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manuf acturi ng techni ques and net hods of form ng

el ectrical contacts in sem conductor substrates. More
particularly, the present invehtion relates to methods
of form ng through-wafer interconnects in
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variety of uses. For example, interposers for single die packages, interconnects for

multi-die packages, and contact probe cards for temporarily connecting semiconductor
dice to a test apparatus often employ vias in their structures.

In a more specific example, a test apparatus may be configured for the
temporary and simultaneous connection of bond pads of a semiconductor die (e.g., on a
full or partial wafer test apparatus). A substrate, employed as a test interposer, may
include vias passing therethrough providing a pattern of conductive interconnect
structures on one side of the interposer substrate to match the bond pad patterns of the
semiconductor dice, as well as a plurality of interconnect structures on an opposing
side of the interposer substrate for connection with the test apparatus. Thus, the vias of
the interposer substrate provide electrical interconnection between the semiconductor

dice (or other device) and the test apparatus.



side of the interposer substrate for connection with
the test apparatus. Thus, the vias of the interposer
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interconnection from one surface of a substrate to another surface of the substrate, it is
noted that it is difficult to achieve dense spacing of vias and difficult to form vias
exhibiting high aspect ratios (i.e., height to width, or cross-sectional dimension ratios)
using such a method.
In another prior art method of forming a via, a silicon wafer is provided with a
thin layer of silicon dioxide on both major, opposing surfaces. A pattern is formed on

the wafer by use of mask layers which prevent etching in non-via areas. An etchant is

applied to both major surfaces to form holes or “feedthroughs™ which meet in the



exhi biting high aspect ratios (i.e., height to w dth,
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In one embodiment, a method of forming a through-wafer interconnect
25  comprises forming an aperture in a first surface of a substrate, depositing a first
dielectric layer on an inner surface of the aperture, depositing an electrically conductive
layer over the first dielectric layer, depositing a second dielectric layer on the inner
surface of the aperture, and exposing a portion of the electrically conductive layer
through the second, opposing surface of the substrate.
30 In accordance with another aspect of the present invention, another method is

provided of forming through-wafer interconnect structures. The method includes

forming an aperture in a first surface of the substrate, depositing a first dielectric layer
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electrically conductive |ayer over the first
dielectric layer, depositing a second dielectric |ayer
on the inner surface of the apdrture, and exposing a
portion of the electrically conductive |ayer through
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
In the drawings, which depict nonlimiting embodiments of various features of

the present invention, and in which various elements are not necessarily to scale:



conductive material and the substrate and extends from
the second, opposing surface of the substrate to the
wo poogio1qerti on of the conductive material. A SPCDHS2006/030167

dielectric material is disposed over a portion of the
electrically conductive material and exhibits a

surface that defines a blind aperture extending from

the first surface toward the second, opposing surface.
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of high aspect ratio TWIs which may or may not be filled with an electrically
25  conductive material.
Referring now to FIGS. 1-8, methods and structures in accordance with an
embodiment of the present invention are disclosed. FIG. 1 illustrates a cross-section of
a semiconductor device 10 having a first surface 12 and an opposing, second surface 14
in accordance with an example of one embodiment of the invention. The
30 semiconductor device 10 comprises a semiconductor substrate 16 (i.e., a silicon

substrate) and optionally may include a dielectric layer (not shown), a passivation
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25  appreciated by those of ordmary skill in the art, the passivation layer 17 may include an
appropriate layer of insulative or dielectric material disposed on a surface of the
substrate to prevent oxidation of the semiconductive material.

As shown in FIG. 1, an aperture 20, formed as a blind hole in the presently
disclosed embodiment, is formed in the first surface 12 of the semiconductor device 10.

30 In one embodiment, the aperture 20 is patterned and etched through the bond pad 18

and into the substrate 16. The aperture 20 may be formed by appropriately masking

and patterning a photoresist or other material (e.g., oxide hard mask), and wet or dry



such TWI's may be associated with internal circuitry
(not shown) or nmay be forned in "dead space" of the
weumsrabve 16. Further, as illustrated in FI G PAT/USI006/030167

dependi ng on the type of process used to place the

bond pad 18 on the sem conductor device 10, the bond

pad 18 may be partially covered-with a passivation

| ayer 17. As will be appreciated by those of ordinary
skietdhirigntotften et apettine 20a6 i predeteamitedyipthistitatly forrthe Gamation of

an appropriate layer of insuylative or, dielectric,
matls THL suehsiso &8 @xampls, dgP siisen giched das (Pug suifelle get” metal etch

S i STV (45 5L el 0 vt

hol“®ry’hetchiag pnas elst by telinsed| reawire dom ethingn{RIE). s Eftberma et or dry

inthe first surface 12 of the sem conductor, device
510 SRIIGHE BB h o s FRErAG SREIDR 1P Sl PR g bond pad 18
angy e 66 dnhRHAY 9hovieBe BitRMaRaAd, FGraest)] PhlhdcE the substrate 16 is
substrate 16. The aperture 20 nay be formed by
appnasier frem esfiliconna lsiliegn alinkidsanative rixidg map heguinegsingvalpand an HF
other materjal (e . oxi de har k), d t,.or ..
iy ey b8 bre P e Bl nit Yo SR o 3PE ML e ilipon of the
deRtibstiaty 1@bIeoth@f enfdb@irhaid]ad feritfe 10M@ay VE forutd, f52 example, by
for exanple, deep silicon etched vias. One suitable

10" wdeser deitliag, laseablation o meghpmisal @odling: ffter fosmaliony theeperture 20

hy 1 i. H I n ", ..
0S8 LS g, s CATRA o PP s
Ei tfbeiiedaduniap tigs apdrtyre €biasioh proeyssbe used to formthe
aperture 20 as well as to etch thrg%%g{rtg e bond

d 18
(and ot Hefter dhg apertares2is doraneds e meta) conductive layer 22 may
pr %%efah)ledagfg iralt }?ﬁ'fion bf tﬂeh%élﬁ 183t fpel g%ﬂc%gﬁ%dﬁ & f’.’.g]nay provide

silicon, con di oxi ative oxi y reqguir
15r erimeredsed amederéah abfresemcheaweemtng toadymddl & and & lsibksequent conductive

pur pose .prior to efching of th derlying sjli.con of
P haRaeta Bhcty i angefl i hEp PiateBlp iR ool i ot pad were
MaYfoRged 6f ABAatcHall sudl &IPAI8minn, | RIS HEidsbdidsl cbRRBfive layer of
abl ation or nechanical drilling. After formation, the

apenatenial comprised tiekel @hjoadeasive layen22 maarberdisppsasicaside bond pad 18
renopve any unwant ed.peactant,s.or inpurities forned
durp g e AR B HE BRI ocess. After the
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quent erial such as a
|| petynesr sachiras eat athighl @tavaigabld-GomeSmacialie, Cdating Sestemsdivision of

d formed of terjal such as al um i f
B sk, Ele Tt hsoRedionde (SiP2), aluminum oxide (ALGs), an organic

25  polymeric material suitable for passivation purposes such as polybenzoxazole (PBO) or

benzocyclobutene (BCB), or combinations of any thereof. Other dielectric materials
that may be used as the insulation layer 24 include tetraethyl orthosilicate (TEOS),
spin-on glass, thermal oxide, a pulse deposition layer comprising aluminum rich oxide,
silicon nitride, silicon oxynitride, a glass (i.e., borophosphosilicate glass (BPSG),
30 phosphosilicate glass, borosilicate glass), or any other suitable dielectric material

known in the art. Methods of depositing the insulation layer 24 are known by those of



material conprised nickel, a conductive [ayer 22 may

be di sposed on the bond pad 18 to ensure the adherence
wotorhe1m ckel plating. Still referring to Fl GCLPSZNG/030167

insulation |ayer 24 is applied to the inner surface of

the aperture 20. The insulation |ayer 24 nmay conprise

a dielectric material such as,-&or exanpl e, a pul sed

deposition | ayer (PDL) of |ow silane oxide (LSO, a

Paroydinary (skil) inptbé yrtend sueyhvaag depeatinghincthe itgpeanfandtetid] eised for the

fronmﬁgecialt% Coating Systens division of Cookson

El YRR 41i con dioxide (Si ), alum num oxide

(Al 2CB) ,A 3BndcHA 1d57eP 26 YBEJoBitdPERE 1R irktiaticd h@ef 94 and may be
passi vati on purposés such as po%ybenzoxazole BO or

be 2Bl disposedroyer theByst suiface dataf ke seorieondictangevice 10 in a manner

th ' [ teri. £ may. be used
Sa pdnrorDhiEihe BB D BB Pkt coitise et 68 one tayer of
or tahwadidtivahitdihEIth as, Foi sxadpleghiake (Ny.her mal oxi de, a
pul se deposition_ |ayer conprising alum numrich oxide,
si | i con ons pakodigient, tigrropdyshive 1ayge26 mayingdude @nother layer such as
bor, ] ] i ] .
o1 SORRRAORYE (BheeaNd, & U0 o P AU URek R i€ placed over the
di ehsabation dayenletd alhakeedtih depositior ofi tie. cokBidtivd $ayef 26. For instance,

100 G EAgR TS Fify e oTaked Sekdhe agTunoth g B gl vapor

t hQief)d’s?cﬁ)no(fC\V?} fE %éé |St§ q8tf & tht P ?&r%h@tsk&@qﬁeﬁy Iaéaqo%igiﬁn of the

A conductive |ayer eposited over the rnsu

| ayeed layeravith apletingprpeass suchlay, fof eopds elovieolesstor efeciralytic plating
surtf ce t%z of, the semggonductor device 10 in a manner

ci FeEFRPF BYHFYCEYRdaYhdPt ure 20. The conductive |ayer

26 conproth@scoatiudtRdshat@itds thad fiay Ok 1@ed &Nl thY @onductive layer 26
material such as, for exanple, nickel hi one
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t h%bnd{féﬁv@%yﬁﬁ od hQudO LB Hﬁéﬂli\é?_d/@ﬁ? ldegdition (MOCVD),

include, without limtation, Titanium
polphysi¢al cvapor pdéposition n(RVA) , plasma-¢i8nced chemical vapor deposition

(PECVD), vacuum evaporation and sputtering. It will be appreciated by those of

25  ordinary skill in the art that the type and thickness of material of the various layers or
materials used for the conductive layer 26 and the deposition processes used to the
deposit the layers of the conductive layer 26 will vary depending on, for example, the
electrical requirements and the type of desired material used to form the TWI and the
intended use of the TWIL.

30 Referring now to FIG. 2, a second layer of insulation 28 is placed over the first
surface 12 of the semiconductor device 10 and an interior surface of the aperture 20. In

one embodiment, the second layer of insulation 28 may include Parylene™ polymer,
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surface 14". The thinning of the semiconductor device 10 exposes the insulation
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25  layer 24 originally formed along the surface of the aperture 20 such that it extends
partially through the second surface 14’ of the semiconductor device 10. The
substrate 16 may be thinned using any suitable process which may include, without
limitation, an abrasive technique such as CMP or conventional back grinding, the use
of a chemical to selectively etch the substrate 16, or suitable masking, patterning and

30 etching of the second surface 14 (FIGS. 1-3) such as, for example, a patterned
photoresist followed by a wet or dry etch to remove the substrate 16.
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In yet another embodiment, a stereolithography process (i.e., such as from

25  Japan Science Technology Agency (JST)) may be used to selectively provide the third
insulation layer 30 over the second surface 14’ and leave the protruding insulation
layer 24 exposed. In a further embodiment, a polymer may be dispersed in a pattern
over the third insulation layer 30 using PolyJet™ technology from Objet Geometries to
leave the insulation layer 24 exposed. In another embodiment, when LSO or PDL is

30 used as the third insulation layer 30, CMP may be used to remove the portion of the
third insulation layer 30 and expose the protruding insulation layer 24. Of course,

other techniques, or various combinations of such techniques, may also be used to
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instance, in an enbodi nent where Paryl ene(tn) polyner
or pyralin polynmer is used as the third insulation
| ayer 30, the process for renmo¥lmg the third .
i nsul ation |ayer 30 nmay include maski ng and patterning
a pﬁg@tbzpbsﬁeatove\pertidnh of thtei thitd iimsiltian ilayer Baye fwillGeaipreciated by
etcf thr oy the exposed portion of the third
% g’(fh en stripping the photoresist.

hl a f UfKeEB?fm% HIQATBIG. 7] thePProtlidink Gidkiich %P‘?ﬁ@ﬁlétlﬁn layer 24 is

used, a resist may be used t o frams t'he epoxy patt
th @Wﬁh@w ¢xpasing A gortionreof theeundedying coretuotirexlayer 26 whmh may

R A e T T

u S ﬁjleﬁ:M trlag bt érhélddrnsin E&hy QuiktabBYRbcedd de dfeﬁ@’mg %Qﬂ‘i@%/p@ 8f material
sel ectjvely exposed, photodevel oped and bakéd to [eave

t hasgsr gt F}l?dpﬂ’éat’roﬁslﬁﬂ’ caftod’or Hptance dheptuditg pDﬁlO;l@lf the insulation

sugﬁgas W\J pan %%ﬁ?‘i&%‘ﬁ %{)@E%g@roc g%ygorgnndmg,

rrajENﬂé wss eflart etc]mﬂt edlédtive Ifgt the iguleitort Agertdaito @tch away the insulation
ul atjon | a) e second surface 14' and

01 o Hher ol P OHRarelin RReava ey be e Biladhe pertian of the

f UESRRELRITISRE MBS heify @hé@%ﬁ D Westﬂb 1§’ egnhgd Qwherein the

pattern over the third i
Po lrgﬁcremr(neat)ngt rdhiaf Iaogﬁl fareoim eGljtrixal éhmmrambat&m \tvmh beaxther and,

BB e soppedBER W fuboRd FiHol o e semiconductor

| naeied 10N 148y revitfisly CHBciiByd, PiheUBESH tRd" $80M {ti}@ in electrical
portl on of the third insulation | ayer 30 and

5 t heorpmyaicyifinnyith releetripal eicuityy dorned. inGhr QIDthBS@bStl‘HIdﬂ @6. In other

te%ﬂn.ogﬁlééts fle b b IRUABE BRS Bt b2 Popesiet o any cireuity

posssociaed @ﬁtb‘, ﬁ& §dbtsﬂiraie l lﬂﬁbth@ bidtply Pr&iided @leéﬁcéﬂ" 1|n{erckb%nect10n of
appreci ated by those of ordi nary skill in the art

ReT&19up ﬁ’&e%l/@l?‘ﬁﬂﬁl @mponepﬁéoc;etthom@ﬁmggslmqﬂtmwstrate 16.
i nsul at ItQ$nJ)tﬁd' Bt 41 1’?13 (R Rt oq’rtﬁ%( &? "1)113/8{1] a removal of the

portion o e uride y| ng conductive

20 rra‘ghlrklensuﬁtmn laer 80 aad; ranoviahd£the otteeeise pﬂ)hmdﬂlg%rtlo-ﬁrbkﬁ' insulation

25

30

B St Wt i o
t yﬁﬂeﬂ%nﬁ%zﬁéﬁa@ |fron§€/ﬁlcf1 e ddnBudtie lf%}%% E@ ik foﬁ%? tzﬁli%y 5Qlesirable

i nstance, the protruding portion o e 1’ nsu
to remove a portion of the third insulation layer 30 and expose the interconnecting

pad 31 of the conductive layer in separate acts. For example, if the conductive layer 26
is formed of nickel, and a CMP process is used to remove the portion of the third
insulation layer 30, such a process may not result in a uniform surface on the nickel
interconnecting pad 31. Thus, a separate act, as described with respect to FIGS. 6
and 7, may be desired to expose the interconnecting pad 31.

Referring now to FIG. 8, in one embodiment the exposed portion (or
interconnecting pad 31) of conductive layer 26 may include one or more layers of a
conductive material such as a metal cap 32. The metal cap 32 may comprise, for

example, nickel (Ni), gold (Au), a combination thereof, or any other conductive
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Table 1 lists data obtained for various through-wafer interconnects (TWIs)
produced in accordance with the presently disclosed invention. In one embodiment,
the insulation layer 24 of the various TWIs comprises a PDL and the conductive
layer 26 includes a PAC of Ta or W, a seed layer of Cu, and a liner of Ni of the

30 indicated cross-sectional thicknesses.
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Theéntd e subBtyatd aaceriabniag bk isivnificast faeters iaulhdepth and Wldth of a TWI

which may be formed according to the invention, rather than the process of the present

invention itself. The semiconductor devices may be further configured with a

redistribution layer comprising traces and, optionally, associated discrete external

conductive elements formed thereon such as solder bumps, conductive epoxy or a

conductor-filled epoxy, which may be disposed or formed on one of the surfaces of the

semiconductor device and electrically interconnected with the TWIs by traces or

disposed directly on the TWI on conductive layer 26 or metal cap 32, by techniques
known to those of ordinary skill in the art.

The TWIs produced in accordance with the present invention may also be used

for subsequent connection to integrated circuitry, if desired. For instance, a higher




as dianeters of about 15 nmor greater and | engths of
150 mmor nore, as well as smaller TWs applicable to

werdvanedad m ni aturi zati on of future sem conducPOr/US2006/030167
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devices. O course, smaller dianmeter TWs nay be

formed in thinner substrates and desired aspect ratios

of the TWs may be achi eved byl4el ection of an

appropriate etch chem stry for the substrate naterial .
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c apnanoryplevices Hitdsh wesnaei swrpthes typrsse memepyddayiney) ang f [processor
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or clebfte 100 subltes Felo 65 0e ke BF BRF RUC A oblibly coupled
c onwiglc theomeroryl divixg(satien. dithetibf the, merhodeddvicedl 02Far the processor
i nstance, a _higherl evel  packagi ng system may_ i ncl yde
serfiS¥AdURY b erafiseied W&@i an&_\’%wgucﬁwsouacwomaw D the present
metihodiigh { HRel RSLRY: HWENT b May UsoC¥EBliSled SwilE one or more
boar aving a tirst sem conductdr device and a second

s emppmpdatetiaput devicasd 06¢s.g hmopsea keydboand, bard dawd exicrophone, etc.) and
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a menory device 102 (which may include any of a ) )
varipeanfionfis, rtherafors, dadieajed patrbimjicd onlycly thef anpspdedesipimp and their
or : pr .

e A MBS, e TAPE o S 13 00 P 1 GRARg, ctions,
| oghedifleatione to thpéiivaehtiyn, @s dixckeed\hdréing Whicheatbwithin the meaning and

devi ce(s). 102. Either of th% rﬁermry devi ce 102 or the
pr oteRS /the claims are encompassed by the present invention.



device may be configured with a TW structure in
accordance with the present invention. The processor

waoelewroe1994 may al so be coupled with one or nOPET/US2006/030167
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appropriate input devices 106 (e.g., nouse, keyboard,
hard drive, mcrophone, etc.) and one or nore out put
devices 108 (e.g., nonitor, p+liSater, speaker, etc.).
Al t hough the foregoing description contains many
specifics, these are not todpAITMMstrued as limting
the scope of the present invention, but nerely
providing certain exanple enbodinents. Simlarly,
ﬁ@% odi nts of the invention may be devi sed
epart fromthe spirit or scope of the
present |nvent|on The scope of the invention is,

therefore, indicated and Ijmted only the appended
cI ai ms hnd t Aeimethodyof fogpmgap eidli‘(@ghrvé%figi"e rthli?ﬁg’Peﬁfr ﬁﬁemeth‘)d
description. Al additions, deletions, and
ooy

ations to the invention, as disclosed her ei n,
V\hfdi‘imirfgadibllndiatphxi’ultrehﬂwﬁmeanfangoﬁmmbstwp;e of the clains

are encorrp ssed b pr esent n ent CLAI M5 What

i sd‘?ﬂoéliﬁﬁé& ref: dlﬁLecﬁ'l%]giﬁé’B aBimrfeBF t\&?ﬁ PEHGR- waf er
In fb\%'r'i}%f finiseaac mybt; i nd
apze1 tgi?igglﬁﬁiéigcth %é{%g?agg%f a sublsrt rate; (de 0Si ti ng
a fepostting iaebmﬁrduaiedtlaq/leyer@nerathe elaetdieally pondussive fayer and

aperturse; 0Si t n el ctr n r
oVERDOPRE 4 PRRER I eyt SRl LGB Bl § Seh opposing
di el ect girfack BY@E s@siatet he el ectrical ly conductive

| ayer; and exposing a portion of the electrically
conductive layer through a second, opposing surface of

t he substrat rd' i .
further 5‘c 0 npﬁihg nheéhogliaﬁggr?i rﬁgd‘? Eg‘&#ili E{nglit g?ngé:l?égligc&l'pg?}g% the first
t hapughiclag@anRdgs distane saffadeld theibibbirat endphicink aching dielectric

athird dielectric |ayer over t e opposi ng, Seco
s uldygeevesthe opposinssiesindeuEes afk %ﬁ»ﬁ @an?ihiegecposeg first dielectric

di | t face of
L ShEE PP ekl SRS MobEpERSAU i o
sulisssubsteate.3. The net hod according to claim2, further
conpri sing exposing a portion of the first dielectric

| ayer through the second, opposing surface of the

substraie  The method according to claim 2, further comprising exposing a

portion of the first dielectric layer through the second, opposing surface of the substrate

prior to exposing a portion of the electrically conductive layer.

4. The method according to claim 2, wherein exposing a portion the first
dielectric layer through the second surface of the substrate comprises removing a

portion of the substrate.

5. The method according to claim 2, wherein exposing the electrically
conductive layer through the second, opposing surface of the substrate further

comprises removing a portion of the third dielectric layer and a portion of the first

dielectric layer.



prior to exposing a portion of the electrically
conductive layer. 4. The nethod according to claim 2,
woL@reLIexposi ng a portion the first diel ect rPCI/U823006/030167

through the second surface of the substrate conprises

renoving a portion of the substrate. 5. The nethod

according to claim2, wherein #&posing the

el ectrically conductive | ayer through the second,

opposi ng. sur fBeemethod herosdits tor daien 1 uwhémn formipg itlwa)erture in the
of the.third.dielectric_|ayer and

tl
orBrisntae ke piRatte qpmptse it e Aberurs HEoddh G pad on the

ac qREGuARcelIT tied sibate, Wherein form ng the aperture in
the first surface of the substrate conprises form ng

the aperture through a bond pad on the first surface

of the bstr The th CCO toclaiml
Swher ei n depos Hlﬁa'ioﬁeacgg HQCE’FI 2‘% elfy, gppos{ig the second

t heligéotid Talyéti?d)\}ey ﬂ@éléé!ﬁ&dll}ﬁ:ohﬂ%ﬁﬁre fiayet Rpthef OOTRPriseE 8ep051t1ng the
dep03|t|déﬂg t he second dielectric |ayer over the first

surseepid diglecinicelayenoyer e &ird serface of thersabstesta anddle inhentsurface of the
a [ 0 e
SPSPLHE IRHE AL BRIy BB GHLYR ¥k s
sednciatiediremevingithe Iseyord ditledtBaddyef moMBasthfomi thetfirst surface of the
surf %re of the substrate. 8. The nethod according to

100 s¢ PIC wher ei n renovi ng the second dielectric |ayer
at least fromthe first surface of the substrate
conpri ses spacer etching. 9. The nmethod according to
cl ai m 18. f ur tTher methodr a®brd5g1gjit($pﬂnaiinng avleosinl uremioving the second

cortrpeao Y 2y bt g e it et pomisspppesg etching

surface of the substrate. 10. The rret hod according to
claim1l, further conprising filling the aperture wth

15a filled mat diticamethod acvhlélngetmolﬂﬂmcboﬁmﬂlnlg compm;mg rdisposing a
1, | nduct i

c\éﬁ(ﬁ{:cgk% rn? agéégﬁ té’ osﬁgt 3 §m% th gjgs‘?le%ﬁ%aq aR u%tfve layer exposed

m?ttﬁ‘ougvﬁié séd@ﬁdfdppﬁémgjls&ifmtdfﬂfe subdteke. 12. A nethod of
form ng a through-wafer interconnect in a substrate,
t he met hod conpri sing:

10.  The method according to claim 1, further comprising filling the aperture

20  with a filler material.

11.  The method according to claim 1, wherein depositing the electrically
conductive layer comprises depositing at least one layer of a metal over the first
dielectric layer.

25

12. A method of forming a through-wafer interconnect in a substrate, the
method comprising:
forming a blind aperture in a first surface of the substrate;
depositing a first dielectric layer on an inner surface of the aperture;

30  depositing an electrically conductive layer over the first dielectric layer;
depositing a second dielectric layer on the first surface of the substrate and over the

electrically conductive layer;



formng a blind aperture in a first surface of the
substrate; depositing a first dielectric |ayer on an

wo poveio1909 f ace of the aperture; depositing an PCT/US2006/030167
electrically conductive |ayer over the first
dielectric layer; depositing a second dielectric |ayer
on the first surface of the subbtrate and over, the
el ectrically conductive |ayer;renoving the second
di e¢raexing thelsegond dielestrict Inyer firomsthe Sinst badaee of thersebstrate, such that the
substrate u t.hat. the second dielectric |ayer .
renai ns S%‘%?gﬁ cg%le‘ftlél%slflyeg TP o?lveﬁfa?tlﬁ%stt &t BeHoCYf i electrically
conduct cyiucawelayerexposi ng a portion of the first
di el ectric | ayer througg a second surface of the

s u6¥RIsEIEe PostiGeefiibe first diclegiriglaverdraugh alsagand suxfage afltles substrate;
OPRASI { ubstrate apd

5 oy SIS B RC I R e oPr bR afbo b e substate and
r enovi nehesexposetl iponioafof tHedirktdiglebtte Ry@gtric | ayer to
expose .a portion _Qf the first dielectric layer thr %;%h_ )
a FERRRS AEOTHER Of Bis third diglectrinilar to WQ@%P@%P@?@@?_ dielectric
removi n : : | CLIiC
e R S e
condueting theleayased trortoungdf thdBrssdieleottic loppas exposiug hpotion of the
of the substrate and.the rengninin ortiagn of the

WO¢hird dft%@k&?fx Eoditiye Ty r °§s%%}3€ r78eRC0 OPRRYfRE gurface of the
CONpri Sisighirad 254 Btre@bRidddoriteh F thd thith d%cflﬁ:qﬁ¥é?ﬂ da

second, opposing surface; "a through-wafer 1 nterconnect
structure extending fromthe first surface to the

second, ;Qpposi na..surface, the through-wafer
i nter cor%r%)'ect %‘csi)eﬁ‘B?(?“gP%BFdeé’hcee‘foMf I l'y conductive
ek eibstbtedaviapdifitg sirfas®anba sbdondfoppusihasatRE; t he

substrate to the second, opposing surface of the
15 suBdkoggle walth dntercanngct strusture gxtending §pm the fasteurfacectgl thy second,

conduct j mat.erd al i 0 h.the f.i.rst
surf aceb t gﬁé%%étthre glyg%%ﬁ‘ggar }sng%gn e%gP fﬁlp I&%mg'f t he
el ectri emldestrvaliyl wohductiverahatedial extehdigp femd tHehfifstiGhrface of the

t he second, opposing surface of .the substrate; a first,
dielectric nﬂ&’é‘i@tﬁfo the §?f@§é»d’PB%9(%%ﬁfaf’%@f the selstraigawherein a first

conductive B54 8k gan 9% '
fromthe segg(?]d, oppos?lﬁ%tﬁgﬂ f acgﬁ%ﬁtrﬁgggﬁéé%?gé%gtt%mugh the
20the first pofitst smfack dfhthe cobetatet andea sedoaudi mdrtiomofl the electrically
conductive material is exposed through the second, opposing surface of

the substrate;

[22]

a first dielectric material disposed between the electrically conductive material
and the substrate and extending from the second, opposing surface of
25 the substrate to the first portion of the conductive material; and
a second dielectric material disposed over a portion of the electrically
conductive material and exhibiting a surface that defines a blind
aperture extending from the first surface toward the second, opposing
surface.
30
14, The semiconductor device of claim 13, further comprising a dielectric

layer covering at least a portion of the second, opposing surface of the substrate.



a second dielectric material disposed over a portion

of the electrically conductive material and exhibiting
wa2@anidee that defines a blind aperture extenethySinenoic7

the first surface toward the second, opposing surface.

14. The sem conductor device of claim13, further

conprising a dielectric |ayer -¢®vering at |east a

portion of the second, opposing surface of the

substrate. 15. The semni conductor device of claim of

claim 14, wherein the dielectri ayer. covering at . .

| east a JPor t i G SMIGORdULH LSHige Ogﬁlﬁ‘ﬂéi%ﬁfaér&r]ﬁa erein the dielectric

co ' . t i

oy Sl oL £S5 (RARIR! (DR Sphengi R MO boruprses at least one

si lofirRarylzned¥, paymer; gyralinopdlyesr, £M30,aBOB) distectrid gpoxyldow silane

The sem.conduct.or dgvice of cl.aim 13, further
ScoﬁﬁFﬁéﬁﬁﬁxﬁﬂQE@%ﬁﬁ AR @XiPy conduct i ve nateri al

di sposed on the second portion of the conductive

material. 17. The sem conductor device of claim16,,

wher ei n bhe sEisosemiednduetpr devies, of elathadi3; Farthestcompgping a second

conprises. a [ i al e r roun. . .
conbielefiy Bk dhecEif <R BRI dBooH Pilion,gf the conductive
polygedidlcon, palladium tin, tantalum tungsten,
cobalt, copper, silver, alumnum iridium gold,

10npl ybdenum pl ati num ni ckel - phosphor us,
pal | adi phoﬁ%hﬁﬁﬁ"&m% . 10r{S .
comnbi nagllr?cr')ns of any t gér%@g#efm%gg%% 1? é%hg%ﬁldtggts%crond clectrically
dedoaéuctifve elatérial d@nprises b meateriab sgledtad figmahd globip consisting of nickel,
mat eri.al di sposed .in th Jind rture defined t he
T ofadr CRRR rDSERy PASy ity ol (RPGHeS, cobals
S€ r@opﬁﬁgid E‘i;?\;e?,r alffe¥dung iffiukl, Poll, IRolyWdand) ?_la"tiﬁﬁmf inlck8itphosphorus,

mat e s 'sel ected froma grfoup consi 5ti ng of

15ni glellhdivmithesphomsy cabaltgbosphotuspandrepmbiratiogsofisiny thetkof.
pol ysilicon, palladium tin, |ead, tantalum tungsten,
cobalt, copper, silver, alumnum iridium gold,

nol ybdemgn  pimd kéhiddbndiicok elevieb aPEI 3, further comprising a filler
pal | adi um phosphorus, cobalt- hosghor us, and
(gqﬁn_ e

c orthiteraalj disposesk inthe blindbapesipre ke theesriagn afithegecond dielectric

devi?c}e.acif claim 13, wherein the electrically

condtictive materi al conprises a material selected from

20t he group consisting of nickel, titaniumnitride,

titaniu silicon nitride, palysiljcon, palladiu L

tin, t anm]t9al unfhe semiconductor dgvme}/ of claim 18, r3Vhereijln then}lller material is
selected from a group consisting of nickel, titanium nitride, titanium, silicon nitride,
polysilicon, palladium, tin, lead, tantalum, tungsten, cobalt, copper, silver, aluminum,
iridium, gold, molybdenum, platinum, nickel-phosphorus, palladium-phosphorus,

25  cobalt-phosphorus, and combinations of any thereof.

20.  The semiconductor device of claim 13, wherein the electrically
conductive material comprises a material selected from the group consisting of nickel,
titanium nitride, titanium, silicon nitride, polysilicon, palladium, tin, tantalum,

30  tungsten, cobalt, copper, silver, aluminum, iridium, gold, molybdenum, platinum,
nickel-phosphorus, palladium-phosphorus, cobalt-phosphorus, conductive polymer and

combinations of any thereof.
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sem conduct or device of claim 13, wh
dielectric material conprises -3mate
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tetchgﬂarWnscﬂftaﬁbgwﬁoéat e, spin-on gl
oxi de, alumnumrich oxide, silicon
oxynitride, phosphosilicate glass, b

al um num oxi de,
ass, thernal
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orosilicate glass,

bor opho2@hosiThecaticopliaster, devivd afarkddin 3,1 wingeiafth@sscond dielectric

lOt heragof 1 23. .The sem iogduc{{gr devi ce of c¢laim.13, . .
wh &Rl CREPLES ¢rnalen] SofRivd S the grotp pongistiag P& a doy silane oxide,

fr e idRTgr fUPMERNPBY), | BgeB?f siﬁ+dn' Rekidd)ahiut#lm  oxide, tetracthyl
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con,
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o RAIROREO PRSI RERCROSHARTEL ShrBBekTerleae slss, and

debBinafiorsl Flafly #dreother ei n the thro
i nterconnect has a through-substrate

15150 mm or greater. 25. The senicondu
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a material selected from the group consisting of silicon, gallium arsenide, indium

20

25

ugh- waf er
| ength of about
ctor device of

phosphide, polysilicon, silicon-on-insulator, silicon-on-ceramic, silicon-on-glass,

silicon-on-sapphire, a polymer, and combinations of any thereof.

24.  The semiconductor device of claim 13, wherein the through-wafer

interconnect has a through-substrate length of about

150 pm or greater.

25.  The semiconductor device of claim 13, wherein the through-wafer

interconnect has a cross-sectional width of about 15

pm or greater.
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