-1- METHODS OF FORM NG THROUGH WAFER | NTERCONNECTS AND STRUCTURES RESULTI NG
THEREFROM TECHNI CAL FIELD 5 The present invention relates generally to

sem conduct or manufacturing techniques and nmethods of formi ng el ectrical
contacts in sem conductor substrates. Mre particularly, the present
invention relates to nethods of form ng through-wafer interconnects in
sem conduct or substrates and structures resulting therefrom 10 BACKGROUND
Semi conduct or substrates often have vias dxtendi ng therethrough, wherein the
vias are filled with conductive nmaterials to forminterconnects (comonly
known as a thr ougv¥iBAH@DS OF EORMING THROUGHYWAFER ENTERGJONNEGHSe, to
connect circuitry on one ANDSTRIFECDORES RESET NG THEREXROM e to circuitry
on anot her surface thereof, or to 15 acconmodate connection wth external

circuitry. As used herein, a "via" refer ;8 hol e or aperture having
conductive material or a conducti VEEQ@NE lFﬁ:e‘f]%i n and whi ch extends

substanti al ly t hr ouglle aps4thp tifhfion (Blatds -gchdrdly A5 CsealiédnlbSors HRALARLAIRY | Y tO
anot her opposing surface). The via may be use to accommodat e el ectri cal

connection of 4echriqiesoandumetbodsdel forminglectricek eontasts in2gndenmdusiemsubstentes.

ave. been 1 or miore BN S husbelf R s L ARt SRR TBRREREE .

for a vari ety istrcol@Rets ifr@micndinquraubsiraieesndaaastaret esulshperefidine packages,
interconnects for nulti-di e packages, and contact probe cards for
tenporarily connecting sem conductor dice to a test apparatus often enpl oy
vias in thgigr structures. 25 In a nompEEERO{IND exanpl e, a test apparatus
may be configured for the tenporary and simultaneous connection of bond
pads of a sem condudsmicordustqreubpirates aflten have vias gktepding thetetiwadghy whessin the
apparatus). A substr -11y0] a I nterno o JRY e Vi as
passi ng t her et E/}ag%%ﬁ%eﬁov\v/@g?o&gx%qzsnga%egrafﬁFt‘%%‘o cgﬁﬁ:’f“?%és (eompgpnt %\%‘g’?%a
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patterns of the 30 sem conductor dice, as wel.l as a urality o

i nt er connect stsPﬁ@Fu?g@eéﬁm%ng‘}?ﬁE eHige 1 jcHeny OPh@oﬁY?f SPfRsedheredfp st fut e for
connection (4 t Bt RendBR coRRRAPAIME extdibiTirchi?p Vi as of the interposer

substrate provide electrical interconnection betwen the seni conductor
As used herein, a “via” refers to a hole or aperture having conductive material

or a conductive member therein and 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.



dice (or other device) and the test apparatus. -2- Wiere a via is to be
formed through a sem conductive material such as silicon, one known nethod
for constructing the via includes formng a first hole (sonmetinmes referred
to as a "precursor hole") by a so-called "trepan"” process, wherein a very
small bit of a router or drill is rotated about a l|ongitudinal axis while
being noved radially 5 about the axis to create the precursor hole. The
precursor hole is larger in dianeter thar-the intended dianeter of the
conpl eted via. Follow ng precursor hole formation, an insulation (or
dielectric) |layer isWheaeawith isitp bdferthal throogh eb&dﬁeqsndhctimmgeﬂaalsﬂuhms silitorgon

oxi de layer on the hole face b osure.t n_oxi di.zi here or
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sui tabl e polyner, such as Paryl enet poly be vapor. deposited over

the substrate abitiof ﬁfqvteéaéﬁn%ﬂ%@eﬁt@oqbom l@neﬁldm@ éxl%wvaée beiag awrvedyrdially
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hol e. In sone cases, because a |on of a give rial
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cured. A via hohgdd ayet bh ItRS holBUCsrRAce by eﬂﬁdﬁsﬁﬂssﬁ)l i oflididing @ﬂmdsgﬁ:@er br 8y
ot herwi se forned in the hardened insul ative polyneric material so as to

exhibit a di an@tidiging thg haly andnthen eqating 5fw1thh?é1 ipyudatiye pelymesic anaterigh Wihen pol e i s
then filled t Qﬁlﬂ] [ es a
racal et alt sl foAgER GARE ol Bhfla Bherl S AN NG WP AELIASS o
pat h bet ween t hmlyrpqm;)ma_yl gpe szapdradapesned)bverhhe subbtsdte andeintol ha;:hqmmitsot hale on

material of the via,i i Lated fromthe substrate the | ayer or
T ers o i oo e 518 Bestdl SR Bk R hesb e rerite G e il bt bpbtigd
adequat e struct gfrtBshdler medmllchies RERES 4dhesddn of2iventpRIyEN AkdiaDio the @iftopNe
surface of a substrate to another surface of the substrate, it is noted

that it is diffmaybe reaively Rpery the gukace O%aéph@laarfbe@mszeéﬁwmnrm adhesionad f or m

vias exhibi4ing ?b PoRERE ratios (i.e., height to width, or
cross-sect i onal - dF RENsI on rati os) wusing such a nethod. In another prior art

met hod of form ng a Vheainswatiiel potyorervanaterial & draww iinte dnevfills each precursor hole
and the polymer is cured. A via hole is 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



30 thin layer of silicon dioxide on both major, opposing surfaces. A pattern
is formed on the wafer by use of nmask |ayers which prevent etching in
non-via areas. An etchant is applied to both najor surfaces to form hol es
or "feedthroughs” which neet in the -3- mddle of the wafer. A dielectric

| ayer is then formed over the wafer surfaces including the feedthrough side
walls. A netal layer is forned over the dielectric |ayer and conductive
material is placed in the feedthroughs to-onplete the conductive vias. It
is noted that, in order to isolate each via, the netal |ayer nust be
configured to anidélke & theewiferedithdizlegtricslaydrais ethero fidrined aoveb ¢hes whfee Gudaes v
renoved fromthe outer surfaces of he via and er. Again,.it |
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to Geller et aly, fe%ﬁ'tﬂroﬁﬁ??*suﬁa%i&ﬁw@ ’b?glgusétiu%n g}p{eﬁ’ﬁlét{rh'gﬁ'l i 0%}1311 subfBced of
the u urin

continuing desire to I nprove nur act echni ques and processes
used i n sen conbeetacandf wafer. c Agaionit id diffranitltd obtairabigh raspeg catis ias ysingviude a

nore efficient nethod . for, form t.hr ough-waf er .i nf er conpect s .t hat_ enabl es
T gher | donel tspRuenigral predhocS il Bt Ao as § hiEh 1ot Sl Shth i o B 1o
TW structures angh dppldafi¥es the sinplicity of the fabrication process while

mai ntaining or tnproving the reliability of the TW structures. DI SCLOSURE
OF THE | NVENTI ON 20 Qther prioe 8% methiods, for forminggiasaro sesrafiy illsaated U S ofatinkg

conduct | ve ] ass 1 R6EA1 b Talisfhuk IPRNPAS BiELO NELRle) B B CANBRS spdd iV )

. 1
in substrates and the res Sem conduct or Vi Cces, I-cal
conponent s and @48%kIMlto Akrannetlabdi ng TW structures. In one enbodi nent, a

met hod of form ng a through-wafer. i nt.erconpect 5 conprises formng an
Sperture in a firs: LAEIRTHE i UPRYE Do quppEr g CHR s £l RPERER 1 o
llayer on an innged S¥'sbAkBn@ictor TEbrRBESH. UMt wosle PEes hdviaRidgdtils @b §edvideC @lrhote
conductive layer over the first dielectric |layer, depositing a second

di el ectric | ayestfieipnttmrthadnfae forming dirgugh-wafer intereppracts thet englriep ahiphss dengity

portion of 1t5he c?tl \%;SE %Iila%?elsltpfe faBHéja'ﬁSﬁ io¥ ﬁig{x %},’pee%t ratio TWI structures and improves the
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



t hrough the second, opposing surface of the substrate. 30 In accordance wth
anot her aspect of the present invention, another nethod is provided of

form ng through-wafer interconnect structures. The method includes formng
an aperture in a first surface of the substrate, depositing a first
dielectric layer -4- on an inner surface of the aperture, depositing a
conductive | ayer over the first dielectric |ayer, depositing a second
dielectric layer over the first surface arh at |east a portion of the

el ectrically conductive layer, and renoving the second dielectric |ayer

fromthe first @ubd deer glurfideeofS tesdpenire, depokitihfait cardactbecaps dlice |t first C
al ly conductive

| ayer remains oyer 5 at | east, a porti of the electri
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anot her aspect @f ftd@icRcERUNer.| RYRRIONIT therhSE Hlefeeltid Us)ePls refl6Vddas eJcp%_se a
provi ded. The sem conduct or ‘devi ce conprises a substrate having a first 15

surface and a spatendof thp siost idielectrier lnyer dhroughda remainieg pertior pEtheithirddiglseinect
extending i{fo fhr I . T - waf
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the first surf asetiaf ofttheelstthicilly @biuttivetliner tis@phniel seoqdosppoging wirfaee of the t he
substrate, wherein a fi

rst portion of e electricall conductive materi al
i s exposed thro f’fratt?@dftﬁ‘?@B‘agﬁﬁpgeé’n#&ﬁﬂ%}rds‘ﬁﬂgﬁng{%éand a second 20
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a 25 surface that defines a.blind ertyre _extendin ro he first surface
toward t he seco aﬁcagﬁﬁggquﬁgwes@gtp' gg(ten ing from the grst gurI'ace of the substrate to ﬁle

second, opposing surface 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:



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS | n the draw ngs,

whi ch depict nonlimting enbodi nents of various features of 30 the present
i nvention, and in which various elenments 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
invention; and FIG 9 is a schematic showg a conputing systemincluding a
sem conductor 5 device configured in accordance with the present invention.
MODE(S) FOR CARRYI NEIGS/T -8 Hiustrath/Edddd-debtidnal tibves @ﬁ‘seﬁq&mhdlicltbtelﬂmb@mx different
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the TW or material of constructijon of the substrate or TW. Thus, for

exanple, the term TiGpS israschemgtinshpuingacqmphtingsysiemriaeluding 8 sericenier or
waf ers, sem cogawl(ég %nﬁ\éﬁlfe tin ac@&rdgﬂc%%th tf?%ﬁ?{e P@,&mgﬁ:m conduct or substrat es,

senlconductor evi ces, cards, and the like. The
invention is descrlbed as generally applled to the 15 construction of a

sem conduct or substrate. | t I 1 conduct or
devices are described as %ﬁ%@ﬁ@%@%ﬁ @T%m%'g%&onponent s and
assenbl i es so made. g ;{Fesehpﬂ@e@i‘onf RERoRGudtdvatilh Sr pBdiohd tefcBB uhﬁmﬂ@s
structures benefit from use of |ower tenperature processes tha

conventi onal netHsempPYichtsdn adiah peondpgdive @ qré@ﬁ@&lgwaﬁeg@mmeqﬁﬁwm@e
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of form ng of t e presen I nventi on not venting for a
hot sol der procaessaridind comstiuctinn cf ethe silsstrateqen TBA. bé‘hm,lsfer rRarspié,dthe teint |

process is requ,[ Addi ti ona he thods?f&gscrl bed herein enabl g the
Pabr oati on - of SHEgACASHY e 3R roRgirce i FOHCRAyCior WA AGTCHEERT PEt wit h
an el ectrical | y oﬁ?&scgﬂﬁgﬂﬁﬁkvﬁnﬁ&in@ﬁdt@ subSReR@! kériometol AelibésS intdpBserd)et hods
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are di scl osed. mplg test cards andrthe dke. aThe yention ds deserilst as gerwalycapplied toothe devi ce
10 having a4 irgh alififce 4 %-AAnA@PaRstNY: RRERAE &“Haﬁﬁg thd TWIs in

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



in accordance with an exanpl e of one enbodi nent of the invention. The 30
sem conduct or device 10 conprises a sem conductor substrate 16 (i.e., a
silicon substrate) and optionally may include a dielectric |ayer (not
shown), a passivation -6- l|layer 17 or conductive el enents including bond
pads 18 which may be coupled with internal circuitry (not shown) as wll be
appreci ated by those of ordinary skill in the art. The substrate 16 may
conprise, without Iimtation, a bulk sem conductor  substrate (e.g., a full
or partial wafer of a sem conduct or materi al, such as silicon, 5 gallium
arseni de, i ndi ueygh@sphomictiyotigeénts inclnding bend paﬂsri8amhibmmayé>b@oup(180h')tht ype

Si'TT con- on- sapphiere pe o ATy b topsiab oy TR APagna i et
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integrated circuitry. ‘The, TW's_of the present 1nvention may formed at
the sem conduct $migAndugtendeyices fogped ‘iliéreWaflgThe(SBlPStréfteHérls BMQ@CTSQ}J‘B@@?SH%%)MI evel ,
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FIGS. 1-8 illustrate the tfabrication of a single TW in association wth a

si ngl e bond pathlrmsd ((ghomﬁlelaby tdeBniog otbs - swewndi surfiice pUl)tﬂfcemfabmatlble odr tei ngs) ,

it should be under. t.hat ~th nd

constructed to Therd G ?ruﬁ?w?ﬂ 20 V&m Wa?(ﬁgacj@cq%;ted’ ﬁ%y Sﬁéucgg%ué:&l Fat ed
Wi th internal Cddvezdelmrmay(mﬁhersham) oPbe filfietofesdedrd include, weidds sqdagiveof the
substrate 16. Further, as illustrated in FIG 1, and de&bndl n on the type
of process usedel?@erﬁ% Ve HEASHRS TBRIPRSe TASistnsS, (cARACi RIS TeliEbuEN nss\qTcther " t he
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FIGS. 1-8 illustrate the fabrication of a single TWI in association with a single bond

pad 18 (shown as two cross-sectional portions 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 patterming a photoresist or other material (e.g., oxide hard mask), and wet or dry



As shown in FIG 1, an aperture 20, formed as a blind hole in the presently
di scl osed enbodinment, is fornmed in the first surface 12 of the sem conduct or
device 10. 30 In one enbodinment, the aperture 20 is patterned and etched

t hrough the bond pad 18 and into the substrate 16. The aperture 20 nay be
formed by appropriately masking and patterning a photoresist or other
material (e.g., oxide hard nmask), and wet or dry -7- etching to formthe
aperture 20 to a predetermined depth suitéble for the formation of the TW
such as, for exanple, deep silicon etched vias. One suitable "wet" netal
etch enpl oys atditingttd f@mothe apérture2@itol dpradeterimitetd dbpth (smutable( fBFjhedomahtiom of

dei oni zed (Dl . "Dry" etchi ti) et chi
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wel | as to et chnigdyeudhixhie obamet ib?cﬂarﬂeﬁhydfcﬁ]ﬂdn@(ﬂﬂﬁ)racmifneddl@ﬁ&dSDI)V\@atérhe

substrate 16, if present) Further, if the substrate 16 is from
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material comprised nickel, 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 (LSO), a Parylene™
polymer such as that which is available from Specialty Coating Systems division of
Cookson Electronics, silicon dioxide (SiO,), aluminum oxide (Al,03), 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



benzocycl obut ene (BCB), or conbinations of any thereof. Ot her dielectric
materials that may be used as the insulation |ayer 24 include tetraethyl
orthosilicate (TECS), spin-on glass, thermal oxide, a pul se deposition

| ayer corrpri sing alum numrich oxide, silicon nitride, silicon oxynitride,
a glass (i.e., borophosphosilicate glass (BPSG, 30 phosphosilicate glass,
borosili cate glass), or any other suitable dielectric material known in the
art. Methods of depositing the insulation -§- ayer 24 are known by those of -8-
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wi Il be appr eci tantalymp{Ta),Hungstens (W), cobalt (Co), copper (Cu), silver (Ag), aluminum (A
iridium, gold (Au), molybdenum (Mo), platinum (Pt), nickel-phosphorus (NiP),

palladium-phosphorus (Pd-P), cobalt-phosphorus (Co-P), a Co-W-P alloy, other alloys

I

of any of the foregoing metals, a conductive polymer or conductive material entrained
20  inapolymer (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 TWT and the
intended use of the TWI.
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,



25 ordinary skill in the art that the type and thickness of material of the
various |ayers or materials used for the conductive |ayer 26 and the
deposition processes used to the deposit the |layers of the conductive |ayer
26 will vary depending on, for exanple, the electrical requirenents and the
type of desired material used to formthe TW and the intended use of the
TW. 30 Referring nowto FIG 2, a second |layer of insulation 28 is placed
over the first surface 12 of the sem condictor device 10 and an interior
surface of the aperture 20. In one enbodi ment, the second | ayer of
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first surface 1@2nfhgtrng sesine@nductor device 10 is renpved with a process
such as, for exanple, spacer etching with a reactive ion (dry) etch. This
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removed using processes Including, but not limted to, chemca
mechani cal pl anapécasaduchas, (E@RIMplaphnetclahg wih r rgaplivegon &lry)teadhl &hisasdultng and
patterning gf a photoresist al on i th wet or .dr tching, or .ot her. known
rocess. || itbnandripsaraecoreaie ettt M Bl Soofd spbagiist e
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the substrate L@adkedPattéifed esdaehed to remove the desired portions of the second layer of
insulation 28 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.



surface 14 of the sem conductor device 10, resulting in a newy defined
second surface 14'. The thinning of the sem conductor 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
sem conductor device 10. The substrate 16 may be thinned using any suitable
process which may include, without I|imtation, an abrasive techni que such
as CWP or conventional back grinding, thellkse of a chemcal to selectively
etch the substrate 16, or suitable masking, patterning and 30 etching of the
second surface 14 (RefEmingndy tsEIh 5as thirtl Grisuleniyer, 30ais degdsitéd@dithe pdvohdr esi st
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through the exposed portion of the third insulation layer 30, then stripping the
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



PBO may be sel ectively exposed, photodevel oped and baked to | eave the
protruding insulation |ayer 24 exposed. In yet another enbodi nent, a
stereolithography process (i.e., such as from 25 Japan Sci ence Technol ogy
Agency (JST)) nmay be used to selectively provide the third insulation |ayer
30 over the second surface 14' and | eave the protruding insulation |ayer 24
exposed. In a further enbodi nent, a polynmer may be dispersed in a pattern
over the third insulation layer 30 using-Foel yJet TM technol ogy from bj et
Geonetries to leave the insulation | ayer 24 exposed. |In another enbodi nent,
when LSO or PDkelectival@ remmexct matiorseof tthe thitd iinsslatiart lager 30aasewill3er, appidciatadeby be
used to renove thezgﬁ.tion.ﬂt hpe third insulation | ayer 30 and expose the
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t he substrate 16. In other enbodinments, the resulti ng TW structure nmay not
be connected t §°Uf§1Gi r Asi preyloudy sisquasedd th dpnd Hmedsi$smpwthe i rleckispl si npl y
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sonme enbodi mentembodintehis, theeseulting AVENstiugture meprpalbeofontiénted to any circuitry
associated with the substrate, but may simply provide electrical interconnection of
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



20 third insulation |ayer 30 and renoval of the otherw se protruding portion
of insulation layer 24 may be acconplished during the sane act. However,
depending on the wunderlying material fromwhich the conductive |ayer 26 is
formed, it may be desirable to renpve a portion of the third insulation

| ayer 30 and expose the interconnecting pad 31 of the conductive |ayer in
separate acts. For exanple, if the conductive |ayer 26 25 is forned of

ni ckel, and a COMP process is used to renové the portion of the third
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aperture 20. In an enbodi nent where the aperture 20 isfilled with a
conductive filler ratarembodimenyowhdre theapeghret Heis filed withon corglpetivefillaray be

removed using amgtlérliglfi le%rtion 34 of the insulation layer 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.
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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
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nmet hods described herein with regard to FIGS. 1-8 may be used to form TWs
in various sem conductor devices. The TWs may have conventional sizes, such
5 as dianeters of about 15 mor greater and |l engths of 150 mor nore, as
well as smaller TWs applicable to enhanced mniaturization of future

sem conduct or devices. O course, smaller diameter TWs may be fornmed in
thi nner substrates and desired aspect ratldos of the TWs may be achi eved by
sel ection of an appropriate etch chemstry for the substrate materi al .
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access one or more output devices 108 (e.g., monitor, printer, speaker, etc.).

Although the foregoing description contains many specifics, these are not to be
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



10 nenory devices, flash nenory or other types of nenory devices) and a
processor device 104, such as a central processing unit or other |ogic
device, operably coupled wth the nenory device(s) 102. Either of the
menory devi ce 102 or the processor device may be configured with a TW
structure in accordance with the prese i nvention. The processor device
104 may al so be coupled with one or nbré 15 appropriate i nput devices 106
(e.g., nouse, keyboard, hard drive, mcrophone, etc.) and one or nore

out put devices 108 (e.g., nonitor, printer, speaker, etc.). Al though the

f oregoi ng WasGL LRLiNs.cont ai ns many specifics, these are not to be
construed as lrmting the scope of the present invention, but nerely
providing certain exanple enbodinents. Similarly, other enbodinents of the
i nvention may bé. devAsenicendusivr déviekocompris@part fromthe spirit or scope of
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t han by t hebbnd pgioinrthe fimtawrfage dfthe subdtdateaddi t i ons, del eti ons, and

nodi fications tq the inventiaon, as disclos erein, ich fall within the
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substrate having a first surface and a second, opposing surface; a bond pad
on the first suf9ERBINg the substrate; a through-wafer interconnect
structure proxi t t i | ceto

t he second, oppgglbﬁaé egﬁP@ggng&a%@B{lﬁ}f%ééﬁﬂ%a@gggﬁ é‘%@%é{gﬁéﬁ%ﬁ%&?si ng. a

col I ar ext endi ng fr otheathtonph-swafef atszconfiedt ktenchme)d pad toward an inner surface
of the through-wafer, ;ﬂg,t?er onnect structure; an electricall ctive

ond
material initiafgooH UCHYP fiaptean Atgine oF ¢ 1P ce 8&#’«:%‘??5]% omthe

first surface of theegdnasisl Pdrf theofifsQurHES 6Nthe sORRARI tDGhe Sdbhd @PpsMngt he
substrate, wherein a first portion of the electrically conductive materi al

i s exposed through tefaes ot the upubsfeate, ovhareie & ulyst pattien apfd thea elselEis#ly porti on
of the electrically GoREYREM4RAIRL @{ﬂogéd thl%ugrftﬂgﬁ?sgs&ﬁEQHﬁﬁe substrate and

a second portion of the electrically conductive material is exposed through

the second, opposing surface of the substrate;

a first dielectric material disposed between the electrically conductive material and
the substrate and extending from the second, opposing surface of 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.

2. The semiconductor device of claim 1, further comprising a dielectric

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

3. The semiconductor device of claim of claim 2, wherein the dielectric
layer covering at least a portion of the second, opposing surface comprises at least one of
Parylene™ polymer, pyralin polymer, PBO, BCB, dielectric epoxy, low silane oxide,

silicon dioxide, and aluminum oxide.

4. The semiconductor device of claim 1, further comprising a second

electrically conductive material disposed on the second portion of the conductive material.



t he second, opposing surface of the substrate; a first dielectric materi al

di sposed between the electrically conductive material and the substrate and
extending fromthe second, opposing surface of the substrate to the first
portion of the conductive material; and a second dielectric materi al

di sposed over a portion of the electrically conductive material and
exhibiting a surface that defines a bl'}éild aperture extending fromthe first
surface toward the second, opposing surface. 2. The sem conduct or device of
claiml1, further conprising a dielectric |ayer covering at |east a portion
of the second, opposing surface of the substrate. 3. The sem conductor

devi ce of clai m¥bf clTherse@jconfietazidevich of dlagh ett mhereinl thy esecandvadecirivgllat | east

a portion of the second, opposin urface conprises at | east one. of
Bar vl enet mSBIy e SaRLeFRRRR Ol Bic O (BCRiolp pEiline 3t ik si 1 ane
oxi de, siltitghim hiteidé,dRani@h Opclysilitbh iR hrel Stin, 4antaliif, BBESGH b6Bakt! ppetevi ce of

claim1, further conprising a second electrically conductive nmateri al
di sposed orfil¥fle SEEFREN AR o£0MN e MOBRECNY, v PIRHNEY i drickel-plpsphorusyhe

sem conduct L | Al j : t cal |l y conductive
lafl& S;ﬁlgsp%nﬁ, @b é%ﬂs%ﬁg)?ﬁesgh@raoﬂﬁmaﬁﬁﬁ%ga &kt y

materi al conprise materi a om the group consisting of nickel
titaniumnitride, titanium polysilicon, palladium tin, tantalum tungsten,
cobalt, copper, . silwver, alumn Lrigi ur 0, mol ybdenu pl ati num

o ckel - phouphor & FieaBieRip it cléh £ o fnes TRk Mg el

conbi nat i ongispkedan Yhet g epdriurddefiheEb RO RABSIIhOFecsleMiiclectdd meteddlm 1, furt her
conprising a filler material disposed in the blind aperture defined by the
surface of the second dielectric material. 7. The sem conductor device of
claim6, whereinythe el {hlicdRERS @videSof S8ECE SAnbleAMR SR URatGAISE Sti ng of
nickel, titaniumnitride, titanium §I|ICQn nltplde,. ponS|]|conh

pal | adi um selaated| feeral,a granp aonsisting Lofgeickeh , titeroal ttitride,ofitpwinm, silicore mitridd, uni num

iridium gold, .mlybdenum .platin ni ckel - pho or us . .

oal | i uns pOGHREP RELREER 1y BalOlastt, 55RO 8Bt st SR Pher eof
8. The sem gidfehjctgold, d@olybdemim, C lpddtiftuch, niblesl-phddphdies, € lpaltddiint-phdspharagduct i ve
material conprises a material_ selected fromthe group consisting of nickel,
titani um nfoRi-gROSPROS Andspmbinptions at ayitherepd.  polysilicon, palladium tin,
tantal um tungsten, cobalt,

8. The semiconductor device of claim 1, wherein the electrically conductive
material comprises a material selected from the group consisting of nickel, titanium
nitride, titanium, silicon nitride, polysilicon, palladium, tin, tantalum, tungsten, cobalt,
copper, silver, aluminum, iridium, gold, molybdenum, platinum, nickel-phosphorus,
palladium-phosphorus, cobalt-phosphorus, conductive polymer and combinations of any
thereof.

9. The semiconductor device of claim 1, wherein the first dielectric material
comprises a material selected from the group consisting of a low silane oxide, Parylene™
polymer, PBO, BCB, silicon dioxide, aluminum oxide, tetraethyl orthosilicate, spin-on
glass, thermal oxide, aluminum rich oxide, silicon nitride, silicon oxynitride,
phosphosilicate glass, borosilicate glass, borophosphosilicate glass, and combinations of

any thereof.



copper, silver, alumnum iridium gold, nolybdenum platinum

ni ckel - phosphorus, pall adi um phosphorus, cobalt-phosphorus, conductive
pol ymer and conbi nations of any thereof. 9. The sem conductor device of
claiml1l, wherein the first dielectric material conprises a materi al
selected fromthe group consisting of | ow sil ane oxide, ParyleneTM

pol ynmer, PBO, BCB, silicon dioxide, alum num oxide, tetraethyl
orthosilicate, spin-on glass, thermal oxide, alum numrich oxide, silicon
nitride, silicon oxynitride, phosphosilicate glass, borosilicate glass,
bor ophosphosilicate glass, and conbi nations of any thereof. -17- 10. The
sem conduct or ggvi Cgy of, rﬁicgﬁd(])cgor dé@?{]%k'ha‘iﬂe1se&ﬁé?8¥.%§'s qf%kﬁ' felter ! al
conprises a materi al SSFecte rom the group tonsisting of a I'ow sil ane
oxi de, hPi’:matérﬁﬂeai‘_MlJf_mt yﬂmterialP_Eé]kcteB(B)lm shd gmﬁpﬂ c@ﬁsl'fsﬁhgi_eg a ddwi :?.ﬂzmd:mxmei _dE,h
tetraethyl_orthgsilicat spin-on ass, .thermal  oxide, um numric

oxi de, si IHaBdReR] Relyer; Bapy ngnSIW%quFq%o@Wﬁb@%%o?Fﬁ?‘?}apghﬁﬁl%?;
borosilic el B oTaleale) h@ghihd : 1 ; j: i : any
her sof . TE G LR R e OB, T
conpr i ses phosphasikeateaglasseberosibichte glass) bdrephysphopilicaie glasy, iandj carhbipations ofi, gal | i um
arseni de, indiu phosphi de, polysilicon, silicon-on-insulator,

si li con- orf¥ ef;ﬁ%c, silicon-on-glass, silicon-on-sapphire, a polyner, and
conbi nati ons of any thereof. 12. The sem conductor device of claiml,
wherein the through-wafer, interconnect_ has a fhrough-substrate, | ength of
about 150 pm orllgr e g semigandusiop devigs; of slan ch oWheein RGsubstrale semprises fher ei n
t he t hrough; e foRt ophe ASynQi<6 - i i f t 15 rn
or great e%hatﬁ;l g‘lgheg{ege%&%o%ugogp ?ioen?/iis%ggoé? S?F%?‘h%é ggég%ﬁg&t ﬁg Iller is
i n el ect r i phasphidsonpelysilioen, wi silicontes-insuhithuct siieor-enreqramic,  silicon-on-glass,

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

12. The semiconductor device of claim 1, wherein the through-wafer

interconnect has a through-substrate length of about 150 um or greater.

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

interconnect has a cross-sectional width of about 15 pum or greater.

2

14. The semiconductor device of claim 6, wherein the filler is in electrical

connection with the conductive layer.



