13 Septenber 2005 -1 | NTERPOSER W TH A SLOT | NCLUDI NG A LATERAL RECESS TO
FACI LI TATE CONNECTI ON OF | NTERVEDI ATE CONDUCTI VE ELEMENTS TO BOND PADS OF A
SEM CONDUCTOR DIE WTH WHICH THE | NTERPOSER | S ASSEMBLED 5 TECHNI CAL FI ELD
The present invention relates generally to interposers for use in

sem conductor devi ce packages and, nore specifically, to that
are to be assenbled with 10 sem conductor dice having boﬂé%ﬁ ged
substantially linearly across central regions of the active surfaces

thereof In particular, the present inventi-on relates to interposers
including slots fornmed therethrough that are configured to facilitate the
connection of bANIRRPOSEROWITHIASIBT INGLUEDENGOC RAIERADREGESS tTe edges
of ~sem conduct OrPACHEIT TR TARNEH ION UF mfﬁmmﬁAﬁEmﬁDUﬁ\ﬁ\m esent
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sem condu tbr devi ces and meir ﬂpﬁﬁ §E1£M ﬁpd array packages

that include the interposers. BACKGROUND ART 20 The di nensi ons of many
different types of state of the art electronic devices are ever
decreasing. To reduce the dinensi o?ﬂECHfI\H@IAécEIEéM c devices, the structures

by which the m ciﬁi_proce sors E)g devj ot herrfsem conduct%{?ﬁgew ces,
and other el ect r ORY RRHIHDI§RN (Plas gepeia y e DIERASCIS HQr Y55 A S0

assenbl ed W Héyied packides RARNIASe spatsficall§ e MePRESs HRAMRRSS be &ReFIRIARM 0ach to
reduci ng the sizes of assenblies of sem conductor devices and circuit

boards h&$¢ beanicoadustonidiviehevingdopd pddsiagengdd uhegawmtly diopaicacorssdestiates or
other electronic nponent s .upon cayprier substrates (e. cui t boards)
Do whi ch t ne SRR D TR SR Be R dh i b Pt it 1o
reduce the diﬁé@ﬂé‘e%ssmt:mﬁmgssfdﬂ FRREY R AV HaPark oM AR hrRithenearrier
substrates. Various types of packaging 30 technol ogies have been devel oped

to facilitat eomreckor afihond vofes s@bomprds ttad pred ecdtgigmoxinmoathe adgdsef subst rat es

in this manner
semiconductor dice to be assembled with the interposers. The present invention also

15  relates to ball grid array packages including the interposers, as well as to methods for
assembling the interposers with semiconductor devices and methods for forming ball

grid array packages that include the interposers.

BACKGROUND ART

20 The dimensions of many different types of state of the art electronic devices are
ever decreasing. To reduce the dimensions of electronic devices, the structures by
which the microprocessors, memory devices, other semiconductor devices, and other
electronic componentry of these devices are packaged and assembled with circuit boards
must become more compact.

25 One approach to reducing the sizes of assemblies of semiconductor devices and
circuit boards has been to minimize the profiles of the semiconductor devices or other
electronic components upon carrier substrates (e.g., circuit boards) to which the
semiconductor devices are electrically connected so as to reduce the distances the
semiconductor devices protrude from the carrier substrates. Various types of packaging

30  technologies have been developed to facilitate orientation of semiconductor devices

upon carrier substrates in this manner.



13 Septenber 2005 -2 One exanple of such a technology is the so-called
"flip-chip", or controlled collapse chip connection (C4), technology. In
flip-chip technol ogy, the bond pads or contact pads of a sem conductor
device are arranged in an array over a major surface of the sem conductor

device. Flip-chip techniques are applicable to both bare %d%er%t g@ckgg&d

sem conduct or devices. A packaged flip-chip type sem cond

which typically has a "ball grid array" (BGA) connection pattern, typically
includes a semiconductor die and a subst?ate el enent, which is typically
termed an "interposer". The interposer may be di sposed over either the

backsi de of the semkegampiebdsudiiasecinoldps is ﬂaecsmcal(laiftﬂit-%)n usrfcaagolidder eof .
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contact pads on the backside of the interposer. This type of flip 15 chip

assenbly ?s peakiagedbieadcendpeiendaviges. A pagkadeddlisghipttyra smiganductheddaeksi de of

the interposegr ,faci the carri.er sub te. If.the inter er |
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pads of the seficeRRUEUIN ardi L5uBBYatOEleRERC twhichab typi e RefE dn ERiterposer”.
correspondi nghhcont act areas on an opposite, top Surface of the interposer

by way of 20 Thaindenpestr atay bedirpasadiover eithenthethacksdide ofghe samddconvuotog dicoméhor
nore hol es fgﬁr;?nF% {'.n thg ifgt e(;afposer. Agai n, the contact areas communi cate
with correspddt WA SHIredtetdct  pads on the interposer. In this type of
f1ip-chiposem congyigdnQhe &Rr APRMBLYA adj ARNENE backsliR FHY ReficRAUS AT ©
also typically located on the top surface of the interposer. Accordi ngly,
this type of dfd, ths-bohi padssfehbiomicandpoei ticanetypmdilpclecticalycamnea@ed Byiysy r at e
by 25 orientitofgr.the 'nterlﬁoser with the top surface thereof facing the
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an array that has a footprint that mrrors an arrangenent of correspondi ng
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interposer facing the carrier substrate.

If the interposer is positioned adjacent the active surface of the semiconductor
die, the bond pads of the semiconductor die may be electrically connected to
corresponding contact areas on an opposite, top surface of the interposer by way of

20  intermediate conductive elements that extend through one or more holes formed in the
interposer. Again, the contact areas communicate with corresponding bumped contact
pads on the interposer. In this type of flip-chip semiconductor device assembly,
however, the contact pads are also typically located on the top surface of the interposer.
Accordingly, this type of flip-chip assembly is positioned adjacent a carrier substrate by

25  orienting the interposer with the top surface thereof facing the carrier substrate.

In each of the foregoing types of flip-chip semiconductor devices, the contact
pads of the interposer are disposed in an array that has a footprint that mirrors an
arrangement of corresponding terminals formed on a carrier substrate. Each of the bond
pads (on bare flip-chip semiconductor dice) or contact pads (on flip-chip packages) and

30  its corresponding terminal may be electrically connected to one another by way of a



30 its corresponding termnal may be electrically connected to one anot her
by way of a 13 Septenber 2005 -3 conductive structure, such as a sol der
ball, that al so spaces the interposer sone distance away fromthe carrier
substrate. The space between the interposer and the carrier substrate maybe

| eft open or filled with a so-called "underfill" dielectric, materi t hat
provi des additional electrical 5 insulation between the slérﬁeetﬁ’ﬁg’@{:?é)qs

device and the carrier substrate. In addition, each of the foregoing types
of flip-chip type semiconductor devices -¥ray include an encapsul ant
material covering portions or substantially all of the interposer and/or

t he seni conduaidattivh Sructingtsbiel asapldeadhll tthatla@dphded tHe1Btefios@Sonle dagaRADI i es
of sem conductor devices 10 and carrier substrates has been to reduce the
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a pl ane that filled pithal so&alléd i dBifANelidéctid frafaBhh A6 vidBOM dMYna e tdB cal

sem conductor devi ce packages are to be carried. As a result of

ever - decr 2asinsylager ketysenithesemicondyctarsievice and theatatrisy stbshrate- scal e package”

(CSP) has been deyel pped. The .di nensi ons of e .auter peripheries of

chi p-scal e pac kag]eﬂlsa(fe%llf%éont’ Nisl cogﬁ%gigﬁg@?ﬁﬁsaﬂtfFa@'?lﬂgttgﬁﬁgméfé’gg?a‘grffe}y’ces _
slightly I ar g ifdhde dnt@caRul86RRHANGvEiNERT i O orQlibdiiRiaRY LR b AR | Pheri es
of the sem conductor dice that are used in chip-scal e packages. As

i ndi cat ed pr &gtpossr pndier b semisonductdrids. scal e packages have ball grid array

20 connection patterps. Some,ball, grid array .chi p-scal ackages jncl ude
i nt er posers thgt Alo e&%‘?ﬂf?agct}?% d‘Png essé%'iﬁroéas%@gﬁest SR ‘g’t%r Weds of

sem condygt obndtdifer bbthtQARE beAdSediice tltjlﬂéeanq%ﬁl? oﬁerh{l%sﬁf&pp&%%fﬁw fugh an
e

openi ng forned through the interposer. o the limted di nensions of
chi p- scal e papimgeutict wbsititerthasisenssuoiedtyendintderlpresecadbcor davie pablerges.n ar e
al so constraihed, as are the si.zes of openings fornmed through the 25
interposers. ‘P lgaﬁ?qﬁﬁﬁﬁ?n hlfyalieg‘_l%‘_i‘g ﬁ?‘?éhlgfﬂﬂs“ggrﬁf tsgiitogfucp V_E%‘?;ﬂa‘éléﬁgfe%/

I ncl ude bond aRAGS pldnddhat 3 FarMRE td 4 PRARE P BE ¥ubleHe UpBR wAiKHEhe RERICHRRIIES Of
the dice. Consequéntly, in order to nmaintain the'structural Integrity of
chi p-scal e pdekagpadkagmsnrpoodresaridle Asmtresyiosiavengeniasigg paekage dimaxioand a

suffici e% | %eesro?c!allgé §(t:h;ilrl;]-(s:((:aaleb Eéé%‘gde”%gg) ﬁe%%séer? fievtepo%le{l. The dimensions of the
outer peripheries of chip-scale packages are typically substantially the same as or only
slightly larger than the corresponding dimensions of the outer peripheries of the
semiconductor dice that are used in chip-scale packages.
As indicated previously herein, some chip-scale packages have ball grid array
20  connection patterns. Some ball grid array chip-scale packages include interposers that
are configured to be secured over the active surfaces of semiconductor dice, with bond
pads of the dice being exposed through an opening formed through the interposer. Due
to the limited dimensions.of chip-scale packages, the dimensions of the interposers for
use therein are also constrained, as are the sizes of openings formed through the
25  interposers. In addition, state of the art semiconductor dice typically include bond pads
that are positioned very near the outer peripheries of the dice. Consequently, in order to
maintain the structural integrity of chip-scale package interposers, the interposer
openings may not extend a sufficient lateral distance beyond bond pads of their
corresponding semiconductor devices to provide adequate clearance for the tip of a wire
30  bonding capillary or other intermediate conductive element-forming, -positioning, or -

securing apparatus to properly access the bond pads.



correspondi ng sem conductor devices to provide adequate cl earance for the
tip of awwre 30 bonding capillary or other internediate conductive

el enent-form ng, -positioning, or securing apparatus to properly access
t he bond pads. 13 Septenber 2005 -4 Accordingly, there is a need for a

chi p-scal e package interposer that includes an opening i I s.confligured
to facilitate access to bond pads | ocated at or near the“ﬂég%@§m8¥556¢g

sem conductor dice by apparatus for form ng, positioning, or securing
i ntermedi ate conductive el ements. There i% also a need for a nmethod for
fabricating such 5 interposers. DI SCLOSURE OF | NVENTI ON The present

i nvention i ncl udeacandinglyetheresie a nekd for a chipedcaleqatieste tifterposda tiu gieludskagch i s
configured to faciljtate the connection of an _internedi ate conductive

el enent, 100RwHE wRich isronfgyged & fachitaie Benees toond pads lpeptediator near thery near
an edge of a 1 I it R i nt er.
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the scope of idtdihepiaRS@Atiudtive@dncddis. TfRreik @lso MRicb® & aléthEéd fof Mbrichtngd fikh
interposer with a sem conductor die and for form ng a package that

i ncl udes 1 heltt¢ipeseposer. 15 The interposer of the present invention

i ncludes a substantially planar substrate elenent that may be fornmed from
any suitable material, such as resin (e.g., FR 4 resin), plastic,

i nsul at or-coat ed sem conduct or DIRtEOSERHE OF gNVENTIOBON oXi de- coat ed
silicon), glass, ceramc, or any other suitable electrically insulative

materi al or el ect Theptepgnt investivminclpdecarintagparat with alslot fireed thesethrovigh al so

i ncl udes an gpeni.n r slot., .fo d 20 therethrough...The s]ot |

bosi 11 oned t g iaponeeyS Sreit Rl T rietiid i iR Sorkbeelve drentpon
nutual pogi t kedh /G Whd WiR, 10 B3IGRAPoSREndd R of 08y GRRNCIdRE oflh €. Thus, when
the interposer and sem conductor die are properly oriented, the bond pads

of the sem songoedustordictodreasssxpdeidith heontgtposére Ssinatondhictohdeviastperiegser . A
first end of .the slot, is confiqu end | ateral ond an outer

d to.ext lv b
per i phory 28 olE e HECORELAT B0 oY Qe TS L BFRAILEN Vol & are
sem conduct Oimdlics RieusREMIRE!He inREHEE! G WhbAIORRAGLIIL MOREAABDET . The

opposite, second end of the slot includes a laterally recessed area al ong
only a porti packapethebincludibethk atenpasdry recessed area of the

15 The interposer of the present invention includes a substantially planar substrate
element that may be formed from any suitable material, such as resin (e.g., FR-4 resin),
plastic, insulator-coated semiconductor material (e.g., silicon oxide-coated silicon),
glass, ceramic, or any other suitable electrically insulative material or electrically
insulative-coated material. The interposer also includes an opening, or slot, formed

20  therethrough. The slot is positioned to be aligned over the bond pads of a semiconductor
die upon mutual positioning of the interposer and the semiconductor die. Thus, when the
interposer and semiconductor die are properly oriented, the bond pads of the
semiconductor die are exposed through the slot of the interposer.

A first end of the slot is configured to extend laterally beyond an outer periphery

25  of the semiconductor die when the interposer and semiconductor die are properly
oriented with respect to one another. The opposite, second end of the slot includes a
laterally recessed area along only a portion thereof. The laterally recessed area of the
slot is configured to receive at least a portion of a wire bonding capillary. When the
interposer is properly aligned with respect to a semiconductor die, the laterally recessed

30 area of the slot is preferably positioned adjacent a bond pad located at or very near the

edge of the semiconductor die. As a result, a wire bonding capillary or other



slot is configured to receive at |least a portion of a wire bonding
capillary. When the interposer is properly aligned with respect to a

sem conductor die, the laterally recessed 30 area of the slot is preferably
positi oned adjacent a bond pad | ocated at or very near the edge of the
sem conductor die. As a result, a wire bonding capillary or other 13

Sept enber 2005 -5 internediate conductive el enent - positi odd Sgpismber 2003 ng
apparatus nmay access the bond pad |ocated adjacent to the laterally
recessed area of the slot to forman eleefrical connection between that
bond pad and a correspondi ng contact area on a surface of the interposer.
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i nvention includes a sem conductor die, an interposer positioned over an
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of the sem conductor. die t correspondi ng contact areas of the interposer,
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formed througfehdigr.i nterposer and at |east partially covering 10 the active
surface of the sem conductor die. The encapsul ant material may al so extend
at | eastS parti al Aysemdtondtdier davidegpackagt indogporatingrigawhimgs afithe phsu t he

surface of the interposer to, substantially encapsul ate the bond w res that
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providing a substantially planar 15 substtate a ormn
t her et hr oughcatespondimpeampact atees dfttha iriterposel,ranfl arqubméy bhencapailant amakediabstal | y
recessed area i s for at _an_end of the slot. One exanmpl e of the manner

in which a slgst Rmftaﬂgg”ﬂ]li%& the slof {ormed dueugh the aferppses andpideashpacighy er¥pring
f e a w | . > ore efta”
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lateral |y rekasyadialyeatothe sin€acglofthd iftetppseang@bbid the eetfac29f teantesysaérider
of the slot is for,glfd by using a second, larger dianeter drill bit (e.g., a
}é_e

router bit) FWstgHakensaryide theboped wines (et prnewsthend padreofithrsemiesndystor fie
first, small t&@r&ﬁ%ﬁﬂﬂ}gb%n{ﬁ'ﬁ’érg% pr ?S&gr.dri Il bit longitudinally to
ol*e.

el ongate the seco ternatlveey, afirst drill bit may be used to

forma narrow sl oA méthed fa faeiatayg theafitg@oserdhdids @Fovidihg b siistantialty planats ed
to widen the slot along the Ien%téh t hereof except in the 25 | ocation where
the | atebl | jebsiaiesnd forgriega plet therefropgicaier @pppriath losaiens dn fomeing theer al | y

slot, a laterally recessed area is formed at an end of the slot. One example of the manner
in which a slot with a laterally recessed area at an end thereof may be formed includes
using a first drill bit to form a first, small hole through the substantially planar substrate
element at a location where the laterally recessed area of the slot is to be positioned.

20 The remainder of the slot is formed by using a second, larger diameter drill bit (e.g., a
router bit) to form a second, larger hole proximate the location of the first, small hole
and by moving the second drill bit longitudinally to elongate the second hole.
Alternatively, a first drill bit may be used to form a narrow slot, then a second, larger
diameter drill bit may be used to widen the slot along the length thereof except in the

25  location where the laterally recessed area is to be located. In this case, the laterally
recessed area is the remaining, narrow portion of the slot formed by the first drill bit.
Thus, the first, narrower slot serves as a reference by which the second, larger drill bit
that is used to form the majority of the slot is positioned.

While the foregoing exemplary methods may be used to form a slot with a
30 laterally recessed area at a portion of an end thereof on any type of substrate element,

including, without limitation, a resin, a plastic, dielectric-coated silicon (e.g., silicon



recessed area is the remaining, narrow portion of the slot forned by the
first drill bit. Thus, the first, narrower slot serves as a reference by
whi ch the second, larger drill bit that is used to formthe mpjority of
the slot is positioned. Wile the foregoing exenplary nethods may be used
to forma slot with a 30 laterally recessed area at a portjion of an_end
thereof on any type of substrate element, including, witHduePlemRer200%n, a
resin, a plastic, dielectric-coated silicon (e.g., silicon 13 Septenber
2005 -6 oxide-coated silicon), glass, cer@rmc and other suitable insulative
or insulator-coated substrate elenents, slots having a laterally recessed

area formed biidewbitedsiledd)] @hssPEeramidiRdiopite kitdbfe Bsulaife @Finfildr-ddageof nmay
be formed by other suitable techniques. For exanple, if the substrate
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substrate elenent, as well as a laterally recessed area in a peripheral
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conductive traces, 10 conductive .viias, and.ternjnals, be fabricated by
known ci rcui P?ISB’WB%?(S gﬁﬁcgﬁﬁﬁd’@llg} arg &xRiallyrug 1“(:98{111‘59%% Fodviss. o her
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t hose of ordinary sKi int ough consideration o e énsui ng
descri pti on, a$ heterabceogsae/arngindy pesiphgs] edgedbfitieeslatppended cl ai ns. 15 BRI EF
DESCRI PTI ON OF DRAWNGS In t drawi ngs, which illustrate exenpl ary
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i ne 2-2 of Fkdficodductelr @svic3fdbrisatienmbéessdsl y il lustrate assenbly and
packaging process %%heir rf]‘eavc\lﬁ}iesc Qndt gdevantiagéeor%tt}ilevpere;errﬁ ieanEv)r(l)tisoenrwiillsbel{‘!gr%gj ;apparent to
those of ordinary skill in the art through consideration of the ensuing description, the
accompanying drawings, and the appended claims.
15
BRIEF DESCRIPTION OF DRAWINGS
In the drawings, which illustrate exemplary embodiments of the present
invention:
FIG. 1 is a perspective view of a semiconductor device assembly including an
20  interposer incorporating teachings of the present invention;
FIG. 2 is a cross-section taken along line 2-2 of FIG. 1;
FIGs. 3-5 schematically illustrate assembly and packaging processes in which the
inventive interposer is used;
FIGs. 6-6B are perspective views illustrating a method for forming a slot with a
25  laterally recessed area in a peripheral edge thereof through an interposer; and

FIGs. 7 and 7A are perspective views that depict another method for forming a

slot with a laterally recessed area in a peripheral edge thereof through an interposer.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
30 Although it has many applications in semiconductor die packaging, an interposer

or another substrate element of the present invention may best be described in relation to



FI Gs. 6-6B are perspective views illustrating a nethod for formng a sl ot

with a 25 laterally recessed area in a peripheral edge thereof through an
interposer; and FIGs. 7 and 7A are perspective views that depict another
method for formng a slot with a laterally recessed area in a peripheral

edge thereof through an interposer. BEST MODE(S) FOR CARRYLNG OUT THE

| NVENTI ON 30 Al though it has many applications in seni conddoeBiemier2005
packagi ng, an interposer or another substrate el enment of the present

i nvention may best be described in relatibn to 13 Septenber 2005 -7 a

boar d-on-chi p assenbly. A sem conductor device assenbly 10 incorporating
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ot her suitabfe®™ BRSP4 |y insulative or at |east partially
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22 of the sem conductor die 20. As shown, the interposer 30 iIncludes an

aperture, orbsfamed4fronf gryrseitable natestah socinds eon (@g.pBRidgsin)) @ldstadngudadsr- 12 of

a sem conductor devi.ce 20 over which .the interposer. 30 is to be,
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i nterposer 30 and sem conductor die are properly oriente respect
to one anot ey behssitibgedfdvestheantiveldirfate 2hef the sémitdnduetor dif A0gur ed t o ext end

beyond the outer  periphery. 21 of sem conductor die 20 to which the
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15, includes a laterally recessed area 17 in a peripheral edge 18 of the
slot 14. 'The q(tg{l(i faéqril@y be%/om? an outer periphery 21 of the semiconductor die 20 when the
interposer 30 and semiconductor die 20 are properly oriented with respect to one
another. As the first end 15 of the slot 14 is configured to extend beyond the outer
periphery 21 of a semiconductor die 20 to which the interposer 30 is attached, the first
end 15 does not restrict the flow of encapsulant material being introduced into the
20 slot 14 and is, therefore, also referred to herein as a “nonmold flow restriction end”.
Another end 16 of the slot 14, which may be located opposite the first end 15,
includes a laterally recessed area 17 in a peripheral edge 18 of the slot 14. The laterally
recessed area 17 provides additional lateral access to a bond pad 12 located at or near
the outer periphery 21 of the semiconductor die 20. Specifically, the laterally recessed
25  area 17 provides additional access to bond pad 12E (see FIG. 4) that is located adjacent
an outer periphery 21 of the semiconductor die 20, which is also referred to herein as an
end bond pad, at a location between the bond pad 12E and the adjacent portion of the
outer periphery 21 of the semiconductor die 20, than would otherwise be available with a
chip-scale package interposer. As shown, the laterally recessed area 17 of slot 14 may

30  extend beyond the outer periphery 21 of the semiconductor die 20 when the interposer 30

and the semiconductor die 20 are properly oriented with respect to one another. By



recessed area 17 provides additional |ateral access to a bond pad 12

| ocated at or near the outer periphery 21 of the sem conductor die 20.
Specifically, the laterally recessed 25 area 17 provides additional access
to bond pad 12E (see FIG 4) that is |ocated adjacent an outer periphery
21 of the sem conductor die 20, which is also referred to 3 ejn as(ﬁg_ end
bond pad, at a |ocation between the bond pad 12E and the ddj%RERPREIP on
of the outer periphery 21 of the sem conductor die 20, than would
otherwi se be available with a chip-scal e8package interposer. As shown, the
| aterally recessed area 17 of slot 14 may 30 extend beyond the outer

peri phery 2lpwekididparsaidittoaatiatialopehiag adund @ pottiva df Hednddsad pad12Enke t he
sem conductor die 20 are properly oriented with respect to one another. By
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positions inbﬁgaﬁéba@ﬁng@@ﬂmﬁyyve el enents 43 on bond pads 12 (e.g., a
portion of a wire bonding capillary). 5 Although the drawings illustrate
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be carried upon the top surface 32 of the interposer 30, electrically
connecti ng ebetweenthedond padsal 23¢f a wrii¢ceductor dis B0ndd tig doetant areds 341A38. To
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To arrive at a board-on-chip configuration, such as that illustrated in FIGs. 1
and 2, a semiconductor die 20 is placed below each slot 14 in a die attach or die-
receiving area of the interposer 30 so as to be positioned underneath the interposer 30
with bond pads 12 of the semiconductor die 20 being exposed through the slot 14. An
20 active surface 22 of the semiconductor die 20 faces a backside 33 of the interposer 30
and may be secured thereto via a quantity of adhesive material 40.
When a semiconductor die 20 has been positioned adjacent the backside 33 of
the interposer 30, the bond pads 12 of the semiconductor die 20 may be electrically
connected, by way of intermediate conductive elements 43 (e.g., bond wires, gold or
25  aluminum conductors, tape automated bonding type conductors, etc.) to corresponding
contact areas 34 on the top surface 32 of the interposer 30. Each of the intermediate
conductive elements 43 extends through the slot 14, between a bond pad 12 of the
semiconductor die 20 and its corresponding contact area 34 on the interposer 30.
Referring now to FIG. 5, a quantity of encapsulant material 45 may partially or

30  substantially fill the slot 14 formed through the interposer 30. The encapsulant

material 45 covers at least a portion of the active surface 22 of the semiconductor die 20



and may be secured thereto via a quantity of adhesive material 40. \Wen a
sem conduct or die 20 has been positioned adjacent the backside 33 of the

i nt erposer 30, the bond pads 12 of the sem conductor die 20 nay be
electrically connected, by way of internmedi ate conductive el ements 43
(e.g., bond wires, gold or 25 al um num conductors, tape automated bondi ng
type conductors, etc.) to corresponding contact areas 34 13/pepigmben05
surface 32 of the interposer 30. Each of the internediate conductive

el ements 43 extends through the slot 14, -Between a bond pad 12 of the
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the | aterall ynd éedssaty adcessed dreb her Mien%ohﬁmfa@d’aﬁ@nat&ﬂﬂaﬂ@y@%dtt@ﬁmn the
substantially planar substrate elenent 31 by use of known phot oi magi ng
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substrates, pheeskot 14 may be fornmed by swtabl e machi ni ng processes

(e.qg., dr| 1 ng or cutting). The laterally recessed area 17
As another example, when the substantially planar substrate element 31 of the

interposer 30 comprises a resin (e.g., FR-4 resin) or another material that has
conventionally been used to form carrier substrates, the slot 14 may be formed by
suitable machining processes (e.g., drilling or cutting). The laterally recessed area 17
may then be formed in a peripheral edge 18 of the slot 14.

20 Turning now to FIGs. 6-6B, the slot 14 and the laterally recessed area 17 thereof
may be formed through the substantially planar substrate element 31 by drilling.

As shown in FIG. 6, a first, small hole 70 may be formed through the
substantially planar substrate element 31 at a location thereof where the formation of a
laterally recessed area 17 is desired. By way of example, the first, small hole 70 may be

25  formed by use of a drill 80 and a first drill bit 81.

FIGs. 6A and 6B illustrate the formation of a second, wider, elongated hole 72
through the substantially planar substrate element 31 at a location where the formation
of a slot 14 is desired, which location is adjacent and continuous with the first, small
hole 70. The second hole 72 may be formed by use of the drill 80 and a second drill

30  bit 82, which has a larger diameter than that of the first drill bit 81. As depicted in
FIG. 6A, the second drill bit 82 may be used to form a hole 72a at a location adjacent



may then be fornmed in a peripheral edge 18 of the slot 14. 20 Turni ng now
to FIGs. 6-6B, the slot 14 and the laterally recessed area 17 thereof nmay
be formed through the substantially planar substrate el enent 31 by

drilling. As shown in FIG 6, a first, small hole 70 may be forned through
the substantially planar substrate elenent 31 at a | ocati gn t her eof where

the formation of a laterally recessed area 17 is desired. Pt\ﬁ)é‘}?e’b?ow
exanple, the first, small hole 70 nay be 25 formed by use of a drill 80
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the intr oductsmtmmnﬁﬁlbaplaﬂm@nbktdta ¢lbmbitt3182 into the first, small hole 74.
The second drill b|t 82 has a larger diapeter than that of the first drill
bit 81 I3 FIG. 7A depicts the introduction of a second drill bit 82 into the first, small
hole 74. The second drill bit 82 has a larger diameter than that of the first drill bit 81
(FIG. 7). The first, small hole 74 serves as a guide to the second drill bit 82 as the
second drill bit 82 is moved along the first, small hole 74 in a direction parallel to the
plane of the substantially planar substrate element 31 to increase the thickness of the first
20  small hole 74 and to form a second, wider hole 76 at locations where the slot 14 is to be
located. Stated another way, the second drill bit 82 is used to form the second hole by
increasing the width of the first, small hole 74 at all locations along the length thereof
except for that at which the laterally recessed area 17 is to be located. The laterally
recessed area 17 is formed by the remaining, original width portion of the first small
25  hole 74.
Turning now to FIGs. 3-5, methods for assembling the interposer 30 with a
semiconductor device 20 and for packaging a semiconductor device 20 are depicted.
As shown in FIG. 3, a plurality of interposers 30 may be provided in the form of
a strip 50 that includes a plurality of interposers 30 that are physically connected in an

30  end-to-end fashion. The strip 50 or each interposer 30 thereon may also be configured



(FIG 7). The first, small hole 74 serves as a guide to the second dril

bit 82 as the second drill bit 82 is noved along the first, small hole 74
in adirection parallel to the plane of the substantially planar substrate
el enent 31 to increase the thickness of the first 20 snmall hole 74 and to
forma second, wider hole 76 at | ocations where the slot 14 is to be

| ocated. Stated another way, the second drill bit 82 is udddepismber284he
second hole by increasing the width of the first, small hole 74 at al

| ocations along the length thereof exceffl-for that at which the laterally
recessed area 17 is to be located. The laterally recessed area 17 is
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material 40 HI§ ASBYHSUrEC seicopdusterstie 20,050 heth hadyides3 apprstivene
adhesi veygat 40
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such that it wll not cover the bond pads 12 of a sem conductor die 20
once the intéPpsisiemdedind semi conductor die 20 are assenbled. Wth

reference to FIG v AAagilqoRict 9l Spd0u i SRR, BEaastuligetaleti ve

to and secured to eac er poser on semm con UCt or
devi ce 15 assearl seesred @ édeBtintampesdp3PDnaid étMpGOm@ﬁﬁmaﬂmﬁ@ndﬁkﬁoradWIdéer by way

of the m%g er iasaslemtb{]igst 10 that are physically connected to one another by way of the material that
physically connects adjacent interposers 30 along the strip 50. When each semiconductor
die 20 is properly positioned relative to an interposer 30 on the strip 50, the bond pads 12
of the semiconductor die 20 will be exposed through both the adhesive material 40 (FIG.
3) and the slot 14 formed through the interposer 30. The laterally recessed area 17 of the
20  slot 14 of each interposer 30 is positioned laterally adjacent to a bond pad 12E that is
located adjacent an outer periphery 21 of the semiconductor die 20.
Once a semiconductor die 20 has been properly positioned relative to and
secured to each of the interposers 30 on the strip 50, each bond pad 12 of each
semiconductor die 20 may be electrically connected to its corresponding contact area 34
25  on the interposer 30 by forming or placing an intermediate conductive element 43
between the bond pad 12 and the contact area 34. Known processes and equipment,
such as wire bonding processes and apparatus, may be used to form or place
intermediate conductive elements 43 between each bond pad 12 and its corresponding

contact area 34. The laterally recessed area 17 of the slot 14 formed through each
30 interposer 30 facilitates access by such equipment to the end bond pad 12E so that an



physi cal ly connects adjacent interposers 30 along the strip 50. Wen each
sem conductor die 20 is properly positioned relative to an interposer 30
on the strip 50, the bond pads 12 of the sem conductor die 20 will be
exposed through both the adhesive material 40 (FIG 3) and the slot 14
formed through the interposer 30. The laterally recessed area 17 of the 20
slot 14 of each interposer 30 is positioned |aterally adj ddeyfptangbea28@hd
pad 12E that is |ocated adjacent an outer periphery 21 of the

sem conductor die 20. Once a sem conductdrR-di e 20 has been properly
positioned relative to and secured to each of the interposers 30 on the

strip 50, eagfelRithtdashdteivlicl@RGN 43 38R He ARG CLSy g@giﬁog& BEY edthat boﬁlg
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Accordi ngly, e encaps erial 45 may substantially fill the sl ot
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which the contact areas 34 are |ocated. Once the encapsul ant material 45

has beenl? nt Pedwiéed ta karden, pet, @ cgre. 1pr examplg, if a thermoplastic resin is used as the

encapsulant material 45, the encapsulant material will harden upon cooling of the same.
If a transfer molding compound or other thermosetting resin is used as the encapsulant
material 45, the encapsulant material 45 may be cured by applying heat and/or pressure to
the same. If the encapsulant material 45 is a photoimageable polymer, the

20  encapsulant material 45 may be set or cured by exposing the same to an appropriate
wavelength of radiation.

Conductive structures 46, such as balls, bumps, or pillars formed from a
conductive material, such as solder, another metal or metal alloy, or z-axis conductive
elastomer, may be secured to terminals 38 (FIGs. 1-2) of the interposer 30 to facilitate

25  the connection of semiconductor device assembly 10 to a carrier substrate or to another
assembly, such as in a multi-chip module (MCM) configuration, as known in the art.

Adjacent semiconductor device assemblies 10 may be separated from one another
by use of known processes, such as by saw-cutting or use of an energy beam (e.g., a laser
or ion beam) to cut the strip 50 at locations between adjacent interposers 30.

30 Of course, semiconductor device assemblies 10 may also be formed separately

from one another by securing an individual interposer 30 and semiconductor die 20 to



15 permtted to harden, set, or cure. For exanple, if a thernoplastic resin
is used as the encapsulant material 45, the encapsulant material w |
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carrier %J bsglgs%}n%f} antdhp%tcke{gTSgorrngt%ggst t?lattlrelc?lﬁ(ri]el Qs%sof C')sflcht srlllebstrate elements are also
within the scope of the present invention.

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

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

deletions, and modifications to the invention, as disclosed herein, which fall within the

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



present invention, as well as assenblies and packages includi ng such
substrate elenents and assenblies, nethods relating to the fabrication of
such substrate el enments, and 15 assenbly and packagi ng met hods that include
use of such substrate elenents are also wthin the scope of the present

i nvention. Al though the foregoing description contains many specifics,

these should not be construed as limting the scope of tH8 Jsptesther 2005
invention, but merely as providing illustrations of some exenplary

enbodi ments. Simlarly, other enbodi nentd4ef the 20 invention may be

devi sed which do not depart fromthe spirit or scope of the present
invention. Features fromdifferent enbegiyigifs may be enployed in

conbi nati on. The scope of the invention is, therefore, indicated and
limted onlyWhatiswaispgénded claims and their |egal equivalents, rather

t han by the foreg ing description. Al additions, deletions, and
nmodi fi cations to he i éﬂ?ﬂ@ﬁ“’égmﬁp§egosed herein, which fall within the
25 neaning a claims are to be enbraced thereby. 13 Septenber
2005 -14 CLA?%%§%ﬁ§$ﬂ§§m%$§Pned is: 1. An interposer, conprising: a

subst r at &5 el esknformeddhirbugh slidiubkwataenicht, aidslos aicthdinbs firsated edngigardd,tosai d
slot including a first end configured to extend beyond an outer periphery
of a seni conduct ofFXt§n&beysad aaggf@ﬁmrgphslry ¢ ﬁéefm“r?!lé’#‘ﬁ@fs@? upet #pserpbly of the

sem conduct or di e;q4 ofbr %&ﬁtﬁQH seﬁﬂgoﬂéllﬂg Pg{erﬁ%d% secaotna (fn?%g fa%&‘gl rea

formed in only a portion thereo erally recesse

posi tioned for al r@esedhrchdbatedlih yniad) e th'&:&oﬁ shiangtefaig r@kssed @rea beln
sem conductor die 10 upon positioning the interposer over the sem conductor

die, so as to be P@%ﬁ‘t”l@é for gligament Wategallyradipcpriite p band pachefl th@mml@ogd]m@ee of

the sem ggnduct or B géf%%sg?o%ifgdt?ﬁgnq%%&? o%g}ethg s(?efnglc %%cf% an O %«gciaéedpher y

of the sem conduc er poser ai m

substrate el ement |aaaly baes é)@tftlonld_f ahQasie ARRCObS the E&ﬁllcﬂmdu%tdﬂ |d@eslbbzﬁed
silicon, an insul ator-coated sem conductor, an insulator- coated material,
and an el ect ri cal bytwess thediond padrandsan euter @ripires of fesepiomwaduder dtai m 1,
wherein said laterally recessed area is

2. The interposer of claim 1, wherein said substrate element comprises at
15  least one of a resin, a plastic, silicon, an insulator-coated semiconductor, an insulator-

coated material, and an electrically insulative material.

3. The interposer of claim 1, wherein said laterally recessed area is

configured to receive at least a tip of a wire bonding capillary.

20
4. The interposer of claim 1, wherein said laterally recessed area is
configured to facilitate access to the bond pad of the semiconductor die by equipment
for forming, positioning, or securing intermediate conductive elements.
25 5. A semiconductor device assembly, comprising:

a semiconductor die with a plurality of bond pads on an active surface thereof, at least
one bond pad of said plurality of bond pads being located adjacent an outer
periphery of said semiconductor die; and

an interposer positionable over said semiconductor die, said interposer including at least

30 one elongate slot formed therethrough, said at least one elongate slot including



configured to receive at least a tip of a wwre bonding capillary. 20 4. The
i nterposer of claim1, wherein said laterally recessed area is configured
to facilitate access to the bond pad of the sem conductor die by equi pnent
for formng, positioning, or securing internediate conductive elements. 25
5. A sem conductor device assenbly, conprising: a sem conductor die with a
plurality of bond pads on an active surface thereof, at | dastepteaher B¥i¥d pad
of said plurality of bond pads being | ocated adjacent an outer periphery
of said sem conductor die; and an interpdSer positionable over said

sem conductor die, said interposer including at |least 30 one elongate sl ot
formed ther et hr ouglien @it 2 MteraBPdeeRBE ath FERH Sy §k)91tti h Ricdrétst Qg thibratfPt €mber
2005 -15 an end with a laterally recessed area fo neg in a portion thereof,
said laterally recessdarearupan pugitonipgsaid irdeipnger sa¢rdaidrsemiqoadactoodiey sai d
sem conductor die, exposing said at |east one bond pad and at |east a
portion of said aﬁ’fﬂ%’élg%'ndfaglﬁ@s" qnsga?iaa and gt Stsaali"ﬁ'ﬁ%tf Ofsééis‘icuéfﬁé“%d pad

and said outer peldchlagb¥ikn SAld RatBHL & R r;q‘ﬂlﬁts%id(;%]yteﬁsggﬂr;;gﬁgzﬁégao nduct or

devi ce assenbly of claimb, erein sald sai d
sem condutt or di esdnsicanduatogeit. substantially linearly across a central
region of said active surface. 10 7. The sem conductor device assenbly of
claim5, wherein said laterally recessed area is configured to receive at

| east a portion of app : 1 it QA ”RY . i
i ntermedi ate condébtivghg%gﬁgéﬁﬁw%gag%a%ﬁgeseﬁfﬁgﬁ'u?tgPQ%%§§§®ﬁg§ggﬁ§iy of
claim5, whebendpsioflsdidsanizbhductar dasis agahgrdsabdtantabniihgilyedrdsoa cateil ve at

|l east a tip of . a wwire baognding capillary so as to facilitate electrical
connection oW&&HQf%Wi%@&%ﬁngﬁé bond pad to a corresponding contact pad on
a surfac??of said interposer. 20 9. The sem conductor device assenbly of
claim5, turther conprising an internedi ate conductive el enent extending

between said at | @ast @hesdviRendRtbr d8dc@assembly of claim 5, wherein said laterally
recessed area is configured to receive at least a portion of apparatus for forming,

positioning, or securing an intermediate conductive element.

15 8. The semiconductor device assembly of claim 5, wherein said laterally
recessed area is configured to receive at least a tip of a wire bonding capillary so as to
facilitate electrical connection of said at least one bond pad to a corresponding contact

pad on a surface of said interposer.

20 9. The semiconductor device assembly of claim 5, further comprising an
intermediate conductive element extending between said at least one bond pad and a

corresponding contact area on said interposer.

10.  The semiconductor device assembly of claim 5, wherein said interposer is
25  part of a strip comprising a plurality of physically connected interposers, each interposer

of said plurality being configured for assembly with a corresponding semiconductor die.

11.  An interposer, comprising:
a substrate element; and

30  aslot formed through said substrate element, said slot including:



correspondi ng contact area on said interposer. 10. The sem conductor device
assenbly of claimb5, wherein said interposer is 25 part of a strip
conprising a plurality of physically connected interposers, each interposer
of said plurality being configured for assenbly with a correspondi ng

sem conductor die. 11. An interposer, conprising: a substra%g el.e 88' and
30 a slot formed through said substrate el enent, said sl ot}3] qnheng.fis
Sept enber 2005 -16 5 a first end configured to extend beyond an outer
periphery of a semiconductor die upon adéenbly of the interposer with the
sem conductor die; and a second end including a laterally recessed area

formed in only a p@rdtiepdicddipufdito erRdd BEybnd AHLAL: berifiRef bf 4 AhficHEGEBE 0 a
bond pad of the sem conductor die by equipnment for formng, positioning,

or securing an inter nedpaxassergldy @titheiinterposamveth the gemiconducterliegadd of t he

i nternedi ate conductjv | enent i, secured t.o or.|located,adj acent, to the
bond pad. 12. et riohs geCufiiEibes BieResaut fouBr iniiines PAFEN hecshine
conprises at 10 | east aN@niuRd & Fdcllitate abded@$tol £bondigall ©Pthe seficonductor die

i nsul ator-coated sem conductive material, an insul ator-coated conductive

mat eri al ,5 and an el ect by eglipmentdefoamingeporstiaminglor sec8ring weintermedjptsser  of
claim1l, wherein said |laterally recessed area i configured for. receiving
at least a tip of a w F(%P%BStﬁ‘éﬁ ‘ﬂé"%'gﬁ}lﬂai ti‘?&/anefgoﬁhel WE“F%?@FBB_‘EPV& claim
11, wherein said | ater glh¥nti§ &38&Cok fitaled adfpes:td Medn pha.al i gnment

| aterally adjacent to the bond pad of the sem conductor die upon

positioning the interposer over the sem conductor die, so as to be |ocated
| aterally over a orthﬁg.of an a{;ti.\/ehlsurface aof the sem conductar die

| ocat ed between the bo B‘éﬁ?‘é‘“ﬁ&lo Jainy d’ﬂ_}eé"rm s sppdRie elemend gomprises at
senm condygt Ofea@l Kre oF 2 resth, %ﬁﬁ@sﬁle,r@l‘i%tnoﬁn HENLOR AP FM i¥ondu@AR iR aR

semi conductor die with a’plurality of bond pads on an active surfaée
t hereof, at [Imsaktoravetet omalvyptide mhtesial, dnphwieladtiitallyahsiiatng mpaesalbei ng | ocat ed
adj acent an outer
13.  The interposer of claim 11, wherein said laterally recessed area is
configured for receiving at least a tip of a wire bonding capillary.
15
14.  The interposer of claim 11, wherein said laterally recessed area is
positioned for alignment laterally adjacent to the bond pad of the semiconductor die upon
positioning the interposer over the semiconductor die, so as to be located laterally over a
portion of an active surface of the semiconductor die located between the bond pad and

20  an outer periphery of the semiconductor die.

15. A semiconductor device assembly, comprising:
a semiconductor die with a plurality of bond pads on an active surface thereof, at
least one bond pad of said plurality of bond pads being located adjacent an outer
25 periphery of said semiconductor die; and
an interposer positionable over said semiconductor die, said interposer including
at least one elongate slot formed therethrough, said at least one elongate slot
including an end with a laterally recessed area formed in a portion thereof,
said laterally recessed area:

30 upon positioning said interposer over said semiconductor die, exposing said at



25 periphery of said sem conductor die; and an interposer positionable over
said sem conductor die, said interposer including at |east one el ongate
slot forned therethrough, said at | east one elongate slot including an end
with a laterally recessed area fornmed in a portion thereof, said laterally
recessed area: 30 upon positioning said interposer over said sem conductor
di e, exposing said at 13 Septenmber 2005 -17 5 | east one bdAdcpigrmbandot
| east a portion of said active surface |ocated between said at |east one
bond pad and said outer periphery of said7-sem conductor die; and
configured to receive at |east a portion of apparatus for form ng,
positioning, or securidig (3B ubit FIEMHIRIGSCARMGE bGidlAYE Mrfact focatine
sem conduct or devi ce assenbly ofﬁ%:I ai m 15, erel n sal é; gFuraﬁ ity of bond
pads of sai d sem condubdtererdsaid atdeasst omniopexd padlasd said bafet periphegasflsgidacr oss a
central region of said active syrface. 10 17. The sem conductor device
assenbly of claim 15, ’Ffili‘i“f"i’féiruc@éarﬁrf’%q ng an intermedi ate conductive
el enent ext endi ng &ﬁig%ﬂ $&lefleat 1ea§i3; r@ﬁ? ﬁ% R@g‘ A3 foRRROBAI ng
contact area on said 3 nt e?pos?ere. ﬁg 1?.0 e s ﬁ?rgon Uct or g’el\%(fgceo assenbl y
of clai m&5, wherein ssicdringbeinpasediated ®ngadtiveefenmenst ri p conpri sing a
plurality of physically connected interposers, each interposer of said
plurality being configured for assenbly with a corresponding sem conductor
di e. 16.  The semiconductor device assembly of claim 15, wherein said plurality of
bond pads of said semiconductor die is arranged substantially linearly across a central
region of said active surface.
10
17.  The semiconductor device assembly of claim 15, further comprising an
intermediate conductive element extending between said at least one bond pad and a

corresponding contact area on said interposer.

15 18.  The semiconductor device assembly of claim 15, wherein said interposer
is part of a strip comprising a plurality of physically connected interposers, each
interposer of said plurality being configured for assembly with a corresponding

semiconductor die.



