may be formed by known processes, such as by .
Mﬁdﬁg)llowed

exposUf¥apine S havad bk o R HoNE ABAbeoRAHS Y &
depasitionion andapklatiRcragisrialiiegd FICaadiexideblica Hbiflether
silicon oxynitride, etc.) onto the surfaces of via through-holes 38, ar any

B R EH IR BRI BESUBE RIS K S dpitis i SBReN 1 WiSvitpeulation

[eepestdaaackrges O @RInkaRINab asecstildtufciuell 6P0oRGIeEW® vias 30
one another, or at the waffr level, a conductive via 30 may be formed in a

URLCRPSLOR ABILS &G Rt 88E}c‘?H56%10883ﬁ‘EW%? LohlER v Ak ssh gne
petpidriaasicthecsafacesdf saeh wWadkmudibelepaBkddes tODAWAMEE. The

e o e 1D 3 e AR el s nown 1n HICY G 8787 Semiieular if
GeRTERtBS y y : :

completely filled, as depicted in FIG. 16, depending, of course, upon the degree to
which the via through-hole 38 is coated or filled with conductive material 29.
Singulation may be accomplished by cutting with a wafer saw, for example. Wafer
saws have a finite kerf width 74. Singulation of packages 10 from the substrate blank 8
will produce separate packages 10 with kerf edges 72. The amount of material
removed between adjacent packages 10, as well as the amount of material removed
from each of the conductive vias 30, is defined, in part, by the kerf width 74.
Accordingly, the width 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 and have dimensions that facilitate attachment, by solder,

conductive or conductor-filled elastomer, or otherwise, to a contact area, such as a
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30 located adjacent to an opening of that via through-hole 38. While FIG.

14 depicts the 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 - 15 methods by

which conductive material 29 is introduggd into the via through-holes 38.

By way of example only, electroless deposition, immersion deposition,
ensctvstjtrclaad sBsiontagharaicel dagrsh abporibseeNoNdBEBRgsESS
VBRRLAEROSHIAN (R R} 40 ¢ SRHLRHNDSEVANAFaLRBosEE NRENRIGUCanother

may be employed. Alternatively, via 5 through-holes 38 may be filled with
88 RirtetrarisonAuFertesicss SbHENEE- another metal or metal

alloy, cidgstiveghsRNdusaGTiles elastemes. QIR $RaMEtN on of

materials which have properties that make them suitable for use as outer

earrectordR and LPHSlpwbriset tdsidabked Withhié mareind gnavtent where
BRNELGHY R SRICTHERFa @RPERdhasIRHiR @diReat BoAtaliRlSs Qith one another,

Examples of conductive 10 materials 29 that may be used to form

ettt tRrecoraes F Ak tha d&mondr YoRpd elirses M. deBiciseiiBIC. 12,
Rulsakg natiinied dRchickal RIBIEHEORIS e & dBNALIN Y @ BE RUES" from each

solder-compatible materials. [0056] As shown in FIG. 14, the formation of
eHMauARROEREE0 YR sTby SgiAAtion B ialde dnehanicdys Ry e
aof e fiarpeanshsReans e maiher i Rackpaat thatarercatietk 38" from

the substrate blank 8. In this invention, the singulation process serves
SHAURL S A IBRSCHSATEYY, to sever each of a series of conductive vias 30

into pofess]angd isutraeseby fRim eiten searastarsi34hid SudSddndkors 31 of

least one peripheral edge 22, 24 of each of the severed, adjacent

HicRgelerabrd hareieiar s esterdyRadRsrSls s Whish hRa¥dhn ey hintliataly

af S i &t 163 146 s@hrRemiGt @i asvi 20 sanpletehplilRes sl epicivg ifore,
FIG. 16, depending, of course, upon the degree to. which the via

i ReAbEcE S H Bl foa it BRisheosehaRsRmPA, e ol the

Bea)i o @ssermiehshie ooy et gnnitiiia svataresavits far eixanyaleidV afelengths of
saws have a finiéeg\ﬁrf width 74. Singulation of pga}ggkages 10 from the

SOBLHARCHIARES & SRR RETE S et A78 RRAG EY 10PRIA T Refyided By bond

Phd ameunief soaieidad 23 remaviad e erididitiegnhppekagon b0agsckage 10
well as the agrg unt of material removed from each of the conductive ¥ias .

%t,h@ SHIEA 8%?%9%@&&%biﬂt%}ty that are superior to Hlose of existing

semiconductor device packages.

[0059] In another aspect of the present invention, a plurality of packages 10
may be assembled to form a so-called multichip module (MCM). In a stacked MCM
according to the present invention, packages 10 may be positioned adjacent to one
another with little or no spacing therebetween, as may result from the use of discrete
conductive elements, such as solder balls, between adjacent packages, and with a
minimized footprint, in contrast to the expanded footprints that are required when
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.

[0060] As depicted in FIGS. 17, 18 and 19, an exemplary multichip
module 90, or semiconductor device assembly, of the present invention is shown.

While the illustrated multichip module 90 includes four packages 10A-10D in stacked
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Accordingly, the width 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 30 width 74. The upper
surface 76 and lower surface 78 of eaclryauter connector 31 may be

substantially planar and have dimensions that facilitate attachment, by
SERMECSH BTN B BodalretbiIRA S AS P I theTanumbers of

BRALAEEATBASURD 38 Rinlfie SOHSLISHVR IBRIDE meomtiast aea el afertmale

another semiconductor device component, such as a carrier (e.g., an

pibrodadicdartiibhorriuieads Bt NAndtHersagBbes Phargkages 10 would

sepiseaduairn deyigsy Rginealse;[0feAloFyirning again to FIG. 12, it can
be seen that, in sinaulation of 5 packages 10D and 10E along street 14,

the kerfQ0Rkh 7} Wil bsianisiaie draibeimelichip myeitiseishsmyin FIGS. 17

anipre Nt RRRAYSIME ERERSOE 8 RISORANEM QHSKAMR Q0N ANAET ideHERADattern
the corners 80 of the diamond-shaped enlargements 58" depicted in FIG.

HOUGH SUISEIAMINY aktPHIRYGH SRS RSRS R A SR EA DeskAge seR¥ruction,
2Bmiamieash Bhes ARIAEHNEINVER the e wistBiis sHifigignt to

mechanically separate 10 adjacent enlargements 58", a further etchin

' g
WeprpoatsshintbarulinhiR sndre Bs Prryided Akef Bineriial mteasehRter
(a8t rpatkagevifliwit sasialladadeetignedn24 and outer connectors

31 of the type described herein has an extremely low profile, which ma
it and

be onlyW8Aty AsfatRaheRackrens Lmi ORI Bt e
pAgkeary I pbUrREEBYNEy dDcoual @ Rackr@ei 8hasarpicimabieaipmat,

which closely resembles the footprint of the semiconductor device 16

ErRend 9 BBallsns s s srshiad e alighed orstsesot O igiratpanding

taces Jddhasre-reg W est i d egistdd pie kagd polt/ owiRuicprVidachy 88 are
bond pads 20 to outer connectors 31 are minimized, facilitating the
B]r%%él%

AR ARAGR A0 AR R SRR AR Gignavminum.

ripgitethatairisupriapdihiane Riaxiging skpeecwieanseiotasdayiaectors 31
ggckages. [0059] In another aspect of the present invention, a plurality of

prefpges ) Are P tionsd AR 15 A JdVRGThTORAYSE Yhoawan 88 acts
MEMmnoa BacketeMb M hecaidingiadbeRresenhisention, packages

10 may/[éj()etsg]osi%%gﬁgo%dﬁccuevrg égll(ljl’rr]l% 88 is secured to (e.g., by solder, reflowing a
portion thereof to secure the same to a terminal, etc.) and protrudes from a
corresponding conductive member 100 (e.g., a terminal, conductive material-lined
recess, etc.) of a support substrate 82 of the multichip module 90. In the exemplary
embodiment of a circuit board (e.g., FR-4 resin, BT resin, etc.) type support

substrate 82 depicted in FIGS. 17, 18, and 19, the conductive columns 88 are shown as
being mounted in apertures 98 formed in the support substrate 82. The support
substrate 82 may alternatively comprise an interposer (which may be formed from
ceramic, glass, plastic, insulator-lined silicon, etc.), leads, another semiconductor
device, a test substrate, or any other known, suitable type of substrate. Each conductive
column 88 is electrically connected to a portion of a 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 conductive trace 92 is carried by the bottom

surface 86 of the support substrate 82. Each conductive trace 92 leads to a
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another with little or no spacing therebetween, as may result from the use
of discrete 25 conductive elements, such as solder balls, between
adjacent packages, and with a minimized footprint, in contrast to the
expanded footprints that are required when laterally extending,
intermediate conductive elements, such@s bond wires, conductive
tape-automated bonding (TAB) elements carried upon a dielectric polymer

fiRFTCRPaBdIng CORSUREY T EUsEES o1 phovidRa e larrlp BRI AL HCC)
@&%ﬁ%ﬁ?ﬁﬂgﬂgwﬁe BOQ6Rk A 9%@1%&%@{53(@6&58 ent G RN D AR 84N

exemplary multichip module 90, or semiconductor device assembly, of

thé(present Inantinn rlkHover! v @meSfluElfatddnuloghip sieeiureson
WHHASS oML RACKAIA HURs LR S BGKe G oAU AN Y ESNE M IHAH R

modules with other arrangements and with other numbers of packages 10
aren I uilHianpRe dep patsr i dipFaSert/irthe veadusiy daljusisraaipighown as an

gg%& §f%h§§@b&'tﬁpg'ﬁ9%w B, NI Y EHRIRETRE GTFIG. 18, a

ages 10 would be particularly useful for high capacity memory. 5

[oBativ-wiv pEE&HDIetisebbtiallinbN inbivis b c oWy iniEiGdiding
A1 FB L comnpling, 8 StassHl &@W&%H%%&%%@%&é?u&?élﬂ%a”

tdn .
|(§entlcal pattern of outer connectofs 31. However, depending u

pebticate S packulys consaurstiony ameirddin thetuhsrenberskayes thawimport
(QWSERUES SARNRHOdh HRY sﬁﬁﬁ%ﬁ%ﬁﬂ%ﬁ?&&dﬁl B UHERIRBRAIS, thereof,

I
90, provided that the partial patte outer 10 connectors 31 fits within
thevbiderasonedistipatteannaobo pasiteedat the paokagéscaiansgleeg the

%ﬁg{ﬁi&g{l}/ﬂ@%&ﬁﬁ@gtﬁ%@g@z_physicalIy supported by way of conductive

columns 88 that are configured and arranged to be at least partially

receive@pdiin Aligmeak reude ség AT dloddive Epontnthesstadat bugegolumns 88, a
%ﬂﬂsﬂ(%‘?té‘?,@ Q&@Efaﬁﬁﬁﬂﬁhﬁ%ﬁﬁ‘fﬁ%ﬁﬁéﬂa&?ﬁ%%%%v& GRS RE, A EaDRlary,

elongate members that may be formed from a conductive material (e-g.,

asdsinuimin dpper Seh)ayriehne! lsa}@s@mngﬂr;e@éﬁﬁlﬂhénj@mmvmmhough
R AHEY CONNRGIORE Fhv HPARKBERS St BR BR%'&LQQ&%RWMEH%}% to the

Thus, each conductive column’88 acts as a common lead for each of the
surethe dhieetorsetisemd ber foOGSPEat e prrvhgativeyealigimn B Wy of example

SRR, @i 39§51 ?ﬁ'@%ﬁ&g-@e&%fi’%h"&ﬂlﬁ@ﬁe@oﬁ&ﬁ}ﬁrgSlﬂe

sarhe to a terminal, etc.) and protrudes from a
incorporating teachings of the present invention may be semicircular. Such a

conductive column 88N could be used to form an assembly of stacked packages 10 that
is substantially chip-scale with respect to both footprint and profile.

[0065] As noted above, the conductive column 88N may have transverse
cross-sectional dimensions (e.g., a diameter 102) that substantially match or are slightly
smaller than the complementary dimensions (e.g., a diameter 41; FIG. 22) of a
recess 40 formed in the outer connector 31 to which the conductive column 88
corresponds. This is illustrated in the package 10 of FIG. 20. As depicted in FIG. 22, a
castellation column 88" may alternatively have 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.

[0066] 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
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corresponding conductive member 100 (e.g., a terminal, conductive
material-lined recess, etc.) of a support substrate 82 of the multichip

module 90. In the exemplary embodiment of a circuit board (e.g., FR-4

resin, BT resin, etc.) type support substrate 82 depicted in FIGS. 17, 18,

and 19, the conductive columns 88 areghown as 25 being mounted in
apertures 98 formed in the support substrate 82. The support substrate

golvwmay Sitarblay epldaMHRSRLIR SIS ROFIORTRAF Bl MSHRE4F6RY2 On the
serRRiSugiassskastie, dassbateniinggesiicon, etc.), leads, another

semiconductor device, a test substrate, or any other known, suitable type

of subSPARY] Edéniediducrve itbskisealiatdietnie AN Eoimeetiertc harranged

QWI&?BI{H’ BIROSFASRPIING RREPELYA VAR 92 34 thateisrjoeatad@hcolumns 88
proximate to the end of the aperture 98 opgosite that from which the

SRR sl GRrR BByt eRES CiRicH ¢ RaRie ek B RapaRiY Bhich a
et csuacesta ff BhRURRPIS SURBHAISB%pEA £ONRHCHVRLERNS 31

92 leads to a -18- corresponding conductive structure, such as leads,
[BsiIdsstBrip e Qs B VERFIS, PHG-1 tpMeeomREidbrRe 8l eisepetkalloy,

aQuHUGHN cale k(b fiinalls] 840 &k 63Fh e Bkd AvniMRSy BHIgsSitioned
columns, pins 84 (FIG. 17), or other structures or conductive material), 31
Bq_tzo/;§ ;

Riereare naeids sRIMLBRIRIEERRT Q1SS CONESTRORT ISP HISH R R
aRARRCAHPBURSRNpHBE (6 tHd c SR8 IRENEAUTIVR S BB GIHIES SRSAOWIh A@4l edges
array of pins 84, or "pin-grid-array" (PGA), while in the exploded view of

pleisolibganigrigoans M S h i soitrsPoafts BaliRs tefideamRingyion of these

altermativedpbeiuginge conduaiive dbasas R thal are catsged i theto enhance
bottom surface 86 of the support substrate 82, conductive traces may be

EQMIECHOR RS AT SHAEEHS ot 1R BRORC o SOBERA 8% Rk Tally

WoiiiBrie: VP RSP i3 BeE s Rkt PP CaRFABtion dheleehditvlich
case conductive vias may be positioned at one or more locations alon

900 R S Q5 BORHE QHSOBBE BB AS BT LARMAGTARReT ede 22,

mediedciopiekalngd ohg genadunivgcaluauns B8 t@niitaia . Gont@alfldokhus, an
aluminum wire) may be drawn by use of a wire bonding capillary, 15 as

RIS 3 RS S RV 2 ey BRI M R S9BESReRgHRsRouter

abhestgbreenductive columns 88 having any other suitable cross-section,

aken RIRPIo6 o e lengits hereof, e Slsg Wi 10 S50R AS. icmay

not be desirable to bond or otherwise permanently secure the conductive columns 88 to
their corresponding outer connectors 31, as temporary, reversible electrical connections
are desired.

[0069] Following assembly of the supporting substrate 82 with all the
packages 10 in the stack and the establishment of contact between conductive
columns 88 and corresponding sets of outer connectors 31, the conductive columns 88
may be cut, or trimmed, to remove any excess portion extending beyond the uppermost
package 10. The conductive columns 88 may alternatively be provided with a length
that corresponds to the height at which packages 10 are to be stacked in the multichip
module 90.

[0070] As described above, the multichip module 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
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only, and as shown in FIG. 21, the cross-section of a conductive column
88N incorporating teachings of the present invention may be semicircular.
Such a 20 conductive column 88N could be used to form an assembly of
stacked packages 10 that is substantially chip-scale with respect to both
footprint and profile. [0065] As noted abgve, the conductive column 88N
may have transverse cross-sectional dimensions (e.g., a diameter 102)

thigkagbsei e hanaepro e sTHIYE shsarekngsr daicehipienisaiargompact
disegosient (R, adiaretanfhlt (EilEhads ohmdReIecsash iR iQmadinibe

outer connector 31 to which the conductive column 88 corresponds. This
ROMBYiFAted s the a MY U dcopFia 2ot sedupRde flestiesl: 2hemultichip

sRsie] 200 BIAIMG8omatIaliRNALMEN NG/ R RSRWER USRS it

circular but with a diameter 102 less than the diameter 41 of the recess
A0 R & Hhanamedies ity Suter connector 31. 30 [0066] As shown

in FIG. 987 $liPPRERRLING CANLUSHMERAUUPIAR Hh iisn CRHBPRPADING, these
aperture 98 may be avoided by use of a stop collar 94 on the conductive -

i@oe&ﬁﬂmhbsgoaﬁalﬁgi W lipiieEERrImee ABFRIES P dPIGREQS but merely as

9%&%9{@/{:11{{@@&&&2&@5% LU SUEAEE RO NS FHIRAGY sSHRsEAIBodiments
82. [0067] If desired (e.qg., Mkages that include outer connectors 31

QS JBYETLIBA MY IRY SPAV it ot SERph dFaMcdg sBiBh ob scans abthe
PRAAHCIMR FAIAMNE8& 5 oAy DErSRaHERsbIRItARI O HIgY Bg@ﬂﬁﬁt%sm

One example of the manner in which a conductive column 88 may

sersgiona d8esrenrreshisrang iids BrEo r@@faﬁﬁ%mf’e%%%ealésfby the
apendectivamshesiveiSeehl a5 EolatisanatRe e R} fleMataloM®YieRription.

caonductive or conductor-filled elastomer, or the like, which may be

SR RIS EShBICHUEALGR fh B8 BNENSABN Brdise 0sed herein, which

CAIrGSPAN B gnebiel LOMNSLIpEDBiheldanniid RrbewiabRREPARIESY 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. 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 15 column 88 that does not contact outer
connectors 31, as well as to a peripheral edge 22,
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24 of each package 10 of the multichip module 90, to maintain contact
and, thus, an electrical connection between each conductive column 88
and its corresponding outer connectors 31. [0068] Of course, when
support substrate 82 comprises a test_sHb_strate, it may 20 not be
desirable to bond or otherwise permanently secure the conductive
columns 88 to their corresponding outer connectors 31, as temporary,
reversible electrical connections ar€gadimgsl. [0069] Following assembly
§§ the.suEportigg‘substrate 82 with all the packages 10 in the stack and
; of contact between conductive 25 columns 88 and
corresponding sets of outer connectors 31, the conductive columns 88
may be cut, or trimmed, to remove an cess portian extending beyond
the upplermosﬁ 6%%8&%@5%“?%%9&? Eﬁ%‘é’ 88{})}?5}‘?%8 may alternatively
beq@ﬁmadéﬁbwm@ie@gthluﬂiag eoﬂeesp@msoﬁmtbmhﬁighta%tlwgﬂﬂface thereof and
packages 10 are to be sta dint Ie 90. 30 OO ]EI
CescrBdABVE PR NSRS SN L i SRRl ppageral
processegeaﬁfdmﬂmineﬂdmmeldamemdely used or known in the
ﬁﬁfi onics mdustg The pack 8 éo of th re ent invention
fHran

3 B e kA LTS R bﬂgf?n Fhaidig e %%%i?néa Iieoat eist one
su|table)1imfrmnloomrppacioméctrmu(adleummﬁ%césasf(mlehslamconductor

telephopes, handheld gomp ers and porta le 0 uters, where s
low profi ‘Té”%%t?k Vme% awre Xten asired aPH ﬂ ﬁﬁé"ﬁ %fp 6f

the mveanphemllelﬂ@(vm h&\lredmmti\migfdow prafies mhbmmglttl}@z soibbdolar with
for the same. té/Q %of de 0071 AI ho h the f(g{egomg description
contalnsp%oashy slf)rem cs t gssg gt e cohs{lrued as limiting the
sctppst ohtheopdaseant mwm&mnmgmméﬁmﬂlqmolﬂahngnﬂ betrdtpadsaod the at
some eleasrpglarxu mtc’gghm nts. Similarly, other embodiments of the
invention may evised Which do not depart from the spirit or scope of
the 10 present |nvent|on Features from different embodiments may be

employ din mblnatlon The g0 eoft e invention
|nd|cated and finited qydrl)lCtt(fw Cee%acf 8‘(”&:6]a|rﬁsagﬂés t ?hf 0|n‘1pr1smg

equisalents, lrgthgrotiannby teedattegdisrgtdbsatipiionone conductlve trace.

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

least one bond pad.

4. The semiconductor device package of claim 1, further comprising:
a back side insulative layer substantially covering a back side of the semiconductor

device.

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

side of the semiconductor device.

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

surfaces to another of the opposite surfaces.
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All additions, deletions, and modifications to the invention, as disclosed

herein, which fall within the meaning and scope of the claims are to be
embraced thereby. -21- CLAIMS What is claimed is: 5 1. A

semiconductor device package, comp_rigﬂg: a semiconductor device

including at least one bond pad on an active surface thereof and at least

one recess in and extending substantially along a height of a peripheral

edge of'the sernicasigidciatuderices rklpadtRee DLlEhCONNBELSh the recess has a
corresponding to the at least one bond pad, the at least one 10 outer
SBNHecto) (E?gif%Pé’d in the at least one recess of the semiconductor

device, having a height that extends substantially along the height of the
peripheral edge, and incglLﬁlﬁin end surfaces that gre sybstantially .
Coplandr with G PERHE SISO B SEhARS-ich CIBY HeiE e Acnlsality of
onecasdigctive. trace extending between the at least one bond pad and

the at 15 least one outer connector. 2. The semiconductor device

package of claim 1, further comprising: an insulative layer positioned

beneath. at leaBidRendictarkicanalcoiod patikedtacelAth B, Tomprising a plurality of

iconductor devi kage of claim 1, furth ising:
FRatR e Rels ol &t ek mieh Rl e apectors

and the at least one bond pad. 4. The semiconductor device package of
claim 1, furtheyr,comprising: 25 g back side insulative laye substan(;iall
coverina bad LT S SOTT R BTl e 0 S ST Rhghe
ghvidé pat kagduofi etaincds sshebiéihethd atilzakt omenwotitaticobascton a bond pad
8%%8?%‘9?0%888&8‘? dev faces X 8%8%@5&5‘1?%1%%%’%8%@@ € 3N%2 Back) 300t
side of the semiconductor device. 6. The semiconductor device package
ofidlaconbevvbiarein the at least one outer connector comprises a recess
extending substantially from one of the opposite surfaces to another of
the opposite surfaces.

11. The semiconductor device package of claim 8, wherein each of the

plurality of outer connectors is positioned on a single peripheral edge of the

semiconductor device.

12. The semiconductor device package of claim 8, wherein outer connectors
of the plurality of outer connectors are positioned adjacent to at least two peripheral

edges of the semiconductor device.

13. An intermediate semiconductor device structure, comprising:

a substrate blank;

at least two semiconductor devices fabricated on the substrate blank, the 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 the substrate
blank;

at least one through-hole formed substantially through the substrate blank at the street;

a first conductive trace extending from a bond pad of a first semiconductor device of

the at least two semiconductor devices to the at least one through-hole; and
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-22- 7. The semiconductor device package of claim 6, wherein the recess

has a semicylindrical shape. 5 8. The semiconductor device package of

claim 1, comprising a plurality of outer connectors. 9. The semiconductor
device package of claim 8, comprising %o_lurality of conductive traces that
corresponds, to at least some of the plurality of outer connectors, 10, 10. )
‘?’ﬁ‘écgﬂpﬂ]?&’d}ﬂﬂffé‘fSF‘&'&%i‘é’étﬁé?dl%&é%’r% qﬁﬂg{a{},ﬁ Feificand iR igpnductor device
pluralityofhecindiigtive drasei @slablishRyielsatital aomRiwNeaiiongh-hole.
between a bond pad of the semiconductor device and a corresponding

outer connector of the plurality of outer connectors. 15 11. The
semicomluctorkleifiea pedisege oficdadoBovdesiein eacirefdhe aptutalitylefrein

uter connectors is positioned on a single peripheral edge of the . )

oA o eUREal B3 R ARTARA or S pAUAdRndPopdish the
Sirp¢hexedndsukdr doaneetbra volithe plucality bé auiés glonpebtanseateo sever the
gigsitioged adjacent to gt least two g%rl heral ed%les of the semiconductor

VidBY PSRN RSBHRRBANTL SEMIED Bpg}é)rnﬁél@l% Structure, comprising:
25 a substrate blank; at least two semiconductor devices fabricated on the
substrate blank, the at legst two semi ondu&:tor deviceslpo 't/i\fne 3 furth
adjacent'to on SABHHEI haéessgﬁéﬁg&é SR N SHBEGF t??c %Vlo -
stregtieiignding at least partially across the substrate blank; 30 at least
onge through-hqgle formed.supstantially through the substrate blank at the
A S R e BaE L hng AL pet of a frec
semiconductor device of the at least two semiconductor devices to the at

least o gthro;lL h-.hgle' and -23- a se(ciond cgnductive traceF endlﬁg )
. IP erthediate semicon dlct?r evice structure of claim 13, wherein
from a bond pad of a'second Semiconductor device

the 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
the hollow region has a dimension perpendicular to a direction in which the street
extends which exceeds a width of a cut to be made along the street to sever the first and

second semiconductor devices from one another.

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

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

19. The intermediate semiconductor device structure of claim 13,
comprising:
a plurality of through-holes located along the street;
a plurality of first conductive traces extending from corresponding bond pads of the
first semiconductor device to corresponding through-holes of the plurality of

through-holes; and
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of the at least two semiconductor devices to the at least one through-hole.
14. The intermediate semiconductor device structure of claim 13, wherein
5 the at least one through-hole has a dimension perpendicular to a

direction in which the street extends W h exceeds a width of a cut to be

long the street to sever the first apnd second semiconductor
i S osas A ‘?Pﬁp SR SESRANLIE HalAkpads of the

structuke ohdlaémitdn dutioe delic eongiringoati IRash Gieh aanekictive: YWhitality of
the atI ast o] Wrough -hole. 16. The intermediate semiconductor device
structu 9%, wherein the at least one conductive via includes a
hollow reglon extending substantially along a 15 height thereof. 17. The

intermedjate semiconductor device structure of.claim 16, wherein the
rotow teion TR At T SRR Han i forther
stregiigntends which exceeds a width of a cut to be made along the street

t th t and 20 d d d f th
B ANt B R A G HE BP LR 5 rortner

comprising: an enlargement connecting ends of the first and second

conductive trages.and 25.surrounding a of an op

st o hrod G TR T NGB L A BT SRS Tiher
strm@iism@f claim 13, comprising: a plurality of through-holes located

alon et 30a Iurah first.conductiv aces ext nding from
SR e PR T e e R Do P of e
Costeadoading tlammghduotesdmfvﬁhesplurality of through-holes; and -24- a
plurality of second conductive traces extending from corresponding bond
pads of the second semiconductor device to corresponding through-holes

of the paralitylbk througiliheissnmbcdtdudier idteicradiatarseoficndudofurther
glgl\{llge strgucture of claim 13, further

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

23. A semiconductor device assembly, comprising:

a support substrate;

at least one conductive column protruding from the support substrate; and

at least one semiconductor device including an outer connector in a recess extending
substantially along a height of a peripheral edge of the at least one
semiconductor device, the outer connector positioned laterally adjacent to and
in electrical communication with the at least one conductive column, the outer
connector having a height that extends substantially across a height of the

peripheral edge.

24. The semiconductor device assembly of claim 23, wherein the support
substrate comprises at least one of a circuit board, an interposer, leads, and another

semiconductor device.

25. The semiconductor device assembly of claim 23, wherein the at least
one conductive column is in electrical communication with a conductive structure of

the support substrate.
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comprising: an insulative layer or structure beneath at least the first
conductive trace. 21. The intermediate semiconductor device structure of
claim 13, further 10 comprising: an insulative layer covering at least the
first conductive trace and the bond pads<of the first and second
semiconductor devices. 22. The intermediate semiconductor device
structure of claim 13, further 15 comprising: a back side insulative layer

substantially cpivestigieobacksideatéhs ssuligiyatechianks, A8hdein the at least
semiconductor device assembly, com risinf% a suE%ort substrate; 20 at

T U TR SRS SE BN YRS PPt substrate; and at

least one semiconductor device including an outer connector in a recess

extending substantially along a height of a peripheral edge of the at |[east
e SO oo e Ot B TR P b S K (o one of
adliéaeahschantheral e aiscakiion musichidtinadtistbaat ledsi oneluctor-filled

ducti I , th ter 25 t [ height that extend
ORI U e 25 AT R A e

semiconductor device assembly of claim 23, wherein the support

substrag comprises at legst one of. a circuit tl?aéd’ an i gr ser, leads,

and andiher J0SSHISHATEIEE deUit s EmPREL ST Ao B iag  of the
askamblyeafotlduicti23 colherein theiabhedsyitne consutired@alatin hésupport
electrical communication with a conductive structyre of .the support
SR P L e T M BBt o e
wieen@iel the at least one conductive column is secured to the conductive
structure. 5 27. The semiconductor device assembly of claim 26, wherein

at least one of solder, another metal or metal alloy, a conductive

elastornd@r, andle comdumtduditie deelastosaatbbeofirds tin@Satwhastioneleast the
%89[90“&8},?11% %l(%jn lrllct[‘i)vtehs rﬁg ugg %1(:)“1{ aéc'ttsr l?a{cﬁg{tel(')n of the end of the at least one

conductive column.

30. The semiconductor device assembly of claim 28, wherein a quantity of
conductive material contacts both the at least one conductive column and the

conductive structure.

31. The semiconductor device assembly of claim 30, wherein the quantity of
conductive material comprises at least one of solder, another metal or metal alloy, a

conductive elastomer, and a conductor-filled elastomer.

32. The semiconductor device assembly of claim 23, wherein the outer
connector of the at least one semiconductor device includes a recess extending

substantially along a length thereof.

33. The semiconductor device assembly of claim 32, wherein the recess is

configured to at least partially receive the at least one conductive column.
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28. The semiconductor device assembly of claim 25, wherein an end of

the 10 at least one conductive column is positioned within an aperture
formed in the support substrate, at least a portion of the conductive
structure being located adjacent to the 2?oerture 29. The semiconductor
device fsemﬂ%/ of claim 28, wherein at lea ‘iil partion of the
condu Ve striCEIRTHEMERELC ﬂ:%‘ﬂ?&f‘%“?{ﬂ ! % ét YELPGge at least

candustivericelvonimaAndheesaniconditcior drviecuassanudy witalaismaGinication
rein a antity of conductive material contacts both the at least one
F?H%‘?l% ¢8flimn and the 20 conductive structure. 31. The
semiconductor device assembly of claim 30, wherein the quantity of

condu;%em erial com |ses least one ﬁ% Ei‘?}‘ another metal or ¢

metal altby, a ‘congUttiv éll%é’f SR COnALETS éd SRS ity 0

8an&faﬁeemmitdtsetmﬂmweetasmmlbé)coﬁ@hatmé&lwher@a the qigée connector
Tector of the at least one semiconductor device includes a recess

ARG SOBUBRHEAR LIRS £18 88 Wereof. 30 33. The semiconductor
device assembly of claim 32, wherein the recess is conflgured to at least
partially, receiyve the at lea t one onductlve .
Comicotuctol HeAEL SRl Y G Sa L i at R i conductive
ﬁmdmﬂthmmlmmtalahtlmeeauttebmnnﬁmlearm&emreﬂtm dlestricabnductive
Pmmunlcat n wit one Pﬁoé r. t5 35. The semiconductor device
88 Irb'c‘tllry P34 Whersih aa1 Oanefliy of conductive material secures

the at least one conductlve column and the outer connector in electrical

commuypjcati Wlth orégn noth hereélﬁC Tkslsee S ?nijalfrcr:lt%dewcergsnsegn vTYraht
of claim 35, w erelnnfhe con comprlse’s SUIBH& &R0 y

eﬁkmlmdﬂmnﬂevwasnmemkaﬂammmnemctlve elastomer, and a
conductor-filled elastomer. 37. The semiconductor device assembly of
claim 23, comprising a plurality

38.  The semiconductor device assembly of claim 37, wherein adjacent

active surfaces and back sides of adjacently positioned semiconductor devices of the
plurality of semiconductor devices are substantially electrically isolated from one

another.

39. The semiconductor device assembly of claim 37, wherein corresponding
outer connectors of at least some of the plurality of semiconductor devices are in

alignment with one another.

40. The semiconductor device assembly of claim 39, wherein aligned outer
connectors of the at least some of the plurality of semiconductor devices include

recesses therein.

41]. The semiconductor device assembly of claim 40, wherein the recesses
are in-line with one another and at least partially receive the at least one conductive

column.
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of semiconductor devices in stacked arrangement. 15 38. The
semiconductor device assembly of claim 37, wherein adjacent active
surfaces and back sides of adjacently positioned semiconductor devices
of the plurality of semiconductor devig% are substantially electrically

isolated from gne another. 20 39. The semiconductor device assembly of
claim 3P whetolh SSRGSt SRR LBt A S ANE hgast
pha alibd o samiconsubicradryitesharasiBuialighiadRtayith ene anathelgiSof the
40. The semiconductor device assembly of claim 39, wherein aligned

BUtEY G r%&b(‘r%nglf’fﬁ%rgFVéﬁ%sf some of the plurality of semiconductor
devices include recesses therein. 41. The semiconductor device

assembly of claim 40, wherein the recesses, 30 are in-lipe with one )
e Rl R R AT oS R A
ol tofidudihe semmiconprictadaevicedsamiyotetaimad7, wherein the at

least one conductive column has a height that is substantially equal to a

stack height of the plurality of semiconductor devices. 5 43. The
semicomtluctoT klevioa @ssiinblhydet claisadbboofpiising 3, piueadity cath of the
cgndgctivi coIFLﬂmtns proltruding jrom t§e sugp?%[ subsftrate 44. The ol
BUHEON RSO BT ALLU B SFLiRS 43 WhiehQiO8EH AP aTE" pieiigee
ptdpheluttivgeadtinns isakncatest socaadodo@ desitiened adjacent to a

single 10 peripheral edge of the at least one semiconductor device. 45.

The semiconductor device assembly of claim 43, wherein the plurality of
conductive collharsnik®nitatedd&yias iosbmlgsitiontech ddjacketio topdurality
{hanone, peripheral eda.of e st lsast one semiconpuctor deyice 12,40
R suppgr{le?emeuﬁ??(%r guppor |n5 ait 1eadt e SR SAAGRIor Uevice'

peripheral edge of the at least one semiconductor device.

46. A support element for supporting at least one semiconductor device,

comprising:

a support substrate including at least one conductive structure thereon; and

at least one conductive column protruding from the support substrate and in
communication with the at least one conductive structure, a cross-section of the
at least one conductive column taken transverse to a length thereof being
semicircular in shape, the at least one conductive column being configured to
contact an outer connector in and extending substantially along a height of a

peripheral edge of the at least one semiconductor device.

47. The support element of claim 46, wherein the at least one conductive

column comprises a wire comprising conductive material.

48. The support element of claim 47, wherein the wire comprises at least

one of gold, copper, and aluminum.

49. The support element of claim 46, wherein an end of the at least one
conductive column is at least partially supported within an aperture formed in the

support substrate.



comprising: a support substrate including at least one conductive structure

thereon; and at least one conductive column protruding from the support

substrate and in 20 communication with the at least one conductive

structure, a cross-section of the at leasfone conductive column taken

transverse to a length thereof being semicircular in shape, the at least

one conductive column being configured to contact an outer connector in

and ex&ndingmuQa@aﬂaﬁ}eaiang)adnﬁigmwcan@eﬂn{ge&qﬂed@ieyafﬂb@aahcﬁve
st one semiconductor deyice. 25 47. The s rt element of claim 46,

A e e o A A e

danclipgiresitatesial. 48. The support element of claim 47, wherein the

wire comprises at least 30 one of gold, copper, and aluminum. 49. The

support element of claim 46, wherein an end of the at least one

conduciive coM@dﬁm&dmﬁwﬁanﬁnmmlwiﬁhmanp@mtrtyum&@tmed

in the . support substrate. -28- e support element of claim 46,

EREGING SEB ) b SHTE L BT Com A o

sattzepdocimgdpidcality of conductive structures of the support substrate.

5 51. The support element of claim 46, wherein the support substrate

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

semiconductor device.



