-1- 7 December 2005 PROCESSES FOR FORMING LATERAL RECESSES IN INTERPOSER SLOTS
AND FOR FABRICATING INTERPOSERS WITH SUCH SLOTS TECHNICAL FIELD 5 The present
invention relates generally to interposers for use in semiconductor device packages and, more
specifically, to interposers that are to be assembled with semiconductor dice having bond pads
arranged substantially linearly across central regions of the active surfaces theggQfebeastigglar, the
present invention relates to interposers including slots formed therethrough that are configured to
facilitate the JEROOEISIS POPORORVENG DATHRAB, RECES $SESUSIINTERPGSHR 81497 9f

semiconductor dice FR%%M%%RM@WR%E%?WWH@Yﬁ'ﬂﬁ’ﬁ‘ﬁdﬁs 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. 15 BACKGROUND ART The dirBemBN1a3\0f Filehp different types of state of the art
electronic devices are ever decreasing. To reduce the dimensions of electronic devices, the structures

by whichthe microprScRESSPS IYERMOR QS NSTREY L HIEENSE S B SR HHERS0 electronic

componentrydef thepacigvisendrmpruReEt and asseampiedyih: cireuittoardmimudsihgcome more
compact. One approach to reducing the sizes of assemblies of semiconductor devices and circuit

boards has b¥&SR et fic e pisiRandpads apangehahigntalicecaryamersersaishic

COMPONENts HRRFSHIBE ALY SIERIEs IheFIAUITDRATIRNLS, YHRIGRL0R: 2PveRyRBEHGRS devices are
electrically connected so as to reduce the distances the semiconductor devices protrude from the

carrier substif{EEoseidns il Rt Aeragihgetetrnntbdhas MavomaaH UbinlapbEnts thecilitate
orientatiqi of SRHNCRNAYEIRIAGVIRES OURAIA PAIGHAURSTRIGS ISR IR £2RE &xample of such a

technology is the so-called "flip-chip"”, or controlled 30 collapse chip connection (C-4), technology. In
flip-chip techa®igyndietpofigdpiadee@ssembled with the interposers. The present invention also

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.
15
BACKGROUND ART

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

20 electronic componentry of these devices are packaged and assembled with circuit boards
must become more compact.

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

25 semiconductor devices are electrically connected 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.

One example of such a technology is the so-called “flip-chip”, or controlled

30 collapse chip connection (C-4), technology. 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



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 -2- 7 December 2005
packaged semiconductor devices. A packaged flip-chip type semiconductor device, which typically
has a "ball grid array" (BGA) connection pattern, typically includes a semiconductor die and a
substrate element, which is typically termed an "intetposer”. The interposer mapQe disqoses over
either the backside of the semiconductor die or the 5 front (active) surface thereof. When the

interposer is pagitigaesadipadnt ihedbaicksida phékessemipandpeipe wimidbedoonrs padsepf the
semiconductor die are typically electrically connected by way of wire bonds or other intermediate

conductive el¥HEMERIEUOHRASH RAHFUEAERY aFBG brPANH QR RALE b RS ABS LS these contact
areas commupigaienwitickARamaspanding dumRad, cantactnase ary lekacksidaefiheimterposer.

This type of flip- chip assembly is positioned adjacent to a carrier substrate with the backside of the
interposer facdiRg tHETBAFeMaYBS iRV RiEHPESHIEI56sitB RE dhadfapisn s Qb e Wihace of the

semicondygctef, gliga i Pangapadsridhe semiconductor die may be electrically connected to 15
corresponding contact areas on an opposite, top surface of the interposer by way of intermediate

conductive element3\helt BladMrRnstghrosEionG arbasent shobarkditls tiehmterpseadualgain, the
contact areag;OMIwliaAHEIVER HeTSsRAMAINIIP RRRT GARIAS ARYSANJREARIRIPPBE WY this type of

flip-chip semiconductor device assembly, however, the contact pads are also typically located on the
top surface oftherinterdsser other Aveorsitigly condugpecseipeetsi oassesisipdap ssniopeticidjacent a

carrier substigte, by, QUENING: e INfEIRABPr WIS op suace INRIEAL fcipgyhe carrer substrate. In

each of the foregoing types of flip-chip semiconductor devices, the contact pads of the interposer are
disposedlh sgvaespprdatihsepdotpaiat tipadsnindre bavkaidand dmenteofesrreSporisingteiiminals

formed on a ¢apriers H%Eoﬁ ‘?&eg 's:vf?ﬁ)'a)é%f 5%%&%’9?0%%%% (QBpare &l‘ﬂi‘%ﬂ%"gﬁ‘éfé‘lﬁ%‘?ﬂf&or dice) or
contact pads (%é %lp-c |p§; pa Eages and’ its corresponding terminal may be electrica y connected to
one another bytevaysof @ctentiactivecstsubitrge.such as a solder ball, that also spaces the interposer
some distance 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
15 corresponding contact areas on an opposite, top surface of the interposer by way of
intermediate conductive elements that extend through one or more holes formed in the
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.
20 Accordingly, this type of flip-chip assembly is positioned adjacent a carrier substrate by
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
25 pads (on bare flip-chip semiconductor dice) or contact pads (on flip-chip packages) and
its corresponding terminal may be electrically connected to one another by way of a
conductive structure, such as a solder ball, that also spaces the interposer some distance
away from the carrier substrate.
The space between the interposer and the carrier substrate may be left open or
30 filled with a so-called “underfill” dielectric material that provides additional electrical

insulation between the semiconductor device and the carrier substrate.



away from the carrier substrate. The space between the interposer and the carrier substrate may be
left open or 30 filled with a so-called "underfill" dielectric material that provides additional electrical
insulation between the semiconductor device and the carrier substrate. -3- 7 December 2005 In
addition, each of the foregoing types of flip-chip type semiconductor devices may include an
encapsulant material covering portions or substantially all of the interposer angdfsg-thgrsemipgnductor
die. Another approach to reducing the sizes of assemblies of semiconductor devices 5 and carrier

substrates has beeniadeiiee dhehaneTbefgsbgl ©ptatel Mp Uifacpasemicupdicocaskifiesubstrate
that is consumed by individual semiconductor device packages. This is typically done by reducing the

dimensions dPie SHcaRGTIEHEF YAt B AgNE ARG YA tRsaR LRt 9 Blane of the

substrate upemwhisBrthRiasieQBRlEsatudRigR:packages are to be carried. As a result of
ever-decreasing package dimensions, 10 the so-called "chip-scale package" (CSP) has been

developed. The dimeRSIBASBPIRAC IREF Pisihtisedzst OhitrseahliseksriricAdusiBicdan/ Sibstantially

the same &s gn PPV SHAMbREIBEINRR TS CaTEsRRNMRG MiBTensiPBs AEthe QuiesReripheries of the
semiconductor dice that are used in chip-scale packages. As indicated previously herein, some

chip-scale pabkaihesHEGEBRAGHRI B4y coBsEBIHutiBIiy it TS NBePREUSEIN §auich RAFEMpSscale
packages inofyde; IGIRATCTS A AR GQRIIEREHERRFHASOHIRE QAR REHY BSHEBGRK Hes

semiconductor dice, with bond pads of the dice being exposed through an opening formed through

the interposeftl@Mge R@méhmﬁé@@ﬂrﬁbm‘,ﬁoﬂgﬁ %ﬁ@@h‘é@@d@g@é’bﬂﬁb@ﬁﬁéﬁéﬁﬂﬁé‘bﬁﬂﬁe
Interposers f%ﬁ@ﬁ?g{%&%@ AR cansiRingd, ?e%xﬁ[%f@@e?'—%l@§r?§s_‘?@§ﬂb@9§ ormedfypugh the 20

interposers. In addition, state of the art semiconductor dice typically include bond pads that are

positionetfvehe neanatted Gcher-peipherieg ot (hERlibes Dumsdeyebontyl. i bedbmensimairmbthehe
CUiciont ey A B o e B S e Al o

ing se uctor devices to provide
adequate cleslighdg fogthéhtip dicawiespabdoonding capitar tbe othier patgrineadiaté tbenductive
element-forming; -pOSIIONING. at are used in chip-scale packages.
As indicated previously herein, some chip-scale packages have ball grid array
15 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
20 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
25 bonding capillary or other intermediate conductive element-forming, -positioning, or -
securing apparatus to properly access the bond pads.
Accordingly, there is a need for a chip-scale package interposer that includes an
opening which is configured to facilitate access to bond pads located at or near the
edges of semiconductor dice by apparatus for forming, positioning, or securing

30 intermediate conductive elements. There is also a need for a method for fabricating such

interposers.



securing apparatus to properly access the bond pads. Accordingly, there is a need for a chip-scale
package interposer that includes an opening which is configured to facilitate access to bond pads
located at or near the edges of semiconductor dice by apparatus for forming, positioning, or securing
30 intermediate conductive elements. There is also a need for a method for fabricating such
interposers. -4- 7 December 2005 DISCLOSURE OFE4INVENTION The preseni iny&qties mslgdes an
interposer with a slot formed therethrough which is configured to facilitate the connection of an
intermediate conductive element, 5 such as a bond wire, to a bond pad positioned at or very near an

edge of a semiconductor die to be assembled with the interpaser, Semiconductor device packages
that include the interposer are also Wimm@ﬁg@—%vention, as are methods for
assembling the interpgsprevdth @ wamisonduciey diernngdosfaimingis: Raakao@dhakiosides the
interposer. 10 The interposer of the present invention includes a substantially planar substrate

element that Wbl forfigasdin Beljisirabre mracstian sfian mecragdipe gonducl Ve glanepiastic,

insulator-cpatgdrsamieendyater Hatssi E%&po%ﬁﬁﬁﬁﬁ&éﬂdﬁ%tﬁgaﬁﬂi%@ge gfass, ceramic, or any
other suitable electrically insulative material or electrically insulative-coated material. The interposer

also includesSaMiSpeAmE HIor forrRmbishetethtdaiiipTice shsticpadiidetrrpeigaed over the
bond pads of g, sGRIGANAHCIRE IR HRLO RYMANRP QDI of the Fﬁ‘é@éﬁpﬁﬁfeﬁﬁ&ﬁ% sgmiconductor
y

die. Thus, when the interposer and semiconductor die are properly oriented, the bond pads of the
semiconductaiegiediréoerpissel] g thgynpre et vitthe setgeadectx flisraddosferaisideis configured to
extend later Xc?ﬁé’@ﬂﬁ?i'ﬁc%&%ﬁ ﬁggﬁt&%s@ 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 inclutiés a laterBly retermsed efrdw aloprnomycatportior uher e of bR vatialbr plynescabsedtarea of the

slot is °°”f.i9%ﬁ%%ﬁﬁ%%?%%ﬁé%%@d%@gﬁn? g é‘{‘éiﬁ?%%{tgi%, %ﬂ&%"%r ¥e§%*k%%£%ﬂ%@8fer s
properly aligned with respect to a semiconductor die, the laterally recesse

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

15 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

20 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

25 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
intermediate conductive element-positioning or -forming apparatus may access the bond
pad located adjacent to the laterally recessed area of the slot to form an electrical
connection between that bond pad and a corresponding contact area on a surface of the

30 interposer.

A semiconductor device package incorporating teachings of the present



25 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 intermediate conductive
element-positioning or -forming apparatus may access the bond pad located adjacent to the laterally
recessed area of the slot to form an electrical connection between that bond pad and a corresponding
contact area on a surface of the 30 interposer. A semgiconductor device packagpdpGanerasiag
teachings of the present -5- 7 December 2005 invention includes a semiconductor die, an interposer

positioned ovigk eitiastivel sdstace:reictiri sa o ) duaiaeglissewpeshivndd connacting bend:pads of the
semiconductor die to corresponding contact areas of the interposer, and a quantity of encapsulant

material at 1E44PPATHURYHIHAEHECSIFOPATE BRRBISGH R BIREPAOS 8F His R IeR IELei s Covering 5

the active sudggespbHagnsMERNAHGObEIRe ThEpheaPsHlanumwieyial BheymIsasangdiat aleast
partially onto the surface of the intelgf?oser and above the surface of the interposer to substantially

encapsulate bt Wrddlingtheniot fomrathtproueh thintapaegiidctbleans PistidlyesysHEmhg

contact areasyaf e INarPRESSF ﬁé@@ﬂﬁ‘égﬁ@lﬁc@?@l@@ti@ﬁéﬁﬁdéﬁ%%%ﬁ&lﬁﬂ%ﬁﬁ%‘ﬂmrﬁ at
substantially planar 10 substrate and forming a slot therethrough at an appropriate location. In forming

the slot, a lat&saihpreédbsenta by yHeanatithe HHEPRPeT e AoV edhesEXEasAE BEIECFRSMHEP in which
a slot with a lggeally; e g%sﬁ[% alan R Ihereat Rayde feHNed406udE S Hakad dufirst gall bit to

form a first, small hole through the substantially planar substrate element at a location where the
laterally recetsearE@RHECOlbacs e HRAIGHEEONE. The remainder of the slot is formed by using a

second, arger diamaleyAfih i g RURL Hiba (ormaseeandy aiges el i aie e locaror

of the first, small hole and by moving the second tudinally t0 elongate the second hole.
Alternativély, satiisaidralhdiformappe tlsetheoctbrovghrdaownpsloprinenecseeonth fargengdizmeter drill bit

may be “Seds'i&‘,"’elci%%llfﬂo@%le%t ?#8&‘%&*&%?8%@&%?E%O{P%SF&%"S% © 3R:leatipn. whare ihe aferally

recessed area Is to ate n this case, the latera y recessed area Is the remaining, narrow

portion of theisighfohmetbbyithe finstrdlill BicesTelisiethet firsendahowdsiot sefvescdschedesence by

which the Se%ospnqg’ allaﬁgs(% rdgilﬂl lbklatitto 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.

15 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

20 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

25 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
oxide-coated silicon), glass, ceramic and other suitable insulative or insulator-coated
substrate elements, slots having a laterally recessed area formed in only a portion of a
periphery (e.g., at an end) thereof may be formed by other suitable techniques. For

30 example, if the substrate element of the interposer is formed from silicon or another

etchable material, such as glass or ceramic, known patterning processes, such as the use



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 25 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
oxide-coated silicon), glass, ceramic and other suitable insulative or insulator-coated substrate
elements, slots having a laterally recessed area formgd in only a portion of a pegsiRbg(2gp5at an
end) thereof may be formed by other suitable techniques. For 30 example, if the substrate element of
the interposesfiskfiommad fsRimsdicenmtQnaiheraeteable ymaterial ssuetvasugtasganeeramic, known
patterning pracesses, such as the use -6- 7 December. 2005 of known masks and etchants, which are

typically used 3R SEHREINAERISS JRWY FABNEK P S U S MBS S Wby Bl s Hefth Y gslot in the

substrate elemenhtasmyelbcasadateiali reassad a2 Bt aperipheral edge of the slot. Other features
of the interposer, such as contact areas, conductive traces, 5 conductive vias, and terminals, may be

fabricated by knowr EheUiEHYEH e RfTBARRICYF R AY R AT HEEHD S PYREESE2eSther features and
advantages it eEesentdnuentiemWIlsDaEEBe ABRRKERE B9 Khows ofardipesuskll in the art through

consideration of the ensuin%descri tion, the accompanying drawings, and the appended claims. 10
BRIEF DESCRIPRESNEOE GRS A RECBREWIngS, which illustrate exemplary embodiments of
the present inventiQhinflGeaduiS CaRERRREENEYISMHI RS MIGRRAHGIPH HEYIRD A8 Bpingluding an

15 interposer incorporating teachings of the present invention; FIG. 2 is a cross-section taken along

line 2-2 of FIthose pfeyligasysdnl mahieary imestzhtecaskisrabRnaidhsaicagia geradesedsha which the
inventive intefposs éﬁﬂﬁg%ﬂ%@aﬁ@tﬁEeaBﬁéﬁﬂg&gYa%%ﬂeWS illustrating a method for forming a slot
; . | .

with a 20 laterally recéssed area’in a peripheral edge thereof through an interposer; and
10

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
15 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
20 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

25 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
a board-on-chip assembly. A semiconductor device assembly 10 incorporating teachings
of the present invention, as shown in FIGs. 1 and 2, has conductive structures 46 (shown
in FIG. 5) (e.g., balls, bumps, or pillars of solder, another metal or metal alloy, or z-axis

30 conductive elastomer) protruding therefrom in a ball grid array connection pattern 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 25 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
a board-on-chip assembly. A semiconductor device agsembly 10 incorporating igashings 200Hghe
present invention, as shown in FIGs. 1 and 2, has conductive structures 46 (shown in FIG. 5) (e.g.,

balls, bumps@lpikars ehioitduanaliermeiahaumetat allaye o, #axisiSAlconctasiidaclastamer)
protruding therefrom in a ball grid array connection pattern and -7- 7 December 2005 includes a
semiconductd? B8 BAY S Sbstrate element, which is also referred to herein as an interposer 30.

The interposer 30 inchédagemsshontiaindlanapsabsiiaio Riemamsshithatmar Pedharmad from any
suitable material, such as resin (e.g., FR-4 resin), plastic, insulator- 5 coated semiconductor material

(e.g., silicon 8%iffureed{Eanarnnyi ghlserhichraasssstieesdimicc izl iRURle or at
least partiglly giglRciicicoriacmatarialapiad: MAbs AaditiesadovaEdig setivessHifdiceamy the

semiconductor die 20. As shown, the interposer 30 includes an aperture, or slot 14, formed

therethrough FBICEXPERMRy B Bisalypiagelapvers ddamiarattiordeoriE 2eogirst MR 19¢he
interposer 30,5 {$LpRATHRAK e 1R slehvi4hasa s reRd stmibatdaGeprfiguigd to extend laterally

beyond an outer periphery 21 of the semiconductor die 20 when the interposer 30 and semiconductor
die 20 are properly drictetnaitie ratspetanrackdeser apatiie. fistleh it Songse slot 14 is configured

to extend beypnd i autes: PEHRRSNNRTSAR SRITICEBEL LNt AR 15 WENEh Bie JuieRRRsy 30 is

attached, the first 15 end 15 does not restrict the flow of encapsulant material being introduced into the
slot 14 ah@ ishthertefppecabbo yédereqrbsoinaedinTde alohdAmaid fiow cedthttion smdnfigesthier end 16 of

the sot L4, which e b6 SRISHL aRRORIEA s ond Al nohdsaaipralvircpsseplarea 17 n a

peripheral edge lot-14. The late recessed area 17 provides additional lateral access to
a bond pad liatopated 3t ardean @ddhetouder Henpheoplyofribetsémidordpetoraie@0. Specifically,
the laterally rgr?gt%%?.dAs 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
15 end 15 does not restrict the flow of encapsulant material being introduced into the
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
20 the outer periphery 21 of the semiconductor die 20. Specifically, the laterally recessed
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
25 chip-scale package interposer. As shown, the laterally recessed area 17 of slot 14 may
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
providing an additional lateral opening around a portion of the end bond pad 12E, the
laterally recessed area 17 may facilitate access to the end bond pad 12E by equipment

30 that forms or positions intermediate conductive elements 43 on bond pads 12 (e.g., a

portion of a wire bonding capillary).



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 25 chip-scale package interposer. As
shown, the laterally recessed area 17 of slot 14 may_gextend beyond the outer;aggiRhesy:2b@f the
semiconductor die 20 when the interposer 30 and the semiconductor die 20 are properly oriented with

respect to one anothgth&)gHoieyiiingan atditenallatesa epeBing @i aspiiianoof the end bond
pad 12E, the laterally recessed area 17 may facilitate access to the end bond pad 12E by equipment

30 that forms! SFHSS BT LINAE A AU RO SN JAIRETRSFHEARCRS YRUSOHBHLASTSD D A€ portion of a

wire bonding gapilanin & scdpecsmiesréie ilbauah the drawings illustrate an interposer 30 with
only a single slot 14 formed therethrough, interposers having more than one slot formed therethrough

are also within the SCUEbRIERS PreBRIRGEHRI. TORtET 4ea2 Suthednteimfsar?on a top surface 32

of the inteSD@%f@th@rRﬁ%“@&ﬁ&'&’b dhacontactaeera pibaradrcaied Arexigatet aslahdAso as to
facilitate the positioning of relatively short intermediate conductive elements 43 through the slot 14,

between the BOHHS A7 dpavebnihghénietpicdiatoooadyatie cdemsatarsdbroughthe iletrtted in FIGs.
1 and 2, a cirGuUit, Fargh 38 s eads 1ateralle FamRReR FaRiaptaAra Stoltad GReSAoNMINg terminal 38,

which may also be carried upon the top surface 32 of the 10 interposer 30, electrically connecting each

contact area Q@%@qtgdc@rijégboh@%3@@#@3@8@@&@@&@&'@ dapsoaliy @ﬂ%ﬁﬂ?%éﬁh@ﬂ?@fﬁm}%uch as
that illustrated,in QI@C%‘RJ)D&HI% ferth RRTISONANGIGh ARG iR Rlaned ﬁ%@?ﬁgg Siahdé5 g dig attach or

die- receiving area of the interposer 30 so as to be positioned underneath interposer 30 15 with
bond pad$ 12n¢érpsseiflicterituctdly dienrechanepelx postdtttnudthtthisssiotrespondingctevaimatface 22 of
the semicondygtor die 20 faces a backside 33 of the interposer 30 and may be secured thereto via a
guantity of adhesive material 40. When a semiconductor die 20 has been positioned adjacent the
backside 33 of 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

15 with bond pads 12 of the semiconductor die 20 being exposed through the slot 14. An
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

20 connected, by way of intermediate conductive elements 43 (e.g., bond wires, gold or
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.

25 Referring now to FIG. 5, a quantity of encapsulant material 45 may partially or
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 also cover a portion of the top surface 32 of the interposer 30. Preferably, the
encapsulant material 45 substantially encapsulates the intermediate conductive

30 elements 43 that extend through the slot 14.



the interposer 30, the bond pads 12 of the semiconductor die 20 may be electrically 20 connected, by
way of intermediate conductive elements 43 (e.g., bond wires, gold or 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 2Qqnd its corresponding coniagt-akea: 3b@n the
interposer 30. 25 Referring now to FIG. 5, a quantity of encapsulant material 45 may partially or

substantially fill the gin¢ b dounaad tisoughlledotespoaria30. ihhReaneappuidat featedakkd covers at
least a portion of the active surface 22 of the semiconductor die 20 and may also cover a portion of

the top surfad®BY gt SRtetB Ol dhestlobterdiabhy, ranehbapuehhe SHREALIHY Rltdantially

encapsulatessiiperipie tradiats conthictiver R alempitmd Ribahepierdsthraughifsiiabls. -9- 7
December 2005 The slot 14 and the laterally recessed area 17 in the peripheral edge 18 of the slot 14

at an end 16 e eag BECRsATBE Bstighahbieshismially planar sLisiaricaemeht 31 of the

interposers30 fy- RRYKPRW IREOGAREIRL IS sﬁﬁﬁﬁﬁéﬁﬁ%a@ ERIRGAN PB@&EB}%QB rﬁﬁ%hﬁ%a@@lﬁ”m of the
substantially planar substrate element 31. 5 For example, if the substantially planar substrate element

m
31 compriseS&ifiBuf, RHSHIBE téé‘?&iﬁﬂ?,s&%@Wiﬁ@@%ﬁﬁééqﬁ%ﬁ@%%ﬂﬁ&%d in semiconductor
device fabriqglianRIArERRGISR & dNaRKRAGICH IeChRIHES HRRY PR PRI fPrR g $lot 14 and

the laterally recessed area 17. When a photoimageable material is used to form the interposer 30, the
slot 14 and tHadahadagrdbessesedasca 1 thaMdshraalveiforgeable ngieoabis tiedsisbndbsly planar

substrate elefpent 31.byuse of e PR pIMANE.BIGPERES ARARONS, AAMRIR.dhen the

substantially planar substrate element 31 of the Iaterposer 30 comprises a resin (e.g., FR-4 resin) or
another Hatethadubhthasulsoavertioplahyivebstasedtotoim Ichyrise of bswateshtlieisiaging may be
formed by 15 %8'&%%}:‘3 machining processes (e.g., drilling or cutting). The laterally recessed area 17
may then be Pormed in a peripheral edge 18 of the slot 14. Turning now to FIGs. 6-6B, the slot 14 and
the laterally recesseisanactli? ¢hengde, 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
15 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.
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
20 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
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
25 of aslot 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
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
and continuous with the location of the first, small hole 70. The length of the hole 72a

30 may then be extended to form the remainder of the second hole 72 by moving the



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 20 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 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 plggamnssiistoate element
31 at a location where the formation 25 of a slot 14 is desired, which location is adjacent and

continuous witlrdhe difist bsnsalihaleikiidhpsenend telddevayhbedbsmeathhy pisanfthseid 80 and a
second drill bit 82, which has a larger diameter than that of the first drill bit 81. As depicted in FIG. 6A,

the second dfffBiE82’ mlilsehrsees 98t B Stely Daing Lolalesk K et R RBRMBUS with the

location of theyikshnsimnall igiar AbdhadengtRafthebelpvWiand@aapthen be extended to form the
remainder of the second hole 72 by moving the -10- 7 December 2005 second drill bit 82 in a direction

parallel to the plane/Sf$HEEYIF AR NG pIaRes St ateMete ezl htetddhseegialiyril bit 82 is
being rotaged;andsniersaats tgdpRsPhiNesUbSANtAY RIANHRBEI AR IBMBNtsT koas shown in

FIG. 6B. Alternatively, with reference to FIGs. 7 and 7A, the slot 14 and the laterally 5 recessed area

17 thereof mayié fFoRHEADY (SHHELHL ihaoraHamIfvst RIAnbitubs s forlemanidt, 4 iAhole 74 through
the substantigily lagaeRURRIERE Llemen-3hdbiiersdharariahelt e sigkidand dhgdaterally

recessed area 17 are to be located. As shown inFIG. 7, the first, small hole 74 may be formed by

allowing the ﬁnls]f]&}ilVbtlhBiitU’ papbihate ?HQWH&&QH&W pratitavsneshatea %Iéﬁibhﬁﬁ &nhd, while the
first drill bit 8 ééﬁ&%?ﬂé%ﬁ%&%&ﬁﬁaﬂ%&%ﬁ{i LS RRIERGRIIDE RN fF dNERYPSIANHRIY Rlanar

substrate element 31, by moving the first drill bit 81 in a direction parallel to the plane of the
substantidlly ptargrosafiodtratbceldmeert ®1inkRIG:CT fdepivesofhiddrarbeiactiohyaflanse sabriralidl| bit 82 into

e e sl TS s o o i s L1
moved alongstitstfirstadyneli o e Beriatcactiinactiohl parallel to the
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
15 (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
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
20 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
hole 74.
Turning now to FIGs. 3-5, methods for assembling the interposer 30 with a
25 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
end-to-end fashion. The strip 50 or each interposer 30 thereon may also be configured
with guide holes 52 for handling and positioning each interposer 30 during automated

30 assembly and packaging processes.



plane of the substantially planar substrate element 31 to increase the thickness of the first 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 20 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 fajmed by the remaining, orjginakwisithyepgion of
the first small hole 74. Turning now to FIGs. 3-5, methods for assembling the interposer 30 with a 25

semiconductor device 2onaing fempaskhgiog & semisendblterideyigeadfgqrier depicibr: Asshiawvn in FIG.
3, a plurality of interposers 30.may be provided in the form of a strip 50 that includes a plurality of

interposers 3B AR phoRRUSH R ah st Anas i italiisPaskiidiris 86%FRach interposer

30 thereon miayalesebsranfigny acti withguide holes sz danienalingand poskiaping paecksisierposer
30 during automated 30 assembly and packaging processes. -11- 7 December 2005 In forming

semiconductdtdiding JQamHiRLAEOny SRIANGRARS Stitansorimgsiie PhaerirublidsShlied to at
least portigns,afiaBRiRE BPF¥IiilE hacksifm3adeA miNteARRs BRANth NG A6HYe:SURae6r22 of

each semiconductor die 20. Known processes, including, without limitation, spray coatiré%, curtain
4

coating, use BT B ESABMARP B BeBRMOYRABGT KR OrthedadsiiddpiHBsikeapanstidl4t on both
major surfaceg thereokumay be 4ised tearBhatheadnesiv e maiRiritdedbe Packsidr 33 of the

interposer 30, to the active surface 22 of the semiconductor die 20, or to both backside 33 and active
surface 22. ThefaghdaivEhaadbdsivaonaigiatdfabslpistuitdiagstiencthatshvlintibieBvest apeehond pads

12 ofa Semi%ﬂ@‘ﬂﬂﬁigﬁﬁ? PPRRGE HIEJMGERASEE 30 8&}%%&91&9@ clos g 1040 AlgaRRGMPled.

With reference to FIG. 4, a semiconductor die 20 may then be positioned relative to and secured to
each intekoseér B0 mnethélstrip 50 to form semiconductor device assemblies 10 that are physically

;‘I’O”n”eded to one aﬂ%&ﬁ%@éfré’}@ Qe ’Ef‘%es@%i%%hé%%s&%@% fr?%)'&%‘é%?b%dé%‘iﬁ{%%@&%ﬁ’ﬁﬁ%rs 30
g the strip 50. When each semiconduétor le 20 1s properly positioned relative to an interposer
30 on the stri 504 theetyod tbpads heerposer 30 on the strip 50 to form semiconductor device
assemblies 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
15 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
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.
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
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,
25 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
interposer 30 facilitates access by such equipment to the end bond pad 12E so that an
intermediate conductive element 43 may be more easily positioned between that bond

30 pad 12E and its corresponding contact area 34 on the interposer 30.



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 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. 20 Once a semiconductor die 20 has been properly
positioned relative to and secured to each of the intgrposers 30 on the strip 56, sachdpendgpad 12 of
each semiconductor die 20 may be electrically connected to its corresponding contact area 34 on the

interposer 30 by formingies MACHOFR6. iBlatmastiatpoeaod vetive Rievaantfide betweaohthe bond pad 12
and the contact area 34. Known processes and equipment, 25 such as wire baonding processes and

apparatus, MBI B HsAY SraALe BeERrBEE LodRaNR B aRsPsiededach bond
pad 12 and itgeaHgsponsingbRoHagsaIea dkding laterally retRasesweaknat thgormtd 4 formed

through each interposer 30 facilitates access by such equipment to the end bond pad 12E so that an

intermediate ¢ORBOREIOAHEAPA SRR B iabieR HoR cReYBREL B S 36 pad 12E and
its corresppngifgeGentacharea.edidnE s U BRSENIR alRad PSeRRbSH ROQSHTERIAGRDY i FIG. 5,

at least a portion of the active surface 22 of each semiconductor die 20 may also be encapsulated, as

known in the R SERAiFRASYGETRE18 2Quiistitgine shs hend @adschhpdissap mAksriarcapspdagt maeedl polymer
transfer moldiRg,cOMRO WL Qh AP CONE- A ERRARIARR MVRERACARTRIAD UGG RN IRfo the slot 14.

5 The encapsulant material 45 preferably covers at least portions of the active surface 22 of the
semiconductbeidiec2chinenidingdh 2o gassmconsirsend PR end s oparrsheadinalcasasiay also

substantially sgyentheriermeiale senkaia RIRMANSA akaMend. betwaen Uip band pads 12 of

each semiconductor die 20 and the corresponding contact areas 34 of the interposer 30. Accordingly,

the encapuléitt theatkaid 48 dreny euthstzggiafly Aol thessideceBarnd dovietdiposergior whible top
surfac_e 32 oftﬁlgecj)rllﬁggg%e%rs %Q %ﬁvygné Pe dt'he contfa(?t areas _34 are located. Once the encapsulant _
material 45 has been introduced into the slot 14, it is permitted to harden, set, or cure. For example, if
a thermoplastic resi@isageccasaival @ncapstitdrtorhatdriah4birthe@doaps tantanbteriab will harden
upon cooling poefr;[rrlll?tg’(? [g%'arden, set, or cure. For example, if a thermoplastic resin is used as the
encapsulant material 45, the encapsulant material will harden upon cooling of the same.
15 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
encapsulant material 45 may be set or cured by exposing the same to an appropriate
wavelength of radiation.
20 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
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.
25 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.
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

30 one another, as described previously herein with respect to FIG. 3, and electrically



15 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 encapsulant material 45 may be set or
cured by exposing the same to an appropriate wavelength of radiation. 20 Conductive structures 46,
such as balls, bumps, or pillars formed from a condycfive material, such as solgss.apsthepgsetal or
metal alloy, or z-axis conductive elastomer, may be secured to terminals 38 (FIGs. 1-2) of the

interposer 30ctfireiliatthethercopmBCIDofohsepnicasiductor dieVioa@ssesphndid jaaneastigesubstrate
or to another_assembly, such as in a multi-chip module (MCM) configuration, as known in the art. 25
Adjacent semicShHctBIEGRTe"Rssemblies 10 may be separated from one another by use of known

processes, such as Ry sawheHliRenafi Us&GhRVRIRIGY REAV {&&mAIEISES nRlyies ReaRY & aut the
strip 50 at locations between adjacent interposers 30. Of course, semiconductor device assemblies 10

may also be 18F&EIaEparately FBHEDA n STRRE B\ BeEtaYf RRvraNIN GaNIReRdIJ8& BOPSid
semicondgctgoqéegagi@emgneoﬁlam% S8 HRSCHPRd PRV QUSRS 61 WithJ&RRREHRIEIG 03, and

electrically -13- 7 December 2005 connecting the bond pads 12 of the semiconductor die 20 to
correspondinytShtaey esepasadofite Merpedisr 30alae Bhsisal nrerAatoE [SORFCBINHLER device

assemblies 1} mayche Rimedon2 el Saalemiue ASAYAeIESYGARIein an array of physically

connected interposers 5 30 is provided (e.g., on a wafer or other large-scale substrate) and

semiconductor dice ébhwﬂmﬁ%a@m@éé&h@é %md@ﬁ@ié)ﬁéth@ﬁ@rim@fph?gi%:ﬁirylébhﬂéf&ed to one
another on a E:%téﬁ?&e?&ﬁéﬁ’?é%&ﬁ%@l&@ﬂ%‘f’é&@&%@ﬁ&%ﬁg SRHUFRIROSHLSBO0. Although the

interposer 30 has been described herein in terms of a circuit board- type interposer and the method of
the preséft irysgitibling cleseribwdeincminesdiclor desewithing oo tdoadrey se mictmdastothdice with a

o o VD X Y : e
circuit boar tf%’gé% OFS RO R e e &We?%ﬁn%??&ﬁrsﬁgﬁézt%aﬁ §1t§§§1<894{4%55¢31§§a§i@§h 2L'Q;‘?;E’é’rate

teachings of present invention, as well as asse ages inc
elements anpressembkesomethedd aelatingbdi¢herfdiprcetin oicbubhssbdtrateseleermetsand
and assemblies, methods relating to the fabrication of such substrate elements, and
assembly and packaging methods that include use of such substrate elements are also
15 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
invention may be devised which do not depart from the spirit or scope of the present

20 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

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



assembly and packaging methods that include use of such substrate elements are also 15 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 invention may be
devised which do not depart from the spirit or scope_pf the present 20 invention [Jeeaikes s
different embodiments may be employed in combination. The scope of the invention is, therefore,
indicated and limited only by the appended claimsL amditheir legal equivalents, rather than by the
foregoing description. All additions, deletions, and modifications to the invention, as disclosed herein,
which fall within the meaning and scope of the claims are to be embraced thereby. -14- 7 December
2005 CLAIMSWh 3 isshadaned is: 5 1. A method for forming an opening through an interposer,
comprising: providing a substrate element; forming a first hole through said substrate element; and
forming a second elongated hole through said substrate element separately in time from forming said

first hole, said second ho'%bﬁl%&&ﬂiﬂé%@n‘g’iﬁh spighfistihelrnld spidseeendh hplgsdiaving a greater
diameter than a diameter of said first hole, said first hole being positioned for alignment laterally
adjacent to amsendipad srkstsEeflaMiictor device upon positioning said substrate element over said

semiconductes,deuics e Aol st Pl ARIMd e WhitRiINS@Id forming said first and second holes

comprises machining. 3. The method of claim 2, wherein said machining comprises drilling. 20 4. The
method of cldpfming/heesimdaigisrtathtaibrirhhalid copsprsedcfarntispaately iy ke fsbn through

said substrate elemegi by The MRNAAO'Slg Qb HTe ARV iREmRG.Rifhaarp Rt lRpgated hole

comprises increasing a width of a portion of said first hole.
10 said second hole having a greater diameter than a diameter of said first hole, said

first hole being positioned for alignment laterally adjacent to a bond pad of a
semiconductor device upon positioning said substrate element over said

semiconductor device.

15 2. The method of claim 1, wherein said forming said first and second holes

comprises machining.
3. The method of claim 2, wherein said machining comprises drilling.

20 4. The method of claim 1, wherein said forming said first hole comprises

forming an elongated slot through said substrate element.

5. The method of claim 4, wherein said forming said second elongated hole
comprises increasing a width of a portion of said first hole.
25
6. The method of claim 1, wherein said forming said first hole comprises

forming a small hole in said substrate element.

7. The method of claim 1, wherein said forming said second elongated hole
30 comprises introducing a drill bit through a plane of said substrate element and moving

said drill bit along said plane as said drill bit intersects said plane.



25 6. The method of claim 1, wherein said forming said first hole comprises forming a small hole in
said substrate element. 7. The method of claim 1, wherein said forming said second elongated hole

30 comprises introducing a drill bit through a plane of said substrate element and moving said drill bit
along said plane as said drill bit intersects said plane. -15- 7 December 2005 8. The method of claim 7,
wherein said moving said drill bit comprises moving ggid drill substantially linearh:algmpgrsajgsplane. 5
9. The method of claim 1, wherein said providing comprises providing a substrate element comprising
at least one of a resin, a plastic, an insulator-coated semiconductor material, an insulator-coated

material, and an electricallml?%sulative material. 10 10, The method of claim 1, wherein said forming

said first hole and s&id forriigrsHie St ionmaEinnid Bk G iHLE LR R RSterial of said

substrate elefemgliafy BrathAEdQnfRAIMINGaNyRAIBHOSEY, aneprising: 15 providing a substrate
element; and defining an elongate slot through said substrate element, a portion of at least one end of

said elongate slot including a laterally recessed area, said laterally recessed area being positioned for

alignmentdaterally agliacenti mbepd ped fhAISARSORAURIG SRR UoRPRLSHANING:RAId substrate

element over said 20 semiconductor device with at least a portion of an active surface located

between saiUSsHAHaIE A SATPRASISHBeRsHPBE ShRITeEiad iGN dEN el pefRgiekposed through
said laterally {&ESSRA AR I AeridNEMERRECIRUD VR IRH SR PRV SamRIiSes providing a

25 substrate element comprising an etchable material. 13. The method of claim 12, wherein said
defining compt#&datemoving material of said substrate element in a location of said elongate slot. 30
14. The method of claim 13, wherein said removing comprises etching said

10 10. The method of claim 1, wherein said forming said first hole and said
forming said second elongated hole both comprise etching a material of said substrate

element.

11. A method for forming an interposer, comprising:

15 providing a substrate element; and

defining an elongate slot through said substrate element, a portion of at least one end of

said elongate slot including a laterally recessed area, said laterally recessed area
being positioned for alignment laterally adjacent to a bond pad of a
semiconductor device upon positioning said substrate element over said

20 semiconductor device with at least a portion of an active surface located between
said bond pad and an outer periphery of said semiconductor device being exposed

through said laterally recessed area.

12. The method of claim 11, wherein said providing comprises providing a

25 substrate element comprising an etchable material.

13.  The method of claim 12, wherein said defining comprises removing

material of said substrate element in a location of said elongate slot.

30 14. The method of claim 13, wherein said removing comprises etching said

substrate element.



substrate element. -16- 7 December 2005 15. The method of claim 11, wherein said defining said
elongate slot, including said laterally recessed area thereof, comprises machining said substrate
element. 5 16. The method of claim 15, wherein said machining comprises drilling. 17. The method of
claim 11, wherein said defining said elongate slot comprises forming a first, elongate, narrow slot
through said substrate element. 10 18. The method gfclaim 17, wherein said ggfjpingsaid®lgngate
slot further comprises increasing a width of a portion of said first, elongate, narrow slot, said laterally
recessed area comprising a nonwidened portion of said first, elongate, narrow slot. 15 19. The method
of claim 11, further comprising defining said laterally recessed area by forming a small hole in said

substrate element. 20: ThelHetRdauk W&nd lnthar toinidrishginefrid §'anetitiltier of said

elongate slotipylintidusint@ il Ritdvavak amiang, ebsaid subatiaimlesnentand 40 moving said
drill bit along said plane as said drill bit intersects said plane until a slot formed by said drilling and

said moving 6EEFAES continuous with said small hole. 21. The method of claim 20, wherein said
moving sajd drill bit comprises moving said drill bit substantially linearly along said plane. 25 22. The
method of claim 11, wherein said providing comprises providing a substrate element comprising at
least one of a resin, '@ plastiedncihodi afciianied Vdwnsicorid Bras inaperraman ses dribiec oated
material, and an electrically insulative material. 30 -17- 7 December 2005 23. A method for forming a

semiconductor device assembly, comprising: providing a semiconductor die including bond pads on
an active surface théreof, dtheaggthod of claim 11, wherein said defining said elongate slot

comprises forming a first, elongate, narrow slot through said substrate element.
10
18. The method of claim 17, wherein said defining said elongate slot further
comprises increasing a width of a portion of said first, elongate, narrow slot, said laterally

recessed area comprising a nonwidened portion of said first, elongate, narrow slot.

15 19. The method of claim 11, further comprising defining said laterally

recessed area by forming a small hole in said substrate element.

20. The method of claim 19, further comprising defining a remainder of said
elongate slot by introducing a drill bit through a plane of said substrate element and
20 moving said drill bit along said plane as said drill bit intersects said plane until a slot

formed by said drilling and said moving becomes continuous with said small hole.

21. The method of claim 20, wherein said moving said drill bit comprises
moving said drill bit substantially linearly along said plane.
25
22. The method of claim 11, wherein said providing comprises providing a
substrate element comprising at least one of a resin, a plastic, an insulator-coated
semiconductor material, an insulator-coated material, and an electrically insulative
material.

30



one of said bond pads being located proximate an outer periphery of said semiconductor die; and 5
securing an interposer to said active surface, said interposer including at least one opening formed
therethrough so as to expose at least some of said bond pads through said interposer, said at least
one opening including at least one laterally recessed area formed in a periphery of said at least one
opening, said at least one laterally recessed area pggitioned so as to expose atjgeasthpdpipn of said
active 10 surface located between said at least one bond pad and said outer periphery. 24. The

method of claim 23, fairtherscampoiging ebestiigallyeoanoedinigrsiiviad agasionebopepag to a
corresponding contact area of said interposer. 15 25. The method of claim 24, wherein said electrically

connecting cBRMPHKLBE adiehiangusroT i hetidie MR B A RS SHIVEER Laralt #1455 ne bond

pad and said correspendingCaMaPAesbind 1ddae Mathathateaisappyhiigainotais glectrically
connecting comprises 20 introducing at least a portion of an apparatus that forms, positions, or

secures said interm8RifO BHIH e ¥ldment at least partially into said at least one laterally recessed
area. 5 securing an interposer to said active surface, said interposer including at least one

opening formed therethrough so as to expose at least some of said bond pads
through said interposer, said at least one opening including at least one laterally
recessed area formed in a periphery of said at least one opening, said at least one
laterally recessed area positioned so as to expose at least a portion of said active

10 surface located between said at least one bond pad and said outer periphery.

24, The method of claim 23, further comprising electrically connecting said at

least one bond pad to a corresponding contact area of said interposer.

15 25. The method of claim 24, wherein said electrically connecting comprises
disposing an intermediate conductive element between said at least one bond pad and

said corresponding contact area.

26. The method of claim 25, wherein said electrically connecting comprises
20 introducing at least a portion of an apparatus that forms, positions, or secures said
intermediate conductive element at least partially into said at least one laterally recessed

area.



