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| NTERCONNECTS AND STRUCTURES RESULTI NG THEREFROM TECHNI CAL FI ELD 5 The
present invention relates generally to sem conductor nanufacturing

t echni ques syghoowdeds of form ng el ectrical contacts i npegnise@E0Begd70r
substrates. More particularly, the present invention relates to nethods of
formng through-wafer interconnects in sem conductor substrates and
structures resulting therefrom 10 BACKGREAUND Seni conductor substrates
of ten have vi as extendi ng therethrough, wherein the vias are filled with
conducti ve nmat eri aMETHODS OF FORVENGEEROUGHHWARER INKERCONNECTS

t hr ough-waf er i nt er connecANDSTRUUT'URESSRESULDTINGEHPREFROMCONNeCt
circuitry on one surface of the sem conductor device to circuitry on
anot her surface thereof, or to 15 accommodate connection w th external

circuitry. As used herein, a "via' NG BERD e or aperture havi ng
conductive naterial ”ﬂfér pfs nﬁ‘n%ﬁtioi{ere[ﬁ?é%bgénefah?rﬁ' Rerffdfndiftof F
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have been f or neglterddnadetsah etk Qbatkatds ah@ EtFREirés et th@bor®f subst rates
for a variety of uses. For exanple, interposers for single die packages,
interconnects for nulti-di e packages, and contact probe cards for
tenporarily;gonnecting sem conduct or ; ﬁqmth est apparatus often enpl oy
vias in therér: structures. 25 In a rmrBeﬂggg;cr I'cC exanple, a test apparatus
may be configured f(ﬂentlbcmduttermﬂ)staatgs cdienl hevermidst extending theretheugh, ovhecdin thend
pads of a sem conduc partrtsk waf e

apparatus). A sUBSYP 8d W&ﬁﬁ?’%@}“gﬂv%@&?ﬂ%@tﬁﬁﬁ? %V‘O“;ynlﬂof}@ém\?r as
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structures on one side of the interposer substrate to match the bond pad
patterns of thesw®os efithcorriuieenducten deviceate Geniiryaen angtherr airfags, thereof, or to

i nt er connect. st S of the interposer substrate for
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or other device the tes rat
( 1) a con uct?vc mem {)eraﬁg'gin cl{I which extends substantially through a substrate

(e.g., from one surface substantially to another opposing surface). The via may be used

to accommodate electrical connection of a semiconductor device, an electrical

20  component, or circuitry located on a side of the substrate other than where bond pads
have been formed. Vias are conventionally formed in a variety of substrates for a
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.

25 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

30 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.



WD 2007/ 019199 PCT/ US2006/ 030167 -2 Where a via is to be fornmed through a
sem conductive material such as silicon, one known nethod for constructing
the via includes formng a first hole (sonetines referred to as a
"precursor k) Roodyea so-called "trepan” process, whereipgTasyasyosral | bit
of a router or drill is rotated about a |ongitudinal axis while being noved
radially 5 about the axis to create the precursor hole. The precursor hole
is larger in dianmeter than the intended di2aneter of the conpleted via.
Fol | owi ng precursor hole formation, an insulation (or dielectric) layer is
formed in the hol e bywigkd Hi¢ia i @MRifbiehed thirbigh SdeticBucti®¥ intheeriabsael adglidole
hol e' s surface by exposure tq an oxidi zi ng,at nosphere, or oxi di zi.ng the

by
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net al - cont \g,iqr(?i nd°REIEF imé}llfgg eﬁﬁ?%@?ﬁ%nﬁlsc%ﬂwg? F‘Hgﬁﬁgf’w& % Fepdensphosi ng
surfaces of thgoBusimat Be vajde dSUsiCEVeY theBabdiateddndahtot dagh Pfeauﬂs& nokse at ed
fromthe substrate jtself by the |layer or layers of insulative polyneric
material . Wi | e ogside theppef wbée pbngreregaliNequesswe §ie. dctaouusr) tp e opnesivi iend)
electrical 25 i r | . er
surface of the sotlij %t@%?gl? Q(ISI?Q%LS[ ﬁ%%a@%%ﬁ%{oﬁ?? EP{S%%??IW ?I?J{n% é%‘% tggﬁ?gfééﬁ]dense
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(i.e., hei ggt to width, or chss-sect i onal dinmension ratios) using such a
method. In anot HEFPRYPgmMaeHal et hod of forming a via, a silicon wafer is
provided with a 30 tiheRnduft¥i®é pSlymedi¢ aRAalds RevaLin®Nakiofills §Rh ProcuRBPRSIE NY
surfaces. A pattern is fornmed on  the wafer tay use of mask_la&;iers whi ch
prevent et chi ng and thecelymes isguseds . A aje holedp drilled; (such as by percussion drill or laser) or

otherwise formed in the hardened insulative polymeric material so as to exhibit a

diameter smaller than that of the precursor hole. The via hole is then filled with a
20  conductive material, which conventionally includes a metal, metal alloy, or
metal-containing material, to provide a conductive path between the opposing surfaces
of the substrate. The conductive material of the via is insulated from the substrate itself
by the layer or layers of insulative polymeric material.
While such a method provides adequate structures for enabling electrical
25  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
30 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



applied to both major surfaces to formholes or "feedthroughs" which neet in
the WD 2007/ 019199 PCT/ 1JS20061030167 -3 mddle of the wafer. A dielectric
| ayer is then formed over the wafer surfaces including the feedthrough side
wal |'s. A ne(a) 20bByeie9i S fornmed over the dielectric |ayerpcansooemiutive
material is placed in the feedthroughs to conplete the conductive vias. It
is noted that, in order to isolate each via, the netal |ayer nust be
configured to cover 5 the feedthrough surf-dces only, or be subsequently
renoved fromthe outer surfaces of the via and wafer. Again, it is
difficult to Obtna?ddlb ot give amfwectArcheleczincnlaysr issthen formdd oeanthe ntifenairfaoet hods
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OF THE | NVENTI Oblv@Pappiigathesent invention di scloses methods for formng

conductive vias, herein also known as through-wafer interconnects (TWs),

in substrates and t hEtheepuoriartethasls fordfoming vies arg @enesally illustiatedin B, Patent
conponent s d [ g one [
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i nt er connec res
simplicity of the fabrication process while maintaining or improving the reliability of

the TWI structures.

DISCLOSURE OF THE INVENTION
20 The present invention discloses methods for forming conductive vias, herein
also known as through-wafer interconnects (TWIs), in substrates and the resulting
semiconductor devices, electrical components and assemblies including TWI
structures.
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



formng an aperture in a first surface of the substrate, depositing a first
dielectric layer WD 2007/019199 PCTI US2006/ 030167 -4 on an inner surface of
the aperture, depositing a conductive |ayer over the first dielectric

| ayer, deposid kdagodiecond diel ectric |ayer over the fir graisbfogesmnignd at

| east a portion of the electrically conductive |layer, and renoving the
second dielectric layer fromthe first surface of the substrate such that
the second dielectric layer renmains over 54at |east a portion of the

el ectrically conductive layer. A portion of the first dielectric layer is

exposed t hrougho@ sBempaadsigfacé @‘f&h@fapérﬁfb Sdepésiting! 2 condhcivé Miyesl odérethe Cfirst C
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depi ct nonlimting enmbodinents of various features of t he present
i nvention, and ielsciigalishcondudtiyve snatdrishetanding feonn the fﬁﬁ@élsfmmf lthe substeteatiodhe WO

2007/019199 PCT/sé%%%&) gpggiggl@&face of the substrate, wherein a first portion of the electrically

conductive material is exposed through the first surface of the substrate and a second
20  portion of the electrically conductive material is exposed through the second, opposing
surface of the substrate. A first dielectric material is disposed between the electrically
conductive material and the substrate and extends from the second, opposing surface of
the substrate to the first portion of the conductive material. A second dielectric
material is disposed over a portion of the electrically conductive material and exhibits a
25  surface that defines a blind aperture extending from the first surface toward the second,

opposing surface.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
In the drawings, which depict nonlimiting embodiments of various features of

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



-5 FIGS. 1-8 illustrate cross-sectional views of sem conductor devices at
different stages of fabrication, including the formation of through wafer

i nterconnect structures, in accordance with certain aspects of the present
i nvention; shdetbid is a schemati c show ng a conputi ngpgyaiseissviedudi ng a
sem conductor 5 device configured in accordance with the present invention.
MODE(S) FOR CARRYI NG QUT THE I NVENTION In the present invention,

sem conductor wafers or portions thereof, -Substrates and conponents in

whi ch a conductive via or through-wafer interconnect (TW) is to 10 be
formed are identifi eHIGRNS illuatitc' @odsstdtioha STewsef a¢rmicasiucof dévies pudiffass of
the TW or materi al ogf construction of the suba‘éqrate or . TW. Thus, for

exanpl e, the teftAgesof fabsrationeinclyding the fomeation AT thequgh avde intercorIercHMetIEH or
vaf ers, sem congligRtiteRh BBl Lyaasor (il Belndiusenkgonduct or substrat es,

sem conduct or devices, |Interposer probe test car ds, and the like. The
invention is descri bBK.&ss geehenmatit 9h®pm aeqmmlmnghmst% umludstgrajmlmdmﬁora

sem conduct o S ds sem conduct or
devi ces are %Iesgrl g}"ﬁ%urg{lbl}nqc%da?‘ﬁee&ﬁ% gfets%lg ¥\15 ures conponents and

assenblies so made. The nethods of formng the TWs and the resulti ng

structures benefit fromthe_ _use of |ower t erature processes than
conventional methods si ncMQBEES) 8@&%@@5’%@@%@%@@ herei n use

pol yners that are Usﬁxdthé?réé'iﬁ'ﬁ%tl&?@aﬁfcéﬁdﬁ%? walfed bSdriot AiEe ! sfbB@atdet hods

of formng the TWs of t resent I'nvention do not require vehting for a
hot sol der pr ocesdcaupdnenss fn whick heanducve @gof ﬂwgbe’@dusetermnmt ABYI)fis ol

process is qu d 1 he.net hods de ri her ei n.en t he
fabrication 8 bf ?0 e@ Sé%qn?lﬁgci {1%6“?’\7@ s%g ?f%ge eP\‘gPosSé’fﬁ] aﬁggorwi th
an el ectrical I ymai’eﬁapeﬂ@uﬁmmnrraf @tid albstrdRefoerTWNg TiQw, tfer &latple, khd terfiBt hods
and structures in accQordance with an enbodi nment of the present invention

are disclosed. Esubstrafe”; mpy,be ngadaa raferepessto- ssmiconduetors walgrs ssemicopaurier Waelevi ce
10 having a firgbyghy fcﬁ‘i?é?el;u%? %&ch@ﬁh Qﬁp%ﬁﬁs'ﬁg’ees RO IS U6 a&@ce}‘l%ééﬁbﬁgrs,

accordance W|th an exanpl one e od| ment “the I nvention
seni conduct or deuadbe destl Cardsy apd thedkea Be mlmmtuxstdgscrtba(b 8¢ gencmlly@pplieddo thea
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semiconductor devices are described as well as the resulting structures, components

and assemblies so made.
The methods of forming the TWIs and the resulting structures benefit from the
use of lower temperature processes than conventional methods since some of the
20  methods disclosed herein use polymers that are used at ambient temperatures. Further,
some of the methods of forming the TWIs of the present invention do not require
venting for a hot solder process and no flux clean is required because no solder fill
process is required. Additionally the methods described herein enable the fabrication
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



| ayer 17 or conductive el enents including bond pads 18 which may be coupl ed
wth internal circuitry (not shown) as will be appreciated by those of
ordinary skill in the art. The substrate 16 nmay conprise, w thout
limtation, w0 mab/B9sem conduct or substrate (e.g., a full por/ysaosmicwaf er of
a sem conductor material, such as silicon, 5 galliumarsenide, indium
phosphi de, polysilicon, a silicon-on-insulator (SO) type substrate, such
as silicon-on-ceramc (SOC), silicon-on-gréss (SOG, silicon-on-sapphire
(SCS), or a polyneric material suitable for sem conductor fabrication,
etc., that may layet \ider econguotive elempnts inolusinigchond pedoi8 wihish roay br ¢nipled with

sem conduct or dey] . LN cqihd . te S &. t he
substrate 16 10?%@5%%@%%5&{6%?5{%110 er?é]ggma/a% {h§%e orféogdeull%ghﬁﬁ)tﬁ] %rt'vendor
or a wafer that has [TheRubstriaten6 thafyecanprisé, heitigduy lisifation,ng bulke sasicsidoctsiur f ace
14) after fabric&tési on of thﬁ sem ¢ %&}gtor dev,i%g 10. Wi le not .

speci fical l'y i| FiRsEpigied, a il & TtWra SqcAngRctaimatgal §1curassiiGey ude,
or be furthey pPLAGESSSLerdidd, M Yhosptidel PHEsIGORHIUC kilivh-orinSIRBE $SOBGipe/ €

areas or regions, transistors, capacitors, ‘redistribution l'ines, or other 15
structures usedsestrpeoduveh i nasegrsiicerrogiceramict r (SOChe Filicgn-on-glie piSOSHNt

i nvention may . L orm t enl Ggo L.e.le r cat (or
ot her bul k subs'ig 1?%%%?@%\9@& (Egggegr?d%ng%%ﬁﬁeﬂggﬁli Eéﬁ{agl% ﬁoge(s]ésnﬂ g?n\g?%tglr
manuf act uri ng prfacestion, TS thanimbye indhideSa Flufilityl bfisemidoadidie Higbrorc atheon of
a single TW in assocjatiqon ,with a _single_bond. pad 18 (shown as two
cross-secti onal SPBLPRAHEr Wlﬁeﬁéora}eémqﬁ%%) If the subsfeate Hélfeaﬁ' B tas Brad014 hat

the sem condpct oraydgites fhil HIBMIRE wABSIsTEhRE flofh 4 V&ldeas: Iphiet Bhehal'Bsn and
that such TWs may be associated wth internal circuitry (not shown) or may

be formed in " dinekds fage thexdbyt Aefindng her atoond curfhaer {l A rafters Satirichtiont phithel i n

FIG 1, and dependin t he. type A Process. . ce the .ho ad 18
on the sem condt‘j’g’slg‘r) g@fce%ff),%?hemor? Bg?flél%ﬁﬂa@]?%@{eg’a&q 5‘?’1’1@0@%9}@? ed

W th a passivat idevicé By siay fuftheAincltide, ortbe ftheh pcesseditocidicloye, tvafiar cohdwetidé nary
skill in the art, the passivation |ayer 17 maé/ i ncl ude_ an ,apq,ropri ate | ayer
of insulative oflHIBISeadVe AcAHPLIGENS (FASHeEdCHACILTS Grdisfilution ngke or St rat e
to prevent I A3t Qe S8 GRAGMEN EVEitRR I8! i , an
aperture ZO?gf or%neéc%&gs Saeabl i nd hol gg%nat hcglt{grae]glews o%eﬁggggjﬁgﬁ%ﬁg?%ent,
is formed in thdefformed atihe semicondiRetor die kryelsasrat the dee (e otk blkesubstrate) Bgell n one
enbodi nent, the aperture IS tterned d etc t.hrough t he.hond, pad 18
and intothe suSroary & theeaBit FERE"oR B, FaBa gl dXis, o ity TS y
maski ng and patFI@s.1i-8 dhstrith dieofabidation of a einplerTWhirciss@diatiof . veith D¥ihgle bbad d

mask), and wet or dry WO 2007/019199 PCT/ US2006/ 030167
) pad 18 Yshown as two cross-secnonaﬁrgomons in the drawings), it should be understood

20 that the semiconductor device 10 may be constructed to include multiple TWIs and that
such TWIs may be associated with internal circuitry (not shown) or may be formed in
“dead space” of the substrate 16. Further, as illustrated in FIG. 1, and depending on the
type of process used to place the bond pad 18 on the semiconductor device 10, the
bond pad 18 may be partially covered with a passivation layer 17. As will be

25  appreciated by those of ordinary 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



-7 etching to formthe aperture 20 to a predeterm ned depth suitable for the
formation of the TW such as, for exanple, deep silicon etched vias. One
suitable "wet" nmetal etch enploys a mixture of nitric acid and hydrofluoric
(BF) acid i waelsogmiozed (DI) water. "Dry" etching may al seThg2006803586)
reactive ion etching (RIE). Either a wet or dry 5 etchant nmaybe used to form
the aperture 20 as well as to etch through the bond pad 18 (and other

mat eri al s above the substrate 16, if presefit). Further, if the substrate 16
is mde fromsilicon, a silicon dioxide native oxide may require renoval,

and an HF et chaghingty fdi tHe abriiufer20t thiapreistepaimed pEptld buitabledfoethe Agnmnafior b
underlying silicon _of the subst rﬁtge 16,. I n ot her enbodi ment the aperture
1

20 may be for mede FYF sush apfprecxaple; geop gdigon etthqusgpnrsagl@bleéﬁ*ieg’tme}ﬁl &
mechani cal vl kinBbys AlrkiRfurd Of MRfc! 12 arlt 5 aRAREANEER) 2id TEIoRBd WD SRkAC 1O 2
eact ant r

cl eaning process to"renmove any unwanted react ' I nmpurities or med
during the aper{Dng dtchimgmapalspriscenned edctive iqnhescking e Efbei & wWebordty, a

netal lized or other ,conductiyve .l ayer 2 be..fo n.a, Rontion t he
bond pad 8. > T el BT BE GidE ArREE arkfig o 5o MU S Tieh Bfbuln Bohd Bad s
adhesi on bet weearidh#hdd dterialkchbd e the dutsstrate 16 cif pesént)c ONathed, ifthe BEdsate ab isuch

as a netal liner or a material platjng. For exanple, if the bond pad_were
formed of a mat &g frog sikcons aailisen figKIdenalive oxide daysteqiEh eyl aed Ay & ayer

of materi al cogRRiRashyaied fordhis BRI hi6R ol BEhg PuAabRiY ARQReH d the

bond pad 18 to ensure”the adherence of the nickel plating. Still

referring to Fl @bstratedd. ilnothentmbadithents thedapeitare Pphayeet foomed dori exmmpleshyr f ace
of the aperture 20, .The .insul,ation |ayer. . C rise.a dielectri
mmterial oudh adese GG Jaste Moy @t dulRY, G SRS u e R
silane oxi de (L&tdy.bedutjedtad 0racldahing plogesto ke ady invahtediéactants Sr Rivsiritiad| e
from Specialty Coating . Systens division of Cookson Electronics, silicon

di oxi de (Si O2), femeridATRg B ARAEUCARDRAPN PRSESSr gani ¢ 25 pol yneric materi al
suitable for passivailenuRupBRREse BibindiSs RRIMBENSPHAGURABR Iy 22 may

benzocycl obut ene (BCB), or conbinations of any thereof. Other drelectric
materials that bedomied ansegomion tofi ¢he baad|patdi18n Theyeondedive dayend2 mayt proxddéry |

hosi | i TECS i.n- | h | . oxi de, d it
oyor conpr 181 nda W Shegy flvebu il Fu 340 15 iend YRSt R0 | ge.
a glass (i.e., bhotaRhazphosimetd dha oghasferiaBigts 30 cnihgs)itme bbiadad var@ss,

borosilicate glass), or any other suitable dielectric material . known in the
art. Methods of feralsdseft 3 mytarish sichsas alimamm, Apd if 2ssubseguent srpdustive fayseobf WO

20077019199 PCT/MP%M%@ Kickel, a conductive layer 22 may be disposed on the bond pad 18

to ensure the adherence of the nickel plating.

20 Still referring to FIG. 1, an insulation layer 24 is applied to the inner surface of
the aperture 20. The insulation layer 24 may comprise a dielectric material such as, for
example, a pulsed deposition layer (PDL) of low silane oxide (L.SO), a Parylene™
polymer such as that which is available from Specialty Coating Systems division of
Cookson Electronics, silicon dioxide (SiO,), aluminum oxide (Al,O;), 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



-8 ordinary skill in the art and may vary depending on the type of material
used for the insulation |ayer 24. A conductive |layer 26 is deposited over
the insulation |ayer 24 and nay be partially disposed over the first

surface 12 o bddgodegs conduct or device 10 in a manner 5 pgir/fisbiwsosoid ng t he
aperture 20. The conductive |ayer 26 conprises at |east one layer of a

conductive material such as, for exanple, nickel (N). In one enbodinent, the
conductive layer 26 may include another | aper such as a plating-attractive
coating (PAC) or sone type of seed layer that is placed over the insulation
| ayer 24 to enhardigary bellde fhesdrt amdmmayf vdrp dependidg oh itheetybey £matefial dsed fornkd ance,
10 titaniumnitrid é}%l’lal\% q‘ay be pl aced over the insulation |ayer 24 using
chem cal vapor %B Yt (CVD) techniques to act as the PAC for the

subsequent depOSI tion gndh&ifre 1§y@e%llauaiosﬂudtéveaml AbilabnPaRE 23%and Usdy &S, for
exanple, electroless or electrolytic plating to formthe conductive |ayer

26. Other condud@estipy fispased ayes therﬁtst snﬁgceaé thesemisopdictardrdce bhiaeonanper | ayer
Cray -t n (S ctplbink o B0, The ARRENS Bygr 26RBisck M oRApyeR St U
silver (Ag), al uraomml(zeﬂzmtcnallsuc}nbsmrembté kel (N)rol ybdenum (IVb) pl ati num
Pt), nickel - phosph Ni P), | adi urm;

{oobi 1 "broconorus o By ol e oyt RS o Pl e o
foregoi ng netal g, p1RingOMLGTE YutiRS (YAEY oxosronﬁq?pélsft dc¥® 14yBt @i B dalé%@d badriggd 20

in a polyner (i.e., conductive of conductor epoxy m xt ures of
any thereof. —Oinlfatioejioet 24 tosnpanee e slepositinof ﬂ*&)ﬁowcu‘?‘ﬁa )’QT(%d &pvinstenache

various | ayey rmiﬁt cal
vapor depos?ltols o%fta("kﬁvﬂ%? be 195‘%%8?‘9 eégggsl#%ﬁo W%%?sn? a@hrr‘%l g%ﬁglnced
chem cal vapor diep@smohll(mVD)(tEtEE&@s tovaat axthie AAKD for dhe ubseyuentsqepdsition ofghe | t

w |l be appreciate 0s 25 ordi nar Skl| in the art that, the type
Bhd ¢ hi ckhase. oCRHRU Pt agNetiiE arcpg it iy Sl olScinless PLlecgibia begRe ) he
conductive Iayerto?&mqwcgnagct%pﬁ@% on processes used to the deposit the

| ayers of the conductive layer 26 wll vary dependin for exanple, the

el ectrical requiremefithergnuduciee w}ssalethadewrbedlsm rralﬂlqmduthefl@m% he
T™W dth t. d f d
an € 15 NLERART HiRGuP hn]ilﬂg tramfi%e Eﬁ?f@(ﬁﬂ/ﬁ@coﬂogge&i@ g@d% htéﬁ" @&RON

| ayer of insdl atton 28"1'S pl-ace surf
sem conduct or detmtﬂmnl((ra)artmﬁmnlmoebbbart (v, fcapper ¢Cu), Bitver Ak, henidtn (A, one

Sg}a;ﬂ;n,ent  the s&lﬁ:%?dgokda u), mofy{a1 U| at I(l\%rB pqa uX‘x (thl ud p%a%hgrr&(sarMiP),
palladium-phosphorus (Pd-P), cobalt-phosphorus (Co-P), a Co-W-P alloy, other alloys
of any of the foregoing metals, a conductive polymer or conductive material entrained

20  in apolymer (i.e., conductive or conductor-filled epoxy) and mixtures of any thereof.
Other deposition processes that may be used to deposit the various layers of the
conductive layer 26 include metallo-organic chemical vapor deposition (MOCVD),
physical vapor deposition (PVD), plasma-enhanced 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 TWL
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,



WO 2007/ 019199 PCT/ US2006/ 030167 -9 but in other enbodi nents, the second

| ayer of insulation 28 may include another dielectric material such as

t hose di scussed herein with reference to the insulation |layer 24 of FIG 1.
Thus, the sgg@bd7hyer of insulation 28 provides a non-sel9afaklsBs01tAYer
that conformally coats the interior surface of the aperture 20 and, as a
result, flux 5 clean, hot solder processes, and venting are not required as
with prior art techniques of formng TW structures. The portion of the
second | ayer of insulation 28 overlying the conductive |ayer 26 and the
et asuryace “Buth bhG SAMGERNM O Loy 1 1P Sl GToN i irolhal anBihQr oS
such as, for exanple, spacer etching wt reactive i1on ry) etch. This
results 10 in t Hielesteici matedal ctuch asldhase adistOssed hereinuwéth shfevance o RieGins@atidm

ot her enbodi nent s h ortion of the .second. | ayver of insulation.28.may be
Fempved usi ng. ol ale o280 fia mAmen At maghin 4 bl omidern

mechani cal pl anafykzthiticonfofrdltly) coati B iaRH6mdurfacel dfitiRpipsgure 20iahd bk @ résag kg and
patterning of a photoresist along with wet or dry _etching, or aqther known

process. | n &neckahde sokier Progesses. aleventingaseg notypqnred as with pHor Arbleshfupgof
conprises Paryl Lﬁ]];.%}ﬁm t he second | ayer of insulation 28 may be
masked, patterngdé' a et%tﬁ}eégn?sb renove the desired portions of the second

| ayer of insul ati onTBS partidn eofpibs sedoné layzpef ipsulaion 28 overlyingethe enotinctives e

| ayer 26, referred herein as. i njerconnectin ads .29, as illustrated in
FG 3 Referri Mo Rt Sate Lo RERR SaRnRts R 80RO L0 R remaspE i S
having been 20 pidavsktcichs dfopebtanipld) Spdcrddhtle withEresdtiva idniv@ry) etch hEhis Adsulty GS.
1-3 for convenience in, describing subsequent process acts and resultin

. : . g
features. TAB sd&niheseragendyetor dexicecko stycture shawn iellGy 3. 8 othsr pgbediments, it~ of
t he substrate 16 f4 b GQ: Lce 10,
osulting in a RRAPD SGAREseEgR e GihaRibn A iy bR TORE MBI bRt
sem conduct or déwiheing] duteng dswizedtthectiemsnal atectomic2lsplheayizatiddA(GMP)g imeahdnical or med
al ong the surfacge. of the erture 2Q such.that it extend partially .through
the Second sur{ AcEpie SEbE Rk Fd-GHERiE Bed moeien frae Cibyet & 46 may
be thinned usingtcamy, stbtheP ko PERESE. Wi 6k BYodiMedtUBen \tid SRbAd layer of
limtation, an abrasive techni que such as CMP or conventional back grinding,

the use of 14 cliusatien 2§ epmamsisecParylensi™ @olymer, e seeonsk lpyer of insulatign 28 melabs e
maski ng, patternj a J . Javks such
as, for exanpl e?ﬁag%SaP %tg}?}%g aﬁ%tg%?igﬁbt%?}gﬁc ?‘%&%ﬁy %@%@ﬁe%@oﬁ? >1/ayég[ g% to
renove the substinsataBorl 88 and expose the upper portions of the conductive layer 26, referred to

herein as interconnecting pads 29, as illustrated in FIG. 3.
Referring now to FIG. 4, the semiconductor device is depicted as having been
20 inverted about a horizontal line relative to that of FIGS. 1-3 for convenience in
describing subsequent process acts and resulting features. The semiconductor
device 10 is thinned by removing a portion of the substrate 16 from the second
surface 14 of the semiconductor device 10, resulting in a newly defined second
surface 14'. The thinning of the semiconductor device 10 exposes the insulation
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.



WD 2007/ 019199 PCT/ US2006/ 030167 -10 Referring nowto FIG 5, a third

I nsulation layer 30 is deposited on the second surface 14 of the

sem conduct or device 10 and over the exposed portion of the insulation

| ayer 24. | woe®7eshedi nent, the third insulation | ayer 3Q¢TasSnchses a

pol ymer such as a Paryl eneTM pol yner, a pyralin polyner (also known as

Pl -2611 5 pol yner, available from DuPont), pol ybenzoxazole (PBO,

benzocycl obutene (BCB), an insulative epeXy, a PDL of LSO silicon dioxide
(Si02), alum num oxide (A1203), or any one of the materials used to form
the insul ation | ayer Refrrihgsoivi tb #UG.E; aahird ikilitionr1@fee 8@ icdepbsiteFlofpthelsecdid Shown

in FIG 6, a portion of e third. insulation |layer 30 is renmqoved and a 10
smal | portion oF“rfaﬁE lﬂngffjﬂ’ﬁtqem‘mng%‘_?r Zt'lchﬂﬁé‘éil RVEX 6 sEHOS h@_rt&noe e ysed
to remove the pRALH@N9E id?elh{ Ghi EmbaditbR! ﬂféﬂhifr@ﬁ%hlaé_@n ;Pé&%f bg IcBRApHideS a

insulation |ayer 24 is Suitable or the type of material "used as the third

i nsul ati on | ayepolgmer sush asresPapiere™ polyaner, @ piatin pelymentfalse kmewy he REI01

pol ymer or pyrali ol IS U t third A l.at.l on .l.ayer t he
process for %IenB\)/l?]F?gr’ taﬁagﬁ{’]ﬁiﬁro&'l ?ﬁgﬂlﬁgtpf’@ﬁeng’§a§?leégﬁ§gyb%|}&r1°§ Vﬂﬂ%‘xﬁ @gl% ng
and patterning anpbglhiiveaposy, aPDE of SO, kilitdncioxide ISED,), Gilurhidy@roxde (AR0;)fsry
etching through the gé&gsed r}%?rt i En Eff?é?‘t he thjrd insulation | ayer, 3Q, then
stripping the PROPYY fmatgrials;used, tq ©FiRsyletiemiayer 24 desopbed hesgin Withe poxy
I's used, a resi sdrmRYpeigiged to frame the epoxy pattern, the epoxy
applied, and then the resist renoved, |eaving second 20 surfaces 14
covered and i nsul at i 48 shawein FIG. &y emostia. of the inselpticanipysd 3 fesuemabiestandBO | s
used as the third i Fan. | a B | ect i vel osed,
phot odevel opba Sl BHeRb B8 meificn e 20 penly RpBRY, I BcBR i lore54R
exposed. |In yet teeitvdrofehdhitd ialatiornlagére0atilihy te dpsnlatiphn tayeiSH isisuitable such

as from 25 Japan Sci ence, Technol g‘gy Agenca/ (JST)) .may be used to

sel ectively protdrdae typs efimpigral; ysed ps theothirg dysufatiap layee AVt HEor JBRKE B ace
14' and | eave t . ug ' i&ﬁ'_"m f 1
enbodi nent, a pgﬁg%@g%gh%g %#glgljée?ged | nérgéigg}{rtg]glr ?B)g%g?s tdﬁéh ?Ei%wﬁ

i nsul ati on | ayeinsgBtiorsiayey 3Pothy petcTsl forxehmving dhe third insdatian layss GRenayi ingdudeo

| eave the insul ati.on | ayer ex ed, . In her_ _enbodi nent., en. LSO or
bor s 50 udsq Hiesihe e R Gis bl RS aFRRGLRE A0 sud B bR O
the portion of tHreught ther ekpbsedupatiomf|thy eliird3 thsalatore X4yes 80§ lieenpstappitglithg

i nsul ation |ayer 24. O course,
photoresist.

In a further embodiment, if an insulative epoxy is used, a resist may be used to
frame the epoxy pattern, the epoxy applied, and then the resist removed, leaving second
20 surfaces 14’ covered and insulation layer 24 exposed.
In another embodiment when PBO is used as the third insulation layer 30, the
PBO may be selectively exposed, photodeveloped and baked to leave the protruding
insulation layer 24 exposed.
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



ot her techni ques, or various conbinations of such techniques, may al so be
used to WD 2007/ 019199 PCT/ US2006/ 030167 -11 selectively renove portions of
the third insulation |ayer 30 as will be appreciated by those of ordinary
skill in thgoatdeidied erring nowto FIG 7, the protrudi rCTE2006000167
insulation layer 24 is renoved thereby exposing a portion of the underlying
conductive |layer 26, which may 5 be referred to as an interconnecting pad
31. The protruding portion of the insul atilén | ayer 24 may be renoved using
any suitable process depending on the type of material used for the

i nsul ati on | ayeselegtivelyrsmove portioneof thi ghiydrinsulativn dayepdP b onill be apprecidted by at i on

| ayer 24 may b i | d such as by nechani cal abrasion or
RS AR AL fEPYE

grinding, CW, Use 0O Selective for the insulation layer 24 to
etch away the i nsul &Ref@tind GowayeFIR 4, thé peotaidingafrtiorpBD iguiatibw d4yep 2y ipr ocess
may be used. Wth the portion of the conductive |ayer 26 being exposed, a
TW structure il6mp¥sdiherchiheipesipg & Ryrtion pf the naderying corflugtivedlayes 2 n‘ah@?maye in

el ect ri cal QOMBUERAR Ala fifORNERAL BRI 3 Ao oINS hortiBh 8¢ 1 iRlALAT C

connection with the bond pad 18 of the sem conductor ~device
previously di sdes@d maythe rémonedpsitg 28y svitgblp process depenting on theltSpeafimateriat at i on

ith el i cal_ci itry f d i . h b 6. | her.
b ot o, 11554 BE Y Pl BT o Bt B BBk B of B Ghlfor
circuitry assdayea2@dnay bdmetteniulbsichived setitas BRynechandday abrasivn de gendigd, r i cal

i nterconnection_'of various external electrical caonponents |ocated opposing
sides of the suUbMPruseof o stchant sedectiye i thedngulation laygridt tastsh avies tednwation e

present | nvent | @ 2486 phdiSiitndiPaphl ordbodsihiall o s Mglgﬁ%g@ﬁﬁtggf fgmoval

of the otherw se protruding portion sulation [ayer

acconpl i shed duwohduptive elagan@6 abding ldspesedr ¢ GBestdichye os  fomed uwlabaeih yihag
material fromwhjch the con ti | ay.er. . 26. i,s forned. ift. be .desi rabl e
[0 remove a_ por plebnistpg B AS ot 34 o 5 et et oPhion Ml Bte opicE 3hd
inter f:onne]gti Rgﬁmﬁ@g a&lirp‘elelt:tﬁeﬂcwggwgibﬁ Wﬁthgc meelsoridn?aiep&rkoatltme Esﬁlgli:omg%fsr
exanple, if the conductive | ayer .25 is formed of nickel, and a

process is usecflef’k?f’rlgm)\/‘}es PRIl Aiserserds (the li‘ﬁﬂrﬂad i1§s eyt o glpetricalo,

such a procgss dgaumiatibs SHint elbdtidl Wikt FBrdbd fR6E o thd Bifbsiite H6! In other
i nterconnecting pad 31. Thus, a separat€ act, as described wth respect to

FIGS. 6 and 7,cmimdinymtsidhé resulting TeXpstecturh andynnetr bonomnseted do pay creuitry
it or connect | ngrope ichihe SARHER B TR, e e e HRAL HictbubRion
| ayers of a various external electrical components located opposing sides of the substrate 16.
It is noted that, in some embodiments of the present invention, removal of the
20  third insulation layer 30 and removal of the otherwise protruding portion of insulation
layer 24 may be accomplished during the same act. However, depending on the
underlying material from which the conductive layer 26 is formed, it may be desirable
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
25 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
30 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



conductive material such as a netal cap 32. The netal cap 32 may conpri se,
for exanple, nickel (Ni), gold (Au), a conbination thereof, or any other
conductive WD 2007/019199 PCT/ US2006/ 030167 -12 nmaterial conpatible with

t he conduct mue20bBy®i9926 i ncl udi ng those previously descrippggis2dd&hfidy W th
reference to the conductive |layer 26. For instance, the netal cap 32 may be
deposited with a plating process or other suitable process depending on the
type of conductive material used for the-¥etal cap 32. 5 In yet another
enbodi ment, the aperture 20 may be filled with a conductive filler

material . For emaahleconipaible péthithy eondtiveyaybre26f inth@itlg obdprelidudlpadscridd ver
(Ag), copper (Cu), one of the materials that nmay be used for the conductive

| ayer 26 previ B‘HE‘N‘“%@@W%‘B ﬂP%ﬁoéﬁW“V%Wr@énﬁP?ﬂﬁﬁtW tbﬁé}ﬁ&%ﬁap FBrmaythser

material used t :ﬁ,&nﬁm
the art. O her ?eJOFlgérd ‘)rir%}?g |1§%§ﬁ§%f %étﬂé rgurrg%bg Hogvﬁ ?ﬁ al'l oy
powder, a sol depor(dﬁctrve@mﬂmalmedﬁb/ﬂ&tnaal capBsn), a fl owabl e conductl ve

phot opol yner,. a ther Iast c c uctive resj n, Si

particul ate et al {‘I‘Deg Bﬂeé‘ltltsea NaY %J(gnﬁ?'g’ge@?g ﬁ’a@ci’)‘@uﬁ%‘@d to
fill the apert@ne Iﬁﬂemlttﬂ?oﬁ&fﬁqﬁd,lthb& emrelzoa:haytrecﬁmlvwm tnflqszesnaeaad@) wave
sol der techniques, vacuum saolder refl|ow techni ques, use of | aser sphere

t echni ques avai FEBFe ($PornpE the matesils %ﬂal’)ﬁ’el\%?ﬁ@rf"r @r radyctive lavep 36 t

sol der balls i ”Bltebr%u QQEst-!Bé[?i Hefin, 'aH RO HERRE, oMBRELmbEa13RE] o HifvigD 1S
filled wth a conductive erla, a portion 34 of the iInsulation
| ayer 24 may beor mwceﬂ)rmsa sogd aomhlcm\abzhaalcmymndmars uQther filkdr nndtmrlaTS| ih¢hade
material is,in eI tri connect i.on W uct i

Adar i onal 190 RS PR Ab ot 0o, b Avieg0 ARk Stehle, BRCOrRESPA «
for 20 exanpl e, flbWebiPedridueiRe phbtobbigmen adheﬁhbm@stfc@mduca@e tebia! o VoM@ chRed

defined herein as the interconnecting pads 29. It is further noted. that,
when a conduct i PEtisylate getalamaterial.  Addifiapaily rvageys E’Fﬁ?esffé myshpepeed ©ofill fe poi nt

of allow ng the, % €30 {ih Q@ncﬁ%@&ésﬁgteﬁﬁrﬂﬂgﬁhegt ek PR IwaW JoRfef el:?lﬁcéueg,f the

substrate, although such Is not necessar ne" presence o
conductive 25 Waopem seBlepreflowdéeahgiques, pmserof tsersphdretechizigues avalableHrons Bacond

i er connecid Ty et SoRal i FRa b R BT G scl osed

invention. In one enhoa mﬁfbbdnnehh@meﬂasmé apértute RaVierfillRd with & hdndRtiv® fiflerTW s
conprises a PDL and the conductive layer 26 includes a PAC of Ta or W a
seed | ayer of Cipategiall aapariiofep4 of the m(gqllatiqpelayer 24 may be removed using a suitable

process such that the filler material is in electrical connection with the conductive

layer 26. Additionally, the filler material may be configured to be in contact with, for
20  example, the portions of the conductive layer 26 that have been defined herein as the
interconnecting pads 29.

It is further noted that, when a conductive filler is used, the substrate may be
thinned to the point of allowing the filler to be exposed through the second surface 14’
of the substrate, although such is not necessary due to the presence of the conductive

25  layer 26 providing an interconnecting pad 31 on the second surface 14’,

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.



30 indicated cross-sectional
-13- Table 1. Length Diam TW
of of IW 4 Layer (m) (m N

Lin Gn
(m

150 50 1 1 0.15 0.2 3 Ar

132 6. 07320 0.00631860 0.827275 WCu /Cu 150 50 4 1 0.3 1.24 5 Air

t hi cknesses.
| nsul ati on PAC Seed Li ner
rChms nH pF TW (Jinm) PDL(pm (m
150 50WO 200@01®9990. 2 3 Sn/ Ag 132 8.61610 0. 00620825 @c@AR7Zids030ler Cu / Cu
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The methods described herein with regard to FIGS. 1-8 may be used to form
TWIs in various semiconductor devices. The TWIs may have conventional sizes, such
as diameters of about 15 um or greater and lengths of 150 um or more, as well as
smaller TWIs applicable to enhanced miniaturization of future semiconductor devices.
Of course, smaller diameter TWIs may be formed in thinner substrates and desired
aspect ratios of the TWIs may be achieved by selection of an appropriate etch
chemistry for the substrate material. Other considerations, such as physical strength of
the substrate as it becomes thinner and the depth to which integrated circuitry extends
into the substrate material may be significant factors in the depth and width 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

to

a



redi stribution |ayer conprising traces and, optionally, associated discrete
external 15 conductive elenents forned thereon such as sol der bunps,
conductive epoxy or a conductor-filled epoxy, which may be di sposed or
fornmed on ome m70fe9sur f aces of the sem conductor devi eerarshogbmesri cally
interconnected with the TWs by traces or disposed directly on the TW on
conductive |layer 26 or netal cap 32, by techniques known to those of
ordinary skill in the art. 20 The TWs prothiced in accordance with the
present invention nay al so be used for subsequent connection to integrated
circuitry, if déserpakading systent angancladehsegiicndWidr2d@iced havid® TWIs produced
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foregoi ng descr ig}ib® ma50Rs bMEzufRINYitR PETWT Gfuctukd) §9 Acer®and® twittO tHRCpresent
construed as limting the scope of the ?resent i nvention, but nmerely

provi di ng cert ailfvenéotanpihe pipesserndevics. 1G4 muayaplpy beoedplede Wb dineest 5105¢ t he
i nvention b I i n e I it O e of

the present v RECRIE fpbielbEibateenbultt BAbterg 1AM ANE, BRGkbn bl GRET, 2
and |imted onl ynbyrhbe oapuedurids t08(e/gs nivailor prititer, speaigaletcqui val ent's, rat her

than by the foregoin escrj ption, | additions, deletions, and
modi fications to t he%iltg@‘éﬁi’tt#’g%ﬂre%ﬁ’g‘ CSEIPHQREPIEAISITANY SREALEGS, Thaga arsqtie be ¢ he

nmeani ng and construed as limiting the scope of the present invention, but merely providing certain

example embodiments. Similarly, other embodiments of the invention may be devised
20  which do not depart from the spirit or scope of the present invention. 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 encompassed by the present invention.
25



i

scope of the clains are enconpassed by the present invention. 25 -15- Wat
is clained is: 1. A nethod of formng a through-wafer interconnect, the

nmet hod conprising: formng a blind aperture in a first surface of a
substrate; depositing a first dielectric layer on an inner surface of the
aperture; depositing an electrically conductive |ayer over the first
dielectric layer within the aperture.-apd over at |east one bond pad | ocated
on the first surface; depositing a second dielectric |ayer over the

el ectrically conductive layer residing within the aperture and over the at
| east a poWhatascleimddhe: first surface; and exposing a portion of the
electrically conductive |ayer through a second, opposing surface of the
substrate.1.2. Thmetthotoratens thra\ghtoafed idieMohnedt,Uhé Metho@ @OMPiiSihglg exposi ng
the first dielectric |layer through a second surface of the substrate and

placing a thirdodhigh afihd Qgér@Y@fncﬁ @{surfmeof%pstaeeta@@ second surface of the

substrate and the exposed first e ectrlc l'ayer prior to exposing, the

The mot hod actaPra b e AFIREEE G eRR 9@'8%#3 { 3R EaBiuing 2 portion of

the first dlelectrlc | ayer .t hrough the secon gpposi ng. surface of the
substrate pri ordepeltl%?%@caéﬂwamcshe yerioyer é‘l&tﬂieé%?%qwlawﬂﬂm thée | ayer.
4. The netipsduigead puirmgleay ade &ppd pad lﬂﬁ?é?cb@fhthéfp%@#rﬁ@ea portion of the first
dielectric layer through the second surface of the substrate conprises
renovi ng a por tdepositigf a tchendsdibstiriat ®er dver Teeelevatidadg candiotick hagertresidingi m 2,
wher ei n expolsih g dppeurelaad byérahd htyeasomnporabn vethe ifiagt suirfader amdgh t he second,
opposi ng surface of the substrate further conprises renoving a portion of

the third di el e&bedifs 4 fibn BNhe R1cRRIh OEbALc R et Rbudh PLBGHd bppdstiger . 6

The "EthquﬂﬁﬁQHthgﬂ%ng aiml, wherein formng the aperture in the first
surface e substrate conprlses fornlng the aperture through a bond pad

on the f|r fac 0 net hod or. claim1l,
Sher e n depos; L EATRRE & e % g céa”a?t P oqp *Smmpo W@%& i%@?%‘%ciﬁl
conducti vela?/eéﬁ P” ‘?ffﬁ%‘i‘ t H?fglaf‘ ‘t“ﬁét@é‘é CiCERNSE LY I ayer
over the fthe8pposines %@é@n%ﬂrurfaﬁeogthwbrsa@fé ap therepRosed Asst dislretritclaysrionte
aperture i#epsiog e candectivedaver theenahyihe spseigh opResingsypeipcesfdheidseite t he net hod
further includes renoving the

3. 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 of 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.

6. The method according to claim 1, wherein forming the aperture in the first surface
of the substrate comprises forming the aperture through a bond pad on the first surface of
the substrate.

7. The method according to claim 1, wherein depositing the second dielectric layer
over the electrically conductive layer further comprises depositing the second dielectric
layer over the first surface of the substrate and the inner surface of the aperture including
the electrically conductive layer and wherein the method further includes removing the
second dielectric layer at least from the first surface of the substrate.



second dielectric layer at least fromthe first surface of the substrate. -
16 8. The nethod according to claim7, wherein renoving the second
dielectric layer at least fromthe first surface of the substrate conprises
spacer etching. 9. The nethod according to claim1, further conprising

di sposing a conductive material over jﬂﬁ_portion of the electrically
conductive | ayer exposed through the second, opposing surface of the
substrate. 10. The nethod according to claiml1, further conprising filling
the apertuge W fhe Rethbll hé@rdiRRNLIM 7, whbreid RéndVRIAL s@erPERIRHicI9yerhal M 1,
wher ei n defé%&'f%dnﬁ‘&etfp& sﬁlfg&tdf'tﬁé‘du'bytrﬁé’&gﬁ&ﬁs'eé’ ac%reé)fc‘?lringc.orrpr' ses depositing
at |l east one layer of a netal over the tfirst dielectric |layer. 12. A nethod
of form ng,a throughswafer i.nterconnect in a substrate, the t had

compri sing’ fo.rrr en'getg\g@flfcr%dégﬁgor‘iqalf.nefe’icﬁrllmgrF?.’Pg 151%9118%%5§]gg1(z@ﬁ‘30t%"ﬁbst rate;
deposi €1 ng MR QU e aomgh ofdhy cleatrically Capdyctiye overspad ovehbespRty ¢!
deposi t i ngOBRPSMESEHRGe |t SUbsFRiRict i ve | ayer over the first dielectric |ayer
within the aperture and over at |east a portion of the first surface;
deposi ti ngl@ setbnaediodpeordingtq dgiay 1.dyuher compusieg filingahq gpeetyreduich ¢ ve | ayer
residing Wilehhatetile aperture and over the at least a portion of the first
surface; renoving the second dielectric layer fromthe first surface of the
substrat e, 1suchThd Mathol hecosding ik lgirel ,edictdie dépayiting tienaddnscally@bndiictiveast a
portion of |dybecomipRiéy depalitidg atdondbed laye of ayital oeXRRSfingdiRldpeIctihyn. of the
first dielectric |ayer through a second surface of the substrate; placing a

third diel gstri g haHG!o@YRhinkAeRARRRLRYinGEGAHIE ULBRE I iangHDSt rat &

and the exg&g&%mﬁfrtlon of the first ectric layer; renoving a portion of
the third dielectt¥ic layer to expose another portion of the first
dielectric |ayef through a remaini ortiop of the third dielectric |ayer;
and removing tﬁgmgﬁﬁﬁ@g@a@gﬁﬁ?&haﬁﬂﬁgﬁgwfp L sEPsERet ri c | ayer and exposing
a portion of the elgctricalh% conductive |l ayer through the second, opposing
surface of the den9sitingedirstalifdectuitlayer i aniimgr peface ok therapereret hird di el ectric
| ayer.

depositing an electrically conductive layer over the first dielectric layer within the

aperture and over at least a portion of the first surface;

depositing a second dielectric layer over the electrically conductive layer residing
within the aperture and over the at least a portion of the first surface;

removing the second dielectric layer from the first surface of the substrate, such
that the second dielectric layer remains over at least a portion of the electrically
conductive layer;

exposing a portion of the first dielectric layer through a second surface of the
substrate;

placing a third dielectric layer over the opposing, second surface of the substrate
and the exposed portion of the first dielectric layer;

removing a portion of the third dielectric layer to expose another portion of the
first dielectric layer through a remaining portion of the third dielectric layer; and

removing the exposed portion of the first dielectric layer and exposing a portion
of the electrically conductive layer through the second, opposing surface of the substrate
and the remaining portion of the third dielectric layer.





